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SAFETY CONSIDERATIONS

GENERAL - This is a Safety Class | instrument (provided
with terminal for proteclive earthing)

OPERATION - BEFORE APPLYING POWER verlty that the
power transtormer primary {s maichecd to the available line
vollage, the correct tuse s instalied, and Safety Precautions
are taken {see the following warmngs). In addition, note the
instrument's exlernal matkings which are described under

"Safety Symicls "
WARNING I

o Servicing Instructions are for use by service-lralned

personnel. To avowd dangerous electric shock, do not
perform any servicing unless quallfied to do so.

o BEFORE SWITCHING ©ON THE INSTRUMENT, the
protective earth terminal of the Instrument must be
connected lo the protective conductor of the (mains)
powercord  The mans plug shall only be inserted n a
sockel outlet provide) with a protective earth contact  The
protective action must nol be negated by the use of an
extension cord (power cable] without a protective
conductor (grounding)  Grounding one conduetor of a two-
cohductor outlet 1s not sufficient protection

olf this msirument s to be energized via an
auto-transtormer {for voltage reduction} make sure the
common terminal is connected to the earth termnal of the
poower source.

o Any mterruption of the protectve (grounding) conductor
(inside or ouiside ihe instrument} or discornecting the
prolective earth terminal will cause a polentlal shock
hazard that could result In personai injury

o Whenever It 1s lIkely that the protection has been impaied,
the mstrument must be made inoperative and be secured
aganst any unintenced operation

oOnly fuses with the required rated current, voltage, and
specified type (normal blow, time delay, etc) shouid be
used Dc nol use tepaired fuses or short circuited
fusehoiders To do so could cause a shock or fire hazard

o Do not aperate the nsirument in the presence of flammable
gasses or fumes Operation of any electrical mstrument In
such an envisonment constitutes a definite safely hazard.

o Do not install substitute parts or perform any unauthorized
modilication to the instrument

o Adjustments described In the manual are performed with

power supplied o the instrument while protective covers
Energy available at many poiris may, If
contacted, result in personal mury

are removed

o Any adjustment, maintenance, and repair of the opened
instrument under voltage should be avolded as much as
possible, and when nevitable, should be carried out only by
a skllled person who Is aware of the hazard invoived

© Capagcitors inside the instrument may still be charged even
if the instrument has been disconnected from s source of

supply

SAFETY SYMBOLS

Instruction manual symbol The preduct will be

marked vath this symbo!l when il 15 necessary for

the user to refer to the instruchion manual in order
to protect against damage 1o the product

! Indicates hazardous vollages

1 Earth termunal {sometimes used i manual to
=) indicate circult common connected to grounded

chassis)

The WARNING sign denotes a hazard |t
calls attention lo a procedure, practice,
or the like, which, If not correclly

WARNING

performed or adhered to, could resuft in personal inury. Do
not proceed beyond a WARNING sign uniil the indicated
conditions are fully understood and met

The CAUTION sign denctes a hazard. it
calis attention o an operating orocedure,
praclice, or the tlke, which, i not
correctly performed or adhered to, could result in damage to
or destruction of part or all of the product. Do not proceed
beyond a CAUTION sign untl the indicated conditions are
fuily undersicod or mel.

CAUTION

SC1D984




HP 54100A/D

TABLE OF CONTENTS

GENERAL INFORMATION

Section Page
141 INtrOAUCHOM L vt vir i i s raras et aiatasntosbstinnatearasinnsanss 1-1
1-2 [BT-T-Ted 114 o] o T T 1-1
1-3 Specifications ... ...oiiiii i e 1-1
1-4 Instrument Operation Characteristics ............oooiiian 1-1
1-5 Safety ConsSIderations .......coviiiiniiiiia i 1.7
1-6 Instruments Covered By Mamual .....o.oviieiniiiniaiaiiniiniiianes 1.7
1-7 8] o] (T TS 1-7
1-8 ACCessories SUPPIED ... iiiciiia e 1-7
1-9 Recommended Test Equipment ... ..o 1-7
INSTALLATION
241 (T34 o [8 T o 3 R TR 241
2.2 Preparation for Use .......cvvivviriiriiiniiiaiiiiare e 2-1
2-3 Power ReGUINEMENES . ....vvriieree et iiiiiiiniiaiiaraan e abiasirans 2-1
2-4 Line Voltage Selection ........coociiiiiiiiiiiniiiii e 2-1
2-5 POWET CaDIBS .. ottt iie i i 241
2-8 Cleaning ......... e et e eeeae e ae i re e 241
2.7 Operating Enviranment ... 2.2
2.8 Storage and Shipment ... 2-2
2-9 o Yot e- T 11 T [ T 2.2
PERFORMANCE TESTS
3-1 1 3TigaTs [EL+31[o] 1 NP AN 3-1
3-2 Recommended Equipment for Performance Tests ........oooooen 3-1
3-3 Test RECOIH oovie ittt reiarrrrarsesrnartataatasinsrnressaisannnnas 3-2
3-4 Performance Test CYele ... e i i e 3.2
3-5 Performance Test Procedurés ......ivovieiimiiinaiinianiiiaieas 3-2
3-5 Vertical ACCUIACY TeSt ..ovv i e 3-3
3-7 Bandwidth Test ....iveoirieeieiirraiee s iiia e ies i rireaniraaeas 3-5
3-8 Step Respanse Test ... 3-7
3-9 Time intervat Accuracy Test ..o 3-8
3-10 Trigger Sensitivity Test ....... ... 3-10
3-11 Aperture Jitter Tesl ... 3-12



HP 54100A/D

TABLE OF CONTENTS (Continued)

ADJUSTMENTS
Section Page
4-1 INtrodUCHON L. i i i e e i e 4-1
4.2 Calbration Interval ... ...iiiiiiiiie i e e 4-1
4-3 Recommended Test Equipment ......coivviiiniiiiiiin i 41
4-4 Digital Power Supply Adjustment ... 4.3
4.5 DC Offset Adjustment ... e 4.4
4.6 input and Qutput Offset Null Adjustment ..................oil, 4.6
4.7 Sampler Bias and Sampling Efficiency Adjustments ................ 4-8
4.8 Flatness Adjustments .. ..o e 4.12
4-9 Offset Calibration Adjustment .......ocooiiiiiiiiiiiiie e 415
4-10 Gamn Adjustment L. 4.17
4-11 Sampling Board Trigger Adjustments ...............coooiiiviienn 4.19
412 Pulse Flatness Adjustment .. it 4.21
4.13 Main Trigger Board Adjustments ... 4.23
4.14 Fine Interpolator Adjustment ... 4.25
4.-15 Trigger Qualifier Adjustments (HP 541000 Only} ............. ... 4.21
4.16 Delay/Pattern Time Oscillator Adjustment (HP 541000 Only) ...... 4.34
4-17 Filler Time Offset Adjustment {HP 541000 Only} ..........cooveens 4.35
4.18 Last Event Holdoff Adjustment (HP 54100D Cnly) .....oovvennet, 4.37
4.19 Delay Offset Adjustment (HP 54100D Only) .............. e 4.39
4.20 81.699 MHz Master Oscillator Overtone Tuning ..........coovvnnens 4-41
4-21 Yoke Adjustment ... s 4.43
4.22 Driver Board Adjustments ... e 4-44

REPLACEABLE PARTS
541 INtrodUCHION ... i i et 5-1
5.2 ABbreviallons ....ovvviiir e 5-1
5.3 Replaceable Parts List ......cocoiiiiiiiiiiiii i inaianieea, 5-1
5-4 Exchange Assemblies ... ... 5-2
5-5 Ordering Information ...t 5.2
5-6 Direct Mail Order System ... e 5-2

DISASSEMBLY
BA-1 INtrodustion ... e 6A-1
6A-2 Safely Considerations ...... ... s 6A-1
BA-3 Card Cage PC BOards .....ooiiviiiiiiiiin s iiisiasreranaianaass 6A-2
6A-4  AC Power Supply PC & Digital Power Supply Boards ............. 6A-3
BA-5 Anglog Power Supply PC Board ..........oooiiiiiiiiiiiiiiininnens, 6A-8
6A-6 CRT Bezel & Softkey Keyboard .......vcevereivirerrisniarrnniveas 6A-10
B6A-7 System Control Board & RPG Assembly ...l 6A-12
6A-8 Display Driver Board .. ...t 6A-14
6A-9 CRT REMOVA] .. viiiiieeireiiiiiiiie i eieiin i ians 6A-16
BA-10  POd COMNECIOMS ...\iiiiiitiieiiiciiiiiiiia e e e iasssienarares 6A-18
BA-11  MotherBoard ... e 6A-20
o7 e - T T BA-22



HP 54100A/D

TABLE OF CONTENTS (Continued)

THEORY
Section Page
&B-1 INtroduction L. o i e e e 6B-1
6B-2 System TheOry .o i v i e s 6B8-1
6B-3 MaINfraME THEROMY <.t vriree e iisatiaasirirsieasrainnaianss 6B-1
6B-4 Data Acquisitian TREOMY .....vvviviriior i e s 6B-8
6B-5  Simplified Signal Flow ... ...t e 6B-12
6B-6 1/O ASSEMBDIY .oive e i i i e m 6B-15
6B.7 Microprocessor Assembly ... 6B-18
6B-8 Display Assembly ......ooooiiiii i e 6B-21
6B-9 Timebase ASSEMBIY ... ittt i i e 6B-24
6B-10 Sampler Assembly ... ..o e e 6B-27
6B-11  ADC ASSembBly ...vvriire i i e 68-30
6B-12  Trigger ASSemDBIY .....ciiiiriiiii 6B-33
6B-13  Trigger Qualfier Assembly ..ol L e 6B-36
6B-14 Power Supply Assembly ... i 6B-39

SERVICE MENU KEYS

6C-1 [ FaYofwTs 18 Lt (1o o S M cvar-e. BCA1
6C-2 ULility MIBAUS L.t iiii st aa st aiiie e ceeeeiainesaae e 6C-1
6C-3 Software Calibration .. ... e 6C-1
6C-4 (o] (Fa 7019003 (1= 2 HNPAP R N 6C-1
6C-5 Calibration ProgedUre ... iovueie e cie i riia i irai s 6C-3
6C-8 TESt MBNU . .otii it iieeirrecnmaranarnnsrinsransnnarrnsreneenns 6C-5
6C-7 Display Configuration ... s 6C-5
6C-8 Display Errors KeY ..oooveivieiiiiiiiiininieinirnrinssaeiraernraneans 6C-5
6C-8 Repeat Loop/Run from LOOR K8Y ...oooiviiiiiiiiiei s 6C-6

6C-10  Interface Test KBYS covrvvivi i e rsiiisinrinaisi i staninrosnans 8C-7



HP 541C0A/D

TABLE OF CONTENTS (Continued)

TROUBLESHOOTING
Section Page
6D-1 Introduction .........ooiiiiiiiii i e e 6D-1
6D-2 Failure INdicalions «...overrrerci i i i i e s 6D-1
6D-3 Internal DIAgNDSHICS ....oviviiii i 6D-2
6D-4 Interface Tests #0-0 ...t 6D-3
6D-5 Logic Families USed .........ovviirvirvineirriiiiiia i 6D-4
6D-6 Board Extender Operation ... 6D-9
6D-7 Two Key-gown POWEBIUR ....ivviiinneiiicinaicriaieiiensarrnens 6D-12
6D-8 10 Board Master Resel ... 6D-12
6D-9 Keyboard Troubleshooting ......coviaiiiiiiiiiiiiiie s 6D-13
6D-10 Probe Pod Troubleshoolng ........oooiiiviiiiiiiniiia e 6D-15
6D-11  Power Supply Tests and Troubleshooting Procedure ............ 6D-15
6D-12 How Adjustments Cause Loop Tests to Pass or Fail ............. §D0-20
6D-13  What Adjustments to Make After Boards Are Replaced .......... 60-22
6D-14 How Adjustments Affect Performance Verification ............... 6D.22
6§D-15 How Adjustments Affect the Displayed Waveform ............... 6D-23
8D-16 Quick Reterence ta Loop Failure Patterns .........c..ooveieiens 6D-24
6D-17  Overall Troubleshooting Trees .........cciviiviinrcrarenaranaieens 6D-26
60-18 Troubieshooting with No Display ............ooiiiiiiiiiiniinns 6D-30
6D.19 Seli-Test Signature ARalysis .....oooovviiiiviiiieiie s 6D-32
6D-20 Traubleshooting with Display Operating ...............ooooevinns 6D-33
6D-21 Troubleshooting the HP 54100A/D’s Data Acquisition Section .. 6D-38
6D-22 Channel 1 and 2 Board Swap ....ccivvvivriinrecioriiariiiniana, 6D-39
6D-23 Channel 1 and 2 Signal EXChange . ... ciivcrniinnerannns 6D-39
60-24  Waveform COMPANSON ...t iiiisieraiiaen e aiaaiaiae 60-40
6D-25 Determining Valid Edge Triggering Paths ..................... ... 60-49
6D-26 Loops 61,62, and B3 .....oiviiiiiiiiii i 6D-50
BD-27 HP-IBEOr COOeS ....oovviiriaraeriiiiiiesieiiie i naiaiaaaneaen 6D-51
INTERNAL DIAGNOSTICS
6E-1 111 01 | D1 w11( o] o [T P 6E-1
6E-2  Analog Test Loop General Information ..., 6E-3
6E-3 Timebase Troubleshooting ........cooo i 6E-5
6E-4 Loop Numbers and Loop Names ...........oovviiiiniiiiiniiennns 6E-10
6E-5 Data Acquisition Control 3trings ... 6E-11
G6E-6 Recommended Test Equipment ...t GE-14
GE-7 Interface Test #10 .. vveiieiii it i riss s GE-14
6E-8 Interface Test #1715 ... i i e e 6E-15
BE-9  ADC Board Troubleshooting .......occoeviiiiniiininiinnann, BE-15
6E-10 LoopO ... et et aiaererar e BE-18
57 = e TR I+ o R O 6E-19
BE-TO  LOOP 59 tevrrrirceiimiiiiias i iearan i anaraaraar s rsnassannes 6E-134
BE-71  LOOP B0 oerreniiii it ettt e GE-138



HP 54100A/D

TABLE OF CONTENTS (Continued)

ACCESSORY SERVICE

Section page
7-1 Accessory Service Intraduction ... 7-1
7-2 I 2 (=Yoo Lo [PPSR 7-1
HP 54001A
TA.1 e T LI T o 7AA1
7A-2 L 1o = g T 1 [ - 7A-1
7A-3 Accessones Avallable ... ... .o iiviii it e 7A-1
7A-4 Specificalions ..o 7A-2
7A-5 Replaceable Parts ...... .oooiviiiiiiiiiii e 7A-3
7A-6 Direct Mail Order ... i e e ererireaar s 7A-3
TA-7 Calibration Procedure .........covveiiieii i e 7A-6
7A-8 Recaommended Calibratton Test Equipment ..o 7A-6
7A-9 Equipment Setup ..o TA-7
7A-10  Performance Verification ..........cco il 7A-11
7A-11  Recommended Performance Test Equipment . ................... 7A-11
TA-12  Risetime Verficabion ... . .oiiviii i e TA-13
TA-13  Bandwidth Test . oo i e TA-15
7A-14  DC Voltage Measurement Accuracy Verfication ..........oooenes TA-17
HP 54002A
7B-1 T a1 { 0T [0 1 11+ o (NP 78-1
7B-2 SPeCHICAtIONS .. iee i e e 7B-1
7B-3 Performance Verification ........cooovivn i 7B-1
HP 54003A
7C-1 (1334115190 o1[u 12 [ S 7C1
7C-2 Y =TT ) =] - T2~ J 7C-1
7C-3 Accessories Avalable ........iiiie e e 7C-1
7C-4  Specificalitns ... 7C.2
7C-5 Replaceable Parts .........cciiiiiiiiierarinnnnirraaaaieiraiaianan 7C-3
7C-8 Direct Mail OFer ...venvrrrrie e ciiiira e se i aieainiarras 7C-3
7C-7 Calibration Procedure ......ccovvermnreciiiiiiiiiiaeniinnns cerernnen 7C-6
7C-8  Recommended Calibration Test Equipment .................... . 7C-6
7C-9 EqUIpMEnt SBtUD ......iiiiiiire e 7C-8
7C-10  High Frequency Gain Adjust and Dynamic Range Check ........ 7C-10
7C-11  Low Frequency Compensalion ..o 7C-12
7C-12  High Frequency Adjustment ... ..o 7C-14
7C-13  Performance Verification .......ccociiiiiiiiiiniiinie i 7C-16
7C-14 Recommended Performance Test Equipment .................... 7C-18
7C-15 Risetime Verificabtlon ..o 7C-18
7C-16  Bandwidth Test ..ot i 7C-20
7C-17  DC Voltage Measurement Accuracy Verification ................. 7C-23

¥



HP 54100A/D

Section
241

41
4.2
4.3
4-4

4-6
4.7
4-8

51
5.2
5.3
5-4
5-5
5-6
5.7
5-8
5-9

BA-1
6A-2
6A-3
6A-4
6A-5
6A-6
BA-7
6A-8
B6A-9
8A-10
6A-11
BA-12
6A-13
6A-14

6B-1
6B-2
6B-3
6B-4
6B-5
68-6
6B-7
6B-8
6B-9
6B-10
6B-11
68-12

LIST OF FIGURES

Page
Line Voltage Selection ......vovviriaiiiime 2.3
Sampling Efficiency Optimum Adjustment ... 4-¢
Sampling Efficiency Over-compensated ..........oooiiiriiiinens 4-10
Sampling Efficiency Under-compensated ............ooceiiiiiiins 4-10
Leading Edge With Area of Discontinuity .......oooovcinienn 4-26
Area of Discontinuity is Centered Vertically . ..........ooeiiieenss 4.27
Area of Discontinuity 1s Centered and Expanded .................. 4.28
waveform when Adjustmentis Correct ... 4.29
Close Adjustment But Not Correc! ... 4-30
Cover Screws and FOBE SCTews ... cooiviiiiiinni e i 5.3
Main Printed Circuit Board Assemblies and Top Frame Parts ... 5-4
Power Supply Board Assemblies .........ooviiiiiviniiaiiiii 5-5
Motherboard, Air Deflection Assembly, Bottom Frame Parts ....... 5.6
Rear Panel Assembly, Fan, and Fan Finger Gurad .................. 5-7
Crt, Probe Pod Connector Assembly, and Front Frame ............. 5-8
Side Frame Parts ... .c.oeieiveeiirirainiiarseiirraianniess saeneioses 5-9
Probe Pod Guide Screws, TOP VIBW ...vie cvieiiiiniininisiensenes 5-10
Probe Pod Guide Screws, Bottom View ...... ...coovvniiiaainn 5-10
Power Supply Shield Attaching Screws ... 6A-4
Digital Power Supply Motherboard Retaining Screw ............... 6A-5
AC Power Supply Side Attaching Screws ... 6A-6
Power Supply Rear Attaching Screws ..., 6A-6
AC Power Supply Switch Extender Removal ............ ..o 6A-7
Analog Power Supply Relaining Screw .........coeiniiniienn, 6A-9
CRT Bezel and Softkey Keyhoard Removal ...t BA-11
Bottom Front Panel Attaching Screws ..o 6A-13
Top Systern Control Panel Attaching SCrews ........oooeevninnnns B6A-13
Display Driver Board Attaching Screws ........ cooeoeen enens 6A-15
CRT MOUNHNG ..t eieneeiiiaiirae e iarr i eeira et anees B6A-17
Pod Cannector Attaching Screws ..., B6A-19
Motherboard Attaching SCrews ... iinn., 6A-21
Fan Attaching SETEWS ......oioiiiiiiieiiiniaiiiaie i 6A-23
Pin Locations for Control Cable Wi ... 6B-7
Overall BIOCK DIagram .......covvvininresasisesiiniiasiinasis 68-11
Simplified Signal FIow ... 6B-14
IO Assembly Block Diagram ........ooveeiiiiiiiiiii 6B-17
Microprocessor Assembly Block Diagram ...........oieeieenannn 6B-20
Display Assembly Block Diagram ...........ooivivieiiieieenns 6B-23
Timebase Assembly Block Diagram .........ceciiiiiiriiiiannans 6B-26
Sampler Assembly Block Diagram ..........ccooiiiuiiiieiieienns 6B-28
ADC Assembly Block Diagram ....... ..o cooveviiiiiiiiiiiaine. 6B-32
Trigger Assembly Block Diagram ... 6B-35
Trigger Qualifier Assembly Block Diagram ........o.ooveveien 6B-38
Power Supply Block Diagrams ......c.ccooiiiiiiiiiie i 6B-40



HP 54100A/D

LIST OF FIGURES (Continued)

Section Page
6C-1 UtIIEY MBS i e 6C.2
6C-2  Tngger Delay ... oo s 6C-4
6C-3 Chanto Chan SKew ... i e e 6C-4
60-1 Waveform Numbers 1 and 2 ......coiiiiriiiiiiiiiiiie i 6D-5
6D.2 Waveform Numbers 1 and 3 ... ciiiiiiiiiiiiiiiien e 6D-6
6D-3 Waveform Numbers 1 and 4 .............coiiiiiiiiiiin e 6D-7
6D-4 Wavefarm Numbers 1and 5 ....cooov i i 6D-8
6D-5 HP 54100A Board and Cable Location Diagram ..........vvheee 6D-10
6D-6 HP 541000 Board and Cable Location Diagram ................. 6D-11
6D-7 Keyboard Cable Wt Pin Locations .............ooeviveiieinnnnaa. 6D-14
6D-8 Power Supply Troubleshooting Flowchart #1 .................... 6D-16
6D-g Power Supply Troubleshooting Flawchart #2 .................... 6D-17
6D-10 Power Supply Troubleshooting Flowchart #3 .................... 6D-18
6D-11  Troubleshooting Tree Number 1 ....... ... ... . ... ... ... 6D-27
6D-12 Troubleshooting Tree Number 2 ..............ciiiiiiciinnies 6D-28
6D-13 Troubleshooting Tree Number 3 ...........ocoiiiiii i 6D-29
6D-14  Waveform at A2TP4 ... ..ot i e s 6D-41
6D-15 waveform at A2TPS ... 6D-42
60-16 Waveform at A2TPE ... ..ot e 6D-43
6D-17  Waveform at A2TPT7 .. ... i e €D-44
6D-18 Waveform on the A4 Master Clock Cables ...l §D-45
6D-19 Waveform on the A4 Cal Signal Cables .................covevne-s 6D-46
6D-20 Waveform on the A5/A7 IFout Cables ..............covievinis 6D-47
60-21 Waveform on the A5/A7 TCLK Cables ......... e reeierieaiaas 6D-48
7-1 Probe Suppoert Kit, HP Part Number 54001-69004. ................. 7-2
HP 54001A
7A-1 Active Probe Parts, 54001-69501 ... ..ot 74-4
TA-2 Probe Extender Connections .................. e reea e TA-7
TA-3 Removal of Probe PC Board ... ... it 7A-8
TA-4 Probe PC Board Adjustment Locations .................ovvviinnn s 7TA-9
7A-5 Schematic Diagram for HP 54001A Active Probe ................ 7A-19
7A-6 Rear View of Pod Depicting Pinout, ..., 7A-20
TA-7 Component Locator for HP 54001A Active Probe ................ 7TA-20
HP 54003A
7C-1 Active Probe Parts, 54003-695071 .. .oiiviiiiiiniiinaiininaiiinaes 7C-4
7C-2 Probe Extender Connections ........ccovvviviiininrnivnniniennen.. 7C-8
7C-3 Offset Adjustment Test Point ........coooeiiiiiiiiiin i 7C-9
7C-4 Probe PC Board Adjustment Locations ......................col 7C-11
7C-5 Equipment Setup for Flatness Adjustment ....................... 7C-12
7C-6 Equipment Setup for High Frequency Gain Adjustment ......... 7C-15
7C-7  Schematic Diagram for HP 54003A Active Probe ................ 7C-25
7C-8  Rear View of Pod Depicting PiInout .........coooiiiiiiiinniiinns 7C-26

7C-9  Component Locator for HP 54003A Active Probe ................ 7C-26



HP 54100A/D

Section

4-1

5-1
5.2

6B-1
6B-2
6B-3
6B-4
6B8-5
6B8-6
&6B-7
6B-8
6B-9
6B-10
6B-11
6B-12
6B-13

6D-1
6D.2
6D-3
6D-4
6D-5
6D-6
6D-7
6D-8
6D-9
60-10
6D-11
6012
60-13

LIST OF TABLES

Page
L T =L o1 [t 14T o T 1-2
Operating Characteristics .....oooovviiiiiiiiiiii i 1-4
AC Power Cables .......oveiiiiiiiiiairaieenreia e cie e, 2-4
Recommended Equipment for Performance Tests ...........cooevl 3-1
Performance Test Record .....c.vveiiiieienniriri e iiiaaaieenns 3-13
Recommended Adjustment Test Equipment ... ... 4.2
Reference Designators and Abbreviations ...t 5-11
Mainframe Replaceabie Parts .........ooooiiviiiiiii i, 5-12
SIB Pin Desctiplions .vvv v e i i 6B-3
Control Panel Cable Descriptions .......coovviiiiciiniiinniaiannn s, 6B-7
Acguisition SIgnals ... ... 6B-10
1/Q Assembly Mnemorscs .......... N 6B-16
Microprocessor Assembily Mnemonics ... 6B-19
Display Assembly Mnemonics ..........cciivirriiiisinisenanasns 6B-22
Timebase Assembly MRemonics ......oovviiviiiaiiioien e 6B-25
Sweep Speed v SMCLK ... it e 6B-25
Sampler Assembly MNemonics .........covviiiviirainn e 6B-28
Attenuator Control Words 6....ocoooeevin i 6B-28
ADC Assembly MREMANICS .. ... oot vrinnns 6B-31
Trigger Assembly MNemonics ... ... .o.oiiiiiiiiiiin 6B-34
Tngger Qualifier Assembly MRemMonics ... 6B-37
Board Test Point Cross Reference ............coevvmieniiiiiiiian, 6D-3
Logic Families Used with HP 54100A/D ............. ... ...l 6D-4
Keyboard Cable W1 Signals ....... e i 6D-14
which Adjustments Affect Which Loops .........ooovievieieioat 6D-21
Loop Test Faiiures, One Data Acquisition Board Removed ...... 6D-24
Loop Test Failures, Boards Removed fromthe SIB .............. B8D-25
Loop Test Failures, One Data Acquisihon Board Removed ...... 60-26
Loop Test Fallures, Coax Cables are missing .................... 6D-26
Display Cable W3 Pin Locations ..............cooviiiiiiiiiina. 6D-31
Display Drive Board to CRT Signals ..........ccovvviiiiiiniiienaes 60-31
Signatures for Loop Falures (HP 54100A/D) ..........cooieennn 6D.36
Signatures for Loop Faiures {HP 541000 Only}) .................. 6D-37

HP-IB Error Code Listing for Loop Failures ...................o.. 6D-51



HP 54100A/0

LIST OF TABLES (Continued)

Section Page
GE-1 Loop Executran TiMES ....iviviverivirririiaannnninniarnarscassans 6E-2
6E-2 which Loops Exercise Which Boards ..........ccoooiiiiiiniirinen 6E-5
6E-3 Loop Number vs Loap NAME ..cciiiiiiiiirervreivnannirianernens 6E-10
6E-4 List of Sernal Control SINNGS ...oivicin i e 6E-11
6E-5 Recommended Loop Test Troubleshooting Test Equipment .... 6E-14
HP 54001A
7A-1 Specifications ... ... . e s e 7A-2
TA-2 Voltage vs Frequency Chart ... iiii i iivniiis e e 7A-2
TA-3 Replaceable Parts Table for HP 54001A ..., TA-3
TA-4 Replaceable Parts Table for HP 54001-62101 ..............ccvnn-.. 7A-3
7A-5 Replaceable Parts Table for Accessory Kit, HP 54001-69501 ...... 7A-4
7A-6 Replaceable Parts Table for PC Board, HP 54001-66301 .......... 7A-5
TA-7 Recommended Adjusiment Test Equipment ................coen, TA-6
7A-8 Recommended Parformance Test Equipment .................... 7A-11
7A-9 Performance Test Record ......oveeiiiiiie cir vt iereananes 7A-21
HP 54002A
7B-1 Specifications .. ... e 7B-1
HP 54003A
7C-1 Specificalions ... e e 7C-2
7C-2 Vaoltage vs Frequency Chart ... 7C-2
7C-3 Replaceable Parts Table for HP 54003A ... .. .coiiiinennnnins 7C-3
7C-4 Repiaceable Parts Table for HP 54003-62101 ...................... 7C-3
7C-5 Replaceabte Parts Table for Accessory Kit, HP 54001-69501 ...... 7C-4
7C-6 Replaceable Parts Table for PC Board, HP 54003-66501 .......... 7C-5
7C.7T Recommended Adjustment Test Equipment ... 7C-6
7C-8 Recommendead Performance Test Equipment ..................., 7C-16

7C-9 Performance Test Record ......ovvviivrioari e ciice it s 7C-27



TABLE OF CONTENTS

GENERAL INFORMATION

....... 1.

Section

1-1 Infroduction ... ... .o e

1-2 DesCHpHON . ... ivirs ciiieis e e

1-3 Specifications .. ....... oo o e e

1-4 Instrument Operahon Characteristics .............

1-5 Satety Considerations . ... .. ool e e e
1-6 Instruments Covered By Manual .. ........... ... ...

1-7 ORHONS oo e e

1-8 ACCes50rNes SUPPHEd ..o i e

1-9 Recommended Test EqQUIPMEN] ....cooiiivin vavinns



54100A/D - General Information

SECTION 1

GENERAL INFORMATION

1-1. INTRODUCTION
This Service Manual contains informalion for
testing, adjusting, and servicing the
Hewlett-Packard 54100A/D Digitizing
Cseilloscope. The manual i1s divided into 11
sections as follows:

1 - Geneial Information

2 - Installabion

3 - Performance Tests

4 . Adjustmenls

5 - Replaceable Parts

6A - Disassembly

68 - Theory

6C - Service Menu Keys

6D - Troubleshooting

6E - inlernal Dragnostics

7 - Accessary Service
Information for operating, programming, and
interfacing the HP 54100A/D i1s contained in
the HP 5:4100A/D Operating and Programming
Manual supplied with each instrument.
The General Information Section includes a
descriplion af lhe HP 54100A/D Digitizing
Oscilloscope, its specifications, operating
charactenstics, imstruments covered by this
manual, options, accessaries suppled, and

recommended test equipment.

Also listed on the title page of this manual is a
Microfiche parl number. This number can be

be used to order 4 X 6 inch microfilm
transparencies of the manual. Each
rnicrofiche contains up to 96 photo-dupiicates
of the manual pages. The microfiche package
also includes the latest Manual Changes
supplement as well as pertinent Service Notes.

1-2. DESCRIPTION

The HP 54100A/D 15 a fully programmakble 1
GHz digitizing oscilioscope with a 9-ingh
dispiay. The HP 54100A/D is capable of
automated measurements, digital storage,
pre-trigger display, configurable inputs and
tnggering on complex digital waveforms.

To ensure proper functioning of the HP
54100A/0, extensive seli-tests have been
designed into the instrument. These self-tests
are in addition to internal diagnoshbics, which
aid in efficient fault iocating and repair, if a
failure does occur,

1-3. SPECIFICATIONS

Table 1-1 lists the specifications for the HP
54100A/D. These specifications include the
performance standards against which the
oscilloscope is tested.

1-4. INSTRUMENT OPERATING
CHARACTERISTICS

Table 1-2 lists the operating characteristics for
the HP 54100A/D. These charactenslics are
nol specifications but typical charactenshcs
included as addilional information only.
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Table 1-1. Specifications

VERTICAL (voltage):

Input Pod
HP 54002A HP 540014 HP 54003A
50 {1 Input Miniature Active Probe 1 M{l Probet
Bandwidth (-1 dB)* dc to 1GHz dc to 700 MHz dc 1o 300 MHz
Transition Time (10°% to 90%}* =350 ps 2450 ps =1 2ns
Deflection Factor Wmy dvto 1y div 100 mv div to 10V div :n 1.2-5 steps
{tuli-scale = B divisions) In i-2-5 steps
DC Accuracy, Single Voltage 23% ot tull-scaie 6% of full-scale
Marker 2% ot offser: £2% of oifset
£50 mVy
DC Delta Voltage Accuracy =17 ot tull-scale £1% ot 1ull-scale
Using Two Voltage Markers %17, of reading? 6% ot reading
On The Same Channel

* These specitications apply over ambient temperature ranee of +15°1 to +35%C
I Vhen drmen from 2 50 {) source
1 With the 70 1 divider probe supphed with the HP 540034

DYNAMIC RANGE: Detlection factor and oftset should be scaled such that the unmagnified signal remains within
the full scale display range.

MAGNIFIER: Expands displaved signal vertically trom 1 to 16X, adjustable in 0.5% steps

DC OFFSET:
Range: $1.5 = full-scale {referenced to center screen),
Adjustment Resolution: Adjustable in steps of 00025X full-scale.

INPUTS: Two inputs, configurable with HP 54000 series pods.

HORIZONTAL {time):
Detlection Factor (full-scale = 10 div): 100 ps,div to 1 sec/div.
Adjustment Resolution: Adjustable in 1-2-5 steps via the knob and the step heys. Adjustable to three significant
figures via the key pad or HP-1B command.

DELAY {time ofiset):
Pre-trigger Range: Up to -200 ms or -10 div, whichever is greater.
Post-trigger Range: Up 10 +1.6 secs or +600,000 div, whichever is greater,
Adjustment Resolution: Adjustable in steps of 2 ps or 1% 10- x delay setting, whichever is greater.

TIME BASE ACCURACY:

Single Channel: =(100 ps £ 2 x 10~ x Delta t reading].
Dual Channel: =(200 ps £ 2 x 10-5 » Deita t reading).

1-2
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Table 1-1. Specifications (continued)

TRIGGER:
Trigger Input 3
Trigger Source Vertical Channel 1 or 2 {HP 541000 Trigger Input 3 or 4)
Input Pod HEP 54002A HP 54001A HP 54003A" HEP 530024 HPF 54001A HP 54003A*
Trigger Level Range 2 % tull-scale v 20y
Trigger Level Adjustment
Resolution 00025 » full-scale I my 20 my
Trigger Sensitivity
DC to 100 MHz 012 = tull-scale 40 my 400 my
Ahove 190 MMz 0.24 « tull-scale 024 = g0 mV 800 mV BOD mYy
(irequency range) {100 MHz to 500 MHz) tull-scale 1100 MHz 1o 1100 dHz to {100 MH2 to
{100 MHz 1oy 500 MHz| 500 dMHIY 300 MHDY
300 MHz|
Pulse width > 1 ns 024 % tull-scale B0 mV ROD m

*With the 101 divider probe supplied with the HP 540034

RMS Jitter: = (50 ps +5 x 10-" x delay setting).

Trigger Source: Chan 1, Chan 2, Trig 3, (HP 54100D: Trig 4). Independent trigger level and polarity settings an all
sources, Edge tngger on any source. Logical pattern trigger on all sources,

Trig 3 and Trig 4 Inputs: Configurable with HP 54000 senies pods.
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Table 1-2. Operating Characteristics

HP 54100A/D OPERATING CHARACTERISTICS

DIGITIZER:
Resolution: 7 bits (1 part in 128). Effective resolution can be extended up to approsimately 10 bits by using
magnification and averaging.
Digitizing Rate: Up to 40 megasamples-second.

DISPLAY:
Data Display Resolution: 500 pornts harizontally by 256 paints vertically.
Data Display Formats:
SPLIT SCREEN: Each channel 1s four divisions high
FLILL SCREEN: The two channels are overlaid. Each channel is eight divisions high.
Display Modes:
VARIABLE PERSISTENCE The time that each data point retained on the display can be varied from 200 ms to
70 sec., or it can be displayed indetimitely
AVERAGING: The number of averages can be varied from 7 to 2048 in powers ot 2. On each acquisition,
1 n times the new data 1s added to (n-1}'n of the previous value at each time coordinate. Averaging
operates continuously; the average does not converge to a tinal value atter n acquisitions.
Graticules: Full grid, axes with tic marks, or frame with tic marks.

VERTICAL:
Input Protection: A relay opens when applied voltage exceeds rated input for the input pod in use
isee Specifications).

HORIZONTAL:
Delay Between Channels: A difference in delay between channels can be nulled in 10 ps steps up to 10 ns to
compensate tor ditferences (n input cables or probe length
Reierence Location: The reference point can be located at the left edge, center, or right edge of the display.
The reference point is that point where the time is offset from the tnigger by the delay time.

Trigger:

INPUT PROTECTION A prompt will appear on the dispiay when the applied voltage exceeds rated input
voltage for pod 1n use (see Specifications).

HOLDOFF:

Holdaofi-By-Events: Range of events counter is from 2 to 67 million events. Maximum counting rate Is
80 MHz. An event is detined as aznything that saushes the triggering conditions selected.

Holdoff-By-Time: Adjustable in 10 ns steps from 70 ns to 670 ms.

TRIGGER MODES:

Edge Trigger: On any source {see Specifications, Trigger Source|.

Pattern Trigger. A pattern can be specified for all sources, Each source can be specified as high. low,
ordon’t care. Trigger can occur on the last edge to enter the specified pattern or the tirst edge to exit the
specified pattern

Time Qualified Pattern Trigger (HP 541000 only). Trigger occurs on the first edge to exit the specified
pattern, anly if the pattern was present for less than (greater than) the specified time, Filter time is
adjustable from 10 ns to 5 sec Filter recovery time is <8 ns, In the “When Present < {time)"” mode,
the pattern must be present > 1 ns for the trigger to respond.

State Trigger (HP 541000 only): A pattern can be specified for any three sources. Trigger can be set to occur
on an edge of either polarity on the source specified as the clock, {not one of the pattern sources),
when the pattern 1s present or not present. Setup time for the pattern to be present prior to the clock
edge is < 4 ns; hold ume is zero.

Delayed Trigger (HP 54100D only):

EVENTS-DELAYED MODE: The trigger can be armed by an edge on any source, then triggered by the nth
edge on any other source. The number of events, n, can be set from 1to 1x 10%-1. Maximum event
counting rate is 150 MHz.

TIME-DELAYED MODE: The trigger can be armed by an edge on any source, then triggered by the first edge
on any other source aiter 4 specified time has elapsed. The delay time can be set from 20 ns to 5 seconds
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. Table 1-2 Qperating Characteristics (continued)

MEASUREMENT AIDS:

Markers: Dual vollage markers and dual time markers are avatiable. Voltage markers can be assigned to sither channel
or to both channels

Auto Top-Base: Automatically sets voltage markers an the top and base of a pulse using a histogram technique. Markers
can, also, be automatically set to 10-80%, 20-80%, or 50% points on a transition,

Automatic Edge Finders: The time markers can be assigned automatically to any displayed edge of either polanity on elther
channe! or both channels. The voltage markers establish the threshold reference for the time markers in this mode.

Automatic Pulse Parameter Measurements: The following pulse parameter measurements can be performed automaticlly
{as defined in IEEE Standard 184-1977, ““|EEE Standard Pulse Terms and Definitions”).

Freguency V max (HP-IB Programmable oniy)
Period V min (HP-IB programmable only)
Pulse duration (+ width) V top (HP-IB programmable anly)
Risetime V bottom (HP-IB pregrammabie only)
Falltime
Preshoct
Overshoot
Paak-to-peak Voltage
RMS Volts
Duty Cycle
Waveform Math; Two independent functions are provided tor waveform math. The operators are +, —, invert, versus and
only. Either of the two verticai channels or any of the four waveform memones can de used as operands for the waveform
. math If turned on, Function 1 is displayed in tieu of Channel $ and Function 2 is displayed in lieu of Channel 2.

SETUP AIDS:
Presets: Vertical deflection factor, offset, and tnigger level can be preset independently on gach channel for ECL or TTL levels.
Auto-Scale: Pressing the Auto-Scale button causes the vertical and herizontal deflection factors and the trigger source to
be set for a display appropriate to the signals applied to the inputs Requires a duty cycle >0.1%, and amplitude >20
mv peak, and a frequency >50 Hz. Operative only for relatively stable input signais.
Save/Recall: Ten front pansl setups may be saved in non-volatile memory. If Auto-Scale is inadvertently pressed, pressing
Recall followed by Auto-Scale, restores the instrument to the state prior to the first Auto-Scale.

Waveform Memories: Four memories are provided for storage of waveforms. Only one waveform may be stored in each
of these memones, These memones can be used as sources for either measurements or functions. Two additional memories
are provided to store piclures. Each of these two waveform picture memories is a pixel map of the display. Any number
ot waveform pictures may be written into each picture memory Once stored, individual waveferms cannot be accessed
from the picture memories. The display of any of the six memaries can be turned on or off without alfecting their contents.
Waveforms in memory are displayed in a different colar from live waveforms.

POWER REQUIREMENT:
Voltage: 115/230 Vac, +15% to —25%, 48-66 Hz.
Power; 280 watts maximum, 500 VA maximum.

GENERAL CHARACTERISTICS:
Dimensions: Refer 1o outline drawing.
Weight:

NET: Approximately 19 kg (42 Ib)
SHIPPING: Approximately 235 kg (52 Ib).
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Tabie 1-2. Operating Characteristics (cortinued)

ENVIROMNMENTAL CHARACTERISTICS:

Temperature:
OPERATING 0° C to +55° C (+32° F to +131° F). Note: See specifications.
NON-OPERATING: -20° C to +75° C (-4° F to 167° F).

Humidity:
OPERATING Up to 90% relative humidity at +40® C (+104° F}.
NON-QOPERATING: Up to 95% relative hurmidity at +65° C (+149° F).

Altitude:
OPERATING Up to 4600 metres {15,000 ft)
NON-OPERATING: Up to 15,300 metres {50.000 f1).

Vibration: Vibrated in three orthogonal axesfor 15 minutes peraws, 0.38mm {0.151n.} peak-to-peak excursion;
51to 55 Hz 1 minute. oclave sweep

-
b
NOTES: 1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. IF DIMENSIONS
ARE REQUIRED FOR BUILDING
SPECIAL ENCLOSURES, CONTACT
YOUR HP FIELD ENGINEER.
2. DIMENSIONS ARE IN MILLIMETRES
AND (INCHES).
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1-5. SAFETY CONSIDERATIONS

Safety information retevant to the service
procedure teing described 1s provided in the
appropnate sections of this manual. The HFP
541004A/D and this manual should be reviewed
for safety markings and mstruction before
wark is begun. Refer to the pages following
the title page. which inciude a safety summary
and safety considerations.

1-6. INSTRUMENTS COVERED
BY MANUAL

The oscilloscope serial number 1s located on
the rear panel Hewlett-Packard uses a
two-part serial number with a four-digit prefix
and a five-digit suffix separated by a letter
(0000A000003. The prefix is the same for all
identical oscilloscopes and changes only when
a modcation 1s made that affects parls
compatibility The suffix is assigned and is
different for each oscilloscope. This manual
applies direclly to oscilloscopes with the serial
prefix shown on the title page.

An oscilloscope manufactured after the
printing of this manual may have a seriai
number prefix that is not histed gn the litle
page. This uniisted senal prefix indicates the
oscilloscope is different trom those described
in this manual. The manual for this newer
oscifloscope is accompanied by a Manual
Changes supplement The supplement
contains “change information" that explains
how to adapl the manual to the newer
oscilloscope.

in addition to change information, the
supplement may contain information for
correcting errors in the manual, To keep this
manual as current and accurate as possible,
Hewlett-Packard recommends that you
periodically request the latest Manual Changes
supptement. The supplement for this manual
15 identified with the manual print date and
part number, both of which appear on the
manual litfe page. Complimentary coples of
the supplement are avallable from
Hewlett-Packard.
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1-7. OPTIONS

The following oplions are available for the HP
54100A/D:

Option 908 - Rack mount kit

Option 910 - gne additional Operating and
Programming manual

Cption 900-902, 904, 906, and 312

Power cord oplions (see tabie 2-1}

1-8. ACCESSORIES SUPPLIED

The following accessories are supplied wilh
the HP 54100A/D;

HP 54002A 50 @ input pod (quantity HP
541004 - 3; HP 54100D - 4}

Operating and Programming manual
{quantity 1)

Service manual {guantity 1)

USA power cord (quantity 1}

1.9. RECOMMENDED TEST
EQUIPMENT

Equipment recommended to maintain the HP
54100A/D 15 listed at the beginning of each of
the manual sections where the equipment ts
used. The three sections requinng test
eguipment are Performance tests (Section 3),
Adyustments (Section 4), and Service (Section
6).

1-7
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SECTION 2

INSTALLATION

2-1, INTRODUCTION

This seclion centains installation instructions,
information about storage and shipment,
operaling cnvionments, and cleaning the HP
54100A/D.

2-2. PREPARATION FOR USE

ECAUTION H
e

To prevent damage to the
instrument, make sure the line
voltage selectar swHcl s i the
correct setting for vour AC voitage
source.

2-3. Power Requirements

The HP 5:1100A/D requires a power source of
115 or 230 vac +15/-25 percent, 48 to 66
Hertz single phase. Power consumption 15
290 wallts or 500 VA maximum.

2-4. Line Voltage Selection

Use a blade-type screwdriver to change the
position of the line select switch. Figure 2-1
shows the line select switch in the 115v
posilion. Once the correct selling of the line
swilch has been made, the correct circuit
breaker lrip cutrent is selected.

2-5. Power Cables

WARNING

To protect operating persoinnet
from possibie injury or death, the
chasis must be properly grounded.
To avoid tins hazard, the proper
power corid must be used and the
power cord ground must NQT be
defeated. Refer to table 2-3 for
power cabie description and
application.

This inslrument 1s equipped with a three-wire
power cable. When connected to an
appropriate AC power oullet, the cable
grounds the instrument cabinet. The type of
power cable plug shipped with the instrument
depends on the country of destination. See
Tabie 2-1 for option numbers of power cables
and plug ¢onfiguralions available.

2-6. CLEANING

When cleaning the HP 54100A/D, use mid
soap and waler. If a harsh soap ar solvent is
used, the water-base paint finish may be

damaged,
i CAUTION g

BE CAREFUL when cleaning the
keyboard. Water can damage the
keyboard circut of it seeps under the
Keys.
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2-7. OPERATING ENVIRONMENT

The operating environment 15 noted in table
1-2. Hote lhe non-condensing humidity
limitation. Condensation in the instrument can
cause poor opelalion cr malfunction. Protect
the nstrument against internal condensation.

The HP 54100A/D will operate to all
specifications, with the temperature and
humidity range given in fable 1-2. However,
refiability 1s enhanced by operating the
instrument within the following ranges.

Temperature: 0°C to +55°C
(+32°F to +132°F)

Humiclity: Up to 90% relative humidity
at 40°C(+104°F)

Altitude: Up to 4600 meters(15,000 fest)

High tempetature/humidity combinations
should lye avoided.

2-8. STORAGE AND SHIPMENT

The mstrument may be stoied ar shipped in
environments wilth the following hmits:

Temperature: -40°C to +75°C

{-4° to +167°F)
Humidity: Up to 95% at 40°C(+104°F)
Altitude:  Up to 15,300 Meters(50,000 Feeat)

The instrument should also be protected from
temperature extremes which may cause
condensation within the instrument.
Condensation within the instrument may cause
a malfunchion, if the instrument is operated
under these conditions.

If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag
indicating the type of service required, return
address, model number, and full senal
number. In any correspondence, refer to the
instrument by model number and full senal
number.

2-9. PACKAGING

COriginal packaging i.e., containers and material
identical to those used in factory packaging
are avarlable from Hewlett-Packard. 1f other
packaging is to be used, lhe following general
instructions for repackaging with commercially
available materials should be followed.:

a. Wrap the oscilloscope in heavy paper or
plastic.

b. Use a strong shipping container. A
double wall carton made of 2.4 MPa (350
psi) test materal is adeguate

c. Use a layer of shock absorbing material
75 to 100 mm (3 to 4 inches) thick around
afl sides of the instrument to provide firm
cushioning and prevent movement inside
the container. Protect the control Panel
with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE fo
ensure careful handling.
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Tatie 2-1. AC Power Cabies.

CABLE LENGTH NTRY
PLUG TYPE PART NO. PLUG DESCRIPTION IN7CM COLOR cou
OPT
800
8120-1351 Straight *BS1363A a4 228 Gray United Kingdom,
8120-1703 80" 80228 Mint Gray Cyprus,
Nigena,
Zimbabwe
! Singapars
OPT
301 250V
S 8120-1369 |Swaight "NZS5198 ASC 79200 Gray Austraha
W@z{-‘- 8120-0696 a0° 87 221 Mint Gray New Zealand
¢ gl
m‘«f‘g
OPT
902 250V 8120-1689 Straight *CEE7-Y11 78 200 Mint Gray East and West Europe
_ 8120-1692 5C° 79 200 Mint Gray Saud: Arabia
S 8120-2857 Straight (Shieiged! 79200 Coco Brown Sc Afnca,
\%‘& Indtz {Unpolarized
‘Lt}g“ In many nalonsi
OPT
903 125V 8120-1378 | Straight *NEMAS-15P | 807228 Jade Gray United States,
B120-1521 90° 90228 Jade Gray Canada,
= 8120-1992 Straght (Medical 96244 Black Japan (100V ar 200V,
g T =ome uLsa4 Mexico,
= o Philippines.
-5 Taiwan .
OPT
204
25Qv
8120-0698 Straight *NEMAG-15P 90229 Black WUnited States,
e T Canada
Mg Peee)
OPT
305 250v
8120-1396 CEE22-W1 30 76 Biack
- = B8120-1625 | (Systems Cabinet use; 96- 244 Black
e 250V
T
o 250v 8120-2104 | Stranght *SEV1011 78 200 Mint Gray Swtzerland
8120-2296 1959-24507 790200 Mint Gray
Type 12
907
oPT
812 220v 8120-29566 Straignt *DHCK DY 79-200 Mint Gray Danmark
ﬂ 8120-2957 90° 759-200 Mint Gray
() ‘ -
il

*Part number shown for plug 1s industrydentifier for plug anly Number shown for cable 1s HP Part Number for complete cable inciuding plug.
E = Earth Ground

L=_Line
N = Neutral

2.4
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SECTION 3
PERFORMANCE TESTS

3-1. INTRODUCTION

The procedures in this section test the instrument’s electrical performance using specifications in
Section | as performance standards. All tests can be performed without access lo the interior of
the instrument.

3-2. RECOMMENDED EQUIPMENT FOR PERFORMANCE TESTS

Equipment recommended for performance tests is listed in table 3-1. Any equipment that satisfies
the critical specifications stated in the table may be substituted.

Table 3-1. Recommended Equipment for Perfermance Tests.

CRITICAL RECOMMENDED
INSTRUMENT SPECIFICATIONS MODEL
Function 50 MHz HP 8116A
Generator Sinewave and squarewave
Sweep 1.3 GHz HP 8620C/86220A
Oscillator Leveied output
Signal Stable 500 MHz output HP 8656B/001
Generator with attenuator
Puise Generator Risetime <100 ps Tektronix
TYPE 284
Digital >0.3% accuracy at 1 Vdc HP 3478A
Voltmeter
Power Divider 3dB 50 Ohm Splitter HP 11667A
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3-3. TEST RECORD

Results of performance tests may be tabulated on the Performance Test Record {table 3-2) at the
end of the procedures. The test record lists all of the tested specifications and their acceptable
limits, The results recorded at incoming inspection can be used for comparison in periodic
rmaintenance, troubleshooting, and after repairs or adjustments,

3-4. PERFORMANCE TEST CYCLE
This instrument requires periodic verification of performance. The instrument should be checked
using the following performance tests at least every six months or after 1000 hours of operation,

whichever is less. Amount of use, environmental conditions, and the user's experience concerning
the need for performance checks will contribute in deciding the performance test cycle.

3-5. PERFORMANCE TEST PROCEDURES

Nate

Allow instrument to warm up for at least 30 mnutes prior to beginning
petformance tests

Note

HP Modef 54002A 500 1:1 pods must be used for performance lests.

32
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3-6. VERTICAL ACCURACY TEST
Specification:

DC Delta Voltage Accuracy™
+1%% of full-scale
+3% of reading**
*Using two voltage markers on one channel.
“*When driven from a 50 o source

Description:

vertical accuracy of both channels is checked by applying several known voltage levels and
making DELTA V measurements on each. Each DELTA V reading must be within specified limits.

Equipment Recommended: Model
T3 o (o T 1= T - (e PN HF B116A
Digrtal Valtmetar ..o e e e HP 3478A

Instrument Setup:

HP 54100A/D: Function Generator:
Channel 1 & 2
- VOLTS/DIV - LV Offset - +5 V¥
-  OFFSET - +5 V AMP - 5.00V
Timebase - SEC/DIV - 1 us Waveform - ALL OFF
- Auto
Disptay - Graticule - Frame Digital Voltmeter:
- Split Screen - Off
- AVERAGES - 256 bC Volts
Channel 2 - DISPLAY - OFF
Procedure:

1. Connect function generator’s output to channel 1 and digital voltmeter.

Note
While otiserving the DVM, set the furction generator output level to the
voitage required for each of the following steps.
2.  Make a DELTA V measurement by pressing AUTO-TOP-BASE and 50-50%.

3. The V{1) voltage should be within 4.77 V and 5.23 V.
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3-6.

10.

11.

12

13,

14,

3-4

VERTICAL ACCURACY TEST (Continued)

Change tunction generator offset to -5.00 V and set HP 54100A/0 OFFSET for -5.00 V.
Make a DELTA V measurement by pressing AUTO-TOP-BASE and 50-50%.

The V(1) voltage shouid be within -4.77 V and -5.23 V,

Adjust function generator's dffset for -120 mV and set HP 54100A/D OFFSET to -120 mVv.
Change vertical sengitivity to 10 mv/division.

Make a DELTA V measurement by pressing AUTO-TOP-BASE and 50-50%.

The V(1) voltage should be within -116 mV and -124 mV.

Change function generator's offset to +120 mV and set HP 54100A/2 QFFSET to +120 mV.

Make a DELTA V measurement by pressing AUTQ-TOP-BASE and 50-50%.
The V(1) vollage should be within 116 mV and 124 mV.

Repeat steps 2 through 14 for channel 2.



3-7. BANDWIDTH TEST

Specitication:

Bandwidth (-3dB)" - DC to 1 GHz
*Applizs when using a 50 & input over ambient temperature range of +15°C to +35°C

Description:

HF 54100A/D - Performance Tests

Bandwidth is checked by ensuring the displayed signal is less than 3dB down from dc to 1 GHz.

Equipment Recommended:

Sweep Oscillator

Instrument Setup:

HP 54100A/D Setup:

Channel 1

&

Channel

el
s

Timebase

Trigger

Display

Delta V

Mode
VOLTS/DIV
OFFSET

SEC/DIV
Delay ref at
sweep

Mode

Source

LEVEL

Slope
HOLDOFF Time

Mode
DISPLAY TIME
Split Screen

Normat
200 mv/div
oV

2 ms
Teft
trg'd

Edge
Chan 1
+500 mV
pos

21 ms

Normal
200 ms
Off

Marker 1 at +564 mV

Marker 2 at

-564 my

Start marker

Stop marker

CW marker

Power Level]
Trigger
Time

Markers
Marker sweep

Model

HP 8620C/86220A

Sweep Oscillator:

.01 GHz
1.2 GHz
1.0 GHz
+9 dBm
internal
0.01
AMPL

CN

3.5
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3.7. BANDWIDTH TEST (Continued)

Procedure:

1. Connect sweep oscillator RF output to channel 1, turn channel 1 on and channel 2 off.

2.  Adjust sweep oscillator output level until displayed signal fills 8 divisions vertically. Press
Clear Display key to help see this.

3. Adjust sweep oscillator's time vernier until displayed waveform is 10 divisions in length.

4, Change DISPLAY time to Infinite.

5. Press Clear Display key.

6. The DELTA V markers are the 3 dB points and each honzontal division represents
approximalely 120 MHz. The sweep oscillator's CW MARKER will show up as a dark line as
the display area fills up. The waveform amplitude at the CW marker should be greater than

the amplitude of the waveform at the delta V markers.

7. Connect sweep osciliator output to channel 2. Turn channel 1 off and channel 2 on. Change
Trigger Source to channel 2 and Trigger Level to 500 mv.

8. Repeat steps 2 through 6 for channel 2.
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3-8. STEP RESPONSE (RISETIME) TEST

Specification: Transistion hme (10% lo 90%): <350 psec¢”
*Applies when using a 50 ¢ input and over ambient tempature +15°C to +35°C.

Description:

Step Response (Riselime) 1s measured by applying a fast risetime pulse to both channels and
making automatic risehme measurements.

Equipment Recommended: Model
PUISE BN AN ...\ eererenserinae et ttrtassttar st rrenanaiatiaaiaiiaares Tektronix TYPE 284

Instrument Setup:

HP 54100A/D: Pulse Generator:
Channel 1 - Mode - Normal Mode - Pulse
& - VOLTS/DIV - 50 mV/div
Channel 2 - OFFSET - Center waveform
Timebase - SEC/DIV - 2 ns/div
- DELAY - 0 ns
- Delay ref at - center
Trigger - Mode - Edge
- Source - channel 1
- LEVEL - +120 mVv
- Slope - Pos
- HOLDOFF TIME - 70 ns
Display - Mode - Averaged
- AVERAGES - 8

- Split Screen - Off
Procedure:
1. Connect pulse generator's autput to channel 1, turn channel 1 on and channel 2 off.
2. Select MEASURE menu and make an automatic RISEtime measurement.
3. Risetime should be €360 ps.
4. Connecl pulse generator's output to channel 2.
5. Set channel 1 to OFF, channel 2 to ON, Trigger Source to channel 2, Trigger Level to 120 mV.
6. Select MEASURE menu and make an automatic RISEttme measurement.

7. Risstime should be €360 ps.
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3-9. TIME INTERVAL ACCURACY TEST

Specification: 5
Single Channek: 100 ps((2 X 107)DELTA T reading))

Dual Channel: =200 ps+({(2 X 10'5)(DELTA T reading))
Description:
The horizontal crossing of an input signal {(at a minimum delay value) is set to center screen. The
delay values are then mncreased and the crossing is observed to verify that it remains at center
screen,
Note
Perform software calibration as directed by the CAL menu. DELAY and
CHANNEL TO CHANNEL skew must be properly set. Refer to section
6C of this manual for the CAL procedure,
Note

The National Bureau of Standards requires an external clock that 18
traceable ta +2 ppm in timebase accuracy for this test.

Equipment Recommended: Model
R1Ta 10T T CT=T4 =T - (o N HF 8656B/001
instrument Setup:
Signal Generator:
Frequency - 500 MHz
Amplitude - 200 mV
Procedure:
CHANNEL 1 ACCURACY

1.  Connect signal generator to channe! 1 and 2 and press AUTO-SCALE.

2. Set HP 54100A/D as follows:

Channel 2 to Off Channel 1 & 2 VOLTS/DIV to 50 mV
Trigger Slope to Positive Channel 1 & 2 OFFSET to O V

Trigger Source 1 Trigger LEVEL fer L, 2, and 3 to O V
TIMEBASE to 100 ps/div Split Screen to Off

AVERAGES to 64
3. Adjust Trigger LEVEL so positive edge crosses exactly at center screen.

4. Change DELAY to 2 ns and verify positive horizontal crossing occurs within 1 division of
center screen,

5. Change DELAY to 10 ns and venfy positive horizontal crossing occurs within 1 division of
center screen.

3-8
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3-9. TIME INTERVAL ACCURACY TEST (Conlinued)

6.

Change DELAY to 18 ns and verify positive honzontal crossing occurs within 1 division of
center screen.

Change DELAY to 26 ns and venfy positive horizonlal crossing occurs within 1 division of
center screen.

Change DELAY to 5 us and verify positive stope crossing occurs within 2 divisions ot center
screen.

CHANNEL TO CHANNEL ACCURACY

9.

10

AR

13.

14.

Set channel 1 to OFF and channel 2 lo ON, TRIG SOURCE remains channel 1. Set DELAY to
0 ns.

Change DELAY to 2 ns and venfy posilive horizonfal crossing occurs within 2 divisions of
cenler screen.

Change DELAY to 10 ns and verify positive horizontal crossing occurs within 2 divisians of
center screen.

Change DELAY 1o 18 ns and verfy positive honzontal crossing occurs within 2 divisions of
cenler screen.

Change DELAY to 26 ns and verify positive honzontal crossing occurs within 2 divisions ot
center screen.

Change DELAY to 5 us and venfy positive slope crossing occurs within 3 divisions of center
screen.

CHAMNNEL 2 ACCURACY

15.

16.

17.

18.

18.

20.

21.

Set channel 2 lo OM, set channe!l | to OFF, and select TRIG SOURCE channel 2, Set DELAY
{0 0 ns.

Adjust Trigger LEVEL so the positive edge crosses exaclly at center screen.

Change DELAY to 2 ns and vernfy pogiiive honzontal crossing occurs within 1 division of
center screen,

Change DELAY to 10 ns and venfy positive horizontal crossing occurs withen 1 division of
center screen,

Change DELAY lo 18 ns and venfy positive horizantal crossing occurs within 1 division of
center screen.

Change DELAY to 26 ns and venfy positive honizontal crossing occurs within 1 division of
centet screen.

Change DELAY o 5 uys and verify positive slope crossing occurs within 2 divisions of center
screen.

3-8
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3-10. TRIGGER SENSITIVITY TEST

Specification:
{0.12) (tull scale vertical) using a 50 @ mput to 100 MHz
(0.24) (full scale verlical) using a 50 @ input from 100 MHz to 500 MHz

Descriplion:
When a 100 MHz signal is applied to either channel, the oscilloscope must tngger. The signal

must remain coherent (triggered) as the input amplitude is decreased and the frequency s
increased until the specifications are met.

Equipment Recommended: Model
SIgNal GENBTALOF ... it rr i HP 8656B/001
P OWEE DIVIGEE 0 eeiteet i irasreteia st eeraesssabaantrssanarsasassr o itaariesetrass HP 11667A

Instrument Setup:

HP 541QCA/D Setup: Signal Generator:
Channel 1 - Mode - Normal Frequency - 100 MHz
& - VOLTS/DIV - 10 mV Amp1itude - 9 mv
Channel 2 - QFFSET -0V Amp Increment - 0.1 mV

Timebase - SEC/DIV - 2ns
- Delay - 0 ns
Trigger - Mode - Edge
- Source - ¢hannel 1
- LEVEL -0V
Display - Mode - Averaged
- AVERAGES -8

- 8§plit Screen - Off

Procedure;
1.  Turn channel 1 and channel 2 on.
2. Connect signal generator {o channel .

3. Decrease signal generator's outpul amplitude untif a 10 mV peak-io-peak waveform is
displayed. Waveform must be coherent (tnggered).
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3-10. TRIGGER SENSITIVITY TEST (Continued)

4,

Connect signal generator to channel 2, set Trigger Source
to channel 2 and Trigger Level to 0V,

A 10 mV peak-to-peak waveform should be displayed and must be coherent {triggered).
Change 54100A\D SEC/Div to 500 ps.

Change signal generator lrequency to 500 MMz and adjust amplitude to 20 mV peak-to-peak.
Wavetorm should be coherent (triggered).

Connect signal generator output to channel 1.

Change trigger source to channel 1.

Waveform should be coherent (tnggered).

Spiit signal with a power divider and apply to channel 3.

Adjust signal generator amplitude until an 80 mV peak-to-peak waveform is displayed.

Select TRIG SCURCE 3 and set Trigger Levei to 0 V. Waveform must be coherent.

Change signal generator frequency to 100 MHz and adjust amplitude to 40 mV peak-to-peak.
Change HP 54100A/D SEC/Div to 2 ns.

Waveform should be coherent.

HP 54100D only

18.

19.

20.

21.

Select TRIG SOURCE 4 and set Trigger Level to 0 V. Waveform must be coherent.
Change signal generator frequency to 500 MHz and adjust amplitude to 8¢ mV peak-to-peak.
Change HP 54100A/D SEC/Div to 500 ps.

Waveform should be coherent.
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3-11.

APERTURE JITTER TEST

Specification:

<300 ps peak to peak
£(50 ps rms + 5 X 10-7 X delay setting)

Description:

Aperture jitter is tested by measuring the width of the displayed waveform after it is allowed to
accumulate for three minutes in infinite persistence mode.

Equipment Recommended: Model

S TT TR € 1= 1= = o | Tektronix TYPE 284

Instrument Setup:

HP 54100A/D Setup: Pulse Generator:
Channel 1 - Mode - Normal Mode - Pulse
& - VOLTS/DLV - 50 mv
Channel 2 - QFFSET - +120 mV
Timebase - SEC/DIV - 100 ps
- sweep - trg’d
Trigger - Source -1
- LEVEL - +120 mv
Display - Mode - Normal

Infinite Persistence

- Display Time

Procedure:

1.

Connect pulse generator’s output to channel 1 and allow display to accumulate for a
minimum of three minutes. Use delay to center the leading edge of waveform.,

Using DELTA T markers, measure the width of the display at the center crossing (X axis
width), Width should be £300 ps peak-to-peak,

Turn channel 1 OFF and channel 2 ON.

Change TRIG SOURCE to 2, set Trigger Leve! to 120 mV, and connect pulse generator output
to channel 2.

Prass CLEAR DISPLAY,
Allow display to accumutate for a minimum of three minutes.

Using DELTA T markers, measure the width of the display at the center crossing (X axis
width), Width should be <300 ps peak-to-peak.
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Table 3-2. Performance Test Record

HLWLETT-PACKARD Tested by

MODEL 1P 54100A,D
DIGITAL OSCILLOSCOPE Work Order No.

Date
SERIAL MO.

Recommended Calibration

Interval Months
Paraugraph
Nunthe Test Resulls
3-6 Vertical Accuracy Test channel 1
step 3 Minimum -- 4,77 V
Actual v
Maximum -- 5,23 V
step 6 Minimum -- -4.77 ¥
Actual v
Maximum -- -5.23 V
step 10 [ Minimum -- -116 mV
Actual my
Maximum -- -124 mV
step 13 Minimum -- 116 mVy
Actual my
Maximum -- 124 mV
channel 2
step 3 Minimum -- 4.77 V
Actual v
Maximum -- 5.23 V
step 6 Minimum -- -4.77 V
Actual v
Maximum -- -5,23 V¥
step 10 | Mimimum -- -116 mV
Actuatl myv
Maximum -- -124 mVy
step 13 | Minimum -- 116 mv
Actual my
Maximum -- 124 mVy

3-13
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Parayiaph
Number Test Results
3-7 Bandwidlh Test channel 1
step 6 €W Marker greater
than DELTA V markers
yes no
channel 2
step 6 CW Marker greater
than DELTA V markers
yes no
3-8 Step Response (Riselime) chiannel 1
Test step 3 Riselime is
<360 ps
yes no
channel 2
step 7 Risetime is
£360 ps
yes no
3-9 Time Interval Accuracy channel 1
Test step 4 Minimum-1 division
left of
center screen

Actual -

Maximum-1 division
right of
center screen

step 5 Minimum-1 division

Teft of
center screen
Actual -

Maximum-1 division
right of
center screen
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I'mraygraph
Hunber Tesl Resulls
3-9 Time2 Interval Accuracy
Test icont) step & Minimum-1 division
Teft of
center screen

Actual -

Maximum-1 division
right of
center screen

step 7 Minimum-1 division
left of
center screen

Actual -

Maximum-1 division
right of
center screen

step 8 Minimum-2 divisions
Teft of
center screen

Actual -

Maximum-2 divisions
right of
center screen

channel to channel
step 10 Minimum-2 divisions
left of
center screen
Actual -
Maximum-2 divisions

right of
¢enter screen
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Parangrapl
Humber Test Results
3-9 Time Interval Accuracy
Test {cont) step 11 Minimum-2 divisions

step 12

step 13

step 14

Actual

Max imum-

Minimum-

Actual

Maximum-

Minimum-

Actual

Maximum-

Minimum-

Actual

Maximum-

Teft of
center screen

2 divisions
right of
center screen

2 divisions
Teft of
center screen

2 divisions
right of
center screen

2 divisions
Teft of
center screen

2 divisions
right of
center screen

3 divisions
Teft of
center screen

3 divisions
right of
center screen
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Pavag aph
Numbey Test Results
3-9 Time Inturval Accuracy channel 2
Test {cont} step 17 Minimum-1 division
Teft of

step 18

step 12

step 20

Actual

Max imum-

Minimum-

Actual

Maximum-

Minimum-

Actual

Maximum-

Minimum-

Actual

Maximum-

cenker screen

1 division
right of
center screen

1 division
Teft of
center screen

1 division
right aof
center screen

1 division
jeft of
center screen

1 division
right of
center screen

1 division
left of
center screen

1 division

right of
center screen
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[*araqgr-aph
Humber Test Results
3-9 Time Interval Accuracy
Test (cont) step 21 Minimum-2 divisions
Teft of
cenler screen

Actual -

Maximum-2 divisions
right of
cenler screen

3-10 Trigger Sensitivily Test channel 1
step 3 Waveform remains
Coherent
Yes No
channel 2
step 5 Waveform remains
Coherent
Yes No
step 7 Waveform remains
Coherent
Yes No
channel
step 10 Waveform remains
Coherent
Yes No

Trigger channel
step 13 Waveform remains
Coherent
Yes No

step 16 Waveform remains
Coherent
Yes No
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Paraqraph
Numbey Test Results
3-10 Trigger Sensitivity Test (cont)
Trigger channel 4
step 18 Waveform remains
Coherent
Yes No
step 21 Waveform remains
Coherent
Yes No
3-11 Aperture Jitler Test channel 1
step 2 Width 300 ps
peak-to-peak
Yes No
channel 2
step 7 Width <300 ps
peak-to-peak
Yes No

3-19
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SECTION 4
ADJUSTMENTS

4-1. INTRODUCTION

This section describes the adjustments required to return the instrument to peak operating
capabilities after repairs have been made. Included in this section i1s a table of Recommended Test
Equipment (table 4-1).

4-2, CALIBRATION INTERVAL

To maintain proper calibration, these adjustments should be made at approximately one year
intervals or after 2000 hours of aoperation, whichever is less. Some or all of these adjustments may
need to he made afier repairs have been completed. Amount of use, environmental conditions,
and the user's expenence concerning the need for adjustment checks wili contribute in deciding

the adjustment interval.
WARNING I

Read the Safety Summary at the front of this manual before performing
adjustment procedures. The apparafus shall be disconnected from all
voltage sources before it 1s opened for any adjustment, replacement,
mairitenance, or repair,

4-3. RECOMMENDED TEST EQUIPMENT FOR ADJUSTMENT PROCEDURES

The recommended test equipment for the adjustment procedures is listed in
Table 4-1 Recommended Test Equipment.

NOTE

HP Mode! 54002A 500 1:1 pods must be used for adjustment procedures.

4-1
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Table 4-1. Recommended Adfustment Test Equipment,

Kit

CRITICAL RECOMMENDED
INSTRUMENT SPECIFICATIONS MODEL
Function 50 Hz to 10 MHz
Generator sine wave, square wave, HP B116A
trianglie, dc capability
Programmable Adjustable Pulse Width,
Pulse Adjustable 1leading and HP 8161A/002
Generator trailing edge slope,
Adjustable Trigger Delay
Digital »>0.3% accuracy at 1 vdc HP 3478A
Voltmeter
Oscilloscope Dual channel HP 54201A
5 ns sweep with
X10 magnification
Pulse Generator| Flat Pulse < 1 percent Tektronix
Perturbations PG506
Frequency Range: 50 MHz HP 5381A
Counter
Divider 10:1 division ratio HP 10017A
Probe
Divider 50 ohm resistive divider HP 10020A
Probe
Product Support| No substitute HP Part No.

54100-69006
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4-4. DIGITAL POWER SUPPLY ADJUSTMENT
Description:
This procedure adjusts the DC voltages required for the digital circuits.
Equipment Recommended:
Digital Vollmeter ... e e
Instrument Setup:
HP 54100A/D: Digital Voltmeter:
None DC Volts
4 and 1/2 Digits

Autozere - On

Digital Power Supply Board (A13) Adjustment Location

Model

HP 3478A

=5« 412 #35 +I4R GND oM +146  +5¥A
0 0 0 g o g g . &

DIGITAL POWER SUPPLY

Procedure;

1. Disconnect power cord and remave power supply shield.

WARNING

Hazardous voftages capable of causing injury or death are present in
the AC Power Supply board (A11} when power is applied and for a
period of time after power ts removed from the instrument. To avond
this hazard, DO NOT remove the top power supply shreld until the LED
on the AC Power Supply board (A11} 15 extinguished, This LED is
visible through an inspection hole in the cover labeied "DANGEROUS
VOLTAGE EXISTS ON PRINTED CIRCUIT BOARD WHEN LED IS LIT".

2. Connect positive voltmeter lead to +5 V test point (actual voltage = +5.1 V).
3. Connect negative voltmeter lead to -5 V test point (actual voltage = -5.3 V).
4, Apply power and allow instrument to stabilize for 1 to 2 minutes.

5. Adjust A13R56 for a voltmeter reading of 10.4 Vdc + 0.01 V.

6. Disconnect power and wait untii LED on AC Power Supply board (A11) is extinguished before

re-instaling top power supply shield.

4.3
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4-5. DC OFFSET ADJUSTMENT

Description:

DC Oftset is adjusted to position baseline at mid-sereen when no signal is applied.
Equipment Recoinmended:

None

instrument Setup:

HP 54100A/D:

Channel 1 & 2 - Mode - Normal
- Display - On
- VOLTS/DIV - 100 mv/divy
- OFFSET -0V
then; - Mode - Magnify
- WINDOW SIZE - 200 mV
- POSITION - 0.0V
Timehase - SEC/DIV - 50 us/div
- DELAY -0
- Delay Ref at - Center
- Auto
Bisplay - Mode - Averaged
- AVERAGES -8
- Graticule - Axes

Analog to Digital Board (AG/A8) Adjustment Locations

ADC BD
0] Jevis] L2

OFF3ET
FLATHESS

Samphing Board {A5/A7)

SAMPLING BD.

4 o o 5
LU S TWE OWL GAW T RF 50wl wEA g TUF O TTE THaE o Tea
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4-5. DC OFFSET ADJUSTMENT (Continued)

Procedure:

1.

2.

Discannect IFOUT (J4) cable from A5 assembly and turn channel 2 off.

Adjust A6R118 (OFFSET) until baseline overlays center screen.

Magnify baseline to 12.5 mV/division and fine adjust baselne tc center screen with AGR118.
Reconnect |IFOUT cable to A5 assembly.

Turn channel 1 off and channel 2 on.

Disconnect IFOUT (J4) cable from A7 assembiy.

Adjust ABR11B (OFFSET) until baseline overlays center screen.

Magnify baseline to 12.5 mV/division and fine adjust baseline 1o center screen with ABR118.

Reconnect IFOUT cable to A7 assembly.
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4-6. INPUT AND OUTPUT OFFSET NULL ADJUSTMENT

Description:

While the actual vollage at the channel 1 and 2 input connectors is measured, the input null is
adjusted for a minimum voltmeter reading. The output null is then adjusted until the trace overlays
center graticule line.

Equipment Recommended: Model
Digital Voltmeter ... o HP 3478A

Instrument Setup:

HP 54100A/D:

Channel 1 & 2 - Mode - Normal
- Display - On
- VOLTS/DIV - 10 my/div
- OFFSET -0V
Timebase - SEC/DIV - 100 ps/div
- Delay Ref at - Center
- Auto
Display - Mode - Averaged
- AVERAGES -8
- Split Screen - Off
- Graticule - Axes

Sampiing Board (A5/AT) Adjustment Locations

SAMPLING BD.

4 I L | o Rsa| mel
T TPQE SEIAS 10M45  ONULL  Caul IFAYT SEFF Tss INULL (US & T&’ iU5PB  ORCAL 3 THYST TNWLL  CAL i

4-3
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4-6. INPUT AND OUTPUT OFFSET NULL ADJUSTMENT (Continued)

Procedure:

NOTE
Verify the channel 1 and 2 vertical sensitivities are set to 10
mvjdivision.
1. Verify channel 1 oftset is set to 0.00 V and turn channe! 2 off.
2. With voltmeter, monitor voltage on channel 1 input BNC connector,
3. Adjust ASR1 (INULL) for a voltmeter reading of < 0.1 mV.
4. Change channel 1 vertical sensitivity to 100 mV/division.
5. Rermove voltmeter from input BNC connector.

6. Adjust ASR13 (ONULL) until trace overlays center graticule line,

NOTE
While making this adjustment it is helpful to press CLEAR DISPLAY
key repeatediy.
7.  Turn channel 1 off and channel 2 on,
8.  Verity channel 2 Offset is set to 0.00 V.
9. Using voitmeter, menitor voitage on channel 2 input BNC connector.
10. Adjust A7R1 {INULL) for a voltmeter reading of < 0.1 mv,
11. Change channel 2 vertical sensitivity to 100 mV/division.
12. Remove voltmeter from inpul BNC connector.

13. Adjust A7R13 (ONULL) untit trace overlays center graticule line.
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4-7. SAMPLER BIAS AND SAMPLING EFFICIENCY ADJUSTMENTS

Description:

Sampler bias is adjusted for an abrupt change in overshoot on the displayed waveform. Sampler
efticiency is adjusted for a minimum step that occurs 25 ns after the pulse's rising edge,

Equipment Recommended: Model
PUISE GBMEIAIET vt tserersrrrarerorarcssosatorenserernsesssnrssmsssassatbasbstessinans Tektronix PG506

Instrument Setup:

HF 54100A/D: Pulse Generator:
Will be setup during procedure Mode - Fast Rise
Period -2 ms

Pulse Amplitude - 300 mV

Sampling Board (A5/A7) Adjustment Locatrons

10MS  ORULL  GAIN T EFF

Procedure:

1. Connect positive fast rise output of flat pulser to channel 1 input using a large diameter cable
(re. RG8/U).

2. Connect trigger output of flat pulser to channel 3 input.
3. Press AUTO SCALE key.

4. Setup HP 54100A/D as follows: |

Channel 1 - Mode - Normatl Timebase - SEC/DIV - 5 ns/div
& - Display - On - DELAY - 20 ns
Channel 2 - VOLTS/DIV - 50 mV/div - Delay Ref at - Center
- OFFSET - -150 mV
Trigger - Mode - Edge Display - Mode - Averaged
- Source - Trig 3 - AVERAGES -2
- LEVEL - 1V - split Screen - Off
- Slope - Positive - Graticule - Axes

- HOLDOFF Time - 70 ns
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HP 54100A/D - Adjustments
4-7. SAMPLER BIAS AND SAMPLER EFFICIENCY ADJUSTMENTS (Conlinued)

NOTE

Particufar care should be taken to minimize the step that occurs 25 ns
after rising edge of pulse Figure 4-1 shows the sampling efficiency
when it 15 adjusted to optimum. Figure 4-2 shows the sampling
efficiency when it is over-compensated and figure 4-3 shows the
sampiing efficiency when it is under-compensated.

NOTE

if a relatively flat puise s not obtaned, then it may be difficult to
adjust the SBIAS adyjustment. Thercfore, repeat this procedure.

0.0000 sec £25.000 nsec 50.000 nsec

LA B S S S B B B S B B B S R B S B B B S B B S D B B e S B L S S S B S S S B SN S B B

PR NP B

PR ISP S NN TR T ST S SN WA SN S SN T TN Y S NS U S S Y (PO ST WA S [ TR ST T (S W S T N S

Ch. 2 = 20.000 mvolts/div Offset = 196.00 mvolts
Timebase = 5.0000 nsec/div Delay = 0.000C sec

Frgure 4-1. Sampiing Efficiency Optimum Adjustment
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HP 54 100A/D - Adjuslmenls

4-7, SAMPLER BIAS AND SAMPLING EFFICIENCY ADJUSTMENTS (Continued)

0.0000 sec 25.000 nsec 50.000 nsec
— —— I B e B e A e e o A mmanay
PRy 1 P S U S VT U U S ST WY A YA S U S N ST W S U S Y S T . | )
th. 1 = 20.000 mvolts/div Offset = -28 200 mvolts
Timebase = 5.0000 nsec/div Delay = 0.0000 sec
Figure 4-2. Sampling Etficiency Over-compensated
0.0000 sec 25.000 nsec 50.000 nsec
GBI T T
L ]
P SRS EEPIEE BT T S N N T S S N T S S TN [ S ST W W HT T S S S Y PR PSS R T R T
ch. 1 = 20.000 mvolts/div Dffset = -29.200 mvolts
Timebase = 5.0000 nsec/div Delay = 0.0000 sec

4-10

Figure 4-3. Sampling Efficiency Under-compensated



HP 54100A/D - Adustments

4-7. SAMPLER BIAS AND SAMPLING EFFICIENCY ADJUSTMENTS (Continued)

10.

11,
12,
13.

14.

15,

18,

Adjust ASR37 (SBIAS]} fully counter-clockwise (CCW).
Short ASTP1 to ground test point (ASTPZ2) next to ASTP1.

Adjust A5R37 (SBIAS) clockwise (CW) until just before positive portion of pulse amplitude (>25
ns atter the leading edge) abruptly decreases.

Remove short on ASTE1. This will shift the operating bias slightly to a stable operating point.
NOTE

Only the 25 ns puise need be adfusted flal in this step. Three other
flatness adjustments will be performed later.

Adjust ASRZ2 (SEFF) for flattest pulse response possible. Penodically pressing CLEAR
DISPLAY helps in making this adjustment.

NOTE
The puise response will not be completely flat twt this will be corrected
later, If the positive portion of the pulse amplitude does not abruptly
decrease, then center the SEFF adjustment (A5R2} and repeat step 7.

Connect positive fast rise output of Hat pulser to channel 2 input using a large diameter cable
(ie. RG8/U).

Turn channel 1 off and channel 2 on.
Adjust A7R37 (SBIAS) fully counter-clockwise (CCW).
Short A7TP1 to ground test point (A7TP2) next to A7TP1

Adjust A7R37 (SBIAS) clockwise {CW) until just before positive portion ot pulse amplitude (>25
ns after the leading edge) abruptly decreases.

Remaove short on A7TP1. This will shift the operating bias slightly to a stable operating point.
NOTE

Only the 25 ns pulse need be adjusted flat in this step. Three other
flatness adjustments wili be performed later.

Adjust ATR2 (SEFF) for flattest pulse response possible. Periodically pressing CLEAR
DISPLAY helps in making this adjustment.



HP 54100A/D - Adjustments

4-8. FLATNESS ADJUSTMENTS

Description:

Flatness is adjusted for flattest response.

Equipment Recammended:

Pulse Generalor ......ooooiiiiii e e e

instrument Setup:

Model

................... Tektronix PG506

HP 54100A/D: Pulse Generator:

Wi11 be setup during procedure

Mode - Fast Rise
Period - 20 ms

Pulse Amplitude - 300 mV
Positive Qutput

Sampling Board (A5/A7 ) Adjustment Locations

SAMPLING 8D.
P4

o o
e TRl el 0w UL GAW  OuT R & WOLL T0GK

P e wow B Tew g e

Procedure:

1. Connect posttive fast nse output of flat pulser to channel 1
(1e. RG8B/U).

2. Connect trigger output of flat pulser to channel 3 input.
3. Press AUTO SCALE key.

4, Setup HP 54100A/D as foilows:

Channel 1 - Mode - Normal Display
& - Display - 0On
Channel 2 - VOLTS/DIV - B0 mv/div
- OFFSET - =150 mV
Trigger - Mode - Edge Timebase
- Source - Channel 3
- LEVEL - 1V
- Slope - Positive

- HOLDOFF Time - 70 ns

4-12

tnput using a large diameter cable

- Mode - Averaged

- AVERAGES -2

- Spiit Screen - Off

- Graticule - Axes

- SEC/DIV - 2 ms/div
Delay - 0 sec
Delay Ref-at Center
Trig - Trig'd



HP 54100A/D - Adjustments

4-8. FLATNESS ADJUSTMENTS (Continued)

Procedure:
5. Turn channel 1 on and channel 2 off.
6  Adjust A5R12 (10 ms) for flattest response on positive portion of pulse.
NOTE

Using a DELTA V Marker for a flat reference line simplifies adjustment.
7. Change pulse generator's period to 2 ms and set 54100A/D SEC/DIV to 1 ps/div.
8. Adjust ASR4 {1 us-A) for flattest response with no overshoot.
9. Adpust ASR6 (1 us-B) for flattest response with no overshoot,

NOTE

Because of mnteraction between adjustments, steps 8 and 9 may need to
be repeated to obtain flattest response,
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HP 54100A/D - Adjustments

4-8. FLATNESS ADJUSTMENTS (Continued)

10. Turn channel 1 off and channel 2 on.

11. Set flat pulser PERIOD to 20 ms, and HP 54100A/D as follows:
SEC/DIV to 2 ms, Delay to 0 s, and Average to 2,

12, Connect pulse generator's output to channel 2.

13. Adjust A7R12 (10 ms) for flaitest response on positive portion of puise.

14, Change pulse generator’'s PERIOD to 2 ms and HP 54100A/D SEC/DIV to 1 ps/div.
15, Adjust A7R4 (1us-A) for flattest response with no overshoot.

16. Adjust A7Re (1us-B) for flattest response.

NOTE

Because of interaction between adjustments, steps 15 and 16 may need
to be repeated to obtain the flattest response.



HP 54100A/D - Adjustments

4-9, OFFSET CALIBRATION ADJUSTMENT

Description:

With the HP 54100A/D set to the same offset value as the function generator output, the OFCAL is
adjusted until the trace overlays center screen.

Equipment Recommended: Mode!

T T (oL Ty T T £ (o P HP 8116A

Digital VORMEBLET L. e et rire e e e e aa HP 34784
NOTE

A dc power supply can be used to perform this adustment in place of
the HP 8116A function generator.

Instrument Setup:

HP 54100A/D: Function Generator:
or DC Power Supply:

Channel 1 - Mode - Normal Mode - Dc
& - Display - 0n QOffset - +1.2 V
Channel 2 - VOLTS/DILV - 100 mV/div Wavaforms - A1l Off
- QOFFSET - +1.2 V
Timebase - SEC/DIV - 20 ns/div
- Delay Ref at - Center screen
- Sweep - Auto
Display - Mode - Averaged
- AVERAGES - 8
- Split Screen - Off
- Graticule - Axes

Sampiing Board (AS/AT | Adjustment Locations

SAMPLING BD.

Aed | A1 | RS1

L T TOWS DWW GAW BOUT g VR MOL 1053 TR CR orcml PE o Thgsr mun oAl




HP 54100A/D - Adjustments

4-9, OFFSET CALIBRATION ADJUSTMENT (Continued)

Procedure:

1. Turn channel 2 off,

2. Connect function generator’s output to voltmeter and channel 1 using a BNC Tee connector
at scope’s input.

3. While monitoring voltmeter, adjust function generator's output for a +1.2 V dc level.

4. Adjust ASR7 (OFCAL) until trace overlays center axis.

5. Change HP 54100A/D channel 1 offset to -1.2 V and function generator’s
offset to -1.2 V.

6.  Verify trace is at center screen within £1 minor division.

7. Turn channel 1 off and channel 2 on,

8. Connect function generator's output to voltmeter and channel 2 using a BNC TEE connector
at oscilloscope's input.

9.  While monitarng voitmeter, adjust function generator's output for a +1.2 V dc level.

10. Adjust A7R7 (OFCAL) until trace overlays center axis.

11. Change HP 54100A/D channel 2 oftset to -1.2 V and function generator’s
offset to -1.2 V.,

12. Verify trace is at center screen within £1 minor division.

4-16

NOTE

If trace is not within =1 minor division of center screen, then readjust
paragraphs 4-5 through 4-9. If these adjustments have been repeated
and the trace is still not within specifications, then a problem may exist.
Refer to the section 60, Troubleshooting.



HP 54100A/D - Adjustments

4-10. GAIN ADJUSTMENTS

Description:

A posilive dcvouageisapphedtotheinputandthe gain is adpusted until trace is mn the ¢orrect
position. Then a negative voltage Is applied to the inpul and trace position is checked.

Equipment recommended; Model

FURCHON GEREIALAT ...\ vrt cer tin ceeamiiae a e ae i e s aee mes sesebasen HP 8116A

Digital Volimeter ..., ... ... oo o n R PR HP 3478A
NOTE

A dc power supply can be used in place of the HP 8116A function
generator.

instrument Setup:

HP 54100A/D: Function Generator:
Channel 1 & 2 - Mode - Normal Mode - DC
- Display - 0On Offset - +300 mV
- VOLTS/Div - 100 mV/div Waveform - A1l off
- OFFSET - oV
Tamebase - SEC,/DIV - 50 us
- DELAY -0
- Delay Ref at - Center screen
- Sweep - Auto
Trigger - Mode - kdge
- Source - Chan 1
- lLevel - oV
Display - Mode - Averaged
- AVERAGES -8
- Split Screen - Off
- Graticule - Grid

Samnphing Board (A51A7 ) Adjustinent Locations

SAMPLING BD.

IDMI (INULL  Likl¥ (Ll B

417



HP 54100A/D - Adjustments

4-10. GAIN ADJUSTMENTS (Continued)

Procedure;

1.

2,

10.

11.

12.

418

Connect function generator's output to voltmeter and channe! 1 using a BNC Tee cannector.
Turn channel 2 off,

While monitoring voltmeter, adjust function generator's output level to +3C0 mv.

Adjust A5R31 (GAIN) until trace is 3 divisions above center screen.

Change function generator's output level to -300 mv.

Trace should now be 3 divisions below center screen,

NOTE
it may be necessary to repeat steps 3 through 6 and readjust ASR37 in
order to minimize the errors of these two operating points.
Connect function generator’s output to channel 2.
Turn channel 2 on and channel 1 ofl,
Adjust function generator's output level to +300 mv.
Adjust A7R31 (GAIN) until trace is 3 divisions above center screen.
Change function generator's output level 1o -300 mV.

Trace should now be 3 divisions below center screen.

NQTE

it may be necessary to repeat steps 9 through 12 and readjust ATR31
in order to minimize the errors of these two operating points.



4-11. SAMPLING BOARD TRIGGER

Description:

HP 54100A/D - Adjustments

ADJUSTMENTS

This procedure adjusts the Trigger Hysteresis, Trigger Offset Null, and Trigger Level.

Equipment Recommended:

Function Generator

Instrument Setup:

HP 54100A/D:

Mode
Display
VOLTS/DIV
OFFSET

Channel 1
&
Channel 2

Timebase SEC/DIV
DELAY
Delay Ref at

Sweep

Mode

Source

LEVEL

Slope
HOLDOFF Time

Trigger

Mode
AVERAGES
Sptit Screen
Graticule

Display

.................................................

Model

HP 8116A

Function Generator:

Mode
Frequency
Offset
Duty Cycle
Waveform

Normal

1 kHz
ov

50%

Sine wave

Normal

on

100 mV/div
ov

50 us

0

Center screen
Auto

tdge
Chan 1
oV
Positive
70 ns

Averaged
8

Off

Axes

Sampling Board (A5/A7) Adjustment Locations

TR s TOMS OHULL  GAM

(i 02 Lo L]

SAMPLING BD.

T°h
Q
TPY
o

A7
[

Fag | R53 | AS|
THTSE  TAGLL  TCal

T*e

(LI SEFE r%a ULl UG s [Ty
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HP 54100A/D - Adjustments

4-11. SAMPLING BOARD TRIGGER ADJUSTMENTS (Continued)

Procedure:

1. Trigger Hysteresis Adjustment.

a.

b.

a.

b.

a.

b.

Connect function generator's output to channel 1.

Adjust function generator's output until an 8 division peak-to-peak amplitude Is
displayed.

In Trigger Menu, switch siope repeatedly between Pos and Neg. The difference between
voltage levels at time zero between Pos and Neg is hysteresis, The actual trigger ievel is
halfway between the two observed levels.

Adjust ASR49 (THYST) until the voltage difference (¥ axis) at time zero is one minor
division, '

Trnigger Oftset Null Adjustment.

Observe waveform at time zero as slope is switched.

Adjust ASR53 (TNULL) until the two voltage levels at time zero are centered above and
below 0O V.

Trigger Level Calibration Adjustment,

Change channel 1 Offset{o 1.2 V.
Change Trigger Level to 1.2 V.

Set tunction generator’s high fevel output (HIL) to 1.6 V and low level
output (LOL) to 0.8 V.

Adjust ASR51 (TCAL) uniil voltage levels at time zero, as the siope is switched, are
centered above and below 0 V.

Change channet 1 Offset to -1.2 v,
Change Trigger Level to -1.2 V.

Set funclion generator's high level output {HIL) to -0.8 V, and low
level output (LOL} to -1.6 V.

Verify trigger level swiiching at center screen is within two minor divisions while
switching slope.

4. Reset tngger level to 0 V and repeat steps 1 through 3 for channe! 2 and Trigger Source 2.
Adjustments for channel 2 are on the A7 assembiy.
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HP 54100A/D - Adjustments

4-12. PULSE FLATNESS ADJUSTMENT

Description:

The pulse response of the ADC is adjusted for opttmum flatness.

Equipment Recommended: Model
Calibration Generator . ... ... i i i i i e e e Tektronix PG506

Instrument Setup:

HP 54100A/D: PG506:
Channel 1 - Mode - Normal Period - 20 ms
& - Display - On Pulse Amplitude - 300 mV
Channel 2 - NOLTS/DIV - 100 mV/div
- OFFSET -0V
Timebase - SLC/DIV - 2 ms/dy
- DELAY -0
- Derlay Ref at - Center
Trigger - Mode - Edge
- Source - Trig 2
- LEVEL - +1 ¥
- Slopn - positlive

- HOLDOFF Twme - 70 ns

Bisplay - Mode - Averaged
- AVERAGES -2
- Graticule - Axes

Analog to Digiial Board {AB/A8) Adjustment Locationg

AD{ BD

Wi SET
s FLATNESS
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HP 54100A/D - Adjustments

4-12. PULSE FLATNESS ADJUSTMENT

Procedure:

1. Turn channel 1 en and channel 2 off.

2. Connect pulse generator's trigger output to channeil 3.

3. Connect positive fast rise output of calibration generator to channel 1.
4. Adjust A6R119 tar optimum flatness.

5. Turn channe! 2 on and channel 1 off.

6. Connect calibration generator's pasitive fast rise output to channel 2.

7. Adjust ABR119 for optimum flatness.



HF 54100A/D - Adjustments

4-13. MAIN TRIGGER BOARD CALIBRATION ADJUSTMENTS

Description:

Hysteresis, offset and tnigger level are caiibrated by observing the voltage level where dispiayed
waveform crosses the zero ime reference wluch 1s set to center screen.

Note

The adjustment procedures in paragraphs 4-5, 4-6, 4-9, 4-10, and 4-11
(IN THAT ORDER) must be performed befare the trigger circuits are

caiibrated,

Equipment Recommended:

Function Generator .................... .

Instrument Setup:
HP 54100A/D:

Channel 1 - Mode
- Disptay
- VOLTS,/DIV
- OFFSET

Timehase - SEC/DIV
- DELAY
- Drlay Ref at
- Sweep

Trigger - Mode
- Source
- LEVEL
- Slope
- HOLDOFF Time

Display - Mode
- AVERAGES
- Split Screen
- Graticule

Maodel

....................... wiverreneeercaanaeana., AP 8116A

Function Generator:

Normal Mode - Normal

On Frequency - 1 kHz

10 mV/div Offset -V

oy Waveform - Sine wave
Buty Cycle- 50%

50 pssdiv

0 Sec¢

Center screen
Trig'd

Edge
Trag 3
oV
Positive
70 ns

Averaged
16

Off

Axes

Main Triguer Board (AQ) Adjustment Locations

LWEL OIFSET  HaST

MAIN TRIGGER BD.

INTERT
Gak

4-23



HP 54100A/D - Adjustments

4-13. MAIN TRIGGER BOARD CALIBRATION ADJUSTMENTS (Continued)

Pracedure:

1.

10.

11.

12,

13.

4-24

Connect function generator’s output to chanmel 1 and trigger 3 inputs using a BNC Tes
connector.

Adjust sine wave amplitude for an approximate 8 division peak-to-peak disptayed signal.
waveform should be triggered with 0 volt crossing at approximately center screen,
The hysteresis (A9R3} may require adjustment to obtain triggering.

Select Trigger menu, toggle slope repeatedly between Pos and Neg.

NOTE

The difference between voitage levels at time zero (center Screen} as
slope 18 switched is hysteresis. The actual trigger level 15 halfway
between the two observed levels, that is, at the center of the hysteresis
band.

Adjust A9R3 (Hysteresis adjustment} for a voltage difference (Y axis) of 10 mV (1 major
division) at time zero as slope 15 swilched.

As siope 15 switched, adjust ASRZ (Offset), until the two voltage levels at time zero are
centered above and below O V.

Set channel 1 sensitivity to 100 mV/division and adjust 1 kHz sing wave for approximately
8 divisions peak-to-peak.

Set channel 3 trigger level and channel 1 offset to 1.2 volts.
Adjust function generator's offset until sine wave 1$ centered on screen (approximately 1.8 V).

Adjust Level Cal (A9R1) until voltage level at time zero is centered around center vertical
graticule (Y axis) as slope 15 toggled.

Set channel 3 trigger {evel and channei 1 offsel to -1.2 volls.

Adjust function generator's offset to center signal on screen {(approximately -1.8 V). As slope
is toggled, verify voltage levels at time zero are centered with two minor divisions of vertical
center.

NOTE

If the voitage levels are not within £2 minor divisions of center screen
at hme = (0 sec, then readjust the following procedures 4-§ through
4-12 (IN THAT ORDER). If these adjustments have been repeated and
the voltage levels are stil not within spectfications, then a problem may
exist. Refer to section 60, Troubleshooting.



4.14, FINE INTERPCLATOR CALIBRATION

Description:

HP 54100A/D - Adjustments

Interpoiator gain is adjusted for a leading edge without any area of discontinuity.

Equipment Recommended:

Programmable Puise Generator

Instrument Setup:
HP 54100A/D:

Channel 1

Channel 2

Timebase

Trigger

Display

Mode
Display
VOLTS/DIV
QFFSET

Mode
Display
VOLTS/DIV

SEC/DIV
DELAY

Delay Ref at
Trg'd

Mode

Source

LEVEL

Slope
HOLDOFF Time

Mode
DISPLAY TIME
Graticule

Normal

on

200 mv/div
-l1.2 ¥

Normal
Off
1 v/div

1 ns/div
0
Center screen

Edge

2

1.2 v
pos
100 ns

Normal
2 seconds
Axes

Maodel

............................................................ HP 8161A

Pulse Generator:

Period - 1 s
Width - 500 ns
Leading edge
{LEE) - 1 ns
Trailing edge
{TRE) - 1 ns
High level
{HIL) - -0.B V
Low tevel
(LOL)} - -1.6 V
Delay - 1 ns
Qutput - Enable

CompTlement - OFf

Main Trigger Board (A9) Adjustment Locations

LEVFI. DFFSET HYST

MAIN TRIGGER BED.

1| RR
GHIM
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HP 541004/D - Adjustments

4-14. FINE INTERPOLATOR CALIBRATION (Continued)

Procedure:

1. Preset ASR4 (INTERP GAIN) on Main Trigger asembly fully counter-clockwise (CCW).

2. Connect pulse generator's output to channel 1.

3. Connect pulse generator's trigger output to channel 2.

4. Observe display for a waveform area where no data is present. Refer to figure 4-4.

NOTE

it may be necessary lo adjust both the AP 547100A/D and the pulse
generator delay to piace the area of discontinuty in the cemer of the

screen.
-5.000 nsec 0 00000 sec 5 00 nset
i A ':: s L
Ch. 1 = 200.0 mvolts/dav Nf fset = -1.200 volts
Timebase = {1 00 nsec/div Delay = $.00000 sec

Figure 4-4. Leading edge with area of discontinuity (no data present).
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HP 54100A/D - Adjustments

4-14. FINE INTERPOLATOR CALIBRATION {Continued)

5. Slowly change pulse generator's delay in 100 ps steps until area of discontinuity is centered
vertically on display. Refer to figure 4-5.

6. With Timebase Delay function, move discontinuity until it is centered on middle vertical
graticule. Timebase Delay function is obtained by selecting Timebase menu, then DELAY

function. Refer to figure 4-3.
NOTE
it may be helpful to position the Deita V markers shghtly above and

siightly beiow the area of discontinuity. This will help keep track of the
area of concern while further adjustments are made.

-5.000 nsec 0.00000 s=ec 9.000 nsec
L L i e -: . I L
_"'=- +
Ch. 1 = 200.0 mvolts/div Offset = -1 200 volts
Timebase = { 00 nsec/div Delay = 0.00000 sec

Figure 4-5. Area of discontinuity is cemtered vertically.
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HP 54100A/D - Adjustments

4-14. FINE INTERPOLATOR CALIBRATION (Continued)

7. Change sweep speed to 500 ps/dwision,
Using chanmel 1 VERTICAL MAGNIFY MCNE menu, center window and expand to 40

mv/division. (Window size = 320 mV ) Refer to figure 4-6

8.
Slowly adjust ADR4 {(INTERP GAIN) to decrease hole size in displayed waveform

9.
NOTE
Do not compietely eliminate dtscontinuity at thts ime

-2 500 nsec 0.00000 sec 2.500 nsec
. , 4 . ) . . .
T T T T T T T T

cth. 1 = 40.00 mvolts/dav 0ffset = -1.200 wvolts

Timebace = 500 psec/div Qelay = 0.00000 sec

Frgure 4-6. Area of discontinuity 15 centered and expanded.
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HP 54100A/D - Adjustments

4-14, FINE INTERPOLATOR CALIBRATION (Continued)

10.

1.

12.

13.

14.

Periodically adjust Timebase DELAY to keep area of congern at center screen,
As more resotution is needed, incréase sweep speed to 100 ps/dvision.
Change Display to Averages = 2048 and Graticule to Frame.

Continue to rotate ASR4 (INTERF QAIN) clockwise until there is no longer a discontinuity in
the area of concern.

Refer to figure 4-7 for desired waveform at correct adjustment. ASR4 is adjusted correctly
when there is a continuous smooth trace where there was once discontinuity.

818 psec 1,318 nsec 1.81B nsec

B O B e
I

Il ! | 1 Il L . 1 1 1

th 4 = 40,00 mvolts/div Dffset
Timebase = 100 psec/div Gelay

-1 200 wvoltg
1 318 nsec

Figuire 4-7. Wavelorm when ad justment 15 correct.
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HP 54100A/D - Adiustments
4-14, FINE INTERPOLATOR CALIBRATION (Conlinued)
NOTE

If A9R4 is not adpusted correctly but is close, the display will have a
small but very observabie "5" shage as shown in figure 4-8.

gi8 psec i 318 nsec 1. B18 nsec
T T T A T LIRS St o T L T T ]
i ]
= /,." -
/ ]
L K B
/ 4
/ J
I L I S I I ST TV NP BN
Ch. 1 = 40.00 mvolts/div Of fset = -1.200 volts
Timebase = 100 psec/div De lay = 1.318  nsec

figure 4-8. Close aojustment but not cotrect (note small "S” shape).
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HPF 54100A/D - Adjustments

4-15, TRIGGER QUALIFIER CALIBRATION ADJUSTMENTS - HP 54100D
Description:

Hysterasis, offset and trigger leve! are calibrated by observing the voltage level where the displayed
waveform crosses the zero time reference which is set to center s¢reen.

Equipment Recommended: Model
Function Generator ........ e et ee e e e e e e e HP 8116A

Instrument Setup:

HP 54100D: Function Generator:
Channel 1 - Mode - Normal Mode - Normail
- Display - On Frequency - 1 kHz
- VOLTS/DIV - 10 mV/div Offset - Qv
- OFFSET -0V Waveform - Sine wave
Duty Cycle - 50%
Timebase - SEC/DIV - 50 ps/div
- DELAY - 0 Sec
- Delay Ref at - Center screen
Trigger - Mode - Edge
- Source - Trig 4
- LEVEL -0V
- Slope - Positive
- HOLDOFF Time - 100 ns
Display - Mode - Averaged
- AVERAGES - 16
- Split Screen - Off
- Graticule - Axes

Trigger Qualifier Board {A10) Adjustment Locations

TRIGGER QUALIFIER BD
L |

ILVEL OFFSET  HYLT [ |ILTLR OELAY
HLOF OFFSET DFFTET
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HP 54100A/D - Adjustments

4-15. TRIGGER QUALIFIER CALIBRATION ADJUSTMENTS - HP 54100D (Continued)

NOTE

The vertical sensitivity and offset must be calibrated before trigger
cirewits are calibrated.

Procedure:

1.

4-32

Connect function generator's output to both channel 1 and trigger 4 inputs using a BNC Tee
conhneclior.

Adjust sine wave amplitude for an approximate 8 division peak-to-peak displayed signal,
Wavetorm shouid be triggered with 0 volt crossing at approximately center screen.
The hysteresis (A10R3) may require adjustment to obtain triggering.

Select Trigger menu, toggle slope repeatedly between Pos and Neag.

NOTE

The difference between voitage levels at time zero (center screen) as
slope is switched is the hysteresis. The actual trigger level is halfway
between the two observed leveis, that is, at the center of the hysteresis
band.

Adjust A10R3 (Hysteresis adjustment) for a voltage difference (Y axis) of 10 mv (1 major
division) at time zero as slope is switched.

As slope is switched, adiust A10ORZ (Offset}, until the two voltage levels at time zero are
centered above and below 0 V.

Set channel 1 sensitivity to 100 mV/division and adjust the 1 kHz sine wave for approximately
8 divisions peak-to-peak.

Set trigger 4 and channel 1 offset to 1.2 volts.
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4-15. TRIGGER QUALIFIER CALIBRATION ADJUSTMENTS - HP 54100D (Continued}

10.

11,

12.

13.

14,

Adjust funclion generator's offset until sine wave is centered on screen (approximately 1.8 V).

Adjust Level Cal (A10R1) until voltage levels al time zero are centered above and beiow 0 V as
slope is toggled.

Set trigger level and channel 1 offset to -1.2 volts.
Adjust function generator's offset to center signal on screen (approximately -1.8 V),
While trigger slope 15 toggled, verify voltage levels at time zero are within two minor divisions
of vertical center.
NOTE

If the trace is not within 2 minor divisions of vertical center, then

readjust steps 4-0 through 4-15 (IN THAT QRDER). If these

adjustments have been repeated and the voitage levels are still not

within specifications, a problem may exist, Refer to section 6D,
Troubleshooting.
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4-16. DELAY/PATTERN TIME OSCILLATOR ADJUSTMENT - HP 54100D

Description:

The oscillator is adjusted to 50 MHz.

Equipment Recommended; Model
Frequency COUMEBI .. ... ci. tiiiiit ceiiein rvrmaocmmears ohotires s rait et HP 5381A
Miniature Divider Probe .. . .. ... ... ... e e e et iiaiees HP 10017A

Instrument Setup:
HP 54100D:
Timebase - Sweep - Trg'd

Trigger - Mode - Pattarn, "XXXX When Present > 30 ns"
- HOLDOFF Time - 70 ns

Trigger Qualifier (A10) Board Adjustment Lacations

L3L\T I TEN DElAr

LEVEL UFFNET #Y5T
KLU OFFSFT OIFSFT

NOTE

The right side cover must be removed to make the following ad ustment.

Procedure:

1. Connecl frequency counter to J11 on A9 board with a miniature divider probe.

2. Adjust A10C1 (OSC CAL) for a frequency of 50 MHz £0.02 MHz,
Note

J11 i located approximately one-fourth of the way down the rear edge
of the board and wili accept 4 minature probe tp.
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4-17. FILTER TIME OFFSET ADJUSTMENT - HP 54100D

Description:

Filter Offset is adjusted untl escilloscope will just tngger when a 20 ns pulse is applied.

NOTE

Startable Oscillator should be caiibrated before the Filter Time Offsel.

Equipment Recommended:

Model

Programmable Pulse Generator ... i HP 8161A

Instrument Setup:
HP 54100D:

Channel 1 - Mode
- Disptlay
- VOLTS/DIV
- OFFSET

Channel 2 - Display

Timebase - SEC/DIV
- DELAY

- Delay Ref at

- Sweep

Trigger - Mode
- Source
- LEVEL
- 5lope

- HOLDOFF Time

Dispiay - Mode

- DISPLAY TIME
- 3plit Screen

- Graticule

V-Markers - On
- Chan
- V(1)
- V(2)

T-Markers - 0On

Pulse Generator:

Normal Period - 300 ns
Oon Width - 20.0 ns
200 mV/div Delay - 0 ns (DBL off)
oV High leve]

(HIL) - +0.6 V
off Low Jevel

(LoL) - -0.6 V
5 ns/div Leading edge
0 (LEE} - 1 ns
Center screen Trailing edge
Trg'd (TRE} - 1 ns

Input Mode - Normal

£dge Qutput Mode - Non Compliemented
Chan 1 Output - Enabled
oV
Negative
70 ns
Normal
500 ms
Off
Axes
1
ov
ov

- Start on Pos Edge 1
- Stop on Neg Edge 1
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4-17. FILTER TIME OFFSET ADJUSTMENT - HP 54100D (Continued)

Trigger Qualifier Board (AT0) Adjustment Locations

TRIGGER QUALIFIER BD.

IEML OFFELT wIST FILTER DELAY
HLOF OFFSET OFESET

Procedure:
1. Connect puise generator's output to channel 1.
NOTE
The display should be an approximate 20 ns pulse with an amplitude of

6 divisions peak-to-peak, with the frailing edge at time Zero.

2. Adjust the pulse generator's width to obtain as close as possible, but just under, a 20 ns pulse
width as measured with Precise Edge Find.

NOTE

Use Precise Edge Find and not Autoparameters to measure pulse,

3. Increment pulse generator's high level (HIL) as a fine adjust to obtain a 20 ns +100 ps pulse
width.,

4. Change trigger mode to Pattern: "HXXX When Present > 20 ns".

NOTE

"When Presemt” is obtained by pressing the "When Entered” key twice.
5. Adjust FILTER OFFSET (A10RS5) untl oscilloscope just tnggers. Ideally, adjustment should be
nght on the threshoid where the oscilloscope 1s intermittently triggening as indicated by an

increase in jitter or slowed acquisihon. |If necessary, change SEC/DIV to a faster setting to
see these effects better.
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Description:

HP 54100A/D - Adjustments

Last Event Heldotf is adjusted for a 4 ns delay after the second to the last event before main

trigger is enabled.
Equipment Recommended:
Programmable Pulse Generator

Instrument Setup:

If Filter Time Adjustment
setup channel 2 ONLY.

HP 54100D:

Mode -
- Display -
- VOLTS/DIV -
- OFFSET -

Channel

Channel 2 - Mode -
- Display -
- VOLTS/BIV -
- QFFSET -

Timebase - SEC/DIV -
- DELAY -
- Delay Ref at
- Sweep

Trigger - Mode
- Source
- LEVEL
- Slope
- HOLDOFF Time -

Display - Mode -
- DISPLAY TIME -
- Split Screen -
- Graticule -

NOTE

Model

HP 8161A

(paragraph 4-17) has just heen completed,

Pulse Generator:

Normal Period - 300 ns
on Width - 20.0 ns
200 mVsdiv Delay - 0 ns (DBL off)
oV High level
{HILY - +0.6 V
Normal Low Tevel
On {LOL) - -0.6 V
100 mv/div Leading edge
-348 mv (LEE} - 1 ns
Trailing edge
5 nsydiv (TRE} - 1 ns
oV Input Mode - Normal
- Center screen Gate - Normal
- Trg'd Output - Non Complemented
Output - Enabled
- Edge
- Chan 1
-0V
- Negative
70 ns
Normal
500 ms
Off
Axes

4-37



HP 54100A/D - Adjustments

4-18, LAST EVENT HOLDOFF ADJUSTMENT - HP54100D (Continued)

Trigger Qualifier {A10) Board Adjustment Locations

TRIGGER QUALIFIER BD.
(2] L]

LENEL JFFSET Hi3T LRENT FILTER DRLur
Huo} GFFAET VFFGET

Procedure:

1.

2.
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Connect pulse generator's to channel 1.
Set HP 541000 trigger to Paltern Mode: "HXXX When Present > 20 ns”.

Adjust pulse generator pulse's width using width (W) and high leve! (HIL) until oscilioscope is
on the threshold of triggering.

Turn channet 1 OFF and channel 2 ON.

Remove cable from J10 (DOUT) on Trigger Qualifier assemnbly {A10), terminate J10 with 50 Q.
Cannect J10 to a 12 inch SMB extender cable, HP part number 54111-68002. Connect the
other end of the extender cable lo a BNC (m} to SMB (m) adapter, HP part number
1250-0896. Connect the adapter to an HP 54002A probe pod on the scope’s channel 2 input.
The trigger should become stable. The extender cable and the adapter are part of the
product support kit, HP part number 54100-68006.

NOTE
This 50 ¢ termination may be accomphshed by using an SMB fo BNC
Adapter and connecting to a 50 @ load. An alternative 1s to use the

SMB to BNC cahle HP P)N 5410061616 supplied in the product
support kit HP PIN 54100- 69002.

Set SEC/DIV to 2 ns and ncrease DELAY to bring positive pulse's leading edge on channel 2
o precisely center screen
NOTE
Do not change DELAY setting for the foilowing steps.
Change HP 54100D trigger to Evnt-Dly and set up as follows: After [Pos] Edge On [Chan 1],
Trig On [2] Events, Of [Neg] Edge, On [Chan 1].
Observe positive transition on channe! 2 to nght ot center screen and adjust LSEVT HLDF

(A10R4) to position edge as close as possible to 2 divisions (4 ns) to nght ot center screen.
Adjustment must be > 1.5 division (3 ns) and < 4 divistons (8 ns).
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4-19. DELAY OFFSET ADJUSTMENT - HP 54100D
Description:

Delay Offset is adjusted so trigger will enable on a negative pulse edge which occurs 30 ns after a
positive pulse edge.

NOTE

Startable Oscillator and [ast Event Holdoff calibrations should be
performed pricr to the Delay Offset Calibration,

Equipment Recommended: Model
Programmable Pulse Generator ... i i i e e HP 8161A

Instrument Setup:

HP 54100D: Pulse Generator:
Channel 1 - Mode - Normal Period - 300 ns
- Display - On Width - 3.0 ns
- VOLTS/DIV - 200 mV/div nsL - 50 ns (Delay Off)
- OFFSET -0V High Tevel
(HIL) - +0.6 V
Timebase - SEC/DIV - 20 ns/div Low level
- DELAY -0 {LOL) - -0.6 V
- Delay Ref at - Center screen Leading edge
- Sweep - Trg'd {LEE) - 1 ns
Trailing edge
Trigger - Mode - Edge {TRE) - 1 ns
- Source - Chan 1 Gate - Normal
- LEVEL -0 Qutput - Non Complemented
- Slope - Negative Output - Enabled
- HOLDOFF Time - 70 ns [nput

Mode - Mormal

Display - Mode - Normal
- DISPLAY TIME - 500 ms
- 5plit Screen - OfF
- Axes

V-Markers - 0On
- Chan -
- ’U(l) -
- V(2)

(=20 =Ry
-

T-Markers - On
- Start on Pos Edge 1
- Stop on Neg Edge 1
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4-19, DELAY OFFSET ADJUSTMENT - HP 54100D (Continued)

Trigger Qualifier Board (A10) Adjustment Locations

TRIGGER QUALIFIER BD.

LB OFFSER HYET SENT FILTFA DFLur
HIDF WrEST OFISET

Procedure:
1.  Preset DELAY OFFSET (A10R6) fully clockwise.
2, Connect pulse generator's output to channel 1 input.

3. Adjust pulse generator's width to obtain as close as possible, but just under, a 30 ns width for
first pulse as measured with Precise Edge Find.

4. Increment pulse generator's high level (HiL) as a fine adjust to obtain an observed

30 ns £100 ps pulse width,
NCTE
Use Precise £dge Find and not Autoparamelers to measure the pulse.

5. Set HP 54100D trigger to Time-Dly and setup as follows: After [Pos] Edge, On [Chan 1],
Delay [30 ns] Then, Trig On {Neg] Edge, On {Chan 1]. The HP 54100D should be triggered
an second pulses’'s negative edge.

NOTE

If a doubie puise is not visible, then reenter the DBL value and repeat
the procedure.

6. Adjust DELAY OFFSET (A10R6) to point where oscilloscope switches from triggering on
second pulse to tnggering on first pulse. Ideally this would be a point where oscilloscope is
tnggered equally on both negative edges as indicated by three pulses displayed on CRT.

4-40



HP 54100A/D - Adjustments

4-20. 81.699 MHZ MASTER OSCILLATOR OVERTONE TUNING

NOTE

Visually inspect the timebase board's bottom left corner to see if it
contains A4C102 Recently manufactured instruments had several
elecirical components replaced by components with tighter electrical
specifications If your instruement does not contam A4C102, do not

perform this procedure.

Description:

The master oscillator is adjusted to ensure the circuit operates on the crystal's fifth harmonic.

NOTE

Do not perform this procedure during routine calibration. This
procedure is only necessary affer oscilfator circuit has been replaced.

Equipment Recommended: Moadet
LT 1T =T o o o T HP 54201A
50 q Resistive Divider Probe ......ocvviviiiiii o e i e e HP 10020

instrument Setup:
HP 54100A/D: HP 53201A:

NONE CHANNEL A
CHANNEL B
Timebase
Sweep

1

Probe Attn-

Trigger

Probe

Timebase Board (A4d) Adjustment Locations

on, 10 mV/div, B0 © coupling

10 ns/div

CHANNEL A
Internal

Slope - Pasitive
Level O V

HP Model 10020
50 @ resistive divider
50:1 divider tip

TIMEBASE BD
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4-20. 81.699 MHZ MASTER OSCILLATOR OVERTONE TUNING (Continued)

Procedure:

1.

2.

4-42

Remove power cable,

Remove Trigger Qualifier PC assembly (A10} from slot 9.

Move Timebase PC assembly (A4) to slot 9.

Remove nght side caver.

Apply power and let instrument temperature re-stabilize for approximately 10 minutes.

Connect 10020A probe to channel A of monitor oscilloscope and probe tip to A4TP1 on HP
54100A/D Timebase Board. Connect probe ground to square pad above A4TP1.

NOTE
A4TP1 {round pad) and the square pad for probe ground are on the
front edge of the board midway between top angd bottom,
A sine wave of approximately 80 MHz should be displayed on manitor oscilloscope.
Using a non-metailic adjustment tool, adjust A4C102 untl the peak-to-peak amplitude of the
oscillator sine wave is at its maximum value (=600 mV}).
NOTE

A4C102 is at the bottom front of PC board below J1

Restore instrument to original board configuration.
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4-21. YOKE ADJUSTMENT
Description:
This adjustment places the yoke on the CRT and adjusts the spot to the center of the CRT with the
yoke adjustment rings.
NOTE
This adjustment should only be performed f the CRT has been
repiaced.
Equipment Recommended:
None
Procedure:
1. Loosen clamp that holds yoke on CRT neck.
2. Insure yoke is pushed firmiy against CRT funnel.

3. Insure yoke is rotated in such a manner that raster 15 aligned with CRT face.

NOTE

The preceding step may have to be repeated after the raster has been
set up.

4. Tighten clamp that holds yoke in place.

e
§ CAUTION

Do not over-tighten the clamp on the CRT nech or the CRT will break.

5. Set BRIGHTNESS adjustment fully counterclockwise.

6. Disconnect two connectors from CRT Driver Board that go to yoke,
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4-22. DRIVER BOARD ADJUSTMENTS

Description:

This procedure adjusts the raster size, CRT intensity, and CRT focus.

Equipment Recommended:

None

Procedure:

1.

2.

7.

4.44

Apply power to instrument.
Adjust BRIGHTNESS until information on display visible.
Press More key, then press Utility key

Press CRT Setup key, then push CRT Pattern key. CRT adjustment pattern should be
displayed on CRT.

Place CRT Calibration Template over CRT.

Adjust VERT PHASE and HEIGHT adjustments untl CRT pattern aligns with template
vertically.

NOTE

To gan access to the Height Adjustment, remove the left side cover.
To remove the cover, remove the two rear feet on the left side cover,
then rernove the screw that holds the lefl side cover in place and slide
the cover toward the rear of the instrument

Adjust WIDTH and HOR LINEARITY untd the pattern on the CRT aligns with the template
harizantally. All vertical lines must be aligned when this adjustment 1s completed.

NOTE

if the display 1§ “tilted" on the CRT with respect to the CRT Calibration
Tempiate Yoke Adjustment paragraph 4-21 must be repeated The
honizontal position of the dispiay may be changed with the centering
rings on the yoke. If the centering rings are used care must De taken
to mimmize the vertical movement.



10.
11.

12,

13.

14,

15.

16.

HP 54100A/D - Adjustments

Repeat steps 6 and 7 as necessary to obtain the best results.

Adjust HORIZONTAL HOLD (if necessary) by turning counter clockwise slowly until honzontal
sync s lost, then turn clockwise slightly past point where horizontal sync I1s re-established.

Remove CRT Calibration Template from CRT face.
Press Exit CRT Menu key.
Press More key.

NQTE

At this hime, the menu key labels "Timebse" and "SEC/DIV" should be
displaved in Fullbright and everything efse ort the CRT it Halfbright.

Adjust BRIGHTNESS lo set intensity of selected key labels (Timebse and SEC/DIV). This
adiustment will increase ar decrease intensily ot entire display.

Adjust CONTRAST RATIO to set intensity of everything else on display. This adjustment
affects only data written on CRT in Haltbnght.

Press More key, then press Utifity key, then press CRT Setup key, then press CRT Pattern
key.

Adjust FOCUS control for best overall focus. Use the clusters of special characters in each
corner and at CRT cenler for best overall focus.
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SECTION 5
REPLACEABLE PARTS

5-1. INTRODUCTION

This section contains information for ordering parts. Table 5-1 lists abbreviations used in the parts
list, table 5-2 lists all reptaceable parts in reference designator order,

5-2. ABBREVIATIONS
Table 5-1 hsts abbreviations used in the parts list, the schematics, and throughout the manual. In
same cases, two forms of the abbreviations are used, aone all in capital letlers, and one partially
capitahized or without capitals. This occurs because the abbreviations in the parts list are always all
capitals. However, in other parts of the manual gther abbreviations are used with both lower and
uppercase leiters,
5-3. REPLACEABLE PARTS LIST
Table 5.2 15 the list of replaceable parts and 1s organized as follows:

a. Etectrical assemblies in alphanumerical order by reference designation.

b. Chassis-mounted parts in alphanumerical order by reference designation,
The information given for each part consists of the fallowing:

a. Complete reference designation.

b. Hewlett-Packard part number.

c. Total quantity (Qty) in instrument.

d. Description of part.

e. Check digit,

The total quantity for each part 1s only given once -- at the part number's first appearance in the
list.



HP 54100A/D - Replaceable Parts

5-4, EXCHANGE ASSEMBLIES

Some of the parts used in this Instrument have been set up on an exchange program. This allows
the customer toc exchange a faully assembly with one lhat has been repaired, calibrated and
performance-verified by the faclory The cost is significantly less than that of a new part

Exchangeable parts are listed in the replaceable parts table. They have a part number in the form
XXXXX-BI95XX (where the new part would be a XXXXX-665XX part number),

After recewving the reparred exchange part from Hewlett-Packard, a US customer has 30 days to
return the faulty assembly (contact the local HP repair organizalion for non-US orders). If the

faulty assembly s nat returned within the appiicable time himit, the customer will be charged an
additional amount, the difference in the price between a new and exchange assembly.

5-5. ORDERING INFORMATION

Tc order a part isted in the replaceable parts table, quote the Hewlett-Packard part number, the
check digt number, indicate the guantity required. and address the order tc the nearest
Hewlett-Packard office

To order a part that 15 not histed in the replaceable parts table, include the instrument rodel
number, instrument senal number, the description and funclion of the part, and number of parls
required Address the order to the nearest Hewlett-Packard office.

5-6. DIRECT MAIL ORDER SYSTEM

Within the USA. Hewlett-Packard can supply parts lhrough a diect mail order system. Advantages
of using the system are as lollows:

a. Direct ordering and shipment from HP Parts Cenler in Mountan View, California.

b. N6 maximum or minmmum on any mail order {there 15 a mimmum order amount for
parts ordered through local HP oflices when orders require billing and nvaicing).

c. Piepad transportation (there 1s a small handling charge for each order).

d.  No invoices - to provide these advantages, check or money arder must accompany
each order.

Mail order forms and specific ordering information are availaole through your local HP offices.
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H31 SCHEW
H32 RETAINER RING

H33

%/ Py ‘ T H29 SCREW
L A -

H30 RETAINING R

Figure 5-1. Cover Screws and Foot Screws,
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A21 AP ASSEMBLY
MP1 RPG KNOB

TOP TRIM
STRIP MP26 MP49

{HOT SHOWN} MP2o

MP24
MP24

w13
{HP 54100D only)

w1l
LONG CABLE

BATTERY IS PART

A . ® e OF 1K BORRD
//r/MP‘H

2
i

w7
SHORT CABLE

{HP 54100D anly}

BLACK RUBBER
CABLE RETAINERS
HP PART NUMBER
54100-43102

(PART OF BOARD)

MP23

il

AR AS Ad

W6
Figure 5-2. Main Printed Circwt Board Assemblies and Top Frame Parts
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MP4

A
120 PIN SIB B
CONNECTOR 15 F
PART OF MOTHERBOARD 3
w8
AN
MP34
MP44
AIR PHELUM MPS MPa4  A12

Figure 5-3. Power Supply Board Assembiies
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BOTTOM TRIM 3TRIP MP5? MOTHERBOARD
MP26 (NOT SHOWN) INSULATOR (NOT SHOWH)
LT A S
b L
L] *»
” -

MOTHERBOARD
INSULATORS,

PLASTIC, SNAP-IN .
MP2 GROMNET

MF7 PLUNGER

MP34

ey e T

At4 MP38

Figure 5-4. Motherboard Assembly, Air Deflection Assembly and Bottom Frame Parts
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HP-IB GONNECTOR :5;9‘5
wRT OF W2 -
P CONNEGTOR SCREW

r g,

MF19

MP35

Figure 5-5 Rear Panel Assembly, Fan, and Fan Finger Guard
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A1D

j jasu-erTy

e L

MP20

CRT FILTER
{GRAY)

ON S0FTREY
ASSEMBLY
INoT SHOWN)

5.8

Mpsg
CAY ou,

tNar

ST FitTeg
SHoww )

Figure 5-6. CRT, Probe Pod Connector Assembly, and Front Frame
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MP21

L H]

Frguie 5-7. Side Frame Parts

5-9

MP5
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Heg

xE
ol Vg

o =
3
r2
Foten

e
e} 4o o
:
LR W S
[T S I B T =

Figure 5-8. Probe Pod Guide Screws, Top View.

H24

Figure 5-9. Probe Pod Guide Screws, Bottom View.
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Table 5-1. Reference Designators and Abbreviations

REFERENCE DESIGNATORS
A =gssembly F =luse Q =transistor, SCR; i) =integrated circurt;
B =fan,motor FL =fiter trinde thynstor mierocircuit
87 =hattery H =hardware R aresistor v ratectron tubg; glaw tamp
c acapacifor =glectrical connector AT =thermistor ¥R =yaltage regulator,
CR adisde,diede thyrister; jstatinnary portion),jack 8 aswiich,jumper breshdewn drode
varactor L =coll;inductor T wiranstormer w =zable
oL =delay ine MP  =misc mechanical part T8 =terminal beard 4 usocket
D5 =annunciator lame LED P =alectrical connector T™ =test pomnt Y wcrystal umipiezs-
E =misc alectrical part {moveabls portion),plug electrz or guartz)
ABEREYIATIONS
A =amperes DWL  =dowel MFR =manufacturar RAND around
AD =analog-to-digital ECL wemitter coupled jogic MICPAGC =microprocessor ROM =read-only memcry
AC salternating current ELAS =elzstomenc MINTR amrnature RPG =rotary pulse generatar
ADJ =adpustiment) EXT agxriernal MISC =miscellanecus RX =recener
AL =aluiminum F =tarads;metat film MLD amoided -1 aSchottky-clamped,
AMPL eamplifer {resistor) MM =miflimeter seconds(time)
ANLG =analarg fc =carbon himy MO =malal cxide S8CR =sCrew, siheen
ANSH =American fational compesitian MTGQ =mounting controlled rectifier
Standards Institute FD ateed MTLC =ametallic SEC =sgranditimef,secondary
ASSY wassambly FEM wfamale Mux =multiplexer SEG =segmersd
ASTIG wastigmatism FF =Hip-ftop MW amiliwatt SEL wselectnr
ASYNGHRO =esynchronous FL =flat N =napol10-9 SGL =sigte
ATTEN =attenuator FM =toam. from NG =no connection SHF =shift
AWG admencan wire gauge FA sfront NMOS =ri-channel metei- sl mgihzen
BAL abalance FT =gain bandwidith oxide-semicondiclor sIp =3ingle In.line
BCD =binary-code decimal product NPH mHegative-positive- package
BD =board FW =full wave Pegative 5KT mgkirt
BFR =buffer FXD mfixed NPAN =Meoprene gL wslide
BIN =binary GEN  =generater NRFR =not recommended tor SLER wsolder
BRODG nbhidge GND  =groundied) tield replacement SLT =sjuiited)
BEHG =huthifg GP =generai purpose NSR =riot separately SOLD msofenoid
BW abardwidth GRAAT =graticule replaceable SPCL =special
[+ =CEramic,cermetl GAY =gronve NUM -G =SOUATE
{resistor) H =hanries,high QBD =arder by description SREG wshift register
CAL =calibrate;zalbration HD whardware QCTL =actal SRO =gervice Tequest
cc wgarbon compasition HDOND ~hardened oo =gutside drameter STAT nstatic
ccw =touhberciesck wise HG =mercury QP AMP  =aperaticnai amphfrer STD =standard
GER =Ceramic HGT  =height 0sc =oscillator SYNCHRO =synchranows
GFM reubie feet frivnute HLEL  =halical P =plastic TA =tantalum
CH wthohp HORIZ <honizontal PiQ wpart of TBAX stubeawial
CHAM =chamferad HP =Hewlet!-Packard PC =printed qircuit TG =temperature coeffrcent
CHAN =rhannel HP-IB  =Hewletl-Packard PCAH =printed circuit board TD =time delay
CHAR =character Interfare Bus PD =power dissipation THD =thread{ed|
CM =centimeter HR =hourisi PF =picofards THK =thick.
CMOS =complementary metal- HY =high valtage PL =plug in THRU =through
omde-semiconductar HZ =Hertz PL =plateld) L wlest pont
CMA =gammon mede rajechon 1o =input/output PLA =programmeble logic PG =tApPING
CNDCT =eonducieor [ =integrated circuit array TPL =trple
CNTH scounter [ [2] =inside diameter PLST eplastic TAANS  =tronstcrmer
CON =cannector ] =Inch PNP =positive-negative- TRIG =triggaried)
CONT =gontact INCL  =includefs) positive TAMA ={rimmmter
CAT stathode-ray fube INCAND =incandesrent POLYE =polyester TAN =turnis)
oW =c|orh wise INP =nput FOS =positive:pesibon TTL airansistor.{ransistor
0 =diamater INTEN w=intensiy POT =palentrameter ™ atransrtter
DA =digital-to-analog INTL  =internal PDZI =potrdrive u =migral T0-Ey
DAC =digital-to-analag NV =nvarter PP =peak-ta-peak UL mlinderwniters Laboratory
ronverter JFET  =junttion held- PPM =parts per mihon UNREG  wunregulated
DARL =darlington eifect (ransistor PRCN =precision LLY =ypltampere
DAT edata JKT ajacket PREAMP =preamplifier VAT =yl ge
DBL =dguble K ekl 103) PRAMBL =programmable YAR =yarisble
DEM =decibel referenced L =low PRL =parallel ¥Co =viltage-controllec
to Imw LB =pouhd PROG ~programmable wscillator
oc =diregt current LCH ={atch ASTN =position vDC avalt dt
DCOR edecoder LCL =local PT =point VERT ayerticel
DEG =degree LED =light-emitting W =polted wirewaund ¥F =viltage filtered
PEMUX =demultiplexer dioge PWR =power Vs myErsUG
DET adetectar LG olong R-5 =resei-set w mwatts
DIA mchiameter L =lithium AAM =rgndom-acress Memory W/ =with
+1]] =dual in-ine package LK =lock RECT arectiher Wi =without
DIv adivision LKWR =lockwasher RET =retainer W =wirawound
DMA adirect memory access LS slow pawer Schottky HF aradio frequency XSTR miransistar
OPDT =deuble-pole, Ly =low voitage RGLTR =regulator ZNR =mzEner
double-throw L] smegal 109} megohms,; RGTR =regyister oC adegree Celsis
DRC =DAC refrash contreier meter|distance) RK =rack {Centigrade)
DAYR adrivar MACH =machine RMS wrocl-mean-square oF =degree Fahrenheit
MAX  =maxmum oK «degree keivin
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HP 54100A/D - Replaceable Parts

Tabfe 5-2. Replaceable Parts

Reference HP Part cD Descriotion Mfr Mfr Part
Deslgnation | Number Qty. P Code Number
A1 5410066510 H 1 /O ASSEMBLY 28420 54100-88510
A2 5410066513 8 1 DISPLAY ASSEMBLY 28430 S4100-6E513
Al S4100-66523 1} 1 MICROPROCESSOR ASSEMELY 28430 54100-868523
At 54100-66520 1 1 TIMEBASE ASSEMBLY 28430 54100-66528
AS 54100-66808 2 2 SAMPLER ASSEMBLY 28430 54100-66509
AS 54100-65507 1] 2 ADC ASSEMBLY 28480 S4100-6E507
A7 54100-66509 2 SAMPLER ASSEMBLY 28480 S4100-66509
AB 54100-58507 o ADC ASSEMELY 28480 S4100-66507
Ag 54100-66511 & 1 TRIGGER ASSEMBLY 28480 54100-66511
A1D 54100-65514 L 1 TRIGGER QUALIFIER BOARD 20480 54100-66514
Al 54100-66501 4 1 PRIMARY ASSEMBLY 28480 5410086501
A12 54100-66503 & 1 ANALOG SUPPLY 28480 S4100-86503
A1l 5410066502 5 1 DIGITAL SUPPLY 28480 5410066502
A4 54100-65504 7 1 MOTHERBOARD 28480 54100-66504
A5 54100-66505 1} 1 CONTROL KEYBOARD 2480 24100-68505
ate 5410066517 2 1 SOFT KEYBOARD 28480 5410066517
A1? S4100-66516 | 1 MENU KEYBDARD ZBAB0 54100-56515
Ald 09501592 3 1 DHEPLAY DRIVER PCA 9 INCH DISPLAY SYSTEM ZBABO 0950-1692
A9 L] 1] 1 CATHODE AAY TUBE, 217 MM-SIZE; P-11 PHS 2pAB0
A0 3140-0720 -] 1 DEFLECTION YOKE FOR 20 MM NECK 28480 9140-0720
A C1980-81082 5 1 APG ASSEMBLY 28480 01880-81062
a1 91600521 a 1 FAN-TUBE AXIAL 28480 3800521
El 54100-67502 a 1 PAOBE POD CONNECTCOR ASSEMBLY 28480 54100-87602
ER BI60-D55 | 4 1 RF! ROUND STRIP STL MSHISIL ABR SMN-PL 28480 B160-0551
E3 54100-61611 7 1 CRT GROUND CABLE 28480 54100-61811
E4 54110-25401 9 1 INSULATING BASKET ZB4E0 54110-25401
MY 21000018 3 1 WASHER-LK INTL T 3B IN 37T INID 28480 2190-0016
H2 2190-0068 5 1 WASHER-LK INTL T 172 IN .505-IN4D 2B4B0 21800058
H3 2050-0035 8 1 NUT-HEX-DBL-CHAM 15132 32-THD 28480 2950-0035
Ha 29500043 8 1 NUT-HEX-DEL-CHAM 38-32 THD 084-IN THK 28480 2950-0043
M5 3050-0002 2 1 WASHER-FL MTLC NG 10 203-N4D 28480 3050-0002
HE 350-0006 8 i WASHER-SHLDR NQ 10 2-N-ID SIN-OD 28480 3050-0006
HT 3050-1176 3 1 WASHER-FL NM /8 IN 3HN-ID 562-IN-0D ans2a 5810-323- 125
HB 1824-0588 5 1 SCRAEW-TPG 8-16 625-N-LG PAN-HD-TOAX 28480 0B24-0598
H9 05 50666 7 2 SCRAEW-MACHINE ASSEMBLY M3 X 05 18MM-LG 28480 0515-D568
H1g 05150435 ] 1 SCREW-MACHINE ASSEMBLY M4 X 07 1AMMLG 28480 05150435
H11 05 15-1403 2 1 SCREW-SPCL M4 % 0.7 BMM-LG 90-DEGFLH-HD 28480 05151400
Hi12 05 1506566 7 SCREW-MACHINE ASSEMBLY MA X 05 1HMM-LG. 28480 05150668
Ht3 05150072 2 8 SCREW-MACHINE ASSGEMBLY M3 X 0 5 BMM-LG 20480 Q5150372
Hi4 R5 150072 2 SCREW-MACHINE ASSEMBLY M3 X 0 5 BMMLG 28480 05150372
His 05150072 2 SCREW-MACHINE ASSEMBLY M3 X 0 5 BMM-LG 28480 95150372
HI6 0515-1269 8 4 SCREW-MALCK Md X 0 7 10MM-LG 26440 05151269
H17 03151269 B SCREW-MACH M4 X 0 7 10MM-LG 28480 0515-1268
Hi8 05151269 B SCREW-MACH M4 A 07 1DMM-LG 28480 05151269
Hi9 PS5 15-1259 ] SCREW-MACH M4 X 0 7 10MMLG 28450 05151268
H2D 05150072 2 SCREW-MACHINE ASSEMEBLY M3 X 0 5 BMM-LG 26480 05150372
H21 05150372 2 SCREW-MALCHINE ASSEMSLY M3 X 05 8MM-LG ZB4R)N 05150972
H22 515110 9 1 ECREW-MACH M3 X 05 10MM-LG 28480 5151103
H23 051504456 1 1 SCAEW-MACH M3 X 05 22MM-LG PAN-HD 28480 0515846
Hz4q 05150372 2 SCREW-MACHINE ASSEMBLY M3 X 05 aMM-LG 28480 05150372
H25 0515-0664 5 1 SCREW-MACHINE ASSEMBLY M3 X 0 5 12MM-LG 28480 0513-0664
H26 05150372 2 SCAEW-MACHINE ASSEMELY M3 X 05 8MM.LG 28480 05150472
H2T 0515-D372 2 SCREW-MACHINE ASSEMELY M3 X 0 5 8MM-LG 2BABD 5150472
Hz28 05150358 5 1 SCREW-MACHINE ASSEMELY M4 X 0 7 16MMLG 28450 0515-0383
Hig 05151245 1] 2 SCREW FOR COVERS 28430 05151246
LE 5151250 [} 2 RETAINER RING FOR COVER SCREWS 28480 0515-1253
H31 05151245 o SCREW FOR COVERS 28480 D515-1245
Hi2 05151250 [ RETAINER RING FOR COVER SCREWS 28480 05151253
H33 0515-1402 1 1 SCREW-MAGH M3 4 X 06 BMM-LG PAN-HD 28480 5151402
H34 50816138 2 4 FAN INSERT NUT 28480 50816138
HS 50815138 2 FAN INSERT NUT 28480 50616138
H3b 50816138 2 FAN INSERT NUT 28430 50616138
Hat 50816136 2 AN INSERT NUT 28480 50618130
g NOT ASSIGNED
M9 03801686 8 1 HEX STANDOFF 28480 D384 1686
Ha40 05151384 :] 2 MEX0 Bx10 TORX 28450 05151384
Ha1 0515-1384 a M5XD BX10 TORX 28480 C515-1384
MP1 QIB50-47401 7 1 APG KNOD 28480 01650-47401
MP2 0400-0010 E 1 GROMMET-ANC 254NHD 375IN-GAV-OD 28480 Q200-001¢F
MP3 NOT ASSIGNED
MP4 04030499 T 1 GUIDE-PC BD STEEL .D32IN-BD-THKNS Z2B4B0 0403-0488
MPS 04030500 1 1 GUIDE-PC BD STEEL .C324N-AD-THKNS 20480 D&03-0500
MP& 09050923 -] 1 C-RING 176-INJD O74N-XSECT-DIA EPR B3250 2008 E540-80
MPT 13900711 8 1 FASTENER-SNAP-M PLGR PANEL THKNS 0 112 83014 HN3P-33-3-1
MPE NOT ASSIGNED
MPS 1300-0T0& 1 1 FASTENER-SMNAPJN GADM PANEL THKNS B304 HN2G-21-2
MPA13 1460-1345 5 1 TILT STAND S5T 28480 4B0-1345
MPi1-18 NOT ASSIGNED
MP13 3160-0002 3 1 FINGER GUARD 28480 Te0-0092




HP 54100A/D - Replaceable Parts

Tabie 5-2. Replaceable Parts (continued)

Reference HP Part co |aty Description Mtr Mfr Part
Designation | Number ’ P Code Number

MP20 4330-1057 4 1 QUARTZ PLATE 5.564N-WD 7 71-IN LG 28480 43301057
MP21 S00 10440 1 1 GIDE TRIM 28480 500 D440
MP2zZ 502 1-6805 4 1 FRONT FRAME 28480 5021-5805
MP23 502 |-5806 L] 1 REAR FRAME 28480 S0-5836
MP24 502 1-5837 2 1 CORNER STRUT 28480 50215837
MP25 SM0-7201 a 1 ET 28480 5040-721
MP2E 5040-7202 9 1 TOP TRIM STRIP 28480 5040-7202
MP27 564 1-6819 4 1 STRAP HANDLE CAP 28480 5041-6819
MP28 50416820 T 1 5THAP HANDLE CAP 25480 504 1-6820
MP29 5040-721 2 1 REAR PANEL STANDOFF 28480 S040-7221
MP20 5040-T222 3 1 NON SKID FOOT 26480 S040-7222
MFP2( 5060-9804 3 1 HANDOLE STRAP 28480 S060-9804
MP32 5060-9884 9 1 RIGHT SIDE COVER 28480 5060-3884
MP23 50519517 T 1 LEFT SIDE COVER 28480 50819517
MP34 £4100-00101 2 1 MAIN DECK 28480 54100-00101
MP25 54100-00204 [} 1 REAR PANEL 28480 S4100-00204
MP3& SA100-00202 4 1 FRONT PANEL ZB4B0 5410000202
MP37 54100-00203 B3 1 SUB PANEL 28480 5410000203
MP3% T 50000605 1 1 AlR DEFLECTOR ASSEMBLY 28480 54100-00605
MP38 5410001201 5 1 DISPLAY DRIVER BOARD BRACKET 28480 Satpd-01201
MPagd 541 00-0 1205 9 1 DECK SUPPCRT GUSSBET 20480 S4100-01205
MP41 54100-04 104 Q 1 POWER SUPPLY COVER 28480 S4-04101
MP42 54100-04104 a 1 BOTTOM COVER 28480 S54100=04104
MP43 £4100-04105 & 1 ToP COVER 2B4ED 54100-04105
MP44 54100-D520t 3 1 AIR PLENUM 28480 S4100-05201
MPa5 54700-24101 2 1 PROBE HOUSING PLATE 28480 S4100-24101
MP45 HOT ASSIGNED

MP47 54100-25701 o 1 POD LOGK NUT 28480 S4100-257M
MP48 54100-40201 7 1 DISPLAY PANEL 28480 2410040201
MP49 54100-40501 0 1 FRAME PANEL 28480 5410040501
MPSD 54100-43701 ] 1 LINE SWITCH SHAFT 28480 S4100-43701
MP51 S4100-44701 [ 1 INSULATING SPACER 26480 5410044704
MPS5Z 54100-45201 7 1 PROBE ZUIDE 28480 54100-45201
ME53 54100-04201 1 1 LINE LABEL 28480 54100-04301
MP54. 54100-84305 5 1 LABEL 1D-54 1000 28430 54100-34305
MP55 54100-84308 a 1 LABEL CABLE INFO 541000 (ON TOP COVER) 28430 54100-94308
MPS6 S4100-04203 3 1 LABEL 28480 54100-94303
MPS7 NOT ASSIGNED

MPSa 5410042701 [ 1 CAT OUST FILTER 28450 54100-42701
MP53 54100-43101 H | ENTENDER GUIDE 28480 S4100=4.3101
MP80-51 NOT ASSIGNED

MP&2 54100-006%3 1 1 RF1 SHIELD 28480 54100-00613
MP53 54100-24702 g | PRCBE HOUSING BRACKET 23480 54100-24702
w1 5410461601 5 | PANEL CABLE 28480 54100-6160%
we 54100-61602 [} | HEHEB CABLE 28480 S4100-61602
W3 54100-61603 7 I DISPLAY CABLE 28480 54100-61803
Wa-3 NOT ASSIGNED

W6 SA100-61610 [ 1 CAL CABLE 28480 S4100-61810
W7 H1100-61614 1] 1 SHORT RF CABLE 28480 S4100-61614
We-10 NOT ASSIGNED

w1 54100-61604 ] 2 AF CABLE 25480 5410061604
wi2 5410051604 8 AF CABLE 28480 5410061604
w1l E4100-616810 L] 1 OPT HOLDOFF CASLE 28480 S4100-61613

EXCHANGE ASSEMBLIES

AZ S4100-68513 4 1 DISPLAY ASSEMBLY 28480 54100-69513
Al 54100-69523 [ 1 MICROPROCESSOR ASEEMBLY ZB480 510069523
M 54 100-65528 T 1 TIMEBASE ASSEMBLY 28480 54100-53528
AS7 5410:0-69509 8 1 SAMPLERA ASEEMBLY 28480 S4100-69509
AR 54 100-659507 ] 1 ADC ASSEMBLY 28480 54100-59507
AR 54100-6951¢ 2 1 DISPLAY ASSEMBLY 29480 S4100-69511
AlD 54 10069514 5 1 TRIGGER QUALIFIER ECARD 28480 54100-69514
a1z 54 |00-65503 2 1 ANALOG SUPPLY 28480 $4100-69503
A3 54100165502 3 1 DIGITAL SUPPLY 2480 5410069502
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HP 54100A/D - Disassembly

SECTION 6A
SERVICE

6A-1. INTRODUCTION

This section contains instrument disassembly, card cage PC assembly removal, and replacement
procedures,

6A-2, SAFETY CONSIDERATIONS

The following warnings and cautions must be followed for your protection and to avoid damage to
the eguipment.

WARNING

Maintenance desctibed in this section is performed with power
suppiied to the instrument and with protective covers removed.
Maintenance showid be performed onfy by trained service personnel
who are aware of the hazards invoived {for example, fire and electrical
shock). Where maintenance can be performed withoul power appled,
the power should be removed. Read the Safety Summary i the front
of this manual.

fromnnsncnnsy
CAUTION ;ﬁ

hvmnrsmny et

Do not remove or replace any of the circuit board assemblies in the
instrument unless instrument power is removed. The boards contan
compenents which may be damaged f the board is removed or
repfaced when instrument power 15 apphed

6A-1



HP 54100A/D - Disassembly

6A-3. CARD CAGE PC BOARDS
BOARD REMOVAL

1. Disconnect power cable.

2.  Remove top cover.

3. Refer to illustratton on underside of top panel for board localions and Hlustration on top of
powet supply shield for board extraction diagram.

4.  Disconnect any cables to be removed from top of hoard.

NOTE
There are two types of RF cable connectors, push-on and screw-cn. Do
not try to pull off the screw-on type unfil the treaded sieeve Is
cornpletely un-screwed.

5. Release PC board by pulling locks up.

6. Release board to be removed from connector by pulling up on board extractors,

BOARD REPLACEMENT

1. Make sure PC board locks are up before inserting board shield in guides.

2. Insert PC board shield edges in proper guides.

3. Make sure board extractors are down before attempting to seat connector.

4.  While keeping board properly afigned in guides, push board downwards untl connector 1s
sealed. To avoid connector pin damage, make sure connectors are properly aligned before

applying insertion pressure.

5. bLack board by pushing locks down.,

CAUTION

The tabs on the bracket will be damaged by bending if they are not
fully inserted nto holes in top rail prior fo rofating bracket down. If
there 1s any resistance encountered while rotating the bracket down,
the tabs are not fully mnserted.
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HP 54100A/D - Disassembly

6A-4. AC POWER SUPPLY PC BOARD (A11) AND DIGITAL POWER SUPPLY PC

BOARD (A13)

RD REMOVAL

1.

2.

10.

1.

13.

Disconnect power cable.

Remove top and left side covers.

WARNING

Hazardous voltages capable of causing injury or death are present
when the power supply shields are removed and AC powsr is applied
to the instrument. To avord this hazard make sure the AC power cable
15 disconnected before continuing with this procedure,

Observe red LED on AC Power Supply board (A11) through top power shield. This LED
indicates the presence of 300 volts and will stay illuminated until the filter capacitors
discharge. Wait until this ILED is no longer lluminated befare proceeding to next step.
Remove top power supply shield by removing nine screws shown in figure 6A-1.

If removal of only Digital Power Supply (A13) board is required, skip steps 8 through 12 of this
procedure.

Loosen screw that attaches Digital Power Supply (A13) to motherboard. Refer to figure 8A-2.
Lift Digital Power Supply (A13) out of chassis.

Remove four screws from power supply side cover as shown in figure 8A-3.

Remove two screws which attach power supply module to rear panel as shown in figure 6A-4,
Disconnect two cable connectars at top front corner of AC Power Supply (A11) board.

Lift AC Power Supply {A11) slightly. Pry off power swilch extender with a small flat blade
screwdriver. Refer to figure BA-3.

Lift AC Power Supply (A11) out of chassis.

BOARD REPLACEMENT

1.

Reverse removal procedure to install module.

BA-3
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Figure 6A-1. Power Supply Shield Attaching Screws.
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HF 54100A/D - Disassembly

(Loosen captive screw with a flat blade screwdriver)

Figure 6A-2. Digital Power Supply Motherboard Retaining Screw.
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HP 5410CA/D - Disassembly

HZ26 H15

Figure 6A-3 AC Power Supply Side Attaching Screws.

BERRNL
ac deAL -

Hiz2

Figure GA-4 Fower Supply Rear Altaching Screws.
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HP 54100A/D - Disassembly

O RIS
[

(Pry off swilch extender here)

ST
oz, _

> ; ‘. , ®
R PR T A TO O TR FT S, N r e S TE ML N et L

= @ -» - . y &

| - -

o — e Ao

Figure 6A-5. AC Power Supply Switch Extender Removal,
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HP 54100A/D - Disassembly

6A-5. ANALOG POWER SUPPLY PC BOARD (A12)

POWER SUPPLY BOARD REMOVAL

1.

2.

Disconnect power cable.

Remove top cover.

WARNING

Hazardous voltages capable of causing infury or death are presemt
when the power supply shieids are removed and AC power (s applied
to the instrument. To avoid thig hazard make sure the AC power cable
18 disconnected before continuing with this procedure.

Observe red LED logated on AC Power Supply board {A11) through top power shigld. This
LED indicates the presence of 300 volts and will stay illuminated until the filter capacitors
discharge. Wait until this LED 1s no longer illuminated before proceeding to next step.

Disconnect Analog Pawer Supply {A12) board cable connector from back ol Analog Power
Supply {A12) board.

{_oosen Analog Power Supply board retaining screw, near front bottom of board, as shown In
figure 8A-6.

Disconnect cable running between Display {A2) board and Display Driver {A18) board.

Lift Analog Power Supply (A12) board from chassis.

BOARD REPLACEMENT

1.

6A-8

Reverse removal procedure to install board.



HP 54100A/D - Disassembly

(Loosen captive screw with
a flal blade screwdtivet)

Figure GA-6  Analog Fower Supply Refaining Screw
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HF 5410Q0A/D - Disassembly

6A-6. CRT BEZEL AND SOFTKEY KEYBQARDS

BEZEL AND SOFTKEY KEYBOARDS REMOVAL

1.

2.

5.

Disconnect power cable,
Remove 2 screws from bottom of chassis that mounts CRT Bezel. Refer to figure 6A-7.

Pull bottom of bezel from front panel. When bezel boltom is clear of front panel, move bezel
down to allow tabs on bezel top to clear.

Remove two ribbon connectors from Keyhoard assembly. Observe location of paint daub on
connectors for proper reconnection.

NOTE

If the paint daub- is not visible, the ribbon cables must be
reconnected as follows: function keys cable (right side of bezel) to
top connector on Front Panel Control board and menu keys cable
{bottom af bezel) to bottom connector on Front Panel Control board,

Remove either softkey keyboards by removing two screws (H21) and lifting keyboard from
CRT Bezel.

BEZEL REPLACEMENT

1.

Reverse removal procedure to instail bezel.
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Frgure 6A-7. CRT Beze! and Softkey Keyboard Removal.
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HP 54100A/D - Disassembly
6A-7. SYSTEM CONTROL PANEL, SYSTEM CONTROL BOARD {A15),
AND RPG ASSEMBLY (A21)
SYSTEM CONTROL PANEL REMOVAL
1. Disconnect power cable.
2. Remove top trim stnip by carefully prying up at ends with a small flat bifade screwdriver.

3. Remove all probe pods.

4. Remove two screws from bottom of (H37) instrument. These screws are removed through
holes provided in bottom of insttrument. Refer (o figure 6A-8,

5. Remove two screws from top of instrument (H16 - under trim strip). Refer to figure 6A-9.

6. Move tront panel and Control board forward just far enough to disconnect one targe and two
small nbbon cables from Control board. Board Is held in place with 5 screws (H25).

NOTE
If the paint daub is not visible, the rnbbon cables must be
reconnected as follows: function keys cable {right side of bezel) to
top connector on Front Panel Coentrol board and menu keys cable
(bottom of bezel) to bottom connector on Front Panel Control board.
SYSTEM CONTROL BOARD (A15) REMOVAL
7. Disconnect RPG connector from Front Panel Control board.
8. Remove five screws mounting the Front Panel Control board to Front Panel (H25).
9.  Lift Front Panel Control board from Frant Panel.
RPG ASSEMBLY (A21)
NOTE

The Front Panel Control board does not need to be removed to
remove the PRG Assembly.

10. Disconnect RPG cannector from Front Panel Control board.
11. Using an allen wrench, remove knob from RPG shaft by loosening set screws

12,  Remove hex nut and washer (H1) from RPG shaft and pull RPG towards rear of Front Panet.
The hex nul is 3/8 x 32, HP Part 2150-0043.

SYSTEM CONTROL PANEL, SYSTEM CONTROL BOARD (A15), AND RPG ASSEMBLY (A21)
REPLACEMENT

1. Reverse procedure to replace any of these assemblies.

6n-12



HP 54100A/D - Disassembly

Ha7

Figure 6A-8. Bottom Front Panel Attaciing Screws.

i !
Frgure 6A-9. Top System Conftol Panel Attaching Gorews.
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HP 54100A/D - Disassembly

6A-8. DISPLAY DRIVER BOARD

BOARD REMOVAL

1.

ra

Cisconnecl power cable,

Remove top cover, bottom cover, and perforated side panel.

Remove tap power supply shield by removing nine screws shown in figure 6A-1,
Remove three torx screws shown in figure 6A-10.

Disconnect two conneclars at Display Driver board, containing two wires each from CRT.

Disconnect CRT neck pin connector.

WARNING

High voitage 15 present at the red PA lead. Short this connector to the
chassis ground before attempting to dismantle any part of the display
system.

Disconnect red PA lead.

Shde Display Driver board toward back of instrument until it is free. Remove board from
chassis through top.

BOARD REPLACEMENT

1.

Reverse removal procedure to install board.
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HP 54100A/D - Disassembly

H20

. Figure 6A-10. Display Oriver Board Attaching Screws.
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HP 54100A/D - Disassembly

6A-0. CRT (A19) REMOVAL

CRT AEMOVAL

1.

2.

~

Disconnect power cable.
Remave lop cover.
Remove CRT Bezel and Softkey key boards. Refer to paragraph 6A-6.

Disconnect 2 connectors from Display Driver (A18) beard. Each of these connectars contain
lwo wires from CRT.

Disconnect CRT neck pins connector.

WARNING

High voitage is present at the red PA lead. Short this connector to the
chassis ground before attempting to dismantle any parl of the dispiay
system.

Remove red PA lead from CRT.

Rernove 4 torx screws and washers attaching CRT to chassis. Note should be taken of
ground lead connected to upper lelt hand corner screw of CRT. Refer to figure 6A-11,

Remove CRT through front of chassis.

CRT REPLACEMENT

1.

Reverse remaovat procedure to replace CRT.
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H8 H8
with flat washer H5 with shoulder washer Ho.

with ground wire E3

Figure 6A-11. CRT Mounting.
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6A-10. POD CONNECTORS
POD CONNECTOR REMOVAL

1. Disceonnect power cable,

2. Remove pods.

3. Disconnect all pod cable connectors from PC beards.

NOTE
There are two types of RF cable conneclors, push-on and screw-on.
Do not try lo pull off the screw-on type until the treaded slgeve 1s
completely un-screwed.

4. Remove top tnim strip by carefully prying up al lhe ends with a small flat blade screwdriver,

5. Remove two screws from bottom of instrument. These screws are removed through the
holes provided on bottom of instrument. Refer to figure 6A-8

6. Remove two screws from tap of instrument (under the tnim strip). Refer to figure 6A-9.
7.  Move front panel and Control Board forward just far enough to disconnect one large and two
small nbbon cables from Control Board.
NOTE
tf the paint daub is not visible, the nbbon cables must be
reconnected as follows: function keys cable (nght side of Bezel} to
top connector an Fronl Panel Control board and menu keys cable
(bottorn of bezel) to boltom connector on Front Panel Control board.

8. Remove 5 torx screws in figure 6A-12.

8. Remaove Pod Conneclor Assembly by sliding out through front of chassis.

POD CONNECTOR REPLACEMENT

1. Reverse removal procedure to install pod connectors.
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H28 H2T

. Fraqure 8A-12. Pod Connector Aftaching Screws.
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6A-11. MOTHERBOARD (A14)

BOARD REMOVAL

1.

2.

Discornect power cable.
Remove top and bottom covers.
Remove all card cage PC boards (refer to paragraph 6A-3).

Remove Digilal Power Supply (A13) and Analog Power Supply (A12) {refer to paragraphs 6A-4
and BA-5 respectively).

Disconnect fan power cable conneclor from bottem of motherbeard.
Remeove insulator on bottom of motherbeard by pulling en four snap connectors.

Remove 12 Motherboard attaching screws and remave board from boltom of chassis (see
figure 6A-13).

BOARD REPLACEMENT

1.

Feverse removal procedure 10 install board.

NOTE

To reinstall the Snap Connectors pull the center pin toward the top
of the connector before trying to place in the Motherboard.
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H13

Fraure GA-13. Motherboard Attachuing Screws.
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6A-12. FAN (B1)

FAN REMOVAL

1. Discornect power cable.

2. Remove boltom cover.

3. Disconnect fan power cable from bottom of Malherboard.

4. Remove four Fan Finger Guard attaching screws as shown in figure 6A-14,

5. Remove four screws holding Arr Deflection Assembly to card cage. The fan will be loose and
can be moved to get al these screws.

6. Remove Arr Detlection Assembly through bottom of unit.

7. Remove fan through bottom af unit.

FAN REPLACEMENT

1. Reverse removal procedure to install fan.
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SECTION 6B

THEORY

6B-1. INTRODUCTION

The theory of operation is presented in a block
dragram theory format. There are four parts to
the theory of operation. The first part covers
the entire instrument block diagram. The
second part traces a signal from the channel
one input probe to the display. The third part
is a description of a typical data acquisition
theory, The fourth part has block level theory
of operation accompanying a block diagram of
each assembly, This theory gives only an
overview of instrument operation to ad m
troubleshooting a problem to a board level.

6B-2. SYSTEM THEORY

The difference hetween an HP 54100A and an
HP 541000 is that the HP 54100D contains a
Trigger Qualifier Board in the A10 slot. The
addition of this board requires some additional
cabling, and some cabling is changed. This
thecry of operation will cover the common
parts of the HP 54100A/D first and talk about
the addition of the Trigger Qualifier at the end
of the theory. Refer to the HP 54100A/D
Overall Block Diagram, figure 6B-2 for this
discussion.

As can be seen from the block diagram, the
HP 54100A/D can be split into two parts; The
Mainfrarme sechon and the Data Acguisihon
section. In theory the Data Acquisition section
could contain a completely different set of
boards and still work with the mainframe.
Each of the ten boards (A1 through A10) plug
into  the Motherboard  {A14), The ten
Motherboard connectors each have a hard
wired identification code (0 through 9). Each
of the plug in boards bhave a built n
identification cade. Theretore, any board can
ke placed n any motherboard connector and
the CPU can read lhe connector idenhficalion
and board identification and know what type
of board is in each slot. This information can
be displayed on the HP 54100 CRT by
selecting the UtiHity menu, the Test menu,
then Dispilay Configuration .

Note that the microprocessor's position is
displayed as an empty slot. The board
configuration shown on the block diagram,
figure 6B-2, has shown to be the most efficient
for System Interface Bus operation, therefore
the boards should generally be left in this
configuration during operation.

6B-3. MAINFRAME THEORY

The HP 54100A/D Mainfrarne will be discussed
pricr to the Data Acquisition section. The
mamframe contains power supplies for the
entire instrument, Front Panel keys, Scoftkeys
and HP-IB with Input/Outpu! Board as an
interface, CRT and display circuits with the
Display Board as an interface; and last, but not
least, is the Microprocessor Board.

Power Supplies

There are three power supply boards within
the HP 54100 mainframe system. The AC
Power Supply (A11) gets its input from the
Line Power on the rear panel. The rear panel
confaing an EM! circuit and main circuit
breaker., The Bulk Power Supply Board
contans the power swich (from side of
instrument), and some voitage regulation to
cutput 300 volis for using the Analog Supply
and Digital Supply boards. The Analog Supply
board uses the 300 volt input to supply + and -
15 volts and + and - 8 volls to be used by the
analog circuits. The Digital Supply board uses
the 300 voits to supply + and - 5 volts for
using the digital circuits within the instrument.
Both of these power supplies have their own
ground system and they are isolated from
each other, therefore, voltage measurements
must be made to the proper common point.
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Front Panel Interface

The front panel contains Systemn Control keys,
Softkeys, a keypad, and a Knob. All of these
devices are contained on or wired through the
Front Panel board {A13). The Front Panel
board alsc contains the Lmne-ON indicator
Lamp. All mnformation from the Front Panel
board is input to the I/O board through a large
ribbon cable connected near the front of the
/O board. The keypad and Softkeys are setup
in a matrix so that the /O beard can scan the
lines of keys by outputting a pulse on each
fine, and if a key is closed (pressed) the 11O
board will detect the return of the pulse on a
line. By knowing which line the puise was
output on and which hne the pulse was
returned on, the /O board can determine
which key was pressed. These key scan lines
are also contained in the large ribbon cable.

Display System

The CRT Drive board receives its inputs from
the Display board. It recewves horizontal and
vertical syne pulses, character and signal data,
and power from the Display board. These
signals and voltages are connected to the CRT
Drnive board through a nbbon cable from the
top of the Display board. The CRT drive board
creates the sweep signals, blanking, and
voltages required to produce the raster scan
and to display information on the CRT.

HP-IB System

The HP-IB connector on the rear panel of the
instrument is connecled by a nbbon cable to
the rear top of the |/O board. The 1O board
contains an HP-IB interface-integrated circuit
to convert data to proper HP-IB format.

System Interface Bus

All digital data is moved between major boards
within the HP 54100 system on the System
Interface Bus (SIB). The System Interface Bus
contains data lines, address lines, and control
lines The SiB data, address, and control
signals are under the contral ol the CPU.

Many of the boards contain a local data bus,

6B-2

which is under the control of the board that
contains it. The SIB and the local data buses
must not be confused. In most cases data
and address are accepted by a board from the
SIB under CPU control, then the data is
manipulated within that board on a local data
bus.

Microprocessor Board (A3)

The Microprocessor (CPU) board contains a
68000 CPU, 192k bytes ot ROM, 32k bytes of
nen-volatile RAM  (battery powered), a
programmable timer, and a bus arbitration
circuit. This board has an internal data bus, so
that it can process dala without lying up the
System Interface Bus. Normally data is maoved
on the SiB under control of the 68000 CPU.
This board alsc contains logic circuits to allow
it to operate with anather CPU on the SIB, in
which case the bus request/bus grant circuits
would be used. In the HP 54100A/D only cne
CPU is used, therefore the bus request/bus
grant signals are hed to the proper logic levels
to insure the 68000 CPU will have control of
the SIB when required.

Display Board (A2)

The Display board gontains 128k bytes of
dynamic RAM {DRAM) used as the bit mapped
memory to store signal data to be displayed.
it also contains a character generator and
character refresh circuits for the characters to
be displayed. This board produces vertical
and horizontal sync signals to insure thal
signal data and characters are disptayed on
the CRT al the proper place and time.

1/O Board (A1)

The 1/O board contains the interface circuits to
read the front panel devices, including
Softkeys, knob (RPG), System Control keys,
and keypad keys. This board also contains
the HP-IB interface logic, a clock circuit fo
produce the clocks required for CPU
operation, a power-on reset circuit to reset the
CPU and other logic to a start-up condition,
and the battery power supply for the non
volatile RAM.
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Tatie 6B-1. SIB Pin Description

The SIB is grouped into smaller buses that makes it easier to comprehend,
These buses include the following:

Analog Power 12 pins
Analog 50 £ bus 3 pins
Digitat 50 ¢ bus 5 pins
Digital Power 21 pins
CPU Control Bus 15 pins
CPU Address Bus 22 pins
CPU Data Bus 16 pins
Interrupts 10 pins
Misc. 4 pins
Not Used 12 pins

The follpwing sections briefly discuss the operation of each of the SIB
lines according to the bus group.

Anaiog Bus

Pins 1,2 +18 V Analog power supply
pins 3,4 -18 V Analog Power supply
Pins 3,6 +8 V

Pins 7.8 -8V

Pins 9,11,13,1% AGND

The card cage PC boards, which use each of the above supphes, has therr own regulation for the
supply. AGND is connecied very securely to the chasis by the motherboard standofis. AGND and
DGND are cannected to each other in only one place, this is on the motherboard between the two
supplies.

Analog 50 2 Bus

Fin 10 MASCLK  40.849673 MMz 50% duty cycle generated by the
timebase board. Open collector 0 Vio -8V

Pin 12 STRIG1 Synchronous trigger far timebase board.
Generated an Timebase board. ECL level.

Pin 14 STRIGZ Same as STRIGZ.

These are spectal 50 Q impedance lines that are compensated for distributed capacitance and are
terminated at board ends with 47 @ resistors to the AGND on the motherboard.

6B8-3



HP 54100A/D - Theory

Digital 50 ¢ Bus

Fin 18

Pin 20

Fin 22

Pin 24
Fin 26

SMCLK1

SMCLK2

GATEA

GATEZ
TENBL

Table 68-1. SIB Pin Description {continued)

Sample rate memory clocks generated by the time-
base board to clock acquisiton memory on the ADC
boards. Opencollector ECLOV o -8YV.

Same as SMCLK 2.

Qutput from timebase which instructs the Ato D's

to convert samples. Open collector ECL.

Similar to Gate 1.

Trgger Enabie generated by timebase board to enable
the trigger circuitry. Open collector ECL.

Each of these lines are used in the acquisition cycle. They are each terminated
at each end by 47 @ to DGND.

Digital Power Bus

Pins 19, 21, 23. 25

Pins 114-117

Pins 27.28,37,38,
46,70,93,104,109

Pin 113

Pin 112

Pin 111

Pin 108

6B-4

52V digital power supply

+5.2V digital power supply

Digital Ground

+5 V ILIMIT Incremental current mit programming
resistor contact for +5 V supply.

-5 V ILIMIT Incremental current irit programming
resistor contac!t tor -5 V supply.

ILIMBTN Current limit return. Cormmon contact
for incremental current limits.

VBATT Battery back-up power, Tracksthe +5V

power supply if it is higher than the
battery voltage. If +5 V is lower than
the batiery, it defaults to the battery
voltage of 3 V. Source s on the /O
board.
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Table 68-1. SIB Pin Description (continued)

Processor Control Bus

Pin 29 16 MHz Processor clock outputted by the 11O board.

Pin 31 8 MHz Processor clock outputied by the 1/O board.

Pin 33 4 MHz Processor clock outputied by the 1/O board.

Pin 35 2 MHz Processor clock outputted by the 1/C board.

Fin 30 LAS Address Strobe, TTL level, Controls SIB data
transfers on DO-15 lines.

Fin 32 LUDS Upper data strobe, TTL tevel, controls SIB
data transfers on D8-15 lines.

Pin 34 LLDS Lower data strobe, TTL level, controls SIB
data transiers on DO-7 lines.

Pin 36 RLW Read not write, TTL level, contrals the
direction of data on SIB.

Pin 39 LDTACK Data transfer acknowledge, open collector,

input to CPU, asserted by SiB device dunng
S1B bus cycle to indicate that data has
transferred.

Pin 69 LBUSERR Bus error. input to CPU from bus error timer
on /O board, which is asserted 50 us
after bus cycle if no LDTACK is generated.
It has a 1k pullup on the |/O board.

Pin 40 LPOR Power on reset Signal from 1/O board
remains low for approximately 200 ms after
+5 V supply has reached 4.5 V. It also goes
tow if +5 V supply drops below 4.5 V duning
normal operation.

Pins 71-74 Not rmplemented in this product.

Processor Address Bus

Pins 47-68 A1.22 The SIB is a memory mapped bus. Each
card looks hke memory to the CPU, and
is assigned a certain memory space. With
22 address lines, 4M words are passible.
A19-22 are decoded for slot ID, such that
these fines must match the ID slot number
in order to address the board. This allows
each board up to 256k words of address
space. There are 1k pullups on the I/O
board.
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Processor Data Bus

Ping 77-82 DOQ-15

Interrupts

Pins 94-100 LIRQ1.7

IENBLIN
IENBLOUT

Pin 102
Pin 103

Pin 101 LIACK

Miscellaneous

Pin 7% SELECT
Pin 76 SLAVE BKT
Pin 103 GET

Pin 106

Pins 16,17,
41-45,
107,
110-120

6B-6

RUN/LSTCP

Table 6B-1. SIB Pin Description (continued)

Microprocessor data bus, TTL levels,
D15 is the MSB and DO is the LSB. There
are 1k pullups on I/C board.

Interrupt request hnes, open collector.
Multiple devices can cause an interrupt.
LIRQ7 has the highest pnority.
1=Timebase BUSY/DONE

2=Chan 1 or 2 Input QOverload

3=RPG Change

4=Kevyhaoard

5=HP-IB

£=68000 Cn Board Timer

7=Not Used

interrupt enable 1n and out, TTL level,
This allows more then one device to
cause an interrupt on a single line.
Low Interrupt Acknowledge

Not implemented n this product.

Nat implemented n this product,

HP-IB Group Execute Trigger, TThL output
from HP-IB interface chip on 1/O hoard.

It will be Set when the HP-1B controiler
asserts the GET command over the HP-IB.
Acquisition cycle High for RUN and Low for
QOutput from timebase board conirol
register. Used by trigger board to reset
the fine interpclator counter and the
trigger circuit.

Not Used
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Figure 68-7. Pin Locations for Control Pane! Cabie W1, 54100-61601.

Tabie 68-2. Control Pangl Cable Pin Description,

Pin  Function Pin  Function Pin  Funclion Pin  Function Pin Function
1 +5V 8 8c2 15 RPG 22 NC 29 RL7

2 +5V 9 SC5 16 NC 23 RL4 30 RL3

3 +5 V 10 SC4 17 RPG 24 RLO 31 RPG

4 +5V 11 SC7 18 RPG 25 RLS 32 RPG

5 SC1 12  SC6 19 LED + 26 RL1 33 "NC

6 SCo 13 NC 20 LED - 27 RLE 34 NC

7 SC3 14 NC 21 NC 28 RLZ2

The soft keyboard 54100-66517 uses:
SC1
RL2.7
LED +
LED -

The menu keyboard 54100-66516 uses:
5C0
5C1
RLO-5

The control keyboard 54100-66505 uses:

sc2-7
RLO-7
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6B-4. DATA ACQUISITION SECTION

Introduction

The purpose of the data acquisiton system is
to capture an analog signal and convert it to
digital data so the HP 54100 mainframe can
use the data to display or output over the
HP-IB. The acquisitton system contamns five
plug in bpards in the HP 54100A and six
boards in the HP 54100D. Table 6B-3
contarns a description of the key signals which
interconnect the data acquisition boards.

Time Base Board

The purpose of the Timebase board 15 to
control the sampling and data acquisition
process. The Timebase board acts as the
central control device for all the other boards
in the data acquisition section of the HP
54100. Each of the other boards in the data
acquisition section receives one or more
controlling signals from the Timebase board.
The Timebase board contains a Master Clock
Oscillator circuit (MASCLK and MCLK), A
Sampling Rate Generator circut (SMCLK),
Trigger Delay circuits, Trigger Synchronizatiaon
circuit (TENBL), and processor board interface
circuits. The Timebase board is setup by the
CPU to the desired sweep speeds, ranges, etc.
After the initial setup, the timebase assumes
complete control of the Data Acquisition
system. The timebase is responsible for ail the
high-speed control required to complete an
acquisition cycle. An acquisition cycle is a
term that has been given a specific meaning in
the HP 54100. That is, an acquisition cycle is
defined as the sequence of events that must
occur in order to acquire a SINGLE record of
sampled data. It will narmally be the case that
several, if not thousands of acquisition cycles,
will be required to adequately measure a
waveform.

Sampling Board
The purpose of the Sampling board is to
acquire data points from an analog signal at a

very high speed. There are two Sampling
boards in the HP 54100, one for each channel.
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The RF inpul to the Sampling Board 1s from
the probe pod thal is instailed for that channel,
The signal path from the probe pod to the
Sampling board is through & coaxial cable
conngcted to the attenuator (metal can) on the
Sampling  board. The attenuation is
programmable via the System Control Bus.
The Sampling board also contains an amplifier
before and after the sampling circuit to isolate
the sampling circuit from external loading, and
the high speed sampling circuit, respectively,
This board also contains a sync amplifier
which provides a signal pick off, {TCLK), for
use in the trigger circuit.

Analog to Digital Converter (ADC) Board

There are alsa two Analog to Digital Converter
Boards in the data acquisition system, one for
each channel. The signal input to the ADC
Board 15 via a coaxiai cable from the top of the
Sampling board lo the top of the ADC board.
The ADC board contains a seven bit analog to
digital converter which converts each acquired
data value to a digital value. This board also
contains a 1024 bit sample memory. The
sample memory is a fast in, slow out (FISO)
device.

Trigger Board

The Trigger board receives a signal input from
the trigger channel 3 input probe pod via a
coaxial cable to the top of the board. This
signal is used to provide the trigger signal
when external triggering is selected. In the HP
54100A, the trigger board receives a trigger
sync signal from each of the channel 1 and
channel 2 sampler boards. |If one of the
channels is a trigger source, the sync signal of
that channel will be used as a trigger. The
board receives a clock signal from the
Timebase board. The Trnigger board produces
the system frigger signal, (STRIG), and places
it on the SIB to maintain synchronization
between the real signal and the displayed
signal. The system trigger 1s produced from
the selected source signal. The trigger board
also contains a trigger holdoff circuit to delay
the trigger signal for a programmad amount of
time, and a programmable counter to delay
the output tngger for a programmed number
of trigger events.



Trigger Qualifier board - HP 54100D ONLY

The Trigger Qualifier board receives a signal
input from the trigger channel 4 input probe
pod via a coaxial cable to the top of the board.
This signal 15 used to provide the trigger signal
when external triggering on channel 4 13
selected. With the Tngger Qualifier board
installed {HP 54100D ONLY} the channel 1 and
channel 2 trigger pick off signals are cabled to
the Trigger Quahfier board {A10} instead of the
Trigger board (A9). Also a signal from the
Trigger board (Trigger 3 input) is cabled to the
Trigger Qualifier board. Hawving all four signals
input to the Trigger GQualitier board allows the
use of four channel state iriggenng, or
sequence of events triggering.

Typical Data Acquisition Cycle

The foliowing is an exampie of a typical data
acquisithon cycle. This s not a complete
analysis, but covers the main events which
oceur,

1. The CPU lpads the various counters and
DAC vaiues with information that the user
has mput from the front panel. These
include:

Attenuation Factor
Verlical gain and offset
Trigger level

Pre trigger delay

Post trigger delay
Trigger hoidoif

Trigger slope

Trigger enable

Tngger source

2.  The CPU instructs the Timebase board to
start and acquisttion cycle by asserling
the RUN/STOP line. Once this instruction
15 sent, the CPU is free to perform other
tasks until the acqusition is complete.
The Timebase board is In complete
control of how the data acquisition
boards interact with each other.

3. The Timebase board asserts GATE1
which starts the AjD's conversion of the
analog input data to digitaf values. This
conversion is performed at a constant
rate of 40 mega samples per second.

HP 5410QA/D - Theory

Additionally, GATE 1 starts the counting
down of the pre-trigger delay counter.
Even though the A to D conversion is
constantly taking place at 40 mega
samples per second, the digital data
values are only stored in the FISO
waveforrn memory at a rate determined
by SMCLK (or sample rate generator).
This is important at the slower sweep
ranges. If the data were clocked in at the
40 MHz rate when set in the 1 sec/div
sweep range, the 1024k acquisition
memory would be filled up almost
instantly.

When the pre-trigger delay counter
reaches zero, the TENBL hne is asserted.
This line is used by the Trigger board as
an adwisory that it can accept a trigger. I
the pre-trigger delay counter contains a
zero, then TENBL asserts at the same
time that RUN/STOP is asserted.

The Trigger board 15 now waiting for &
trigger event to occur on the trigger
channel that was chasen as the tngger
source. Remember, all this time the A/D
has been sampiling the input IF signal and
has been loading the digitized information
into the acquisition memory.

Finally, the trigger event occurs and is
brought in from the source by the TCLK
coax. When the programmable irigger
holdoff counter reaches zero, the irigger
flip-flop is asserted, indicating the
compietion of all trigger criteria for a valid
trigger.

The output of the tnigger fiip-flop starts
the fine interpolator and asserts STRIG
when the next master clock edge oceurs.

STRIG is received by the Timebase board
and immediately starts the coarse
interpolator. The coarse inlerpolfator
counts the number of master clock
transitions between the asynchronous
trigger event and the next sample clock
transttion,

6B-9
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10, The fine interpolator measures the time 13. The acquisition cycle is now complete
petween the asynchronous trigger event and the CPU s advised by the

and the next transition of the master

clock signal to 10 ps resolution.

11. 8STRIG also starts decrementing the

post-trigger delay counter.

12. Once

reaches

the post-trigger
zero,

coarse interpolator is halted.

Signal Name
MASCLKOA
MASCLKOB

MASCLKOC

TENBL
STRIG
MASCLKA1
SMCLK1,2

GATE1

6B-10

BUSY/DONE line.

14. The CPU clears all of the DACs and
counters, deasserts RUN/STOP, and as a
result TENBL goes low,

delay counter 15. The CPU then reads the acquisition FISO,
the Timebase board
negates GATE1 on the next occurrence
of the sample clock.

fine interpolator, coarse interpolator, and
manipulates this data for display on the

Additionally, the CRT.

Table 68-3. Acquisition Signals.

From Timebase {0
Chan 1 Sampler
Chan 2 Sampler

Trigger Board

Trigger Board
Trigger Board

Chan 1,2, both
ADC boards
Chan 1,2 hoth
ADC hoards
Chan 1,2 both
ADC boards

Function

40.849673 MHz "Clean” ¢lock input to sample
puise generator.

40.849673 MHz "Ciean” clock input to sample
puise generator.

40.849673 MHz “Clean” clock enabies the
synchronous trigger, and stops the fine
interpolator.

Used to arm and reset the trigger and fine
interpolator.

UUsed to enable the coarse interpolator and

fo initiate post trigger delay.

40.849673 MHz clack delayed from MASCLKQ.
Used to clock the A to D conversion.

Used to control when digitized data is

lpaded into the FISO RAM.

Fulse used to enable or inhibit the

conversion of data by the ADC's.
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6B-5. SIMPLIFIED SIGNAL FLOW

Infroduction

The following discussion will track a channel 1
signal through the entire HP 54100A. In order
to keep this discussion simple, only channel 1
is discussed or shown on the reference
drawing, figure 6B-3. This discussion could
just as well be used for channel 2, as channel
1 and channel 2 operate in an identical
manner.

Flacing the probe (any of several) on a signal
point will produce a signal to the channel 1
probe pod. The probe and probe pod are not
part of the HP 54100A/D, but are an accessory
that plugs into the HP 54100 mainframe. For
informahon about the probe and probe pod,
refer to the operating note for that accessory.
The probe pod sends several signals to the HP
54100A. Three of the ines from the probe pod
carry an identification signal. These signals
allow the HP 54100 to read the probe
attenuation factor. The other important signal
from the probe pod is the actual signal to be
captured and displayed. Thts signal is sent 1o
the HP 54100 channel 1's Sampling board by
a coaxial cabie. The rest of the wires to the
probe pod carry power and ground for the
active compaonents in the probe pod.

The inputl signal, Channel 1 RF Input, is
connected through a coaxial cable to an
attenuator module mounted on the Sampler
board. The attenuation 15 set by the CPU or
from the front panel of the HP 54100. Refer to
the Simplified Signal Flow diagram, figure
6B-2. After the signal has been attenuated to
the proper level, it is then sent {o a buffer
where the signal is amplified and spht. The
main signal path is to the sampler circuit. The
other path is a pickoff of the signal that is sent
to the Trigger board to allow the instrument to
trigger on the channel 1 signal if desired. The
trigger circuils will be discussed later in this
theory.
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The main portion of the signal goes to the
sampler ¢ircuit. The sampler circuit consists
of a samplng bridge, sampling pulse
genarator, and a post amplifier circuit. The
output of the sampler circuit is connected to
the Analog to Digital Converter Board via a
coaxial cable.

Channel t IF is from the channel 1 sampler
and 15 the signal input 1o the Analog to Digital
Converter (ADC) board. At the input of the
ADC, a Buffer/amplifier with a gain of 10 will
isclate the output of the ADC board and
amplify the input signal. The ADC changes
each sampled analcg data point to a seven-bit
digital value. The digital data bits are
converted from ECL levels to TTL levels by the
ECL/TTL Converter, The TTL dala bits are
then loaded into one of a set of four,
high-speed data latches. The data contained
in the four, high-speed data latches are then
randomly loaded into a standard eight-bit
RAM. Because the RAM is Ioaded at a
relatively slow speed from the four sets of
high-speed data latches, each of the sampled
points will not necessarily be stored in the
AAM. The high-speed dala latches may be
loaded several times before the data in that set
of latches is read into the RAM. This makes
the usable data points read into the RAM
completely random. In thus way we produce a
Fast In Slow Qut memory. That is, the data is
stored into the data fatch at sample speed and
loaded to the RAM and used at normal display
speed.

The 1024-bit FISO memory stores the data
until the data can be used by the display
circuits. The FISO memory data is moved, via
the System interface Bus (SIB) under the
direction of the CPU, to the Display board.
The processor interface circuits on the Display
board maintain communication with the CPU,
buffer the FISO data from the SIB, and accept
and decode the address informalion from the
CPU. Once the data is buffered it is then
controlled by the timing and control circuits of
the Display board.



The Display board Timing and Control circuits
control all information from the processor
interface circuits to either the Character or
Graphics circuits.  The Character circuits
contain a character ROM, character RAM and
character attributes circuits. The Graphics
circuits contain a graphics RAM and refresh
circuits. The data from the Character and
Graphics circuits then go to the Encoding
circuits where a parallel to serial data
conversion takes place, The serial data is then
sent to the display driver board in a pixel
display format.

The Timing/Control circuits  will produce
horizontal and vertical sync for the display, will
generate a dot clock to properly time the
graphics data to the horzontal and vertical
sweeps, will generate a character clock to
properly synchronize character display with
the horizontal and vertical sweeps, and will
create other necessary tming. These seral
data, clocks, and sync pulses then go to the
Encoding circuits. These circuits supply the
video encoding and attribule encoding
necessary to create a usable display.

After the Encoding circuits, the display data,
sync pulses, and encoded information is sent
te the Display Driver board. Tkis board
supplies the high voltage and dnve signals
required by the CRT.

The Sampler board had a portion of the input
signal picked off for use by the Trigger board.
The voltage that i1s picked off is sent to a
voltage comparator to ensure the voltage 1s
sufficient to create a valid irigger signal. Once
the signal is on the trigger board, it is ORed
with a similar signal from the channel 2
circuits, and another similar signal from the
Trigger 3 Input Probe Pod.

HP 34100A/C - Theory

The output of the OQRed trigger signals places
a digital level on the input of the Trigger Flip
Flop. The Trigger Flip Flop will produce an
output when the ORed signa! is present, a
clock is present from the timebase board, and
the programmable Trigger Holdoff has met its
programmed holdoff time. When the Trigger
Flip Flop produces an output it goes to the
Trigger Interpoiator. The Trigger Interpolator
circuit keeps track of the time difference
between a timebase clock and the trigger
signal. The trigger signal out of the trigger
interpolator goes to a programmable counter
which will cause a programmed number of
trigger events to occur prior to placing the
trigger signal (as a digital byte) on the System
Intertace Bus. In many cases the programmed
holdoff will be the mirimum vaiue and the
praogrammed number of events will be zero.

Once the tngger byte has been placed on the
SiB the microprocessor will read and use the
trigger to praperly synchronize the input signal
with the displayed signal. Keep in mind that
all the programmable devices are programmed
by the microprocessor through the System
Interface Bus.

Notice that the funchon of the Clock Generator
and Timebase Board is shown to produce the
proper clock signals for the sampler and A/D
converter. The timebase is programmable to
produce these clocks at the proper time and in
synchronization with the sampling rate and
selected sweep speeds.
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Figure 68-3. HP 54100A/D Simplified Signal Flow Diagtam
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6B-6. 1/O ASSEMBLY

introduction

Refer to figure 6B-4. The IJO Assembly serves
two  major purposes. First, it provides
instrument interface to the keyboard and
HP-IB by two ribbon cables. Second, it
provides several system functions, all of which
are described below. In addition the /O
contains passive pull-up resistors for data,
address, and control hnes for the System
interface Bus, (SIB).

HP-IB

U21 (TMS88914) interprets HP-IB commands
and conirols direction of data flow from an
external controller 1o a local data bus. One
side of U21, LDQ-7, connects to the local data
bus. The other side of U21 connects to two
bidirectional data transceivers, U11 for data
and U12 for control commands. All HP-IB
addressing is accomphshed with software,
therefore no address lines are carried on the
ribbon cable.

RPG

The RPG cutputs two out-of-phase pulses.
Direction of rotation is determined by the
difference in phase angie between both pulses.
The pulse frequency 1s a function of rotation
speed and this tells the microprocessor what
size of incremental steps to take. Part of U7
detects RPG aclivily, and interrupts the
micraprocessor by 1RQ3 line.

Keybaoard Controller

U1 (B279-5) sees a keyclosure and interrupts
the microprocessor by IRQ4 line. U1 detects
which key was pressed by scanning column
lines with pulses and by sensing rows for a
return path. When U1 is enabled, il converls
key closure scan data to parallel data and
piaces this dala on lhe iocal data bus.

HP 54100A/D - Theory

System Interrupt Latch

Allows ane processor to interrupt any other in
a multiprocessor system. Qnly one processor
is used in the HP 54100A/D system,

Function Decoder

Decodes address lines A12.A14 to enable
Keyboard controlier U1, RPG Counter U15,
HP-IB Coniraller U271, Board Type U29, and
Power Supply status through UZ26.

Slot Decode

U25 is a 4-bit comparator which compares slot
address lines A19-A22 with slot 1D codes
1DO-ID3. when this board is addressed, both
codes will be equal. Then U29 pin 6 will
enable the bidirectiona! buffer U28,

Board Type .

One side of U29 is hard wired to represent the
board ID number. When the microprocessor
asks for board type, U10 pin 15 enables U29
which places a board ID number on the logal
data bus.

DTACK Generator

U16 generates LDTACK which is sent back to
the microprocessor indicaling data was
recerved. This signal also resets the bus error
timer,

Bus Error Timer

Under normal operation U18 should be reset
by LDTACK before a time constant set by R19
and C40 times aut. If U18 is not reset, it will
generate LBUSERR which keeps the CPU
from gelting hung up in an instructton cycle,
This could happen if any addressed board
does not generate LDTACK, or it the
microprocessor tries to access a nonsxistent
board.
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TTL Oscillator

A crystal controlled f6 MHz oscillator. A
binary counter divides it into & MHz, 4 MHz
and 2 MHz. All four signals are placed on the
System interface Bus.

Power Detect

It samples all 6 supply voltages. If one ar
more fails, then the front panel led will not
illuminate.

Power on Reset

The power on reset circuit provides a 175 ms
glitch-free pulse shortly {about 5 ms) after
power up and power down. This sets many
devices to a known state and prevents the
microprocessor from taking damaging action
during power up. This also provides a means
to reset the system with a pushbutton on the
/O board without powenng down the
instrument.

Tabie 68-4. 1jO Assembly Mnemonics

MNEMONICS DEFINITION
Di1-8 HP-IB Data Lines 1-8

DO-7 518 Data Lines Q-7

ns Data Strobe

(DO-3 Board ID Lines 0-3

LIRQ1-7 Low Interrupt Request Lines 1-7
LAT-3 Local Address Lines 1-3

LAS Low Address Strobe
LDTACK Low Data Acknowledge
LDO-7 Local Data Lines 0-7
LEN Low Enable

LLDS Low Lower Data Strobe
LRHPIB l.ow Read HP-1B

6B-16

Non-Volatile Ram Power Supply

A battery provides power for RAM memory to
retain basic setup information and system
configuration for several years. The circuit
also provides tor smooth transfer of power
from battery to power supplies after power up.

SIB Resistive Pullups

The resistive pullups on the 1/O board give the
SIB lines known logic levels when they are not
being driven by devices, as opposed io letting
these lines float.

MNEMONICS DEFINITION

LRKEY Low Read Keyboard
LRFWR Low Read Power
LRRPG Low Read RPG

LSB Least Signiticant Bi
LSTROBE Low Strobe

LUDS Low Upper Data Strobe
LWHPIB Low Write HP-IB
LWKEY Low Write Keyboard
LWRPG Low Write RPG

R/LW Read Low Write

RPG Rotary Pulse Generator
SiB System Interface Bus
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6B-7. MICROPROCESSOR
ASSEMBLY

Introduction

Refer to figure 6B-5. The microprocessor
(CPU) has two major [functions, data
acquisition and 1/Q interfacing. It starts a data
acquisition cycle by setting @ RUN/LSTOP bit
on the Time Base board. Some time later, the
Time Base board sets a LBUSY/DONE It
which teils the microprocessor an acquisition
cycle s finished. The microprocessor will then
move data from ADC board memories to
display board memones. /O interfacing
involves  updating  display  information,
interpreting key. ¢losure data, RPG data, and
HP-IB commands. in the remole mode, the
microprocessor takes commands from an
external controller.

CTC

The counter timer chip (ctc) contains three
counters. The microprocessor programs and
reads each counter over LDG-7 hnes. Each
counter has an output which is used as an
interrupt to the microprocessor. Al three
counter outputs are ORed through U35 and
U42. This result is ORed through U40 with
LIRQS from the SIB. This result is applied to
the system interrupt latch.

System Interrupt Latch

A system so the microprocessor can mask off
any or all interrupt fines. The microprocessor
sends data to U1 on LDO-7 lines. For normal
operation all outputs of U1 are normally a low,
and all incoming SI8 inlerrupt lines are
normatty a high. When an interrupt occurs on
the SIB, that interrupt line will be a low, the
corresponding output of U17 or U18 will also
be a low. The microprocessor can mask off
any interrupt lines by simply writing a high to
U417 or U8 through U1, This will guarantee
that corresponding cutput levels of U17 or U18
will also be a high regardiess of what the SIB
interrupt lines are doing.

6B-18

Priority Encoder

Encodes all seven incoming interrupt #nes into
three lines for the microprocessor. {f more
then one interrupt occurs at the same time,
U34 will prioritize them so the interrupt with
the highest priority will be processed first.

When an interrupt occurs, the system is
vectored to a predetermined software location,

Bus Arhitration

This board contains circuitry so it will operate
in a multiprocessor system, With only one
microprocessor being used, the bus reguest
and bus grant signals are tied to the proper
logic levels tg ensure this board will have
control over the SIB when required,

Bus BuHers

Bus buffers enhance the drive capabilities of
the microprocessor. When enabled, they
connect the micropracessor with the correct
bus, these are.

*J48 and U49 for SIB data bus

*UJ45, U46 and U47 for SIB address bus

sU4 and U21 for lacal data bus

=5, UB, U22 and U23 for local address bus

Decoders

U36 decodes PA16-18 to enabie ROM pairs
0-7. U19 decodes PAt14-16 to enable RAM
pairs 0 and 1, interrupt iatch, and counter
timer chip.

cPuy

A Motorola 68000 microprocessar running at 8
MHz. Main characteristics are: 16 bit data
bus, 23 bit address bus, and 3 interrupt lines,
At wnittal power up condition, power on reset
(PORY) insures the GPU will start-up n a known
condition. The CPUJ will then run several
routines, same of which are: determine which
board type is in which slot, system self
diagnostics, setup display information.



The CPU wilt now respond to system
interrupts, HP-1B, keyboard, or RPG. To the
CPU all system boards look like memory
locations. When A23 is a high, then the CPU
is accessing system memory over the SIB.
When A23 is a low, then the CPU is accessing
local processor board memory locations. After
the CPU sends data over the SIB, LDTACK
comes back from the addressed board which
tells the CPU the information was received.
This LDTACK also goes ta the /O board and
resets the bus error timer. if the bus error
timer is not reset, then BUSERR is sent to the
CPU which will display a SOFTWARE ERROR
message on the CRT.

Tabie 68-5. Microprocessor Assembiy Mnemonics

MNEMONICS DEFINITION

CrPU Central Processing Unit

cTC Counter Timer Chip

LDO-15 Local Data ines 0-15

LDTACK Low Data Acknowledge

LIRQ1-7 Low Interrupt Request lines 1-7
PA1.22 Microprocessor Address lines 1-22
PDO-15 Microprocessor Data lings 0-15
POR Power On Reset

siB System Interface Bus
1LA1-15 Lower Local Address Lines 1-15
2LA1-15 Upper Local Address Lines 1-15

HP 54100A/D - Theory

Memory

The ROMs and RAMs have B-bit data lines. To
achieve 16-bit data words, 16-bit words are
divided into a lower portion LDO-7, and an
upper portion LD8-15. ROMSs or RAMs are
read in pairs. Software instructions for the
CPRU are contained in RCM memory. There is
space for eight ROM pairs, but some
instruments may use fewer ROMs. Please
refer to the replaceable parts (Section 5) to find
out how many ROMS$ vyour instrument
contains. Non-volatile, battery backed-up
RAM memory contains stack registers, status
registers, scralch pad memory, instrument
serial number, and soft cal information,

6B-19
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6B-8. DISPLAY ASSEMBLY

Introduction

Retfer to figure 6B-6. The display board sends
display information to the CRT. This display
information consists of text, graphics, and their
associated attributes. Attributes contain the
information for displaying data in either full
bright, half brnight, blink, inverse video, and
underline.

Stot Decode

U71 15 a four bit comparator which compares
slot address lines A19-22 with slot ID codes
1D0-3. When this board is addressed, the
codes will be equal. U71 pin 6 will output a
pulse to the D latch and function decoder.

D Latch

Al the end of a character ¢ycle, D latch will
send LDTACK over the SiB.

Function Decoder

Decodes address lines A17 and At8 to enable
various board functions, these are:
LLATCHEN for board type, LCMEN for
character RAM, LCRTC for CRT contraller,
LDRAMEN for graphics control register and
graphics memary.

Board Type

When board type is requested by the
microprocessor, this board will respond with
13 over LDO-3 lines. LDO, 2 and 3 will be
pulled high through U74, and LDt will be
pulled low though U74. LDQ is the least
significant bit so adding LDO, 2 and 3 will give
13,

Video Attribute Register

Decodes LDO and LD1 to determine attributes
for A and B video.

HP 54100A/D - Theory

Dynamic Ram

16 dynamic RAMs ({DRAM) where graphics
data is stored. Incoming data comes through
two sets of bidirectional data transceivers
during a write cycle, U72/U73 and U75/U81.
Two sets of video data are stored in DRAMSs, A
video and B video. To read video data two
read cycles are required, first for A video and
second for B video. Since A and B video
arrive at the shilt registers at different times, A
video passes lhrough a 21-bit shift reqgister and
B video passes through a 16-bit shift register.
This way A and B video will arrive at the
encode circuit at the same time.

DRAM Address Mux

Uses the ripple counter's output to form
DRAM address lines RAS (row address strobe)
and CAS {column address strobe).

Graphics Control Resister

An cperator can place text on the display with
an external contraller. The controller
addresses the DRAMs through two sets of
data transceivers, U68/U89 and U32/U53.

RAM Address Mux

Addresses character RAMs. This addressing
can be done by either the microprocessor
through data transceivers UG8 and UB9, or by
CRT controlier U486,

Character RAM

The microprocessor stores each ASCI
character and its attributes in RAMs.

Character and Attribute Register

Addresses the character ROM and sends

character attribute information to character
attribute register.

6B-21
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Character ROM

Functions as a character generalor by
decoding ASCII data from character RAMs and
row address lnes from CRT controller. This
data is then sent through the character shift
register.

Character Shift Register

Farallel loaded with character data and serally
outputs character video to the encoder circuit.
Character Attribute Register

Tells the encade circuit the attnbute, if any, for
each character to be displayed. These are: |
inverse video, U underling, B blink, F full
bright.

Encoder Circuitry

Sends character videg or graphics video with
correct attributes to the display driver board.
Blink Oscillator

Generates a 2 Hz waveform which is used as

blink time period when the blink altribute 1s
used.

Tabie 68-6. Display Assembly Mnemonics

MNEMONICS DEFINITION

AAD-11 Attribute Address lines 0-11
A1-18 SIB address lines 1-16

B Blink

CAQ-11 Character Address lines 0-11
CCLK Character Clock

D0-15 SIB Data lines 0-15

DCLK Dot Clock

F Full Bright

HFB High Full Bright

HHB High Half Bright

i inverse Video

68-22

Dot Clock

Generates a 20 MHz clock which is used for
all display board timing waveforms.

Divide by 16

Divides 20 MHz dot ciock by sixteen to form
the 1.25 MHz character clock.

Ring Counter

Generales eight phases of character clock
used as timing signals throughout the display
board. U16 inveris phases 1 and 6.

CRT Controller

Controls the basic timing of the CRT and drive
circuits. It is a bank of 18 programmable
counters which are programmed by the
mMICroprocessor during the power-up
sequence. This programming includes the
number of characters, rows, character cell
size, guard cell size, etc.  Vertical and
horizontal synchronization are output by this
circuit to the dispiay driver module.

MNEMONICS DEFINITION
ID0-3 Board ID lines 0-3
LA1-12 Local Address lines 1-12
LCMEN Low Character Memory
LCRTC Low CRT Controller
LDRAMEN Low Dynamic Memory
LDO-15 Local Data lines 0-15
LPH1,6 Low Phases 1 and 6
MAD-11 Memory Address lines 0-11
PH1-8 Phases 1-8
siB System Interface Bus
U Underline
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6B-9. Timebase Assembly

introduction

Refer to figure 6B-7. The main purpose of
the Timabase board is timing control for an
acquisition cycle. An acquisition cycle 15 a
sequence of avents which must occur for a
single record of sampled data to be stored
in memories on the ADC board.

Master Clock Operation

The master oscillator generates a cryslal
controlled sine wave of approximately 80
MHz. This 80 MHz 15 applied to U43, which
consists of several delay hnes. The dither
circuit 15 a nng counter which operates
when the Timebase board is between
acquisition  cycles. When  another
acquisition cycle starts, fhis counter 1Is
stopped and oulputs a random number to
enmux, U41. U41 uses this random number
to select which delay line to pick the 80
MHz from. This random selection of delay
line lengths for each acquisition cycle
causes a dithered 80 MHz. This 15 called
dithering because the MASCLK starting
point is continually changing for each
acquisition cycle. Dithering is used so that
during each acquisitton cycle a different
record of data points will be taken from the
waveform. Divide by 2 divides this dithered
80 MHz into a dithered 40 MHz MASTER
CLOCK, (MASCLK). MASCLK is the basic
timing control for acquisition cycles

Slot Decode

138 is a 4-bit comparator which compares
slot address lines A19-A22 with siot ID
codes 1D0-1D3. When this board 13
accessed, the two codes will be equal. U36
pin 6 wilt output a pulse to the D Latch,

D Latch

Enables function decoder U24, and outputs
.DTACK to the SIB.

5B-24

Function Decoder

Decodes address hnes A1, A15, and R/LW
to enable the various parts on this board.
The enable signals it produces are: read
coarse interpolator RENCI, read status
register RENSTAT, read board type
RENTYPE, wrile to conirol register
WENCTL, and shilt clock SFTCLK.

Trigger Synchronization

When STRIG goes high, the CICLK will start
running. At some point in time later,
SMCLK will aiso go tugh, Trigger
synchronization will then disable the coarse
interpolator counter and will start PTDCLK.

Coarse Interpolator

A digital counter which is an extension of
the Trigger board's fine mterpolaior. The
fine interpolator measures the time from
trigger point to the next 40 MHz MASCLK.
The coarse interpolator then measures how
many MASCLK edges occur before the next
sample clock occurs. This is necessary
beause the sample memory clock may not
be equal to MASCLK (see sample rate
generator). Both the coarse and fine
interpolators are read by the CPU after a
data acquisition cycle. RENCI enabies U25
and U38 to pass coarse interpolator data.

Board Type

When board type is asked far, LDO-LD2 and
LD4-LD7 wil be pulled low by the
grounding of their inputs to U26. LD3 wils
be pulled high because its input to U286 1s
connected to +5 volis. LDO is the least
significant bit, so LD3 being high represents
the board type 08. Eight is put on the SIB
through U37.

Divide by 16

Divides the 8 MHz input clock by sixteen to
produce a 500 kHz clock., This 500 kHz
square wave 15 used for the rear panel Cal
signals.



Pre-Trigger Delay

A programmable delay which determines
how much time must elapse from the
beginning of an acquisition cycle to when
trigger is enabied. This pre-trigger delay
establishes the negative time limits of an
acquisiton window. When the pre-trigger
delay counter reaches zerg, the TENBL line
is asserted.

Control Register

The  microprocessor board sets a
RUNJLSTOP bit on the Timebase board
through control register, U28. This initiates
a series of events which enables the ADC
boards to store sampled data into
memaories.

Status Register

At the end of an acqguisition cycle, the
Timebase board flags the microprocessor by
setting the LBUSY/DONE bit. The
microprocessor checks if the Timebase
board 15 finished with an acquisition cycle,
by checking the status register.

Table 68-7. Timebase Assembly Mnemonics

HP 541004/D - Theory

Gate 1

Signal which actually controls an acquisition
cycle. When gale 1 is {rue, then data will be
stored into memories on the ADC boards.

Past-Trigger Delay

A programmable counter which is preset lo
control the number of samples stored after
the occurrence of trnigger. Post-Trigger
delay counts sample clocks, not 40 MHz
MASCLK. This controls how much positive
time is covered during an acquisthon cycle.
This relates to how many samples are put
on screen after the trigger event. When the
post-trigger delay counter reaches zero, the
DONE line is asserted. This indicates to the
CPU that a data acquisition cycle is over,

Sample Rate Generator

A programmable frequency diwider which
produces two clocks, SMCLK1 and
SMCLK2. These clocks are used to control
the rate at which dwital data is stored in
sample memories on ADC boards. Table
6B-8 contains a list of front panel sweep
speeds which results i particular SMCLK
frequencies.

Table 6B-8, Sweep Speed vs SMCLK

MNEMONIGS DEFINITION Sweep Speed SMCLK treq.
A19-22 SIB Address ines 19-22 1s 25 Hz
CIO-15 Coarse Interpolator data lines 0-15 500 ms 50 Hz
CICLK Coarse Interpolator Clock 200 ms 125 Hz
DO-15 SIB Data hnes 0-15 100 ms 250 Hz
IDC-3 Board 1D Lines 0-3 50 ms 500 Hz
LBUST/DONE Low Busy Dane bit 20 ms 1.25 KHz
LDO-15 Local data Lines 0-15 10ms 2.50 KHz
LDTACK Low Dala Acknowledge 5 ms 5.00 KHz
LRUN/STQP Low Run Stop bit 2 ms 12.5 KHz
MASCLK Master Oscillator Clock 1 ms 25.0 KHz
PTDCLK Past Trgger Delay Clock 500 us 50.0 KHz
RENCH Read Enable Coarse Interpolator 200 us 121 KHz
RENTYPE Read Enable Board Type 100 ps 232 KHz
RENSTAT Read Enable Status Register 50 us 425 KHz
SiB System Interface Bus 20 us 1.13 MHz
SFTCLK Shift Clock 10 us 2.04 MHz
SMCLK1 Sample Memory Clock 1 5 us 3.40 MHz
SMCLK2 Sample Memaory Clock 2 2 us 10.2 MHz

STRIG Synchronous Trnigger
TENBLE Trigger Enable

and above

68-25



HP 54100A/D - Theory

]

-
T twoms
' VLY
LY |-—
VS
BT 1ea
BT ars
NOTLYZINOBHON LS ain
T — HISLHL |-
W120Ld —
Aa 8zn | WEm
Tkl Le— auss
v -
L
r »l . w119
Luangsnray
[ 1]
815 |- [ B ¥ W LNT u3lsvm
Bl TT ] ain ISHYOA [\
9’8z 1353
SI Fin
3u0a0 /05080 < N T
A _..“ ¥3USIOI z .
SNLYLE 1B Ptk T ey 350
€-8a1 IIALT vILEM
220 i 38 B9 ¥8 WIJEWA i w133 e L0’ LER
“Ho15 M ﬁ
- 3
LLnoaHTa
HMLIO
o :
a1 + SN
s2n f— wHm 015 hi
- iv130. |
BHIL 30D TH ]34 wiaLse
Ll
. 9 )
AE X * Z wo w~: B wa._m_a e
v a
(L] e an ars -
oI s
Ikl QuvoR 30003
BT 0 g
-1 —
H3aaw gzn LEN DL HATOY ™ N
VT eoar| o
“ 80 “ H A a1 L3N OL L¥IGHIH -
LEn £2n [ B2 0L TLOHIM ———————— L
5 W 0L 41145 a——————— 300030
ars - LTET]
— IdAINSY vn
A A A - R
t1-8d AETH

QEN

Figure GB-7. Timebase Assembly Block Diagram.

€B-26



6B8-10. SAMPLER ASSEMBLY

Introduction

Refer to figure 6B-8. The sampler beard
has two major purposes. First, it samples
the incoming RF signal al the 40 MHz
MASCLK rate, Second, it provides a sync
out signal which can be used for triggering
purposes.

Voltage Reguiators

The inputs are the unregulated supplres
from the analog power supply via the SIB
copnector.  The outpuls are regutated
supplies for various uses on thus board.

Attenualor

A 50  programmable attenuator which
scales the input signal to a level within the
dynamic range o! the preamplifier hybrid.
The attenuator has three cascaded ranges:
X2, X5, X10. These ranges can be
combined to give steps of attenuation
between X1 and X100. Table 6B-10
contams a logic table that correlates the
front panel vertical sensitivity to the
attenuator control words.

Preamplitier

The preamplifier has two major purposes.
First, it terminates the RF output irom the
attenuator into 50 . Second, it sphts the
RF input into two parts. These two parts
are RF out and sync signal The
preamplifier isolates the sync hybnd from
the sampler hybrid. This keeps sampler
interference from causing false triggering in
the sync hybrid.

Trigger Level DAC

The trigger level DAC converts cleven digital
input lines from the shift registers to a dc
level. This dc leve! is called the trigger level
threshold.

HP 54100A/D - Theory

Sync Comparalor

When the sync signal crosses the irigger
level threshold, logic transitions will ogour,
The logic transitions correspond to the sync
signal and polarity swiltch inside the sync
hybrid. When ttus channel is enabled, TCLK
OUT edges will occur.

Sampler Hybrid

The sampler hybnd containg three
functional blocks, a sample pulse generator,
a samphng bndge and a post amplifier. The
sample pulse generator uses MASCLK lo
generate a 3 ns wide pulse for the step
recovery diode (SRD). The SRD produces a
much faster and narrower pulse for use by
the sampling bridge. The sampiing bridge
takes one sample of data each lime it
receives a pulse from the SRD. Sampling
continues at the 40 MHz rate of the
MASCLK. The post ampiifier is used to
amplify a very small signal coming from the
sampling bridge. The post amplifier also
has a dc feedback loop which samples the
incoming RF signal and compensales for dc
drift in the sampler hybrid.

DC Offset DAC

The dc offset DAC converts efeven digital
input hnes from the shilt registers to a dc
level. This dc level is applied to the sampler
hybrid through a dc feedback foop. This
offsel s set by front panei controls.

Overvollage Sense

Uses the overvollage sense ling from the
pods to set an overvoltage flag. This flag
interrupts the CPU with the IRQ2 line, and
causes a message "WARNING, INPUT
VOLTAGE EXCEEDED" to be displayed.

The attenuator i1s also opened up so the
preamplifier is not damaged. When the
voltage returns within hmits, the CPU will
send out a clear overvoltage flag signal
through U29 which resets the overvoltage
sense circuit.
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SRD Bias

Supplies approximately +4 volts to forward
bias the step recovery diode.

Probe ID

The CPU determines what type of probe is
installed in each channel by reading LDO-3
lines. When no probe has been installed,
PD0O-3 will indicaie a HP 54002A pd is
used, because these lines are pulled high by
passive pullup resistors.

PDO | PD1 PD2

540014 L H H

54002A H H H

54003A H L H
Board Type

When board type is requested, this board
will respond with nine on the LDO-3 lines.
This board number nine is produced as
follows. U29 will enable U31 and disable
U3z, overvoltage sense. LD1 and LDZ are
pulled low through U31. The ouiput of U32
goes to its high impedance state. Passive
pullup resistors on the i/O board will ensure
that LDO and LD3 will be puiied high. LDO
is the least significant bit, so the board
number nine is read by the CPU.

Table 68-9. Sampler Assembly Mnemonics

MNEMONICS DEFIMITION

A1,15 SIB Address ines 1 and 15
D0-10 S1B Data Lines 0-10

iDO-3 Board ID Lines 0-3

LIRQ2 Low Interrupt Request Line 2
LDS Low Data Strobe

LDTACK Low Data Acknowlecdge

LSB Least Significant Bit

sIB System Interface Bus

6B-28

Function decoder

Decodes R/LW, A1 and A15 to enable
vartous functions on this board: board type
U31, clear over voltage flag, data strobe and
data shifl.

Shift Registers

Decodes data strobe, data shift and serial
data to enable various altenuator ranges,
trigger enable, and trigger slope. Also
outputs eleven digital lines to the trigger
level DAC, and eleven digital lines to the DC
offset DAC.

Slot Decode

U30 is a 4 bit comparator which compares
slot address lines A19-A22 with slot 1D
codes 1DO-ID3. When the board is
addressed, both codes will be equal; U30
pin 6 will outpui a pulse to the D latch.

D Latch

When this board is addressed, the D latch
enables function decoder U29 and part of
U32. This way serial data from the CPU will
pass to the shift registers. The D latch aiso
sends out LDTACK over the SIB.

Tahie 68-10. Attenuator Control Word

With HP 54002A "3 uz2 um u19
pin 6 pin & pin & pin 6
10 mvV H H H H
20 mv H H H L
50 mvV H H L H
100 mV H L H H
200 mv H L H L
500 my H L L H
1V H L L L
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6B-11. ADC ASSEMBLY

Introduction

Refer to figure 6B-3, The main purpose of
the ADC board is to convert incoming IF
signals from a sampler board to digital
words. These digital words are stored in
memory IC's on the ADC board. At a later
time, the CPU retneves these digital words
and places them in the display board
memory. The CPU only reads information
from the ADC board, it never writes to it. Ap
acquisition cycle starts when the CPU tells
the timebase hoard to enable the ADC
board to start storing data, and to enable
the trigger board to search for a tngger
point, After trigger occurs, the ADC board
will stop storing data. The sampler board
continues to send data to the ADC board
and the ADC's continue 1o convert analog
information to diwgital words. These digital
words will be jost data peoints. When the
next acqguisition cycle starts, pew digital
words will be stored in memory. Many
acquisition cycles may occur before the
waveform is completely reconstructed.

Buffer Amplifier

Incoming IF from the sampler board is
applied to the input of the bufter amplifier.
This amplifier has a closed ioop gain of 10.
The butfer wilt only allow a 300 mV signal
to the ADC's input.

A to D Converter

There are two A to D converters (ADC). The
incoming analog signal is apphed to both
ADC's. One ADC converts the positive
portion of the waveform referenced to
+1.25 V, the other ADC converts the
negative porticn, referenced to -1.25 V.
Each ADC converls its portion of the signal
to a 7-bit digital word, 6 bits for data and a
seventh bit for overrange. Each bit of the
7-bit word is lied to the corresponding bit
from the other ADC. Both ADC's are
clocked at the 40 MHz clock rate.

68-30

High Speed Data Latch

The ADCs are clocked at a 25 ns rate, but
data from either ADC may be valid for less
then 9 ns. Fast data latches are used lo
capture information during this narrow time
window. The delay between the ADC cluck
and the latch clock is precisely set by a
detay line.

Level Shifters

Converts incoming ECL data levels to TTL
levels. ECL is used to assure high speed
circuit operation while TTL is used for less
expensive circuit configurations.

Fast Data latches

Each data latch is an B8-bit demulliplexer
whose output 1§ an 8-bit digital word. Using
faur latches gwves you a 32-bit digital word
which is written into memory as two 16-bit
words by WE1 and WE2. The data latches
are clocked by PCLK1-4. The PCLK1-4
clocks are 80 degrees apart in phase.

Data Storage

There are eight memory IC's with separate
data in and data out lines. Each memory IC
has 4 bit dala lines and 8-bit address lines.
Each fast data latch outputs an 8 bit cigital
word to a pair of memories. Because of
phase differences between PCLK1-4, each
8.bit portion of the total 32-bil digital word
appears on the data bus at different times.
The memory IC's use WE1 and WEZ to
allow for fiming differences.

High Speed Timing

Combines various inpuls from the Timebase
board to keep the ADC board liming correct.
These mputs are: MASCLK, SMCLKH1,
SMCLK2, GATE 1. The oulputs are: WET,
WE2, PCLK1-4, ADDRESS CLOCK.



Address Counter

An 8-bit counter that is clocked by ADRS
CLK. The purpose of the address counter i
to generate sequential 8-bit binary values as
a write address for the acquisilion RAM
durng data acquisition. When GATE1 goes
high and ADRS CLK begins clocking, the
address counter begins incrementing. Note
that the actual state of the address counter
is indeterminate at the beginning of the
acquisition cycle. The counter is never
cleared, loaded, or read by the CFU. The
address counter will remain pointing to the
last location in the sample memory, where
the acquisition cycle stopped. The eight
outputs of the address counter are placed
on the D inputs of the 8-bi wrile address
latch. The address latch is also clocked by
ADRS CLK and prowides the c¢ribical timing
alignment of the RAM address bus to the
LWE1 and LWE2 lines. The & outputs of
the address counler are also applied to the
address adder.

8 Bit Adder

An 8 bit adder which adds the write memory
address to the SIB address lines A3-10. The
result is called the read memory address.
The CPU will start reading data from this
memory address. After the data acquisition
cycle is over, the data acquisition firmware
will determine the number of data points to
be read fram the sample memory, and the
locaton of these points relative to the last
stored data point. The relative read address
is supplied to the adder by the CPU aver the
SIB. The digitized sample data can then be
placed on the 8-bit data butfer so that it can
be read over the SIB,

Table 6B-11. ADC Assembly Mnemonics.

MNEMONICS DEFINITION
A19-22 SiB Address lines 19 to 22
DO.7 SIB Data Lines 0-7

D03 Board ID Lines 0-3
LATCHCLK  Latch Clock

LDTACK Low Data Acknowledge
LDO-7 Local Data Lines Q-7
LRDENBL Low Read Enable

HP 54100A/D - Theory

Write Address Latch

Enabled by RDENBL during a local ADC
board write eycle and places a write address
on the local address bus.

3 State Butler

Enabled by LRDENBL during a read cycle
and places a read address on the local
address bus,

Slot Decode

U28 is a 4-bit comparator which compares
slot address lines A19-A22 with slot ID
codes D0-1D3. Whenr this board is
addressed, both codes will be equal and
U28 pin 8 will output a puise to the D latch.

D Latch

This parl has three outputs: LRDENBL to
enable function decoder U40 and read
address latch during read cycles; RDENBL
to enable the 3-state buffer during write
cycles; and LDTACK which is sent over the
siB.

Board Type

When the microprocessor asks for board
type, this board will respond with seven over
the DO-D3 lines. Through U42, DO.D2 are
pulied high to 5 volts and D3 is pulled low
through pull down resislors. DO is the LSB
so adding DO-D2 will give seven

Mnemonic Delinition

PCLK 1-4 Phase Clocks 1 to 4
RDENBL Read Enable

siB System Interface Bus
SMCLKA1 Sample Memory Clock 1
SMCLK2 Sample Memory Clock 2
WE1 Write Enable 1

WE2 Write Enabie 2
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6B-12, Trigger Assembly

Introduction

Refer to figure 6B-10. The Trigger board
establishes the trigger point for an
acquisition cycle, and generates fine
interpolator data. Fine interpolator data
establishes timing between data points from
the acquisition boards and tnigger input.
This way the wavelorm c¢an be
reconstructed on the display.

Trigger Level DAC

Converts eleven digital input lines to a de¢
level. This dc level 15 called trigger level
threshold.

Sync Comparator

When the sync signal crosses over the
trigger level threshold, pulse transitions will
occur. These pulse transitions correspond
to the syn¢ signal and polarity switch inside
the sync hybrid. When this channel is
enabled, TCLK out pulses will occur,

Trigger Flip-Flop

It logically ORs three input hnes to produce
one TCLK signal. When the front panel is
set to auto trigger mode, the nvert signal
will force TCLK pulses to occur 1if the OR
gate does not produce a TCLK signal. Fast
trigger FF generates HTRIG pulses on the
first TCLK edge after the end of holdoff.

Slow Trigger Flip-Flop

A trigger enable signal enables the slow
trigger flip-flop, U11. U11 wiii now produce
an ATRIG pulse afler it receives the next
HTRIG pulse.

HP 54100A/D - Theory

Fine Interpolator

More precisely locates the time position of
each data point relative to ATRIG by
measuring the time from ATRIG to the next
MASCLK,

Fine Interpolator Counter

A npple counter which outpuls fine
interpolator data to the SIB for the
micropracessor to read.

Holdoft oscillator

Produces a crystal controlled 100 MMz sine
wave far the holdoft by time sequence.

Holdo#f Counter

Counts sine wave pulses for time holdoff, or
TCLK transitions for events holdoff.

Siot Decode

Us3 is a four-bit comparator which
compares siot address lines A19-22 with
siot ID codes 1D0-3. When this board is
addressed, the twg will be equal. US3 pin 6
will output a pulse to the D Latch.

D Latch

When this board 15 addressed, the D latch
will enable lunction decoder, U54. The D
latch also sends out LDTACK over the SIB.

Function Decoder

Decodes address lines Al and A15 to
enable status register with RESTAT and to
enable board type with RENTYPE. Function
decoder afso outputs contral mformation to
the data register.
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Synchronization

Synchronizes ATRIG to MASCLK to produce
STRIG.

Data Registers

Decodes control information into  several
outputs. These are: 11 digital lines to the
trigger level DAC, trigger enable and trigger
polarity to U1, and invert signal to US.

Board Type

When board type 15 requested by the
microprocessor, this board will respond with
eleven over the LDO-3 lines. LDO, 1, and 3
will be puiied high through U59. LD2 wili be
pulled low through U59. LDO is the LSB so
adding LDQ, 1, and 3 results in eleven.

Table 6B-12. Trigger Assenmbly Mnemonics.

MNEMONICS DEFINITION

A19-22 SIB Address ines 19-22
ATRIG Asychronous Trigger

DO-15 SiB Data Lines 0-15

IDO-3 Board [D Lmnes 0-3

Fi0-15 Fine Interpotator Data lines 0-15
HTRIG Hysteress Trigger

LDTACK Low Data Acknowledge
LBO-7 Local Data Lines 0-7
MASCLK Master Clock

av Cver Voltage

RENSTAT Head Enable Status Resister
RENTYPE Read Enabile Board Type
S8 System Interface Bus
STRIG Sychronous Thgger
TRIGEN Trigger Enabie

6B-34

Probe ID

The CPU determines what type of probe is
installed in each channel by reading the
LDO-2 ines during the power up seguence,
When no probe has been installed, PDO-2
will indicate a 54002A is used because
these lines are pulled high by passive pullup
resistors.

POO | PD1 PD2

54001A L H H
54002A H H H
54003A H L H
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Figure 68-10. Trigger Assembly Block Diagram.
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6B-13. Trigger Qualifier Assembly

Introduction

Refer lo figure 6B-11. This board provides
an additional external lrigger input along
with additional trigger gqualifications.

Trigger Level DAC

Converts eleven digital input lines from the
shift registers to a dc level. This dc level is
called trigger level threshold,

Sync Comparator

When the sync signal crosses the trigger
level threshold, pulse transitions will occur.
The puise transitions correspond to the sync
signal and polanty switch inside the sync
hybrid. When exiernal tng 4 is enabled,
TCLK 4 pulses will occur.

Sync Multiplexer Hybrid

The E1-4 lines select which TCLK1-4 signals
to use as a irigger signal The selected
combination TCLK becomes TCLK QUT and
is sent to the trigger fip tlop on the trigger
board. Al four TCLK signals are alsc sent
through buffers and then outpuited to UG
and U17.

TCLK Select

Decodes mode data into enable signals
E1-4 far multiplexer hybrid and Ut7, These
enable signals select one or more buffered
TCLK signals to form TCLK pnime.

QCLK Select

Decodes mode data into enable signals
$1-4 for UG, These enable signais select
one or more buffered TCLKs to form QCLK.

6B-36

U6 and U17

These are OR/AND gates which each
supplies two signals to the asynchronous
logic block. QCLK is the signal for which
some condition must become trus before
TCLK' is processed by asynchronous logic.

Caunt Mode

45-bit holding register for controlling the 29
bit counter setup and asynchronous logic
set up.

Startable Oscillator

100 MHZ oscillator used for time
measurements,

29 Bit Counter

100 MHz counter used for counting time ar
events for various trigger modes. Far short
counts, the nmucroprocessor may use
software lo disable some portions of the
29-bit counter not being used.

Slot Decode

U49 1s a 4-bit comparataor which compares
slot address lines A19-22 with slot ID ¢odes
IDO-3. When this board is addressed, the
two codes will be equal. U48 pin 6 will
output a logic true pulse to the D Laich.

D Latch

When this board 15 addressed, the D laich
enables function decoder U47. The D Latch
atso sends oul LDTACK over the SIB.

Function Decode

Decodes R/LW, Al and A15 1o enable
various functions on this board. These are:
LRENTYPE for board type, LRENSTAT for
board status, control information for shift
registers



Overvoltage Sense

Uses the overvoltage sense ling from the
probe pod to set an avervoltage flag. This
flag interrupis the microprocessor over the
IRQ2 line and causes a message
"WARNING, INPUT VOLTAGE EXCEEDED"
to be dispiayed. When the voltage returns
within limits, the microprocessor sends a
clear overvpltage signal through U47 which
resets the overvellage sense circuit.

Board Type

When board type 15 requested, this board
will respond with fourteen over the LDO-3
lines. This board number ftourteen is
produced as follows; LRENTYPE will disable
U51B from driving LDO-3 lines, and enable
US1A to pull the LD4-7 lines low through
US1A. LD, 2, and 3 will be pulled high by
pullup resistors in RP12. LRENTYPE also
will enable U46 so0 LDO will be pulled low
through U46. LDO is the least significant bit
s0 adding LD1, 2, and 3 will give fourteen.

Table 6B-13. Trigger Qualifier Assembly Mnemomnics.

MNEMONICS DEFINITION

A19.22 SIB Address Lines 19-22
DG-7 SIB Data Lines 0-7

IDO-3 Board 1D Lines 0-3

LDTACK Low Data Acknowledge
LDO-7 Local Data Lines 0-7
LRENTYPE Low Read Enable Board Type
QCLK Qualified Trgger Clock

TCLK Trigger Clock

siB System Interface Bus

HP 54100A/D - Theory

Shift Registers

Qutputs eleven digital lines to trigger level
DAC, also outputs trigger enable and trigger
slope o sync comparator.

Mode Enable

Decodes LDQO and LD1 to form MODE
DATA, MODE SHCLKA & B

Probe ID

The microprocessor determines what type
of probe is installed in each channel by
reading the LDO-2 lines during the power up
sequence. When no probe has been
installed, PDO-2 will indicate a 54002A 15
used because these lines are pulled hugh by
passive pullup resistors.

PDO PD1 Pbe

54001A L H H
©4002A H H H
54003A H L H

6B-37



HP 54100A/D - Theory

Brs MJ
N K——=
2-81 004 aaud
1 L
W v we 2771 BATRE F0A 118w
wagenon [ 3ot Llnnn WA T 0 R
Lis £x ] m.,
6 Zen
L IHIHY
“—
AL EE=TT
K¥1 a 033
T3 Iv3 ar
e - EN 18 ereliee
4300¥H Kol 10 ﬁ ﬁ |
] -] -
= vevniis [ 0 5
2 Y ztn a 1T —
ursoibl ol -————— ot
o 11
o T o e i SuILITOI ol ouea ©
Py 14ne
Wi i \,ﬂ?' 131 druL T
[~ ngmn
cen
an o LSRE'ST L
A & CITT P R P ——
r e [ETCTR TR Ivs |
S 100 OIMTINE Dlugin n
HINIUILYA BUE " H
v
le Ll -
i 2 ol [
of of of
130 L34 aw 133138
L L A = FREH —
—
AN3usETroY inhy N &/d
1Imasse
—-—— - —
srmlal ol T w1

Figure 68-11. Trigger Qualifier Assembly Block Diagram

6B-38



6B-14. POWER SUPPLIES
Primary Pawer Supply

The primary board rectifies and filters the
input ac voltage. When the voitage select
switch is in the 230 V position, the ac is
bridge rectfied and fitered o yield
approximately 300 V dec. The input voitage
is doubled in the 115 V position to yield the
same d¢ voltage. The primary board has
surge protection circuitry that protects
against ac line voltage transients and
current surges. Over voltage crowbar
devices trip the circuit breaker for sustained
input over-voltage conditions. The pulse
width modulator (PWM) circuitry is powered
by a bleeder resistor on one of the bulk
storage capacitors. The main EMI
{electromagnetic  interference) filter is
located in a dc current path to reduce
component size and to  increase
effectiveness of the filter. This board also
generates a fast rising 14.7 V supply which
is used by the puise width modulator
circuitry in the digital and analog power
supplies. -

Digital Power Supply

The digital power supply 15 a dec-to-dc
converter which converts 300 V d¢ to +5 V
and -5.2 V dc. It also generates the digital
gound (DGND) which 15 used throughaut the
system.

PULSE WIDTH MODULATOR {PWM) Is
used to achieve voltage and current
regulation by changing the PWM's turn-on
time. It has an operating frequency of 68
kHz,

POWER STAGE Performs the actual
conversion of 300V dc to +5 V and -5.2 V
dc. Digitai and primary ground planes are
kept isolated through transformer T2.

OPTICAL !SOLATORS |[solates the primary
and digital ground planes. Voltage and
current feedback control is sent through U2
to control the duly cycle of the PWM.

Power supply shutdown is sent through U3.

LOOP CONTROL AND SUPERVISORY
When excessive output vollage is detected,
circuitry sets a latch in the PWM which can

HP 54100A/D - Theory

only be reset by cycling the on-off switch.
This voltage shutdown can also be activated
by the power supply fault line coming from
the analog power supply. Circuitry also
senses the current and actwates foldback
current limiting for excessive current
loading.

Analog Power Supply

The analog power supply Is a dec-to-dc
converter which converts 300 V de to +18 V,
+8V, -8V, and -18 vV dc.

PULSE WIDTH MODULATOR (PWM) Is
used to achieve voltage and current
regulation by changing the PWM's turn on
time. 1 has an operating frequency of €8
kHz.

POWER STAGE Performs the actual
conversion of 300 V dc to +18 V, +8 V, and
-18 V dc. |t also contains a fan drive output
which increases the fan speed with the
instrument’'s ambient temperaturs. Anaiog
and primary ground planes are kept isolated
through transformer T2.

OPTICAL ISOLATORS Isolates the primary
and analog ground planes. Voltage and
current feedback control is sent through U2
to control the duty cycle of the PWM.

Powaer supply shutdown is sent through U3.

LOOP CONTROL AND SUPERVISORY
When excessive over-vollage is detected,
circuitry sets a iaich in the PWM which can
only be reset by cycling either the on-off
switch or circuil breaker to the off position
for 60 seconds. A fan fault will aiso activate
this power supply shutdown. A power
supply fault hne also goes to the dgital
supply to activate its shutdown circuitry.
+18 V is regulated and the other outputs are
semi-regulated outputs which follow the +18
V. Each output is current imited. The -8 V
output has foldback current imiting.

Fan Drive The fan is powered by circuitry
on this board. A temperature sensing circuit
controls the fan speed. In additicn, the fan
is monitored for faults. If the fan shouid fail,
the analog power supply will shut down
both secondary supplies over the power
supply fault lines.
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HP 54100A/D - Service Menu Keys

SECTION 6C
SERVICE MENU KEYS

6C-1 INTRODUCTION

This section describes the Service menus and keys that are available to service perseonnei for
calibration, troubleshooting and CRT alignment. A basic understanding of them will be helpful in
troubleshooting farlures; however, Self-Test (section 6E) and Troubleshooting (section 6D) are
covered later in this manual.

6C-2. UTILITY MENUS

The Calibration and Test menu ¢an be accessed by pressing the Utility key located on the second
level of the Function menu. Once the Utility key is selected, four subkeys will be displayed: Cat
Menu, Test Menu, CRT Setup and HP-IB Menu. These keys allow entry nto routines designed to
aid in calhbrating, troubleshooting, CRT alignment, and setling up the instrument’'s HP-IB interface.

6C-3. SOFTWARE CALIBRATION

cal
Menu
6C-4. Introduction

Test
Menu

WfmSave|WfmMath [Measure| PFlot Print Probes|Utility| More crt
Setup

HP-1B
Menu
When the Utility function menu is selected four selections are available: Cal menu,
Test menu, CRT Setup menu, and HP-1B Menu. The Cal menu is the only menu
that will be discussed in this section. Refer to figure 6C-1.

The Cal menu function allows any differences in propagation delay between signal
paths to be nulled cut in the HP 54100A/D software. This is important so that
time-difference measurement resuvlts accurately reflect time referenced to the
probe tips, or the points where the input coaxial cables are connected to the
circuit under test.
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in order to obtain the proper cal for a parlicular system configuration it is necessary to adjust each
channel's sensitivity, offset and trigger level as well as the external trigger level(s) to the values you
intend lo use. This will establish each input to the configuration that will be used in the actual
measurement.

Cal factors are kept as part of the SAVE/RECALL setup and different sets of factors may be kept
with each front panel setup. When the instrument 1s powered down, these factors will he
maintained in non-volatiie memaory.

The fastest available edge source should be used (<1 ns transition time is desirable); however, a
signal of the same general characteristics as the signal to be measured 15 a reasonable alternalive.
For each cal step the inputs should be connected to the calibratton source as closely to one
another as possible. BNC Tees and probe adapters should be used for this purpose.

Col Teat
Menu Menu
' fiiva \on REFEAT |
oo LogPs a-7a \ 1O *7°
INTERFAGE
+ 1 TesTs
020
SKEW
stort
+ Test
TRIG +
DELAY
- ook
+ o Test
TRIG
Display . Exit |
Errora Display
TRIG
DELAY Dieplay Exlt
| cenfiguratian [ Qfapley
AN BOATO0M
| | Compress Exit
Woveform L Tent
Menu
THESE 3 KEYS
Expand | CAN BE ACCESSED
Waveform FROM ANY OF THIS
MENU‘S FUNCTION KEYS.
Exlt
— Cal
Menu
004100 ’

Figure GC-1. Utility Menus
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6C-5, Calibration Procedure

There are lwo Cal signal outputs on the rear panel. Only one cal source should be used for the
Cal Menu adjustment exercise because the two cal signals are separately buffered and the time
differentiatl between the iwo outpuls 13 not characterized.

1.

Connect a BNC Tee to one of {he cal signal outputs on the rear of the instrument. Connect
lwo equal length 50 @ cables to the BNC Tee. Connect these two cables to the Chan 1 and
Chan 2 inputs. Next, select the Axes graticule.

NOTE

Any suitable signal source can be used for this calibration. If probes
are to be used to make the actual measurement, then that probe
configuration should be used for the calibration,

For this exercise, press AUTO-SCALE, then set OFFSET and TRIG LEVEL to equal values for
Chan | and 2. Move the signat inpul fram Chan 2 to Tiig 3, then to Trig 4 (HP 541000 ONLY)
and set the TRIG LEVEL Trig Sr¢ 3 and Trig Src 4 (HP 541000 ONLY) as close as possible to
the TRIG LEVEL used far Chan 1 and 2. Now move the input cable back to Chan 2. Set Trig
Src back to Chan 1.

Press the Cal menu functon key and follow the instructions on the CRT (but don't
AUTQ-SCALE again), press the TRIG DELAY-Chan 1 function key, Le., the top key an the
function menu. As the key is pressed TRIG DELAY will intensify and a single signal will be
presenied an the display.

Fress the Expand Waveform funchon key several times until the waveform is expanded and
appreximates figure 6C-2. Wiih the Entry Devices, adjust the postion of the signal on the
X-axis so that it intersects the crossing of the graticule at center screen. The value of Chan 1
Tngger Delay is highlighted in inverse video at the top of the display.

Press TRIG DELAY-Chan 1 key (top funchion key) and the label will change to SKEW Ch to Ch,
also the Chan 1 and 2 signais are in the split screen format. The Chan 1 signal 1s in the
upper half of the display and Chan 2is 0 the lower half The Chan 1 signal should be
positioned so that it intersects the graticule crossing, this 1s the resuit of the previous Chan 1
TRIG DELAY adjustment. Adjust the display with the Expand Waveform key until it
approximates figure 6C-3. With the Entry Devices adjust the Chan 2 wavetorm on the X axis
so that it intersects the graticule crossing at center screen. When this adjustment is made it
is nulling the difference in signal acquisttton times from Chan 1 to Chan 2. Chan to Chan
skew time is highlighted in inverse video at the top of the display.

Press SKEW Ch to Ch (top funchion key) and the labe!l for this key will change to TRIG
DELAY-Chan 2. There will also be a single signal on the display. Expand the waveform with
the Expand Waveform key until it approximates figure B8C-2. Use the Entry Devices and
position the displayed signal on the X axis so that it intersects the graticule crossing at the
center of the display. The Ch 2 Trigger Delay will be highhighted in inverse wvideo at the top of
the display.
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7. Connecl the cable thal has been attached to Chan 2 to Tiig 3 input. Press TRIG DELAY-Chan
2 {lop Tunclion key) and lwe label wil change to TRIG DELAY-Trig 3. Expand the waveform
using the Expand Waveform key unll it appraximales figure 6C-2. Adjust the Entry Devices
and move the signal on the X axis so that it intersects the graticuie at the center crassing.
The value of Trig 3 Delay will be highlighted in inverse video at the top of the display.

8. It an HP 54100A is being calibrated, the calibration is completed. The HP 54100D, however,
has an addiional exiernal trigger input and to nuil the difference in signal acquisition time
from Trig 4 mput to the other inputs requires one further step. Move the input from Trig 3 to
Tng 4 input and press TRIG DELAY-Trig 3 (top function key). The label will change to TRIG
DELAY-Trig 4, and there will be a single signal on screen. Press the Expand Waveform key

unti the display apptoximates figure 6C-2. Adjust the Entry Devices and move the signal on
the X axis so it iIntersects the graticule at the center crassing.

Figure 6C-2. Trigger Delay

Figure 6C-3. Chan to Chan Skew
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6C-6. TEST MENU

Five keys appear when the Test Menu is selected. These keys allow the user to access and run
internal diagnoslic tests and view the results. In addilion, the position of each of the printed
circuit boards can be read and displayed.

6C-7. Display Configuration Key

The HP 541004A/D molheiboard has ten slots and will accept any of the pnnted circuit boards at
any location within the card cage. When the Display Conhguration key 15 pressed, the resulting
display shows the localion of each of the PC boards.

The Processor board A3 will not be iabeled on lhe display, but is normally loaded into Slot 2. The
HP 54100A should show boards loaded in Slots 0-8, and the HP 54100D will have an additional
board in Slot 9.

NOTE

Although the boards may be loaded into any of the slots and will function,
an optimal arrangement does exist. Refer to the label located on the
bottom of the top cover If the 1/Q board is not i slot O and the Display
board is not in siot 1, self test loops 5 and 9 will fail.

To return to the Tesl Menu, press Exit Display

6C-8. Display Errors Key

Pressing this key will display the number of any loops which failed while running one of the
following tests:

Power-up self-test
HP-IB commanded self-test
INTERFACE lests

This display shows the current loop or last loop executed, the number of times the loop was
executed, and the number of times that it faied The bottorm portion of the display shows all loops
that failed starting with the first loop failure.

In addition, some of the loops also use the four "status” indicators {sometimes called "errors”).
These are loop dependent status codes of a pass/fail nature for each loop. They indicate counter
values, status flags, addresses, ete. that were loaded duning the execubion of the loop. These
indicators can help troubleshoot ihe unit, and are described n detail In section 6D,
troubleshooting. If the test does not use a particular error indicator, the valug will be set to -32768.

To return to the Test Menu press Exit Dispiay.
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6C-9. Repeat Loop / Run From Loop Key

The top hkey will toggle between REPEAT LOOP and RUN FROM LOOP. These keys in
conjunction vath the START TEST key will execute the inlernal self-diagnostic routines. All input
signals must be disconnected from the instrument for these tests.

NOTE

When the instrument is left in a continuous RUN FROM LOOP
mode for a period of time, a falure indication may occur when
there is no failure. This is caused by random system noise and
occurs less than 1% of the time. Since this is not a QA function it
should be disregarded once you have verified it is not a true
failure. A true failure only exists if the test is stopped and
re-started and the same loop failure re-occurs al a rate greafer
than 1%.

REPEAT LOOP. Selecting this mode will continuously execute the routine thatl has been entered
with the entry devices (keypad, Kngb, or increment/cecrement) keys. Pressing Start Test will start
execution and the loop wil contnuously run untii the STOP TEST key is pressed. Pressing
DISPLAY ERRORS will show how many times the joop was executed and the number of failures
that occurred.

RUN FROM LOOP. Selecting this mode will start execution from the loop entered and will proceed
to execute all higher numbered loops. Upon reaching the last loop, the cycle will be repeated
starting at the entered loop. If any test should fail, the instrument will change from RUN FROM
LOQOP to REPEAT LOOP and will repeatedly execute the loop that tailed. This structure allows the
use of signature analysis to detect which loop faled, if any.

NOTE
Some tests will not display the stop softkey on the display. In these

cases, the stop key remains on the vertical softkey board, third key
dowr from the top key.
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6C-10. Interface Tesls Key

When this key is chosen there are 15 lests tor the HP 54100A and 16 tests for the HP 541000 that
are not execuled at power up, but may be selected by entering the test number with the entry
devices. The tests ate numbered 0 through 14 for the HP 54100A and O through 15 lor the

HP 54100D. All input signals must be disconnecled from the instrument for these tests.

NOTE

Tests O through 9, 13 and 14 should be entered only by qualified
setvice personnel and are test loops for creating a repehtive set of
signals which are used for signature analysis troubleshooting. No
usefu! information is gained from the CRT display when these
troubieshooting loops are entered.

To run lest loops 0 through 9, 13 and 14, the test number must be enlered with the entry devices.
The START TEST key must be pressed. To stop the test loop, the STOP TEST key musl be
pressed.

Tests 10, 11, 12, and 15 are other self tests that the user ¢an run to give more confidence that the
unit 1s operating properly. Tests 10 and 15 check the trigger level DAC on channels 3 and 4. Test
11 verifies proper operation of the keyboard /O circuitry. Test 12is a special non-power up
transilion reset.

Test numbers 0-9 test the digital interface between the Processor Bus and the board loaded into
the slot that corresponds to the test number. If test O is selected, the processor will attempt to
read the identification code of the board loaded in slot 0. Even though the codes are read, no
information 1s displayed on the CRT. More details on these tests can be found in the
troubleshaoting section of this manual.

NOTE

Siat 0 corresponds to AT hoard and Stot 9 corresgorids to the AT0
boarg.

Test 10 checks the trigger level DAC of channel 3. Disconnect any signal inputs to this channel
prior to running this test. To run this test, use lhe same procedure listed above for tests O through
9. To determine whether the test passed, press the STOP TEST key, then press DISPLAY ERRORS.
If in the cumuiative errors column loop 62 1s present, then the test faled. If loop 62 was not
present, then the test passed. The loop indicator 15 only cleared at power up. If this loop fails,
refer to section 6D, troubleshaoting, for diagnasis. More details on these tests can be found in the
troubleshooting seclion of this manual.
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Test 11 will cisplay a keyboard mockup on the CRT. This lest is used to verify that all of the front
panel keys and e PG are working. Alter selecling Test 11 and pressing Start Tesl, piess each
of the tront panet keys. The displayed box corresponding to the key being pressed should light.
The RPG contral will move a cursor around the cicle in the lower right corner of the CRT. To exit
this test the third key from the top must be pressed lor the second lime. The first press will light
the appropnate box and then the key will be assigned as STOP TEST

Test 12 causes a system reset and actuates the power-up seli-test. It the advisory message
"Power-up Seif-test Falled” should appear on the display, then the faling loops may be found by
pressing the Display Errors key in the Test Menu.

Tests 13 and 14 are special DSA setups for testing ADC boards. Before initiating these tests, make
sute the ADC lo be tesled is installed in Slot 9 and connect the culput of Sampler 1 to the ADC.
More delails on these tests can be found in the troubleshooting section of this manual,

Test 15 checks channel 4's trigger level DAC. Disconnect any input to ttus channel before running
ihis test. To run lhis lest, use the same procedue lisled earlier for tests O through 9. To
determine whether lhe tesl passed, press the STOP TEST key, then press the DISPLAY ERRORS
key. If in lhe cumulative errors column loop 61 is present, then the test failed. I loop 61 15 not
present, then the lest passed. The loop indicator is only cleared at power up. If this test fails, refer
to section 6D, troubleshooting, for diagnosis. More details on these tests can be found in the
troubleshooting section of this manual.
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HP 54100A/D - Troubleshooting

SECTION 6D
TROUBLESHOOTING

6D-1 INTRODUCTION

This Section describes the Self-tests and Troubleshocting routines that service personnel can use
to locate failures at the PC board level. A basi¢c understanding of the Service menus and keys will
be helptul in troubleshooting failures and is covered specifically in Section 6C.

6D-2. FAILURE INDICATIONS

The HP 541004A/D will indicate failures in one of two ways; 1) no display on the CRT during and
after power-up, or 2) "Powerup self-test Failed" displayed on the CRT. when & "no display” failure
oceurs, refer ta Section 6D-X "TROUBLESHOOTING WITH NO DISPLAY" and proceed from there.
If the “Power-up self-lest Failed” advisory appears, refer to Section 6D-X "INTERNAL
DIAGNOSTICS (SELF-TEST)". All input signals must be disconnected from the instrument when
runring the mlernal diagnostics tests.

NOTE

Occasionally the "Power-up Self Test Failed" advisory will appear
when there is no failure. This is caused by random system noise and
occurs less than 1% of the time Since this is not a QA function it
should be disregarded once you have verified It is not a true
failure. A true faillure only exists if the falure advisory agamn
appears after running the Interface #12 test that follows.

1. Press the Utility menu selection key.

2. Press the Test menu kay.

3. Press the INTERFACE TEST key and enter 12 from the keyboard.

4. Press the START TEST key.

If the "Power-up self-test Failed" advisory does not re-appear at the completion of this test, do not

gontinue troubleshooling because the instrument has not failed. If this advisory does re-appear,
refer to Section 6D-3 as previcusly indicated.

6D-1
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6D-3. INTERNAL DIAGNOSTICS (SELF-TEST)

The HP 54100A/D has routines resident in firmware that ensures many of the unit's circuits are
functioning correctly. The HP 54100A contains 43 routines and the HP 54100D contains &1
routines. All nmput signats must be disconnected from the instrument for these tests.

The processor upon command or automatically at power-up begins by checking memory and then
checks its ability to communicate via the internal bus. Cnce bus communication is established the
pracessor will exercise and test circuits on other boards beginning with the digital boards.

NOTE

The tests that are executed cannot guarantee that the instrument s
performing to its rated specifications. However, they do provide a high
degree of confidence that the unit is functiomng.

When power is applied to the instrument the self-lest is automatically executed. If no failures have
occurred, an advisory will be displayed on the CRT approximately 4 seconds later. Some
hardware failures will cause the advisory to be delayed by 30 seconds.

The compleie group of tests can be executed by any of the tollowing:
1. Apply power to the instrument and the self-test routines are execuied automatically.
2. Performing test 12 in the INTERFACE TESTS portion of the Test menu.

3. Entering loop 0in the RUN FROM LOCP portion of the Test menu. This test will cause
the instrument to repeatedly exercise the camplete group of tests. If a failure occurs on
any of the tests, the instrument will change to REPEAT LOOP and will continue executing
only the loop that has faiied.

NOTE

Pressing RUN FROM LOOP O does not clear the loop failures shown
with the DISPLAY ERRQRS key All other methods of generating
self-test will clear the loop failures from DISPLAY ERRQRS and then
will add any failures that occurred during the seif-test.

4. HP-1B command TEST (TST) will trigger a power-up self-test. If & failure occurs, error
number -340 will be placed in the error queue. The error buffer may be read with the
ERROR? command. Refer to Section 10 of the HP 54100A/D Operating and Programming
Manual.
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6D-4. INTERFACE TESTS #0-9

Interface tests 0-9 are special service diagnostic lests, which help determine whether the board
interface or slot interface is working correctly, Test O corresponds to slot 0, and test 9
corresponds to slot 9,

These tests are different from the loop tests because they do not return a failure code. Instead,
they set the instrument up in an infinite loop. This infinite loop continually executes the ioop
selected until the stop test key is pressed. The selected loop exercises the same circuity
repeatedly, so a service technician can probe points in the instrument to determine the faulty
beard.

To run these tests:
1. Press More key
2. Press Utllity key
3. Press Test menu key
4. Press Interface Test key
5. Enter test number to be exceuted
The points that should be probed are different depending on which board is inserted in the slot to

be tested. Table 6D-1 cross references the board test points to waveform numbers 1-5. Refer to
Figures 6D-1 through 6D-4 for the correct displayed waveforms.

Table 6D-1. Board Test Point Cross Reference.

Board Waveform 1 Waveform 2 Waveform 3 Waveform 4 Waveform 5
Trigger TP5 TP4 U46 Pin 3 U45 Pin € U48 Pin 8
Qualifier

Trgger TP28 TP29 US1 Pin 3 U48 Pin 8 Us2 Pin &
ADC TP12 U28 Pin & U39 Pin 1 U329 Pin 9 U16 Pin &
Sampler TP3 TP2 u27 Pin 8 U28 Pin 9 uU27 Pin 6
Timebase U35 Pin 6 TP14 U35 Pin 13 U35 Pin 9 U41 Pin &
IO U25Pin 6 U2 Pin 13 TP7 U16 Pin 9 U9 Pin 8
Dispiay TP1 None U26 Pin 8 None TP14
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6D-5. LOGIC FAMILIES USED

Three different logic families are used in the HP 54100A/D. These include TTL, ECL, and ECL 2.
Table 6D-2 indicates where each logic family is used.

TTL ranges from OV to 5V (approximately) and is used on much of the digital circuitry and the
slower speed data acquisihon circuitry; such as status registers, RAM addressing, etc.

ECL ranges from -.9 V to -1.,7 V and is used more often in the data acquisition circuitry where

speed is of great importance.

ECL 2 ranges from 0 V to -.8 V and is used on the outputs of many custom |C's.

Because the ECL high and the ECL 2 low share about the same voltage level, a chance exists that
a misinterpretation of a logic level could occur, Exira care should be taken when dealing with
these levels. Typically offsets are -1.3 V for ECL and -.4 V for ECL 2.

Table 6D-2. Logic families used in the HP 54100A/D

Board

CPU
Display
Fle}
Timebase
Sampler
ADC
Trigger

Trig. Qual.

6D-4

Logic Families Used

TTL

TTL

TTL

TTL, ECL

TTL, ECL, ECL 2
TTL, ECL

TTL, ECL, ECL 2
TTL, ECL, ECL 2
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Figure 6D-1. Waveform Numbers 1 and 2.
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Figure 6D-2, Waveform Numbers 1 and 3.
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Waveform 1

Waveform 5
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Figure 6D-4. Waveform Numbers 1 and 5.
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6D-6. BOARD EXTENDER OPERATION

The board extender, HP 54100-69501, will operate { i.e. will not cause seif-test loops to fail) with all
of the main card cage boards, with the following exceptions and modifications,

i. The Timebase board will not operate on the extender, i.e. the self-tests wil fail. However, it is
pessible to do some probing on components which function properly without the self-tests
passing. To probe components which do require the self-tests to pass, place the Timebase
board in the A10 slot. For an HP 541004, this slot is vacanl. For an HP 54100D, this slot
contains the Trigger Qualifier board. If the instrument is an HP 541000, it can be converted
to an "A model.” This is accomplished by removing the Trigger Qualifier board, and recabling
the instrument as shown in figure 6D-5. The Timebase board can now be installed in the A10
slot. Remove the side panel to probe the board.

2. The |/O board is smaller in size then the other boards because it fits into a narrower
mainframe opening. The extender will not fit in the 1/O board slot. To service lhe I/Q board
requires placing it in slot A10. For an HP 54100A the A10 siot is vacant. For an HP 541000,
this slot contains the Trigger Qualifier board. If the instrument is an HP 54100D, it can be
configured to an A model. This is accomplished by removing the Trigger Qualifier board from
the instrument and recabling the instrument as shown in figure 6D-5. In this configuration
loops 0 and 3 will fail, but these failures will not affect the operation of the other loops.

Once the I/C board is installed in the A10 slot, re-route the keyboard cable so it will piug into
the IJO board’s new location. If HP-IB use Is required, remove the HP-IB port from the rear
panel. To accomptish this, remove the two black screws which hold the HP-IB port to the
rear panel. Then connect the HP-IB cable to the 1O board's new location.

3. To troubleshoot the HP 54100A/D Display board requires a longer ribbon cable (HP part
number 54100-69008) to connect the Display board to the Display Driver board.

4.  Troubleshooting the Trigger board in an HP 54100A Is straight forward. Remove the right
side cover and use a monitor oscilloscope (o probe the board. For an HP 54100D, configure
the instrument as an "A model". First, remove the Trigger Qualifier board. Second, recable
the mstrument as shown in figure 6D-5. Third, remove the nght side cover. A manitor
oscilloscope can now be used to probe the board.

5. To troubleshoot the Trigger Gualifier board in an HP 54100D, remove the side panel and
probe the board without the extender. The Trigger Qualifier will not operate on the board
extender.

NOTE

When troubleshooting with the Extender board, do not leave the hoard
on the extender ionger than necessary. Using the Extender board for
prolonged perieds of time may over heat the board under test. This
may shorten the life expectancy of other components on the board. A
fan may be used to help cool the board when it is on the extender.
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54100A
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Figure 6D-5. HP 54100A Board and Cabie Location Diagram.
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@ [0]C
AG ADC BD.(CH1Y
—
1 A7 SAMPLING BD. [CHZ)

@'\

J_‘t_—

A9 MAIN TRIGGER BD. Em?

NOTE CABLEZ 12 13 AND 14 ARE APPROA 4 5 INCHES ¢34 0 mm | LONG
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Figure 6D-6. HP 54100D Board and Cable Location Diagram.
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6D-7. 2-KEY POWER-UP (HARD RESET)

Whenever a "Power-up sell-test Failed" or "Loop # = x" indication occurs more than once {true
failure), a 2-key Power-Up {Hard Reset) routine may clear the problem. There may be occasions
when memory will have erroneous data written to it during power-up cycles that cause a false
tailure. Performing the 2-key Power-up will ensure that memory is completely cleared so that the
self-tests can repeated without false failure indications.

NOTE

The calibration factors are also erased from memory when a 2-key
pPower-Up s performed. Make sure the failure indication has
occurred twice before using this procedure to avoid needlessly
erasing the calibration factors. Once a 2-key Power-Up routine is
performed, the calibration factors will need to be resst in memory. To
restore the calibration factors, perform the procedure in Section 6C-5.

Procedure:

1. Turn instrurment off.

2. While hoiding the top and bottom function keys to the nght of the CRT, turn on the
instrument and hold the two function keys for the duration of the power-up cycle
{approxamately 30 seconds maximum), or until the CRT displays either a pass or fail
advisory.

3. Repeat the self-test where the failure indication occurred.

4. If the seli-test still fails, continue with the troubleshooting procedure.

6D-8. 1/0 BOARD MASTER RESET

The /O board contains a master reset button labeled SW1 on the /O beard schematic. Thig
master reset allows the HP 54100A/D lo be powered off, and then powered on by service
personnel. The reset performs the normal power-up cycle that the instrument goes through when
the line switch 1s cycled off and on. However, the only difference is that it does this power-up with
ali power supplies fully charged. If a power supply start-up problem is suspected, this master reset
can be used o help determine these types of faults.
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6D-9. KEYBOARD TROUBLESHOOTING.

Interface test 11 is used to verify that all front panel keys and RPQ are woarking. When Interface
test 11 is entered, a keyboard mockup will be displayed on the CRT. The mockup consists of a
box corresponding to each key on the front panel. Each box will light when the corresponding key
1s pressed. mockup consists of a set of radial lines representing a circle in the lower right corner
of the CRT. When the RPG is rotated, an "C" cursor will rotate around the circle.

To initiate the test:

1. Select Utility menu.

2. Press Interface Tests key.

3. Enter 17 with the entry devices.

4. Press Start Test.

5. Press each front panel key and venfy that each corresponding box lights.

NOTE

The third softkey from the top right side of the CRT is normally
assigned as the stop test key, when tests are running. When this test
18 first entered, the third softkey 1§ not assigned any special functions.
The first press of this key will light the corresponding box on the CRT,
and at the same time the designation of stop test will now be assigned
to the key.

6. Ratate the RPG and venfy the "O" cursor rotates around the circle.

7. To exit this test, press the Stop Test key.

Diagnostics:
If only one key does not work, the suspect failure would be that particuiar keyboard.

if anly one row or column of keys does not work, or if no keys work, then follow the procedure on
the next page. This procedure verifies the signals coming into the keyboard from the cable
cannecting the /O board to the keyboard.

if the procedure does not result in any failures, then repeat the procedure by checking the signals
at the 1/O board connector. This checks the continuity of the cable.

If this test and all of the self-tests pass, then the keybvard should be suspected as faulty.
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Procedure:

Probe the following points for the following signals.

Table 6D-3. keyboard Cable W1 Signais.

Pin No. Signal

Pins 1-4 +5V

Pins 5-12 Keyboard scan lines
Pins 13-14 NC

Pin 15 RPG OV

Pin 16 NC

Pin 17 RPG 1.4 v

Pin 18 RPG B8V

Pin 19 LedSV

Rin 20 Led OV

Pins 21.22 NC

Pins 23-30 No signal except when a key is pressed.
Pins 31-32 RPG OV

Pins 33-34 NC

Figure 6D-7. keyboard Cable W1 Pin Locations.
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6D-10. PROBE POD TROUBLESHOOTING

The best method for troubleshooting probe pod failures is swapping the pods from one channel to
another., The first step is to determine if the instrument passes self-tests. This can be done with
all the pods removed. Ongce the instrument passes self-tests, the next step is to determine if one
of the probe pods is functioning properly when an external stimutus is applied. A known good
probe ped in the suspected bad channel will help isolate the problem to the ped or the analog
portion of the instrument for that channel.

NOTE

When attempting to check channel 3 or channel 4 prebe pods, install
them in channel T or 2 0 that the stimulus signal can be more easily
observed if the pods are working.

If a probe pod proves to be faulty, it should be replaced with an exchange assembily or a new pod,
depending on the probe model. Refer to Section 5, Replaceabile Parts, of this manual,

Cccassionally a faliure caused by the probe pod connecting cable that connects the pod to one of
the acquisition boards may ocecur. The above troubleshooting procedure would indicate that the
suspected problem would be one of the acquisition boards. Before swapping out the suspect
board, a check of the cable should be performed. This can be done in two ways,

1.  Swap the suspected cable with a known good input channel. See the disassembly
procedure, Section 6A, for details.

2. Check the continuity of each cable’s ports ingcluding all six digital cables, the coax
ground, and coax center conductor. See Seclion 7, Accessory Service, for each wire's
purpose.

When a probe pod connector cable is open or intermittent, the self-tests will pass. If signal ts

applied to the oscilloscope, no signal will be displayed. In this case, the probe pod connecting
cable can be highly suspected as the failure.

6D-11, POWER SUPPLY TESTS AND TROUBLESHOOTING PROCEDURE

The power supply consists of three PC board assemblies. When defective, ane, two, or all three
must be replaced with an exchange assembly. The following procedure will help isalate which
board or boards has failed. .
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NOTES FOR FLOWCHART 1

2)

3

Dow>

w

FRONT PANEL POWER SWITCH SHOULD BE OFF
REAR PANEL LINE SWITCH SHOULD BE OFF "¢°
CONNECT AC POWER SOURCE

TURN REAR PANEL LINE SWITCH TO ON "1*

TURN REAR PANEL LINE SWITCH TO OFF "0°
ALWAYS UNPLUG AC POWER SOURCE

CAUTIONY! walT UNTIL 4300 V LIGHT 1S COMPLETELY OFF
{ABOUT 3 MINUTES) BEFORE PROCEEDING; SHOCK HAZARD
EXISTS AND YOU CAN CAUSE DAMAGE TO THE
INSTRUMENTIH

TURN FRONT PANEL SWITCH TO OFF

. TURN REAR PANEL LINE SWITCH TO OFF "0”

ALWAYS UNPLUG AC POWER SOURCE
CAUTIONIN wAIT UNTIL 4300 V LIGHT |S COMPLETELY OFF
{ABOUT 3 MINUTES) BEFORE PROCEEDING; SHOCK HAZARGD

12 ) THIS MAY BE OCCURING BECAUSE ONE OF

THE SUPPLIES 18 DRAWING SLIGHTLY TOO
MUCH CURRENT. IT MAY NOT BE ABLE TO
LOAD DOWN THE A11 BOARD ALL BY [TSELF
PERFORM SHUTDOWN SEQUENCE #2. THEN
MEASURE THE FOLLOWING IMPEDANCES.

Jt TOP PiN TO MIDDLE PIN - 830 K

Jt MIDDLE PIN TO BOTTOM PIN - 44 KQ
J1 TOP PIN TO BOTTOM PIN - 790 KQ
J2 TOP PIN TO MIDDLE FIN - 820 K

J2 MIDDLE PIN TO BOTTOM PIN . 45 KQ
J2 TOP PIN TO BOTTOM PIN - 780 K

PONER SUPPLY
EXISTS AND YOU CAN CAUSE DAMAGE TO THE PROBLEMS
INSTRUMENTI!

e

A11 18 PRIMARY SUPPLY
A12 15 ANALOG SUPPLY
A13 15 DIGITAL SUPPLY

SHUT DOWN SEQUENCE
(SEE NOTE 2)
REMOVE SUPPLY COVER
DISCONNECT 41,42
TURN REAR PANEL LINE

-mn
Y TRIPS
SEE NOTE 12 BREAKER
N
L
GHUT DOWN SEQUENCE SHUT DOWN SEQUENCE
- {SEE NOTE 2) (SEE NOTE 2)
REPLACE A11 CONNECT A13 PLUG (J1)
TURN REAR PANEL LINE
upp
SHUT DOWN SEQUENCE ¥
a—] (GEE NOTE 2) a;gizgn
REPLACE Al3d

BHUT DOWN SEQUENCE
(SEE MQTE 23 ol
REPLACE At2

41007008

Figure 60-8. Power Supply Troubleshooting Flowchart #1,
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L |

INITIALIZE INSTRUMENT
(SEE NOTE 1)

VERIFY
30@ vV LIGHT
18 ON.

N SHUT DOWN SEGRIENCE
(SEE NOTE 2)
REPLAGE A11

GO TO DIAGRAM 2

+WARNING *
EXTREME CAUTION MUST
BE TAKEN WHEN REMOVING
POWER SUPPLY COVER.
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NOTES FOR FLOWCHART 2 11) FOR POWER SUPPLY TEST POINTS AND
. SPECIFICATIONS SEE TABLE BELOW.
3] A. TURN FRONT PAMEL SWITCH TQ OFF
B. TURN REAR PANEL LINE SWITCH TO OFF "0°
€. ALWAYS UNPLUG AC POWER SOURCE DIGITAL SUPPLY TST PTS| VOLTAGE
0. CAUTIONII!  waAIT UNTIL +300 V LIGHT IS {+) LEAD  (-) LEAD
COMPLETELY OFF (ABOUT 3 MINUTES) BEFORE
PROCEEDING; SHOCK HAZARD EXISTS AND YOU +5 V GND +5.10 0.1 V
CAN CAUSE DAMAGE TO THE INSTRUMENTI! -5V GND -5.30 0.1 V
+148 GND >+5V

10) CONMNECT THE VOLTMETER (+) LEAD TO THE "FAN"
TEST PCINT AND THE () LEAD TO SECONDARY ANALOG SUPPLY TST PTS VOLTAGE

GROUND THE AEADING SHOULD BE 75 ¥V THIS {+} LEAD (-) LEAD
VOLTAGE WILL [NCREASE WITH INCREASING
INSTRUMENT AMBIENT TEMPERATURE, +18 V GND +18.5 +0.3 V
48 V GND +8.9 1 V¥
— -8V GND ~8.5 1 V
e | [ -18 v GND -18.5 0,3 V
FROM A13 IS5 DIGITAL SUPPLY FAN GND -7.5 0,3 V
DIAGRAM 1 +26B GND >+5

A12,13, CUTPUTS
IN SPEC (SEE

NOTE 11}
. MEASURE FAN OUTPUT Go To
oM A12 DIAGRAM 3
{SEE NOTE 12)
ou;;m ¥ _ PROBLEM IS FAN
sy OR CONNECTION
N
DISCONNECT FAN
AT
MOTHER BOARD
¥
Y MEASURE FAN LESS THAN
INPUT IMPEDANCE 58000
N N
SHUT DOWN SEQUENCE
(SEE NOTE 37
REPLACE A2
S4100/700T
. Figure 60D-9. Power Supply Troubleshooting Flowchart #2.
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MEASURE +148 ON THE
A13 BOARD (SEE NOTE 41

FROM DIAGRAM 2

5EE
NOTE &

SHUT DOWN SEQUENCE
(SEE NOTE 32

SUPPLY I8 IN CURRENT MODE

(SEE NJTE &)

ARE OUTPUTS LOW
(SEE NOTE 3)

SHUT DOWN SEQUENCE
(SEE NOTE 3)
*WARNING*
REMOVE SUPPLY COVER
APPLY LINE & FRONT POMER
MEASURE +14.8 V ON A13
(SEE NOTE 8)

N

SHUT DOWN SEQUENCE
(SEE NOTE 3}
DISCONNECT A13 PLUG
TURN ON LINE & POWER

*WARNING*
MEABURE VCNTL ON A1
(SEE NOTE 9)

1

SHUT DOMN SEQUENCE

RESTART AT
BEGINNING
DIAGRAM 1

{SEE NOTE 7)

WEASURE +268 ON THE
AZ BOARD (SEE NOTE )

ARE QUTPUTS LOW

SHUT DOWK SEQUENCE
(SEE NOTE 3)

*WARNING =
REMOVE SUPPLY COVER
APPLY LINE & FRONT POWER
MEASURE +14.6 V ON A12
(SEE NOTE &)

EHJT DOWN SEQUENCE
(SEE NOTE 3)
DISCONNECT A12 PLLG
TURN ON LINE & POWER

*+WARNING »
MEASURE VCNTL ON A1l
(SEE MOTE 8}

(SEE NOTE 3)
REPLACE A13

SHUT DOWM SEQUENCE

SHUT DOWN SEQUENCE
{SEE NOTE 3)
REPLACE A12

(SEE NOTE 3)
REPLACE A11

 J
|

SHUT DOWN SEQUENCE
{BEE NOTE 3)
REPLACE A1t

B4100/FC0R

Figure 6D-10. Power Supply Troutieshooting Flowchart #3.
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NOTES FOR FLOWCHART 3

3) A TURN FRONT PANEL SWITCH TO OFF

4

5

7

3

B. TURN REAR PAMEL LINE SWITCH TO OFF "0"

C ALWAYS UNPLUG AC POWER SOURGE

p. CAUTIONII  waiT UNTIL +300V LIGHT IS
COMPLETELY OFF (ABOUT 3 MINUTES) BEFORE
PROCEEDING; SHOCK HAZARD EXISTS AND YOU
CAN CAUSE DAMAGE TO THE INSTRUMENTI!

THE NOMINAL QUTPUT FOR +14B IS 21V HOWEVER,
WHEN THE SUPPLY 1S OPERATING IN THE CURRENT
LIMIT MODE, iT CAN BE AS LOW AS +5V THE
NOMINAL OQUTPUT FOR +26B IS 26V, |T TGO CAN BE
AS LOW AS +5V WHEN IN CURRENT LIMIT.

MEASURE QUTPUTS +5¥ AND 5V ON THE DIGITAL
POWER SUPPLY IF BOTH OUTPUTS ARE LOW, IE
HALF OF NORMAL OUTPUT OR LESS, THEN
DIRECTION TO TAKE IS YES IF OUTPUTS ARE
GREATER THAN HALF, THE ANSWER IS NO

MEASURE CUTPUTS 118V AND 18Y ON THE ANALCG
SUPPLY. IF BOTH QUTPUTS ARE LOW, | E. HALF OF
NORMAL OUTPUT OR LESS, THEN DIRECTION TO
TAKE IS YES. IF OUTPUTS ARE GREATER THAN
HALF, THE ANSWER IS NQ

HP 54 100A/D - Troubleshoating

8) THE TEST PQINTS TO MEASURE +14 6V ARE AT THE

9

—

BACK OF THE BOARD CLOSE TO THE TOP
CONNECT THE VOLTMETER COMMON LEAD TOQ THE
COM TEST POINT ON THE B8oaRD. CAUTIONLI
USE CAUTION WHEN MEASURING THIS VOLTAGE. IT
1S NOT ISOLATED FROM THE LINE (MAINS} INPUT
AND THE PRIMARY SUPPLY I5 EXPOSED WHEN THE
POWER SUPPLY COVER 1S REMOVED.

BY REMOVING THE CONNECTORS AT J2 AND J3 YOU
ARE CHECKING IF EITHER THE ANALCG OR DIGITAL
SUPPLY 18 LOADING VCNTL.

EXTREME CAUTION MUST BE TAKEN WHEN
MEASURING VCNTL ON THE PRIMARY SUPPLY THE
TOP PIN ON CONNECTORS J2 AND J3 S VBULK
WHICH 18 +300V  THE PINS BELCW ARE VCNTL,
THEN GROUND.

TO MEASURE VCNTL, TURN THE PCWER OFF AND
MAKE SURE THE +300V LAMP {NEAR TOP QF BOARD)
1S OFF. CONNECT THE VOLTMETER (+} LEAD TC
VCNTL {SECOND PIN FROM TOP) AND THE (-) LEAD
TC GROUND (BOTTOM PINL. APPLY POWER AND
OBSERVE THE METER READING. WITH ONE SUPPLY
CONNECTED THE READING SHOULD BE ABQUT +25V
AND WITH NEITHER CONNECTED ABOUT +42¥ TURN
OFF POWER (+300V LAMP IS OFF) BEFORE REMOVING
THE VOLTMETER LEADS.

WHEN THE SUPPLIE(S) ARE RUNMING
IN THE CURRENT MODE THIS MEANS +5V| -5V |+18Vi+8V|-8V|-18V|+120V
THAT AM EXTERNAL LOAD 1S PULLING
DOWN THE SUPPLY OUTPUTIS) AN TIMEBASE * x * * *
EXTERNAL LOAD CouLD BE A BOARD |{MICROPROCESSOR| *
IN THE CARD CAGE OR THE DISPLAY | INPUT/OUTPUT +| * | * | * LA I
ASSEMBLY  THE ONLY WAY TO
ISOLATE THE DISPLAY ASSEMBLY IS CH1 ADC CONT * * * * * *
TO COMPLETELY REMOVE IT FROM CH1 ADC * * *
THE MAINFRAME. THE FAN CaN ALsC |CH2 ADC CONT * * * * * *
PUT THE ANALOG BOARD INTO THE CHZ ADC * * *
CURAENT  MODE. YOU CAN
DISCONNECT THE FAN BY REMOVING | TRIGGER * * * * * *
THE BOTTOM COVER AND | TRIGGER QUAL * * * *
DISCONNECTING THE FAN CABLE COLOR DISPLAY *

COLOR CRT MOD. *

TC ISOLATE A CURRENT PROBLEM,
REMOVE ONE LOAD AT A TIME UNTIL
THE PROBLEM IS FOUND PROBLEMS

FOMLY THE +5V IS USED FOR POWER. THE OTHER SUPPLIES CONNECT FOR POWER TEST ONLY
AND ARE HIGH IMPEDANCE POINTS  LIKELIHOOD OF LOADING THESE SUPPLIES IS LOW,

COULD INCLUDE BENT PINS ON THE MOTHER BOARD OR A BAD
COMPONENT ON A PC ASSEMBELY SEE THE ADJACENT TABLE FOR

POWER DISTRIBUTION TO THE VARIOUS ASSEMBLIES
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6D-12. HOW ADJUSTMENTS CAUSE LOOP TESTS TO PASS OR FAIL

Table 6D-4 contains a simplified diagram of how the adjustments can cause the locps to pass or
fail. These resuits are true when only one or two adjustments are slightly out of specification.

Before deciding that a self-test is failing because of 2 hardware problem, use this table to slightly
vary the adjustments which could be causing the self-test failure.

However, using just this table is not sufficient. The reason is many of the adjustments interact with
each other. The following rules should be foliowed when any one of the adjustments in each of
the following adjustment groups is made.

1.

6D-20

Sampler adjustment group: when performing any of the adjustments listed below, all
adjustments in the list beiow the adjustment that was varied should also be made.

INULL

ONULL

SBIAS

SEFF

10 ms

imsec A-B

OFCAL

GAIN

SAMPLER TRIGGER

Two notes: a) 1 us A-B afects gain the most.
b) 10 ms affects OFCAL the most.

ADC adjustment group: The dc offset and HF gain adjustments should be readjusted
anytime one of the sampler adjustments is moved (with the exception of when just the
sampler trigger adjustments are made). In addition, only the affected Sampler/ADC pair
need be adjusted.

Trigger board adjustment group: The three Channel 3 tngger adjustments and the fine
interpolator are completely independent of any other adjustments. The fine interpolator
adjustment should oniy be made if "hcles” appear in the waveform, spaced at 25 ns
intervals.

Trigger Qualifier adjustment group: The three Channel 4 trigger adjustments are tolally
independent of any other adjustments. The other four Trigger Qualifier adjustments are
also independent of other adjustments. Whenever one of the four Trigger Qualifier
adjustments is made, the other three shouid be repeated.
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Table 6D-4. Which Adjustments Affect Which Loops.

Loops 1-20
Loops 21
Loop 22
Loop 23
Loops 24-26
Loops 27,28
Loop 29
Loops 30-33
Loop 34
Loop 35
Loops 36,37
Loop 38
Loop 39
Loops 40,41
Loop 42
Loop 43

Loops 44-46

Loops 47-54

Loops 55-57

Loops 58-60

Loop 63

Not affecled by any adjustments.

Channel trigger hysteresis and main trigger hysteresis.

Not aftected by any adjustments.

Channel trigger hysteresis and main trigger hysteresis.

Not affected by any adjustments.

Channel trigger hysteresis and main trigger hysteresis.

Not affected by any adjustments.

Channel trigger hysteresis and main trigger hysteresis.

Not affected by any adjustments.

Channel 1 input nult, cutput null, sampler bias.

Channel 1 input null, gutput null, sampler bias, offset cal, gain.

Not affected by any adjustments.

Channel 2 input null, output null, sampler bias..

Channel 2 input null, output nuil, sampler bias, offset cal, gain.

Not affected by any adjustments.
Trigger quaiifier hysteresis.

Trgger  qualifier,

adjustments.

trigger, and channel hysteresis

Trigger gualifier and main trigger hysteresis adjustments.

Trigger  qualifier,

adjustments.

Not affected by any adjustments.

Not affected by any adjustments.

trigger, and channel hysteresis

6D-21
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6D-13. WHAT ADJUSTMENTS TO MAKE AFTER BOARDS ARE REPLACED

After replacement of a board, some adjustments may have to be made, because most adjustments
are dependent on each other. However, make sure to follow the rules on how to make these
adjustments (see Section 6D-12).

Sampier board: all sampler board adjustments should be performed.

ADC board; de offset and all sampler board adjustments should be performed.

Trigger board: all trigger board adjustments should be performed.

Trigger Qualifier board: all trigger qualifier board adjustments shouid be performed.

CRT and/or Yoke: all yoke and display driver adjustments should be performed.

Digital Power Supply: The digital power supply adjustment should be performed.

6D-14. HOW ADJUSTMENTS AFFECT PERFORMANCE VERIFICATION

Whenever an adjustment is made by itself or made when a board is replaced, the pertormance of
the unit may be affected. Listed below are the various adjustments and which specifications may

have changed.

ADC board
DC Offset
High Freg. Gain

Sampler board
input null
Cutput null
Sampler Bias
10 ms flatness
1 us flatness - A
1 us flatness - B
Sampling efficiency
Qftset Cal
Gain
Trigger Hysteresis
Trigger Qffset
Trigger Level

Trigger board
Trigger Hysteresis
Trigger Cffset
Trigger Level
Fine Interpolator

Trigger Qualifier
Trigger Hysteresis
Trigger Offset
Trigger Level

6D-22

Specifications

Vertical Accuracy
Vertical Accuracy

Vertical Accuracy, Risetime

vertical Accuracy, Trigger Sensitivity

vert, Accuracy, Bandwidth, Timebase Accy, Trigger Sense, Risetime.
Vert. Accuracy, Risetime, Timebase Accy, Trigger Sense.
Vertical Accuracy, Risetime

Vertical Accuracy, Risetime

Vert. Accuracy, Bandwidth, Risetime, Timebase Accuracy
Vertical Accuracy, Risetime

Bandwidth

Trigger Sensitivity

Risetime, Trigger Sensitivity

Timebase Accuracy, Trigger Sengitivity

Trigger Sensitivity
Risetime, Trigger Sensitvity
Timebase Accuracy, Trigger Sensitivity

Trigger Sensitivity
Risetime, Trigger Sensitivity
Timebase Accuracy, Trigger Sensitivity
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6D-15. HOW ADJUSTMENTS AFFECT THE DISPLAYED WAVEFORM

The following fist is a short qualitative description of how the adjustments affect the displayed
waveform. This Information can be used to quickly evaluate if an adjustment is misaligned. Ta
see the same results, connect the rear panel cal signal to channel 1. Set the display mode to eight
averages.

Digital P/S
Yoke
Disptay Driver

Gain
HFGAIN

ADC Offset
OFCAL

Trigger Hysteresis
Trigger Offset
(all boards)

Trigger Level
(all boards)

Fine Interpolator

SBIAS

SEFF

Input Null
Qutput Null

10 msec, 1msec A-B

Trig Qual
Adjustments

These adjustments do not affect the displayed waveform, but the
entire display's height, width, and centering.

These adjustments affect the gain of the displayed waveform.

These adjustments affect the offset of the displayad waveform. When
the input signal is removed and the offset is set to zero, the waveform
should cross very close to center screen (£1 minor division)

These cause non-triggering, if they are just siightly out of adjustment.
The non-triggering will only occur on the ¢channel with the adjustment
problem. The hysteresis should be set to one major division.

Has no effect on the displayed waveform when misaligned by itself.
However, when coupled with the other trigger adjustments, this can
cause non-triggering on that trigger channel.

The adjustment will place "holes” in the waveform at about 25 nsec
intervals. The size of the holes depends on how far off the
adjustment is {typically <1 ns).

This adjusts the first 25 nsec step of the waveform’s top. When this
adjustment is slightly wrong one way, the step in the first 25 will be
too high. When the adjustment is set slightly too far the other way,
non-tniggering can occur. This adjustment and SEFF affect each
ather and shouid always be periormed together.

When this adjustment is out, the 25 nsec step will be either too high
or too low. In addtion when this adjustment is out, the frequency
response curve of the unit falls much faster and begins to oscillate.
Also affected is the ac voltage measurement accuracy.

These adjustments affect the input and output impedance of the
pre-amp on the sampling board. They can cause offset and gain
problems with the displayed waveform if not adjusted properly.

These affect the offset levei of the cai signal. This is because the cal
signal is 500 KHz and a 1 KHz signai shouid be used ta see their
effect on the waveform’s flatness. These adjustments affect the first
X number of seconds that the waveform is flat, where X is the
number of seconds indicated by the adjustment’s name.

These have no affect on the cal signal when triggered in the edge
made,

6D-23
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6D-16. QUICK REFERENCE TO LOOP FAILURE PATTERNS

Table 60-5. Loop Test Failures When One of The Data Acquisition Boards is Removed fFrom an HP
54100A/D (no pads, or coax cables connected)

60D-24

These Loops Fail
20,23,30,31,32,33

{All Qual Loops)
18,35,36,37,39,40,41

38

16,21,23,27,28,30,31
36,37,38
16,21,23,27,28,30,31,36,37

17

When this board
is remaved

QuUAL

TRIG
ADC2
SAMP2
ADC1
SAMPA

TIME



l.oops Fail
15,16,21,23,27,28,34,38
16,21,23,27,28,30,31,34,38
16,21,23,27,28,30,31,38
19,35,36,37,39,40,41

17

24,27,28,35

NONE, 35,36,37,
{All are very intermittent)

16,21,23,27,28,30,31,38
38

16,21,23,27,28,30,31
36,37.38
16,21,23,27,28,30,31,36,37
34,38

15,16,21,23,27,28

HP 54100A/D - Troubleshooting

Table 6D-6. Loop Test Failures in an HP 54100A/D When Boards are Removed from the SIB

Remove

SAMP1, ADC1, SAMP2, ADC2

ADC1, SAMPZ, ADC2

ADC2Z2, SAMP2

TRIG

TIME

TIMEBASE'S THREE MASTER CLOCK COAX CABLE

TRIG MASCLK-COAX FROM TIME

ADC1, SAMP1
ADC2

SAMP2

ADCH

SAMP1

ADC1, ADC2

SAMP1, SAMP2
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Table 60-7. Loop Test Faillures When Only One Data Acquisition Board is Inserted in an HP 54100A /D

on the 8B (no pods inserfed).

These Loops Fail
15,16,17,19,34,38
15,16,17,23

16,16,17,19,20,38
16,17,19,20,34,38
15,16,17,19,20,38
16,17,19,20,34,38

15,16,19,20,34,38

Only Board installed
QUAL

TRIG

ADC2

SAMP2

ADCH1

SAMP1

TIME

6D-8. Loop Failures When Coax Cables are Missing, Mis-wired, or Intermittent in an HP 54100A

Loop Failure

20,21,23,27,28,30,31,32,33
20,21,23,27,28,30,31,32,33
20,21,23,27,28,30,31,32,33

35,36,37, none
{these Ioops fail very intermittently)

none

20,24,27,28

36,37

40,41

Cable

When TCLK1 Disconnected:
When TCLKZ Disconnected:
When TCLK3 Disconnected:

When MCLK1 Disconnected:

When MCLK2 Disconnected:

When MCLK3 Disconnected:

When IF QUT1 Disconnected:

When IF OUT2 Disconnected:

20,21,23,24,27,28,30,31,32,33,36,37,40,41 when all Cables Disconnected:

46-54

OPTHLDF Cable Disconnected:

6D-17. OVERALL TROUBLESHOOTING TREES.

Basic troublshooting trees are contained in figures €D-11 through 6D-13. The irees are not
designed to isolate intermittent failures. If the tree indicates the problem is with the loops, the

flowchart will not help resolve the praoblem.
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START

POWER ON UNIT

15 DISPLAY UP
& COMPLETELY
CORRECT?

KEYBOARD
FUNCTIONAL

PERFORM 2 KEY
DOWNN POWER-UP
SEE SECTION 6D-7
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KEYBOARD
FUNCTIONAL
1)

KEYBOARD
TROUBLESHOOTING
SEE SECTION BD—8

RE-IMSERT
CAL FACTORS
8EE SECTION BC-5

POWER =DM
SELF TESTS
PASS
?

PERFORM
INTERFACE TEET wi2

1% RULE
SEE NOTE ON PAGE 8D-1

END

S ETONS

Figure 6D-11. Troubleshooting Tree Number 1.
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MANUAL
TROUBLESHOOT ING

RUN LOOPS F

1

REPLACE
BOARD

541004 PATH

54136y >

541000 ONLY
REMOVE

Y

QUALIFIER BOARD
RECABLE AS HP 541084

54188A PATH

541004
RUN LDOPS
AGAIN

Y %)

1

ANALYZE POSSIBLE
FATLURES

1

MAKE ADJUSTMENTS
AGCORDING TC ADJ.
V5 SELF TESTS
GEE TaBLE BD—%

541000
PATH
RE-INSERT "
QUALIFIER
PERFORM
ADJUSTMENTS

J

RUN LOOPS
?

Py
REPAIRED SECTIONM

ANALYZE POSSIBLE

CAUSES OF FAILURE -

MAYBE RE-ADJUST

RUN LOOPS

]

r

ANALYZE POSSIBLE
CAUSES OF FAILURE

TROUBLESHOOT LOOPS
SEF SECTION 6D—28

8D-28

ADJUST VS
80aRD REPLACED
SET SECTION BD-13

!

REPLAGE BOARDS

—
-l

RUN LOOPS
T

MAKE ADJUSTMENTS

Figure 6D-12. Troubieshooting Tree Number 2.
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SUSPECT CRT, YOKE,
OR DISPLAY DRIVER
BOARD

\

UP. FIX PROBLEMS?

DISPLAY UP?

POWER SUPPLY LIP?
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TROUBLESHOOT THE
POWER SUPPLY
SEE SECTION 6D-11

DISPLAY DATA
CORRECT®?

TROUBLESHIOT
THE UNIT WITH
"NO DISPLAY*

TROUBLESHOOT THE
ANALOG SECTION OF
DISPLAY SYSTEM

SUSPECT DISPLAY
1/0 OR
CPU BOARD

!

!

REPLACE FAULTY
WODULE

1

PERFORM ADJUSTMENTS
TO RETURK THE DISPLAY
PATTERN TO SPEC.

EXECUTE SELF TESTS

IF DATA TS RELIABLE.

OTHERWISE, CONSIDER

THE DISPLAY AS NOT

WORKING AND GO BACK
10 *g¢

SEE LOOP TEST
TROUBLESHOOT SECTION
SEE SECTION &D-20

!

ADJUST
Vs
BOARD REPLACED
SEE SECTION 8013

TABLE 60-3

SUPPLY POINTS
OUTPUT FROM DISPLAY

BOARD. SEE

CHECK

TABLE ED-t€

BAD
REPLACE DISPLAY

BOARD

POWER SUPPLY BAD
OQUTPUT FROM DISPLAY REPLACE DISPLAY
DRIVER. SEE DRIVER BOARD

J

REPLACE
CRT / YOKE

- GHECK ADJUSTMENTS

541007504

Figure 6D-13. Troubleshooting Tree Number 3.
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6D-18. TROUBLESHOOTING WITH NO DISPLAY

Troubleshooting the system when the display is not operating requires that the power supplies are
functioning properly. Four other signals are also required. These are:

HVYSYNC  High Vertical SYNC
HHSYNC High Horizontal SYNC
HFB High Full-bright

HHB High Half-bright

Table 6D-9 shows the pin locations on the display cable for the above signals. The display cable
carries the signals from the Display board to the Display Driver board. The display cable signals
should be checked first to help determine if the proper signals are present so the display can

operate.

Table 6D-10 defines the wires used to connecl the Display Driver board to the CRT and to the
Yoke. Tabte 6D-10 also shows the proper voltage levels which should be on these wires.

i HVSYNC or HHSYNC are missing, the microprocessor can be placed in a sell-test routine. These
routines allow signatures to be taken on the A3 microprocessor board.

A properly strapped processor will execute the power-up self-test routine. When an error is found,

the processor will repeatedly execute the loap that is faling. By reading the signature at TP+5 and
referring to the signature tables, table 6D-11 and 12, the failing loop and board can be determined.

NOTE

Problems with the DISPLAY should be corrected prior {0
troubleshooting other system falures.

Refer to the Troubleshooting Tree Number 1 in figure 6D-11 for the sequence to follow while
troubleshooting.
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Tabie 6D-9. Display Cable W3 Pin Locations.

Red stripe

HVSYNC

HHSYNC

HFB

HHB

10| 9 +5V N3
12|11} +12 V

14|13} +15 V

16|15 4165 V

~J| || —

GND

HYSYNC - 31,25 kHz TTL (32 ps period), 5 us positive pulse
HHSYNC - 52.61 Hz TTL {19 ms period), 512 us positive pulse
+5V - +4.75 to +5.25 Vdc

+12¥ - +11.4 to +12.6 Vdc

+15¥ - +14.25 to +15.75 Vdc

HFB | HHB Video Output

Off HFB and HHB are dynamic
Half-bright video signals. Check for
Full-bright activity on these lines.

0
0
L
t Full-bright

0
1
0
i

Table 6D-10. Display Driver Board to CRT Signals

WIRE SIGNAL

Blue 0 to 400 Vdc
CRT Red 500 to 800 vdc (700 Vdc typical)
Neck Black 0 vdc .
pins Brown 12 vdc {13.2 vdc typical})
Yellow 48 to 82 vdc
Green 0 Vdc

Yellow for activity on these lines.

Blue
Yoke [ Red Dynamic video signals. Check
Green

Post Accelerator (large red wire to CRT body) is 8 kVdc
to 12 kVdc {10 kvdc typical)
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6D-19. SELF-TEST SIGNATURE ANALYSIS
1. Remove power from instrument and connect a jumper from A3TP2 to A3TPS.

2. Connect HP 5005B Signature Multimeter as follows:

START A3TP1 Low to High
§TOP A3TP1 High to Low
CLOCK A3TPE Low to High
PROBE A3TP+5 +5 Volts

3. Apply power to HP 54100A/D and HP 50058 Signature Analyzer.

4. After several seconds the HP 50058 readout should stabilize. Look up the signature in Table
§D-10 or 6D-11 to deterrmme which board is causing the failure. If the readoul does not
stabilize, either there are no failures or a more complex problem is occurmng.

NOTE
If the returned signature does nol indicate a failure in foops O through

14 or 42, then the problem shouid be further isolated using the
procedure in steps § through 8 below.

5. Remove power from HP 54100A/D.
6. Perform two key power-up. See Seclion 6D-7.
7. The microprocessor will write a known stable pattern to the display memory.

8. The HP 5005B multimeter should show the following frequencies at the following A2 test
points:
TP4 35.7 KHz
TPS 60 Hz
TP 3.6 MHz
TP7 3.6 MHz
If the above frequencies are incorrect, the Display Memory board A2 is faulty.

If the above frequencies are correct, the problem is either the CRT Driver (A18), the CRT, or the
cabling from the Display board (A2) to the CRT Drive board (A18).
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6D-20. TROUBLESHOOTING WITH DISPLAY OPERATING.

When the display is operating, the loop failures that caused the power up self-test message to be
displayed can be obtained with the foliowing procedure.

1. Press UTILITIES menu.

2. Press TEST menu.

3. Press DISPLAY ERRORS key.

4. Read the loop failures from the dispiay.
The loops have been arganized so thal loops closer to the top (loop 1) are more generalized than
loops closer to the bottom (loop 63). Loops closer to the bottom tend to test specific parts of
loops closer to the top. When a loop closer to loop 1 fails, it may cause some of the following
loops to fail. When troublshooting loops, start with the loop closest to loop 3. Fixing that loop
may result in other loops also being repaired at the same time, unless you have multiple failures. If
other loops are still failing, again restart troubleshooting with the loop closest to loop 1.

When troubleshooting loops, there are several approaches which can be taken, depending on the
type and number of failures that are displayed.

Loops O through 14, and 42 test the instrument's digital mainframe. If these loops fail, a high
probability exists that ordy the board tested by that loop is the cause. If these digital loops fail, use

Table 60-10 to determine which board shouid be replaced. In addition, Section 8E, Selt-Test Loop
Service, can be used to verify the probable cause.

Loops 15 through 41 test the data acquisition system of the unit. The data acquisition loops
usually fail in multiples. Table 6D-10 can aiso be used to give a preliminary 1dea of the board
causing the problem. Many times it will be necesary to use more sophishcated methods of
troubleshooting to tmd the problem. The following Sections contain information on
troubleshooting these loops. They are listed in order of preferred method.

1. Troubieshooling the data acquisition section.

2. Signal exchange.

3. Board swap.

4, Waveform comparison

5. Determine valid edge triggering patterns

6. Loop test troubleshooting. See Section 6E.
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Loops 43-80 test the Trigger Qualifier board. These loops are not entirely dependent on the
Trigger Qualifier board. If these loops fail, use the following procedure to verify the faulty module.

1.

First remove the Trigger Qualifier board from the HP 54100D. Recable the instrument as an
HP 54100A model. Refer to figure 6D-5. In this mode loop 20 will fall. Loop 20 indicates
that the HP 54100D software is installed and no Trigger Qualifier board was found during the
powWer-up sequence.

Cycle the instrument's power off and then on. If any loops fail, they need to be repaired first.
When all loops pass, continus with step three.

Trigger a monitor oscilloscope on the rear panel cal signal. Probe J4 pin 3 (OPHTLDF) on the
Trngger board. Check for ECL transitions synchronous with the trigger. Pins 2 and 4 are
ground pins.

with one of the 50 © cables (W11), connect JS (DIN) on the Tngger board to either J8 or J9
on the Trigger board. J8 and J9 cannect to pulldown resistors. The instrument should stop
triggering when this connection is made. If the instrument still triggers, then replace the
Trigger board.

If the unit operates as an HP 54100A model and all self-test loops pass, then reinstall the
Trigger Qualifier board and recable unit as a D model. Refer to figure 6D-6.

It loop 20 fails with the Trigger Qualifier board nstalled, it means the CPU did not recogrmize
the Trigger Qualifer board as being installed. This will cause loops 43-60 to fai. Check the
SIB for bent pins. If there are no bent pins, replace the Trigger Qualifier board.

Cycle the instrument's power off and then on. 1f any loops still fail, the problem is either a
bad cable, bad Trigger Qualifier board, or the board's trigger calibration is too far out of
tolerance. I the trigger calibration is too far out of tolerance, then TRIG4 will not be able to
generate an output at TCLK4. Refer to the Adjustments, Section 4, paragraph 4-185.
Adjustments R1-3 may need to be centered before doing the procedure. Only do adjustments
A1-3 to verify that TRIGA is producing a TCLK4. Some of the Trigger Qualifier board
problems may make it impossible to obtain a display so R1-3 can be adjusted. If the cables
are good, and repeating the adjustments on R1-3 does not sclve the problem, then replace
the Trigger Quaiifier board.
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Many of the Trigger Qualifler board loops will run even without the other data acguisition boards
on the SIB. Listed below are loops 43-60 and an indication if the loop will pass or fall with the
other data acquisition boards remaved, but with ali coax cables still connected to the boards. The
boards need not be removed from the instrument, just lifted high enough so they do not make
contact with the SIB pins.

Loop Pass or Fail Loop Pass or Fail
43 Pass 52 Pass

44 Fail 53 Pass

a5 Fall 54 Pass

46 Fail 55 Fail

47 Pass 56 Fail

48. Pass 57 Fail

49 Pass 58 Pass

50 Pass 58 Pass

51 Pass 60 Pass

If ail of the cahles are removed, then loops 43-57 will fail and loops 58-80 will pass.

if a loop fails which 13 marked above as passing, then pull the data acquisition boards off the SIB
and see if the loop now passes. If the loop passes, then one of the data acquisition boards is
causing the loop to fail. Remnstall the data acquisition boards one at a time until the loop starts to
fail again. This is probably the faulty board. Use the signal comparison Section to verify that the
Timebase board is sending the correct signals over the coax cables.
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LooP
NUMBER

WO~ ON 2O

6D-36

Table 6D-11. Signatures for Loop Failures (HP 54100A/D)

SIGNATURE PROBABLE CAUSE

NUMBER

6P1C Processor

6P1C Processor

86H2 Processor

H2H8 Processor

6F6P Processor

6PCP Display, Processor

UAHH Display, Processor

SU2F Display, Processor

7FC2 Display, Processor

HHCH 10, Processor

82CP 10, Processor

6US7 IQ, Processor

H5H8 10, Processor

5H82 10, Processor

0AU9 10, Processor, SIB, Power Supplies

5U3A Sampler 1 and Sampler 2

3ACC Sampler 1 or Sampler 2

768C Timebase

45H9 Timebase

C370 Trigger

7023 Qqualifier

08U6 Trigger, Sampler 1, Sampler 2, Trigger Qualifier

PHHH Trigger, Sampler 1, Sampler 2, Trigger Qualifier

HHIA Trigger, Sampler 1, Sampler 2, Tnigger Qualifier

9A02 Trigger, Timebase

0582 Trigger, Timebase

4FU4 Timebase

9P9H Timebase, Sampler 1, Sampler 2, Trigger, Trigger Qualifier
9HUH Timebase, Sampler 1, Sampler 2, Trigger, Trigger Qualifier
Cucy Timebase

70PA Sampler 1, Sampler 2, Trigger, Trigger Qualifier

PA20 Sampler 1, Sampler 2, Trigger, Trigger Qualifier

2096 Sampler 1, Sampler 2, Trigger, Trigger Qualifier

P&6P Sampler 1, Sampler 2, Trigger, Trigger Qualifier

Fac4 ADC1,ADC2

ABF4 ADC 1, Sampler 1, Sampler 2, Timebase, Trigger, Qualifier
F431 ADC 1, Sampler 1, Sampler 2, Timebase, Trigger, Qualifier
3102 ADC 1, Sampler 1, Sampler 2, Timebase, Trigger, Quaiifier
4F6C ADC 1, ADC 2

5C43 ADC 2, Sampler 1, Sampler 2, Timebase, Trigger, Qualifier
4337 ADC 2, Sampler 1, Sampler 2, Timebase, Trigger, Qualitier
377A ADC 2, Sampler 1, Sampler 2, Timebase, Trigger, Qualifier
HHPFC Display
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Tabie 6D-12. Signatures for Loop faflures (HP 54100D only ).

LOOP
NUMBER

43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

SIGNATURE
NUMBER

5PU7
U7AH
HA2F
1664
&PA1
A188
8893
9380
90CF
CFa2
4222
22FC
4596
FCo2
0201
QPUS
ussu
F7F5

PROBABLE CAUSE

Trigger Quaiifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Tngger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualfier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Quabfier, Trigger, Sampier 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualther, Trigger, Sampter 1
Trigger Quairfier, Trigger, Sampler 1
Trigger Qualifier, Trigger, Sampler 1
Trigger Qualfier, Trigger, Sampler 1
Trigger Qualfier, Trigger, Sampler 1

or2
or2
or2
or2
or2
or2
or2
or2
or 2
or2
ore
or2
ore
or2
or 2
or2
ar2
or2

6D-37



HP 541Q0A/D - Troubleshooling

6D-21, TROUBLESHOOTING THE HP 54100A/D's DATA ACQUISITION SECTION

Introduction

There are several technigues that can be used when troubleshooting the Data Acquisition Section
of the instrument. CRT displayed loop failures, channel isolation, and waveform comparisons may
be used singularly or in tandem to 1solate fauity boards.

Signature analysis is NOT used for lesting the Data Acquisition Section. The CRT will supply the
same information, as that obtained with signature analysis, when in the Display Errors mode. If the
CRT is not working, then that failure shouid be repaired prior to continuing.

Procedure:

1, Execute the power-up seli-test by one of the following methods:
a. Apply power to the instrument and the self-test routines are executed automatically.
b. Performing test 12 in the INTERFACE TESTS portion of the Test menu.

¢. HP.iB command TEST (TST) will trigger a power-up sell-test. If a failure occurs error
number -340 will be placed in the error queue. The error buffer may be read using the
ERROR? command. Refer to Section 10 of the HP 54100A/D OQperating and

Programmung Manual.

2. Display the loop failures by pressing the Utility key, Test menu key and then Display Errors
key.

3.  Refer to table BD-11 or 6D-12 to determine which board is most likely causing the error to
QCour.

NOTE
Each of the Data Acquisition Section test loops {15-41) is dependert
upon circuwitry on several boards. If more than one loop failure is

shown on the display, the boards should be repiaced in the order of the
failures.

It is strongly recommended that waveform comparison or
channel-to-channel signal exchange be used to further isolate problems.
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6D-22, CHANNEL 1 AND 2 BOARD SWAP

The Sampling boards (A5/A7) and the ADC boards (A6/A8) of channel 1 and channel 2 are
identical. If a problem is suspected on one of these boards, swap the suspected board to the
opposite channel and determine it the problem follows the board.

6D-23. CHANNEL 1 AND 2 SIGNAL EXCHANGE

The IFout signal from either Sampling board can be an input to the ADC of the opposite channel.
This technique 1s fast and effective if either channel can trigger on and display a signal.

Procedure:

1.

2,

Apply the two CAL signals to both input channels.

Press AUTO-SCALE key. If netther channel displays a triggered waveform, use the Loop
failure tables or the waveform comparisons to troubleshoot.

Set the bad channel up as follows:
Sensitivity +100 mv/div
Ofiset 215 mv
Mode normal

Remove the IFin cable {J1) from both of the ADC boards. Connect the cable from the bad
channe! to the ADC board of the opposite channel. Change the trigger scurce to the bad
channet and set trigger level ta -215 mV. If a stable triggered signal appears on the CRT, the
Sampling board of the bad channel 1s working and the problem is with the ADC board.

If no signal appears, make sure that the Sampling beard is receiving MCLK before replacing
the board.
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6D-24, WAVEFORM COMPARISON

The clocks and signals that must go between hoards are ported by 50 @ coaxial cables. With the
adapter cables supplied in the Product Support Kit (P/N 54100-69002) these signals may be
applied to an oscilloscope. The observed waveforms can then be compared to figures 6D-14
through 6D-21.

Instail HP 54002A prabe pods in channels 1 and 2. To duplicate the waveforms shown, apply the
two CAL signais to the inputs of both vertical channels and press AUTO-SCALE.

Check that the HP 54100A/D has configured itself as follows. If not, change settings to the
following:

Chan 1 & 2
Display - On
Sensitivity - 100 mv/div
Qffset - =215 mv
Timebase
Sec/Div - 50 ns/div
Pelay -0s
Delay Ref - Center
Sweep - Auto
Trigger
Mode - Edge
Slope - Pos
Holdoff - 70 ns
Lavel - =215 mV

with a SMB ta BNC adapter cable connect the signal to be tested to the input channel of the
oscilloscope.

The waveforms were taken with the FULL BRIGHT test pattern found in the CRT CAL menu. To
access this test patiern, make the following key selections:

Utility

CRT CAL
FULL BRIGHT

NOTE

Do NOT probe these test points with the osciloscope in the 50 g input
impedance pasition.
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0.00000 sec 50.0000 usec 100,000 uset
—— -.T ™~ —
4
Ch. 1 = 1,000 volts/oiv Df fset = 1.730 veolts
Timebase = 10.0 usec/div Delay = 0.00000 sec
Ch. i Parameters P-P Volts = 3.620 volts
Freq. = 35,7140 KHz

Figure 6D-14. Waveform at A2TP4 with FULL BRIGHT Test Pattern Sefected.

6D-41



HP 54100A/D - Troubleshooting

6D-42

0.00000 sec 10.0000 msec 20,0000 msec

th. 1 e 1000 volts/div Offset = 1 820 volts
Timebase = 2.00 msec/div belay = 0 00000 sec
Ch, 1 Parameters P-F Yolts = 3 600 volts
Freg. = 59.1293 Hz

Figure 6D-15. Waveform at A2TP5 with FULL BRIGHT Test Pattern Selected.
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0.00000 sec 50,0000 usec 100.000 usec
+ + 1 } t t } }
Ch. 1 = 1,000 volts/div Offset = 1.730 volts
Timebase = 10.0 usec/div Dalay = 0.00000 ser
Ch 1 Parameters P-P Volts = 3.580 volts
freq. = 35.714% ¥Hz

Figure 60-16. Waveform at A2TP6 with FULL BRIGHT Test Pattern Selected.
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0.00000 sec 50._0000 msec 100.000 msec

Vo 22 U gy AL PP . Ul gy s LWy

raqnvvqa-nayufﬂsaar-wu15~rvnqwuunnuq

ch. = 1.000 volts/div
Timebase = 10.0 msec/div
Ch. 1 Parameters

Dffset = 1.720 volts
Delay = 0.00000 sec
P-P Yolts = 3 680 volts

Frgure 6D-17. Waveform at A2TPE or A2TP7 with FULL BRIGHT Test Pattern Sefected.

NOTE

The monitor oscilfoscope must be triggered on A2TPS.
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~50.000 nsec © DOGO0 sec 50.000 nsec
Ch, 1§ = 200.0 mvalts/div Of fset = =380.0 nvolts
Timebase = 10.0 nsec/div Delay - 0.00000 sec
Ch. 1 Parameters P-P Volts = 764.0 mvolts
Freq. = 932.8505 MHz

Figure 6D-18. Waveform on the A4 MCLK (Master Clock) Cables.

NOTE
This waveform must be terminated in 50 o, the CAL signal must be

applied to both channel 1 and 2, ang the oscilloscope must be
configured as shown on page 60-38,
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B6D-46

0.00000 sec

2.50000 usec

5.00000 usec

S——— 1  S——
Ch. 1 = 100.C mvolts/div Offset = -194.0 mvolis
Timebase = 500 nsec/div Delay = 0.00000 sec
Ch. 1 Parameters P-P volts = 391.0 mvolts

Freq

500.173 KHz

Figure 6D-19. Waveform on the A4 CAL (CAL signal) Cables.

NOTE

This waveform must be terminated in 50 @, the CAL signal must be
applied to both channel | and 2, and the oscilloscope must be
configured as shown on page 6D-38.
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0.00000 sec 2.50000 usec 5.00000 usec

3

th. 1 = 50.00 mvolts/div Offset = B.000 mvalts
Timebase = 500 nsec/div Delay = 0,00000 sec
Ch. 1 Parameters P-P Volts = 126.0 mvolts

Freg. = 500,000 KHz

Figure 6D-20. Waveform on the A5/A7 IFout Cables.

NOTE
This waveform must be terminated In 50 ¢, the CAL signal must be

applied to both channel 1 and 2, and the oscilfoscope must be
configured as shown on page 6D-38.
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-2.50000 usec 0.00008 sec 2.50000 usec
+ } t }
Ch. 1 = 200.0 mvolts/div Dffset = =380.0 mvolts
Timebase = 500 nsec/div Delay = 0.00000 sec
Ch. { Parameters P-P Volts = 768.0 mvolts

Freq = 500.473 KHz

Figure 6D-21. Waveform on the A5/A7 TCLK (Trigger Clock) Cables.

NOTE
This waveform must be terminated in 50 @, the CAL signal must be

applied to both channel 1 and 2, and the oscilloscope must be
configured as shown on page 6D-38.

NOTE

The trigger level must be set to -215 mV with the CAL signal applied.
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6D-25. DETERMINING VALID EDGE TRIGGERING PATHS

During some troubleshooling routines it is advantageous to know which edge triggering paths are
waorking properly. The procedure below verifies edge triggering paths for each trigger source.

1. Connect rear panel Cal signal to channel 1 with a BNC cabie.

2. Press AUTO-SCALE key.

3. It AUTO-SCALE does not pick up the signal, then channel 1 trigger path does not work.
4.  Set trigger source to channel 1.

5.  Set trigger level to -200 mV.

6. The message "Running" should appear in the top lefl corner of the display, if this trigger path
is working.

7. Move BNC cable from channel 1 ta channel 2.
8. Change trigger source io channel 2 and set trigger leve! to -200 mV.

9. The message "Running” should appear in the top left corner of the display, if this trigger path
is working.

10. Move BNC cable from channel 2 to external trigger, channel! 3.
11. Change trigger source to channel 3 and set trigger level to -200 mV.

12. The message "Running" should appear in the top left corner of the display, if this trigger path
is working.

13. Move BNC cable from external trigger channel 3 to external trigger qualifier, channel 4.
14, Change lrigger source to channel 4 and set trigger level to -200 mV.

15. The message "Running” should appear in the top left corner of the display, if this tngger path
is working.
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6D-26. LOOPS 61, 62, and 63.

Loops 61-63 are not executed during the following sequences:
Normal power-up routines
Run from loop 0
Interface test 12

These loops will not affect the power-up seif-test pass or fail message.

Loop 61 Loop 61 will show up on the cummulative errors Section of the Display Errors message
when interface test 10 fails.

Loop 62 Loop 82 will show up on the cummulative srrors Section of the Display Errors message
when interface test 15 fails.

Loop 63  Loop 63 will show up on the cummulative errors Section of the Display Errors message
when the first power-up after the Cal Factors is lost. This will occur for the fallowing
reasons.

Two key-down power-up is executed.

Microprocessor board is removed from SIB pins.

A new Microprocessor board is installed.

I/O board is removed from SIB.

A new }/O board is installed.

The battery on the 1/O board is bad or has been disconnected.

The motherboard has been removed from the instrument.

Any other interruption of power to the battery backed-up RAM on the
Microprocessor board which contains the Cal Factors.
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6D-27. HP-IB ERROR CODES.

The following table identifies which HP-IB errar code will be displayed for each loop failure.

Table 60-13. HI-IB Error Code Listing for Loop Failures.

Loop  HP-IB Bus Error Loop  HP-IB Bus Error Loop  HP-IB Bus Error
0 -302 20 -370 40 -360
1 -321 21 -370 41 -360
2 =311 22 -370 42 Not Used
3 =311 23 -370 43 -360
4 -350 24 -380 44 -360
5 =370 25 -370 45 -360
6 -370 ) 26 -370 46 -360C
7 311 27 370 47 -360
8 =311 28 -370 48 -360
9 -370 29 =370 49 -360
10 =301 30 -370 50 -360
11 -301 i -380 51 -360
12 -370 32 370 52 -360
13 370 33 360 53 -360
14 -399 34 -370 54 -360
15 =370 35 -360 55 ~360
. 16 -370 36 -360 56 -360
17 =370 37 -360 57 -360
18 =370 38 -370 58 -360
19 -370 39 -360 59 -360
80 -380
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SECTION 6E
INTERNAL DIAGNOSTICS
6E-1 INTRODUCTION

This Section contains information concerning each of the 60 internal diagnostic Loop Tests. Each
loop contains a description as well as a diagnostic tree for replacement to the board level (and
sometimes to the component level), Each loop is divided up into five sections:

1. Description:
This explains the basic operation of the loop. It gives the user an idea of what functional
blocks are involved and how they are involved.

2. Status Register:
Many loops use the four stalus registers on the DISPLAY ERRORS menu. This section
describes ther meaning.

3. Possible Causes of Failures:

This section indicates the adjustments that can cause this loop to fail, the boards thal
could cause this loop to fail, and the funcltional blocks that if not working property can
cause these loops to fail. Adjustments should be checked early i the troubleshooting
process as many reparrs of this instrument will need only adjustment. The CPU, /O, and
SIB must work properly or all loops may fail. Thus 15 why those boards are checked first
(ie. have lower number assigned to them). The functional blocks section can be used to
help isolate the failure when more than one loop fails (as is the usual case).

4. Fault Diagnostics:
This section contains troubleshooling information to the board level. Occassianally, it also
gives component level failure informatron and many times 1t gives oniy partial component
information. If the technician had more information and schematics, he could find the
actual faulty component.

The loops have been set up in order of importance, the lower the loop number, the more general
the loop. It 15 possible for higher numbered loops to fail because a lower number loop failed.

Therefore, when lroubleshooting the loop, it is advised to start with the lowest loop first. Al
troubleshooting diagnoses for loops depend on the loop being executed in the REPEAT LOOP
fashion. This 15 described in Section 6C-9. REPEAT LOOP will indefinately (at user’s command)
run the loop to its end and start it over again and again. Most loops (in the short run) have stable
and repeatable loop execution limes. Therefore, repetitive type oscilloscopes can be used for
probing. However, between executions, many loops may change in overall execution time, All
loops have certain time units assigned to them, so that if the loop does not execule in that time,
the Ioop 1s stopped and a failure message i1s put on screen. Many loops are tming loops where
the CPU uses a software counter to tme between a start event and an interrupt of the processor.

Table 6E-1 indicates typical loop execution times.
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NOTE

These times were computed on a March 1986 version of the HP 54100
firmware, and should be very similar on all other versions. The
purpose is to give an idea of when to look for reoccurring events on
multiple executions of a particular ipop. Knowwing this will make it
easier to pick accurate trigger points. The digital loops were not
characterized because they are entirely different in the two models.

Table GE-1. Loop Execution Times (to twd significant digits).

Loop Execution Time Loop Execution Time
Loop GO 180 us Loop 30 4600 HS
Loop 01 N/a Loop 31 4500 HS
Loop 02 N/a Loop 32 4700 us
Loop 03 N/a Loop 33 4700 Ms
Loop 04 540 HS Loop 34 93 MS
Loop 05 100 s Loop 35 140000 us
Loop 06 100 s Loop 36 140000 us
Loop 07 100 {is Loop 37 140000 us
Loop 08 100 s Loop 38 83 Ms
Loop 08 360 s Loop 39 140000 us
Loop 10 3100 s Loop 40 140000 S
Loop 11 580 us t.oop 41 140000 fTi3
Loop 12 120 713 Loop 42 11800 M5
Loop 13 20000 us Loop 43 4400 HS
Loop 14 9% 5 Loop 44 4400 MS
Loop 15 92 Ms Loop 45 3400 us
loop 16 92 HS Loop 46 2400 15
Loop 17 83 ys lLoop 47 2300 us
Loop 18 710 MS Loop 48 2500 us
Loop 19 105 us Loop 49 2800 s
Logp 20 102 s Loop 50 3000 s
Loop 21 B0 us Loop 51 3200 us
L.oop 22 5600 s Loop 52 9800 s
Loop 23 3200 us Loop 53 10000 s
Loop 24 700 us Loop 54 16700 us
Loap 25 100 MS Loop 55 2600 s
Loop 26  1100-1500 us Loop 56 2600 us
Loop 27 3100 1S Loop 57 2600 Lis
Loop 28 5400 S Loop 58 2600 Ls
Loop 29 100 S Loop 59 2000 us
Loop 60 1600 s

Often in the troubleshooting section of the loop, signals may appear on the screen that look the
same but have slightty different timing. This is the result of the variation of loop execution time.

Most of the loops use the LIACK signal (TP1 on CPU Board) as the trigger source. This is used
because at the end of every Ioop, LIACK is pulled low. Therefore, whenever a trigger source is not
mentioned in the section or is said to be external, the source is LIACK (at a trigger level of 1.2 V)
unless specifically stated otherwise.
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6E-2. ANALOG TEST LOOP GENERAL INFORMATION

Holdotf (Loops 21,23,30,31,32,33,43, eic)

These loops start out by testing some independent blocks, and then use these in testing other,
dependent blocks, The firsl to be tested is the holdoff section of the main Trigger board. This is
needed because many of the other tests go through this circuitry. The holdoff can be selected for
either time or events. In time holdoff, the counter recognizes 100 MHz clock edges. In events
holdoff, it recognizes actual trigger clocks trom either the external trigger or the samplers. The
first edge 1t sees will put the circuit inte holdoff and it will count down edges until it reachs terminai
count, after which the circuit enables the fast trigger flip-flop (F/F). The first trigger after terminal
count s the trigger event that starts the rest of trigger hardware running. This same trigger event
also resets the holdoff counter and the cycle begins again. Refer to the Trigger board block
diagram in Section 6B-12. There is a status bit that reflects the state of the holdoff counter. It is
used in many of the loops as an indication that triggers are being recerved.

NOTE

The holdoff counter is not reliable for the first down counting after
loading. All tests using holdoff poll and wait for holdoff to be
enabled by one of two methods: by time, waiting for holdoft by time
and by events, simulating triggers for down counting. Loops may
fail occassionally without there being a praoblem in the instrument,

Triggers & Sync Amps

By disabling all three sync. comparators, the HP 54100A/D trigger system may be isolated from an
external tngger source. It is a good indication of a Sync amp problem if there are loop failures
dependent on whether or not there is a signal connected to a particular channel. Triggers can be
simuiated by three different means. First, taggiing the POS/NEG bils on the sync comparators.
Second, toggling the invert iine. Third, by swilching the trigger level DAC’s output between
fullscale with the inputs at virtuai ground. When not testing the POS/NEG edge altribute of the
sync comparators, they are set to NEG. The software anticipates the state of the inactive sync
amps polanty bit to be sel to negative. If they are not set to negative, or their terminations are
inadequate, this will cause loop failures. The mechanism for this is that the tnigger clocks are
ORed together producing a low state for the clock of the fast tnigger flip-flop. This flip-flop
recognizes positive edges, and the software 1s set up to produce them. If ane of the trigger ciocks
is nat low, then on some tests the tnigger will be 150 degrees out of phase (Loops 21, 23, etc.),
other lopps will nat be able to simulate a trigger (Loops 30, 32, etc.).

Sampler Board

A Sampler board has one programmable attenuator on it. This device has four bits, one each for
X10, X5, and X2 attenuation and one that will open the input path between the input and the
attenuator stages. By turning off alf stages and opening the input path, the output of the device is
essentially grounded. This allows the machine to test both the trigger level DAC (as above, in
Loops 31, 33, and tests 10, 15), the offset DAC and ADC system (Loops 35, 36, 37, 39, 40, 41),
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Serial Strings

All Analog boards (except ADCs) are controlled by serial data stnngs. On the samplers they are
regular bit mapped and sign-magnitude notation. However, the Trigger and Timebase board
counts are represented on Johnson Gray code. The strings are shifted in by a number of
consecutive points with the data on DO. The strings are latched by a write {or read) pulse, except
for timebase strings, where the toggling of a parallel control bit (RUN/STOP) latches in the siring,

LIACK And The Hardware Interrupt Mask

At the address 88001H on the Microprocessor board resides an 8-bil latch that is an interrupt mask
for the seven levels {D1-D7) and a bit called LIACK. LIACK stands for Local Interrupt
ACKnowledge. The loops use LIACK as a Start/Stop clock for some DSA loops. !t is also used as
the Start/Stop for loop identification when a hardware jumper is placed on interrupt 7 (see
TROUBLESHOQTING WITH NO DISPLAY section 6D-18 aof this manual for more information).

Polling of STATUS BITS

Many of the loops poll various bits of the ditferent status bytes on the analog boards. To insure
that the software does not get hung-up waiting for a stuck status bit to change state, software
timeout down counters are used in these situations. These counters are set at a much longer
count than the expected execution time. Thereiore, if there are failing loops of this type, it will
probably take a much longer time fo power up than normal, It takes approximately four seconds
for the instrument to go through its powerup self-test initialization.

INIT Routine
A routine called init is catted at the beginming of most loops. This routine performs some overhead

functions to make the loops function properiy. it does things like set the loop number, disable the
HP-IB and the keyboard, mask the hardware interrupt timer, and calculate all needed addresses.
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Known Failed Board Troubleshooling
Qceasionally, a technician may know what board 15 bad and will want to de mere troubleshooting

on it. Refer to table 6E-2. It indicates which loops exercise which boards. In addition, it also
indicates which lcops are the most thorough in checking out that board.

Table 6E-2. Which Loops Exercrse Which Boards,

Board Loops Which Exercise the Board
Ijo Loops 8-14
DISPLAY Loops 5-8
CPU Loops 0-4
TIMEBASE 17,18,24,25,26-29 {most important 18,26,27)
MASCLK Generator T/S (see Section 6E-3).
SAMPLER Loops 15,16,30-33, 35-41
{most mportant ch1 = 30,35; ch2 = 31,39)
ADC Loops 34-41 (most important 35 for channal 1

and 39 for channel 2) High Speed Timing

T/8 (see ADC Troubleshooting Section 6E-9).
TRIGGER Loop 21-25,27,28,30-33 (most important 23)
TRIGGER QUALIFIER  Loops 43-60 (mosl important 43)

6E-3. TIMEBASE TROUBLESHOOTING

In addition, the Timebase board has circuitry that 1s indirectly checkad by the loops. It is wise to
check the operation of this board more fully to get a better idea of what is failing in the instrument.
The following probing points are offered for dotng this. The ascilloscope is not in any loop for this
exercise. It is turned on using the 2 key down power up routine (see Section 6C-5) and placed in
the triggered mode. Probe the foilowing test points and compare waveforms with those shown In
figures 6E-1 through 6E-9.

6E-5



HP 541C0A/D - Loap Tesis
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6E-4. LOOP NUMBERS AND LOOP NAMES

Table 6E-3 cross references loop numbers to the main purpose of the toop. This is for the more
experienced technician for quick reference purposes.

Table 6E-3. LOOP NUMBER vs LOOP NAME.

Loop Name Loop
0 30
1 Rom Checksum kB
2 Static Ram ¢ 32
3 Static Ram 1 33
4 Counter Timer Chip 34
5 Display ID 35
6 CRT Controlier {R/wW) 36
7 Read/Write Character RAM 37
8 Read/Write Graphics RAM 38
g Flo]|n] 39
10 Qverload Interupt Filter 40
11 System Interupt Latch 49
12 HP-1B Chip 42
13 KEY Board Chip 43
14 Power Detect 44
15 Sampter 1 and Sampler 2 ID 45
16 Sampler 1 or Sampler 2 ID 48
17 Timebase ID 47
18 Pre-Trigger Delay 48
19 Trigger iD 49
20 Qualitier 1D 50
21 Trigger Holdoff by Time 51
22 Trigger Holdolf by Events 52
23 Trigger SYNC Comparator-Pos/Neg 53
24 Fine Interpolator 54
25 Fine Interpolator Clear 55
26 Sample Rate Generator 56
27 Post Trigger Delay 57
28 Coarse Interpolator 58
29 Coearse Interpolator Clear 59
60

G6E-10

Name

Sampler 1 Pos/Neg Edge Trigger
Sampler Trigger Level DAC
Sampler 2 Pos/Neg Edge Trigger
Sampler 2 Trigger Levei DAC
ADC1H ID

Sampler 1 -Trigger Level DAC=0
Sampler 1-Tnigger Level DAC=+1/2
Sampler 1-Trigger Level DAC=-1/2
ADC2 - 1D

Sampler 2 - Trigger Level DAC =0
Sampler 2-Trigger Level DAC=+1/2
Sampler 2-Tnigger Level DAC=-1/2
Not Used

Qualifier Pos/Nex Edge Trigger
Pattern Enter/Exit

State Present/Not Present

Delay By Events (Load=0}

Delay By Events (Load=1)}

Delay By Events (Load=2}

Delay By Events (Load=3)

Delay By Events {Load=4)

Delay By Events (Load=5)

Delay By Events (Load=36)

Delay By Events {Load=37)

Delay By Events {Load=69)

Delay By Time = 825 us

Pelay By Time > 825 us

Delay By Time < 825 us

TCLK Disable @ Edge Mode
QCLK Disable

TCLK Disable @ Pattern Present > 10 ns
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6E-5. DATA ACQUISITION CONTROL STRINGS

The Microprocessor board in the HP 54100A/D sets up the Data Acquisition boards o acquire
waveform data Once the Data Acquisition boards are told whal ta do, the CPU then signals the
Timebase board to begin the acquisition process. The microprocessor communicates these setups
to the vanous boards, through the use of serial control strings.

The HP 54100A contains seven serial control strings, and the HP 541000 contains eight. Below is
a description of each aof these control strings, Each description contains the following intarmation;
Order of entry onto board, bit number of each bit, purpose of each bit location on the boards,
where to probe to assure the proper information was received, and the board that the string is sent
to.

The HP 54100A/D uses one channel string for each Sampler board.
The ADC board does not contain any serial data strings.

The data acquisition strings are loaded in from night to leit. For example Q01000H is read in
000000000000 100000000000 (The first zero is shifted in first and the last zero in the string is
shifted n last).

Table 6E-4. List of Serial Control Strings.

Sampler Board Channel String (Serfal Data at U34 Pin 2)

8it No.  Function Location
First In 0-9 Trigger Level U39 P 110

10 Trigger Level Sign {(Neg/LFos) U39 P 18
11 Trigger Scope (Neg/LPos} U37 P 14
12 Trig Enable {low enable) U37PRP7
13-23 1323  Offset U36 P 18, U36 P 1-10
24 X2 (low true) U34 P 14
25 X5 {low true) Usd4prP?y

26 X10 {low true} U34 P 6

27 Close Attn {low true) U34P5

28 Dither Line Uld P4

Last In 29-31 Not Used

Trigger Board Trigger String (Serial Data at U29 Pin 2)

Bit No.  Function Location
First In 0-9 Trigger Level u27 P 1-10

10 Trigger Level Sign (Pos/LNeg) U27 P18

11 Trigger Slope (Pos/LNeq) uz29 P 14

12 Trigger Enabie (low enable) u29 pv

13 Invert U29 P&

Last In 14-31 Not Used

6E-11



HP 54100A/D - Loop Tests

First In

Last In

First in
Lasl In

First In

Last In

First In

Last In

6E-12

Bit No.
0-1

2-28
29-31

Table 6E-4 (continued). List of Serial Control Strings.

Trigger Board Holdoff String

Function Location

00 = Unused, 01=Time, 10=Events, TP1, U3 P13

11 = Option Source

Haldoff U198 P3 Seriaf Data
Not Used

Timebase Board Timebase String Word 2 (Serial Data String at U7 Pin 5)

Bit Na.

0-16
17-31

Bit No.

0-23
24
25-31

Function Location
Post Tngger (7-23) U4 P3 Serial Data
Not Used

Timebase String Word 1 (Serial Data String at U7 Pin 5)

Function Location

Pre Trigger (0-23} US P3 Serial Data
Not Used

Post Trigger (0-6) U5 P3 Serial Data

Timebase String (Word 0)

Function Location
O=Enable=25 ns Ug P3 Serial Data
Not Used

2 0=Enable>25 ns U6 P3 Serial Data
Sample Rate A (fast counter) UG P3 Serial Data
Sample Rate B (slow counter) U P3 Serial Data

31 Not Used



First In

Last In

First Ire

Last In

Bit No.

00-9
10

1

12
13.15

HP 54100A/D - Loop Tests

Table 6C-4 (comtinued). List of Serial Control Strings.

Trigger Qualifier Board Compartor Control String

Function

Trigger Level

Trig Level Sign (pos/i neg)
Trig Scope {pos/l neg)
Trig Enable {low enable}
Not Used

Location

Uz27 P 3-10, U027 P 21
U27 P 18

Ul P18

Ut P7

Trigger Qualifier Board Mode Control String (Serial Data at U36 Pin 2}

Bit No.

0-23
24
25
26
27
28
28
30
31
32
33
34
35
36
37-40
41-44

Function

C6-C29
CL37
CL37
CL5

ce

C3

ca

Ch

CL3
LCO

CA
Submode
DLYD
Istate
LE1-LE4
LS1-L54

Location

U37 P11,CL3 de
U37 P11,CL3 dc
u37 P11,CL3 dc
u37 P11,CL3 dc
u37 P11,CL3 dc
U37 P11.CL3 dc
U37 P11,CL3 dc
U37 P11,CL3 dc
137 P11

U37 P10

u37 P6

U37 PS

u37 P4

u37 P3

u3g P10-13
U36 P3-6

6E-13



HP 54100A/D - Loop Tests

6E-6. RECOMMENDED TEST EQUIPMENT

The recommended test equipment for troubleshooting the internal diagnostic loop tests is listed in

table BE-5.

Table 6E-5. Recommended Loop Test Troubleshooting Test Equipment.

Instrument | Critical Specifications Recommended
Model
Scope 300 MHz, 2 Channels HP 54201A
External Trigger
Signature No Substitute HP 5005B
Muitimeter
DVM None HP 3465A

6E-7. INTERFACE TEST #10

Description

This test operates exactly like L.oop 3, except that the trigger events are simulated by toggling
the Trigger board's trigger level DAC from rail to rail rather than the sample’s trigger level DAC.
The number of events loaded into the holdoft counter is 11 events instead of 10. This test 1s
not run at power-up, but can be run by the user to verify the trigger level DAC on the Trigger
hoard. This tests no other circuitry than 15 already tested in other loops. To determine if this
test passes, press DISPLAY ERRORS after stop test. If ioop 62 is displayed, then the test failed,

otherwise it passed.
Status Register:
Same as Loop 31.

Possible Causes of Failure:

Same as Loop 31 except add the tngger level DAC of the Trigger board instead of the Sampler

board.

Fault Diagnosis:

Same as Loop 31 plus probing TP7 on Trigger board with ¢channel 1 and U1 pin 14 on trigger
board with channel 2, which should give the foliowing resuit: {Trig on LIACK 1 - TP1 on CPU):

GE-14
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6E-8. INTERFACE TEST #15

Description:
This test operates exactly like loop 31 except that tnigger events are simulated by toggling the
Trigger Qualifier board's trigger level DAC from rail to rail rather than the sample’s trigger level
DAC. The number of events that is loaded into the holdoff counter is 11 events instead of 10.
This test is not perfarmed at power-up, but can be run by the user to verify the tngger level
DAC (it tests no other circuitry than is already tested in other loops). To determine if this test
failed, press DISPLAY ERRORS after stop test. If loop 61 is displayed, then the test failed.
Otherwise, it passed.

Status Register:
Same as loop 31

Possible Causes of Failure:
Same as loop 31 except using the qualifier’'s trigger level DAC instead of the sampier's.

Fault Diagnosis:
Same as loop 31 plus probing TP8 on qualifier board with channel 1 and U1 pin 14 on the

gualifier's board with channel 2 should give the following result: (Trigger source is LIACK -
TP1 on CPU). Use same picture as interface test 10,

6E-9. ADC BOARD TROUBLESHOOTING

Interface Tests #13 and 14:
Interface tests #13 and 14 use digital signature analysis to thoroughly check the ADC boards.
This is needed for component level repar of this board, but it can be used to help isolate the
board in some cases.

High Speed Timing Verification:

Parform a 2-key down power-up, then probe the following points.

TP3 TP7
TP4 TP8
TPS TP9
P8 TPLO

GE-15
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Figure GE-11. ADC Troubleshooting Waveforms at TP7 and TFS.
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6E-10. LOOP O
BUSERROR .
Description:
This loop tests the BUSERROR circuitry by sending a request to the bus
that will not be responded to; therefore, the BUSERROR circuitry should
fire. The CPU times the length of time it takes to fire and compares it
to a known time limit. The test fails if it never fires or if its response time
is out of specification. If this tes! fails, all of the other tests will
fail.
Status Reglster:
No indications.
Possible Causes of Failure:
1. Adjustments indicated - none

2, Boards indicated - I/O, CPU, SIB, any board can load the signal down.

3. Functional blocks indicated - BUSERROR circwiry, SIB, Address/Data/Cantrol
bus of CPU.

Fault Diagnosis:
Remove all boards from the SIB except the CPU and 1/O. Re-power the oscilloscope .
and run REPEAT LOQP Q. If it fails then, the cause is either on the

CPU, I/O, ar SIB. Suspect the |/O board first. (The SIB troubleshooting
tests can be performed to verify proper operation of the SIB.)
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6E-11. LOOP 1
. ROM Checksum:

Description:
This test computes a checksum on the program ROMs and
compares its result with what was stored in the ROMs
at program development. If the numbers are different
the test fails.

Status Register:
No indications.

Possible Causes of Failure:
1. Adjustments indicated - none,

2. Boards indicated - CPU, /O (if pullups are not operating).

3. Functional blocks indicated -
Program ROM, Address Bus, Data Bus, and Control Bus,

Fault Diagnosis:
Check the following circuit components.

. - Bent Pins on ROMSs
- If this loop fails on its own, check and replace all bad ROM’s
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6E-12. LOOP 2
Static RAM 0 Checkerboard:
Description:
Same as Loop 3 excepl RAM 0 is tested (U15 and u32).
Status Register:
No indications
Possibie Causes of Failure:
Same as Loop 3 except RAM 0 instead of RAM 1
Fault Diagnosis:

Same as Loop 3 except look at U15 and U32
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6E-13. LOOP 3
Static RAM 1 Checkerboard
Description:
This test writes an alternating set of Q's and 1's into
RAM1 (U186, U33). It then reads this data back and
looks for discrepancies. It then inverts all the bits
in the memory and looks for discrepancies again.
Status Register:
No indications.
Possible Causes of Failure:
1. Adjustments indicated - none
2. Boards indicated - CPU, /O (If pullups are bad).
3. Funchonal blocks indicated - Data bus, Control Bus, Address Bus, RAM 1.

Fault Diagnosis:

i this loop fails by itsell, replace U16 and U33.
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6E-14. LOOP 4
Counter Timer Chip {CTC)
Description:
This test loads each of the three CTC counters
with a known valug and starts them counting at three different
times. Each counter should timeout at different times and interrupt
the CPU before the other two counters do.
Status Register:
STATUS #1 - COUNTER O, VALID =0
STATUS #2 - COUNTER 1, VALID =1
STATUS #3 - COUNTER 2, VALID =2
STATUS #4 - N/A

Ant error response of 255 indicates that there was no interrupt for that timer. A number other
than the valid response indicates that one of the other timers on that chip interrupted instead of
the one the inop was looking for.

Possible Causes of Fallure:
1.  Adjustments indicated - none
2. Boards indicated - CPU or I/O (If pullups are not operating).
3. Functional blocks indicated -
2:;1 dsg:‘ting on Data Bus Addressing problem. CTC. 2MHz Clock. Interrupt priority

Fault Diagnosis: Check the fallowing circuit points on the CPU board.

TP15
U2 Pin 21

Uz pPin 21
U4ao Pin 8

Make sure that the following points are TTL Highs on the CPU board:
U2 Pin 20, U2 Pin 19, U40 Pin 9, U17 Pin 13

This test requires more down time after power off then the other loops. If it fails, re-cycle
power (downhme at least 3 sec) to assure failure.
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6E-15. LOOP 5
Display 1D
Description:

This test is exactly like Loop 15 in that # uses CONFIGURE to venfy the response of the
Display board.

Status Register:

Ne Indications
Possibie Causes of Failure:

1. Adjuslments indicated - None

2. Boeards indicated - Display

3. Functional blocks indicated - SIB, all board CPU interfaces, and Display board.
Fault Diagnasis:

Same as Loop 15 except especially on Display board.

Troubleshooling Tree:

1. Place Display board on extender,

2. Follow steps 2 through € in the fault diragnosis section of loap 15.
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6E-16. LOOP 6
CRT CONTROLLER READ/WRITE
Description:

This loop tests the Display boards Read/Write controller, If this test fails, then the umt will
probably come up with no dispiay.

Status Register:

STATUS #1 - Read/wrile data lo CRT controller - 26 is correct.
STATUS #2 - #4 - N/JA

Possible Causes of Failure:

1.  Adjustments indicaled - None

2. Boards indicated - Digplay, CPU, 1/0 {if pullups are not operating).
Fault Diagnosis:

If this test fails, replace the Display board.
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6E-17. LOOP 7

READ/WRITE CHARACTER RAM:

Description:
This test sends a checkerboard of alternating 0's and 1's to the display RAM, After sending
this pattern, the CPU then reads it hack and checks for correctness. The pattern is then
inveried and wiilten and read again.

Status Register:
STATUS #1 - ADDRESS OF 0555H ERROR
STATUS #2 - ADDRESS OF DAAAH ERROR
STATUS #3 - ADDRESS OF 0AAAH ERROR
STATUS #4 - ADDRESS OF 0555H ERRCR
All of these numbers are offsets from the base of the character RAM, The first two represent
the first checkerboard and the second twa the secand checkerboard. Valid range for all is O to
8190H (even cnily). They represent the last address found with an error.

Possibie Causes of Failure:
1. Adjustments indicated - None
2. Boards indicated - Display, CPU, /O (If pullups are not operating).
3. Functional blocks indicated -

Fault Diagnosis:

if this test fails, replace U483, 44, and 45 on the display board. If this does not fix the problem,
raplace the enlire Display board.
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GE-18. LOOR 8
READ/WRITE GRAPHICS RAM:
Description:

This test is exactly like Loop 7 except the Graphics RAM on the Display board is tested instead
af the character RAM.

Status Regisler:

Same as loop 7 except the vald range is O to 13Q0H (even only).

Possible Cause of Failure:
Same as Loop 7 except in reference to Graphics RAM not character RAM.

Fault Diagnasis:

It this loop fails, 1eplace the entire Display board due te the large number cf possible RAMS
that could be causing the failure.
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6E-19, LOCOP 9
[/C ID:
Description:

This is exacltly like Loop 15 except the 1/O is checked for presense and response.
Status Register:

No indication.
Possible Causes of Failure:

1.  Adjusiments indicated - None

2. Boards ndicaled - I/Q or CPU

3. Funclional blocks indicated - SIB, all board CPU interfaces, especially {/O board.
Fault Diagngsis:

Same as Loop 15 except as related o 1/O board,

Troubteshooting Tree:

1. Put the IO board in the extender.

2. Follow steps 2 through & of the Fault Diagnosis section for Loop 15.

6E-20. LOOP 10
OVERLOAD INTERRUPT FILTER:

Replace the /O board.
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GE-21. LOOP 11
SYSTEM INTERRUPT LATCH:
Description:

This loop tests lhe taggling ability of each of the system interrupts. If any of the interrupts do
not work, then the test fails. The status word will indicate the interrupt that is not warking.

Status Register:
STATUS #1 - Last execution of the Laop
STATUS #2 - Last time it faded
STATUS #3, #4 - NfA

The ERROR word returned is weighted with Bils O through 6 carresponding to interrupts 1
thiough 7, respeclively, A 63 is Valid with all Bits Set.

Possible Cause of Faiture:
1. Adjustments indicated - None
2 Boards indicated - CPU, 1jO

3. Functional blocks indicated - ADDR, DATA, CONTROL Bus System, Interrupt Latch,
Priority Encoder.

Fault Diagnosis:

Execute REPEAT LOOP 11. Probe the following points for a 50 us negative pulse width. Each
of these points will be shightly delayed in time fram each other: SIB pins 94, 96, 97, 98, 99.

SIB pins 95 and 100 should be a TTL high level.

It all of these points are correct, than the 10O board 1s doing its job. Therefore, replace the CPU
board. Otherwise replace the I/C board.
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6E-22. LOOP 12
HP-IB Chip:
Description:

Status Register:

STATUS #1 - HPIB Status Byte, Normally = 4
STATUE #2, #3, #4 - N/A

This loop is looking for a status bit to be sel. The decimal number is 4 or 16 Base 10.
Possible Causes of Failure:

1.  Adjuslmenis indicated - None

2. Boeards indicated - 1O or CPU

3. Functioral blocks indicated - HP-IB Chip or Drivers
Fault Diagnosis:

None
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6E-23. LOOP 13
Keyboard Chip:
Description

Status Register:

STATUS #1 - Keyboard controller chip’s status byte, normally=16
STATUS #2, #3, #4 - N/A

This tesl 1s luoking for a status bit to 1eset. The decimal number 1s bit weighted, and 1s bit-4 or
16 base 10.

Possible Causes of Failure;

1. Adjustments indicated - None

2. Boards indicaled - /O or CPU

3. Functional Blocks indicated - Keyboard Chip
Fault Diagnosis:

Nane.
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6E-24. LOOP 14
Power Detect:
Description:
This Loop is looking for a Power Failure status bit to be set by a piece of hardware on the {/O
board. In order to be working properly, the £5 V, £8 V, and £18 V power supplies must be
operating within the tolerances sel by the 1/O board circuitry.
Status Register:
N/A
Possible Causes of Failure:
1, Adjustments indicated - None
2. Boards indicated -
Digital Power Supply
Analog Power Supply
Primary Fower Supply
/O
CPU
Motherboard
Power Supplies igcated on all boards.
Power Supply intelface on all boards.
3. Functional Blocks indicated - Pawer Supplies, Power-on-circuitry, SIB
Fault Diagnosis

1.  Measure £5 V, 28 V, and +18 V on the analog and digital power supplies. They should be
within the following tolerances.

Power Supply DC Voltage Tolerance

+5 vV +51 V1V
-5V B3Vl VY
B v +89V IV
8V B5VH1V
+18 V +185V 3V
18V 185V H VY

If one of the supplies is missing, refer to the Power Supply Troubleshooting, Section
60-11.

2.  Pul |/O board on extender {remember Loops 0 and 9 will fail but that will not affect this
test).
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Measwe the following points on the YO beard.
SIB Point DC Vvoltage
U13 Pin 9 +5.1V 1V
Ui3 Pin 11 B3Vily
U22 Pin 7 +B8IV 1V
U13 Pin 4 B85V y
U22 Pin 5 +185V 3V
Ut3 Pin & -18.5V iV

Il these poinls are correct, the problem 15 on the /O board or CPU board - See Step 5 and 6.
Otherwise, use Slep 7.

3.

Probe U18 Pin 2 an CPU board for a TTL HIGH. If this signal is present, then the CPU is
bad.

Probe the following points for the signals listed below. If any of these points are
dissimilar, then the 1/O boaid is fauity. If these points are all good then the failure is on
the S1B, Motherboard, or another board which uses the IRQ Line. See Step 8.

U2 Pin 10 TTL HIGH
U2 Pin 9 TTL HIGH
U4 Pin2 TTL HIGH
U7 Pin3 400 mv

U3t Pin 12 TTL HIGH

Determine why the 1/O board is not obtaining its power supplies. Suspect the SIB,
Motherboard, cannectors, or traces on the [/O Board.

Disconnect all boards from the SIB one at a time until the ncorrect waveforms in Step 6

appear correct. Reptace the board that caused this toading. If none of the boards fix the
waveforms, suspect the SIB connector or the Motherboard.
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6E-25. LOOP 15

Sampler 11D

Description:

This test does nol actualty exercise any hardware, but rather it tests whether the Sampler board
is responding 1o "CONFIGURE", a routine which polls all slots to see what board is located in
each of the siots.

Status Register:

No inchications.

Possible Causes of Failure:

1.

2.

3.

Adjustmenls indicated - None

Boards indicated - Loap 15 will [ail only if the unit cannot recognize both Sampler boards.
This 15 the case because, the unit sees the first Sampler board in the card cage as
Sampler 1

Functional blocks indicated - SIB, all board CPU interfaces especially SAMP1 and SAMP2,

Fault Diagnosis:

Check the following common problems.

Bent pins anywhere on Motherboard, especially In the sampler 1 and 2 slots.
Reseat all boards after checking for corrosion on connectors.

Troubleshooting Tree:

1.

2.

6E-34

Put the failing sampler on the Extender board.

Enter the "DISPLAY CONFIGURATION" mode and verify the presence of that board in the
slot. The machine polls the slots from left to right looking from the front of the unit.

If the board is not located in the display configuration menu, try reseating the board.

If both 2 and 3 fail, then delermine the slot number where the board 15 (0-9). Select
interface test #X, where X is the slot number. Press the Start Test key. This tast will
continually read the ID code of the selected slot.

Refer to the section entitied "INTERFACE TESTS 0-2" located in the troubleshooting,
Section 6D-4, of this manual.

If 5 does not locate the problem, there may be an SIB problem. Refer to the section
entitled “Proposed Method for Troubleshooting SIB problem”, in this seclion of the
manual.
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6E-26. LOOP 16
Sampler 2 ID
Description:

This test does not aclually test any hardware. Rather, it tests whether the Sampler board
responds to "CONFIGURE", a routine which polls ail of the slots to see what is contained in
lhe siots.

Status Register:
No indications.

Possible Causes of Failure:
1. Adjustments indicated - none
2

2. Boards indicated - This loop will fail If either sampler 1 or 2 ts not responding.

3. Functional blocks indicated - SIB, all board CPU interfaces,
especialty, samplers 1 and 2, and CPU interface logic.

Fault Diagnosis:

Check lhe follawing common problems.
Bent pins on any slot of the Motherboard, especially SAMP1 and SAMP2.
Reseat all boards aiter ¢checking for corrosion on connectoars,

Troubteshooting Tree:

1. Determine the faulty Sampler board by removing one of the samplers and running
"REFEAT LOOP 15", If lhis loop fails, then the sampler rermaining in the card cage is the
problem.

2. Foliow diagnosis steps 2 through 6 found in Loop 15 for futher verification of the faully
board.
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6E-27. LOQP 17

Timebase 1D:

In addition this loop also performs another exercise in a loop called 17A. Loop 17A should be
examined before Loop 17 because 17A is executed before 17,

Description:

This lesl is exaclly the same test used in test Loop 15 except that it looks for the presense of
the Tuncbase board.

Status Register:

No indicabions. :
Possibie Causes of Failure:

1.  Adjustments indicated - None

2. Boards indicaled - Timebase

3. Functicnal Blockis) indicated - SIB, any of the boards’ CPU interfaces,
especially the Timebase board.

Fault Diagnosis:
Same as Loop 15,
Troubleshooting Tree:
1. Put the Timebase board on the extender.

2. Follow steps 2 through 6 found in Loop 15,

LOOP 17A

This is nat a test, nor is it a routine which polls to see it the boards are in their slot. It 1s a setup
routine that sets the Sampler board in the following setup for the remaining tests.

Attenuators grounded.
Sync comparator Hybrid disabled and slope set to positive.
Trigger level DAC set to maximum positive.

If this part of the test fails, there is no feedback to the user. The anly way to know the results is to
manually see if the operalions were perfarmed after the "STOP TEST" kay is pressed.

6E-36



HP 54100A/D - Loop Tests

6E-28. LOOP 18
. Timebase Pre-Trigger Delay and TENBL:

This loop has two parts: 18, 18A. Loop 1BA 15 executed before 18 and thus it should be
examined before Loop 18. See Loop 18A sechan.

Description:

This test sels a known count into the Pre-Trigger delay counter. When the delay times out, the
TENBL Iine will make a high to low transiticn. This achion also sets the TENBL Bit in the
TIMEBAGE status register which when polled by the CPU will advise the CPU when the timeout
occurred. The CPU then compares the time it took to timeout (as counled by a software
counter) to a imit value to determine pass or fail. The software counter also has a timeout
should lhe Pre-Trig delay counler get stuck and never assert TENBL..

The Pre-Trigger delay counter is 24-Bits wide and is loaded with a Hex count of 0020H. The
clock used ta counl down this value is the 500 kHz clock and thus the delay is 64 us. The
data 15 lalched in with a Run/Stop Bit toggle {load while stopped, set to run, set to stop}. And
the counting begins the next time the run 1s executed.

Status Register:

STATUS 1.....Downcounter typical 3 to 6, -1 indicates a timeout of a software counter
STATUS 2.....NfA
STATUS 3....NJA
STATUS 4.....N/A

. The valid range for STATUS 115 from O to 7.
Possible Causes of Failure:
1. Adjustments indicated - 81.699 MHz Master Cscillator.
2. Boards indicated - Timebase

3. Functional Blocks indicated -
RUN/STOP
TENBL
3 TIMEBASE CONTROL STRINGS
TIMEBASE STATUS REGISTER
LIACK
FRE-TRIG DELAY COUNTER
TENBL
CPU OVERHEAD (See beginning seclion}
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Fault Diagnosis:

Ensure Masler Oscillalor at TPt an limebase is a 81.699 MHz sine wave,
Checl¢ 500 KHz ciock at US Pin 8 and Pin &,
Check delay between negative edge of RUN/STOP (TP7) negative edge on TENBL (U34 Pin

13). 1t should be around &4 us.

RUN/STOP loggling
LIACK toggling

Probe the follawing points,

Fig. 6E-11 Us P 1
TP9

Fig. 8E-12 Us Pin 1
Us Pin 8

Fig. BE-13 us Pin 1
us Pin 3

LOOP 18A

LRUN/STOP
CNTR OUT (TENBL)

LRUN/STOP
(Pre-trigger clock)

LRUN/STOP
Data in

These two are not sync'd

This loop determines whether or not the boards needed for Loop 18 are in the correct slots.

Test 18A looks for the Timebase board. If the Timebase board 1§ not responding, Loap 18 is
not execuied. In addition, 2 Loop 18A failure does not appear on screen and should be
assumed if Loop 18 is bypassed without executing.

You can verity that Loop 18A is failing by running a REPEAT LOQOP 18 for 30 seconds. Then
press STOP TEST key. If Loop 1BA is failing, the status line on the screen will display some

other loop number than 18.
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Figure GE-16. Loop 18 Troubleshooting Waveforms at US Pin 1 and U§ Pin 8.
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Figure BE-17. Loop 18 Troubleshooting Waveforms at US Pin 1 and U5 Pin 8.
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6E-29. LOOP 19

. Trigger ID

Description:

This test loop is similar to Loap 15 except that it looks to see if the Tngger board responds to
"GONFIGURE".

Status Register:
No indications,

Possible Causes of Failure:

1.  Adjustments indicated - None

2. Boards indicated - Trigger

3.  Functional blocks indicated - SIB, all board CPU interfaces especially Trigger board.
Fault Diagnosis:

Same as Loop 15

Troubleshooting Tree:

1. Put Trigger board on Board extender.

. 2 Follow diagnostic steps 2 through 6 1n Loop 15.
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6E-30. LOOP 20
Trigger Qualifier 1D
Description:
This tests the Trigger Qualifier's CPU interface circuitry by calling CONFIGURE, a routine which
checks to find what board is in each slot. This loop will always fait in a HP 541004, if any of
the higher Loops (ie. 21-43) fail,
Status Register:
No indications.
Possible Causes of Failure:
1.  Adjustments indicated - None
2. Boards indicated - Qualifier
3. Functional blocks indicated - SIB, all CPU board interfaces especially Qualifier board.
Fault Diagnosis:
See Loap 15 except as it applies to the Qualifier board.
Program Flowchart:
Set Loop vanables for No Q_BD.
If qualifier present:
Program Q_BD for edge mode, all sources
enabled except Q_BD.
Set Loop vartables for Q_BD present
ELSE
Set error indicator
END
Traubleshooting Tree:
1. Remove right side panel.
2. Follow steps 2 through 6 from the fault diagnosis section of Loop 15.
Loop Modification History:
In HP 54100A's, ROM revisions before Oct, 1985 and after or egual to Dec. 1984 may fail this

loap every time due to a problem with the firmware. in these versions, Loop 20 did not check
to see If the qualifier was installed before letting the test fail,
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6E-31. LOOP 21
Trigger Hoidoff by Time (200 ns).
Description:

This test sets the holdoff time and the trigger to a known state. Once setup, a trigger event will
start the holdoff to count. By monitoring the Trigger board's status register, for the status of
the haidoff counter, the time from the simuiated tngger and the end of the holdoff is measured
with a software counter. The lrigger event is the toggling of the mvert line (U9 Pin 17} on the
Trigger board. The sync comparator hybrids of the Sampler boards and the Trigger board (and
the Trigger Qualifier board If installed) are disabled (1e. at - .8 V on Pin 14),

Staus Register:

STATUS #1 - Last down counter value (whether it passed or not), *
STATUS #2 - Last down counter value that failed. *

STATUS #3 - NJA

STATUS #4 - N/A

* Valid range 0-9, typical = 2-5
Invalid range -1, or >9

A -1 indicates that the holdoff counter did not timeout. Possible causes are slow or dead
holdoff clock, a bad counter, or bad status register. A >9 indicates a fast clock, bad status, or
bad counter operation. A value of 26 represents the initial software count. A 26 could mean a
stuck status Bit, or the hoidoff counter may not be loading or counting correctly.

Possible Causes of Problems:
1. Adjustments indicated - Sampler Trigger and Main Trigger Hysleresis
2. Boards indicated - Sampler 1, Sampler 2, Trigger, Qualifier

3. Functional blocks indicated - Sampler 1 and 2 sync comp hybrid’s disabled, LIACK, STOP
Bit on
timebase control stning, tngger control string, holdoff control string, invert line,
holdoff counter, holdoff clock, holdoff shift register, trigger holdoff status, trig
FJF, Fast tng F/F, shift & latch strobes.

Fault Diagnosis:

SAMP 1, 2 and Trig (and Trig Qual if installed) sync comp hybrids are disabled (ie. at -.8 V at
U8 Pin 1, 3, and 192 on the Trigger board in a HP 54100A and at U4 Pin 1, 6, 12, and 17 in &
HP 54100D. It U9 pin 1 is bad, replace the Trigger board. f U9 pin 3 is bad, then replace the
Sampler 1 board. If U9 pin 19 15 bad, then replace Sampler 2. f U4 pin 1 is bad, then replace
Sampler 2. If U4 pin 6 is bad, replace Tnigger board. If U4 pin 12 is bad, replace Qualifier
board. If U4 pin 17 is bad, replace Sampler 1.
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6E-32. LOOP 22
Trigger Holdofi by Events
Description:

This loop is similar to Loop 21, except that this test counts simulated triggers rather than time
after a trigger. The invert line on the Trigger board (U9 Pin 17) 15 used to simutate trigger after
the trigger criteria is set up. The events counter is set to 10 counts. The first trigger event will
start the holdotf, and 11 trgger events will conclude holdoff. The holdotf counter is loaded
with a count of 10 events and after 10 tnggers are simulated, the Trigger board status register
should indicate that the haldoff has expired

Status Register:

STATUS #1 - -1 means failure, typical is 4090's.

STATUS #2 - .1 indicates that the holdoff at 9 events was not still
in holdoft as expecled.

STATUS #3 - -1 indicated that the holdoff was still in holdoff at 10 when
when it should be out of holdoff.

STATUS #4 - N/A

Possible Causes of Failures:
1. Adiustments indicated - None
2. Boards indicated - SAMPLER1/2, TRIGGER, QUALIFIER
3.  Functional blocks indicated - Sync Amp, Sync Amp conirol register and stning,
holdoff status bit in trigger status string, holdoff string, counter and shift register, Trig F/F,

Fast Tng F/F, SAMPLER Sync Comp-Hybrids, Trig Qual sync Comp, Data latch strobes
{bath).

Fault Diagnosis:
Check the folowing points:

Fast trig Flip-Flop (F/F) output (U9 pin 11) - 24 cycles/Liack Invert line (U7 pin 7) - 24
cycles/Liack

SAMP1,2 and Trig (and Trig Qual if installed) sync comp hybrids are disabled {ie. at -8 V
at U9 Pin 1, 3, and 19 on the trigger board in a HP 54100A and at U4 Pin 1, 6, 12, and 17
in a HP 54100D. If U9 pin 1 is bad, replace the Trigger board. If U9 pin 3 15 bad, then
replace The Sampler 1 board. If U9 pin 19 is bad, then replace Sampler 2. If U4 pin 115
bad, then replace Sampler 2. If U4 pin 6 is bad, replace Trigger board. If U4 pin 12 is bad,
replace Qualifier board. If U4 pin 17 is bad, replace Sampler 1.
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6E-33. LOOP 23

Trigger Sync Comparator - Pos/Neg

Description:

This loop is similar to Loop 22 except that triggers are simulated by toggling the slope bit of
the trigger beard’'s sync comparator hybrid while it is disabled. This loop operates by setting
holdoff counter to 11 events and simulating triggers. The holdoff status bit on the Trigger
board is polled for determination of the status of the holdoil at different times during the test.
This test requires that the SAMP 1, SAMP 2, and Trigger Qualifier trigger comparators be
disabled. On the twelfth event, the holdoft should be over. The 1 comes from the fact that
one trigger event is needed to start the holdoff. The description of the status register beiow
does not include this first trigger event.

NOTE
At power-up, the trigger MUX hybrid may lake several triggers to

enable the holdoff for the first time. Therefore, thus lest may
occasionally fail on power-up.

Staus Register:

STATUS #1 - This determines if holdoff can be enabled at all. A -1 indicates
holdoff can't be enabled. Typical values are 4090's

STATUS #2 - This tests holdoff at 10 events. A -1 indicates that the holdoff
was not sill in holdoff as expacted.

STATUS #3 - This test holdoff at 11 events. A -1 indigates that the holdoff
was still in holdoff when it was supposed to be out of holdoff.

STATUS 4 - NjA

Possibie Causes of Failure:

1. Adjustments indicated - Sampler and Main Trigger hysteresis.

2. Boards indicated - Samplers 1 and 2, Tngger, and Trigger Qualifier

3. Funchonal blocks indicated - Ext 3 oscilloscope toggling, holdoff status bit in trigger
status, holdoff shift, holdoff counter and register, both latch strobes, trigger control string

and registers, fast and slow trigger {lip-flops, Samplers 1 and 2 and Trigger Qualifier sync
comparator disabled, trig 3 sync comparator, cables.

BE-45



HP 54

100A/D - Loop Tests

Fault Diagnosis:

Check the following points.

GE-46

Sampler 1,Samper 2, Trigger, Trigger Qualitier {if installed) sync comparator hybrids arre
disabled (ie. at -.8 V at US pins 1, 8, and 19 on the Tngger beard in an HP 54100A, but in
HP 54100D on the Trigger Qualitier board U4 pins 1, 6, 12, and 17. If U9 pin 1is bad,
replace the Trigger board. If U9 pin 3 15 tad, then replace the Sampler 1 board. If U9 pin
19 15 bad, then replace the Sampler 2 board. If U4 pin 1 is bad, then replace the Sampler 2
board. If U4 pin 6 15 bad, replace Trigger board. If U4 pin 12 is bad, replace Gualitier board.
If U4 pin 17 is bad, replace Sampier 1.

Trigger SLOPE line (U1 pin 18) - 13 cycles/LIACK (TTL) If faulty, replace the Trigger board.

Trigger sync comparator output (U1 Pin 14) - 13 cycles/LIACK (EECL} If taulty, replace
Trigger board {suspect U1).

Trigger Flip-flop [F/F) output (U9 pin 11) - 13 cycles/LIACK (EECL) If faulty, and the TCLK's
are good, then replace the Trigger board (suspect US).
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6E-34. LOOP 24

. Trigger Fine interpolator
NOTE
Troubleshoot this foop's 24A part first.
Description:

This Inop tests the fine interpolator by setting the holdoff to 100 nsec and simulating 2 trigger
events by togghng the invert line on the Trigger board. The first trigger event starts the holdof{
which should end 1in 100 nsec {because the holdofi counter is loaded with a value equivalent to
100 nsec). The second trigger ts a valid trigger event which starts the fine interpolator. When
the fine interpolator is finished the Busy/Done Bit of the status register on the Trigger board
will assert, After the second trigger event, the CPU goes into a poliing loop which looks for the
DONE assertion. The fine interpalator is stopped by the next edge of MASCLK. When DONE
is received, the CPU reads the fine interpolator and compares it 1o set limits, The fast trigger
F/F must be able to react to the toggling for this test to pass. n addition, if the pre-trigger
delay 15 not working, it is possible that the interpolator will never get enabled. (The pre-trigger
delay is set to 64 us (very simiar to LOOP 18},

Status Registers:

STATUS #1 - -1 indicated DONE not received in reasonable time
STATUS #2 - The fine interpolator value: Vahd range 1800 - 4800
STATUS #3 - N/A

if a problem is indicated, either the status bit is broke, the fine interpolator 15 disabled or not
working, or the TENBL is not correct. If Status #1 is outside its valid range and some definite
number, and if all of the signals in the fault diagnosis section are good, then the fine
interpalator is probably not working to spec.

Possible Causes of Failure:
1. Adjustments - Fine interpolator
2. Possible boards - Timebase, Tngger, Sampler1/2, Qualifier
3. Dependancies {Functional Block) - Shift & Dala strobes, sync comp & holdoff strings,
Pre-trig delay, line interpolator, TENBL, holdoff clogk & counter, Run/Stop, Slow & Fast

Trig F/F, Tng Status (Busy/Done, Holdoff), sync comp hybrid SAMP1, 2 syn¢ comp hybrid
& Qual Sync Camp.
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Fault Diagnosis:
Check the following points.

SAMP1,2 and Trig (and Trig Gual If installed) sync comp hybrids are disabled (jie. at -.8 V at
U9 Pin 1, 3, and 19 on the Trigger board in an HP 541004 and at U4 Pin 1, 6, 12, and 17 in
an HP 54100D. If US pin 1 is bad, replace the Trigger board. If US pin 3 is bad, then replace
the Sampler 1 board. If U9 pin 19 is bad, then replace Sampler 2. If U4 pin 1 is bad, then
replace Sampler 2. If U4 pin 615 bad, replace Trigger board. If U4 pin 12 is bad, replace
Qualifier board. If U4 pin 17 is bad, replace Sampler 1. if the TCLK's are properly disabted
then the problem is not with the Sampler boards.

Check the fallowing points:

INVERT (U7 Pin 7 on trigger BD) - 2 cycles/Liack. Replace Trigger board if bad.

Fast trig F/F (output Trig MUX (U9 Pin 11)- 2 cycles/Liack. Replace Trigger board if bad.
100 MHz clock (TP9). Replace Trigger board if bad.

TENBL (Trig TP9) - mostly EECL low

STRIG (Trig U14 pin 15) - mostly EECL high

RUN/STOP (Time U29 pin 18) - toggling

BUSY/DONE (Time U27 pin 10} - toggling

LOOP 24A
This part of the test looks for the presense and response of the Timebase board.
if the Timebase does not respond, then CPU will not perform tests 24 through 29, inclusive.
To determine whether this part of the loop is failing, set the osciltoscope in REPEAT Loop 24

for about 30 seconds. After pressing STOP TEST, if the status line on the dispiay lists any other
loop than 24, then this part of Loop 24 15 failing.
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6E-25 LOOP 25
Trigger Fine Interpolator Clear
Description:

The fine interpolator is cleared when the RUN/STOP bit 1s STOPPED. This test will set the
STOP hit and read the interpalator, which should read zero.

Status Register:
STATUS #1 - The value of the hine interpolatar. Shouid be Zero.
STATUS #2 - N/A
STATUS #3 - N/A
STATUS #4 - N/A
Possible Causes ot Failure:
1. Adjustments - None
2. Possible boards - Timebase, Trigger
3. Functional block dependancies - Fing Interpolator
Fine Interpolator counter
RUN/STOP

Timebase status register
Timebase control string

Fault Diagnosis:
Check for the following signais.
RUN/STOP going high (U48 Pin 10} [low on U48 Pin 2]
All TTL Logic Level Lows: U35 Pins 4, 5, 12, 13 U60 Pins 3, 4, 5, 6 U6l Pins
3, 4, 5, 6, & 9, 10, 11
U3l Pin 4 - TTL High TPZO - ECL Low TP11 - ECL High
Loop Flowchart:
Call INIT {See section near beginning of 6C)
Set STOP bit
Clear error indicator

Set LIACK high
if fine interpolator<>0 then set error indicator
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Troubleshooting Tree:
Probe the following points. Refer to Figure BE-14,

Trig U23 pin 5 (MASCLK)
Trig TP31 (LRUN/STOP)

if LRUN/STOP 15 bad, check U29 pin 15 instead of TP31. Mt il is bad here, replace the
Timebase board.

if all of the counter's outpuls are not zero (see points above), and MASCLK and RUN/STOP are
good, replace the Trigger board {suspect the fine interpolator counter).

vw"- - - 7-« - -\w' Tl - .y
Trigger board U23 Pin S oo i e e e B e R
MASCLK , o a5 . N -~ \ .--"w e ot

e e Pyt | P S | g P et e B e B, £ R (P T B A T g e

Trigger board TP31 kb e . L
LRUN/STOP ' ‘
{38,000 nsec 7 0.00808 sec 190.2080 nsec
Ch, 1 = 4p0.2 mvolts/div Offset = -1,236 wvoits
Ch. 2 = ,.000 volts/div Offset = 1,600 volis
Timebase = 20.0 nsec/div Delay = 0.0020@0 sec

Trigger wmodea : Edge
On Pos. Edge on Chanl
Trigger Levels
Charl = =1.238 valts
Holdaff = 70.0288 nsecs

Figure 6E-18. Loop 25 Troubleshooting Waveforms at U23 Pin 5 and TP31.
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6E-36. LOOP 26

. Sample Rate Generator
Description:

This test exercises the sample rate generator. The timebase status word contains a bit which
reflects the state of SAMPLE CLOCK 2. This clock 1s set to approximately 400 us period. This
test performs the following procedure: CPU Polls the status bit until a low is detected. 1t then
continues to poll for a hugh. Then it starts a software UP counter which will be used to
determine the penod of the clock. [t then polls the status bit until a low is detected. Then the
UP counter 1s slopped and ilts value recorded. The soltware DOWN counter is then started
{this counter starts at the same value that the UP counter 1s stopped ). The CPU then polls the
status bit until a high I1s detected. This ends the measurement. The DOWN counter should be
close to zero. This value detects duty cycle of clock. The CPU then compares the UP and
DOWN counter for proper values.

Status Register:
STATUS #1 - Value of DOWN counter last time there was a failure
STATUS #2 - Value ol UP counter last time there was a failure
STATUS #3 - Value ol Loop DOWN counter waiting for the initial low state,
STATUS #4 - Value of loop DOWN counter waiting tor the inihat first rising edge.
TYPICAL VALUES FOR 3 & 4 = 4040-4095
VALID RANGE FOR 1 =0-3
VALID RANGE FOR 2 = 47.51
. Possible Causes of Failure:
1. Adjustments indicated - MASCLK
2. Boards indicated - Timebase
3. Functional btocks indicated - Sample Rate Generator

Master Clock
Timebase Status (SMCLK2)

Fault Diagnasis:
Check the foilowing points.
40 MHz MASCLK ({TP2}
SMCLK2 = 400 us period (U27 pin 6)
LRUN/STOP (TPT7) Toggling.

In addition, see Troubleshooting Timebase board Section 6E-3 for more information.
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TP7 e
LRUN/STOP

-£.20008 usec

Ch, 1 =

Timebase = |.0@ usec/div
Trigger mode

On MNeg. Edge on Chanl

Trigger Levels

Chan! = -1.282

Holdcff = 70.000

valts
nsecs

200.0 mvolts/div

Edge

2.00000 sec

Of faet
Delay

5.00000 usec

-1.282

@.20000

Figure GE-19. Loop 26 Troubleshooting Waveforms at TF7,
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6E-37. LOOP 27
Timebase Post Trigger Delay
Description:

The test exercises the post tngger delay counter on the Timebase board by loading the counter
with a value, starting the counter counting downward, and using a software counter to determine
the time it takes for the counter to time out. Specifically, the hotdoff is set to 100 nsec. The post
Trig delay counter is loaded with a count of 19. And the sampie rale is set to a 100 us period.

The trgger 1s set up so that only a data latch is required to cause a tngger avent. The TENBL Bit
(In timebase status) is polled until it is enabled. SMCLKZ2 Bit (in timebase status) is polled for a
positive going edge. The trigger dala latch 15 sent and a trigger event occurs. This starts the post
trigger delay counter. The CPU polls the BUSY/DONE line for an assertion of done which will
happen when the post tngger delay counter reaches zero. The time between the data latch and
the DONE signal is counted with a software timer and should be within a valid range. Because the
count in post trigger delay 15 19 and because the post tnig delay counter is clocked by SMCLK2,
the time between STRIG and DONE 1s 1.9 msec.

Status Register:
STATUS #1 - -1 indicales that a rising edge was not found on SMCLK2 within a given amount
of time.
STATUS #2 - Value of last down counter regardless whether it was valid or not

STATUS #3 - Value of last down counter that failed because the value was too large.
STATUS #4 - Value of ast down counter that tailed because the value was too small.

VALID RANGE #2, 3, 4 - 378 to 400
Possible Causes of Problems:
1. Adjustments indicated - Sampier and rmain trigger hysteresis
2. Boards indicated - Timebase, Trigger, Qualifier, Sampler 1/2
3. Functional blocks indicated - Sample rate generator, FOST TRIG DELAY, TRIG COMP,
TIMEBASE STATUS (BUSY/DONE, TENBL), TENBL, STRIG, PRE-TRIG DELAY,
HOLDOFF STRING & COUNTER, SYNC COMP STRING, SLOW & FAST TRIG F/F,

SAMPLER's TRIG COMPARATORS. TRIGGER STATUS TIMEBASE CONTROL
STRINGS
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Fault Diagnosis:
Check the following points.

SAMP1,2 and Trig (and Trig Qual if installed) sync comp hybrids are disabled (ie. at -.B V at
U9 Pin 1, 3, and 19 on the Trigger board in an HP 54100A and at U4 Fin 1, 6,12, and 17 in
an HP 541000, If U9 pin 1 is bad, replace the Trigger board. If U9 pin 3 is bad, then replace
the Sampler 1 board. if U9 pin 19 is bad, then replace Sampler 2. If U4 pin 1 is bad, then
replace Sampler 2. If U4 pin 6 is bad, replace Trigger board. If U4 pin 12 is bad, replace
Qualifier board, If U4 pin 17 is bad, replace Sampler 1. If all of the TCLK's are correct, then
the Sampler boards are not causing the probiem.

Check the following points:

SMCLK2 (U10 pin 11) = 100 us period

Post trig delay = 1.9 msec

MASCLK (Time TP2) =40 MHz

TRIG BD (U9 Pin 11} =0 V to -.8 V square wave {2 cycles/LIACK)
Check the following points.

TP7 {LRUN/STOP)
TP8 {GATE1)
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TP7 | ! -
LRUN/STOP ] : o
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TPB ‘[ﬁL - — ,:, S e e o - B
GATE 1 ! '
W St AP b
| : :
19,0002 mac TT2.50080 msec S.00000 msec
Ch. 1 = 400.2 mvolts/div Offset = -1,30@ wvolts
Ch. 2 = 400.Q mvolts/div OFfset = -|,3088 volis
Timebase = 500 usec/div Celay = 2.200@20 sec
Delta T 979.901 usec
Start 35.3333 usec Stop = |,01523 msec
Delta V = .808 voltis
Umarkerl = -8Y6.@ mvolts Umarhers = -376.8 mvolts
Trigger mode Edge
On Pos. Edye on Teayd
Trigger Levelws
Trigd = 1.28@ volis
Holdoff = 7490.000 usecs
Figure 6E-A). Loop 27 Troubleshooting Waveforms at TP7 and TF8.
¢
TP7 —— e e ———
jEN— R = EE R S e S TR AN T R f WAL W R k- O D g ) e
Ut Pin 14 oo e B L e o
-250.000 usec T E. 0D000  sac 252.202 usec
Ch. | = 10.9@ volis/div Offsat = 1.600 wvolts
Ch. 2 = 490.0 mvolts/div Offset = -400.8 mvolis
Timebase = GCR.& usec/div Delay = D.2eRAO sec
Delta V = 0.000 wvolts
Umarker! = ~1,268 valts Umarker2 = -1.2E8 volts
Trigger mode ¢ Edge
On Neg. Edge or £hanl
Trigger Levels
Chani = 1.600 vaolts
HoldafFf = 70.002 nsecs

Figure 6E-21. Loop 27 Troubleshooting Waveforms at TP7 and U1 Pin 14.
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6E-38. LOOP 28
TIMEBASE COARSE INTERPOLATOR .
Description:

This loop tests the coarse interpalator by reading the number of edges of MASCLK that the
coarse interpolator records between a given ingger event and a known SMCLK edge. To do
this requires the following: The HOLDOFF is set to 100 nsec. The POST TRIGGER DELAY Is
set to a known count and the SMCLKZ is set to a 250 pus period. The trigger is set up so that
only a data latch is needed to cause a trigger event. A poll.of SMCLK2 i1s executed until a
positive edge 1s found. The trigger string is then latched which causes a trigger event, which
starts the coarse interpolator. The coarse interpolator counts MASCLK's until the next positive
edge of SMCLK2. However, the CPU can only tell it the loop is done by polling BUSY/DONE
for a DONE condition as defined by the POST TRIGGER DELAY counter. When DONE has
asserted, the coarse interpolator must be done and within a valid count range. The valid range
is determined by the number of 40 MHz MASCLK's that can occur in 1/2 of the SMCLK2
periad (120 counts.) Tnggers are generaled by loggling the INVERT line on the Trigger board
whtle all the TCLK's are disabled.

Status Register:

STATUS #1 - Value of down counter polling BUSY/DONE. Typical 2850 to 2870.
STATUS #2 - Value of tast coarse interpolator that failed due to too large

a value.
STATUS #3 - Value of last coarse interpolator that failed due to oo small

a value.

STATUS #4 - N/A
VALID RANGE = 7808-9472 .
Possible Causes of Failure:
1, Adjustments indicated - Sampler1/2 and main tngger hysteresis
2. Boards indicated - Timebase, Tngger, Sampler1/2, Qualifier
3. Functional biocks indicated - SMCLK, COARSE INTERPOLATOR, TRIG COMP,
TIMEBASE STATUS (BUSY/DONE, SMCLK2),TENBL, STRIG, PRE-TRIG DELAY,

HOLDOFF STRING & COUNTER, SLOW & FAST TRIG F/F, TRIG CONTROL
STRING, SAMP1/2 SYNC COMP, TRIGGER STATUS, RUN/STOP, BUSY/DONE

Fault Diagnosis:
Check that Tnigger U9 pin 1,3,19 and U4 pin 1,6,12,17 are disabled (-8 V). If U9 pin 19 or U4
pin 17 1s bad, replace the Sampler 1. If U9 pin 3 or U4 pin 1 is bad, replace the Sampler 2. {f

Ug pin 10or U4 pin 61s bad, replace the Trigger board. If U4 pin 12 is bad, replace the
Qualifier board.

Probe the following points.

TP7 (LRUN/STOP) U9 pin 8 or U4 pin 8  (TCLKOUT)

TPY (TENBL) U20 pin 5 (STRIG)

TP7 {LRUN/STOP) uz0 pin 4 (MASCLK)

U20 pin 5 (STRIG) Uz0 pin 13 (LSMCLKZ) .
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'
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Offset
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Figure 6E-22. Loop 28 Troubleshooting Waveforms at U2Q Pins 4 and 13,
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Figure 6E-23. Loop 28 Troubleshooting Waveforms at U9 Pin 8 and U20 Pin 5.
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7 x
a 1
TP7 UL O N 'ri : - s o o oo e
LRUN/STOP :
U20 Pin 5 U
STRIG
I Riamaan SV,
BI00000 mec 1700088 mesc T 7.00006 msac
Ch. 1 = 238.2 mvolis/div Offsel -1.308 volts
Che 2 = 400.0 mvolts/div Offsei = -1.302 .oltis
$.nebase = 288 usec/div Delay = 3.23082¢ ssc
Trigger mode ! Edgs
On Pos. Edge on Chan!
Trigger Levels
Chani = -1.300 wvoits
HoldofF = 78.080 nsecs
Figure 6E-24 Loop 28 Troubleshooting Waveforms at TP7 and U710 Pin 5.
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TRP7 L RS S .
LRUN/STOP )
[ .
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TENBL : ;
et it
' 0.00090 sec T 7777500000 usee T 1,0002@ msec
Ch. | = 480.0 mvolis/div Bffset = -1.,380 volts
Ch. 2 = 400.0 mvolts/div Offset = -1.30@ volts
Timebase = 180 usec/div Delay = 0.000P20 s=ec

Trigger mode : Edge
On Pos. Edge an Chan!
Trigger Lewvels
Chanl = -1.32@ wvolts
Holdoff = 72.0@86 nsecs

Figure 6E-25. Loop 28 Troubleshooting Waveforms at TP7 and TPS.
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6E-39. LOOP 29
. Timebase Coarse Interpolator Clear
Description:

The coarse mterpolator is ¢leared when the RUN/STOP bit is STOPPED. This test sets the
STOP bit and then reads the coarse interpolator. It should read zero.

Status Register:

STATUS #1 - The value of the interpolator. Valid range is 00.
STATUS #2 - N/A
STATUS #3 - N/A
STATUS #4 - N/A

Possible Causes of Failure:

1. Adjustments indicated - Nonge

2. Boards indicated - Timebase

3. Functional blocks indicated - RUN/STOP or Coarse Interpolator Counter
Fault diagnosis:”

Check the following points:
. RUN/STOP (TP7) £CL SQUARE WAVE
Ui5 Pins 1, 2, 13, 14 about -5V
U28 Pins 3,4, 5,6 TTL low
U40 Pins 3,4, 5,6,8,9, 10,11 TTL low

Troubleshooting Tree:

Program Flowchart -
Call 'NIT
Stop STOPF bit
Set LIACK high
If coarse mterpolator = 0 then END
Set loop error indicator
END
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6E-40. LOOQP 30

SAMPLER 1 - POS/NEG EDGE SELECT

This loop has a 30A Part to it. Troubleshoot the 30A part first.

Description:

This loop 15 similar to Leop 23 (HOLDOFF by events) in that Il counts the numbser of trigger
events it receives and counts the HOLDOFF counter down one number for each trigger event.
The difference is In how it receives its trigger. The trigger is generated by toggling the slope
fine on SAMPLER 1's trigger comparator hybrid. The events are set to 11 events. The first
trigger event will start HOLDOFF and the 12th event will conctude HOLDOFF. The polling loop
executes 10 trigger events and exits the loop. The state of the HOLDOFF counter is then
lested and should still be held in HOLDOFF. Then one more trigger Is generated and the unit
should come out of HOLDOFF. If either ime (when 10th or 11th trigger event is triggered)
gives a status of HOLDOFF that 1s inconsistent with what 1s expected, then the test fails.

Status Register:

STATUS #1 - This determines if the HOLDOFF can be enabled at all.
-1 is a failure, 4090's is typical.
STATUS #2 - This tests HOLDOFF at 10 events after the first latching trigger
avent.
-1 indicates thal it was not still in HOLDOFF as expected.
STATUS #3 - This tests HOLDOFF at 11 events after first latching trigger
event. -1 indicates that it
was still in HOLDOFF when it should not have been in HOLDOFF.
STATUS #4 - N/A

Possible Causes ql Failure:

1.

n
=5

3.

Adjustments indicated - Sampler and main trigger hysteresis
Boards indicated - SAMPLER1/2, TRIGGER, QUALIFIER
Functional Blocks indicated - Attenuator, HOLDOFF string & counter,

Slow & Fast trigger F/F, Trigger status, Sync comparators, SAMP Sync comparators,
Data latch strobes, cabies, POS/NEG

Fault Diagnosis:

Check that Trigger U9 pin 1,3 and U4 pin 1,6,12 are disabled (-8 V). U9 pin3orU4pintis
bad, replace the Sampler 2. If U9 pin 1 or U4 pin € is bad, replace the Trigger board. If U4 pin
12 is bad, replace the Qualifier.

Probe the foliowing points.

Samp U9 pin 18 (POS/NEG)
Samp U9 pin 14 (TCLK1)

Trig U9 pin 12 (TCLK1)
Tng U9 pin 11 (TCLKOUT)
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Figure 6E£-26. Loop 30 Troubleshooting Waveforms at U2 Pins 14 and 18,
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Figure 6£-27. Loop 30 Troubieshooting Waveforms at U9 Pins 11 and 18.
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LOOP 30A

Description:

This tests whether or not the fellowing boards are in the system: SAMPLER1 (SAMPLERZ it
SAMPLER1T is not instalted).

If these boards are installed, all of the tests will be performed. If not installed, the following
tests will not be performed:

30, 31
This loap should be troubleshot befare any of the others listed above.
Make sure that this parl of the loop is faling by putting the unil in the repeat loop 30 for 30

seconds and then stopping the test. If this part of the loop is failing, the unit will display a loop
number other than Loop 30 on the status line of the display.
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6E-40. LOOP 31
. SAMPLER 1 - TRIGGER LEVEL DAC
Description:

This tests operales exactly like loop 30 except in the way the trigger event is created. The
trigger event is created by loggling the outpul of the trigger level DAC on SAMPLER 1 between
the high and low rails. When the DAC level passes through zero and is of the correct slope, a
trigger transistion is produced by the SAMPLER 1’s trigger comparator hybrnid. The input must
be at zero volt patentiat going into the Pre-amp hybrid.

Status Register:

STATUS #1 - This determines if the HOLDOFF can be enabled at all. -1
is a falure. TYPICAL = 4090's.

STATUS #2 . This tests the HOLDOFF at N-1 events. -1 indicates that it
was not still in HOLDOFF as expected,

STATUS #3 - This tests the HOLDOFF at N evenis. -1 indicates that it
was still in HOLDOFF when it should have been.

STATUS #4 - N/A

Possible Causes of Failure:
1. Adpustments indicated - Same as loop 30
2. Boards indicated - Same as loop 30
. 3. Functional blocks indicated - Attenuator, Pre-Amp, SAMP1 Trig. Comp,
TRIG F/F, HOLDOFF counter, HOLDOFF, SAMP1 TRIG Level DAC, TRIG STATUS,
Fast Trig F/F, Trig load, SAMP String and lcad, cables
Fault Diagnosis:
Check that Trigger U9 pin 1,3 and U4 pin 1,6.12 are disabled {-.8 V). If U9 pin 3 or U4 pin 1 is
bad, replace the Sampler 2. If U9 pin 1 or U4 pin & is bad, replace the Trigger board. if U4 pin

12 15 bad, replace the Qualifier.

Prabe the following points.

samp TP9 (Trigger tlevel)
Samp U9 pin 14 (TCLK1)

Trig U9 pin 19 (TCLK1)

Trig U9 pin 11 (TCLKOUT)

Check the following paint.

Sampler TP8 =0V
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Figure 6E-28 Loop 31 Troubleshooting Waveforms at U9 Pins 11 and 19.
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Figure 6E€-29. Loop 31 Troubleshooting Waveforms at TP9 and U9 Pin 14,
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6E-42. LOOP 32
SAMPLER 2 - POS/NEG EDGE SELECT
This loop also has a parl 32A. Troubleshoot Loop 32A fist.
Descripliom:
This test is the same test as Loop 30 except the SAMPLER 2 is lested rather than SAMPLER 1,
Status Register:
Same as Loop 30 except SAMPLER 2.
Possible Causes of Failure:
Same as loop 30 except Sampler 2.
Fault Diagnosis:

Same as Loop 30 except Sampler 2 instead of Sampler 1 and replace Trigger U9 pin 19 with
Trigger U9 pin 3 and replace Qualifier U4 pin 17 with Qualifier U4 pin 1.

LCOP 32A

This parl of the loop checks to make sure the following boards are inserted and respond:
SAMPLER 2 (or SAMPLER 1 1f SAMPLER 2 gone)

These boards are needed for the following tests:

32,33
If any one of these boards is not responding, the loops hsted above will be skipped. You can
determine if this parl of Loop 32 is failing by executing REPEAT LOOP 32 for 30 seconds and

then pressing stop lest. If this part of the loop is falling, the status line on the display will
indicate that it was running & repeat loop on some other loop than 32.

e
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6E-43. LOOP 33
SAMPLER 2 - TRIGGER LEVEL DAC
Descnplion:
This is the same loop test as loop 31 except that Sampler 2 is tested instead of Sampler 1.
Status Register:
Same as Loop 31 except Sampler 2.
Possible Cause of Failure:
Same as loop 31 except Sampler 2 instead of Sampler 1,

Fault Diagnosis:

Same as Loop 31 except Sampler 2 instead of Sampler 1 and replace trigger US pm 19 with
tngger U9 pin 3 and replace qualfier U4 pin 17 with qualifier U4 pin 1.
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6E-34. LOOP 34
ADC1 1D
Description:

This test does not actually test any hardware, rather it tests whether or not the ADC1 board
responds to "CONFIGURE", a routine that polls all slots to determine whal is present.

Status Register:
No indications
Possible Causes of Failure:
1. Adjustments indicated - None
2. Boards indicated - This loop fails if ADC1 and ADC2 is not responding
3. Functional blocks indicated - SIB, All CPU beard interfaces especially ADC1 and ADC2.
Fault Diagnosis:
See Loop 135
Troubleshooting Tree:
1. Put the tailng ADC in the Extender board

2. Follow fault diagnosis steps 2 through 6 of Loop 15
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6E-45. Loop 35

SAMPLER 1 - Trigger level DAC = 0.
Reter to the 35A part first.

Description:

This test sets the offset DAC of SAMPLER to a known value with the input attenuator open
{which sets the sampler's output to a virtual ground). Thus the IFOUT reflects the value of the
offsest DAC. The program is then paused for 100 msec (the setting time of the DAC), during
which the timebase is lcaded with the control strings which allow the timebase to take a
complete 1024-byte record when required. {This includes loading the pre and past trigger
counters, sample rate regisier, ete) The acquisition is started and then completed. The CPU
then reads out every byte of wavelorm acquisition and compares its vaiue to a value it expects
to see. If any value 1s out of range, an error indicator is sef.

when the wait-set routing allowed for the setiling time, it also calculates what the pre and post
trigger deiays and the sampte rate would need to be to fill up the entire 1024 bytes.

Status Register:

STATUS #1 - Last ADC value in error for being too high.
STATUS #2 - Last ADC value in error for being o low.
STATUS #3 - Last ADC address in error for being too high.
STATUS #4 - Last ADC address in error for being too fow.

VALID RANGE 1,2 : 58-70
VALID RANGE 3.4 : -30728 T0 -28680
87F8H TO 8FF8H

NOTE
The addresses are integer representations of 2s complement 16 bit
numbers. They are only even numbers and are the offset for the ADC
board.

Possible Causes of Failure:
1. Adjustments indicated - INULL, ONULL, SBIAS, SEFF (on sample board being tested).
2. Boards indicated - Sampler1/2, Timebase, Trigger, Qualifier
3. Functional blocks Indicated - SMCLK2, pre-post trig delay, offset
DAC, post AMP, attenuator, fast tng F/F, sampl sync, somp, STRIG, GATE1, holdoff
counter & circuit, slow tng F/F, trig status string, sync ¢omp hybrid w sampl,
TENBL.
Fault Diagnosis:
Ensure that ne signal is connected to the front panel BNC.
Make sure that all loops prior to this loop are passing; especially, the timebase loops (18, 26,
27, 28, and 29) and the Tngger board loops (21, 23, 30, 31, 32, 33). This wili completely verify
the operation of the Trigger, Qualifier, and Timebase boards for this loop. However, to make

sure, probe the following points.
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TP3 {MASCLK)
U27 pin 5 {SMCLKI)

Uz7 pin 6 (SMCLK2)
U27 pin 10 (GATEI)

Check the following points,
SAMPLER 1 DAC Digital value

SAMPLER SMCLKZ2 (Time TP11)
Pre-Trig Delay

11 bits of 0 (OR ODOOH)
100 nsec Period
250 u (from BUN/STOP (Time TP7) to

TENBL{TIME TP9})}
IFQUT cables are connected and non-intermittant
RUN/STOP (Time TP7) = toggling.
SAMPLER1 Data shift (U34 pin 2) = 0001000H

Measure Sampler 1 U7 pin 3. It should be C V. If not, suspect U1 or U7 and replace the
Sampler board.

Measure Sampler board US pin 4, it should be about -3.53 V (This number may vary slightly
between units due o different pre-amp adjustmeant positions). If it is not, replace the Sampler 1
board (suspect the dc offset cireuitry or U5 pulling the point down (this last concept occurs
more fregquently on tests 36, 37, 40, and 41).

NOTE

in the next procedure swapping the ADC boards may be necessary.
When swapping the ADC boards, be sure that afl cabies are connected
to the same board slots. Do not move the cables from their connectors
with the ADC boards.

If all the previous steps have passed, then swap ADC boards between channels. Power the
instrument with a two-key-down-power-up. If the failure has switched channels, the problem i1s on
the ADC board that is now in channel 2. If the problem is gone, there 15 a high probabiiity that
there is an adjustment problem i the unit. In this case, perform a complete adjustment of the unit.

If the test still faHs in channei 1, then set the vertical sensitivity to 10 mV/div and the offset to zero.
Remove all input signals and tweek the offset adjustment on the ADC board until the trace overiays
the center graticuie. Now input a 300 mV dc level and change the oscilloscope's verlical sensivity
to 100 mV /div. Make sure that the trace is 3 major divisions above the center graticule (1 mingr
division). Now input a -300 mV dc level, Make sure the trace is 3 divisions below the center
graticule. If these measurements are within their limits, then rapower the oscilloscope. If channel 1
still falls then replace the Sampler 1 board. If these limits are not within ther limits, perform a
complete calibration of the instrument. [ this does not help, replace the Sampler 1 board.

In addition, see Troubleshooting the ADC Board Section GE-9 for additional information concerning
ADC board failures.
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Figure 6E-30. Loop 35 Troubleshooting Waveforms at TP3 and U27 Pin 5.
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Figure 6E-31 Loop 35 Troubleshooting Waveforms at U27 Pins 6 and 10.
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LOOP 35A

This test checks for the presense of these boards:
TIMEBASE
ADCA
SAMPLER 1
TRIGGER

If these boards are not present, the following loops will not execute:
35
36
37

It can be verified that this part of the loop is faling by running REPEAT LOOF 35 for 30

seconds and then pressing STOP TEST. If this part of Loop 35 is failing, the status line on the
display will indicate that it was trying to execute some other Loop than 35.
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6E-46, LOOP 36
SAMP1 - TRIGGER LEVEL DAC = +1/2 FULLSCALE
Description:
This test 1s exactly like Loop 35, except that the offset is set to +1/2 fullscale DaC range.
Status Register:
STATUS #1 - #4 - See Loop 35
VALID RANGE 1, 2 - 100-112
VALID RANGE 3, 4 - See Loop 35

Possible Causes of Failure:

1. Adjustments indicated - Same as Loop 35 plus offset and gain (on SAMPLE
board being tested)

2. Boards indicated - Same as Loop 35
3.+ Functional blocks indicated - Same as Loop 35
Fault Diagnosis:
Same as Loop 35 except DAC Digital Vatue = 0480H (11 bits) and SAMPLER 1

control string = 0101000H. In addition, change the correct voltage at
Us pin 4 to - 3.674 V.
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6E-47. LOOP 37
SAMP1 - TRIGGER LEVEL DAC = +1/2 FULLSCALE
Description:

This test is exactly like Loop 35, except that the offset
is set to -1/2 fullscale of DAC Range. Fuliscale is approximately 6V.

Status Register:
STATUS #1 - Status #4 . Same as Loop 35
VALID RANGE 1,2 - 16-28
VALID RANGE 3, 4 - Same as Loop 35.

Possible Causes of Failure:

1.  Adjustments indicated - Same as Loop 35 plus gain and offset (on SAMPLER board being
tested)

2. Boards indicated - Same as Loop 35
3.  Functional blocks indicated - Same as Loop 35
Fault Diagnosis:

Same as Loop 35, except offset DAC digital value = 0480H (+1/2 fullscales) and SAMPLER 1
centrol string 13 01010004, In additien, change the correct voltage.
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6E-48. Loop 38
ADC 21D
Description:
The test is the same as Loop 34 except il tests ADC2.
Status Register:
Same as Loop 15
Possible Causes of Failure:
1. Adjustments indicated - None
2. Boards indicated - The loop will fail if either ADC1 or ADC2 is not respondling.
The way to tell which one is, is to remove ADC2 from SIB and execute
REPEAT LOOP 34. |I all executions fail, then ADC1 is failing. (f all
executions pass, then ADC2 is failing.
3. Functional blocks - Same as icop 34
Fault Diagnosis:
Same as Loop 15
Troubleshooting Tree.

1. Put the failing ADC In board extender.

2.  Follow fault diagnostic steps 2 through 6 of Loop 15.

6E-74



HP 54100A/D - Loop Tests

6E-49. LOOP 39
SAMPLER2 - TRIGGER LEVEL DAC =0

This loop has an "A" part. Troubleshoot Loop 39A first.
Description:

This test is exactly like loop 35, except that it tests SAMPLER2/ADC2 as opposed to
SAMPLER1/ADC1. The offset is set to 0000H (11 bits} ar O V.

Status Reugister:

Same as Loop 35.
Possible Causes of Failure:

Same as Loop 35 except use ADCZ instead of ADC1 and SAMPLER 2 instead of SAMPLER 1.
Fault Diagnosis:

Same as Loop 35 except use ADCZ instead of ADCT and SAMP 2 instead of SAMP 1. In

addition, substitute the words channel 2 for channel 1 and pertorm all adjustments to the
channel 2 boards.

LOOP 39A
This part of Loop 39 looks tor the presense of the following boards:

SAMPLER 2
ADC2
TIMEBASE
TRIGGER

if any of these boards are not present, the following loops will not execute:
39
40
41
You can verify that this part of Loop 39 is falling by running REPEAT LOOP 39 for 30 seconds

and then pressing STOP TEST. If this part of the test is failing then the status line on the
display will inclicate that it was trying to execute some other Loap than 39.
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6E-50. LOOP 40
SAMPLER2 - TRIGGER LEVEL DAC = +1/2 FULLSCALE

Description:

This tesl is exaclly like Loop 39 except that the offset DAC is set lo +1/2 of its fullscale.
Fullscale is approxirnately 8V. This loop is similar to Loop 36. In addition, the voltage value at
U5 pin 4 1s just as in Loop 36,

Status Register:
Same as Loop 35.

Possible Causes of Failure:

1. Adjustments indicaled - Same as Loop 39 plus gain and offset {(on SAMPLER BOARD
being tested).

2. Boards indicated - Same as Loop 39.
3. Functional biocks indicated - Same as Lcop 39

Fault Diagnosis:

Same as Loop 39, except offset DAC set to 0480H and SAMPLER 1 control string is
0101000H.
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GE-51. LOOF 41

SAMP2 - TRIGGER LEVEL DAC = -1/2 FULLSCALE

Description:
This test is exactly like Loop 39 except valid range for 1 and 2 is 16-28 and the offset is set to
-1/2 fullscale. This loop is similar o Loop 37. The voltage value at US pin 4 is just as in Loop
37,

Status Register;
Same as loop 35.

Possible Causes of Probiem:

Sarne as Loop 39 plus offset and gain (on SAMPLER board being tested) for adjustments
indicated.

Fault Diagnosis:

Same as Loop 39 except offset DAC is set to 0480H and SAMP1 control string = 0101000H.

6E-52. LOOP 42

Not Apphcable.
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6E-53. TRIGGER QUALIFIER LOOP 5(43-6)0

Loops 43-60 test the Trigger Qualifier board. However, these foops are highly dependent on many
of the other boards. Whenever a qualifier loop fails, the Qualifier should be removed and the
oscilloscope wired like an "A" to verify whether the Qualifier board is causing the problem or not.
It the "A" version passes all self tests, then the qualifier should be reinstalled and the qualifier loops
should be troubleshot (not ioaps 0-41). This procedure will check all failures except ones where the
Qualifier board 1s being pulled low or high by another board. However, this case can be verified by
an ohm-meter.

For many of the qualifier loops, there are more than four failure modes. in order for the status
register to display these codes, a different reporting scheme is used. In the first 43 loops, each
status register is stored in RAM as a 16-bit word, If its value is not the power up value (-32768)
then this is flagging an error. The qualifier loops need to allocale mare than one error code:

example: -32768 = 8000H - Dafault value {No errcr)
-32513 = 80 FFH - GRR X L {Lower byte reporting error)
-255 = FFOOH - ERR X H {Upper byte reporting error)
-1 = FFFFH - ERR X UlL (Both bytes reporting error)

6E-54. OSCILLOSCOPE DOES NOT TRIGGER IN EDGE MODE.

1.  Either the Qualifier board is pulling DOUT low when it should be high or the TCLK signhals
are not getting through. Pull the cable off of DOUT (J10) on the Trigger board. If the
oscilloscope begins to trigger, the problem is in DOUT. If the oscilloscope still doesn't
trigger, the problem is in the INB7-B030 or further back (trig SYNC comp., etc.).

2. When troubleshooting {gxcept when running a REPEAT LOOP} always put the timebase in
trg'd mode. When the oscilloscope autotriggers, it reprograms the Trigger and Qualifier
board; which will generate errors throughout the system.

8. Use the edge mode to track down problems if possible, The easiest way to da this 1s to
input the cal signal and trace it through the boards or use the procedure in the paragraph
entitled VERIFYING EDGE TRIGGERING.

4, in edge mode and pattern entered/exited, the DOUT line 1s driven high through U7 Pin 3.
Pins 13,14,15 on U7 shauid be low which causes pin 3 to go high, thus DOUT goes high.
The three inputs are part of the control word: LSTATE = 0, SUBMODE = 0, and LS1-L.s4
=1. (LS1-L.84 = 1 causes LQCLK = Q). In edge/pattern entered (exited the QUAL hoard is
actually in the state mode with a pattern of XXX (QCLK = 1) when present.
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6E-55. LOOP 43
. QUALIFIER - POS/NEG EDGE SELECT
Description:
This loop sets up the trigger hardware so that trigger 4 is enabled while the rest of the other
trigger sources are disabled. it is exactly like Loop 23 except the lriggers are simulated by
toggling the POS/NEG bit on the Qualifier board’s trigger sync comparator,
Status Register:
Same as lL.oop 23.
Possible Causes of Failure:
1.  Adjustments Indicated - Qualfier trigger hysteresis
2. Boards indicated - Sampler 1 and 2, Tngger, Qualifier
3  Funchonal Blocks tndicated - EXT4 slope line toggleing, holdoff status bil in trigger status
register, holdoff shift, holdoff counter and register, both latch strobes, trigger qualifier
control strings and registers,fast and slow trigger flip-flop, sampler 1 and 2 trigger
comparators should be disabled, qualfier trigger sync comparator.
Fault Diagnosis:

. Check the following pomts.

Sampler 1, Sampler 2, Tngger, Tngger Qualifier board, tngger sync comparators are
disabled (ie at -.8V on U4 pins 1,6,12, ancd 17 of the Trigger Qualfier board).

Staius bits should be set as follows:

STPD =0
INTPD =1
LS,-L84 =1
LET.LE3 =1
LE2 =0
LE4 =0
LSTATE =0
DLYD =0
SUBMODE =0

All other status bits are set to their deasserted state.

Trig U9 pin 14 - 12 cycles/LIACK
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Probe The Following Points.

U4 Pin 8 (tclkout)
Ul Pin 14 (tclk4)

Us Pin 8 (tclkout)
TP15 (DOUT)

U4 Pin B8 ({tclkout)
U3 Pin 5 (opthldf}

If U1 pin 14 is wrong then replace the Trigger Qualifier (U1 is probably bad).

It U4 pin 8 is wrong and U1 pin 14 is good, then replace Trigger Qualifier. {U4 is probably
bad).

If U3 pin 5 is wrong then replace the Trigger board.

If TP15 is wrong and not U3 pin 5, then replace Qualifier board.
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6E-56. LOOP 44

QUALIFIER - PATTERN ENTERED/EXITED

Description:
This loop works exactly like Loop 43 except that the TCLKs coming from each channel are not
inhibited by LE1 through LE4 at the ftrigger or hybrid. Thus if one of the TCLKs that is
supposed 1o be disabled isn't, then this loop will fal. The Loop 43 test would fail for that
reason. Therefore, Loop 43 really tests the TCLK 4 trigger comparator and Loop 44 tests all of
the trigger comparators.

Status Registern

Same as Loop 43 except add trigger Sampler 1and 2 trigger hysteresis adjustments to the
indicated adjustments.

Possible Causes of Failure:
Same as L.oop 43,
Fault Diagnosis:

Same as loop 43 except LE1-LE4 should be asserted.
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6E-57. LOOP 45

QUALIFIER - STATE PRESENT/NOT PRESENT

Description:

In this test, the status of the trigger signal is monitored as the criteria conditions are entered
{present) and exited (not present). The delay from the validity of the criteria to the enabling of
the trigger flip-flop (F/F) is also tested. This is done by having the edge enter the valid critena,
and having a trigger edge of proper polarity. In the state present mode, TLCK 4 undergoes a
nsing edge. Previous to this TRGEN is false and the holdoff counter is awaiting a trigger gvent
to go into holdoff by events. When this nising edge is received, the stale goes from false to
true and a trngger edge s seen by the trigger F/F. However, if the delay is correct, the edge
happens belore the F/F 15 enabled by TRGEN. These two conditions are reflected in the status
bytes on each Trigger board. A simiar but inverted situation exists for state not present.
{Note: TRGEN is another name for DOUT). Trigger events are generated by toggling the
trigger qualifier’s siope line (U1 pin 18) while all four tngger comparators are disabled.

Status Register:
No indications.
Possible Causes of Failure:
1. Adjustments incicaled - Sampler 1 and 2, main, and qualified trigger hysteresis
2,  Boards indicated - Sampler 1 and 2, trigget, qualifier
3. Functional Block(s) indicated - ext 4 slope line toggling, holdoff status bit in trigger status
register, holdotf shift, holdoff counler and register, both latch strobes on Tngger board,
trigger qualifer control strings and control registers, tast and slow trigger flip-flops,

Sampler 1 and 2 trigger comparators should be disabled, trig qual trigger comparator,
state mode on qualifier TRGEN, QCLK.
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Fault Diagnosis:

. Probe the following points.
U4 pin 8 {TCLKOUT)

Ul pin 14 (TCLK4)

U4 pin 8 (TCLKOUT)
TP15 (bouT)

U4 pin 8 (TCLKOUT)
U3 pin &

If Ut pin 14 is wrong, then replace the Trnigger Qualitier {U1 is suspect).

if U4 pin 8 is wrong and U1 pin 14 is good, then replace the Trigger Qualifier (U4 1s suspect.)
if U3 pin 5 is wrong, then replace the Trigger board.

If TP15 15 wrong and U3 pin 5 is not, then replace Trigger Qualifier.

Check that the sampler1/sampler2/trigger/qualifier bd trigger sync comparators are disabled (1e
at -.8v on U4 pins 1,6,12,17 of the Trigger Qualifier board).

Check U1 pin 18 on Trigger Qualifier board. It should look similar to U1 pin 14 except it is
inverted.

Check that the following Trigger Qualiher control variables are set properly:

. STPD = DE-ASSERTED

INTPD = SEE PRINTOUT
LS1-LS4 = ASSERTED

LEl-LE4 = DE-ASSERTED
LSTATE = DE-ASSERTED
pLYD = DE-ASSERTED
SUBMODE = SEE PRINTOUT
Cl = DE-ASSERTED
Lco = DE-ASSERTED
CL3 = De-ASSERTED
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6E-58. LOOP 46
DELAY BY EVENTS
Description:

This test aperates as indicated on the previous page except that when QCLK goes true, it does
not enable the counter, it makes TRGEN go true. This test and Loops 47-54 exercise the event
delay circuitry on the qualifier. This difference between the tests lies in the fact of the number
of evenis delayed. Each Loop (41-54) tests different parts of the 29-bit counter that allow
different event delays.

For board level replacement purposes, Loop 46-54 will usually either all fail due to some other
board causing the failure or only some of them will fail because of the Qualifier board. In
addition, all of them can faill because the Qualkfier is bad.

This loop tests the evenis counter when 1t is loaded with a value of 0, {(which corresponds to a
count of one trigger event). When in this mode, the count-start flip flop (U19-pin2) is routed to
DOUT through U7 instead of routing the counter output to DOUT. Therefore, the counter is not
thoroughly tested (except for ensunng the DOUT doesn't toggle unnecessanly). The Trigger
board's trigger comparator 15 set to generate the QCLK by toggling the siope line on the
Trigger board. The Trigger Qualifier board's trigger comparator generates the tngger events by
toggling the slope line on the Trigger Qualifier board. The Trigger board is programmed for
heoldoff by 10 events. And the Trigger Quailifier board 1s set initially in a state thal is awaiting a
QCLK edge before arming the trigger flip-flop {on Trigger board) to trigger on TCLKOUT.
TCLKOUT 15 pulsed which does not result in a tngger event since QCLK has not occurred yet.
QCLK 15 then pulsed which causes DOUT to go high immediately. The next TCLKOUT edge
will result in the trnigger flip-flop outputting a trigger. This aiso asseris OPTHLDF which
de-asserts DOUT and resets the qualified trigger back to its orginal state.
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Status Register:
. No indication,
Possible Causes of Failure:
1.  Adjustments incicated - Sampler 1 and 2, Trigger, and Trigger Qualifier hysteresis.
2. Boards indicated - trigger, qualifrer, sampler1/2
3. Functional blocks indicated - TCLK3, TCLK4, QCLK, DOUT, Trigger and
Qualifier board's trigger comparators, sampleri/2 trigger comparators are
disablied, 29- bit counter, OPTHLDF

Fault Diagnosis:,

Check to make sure that U4 pins 1 and 17 are at  -8. If pin 1 is bad then replace Sampler 2.
If pin 17 1s bad replace Sampler 1. Probe the following signals.

U4 Pin 8 (TCLKOUT)
Ué pin 2 {QCLK)
Ulg pin 2 {count-start flip-flop)
TP 15 {DOUT)
U3 pin 3 {(OPTHLDF)
Ul pin 18 (SLOPE)
. U3 pin 2 (OPTHLDF)
Us pin 6 (TCLK3)

If TCLKOUT is bad and if TCLK4 U1 pin 14 looks similar to U1 pin 18, then the Qualifier 1s bad
(U1 suspected).

i DOUT 1s bad and TCLKOUT 1s good, then Qualfier is bad.
If DOUT 15 good and OPTHLDF 1s bad and it TCLKOUT is good, then replace Trigger board.
If QCLK 1s bad and TCLK out is goad, then repiace Trigger Qualifier board.

Check that the following status control values are vald:

INTPD =1 LE4 =0
STPD =0 LSTATE =1
LS1-L53 = 0 DLYD =1
LS4 =1 SUBMODE = 0
LE1-LE3 = 1 LCO =0

All other values are deasseried.
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Figure 6E-39. Loop 46 Troubleshooting Waveforms at U4 Pin 8 and e Pin 2.
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Figure 6E-40. Loop 46 Troubleshooting Waveforms at U189 Pin 2 and TP18.
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Figure GE-41, Loop 46 Troubleshooting Waveforms at U3 Pin 3 and UT Pin 18,
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Figure 6E-42. Loop 48 Troubleshooting Waveforms af U3 Fin 2 and U4 Pin G.
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6E-59. LOOP 47

DELAY BY EVENTS - COUNTER TIMING (LOAD = 1)

Description:
This test 1s exactly like Loop 46 except that the 29-bit counter Is loaded with a value of 1. This
loop tests different portions of the counter; but otherwise it tests the same gireuitry, C1 and
CL3 forces the D input of U20 pin 7 high through U21 pin 3. The first positive edge at TP1
causes U20 pin 3 to go low and aiter ane clock the counter's output goes low. The long part
of the 29-bit counter is ignored.

Status Register:
No indications.

Possible Causes of Failure:
Same as Loop 46 except the Sampler Trigger Hysteresis does not affect the test.

Fault hagnosis:

Check to make sure that U4 pin 17,1 are at -.8V. 1f pin 17 is bad, replace Sampler 1. if pin 1
is bad replace Sampler 2.

Probe the following points for the following signats:

U4 pin 8 {TCLKOUT}

Us pin 2 {OCLK)

U3z pin 3 {counter reload)
TP 18 (DOUT}

U3 pin 3 {OPTHLDF}

TP1 {counter clock}

Ul pin 18 {SLOPE)
V4 pin & {TCLK3)

Check for the following status register digital valves:

Ct=0 LC2-LC3, LG5, LCL37, CL37,C6-629 =0
1.CC =1 CL3 =1 all other values are deasserted.
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Figure 6E-43. Loop <7 Troubleshooting Waveforms at U4 Pin 8 and UB Pin 2,
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Figure GE-44. Loop 47 Troubleshooting Waveforms at U32 Pin 15 and TP15.
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Figure GE-45. Loop 47 Troubleshooling Waveforms at U3 Pin 3 and TP1.
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Figure GE-46. Loop <47 Troubleshogting Waveforms at U4 Pin 6 and U1 Pin 18.
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6E-60. LOOP 48

DELAY BY EVENTS - COUNTER TIMING (LOAD=2)

Description:
This test is exactly lke Loop 46 except thal the 29-bit counter is loaded with a value of 2,
otherwise most of the circuits tested are exactly the same. However, a different part of the
counter is checked. For this loop value, the entire long counter is ignored since CL3=1. The
only signal inhibiting U20 pin 7 from going high is U20 pin 15. On the first positive edge of
TP1, U20 pin 15 will go low which will allow LTLE to go low on the second edge of TP1.

Status Regisler:
No indicalions.

Possibie Cause of Failure:

Same as Loop 46.

Fault Diagnosis:

Same ag Loop 47 except probe these points.

U4 pin 8 {TCLKOUT)

ug pin 2 {QCLk}

Uiz pin 3 {counter reload)
TP15 {DOUT)

U3 pin 3 (OPTHLDF)

TP1 (counter clock)

Ul pin 18  (SLOPE)
U4 pin 6 (TCLK3)

Check the following tngger qualifier status register bits:

C1=1 LCL5=0
LCD=1 1C2.LC5, LCLS, CL37, LCL37. ©6-C29=0
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Figure 6E-47. Loop 48 Troubleshooting Waveforms at U4 Pin & and Ué Pin 2.
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Figure 6E-48. Loop 48 Troubleshooting Waveforms at U32 Pin 3and TP 15.
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Figure 6E-49. Loop 48 Troubleshooting Waveforms at TP1 and U3 Pin 3.
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Figure GE-50. Loop 48 Troubleshooting Waveforms at U4 Pin 6 and UT Pin 18,
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6E-61. LOOP 49

DELAY BY EVENTS - COUNTER TIMING (LOAD=3)

Description:
This test is exactly like Loop 46 except that the 28-bit counter 15 loaded with a value of 3;
atherwise the same hardware is tested. The long counter is stilt ignored because LCL5=0. The
restart flip-flop (U20 pin 15) goes low on the first clock which then allows U23 pin 14 to go low
on the second {U20 min 15). U20 pin 7 goes high which allows LTLE to go low on the third
ciock (U10 pin 7 is forced low by LCL5=0).

Status Register:
N¢ indications.

Possible Cause of Failure:
Same as Loop 46

Fault Diagnosis:

Same as Loop 47 except probe the fallowing points.

U4 pin 8 (TCLKOUT)

Ué pin 2 (QCLKk)

uiz pin 3 (counter reload)
TP15 {DOUT)

U3 pin 3 {OPTHLDF}

TP1 {counter clock)

Ul pin 18  (SLOPE)
U4 pin 6 (TCLK3)

Check the following digital trigger qualifier status register values:
C1=0, LCO=1, CL3=0, LCL5=0

{.C2-LC5, CL37, LCL37, CB-C29=0
all others same as Loop 46.
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Figure 6E-51. Loop 49 Troubleshooting Waveforms at U4 Pr1 8 and U6 Pin 2.
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Figure GE-52. Loop 49 Troubleshooting Waveforms at U32 Pin 3 and TP15
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Figure 6E-53. Loop #9 Troubleshooting Waveforms at U3 Pin 3 and TP1.
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Figure GE-G4. Loop 49 Troubleshooting Waveforms at U4 P 8 and U1 Pin 18.
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6E-62. LOOP 50
DELAY BY EVENTS - COUNTER TIMING (LOAD=4)
Descriptiom:
This Ioop is exactly like Loop 46 except that the 29-bit counter is Ioaded with a value fo 4;
otherwise the same circuitry is tested. The long counter is ignored because LCL5=0. The
restart flip-flop goes low on the first clock, which allows U23 pin 2 to go low on the second
clock This allows U23 pin 14 to go low on the third clock. U20 pin 7 then goes high which
sends LTCE (U20 pin 3) low on the fourth edge.
Status Register:
Na indigation.
Possible Cause ot Failure:
Same as Loop 46.
Fauit Diagnaosis:
Same as Loop 47 except use figures 6E-51through 6E-54,
Check the following digital trigger qualifier status register vatues:
Ci1=1
LCO=1
LCL3=0
LCLS5=0

LC2-LC5, LCL37, CL37, C6-C29=0
All athers are exactly like Loop 46

6E-101



HP 54100A/D - Loop Tests

-1 - A e e e . - am W
U4 Ping z
TCLKOUT ” e W Wk N o
P e o it S
U6 Pin 2 I.”.“,_““
350000 msec 00000 sec —I753008 msec
Ch, i = 400.@ mvolts/dav Offset = -432.0 mvolis
Ch, 2 = 4P8.0 mvolts/div Of faet = -§,30¢ volts
Timebase = 500 usec/civ Dalay = @.00000 =sec
Deita ¥ = 4,28@0 volts
Umarker! = -4,960 volts Umarker? = -760.0 mvolts
Trigger mode : Edge

On Pos, Edge on Trig3
Trigoper Levels
Trig3 [.20@ volts
Holdof f 78.08@ nsecs
Figure 6E-55. Loop 50 Troubleshooting Waveforms af U4 Pin 8 and U6 Pin 2.
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Figure GE-56 Loop 50 Troubleshooting Waveforms at U32 Pin 3 and TP15.
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Figure 6E-57. Loop 80 Troubleshooting Waveforms at U3 Pin 3 and TP1.
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Figure GE-58. Loop 50 Troubleshooting Waveforms af U4 Pin 6 and U1 Pin 18,

6E-103



HP 54100A/D - Loop Tests

6E-63. LOOP 51
DELAY BY EVENTS - COUNTER TIMING (LOAD=3) .
Description:

This loop is exactly fike Loop 46 excep! the 29-bit counter is loaded with a value of 5 which
exercises the digital ground side of the long counter. U23 pin 2 (LRST) supplies the reset
signai to long counter to initialize it. LCLK (U23 pin 14) supplies clocks to the long counter at
the counter clock (TP1) divided by two. When the long counter times out, LLTC (U10 pin 7)
goes low and U20 pin 7 goes low when LCLK goes low and LTCE goes low on the next
transition of the counter clock (TP1) which in turn causes DOUT to go low.

On the first counter clock, LRST goes high and clears the up counter. LRST is removed from
U12, and U13 on the second clock edge so these points will recognize the first LOLK which
occurs an the fourth clock edge. Because CL37=1, LPE {U12 pin 5) on the up counter wiil be
low when the first LCLK occurs so the up counter will load with LC2-LC5 (or all bits are one
for load of five). This causes LTC on the output of the up counter to go low which sends LLTC
{(U10 pin 7) low. CL37=1 forces U12 pin 3 to stay low the entire loop and DISP (U26 pin 11} on
the 1KC3 counter to stay low through U26 pin 22.

The up counter is U13. The 1KC3 is U26.
Status Register
Na indications.

Possible Causes of Failure: .

Same as loop 46 except add the long counter, 1KC3 counter, and up counter to functional
block lists.

Fault Diagnosis:
Same as Loop 47 except use figures BE-55 through GE-58.

Check the following tnigger qualifier status regisler points:

C1=0 LCLS=1 C6-C29=0
LCO=1 LC2-LCE=1 LCL37=0
CL3=0 CL37=1

All others are exactly the same as Loop 48.
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Figure 6E-59. Loop 51 Troubleshooting Waveforms at U4 Pin 8 and U6 Pin 2,
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Timebase = 500 usec/div Dalay = [(.902800 sec
Delta ¥ = 4.2¢Q volts
Ymarker| = ~4,360 valts Umarker? = -76@.8 mvolts

Trigger mode i Edge
On Pos, £dge on Trigd
Trigger Levels
Trigd = 1.200 volts
Haldeff = 70.000 nsecs

Figure GE-60. Loop 51 Troubleshooting Waveforms at U32 Pin 3 and TP15.
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T el "Syvor '
U3 Pin 3
OPTHLDF ot ” s ——— gl
s W T Ao ——— o i ——ts iy
TP1 .
COUNTER CLOCK  + P . « - .
T3EGROT meec T 0.ped@ed sec  2.50008 muec
Ch. 1 = 409,09 mvolis/div Dffset = =1.300 vwveltis
Ch. 2 = 4@0.@ mveolis/div Offset = -1,30Q@ wvolts
Timebase = 5SP@ wusec/div Delay = .0900Q¢0 sec
Delta V = 4,200 vwvolts
Umarker! = -4,98@0 volis Umarker2 = -760.0 mvolts
Trigger mode ¢ Edpe
On Pos. Edge on Trigd
Trigper Levels
Trigd = 1.2¢@ volts
Holdeff = 70.002 nsecs

Figure BE-GT. Loop 5/ Troubieshonting Waveforms at U3 Pin 3 and TP1.
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E — Ame  We e H — —
Ui Pin18 | ' : * - '
SLOPE T T T T T
ZZ.56000 meec . 60008 sec 3 50000 meec
Ch. 1 = 490.8 mvolis/div Of fset = =432.0 mvolts
Ch, 2 = 2,900 wvolts/div Of fset « |.B@@ wvolis
Timebase = GS@0 usec/div Delay e (.0000@ sec
Delta U = 4,208 volts
Umarkter! = -4,36@ volts Umarkar? = -760.0 mvolts
Trigger mode 1| Edge
On Pos, Edge on Trigd

frigger Levels
Trig3 =
Holdoff

l.20@
79.000

volts
neecs

Figure GE-62. Loop 51 Troubleshooting Waveforms at U4 Pin 6 and U7 Pin 18.
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6E-G4. LOOP 52

DELAY BY EVENTS - COUNTER TIMING (LOAD=36)

Descriplion:
This loop warks just fike Loop 46 except thal the 29-bit counter is loaded with a value of 36,
The up counter part of the long counter is used but not the 1KC3 counter {because CL37=1),
An edge at the RIL {U26 pin 22} input of the 1KC3 forces DISP {U28 pin 11) to output a low.
U23 pin 14 (LCLK) supplies the reset signai (LRST) to the long counter to initialize it. 23 pin 2
(LRST) supplies clocks lo the long counter at a rate that is TP1 divided by 2. LCLK continues
clocking until the long counter times out and LLTC (U10 pin 7) 1s output. U20 pin 7 goes high
when LCLK goes iow. And the next counter clock (TP1) after that causes LTCE to go low
which affects DOUT.

For a load of 36, lhe up counter is loaded with LC2-LC5=0. It then counts up to 15 (its
terminal count) and sends LLTC low. U12 pin 3 and U26 pin 11 both stay low by CL37=1.

Status Register:

No indication.
Possible Cause of Failure:
Same as Loop 51.

Fault Diagnosis:
Same as Loop 47.

Check that the proper signals are set in the tngger gualifier control register.

Cl=1 LC2-LC5=0
LCO=1 CL37=1
CL3=0 LCL37=0
LCL5=1 L6-C29=0

All others are the same as logp 486,

Probe the same points as Loop 47 except use figures 6E-63 through GE-66.
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U4 Pin 8 : :
TCLKOUF _ﬂmi'tlh.b-thuiiin;nQp-q\htrvﬂt n.nnidnubggﬁl

LR A R ] o T 2RI U R ] BB EE LT TR TE & DR SEE S T SR - R 1T ":.—.7.:

Ug Pin 2
QCLK ) - et F
290000 " seq 5. 90000 msec 76,8008 mase

Ch. 1 = 498.8 mvolts/duiv Of fset = -432.8 mvolts
Ch. 2 = 408.9 mvolis/div Offset = ~-1.300 wvolts
Timebase = 1,00 msec/div Delay = 9.90200 sgec
Delta VU = 4.20¢ volts
Umarker? = <4,56@ volts Umarierl = -750.0 mvolts

Trigger mode : Edge
On Pos. Edge on Trig3
Trigper Levels
Trig3d = 1.20@ wvolts
Holdoff = 7¢.9280 nsecs

Figure 6E-63. Loop 52 Troubleshooting Waveforms at U4 Pin 8 and U6 Pin 2,

e e e e ey
T‘. e o %!:; i ;
U32 Pin 3 P N ' .
COUNTER RELOAD ! = w—
—— - - - N B
E L L] Ll r-i:—
TP15 | a : ' ’ ‘
DOUT : = ,
0.00000 sec 1.60202 msec Z2.00000 msec
Ch. 1 = 490.0 mvolts/div Offset = =-1.,38@ volis
Ch. 2 = 400.@ mvolts/div Of femt = -490.9 mvolts
Timebase = 208 usec/div Dalay = 2.0000Q0 sec
Dalta ¥ = 4,20¢ volts
Vmarkerl = =4.96@ volts Umarker2 = =-768.0 mvoltis

Trigger mode ¢ Edpe
On Pos. Edge on Trig3
Trigger Lavels
Trig3 = 1.200 wvolts
Holdoff = 70.008 nsecs

Frgure 6E-G+4. Loop 52 Troubleshooting Waveforms at U32 Pin 3 and TR15.
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U3 Pin 3
OPTHLDF
TPi ! : :
COUNTEHCLOCK . e T T
0.00000 sec 5.Z000@ msec [€.3000 msec
Ch. i = 400.@¢ mvolissdiv Offset v ~-1.300 volits
Ch. 2 = 400@.0 mvolts/div Offset = =1.38@0 volts
Timebase = 1.00 msec/div Delay = @.00088 sec
Delta V = 4.9 wvolts
Umarteri = -4,9680 volts Umarker? = -760.0 mvolts
Trigger mode : Edge
On Pos. Edge on Trig3
Trigger Levels
Tripg3 = F.200 volts
Holdoff = 70.000 nsecs
Figure 6E-65. Loop 52 Troubleshooting Waveforms at U3 Pin 3 and TP1.
Woluliumas -
U4 Pin 6 .
TCLK 3 ——— iy - : i
U1 Pin 18 S ) ST
SLLOPE
“0.00000 =ec S. 00000 msec 10,0000 msec
Ch. 1 = 420.9 mvolissdiv Offset = ~432.0 mvolts
Ch. 2 = 2,000 wolissdrv Offaet = [.6@@ wvolts
Timebase = 1.00 msec/drv Delay = Q.0020@ sec
Delta V = 4.200 volts
Umarker{ = -4.96@ vclts Umarker? = -760.0 mvolts
Trigger mode : Edge

On Pos. Edge on Trig3
Trigger Levels

Trig3 = 1.200 volts
HoldofF = 70.888 nsecs

Figure 6E-66. Loop 52 Troubleshooting Waveforms at U4 Pin 6 and U1 Pin 18.
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GE-65. LOOP 53

DELAY BY EVENTS - COUNTER TIMING (LOAD = 37)

Descriptici
The loop works Just ike Loop 46 except all parts of the long counter are in use. The 1KC3 Is
on because CL37=0 and is loaded with C8-C29 = 0. This causes DISP {U26 pin 11} lo go low
as soon as it recewves LR2 (U26 pin 1). U23 pin 14 supplies LRST {(U23 pin 2} to the long
counter. U23 pin 2 (LCLK) clocks the long counter until the long counter sends LLTC low.
U20 pin 7 will go high after LLTC low and LCLK low, then LTCE goes low on the next counter
clock (TP1).
The up counler is reset by LRST going high an the first counter clock (TP1). It is then clecked
up to 15 by LCLK. Instead of LLTC going low, U12 pin 3 will inhibit LLTC and cause the up
counter to be loaded with LC2-LC5. Then LCLK clocks the up counter again and when it
reaches 15 again LLTC goes low. (In this test it 15 the next LCLK since LC2-LC5=1). U12 pin
3 will also go low when LLTC goes low so that the up counter is only loaded once. Since the
1KC3 coaunter is counled by LR2, and LR2 goes low at LL.TC, DISP goes low when LLTC goes
low,

The dillerence belween load=36 and load=37 is that U12 pin 3 is allowed to operate for
load=37.

Status Register:
No indication.
Possible Cause of Failure:
Same as Loop 51 except that U12 is also checked.
Fauit Diagnosis:
Same as Loop 47 except use figures 6E-63 through 6E-66.

Check for trigger qualifier controi register values of:

1=0 C6-C29=0
LCO=1 LC2-1C5=1
CL3=0 CL37=0
LCLS=1 LCL37=1

All others the same as Loop 46.
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QCLIK ' » v Tb - ;
e e e M H
0.0000 sac 18.¢000 maec ~20.00¢0 msec
Ch. 1 = 400.D mvolts/div Offset = -432.0 mvolts
Ch. 2 =  40@.% mvolts/div OFffset = -1,30¢ volts
Timebase = 2.80 msec/div Delay = 0.0000@ sec
Delta ¥ = 4,202 wvolts
Umarkerl = ~4,9588 wvolts Umarter? = -760.2 mvolts

Trigger mode ¢ Edge

On Pos. Edge on Trig3
Trigper Levels

Trigl - 1.29@¢ volts
Holdoff = T8.000 nsacs

Figure GE-67. Lpop 53 Troublesheooting Waveforms at U4 Pin 8 and UG Pin 2.

u32 Pin 3

COUNTER RELOAD ;

TP15
DOUT

Vol
e L} 1
".70000 aec T 0006d meec 2.00e00 msec
Ch, 1 = 400,00 mvolts/div Offmet = -1,308 wvolts
Ch. 2 = 400.9 mvoltis/div Offset = —400.0 mvolts
Timebase = Z0@ usec/div Dalay = D.00000 sec
felta V= 4,208 wvplts
Umarkeri = -4.,969 volts Umarker2 = -760.0 mvolts

Trigger mode : Edge
On Fos. Edge on Trig3
Trigper Levels
Trigd = [.200 volts
Holdoff = 78.00@ naecs

Figure 6E-G8. Loop 53 Troubleshiooting Waveforms at U32 Pin 3 and TP15,
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U3 Pin3
OPFTHLDF - e

e o—— .
TP -

COUNTER CLOCIK

TP AL ELEERER LR AN R R

LE 21

e Y I L E T E R R R R R N A A ]

T 80068 sec TS.00000 msec 10.0002 msac
Ch. ! = 408.0 mvolts/div Offset = -1.380 volts
Ch. 2 = 400.6 mveltsidiv Offset = =1,300 volts
Timetase = 1.0@ msec/div Jelay = 0.20000 sec
Delta V = £,200 vwvalts
Umarker! = —4,96@ volts Umarters = -7B0.8 mveolts

Trigger mode i Edpe
On Pos. Edge on Trigl
Tragger Lavels
Triga = 200 volts
Holdeff = 70.08@ nsecs

Figure 6E-69. Loop 53 Troubleshoating Waveforms at U3 P 3 and TP1.
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TCLK3 = vy
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Ch. i = 49Q.0 mvolts/div Offset = 432,68 mvcltis
Ch. Z = 2,000 volts/div Offset = 1.600 volts
Timabase = |.@80 msecsdiv Delay = .20000 sec
Deita V = 208 wvolts
Umarter] = -4.96@ wvalts Umarterd = -TE@.@ mvoltis
Trigger mode Edge
On Pos. Edge on Trig3
Trigger Levels .
Trig3 = [.200 volts
Holdoff = 70.800 nsecs
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6E-66. LOOP 54
. DELAY BY EVENTS - COUNTER TIMING (LOAD=69)

Description:
This loop works just ke Loop 53 except thal for all values above foad=386, all parts of the long
counter are tested. This test loads the 1KC3 wilh a value of one which means the 1KC3 wtll
have to be clocked once before DISP goes low thereby causing LTCE and DCUT to go low.
The up counter s reset by LRST. It then counts upward and clocks the 1KC3 every time jt
rolls over from 15 to 0 when DISP is high. Therefore, the up counter counts to 15, then clocks
1KC3, then DISP goes low, then the up counter goes to 15 and this causes the LC2-LC5 to be
loaded into the up counter (since DISP 15 low). The up counter wilt then start from this loaded
value and lhen count up lo 15 again. In this case LC2-LCS5=1. Therefore, LLTC (U10 pin7) will
ga tow when the up counter 15 loaded and U12 pin 3 yoes low simuttaneously.

Status Regisler:
No indications.

Possible Cause of Failure:
Same as Loop 51 except the 1KC3 counter is tested mare thoroughly.

Fault Diagnosis:

. Same as Loop 47 except use figures 6E-67 through 6E-70.
Check for trigger qualifier control register values of;
Ci=0 LC2-LC5=1 C7-C29=0
LCO=1 CL37=0
CL3=0 LCL37=1
LCLE=1 Lé=1 -

All points are exactly the same as Loop 46.
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L4 -
Ug Pin 2 .
QCLK . b e . -
0.00000 sec e 0000 mses 20,0080 msec
Ch. 1 = 420.@ mvoltis/div OFffset = -432.8 mvalts
Ch. 2 = 4Q0@.0 mvolts/div Offset = =1,300 valts
Timebase = Z.00 msec/div Delay = Q.0000@8 sec
Delta V = 4,220 wolts -
Umarker] = =-4,960 voltis Ymarker? = -760.0 mvolts

Trigger mode @ Edge
6n Pos. Edge on Trigd
Trigger Levels
Tripd = 1.2090 volts
Heldoff = 70.00@ nsecs

Figure 6E-71. Loop 54 Troubleshooting Waveforms at U4 Pin 8 and U6 Pint 2.
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U32 Pin 3 T :
COUNTER RELCAD ; . I,
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TP15 I e it ‘5— e s e s e e e
DOUT ! . -
0.Gd000  sec 7. 00008 msec 2700000 msec
Ch. | = 4@0.0 mvolts/div Of fset = -].300 volts
Ch, 2 = 400.¢ mvolts/div Offsat s ~4@9.9 mvolts
Timebase = 200 usec/div Celay = 0.00000 sec
Deita V = 4,28¢ wvolts
Umarkerl = ~4,360 volts Umarkerd = -T60.0 mvolis

Trigger mode : Edge
On fos. Edge on Trig3
Trigger Levels
Trigd = 1.200 volts
Holdoff = 79.800 nsecs

Figure GE-72. Loop 54 Troubleshooting Waveforms at U32 Pin 3 and TP15.
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U3 Pin 3 :
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TP1
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6068 sec . iD.0@08 msec  :0.000@ msec
ch. 1 = 408.0 mvaltssidiv Offeet = =-1,300 volts
ch, 2 = 40@.0 mvoltssdiv OffFset = =1,30@ wvolts
Timebase = C2.00 msec/div Delay = (.02008 sec
Deita U = 4.200 volts
Umarker} = -4.9B8 wvolts Urmarker? = -750.0 mvolts
Trigger meode : Edge
On Pos. Edge on Trigd
Trigger Levels
Trig3 = 1.286 volts
Holdoff = 7@.9000 nsecs
Frgure 6E-73. Loop 54 Troubleshooting Waveforms at U3 Pin 3 and TP1.
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U4 PIn g i T LT Tt o
TCLK 3 e T gk e
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SLOPE - — e o e e e
2.00000  sec 7750000 meec 5 DOCE0 msec
Ch. T = 400.8 mvoltssdiv OFfset = -437.@ mvolts
Ch. 2 = 2.000 voltssdiv Offset = [,B00 wvolis
Timebase = 500 usec/div Delay = £,00€000 sec
Delta ¥ = 4,200 wvolts
Umarker! = -4.958@ volts Umarkter? = -7560.0 mvolts

Trigger mode ! Edge
On Fos. Edge on Trigd
Trigger Levels
Trig3. = 1.209 volts
Holdoff = 78.800 nsecs
Figure BE-74. Loop 54 Troubleshooting Waveforms at U4 Pin 6 and U1 Pin 18.
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6E-67. LOOP 55

DELAYED BT TIME = 825 us

Description:
This test is similar to the delayed-by-event loops. The conditions to start the counter are the
same; but instead of counting trigger events, the counter is clocked by the 100 MHz clock.
This test is set up so lhat approximately 825 nsec after QCLK goes true, DOUT will also go
true. The DOUT part of the status byte is polled. And a software down counter keeps track of
the time between QCLK and DOUT. The valid range gives +-8.5% accuracy on the timing of
the 100 MMz clock.
All of the TCL.K's are enabled at QCLK but inpuls 1, 2, and 3 are programmed low by LE1-LE4,
The QCLK edge which slarts the timer comes from trigger 4 sync comparator. TCLK out is set
to -.8 V and thus the Trigger board will receive no triggers. When TCLK4 creates is trigger
event, QCLK's edye 15 generated. This causes U19 pin 3 to go high and remove the reload
signal from lhe counter. U19 pin 4 goes low, which staris the 100 MHz oscillator. The
oscillaior ¢locits he counter which was previously loaded with a value such that it will timeout
in 825 us. DOUT goes tugh when the counter imes out.

Status Register:
Status #1 -1 indicates that holdoff could never be enabled,
Status #2  The downcounter vaiue of the last time loop was executed

Status #3 The downcounter value of the last hime loop failed because of
being too low,

Status #4 The down counter value of the last time loop failed because of
being tao high.

Down counter valid range = 212 £18,
Possible Cause ol Failure:
1. Adjustments indicated - Sampler 1 and 2, main, and qualified trigger hysleresis
2. Boards indicated - Sampler 1 and 2, trigger, qualifier
3. Functional boards indicated - QCLK, All TCLK's, 100 MHz clock, DOUT, 29-hit counter,

TCLK4's trigger comparator, sampler 1 and 2, and the Tngger board’s triggers
comparator are disabled, tngger mux.
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Faull Diagnosis:

Check U4 pin 17, 1, 6 are = -8 V. If pin 17 15 bad replace Sampler 1. I pin 115 bad replace
Sampler 2. If pin 6 is bad 1eplace Trigger board. Suspect INB7-8008 on replaced board. If
those are good, then check that TCLKOUT 15 -.8 V. If nol, the INB7.8030 is most likely faulty.

Check the following points:

Ué Pin 2 {QCLK)

TP15 {bouT)

Ul9 pin 14 (counter clock: do this twice, the second
TP1 more magnified in the iimebase)

Ul2 pin 4

TP1 {counter clock)

UL pin 14 (TCLK4)
P15 (DOUT)

Ul pin 14 (QCLK4)
usa pin 10 (TCLKOUT4)

ui9 pin 4
TP1 (counter clock)

if DOUT 1s bad and QCLK is good, replace Qualifier.
If QCLK 15 bad but U4 pin 10 is good, replace Qualifier {(suspect U17).
if U4 pin 1015 bad and TCLK4 is good, replace Qualiifier.

If TCLK 4 is bad and SLOPE 15 good (should ook just like TCLK4 except it 1s inverted), replace
Qualifier. (Suspect U1).

Check to make sure that when probing TP1 that the fast oscillation is about 100 MHZ. If not,
perform adjustments, and try test again. It this cannot be made 100 MHz then reptace the
qualifier.
Check the following qualifier slatus register points.

INTPD=1 LE1-LE4=1 SUBMODE=1

STPD=0 LSTATE=1 LCO=1
L51-L54=0 DYLD=1

GE-117



HP 54100A/D - Logp Teslks

volts

B&C

U6 Pin 2 -
QCLK w——
L b dpli :
TP15 -
poutr STTTTTTTTTTTTT -
2.0000@ sec T.00000 msec 7. 00000 msac
Ch. 1 = 400,00 mvolts/div Gffset = -1,300@
ch. 2 = 400.8 mvolts/div Offset = -4@08.0 mvolts
Timabase = 288 usec/div Delay = @.00022
Delta VU = 4,200 wvolis
Umarter]l = -4,.360 volts Umarterz = -760.0 mvolts

Trigger mode : Edge
On Pos. Edge on Trigd
Tr 1gger Levels
Trigd - 1,208 vulis
RHoldeil =~ 70.008 nbevs

Figure GE-75. Loop 55 Troubleshooting Waveforms at TP15 and UG Pin 2.
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7730808 nsec

Ch. 1 = 400.0 m
Ch. 2 = 400.8 m
Timebase = 200 us
Deita Vv = 4.202@
Umarker! = -4,950

Trigger mode
On Pos. Edge on Tri
Trigger Levels
Trigd = 1.200
Holdoff = 70.600

voits/dlv
volis/div
ac/d1v
volts
voits

Edge
g3

volts
niecs

Offaet
Offsat
Dalay

Umarkerl

1.00000 msec
-1.30@ volts
-1.300 volts
0.00002 sec

-760.0 mvolts

Figure 6E-7G. Loop 58 Troubleshooting Waveforms at U719 Pin 14 and TP1.
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Ch, | = 408.0 mvolissdiv
Ch, 2 = 400.9 mvolis/div
Timebase = 10.0 nsec/div
falta T = GB,7@13 usec
Start = =7.68120 msect
Delta V = 30.02 mvolts
Umarter? = -E78.@ mvoltis B
Trigger mode Edge
On Pos. Edge on Trig3d
Trigger Levels
Trag3 = 1,208 wvolts
Holdoff = 70.000 nsecs
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TTUeg3s.g0l usec

Of fset
Qffept
Delav
Stop

Umartaer?

<339.851 usec
-1.,380 wvolts
-1.302 volts
-B39.9@1 usec

-7.68225@ msec

-B4@.0 mvolts

Figure GE-77. Loop 55 Troubleshaoting Waveforms aft L/18 Pin 14 and TP1.
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Trigger mode : Edge
On FPos. Edge on Trigd
Trigger Levels
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ol N —

T 2.50000 msec
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Figure 66-78. Loop 55 Troubleshoofing Waveforms at 19 Pin 4 and TPT.
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Timebase = 200 wusec/div Dalay = G.90000 sec
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Trigger mode : Edge
Gn Pos. Edge on Trigd
Trigger Levels
Trig3 = 1.200 volts
Holdoeff = 70.20Q0 nsecs
Figure GE-79 Loop 55 Troubleshooting Waveforms at U Pin 4 and TP15.
- B - .
U1 Pin 14 | i
— - -
U4 Pin 10 i
“0.00000 sec 2.50000 msec 5.090008 msec
Ch. 1 = 499.0 myvolts/div Qffset = ~432.@ mvolts
Ch. 2 = 400.0 mvoltss/diy Offset = -403.¢ mvolts
Timebase = G5@0C wusec/div Delay = @.000¢0 s=mec
Delta V = 4,200 wvolis
Umarkert = -4,5668 wvolts Umartar? = -768.0 mvolts

Trigper mode ! Edgs
On Pos. E£dge on Trigd
Trigger Levels
Trig3 = 1.208 volts

Holdoff = 79.0080 nsecs
Figure 6E-80. Loop 55 Trouhleshooting Waveforms at U1 Pin 14 and U4 Pin 10. .
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6E-68. LOOP 56
PATTERN PRESENT > 825 us :
Descriplion:

This loop tests the pattern present > 825 us mode of operation on the Qualifier board. It
measures the time it takes DOUT to go high after TCLK' (U17 pin 2} goes true. After DOUT
goes low the ioop takes TCLKOUT low and verifies that a trigger does occur. {TCLK'=TCLK1 &
TCLKZ & TCLK3 & TCLK4). A software counter measures this ime by polling DOUT and the
test passes If It sees £25 us +8.5% between lhese events.

QCLK 15 completely disabled and all TCLKS are enabled through the 1NB7-8030 hybnd, but
1-3 are programmed law. TCLKOUT transilions are generated from the trigger comparator on
the qualilier board. The low 1o high transition at TCLKOUT starts the 100 MHz oscillator and
removes the reload signal from ihe counter. 825 us later, DOUT goes high as the counter
ciocks cut. TCLKOUT lthen goes low (in effect an »825 us wide TCLKOUT pulse has been
generaled).
Status Register:
No indication.
Possible Cause of Failure:
1. Adjustments indicated - if TCLKQUT and DOUT appear correct but no trigger occurs at
U3 pin 3 at risng transitions then check operation and calibration of filter offset
adjustment, sampler 1 and 2, trig, qualifier tngger hysteresis. Then check the RC network
at U32 pin 4.
2. Boards indicated - Sampler 1 and 2, Trigger, Qualifier

3. Functional block indicated - Same as Lcop 55.
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Fault Diagnosis: .

Check that the following paints are at -8 V: U4 pin 4, 15, 19, 17,1, 6 and U17 pin 13, 11, 4.

Check the following points:

U4 pin 8 {TCLKOUT)

TP1 {counter clock)
TP15 (DOUT)

U3 pin 3 (OPTHLDT )

TP15 {DOUT)

U4 pin 8 {TCLKOUT}

U33 pin 7

TP1 {counter clock)

U117 pin 7 (LQ4 a derivative of U4 pin 10)
U4 pin 12 (TCLK4)

U33 pin 7
TP! {counter clock}

if U4 pin 17 is bad, replace Sampler 1 board.
If U4 pin 115 bad, replace Sampler 2 board. .
If U4 pin 6 is bad, replace the Trigger board. ‘

{f U4 pin 17, 1, and 6 are good but U4 pin 4,15, or 19 is bad, replace Qualifier board (suspect
1NB7-8030).

If DOUT 1s bad and OPTHLDF 15 good, replace the Qualifier board.
if OPTHLDF is bad and DGUT 15 good, replace ihe Trnigger board.

If OPTHLDF is bad and DOUT s bad and TCLKOUT is good, then replace the Qualifier board if
TP1, U33 pin 7, U17 pin 7, and U4 pin 12 are good: otherwise, replace the Trigger board.

In addition, if DOUT and OPTHLDF are bad, then configure the unit as an "A" model and run
the self tests. If they pass, then replace the Qualifier board, otherwise replace the Trigger
hoard.

If TCLK4 is bad replace Qualifier board {suspect INB7-8008).

Check for the following gualifier status register levels:

LS1-LS4=1 DLYD=0 LCo=1

LEI-LE4=0 INTPD=0

LSTATE=1 STPD=1 Counter bits are programmed for
SUBMODE=1 825 us at 100 MHz,
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Figure, 3E-81. Loop 56 Troubleshooting Waveicims at TPT and U4 Pin 8,
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Figure 6E-82. Loop 56 Troubleshooting Waveforms at U3 P 3 and TP13.
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. Figure 6E-86. Loop 56 Troubleshooting Waveforms at U33 Pin 7 and TP1.
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6E-69. LOOP 57
PATTERN PRESENT < 823 us
Description:

This loop is similar to 56 except that it tests <825 us pattern present trigger mode. TCLK' is

forced true and the time required for DOUT to go low is measured. This oop will pass only if

the software counter sees the pattern present as < 825 s £8.5%.

QCLK 15 completely disabled and all TCLK’s are enabled through the 1NB7-8030 hybrid, but

1-3 are programmed low. TCLKOUT transihions are generated from the quaiifiers teigger sync

comparator, TCLKOUT is set high via TCLK4. This starts the 100 MHz oscillator and releases

the counter. DQUT was initially tigh and goes low when the timer clocks out (825 ps after

TCLKOUT going high). When DOUT goes low TCLKOUT is taken low which sends DOUT back

hugh but no trigger will occur because TCLKOUT goes low before DOUT goes high.

Status Register:
Na indications.
Possible Cause of Failure:

1. Adjustments indicaled - If TCLKOUT and DOUT are correct (see below) but a trigger does
occur at U3 pin 3, check the RC network at U32 pin 4. Then check the operalion and
calibration of filter offset adjustment. Otharwise same as Loop 58.

2. Boards indicated - Same as Loop 56

3. Functional blocks indicated - Same as Loop 56

Fault Diagnosis:

Same as Loop 56.

Check the following qualifier slatus register levels:

LS1-L54=] DLYD=0 INTPD=0
LE1-LE4=0 SUBMODE=0 STPD=1
LSTATE=1 1.C=1 Counter bits are programmed

the same as Loop 56
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6E-70. LOOP 58
TCLK DISABLE @ EDGE MODE
Description:

This loop verities that the enable control lines on the INB7-8030 hybrid (LE1-LE4) will indeed
block trigger signals.

The triggering system is programmed in the edge mode (ie. DOUT always high). All TCLK's
are disabled (LE1-LE4) so nothing should get through to TCLKOUT to cause a trigger. In turn
TCLK 1 and TCLK 2 are taken high then TCLK3 and TCLK4 are pulsed high. DOUT should
remain high and OPTHLDF should remain low which indicates that no triggers were received.
Status Register:
No indications.
Possible Cause of Failure:
1. Adjustments indicated - none indicated
2. Boards indicated - Sampler 1/2, trigger, qualifier
3. Functional blocks indicated - LE1-4, TCLK's toggling, DOUT, OPTHLDF qualifier status
register, qualifier string loading, tngger comparator string loading on all tngger
comparator boards, U4 on gualifier, trigger holdoff status.
Fault Diagnosis:

Probe the following points.

U4 pin 17 (TCLK1)

U4 pin 1 (TCLK2)
U4 pin 6 (TCLK3)
U4 pin 12 (TCLK4)
TP15 {DOUT)
U3 pin 3 (OPTHLDF)

Check that the following signak
Udpin8=0V
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If TCLK1 is bad, replace Sampler1.

If TCLKXZ2 is bad, replace Sampler2.

if TCLK3 15 bad, replace Trigger.

If TCLK4 is bad, replace Qualifier

it all TCLK's are good and TCLKOUT is bad, replace Qualfier (suspect 1NB7-8030).
If DOUT 1s bad and OPTHLDF 1s good, replace the Qualifier.

If OPTHLDF is bad and DOUT 1s good, reptace the Trigger board.

If DOUT and OPTHLDF are bad, then configure the unit as an "A" model and run the seif tests.
It they pass, then replace the Qualifier; otherwise replace the Trigger board.

Check the following qualifier status register levels:

LS1-L54=0 LSTATE=0 COUNTER BITS=0
LE1-LL4=0 DYLD=0 INTPD=1
SUBMODE=0 STPD=0
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6E-71. LOOP 59
QCLK DISABLE
Description:

This loop verifies that LS1-LS4 control signals actually do biock lhe frigger outputs of the
INB7-8030 at QCLK (U6).

The triggering system is programmed in edge mode with all TCLK's disabled at QCLK,
TCLK1-4 are initially high, then are taken low one at a time. DOUT should remain high
throughout and OPTHLDF should alse remain high (In this test the trigger board 1s not
initialized to be out of holdoff).
Status Registern:
No indications.
Possible Cause of Failure:
1. Adjustments indicated - none indicaled,
2. Boards indicated - Sampler 1/2, tngger, gualifier
3. Functional blocks indicated - LS1-4, TCLK's toggling, DOUT, OPTHLDF,
qualifier status register, qualifier string loading, trigger comparator string
loading an all trigger comparator boards, U4 on qualifier, trigger holdoif
status.
Fault Diagnosis:

Probe the following points.

U4 pin 17 (TCLK1)

U4 PIN 1 (TCLR2)
U4 PIN 6 (TCLK3)
U4 PIN 12 (TCLK4)
TP1S (DOUT)

U3 pin 3 (OPTHLDF}
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If TCLK1 13 bad, replace Sampler 1 board.

If TCLK2 15 bad, replace Sampler 2 board.

If TCLK3 1s bad, replace Trigger board

It TCLK4 is bad, replace Qualifier board

If DOUT is bad and if OPTHLDF 1s good, replace Qualifier board.,
If OPTHLDF is bad and DOUT is good, replace the Trigger board.

if DOUT and OFTHLDF are bad, then configure the unil as an "A" madel and run the self tests.
if they pass, then replace the Qualifier board; otherwise replace the Trigger board.

If TCLKOUT is bad and all the TCLK's are good, replace the Qualifier board (suspect the
1NB7-8030).

Check the following trigger qualifier status register levels.

LS1-L54=1 DYLD=0 COUNTER BITS =0
LE1-LE4=1 SUBMODE=0
LSTATE=0 INTPD=1

STPD=0
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; ,,,,, o i . -
U4 Pin 12 :
lﬁ;é@ﬂw sec 250000 msee  5.00000 msec
Ch. 1 = 430.@ mvolts/div Offset = -400.9 mvolts
Ch., 2 = 40@.0 mvoltsrsdiv Of fset = -400.3 mvoits
Timepase = S5S@2 usec/diw Delayw = §.00000 sec
Delta T = 58,7813 usec
Start = =7.6212@ msec Stop = -7,82250 msec
Delta V = 30.98 mvolts
Umarier! = -378.9 mvolts Umarker2 = -848.0 mvolts
Trigger mode Edge
On Pps. Edge on Trig3d
Trigpger Levels
Trig3 = 1.200 volts
Holdoff = 70.00¢ nsecs

Figure BE-97. Loop 39 Troubleshooting Waveforms at U4 Ping G and 12.
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OPTHLDF 9.02020 sec

Ch. 1 = 49@.9 mveolts/div
Ch, 2 = 4008.0 mvolts/div

Timebase = 20@ usec/div
PDelta T 3.50082 msec
Start 75@. 800 usec
Delta ¥ = B.08 mvolts
Umarker! = -878.@ mvelts

Trigger mode : Edge
0n Pos. E£dge on Trig3
Trigger Levels
Trigd = .0g@ volts
Holdeff = 79,000 nsecs

1.00000 msec

Offsat
Offset
Delay

Stop

UmarkerZ

2.00000 mse
~49@2.9 mvolis
-1.30@ wvolts
2.00008 sec
4.25000 msec

-848.0 mvalts

Figure GE-98. Loop 59 Troubleshooting Waveforms at U3 Pin 3 and TP15,
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6E-72. LOOP 60
TCLK DISABLE @ PATTEARN PRESENT >= 10 nS
Description:

This loop verifies that LE1-LE4 will block signals at TCLK (U17 pin 2) and checks that INTPD,
and STPD operate correctly to initialize pattern present mode.

The triggering system is programmed for pattern present > 10 nsec. This means that DOUT
should instantaneously follow TCLK: First TCLK 1, 2, 4 are exercised (as shown in pictures
below) and DOUT should not change. Then INTPD and STPD are taken from 10 to 00 to 01,
This will start the timer and send DOUT high when STPD goes from 0to 1. The STPD and
POUT pulses appear very short in the pictures because the loop is very fast at this point.
Status Register:
No indication.
Possible Cause of Failure:
1.  Adjustments indicated - none indicated.
2. Boards indicated - Sampler 1 and 2, Trigger, and Qualifier
3. Functional blocks indicated - INTPD, STPD, TCLK's toggling, DOUT,
OPTHLDF, quahfier status register, qualifier string loading, trigger
comparator stnng loading on all trigger comparator beoards, U4 on
qualifer.

Fault Diagnosis:

Probe the following points.

TP17 (STPD) Ua PIN 17 (TCLK1) U4 PIN 12 (TCLK4)
TP15 (DOUT) Ul7 PIN 2 (TCLk$)  u4 PIN 8 (TCLKOUT)
TP16 (INTPD) U4 PIN 1 (TCLK2)

TP15 (DOUT) Us PIN 6 (TCLK3)

If DOUT is bad and the TCLIK's and STPD and INTPD are good, repiace the Qualifier board.
If TCLKOUT 15 bacl and the TCLK’s are good replace the Qualifier board (suspect INB7-8008).

If TCLK1 15 bad, replace Samplet 1; ¥ TCLK2 is bad, replace Sampler 2; If TCLK3 is bad,
replace Trigger board; If TCLK4 1s bad, replace Qualifier board.

Check the following qualifier slatus register levels:

L51-L54=1 DYLD=0 CL3=1 CL37=1

SE1-35E4=1 SUBMODE=1 LC2-LC5=1 LCL37=0

LSTATE=1 t1=1 LCL5=0 €6-C29=0
LC3=1

B6E-138
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TP17 J:
STPD f {
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I g |
. - : . :
| '
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TP15 e e e e B i b e -l
DCUT . ‘
[ i |
d.00000 sec  1.0222@ msec ‘ 2.0000Q msec
Ch. 1 = 2.000 volts/div Offsed = 1.68@8¢ wvolits
Ch. 2 = 40Q.8 mvolts/div Offset a2 =400.06 mvolts
Timebase = 200 usec/div Delay = 2.80800 sec
Deita T = 3.5Q0000 msec
Siart = 75Q0.000 usec Stop = 4.25000 msec
PDuita V - 2B8.80 mvoulls
Unigrkerl = -B76.90 mvolis Ymarker? = -B4€.06 mvylts
Trriguer mude 1 Edye
On FPos. Edye on Trigd
Triyger Levels
Teagd - [1.200 wvolis
Holdoff = 72.008 nsecs
Figure 6E-98 Luop 60 Troubleshootitig Waveforms at TP15 and TP17,
[ :
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i |
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TP16 i .. ettt )
INTPD e ee o e -._--.--.--.-..'...._-...-':'--.--... ———————————— H
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DOUT i !
. } : i
0.90000 sec TN 00080 mese T T T 0008 msec
Ch, 1 = 2.000 voltssdiv Offset = [.608 volts
Ch. 2 = 429.@ mvolts/div Offset = -40@.% mvolts
Timebase = 28 usec/div Delay = (.E0000 sec
Delta T = 3.5@9000 msec
Start = 790,008 usec Stop = 4,25008 msec
Delta V = JB.@0 mvoltis
Umarker! = -875.@8 mvolts Umarkerd = -848.0 mvolts

Trigger mode : Edge
Cn Pos. Edge on Trigl
Tripger Levels
Trigd = 1.200 volts
Holdoff = 70.0¢@ nsecs

Frgure 6E-100. Loop 60 Troublestooting Waveforms at TP16 and TP15.
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' OBREE memn T

2.0208@ msec

Ch. 1 = 4P0.0 mvalts/div
th. 2 = 4@D.@ mvolts/div
Timebase = 10D wusec/div
felta T = 3.50000 msec
Start = 750.800 usec
felta U = JB.@d mvolts
Umariert = -876.8 mvelts

Trigger mode @ Edge
dn Pos. Edge on Trigld
Trigger Levels
Trig3 =
Holdoff =
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NSECS

1,208
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Offset
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Stop
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-408.9 mvolts
= =1.308 wvolts
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= 5 25008 mser
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Figure 6E-101. Loop 60 Troutisshooting Wavetorms at U4 Pin 17 and U17 Pin 2.
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Trigger mode : Edge
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Figure GE-102 Loop 60 Troubleshooting Waveforms at U4 Pins 1 and 6
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Figure 6E-103. Luop 60 Troubleshooting Waveforms at U4 Pins 8 and 12.
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SECTION 7
ACCESSORY SERVICE

7-1. INTRODUCTION

This section contains specifications, replaceable parts lists, schematics, adjustment and calibration
information for the HP 54100A/D Accessories. This information and information pertaining to
aperation and apphcations of each of the accessories can be found in the Operating Note for that
product The Operaling Note for each accessory is shipped with lhe accessory. Each accessory is
covered by a different section as described below.

HP 54001 A Section 7A
HP 54002A Section 7B
HF 54003A Section 7C

The Probe Support Kit hsted in figure 7-1 can be used for the performance verification and the
adjustment procedures of all three probes.

7-2. TEST RECORD

Results of performance tests may be tabulated on the Performance Test Record (table 7A-9 and
table 7C-9) The test record ists all of the tested specifications and their acceptable limits. The
results recorded at imcoming inspection can be used for comparison in pericdic maintenance,
troubleshooting, and after repairs or adjustments.
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54100-63802

8710-1300

-

10100C

B710-1515

12506080 % .

¥
54001.23202 ; "

{Nat Included) : -
g_" B
- 12501454
o, - . - [ i
Co TS— Co l ]
-":H_.'iwr'Fi o ' et b .ﬁn g__ TSR .
a9A
102214 12503240 500 Terminator
500 Tee {Not Included) {Not included)

(Hot included)
Figure 7-1. Probe Support Kit, HP Part Number 4100-69004.
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SECTION 7A

7A-1. INTRODUCTION

The HP 54001A can be used in any of the three pod receptacles in the HP 54100A, or any of the
four pod receptacles in the HP 54100D Digitizing Oscilloscopes. A knurled knob is provided to
secure the pod n the receptacle.

WARNING

The HP 54001A and HP 54100A/D have a common terminal at GROUND
POTENTIAL (fn accordance with OSHA requirements and the National
Electrical Code). Exposed metallic surfaces of the HP 54001A and the
HP 54100A(0 MUST BE GROUNDED. Faiiure to ground the common
terminal during certarn applications, such as operating these
mnstruments trom an external battery, will expose the operator to an
electrical shock hazard that could be lethal (depending on the electrical
energy available),

CAUTION

Power must be removed from the HP 54100A/0 when the HP 54001A 18
removed or installed, or the active probe may be damaged.

7A-2. MAINTENANCE

Maintenance consists of cieaning, adjusting, and replacing a probe cable. The probe cable can be
removed from the probe pod by following the procedure in paragraph 7A-9 step 3. The HP
54001A must be recalibrated if the probe cable assembly is replaced.

Other held repairs are nol recommended. If a failure should occcur, contact your nearest
Hewlett-Packard Sales and Service Office for details on the Blue Stripe Exchange Program.

7A-3. ACCESSORIES AVAILABLE
The following accessories are available for use with the HP 54001A:
HP 10221A 50 @ probing Tee. Regquires an HP Part No. 54001-23203 probe adapter.
HP 10211A {24 pin) and HP 10024A (16 pin) IC clips.
HP Part No. 54001-23202 probe adapter. The 54001-23203 adapts the HP 54001A mini-probe

tip (of other HP mini-probes) to the accessones included with the HP 10020A resistive divider
probe kit, and to the 10221A probing Tee.

7A-1
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7A-4, SPECIFICATIONS
The list of specifications for the HP 54001A active probe when used with the HP 541 Q0A/D is listed

in table 7A-1 and in table 7A-2.

Table 7A-1. Specifications for HP 54001A Active Probe with HP 547100A/0.

Approximate Approximate Probe Probe
Overall Length Propagation lnput C Input Division
Metres (Ft) Delay Bandwidth Risetime Approx. R Ratio:
1.5 metres 7.6 ns 700 MHz 450 ps 2 pf 10 ko 10:1 3%
(5 feet)

Voltage Rating vs Frequency
Maximum Voitage Range for inear operation 1s shown in the voltage vs frequency (table 7A-2) DO
NOT exceed the voltage levels tor a given frequency or the probe may be permanently damaged.

Thble 1. Specifications {Cont'd)

Table 7A-2. Voitage vs Frequency Chart. 106 =

NONLINEAR
AREA

20 =1

o7
7

MAX VOLTAGE INPUT [PEAK AC)
A
s

o | accEemMBLE S
PROBE S

£ F
operation < 2L
AREA VAR Ay Ay,
! ! = T
{OMHZ ~ 30MHZ  I0OMMZ 300MHZ 1GHZ

FREQUENCY
MAXIMUM INPUT VOLTAGE RATING CURVE AT 25°C

GENERAL

OPERATING ENVIRONMENT
Temperature: 0°C to +55°C
Humidity: to 90% relative, to +40°C
Altitude: io 4.6 km (15 000 ft)
Shock: 30g's

TA-2
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7A-5. REPLACEABLE PARTS

Replaceable parts are shown in Table 7A-3 through Table 7A-6. When ordering a part, address the
order to the nearest Hewlett-Packard Sales and Service Olfice. Provide the model number,
Hewlett-Packard part number, reference designator, check digit, quantity needed, and a complete
description of the part.

7A-6. DIRECT MAIL ORDER

within the USA, Hewlett-Packard can supply parts through a direct mail order system. Advantages
of using the system are as follows:

a. Direct ordering and shipment from Hewlett-Packard parts center in Mountain View,
Califorma.

b. No maximum or minimum on any mail order { there is a minimum order amount for parts
ardered through local Hewlett-Packard offices when orders require billing and invoicing).

c. Mo invoices - to provide these advantages, check or money order must accompany each
order,
Mail order forms and specific ordering information are available through your local Hewlett-Packard

offices.

Table 7A-3. Replaceable Parts for HP 54001A Active Probe.

Reference HP Part co |aty Description Mir Mir Part
Designation | Number : P Code Number
a1 NOT ASSIGNED
AZ 5400182101 2 1 10:1 PROBE 28480 64001-82101
Al 54001-63501 a 1 PROBE ACCOSSORY KIT 28480 5400168501
MP -7 MOT ASSIGNED
MP3 54001-50802 0 1 OPERATING NOTE 28460 54001-90802
MPa 5400154305 5 1 1D LABEL 28480 54001-84305

Table 7A-4. Replaceable Parts for A2 Assembly HP 54001-62101

Reference HP Part cD |aty Description Mir Miér Part
Designation | Number : Code Number
A 54001-61601 -1 1 15 PROBE CABLE 28480 5400 181601
AZ-3 NOT ASSIGNED
A4 54001-66501 4 1 ACTIVE PROBE B0ARDE ASSEMBLMBELY 2B4BO 5400 |-B6501
M2 Q8240637 3 1 SCAEW-TEG 2-28 375 INLG PANHD-TORX T8 2B480 05240637
MpP2 3030-0060 ] 1 SCAEW-SET 256 0624N.LG SMaLlL CUP-PT 28480 3030-0080
MP3 5081-7883 3 1 HEX SHOULDER NUT 28480 5081.7682
MP3 54001-23201 T 1 ADAFTER SLEEVE 26480 5400 123001
MPS NOT ASSIGNED
MPG 54001 -54303 3 T PROBE POD LABLE 28480 5400 1847102
MP? SAND1-H4304 4 1 PROBE POD TOP LABEL 28480 54000 1-04304
MPE-13 NOT ASSIGRED
MP14 0510-0958 [} 1 RETAINER-PUSH ON CIRC EXT 084IN-DIA 28480 a510-0858
MP15 5400122407 1 1 RETAINER SCREW 20480 RA00 122401

7A-3
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Figure 7A-1. HP 54001A Active Probe Parts, 54001-69501,

. / MP2 MP13 MPS MPQ
-~
/.< /( : : G o=
- et vt e
MP?- MP1 MP6 MP12 Al P
MPT1
Table 7A-5. Replaceable Parts for A3, Accessory Kit, HP 54001-69501
Reterence HP Part cp lat Description Mir Mir Part
Designation Number Y- P Code Nurmber

MP1 1001 7-67602 4 1 ASSY HOOK TIP 28480 101 767802

MP2 SDE1-1258 7 1 CLIP AGSEMBLY 28480 (1 1258

MP3 54001-63201 5 1 CABLE ASSY GND 2BAB0 5400183201

MPa 54001 -63202 a 1 LEAD ASSY-MIN PR 28480 S4001-53202

MPS S041-1484 8 1 GHAEEN WIRE MARKER 20480 5041 1484

%12 10017-68501 -] 1 GRAEHER ASSEMBLY 2Ba80 1001 7-88501

MP7 1023062101 7 1 GRABBER ASSEMBLY 28480 10230-52 101

MP8 12501137 4 1 SOGKET-COAXIAL 475 'K, RECU WITEFLON 28480 1250-1737

MP9 1250-1918 3 1 VERT COAX SKT 28480 | 250-19t8

MPtO H4001-67602 B 1 ASSY.SPANNER TIP 2B4B0 5400157602

MP11 B710-1300 [} 1 ALIGNMENT TOOL 28480 B710-1300

MP12 1001762302 1 1 INSULATING SLEEVE 28480 10D1 783202

MP13 54001-23200 a 1 PROBE ADAFTER 28420 S4001-23003

MP1d 5041-1485 [] 1 YELLOW WIRE MARKER 28430 50411485

MP15 5041-1486 1 1 DRANGE WIRE MARKER 2840 50411488

MP18 5047-1487 2 1 RED WIRE MARKER 28480 5D41-148T

MP17 1460-1476 3 1 SPRING-TRSN 174N-OD 57AN-OALG MUW 28450 1460-1476

MP1& 5400 1-64501 1] 1 PROBE CASE WITH FOAM 28480 5400184501
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Table 7A-6. Replaceable Parts for A4, HP 54001-66501 PC Board.

Reference HP Part co lat Descrigtion Mfr Mér Part

Designation Number ¥ P Code Number
c1 NOT ABSIGNED
c2 D160-3879 T & CAPACITORFXD D1UF +20% 100vDC CEA 20480 Msdan?e
o] 0160-3879 T CAPACITORFXD U01UF =20 100VDC CEA 28480 0160-387%
4 NOT ASSIGHED
€5 01830573 1 CAPACITORFXD 4700RF ZB4BD 0160-0573
[l 0160-3379 1 CAPACITOR-FXD D1uf Za480 0160-3879
c? 01210538 T 1 CAPACITOR-V TRMR-CER 5-2 5FF 250V 28480 210538
ca 0180-3741 4 2 CAPACITOR-FxD 2 2UFx20uh 25VDC TA ZB480 otB0-37N
9 018C-37 4 CAPACITOR-FAD 2 2UF 20, 25VDC TA 28480 Or80-3741
10 01604389 & 1 CAPACITOR-FAD 100PF =5FF 200vDC CER 28480 01e0-4389
(R 01600576 H 2 CAPACITOR-FXD 1UF =20%: 50VOC CER 28480 01600576
ci2 01600576 5 CAPACITOR-FXD 1UF 2209 SQVDC CER 28440 01600576
€12 0160-6055 T 2 CAPALITOR-FXD 22UF +#5% S0VDC MET-POLYE 28480 0160-8055
C14 0160-6055 7 CAPACITOR-FXD 22i0F +5% 50V0C MET-POLYE 260480 01 60-6055
E1 54001-26501 [} 1 FROBE RD 20480 Sa001-25501
N 1250-1947 8 1 CONNECTOR-AF SM-5LD FEM PC S0-OHM 26480 250-1847
MP1 0380-1731 2 1 SPACER-PAESSIN t 70 MM L3 2 38 MM ID 46384 Y3564
MP2 05150659 a 1 SCREW-MACHINE ASSEMBLY M2 x 04 BMM-LG 28380 05150659
MP3 5400129101 2 1 HYBRID SPRING 28480 54001 29101
MPd 54001-29102 3 1 HYBRID CLAMF 28480 54001 29102
MPS 540601-29104 5 1 GROUND SPRING 20400 54001 29104
MPB 54001-21101 ] 1 HYBRID HEAT SINK 28480 54001 21101
M 54001-67601 7 1 CONNECTODR ASSY 25480 54001 57641
A1 DE98-T260 T 4 RES!STOR 10K 1% 05W F TC =100 24546 C31/8-TO-1002 F
A2 2100-2655 1 1 RESISTCR.TAMR 100K 104 C TCP-ADJ 1-TRN a3 BZPRIDOK
Rl 060B-72B4 5 1 RAESISTOR 100K 1% OSW F TCmO+100 24545 C21/B.TO-1003-F
R4 0698-7188 [:] 1 AESISTOA 10ty N5W F TC=0x1D0 24546 CH18-TC10RF
RS 0698-7260 T AESISTOR 10K 19y QSW F TC=R2100 4546 CHi8-To-1002F
RE (QB06-T2TH 5 1 RESISTOA 46 4K 1% 05W F TC=0x100 24546 C3-1iB-TO«4642-F
R7 0698-7260 k4 RESISTOR 70K 19 DSW F TC =000 24546 CH1B-TO1002F
RE QB3B-T253 a 1 RESISTCR 5 11K t0n 05W F TC=Qx100 24546 C318-TO-S111-F
Ra 0E9B-7260 hd RESISTOH 10K 19y O5W F TCm D100 24548 £ 3B TOM1002-F
R0 Ob9B-7B46 5 1 RESISTOR 1 M 1o 125W F T w025 19701 5033R-1/8-T8-1011.8
R11 QEIB-T0US 4 1 RESISTOR 465 1% 125W F TCw0z25 2B4RD 0E95.7093
R12 QE8B-7267 4 1 RESISTOR 196K 1% 05W F TC=0:100 29545 C31/8-TO-1962-F
m3 21002081 A 1 RESISTORA TAMA 200 0% C TOP-ADJ 1-TRN 73138 B2PR200
53] 1B26-1151 T 1 G OP AMP PACH DUAL SDIP-C PKG 08585 QP-220G2
Uz 1NB7-2031 o 1 HYBRID 28480 1NB7-8031
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7A-7. HP 54001A CALIBRATION PROCEDURE

7A-8. Recommended Calibration Test Equipment

NOTE

The probe calibration should be performed in a properly caitbrated HP 54100A/D.

The equipment recommended to adjust the HF 54001A probe is listed in table 7A-7.

TA-B

Table TA-T. Recommended HP 54001A Adjustment Test Equipment.

CRITICAL RECOMMENDED

INSTRUMENT SPECIFICATIONS MODEL

Oscilioscope No Substitute HP 541004/0 or
HP 54110D

Flat Pulse .5 Percent Flatness Tek PG506
Generator after 10 ns
Fast Pulse 70 ps risetime Tek 284
Generator
ACCESSORIES HP PART NUMBERS
Alignment Tool In Probe Support Kit 8710-1300
ATlignment Tool In Probe Support Kit 8710-1515
(Square tip)
Probe Extender In Probe Support Kit 54100-63802
BNC to Probe In Probe Support Kit 1250-1454
Tip Adapter
Probing Tee Traceable Cal only 10221A

50 ohm TraceabTe Cal only 909A cption 12
Termination

GRB874 to Traceable Cal only 1250-0240
N-type (f}

Probe Tip Traceable Cal only 54001-23203
Adapter
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7A-9. Equipment Setup
NOTE

Before performing any adjustments, the HP 54100A/D must have compieted
a 15-minute warm up perfod. Additionally, both pulse generators must also
undergo a 15-minute warm up period.

1. Before an HP 54001A probe is calibrated, a probe extender, HP part number 54100-63802,
must be installed in the HP 54100A/D. To do this:

a. Turn oscilloscope off.
b. Remove two top rear feet on oscilloscope, then remove top cover.

¢. Disconnect probe wiring harness and flexible coax from channet 1's sampling board (AS).
Connect 54100-63802 probe extender in its place. Raising the PC board slightly wiil help
facilitate these connections. Make sure board is reseated before continuing. Refer to
figure 7A-2.

PROBE EXTENDER PROBE 4
COMNECTIONS PC BOARD

N o .
," ‘ '

e

Figure 7A-2. Probe Extender Conneclions
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2. To calibrate probe circuitry, the probe board must be remaved from probe shell. To
accomplish this, remove two torx screws from rear of pod {see figure 7A-3).

3. Remove prabe cabie assembly from pod by loosening two set screws at front of pod, and
unscrewing cable connector from pod (see figure 7A-3).

4, Reoconnect cable connector lo PC board as shown in figure 7A-2.

5. Connect PC board to probe extender. This allows adjustment points to be exposed.
Refer to figure 7A-2.

6. Turn flat pulser off.

7. a. Ingert probe lip into a BNC 1o probe tip adapter.
b. Connect adapter to a BNC cable with a BNC barrel and then
connect this cable to flat pulser’s fast rise output.

8. ©On oscilloscope, set vertical sensitivity on channel 1 to 100 mV/div, and offset to zero. Set
oscilloscope to autosweep mode. Adjust R2, probe offset adjustment, on probe PC board so
trace coincides with X-axis graticule line (see figure 7A-4).

9. Setup oscilloscope as follows:

Channel 1: On, Volts/div=100mV, offset= -300mV
Timebase: Sec/div=10 ms, delay=0, triggered sweep

Trigger: Mode=edge, source=chan 1, level= -300mV, slope=pos
Display: Mode=average, averages=4, split screen off, graticule=frame
Delta V: Markers on ¢han 1

Figure 7A-3. Removal of Probe PC Board.
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10.

11,

12,

13.

HP 54100A/D - Accessory Service
Turn pulse generator on, and set its output for a 600 mV square wave with a 100 ms pulse
period.
Adjust R13 {figure 7A-4) for flattest pulse top paossible,
Change oscilloscope’s sweep speed to 5 ns/div.
NOTE

In applications where a traceable calibration to the National Bureau of

Standards is required, use step 13. In applications where traceabiity is

not a concern, step 14 is an easier and less costly way of doing the

calibration without dimintshing the quality of the waveforms. Typically,

the oscilloscope will see about 1% more overshoot and a 10 ps

degradation in system risetime. However, this will not interfere with

the probe’s performance verification.  Shght adjustments to the

oscitlogcope's vertical sensitivity, or the generator's output amplitude,

may be required due to varying adjustment procedure setups, This

adjustment will not interfere with the performance verification.
a. Disconnect probe tip from probe tip adapter.
b. Connect probing Tee to fast pulser's output,

c. Connect 50 @ load on opposite end of Tee through a
(GR&74 to N-type (f) adapter.

d. Insert probe tip adapter into probing connector on Tee.
e. Insert HP 54001A probe up into probe tip adapter.
f. Sel pulser's mode switch to pulse output mode,

g. Apply power to pulser.

R13 R2

Figure 7A-4. HP 54007A Probe PC Board Adjustment Locations.
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14. a. Connec! a GR&74 to BNC (f) to pulse output on fast pulser
b. Connect a probe tip to BNC (m) adapter to GR874 connector.
¢. Connect probe tip to BNC (m) adapter.
d. Ensure pulser's mode switch 1s set to pulse oulput mode.

e. Apply power to pulser.

NOTE

On the Tek 284, the TD bias may need to be adjusted shghtiy to get the
pulser to fire into the non-50 Q system. The fine adjustment for the
tunnel diode is on the pulser's front panel. The coarse adjustment can
be lgcated nside the instrument on the right side when the msides are
putled forward (a captive screw on the front pane! releases the puiser's
insides from the frame.) See the Tek 28B4 instruction manual for
complete detaifs on adjusting the TD bias.

15, Adjust C7 for flaltest overall pulse response with alignment tool with square tip. The square
tip of this alignment tool can be broken very easily.

NOTE

At this point, it 15 sometimes helpful to repeat steps 7 and 8 to
minimize the possibiity of power up offset drift errors.
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7A-10. PERFORMANCE VERIFICATION

NOTE
Before performing this procedure, allow a 15 minute warm up period
with the probe inserted into the pod sfot. The best possible results are

obtained when the pod has been adjusted to the input channei being
tested. However, tins is not a requirement.

7A-11. RECOMMENDED PERFORMANCE TEST EQUIPMENT

The test equipment recommended for use with the performance tests is listed in table 7A-8.

Table 7A-8. Recommended Performance Test Equipment.

CRITICAL RECOMMENDED

INSTRUMENT SPECIFICATION MODEL
DC Power 1 v HP 6115A
Supply
Digital +3 Percent dc V HP 3478A
Voitmeter
Fast Pulse Risetime less then 70 ps Tek 284
Generator
Power Meter 3 Percent Accuracy HP 436A
Power Sensor HP 8482A
Frequency 1000 MHz Sine Wave HP 86568
Synthesizer
Gscillaoscope No substitute HP 54100A/D or

HP 54110D

Sweep sweeps from HP B620A with a
Oscillator 10 MHz to 900 MHz HP 86220C

Table 7A-8 s continued on next page.
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Table 7A-8 (continued). Recommended Performance Test Equipment.

ACCESSOQRIES HP PART NUMBERS
GRE874 to 1250-0850
BNC (f)

BNC {m) to 1250-1454
Probe Tip

Adapter

Probing Tee Traceable Cal only 10221A

BNC Cable 48 inches 105034
GR874 to N Traceable Cal, Two Reguired 1250-0240
Type (f) Non Traceable, One Reguired

50 ohm Traceable Cal only 909A Option 12
Load

Probe Tip No Substitute 54001-23203
Adapter

Power Splitter Traceable Cal only 11667A

N Type (m) to 1250-0780
BNC (f)

N Type (m)} to 1250-1528

N Type (m)

80 ohm 10100C
Feedthrough

N type (m) to Traceable Cal only 1250-0778

N type (m)
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7A-12. RISETIME VERIFICATION
. Equipment Setup:
1. Install HP 540Q1A inte a calibrated oscilloscope.
NOTE
Use step 2a for a traceable calibration. Use step 2b for normal
calibrations that do not need traceability to the National Bureau of
Standards. Slight adjustments to the oscilloscope's vettical sensitivity,
or the generator's output amphitude, may be required due te varying
adjustment procedure setups. This adjustment will not interfere with
the performance verification
2a, 1) Connect GR874 to N type {f) adapter to probing tee.
2) Connect 50  load to adapter.
3) Remove black insulating sleeve on probe tip.
4) Connect probe tip adapter to probing tee.
5) insert probe tip of HP 54001A into adapter.
8) Connect entire assembly to pulse generator's fast rise cutput.
. 7) Switch puise generator's mode switch to fast rise cutput.
2h. 1) Connect HP 53001A probe tip to pulse generator's fast rise output,

through a GR874 to BNC (f) and a BNC to probe tip adapter.

2) Switch pulse generator's mode swiich to fast rise output.

3. Turn on pulse generator and oscilioscope,

TA-13
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Procedure:
1. a. Press Autoscale on oscilloscope.
b. Adjust timehase to 1 ns/div.
c. Set display mode, averages to 8.
d. Check trigger slope, should be in positive slope.
2. Use deita V and delta T markers on oscilloscope to perform a risetime measurement as
follows:
a. Press Delfa ¥ and turn markers on.
b. Press Auto-Top-Base and then 10%-90%.
¢. Press Deita T and turn markers on.
d. Select Start marker tor first positive edge and Stop marker for first positive edge.

e. Press Precise edge find key.

3. The risetime resuit should be £455 ps.
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7A-13. BANDWIDTH TEST

. Instrument Setup:

Oscilloscope Setup: Sweep Oscillator:
Channel 1 - Mode - Normal Start marker - .01 GHz
& - VOLTS/DIV - 200 mV/div Stop marker - .900 GHz
Channel 2 - OFFSET -0V CW marker - .700 GHz
Power lLevel - +1 dBm
Timebase - SEC/DIV -2 ms Trigger - internal
- Delay ref at - left Time - 0.01
- sWeap - trg’d Markers - AMPL
- delay -0s Marker sweep - ON
Trigger Mode - Auto
Trigger - Mode - Edge
- Source - Chan 1
- LEVEL - +300 my
- Slope - pos

- HOLDOFF Time - 21 ms

Display - Meode - Normat
- DISPLAY TIME - 200 ms
- Split Screen - Off

Delta V - Marker 1 at +564 mv
- Marker 2 at -564 mv
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Procedure:

1.

2a.

2b,

TA-16

Connect HP 54001A probe pod to channet 1 input of oscilloscope, and turn oscilloscope
on.

NOTE

Use step 2a if a National Bureau of Standards traceable calibration 1s
required. Use step 2b if a National Bureau of Standards traceabie
calibration is not required. Step 2b will provide simitar results without
the added expense of buying probwng Tees. Shght adjusments to the
oscilloscope’s vertical sensitivity, or the generator's output ampiitude,
may be required due to varying adjustment procedure setups. This
adjustment will not interfere with the performance verification.

1) Connect sweep oscillator’'s RF output to probing Tee through two
adapters: N type {f) to GR874 and a N type (m) to N type (m}.

2) Connect 50 @ load to probing Tee through a GR874 to N type (f) adapter.
3) Connect probe tip adapier to probing Tee.
5) Insert probe tip of HP 54001A into adapter.

6) Turn channel 1 on and channel 2 off.

1) Connect sweep oscillator's RF output 1o a type N (m) to BNC (f) adapter.

2) Connect a BNC to probe lip adapter to the N type {m} to BNC (f) adapter.

3. Connect probe tip of HP 54001A to probe tip adapter.

4. Turn channel 1 on and channel 2 off,

Adjust sweap oscillator output level until displayed signal just fills 8 divisions vertically.
{Use the Clear Display key to help see this.)

Adjust sweep oscillator time vernier until displayed waveform s 10 divisions in length.
Change ostilioscope DISPLAY time to Infinita.

Press Clear Dispiay key.

The DELTA V markers show the 3 dB points and each horizontal division represents
approximately 90 MHz. The sweep oscillator CW MARKER will show up as a dark line as
the display area fills up. The waveform amplitude at the CW marker should be greater

than the amplitude of the waveform at the delta V markers.

The appreoximate frequency where the waveform's amplitude crosses the Delta V markers
should be =700 MHz.
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7A-14, DC VOLTAGE MEASUREMENT ACCURACY VERIFICATION.

. Equipment Setup:

1.

2.

da.

4b,

Connect a HP 540014 to oscilioscope’s channel 1 input.

Turn oscilloscopa on.

Adjust dc power supply output to exactly 300 mV (use a DVM to measure output fevel).

1)
2)
3)
4)
3)

6)

1)

Use step 4a for a traceable calibration.

NOTE

Use step 4b for normal

caltbrations that do not need [raceability to the National Bureau of

Standards.

Connect GR874 to N type (f) adapter to probing Tee.

Connect 50 @ ioad to adapter.

Remove black insulating sleeve on probe tip.
Connect probe tip adapter to probing Tee.
insert probe tip of HP 54001A into adapter.

Connect entire assembiy to dc source's output,

Connect HP 54001A probe tip to dc source's output through three
connectors: a GR874 to BNC {f), a BNC to probe tip adapter, and a 50 & load.

Adjust oscilloscope tor following setup:

Split Screen
Display Averages
Probe Attenuation

Trig Mode
Trig Source
Trig Level
Trig Slope
Holdoff

Sweep speed
Mode

Delay

Delay Ref

Chan Sensitivity
Chan Offset
Channel not in use

Off
3z
10:1

Edge
Chan. 1
+300 mv
Pos

70 ns

1 ms/div
Auto Triggered
0

Center
100 mv/div

0
Oft
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Procedure:

1. Measure input signal’s voltage level using Delta V markers as follows:
{Be sure to let 32 acquisitions occur)

a. Press Delta vV and turn markers on.
b. Press Auta-Top-Base followed by 50%-50%.

c. The Delta V markers should be within 202 mVY and 388 mV,

2, Change oscilloscope’s offset to +300 mV.

3. Measure input signal’s voltage level using procedure in step 1 above.

4. The Delta V markers should be within 244 mV and 356 mV,

5. a. Change dc supply to -300 mV (verify with DVM).
b. Change trigger level to -300 mV.
¢. Change gscilloscope offset to O V.
6. Measure input signal’s voltage level using Delta V markers as follows:
(Be sure to let 32 acquisitions occur)
a. Press Delta V and turn markers on.
b. Press Auto-Top-Base followed by 50%-50%.

¢. The Delta V markers should be within -202 mV and -398 mV.

7. Change oscilloscope's offset to -300 mV.

8. Measure input signal's voltage level using procedure in step 1 above.

9. The Delta V markers should be within -244 mV and -356 mV,
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Figure 7A-5. Schematic diagram for HP 54001A Active Probe.
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Figure TA-G. Real visw of pod depicting pmout.,
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Figure 7A-7. Component locator for HP 54001A Active Probe.
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Table 7A-9. Performance Test Record

HEWLETT-PACKARD Tested by

Probe Mcdel No. Test Date

Probe Description _ Work Order No.
Oscilioscope Model Used Relative Humidity

Oscilloscope Serial Number Temperature Degrees

Next Recommended Calibration Date

FParagraph
Number Test Results
7A-12 Risetime step 3 Minimum -- none
Actual ps
speciflcation: 1ess then 4585 ps Maximum -- 455 ps
7A-13 Bandwidth step 8 Minimum -- 700 MHZ
Actual MHz
Specification: dc to 700 MHz Maximum -- none
7A-14 DC Voltage Accuracy step 1¢ | Minimum -- 202 mV
Actual mv
Specification: See note below Maximum -- 388 mV
step 4 Minimum 244 mV
Actual my
Maximum 356 mv
step 6¢ | Minimum -- -202 mV
Actual mv
Maximum -- -398 mV
step 9 Minimum -244 mv
Actual mv
Maximum -356 mv

NOTE: Specliication for DC Voltage Accuracy: 12% of Qlfset
+6% of Fullscale
£50 mv
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SECTION 7B

7B-1. INTRODUCTION

The HP 54002A can be used in any of the three pod receptacles in the HP 54100A, or any of the
four pod receptacles in the HP 34100D Digihizing Oscilloscopes. A knurled knob is provided to

secure the pod in the receptacle.
WARNING

The HP 540024 and HP 54100A/D have a comman terminal at GROUND
POTENTIAL (in accordance with OSHA requirements and the National
Electrical Code). Exposed metallic surfaces of the HP 54002A and the
HP 54100A/0 MUST BE GROUNDED. Failure to ground the common
terminai  during certain applications, such as operating these
instruments from an external battery, will expose the operator to an
electrical shock hazard that could be lethal {(depending on the electrical
energy availabie).

7B-2. SPECIFICATIONS.

The list of specifications for the HP 54002A probe when used with the HF 54100A/D 15 listed in

table 7B-1.
Table 78-1. Specifications for HP 540024 Probe with HP 54100A/D.
Maximum Prohe
Input Input Division
Voltage Bandwidth Risetime Resistance Ratio:
5V rms dcto 1 GHz 350 ps 50 1:1

{10% ko 80%)

7B-3. PERFORMANCE VERIFICATION

The HP 54002A pod is used during the HP 54100A/D performance verification tests. If there 1s a
problem with the pod, it wil show up durnng these tests. Therefore this section of the service
manual does not include any performance verification tests for the HP 54002A.
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SECTION 7C

7C-1. INTRODUCTION

The HPE 54003A can be used in any of the three pod receptacles in the HP 54100A, or any of the
four pod receptacles in the HP 54100D Digitizing Oscilloscopes. A knurled knob 15 provided to
secure the pod In the receptacle.

WARNING

The HP 540034 and HP 54100A/D have a common ternynal at GROUND
POTENTIAL {in accordance with OSHA requirements and the National
Electrical Code). Exposed metallic surtaces of the HP 54003A and the
HP 54100A/D MUST BE GROUNDED. Failure lo ground the common
terminal duning certain applications, such as operating these
instruments from an external battery, will expose the operator to an
electrical shock hacard that could be lethai (depending on the electrical
energy available).

CAUTION

Power must be removed from the HP 54100A/D when the HP 54003A is

removed or nstaited, or the active probe may be damaged.
7C-2. MAINTENANCE
Maintenance consists af cleaning, adjusting, and replacing probe cables. The probe cable can be
removed from the probe pod by [ollowing the procedure in paragraph 7C-9 step 3. The HP

54003A must be recalibrated if the probe cable assembly 15 replaced.

Other field repairs are not recommended. if a failure should occur, contact your nearest
Hewlett-Packard Sales and Service Cffice for details on the Blue Stripe Exchange Program.

7C-3. ACCESSORIES AVAILABLE
The following accessones are available for use with the HP 54003A:
HP 10221A 50 0 probing Tee. Requires an HP Part No. 54001-23203 probe adapter.
HP 102114 (24 pin) and HP 10024A (16 pin) IC clips.
HP Part No. 54001-23203 probe adapler. The 54001-23203 adapts the HP 54003A with the HP

54003-61617 10:1 probe assembly to the accessories included with the HP 10020A resistive
divider probe kit, and fo the probing Tee.
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7C-4. SPECIFICATIONS.

The st of specificalions for the HP 54003A aclive probe when used with the HP 54100A/D 1s listed

In table 7C-1 and in table 7C-2.

Table 7C-1. Specifications for HP 54003A Active Protie with HP 54700A 1D,

Approximate Approximate
Pod Overall Length | Division | Propagation Typical Circuit Rise
Metres (Ft) Ratio Delay Loading Bandwidth | Time
54003A 11 1ns Resistive | Capacitive | 300 MHz |12 ns
1 M2 10 PF
54003A
used with
54003-61617 | 1.1 36 11 5 ns 1 Mg 8 pF 300 MHz |1.2 ns
10:1 probe
Assembly
Maximum
Pod Input
54003A +2V
54003A
used with VOLTAGE RATING VS FREQUENCY
54003-61617 Maximum power capability of the probe resistive center
10:1 Probe +20V conductor 18 shown in the voltage vs frequency curve on
Assembly page 2.
S EXCESSIVE POWER
: DISSIFPATICON ARER
Table 7C-2. Voltage vs Frequency Chart. o USING THE 54B33R
B 18:1 PROBE
S 2V — ASSEMBLY
a
Z 7 1
- 9
i ) 2
£ 153V FICCEPTHBLE //
g5 PROBE ////;/,
g OPERATION 77 ’;
ne ARER
g 18v |
18@AMHz  280BMHz  3868MH:z
FREQUENCY
Maximum Input Voltage Rating Curve at 25°C

7C-2

GENERAL

OPERATING ENVIRONMENT
Temperature: 0°C to +55 40°C
Humidity: to 90% relative, to +40°C
Althtude: to 4.6 km 15 000 ft
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7C-5. REPLACEABLE PARTS

Replaceable parts are shown in Table 7C-3 through Table 7C-6. When ordering a part, address the
order to the nearest Hewlett-Packard Sales and Service Office. Provide the model number,
Hewlett-Packard part number, refererice designator, check digit, quanhty needed, and a complete
description of the part.

7C-6. DIRECT MAIL ORDER

Within the USA, Hewlatt-Packard can supply parts through a direct mail order system. Advantages
of using the system are as follows:

a. Direct ordering and shipment from Hewlett-Packard parts center in Mountain View,
California.

b. No maximum or mirimum on any mail order { there is a minimum order amount for parts
ordered through locat Hewlett-Packard offices when orders require billing and invoicing).

¢. No invoices - to provide these advantages, check or money order must accompany each
order.

Mail order forms and specific ordering Information are avaitable through your local Hewlett-Packard
offices.,

Table 7C-3. Replaceabie Parts for HP 54003A Active Probe.

Reference HP Part Mfr Mir Part
CD |Qty. Description
Deslignation | Number Code Number
A1 54003-62101 4 1 1 MOHM INPUT 2R480 54003-62 H01
¥y NOT ASSIGNED
A 54001-65501 [ 1 PROBE ACCESSORY KIT 28480 54001 -59501
MP1 54003-90901 1 1 OPERATING NOTE 28480 54003-40901
MP2 54003-94205 7 1 1D LABEL 28480 54003-34.205

Table 7C-4. Replaceable Parts for A2 Assembly HP 54003-62101

Reference HP Part co |aty Description Mir Mfr Part
Designation | Number ) P Code Number
Al NOT ASSIGNED
AZ 5400361617 -3 1 10 1 PROBE ASSEMBLY 26480 5400381617
A3 NOT ASSIGNED
A 54003-66501 3 1 PROBE PC 8QARD 28480 54003-68501
MP1 DB824-0637 3 1 SCREW-TPG 2-28 375N-LG PAN-HD-TORX TE 2B480 DE24-0637
MP2 S4001-84304 4 1 PROBE POD TOP LABEL 29480 S4001 54304
MP3 5081-7685 6 1 HEX SHOULDER NUT 28480 5N8{-7683
MP4 NOT ASSIGNED
MP5. 500144502 9 1 PROBE POD 208480 54001 44502
MP& 5400384307 9 1 PROBE POD LASLE 28480 54003-54307
MFT.13 KOT ASSIGNED
MP14 05100058 o I AETAIMER-PUSH ON CIRC EXT 034-IN-DIA 28480 0510-0958
MP15 S4001-22401 1 1 RETAINER SCREW 28480 54001 22401
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Figure 7C-1. HP 54003A Active Probe Parts, 54001-69501.
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Table 7C-5. Replaceable Parts for A3, Accessory Kit, HP 54001-69507
Reference HP Part co |oty Descrintion Mfr Mfr Part
Designation | Number ) P Code Number
MP1 1001 7-57802 4 1 ASEY.HOOK TP 28480 1N 767602
MP2 S081-1258 7 1 CUP ASSEMBELY 284380 50811258
MP3 54001-53201 E 1 CABLE ABSY GND 26430 S4001-63201
MP4 54001-83202 8 1 LEAD ASSY-MIN PR 28480 54001-63202
MP5 50411484 9 1 QREEN WIFE MARKER 2BABD S041-1454.
MPH 1001789501 8 1 GRABBER ASSEMBLY 28480 10017-88501
MP? 1023082101 7 1 GRABBER ASSEMBLY ZBaB0 102306101
MPB 12501737 4 1 SOCKET-COAXIAL 475 [N, BECU WITEFLON 23480 1250-1737
MPR 12501918 3 1 VERAT COAX SKT 28480 1250-1918
MPI0 5A001 67602 8 1 ASSY-SPANNER TIP 25480 5400 -BTE02
MR 87101300 1] 1 ALIGNMENT TOOL 26480 &710-1300
MP12 10017-62302 1 1 INSULATING SLEEVE 28480 10017 63212
MP13 54001-23203 3 1 PROBE ADAPTER 28480 54001 ZJ203
MP14 $041-1485 Q 1 YELLOW WIRE MARKER 28480 504 1-1485
MP15 5041-1486 1 1 QAANGE WIRE MARKER 2B4ED 504 1-1488
MP1B 5041-148T 2 1 REL WIRE MARKER 28450 50 11487
MP1T 1480-1476 3 1 SPRING-TRSN 17N-OD 57AN-0ALO MUW 2B4E0 1450-1478
MP12 54001-64501 o 1 PROBE CASE WITH FOAM 28480 54001 B4501
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Table 7C-G. Replaceable Parts for A4, HP 54003-665071 PC Board.

Reference HP Part cp |aty Description Mir Mfr Part
Designation | Number : Code Number
[#] 0160-3878 1 1 CAPACITOR-FXD 100PF +20% 100VDG CER 28480 0150-3878
c? 01800576 5 2 CAPAGITCR-FND 1UF 2208 SOVDC CER 25480 0160-0576
Cca 0160-0576 B CAPACITORFXD 1UF £20% SQVOC CER 28480 1600578
[ ] 01B80-3741 4 A CAPACITOR-FXD 2 2UF =20 25vDe TA 28480 Q1802741
c5 0180-3741 4 CAFACITOR-FXD 2 ZUF£20% 25V0C TA 28480 01802741
ca 01B0-374% 4 CAPACITOR-FXD 2 2UF=20% 25VDC TA 28480 0180-3741
c? 600573 2 ¢ CAPACITOR-FAD 4TOOPF 200 wWovDi- CER 28480 01600573
El 54003-26501 2 1 PC BOARD 28480 54003-26501
H1 D515-0859 1 [ SCREW MACHINE ASSEMELY M2 X 0 4 SMM-LG 28489 05150653
H2 NOT ABSIGNED
H3 05151320 2 2 SCREWMACH M2 X 04 13WM-LG ZB48O 05151320
Haé-21 NOT ASSIGNED
Haz 05151275 8 2 SCREW.THOHALG 2 26 X 91 SMM-LG RAN-HD 28480 05151275
N 1 250-0524 5 1 CONNECTOR-RF BNGC FEM SGL-HOLE-RR SOOHM 23480 1250-0824
MP1 S4001-21101 -] 1 HYBRID HEAT SINK 28480 54001211
MP2 54001-23101 z 1 HYBRID SPRING 28480 540029101
MP3 54002-24101 a 1 FLATE SUPPORT 28480 S4pZ-24101
MPd 54001-29102 1 1 HYBRID CLAMP 28450 54001-291032
MP3 0380-1 71 2 &4 SPACER-FRESS-IN 1.70 MM LG, 2.2B MM ID 45354 Y 3-4564
MP6 Q5901637 F4 2 THREADED 1NSERT-NUT M2 X 0.4 1 MM LG 28480 0590-1627
MPT 54001-29104 % 1 GROUND $PRING 28480 54001-26104
P 54001-87601 T 1 CONNECTOR ASSEMBLY 28480 54001657801
A1 0E98-3844 [ 1 AESISTOR 325K 104  125W F TO w0225 28480 (696-3944
A2 0698-7583 7 1 RAESISTOR 179 43K 1% 125W F TC w025 187 5033R-1/8-T8-170431-B
R3 aes8-7260 7 1 RESISTOR 10# 1% 05W F TC=0£100 24546 C3-1/8-TO-1002F
R4 0682-T250 L] 1 AESISTOR 2.83K 1% 05 F TC=0:100 24546 C3-1/8-T0-3631-F
AS 21001988 9 ] RAESISTOR-TRMR 1k 10% C TOP-ADJ 1-TRN 7338 B2PR1K
R& 0680214 9 1 RESISTOR 17.8K 1% 125W F TC=0£25 28480 0599-D214
RT 0588-7200 5 1 RESISTOR 216 19k 05W F TC=0+100 24545 C3118-TO-31RE-F
RE 0899-0283 2 1 RESISTOR 81.92K 1% 125W F TC=0225 28480 Dage-0283
He (Q&oB-T284 5 1 RESISTOR 100K 1% 05W F TC = Q2100 24546 CIAB-THIDOSF
R0 2100-2031 7 1 AESISTOR-TRAMR 50K, 108 € TOP-ADJ 1-TAN T8 82PRS0K
AN OROE-T257 4 1 HAESISTOR 196K 1% O5W F TCm0#100 24546 C31/8-TO-1962-F
R1Z aBY6-T196 a 1 RESISTOR 21.5 1% 05W F TC = Dx100 2454E C31/B-TO-21R5-F
u 1826-0483 ] 1 IC OP AMP LOW-BIASHAMPD 8-DIP-P PG 04713 MLM3BAPT
v2 1NBT-8038 7 1 HI Z PROBE HYBRID 28480 1NBT-B038
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7C-7. HP 54003A CALIBRATION PROCEDURE

NOTE

The probe calibration should be performed in a properly calibrated HP 84100A /D,

7C-8. Recommended Calibration Test Equipment

The equipment recommended to adjust the HP 54003A probe is listed in table 7C-7.

Table 7C-7. Recommended HP 54003A Adjustment Test Equipment.

7C-6

CRITICAL RECOMMENDED
INSTRUMENT SPECIFICATIONS MODEL

Digital 3 Percent dec Accuracy HP 3465A
Multimeter

Function 11 Hz, O V offset, HP B8116A
Generator 120 mV Sguare Wave

Pulse HP 8161A
Generator

Oscilloscope

No Substitute

HP 54100A/D or

HP 541100
Flat Pulse Less then 10 percent Tek PG 506
Generator
Fast Puise . Risetime Less then 70 ps Tek 284
Generator

Table 7C-7 is continued on next page.




Tahbie 7C-7(continued). Recommended HP 54003A Adjustment Test Equipment.

ACCESSORIES

HP PART NUMBERS

Probe Support
Kit

No Substitute

54100-69004

50 chm BNC 10100C
Feedthrough

10:1 Probe 54003-61617
Divider

GR874 to BNC{f)| Quantity of Two 1250-0850
Probing Tee Traceable Cal only 10221A
GRB74 to Traceable Cal only 1250-0240
N-type (f}

Prabe Tip Traceable Cal only 54001-23203
Adapter

BNC Cable 48 inches 10503A

50 ohm Load Traceable Cal Only 9094 opt 12
BNC(f) to Probe 1250-1454

Tip Adapter

HP 54100A/D - Accessory Service
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7C-9. Equipment Setup
NOTE
Before performing any adjustments, the HP 54100A/D must have completed

a 15-minute warm up period. Additionally, both pulse generators must also
undergo a 15-mnute warm up period.

1. Before a 54003A probe is calibrated, a probe extender, HP part number 54100-63802, must
be installed in the HP 54100A/D. To do this:
a. Turn oscilloscope off and wait three minutes for power supply to discharge.
b. Remove two top rear feet on oscilloscope, then remove top cover.
c. Disconnect probe wiring harness and flexible coax from channel 1's sampling board

(AS). Connect prabe extender in its place. Raising the PC board slightly will help
facilitate these connections. Make sure board is resealed before continuing. Refer to

figure 7C-2.

M
PROBE E¥TENDER ,
-t COMHECTIONS )

" OFFSET ADJUSTMENT
TEST PCINT

.-

Figure ¥C-2. Probe Extender Connections

7C-8
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2. To calibrate probe circuitry, the probe board must be removed from probe shell. To
accomplish this, remove two torx screws from rear of pad (see figure 7C-3).

3. Remove probe cable assembly from pod by loosening two set screws at front of pod, and
unscrewing cable connector from pod (see figure 7C-3).

4. Reconnect cable connector to PC board as shown in figure 7C-2.

5. Connect PC board to probe extender. This allows adjustment painis to be exposed (see
figure 7C-2).
Offset Adjustment Procedure:

1. Turn oscilloscope on.

2, a. Set the digital multimeter to 20 mV range.
b. Touch test leads together.
c. Reading should be less than 0.01 mv.
3, Connect ground lead of digital multimeter to BNC connector ground shell on HP 54003A PC
board.
4, Monitor outpul offsel voltage on output conneclor's center conductor.
This test point i3 accessed through hale in metal shietd on top of pod PC board. Refer to

figure 7C-3.

5. Adjust R10 tor a minimum reading an digital multimeter. Reading should he less
than 0.1 mVv.

DFFSET ADJUSTMENT
TEST PQIMT

-

Figure 7C-3. Offset Adjustment Test Point

7C-9
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7C-10. GAIN ADJUST AND DYNAMIC RANGE CHECK.

Equipment Setup:

1.

7C-10

Install an HP 54002A input pod in channel 2,

Connect probe extender to channel 1's sampling board and install HP 54003A PC board
in extender. Refer to section 7C-9, steps 1-5.

Turn oscilloscope on.

Set up oscilloscope as follows:

Chan. 2 on
Sensitinty 20 mv/div
offset ov
Sweep speed 10 ms/div
Timebase

delay 0

delay reference left

Maode Trg'd sweep
Trigget mode edge
source chan. 2
level ov
display mode average
No. of averages 8
graticuie grid

a. Set functron generator for 11 Hz square wave.
b. Set function generator for 120 mV peak to peak.
c. Set function generator for Q V offset

d. Cannect function generator's output to oscilloscope's channel 2 input.

Connect 50 & feedthraugh termination to HP 54003A,

Connect function generator to HP 54003A.



10.

11.

12,

HF 54100A/D - Accessory Service

a. Turn channe! 2 off and turn channel 1 on.

¢. Select channel 1 as trigger source.

Use channel 1’s offset to set pulse top to closest graticule ine.

For a reference, use a point about 40 ms after start of pulse.

a. Set oscilloscope sweep speed to 10 us/div.

b. Adiust R5 for flatlest response using graticule line as a reference.

The overall flatness of the entire waveform 1s more mportant during this adjustment
than the overshoot and undershoot flatness. Refer to figure 7C-4.

a. On oscilloscope, set channel 1°s vertical sensitivity to 1 V/div,

o

. Set sweep speed to 10 ms/dwv.

s

. Move BNC cable on function generator from function generator's low
output to high output.

o

. An approximately 4 V peak-to-peak pulse should be on oscilloscope’s screen.

=]

. The displayed square wave should have a flal top, this verifies the
4 V peak-to-peak dynamic range.

RE (HF GAINY

R10 |OFFSET)

Figure 7C-4. HP 54003A Probe PC Board Adjustment Locations.
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7C-11, LOW FREQUENCY COMPENSATION.,
Equipment Setup:

1.  a. Install HP 54003A probe with HP 54003-61617 mini probe into oscliloscope's
channel 1 input.

b, Remove probe tip's black plastic protective cover.

c. insert probe tip into 50 q probing Tee with probe tip adapter.
Refer to figure 7C-5.

d. Connect an N type () to GR&74 to one side of prabing Tee.
e. Cannect a 50 i termination to this connector.
f. On other side of proting Tee, connect a GR874 ta BNC {f) adapter.

g. Connect a 48-inch BNC cable from this side of probing Tee to fiat pulser.

NOTE

Connecting the HP 54003-61617 probe tip with insulating sieeve intact
to the PG 506 puiser through a BNC (f) fo probe hip adapter, provides
less expensive but reliable “adfustment results. When using this
procedure, the .oscifloscope’s vertical sensitivity may need to be
adjusted. This adjustment will not interfere with the performance
verification.

PROBE ADAPTER

188174
MINIPROBE

HP 5410@ A/D |

/ sH1en 1

GRE?4 TO HP 18221A GR 58-0HM
BNC ADAPTER S8—OHM TERMINATION
PROBING TEE

TEKTRONIX
PGS0B

Figure 7C-5. Equipment Setup for Flainess Adjustment.

7C-12



2. Setup fiat pulser for:

output
period
amplitude

3, Setup oscilloscope for;

Chan. 1
mode
sensitivity
offset

Chan. 2

sweepspeed
delay
reference
sweep

Trigger
mode
s0urce
slope
level

Display
No. of

Delta V

Procedure:

HP 541C0A/D - Accessory Service

fast rise
10 ms
maximum

on
normal

10 mV/div
oV

oftf

10 us/div
Os
center
trigaered

edge

chan. i
positive
20 mv

average
8

off

1. Adiust low frequency capacitor C1 (visible through hole in compensation box) for best

s{uare wave response.

Use X-axis graticule as a reference.

7C-13
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7C-12. HIGH FREQUENCY ADJUSTMENT.
Equipment Setup:

1.  Setup fast nse pulser for:

mode square wave
peried 100 ns
amplitude 10V

2. Setup the oscilloscope for:

Chan. 1 on
mode normal
sensitivity sensitivity 10 mv/div
offset ov
Chan. 2 off
sweep speed 5 ns/div
delay -10 ms
refersnce left
sweep triggered
Trigger mode edge
source Chan. 1
slope positive
level 10 mv
display average
No. of 8

Delta vV on
marker 1 23.2mv
marker 2 26.6 mv

3. Use same setup as step #1. Then disconnect 48 BNC cable from fiat pulser and connect
it to tast rise pulser through a GR874 to BNC (f) adapter. See tigure 7C-6.

7C-14
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PROBE ADAPTER

188174
MINIPROBE

HP 54180 A/0 I

TEKTRONIX
284

/

/ BeTRRALY

rd
GRA74 TO HP 18221A  GR_58-0Hu
BNC ADAPTER 58-OHM TERMINATION
PROBING TEE

Figure 7C-6. Equipment Setup for High Frequency Adjustment.
. Procedure:
1. There should be a square wave displayed on oscilloscope.
2.  Remove campensation box cover from HP 54003-61617.

3. Position compensation box cover on back side of compensation box lo expose
adjustments, This establishes enough stray capacitance for adjustments.

4, Resistor R1 adjusts long time constant responses up to about 10 ns.
Resistor RJ adjusts shorter time constant responses.

Alternately adjust R1 and R3 for best response using Delta V marker 1 as a reference.
5. Install compensation box cover.

6. Note change in pulse response. Typically the cover's absence causes pulse response
overshoot 1o increase by 2%, compared with when cover is installed.

. 7. Remove cover again and readjust R1 and R3 to compensate for cover.

7C-15
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7C-13. PERFORMANCE VERIFICATION

NOTE

Contained in this section are complete procedures to verify both the
HP 54003A with the HP 54003-61617, and the HP 54003A by itself.
Except for the specific case where the HP 54003A is used by itseif,
performance verification done on the HP 54003-61617 combination
is sutficient for providing a complete performance check. Therefore,
the periormance verification procedure can be shortened if
verification of the HP 54003A by itself 15 eliminated.

NOTE
Before perforrung this procedure, allow a 15 minute warm up penod

with the probe inserted into the pod siol. The best possible results are
ontained when the pod has besn adjusted to the input channel bemng

tested. However, this is not a requirement.

7C-14. AECOMMENDED PERFORMANCE TEST EQUIPMENT

The test equipment recommended for use with the performance tests is listed in table 7C-8.

7C-16

Tabie 7C-8. Recommended Performance Test Equipment.

CRITICAL RECOMMENDED

INSTRUMENT SPECIFICATION MODEL
DC Power +1 V¥ HP 6115A
Supply
Pulse Risetime Jess then 70 ps Tek 284
Generator
Power Meter 3 Percent Accuracy HP 436A
Power Sensor HP 3482A
Frequency 1000 MHz Sine Wave HP 86568
Synthesizer
Oscilloscope No substitute HP 54100A/D or

HP 541100

Tahle 7C-8 is continued on next page.




Table 7C-8 (continued). Recommended Performance Test Equipment.

HF 54100A/D - Accessory Service

ACCESSORIES HP PART NUMBERS
GR874 to No Substitute 1250-0850
BNC (f)

BNC {m) to 1250-1454

Probe Tip ‘

Adapter

Probing Tee Traceable Cal only 10221A
BNC Cabie 48 inches 10503A
GR874 to N Traceable Cal, Two Required 1250-0240
Type (f} Non Traceable, One Required

50 ohm Traceable Cal only 909A Option 12
Load
Probe Tip No Substitute 54001-23203
Adapter
Probing Tee Traceable Cal only 11667A
N type (m} teo Traceable Cal only 1250-0778
M type (m)

N Type (m) to 1250-0780
BNC (f)

N Type (m) to 1250-1528
N Type (m)

50 ohm 10100C
Feedthrough

7C-17
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7C-15. RISETIME VERIFICATION

Equipment Setup:

1,

2a.

2b.

7C-18

Install HP 54003A with a HP 54003-81617, which was adjusted as a pair, into a calibrated
oscilloscope.

NOTE

Use step 2a for a traceable calibration to National Bureau of Standards.
Use step 2b for normal calibrations that do not need traceabdility to the
National Bureau of Standards. Slight adjustments to the oscilloscope's
vertical sensitivity, or the generator's output amphtude, may be
required due to varying adjustment procedure setups. This adjustment
wili not wnterfere with the performance verification.

1) Connect GRE74 to N type (f) adapter to probing Tee,

—

2) Connect 50 @ load to adapter.

—

3

—

Remove black insuiating sleeve on probe tip.

.4) Connect probe tip adapter to probing tee,

5) Insert probe tip of HP 54003-61617 into adapter.

6} Connect entire assembly to pulse generator's fast rise output.

7} Switch pulse generator’s mode switch to fast rise output.

1) Connect HP 54003-61617 probe tlip to pulse generator's fast rise output, a GR874 to
BNC (f) and a BNC to probe tip adapter.

2) Switch pulse generator's mode switch to fast rise output.

Turn on pulse generator and oscilloscope.
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Procedure:

1.

4a,

4b.

a. Press Autoscale on oscilloscope.

b. Adjust timebase to 2 ns/div,

c. Set display mode, averages to 8.

d. Check trigger slope, should be in positive slope.

Use Delta V and Delta T markers on oscilloscope to perform a risetime measurement as
follows.

a. Press Defta V and turn markers on.

b. Press Auto-Top-Base and then 10%-30%.

c. Press Defta T and turn markers on,

d. Select Start marker for first positive edge and Stop marker far first positive edge.

e. Press Precise edge find key.

The risetime result should be 1.2 ns.

Use step 4a for a traceable calibration to the National Bureau of Standards. Use step 4b
for a non-traceable calibration,

1) Remove 10:1 divider probe {HP 54003-61617), Probing Tee, GR874 to
N type (f), probe tip adapter, and 50 & load.

2) Connect Fast rise source to Tee through a N type (m) to N type (m) adapter.

3) Connect HP 54003A BNC input Tee through a 48- inch BNC cable and a N type
{m) to BNC (f} adapter.

4) Connect 50  load to Tee.

5) Set oscilioscope’s probe attenuation o 1:1.

1} Remove 10:1 divider probe and BNC (f) to probe tip adapter.
2) Connect HP 54003A to generator with a 48- inch BNC Cable.
3) Set oscilloscope’s probe attenuation to 1:1.

Repeat steps 1-4 to find risetime vaiue of HP 54003A probe without the HP 54003-61617
divider attached.

Risetime should be £1.2 ns.
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7C-16. BANDWIDTH TEST

NOTE

Make sure the probe attenuation factor 1s set for 10:1 when testing the
HP 54003A with the HP 54003-61617, and that it is set to 11 when
testing the HP 54003A by itseif.

Instrument Setup:

Oscilloscope Setup:

7C-20

Channel 1
&
Channel 2

Timebase

Trigger

Display

Delta V

Mode - Normal Start marker

VOLTS/DIV - 200 mv/div Stop marker

OFFSET - Qv CW marker
Power Level

SEC/DIV - 2 ms Trigger

Delay ref at - left Time

sweep - trg'd Markers

delay - 0S8 Marker sweep
Trigger Mode

Mode - Edge

Source - Chan 1

LEVEL - +300 mv

Slope - pos

HOLDOFF Time - 21 ms

Mode - Normal
DISPLAY TIME - 200 ms
Sptlit Screen - Off

Marker 1 at 4564 mV
Marker 2 at -564 mv

NOTE

Sweep Oscillator:

.01 GHz
.300 GHz
.500 GHz
+1 dBm
interna?
0,01
AMPL

ON

Auto

Procedure 1 is for calibrating the HP 54003A probe pod WITH a HP
54003-6617 10:1 divider. Procedure 2 is for calibrating the HP
54003A WITHOUT the HP 54003-61617.
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. Procedure 1: For the HP 54003A probe pod WITH the HP 54003-81617.

1.

2a.

o *

Connect HP 54003A probe pod with a HP 54003-61617 to channel 1 input of
oscilloscope, and turn oscilloscope on.

NOTE
Use step 2a for a traceable cafibration to National Bureau of Standards.
Use step 2b for cahibrations that do not need traceability to the National

Bureay of Standards. Step 2b will provide similar results as step 2a,
but without the added expense of probing tees.

1) Connect sweep oscillalor's RF output probing Tee through two
adapters: N type {f) to GRB74, and a N type (m) to N type (m).

2} Connect 50 @ load, to probing tee through a
(GRA874 to N type (f) adapter.

3) Insert prabe tip of HP 54003-61617 into probe tip adapter and
attach adapter to Tees.

4) Turn channel 1 on and channel 2 off.
1) Connect sweep oscitlator's RF output to HP 54003-61617 probe tip through

two adapters: N type (m} to BNC {f) and a BNC to probe tip adapter.
2) Turn channel 1 an and channe! 2 off.
Adjust sweep oscillator output level untit displayed signal just fills 8 divisions vertically,
{Use the Clear Display key o help see this.)
Adjust sweep oscillator time vernier until displayed waveform is 10 divisions in length.
Change oscilloscope DISPLAY time to Infinite.
Press Clear Display key.
The Delta V markers show the 3 dB points and each horizontal division represents
approximately 50 MHz. The sweep oscillator CW MARKER will show up as a dark line as
the display area fills up. The waveform amplitude at the CW marker should be greater

than the amplitude of the waveform at the Delta V markers.

The approximate frequency where the waveform's amplitude crosses the Delta V markers
shouid e 2300 MHz,

7C-21
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Procedure 2: For the HP 54003A probe pod only WITHOUT the HP 54003-6167.

1.

2a.

2h.

7C.-22

Connect HP 54003A prabe pod to channel 1 input of oscilloscope, and turn oscilloscope
on.

NOTE
Use step 2a for a traceable calibration. Use step 2b for calibrations
that do not need fraceability to the National Bureau of Standards. Step

20 will provide simifar results as step 2a, but without the added
expense of probing fees.

1) Connect sweep oscillator’'s RF output to a Tee through a N type (m)
to M type (m) adapter,

2) Connect HP 54003A's BNC input to Tee with a 48-inch BNC cable and a N
type (m) to BNC (f} adapter.

3) Connect 50 ¢ load, to Tee.

Connect sweep oscillalor's RF output to HP 54003A's BNC input with a 48-inch ENC
cable through an N type (m) tc BNC (f) adapter.

Adjust sweep oscillator output level until displayed signal just fills 8 divisions vertically.
(Use the Clear Display key to help see this.}

Adjust sweep oscillator time vernier until displayed waveform is 10 divisions in length.
Change oscilloscope DISPLAY time to Infinite.

Press Clear Display xey.

The Delta V markers show the 3 dB points and each horizontal division represents
approximately 50 MHz. The sweep oscillator CW MARKER wiil show up as a dark iline as
the dispiay area flls up. The waveform amplitude at the CW marker should be greater

than the amplitude of the waveform at the Delta V markers.

The approximate frequency where the waveform's amplitude crosses the Delta V markers
shouid be 2300 MHz.
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1.

2.

4a.
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DC VOLTAGE MEASUREMENT ACCURACY VERIFICATION.

Equipment Setup:

Connect HP 54003A with HP 54003-61617 ‘o oscilloscope's channel 1 input.

Turn escilloscope on.

Adjust dc power supply output to exactly 300 mV (use a DVM to measure output level).

NOTE

Use step 4a for a traceable caiibration. Use step 4b for normal
calibrations that do not need traceabiity to the National Bureau of
Standards.

1) Connect GR&74 to N type (f) adapter to probing Tee.

2) Connect 50 ¢ load to adapter.

3) Remove black nsulating sleeve on probe tip.

4) Connect probe tip adapter to probing Tee.

5) Insert probe iip of HP 54003-61617 into adapter.

6) Connect entire assemnbly to dc source's output.

1) Connect HP 54001-61617 probe tip to dc source's output, through a GR874 to BNC (),
a BNC to probe tip adapter, and a 50 @ load.

Adjust oscilloscope for the foliowing setup:

Split Screen oft
Display Averages 32

Probe Attenuation 10:1

Trig Mode Edge
Trig Source Chan. 1
Trig Level +300 mv
Trig Slope Pos
Holdoff 70 ns
Sweep speed 1 ms/div
Auto Triggered

Delay 0

Delay Ref. Center
Chan Sensitivity 100 mV/div
Chan Cffset 0
Channel not in use Off

7C-23
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Procedure;

1.

10

7C-24

Measure input signal’s voltage level using Defta V markers as follows:
(Be sure to let 32 acquisitions occur)

a. Press Delta V and turn markers on.
b. Press Auto-Top-Base followed by 50%-50%.

¢. The Delta V markers should be within 202 mV and 398 mv.
Change oscilloscope's offset to +300 mV.

Measure input signal's voitage level using procedure in step 1 above,
The Delta V markers should be within 244 mV and 356 mV.

a. Change dc supply to -300 mV {verify with DVM).

b. Change trigger level to -300 mV.

c. Change oscilloscope offset to OV.

Measure input signal’s voltage leve! using Delta V markers as follows:
(Be sure to let 32 acquesitions occur)

a. Press Delta V and turn markers on.

b. Press Aufo-Top-Base followed by 50%-50%.

€. The Deita V markers should be within -202 mV and -398 mv.
Change oscilloscope’s offset to -300 mV.
Measure input signal’'s voltage level using procedure in step 1 abave,

The Delta V markers should be within -244 mV and -356 mV,

To test the HP 54003A by itself, repeat the procedure starking with the equipment setup.

Except, for non-traceable calibrations, do not use the 1250-1454 to
connect pod to generator with a 48-inch BNC cable.

For traceable calibrations, use setup on page 7C-19, step 4A, to connect pod to

generator,
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Figure 7C-7. Schematic diagram for HP 54003A Active Probe.
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SH/DN

Figure 7A-8. Rear view of pod degicting piout.

Figure 7C-9. Component locator far HP 54003A Active Probe.
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NOTE

The HP 540034 with the 5400361617 performance verification is

sufficient for most apphcations. The HP 54003A shouid only have a

separate performance verification if there is a special requirement.
Table 7C-9. Performance Test Record

HEWLETT-PACKARD Tested by
Probe Model No. Test Date
Probe Description Work Order No.
Oscilloscope Model Used Relative Humidity
Oscilloscope Serial Number Temperature Degrees_
Next Recommended Calibration Date
Paragraph With 54003-61617 Without 54003-61617
Number Test Results Results
7C-12 Risetime step 3 Minimum -- none Minimum -- none
Specification: Actual ns Actual ns
Less than 1.2 ns Maximum -- 1.2 ns Maximum -- 1.2 ns
7C-186 Bandwidth step 8 Minimum -- 300 MHz | Minimum -- 300 MHz
specification: Actual MHz | Actual MHz
dc to 300 MHz Maximum -- none Maximum -- none
step 1c | Minimum -- 202 my | Minimum -- 2°Z a¥
7C-17 DC Voltage Accuracy | Actua)l my | Actual mv
Specification: Maximum -- 398 mV | Maximum -- 398 mV
See note below
step 4 Minimum -- 244 mV | Minimum 244 mv
Actual mv | Actual my
Maximum -- 356 mV | Maximum 356 mv
step 6¢ | Minimum -- -202 mV | Minimum -- -202 my
Actual mv { Actual mV
Maximum -- -398 mv | Maximum -- -398 mV
step 9 Minimum -- -244 mV [ Minimum -244 my
Actual mv | Actual my
Maximum -- -356 mV | Maximum -356 mV

NOTE: Specification lor DG Vaoltage Accuracy, 2% of Ofiset
16% of Fullscale
150 my
7C-27
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SAFETY

This product has been designed atid tested according fo International Safety Requitements. To ensure
safe operabion and to keep the product safe, the informalion, cautions, and warnings in this manual,
must be heeded Refer fo Section | and the Safety Summary far general safety considerations
apphcable to this product.

This apparatus has been designed and tested in accordance with IEC publication 348, safety
requirements for electronic measuring apparatus, and has heen supphed in a safe condition. This
manual comtains some information and warnings which have to be followed by the user to ensure safe
operation and to retan the apparatus in safe condition,

CERTIFICATION
Hewlett-Packard Company certifies that this product met its published specifications at the time of
shipment from the factory Hewlett-Packard further certifies that its cafibration measurements are
traceable to the United States Nafional Bureau of Standards, to the extent aliowed by the Bureau's
caiibration facility, and to the calibration facilities of other International Standards Orgamzation
mempers.

WARRANTY

This Hewlett-Packard product is warranted agamnst defects in matenal and workmanship for a
period of one year from date of shipment Duiing the warranty period, Hewlett-Packard Company
will, at its option, either repair or replace producls which prove to be defective.

For warranty service or repair, 1his product must be returned to a service facility designated by HP.
However, warranty service for products installed by HP and certain other products designated by
HP will be performed at Buyer’s facility at no charge within the HP service fravel area. Qulside HP
service travel areas, warranty service will be performed at Buyer's facility only upon HP's priot
agreement and Buyer shall pay HP's round trip travel expenses.

For products returned to HP for warranty service, Buyer shall prepay shipping charges o HP and
HP shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HF from anather country.

LIMITATION OF WARRANTY
The foregoing warranly shall not apply to defects resulting from improper or nadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized madification or
misuse, operation outside of the enviwonmental specifications for the product, or improper site
preparation or maintenance.

NO OTHER WARRANTY 1S EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY

ASSISTANCE

Product maintenance agreements and oOther cusfomer assistance agreements are availabie for
Hewleft-Packard products

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are

provided at the back of this manual.
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SAFETY CONSIDERATIONS

GENERAL -
with terminal for protective earthing)

Thig 15 a Safety Class | instrument (provided

OPERATION - BEFORE APPL(IMG POWER venly that the
powet transformer primary 1s matched to the avalable line
vollage, the conecl fuse 15 installzd, arel Satety Precautions
are taken {seg the following wainings)  In addition naote the
Insitument's exlernal markings which are descnbed Lnded
"Safety Symbols

WARNING

o Setvicing  mstructions are 1ot use by servize-tained
petsonnet  To avaid dangmious elechic shodk, do not

pertorm any serviang unlcss gualified lo do so

o BEFORE 3SWITCHING ON  THE INSTRUMENT, the
prolective  earlh teiminal of the instiument must be
connected to fhe piotectve conchictor ol the Imains)
powercord  The mains plug shall only be inserted 0 a
socket outlet provided with a prolcchive eanth contacl The
protective action must not be negated by the use of an
exlension  cod  {power  cable) withat  a  patective
conductor (gionnding)  1ouncing one conductor of a lwo-
conduclor outlel is not suflient prolection

ol thes inshument s 0 be energized  wvia  an
aule-ttansformes ([ar voltage rccuclion male sure Lho
common tetminal (s conniected b the earth teimmal ot the

powel soulCe

cAny nterruphon of the piotective igrounding) conductot
linside ar outside the mshument) o disconnecding the
protoctive earth teiminal will cause a potenbial shock

hazard that could 1esult In personal tmury

oWhenever it 1s Ihely that the protectian has been impaned,
the Instrument must e made moperative and be secured

against any unnlended opel ahon

oOnly fuses with lhe 1equued rated cutient ynltage, and
specilied type (notmal blow  time delay, elc ) should be
used Do nol use iepared fuses o short circuited
fuseholders  To do so could cause a shock ol fue hazard

o Do not operate the instrament in the presence of flammable
gasses of fures  Cperalion of any efectiical instiument n
stich an environment copshiutes a dofinite satety hazaid

o Do net install substitule pails ar perform any unautholzed
madhficalion 1o the insttument

o Adjusiments descibed in the manual ale performed with
power supplied to the instrument while protective covers
ate (emoved  Energy avatable ab many points may, if

contacled, tesull in petsonat njury

o Any adjusztment, mainienance, and teparr of the apened
insttument under voltage should be avoided as mucl as
poscible and when inevitable, shouwld be carried out anly by
a shiited person who 1s awaie of the hazald involved

o Capacitars nside the mztriyment may sbilt be clizrged even
IT the mstrument has been disconnected from its source of
supiply

SAFETY SYMBOLS

A Instroction maneal symbol The product will be
."J' \ marked with this symbol when it 1s necessary tor
the user 1o reter to fhe instiuchen manual in order

lo protect agans! damage to Ihe product
5 Indicales hazardous voltages

| Earth terminal (sometimes used n manual io
= indicate circuit cormmon connected tu grounded

chassis)

The WARMIMNG sign denotes a hazard It
calls altenlion to a procedurs, practice,

WARNING

or the kke, which, 1t not correctly
petformed at adhated fo, cauld result in personal iy Do
not pioceed beyond a WARHMING sign unbil the indicated
vonditions are fully undeistood and me?

s ey The CAUTION sign denotes a hazaid I
} calls attention te an operating procedure,

g CAUTION

Ao oo praclice, ar the like, which, If not
carrectly petformed or adhered to, could resuit in damage to
o destruchion of part or all of the product Do not proceed
bevond a CAUTION sign unll the indicated condibons are

tully understood or met
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SECTION 1
WHEN YOU RECEIVE YOUR INSTRUMENT

i-1. INTRODUCTION

This Operating and Programming Manual contains information required to install, operate and
pragram the Hewlett-Packard Model 54110D Color Digitizing Oscilloscope Paragraph 1-3 lists the
accessories supplied with the instrument. Section 1 covers instrument safety, identification,
options, accessories, receiving information and other basic data. Section 2 provides guidelines for
using this manual.

1-2. SAFETY CONSIDERATION

The Hewlett-Packard Model 54110D is a Safety Class 1 instrument (tnstrument with an exposed
metal chassis that is directly connected to earth via the power supply cable.)

WARNING

Before you apply power to the umt make sure you review this manual and
become famitiar with the defimtions of the safety markings and perfinent
nstructions. These must be folfowed to insure safe operation and that the
tnstrument 1 maintarned in a safe condition.
1-3. ACCESSORIES SUPPLIED WITH THE 54110D
The 54110D Celar Digihizing Oscilloscope 15 suppiied complete with the following accessoties;
Four 540024 input pods
One power cable
One Operating and Programming Manual and ohe Service Manual.
1-4. ACCESSORIES AVAILABLE
The following accessories are available for the 541100,
54001A 10 M@, t GHz Miniature Active Probe with an attached 1.5M cable. {see figure 1-1)
54003A 1 M9 300 MHz, 10:1 probe,
11536A 50 Ohm Probing Tee Used to minimize disturbance of transmission characteristics.
Compatible with the 54001A high bandwidth probe (see above). Requires one 54051A probe
adapter (see below).
10211A (24 pin) and 10024A (16 pin) Tesl Clips.
54001-23203 probe adaptet. Adapts the 54001A (see above) mini-probe tip (or other HP
mini-probes) to the probing accessories included in the 10020A resistive divider probe kit, and

to the 11538A probing tee.

10240B BNC Blocking Capacitor. Used to ac couple signals to 54110D's inputs.

1-1
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1-5, OPTIONS

The 54110D Color Digitizing Oscilloscope has two oplions available:

Option 908 provides rack cars and associated mounting hardware for rack mounting the 54110D,
The HP part number 15 5061-926792.

Option 910 provides an addilional Operating and Programming Manual for the 54410D. The HP
part number 15 54110-90901,

1-f. POWER CABLE

WARNING

Before energizing this umt you must insure thal the chassis of the
instrument is property grounded. This precaution is to avoid the possibiiity
of injury or death which may resuit If the protective ground is defeated.

The 547100 is provided with a 3 wire power cable. When this cable s
connected fo an appropriate AC power receptacle it provides a ground for
the instruiment cabinet, The type of power cable shipped with each
istrument depends on the country of destination. See tabie 1-1 for power
catie degciiption and applications

1-7. INITIAL INSPECTION

WARNING

To avord hazardous electrical shock, do not perform electrical fests when
there are signs of shipping damage to any portion of the instrument.

Imspect the shupping containel for damage. 1 the shipping container or packaging matenals are
damaged, it should be kept until the contents of the shipment have been checked for
completeness and the instrument has been checked mechanically and elechically, The contents of
the shipment should be as lisled in Paragraph 1-3. Il the contents are incomplete, or if there is
mechanical damage or defect, notify the nearest Hewlett-Packard office. i either lhe shipping
container 1s damaged or the packaging mateiial shows signs of stress, notify the carrier as well as
ihe Hewlelt-Packard office. Keep the shipping rmatenials for the carrier's inspection  The HP office
wilt arrange for repair or replacemenl withoul waiting for claim setllement,

1-8. CLAIMS FOR DAMAGE

If physical damage is evident or if the instrument does not meet specifications when receved,
notify the carrier and the necalest Hewlelt-Packard Sales/Service Office. The sales/setvice office
will arrange for repair or replacement of the unit without waiting for seltlement of the claim againsi
ihe carner,

-8, STORAGE AND SHIPMENT

The 54110D Color Digitizing Oscilloscope may be stored and shipped in environments that do not
exceed the following limits:

Temperature..........oii i i e -40°C to+75°C
HUMIY . e e e e e <95% relative
Altitude ... ...... ... ... ... ... <15,300 metres (50,000 feet)

This instrument should also be protected from temperature extremes that would cause
condensation in the instrument
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Tahle 1-1. AC Power Cables

CABLE LENGTH Lo COUNTRY
PLUG TYPE PART NO. PLUG DESCRIPTION IN/CM COLOR
oPT
4900
8120-1351 Straight *BS1363A 9 228 Gray Unrted Kingdom,
8120-1703 90° 90 228 Mint Gray Cyprus
MNigena,
Zimbabwe
Singapore
DPT
a0
B120-1363 |Straight *NZ551898 ASC 79 200 Gray Australa,
8120-0696 90" 87 21 Mint Gray New Zealand
OPT
an2 250V 8120-1689 Straight *CEET-Y11 79 200 Mint Gray East and West Eurape,
B8120-1692 1o 79 200 Mint Gray Saud: Arabra,
8120-2857 Straight (Shielded} 79 200 Coco Brown So Afrnica,
India (Unpolarized
in many nationst
OPT
903 125V 8120-1378 | Straight *NEMAS.15P 90 228 Jade Gray United States
8120-15621 age 90 228 Jade Gray Canada
8120-1992 Stranght {Med:eal 96 244 Black Japan {100V or 200V),
ULs44 Mexico,
Philippines
Tarwan
QPT
04
250V
8120-0698 Straight *NEMAB-15P 90 229 Black Untted States
Canada
OPT
905 250V
8120-1356 CEE22-V1 3C 76 Black
. hﬁ‘:r’r‘“ 8120-1625 {Systems Cabinet use} 96 244 Black
B = o 250V
e
ggg 2507 8120-2104 |  Straight *SEVIO1T 79 200 Mint Gray Switzerland
8120-2296 1959-24507 79 00 Mint Gray
: o Type 12
S = e
QaPT
912 220V 8120-2956 Strarght *DHCK107 79 200 Mint Gray Denmark
—a‘.-\ 8120-2957 900 79 200 Mint Gray

*Part number shown for plug is industry rdentifier for plug only Number shown for cable 1s HP Part no for complete cable
inciuding plug  E=Earth Ground, L=line , N=Neutral
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1-10. PACKAGING

Onginal packaging 1. . the containers and materials identical to those used in factory packaging
are avalable from Hewlett-Packard. If the unit 15 being returned to Hewlett-Packard for servicing,
attach a tag indicating the type of servicing required, return address, model number, and full serial
number. Mark the container FRAGILE In any correspandence refer to the instrument by model
number and full serial number.

if other packaging is to be used the following general instructions for repackaging with
commercially availlable materials should be followed,

a Wrap the instrument in heavy paper or plasic. If you are shipping the unit to a
Hewlett-Packaid office or service center be sure to altach a tag to the instrument indicating the
type of service required, return address, model number and full senal number

b. Use a sirong shipping container. A double wall carton made of 2.4MPa (350psi) test
material 15 adecjuate.

¢ Use a layer of shock absarbing material 75 to 100mm (3 ta 4 inches) thick araund all sides
of the instrument to prowide firm cushioning and prevent mavement inside the container.
Protect the control panel with cardboard

d. Seal the shipping container securety.

e. Mark the shipping container FRAGILE lo insure careful handling.

f. In any carrespondence, refer la instrument by model number and full serial number.
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SECTION 2
HOW TO USE THIS MANUAL

2-1. INTRODUCTION

This Operating and Programming Manual has been designed as both a tutorial operating manual
and a reference manual for writing programs ta operate the oscilloscope remotely

The {irst four sections of the manual are concerned with instrumeni specificalions, receiving
information and operating environment information for the 541100,

The next four sections (5 through 8} of the manual are concerned with front panel exercises.
Sections 9-11 are dedicated to the remote programming of the HP-IB interface.

Here 15 an overview of what this manual contains:
WHEN YOU RECEIVE YOUR INSTRUMENT, SECTION 1

This sechon includes installalion information, receiving information, warranty data and much more.
vou should read Section 1 before inthal installation and operation,

MEET THE 54110D COLOR DIGITIZING OSCILLOSCCOPE, SECTION 3

This section provides a description of this oscilloscope and complete specifications and operating
characteristics. This section also includes a probe seleclion table.

GETTING READY TO USE THE 54110D, SECTION 4

This section contains importanl data about the required operating environment and power
requirements for the 54110D. You should review this section prior to initial operation.

GETTING STARTED WITH THE FRONT PANEL, SECTION 5

This section intioduces you to the front parel layout and it's four funclional areas. Section 3
provides wital infarmatian for the first time user.

FAMILIARIZE YOURSELF WITH THE MENUS, SECTION 6

Many of the front panel controls on the 54110D are multi-functioned. To better understand these
controls this section defines all front panel functions and maps the ditferent funciion groups. This
section also introduces you to the color features of this instrument. This section is formatted so
{hat it can be used as a reference by operators, regardless of skill level.

FRONT PANEL EXCERCISES, SECTION 7
This section provides slep-by-step exercises that will help you become more familiar with making

measuremenis from the front panel of the 54110D. Section 7 builds on ihe information presented
in Seciion 6.
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MAKING A HARDCOPY, SECTION 8

This sechon provides information concerning the use of graphics printers and plotters with the
54110D via HP-IB. This section also provides a list of Hewlett-Puckard printers and plotters that
are compatible with this instrument.

REMOTE OPERATION, SECTION 9

This section discusses the remote operation of the instrument over the HP-IB. Such topics as
HP-IB compatibility, remote/local modes, local lockout, learn and cal strnings are dealt with, Review
this section befare wrniting programs for the instrument

COMMAND SET OVERVIEW, SECTION 10

This seclion contains the instruction set, notation conventions and definitions, syntax diagrams and
other detailed programming reference information for the 541100

APPENDIX A

Appendix A contans example programs for the 54110D using the HP 200 series scientific
computer using the HP Basic 4 G operating system.

APPENDIX B

Appendix B provides the advanced user with a discussion of the channel-to-channel timing skew
and tngger delay calibration concerns when using the 54110D.

APPENDIX C

Appendix C provides the advanced user detailed information concerning the automated
measurements that the 54110D can perform. This appendix discusses such topics as measurement
throughput, accuracy, and resalubion.

The following table indicates those chapters which are recommendsd reading for vanous types of
54110D users You may fall intlo more than one category. For example, you may be an
inexperienced programmer who installs lhe 54110D.
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Table 2-1. User Table

Chapters Appendix

Reader/User 2| 3| 4] 5] 6 Ww|]A| B |C
Installation Personnel . ]
first Time User L ] L L]
{Front Panel)
Advanced User L o | »
{Front Panel)
Beginning
Programmer . ® [ )
Advanced
Programmer LA

NOTES:
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SECTION 3
SPECIFICATIONS AND
SUPPLEMENTAL CHARACTERISTICS

3-1. INTRODUCTION

This section of the manual contains a list of specifications for reference and pariormance
verificatton. These specMications are listed in Table 3-1. Also included in seciion lhree are the
supplemental characterishies. Supplemental characteristics are not specifications bul arg iypical
parameters and are included in this manual as additional information for the user. Supplemenial
characleristics are listed in Table 3-2.

NOTES:

3.1
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Tahfe 3-1. Specifications

VERTICAL {Voltage)

Bandwidth (-3dB):'

with HP 540024A: dc to 1 GHz

with HP 54001A: d¢ to 700 MhZ3

with HP B4003A: dc to 300 Mhz
Transition Time (10% to 90%):'

with HP 54002A: <£35C ps
with HP 54001A: =45C ps
with HP 54003A: <1.2 ns

Deflection Factor (full-scale = 8 divisions):

3

wilh HP 54002A: 10 mV,/div to 1 V/div in 1-2-5 steps
with IIP 54001A: 100 mV/div to IQ V/div in 1-2-5 steps
with tIP 54003A: 100 mv/div to 10 V/div in 1-2-5 steps

DC Accuracy, Single Voltage Marker:

with HP 54002A: 3% of full-scale x2% of offset2
with HP 54001A: 6% of full-scale x2% of offset 50 mV_
with HP 54003A: +6% of Tull-scale +2% of offset £50 m°

DC Delta Voltage Accuracy (Two Markers On Same Channel):
with HP 54002A: £1% of full-scale +3% of reading”

with HP 54001A: +1% of 1ull-scale £6% of reading
with HP 54003A: 11% of full-scale +6% of reading

DC Offset:
RANGE: 1.5 x Full-scale (referanced to center screen)
ADJUSTMENT RESOLUTION: arljustable in steps of 0.0025 x full-scale
Dynamic Range: deflection factor and offset should be scaled so
that the unmagnified signal remains within the

the full-scaie display range.

Magnifier: expands displayed signal vertically from 1 to 16 times;
adjustable in 0.%% steps.

Inputs: two inputs, configurable with HP 54000-series pods.
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Table 3-1. Specifications {Continued)

HORIZONTAL (Time)
Deflection Factor (full-scale = 10 divisions}: 100 ps/div to 1 s/div

ADJUSTMENT RESOLUTION: adjustable in 1-2-5 steps via knob and step
keys. Adjustahle to three significant figures
via keypad or HP-IB command.

Delay (Time Offset):

PRE -TRIGGER RANGE: up to -200 ms or -10 divisions, whichever is
greater.
POST-TRIGGER RANGE: up to 41 second or +600,000 divisions,
whichever is greater. "
ADJUSTMENT RESCLUTION: adjustable in steps of 10 ps or 10 " x delay
setting, wWhichever is greater.

Time Base Accuracy: error is:

SINGLE-CHANNEL: (100 ps 42 x 107 x delta T reading)
DUAL-CHANNEL: {200 ps 2 % 10 X delta T reading)

TRIGGER

Trigger Source Vertical Channel 1 or 2

Input Pod HP 54002A HP 54001A HP B4003A>
Trigger Level +2 x full-scale

Range

Trigger Level 0.0025 x full-scale
Adjustment

Resolution

Trigger Sensitivity

DC to 100 MHz 0.12 % full-scale
Above 100 Mhz 0.24 % full-scale 0.24 x
{ Frequency {100 MHz to 500 MHz) fuil-scale
range) (100 Mhz to
300 Mhz)
Pulse width 0.24 x full-scale
> 1 ns
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Talre 3-1. Specifications (Continued}

TRIGGER (Continued)

Trigger Source Trigger I[nput 3 or 4

Input Pod HP 54002A HP 54001A HP 54003A3

Trigger Level 2V 20 V
Range

Trigger Level 2 mv 20 mv
Adjustment
Resolution

Trigger Sensitivity

DC to 100 MHz 40 mv 400 mv
Above 100 Mhz 80 mvV 800 mv 800 My
{frequency (100 MHz to {100 MHz to {100 MHz to
yange) 500 Miz) 500 MHz) {300 Mhz)
Pulse width 80 mv 800 mv
> 1 ns

RMS Jitter: (50 ps + 5 x 1077 x delay setting)

Trigger Source: channel 1, channel 2, trigger 3, trigger 4.
Independent trigger level and polarity settings on
all sources., Edge trigger on any source, Logical
pattern trigyger on all sources.

Trigger 3 and 4 Input: configurabkle with HP 54000-series pods.

INPUTS
HP? 54002A HP 54001A HP 54003A HP 54003A
500 Input 1 GHz 1 Me Input, 1 Mq Input,
Miniature With 10:1 With 10:1
Active Probe| Probe Probe
Attached Removed
Maximum 5V rms 20 V peak 20 V peak 2 V peak
Input
Voltage

3-4



Table 3-1.

Maodel 534110D - Specifications

Specifications {Continued )

INPUTS {Continued)

HP 54002A HP 540Q1A HI? 54003A HP 54003A
500 Input 1 GHz 1 M Input, 1 Mg Input,
Miniature With 10:1 With 10:1
Active Probe| Probe Probe
Atlached Removed
Coupling dc dc de dc
Input /A 2 pF 8 pF 10 pF
Capacitance
{Nominal)
Input 500 10 kq 1 MQ 1 Mo
Resistance
{Nominal)
Bandwidth * dc to dc to dc to dc to
(-3d8) 1 GHz 1 GHz 300 MHz 300 MHz
Transition £350 ps £350 ps <1.2 ns £1,2 ns
Time *
(10% to 90%)
Division 1:1 10:1+3% 10:1+3% 1:1+1%
Ratio *

CATHODE-RAY TUB

X-RAY EMISSION: CRT emission <0.1 mR/hry not measurable in

NOTES:

E

background noise using Victoreen Model 440RF/C.

1. These specifications apply over ambient temperature range of

4+15°C to 357

C.

2. When driven from a 500 source,

3. With the 10:1 divider probe supplied with Lhe 54003A.

%  Refer to VERTICAL and TRIGGER specifications for system performance

specification

S.
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Talle 3-2. Supplemental Characteristics

DIGITIZER

Resolution: 7 bits (I part in 128}. Effective resolulion can be
extended up te approximalely 10 bits by using magnification and
averaging.

Digitizing Rate: up to 40 megasamples/second.
VERTICAL

Input Protection: a relay opens when applied voltage exceeds rated
input voltage for inpul pod in use (see Specificationsy.

HORIZONTAL

Delay Between Channels: difference in delay between channels can be
nulled out in 10 ps steps up to 10 ns to compensate for differences
in input cables or probe length.

Reference Location: the reference point can be located at the left
edge, center, or right edge of the display. The reference point is
that point where tha time is ofFset from the trigger by the delay
1ime.

TRIGGER
Input Protection: a message appears on the display when the
applied voltage exceeds rated 1nput voltage for input pod in use
{see Specifications).
Holdoff
HOLDOFF-BY-EVENTS: range of events counter is from 2 to 67 million
events. Maximum counting rate is B0 MHz. An event is defined as
anything that satisfies the triggering conditions selected.
HOLDOFF-BY-TIME: adjustable in 10 ns steps from 70 ns to 670 ms.
Trigger Modes
EDGE TRIGGER: on any source (see Specifications, Trigger Source).
PATTERN TRIGGER: a pattern can be specified for all sources. Each
source can be specified as high, lew, or don't care.

Trigger can occur on the Tast edge to enter the specified pattern
or the first edge to exit i1he specified pattern,
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Table J-2. Supplemental Characteristics (Continuad )

Trigger Modes (Continued)

TIME QUALIFIED PATTERN TRIGGLR: trigger occurs on the first edge to
exit the specified pattern, oniy il the pattern was present for
less than [greater than| Lhe specified time. Filter
time is adjusiable from 10 ns to 5 seconds. Filter recovery time
is €8 ns., In ithe "Pattern presenl <[time]" mode,
the pattern must be present =1 ns for the trigger to respend.

STATE TRIGGER: a pattern can be specified for any three sources.
Trigger can be sel to occur on an edge of ejther polarity on the
source specified as Lho clock (not one of ihe pattern sources) when
the pallern is prasenl or not present. Setup time for the pattern
to be present prier te Lhe ¢lock edge is <4 ns; holtd time is
zero,

Delayed Trigger

CVYENTS-DELAYED MODE: the trigger can Le armed by an edge on any
source, then triggercd by the nth edge on any other source.

The number of events, n, can be set from 1 to 108—1.
Maximum evenl counting rate is 150 MH=z.

TIME-DELAYED MODE: the trigger can be armed by an edge on any source,
then triggered by the first edge onh any other source after
a specified 1ime has nlapsed. The delay time can be
set from 20 ns to 5 seconds.

DISPLAY

Data Display Resolution: %01 points horizontally {full-scale) by
256 points vertically.

Data Display Formats
SPLIT 5CREEN: each ¢hannel display is four divisions high.

FULL SCREEN: Lhe two channels are overlaid, tach channel display is
eight divisions high.

Display Modes
VARIAGLE PERSISTENCE: the time thal each data point is retained on

the display can be varied from 200 ms to 10 secends, or it can be
displayed ndefinitely.
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Tabte 3-2. Supplemental Characteristics (Continued)

Display Modes (Continued)

AVERAGING: the number of averages can be varied from 1 to 2048 in
powers of 2. 0On each acquisition, 7fnm times Lhe new data is
i5 added to (n-T)/n of the previocus value at each Llime

coordinate. Averaging operates continuously; the average does not
stop after n acquisitions.

GRATICULES: Full grid, axes with tic marks, or frame with tic marks.

DISPLAY COLORS: a default color seleclion is selup in the instrument.
Citferent colors are used for Display background, Channel 1/
Functicon 1, Channel 2/Function 2, background text, highlighted
text., Advisories, Markers, ovarlapping waveforms and Memories.

[f desired, the colors used may be changed from the front panel or
from HP-IE.

MEASUREMENT AIDS

Markers: dual voltage markers and dual time markers are available.
Voltage markers can be assigned to either channel or to both
channels, memories and funclions.

Automatic Edge Finders: the time markers can be assigned auto-
matically to any displayed edge of either polarity on a channel
memory, or function or to any combination of the preceding.

The voltage markers establish the threshold reference for the time
markers in this mode,

Automatic Pulse Parameter Measurements: the following pulse
parameter measurements can be performed automatically {as defined by
IEEE standard 194-1977, "IEEC Standard Pulse Terms and
Definitions").

Frequency Top magnitude
Period Base magnitude
Pulse duration Preshoot

Rise time Overshoot

Fall time RM5 volts
Pulse amplitude Duty cycle

Waveform Math: two independent functions are provided for waveform
math. The operators are +, -, invert, versus and only. CELither
of the two verlical channels cr any of the four waveform memories
can be used as operands for the waveform math., If turned on,
Function 1 is displayed in lieu of Channel 1 and Function 2 is
dispTayed in Tieu of Channel 2,
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Tabde 3-2. Supplemental Characteristics (Continued)

SETUP AIDS

Presets: vertical deflection faclor, offset, and trigger level
can be preset independently on each channel for ECL or TTL Jevels.

Auto-Scale: pressing Auto-Scale causes vertical and horizontal
deflection factors and the trigger source to be set for a display
appropriale to the signals appiied to the inputs. Requires a duty
cycle »0.1%, freguency >501lz. and amplitude >20 my
peak. Operative only for velalively stable inpul signals.

Save-Recall: ten front panel setups may be saved in non-volatile
memory. [f Auto-Scale is inadvertently pressed, pressing Recall
followed by Auto-Scale, restores the instrument to the state prior
to the Tast Auto-Scale executed.

Waveform Memories: four memories are provided for storage of
waveforms. Only one waveform may be stored in each of these
memories, These memories can be used as sources for either
measurements or functions. Two additional memories are provided
1o store pictures. Each of these two waveform picture memories
is a pixel map of the display. Any number of waveform pictures may
be writlen into to each picture memery. Once stored, individual
waveforms cannot be accessed from the picture memories. The display
of any of the six memories can he turned on or off without affecting
their contents. Waveforms in memory are displayed in a different
color from live waveforms.

POWER REQUIREMENTS

Voltage: 1157230 V ac, -25% to +15%. 48-66 Hz.
Power: 350 watts maximum, 650 VA maximum.
DIMENSIONS

Refer to outline drawing.

WEIGHT

Net: approximately 25.5 kg (56 1b).

Shipping: approximately 30.5 kg (67 1b).
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Table 3-2. Suppiemenial Charactenstics (Comtinued |

ENVIRONMENTAL CONDITIONS
Temperature

OPERATING: 0°C 1o +55°C {I32"F to +I31°F).
Mote: see Specificalion Note 1.

NON-OPLRATING: -20°C to +75"C (-4"F to +167°F).
Humidity
OPCRATING: up to 90% relative humidity at 440°C (+104"F),
NON-OPERATING: up 1o 95% relative humidity at +65°C (+149°F).
Altitude
OPERATING: up to 4600 metres (15,000 ft),
NON-OPERATING: up to 19,300 metres (50,000 ft).
Vibration: Vibrated in three orthngonal axes for 15 minutes each

axes; 0.38 mm (0.015 in.) peak-to-peak excursion; 5 to 55 Hz;
1 minute/octave sweep.

=

1826 (19.0)

NOTES:

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. IF DIMENSIONS
ARE REQUIRED FOR BUILDING
SPECIAL ENCLOSURES, CONTACT
YOUR HP FIELD ENGINEER.

. DIMENSIONS ARE IN MILLIMETRES
AND (INCHES).

TOP VIEW

425.7 (16.76) —

[

i

617.2 (243 —

f'—_ — 641.1{25.25) —

14,2
1) ||| 7 SIDE VIEW

J

FRONT VIEW S - =




Model 541 10D - Cicelling Ready to Use the HP 54110D

SECTION 4
GETTING READY TO USE THE HP 54110D

4-1. HP 54110D SPECIFICATIONS

This sechion provides information concerming the operating environment and the power
requiremenls for the HP 54110D Color Digitizing Oscilloscope, I is imporiant that the user provide
the conect power source and gperating environment for this inshument Faillure to do so can
cause setipus damage lo the instiument and/or provide a health hazard to lhe user.

4-2. OPERATING ENVIRONMENT

[ P

{ CAUTION !
S

Insure the mstrument has adequate clearance on all surfaces to provide for
sufficient air flow for cooling. Do not black any of the vent hotes or the fan's
anr nlet

The operating environment must be maintained within the following parameters:

Temperature .. ... ... ... oo s oieees v w. ., QF Cto B5R C
Hurdity .. ... ... s s e e <90% up to 407 C
Albitude ... e . <4572 metres (15,000 feet)

This instrument should alse be protected from temperature extremes that would cause
condensation in the instrument.

4-3. POWER REQUIREMENTS

The 54110D requires a power source of 115 or 230 Vac 415/-25%, 48-66 Heitz single phase.
Power consumption is 350 waits marximum or 650 VA maximum.

; CAU TiON}
Lt i i e
Before connecting this mstrument to the AC power source, insure that the

line sefect switch on the rear panel of the insirument 1s set to the
appropriafe position (see Ligure 4-1}

A blade-lype screwdriver may be used to change the position of this swileh. Figure 4-2 shows the
line select switch sel for 115 Vac operation. T this switch is nol set caorrectly, serious damage to
the instrument 15 likely.

Once lhe correct setting on e ine select swilch has been made and the appropriate power cord
has been nstalled and connected to the mains, the unit can be lurned on (see paragraph 4-4) By
selecting the appropriate line voltage with the line select switch, you are also determining the
correct circuit breaker Uip current. If 115 Vac line voltage 1s selected, the circut breaker trip
current will be 5 amps. If 230 Vag line valtage 15 selected, the circuit breaker trip current will be 3
amps.
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HPIB CIRCUIT
CAL SIGHALS COHNECTOR BREAK EF

= DEGAUSSING
.~ BUTTGH

IMNSTRUMENT

SERIAL NUMBER
COOLIMG FANS

COHNECTOR
Figure 4-1 HP 547100 Rear Pane!

®
MAIN CIRCUIT BREAKER
<'LINE SWITCH

(%
DEGALSS

)

LN

o D

|EI w— e
« of| [#118v] SELECT
& “
-

~ LINE

T15V.7298 VOLTS
48-66 Hz, B508 VA MAX

WARNING!
MAINTAIN GROUMD TO AVOID
ELECTRIC SHOQCkK

®

MEAT13 7

Figure 4-2. Power Module
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The 54110D has two switches that can inierrupt the power for the instrument. The first is ihe line
swilch and the second 1s the mains breaker;
1. The ling switch is located at the lower left of the front panel.

2. The mans breaker is located on the upper 1ight hand corner
of the rear panel {see figure 4-1).

If the front panel hne switch 15 in the "STBY" position or if the mains breaker is in the OFF or "0"
pasilion, the unit will not function,

4-4. POWER CABLE

WARNING

Before encrgizing this umt you must insure that the chassis of ihe
instrument is properly grounded. This precaution is to avoid the possibility
of imjury or death which may resulff if the protective ground is defealed.

Tne 541100 is provided with a 3-wired power cable When this cable is connected o an
appropriate AC power receptacle, it provides a ground for the instrument cabinet. Tha typs of
power cable shipped with each instrument depends on the country of destination. See iable 1-1
ior power cable description and applications.

4-5. HP-1B ADDRESS SELECTION

HP-1B address can be read and selected from the front panel of the 54110D with the use of soii
keys that are locaied at the right of the CRT (after pressing the Utility menu selecl key). In ordar to
sei or change the HP-IB address, pul the 54110D into the TALK/LISTEN mode (soit key
selectable}, then input the desired address from the front panel. The 541100 suppoiis iha
foilowing HP-18 interface funclions: SH1, AHf, T5, TEOD, L3, LED, 3R1, RLi, PPQ, DC1, DTY, CO,
E1. For further information concerning the 54110D HP-IB, operation, see Section 9.

4-6. HP-IB INTERCONNECTIONS

Interconnection data concerning the rear panel HP-IB connector is provided in figure 4-3. The
HP-IB sysiem allows the interconnection of up to 15 (including controller; HP-IB compaiible
instrumenis. The HP-1B cables have identical conneciors on both ends so that several cabiss can
ha connecied to a single scurce without special connectors or switch boxes. System componenis
and devices may be connected in virtually any configurabion (see figure 4-4).

4. INITIAL COLOR DISPLAY SETUP

The 541100 Color Digitizing Oscilloscape uses an electromagnetlic color display and may reguire
degaussing at installation or later if it becomes necessary. To faciitate this, the display section hes
a built in degaussing col. The energizing switch for this coil is located on the rear panel on ihe
power panel. (See figure 4-2} To degauss the CRT press this switch several times.

I{, n certain severe situations, internal degaussing is noi adequate it may be necessary io use an
exiernal lelevision type degaussing coil. On the front panel lefl of the CRT are iwo screw driver
adjust controls, Bnighitness and Background. The background control sets the luminosiiy of the
background of ihe CRT. The brightness control sets the gain of the Z axis, thai is, conirols the
intensity of the displayed information on the CRT. These two controls are usually adjusted io
accommodate users taste and ambient light.
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SHIELDSRO NDALC Dav DG4 D02

Where: ATN = Attention

DAV = Data Vald

DIO 1-8 = Data Input-Output

EQI = End or Identify

IFC = Interface Clear

NDAC = Not Data Accepted
GND | GND | GND | REN | DIN7 | 010% NRFD = Not Ready For Data
v REN = Remote Enable

LOGIC GND CND GND D108 DIO6
GND 10 B 6 SRQ = Service Reguest

©

Logic Levels
The Hewlett-Packard Interface Bus Logic Levels are TTLcompatible, 1 e., the true (1} state 1s 0 OVdcto+0 4 Vde and
the false {0 state 15 +2 5 Vdc 1o +5 0 Vdc.

Programming and Qutput Data Farmat
Refer to Section 9.

Mating Connector
HP 1251-0223, Amphenol 57-30240

Mating Cables Available
HP 10833A, 1 metre (3.3 fti
HP 10833B, 2 metres {6 & ft)
HP 10833C 4 metres {13 2 ft)
HP 108330, 0.5 metres (1 6 f1)

Cabling Restrictions

1 A Hewlett-Packard Interface Bus system may contain no more than 2 metres 16 ft1 of connecting cable per
nstrument ’

2 The maxmum accumulative length of connecting cable for any Hewlett-Packard Interface Bus systam s
20.0 metres (65 6 ft)

Figure 4-3. HP-IB Interface Connector

4-4
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o

ONLY ABLE TO TALK
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Figure <-4, HP-IB inferface
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SECTION &
FRONT PANE:,

o, GETTING STARTED WITH THE FRONT PANEL

This seclion describes ihe front panel of the 54110D and discusses its four juncbional areas The
jour funciionat areas of ihe front panel of the 54110D Color Digitizing Oscilloscope includs:

System Conirol
Entry

Mienu Selechon
Funciion

Dom>»

These four graups of keys give the operator complete local contrel of the instumeni. (Sge Figure
5-1.)

S0 AYSTEM CONTROL

Thae SYSTEM CONTROL keys are located on the top right-hand side of ihe ironi panel direcily
under the labet, "SYSTEM CONTROL"

The SYSTEM CONTROL keys provide control oi acquisition, the dynamic display, SAVE/RECALL
registers and automalic display scahng.

FUHCTION SYSTEM
SELECTION CONTRCL

MAEHU SELECTIOHN ENTRY DEVICES IHPUT PODS

Figure 5-1, 541100 Front Panel
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The CLEAR DISPLAY key erases the dynamic (active) display. This key will not erase a waveform
in memory that is being displayed. When the CLEAR DISPLAY key 15 pressed the instrument will
momentarly stop acquiring data, erase the screen and then resume acquiring data  If the
STOP/SINGLE key has previously been pressed, the CLEAR DISPLAY key will erase the displayed
waveform and acquisition will not resume unless the RUN key Is pressed, or if a single acquisition
is desired the STOP/SINGLE key can be pressed for the second time, 1f you are acquiring a large
number of averages and you change the input signal you can quickly reset the average registers
by pressing the CLEAR DISPLAY key This will save the time that the display would normally take
to integrate to the new signal levels.

The RUN key causes the 54110D to resume acquiring data after acquisition has been stopped by
the STOP/SINGLE key. When the STOP/SINGLE key 1s pressed the instrument wil stop acquirmg
data and display, indefinitely, the last data that was acquired- Each subsequent STOP/SINGLE key
press arms the instrument lc make a single acquisition that would be started by the next trigger
event. To return to the previous operating mode press the RUM key, When the STOP/SINGLE key
has been pressed the SEC/DIV, VOLTS/DIV and other front panel controls that would normaky
cause the displayed waveform to change will erase the active display as if the CLEAR DISPLAY key
had been pressed

5-3. SAVE/RECALL

This instrument allows lhe user to SAVE and RECALL up to ten different front panel setups in
neonvolatile memaory.

To SAVE the current fronl panel setup in ane of the fen SAVE/RECALL regislers, press SAVE, then
press the number (0-9) of the register desired.  All front panel functions, modes and Cal factors,
menu sclection and input device assignments are not saved. SAVE/RECALL will not cause
exacution of measurements, edge findiis, "Start Print”, or other action keys.

To RECALL a previously saved fiont panel sctup press RECALL, then press the number (0-9} of
the desired register.

To return o the condition that exisled prior ko the last AUTO-SCALE, press RECALL then press
AUTO-SCALE. This feature allows you to recover if the AUTO-SCALE is accidentally pressed.

5-4. LOCAL

When the LOCAL key is pressed an RTL (return to local) message is sent to the HP-1B interface
and the unit will seturn to local {front panely control if it had previously been i remote operation
and if the HP-IB controller had not invoked a local lockout.

The LOCAL key 1s the only active front panel key when the unit 15 in REMS (remote state)

5-2
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5-5. AUTOSCALE

When lhe AUTO-SCALE key is pressed the instrument will select the vertical sensitivity, vertical
offset, trigger level and sweep speed for a display of the input signal. If input signals are present at
both vertical inputs the sweep will be tiggered on Chan 1 and the display will go to the splil
screen mode and the vertical sensitivity for each channel will be scaled appropriately If only one
of the vertical has a signal on 1it, the split screen function will be turned off. See Operating
Charactetistics for input signal requirements for proper AUTO-SCALE operation.

When the AUTO-SCALE cycle 1s complete, the Timebase menu will be selected and the input
devices will be assigned to the SEC/DIV function.

5-6. ENTRY DEVICES

Under the SYSTEM CONTROL keys I1s an area labeled ENTRY. Located in this portion of the front
panel 1s a number pad, a vertical column of 5 ENTER keys, the "knob" and two step keys, (refer to
figure 5-1) These four tems are relerred to, throughout this manual, as the "entry devices".

The entry devices are used to change the value of any of the items in the function menus that are
displayed in UPPER CASE letters e g., VOLTS/DIV and SEC/DIV. The function menus are on the
right side of the CRT.

The value of the selected variabte function is listed at the top of the wavetorm display area on the
CRT.

5-7. MENU SELECTION
Softkeys provide front panel contiol of the 54110D color digitizing ascilloscope

This instrument has two sels of softkeys, the first set ss located at the bottom of the CRT, and the
second sel is right of the CRT. The keys at the bottom of the CRT are referred to as the "menu
selection keys" as lhey are used to choose a desired function menu. As you press the different
function menu selection keys the function menus along the right side of the CRT will change.

Pressing the More key at the bottom nght-hand corner of the CRT provides an additional seven
function menus. If the More key 15 pressed again the original menu will return,

After you have selected a function menu, notice some of the funchon menu softkey labels have
text shown in inverse video. If he adjacent softkey 15 pressed the text that is in inverse video will
change, e.g., to lurn a funclion On or Off, or io aclivate an associated function, e.g., pattern
tngger, edge trigger, state lrigger. If the function select key aliows you to select a waveform
soutce the text of the selocted source wilt be the same color as the displayed waveform from that
source, far example, if the default colors are used all text relating to channel 1 will be yellow and
all text relating to channel £ will be green.

When a softkey with an upper case label is piessed the label will typically change o a color
associated with the funchion that has been selected to be slaved to the input devices.

The third type label for function softkey will have the first letter of each word in upper case and
there will be no inverse video texl associated with the label. When a function key with this type oi
label 1s pressed the function will execute. This type of label 1s used primarily in the Measure and
Utility menus.

5-3
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SECTION &
FAMILIARIZE YOURSELF WITH THE MENUS

“-1. FAMILIARIZE YOURSELF WITH THE MENUS

This section contains a description of the front panel operation of the 54110D.
Operating details and front panel layout are discussed in detall You should read lhis
seclion complelely befere continuing lo Sections 7 and &.

1, VERTHCAL

After you have energized the unit, connect one of the cal signals from the rear panel
io the channel 1 input. The most convement method of scaling the veritcal and
nonzontal is o press the AUTO-SCALE hey, This key causes ithe 54110D to evaiuate
ihe vertical inputs and scale the vertical and timebase tor a inggered and appropriately
scaled display. See Operating Characteristes in Section 1 for hmitations of
AUTO-SCALE.

=he AUTO-5CALE

When the AUTO-SCALE key is pressed, the DELAY will be set to 0 seconds and
reierenced to center screen. The instrument will be lefl In the Timehase menu with
SEC/DIV the assigned function for the Eniry Devices.

Rolate the "knob” and notice the sweep speed change, enter "1" from ihe key pad
and press the usec entry key, the sweep speed will go to 1 usec/div. Next alternately
prass the step keys, the sweep speed will either sweep faster or slower depending on
which step key 1s pressed. These three devices are referred to as the Entry Devices
and are used to change varable funclions on this instrument,

If no signal is detected on the inputs, a red error message will state "Wo signal found”™.
Ii there is a signal present at the inputs of both channels, the 541100 will go io the |
split screen function, that is, channel 1 will be displayed in the iop half of the display
and channe! 2 will be displayed in the boltom half of the display. The unit will be set
to irngger on channel 1.

.4, CHANNEL 1 and CHANNEL 2 MENUS

I

Chan 1 Chan 2 | Timebase | Trigger Display Delta V Delta i Mora J

VWhen Chan 1 or 2 15 selected, one ot thiee channel modes will appear on the rignt
side of the display, (see Figure 6-1) The first 1s the Normal mode, ihe second is the |
Magnify mode, and the third is the Func 1/2 on. The ncrmal and magnify modes have
associated menus, and lhe funci/2 modes do not. Funci/2 can be turned oif or on in——!
the Wim Math menu. When they are on, they replace chan 1 and 2 respectively
Chan 1/2 and Func 1/2 are displayed in the same color respectively,

=1

Chan i 2}

Ch 1 Mode

Chan 1
Display
On/ Ot

VOLTS
H

OFFSET

ECL/TTL
Preset
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Chan 1/2

Normal

Magnify

Function
1vg OH

I

Chan 1.2
Delay
on/off

VOLTS. DIV

OFFSET

Preset
ECLCTTL
Heither

Magnity

nOff

VOLTS DIV

OFFSET

WIHDOW
SITE

Figure G-1 Chan 1/2 Menu

6-5. NORMAL MODE

The Normal mode should be selected when the entire vertical magnitude of the mnput
signal needs to be observed. When operating in this mode, you should not adjust
VOLTS/DIV or OFFSET 1n such a fashion that the signal will be off scale verlically as

erronegus results may be acquired.

The display On/Cif key is the second fiom the top. Push it and notice that the Chan 1
signat disappears and reappears depending on whether On or Off 15 selected This
function key turns off the display for a parficular channel.
channel from acquiring data. Nexl is the VOLTS/DIV key which when selected will
allow the vertical sensitivity to be changed in a 1-2-5 sequence in three ways: (Note: a
1-2-4 sequence is used when are in lhe spht screen mode).

1. vertical sensitivity can be changed by using the number pad on the Entry
portion of the front panel Afler a number on the key pad has been pressed,
the appropriate "units” key must be pressed to complete the operation. The
units keys are located just 1o the right of the key pad. Note: In the Normal
mode all entries other than 1-2-5 will default to the nearest 1.2-5 range. In the

POSITION

3411028

It does not stop that

Magnify mode, sensitivity can be enlered to 3 digit resolution.

2. The knob may be used to changs the vertical sensitivity,

3. The step keys, lacated just above the knob, may be used to ingrement or

decrement the vertical sensitrvily

.

Chani 2

Ch 1 Mode

Chan 1
Display
On/0ff

VOLTS
o

OFFSET

ECL/TTL
Preset
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These three entry devices may be used on any function menu item that is written in
UPPER CASE letters Nahtice that as these upper case functions are selected they
assume the color of the source that they are associaled.

The next function key is OFFSET which when selected allows the trace to be moved

up or down by using the number pad, the knob, or the step keys. This functian works
much the same way as a conventional oscilloscope pasition control. The OFFSET

1. ECL

2. TTL

3. Neither
When ECL or TTL is selected for a channel the instrument automatically selects the
correct OFFSET, VOLTS/DIV, and TRIG LEVEL for the logic family that was selected.
If the ECL or TTL funclion 15 selected the selection will be highlighted. When neither
preset is desired, press the presel key until netther ECL or TTL 15 highlighted  The
QFFSET, VOLTS/DIV, and TRIG LEVEL wiil then return to their previous settings.

6-6. MAGNIFY MODE

voltage as referenced to center screen 15 shown at the top of the waveform display
area
The next function key is the Preset key. This key provides three choices:

when the magnify mode 1s selected, Magnify can be turned On/GQff by pressing lhe\

Magnify On/OH key, When Off is selected there will be two vanable functions on the

vertical function menu; WINDCW SIZE and POSITION. They can be changed by\

using any of the eniry devices e, step keys, the knob, or number pad. The
horizontal lines that define the window can be moved closes together or farther apart
by manipulating the enlry dewvices. The window defines the range that will be
displayed full scale when Magnify 15 keyed on When the POSITION function 1s
selected, the user can move the window on the verlical axis by using the input
devices. Note: This is differen! from vertical position; the window moves nol the
signal. The Magnify function 15 easy to demenstrate:

Connect the cal signal to Chan 1 and push AUTO-SCALE.
Select:

Mode = Magnify

Magnify = Off

Display = Averaged
# of Averages = 64

I

Chgn i 2

Ch 1 Mode

Chan 1
Oisplay
On/Oft

VOLTS
o

OFFSET

ECL/TTL
Preset

Chan ¥ 2

Ch 1 Mede

Magnity

WINDOW
SIZE

POSITION
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Alternately select and adjust the WINDOW SIZE and POSITION so the window s
about the pulse top When Magnify is turned On the portion of the signal that was
defined by the window will fill the display. The verhical sensitivity or oifset for the
magnified display is shown at the to)y of the wavetorm display area.

The vertical sensitivity and oftsel can be adjusted in the Magnify mode by selecling
the appropriate function key and using one of the entry devices.

You would use the magnify funclion if you wanted to evaluate a small signal such as a
reflection or overshoot that was present on large signal. Magnify can also be used to
provide increased vertical sensitivily.

The Magnify mode aliows higher verhical resolution, up to 16X magruhicalion in the
average mode. Nole, the magnily mode is most useful when the instrument is in the
average mode.

6-7. TIMEBASE MENU

|

Chan 1 Chan 2 | Timebase | Trigger | Display | Delta V Delta t More

After the AUTO-SCALE system control key is pressed you will netice that the
instrument has estahlished itself in the timebase menu and the SEC/DIV function,

The Timebase menu contains two variable functions. Note: Vanable functions are
identified by UPPER CASE LABELS. (See Figure 6-2.)

The SEC/DIV functian allows the lime scale on the X.axis to be varied from 1 sec/div
to 100 ps/div In a 1-2-5 sequence by using the eniry devices. Sweep speeds can be
entered from the number pad with up 1o 3 digits of resolution.

The effect is very similar to tuinmg the time/division switch on a conventional
oscilloscope.

For sweep speeds slower than 2.5 pis/div the sampling rate is changed lo provide an
appropriate display on the CRT.

The DELAY funclion conlrals the pre and post trigger delay and can be vaned by the
entry devices. The adjustment resclulion for DELAY hme is equivalent to 0.2% of the
time interval represented by 10 horizontal divisions ( but not less than 2 ps or 1 ppm
whichever 1s greater}. The DELAY funclion has an effect similar to that of a harizontal
position control on a conventional oscilloscope, but with the added advantage of
having a range of millions of screen widths,

The Delay Ref key allows you to reference the delay to the right or left graticule edge
ar center screen. The time at the Delay ref. is equivalent to the delay time. DELAY =
0 i1s the trigger point

When the DELAY funclion is selected, delay time 1s displayed at the top of the

waveform display area. Masximum pre and post trigger time intervals vary with sweep
speed and Delay Ref. locabon.

6-4
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Negaiive DELAY values infer time befare the trigger and positive DELAY values infer
time after tngger. The ligger poinl 15 at DELAY = 0.

The last key on the Timebase menu is the Auto/Triggered (Trg'd) key. When the Auio
sweep function is chosen the unit will provide a baseline on the display in the absence
oi a lngger signal If a signal is present, but 1s not triggered, the display will be
unsynchromized but will not be a haseline.

It the unil is in Trg'd sweep and no trigger is present the unit will not sweep, and the
daia acquired on the previous tiigger will remain on-screen.

Timehte

LEC Div

DELAY
Delay Ret at

T 1

dutn Trgd
Ginpen

Frgure 6-2. Timebase Menu

Always use the Trg'd Sweep funchon when the trigger rep rale goes below 20
Hz. to prevent Auto Sweuvp from generabing a sweep prior 1o the irigger eveni,
The signal on the display that was intiated by Auto Sweep would be
asynchronous with the signal on the sweep that was nitiated by the firigger
event. The osciloscope will ngger normally 1f the lrigger repetition raie is
greater than 20 Mz

MOTE

The STATUS Irne in the upper feft corper of the screen indicates the current
trigger status. It 1s updated every half second In the Trg'd sweep mode the
STATUS fine indicates whether the ingtrument s "Runmng” or "Awaiting
Trigger”. In the Auto Sweep mode the STATUS line indicates whether the
instrument s "Runming” o "Auto Triggenng’. Other status indications are
"Stopped”, "Measuring”, "Printing", "Plotting”, and "Teskng" The 20 Hz auto
trigger repetition rate applies even for long DELAY or large SEC/DIV
settings.
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6-8. TRIGGER MENU

}

Chan 1 Chan 2 | Timebase | Trioger Display Delta V Delta t More

The Trigger menu allows you to select trigger mode, source, slope and holdoft. This
menu also is used 1o nveke the unit's combinatarial tnggering capability {iogic pattern

iriggering). (See Figure 6-3). )
Tyt
When previewing the Irigger menu notice the five tigget modes: Edge, Pattern, State, Tngger
Time-Delay, and Event-Delay modes. Let's first discuss the Edge Mode Edge Mode Made
allows you to select one of lour trigger sources (fng Src), adjust the tngger level
(TRIG LEVEL), select the slope af the inpul signal that 1s to be used to define the Tng Sre
trigger (Pos/Neg), and define the HOLDOFF in Time or Events. Chan 1
The Trig SRC key permits the selection of one of four possible trigger sources, Chan/
1, Chan 2, Trig 3, or Trig 4 TRIG
! » g o, . LEVEL
Slope
SHI0A HOLDOFF
Triggar
Mode
tdge Farain
l {
| e ] Fen
Chan Z
Tng 3 H-L‘ﬂlH-walHL'k
Whan
|| TRIC Evited.'Enterad
LEVEL
HOLDOFF
L Glope ] Time 'Evaiits
Pos Neg
L HOLDDFF
Time Evants

Figure G-3. Trigger Menu
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It Chan 1 or 2 is selected as the Trig Src a horizontal line {orange} will appear on the
display showing the TRIG LEVEL with respect to the displaved signal when TRIG
LEVEL is assigned to the entry devices.

Slope selects the Neg or Pos slope of the input signal to be used as the tngger. The
trigger slope and level can be set independently for each channel and the settings for
the channel will be retained even though another channel is selected as the tngger
source, or anather trigger mode is selected.

The HOLDOFF cwcuitry allows you to define the period following a trigger event
during which the trigger circuit 1s disabled By pressing the HOLDOFF function key
you can determine whether the HOLDOFF is to be defined by time or evenls An
evenl is defined as a change n the input that satisfies the trigger conditions. If Time
Is used to define holdoff the range 1s from 70 ns to 670 ms. HOLDOFF by Events
range is from 2 events to 6.7 X 10E7 events. Maximum counling rate for evenls 1s 80
MHz.

Haldoff by events can be used to trigger stably on a complex waveform by counting
the number of trigger evenis that are to be skipped befoie accephng another for a
trigger. By seting the holdofl by events to one less than the number of events
accurring over the fundamental period, a stable display will result. Holdoff by events
is equivalent lo placing a divide-by-M counter in the tnigger path where N s one plus
the hotdofi value.

Unlike conventional oscilloscopes the trigger system in the 541100 is completely
independent of the timebase. This means that adjusting ihe DELAY or SEC/DIV
functions will not disturk the display synchronization established with holdoff. Also, it
shouid be noted lhal auto sweep acts on the repefition rate of accepted lriggers so
holdofl by fime values greater than 30 ms or large holdoff by events values can result
in a low effective lugger repetition rate. In this case the Trg'd sweep function should
be used. Holdoff can be varied by using any of the entry devices and is displayed at
the top of the wavefoim display area.

6-9. PATTERN MODE

Press tngger mode function key to access the Paltern Mode. In ttus mode you have 4
bit paltern recognition capability and the instrument can he tniggered either when
entering cr exibing lhis pattern Holdelff can be defined either by events or time.

The label for the Trig On PATTERN function key includes four characters in an inverse
video text field. When the Trig On PATTERN key is pressed one of lthese characiers
will be highlighted. By using the entry devices you can change this character o one
of three letters; X, L, or H. Pressing trig on pattern agan will sequence thiough the
character field so each can be edited. X indicates a "don’t care condition”, L indicates
a requirement for an input < the tngger level for that input. H indicates a requirement
for an input > the tngger level for that input.

The three characters in this text field determine whether the voltage levels at each of
the four inpuls {Chan 1, Chan 2, Trig 3, and Trig 4) are required to be abave or below
TRIG LEVEL or are not used as a tnigger qualifier. If these characters read "LHXX",
Chan 1 would have to be below the tngger level, Chan 2 would have to be above the
trigger level to satisfy the pattern condition.

4

\
N\

N\

Trigger

Trigger
Mode

Tng Src
Chan 1

TRIG
LEVEL

o

HOLOOFF

Toagges

Trigger
Mode

Tng On
PATTERN
HXXX

When

HOLDOFF
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NOTE

Set the TRIG LEVEL for each trigger source while you are in
the Edge mode. These trigger fevels must be set before going
to the Pattern mode or proper Pattern triggering may not occur.

The next key on the function menu is the When Entered/Exited key. When this key is
pressed the inverse video text field next to the key will change from Entered to Exited
or vice versa. iIf When Entered s selecled, the unit will generate a trigger on the last
transition that makes lhe PATTERN true. If When Exited 15 selected the unit will
generate a trigger on the first transition on any of the inputs that cause the pattern to
be false, after it was initially true.

When you are i the patlern made and you have pressed the Trig On PATTERN key
the condition that a particular input must be in to satisfy 1he requirements the pattern
requirements will be shown at the top of the waveform display area.

If When Present > is selected, a trigger event will occur if the trigger pattern is true for
a minimum time period. This period is listed in the label for the time key and can be
varied from 10 ns to 5 sec. by the entry devices.

when the trigger pattern remains true for the required period of time, a trigger will
occur when any of the inputs transition to a false state.

If the pattern becomes true and then goes false before the specified time, no trigger
will occur.

If When Present< is selected, a trigger will occur only if the trigger pattern is satisfied
and one of the nputs transitions to a false state before a given hme period. In this
mode, the pattern must be true for at least 1 ns to be recognized.

This period is listed in the time key label and can be varied from 10 ns to 5 sec. by the
entry devices. Only holdoff by time 15 avallable within the when present modes.

Press the Trigger Mode key, the labe!l will change to State. In the State mode one of
the inputs is selected as a simple edge source, the other three are used to define a
paitern.

A trigger will occur on the edge (pos/neg} when the pattern is true and Is Present is
selected. A tngger will also occur on the edge (pos/neq) when the pattern is false and
Is Not Present is selected. The threshold is set by TRIG LEVEL when you were in the
edge mode. Only holdoff by time is available with the state mode.

Trgger

Tngger
Mode

Trig Gn
PATTERN

/

When

HOLDOFF

e

/

—_—

Trigger

Trigger
Mode

Trig On
PATTERN

When

TIME
5 DODS

HOLDOFF
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Press ihe Trigger Mode key and the label will read "Time Dly", {Time Delay). This
menu allows you to arm on & signal edge on any source, wait ior a peried of time and |

than trigger on an edge irom a different source. The edge polarities, the sources that ”“k\

ars used to defing the edges, and the delay time are all user definablz.

3

he N

The zecond and third function keys allow you io select the polanty and source of e /
ey

arming edge. The delay time range is from 20 ns o 5 sec o

The fourth key allows you o define a wailing period between the arming edge thaiis

sed as a irigger qualifier and the edge on which the instrument iriggers. \b

The fiith and sixth funciton keys allow vou {o sslect the pofarity and source of 'the%

edge inai is used as the trigger event. .

™,

e
i

\.

The 'asi ingger mode 13 Evnt-Dly, (eventi delayed), This menu allows you o deiine an
edge as a lrigger qualifier. Once thus edge is detected the umit will frigger after a
definable number of edges on any other sourca. \\

AN

Tive second and third keys on the menu allow you io select the polarity and source of
the armting edge.

L

The fourth key allows you io determine the number of edges on the trigger source
inai are to lake place before the trigger event. ’

The fiith and sixth keys allow you io determine ihe polaniy and source of 12
wiggering and counting edge. *

in the edge mode TRIG LEVEL is used to specify a threshold for each source
independently. i is ihese thresholds thai are in effect in all other modes wherever a
source is active in z triggering function. Other than thresholds there is no interaction
batween the trigger menus. Changing slopes or patterns in one menu will not affeci
corresponding enines in olher mode menus.

in most of the inggering modes it 15 possible {o specify parameters which will reduce
ing eifeciive trigger repelition rate (display triggers) to below 20 Hz. Since the auio
sweep funclion measures the rate of display triggers the timebase should be put in
Trg'd imode to avoid prematuie autormatic triggers with large event delay counts, iiiter
timas etc.
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541100
Trgger Menu
Trigger Moile
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Chan 1 Chan 2 | Timebase | Trigger

Display Delta ¥

Delta t

Mare

When lhe Display function menu is chosen two modes are avalable, Mormal and

Averaged. (Sec figure 6-5.)

n the Normal mode each displayed data point is displayed for a petiod of time
defined by the user. Yau can vaty the DISPLAY TIME (peiwstence) from 200 ms to

infirmty.

in nhnite persisience the data poinds will remamn on the display until the CLEAR
DASPLAY hey is pressed or unlil the sweep speed, vertical sensitivity o trigger level
are changed. The persistence is shown al the top of the wavofarm display area.

If variable persislence (persistence other than infinite) is selocled, you have a flexible
display that changes with vaniations in the input signal but sluies the signal indefinitely
on the display if lhe bigger 15 lost and the unit 15 1n Trg'd Sweep.

[Neplay

Dispiuy Mude
Normal dueraged

R N R

[ | DISPLAY TIME WUMEER OF
200 e — Intimite — AVERALES
1 204k
L Spht Sereen
On Ot L Split Sereen
fn Ot
(- Giatcule
Arez Frame bnd Gratcale

dups Frame fnd

Figuro 6-5. Display

Menu

hEniay

Display
s Mode

DISPLAY
=== TIME

Spiit
Screen

Graticule
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A mimmum persislence selting 1s useful when the input signal 1s changing and the
user needs irmmediate feedback, such as in rapid prohing from point-to-point, or
setting the amplitude or frequency of a signal source. More persistence 15 useful
when observing long-term changes in the signal or low signal repetihon rates Al fast
sweep speeds and low tnigger rep. rate conditions mare persisience is needed to gain
an adequale number of data points on the display. Infinite persistence 1s useful for
worst-case characterization of signal noise, jitter, drift, timing, etc.

There is a limit {o the number of data points that can be displayed on the screen at
any one time m the variable persistence mode. The display lime is temporarily
reduced whenever the number of points exceeds 5600 This has the effect of
reducing the number of data points on the display. When this happens you might see
the display appearing to pulsate, that is, a number of points will accumulate and then
the display wil fade and build up agan, etc.

Ii Averaged Mode is selecled the last acquired data points are averaged with/

previously acquired data before they are displayed. The number of data points that 1s
averaged is vanable fram 1 to 2048. The step keys and the knob change the number
of averages in powers of 2; however, any number of averages between 1 and 2048
can be entered from the key pad.

Vertical resolution can be extended and displayed noise can be significantly reduced
by using the averaged mode. As the number of averages is increased, the display
becomes less responsive to changes to the input signal(s), however, noise is reduced,
and resolution is improved as more averages are used. By selacting the appropriate
number averagas the throughput for the automatic pulse parameters or the precise
edge locators can be controlled. Since these automatic measurements use averaging
the user can trade off the speed of the measurements against the repeatability of the
measured results.

The inpul signal is digitized and each data point 1s assigned a time slot relative to the
trigger. (n the averaging mode the unit calculates the average of the most recent data
point with the previous values in the same time slot. You can define the number of
data points that are to be averaged from 1 to 2048, Each average is calculated from
data acquired for each time slot, data for adjacent time slots is not averaged together.

The current number of averages which have been accumulated is listed on the second
line of text in the upper left of the screen. When a precise measurement is made in
the average mode, this readout displays the running number of averages for the
measurement. Because only data points in the same time slot with respect to the
trigger are averaged together, averaging does not reduce the bandwidth or risetime of
the acguired waveform.

The next function key on the display menu 15 the Split Screen key. When split screen
is keyed On, Chan 1 or Func 1 will be presented in the upper half of the display and
Chan 2 or Func 2 in the lower half. Scaling accuracy is maintained as this function is
turned off/on. When the split screen function is keyed off Chan 1 or Func 1 and Chan
2 or Func 2 will be overlaid on the display area.

Chptar

Display
Mode

NUMBER
OF
AVERAGES

Salit
Screen

Graticule
Frame
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Ihepla
NOTE L
in the split screen mode each channel occupies 4 verhical Display
divisions rather than 8 as 1s the case when spht screen is off. M"e ‘
This requires the verfical sensitivity in volfs/div be doubled.
NUMBER
Three diferent gralicules are available in the display funclion menu. Press the OF
gralicule key and cycle through them to sce how they appear. You will find ihat using AYVERAGES
the frame graticule makes it easier to see the Delta V and Delta t markers. ~ Splil
. I R, Scraen
AT AR N LTS MIENED \‘\ on)
"o Gratcule
N S S R S S B
.L Chan 1 | Cnen2 ! fimebase i Trngger Display Dalia V | Dalia i l Maore
e | , S T I
When the Delta V {defla volts) menu 1s enabled, two markets are displayed. These
markers can he used to make absolute voltage measurements on the signal under
evaluailon or as reference markers when adjusting a signal to a given amplitude. (Sase
figure 6-6}
Celta ¥
]
i ere Start Marker Stop P'Isiarker Vmarker 3
¢ ¥
| / H )
MURRER | j I l '
POSITION . | ! .
‘ S [ —d
S - m e e oo - '
| MuRKER 1 1 I ; '
POSITION | |
l |
I ! .
oo, ‘ ' : .
— 10905 —_——bk— e .
a0 - B “"""”‘: e e e
o 1 .
. I ! .
-2.5080 uses ' G008 se: 2 '5000 usec
— ?L:DB“E vmarker 1

Figure 6-G. Della V Menu

Figure 6-7. Vmarkers
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Once the delta V menu s selected, the markers cannot be activated unless the display

for chan 1 or 2 or func 1 or 2 or memory 1-4 is turned on. Choose the source you
would like to evaluate and enable the V markers. Observe the next two functions on —~—
the della V menu, MARKER 1 POSITION and MARKER 2 POSITION. (See figure 6-7.)

Lhetto | .
V markers

Chan 1

After assigning the markers to the desired channel(s), func(s), memory or memories /

MARKER 1
POSITION

selecting marker 1 posihon and marker 2 posiion function keys will allow you to
position the markers vertically with the entry devices. The voitage shown at the top of \
the waveform display area indicates the voltage level of the selected V marker. Note,
if you are using the default color, set the ¥V marker you have selected and it's label will

MARKER 2
POSITION

be orange. Delta V {also orange), the difference between the two markers, 15 shown in
the factors area at the bottom of the display.

F0-90%
20-80%

In the lower portion of the display are the “display factors”, these factors include the
delta V value and the absolute value for each marker. The delta V function simphfies

50-50%

waveform measurements.

Auto
Top-Base

The next three keys on the delta V menu automatically position the V markers on the /
display. The 0-100/10-90/20-80% key causes the instrument to perform some
calculations and pesition the V markers for the user. When the V markers are
positioned manually the inverse video field will change to 0-130%. If the key that Is
showing 0-100% is pressed the label will change to 10-90% and the maikers will

move to the 10% and 90% points of their previous levels. If the key is pressed again

the label will change to 20-80%: and the markers will move to the 20% and 80% points

of their original levels. The 50-50% key moves both markers to the 50% point of the

0-100% levels.

The Auto Top-Base automatically locates the top and base of the displayed wavetorm.
This i1s done by evaluating a histegram of the displayed signal.

If either of the V markers are manually repositioned while the function switch is Il’l/
10-90%, 20-80%, or 50-50% the onginal reference will be lost and the label for the key

will change to 0-100%.

Iif two channels/functions/memones are on the Vmarkers can be assigned to either
display trace or assigned to Dual where Vmarker 1 can be assigned to one trace and
Vmarker 2 is assigned to the other If Auto 50-50% key is pressed with Vmarkers set
to dual, one Vmarker will go to the 50% pont of one trace and the second Vmarker
will go to the 50% point of the other trace.

input the cal signal from the rear panel to Chan 1 and press auto-scale. Next select
the Delta V function menu and key on the V markers. Now, establish the top-base by
pressing auta top-base. To demonstrate the action of the 0-100/10-90/20-80% key,
press it several times, notice how it cycles through the three selections and how the
V markers move. Press the 50-50% key, this establishes the V markers at the 50%
point of the signal.

Defra L

V markers

Chan 1

MARKER 1
POSITION

MARKER 2
POSITION

10-90%
20-B0%

50-50%

Auto
Top-Base
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6-12, DELTA T (TIME) MENU

Chan 1 Chan 2 | Timebase | Trigger Display | Delta ¥V Delta 1 Mare

The Delta T funclion menu provides control for lwo T {(ime) markers that can be used
to make measwemenls In the lime domain  The display factors include At which s
the time inlerval between the lwo t markers. In figure 8-8 the Slart marker = 2 us and
the Stop marker = 0 sec. These times tell you the time between the T markers and
the delay 1ef. (See figure 6-8.)

After the t markers have been enabled, each t marker can be moved manually by
selecting START MARKER or STOP MARKER and using the entry devices. The time
between the selected t marker and the trigger event is listed just above the waveform
display area on the CRT.

The Detta { menu 15 extended when the Delta V markers are turmed on. START ON

EDGE, STOP ON EDGE, and Precise Edge find Functions are avalable on the Delta { ———— 5
menu when lhe Della V markers are on  Try this exercise to demaonstrate these
capabilities,

Connegt the cal signal lo Chan 1 and press the AUTO-SCALE contral key. Select the
delta | menu and turn the | markers on. Manually move the start marker so that it
coingicles with the first positive leading edge of the cal signal (figure 6-7). This is one
way of making a ime interval measurement.

In the display faclors, the start marker 15 approximately 2 us ahead (-2 us) of the
ingger event (delay = 0) which was established at cenler screen when you used
AUTO-SCALE. The stop marker is located approximately center screen and the time
interval between the 1 markers (delta 1) 15 approximately 2 us

Selecl the delta V menu and turn the ¥V markers an. Press auto lop-base then press
50-50%. Faor this measurement the significant thing 13 1o make sure that the V
markers intersect the rising and falling edges of the signal,

Deita !

T markers

START
MARKER

STOP
MARKER

Dette

T markers

START
MARKER

STop
MARKER

START ON
EOGE

STOP ON

H

Precise
Edge

Find
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Daha 1

Return to the delta t menu
notice that the pos/neg indicator allernates and the start marker moves from the
positive edge of the first pulse ta the negative edge of the same pulse. Try using each
of the entry devices to move the START EDGE to another pulse  STOP EDGE can be
changed in this fasthon also. Start on edge and slop on edge are "coarse” edge
locators in as much as data already collected on screen is used to locate the edges.
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To demanslrale the lasl delta t menu funchion, precise edge find, return (o the delia V
menu and press auto lop-base o locate the top and base of the cal signal, ihen select
10-90%. Mow again return 1o lhe delta t menu. Set slast edge to pos 1 and slop edge
lo pos 1 and press precise edge find. A4l (in the factors field) will represent the rise
time of the pulse, in this case approximately 2 ns. Nole that the instrument
auiomalically selects a fasler sweep range, to increase the resclutton af lthe edge
iinder

The precise edge find function iniliates an automalic time inlerval measuremeni, The
insirument witll acquire the data, make the measurement and have the delta t and
della V markers visible on the display so that you can see where the aulomaied
measuiements weare marde

When you use the precise edge find function the unit will expand the selected edges
defined by the start on edge and stop an edge funclions. This expansion is
accomplished with newly acquired data. By expanding the edge n this fashton ihe
horrzontal resolution is increased. The speed and repeatabilily of this measurement is
influenced by the number of averages The more averages the more repeatable and
stower lhe measurement will be  Other items that will influence measurement speed
and repealabilily are: inpul signal edge speed, repetilion rate, signal jitter, starling
sweep speed and delay. | the Vmarkers are set to dual and you press auto 50/50,
you may do a semi-aulomated 2 channel time interval measurement by going o ihe
Delta t menu and pressing precise edge fine key,

715 MORE

l Chan 1 | Chan 2 | Timebase | Trigger Display Delta V Deha i More

To view the remaining menus press the "More” key it 15 located in the lower night
hand corner of the display. This key allows you access to seven addilional function
menus. Pressing the More key again allows you to return to the onginal set of menu
keys.

G4, WEMSAVE (WAVEFORK SAVE}

\Wim Save | Wim \ath| RMeasure Plot Print Probes Utitiiy l iore 1

The 541100 has 6 wavelorm memoties available from the fronl panel; Waveform
memories 1 thiough 4 and pixel memories € and 6. (See Figure 6-9.)
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when wavelorms are slored to ane of the four waveform memories the waveform
factors are slored as part of the record, These factors include:  verlical sensitivity,
vertical offset, sweep speed, and lime delay The fact that lhese factors are
maintained allows you to make measuremenls on waveforms stored in these
mermories. These waveform records can store only one waveform at a time. 1If you
store a waveform to a memory that contains a waveform record Lhe first record will be
written aver and los!

Pixel memones 5and 6 are 256 by 501 bit memories and are consiructed so that
multiple waveferms can be stored in cach. If more than one waveform 1s slored to a
pixel memory the waveforms will be supenmposed. Wavefarm factors are not
maintained when a wavelorm 1s stored o a pixel memory, therefore measurements
cannot be made on these waveloims. The first function key on the waveform save
menu 15 the WAVEFORM/PIXEL MEMORY select key. When this key 1s pressed
repeatedly the selected memary will cycle through waveform memories t, 2, 3, 4, and
pixel memories 5 and 6. This function 1s also slaved to the entry devices, that is, the
key pad, step keys and the knab can be used to change the se¢lected memory.

The second key allows you ta display ar not display the waveform(s) in the selected
memory This key also allows you to select either the upper or lower screen {o
display the memory when the instrument is in the split screen mode

When memory 1, 2, 3, or 4 is selected the Source for Store key allows you to select
the source of the waveform that 1s to be stored when the store key is pressed. The
potential souices ate chan 1, chan 2, func {function) 1 and fune 2

In order for a source 1o be availlable for lhe "souce for stare®, f must be turned on,
For example, in order to have Tunc 1/2 as a source for store, the selected function first
must be turned on using the Wim Malh menu

When func 1 or 2 are turned on they replace chan 1 and chan 2 respectively, both in
the chan 1/2 menus and the wim save menu, therefore only two of the four sources
can be active at any one time,

If you have selecled cne of the waveform memaries i.e., 1-4, the last key on this menu
will be lhe Store key. When you press this key the source will be stored in the
selected wavaform memary

The four waveform memories are nonvolatile memories, that is, the data in these
memories 13 retained when the instrument is turned off and then turmed back on. The
data in the two pixel memories is lost when the instrument 1s turned off.
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]
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Figure 6-9. Wfm Save Menu

Wavefarm Math

Function Seiect
function 1/2

on/0ff

Channel 1/2
Memory 1/2/3/4

Only/ Versus
Invert +/=

than 1/2
Memory 14234

DISPLAY
SCALING _—|
volts/Div

Offset

BEA11227

Figure 6-10. Waveform Math Menu
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If you select pixel memory 5 or 6 the function menu will change. The third key will
change lo the Clear Memory key and the fourlh key will be the Add to Memory key.

The clear memory key allows you to erase whatever 1s slored in the selected pixe!
memary.

When the add to memory key is pressed, whalever data 15 being displayed in the
waveform display area (with the exception of the graticule and markers} will be written
to the selected pixel memory, along with whatever data is already there.

6-15. WFM (WAVEFORM) MATH

|

Wfm Save ) Wfm Math| Measure Plat Print Probes Utility More

The Wim Math menu allow you to define two functions (Func 1 and 2) using the
channels and waveform memories as operands. The operators are: +, -, invert,
Vversus, and Only. This menu also allows you to determine the vertical offset and
scaling for the function display. (See figure 6-10.)

The Function Select key allows you to select Fune 1 or Func 2 as the active funclion,
The color of the label and the trace of the selected function will correspond to the
associated channel, that i1s, func 1 uses the same color as chan 1 and func 2 uses the
same color as chan 2

The next key allows the display of the selected function to be turned on/foff. When a/

function i1s turned on 1l takes the place ot the associated channel. For example, if
func 115 lurned on the {race on the display will change from chan 1 to func 1. If you
select chan 1 menu the ch1 mode will indicale func1 on. If this key is pressed the
ch1 mode will change to Normal, and funci1 display will be replaced by chan 1. You
may toggie the ch1 mode switch and cycle back fa funct.

The next key allows the selection of the firsl operand. The fourth key 1s used to select /

the function operalor. The choices are; +, -, Invert, Only and Versus. If Invert or Only
are selected the second operand is not used.

The next key is used to select the secaond operand. Your choices are the same as for
the first operand.

The last key on the wim malh menu 15 the DISPLAY SCALING key. This key allows
you to slave either the vertical sensitivity (volts/div) or the vertical offset to the entry
devices for the display of the selected function. The iniial DISPLAY SCALING
sensitivity and offsel are based on the vollage range of the operands that define the
function. When ever the operator or operands are changed the display scaling
sensitivity and oflset are sel to the nitial values.

/"
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Chan /2
Mem 1/2/3/4
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Only/Versus
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lw-rm Save | Wim Maih) Measure Plot Prini Prabes Uiility hore '

When you pness the Measure menu selecl key, you will have access to three function
menus which ¢an be accessed by pressing lhe more key on the funclion menu. {See
Figurs 6-11.) I neither of the channels or the funcs are activaled measure will defauli
io chan 1 and measurements will automalically will activate the chan 1 display. In
order to make automated measurements on chan 2, func 1, 2 or mem 1 thiough 4
they must be lurned on. To make a measurement on a single waveform memary use
the Wfm Save menu and turn the desired memory on. The inslrument will not make
measurements on a func It the operalor 15 "Versus".

The second key in the first measwre menu 15 the Precision Fine/Coarse. This
instrument will perform {wo types of automatic measurements fine precision and
coarse precision. Coarse measuremenis are made on displayed daia. If there s
insuificient data on screen, new data 15 acquired in order lo make ihe measuremeni.
Fine measurements begin with a coase measurement to locate (he edge(s). Each
edge I1s then expanded to achieve ma<imum resolution. The coarse measuremenis
iake lass Uime to accomplish, this should be considered if through-pul 15 a more
important issue than measurement resolution. Peak to peak, preshool, anc overshooi
measurements are always coarse measurement and use on screen data,

The next funchion key is the All key, when press the 54110D automatically makes the
measurements below and lists the resulls in the factors area The More key at the
poitom of the menu aflows yeou 1o selent the next measure menu when pressed.

Freq (Freguency) + Width Peak-to-Peak Yoltage
Period - Width Preshoot
Duty Cycle Overshoot

Rise Time {10-90%) RMS Voltage
Fall lime [10-90%)

The instirument will alse make a course measurement, that is, using only daia on
screen, when the 541100 15 in the STOP mode. The stop mode can be selecled by
pressing the STOP/SIMNGLE system contiol key. The instrument will only make course
measuremenis on any of the waveform memoiies or functions that contain a
wavelorm memory as an operand.
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6-17. PLOT

|

Wfm Save | Wfm Math| Measure Plot Pnint Probes Utllity Mare

The plot menu allows display data to be output over HP-IB to a digital plotter that is
HPGL (Hewlett Packard Graphics Janguage) compatible. (See figure §-12) The 54110D
musl be in "Talk Only" and the HP-GL plotter must be in the “Listen Only" mode. The
HP-IB mode can be set by using one ¢f the Ulility function menus.

The first option on the plot menu is the Auto Pen selection. When this function is On
a new pen will be selected when a different function 1s chosen to be plotted, that is. if
the plotter has multi pen capability. if Auto Pen 15 Off the plotter will not load ot
change pens when a plot function selected.

The next plot option 1s Pen Speed You may choose Fast or Slow if your plotter has
this feature. Use slow when you are making overhead transparencies. Far best
results use slow for Leroy pens,

When Plot Graticule is selected the displayed graticule, including display factars, will
be output to the plottet.

If the Display menu is in the Averaged mode, the output from the 54110D will cause
the plotter to draw a continuous hine plot of the active display.

If the Display menu is in the Normal mode the output from the 54110D is formatted
such that the plotter will plot the wavetorm in a pixel format, that 13, dot by dot if you
are plotting an active display

Waveform memoaries will always be plotted with a continuous line and pixel mematries
are always plotted dot by dot.

while a plot is being accomplished you can stop the plot by pressing the Abort Plot
key. If you would like to stop for a moment and then continue press the
Pause/Conlinue key.
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6-18. PRINT

Frint

Wim Save | Wim Math| Measure Plot Pnnt Probes Utility Maore

Print
Factors

The Prinl menu allows display dala to be cufput over HP-IB to a graphic printer that 1s
compatible with Hewletl-Packard Raster Scan Standard. {See Figure 6-13.)

The 541100 musl be in the "Talk Only" mode and the printer must be 1in the "Listen
Only" made. The 541100 can be sel to kalk only when in one of the Utity funclion
menus.

The print funclion menu offers you two print aphans, an aulomahc form feed option
and a Slart Print key. The two prinl oplions allow the selection of the data that is to
be oulput lo the graphics prinler Both sources, factors and display may be output
separately or at the same time to the prinler. The dizplay data includes the graticule
and the aclive display.

It you desire automatic form feed after a hardcopy, key this funclion on Alter the
data has been selected for copying, press the Start Print key to initiate the hardcopy.
Signal acquisition stops during printing. To stop printing press the Abort Print key.,

6-19. PROBES

Print
Display

Form
Feed
Off

Start
Print

Wifm Save | Wim Math| Measure Plot Print Probes Utitity More

Chan 1
PROBE
ATTEN

Whean the Probes menu is selected you can enter any arbitrary attenuation ratio from
1 to 1000 for any of the inputs. Any of the entry devices can be used, however, the
key pad allows three digil resalubion and can be used as a cal factor for Vmarker
measurements. (See figure 6-14)

When you define a Probe Attenuator Ratio the actual sensitivity at the input of the
instrument does not change, all that is changed are the reference constants that are
used for scaling the display facters and for automatic measurements, trigger levels,
etc.

Attenuation ratios can be saved with the rest of the front panel set up in the
Save/Recall registers, however, when power is cycied the attenuator ratos will
automatically be reset to the nomina! 1:1 for the 54002A and 54003A, and 10:1 for the
54001A active probe, since the 541100 guenes the input pod receptacles to determine
what pods are installed at power-up.
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Prant
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Figue 8-13  Print Menu Frgure 6-14. Probes Menu
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Figure 5-15. Utility Menu
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6-20. UTILITY

|

Wim Save | Wim Math| Measure Plot Print Probes Utility More

The Ulility menu select key allows access to five submenus that can be selecled by
pressing the appropriale key at the nght of the CRT. These submenus include:

Cal Menu

Test Menu

Crt Setup
Color Cal Menu
HP-1IB Menu

k=

The Test Menu and the Crt Setup Menu are discussed in the 54110D Service Manual
and wilt not be covered here.

6-21. CAL MENU

The Cal menu is provided o so you can null differences between trigger and data
acquisition paths. This would include acquisition differences internal and external o
the instrument. See Appendix B for a discussicn of this topic. (See figure 6-16.)

in order to oblain the proper cal for a particular system configuration it 15 necessary to
adjust each channel's sensilivity, offset and trigger level as well as the external trigger
levels to the values you intend to use. This will establish each input to the
configuration that wili be used in the acltual measurement.

The objective of the cal procedure is to apply a fast edge simultaneously to inputs of
the instrument and null out the syslematic delay between these inputs. The fastest
availlable edge scuice should be used (< 1 ns transition time 15 desirable), however, a
signal of the same general characteristics as the signal you intend to measure is a
reasonable allernative. For each cal step the inputs should be connected to the
calibration source as closely to one another as passible. BNC Tee's and probe
adapters are useful to accomplsh this.

Be sure to sel up all sensitivities, offsets, and trigger levels betore beginning the cal
menu. The cal menu function altows you to null any diferences in propagation delay
between signal paths in software m the 541100  This 15 impaortant so that
time-difference measurement results accurately reflect time referenced to the probe
tips or the ponls where the input coaxial cables are connected to the circuit under
test.

There are two cal signal outputs on the rear panel. Only ane cal source should be
used for the cal menu adjustment exercise because the two cal signals are separately
buffered and 1he time differential between the outpuls 15 not characlerized.

Connect a BNC Tee to one of the cal signal outputs on the rear of the instrument and

connect two equal length 50 ohm cables to the BNC Tee. Cannect these two cables
to the chan 1 and chan 2 inputs. Next, select the axes graticule
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For this exercise press AUTO-SCALE and set offset and lng level to equal values for
chan 1 &2 Move the siynal input from chan 2 to trig 3 and then to trig 4 and set the
trig level for trig src 3 and tiig sre 4 as clase as possible to the trig level used for chan
1 & 2. Change the Tiig Sre bachk to Chan 1. Mow move lhe input cable back to Chan
2

Press the Utility key and Lhen press lhe cal menu function key (lop key) and follow the
instructions on the CRT (but don't AUTO-SCALE again), press the TRIG DELAY-Chan
1 function key, again lhe top key. As the key is pressed TRIG DELAY will be
highlighted and a single channel wili he presented on the display.

Press lhe Expand Waveform funclion key several limes untl the waveform is
expanded and approximates figure 6-17. Use the entry dewices and adjust the
pasition of the signal on the X-axis so that it intersects the crossing of the gralicule at
center screen. The value of chan 1 tngger delay is listed at the top of the waveform
display area.

Press the top function menu key and the label will change to SKEW Ch to Ch, also
the chan 1 & 2 signals will be in the split screen format and should resemble figure
6-18. The chan 1 signal is in the upper halt of the display and chan 2 is in the lower
hali. The chan 1 signal should be positioned so that it intersects the graticule
crossing, this 15 a resull of the previous chan 1 irig delay adjustment. Press the
expand waveform key for an appropnale display. Use the entry devices and adjust
the chan 2 waveform on the X-axis so that it intersects the graticule ¢rossing at center
screen  When you make this adjustment you are nulling the difference in signal
acquisition limes from chan 1 to chan 2. Chan to chan skew time 13 listed at the top
of the waveform display area.

The next adjusiment to be made is the Chan 2 TRIG DELAY. Press the top function
meny key, the label for this key will change to TRIG DELAY-Chan 2 and there will be
a single signal on the display similar figure to 6-17. Use the entry devices and
position the displayed signal on the x-axis so that it intersects the graticule crossing at
the center of the cisplay. The ch 2 trigger delay time will be listed at the top of the
waveform display area

Press the top function menu key and the labe! will change to TRIG DELAY-Tng 3.
Cannect the cable that has been attached to chan 2 to tng 3. Adjust the entry devices
and move the signal on the X-axis so that it intersects the graticule at the center
crassing. The value of the trig 3 delay will be listed at the top of the wavelorm display
area.

Press the top function menu key and the label wili change to TRIG DELAY-Trig 4.
Connect lhe cable that has been atlached to Trig 3 to Trig 4. Adjust the entry devices
and move the signal on the X-axis so that it intersects the graticule at the center
crossing. The value of tng 4 delay wilt be listed at the top of the wavetorm display
area, Press the top function menu key again and the label will change to Chan 1.
You may now save the cal factors by pressing the Exit Cal Menu key.

Cal factors are kept as part of the SAVE/RECALL setup and diferent sels of factors
may be kept with each front panel setup. When the instrument 15 powered down
these factois will be maintained in nonvolatile memary
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Figure 6-17. Trigger Delay

Figure 6-18. Chan to Chan Shew
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6-21. COLOR CAL MENU

The color cal menu provides a flexible system that allows you to define the 16 (0-15)
colors that are avallable on this instrument. Colars 0-7 and 15 have specific functions
on the instrument's display, colors 8-14 are not used. You may, however, use them
for user definable text via HP-1B. All 16 colors can be individually modified to suit a
specific need. Color selections are maintained in nonvolalile memory See igure 6-21
for a lishing of the default colers and their uses.

After you have selected the utiity menu and then in turn selected the color cal menu,
the top key in the function menu will be the Selected Color key. When you press this
key you will sequence the inverse video text field to the next color number  After you
have selected a color you can use the HUE, SATURATION, and LUMINOSITY
functions to medify it

The hue function allows you to change the gradation of calor, The range of the hue
function is from 0 to 100 with red located at 0/100, green at 33, and blue at 67. The
hue can be varied by using the entry devices

The saturation function defines the percent of pure color that is to be mixed with
white. The range of this function is from 0 to 100, with 0 being white {irregardless of
the hue setting) and 100 being the pure color (determined by hue). Use the entry
devices to change the saturation ievel.

The luminosity function defines the relative brightness of the color with 0 being black
and 100 being maximum brnghiness. Luminosity 15 varied by using the entry devices.

The next key allows you to set all colors to their defaull states

The battom key allows you to exit the color cal menu and return to the utility menu!

Figure 6-22 shows the HSL model thue, saturation and tuminosity) with the angular
coordinate demonstrating the hue. Saturation is the height coordinate and the radial
coordinate is the luminosity

6-22. HP-IB MENU

When you want to connect the 54110D to other HP-IB devices you would select the
HP-IB menu. This menu afows you to establish the 54110D as a HP-IB talker)
listener, or do both.

The EQI instruction can be sent at your discrelion for such applications as binary
dumps or when required by a contioller when under program control

when the instrument 1s 10 the Talk/Listen mode the HP-IB address can be changed by

using the Enlry devices. Refer to the programming section of this manual for a
complete discussion of the HP-IB capabiliies of the 521100,
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Figure 6-21. Color Chart
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SECTION 7
FRONT PANEL EXERCISES

7-1. INTRODUCTION

This section provides exercises that will help you to become more familiar with local (front panel
operalion. Section 6 includes a preliminary discussion on front panel operation and should be
read before continuing with Section 7.

7-2. INPUTTING A SIGNAL

The 541100 has four inputs, lwo are vertical signal inputs and the third and fourth are external
trigger inputs.

For the instrument to accept signals, input pods must be installed. Refer to section 3 for ped
speci‘ications. The characteristics of all nputs are dependent on the pod chosen. The appropnate
input pod should be chosen afler charactenizing the source impedance, speed/bandwidth and
magnitude af the signal to be measured.

7-3. FRONT PANEL REVIEW

Refer to figure 7-1 for a review of lhe front panel layout. The keys at the bottom of the CRT are
referred to as the menu select keys, When one of these keys is pressed, the appropriate function
menu will appear on the right side of the CRT. Additional contral of the unit is available through
the use of the SYSTEM CONTROL keys which are located at the top of the nght side of the front
panel. These SYSTEM COMTROL keys give you immediate access to those functions which are
appropriate in any menu.

FURCTION SrSTEM
SELECTION CONTROL

MERLI SELECTION EtTRy DEVICES IHPUT POOS

Fignre 7-1. HP 541100 Front Panel
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The ENTRY devices are used to nput values for vanables. The input devices on this instrument
include the key pad, step heys and the knob. if you need further in formation concerning the front
panel refer to Section 6.

7-4. MAKE A VOLTAGE MEASUREMENT

This oscilloscope gives you the capability of making either a manual or automatic voltage
measurement. In this discussion the instruments cal signal is used as the signal source. To make
a voltage measuremertt manually you may use this procedure.

Connect the cal signal to channel 1,

Press AUTO SCALE

Select the Display menu

Insure the Display Mode is Averaged.

Press the Delta V menu key

ey the vV markers on.

Position MARKER 1 at the top of the cal signal.
Position MARKER 2 at the base of the cal signal

B NO RN

The difference between the voltage levels of the two Vmarkers will be shown in the factors area at
the botlom of the CRT labeled AV in this example the cal signal measured 444 mv p-p. The
positive delta voltage indicates that MARKER 2 was more positive than MARKER 1. If the markers
were reversed AV would indicate a negative voltage (see figure 7-2).

Figure 7-2. Manual Vmarker Measurement
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Another method of making this measurement would be to use the Auto Top-Base function on the
Delta Vv menu. The instrument will make an automatic voltage measurement by evaluating a
histogram of the data paints that are displayed on the CRT {see figure 7-3). When the Auto
Top-Base key is pressed, MARKER 2 moves to the top of the Cal signal and MARKER 1 moves ta
the base. Av will indicate approximately 444 mV, this indicates that MARKER 2 1s 444 mV more
positive than MARKER 1 ({see figure 7-4). The resulls of the manual and the automated
measurements n this case turned out to be identical, This 1s not always the case. The manual
measurement is accomplished by using visual resolution and lhe aulomated resulls are acquired
mathematically. Cal signals vary shghtly from unit to unit, therefore, results may vary accordingly.

-~ T = .

NUMBER OF SAMPLES
0 —N

Figure 7-3. The Histogram of a Waveform

Stoarne:

RS

B8 w1y

qer Lizplay Delta ¥ "Delez -

Figure 7-4  Auto Top-Base Voltage Measurement
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Anather way to make voltage measurements would be to use the automated capability by using
the the Peak-to-Peak Voltage function. When the Peak-to-Peak Voltage key is pressed, the unit
determines the minimum and maximum voltage on the CRT, calculates the difference, and
provides the answer in the factors area.

Press the More menu key {bottom of the CRT).

- Select the Measure menu,

Press the More key {side of CRT} unhil the Peak-to-Peak label appears.
Press the Peak-to-Peak Voltage key.

3N -

Note the resuits in the factors are (P-P Volts). With the example unit the value was 446 mV. This
is a slightly greater absolute value than we acquired when we used Auto Top-Base. This would be
expected as the peak-to-peak voltage is the ditference between the minimum and maximum
voltages on the display and the Auto Top-Base measurermnent 1s derived from a histogram of the
same dala (see figure 7-5}.

Channel 1 Parameters

Figure 7-5. Peak-lo-Peak Voltage

An important capability of the Vmarkers 1s that the Vmarkers can be assigned to chan 1 and chan
2 independently, i.e,, marker 1to chan 1 and marker 2 to chan 2. The next exercise will help
clarify how this feature works:

Cannect the cal signal to channel 1 & 2.

Press AUTO-SCALE.

Select the Delta V menu.

Turn the Vmarkers on.

Press the top key on the function menu twice. (Vmarkers Dual)
Position MARKER 1 and MARKER 2 randomly.

G A~

As the markers are moved you notice that MARKER 1 is associated with chan 1 and MARKER 2 is
assoclated with chan 2. The DC voltage level of each marker as will as the difference between
them (AV) 15 hsted in the factors area. This feature allows comparisons to be made between
signals on chan 1 and chan 2. To demonstrate this:

7-4
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-

. Positton MARKER 1 level with the tap of the cal signal on chan 1.
2. Position MARKER 2 level with the base of the cal signal on chan 2.

NOTE

AV in the factors area lists the voltage difference between the two markers
(see figure 7-6).

3. Select Chan 1.
4. Press the OFFSET function.
5. Move Chan 1 display using the entry devices.

As the chan 1 signal 1s positioned on the display. note that the Vmarker maintains its relative
location with respect to the signai on the channel.

Figure 7-6. Delta Vimarkers on Split Screen.
7-5. TIME DOMAIN MEASUREMENTS

This sechion provides a discussion and exercises thal demonstrate some of the time domain
measurement capabihties of the 54110D.

The time dorain is referenced to the 10 division CRT display with a resolution of 100 ps to 1
sec/div on the horizontal axis. The two tme markers can be used as honzontal references to
show where an automatic measurement is being made, or to relocate signals displayed time using
the DELAY function; or they can be manually located on the display for iming measurements. To
demonstrate the manual time interval measurement capability, complete the following exercise:

7-5
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Connect the cal signal to channel 1.
Press AUTO-SCALE.

Select the Delta t menu.

Key the Tmarkers on.

o

NOTE

Both Trnarkers witl be located af the “0000008" Defay Ref (trigger event),
Auto-Scale sets the Delay Ref. af center screen.

5. Move the START MARKER to the leading edge of the first pulse.
6. Move the STOP MARKER to the trailing edge of the first pulse

The time intervals between each marker and the trigger paint as well as the time interval hetween
START MARKER and STOP MARKER to the trailing edge of the first (At} are lisled in the factors
area (see figure 7-7}).

In this example the START MARKER 15 -2.00 us (before trigger) and the STOP MARKER 15 -1.00 us
{before trigger) and At is 1 us.

Frgure 7-7. Manual Time Inferval Measurement

Another method that can be used to make a time interval measurement is to take advantage of the
automatic edge finding capability, which requires setting a reference with the Vmarkers for defining
edges:

Select the Delta V menu.
Key Vmarkers on.

Press Auto Top-Base.
Press 50-50%.

2w

7-6
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NOTE

Step 4 places the Ymarkers at the 50Fc level of the cal signal and provides
references for the delta t measurements we are about o mahke, ie, the unit
senses the transition of the cal signal through the Vmarhers.

5 Seleci the Delta t menu.
NOTE

The Deita t menu has 3 additional functions; START ON EDGE, STOP ON
EDGE and Precise Edge Find. These functions require the use of the
Vmarkers and are only displayed when Vmarkers are on.

6 Set START ON EDGE to Pos 1.
7 Set STOP ON EDGE to Neg 1.

NOTE

When you sefect START ON EDGE or STOP ON EDGE as i steps 6 and 7.
the first key strohe sefects the function and the second changes the polarity
of the edge

The unit will automatically locale the transition level (50-50%) on the first posilive and negative
edges and measure the time interval between the two and define the +puise width. Check ihe
factors area of the CRT for the results (Al){see figure 7-8).

Figure 7-8. Edge Find

7-7
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When the START and STOP ON EDGE functions are used, the displayed waveform is used as the
data base for developing the time interval measurements. This imits the resolution ta 1/50th of a
division,

Now press Precise Edge Find, This causes the unit to rescale the horizontal axis to a faster sweep
speed while it locates the Vmarkeirs on the edge(s) of interest.

Because of the additional scaling, Precision Edge Find requires a longer period of time to acquire a
result than does the START and STOP ON EDGE functions; this should be considered if
throughput 1s a concern

Precise Edge Find uses averaging, which also makes it take longer. The number of averages
selected in the Display menu will be acquired each time the timebase 15 rescaled to locate the
edges. For greater precision, the NUMBER OF AVERAGES can be increased; for a faster result,
the NUMBER OF AVERAGES can be reduced. Extremely low repetition rate signals will also slow
down the precise edge finders.

To terminate the measurement routine at any time, just press any other front panel key.

Another method of measuring the +pulse width would be to use the automated capabilities
available on the Measure menus.

Connect the cal signal to chan 1.
Press AUTO-SCALE.

Press More menu key (bottom ot CRT)
Select Measwe menu.

Select Fine Precision.

Press More (on the side of the CRT).
Press +Width,

Neapawo s

The +Width value wil be listed in the factors (see tigure 7-9).

When any of the automated measurements in the measure menus require a time interval
measurement, you have the choice making "Coarse” or "Fine” precision measuremeni. When a
coarse measurement is executed the instrument makes the measurement on previously acquired
data In most cases fine precision measurements, when executed, acquire new data and rescale
the timebase for increased resclution.

NOTE

Alf tine preciston measurements require an active signal input.
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Wiwae-i b Fameter
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Frgure 7-9 +Pulse Width

if measurement speed 13 & prime concern, you may make automated time interval measurements
using coarse precision by selting the Precision key in the Measure menu to Coarse.

For demonstration purposes repeat the + width measurement with precision set io coarse. Notice
ine difference in time required for a coarse precision measurement vs. a fine precision
measurement.

7-8. DELAY

The DELAY funclion provides horzontal windowing capability as welt as calibrated pre and post
inggering delays. Negative delay 1epresents time before the trigger event and positive delay
represents time after the trigger event. Try the following procedure to famihanze yourself with the
DELAY function.

i. Connect ihe cal signal to channel 1.
2. Press AUTO-SCALE
3. Select the DELAY function.
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NOTE

in this exercise the Delay is referenced to center screen, the left or night
side of the graticule couid (ust as easily have been used as the reference.

4.  Key in 2 sec delay using the key pad and the sec ENTER key. An error message will
display "Value out of range.....Set to limt". The maximum + delay on this sweep speed
(500 ns/div) is 1.6 sec.

5. Keyin -1 second delay. Again the unit displays the error message and sets the delay to
the limit. Maximum - delay an this sweep speed 1s 2060ms.

NOTE

Maximum £ delays vary depending on sweep speeds and delay reference,
egq, on 1 sec/div sweep speed, maximum positive delay 18 6 x 10E5 seconds,
maximum negative delay is -10 seconds.

Press AUTO-SCALE.

Select DELAY.

Vary Delay by rotating the knob. CW rotalien provides negative delay
and CCW ratation provides posttive delay.

LNo

The DELAY function allows viewing of the signal before and after the trigger event. In this last
example, 1.6 seconds delay and 500 ns/div sweep speed were used. A small amount of time jitter
would be obvious when viewing the delayed signal under these conditions, e.g., 1 cm of jitter
represents approximately 3.2 ppm. To demonstrate the effect of time jitter, complete the following
exercise

Connect the cal signal to channel 1

Press AUTC-SCALE,

Select the DELAY function.

Enter 1.6 sec. Delay using the key pad.

Select the display menu.

First view the signal in the normal mode with mfimite persistence then
switch the unit to the averaged mode {top key on the function menu).
7. Sel Averages = 8 by using the entry devices,

R

NOTE

After the unit has been aflowed to acquire data for a short period, the rising
and failing edges of the pulse appear to slope (see figure 7-10); this is a
function of the time jitter on the signal and the fact that the unit 1s in the
averaged mode. In thns example where time jitfer is present and a refatively
fong delay is used, the averaged mode does not faithfully reproduce the
input signaf

7-10
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Change the display made io normal

Set the DISPLAY TIME to Infinite using the entry devices. MNolice that after several
acquisiions, the leading and lagging edges are undefined {see figure 7-i1), This is
caused by time jitler on the input signal. Unless a signal source is extremely stable it is
common io see time jitter of this magnitude when long delays are used. The sample
unit that was used demonstrated approximately 500 ns lime jiiter with 1.6 sec delay.
This technique is a perfectly vaiild measurement of the jitter in the source signal, which
you might typically wani to measure. This type of jitier measurement is made possible
by the exiremely stable crystal referenced timebase. See Section 3 for imebase jitier
specificalions.

L -
(hl- 1.4 a¥adsy

Figure 7-10. Time Jitter in the Averaged Mode
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Figure 7-12 compares the results obtained with the normal mode and the averaged mode when
using a long detay with time jitter present.

7-12

Figure 7-11. Tume Jifter in the Normal Mode
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Figure 7-12. Time Jitter with NormaifAveraged Mode.
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. Tne 54110D provices iwo addiional technigues oi delaying the display window Dy deiaying ing
acival rigger; Event Delay and Time Delay. These iwo functions are pari of the trigger menu and
can be selected hy pressing lhe irigger menu key. The are diiferent from the Timebase dalay in
that they provide a inigger for the display after ihe Eveny/Time delay. This eliminaies the time pitier

ihai is seen when the imebase delay 15 used. Let's first look ai eveni celay.

1. Connect the cal signal to channel 1.
2. Press AUTO-SCALE.
3. Change fiom Auio io Trg'd sweep.

MOT=

When AUTQ-SCALE is pressed, the unit establishes itself in ifre auic sweep

mode. If the irigger 1s delayed longer [han approximately 50 ms, the auto
sweep mode will cause the unit to sweep before the defay peniod has
elapsed. The signal will appear uniriggered (see figure 7-13} To elminale
this problem put the unit 1 the Trg'd mode

Figure 7-13. Aufo Sweep Mode with Defay > b0 ms.

4,  Select ihe Trnigger menu.

Set 1he ingger mode 1o Eveni-Dly.

Using the function keys and entry devices, sei ine Event-Dly menu io read: “Alier Neg
Edge On Chan 1, TRIG on 1,000,000 evenis Of Pos Edge on chan 1",

7. Press CLEAR DISPLAY

@ ¢
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NOTE

After a qualifying negative edge on chan 1, the unit will delay the defined
number of pulses and then trigger on the last pulse. In this example the
1000,000th pulse will be presented af center screen (if the delay ts
referanced to center screen) This mode would be used if it 18 necessary to
fook at a specific pulse in a tran but the signal is not stable encugh to use
timebase defay.

The next method of delaying the display window would be Time Dly, To demonstrate time delay,
perform the next exercise:

Connect the cal signal to channel 1.

Press AUTO-SCALE.

Select Trg'd sweep.

Select the Trigger menu.

Select the Time Dly trigger mode.

Using the functicn keys and entry devices, set the Time-Dly menu to read: "After Neg
Edge on Chan 1 DELAY 1.000 S THEN Trig On Pos Edge On Chan 1".

Press the CLEAR DISPLAY key In this mode the unit waits a defined period of hime
after a qualifying evenl, in this example 1 second, and then tnggers on the edge
selected.

8. Change the WAIT time to 0.5 sec. Notice that the acquisition rate s influenced by
WAIT time because the effective trigger repetition rate 15 limited by WAIT time.

SR

-~

The Time-Delay mode would be used to view a signal that occurs a relatively long time after a sync
signal. This would eliminale the time jitter (induced by the input signal) that would be present If the
timebase delay were used. Event-Delay accomphshes essentially the same thing as Time-Delay
excepl that events are used to delay the display window. The effect is similar when using either
mode, 1.e , the affect of lime jitter is the source signal Is eliminated.

The timebase delay on the 54110D 1s always referenced to the tigger edge that is generated In a
particular trigger mode  Trigger delay, both event and time, should not be confused with the
timebase delay as they are independent functions. Event-Delay and Time-Delay modes are a
means of selecting which edge on the signal is used as a reference for timebase delay.

7-14
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7-7. TRIGGER

In ihis section some of the lriggering capabilities of the 52110D will be discussed.

The edge mode 15 similar lo the tiigger on a conventional oscilloscope. The trigger level can be
defined, the polarity of the trigger can be selected and the source of the trigger can be determined.
This nstrument has two external trigger inputs and provides four trigger sources.

In the pattern mode this instrument provides 4-channel pattern recognition capabtlity. Try this
exercise lo demonslrate some of the triggering capabilities of the edge mode:

1.
2.

Connect the cal signal to channel 1 & 2.

Press AUTO-SCALE The unit will establish itself in the split screen mode with chan 1
at the top and chan 2 at the bottom of the display. Chan 1 will be defined as the
trigger source

Select the trigger menu,

Select TRIG LEVEL. The trigger level will be indicated by a hanzontal line through the
chan 1 signal {see figure 7-14).

Change the trigger level by rotaling the knob.

Figure 7-14. Split Screen with Trigger on Chan 1

NOTE

If the trigger level trace is moved above or below the chan 7 signal, the
signals on chan 182 will loose sync. The step keys and the key pad may
also be used to change the trigger level.
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6. Select chan 2 as the Trig Src. The unit is now tnggenng on chan 2. The line showing
the tiigger level will be on the chan 2 disptay. The trigger level on chan 2 can be varied by
using the input devices (see figure 7-15). The trigger level function 1s shown at the top of
the waveform display atea and at the bottom of the display in the factors area.

7. Select Trig 3 as the trig src. Notice that the signals are untriggered.
8 Move the chan 1 mput to tng 3 (trigger 3 input). The imbial trigger level for trig 3 will be 0
V and the signal on the display will not be tnggered. The cal signal is negative and does not
cross through the 0 V threshold and therefore does not cause a trigger.

9. Vary trig level 3 until the signal on chan 2 triggers. Trig 3 is now being used as a trigger
lor the signal on chan 2. You could also use lrig 4 as a trigger source in the edge mode.

NOTE

If any of the previously used inputs are selected as the irigger source, the
trigger level remamns where previously set for that source.

Frgure 7-15. Spitt Screen with Trigger on Chan 2
7-8. PATTERN MODE

In the pattern trigger mode each mput 1s converted to a digital signal which is high, or true, when
the input signal is above 1ts trigger threshald and 1s low, or false, when below its trigger threshold.
The tngger can then be set to occur when a pattern of signal levels, relative to each inputs’ trigger
threshold, becomes true or false.

When the Pattern mode is used, insure that the trigger level for each input Is adjusted so that the
input signals cross each respective trigger level during transition, This 1s done in the edge mode.
It should be noted that each input has a separately adustable trigger level and is independent of
the cther. This feature allows mixing different types of logic signals. Use this example to become
more famihar with the pattern trigger mode:

7-16
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Connect one cal signal to channel 1 using a m melre BNC cable.

Connecl the other cal signal to channel 2 using 3 metres oi BNC cable. 2 metres will
work as well but will not give as much signal delay on channel 2.

Press AUTO-SCALE

Set the sweep speed lo 5 ns/dwv,

Select the display menu and sei spiit screen ofi.

Selecl the tngger menu.

Select the edge trigger mode.

Seleci chan 2 as the frigger source.

NOTE
in figures 7-16 and 7-17, the signal path for chan 2 is approximately 2
meters longer than that of the signal path for chan 1. This provides the ime
differential betweern the fwo signals

Set ingger mode 1o pattern.
Set Trig On PATTERN to read: "HHXX".

H = High State (above tngger threshold)

L = Low State (below trigger threshold)

¥ = Don’i Care

On the ingger menu insure "When Enlered" 15 sei. With the instrumeni in this

configuration it will generate a ingger on the last edge that makes the pattern HHXX, In
this example ihe posilive edge on chan 2 is the trigger.

et r——— T

Figure 7-16. Pattern When Entered "HHXX"
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LR s
hl= 160.0 mV.Adv

Dlhen & Tinehne

Figure 7-17. Fattern When E xited

This menu allows triggening when entering or exiting a defined logic pattern. If the When Entered
function is selected, the unit will trigger on the last pulse edge that makes the pattern true (see
figure 7-18}. If the When Exited function s selected, the unit will trigger on the first pulse edge
that makes the pattern false (see figure 7-17)

This trigger mode would be an advantage while troubleshooting logic circuitry, or any other
application where it would be desitable to make parametnc measurements while using logic
sources for a trigger. In addition to the When Entered/Exited functions, time quahfication is
provided for the Patlern mode When Present> and When Present<. The When Present> mode
allows the user to specify that the tngger pattern must be present for a rminimum period of time
{that the user defines) before being accepted as a trigger. If the paitern does not remain true long
enough 1t will be ignored. The When Presenl < mode is just the opposite. Here the pattern will
generate a trigger only if it remains true for less than the tme specified. If the pattern is true
longer than this time 1t will be ignored Both modes generate a trigger when the pattern is exited,
only if the time qualifier 15 lrue. The range of the time qualifier 1s from 10 ns to 5 sec.

For the case of the simplest pattern, HXXX, the paitern is true when ¢han 115 high and it 1s false
when chan 1is low. The time qualification can then be used to trigger on pulses that are wider
than a specified time and ignore shorter ones (When Present>) or it can be used to trigger on
pulses that are shorter than the time qualifier and 1gnore the longer ones (When Present<). Use
this exercise to become familiat with the time qualification feature’

Connect the cal signal to channels 1&2.

Press AUTO-SCALE

Select the Trigger menu

Select the Pattern Trigger mode,

Set the Trig On PATTERN to read HHXX.

Sefect the When Present> funchion

Set TIME 1o 1 5 us. This requires that the pattern be present for greater than 1.5 us lo
generate a tngger. In this example this will not be true as the + portion of the cal signal is
approximately 1 us duration.

el

7-18
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8. Set TIME to .5 us. The display will now tngger.

The ability of this unit to qualify the trigger pattern with a min-max time interval provides an
axcellent iechnique for gliich detection.

7-9. STATE MODE

The next tngger mode 1s the State mode. This mode allows using simple edge detection combined
with pattern recognition to generate a trigger. When this mode is selected, one of the four inputs
is chosen as the edge source and the user determines a 3-bit pattern defined over the remaining
ihree inputs.

A trigger will be generated when an appropriate (t} edge occurs only when the pattern 1s true
(When Present) or false {When Nat Present) as specified by the user. The State function differs
irom the Pattern Entered/Exited function in that the trigger is generated from a specified edge
saurce for State, while in the Pattern Entered/Exited mode any inpul can iniliate a trigger if i
causes ihe pattern to be trugjfalse To become more familiar with this function, compiete the
following exercise

—

Connect the cal signal to ¢channels 182.
For chan 1 use a 1 metre cable, for chan 2 use 2 or 3 melres.
Press AUTO-SCALE
Select the trigger menu.
Sel the trigger mode fo state.
Set Trig On Edge ic Pos.
. Set On Chan When to Chan 1,
. Set PATTERN ta -HXX
- = Input being used for edge source.
X = Don't care
H = High State (above trigger threshold)
L = Low State (below trigger threshold)
8. Set the Preseni/Not Present function to Not Present.
The display should be biggered.

~ oG 0N

with the instrument in iits configuration 1t will generate a trigger on a positive edge on chan 1 i
chan 2 is low. Change Not Present to Present -- the display will loose it's trigger.

7-10. DISPLAY
The display menu provides control of how data is displayed on the CRT:

1 Whether data on the display 1s Normal or Averaged.
2. The type of graticule that is to be used, grid, frams or axis.
3 The format of the display, split screen On/Off,

7-11. NORMAL. MODE

when the Normal mode is used, high speed A to D converters digitize the incoming signal and
write it to a display memory thatl n tuin provides information to the CRT. The data points that are
acqured from the A to D converters are displayed on the CRT for a user-defined period of time
from 200 ms to Infinity. To become more familiar with the Normal mode functions, complete the
following exercise:

7-19
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1.  Connect lhe cal signal to channel 1.
2. Press AUTO-SCALE,
3. Select the Display menu.
4.  Select the Normal mode.
5.  Set DISPLAY TIME to 200 ms. Data points wrlten on the CRT will fade shortly
thergafter unless they are refreshed by new input data.
6. Select the Timebase menu.
7. Change the sweep speed to 100 ps/div. This faster sweep speed allaws the user to
8. more easily see the effects of changing the DISPLAY TIME. Select the display menu.
9. Change DISPLAY TIME to 1 sec Notice the change in persistence,
10. Change DISPLAY TIME to 11 sec. The unit will now have infinite persistence {any

DISPLAY TIME greater than 10 sec defaults to Infinite).

The infinite persistence mode causes all acquired data to remain on the CRT until the function is
changed.

Long persistence times work well for capturing low repstition rate, relatively fast or narrow (low
duty cycle} signals. Infinite persistence also allows viewing worst case jitter, noise, and timing
variations, or to view extremely infrequent glitches or other anomalies.

To see the effect of persistence on a low rep rate signal connect the cal signhal to ¢han 1 and press
AUTOQ-SCALE, go to the timebase menu and use 500 ns/div sweep speed with 1.6 sec DELAY.
Return to the display menu and vary the DISPLAY TIME from 200 ms to 11 sec notice the
differences.

In the infinite persistence mode the data points will remain on the display untl the CLEAR
DISPLAY key 15 pressed or until the display 15 moved with an instrument control such as, sweep
speed, vertical sensitivity, or trigger level. Move one of these controls while in the infinite mode
and notice the results.

RE 2 1 1A

ihi [F SRR

Figure 7-18. Averaged Mode (8 Averages)
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T2 AVERAGED

As ihe lnput signal 1s digitized, each data poini 15 assigned a lime coordinate ralative to the tnggei.
in the averaging mode ihe unit calculaies ihe average of ithe most recent data poini with ine
previous valugs in ihe same time buckel. You can define the number of data points that are to be
averaged fram 1 1o 2048. Each average 15 calculated from data acquired for each time sloi--dala
ior adjacent ime slols is not averaged togeiher.

li 8 is chosen for the number of averages, 1/8 of ihe vertical value of each new daia point will be
added o 7/8 oi ihe value previously in the iime buckei. Ii 16 averages had been selecied, i/16th
of the new daia would be averaged wilh 15/16ihs of the previous value.

Tite eifeci of using ihe average mode is lo cancel cui all phenomena that is noi related io ihe
trigger eventi, i.e., noise and nonrecurring events.

To demonsiraie some of the differences beiween lhe normal mode and the averaged mode,
complele the following exercise:

Connect the cal signal to chan i

Press AUTO-SCALE

Selecl the display menu.

Seleci ihe averaged mode.

Set NUMBER OF AVERAGES lo 8. (See figure 7-18).

Select the narmal made {see figure 7-i9). Compare fiqures 7-18 and 7-19 and noiice
the reguciion oi noise on the averaged display. The larger the number of averages the
greater the reduction of ithe displayed noise and the langer it iakes to respond 10 any
change in the input signal.

PO LN

Figure 7-19. Normal Mode
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The nexi exercise shows the effecl of the averaged mode and the use of the averaged mode In
conjunction will the Magnify mode.

Do LN

7-22

Cwom~

Connect the cal signal to chan 1

Ptess AUTO-SCALE

Select the display menu.

Select the normal mode.

Select chan 1 menu,

Select the magnify mode and adjust the WINDOW SIZE and POSITION so that the
window is near the top of the cal signal (see figure 7-20).

Turn magnify on (see figure 7-21)

Select the display menu.

Set NUMBER OF AVERAGES = 2 (see {igure 7-22).

Change NUMBER OF AVERAGES = 512 (see figure 7-23}. Notice that with a greater
NUMBER OF AVERAQES lhere will be less noise on the signal and the display will
appeal lo be more stable.

NOTE

With only 1 or a small number of averages, the quantization levels of the AjD
converter are also very ewident With a farger number of averages, the
actual usahle resoiution increases as the dispilay fills between quantizafion
fevels with averaged dala.

Figure 7-20. Magnify Window in the Nermal Mode.
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Figure 7-21. Magnify Using Normal Mode

The next exercise will help lustrale how averaging works.

Connect ihe cal signal lo chan 1.

Press AUTO-SCALE,

Select the display menu.

Set NUMBER OF AVERAGES to 256.

Remave the cal signal from ¢chan 1 and notice the reaction of the display.

I S

As the input signal was remaved, the exishing values 1in each time bucket are now being averaged
with the new data which is "0". If the number of averages were reduced, the display would
converge to the new signal levels in a shorter pertod of time.

7-23
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Figure 7-22, Magnify 11 the Averaged Mode with 2 Averages

Figure 7-23. Magmufy in the Averaged Mode with 512 Averages
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7-13. PROBES

This instrument provides you with the capability of changing the attenuation tactor on any input.
When this altenuation factor is changed, the actual voltage division ratio of the inputs does not
change; however, the scale factors in firmware that are used to generate the answers for the
automated parametric measurements and voltage related items on the screen are modified
appropriately.

The vanable Atten {aitenuation) factors would be used so that the display factors would accurately
rellect the actual vollage levels at the source when accessory probes or voliage dividers are being
used.

The Atten factors are saved with the rest of the front panel setup when the Save/Recall registers
are used. When the power 15 cycled the Alten Factors will aulomatically set themselves to the
value appropriate for the input ped that is installed in each input. For the 54002A and the 54003A,
ihe Alten Factors would be set io 1:1. If the 10:1 accessory probe thal is supplied with the 54003A
15 used, set the Atlen Factor for ihat input to 10:1 This will insure that the correct answers are
pravided in the factors area on the screen, and that the verlical scale factors previously sei
(VOLTS/DIV and QFFSET) are correcily referenced to the probe tip

Whan the 54001A aclive prove is used, the Atten Factors will automaticaily be set to 10:1 when the
instrumeni power 1s turmed on  Use the following exercise to see the effect of changing the Atten
Factors:

1. Connecl the cal signal to chan 1 and press AUTO-SCALE.

2. Select the Delta V menu.

3. Selecl the Vmarkers for Chan 1 and press Auto Top-Base. Notice the voltage readings
In the factors area.

4, Select the Prabes menu The Chi Atten Factor will be sel to 1.1 (if the 54002A or
54003A is used).

5.  Sel the Chi Atlen Factor to 10:1 by using the entry dewices. Notice that as the Atten

Factor is changed, the voltage readings in the factors area will change to reflect the

new ratio

Connect the cal signal to chan 1 and trig 3.

Select the higger menu.

Sei the Trig Src to Trig 3 and the TRIG LEVEL to approximately -200 mV (the signal

should be triggered).

9. Return to lhe probes menu and set the Trig 3 PROBE ATTEN to 10:1.

oo

NOTE

Factors can also be used, if you have a hnown source, to cafibrate out
systematic errors in gain and attenuatton ratio of the 54001A, 54003A or
other divider probes. The Atten Factor could be arbitrarly set to yield the
correct answer,

iQ.  Return to the trigger menu and notice that the trig 3 level reflects the new ratio.
ii.  Select the Measure menu and press the All function key. Notice that all of the voltage
related factors reflect the 10:1 ratio that has been chosen.

The range of the Atien Factor Is from 1 to 1060. The knob and the step keys will give you up to 3
digits of resolution and the key pad provides up to 4 digits of resolulion for setling Atten Factor.
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7-14. WAVEFORM MATH

This oscilloscape gives you the capability of defining the two wavefurm funclions using the signals
on channel 1 and/or 2 and/or the four waveform memaries After you have defined a waveform
function and displayed it you can make automated or manual measurements on that function
following the same rules as you would use measuring a signal on a channel.

To demonstrate some of these capahilities perform the following exercises:

1.

L

7-26

Connect a cal signal to chan 1 using a 1 metre BNC cable, connect the other cal signal
lo chan 2 using a 2 metre cable The time delay between the signals that 15 created by
the unequal cables is approximately 6.4 ns. (See figure 7-24)

Press the mare key.

Select the Wim Math menu

insure Func 1 (function 1)1s the selected function (see figure 7-25)

Insure that Func 1 is set to Chan 1 - Chan 2 with func 1 keyed on.

[RLIET § ARy
thi- THAH mv.dew

Figure 7-24. Time delay Chan 1 to Chan 2
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Frgure 7-25. Sefecting Func 1,
NOTE

Func 1 should be displayed in the top half of the spiit screen. At this sweep speed Func
1 appears as a narrow vollage spike occurning at the same time as the leading and
traifing edges of the cal signal (see figure 7-26). The difference hetween char 1 and chan
2 18 created by the fact that the signal arrives at the chan 2 input after the signal arrives

at chan 1. Remove the input from chan 2 and notice the effect on Func 1 To continue
with this exercise reconnect chan 2 to the cal srgnal.

49.8 m¥.div

Figure 7-26. Func 1
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Set the function select to Func 2.

Define func 2 as chan 1 + chan 2 and key Func 2 on
Press the more key and select the timebase menu.
Set the sweep speed to 5 ns/div.

©w N

NOTE

The display should resemble figure 7-27 with func T (chan 7 - chan 2) at the
top of the dispiay and func 2 (chan 1 + chan 2). If you has stored one of
these functions in a waveform memory, mem 1-4 couwld have been used as an
operand instead of chan 1 or 2.

This instrument also has the capability of making automated measurements on func 1 & 2. This
next exercise demonstrates making automated measuremenis on these function. Leave the
instrument configured the same as it was for the previous exercise, that 15, cal signals connected
to chan 1 and 2 with 1 melre cable on chan 1 and a 2 metre ¢able on ¢chan 2, Func 1 = chan 1 -
chan 2 and func 2 = chan 1 + chan 2. The display should resemble 7-27. Do not change any of
the instrument sethings until you siart the next exercise.

Figure 7-27 Waveform Math Func 1 & 2.

7-28



Model 54110D - Exercises

This exercise shows you how to make some of the automated measurements on func 1 & 2.

i. Select the timebase menu and set the sweep speed to 500 ns/div.

2. Press the maore key and select the measure function menu.

3. Insure that func 1 is the selected measure source. (top key)

4. Press the more key on the function menu twice, this will pltace the Peak-to-Peak
voltage key at the top of the functron menu,

5. Press the peak-to-peak key and nolice Ymarker appear on the func 1 trace. Press lhis

key repeatedly. (see figure 7-28)
NOTE

As you continue to press the peak-to-peak voltage key, nolice thal the
Vmarkers change levels. This s caused by the fact that the voltage
measurement is being made on the last acqguired data and because of the
narrowness of func 1 with respect to the display window. Because of this
the sampied data may or may not occur at the actual peak valuve of the
waveform. To increase the accuracy and repeatability vou can increase the
sweep speed.

G Press the more key (bottom of CRT).
7. Select the timebase menu and set the sweep speed to 5 ns/div.

Function 1 Parameters

fm Save Ufm Mars e

Figure 7-28. Measuring Func 1 Parameters
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8. Relurn lu the measure menu and measure "All" paiameters on func 1 (see figure 7-29).
The instiument will make the measurements that it can using the the displayed data.
9. Select func 2 and again measure "All" parameters (see figure 7-30}.

Notice that after the automated measurements were performed on fune 2 that the Delta t and Delta
V markers moved from fung 1 to func 2.

tion 1 Parameters

Time= 2.068 ns  + Wadths
1T} ns  Preshoots

Vp-p* <

Figure 7-30. Autormated Measurements on Func 2. .
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‘ The 54110D also provides the capabilily of making an X,Y or Versus measuremenis where
channels 1 or 2, or memories 1,2,3 or 4 can be used as operands In the fallowing exercise, a
versus measurement 15 made between channel 1 and channel 2. NOTICE THE REQUIREMENT
FOR PRECISE TIME RESOLUTION ON THE WAVEFORM EDGES WHEN YOU ARE MAKING A

VERSUS MEASUREMERNT.

i Place a BNG tee on a cal signal culput on the rear panel of the instrument and connect
i meire BNC cables from the tee to channe! 1 and channel 2 inpuis. H 1s imporiant
that these BMC cables be of equal lengih so that the cat signal arrives at the channel |
& 2 inpuls al approximately the same time.

2 Press AUTO-SCALE and perform a front panel calibration on the instrumeni. This nulls
the differences beiween the trigger and data acguisition palhs. See Seclion 5-21 ior
this procedure. See, also, Appendix B for a discussion of this topic.

3. Select the Display menu and set Mode to Notmal and the Display Time io Iniimiie.

4, Select lhe Timebase menu and set the SEC/DIV o 1 nsec/div (Figure 7-31). Notice ihe
more precise bime resolution (number of data points) on the edges of the signal as
compared io ithe low iiming resolution.

5.  Press the More key and select the Wim aath menu. Turn Func 1 On and seleci Chan
1 Versus Chan 2 (See Figure 7-32).

. If waveform edges are measured with inadequate time resolution, the resulting versus waveiornm
will not look as predicied. For Example:

6. Turn Func i off and select the Timebase menu  Sei the SEC/DIV io 10 nsec/div (see
Figure 7-33). Note lhe near verlical edges, (this indicates lower time resolution)

7. Relurn to the Wfm Math menu and turn Func 1 on. The resulting chan 1 versus chan 2
(lop oi Figure 7-34) snows reciangular steps that occur when mnsuificieni edge
resolulion is used This is a result oi the random repetitive sampling technique used in
the 54110D, where by, many voltage poinls can be taken in the same time interval (as
referenced o the trigger). Channel to channel timing skew may furiher aggoravate s
siluation. To eliminate ihis phenomena, you should increase iime resolution on ihe
edges as shown I fiqures 7-31 and 7-32. These expanded waveforms allow for more
data poinis on lhe given waveforms. The increased number of daia poinis on ihe
waveforms reduce the poiential for inaccuracies.
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Figure 7-31. Precise Timing Resolution on Charnnels 1 & 2.

i

.9 misdi

Figure 7-32. Chan 1 Versus Chan 2 with Precise Timing Resolution.
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.0 mdiy

B m¥Adiv 1.8 nzec div

asthiMessuce o Flot o FPrart

Figure 7-34 Chan 7 Yersus Chan 2 with Low Timing Resalution.
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The calibralion menu containg an adjustment for nulling the timing skew of channel 2 with respect
to channet 1. The loltowing exercise demonstrates how the channel-to-channel skew adjustment
can effect waveform math funciions:

7-34

10.

11.

12.

Connect a BNC tee 10 a cal signal output on the rear panel of the instrument and
connect 1 metre BNC cables from the tee to channel 1 and channel 2 mputs. It 1s
important Lhal these BNC cables be of equal length so that the cal signal arnves at the
channel 1 & 2 inputs at approximately the same time.

Press AUTO-SCALE.

Select the Ulihty menu,

Press the Cal menu function

Press the top function key twice (SKEW Ch to Ch) will be selected.

Use the key pad and set the Ch to Ch SKEW to 10 ns,

Press the Exit Cal Menu Key,

Select the Timebase menu.

Set the sweep speed to 25 ng/div.

Press the STOP/SINGLE system control key.

Press the CLEAR system control key.

Press the STOR/SINGLE key to initiale a single acquisition. See Figure 7-35

Figure 7-35. Effects of Ch to Ch SKEW on Waveform Math.
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The minimum sampling interval is 25 ns therefore will be 10 points displayed there will be 10 daia
points displayed on each channel and they will be one division apart. The data points for channal
2 were acquired at the same time as the channel 1 data points but are offset by 10 ns because oi
the channel to channel skew setting, (Press the RECALL key and lhe i key ta restore the channel
io channel skew cal factor once the display has been evaluated),

When lhe waveform math funchons are used the screen is divided into 500 time buckets Each
przef column on the screen corresponds to a time bucket. A funclion which has two operands is
performed by matching the data points of one operand with the coiresponding data points of the
other.

There are several waveform math applicabons where non-zero channe! to channel skew setlings
can effect the resulls.

1. A single shot measuremenit on a waveform function using lwo channels such as
Channel 1 + Channel 2 may result in not displaying a waveiorm. This will occur when
lhe data points acquited for Channel 1 do not correspond in time with the data points
acquired for Channel 2.

2. Gomman noise on differential signals may nat always cancel when when Channel 1 -
Channel 2 function 1s used. This happens when the Channel 1 data points are
matched with Channel 2 data points acquired on another sweep. This effect can he
minimized by setting the display mode to Averaged,

3. Anuntnggered Channel 1 versus Channel 2 funclion may resuli in a misleading display.
Again, this happens when data paints acquired for Channel 1 on one sweep are
matched with data points from Channel 2 acquired on another sweep. In an
untriggered mode there 1s no bming relationship between each sweep.

These effects are less pronounced at slower sweep speeds and disappear a sweep speeds slower
than 2 ps/div. At 2 ps/div sweep speed and slower more than 500 data points are acquired on
each acquisition

When making these measurements, it may be necessary to set the channel to channel skew to 0.

This will allow the data acquired for channel 1 to align with the data acquired for channel 2 for
each sweep.

7-35



Madel 541100 - Hardcopy

SECTION 8
MAKING A HARDCOPY

8-i. INTRODUCTION
The HP 54110D has the capability of making a hardcopy dump to various HP-IB

graphics printers and plotters without the use of a controller, This section will show
how o use the HP 541'10D with the graphics pnnters and plotters.

8-2. SETTING UP THE HP 541100

!

HEOg

Wim Save | Wim Maih| Measure Plot Print Prabes Utilty More

In all cases, without a controller on the system, to dump to a graphics printer or s/

plotter from the HP 54110D, select the Utility menu then select the HP-IB menu an
set the HP-IB function key lo "Talk Only".

If you are operating lhe 54110D and a graphics pninter or plotter on a system with a
controller, refer to Appendix A of this manual for a sample program.

8-3. GRAPHICS PRINTER

ADDRESS

Talk
Only

ECI
i

Wim Save | Wfm Math| Measure Plo Print Probes Utility More

The HP 54110D will interface directly with a graphics printer that uses the
Hewlett-Packard Raster Graphics Standard and the HP-IB.

Connect the graphics printer to the 541100 with a HP-IB interface cable (refer to
figure 4-4 for a Iist of available HP-IB maling cables). Before the graphics printer 1s
enaigized, refer to lhe printer manual to locate the HP-IB conliguration switch on the
printer and set the LISTEN ALWAYS(LISTEN OMNLY) switch to the true {1) position. It
is important that you set this switch before power 15 applied to the printer as most
printers only 1ead these switch settings when the power is first applied. If the switch
setlings have been changed, the prnter must be turned off for several seconds and
then back on before printing.

After the HP 54110D has been connecled to the graphics printer and the configuration
switch has been set to the LISTEN ALWAYS mode, select the Print menu on the HP
54110D.

Exit
HB-1B
hdenu
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The print menu will be displayed on the tight side of the CRT The factors {(lsted

below lhe signal display area) and the Display can be ptinted separately ot at the\

same time depending of whether they aie keyed Gn or Off

Data from all sources, i.e.. lhe aclive display, or the the factors area, that have been
selected, will be printed when the Start Print key is pressed. Wavaform acquisition———
stops while print data 15 output to the printer.

if you chose to stop the print while it 1s in process, press the Abart Print key.

8-4. COMPATIBLE PRINTERS

The Hewlett-Packard printers that are compalible with the 531100 include:

HP 2225A HP 2932A HP 9876A
HP 2671G HP 2933A
HP 2673A HP 2934A

8-5. PLOTTERS

Wm Save | Wim Math| Measure Plot Print Probes Utility More

The HP 541100 will interface directly with plotters that use the HEWLETT-PACKARD
GRAPHICS LANGUAGE (HP-GL) and a HP-IB interface.

The HE 541100 must be in the "Tall Only" mode when making & graphics dump to a
plotier, The status of the HP-IB on the HP 54110D is listed at the top of the display
when you are in ihe Print or Plot menus; "Talk Cnly", "Listen Only", or the HP-IB
address will be listed if 1he unit 15 1n the Tafk/Listen mode. The slatus of the HP-IB
interface can be changed if you select the HP-IB menu.

The plotter must be in the Listen Always (Listen Only} mode. Check the plotter
manuat for the location of the HP-IB configuration switch and set the Listen Always
switch to the true(1) position. Set this switch before the plotter is energized as most
plotters read these switch setfings when the power is first appled.

Connect the HP 541100 and the piotter using one of the HP-IB interface cables listed
in figure 4-4.

After the HP 54110D is connecled to the plotter and set to the correct HP-IB
configuration for each instrument, select the Utility menu then select the Plot menu.
Once this 15 done, the Plot function menu will be dispiayed at the right of the CRT.

Fott

Print
Faclors

Print
Display
Ot

Form
Feed
0if

Start
Print
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When the Aulo Pen funchtion is Gn, a new pen will be selected when a difierent
funciron 15 chosen to be plotted, it the plotter has mult-pen capabilily. 17 Auto Pen is
Off, the plotter will not load or change pens when the Plot function 1s selecled. In thig———"""
case, it will be necessary for the operator lo lcad a pen before starling the plot.

Piae

Aute Pen

L

The next function key, Pen Speed, allows you 10 select Fast or Slow, f ihe ploiter in /s*

Pen
Speed

use has lhis feature. Slow is normally chosen when making transparencies For besi”
resulis when using Letoy pens use the slow pen speed. -

Piot
Graticule

The nexti key allows you to plot the displayed graticule in¢luding the display factors at

Plot
Display

~
ihe bottom of the CRT. /

-’
When Plol Display 15 selected, all on-screen waveforms will be outpul to the plotier”

This does not include the graticule or the display factors.

I the Display menu is in the Averaged mode, the output from the HP 54110D will

cause the plotier to draw a continucus line plot of the active display.

¥ the Display menu is in the Marrmal mode the output from the HP 54100D 35
formaited such that the plotter will plot the waveform(s} in a pixel iormai, i.e., dot by
dot 1f you are plotting an active display

\Waveform memoties will always be plotted with a continuous line and prxel memories
are always plolted dot by dot.

While a plot is being accomphshed you can stop the plol by pressing the Abort Ploi
key. Ii you would hke to slop for a moment and then continue, press the
Pause/Continue.

5. COMPATIBLE PLOTTERS

The Hewlett-Packard plotters thal are compatible with the 541100 include:

HP 7470A HP 7580B
HP 7475A HP 75858
HP 7550A HP 7586A
HP 7480A HP 7090A
HP 98727
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SECTION &
REMOTE OPERATION

8-1. INTRODUCTION

This section discusses the remate operation of the 54110D over the Hewleit Packard Iniesface Bus
(HP-1B). With the exception of the line switch, all ihe front pane! functions and some fnstrumani
ieafures that are remote only operalions can be controlled by sending the appropriaie commancs
aver the HP-IB.

In this manual 54110D program codes are listed in ASCIl code. Table 9-1 fists ASCII characiers
and some commonly used equivalent codes.

For additional information concerning HP-IB, refer to 1EEE sld. 488-1978 or the identical ANMSI
Standard MC1.1, "IEEE Standard Digital Interface for Programmable Instrumentation”.

3.2, HE-1B COMPATIBILITY
The 54110D's HP-IB compatibility as defined in the IEEE sid. 488-1978 appears in tabla 8-2.

Twelve HP-1B Meta messages are listed In the left hand columi of table 9-2. The rosi sigmficent
of ithese is the Data message as they contain the program codes thai set the instrumenis mode of
gperation.

g-3, HP-1B STATUS

The status of the 54110D's HP-IB interface is shown on the CRT by the HP-1B siaius message.
This message describes the remote/local status, address status, and whether or not ihe instruiment
is requesting service via the SRQ control line.

44, REMOTE MODE

The 54110D communicates over HP-1B in both the local and remote modes. In the remole mods,
all front panel controls except the LINE switch and the LOCAL key ars disabled. When Local
Lockout is enforced the LGCAL key 1s also disabled.

The 54170D can be addressed io hsten or ialk while in the remote mods. When addrassec i
listen, the instrument automatically stops talking and responds io Data messages. When
addressed to talk, the instrument stops listening and sends either a Data message or the Status
Byte. Whether addiessed or not, The 54110D responds lo ihe Local, Local Lockoui, Claar
Lockout/Set Local, Trigger, and Abort iMessages. The instrument may also ouwiput & Rsguire
Service Message.

The local to remote mode change is accomplished when a remote message 15 seni io ine 541100,
This message contains two parts:

# Remote enable (REM) bus control hne true
#® Davice isten address (MLA) received once while REN is true.

All instrument settings remain unchanged with the local-to-remote transtion. The local-io-remote
transition disables the front panel with the exception of the power switch and the LOCAL key.
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Table 9-1. Commonly Used Code Conversians

HP-iB ASCIl | Decimal Binary Octal Hexa. HP-1B ASCH | Decimal Binary QOctal Hexa-
decimal decumnal

Addressed HWUL a 0 000 Qo0 oo an Talk T i B a1 Qoo Qoo 1nn 40

Command 43TL SOH 1 o0 000 001 o ol Address T1 A 55 01 000 001 101 41

Graup ST 2 00 000 010} 002 0 Group T2 B £6 |01 000 010 102 2

1ACG! ETx 3 ag 00g 01 003 a3 TAG: T3 (e 67 01 000 011 103 43
Mote 2

soC ECT 4 Qe 000 100 04 04 T4 O o] 01 000 100 104 44

PPC ENGQ 4 y ooo 101 005 05 T5 E h3 01 600 101 108 45

ACH 6 oy ono 110 006 ] T& F Y0 g1 000 110 106 46

BEL 7 ol Qoo 11 oy ar T ] 7 G1 000 111 107 47

GET BS 3 07 oni nag 1317] o8 ik H T2 01 001 000 110 48

TCT HT 9 00 ot 001 011 g T3 | V3 01 001 oM 131 49

LF 10 00 001 Mo nmaz oA Tid J 74 61 001 10 112 4h

VT 11 o out 011 033 0B Th [ e 01 o001 011 113 1B

FF 12 1 QU1 100 014 [ Ti2 L 76 01 001 100 114 ac

R 13 00 oM 1M ms oo T3 M 7T 01 001 101 115 4D

50 14 0o 901 110 016 NE T14 Il 78 01 001 110 116 4E

=1 15 00 0 11t oy OoF T15 [l 79 01 00l 111 117 4F

Universal DLE 16 00 010 000 020 10 T16 P B0 01 010 00D 120 A0

Command LLO oci1 17 Jo 010 o 021 1 ™7 [ B1 01 010 oM 1 i

Group DC2 8 00 410 Na 022 12 T18 R B2 01 010 0o 122 52

ZGH [ 9 00 010 g1t 023 13 T19 5 83 01 310 011 123 53

DL oC4 20 oa 010 100 024 14 T20 T ix] 01 010 100 124 54

FPU M AK fial Qo 810 11 025 15 T21 1 Ha 01 010 1M 125 55

SYM 22 0a 010 1138 028 16 T22 ¥ He 01 010 110 126 56

ETB 2 00 010 1M1 027 17 T23 W ar 01 010 111 127 ar

SPE CAN 24 a0 011 000 030 18 T24 3 Ha 01 011 000 130 58

SPD EM 25 00 011 001 o3 19 T2s ' a9 01 011 om 13 59

suB 26 0o 011 010 03z 1A T26 Z g0 01 311 010 122 54

ESC 27 oD o011 oM 033 18 T2v | k)l 01 011 011 133 58

F5 28 00 011 100 034 1C T28 a2 g1 011 100 134 AC

GS 2 a0 015 1 035 10 T29 | a3 01 011 1M 13 50

RS g 00 011 110 036 1E T30 ' 94 01 011 110 136 5E

us 31 0o 011 111 037 1F UNT — 495 01 Ut 1 137 SF

Listen La sp 2 00 100 000 040 20 Secondary 30 96 a1 100 000 140 60

Address L1 ! 13 00 100 001 o &1 Command S1 a a7 01 100 001 141 a1

Group 2 34 J0 100 010 o4- a2 Group 52 h 28 01 100 01y 142 62

1ILAG L3 # a5 0D 100 011 043 23 15CG 53 [ k2] 01 100 011 143 B3
Mote 1 Hote 3

L4 3 36 00 100 100 044 24 54 bl no 01 100 100 144 64

L& % 37 00 100 101 045 25 S5 2 o1 01 100 101 145 65

L6 & 38 00 100 110 046 26 S& f 102 01 100 110 146 a6

L7 39 a0 100 11 047 27 T b} 103 01 100 111 147 ar

La | 40 00 101 000 090 28 S8 h 104 01 101 0N 190 68

L9 | 41 00 101 o 051 29 =9 1 104 01 107 o 151 69

L10o * 4z 0o 101 Q1D 052 an 510 | 116 o1 101 1o 152 [}

L1 + 43 00 101 o1 053 2B 11 k 107 01 101 01 153 [=]=]

t12 44 aoc 101 100 054 2C 8512 | 108 n 101 100 154 6C

L13 - 45 00 101 101 {154 20 513 m ny ot 101 11 155 aD

L14 46 0o 101 110 156 2E S14 n 110 01 101 110 156 6E

L15 ! 47 oG 101 111 05v 2 515 W] 111 01101 111 187 6F

L16 0 48 00 110 000 0en 0 516 o} 12 01 110 000 160 70

L17 1 49 03 116G 001 081 ERl S17 [b} 113 J1 110 am 161 V1

L18 2 50 00 110 010 062 BN S18 r 114 0% 110 010 162 72

L1% 3 51 g 110 01 Je3d 33 519 5 115 a1 110 on 163 ¥3

Lz 4 52 00 110 100 Jed 34 SZ0 4 116 01 310 100 164 4

L21 5 &3 a0 110 101 a65 15 S21 U 1"y 01 110 10 165 75

Liz2 -1 54 00 110 110 066 36 S22 v 118 01 110 110 166 76

L23 T 55 00 110 111 a67 7 523 w 119 01 110 111 167 7

L4 a 58 a0 111 0D g7a 38 524 . 120 01 111 000 170 ]

L25 9 57 an 111 00 G il 525 ¥ 1M 01 111 0N 171 78

L2& 58 a0 111 0 ayz JA €26 I 122 o] o111 00 172 VA

L27 . 59 Qo 111 011 073 3B 527 | 123 a1 111 01 173 7B

LIB < b0 00 111 100 nrd I 28 | 124 o1 111 100 174 C

Las = 61 o0 111 1 Q75 Elnl Y] ! 125 a1 111 1m 175 70

£30 = 62 a0 111 119 (e 3E 530 -~ 126 01 111 110 176 7E

UL 1 63 oo 111 111 077 IF EER CEL 127 01 111 111 177 7F

ROTES 1 L=n>#MLA assigned to device number ~n>
2 T=n>=MTA assigned to device number :n>
3 Meaning defined by Primaty Command Group code

9-2
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Table 9-2 HP-IB lessage Reference Tabfe

Reaiel
Commanas
Coniel e fars
[msirument Response - ¥
Daia Yes i all froni panel, menu, and remoie funciions except | CAB  MLA L3
¢ LINE switch. Also, all instrument seltings may be read | EC1 - UNL 75
E via the HP-1B EQS  MTA
UNT
oTA !
Trigger Yes Responds as if the “RUN" System command were GET DTi
1ssued, MiLA
Clear Yes Responds by: clL oC1
= Terminating bus communicaiion 500
v Clearing serial poll bits
« Clearing input and ouiput buffers
v Clearing error gqueue and key register i
> Stopping measurements and acquisitions. | _
Remoie Yes Enabled o remate mode when the REN bus conirol REN RL1
line is true. However, it remains in local until itis ~ + MLA
addressed to lisien the first time. '
1 _
f
Local Yes Returns from remote to local when it receives ihe GTL RL1
Local massage or the LOCAL key is pressed Seitings | WLA
remain unchanged after the remote-to-local
transition.
Local Yes When n remote, and local lockout 15 in effect, the | LLO RL}
Lockoui tfront panel is disabled. Gnly the system controller
can rewurn the instrument to local.
Claay Yes Relurns to local and local REN RLI
Lockout lockout 1s clear when the
Sat’ REM bus control line goes
Local false,
Pass/ Neo The controller subset is TCT o
Take not implemented.
Control
Require Yes Sais the SR line true SRO SR
Service wnen onz of ihe seivice
request condilions occur,
if it has been enabled 10
send the RQS message for

that condition.

0
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Table 9-2 HP-IB Message Reference Table (continued)

Related
Commands
HP-1B and
Melta Control Interface

Message | Applicable Instrument Response Lines Functions
Status Yes Responds to a Serial Poll SPE 15
Byte Enable {SPE} bus command SPD

by sending an 8-bit byte STB

when it is addressed to

talk. Bit 6 (RQS bty is

true 1t the 54100A/D has

set the SRQ bus control

line true The byte is

cleared after 1t is read

by the HP-IB controller if

the RQS bit was set.
Status No Does not respond 1o a PPE  PPC PPO
Bit parallel poll. PPD PPU
Abaort Yes Is unaddressed to listen IFC TS

or talk. L3

The unit must be 1n the Talk/Listen modea before the local to remate transition can be made.

The 54110D supports the following HP-IB interface functions: SH1, AH1, T5, TEO, L3, LEO, SR1,
RL1, PPO, DC1, DT, CQ, ET.

9-5. LOCAL MODE

When the 541100 is in the local mode all the front panel controls are operational and the
instrument will not respond Lo nput data over the bus. If the unit 1s addressed to talk it can send
data messages and the stalus byte. Whether addressed or not the 54110D will respond to the
remote, local, local lockout, clear lockout/set local, trigger and abort messages. The unit can also
output a require service message n the local mode.

This instrument always switches to local from remote whenever it receives the local message (GTL)
or the clear lockout/set local message. The clear lockout/set local message sets the remote
enable control line (REN) false. if the unit 1s in the local lockout mode the LOCAL key on the front
panel will be disabled.

The instrument’s settings remain unchanged during remote-to-local transition. The "Remaote”
indication on the HP-IB status hne on the CRT will disappear as the remote-to-local change 15
made.
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9-6. LOCAL LOCKOUT

If the unit was under remote (program) control and the front panel LOCAL key were inadvertently
pressed the instrument would return o local control. Data and/or settings could be changed. To
prevent this you may use the local lockout message. This command allows return-to-local anly
under program control,

NOTE

Return-to-local can be accomplished by cycling the power switch, however,
this technique has two potential disadvantages.

& The system controiler may loose control of the instrument.

& Other HP-1B conditions reset to default states at power up.

9-7. ADDRESSING

If the bus 1s in the command mode i.e., the attention control line {ATN) is trug, the 54110D
interprets the byte on the eight data hines as an address or as a bus command. When the
"Talk/Listen” HP-18 function is selected from the front panel the instrument may be addressed to
talk ar to listen.

if you address the instrument to listen it will remain configured to listen until it receives an abort
message (IFC), its own talk address (MTA), or a universal unlisten command {UNL) from the
controller.

If you address the instrument to talk it will remain configured to talk until it receives an abori
message {IFC), anothet instrument's talk address (OTA), its own listen addiess (MLA}, or a universal
unialk cammand (UNT). The HP-1B status line on lhe CRT will indicate "Talk" when the instrument
is addressed 1o talk and "Listen" when the instrument is addressed to lisien.

The 54110D 1s shipped from the factory in the addressable mode, with the talk and listen
addresses set to "7", i.e., T7 and L7 Refer to table 9-1 for equwvalent address codes. The
instrument can alsc be configured in the talk-only or hsten-only mode. These modes enable
mited bus operation without an HP-IB controller being connected. The instrument's address and
addressing mode may be displayed or changed from the front panel. Refer to Section © for
complete instructions.

If the instrument is set 1o the listen-only mode it responds to all data messages sent on the HP-IB.
However, It cannot output data messages and is inhibited from responding to the remote, local,
local lockaut, clear lockout/ sel local, or abort messages. In this mode the unit cannot 1ssue the
require service message and cannot respond o a serial poll.

NOTE

The front panel 15 enabled in the hsten-oniy mode. This allows you 1o
change settings while a program 1§ executing.

If the instrument is set to the tatk-only mode it does not respond to any of the bus messages. You
would select this mode if the 541100 was to output data directly to an HP-IB plotter or printer
without the aid of a HP-IB controiier
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9-8. HP-IB TURN-ON DEFAULT CONDITIONS .

Several HP-IB parameters are reset during power-up, however, both the unit's address and
addressing mode are saved in nonvolatile memary,

HP-1B default conditions are:

HP-IB local mode

Local-lockout cleared

Unaddressed (if in normal addressing mode}

RQS mask set to decimal 32546 (bits 1,5,8,-14 set)
Status byte register cleared

WAVE FORMAT set to WORD

EQI 15 asserted at the end of messages sent by 54110D
LONGFORM is OFF

HEADER is OFF

ARGUMENT is NUMERIC

Refer to Section 10 for a complete discussion of the WAVE FORMAT, EQl, LONGFORM, HEADER,
and ARGUMENT commands.

9-9, DATA MESSAGES

The 541100 communicates on the HP-IB primarily with data messages. The instrument interprets
a byte on the eight data ines as a data message when the bus i1s in the data mode 1.e., attention
cantrol ine (ATN) is false.

This instrument can both receive and send data messages. Input data messages include the .
instrument's program commands (device dependent commands) used to program front panel

functions and all remote funclians Qutput data messages include instrument status information,

the settings of of specific funclions, measurement results, and the learn and cal strings.

The learn and cal sirings are binary data strings that contam a condensed coding of the entire

instrument stale and the delay cal factors. Refer to paragraph 9-12 and the descriptions of the key
words; SETUP, SETUP?, CALIBRATE, and CALIBRATE?, in Section 10.

9-10. RECEIVING THE DATA MESSAGE

The 54110D responds to data messages when 1t s in the remote mode {REN 1s true) and the unit is
addressed to Iisten or when it is in the listen-only mode.

Input data messages contain a string of device dependent commands (program commands) and
an end-of-sinng message. The program codes within a data message are executed after the EOS
message is received, The following format rules must be observed for all input data messages.

® A linefead (<LF>) or an EOI is used as the EOS message. Each data message must be
terminated by a <LF> or by asserting the EQI {end or identify), bus signal line with the last byte
in the message.

® The carriage return character (<CR>) 1s not required before <LF>.

® When more than one command is sent In a data message, a semicolon, colon, or a space
must be used to separate the program commands. .

9-6
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& Mulbple arguments for 2 command must be separaled by commas.
& The iofal lengih oi a data message slring may not exceed 300 characlers,

Syniax errors in a data message are irapped and can be reported over HP-1B. Asisi io iey woids
“STATUS?", and "ERR7?" in Section 10 for delails concerning detecling and reporling formei errors.

2-11. PROGRAN ORDER CONSIDERATIONS

Commands are interpreied and setups are changed in the 54110D's memory as iney ars recaived
and found la be syniaclically correct. The aciual hardware seitings are changed &i tha and oi a
massage (EOS) unless a command io iniliaie a process is encouniered. Process cormmancs &re
immediaie exccubion commands and include auioscale, sysiem commands sucn as "DiCITIZE",
ant measurement commands. In these cases, hardware affecied by commands preceding ine
process command is changed before the process is iniiated Program iines wilh more wen i
command are sxeculed up io ihe poini where an error is detected. This provides consisiant

operalion wheiher commands are seni one per message o saveral per message.

i multiple pulse parameier measurement queries are seni in one message, the ensweis from (hoss
measurements will ba gueued for guiput in the order thai the queries were recaived. QUiDUIs In
response (o other gueries are not queved. The last guery will determine ihe message Ui by
ihe 54110D when it 1s nexi addressed to talk.

&2, PROGRAM COMMAND FORMAT

Arogram commands consist of a header followed by a parameter field. Headers can b2 of & iong
er short form. The long form allows easier understanding of program code and the shori ioim
allows moie efficient use of the computer, Reier o Section 10 for a thorough Giscussion of sinort
and lang forms.

Piogram comimand parameters may be of four iypas:

3trings - Any group of ASCII characters, excluding quotation marks (decimal 34), surroundec by
auotation marks

Focks - A block of binary data in ihe #A formal as defined in IEEE Sid. 728-1982. riis format is
a inary blogk with the iormat:

Lt ><A><length word><DAR...DAR

Length ward is a 15-bil binary integer representing the number of DABs. DABs are ihe daia byles.
<A> and <#> are ASCll bytes. 4} Numeric - Any integer, floating point, or exponeniial value Tha
characiers <E> or <e> are used to delmit the mantissa oi exponential parameters. Spaces are
allowed between <+», <->, of <E> and digits, but not betwaen digits or <.> and cigils.

Alphe - Some commands require or allow alpha arguments such as "ON", or "O°7". Tasse
arguments are ASCI| sirings that start with an alpha character and are followed by & priniable
characler excepl a <8P>, <>, <,>, <#>, <'>, OF <_> (delete).

‘e general rules for program command formatting are:

3 The 54110D sends and receves data messagas in standard ASCIl code.

©w
<
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# The instrument responds equally to upper and lower case characters.

® Parameter fields containing multiple parameters require a (,) to

delimit indwvidual parameters. Syntax errors in dala messages are trapped
and can he reported via HP-IB. Refer to Section 10 for a discussion of the
key words "STATUS?" and "ERROR".

9-13. SENDING DATA MESSAGES

The 54110D can send data messages in local or remote mode, when addressed g talk, ar when
in the talk-only mode.

NOTE

Before the instrument is addressed o talk, the desired output data must be
specified with the approprigte input data message.  Otherwise, the
wstrument outputs the over range value "1E38" by default to complete the
bus transaction. If the ERR service reguest is enabled, a service request will
be generated with the "Output Buffer Empty” error 10 the ERRor queue.

Output data messages include the settings of individual functions, instrument status information,
and binary learn string or cal string data. Excluding the learn and cal strings there are two output
data types; integer and expanential. All output data messages contain a leading space (<SP>) or
minus sign (<->) followed by the function value or stalus data. <CR> and <LF> are sent as the
EOS message for all output data. An EQI can be sent with the <LF> if the EOI has been keyed on
from the front panel or by the "EOI" program command.

Refer to Section 10 for a description of key words "LONGFORM", "HEADER", and "ARGUMENT".
NOTE

The 541100 cutputs exponential values with the ASCIHI character "E" between
the mantissa and the exponent e.q., 602E23.

9-14. LEARN AND CAL STRINGS

If 2 "SETUP?" command is sent to the 541100 and then the 54110D 15 addressed to talk the unit
will output a learn string. The learn string consists of 236, 8-bit bytes containing information about
front panel canfiguration. This binary data can be stored in the controller's memory for future use.
The learn string includes only thase parameters that determine the front panel setup of the
instrument,

If a "CALIBRATE?" command is sent to the 54110D and then the unt is addressed to talk, it will
output a cal string. The cal string consists of 24, 8 bit bytes containing the delay cal factors. This
binary data can be stored in the controlter's memaory for future use

The learn string and cal string data comprise the same informatian that 1s in the instrument’s
SAVE/RECALL registers. Refer to Section 6 for additional infarmation concerning these registers.

These binary data blocks i.e., the learn string and the cal stning, can be returned to the 54110D by
preceding the data blocks with the "SETUP" or "CALIBRATE" commands as appropriate. Refer to
Section 10 for a discussion of these two key wards.
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8-15. RECEIVING THE CLEAR MESSAGE
The 54110D responds to the clear message <DCL> and selected device clear message <SDC> by:

1 Cleanng all senal poll status bits.

2. Clearing the input and output buffers,

3. Clearng the error queue and key reqister.

4, Stopping any measurement or acquisition processes except
the normal background acquire-display cycle.

9-16. RECEIVING THE TRIGGER MESSAGE

The Yigger message (GET bus comimand) causes the 54110D to make a single acquisition if the
unit was in the STOP/SINGLE mode. If the unit 13 In the AUTO or TRigereD mode the trigger
message will cause the instrument lo enable the tngger repeatedly and display the data it acquires
on the CRT See the RUN command in Seclion 10.

g-17. RECEIVING THE REMOTE MESSAGE

The remote message has iwo parts: The remote enable bus control line (REN) is held frue, then
the controller sends a device listen addiess <MLA>. Instrument sethings are unchanged during the
transition from local to remote. When the unit is in the remote mode the HP-1B status line on the
CRHT will indicate "Remote”.

5-18. RECEIVING THE LOCAL MESSAGE

The local message returns the 54110D o front panel control. The local message (GTL bus
command) addresses the instrument to listen and then switches it from remote to locai. The HP-IB
status line on the CRT will be ehmnated when you go from remote to local. None of the
instrument settings are changed during Lhis transition.

Although the local message returns the instrument to front panel control, it does not clear the lacal
lockout if it has been previously set,

9-19. RECEIVING THE LOCAL LLOCKQUT MESSAGE

The local lockout message (LLO bus command) disables the 54110D's front panel LOCAL key.
Local lockout can be set when the instrument is either in the local or remote modes. After the
local lockout 15 set and the unit 15 n the remote mode, local lockout will be enforced. While the
unit is in remote and the local lockout 1s set, the remote to local transition can only be made over
MP-IB.

$-20. RECEIVING THE CLEAR LOCKOUT/SET LOCAL MESSAGE

The clear fockout/set local message sets the REN contiol line false and returns the instrument
from the remote mode to the local mode and clears the local lockout condition. Instrument
setlings are not changed by this message. It can be senl when the instrument is either 1n the
iemote or local mode. The affect of sending this message when the inslrument 15 in the local
mode 1s to clear the local lochout 1l it 15 set

9-9
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9-21. SENDING THE REQUIRE SERVICE MESSAGE

The 54110D sends the require service message by selting the SRQ bus contral line and bit 6 of the
status byte true when a previously programmed condition pccurs. The instrument can send the
require service message in either local or remote mode. The require service message is cleared
when a serial poll is executed by the system controller. During senal poll, the SRQ control line is
reset immediately hefore the instrument places the stalus byte message on the bus. Table 10-1
includes the conditons that can be selected to cause the require service message. [f no
conditions are selected, the require service message is disabled.

The 54110D ndicates having sent the require service message by displaying "SRQ" on the HP-IB
status line. This indicator 15 turned off when, during a serial poll, the SRQ control line is reset

The 54110D will not send a reguire service message uniess it 1s in the Talk/Listen mode.
9-22. THE STATUS WORD

The instrument status word is a 16-bit integer containing information about the mstrument
condition that set the ready bit in the status byte and/or generate a require service message. Refer
to tables 10-182 for a description of the bits in the status word. The upper 8 bits of the status
word are known collectively as the ready byte and the lower B bits correspond to the status byte
sent dunng a serial poll.

The request mask is a 16-bit ward that 15 used to specify both the conditions in the ready byte that
sel the ready bit in the status byte and the conditions in the status byte that generate the reguire
service message

The bits in the request mask have the same meaning as thase in the instrument status ward. The
ready bit in the status byte is set when all of the conditions corresponding te bits in the ready
mask are lrue at the same time. This bit is actually set on the transition of the last required
condition to become true

9-23. SENDING THE STATUS BYTE MESSAGE

The status byte messaage consists of one 8-bit byle. Refer to table 10-1 for the meaning of each
bit. The 54110D sends the status byte message when it is addressed to talk and it receives the
serial poll enable (SPE) bus command from the HP-IB system controller.

The instrument must be in the Talls/Listen mode in order to send the status byte or respond to the
SPE or SPD (senal poll disable) commands.

Bits 1n the status byte are set depending on the state of the instrument. If a condition occurs that
causes one of the its in the status byte to be set and If its corresponding bit in the request mask
is set, the require service message will be sent.

If the RQS bit is set, indicating that the instrument sent the require service message, and a senal
pall 1s executed, all bits in the status byte will be cteared. If the RQS bil is clear and a serial poll is
executed, the status byte will be left unchanged.
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li a condition lhai causes one of the bils in the status byie o be sei is removed anc if the
carrespanding bit in the request mask is clear, the correspanding bit in the staius byle will b2
cleared,

To supplement the information in the siatus byle, the ERRor query can be used io cdetermine whal
specific efror pccurred.

24, RECEIVING THE ABORT MESSAGE
The abori message (IFC conirol line true) halts all bus activity. When the 341100 receives iz

abort message, it becomes unaddressed and stops falking or lisiening. The require sarvics
message and the staius byte are unalffected by the abort messaqge.

NOTE=:
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SECTION 10
COMMAND SET OVERVIEW

i0-1, INTRODUCTION
with the exception of the line switch, all the front panel controls as well as some instrument
features that are remote only operations can be controlled by sending the appropriate commands
aver the HP-IB
NOTE

Before you get siarfed programming your 54110D make sure to review

Section 4 for information concerring HP-IB address selection and HP-1B

interconnections  You should also review Section 9 before continuing with

this section.
10-2. COMMAND SET ORGANIZATION
The command set for the 54110D is conveniently divided into eleven separate groups, ten have
been organized inte functional groups such as the Trigger Subsystem, which contains all the
HP-1B commands that control the instrument’s triggering functions.
These subsyslems include:

1. Acqguire Subsystem

The commands in The Acquire Subsystem delermine the conditions for the DIGITIZE
command.

2. Channel Subsystem

The commands in the Channel Subsystem are used to control the two vertical inpuls. (See
the VIEW and BLANK System commands for viewing channels 1 & 2 on the CRT }

3. Display Subsystem

The commands in the Display Subsystem are used to control how data, ime & voltage
markets, text, and the gralicules are displayed on the CRT.

4. Function Subsystem

The commands in the Function Subsystermn are used to control the waveform math features
of the instrument.

5. Graph Subsysiem

The commands in the Graph Subsystem contral the verfical magnifier on the instrument.

10-1
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6. Hardcopy Subsystem .

The Hardcopy Subsystem coemmands contral parameters used during the printing and
plotting of waveforms from the 54110D.

7. Measure Subsystem

The commands in the Measure Subsystem controt the automated measurements that can be
made with the 54110D.

8. Timebase Subsystem

The commands in the Timebase Subsystem control the timebase section of the 54110D.
9. Trigger Subsystem

The commands in the Trigger Subsystem control the tngger modes of the 54110D.

10. Wavelorm Subsystem

The commands in the Waveform Subsystem Control the transfer of data to and from the
HP-IB buffer memornes in the 541100.

The 11th group is the System Commands. They control the HP-1B operations as well as the
basic cperation of the 54110D

[eparntor |

separateor
[ . L,

| ocquire subsystem currmunds} 1

——-l channel subsystem commonds |———>
4—[ dispiay subsyatem cumundsJ——>
4—[ function subsysiem commends |————
44 graph subsystem commands }———-
#—[ hardcgpy subsystem commands }-——D
———-I meosure subsysltem commands }——b
4~| timebase subsystem commands |———
4—| trigger subsyatem commands l——’
4—| waveform subsystem commands }——b

Figure 10-1 Command Set Syntax Diagram.

10-2
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separntorll (EO'I ON LAST DATA BYTE } [

~{1F—

o "
TN

"}
A\
2

{ SPACE }
—— 88311819

Comrnand Syntax Diagram (continued ),
When programming the 541 10D you can initially issug a Subsystem Select Command or a Sysiam
Command from the controller to the 54110D. If you have selected a paiticular subsysiem you may
execute any number of the commands in that subsystem, call System commands indiscriminaiely
or select another subsystem. Caling a Sysiem command does nol change the Sezlected
Subsystem. Refer to figure 10-1.
NOQTE

System commands can e nvoked at any time and do not change the
subsystem selection.

NOTES:

10-3
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10-2. NOTATION CONVENTIONS AND DEFINITIONS

The lollowing conventians are used in this manual In descriptions of remote {HP-IB) operation:
< > Angular brackets enclose words or characters that are used to symbolize a program
code parameter or an HP-IB command, e.g., <A> represents the ASCII character "A".

| "or: indicates a choice of one element from a list. For example, <A>| <B> indicates <A>
or <B> but not both,

. Trailing dots (an eflipsis) are used to indicate that the preceding element may be repealed
one or more times.

[ 1 Square brackets indicate that the enclosed items are optional.

{) When several ilems are enclosed by braces, one, and only one of these statements must
be selected.

The following delinitions are used:
d:: = A single ASCH character, 0-9.
n:: = A single ASCI1 character, 1-8.
<LF> = ASCI linefeed {decimal 10).
<CR>.; = ASCIl carriage return {decimal 13).
<gp>i. = ASCIl space (decimal 32)

10-3. COMMAND ABBREVIATIONS

Every command and every alpha parameter has at least two forms, a shortform and a longform, in
some cases they will be the same. The shortform is obtained by using the following rule:

If the longfarm has more than 4 characters,
then if the 4th character is a vowel or the same as the 3rd character,
then truncate 10 3 characters,
else truncate to 4 characters.

EXAMPLE - LONGFORM abbreviates to LONG.
SERIAL abbreviates to SER.
YOFFSET abbreviates to YOF.

In the case where two short forms would be identical, one of them will be changed slightly to
differentiate between the two. In the command descriptions that follow, each command is given in
both long and shortforms Some commands also have industry standard forms and these have
been included in the instruction set. This means that some commands will have three forms.

10-4
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10-4. ALPHA AND NUMERIC ARGUMENTS

Most of ihe programiming cemmands that require parameters can use either ALPHA of NUMERIC
arguments for their parameters.

EXAMPLE - OFF is the same as 0.
ON is the same as .

15, DATA QUTPUT (QUERY) FORMA™

When a guery command (command followsed by a "?"} is seni lo ihe 54100A/D, & response
message is generated and sent back to the controller ihe nexi time the 54100A/D 1s addressad (o
iaik.

The command header will be returned if the HEADER command has been set ON and will nol ba
returned if sei to OFF.

The command argument will be returned as an alpha argumeni it ihe ARGUMENT comimand hes
bezen sei io ALPHA and will be returned as a numeric argument if sei to NUMERIC. Headers and
aloha argumenis will be returned i the longform if LONGFORM command has been sel ON anc
wiil b2 returned in the shortform if set OFF.

All ouiput fields are an even number of bytes in length. There are iour types of outpui argumanis;
{1)Headers and Alpha arguments, (2) integers, (3) Real numbers and (4) Enumerated oulpui. Thne
snumerated ouiput may be alpha or integer depending on whether the ARGUMENT command is
sai i0 ALPHA or NUMERIC

R, COMMAND ORDER CONSIDERATIONS

Commands are interpreted and setups are changed n the 54100A/D as ihey are received anc
found io be syntactically correct. Commands preceding an ervor in mulli-command messages aie
execuied up 1o the poini where the error i1s detected. This provides consistent operaiion wheiher
commands are seni one per message or several per message.

When a query 15 executed the reply 1s placed in the output buffer of the 54100A/D. Muliple
queries on one line result in ihe fasi reply overwriing the previous replies. The exceplion io inis s
when muliiple parameter measurement qgueries are sent on one command line. 1n this case the
ieplies to the measurement quenegs are buffered i ihe order that the gueries occurred w the
command line.

. DEFAULT SETTINGS

When power 15 cycled on the instrumeni several interface paramelers are pul in the preset
conciion. Specifically ihe request mask (RQS mask) is set o 32546 (bit 1,5,8-14 setl).

If you hold a front panel key down at the same itme the unil is energized (key down powar-up) the
unit will initialize a more compleie sel of parameters. These include selecting argumenis 0 be
aumeiic, headers off and longform off, and EQ! o be asserled with ihe lasi daia byie of a
message. This has the same eifect as sending a "RESET" command excepi thal the resel
command does not change the EOI selechion. li a deeper reset is required you may hold TWO
fronl panel keys down al the same time the unit is energized, in addilion io initiaiizing ihe same sei
of parameters that a single key down power up did, It also erases all avalable nonvolaiile RAM.

i0-3
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10-8. STATUS WORD

The instrument status word 1s a 16-bil integer contaning information about the instrument
conditions that set the ready bit in the status byle and/or generate a Require Service message.
See Tables 10-1 and 10-2 for a description of the hits in the Status Word. The upper 8 bits cf the
Status Word are known colleclively as the ready byte The lower 8 bits carrespond to the status
byte sent during a serial poll,

A campanion 16 hit word, the request mask, is used to specify both those conditions in the ready
byte that set the ready bit in the status byte, and those conditions in the status byte that generate a
Require Service Message. The hits in the request mask have the same meamings as those in the
instrurnent status word. The reacdy hit in the status byte 15 set when all of the conditions
corresponding 1o bits in lhe ready mask are true at the same time. This bit 15 actually set on the
last transition of the last required caondition to become true.

The "REQuest" programming ¢ommand is used to specify the request mask while the "STAlus"

programming query can be used to read the instrument status word.

NOTES:

10-6
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&7 MASK STATUS 817 CONDITION
HEIGHT

7 128 M5G = High indicates that a message was displayed on tne
status line of the display. A MSG query is used to
determine the message ceode.

6 64 RQS = Requesting service - High indicates that this
instrument requested service.

5 32 ERR = Error - High indicates an error occuried. An ERROR
query is used to determine ervor code.

4 15 RDY = Ready - High indicates the instrument is ready. This
1% based on the ready mask. A RDY query is used to
determine condition.

3 8 LCL = Local switch or power cycle - High indicates that the
instrument has been switched to local from the front
panel or power was cycled off then on again.

2 4 FPS = Front panel service request - High indicates a front
pahel key has been pressed, A KEY query is used to
determine the key code.

1 2 PWR = Mot used, always 0,

0 1 RQC = Request control - Mot used, always 0,

Motes: 1. Tao set the RQ5 bit and SRG bus controel Tine true, the condition

. The Ready bit (bit 4) is set when all conditions in the Ready

must be enabled in the RQS mask.

If no condition is enabled, the 54110D can not set the SRQ

bus cenirol line nor the RGS bit true. However, bits 1-5 and 7
of the status byle are sel to indicate which conditions nhave
occurred.

Byte (Table 10-2) enabled in the request mask are true.

Table 10-1 The Lower Byte of the Status Word
{The Status Byte)

10-7
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BIT MASK READY BIT CONDITION
WEIGHT
15 32768 | Not used, always 0.
14 16384 | Cal = High indicates Lhat self calibration has completed
execution.
13 8192 Test = High indicates that the requested self test has
compieted execution.
12 4096 Hard = Hardcopy compiete - High indicates that the last byte
of printer or plotter dump has been sent and received
11 2048 Data = Data available - High indicates that something is
in the buffer waiting to be read.
10 1024 | Acq = Acquisition complete - High indicates that all
waveforms are acquired.
9 Bl2 Triq = Triggered - High indicates that the instrument is
receiving trigners.
8 256 Parse = Parse complete - High indicates that the last
command has completed parsing.
Note: The Ready bit (bit 4) of the Status Byte {Table 10-1) is set if all
af the ready conditions specified in the RQS mask are true.

10-8
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. WHERE:

MENU_NUMBER = An integer tfrom 1 o 14
KEY NUMBER = An integer from 1 to 63 (see iable 10-3 for keycodes)

8TRING ARG = Any collection of ASCII characters excluding guotes,
surrounded by quotes,

REG ARG = An integer [rom 0-9.

WMASK = An inleger between 0 and 65535. This number 15 the sum
of all the bils in the request mask corresponding to conditions
thal are to be enabled. See tables 10.1 and 10-2 for the bit

definitions in the request mask.

ELOCK BATA = A block oi daia in #A format as defined n IEEE
Sid 728-1982.

SHANNEL NUMBER = An integer 1 or 2

> ANE_NUMBER = An integer from 0 o 2.
MEMORY _NUMBER = An inieger irom 1 to 4.
FUNCTION NUMBER = An integer 1 ar 2.

. Figure 10-2. System Commands (cont'd}

10-9, SYSTEM COMMANDS

System commands control HP-IB operalions as well as the basic operation of the oscilloscope.
They can be called at anylime and when the system command has been executed the unii will
return to the subsystem that it was in before the system command was executed. Refer i0 Figure
10-2 for syntax of 1hese commands

ARGument sommanti/guery

This command sets the output mode for the instrument’s response (o a query for commands
that have both alpha and numerical arguments. [f the alpha response is selected ihe
arguments are returned in the alpha format and follow lhe same abbrewiation rules as ihe
commands. If the numeric response is selected the argumenis are returned in the numeric
format. This command does not affect the input data messages to the 54110D, ihal is,
arguments maybe in either alpha or numenc form regardless of how the ARGUMENT
command 1s sei. The response to a query will be returned in the current argument mode

. {conlinued cn next page)
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ARGument (cont’d)

Command Syntax: ARGument {[ALPHa | 1 1]
[NUMeric | O 1}

Cxample: OUTPUT 707;"ARGUMENT NUMERIC"
Query Syntax: ARGumeni?

Returned Format: [ARGument]<argument><crl]f>

Example: OUTPUT 707;"ARGUMENT?"

ENTCR 707;Arqument$
PRINT Argument$

AUToscale command

The AUToscale command causes the instrument to automatically select the vertical
sensitivity, vertical offsel, tngger level and sweep speed for a display of the input signal. If
input signals are present al bolh vertical inputs the sweep will be triggered on Chan 1 and
the display will go to the split screen mode and the vertical sensitivity for each channel will
be scaled appropriately. I only one of the vertical inputs has a signal on i, the split screen
function will be turned off. See Operating Characteristics for input signal requirements for
proper AUToscale operalion.

When the AUToscale cycle 15 complete, the Timebse menu will be selected, the input
devices will be assigned to the SEC/DIV and the unit will be in the Remate Listen mode.

Command Syntax: AiToscale

Exainple: OUTPUT 707;"AUTOSCALE"

BLANK command

The BLANk command causes the instrument to turn off, {stop displaying), an active channel
display, function, pixel memory or wavetorm memory. If you want to turn off an active
display channel use the parameter Channel 1|2, if you want to turn off a pixel memaory use
the parameter Plane 1|2, where plane 1 = pixel memory 5 and plane 2 = pixel memory 6.

Command Syntax: BLANk {[CHANnel { 1 | 2 }]
[FLANE (L | 2 }]
FUNCTION {1 | 2
[MEMory {1 | 2 |

Example: QUTPUT 707:"BLANK CHANNEL1"
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CALibrate command/query

This command sends o Cal Binng to the instrument. A Cal Stiing consists of 24 8-bit bytes
containing the Delay Cabbration faclors that are setup in the Cal Menu, These Cal factors
arc also saved during a front panel SAVE operation and are recalled during a front panel
RECALL operation The CALibiate query sends the Cal String to the controller using the
same format as required by the CAlibrate command. This means that no modification
needs to be made 1c the sliing between the time that it is received from the instrument after
the query and the time {ha! it 1s sent back lo the instrument

Command Syntax: C(ALibrate<Cal String>
Example: OQUTIUT 707:"CAL"
guery Syntax; CAlibrate!
Returned Format; [CALibrate]<Cal String><crlf>
Example: DIM Cali|[24]
QUTPUT 707:"EQI ON: HEADER OFF"
OUTPUT 707."CAL?"

ENTER 707 USING "-K":Cal$
. OUTPUT 707:"CAL ":Cal$

CLEAR command

The CLEAR command performs an operation similar to a Device Clear <DCL»> or ihe
Selected Device Clear«SDC>. The 54110D responds to lhe CLEAR message by:

Terminating all bus communications N process by untalking and unlistening,

Clearnng all serial poll status bits

Cleaning the input and output buffers

Clearing the enor queue and key reqister,

Stopping any measurement or acguisition processes except the normal
background acquue-display.

Y T

Command Syntax: CLEAR
Example: OUTPUT 707;"CLEAR"
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DiGitize command

This command is used to acquire waveform data for ransfer over the HP-IB. it causes an
acquisition to take place on the specified channel(s) with the resulting data being stored in
the corresponding waveform memory i.¢., channel 1 data 15 stored to waveform memory 1
etc. If ACQuire TYPE 5 ENVELOPE, minimum and maximum data for channel 1 will go n
waveform memories 1 and 3 1espectively.  Simuarly, minimum and maximum data from
channel 2 will go into waveforrm memories 2 and 4. The ACQUIRE subsystem commands
are used to setup condilions such as TYPE, COMPLETION criteria, number of POINTS and
the average COUNT for the nest DIGITIZE command, See the ACQUIRE subsystem for a
description of these commands.

Command Syntax: DIGitize [CHANnel]{ 1 | 2 | 1.2 }
Example: OUTPUT 707;"DIGITIZE CHANNEL 1,2"

DSP command/query
This command writes a string lo the advisory line (line 15) on the CRT. The query returns .
the string last written to the advisory line. This may be a string written with a DSP command

or an internally generated advisory.
Command Syntax: DSP<ASCII string>
Example: OQUTPUT 707:"DSP""COLOR DISPLAY"""
Query Syntax: DSP?
Returnad Format: [DSP]<string»<crlf>
Example: DIM Dsp$[4c]
OUTPUT 707:."DspP?"

ENTER 707:0sp$
PRINT Dsp$
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BN sommang/auery

This command specifies whether or not the lasl byte of a reply from the 541100 is io be

sent with the EO! bus control line set true or nol. The query returns the current sialus oi
EOI.

Cowmand Syntax: FOT {[CN | 1 ] | [OFF | 0 ]}
Example: QUTPUT 707;"EQOI OFF"

Tuery syatax: E0I?
Returned Format: [EOI]-argument><crlf>
Exampie: OUTPUT 707;"EOI?"

ENTER 707:E0i$
PRINT Eoi$

ERASe SemmETe

This command erases a specihed display memory plane. Plane 1 is pixel memory 5 Plane
2 is pixel memory 6. Erasing plane 013 lhe same as pressing the CLEAR DISPLAY froni
pane! key. 1f the scope 15 running and being inggered and ERASe ptane 0 is executed inhe

mstrument will momentarily stop acquinng data, clear the CRT and then conlinue with daia
acquisition.

command Syntax: ERASe PLANE { 0 | 1 | 2}

!

Example: OUTPUT 707;"ERASE PLANE 0"

Ry

FREarT ~rg

The gquery causes the 54110D to outpui the nexi etror number i the eiror qusue over
HP-1B. This insirument has an error queue that is 16 errors deep and operales on a firsi-in
irst-out basis. Successively sending the guery, ERROR? returns the erfor numbers in ihe
order that they occur until the queue is emply. Any furiher queres then rewrn Qs unti
another error occurs. See Table 10-2 ior a list ERRor numbers.

Tuery 3yntax: ERRor?
Returned Format: [ERRov]<NRI»<crif>
Example: OQUTPUT 707;"ERROR?"

ENTER 707 USING "-K":Evrror$
PRINT USING "K";Evrror$
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The error numbers and definitions below are the ones reported during an ERROR? query.

ERROR NUMBER

DESCRIPTION

-100
-101
-110
-119
-120
-121
-123
-125
-130
-131
-132
-133
-134
-135
-142
-143
-144
-149
-150
-151

-201
-202
-211
-212
-222
-230
-231
-233

-301
-302
-311
-312
-321
-340
-350
-360
-370
-399

Unknown command

Invalid character received
Command header error

Command header expected
Numeric argument error
Numeric data expected
Numeric overflow

Mumeric syntax error
Non-numeric argument error
Character data expected
String data expected

Block data (binary data) expected
String length error

Bleck Tength error

Tooc many arguments

Argument delimiter error
Message unit delimiter error
Missing argument

GQuery expected

Query nont allowed

Command not executable in local mode
Setting Tost on power up

Settings conflict

Argument oul of range

Insufficient capability/configuration
Transmission aborted

Input buffer full or overflow

Qutput buffer empty

Interrupt fault

System error

RAM failure (hard error)
RAM data loss (soft error)
ROM checksum error

Self test failed

Timer error

Analog hardware error
Digital hardware error
Power supply failure

Pasitive error numbers are reported after a Self Test Failed error (-340). These refer to the internal

Tabte 10-3. Error Numbers

self test loops that failed to pass self test.
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HEADer command/ouery

This command sets the command echo mode for query responses. When HEADer (s set (o
ON query responses will include the command header The guery form of this command
tells you whether the echo mode is ON or OFF.
Command Syntax: HEADer {[ OFF | O J[ OM | 1 ]}

Example: DUTPUT 707:"HEADER ON"
Query Syntax: HEADer?

Returned Formal: [lI[ADer]<argument=<cr]f>

Example: QUTPUT 707;"HEADER?"

ENTER 707;Header$
PRINT Header$

iD? query
This query returns the instrument model number, 54130D.
Query Syntax: 1ID?

Returned Format: [ID}<541100><crif>
Example: DIM 1d5[10]

QUTPUT 707;"ID?"

ENTER 707:1d3

PRINT Id$

- -

KEY Commans/query
This command simulates the pressing of a specified front panel key. Keys may be pressed
over the HP-IB in any order that is lagal from the front panel. Use caulion to insure that the
instrument is in the desired mode before executing the KEY command. The quety returns
the key code tor the last key pressed aver the HP-IB. Key codes range from | io 63 with O
representing no key (returned after power-up). See table 10-3 for a Iist of key codes.

Command Syntax: KEY<keycode>
Example: OQUTPUT 707;"KEY 48"
Query Syntax: KEY?
Example: OUTPUT 707:"KEY?"

ENTER 707;kKey$
PRINT Key$
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KEY KEYCODE KEY KEYCODE

Menu Select 1 1 "t{minus) 23
Menu Select 2 2 0 24
Menu Select 3 3 1 25
Menu Select 4 4 2 26
Menu Select 5 5 3 27
Menu 5Select o 6 4 28
Menu Select 7 8 5 29
Menu Select 8 g 6 30
Function Select 1 15 7 31
Function Select 2 14 8 32
function Select 3 13 9 33
Function Select 4 12 CLEAR DISPLAY 40
Function Select 5 11 RUN 4l
Function Select 6 10 STOP/SINGLE 42
sec/Volt 16 SAVE 43
msec/mv 17 RECAL 44
gsec 18 LOCAL 45
nsec 196 AUTOSCALE 48
psec 20 he 56
CLEAR 21 «| 63
"Mfdecimal pt.} 22 no key 0

NOTE
The Menu Select Keys are located af the bottom of the screen with menu
select 1 at the iower fefi of the screen. The Function Select Keys are lpcated
at the right of the screen with function sefect 1 located at the upper right of
the screen.

Table 10-4. 54170D Front Panel Key Codes
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LICAL STTEn Y
This command performs a simitar operation to the Clear Lockout/Set Local message. li is
provided for controllers with limiled HP-IB control capability. The HP-IB Clear Lockout/Sei
Local Message 15 the prefened method of switching the instrument from Remoie io Local

and cleaiing the Local Lockoul. See paragraphs 9-6 and 9-18 for more information.
Command Syntax: LOCAL

Example: QUTPUT 707;"LOCAL"

1.ONGform SmmREn L T
This command sets the longfaorm for the nstrument's responses io queries. Ii ihe
LONGform command is sei OFF command headers and alpha argumenis are sent irom the
54i10D in the abbreviated form. i the the LONGiorm command is sel ON the whole word
will be outpul. This command does not affect the input daia messages o ihe 54170D --
headers and arguments may be mnput to the 34110D in either the long or shorl iorm
regardless of how lhe LONGform command is set. The guery returns the staius oi ine
LOMGform command.

Comwrand Syntax: LONGform {[ OFF | 0 ]
[ oM} 1]}

Exampie: OQUTPUT 707:"LONG 1"

Juery Syntax: LONGTorm?
Returned Format: [LONGform]<argument><crlf>
Example: OQUTPUT 707:"LONGFORM?"

ENTER 707;Long$
PRINT Long$
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MENU command/query

This command allows you to select one of the 14 menus on lhe front panel. The Query
returns the currenl menu
Command Syntax: MENU { ] -Channel 1

] -Channel ¢

1 -Timebase

] -Trigger

] -Display

1 -Delta V

1 -Belta t

] -Waveform Save
] -Waveform Math
] -Measurements
] -Plot

] -Print

] -Prabes

1

1
2
3
4
5
6
7
8
9
0
1
2
3
4 Utility

[
[
L
(
[
[
[
[
[
[
[
[
[
[

b e b b —

Example: CQUTPUT 707;"MENU 4"

Query Syntax: MENU?
Returned Format: [MENU] <menu #><crlf>
Example: QUTPUT 707:"MENU?"

ENTER 707 :Menu$
PRINT Menu$

MERGE command

This command stores the contents of the active display to the specified pixel memory.
Where plane 1 = pixel memary 5 and plane 2 = pixel memory G,

Command Syntax: MERGE {[ PLANEl | PLANEZ ]}
Example: OUTPUT 707;"MERGE PLANE2"

10-20



Madel 541100 - System Commands

DPTionT ey

This query telurns a list of oplions thal are installed on your insttument. i no options are
installed a "0" will be returned. {There are currently no internal aptions for the 54170D.)

Query 3yntax: O0OPTion?
Returned Format: [OPTion] <0r<crlf:>
Example: OQUTPUT 767;"0PT?"

ENTER 707:0pt$
PRINT Opt$

RLOT TommenT

This command causes the 54110D to make a hardcopy dump of the display andjor the

wavelorm memories to an HPGL compatble ploiter as soon as the oscilloscope is next

addressed to falk. The context of the cutput is controiled with the programming commands
. in the HARDCOPY subsystem.

Command Syntax: PLOT

Example:
CLEAR 707 ! LTear interface buffers.
OUTPUT 707:"PLOT" | Starts print buffer,

SEND 7:;UNT UNL ! Ctears bus and
! sets ATN 1ine at controller true.
SEND 7:LISTEN 5 ! Sets plotter at address 5 to listen.
SEND 7:TALK 7 1 Sets 541100 to talk mode.
SEND 7:.DATA 1 Sets ATM line at controller false so
! 50 data can be transferred.

WAIT 50 1 Wait 50 seconds for transfer to compleie

NOTE

When programming the 541100 use the SRQ capabrifies to determine if the
transfer is complete. Aftempting to program the nstrument while making a
hardcapy dump will cause errors.
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PRINt command

This command causes the 54110D io make a hardcopy dump of the display andjor
waveform memaories using the HP RASTER GRAPHICS STANDARD when the oscilloscope 15
next addiessed to lalk. The content of the hardcopy dump is controlled wilth programming
commands in the HARDCOPY subsystem.

Command Syntax: PRINt
Example:

| (lears interface buffers.
OUTPUT 707:"PRINT" ! Starts print buffer.
SEND 7;UNT UNL ! Clears bus, sets ATN line at controller true.
SEND 7:LISTEN 1 | Sets printer at address 1 to Tisten
SEND 7:TALK 7 ! Sets the 541100 to talk mode.

SEND 7:DATA 1 Sets ATN line at controller to false

! so data can be transferred.

WAIT 25 I Wait 25 seconds for transfer to finish.

CLCAR 707

NOTE

When you are programmung the 541100 use the SRQ capabilities to
determine if the transfer is complete. Attempling to program this instrument
while making a hardcopy dump will cause errors.

READy? | RDY? query
This query returns the ready byte (the upper byte of the status word). See Table 10-2.
Query Syntax: { READy | RDY }7

Returned Format: [READyJ<NRI>zcrl1f>
Example: OUTPUT 707;"READY?"

ENTER 707 ;Ready?
PRINT Ready$

RECall command

This command recalls an instrument setup and color settings from a specified save-recall
register.

Command Syntax: RECall[REGISTER]<d>
Example: OUTPUT 707;"RECALLO"
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HEMOTE SOTmAant

This command periorms a similar operation as a Remote meassage followed by a lLocal
Lockoul message. I is providec for use by controllers that have a limited HP-18 coniro!
capability. The HP-IB Remole and Local Lockout messages are ihe prefeired meihod of
switching the insirumeni from Local io Remote and invoking Locai Lockoui. Refer o
paragraphs 817 and 9-20. If the REN line 15 false, the REMOTE command will have no
affect.

Command Syntax: REMOTE

Example: OQUTPUT 707;"REMOTE"

FEQueet | ROE commart/Tuesy

The REQuest command sends an SRQ enable code which is an inieger repraseniing the
binary weighted values of the candition bits in the ready mask and the RQS mash.

The ready mask deftermines what ready conditions cause ihe ready bil in the sialus byie o
he set. The RQS mask determines what conditions will cause an SRQ 1o be issued.

Setting ihe SRQ enable code clears any pending SRQ, as well as all errors, messages and
keys awailing query. See paragraph 10-7 and Tables 10-1 and 10-2.

Anolher form of this command aflows you lo follow the REQUEST command witit ON orF
OFF. This command enables ar disables the abilily of the 541100 o generate ihe reguire
service message withoul changing the requesi mask. Any unmasked condiiions ihat occur
wilth REQUEST OFF will be saved unilt the REQUEST ON command is receved. At ihai
lime, unmasked conditions that occurred before and after the REQUEST ON command will
generate the require service message.

Command Symtax: { REQuest | RQS }
{ ON | OFF | SRQ enable code }

Example: QUTPUT 707:"REQUEST 36"

Luery Zyntax: { REQuest | ROS }?
Returned format: [REQuest]<SRQ enable code><crif>
Example: OUTPUT 707;"REQUEST?"

ENTER 707;Request$
PRINT Request$
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RESet | RST command

This command presets the instrument to default settings. These settings are the same as
those established during a key down power up  See Table 10-4 for a list of the default
conditions.

Command Syntax: {RESet | RST}

Example: OUTPUT 707:"RST"

REVision? query

This query relurns an integer corresponding to the revision date of the internal firmware.
Query Syntax: REVision?
Example: OUTPUT 707:"REV?"

ENTER 707;Revs
PRINT Rev$

RUN

command

This command causes the instrument to acquire data for the active waveform display on the
CRT based on the tmebase mode If the tme base mode is in SINGLE, the RUN command
will cause the instrument to enable the trigger once and display the data it acquires on the
active on the CRT. This is the same thing that happens when the front panel STOP/SINGLE
key is pressed when the instrument 15 STOPPED. If the tmebase mode 15 AUTO or
TRIGGERED, the RUN command will cause the instrument to enable the trigger repeatedly
and display the data it acqures continuously on the display. This 15 the same thing that
happens when the front panel RUN key is pressed. See the TIMebase MODE command for
a description of the various modes.

Command Syntax: RUN
Example: OUTPUT 707:"RUN"

10-
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RESET CONDITIONS FOR THE 54110D

£hl/ChZ Mode -Normal
Chl/Ch2 Display -On

Chl/Ch2 Yolts/div. -1.0 volts/div
Chl/Ch2 Offset -0.0 volts
{Lhl/Ch2 Magnify -0ff

Chl/Ch2 Magnify Window Size -7.0 volts
Chl/Ch2 Magnify Window Position -0.0 volts
Seconds/div -1.0 usec/div
Delay -0.0 sec

Delay Reference -Center Screen
Auto/Triggered Sweep -Auto

Trigger Mode -Edge

Trigger Source {edge mode) -Channel |
Trigger Level (all sources) -0.0 volts
Trigger Slope {all sources) -Positive
Holdoff Mode (edge mode) -Time

Holdoff Events (edge mode) -2

Holdoff Time (edge mode) -70.0ns
Tyigger Patiern(pattern mode) -Ch1l; High

-Ch2; Dontcare
-Trig3: Dontcave
-Trig4:; Dontcare

Pattern Edge {paitern mode) -Entering
Holdoff Mode {pattern mode) -Time
Holdoff Time {patiern mode) -70.0ns
Holdoff Events (paltern mode) -2
Display Mode ~Normal
Display Time/Persistence -0.5s
Numher of Averages -8
Split Screen -0ff
Graticule -hxes
Compietion Criteria -100%

{For HP-IB DIGitize command)
Voltage Markers -0ff
Markerl Position --2.5 volts
Marker? Positiaon -42.5 volts
Topbase Reference -100%

Tabie 10-5. Reset Conditions

- System Commands
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Time Markers -0ff
Start Marker Position --3.5us
Stop Marker Position -+3.5us
Start Marker Edge Slope -Positive
Stop Marker Edge Slope -Negative
Start Marker Edge Number -1

Stop Marker Edge Number -1
Waveform Memories -0Ff
SOURce for Store -Channel 1
Selected Memory -Memory 1
Pixel memories -0Ff
Waveform Data -0y
Pattern Duration -10.0ns
Pattern (pattern edge mode) -Chl; Clock

-Ch2; Dontcare
-Trig3; Dontcare
-Trigd4; Dontcare

Pattern Present/Not Present -Present
Holdoff Time (pattern edge mode} -70.0ns

Arming Stope (time delayed mode)  -Negative
Arming Channel (time delayed made) -Channel 1
Time Delay (time delayed mode) -20.0ns

Trigger Slope (time delayed mode} -Positive
Trigger Channel(time delayed mode) -Channel 1

Arming Slope (event delayed mode) -Negative
Arming Chan. {event delayed mode) -Channel 1
Events Delay (event delayed made) -1

Trigger Slope (event delayed mode) -Positive
Trigger Chan.(event delayed made)} -Channel 1

Functions 182 -0FF

Functions (definition) -{Chan 1 - Chan 2}
Functions {volts/div) -2.0 volt
Functions {offset) -0.0 volts

RESET VALUES FOR THE HP-IB FOR THE 54110D

10-26

Service Request Mode -Disabled {RQS OFF)
Service Request Mask -Decimal 32546
Serial Poll Status Byte -Clear

Error Queue -Empty

WAYeform Format -WORD

EOI -ON

LONGform -OFF

HEADer -0FF

ARGument -NUMERIC

Table 10-5. Reset Conditions
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SAVE SOmMIAn

This command saves an instrument setup and color settings in the specifiad savsfrecall
register. Ii's action is the same as performing a SAVE operatton from the iront panel.

Tommand Syntax: SAVE[REGISTER]<d>
Example: OUTPUT 707:"SAVEL"

SERial? TiuE
This query returns the instrument serial number as a quoted string.
GQuary Syntax: SERial?
Example: OUTPUT 707:"SER?"

ENTER 707; Sers
PRINT Ser$

SETup commant/suer;

This command sets up the 54110D according to the learn stning. The query raiums the
learn string from the oscilloscope

Command Syntax: SETup

Example: OUTPUT 707;"SETUP ";Set$
{Query Syntax: SETup?

Returned Format: [SETup]<biock type A>

Exampie: DIM 5et$[276]
QUTPUT 707;"HEADER ON EOI ON"
QUTPUT 707;"SETUP?"
ENTER 707 USING "-K";Set$
QUTPUT 707:"SETUP ";Set$

NOTE

The fogical order for this instruction would be to send the query st
foltowed by the command at a fime of your choosing. The query causes the
learn string to be senf to the controller and the command causes the learn
string to be returned to the 54110D.
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SPOLI? | STB? query

This query returns the status byte (the lower byte of the status word), This command is
similar in operation to conducting a serial poll from the controller except thal all bits in the
byte returned by this query are dynamic and reflect the state of the instrument at the time of
the query. Bits in the byle returned by a senal poll stay set if the require service message
was sent and are cleared after a senal poll. This command is provided for use by controllers
that have a limited HP-IB control capability Using the serial poll is the prefetred method of
reading the status byte.

Query Syntax: { SPOL1 | STB }7
Example: OUTPUT 707;"STB?"

ENTER 707;5tb$
PRINT Stb$

STAtus query

This query returns the instrument status word. The instrument status word is a 16-bit word
which 15 returned as an integer, and contains information about the instrument conditions
that set the ready bit in the stalus byte and/or generate a Require Service message. The
upper 8 bits of the slatus word are known collectively as the ready byte, while the lower 8
bits conespond 1o the status byte sent during a seral poll The STATus guery is used lo
read the statlus word representing ihe current status of the 54110D. Unlike the response to
senal poll, the condilions are dynamic, not latched Therefore the status response reflects
the current status

A companion 16 bit word, the request mask, 15 used to specify both thase conditions in the
ready byte that set the ready bit in the status byte, and those conditions in the status byte
that generate a Require Service message. The bits in the request mask have the same
meanings as those in the instrument status word. The ready bit in the status byte is set
when all of the conditions corresponding the bits in the ready mask are true at the same
time. This bit is actually set on the transition of the last condiion to become true. The
REQuest system command is used to specify the request mask.

Query Syntax: STATus?
Example: OUTPUT 707:"STA?"

ENTER 707;Sta$
PRINT Sta$
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STOP command

This command causes the instrument to stop acquiring data for the active display on the
CRT The RUN command must be executed in order to restart the acquisition.

Command Syntax: STOP
Example: OUTPUT 707:"STOP"

STORe command

This command allows you to move stored waveforms from cne ptace to another internal o
the instrument. This command has two parameters  The first 1s the source of the waveform
which can be Channel 1 | 2, Function 1| 2, or Memory 1| 2| 3 | 4. The second
parameter is the destination of the wavefarm which can be Memory 1 | 2 | 3 | 4.

Command Syntax: STORe {[CHANnel 1 | 1]
[CHANnel 2 | 2 ]
fFUNCtion 1 | 9 ]
{FUNCtion 2 | 1

[MEMory 1 | 1

|

|

I

I

|

|
|

,_
et

[MEMory
[MEMory
[MCMoyy
{ [MEMoyy
[MEMory
[MEMory
[MEMory

—_

— —
oo M R PO

S P VI YR Wy —y Y
L’
el
)

2 LU Mo Bl P
—

[

Example: OUTPUT 707;"STORE CHANNELZ,MEMORY4"

TEST | TST command
This command causes the instrument to perform a self-test. This 1s the same test thal is
executed when the mstrument is powered up. The Tst bit in the Status Word {it 13) will go
to a 1 when the test is complete,

Command Syntax: {TEST | TST)
Example: OUTPUT 707:"TEST"
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TRANsfer | XFER command

This command allows the movement of waveform data from one of the waveform memories
to one of the pixel memories so that it may be viewed on the CRT. This command has two
parameters; the first parameter 1s MEMORYn where n=1 through 4 and designates the
source of the data as waveform memcry 1,2,3, or 4, the second parameter 15 PLANEn where
n=t or 2 and designates the destination of the data as pixel memory 5 or 6.

If one of the waveform display memories contamns data and new data is written to that
memory, the new data will be superimposed on the existing data.

NOTE

When using this command only the pixel data is transferred fe, the
waveform parameters are fosf,

Command Syntax: TRANsfer [memoryl<waveform memory #>,
[plane]<plane #>

<waveform memory #> ::= { 1 | 2 | 3 | 4}
<plane #> ::={ 1| 2}

Example: OUTPUT 707:"TRANSFER MEMORY 3,PLANE 2"

TRG

| GET command

The instrument responds to this command in the same way It responds to the RUN system
command and the GET bus command, {paragraph 9-16).

This caommand causes the instrument to acquire data for the active waveform display based
on {he timebase mode. If the ime base mode 15 1n SINGLE, the TRG command will cause
the instrument to enable the tngger once, and display this data on the CRT. This I1s the
same thing that happens when you press the front panel STOP\SINGLE key when the
instrument has STOPPED.

If the imebase mode is AUTO or TRIGGERED, the TRG command will cause the instrument
to enable the trigger repeatedly and display the acquired data on the CRT. This is the same

thing that happens when you press the front panel RUN key. See MODE under the
TIMEBASE subsystem in paragraph 10-13.

Command Syntax: {TRG | GET}
Example: OQUTPUT 707,"TRG"
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WIEW sammand

The VIEW command causes the instrument to turn an, (start displaying), an active channal,
junchion, pixel memory or waveform memaory. If you wani to turn on an active display use
the parameter Chame; 1|2. I you want fo turn on a pixel memory use ihe paramslsr
= ABNE 1| % where plane i = pixel memory 5 and plane 2 = pixel memory 6. Using ins
VIEW MEMory {1 ] 2 | 3 | 4 } command in ihe split screen mode causes memories 1 and 3
i0 be chsplayed on ihe upper screen and memones 2 and 4 {o be cisplayed on the lower
sereen.

command Syrtaxe:  VIEW {[CHANnel {1 | 2 }]
[PLANe {1 | 2 3]
[FUNCLion { ¥ | 2
[ME¥ory {1} 2 |

}] _
31450

Example: OUTPUT 707:"VIEW CHANMEL 1"

Sl S ]

NOTES:
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{(ACQUIRE ; _ACQUIRE |
‘—LP{ seporutor —I-{T'CUMF'LETE space !

|—u={ COMPLETE? }

= COUNT? }

L —w{ POINTS? } POINTS? )

—={ TYPE } [space | { AVERAGE }—————1
t——=={ ENVELOPE }——
s RANDOM

s { TYPE? )

‘—D{ system commands
b0

COMPLETE_ARG == An integer from 0 te 100, specifying, in percent, the
number of buckets that must be filled before acquisition is considered
complete.

COUNT_ARG == An integer from 1 to 2048 specifying the number of values
to average for each point when in the averaged mode, and the number of
values Lo use for each point when constructing the envelope,

POINTS ARG = An integer specifying the number of points to be collected
for each waveform record. Acceptable values are 128, 256, 500, 512, ow
1024,

seperator (P01 ON LAST DATA BYTE }— —=]

{LF }

{‘sPacE } -
——

BSg11010

Figure 10-3. Acquire Subsystem Commands.
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10-10 THE ACQUIRE SUBSYSTEM

The Acquire subsystem commands are used to setup conditions that are used when a DIGITIZE
systern command 1s executed. This subsystem I1s used to select the type of data, the number of
points desired, the completion criteria, and the number of averages. See figure 10-3.

ACQuire command/query

The ACQuire command selects the acquire subsystem as the destination for the commands
that follow.

The ACQuire query responds with the settings af the acquire subsystem.
Command Syntax: ACQuive
Example: OUTPUT 707;"ACQUIRE"
Query Syntax: ACQuire?
Returned Format: [ ACQuire <crif> ]
[ TYPE ]<argument><crif>
[ POENts ]<NR1>crif>
[
[

COUNts J<NR1><crlf>
COMPlete J<NRl><crif=

Example: DIM Acquire$[70]
QUTPUT 707:"EOT ON"
QUTPUT 707:"ACQUIRE?"
ENTER 707 USING "-K";Acguire$
PRINT USING "K";Acquire$
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CONPlete SommeEnifTIETy

This command specifies the completion crileria for an acquisition. The parameier
deiarmines what percentage of the time buckets need to be "iull" before an acquisiiion is
considered completed. If you are in the NORMAL mode the instrument only needs one dela
bit in a ime bucket to be considered full In order for a ime buchket to be considerac full In
ithe AVERAGED and ENVELOPE modes a specified number of data poinis (COUNT) must be
acquired,

The parameler for this command has a range of 0 to 100 and indicates ihe ihe perceniage
of time buckets that have the required nuntber of data bils i.e , are considerad "fuil" Dafore
the acquisition is considered complete. When the compleiion crileria is set io 0, only &
single acquisition cycle will be pertormed, except for sweep speeds below 2.5 ns/civ whare
either 1 or no acquisition cycles may be performed.
fTommand Syntax: COMPlete <MRIL-

Example: OUTPUT 707:"COMPLETE 85"
Juery Syntax: COMPlete?

Returned Format: [LOMPlete] <NRI><crlf>

. Example: OUTPUT 707;"COMPLETE 7"

ENTER 707:Complete$
PRINT Complete$

COUNL | CNT SermETT/T I8 Y

When the acquisition type 1s AVERAGE, this command specities the number of values o be
averaged for a particular time bucket before acquisilion 1s considered compiele for that
bucket. When ihe acquisition type 1s ENVELOPE, this command specifies the numbaer oi
values o be used in each ime bucke! when constructing the envelope. This command has
no efiect if the TYPE 15 NORMAL or RANDOM The query returns the last specified count
value. The COUNI parameter can be an integer from 1 to 2048.

nommand Syntax: {COUNt | CNT} <NRI>
Example: OQUTPUT 707;"COUNT 1854"

fuery Syntax: {COUNt | CNT}?
Returned Format: [COUNt | CNT]<NRI><crlf>
Example: OUTPUT 707;"CNT?"

ENTER 7G7:Cnt$
PRINT Cnt$
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POINts | PNTS command/query

This command specifies the number of points for each acguisition record. The command
has one parameter and may be specified to be 128, 256, 500, 512 or 1024. 500 points I1s
preferred if the acquired data is o be used for automalic measurements or function
operands There are two cases where the POINTS command has no affect:

For sweep speeds faster than 2 ns/div., the number of points is based on 10 ps
resolution of the instrument's timebase. This means:

If (2.0 ns/div)>{time per div)>=(1.0 ns/div) then POINTS = 1000(500 if selected)
IF (1.0 ns/div)>{time per div)>=(500 ps/div) then POINTS = 500
If (500 ps/div)>{time per div)>={200 ps/div) then POINTS = 200
If {200 ps/div)>(lime per div)>={100C ps/div) then POINTS = 100

if the TYPE 15 RANDOM, the number of points is based on the number of complete
data records {the points collected on each trigger) thal can be gathered and not to
exceed 1024, The data acquisttion hardware allows the data points gathered after a
trigger event to vary with time per diviston and delay. It ¢can also vary by one data
point from one trigger event to the next. This makes it difficult to predict the number
of points that will be gathered for any DIGITIZE command when the TYPE is
RANDOM. Betfore the data is read from the instrument with the WAVEFORM DATA?
query, the WAVEFORM POINTS? query may be used to determine the actual number
of points collected. The query returns the last specified value,

Command Syntax: {POINts | PNTS}
Example: OQUTPUT 707:"PNTS 128"

Query Syntax: {POINts | PNTS}?
Returned Format: [POINts] <NRl><crlf>
Example: QUTPUT 707:"POTNTS?"

ENTER 707;Points$
PRINT Points$
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THEE COMMLET. 9/ L ETY

This command lets you select the type of acquwsiion that is to take place when a DIGITIZE
system command is executed. This command has one parameter and may be one oi the
fallowing:

NORMAL

Last data value io be collected in each acquisiion buckei. The data 15 reiurned
io the contioller as a series of voltage values ihat represent the evenly spaced
daia points on the CRT.

RANDOM

The Random made simulates the way the instrument collecis daia foi display
on the CRT. This data 15 returned to the controller as a list of time-voltage
pairs.

AVERAGE

The average of the data values collected in each acquisition buckei. The daia is
returned to the controller as a series of vollage values thal represent the evenly
spaced data points on the CRT.

ENYELOPE

The max and min value in each acquisiion buckel. The data is returmed io ihe
controller as two lisis of voltage values, the min values first then the max
values.

When vau change TYPE to AVERAGE the front panel display mode is changed o averaged,
Changing TYPE to NORMAL, ENVELOPE, or RANDOM switches the froni panal display
mode to Normal,

NORMAL

Command Syntax: TYPE {[ |
[ AVERAGE |
[ I
[ |

ENVELOPE
RANDOM

Example: OQUTPUT 707;"ACQUIRE; TYPE RANDOM"
Duery Zyntax: TYPE?

Returned Format: [TYPE]<argument><crlf>

Example: OQUTPUT 707;"TYPE?"

ENTER 707:Types
PRINT Type$
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NEL }—«i channel_number }—I—@( } ,ﬁ

sepurutor ECL } o

=T ) [ ] ] .
—={ OFFSET } { sPace | ‘ utfset_urg]—_
e{ OFFSET? )

—={ PROBE } I space I ‘rprobe_urq I——c

|+{ PROBE? } o

—D{_ARANGE )—-——‘:-I space |—:=! range_ar g |——D-|

L —{ RAMGE? } F =

’—-'—\
={ SENSITIVITY? }

(i -

“g~| 5ystem commands

85411007
CHANNEL NUMBEF =1 or 2

SEFSET ARE = A real number definng the voltage at ihe cenier oi ihe voliage range
smaller than 1.5 X voliage range.

FROBE ARG = A real number from 1.0 to 1000.0 specifying the probe aitenuation wiin
respect io 1.

ZANGE_ART = A real number specifying the sire of the acquisiion window i volis,
Accepiable values are 008, 0.16, 0.4, 0.8, 1 6, 40, 8.0. (With the piobe ailenualion raiion
set al 1:1)

BEMS_ 4R3I = A read number specifying the size of the acquisition window in volis/div.
Acceplable values are 0.01, 0N2, 0.05, 0.1, 0.5, or 1.0 when the split screen display igrmai is

ofi. When the unit is in the split screen mede the acceptable values are: 0.02, 004, 01,
0.2,0.4 1.0, 20, (with the probe attenualion ratio set al 1:1)

Figure 10-4  Channel Subsystem Commands
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10-11. CHANNEL SUBSYSTEM

The CHANNEL subsystem allows you to contio! all vertical ar ¥ axis functions of the 541100,
Channel 1 and channel 2 are independently programmabile for all functions. See Figure 10-4.

CHANnel | CH command/query

This command allows you ta select the verhical subsystem with the specified channe
designated as the deslination for the subsystem commands The query responds with all
the settings for the specified channel.

Command Syntax: {CHANnel | CHY { L | 2}
Example: OUTPUT 707:"CHANNEL 1"
Query Syntax: ({CHANnel | CH} { L | 2 }7?

Returned Format: [CHANnel | CH]<NR1><crlf>
[PROBe]<NR3><cr1f>
[RANGe]<NR3><crl1f>
[OFFSet J<NR3»<cy]f>
[COUPTing]<DC><cirlf>

Fxample: DIM Chan$[100]
QUTPUT 707:"EQT ON"
QUTPUT 707:"CHANNEL 27"
ENTER 707 USING "-K":Chan$
PRINT USING "K";Chan$

ECL command
This command sets the verlical range and offset and the higger level for the selected
channel for optimum viewing of ECL signals. The offset and trigger level are set to -1.30
volis and the range will be set 1o 1.6 valts

Command Syntax: ECL
Fxample: OUTPUT 707;"ECL"
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OFFSei command/query

This command allows you to set the voltage that 1s represented at center screen for the
selected channel The range of OFFSet 15 £ 1.5X RANGe of the selected channel.

Command Syntax: OffSet <OFFSET_ARG>
Exampie: QUTPUT 707;"GFFSET G50E-3"
Query Syntax: OFFSet?
Returned Format: [OFFSet] <NR3><crlf>
Example: OUTPUT 707;"OFFSET?"

ENTER 707:0ffset$
PRINT Offset$

PROBe command/query

This command allows you specify the probe attenuation factor for the
selected channel, The range of the piobe attenuation factor is from

1.0 o 1000.0. This command does not change the actual input sensitivity
of the 541100, 1t changes the reference constants that are used for scaling
the display factors and for automatic measurements, trigger levels, etc.

Command Syntax: PROBe <PROBL_ARG™
Example: OUTPUT 707:"PROBE 15.5"
Query Syntax: PROBe ?
Returned Format: [PROBe]<NR3><crlf>
Example: OUTPUT 707;"PROBE?"

ENTER 707:Probe$
PRINT Probe$
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RANGe command/query

This command allows you to define the full scale vertical axis of the selected channel If you
use a 1;1 probe attenuation facter the acceptable values for RANGe are: 0.08, 0.16, 0.4, 0.8,
1.6, 40, and 8.0. These values represent the full scale deflection factar of the vertical axis in
volts. These values change as the probe attenuation factor is changed, e.g., if the probe
attenuation factor is changed from 1 1 to 10:1 the Maximum RANGe value changes from 8
to 80 volts full scale The query returns the current range setting.

Command Syntax: RANGe <RANGE ARG>
Example: OQUTPUT 707:"RANGE 4"

Query Syntax: RANGe?
Returned Format: [RANGe]<NR3»<crlf>
Example: OUTPUT 707;"RANGE?"

ENTER 707;Range$
PRINT Range$

SENSitivity command/query

This command allows you to specify the verlical deflection in volts/dwision as opposed to
volts full scale as specified wilh the RANGe command. With the probe altenuabon ratio set
to 1:1 the allowable values for SENSitivity when you are using the single display format are
0.010, 0020, 0.050, 0.100, 0200, 0.500, and 1000. Al of these values represent
volts/verhcal division when using the grid graticule. The SENSitivity command takes the
probe allenuation ratio into account so the SENSitvity value pragrammed should be the
desired sensitivity at the probe tip  The query returns the current sensitivity setting.

Command Syntax: SENSitivity <SENS ARG>
Example: QUTPUT 7G7;"SENSITIVITY 1"

Query Syntax: SENSitivity ?
Returned Format: [SENSitivity] <NR3><crlf>
Example: OUTPUT 707:"SENS?"

INPUT 707.Sens}
PRINT Sens$
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o I

noTTmanT

This command seis the wvertical range and oifsei and the trigger level lor ihe sealacied
channel for optimum viewing of TTL signals. Offset and trigger level will be set lo 1.6 volis

and the range will be set to 8.0 volts.

Sommand Syntaxs  TTL
Example: OUTPUT 707;"TTL"

MOTES:
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NOTES:
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BATA_SPEC = A block of data in EA format as defined in IEEE Std. 728-1982.

JLANE NUMBER An integer from O to 6,

Z=a1. AR = A real number from 0.2 io 10.0 in sleps of 0.1.

¥ NUMBEFR = An integer irom 0 (o 71.

P INE ARG = Any quoted string

SO NUMBER = An inieger from 0 to 22,
ZTRING ARG = Any quoted String.

SOR NUMBER = Aninieger from 0 1o 15.
AVE_NUW = An inleger from 0 to 100.

5477 NUM = An integer from O to 100.

_UN_NJM = An integer from O to 100.

a{ EOT ON LAST DATA 8YTE }—

separater I~

Figure 16-5. Display Subsystem Commands

85411019
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10-12. DISPLAY SUBSYSTEM

The Display subsystem is used to control the display of data, markers, text, graticules and the use
of color. See Figure 10-5 for the syntax of the Display subsystem commands. The commands
which control the display mode and number of averages are listed in the ACQUIRE subsystem as
TYPE and COUNT.

DISPlay command/query

This commands selects the display subsystem as the destination for the subsystem
commands. The guery returns all the parameters for this subsystem.

Command Syntax: DISPlay
Example: QUTPUT 707;"DISP"
(Juery Syntax: DISPlay?

Returned Format: [ DISPlay ]J<crlf>
[ FORMat ]{[ SINGLE | 1
[ DUAL | 2 ]}
[ GRATicule ][ OFF | 0]
[ GRID | 1 ]
[ AXES | 2
[ FRAME | 3 ]}<crlf>
[ ROW ]<NRLl><crif>
[ COLumn ]<MNR1><crlf>
[
{

-

crlf>

ATTRibute J{[ DISABLE } C ]
f ENABLE | 1 ]}<crlf>
INVerse ]J{[ OFF | 0 ]
[ ON | 1 ]j<crlf>

[ BLINK J{[ OFF | 0]
EON | 1 Ji<erlfs
[ BRIGhtness 1{[ LOW | O ]
[ HIGH | 1 ]}<crlf>

[ VMARker ([ OFF | 0 ]

[ ON | 1 Ji<crlfs
[ TMARker J{[ OFF | 0 ]

[ ON | 1 ]}ccrifs

PERSistence ]J<NR3><crl1f>

[

[ COLor J<NRL>

[ PRIority J{[ OFF } 0 ]
[ON [11}

[ SETColor 1 <NRI> <NR1> <NR1> <NRI>

Example: 10 DIM Display${500]
20 OUTPUT 707;"EQL ON"
30 QUTPUT 707;"DISPLAY?"
40 ENTER 707 USING "-K";Display$
50 PRINT USING "K";Display$
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ATTRIBUTE BYTE

COLOR BITS
0 = BEIGE
8 = GREY
A 16 = RED v B I
T 24 = YELLOW M L i
T 2 = GREEMN D I Y
R 40 = ORANGE £ M E
I 48 = CYAN R K R
B 56 = MAGENTA L S
U I E
T M
E . E
120 = BLACK
M5B LSB
128 54 32 16 8 4 2 1

When you want to set the attribute byte you must sum the binary vaives of the byie and
send ithem via the HP-IB o the instrumenl. These selected atiributes can be turned off/on
by disabling/enabling the ATTRibute command. These aitribules affect ihe lexi thai is sent
to the display of the insirument when you use the LINE or STRing commands. This
example causes "HELLO" to be written in red in the upper left comer of the display using
the inverse video and the blinking atiributes.

QOUTPUT 707,'DISPLAY TEXT BLANK ATTRIBUTE ENABLE"
QUTPUT 707 USING "8A,B,6A","STRING """,128+1642+1,"HELLO"""

Where 128 indicates that this is an attribute byte, 18 indicales the color red, 2 ingicaies the
blink attribute, and 1 indicates the invert attribuie. This could just as easily been outpul io
the instrument as 147",

Figure 10-8 Attribute Byte
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ATTRibute command/query

This command controls embedded attributes in the strings that are sent with the DISPLAY,
LINE or STRING commands Refer to Figure 10-6 for more informabon. These text
attnbutes include:

INVerse
UNDerline
BLINK
COLOr

When this command is enabled the embedded attnibute bytes in strings sent with the LINE
ar 8TRing commands will be used to override previously set attributes. The query returns
the enable/disable state of the command.
Command Syntax: ATTRibute {[ DISABLE | 0 ] [ ENABLE | 1 ]}

Example: OUTPUT 707;"ATTRIBUTE ENABLE"
Query Syntax: ATTRibute?

Returned format: [ATTRibute]<argument><crif>

Example: OUTPUT 707;"ATTRIBUTE"

ENTER 707:Attyibute$
PRINT Attribute$

BLINk command/query

This command determines whether text sent with the DISPLAY, LINE or STRING commands
is to be wrilten with the BLINK attribute, that is, when the text is displayed it will flash on and
off. The query returns the staie of the BLINk atinbute.

Command Syntax: BLINk ([ OFF | 0 ]
[ON | 1]}

Example: OUTPUT 707;"BLINK ON"

Query Syntax: BLINK?
Returned Format: [BLINk]<argument><crlf>
Example: OUTPUT 707:"BLINK?"

ENTER 707;Blink$
PRINT Blink$
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it i A= e

BRIGhiness ermmerdforeTy

This command speciiies whether text sent with the DISPLAY, LINE or STRING commands
are o be displayed in beige or grey LOW or O provides gray lexi and HIGH or i provides
beige iext. The gquery returns the HIGH/LOW stale of the BRIGhiness attribuie. This
comimand overrides a previous COLOR commands.

Tommangd Syrtax: BRIGhtness {[ LOW | 0 ]
[ HIGH | 1 13

Example: OUTPUT 707:"BRIGHTNESS LOW"

Tuery Iyniax: BRIGhtness?
Returned Format: [BRIGhtness]<argument><crlf>
Example: OQUTPUT 707;"BRIGHTNESS?"

ENTER 707:Brightness$
PRINT Brightness$

momear LT o =

SOLGEY SCTTanlTuEy

This command specifies what color ihe text will be when sent wilh the DISPLAY, LINE or
STRING commands. The query returns the color of the COLOr attnbuie. Colors 8-14 are
not defined by the instrument but are available over HP-IB for user defined texi stiings. The
COLumn uses ithe shoriform COL. This command overrides & previous Srighiness
command.

Cormane Syntax., COLOr { 1 ({beige, highlighted text)

] f{grey, text Tields & graticule)
1 ({red, advisories & evrrovs)

] ({yellow, channel 1 wavefoims)

1 f{green, channel 2 waveforms)

1 ({orange, markers}

] f{cyan, stored waveforms}

] ({magenta, overlapped iraces)
{black, backgvround)

Example: OQUTPUT 707;"COLOR 2"

fuery Zyntax: C0LOr?
Returned Format: [COLOr}<argument><crlf>
Example: OUTPUT 707;"COLOR?"

ENTER 707;Colord
PRINT Color$

P ]
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COLumn command/query

This command specifies the starting column for subsequent STRING and LINE commands.
The query refurns the calumn where the next LINE or STRING will start.

Comnand Syntax: COLumn <COL NUMBER=
<COL_NUMBER> ::= 0..71

Example: OUTPUT 707:"COLUMN 50"
Query Syntax: COLumn?

Returned Format: [COLumn]<NRl><crlf>

Example: OUTPUT 707;"COLUMN?"

FNTER 707;CoTumn$
PRINT Column3

DATA command/query

The DATA command 1s used to wnte ta cr from one of the seven pixel memory planes in the
54110D. The memory planes available are plane0 through planeé and are specified by the
DISPLAY SOURce command.

The DATA guery causes the 54110D to output waveform data from the specified memory
plane If plane 0 is specified the 54110D will transfer the logical or of the channel 1 and
channel 2 planes. In all other cases the specified plane will be transferred.

The DATA command is followed by a block of binary data that is transferred from the
controller to a specitic plane in the 54110D If plane 0 15 specified, that data will be
transferred inta Lhe channel 1 plane. In all other cases the data will be transferred into the
specified plane.

The data is in the form of 16032 bytes with four header bytes. The header contains:

<ge o

<A

{decimal 35) byte 1
{decimal B5) byte 2
(decimal 62) = byte 3
(decimal 160} = byte 4

The third and fourth bytes make up a 16-bit integer whose value is decimal 16032, or the
length of the binary block, This binary format complies with the "#A" Block Data Field in
IEEE 728-1982.

(Data continued on next page)
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DATA {(cont'd) command/query
command Syntax: DATA <binary block type A>
Query Syntax: DATA?

Returned Format: [DATAl<2sp><#><A><decimal 62><decimal 160>
<binary waveform data>

Example: 10  CLEAR 707
20 DIM Plane$ [17000]
30  OUTPUT 707;"HEADER ON LCOI ON"
40  OUTPUT 707:"DISPLAY SOURCE PLANFO DATA?"
50  ENTER 707 USING "-K";Plane$
60 OUTPUT 707:"SOURCE PLANE1"
70 QUTPUT 707 USING"-K";PTlane$
80 EMD

This example transfers data from the active display memory to the
controller and then back to pixel memory 5 in the 54110D.

FORMat command/ougry,
This command allows you o turn the split screen mode on or ofi. FORMAT 1 lurns the spiit
screen mode off and uses 8 divisions for the iull scale range FORMAT 2 turns the split

screen mode on and uses 4 divisions for the full scale range. The query returns ine current
number of display areas on the screen.

Command Synfax: FORMat { [ SINGLE | 1 ]
{ DUAL | 2 1}

Example: OUTPUT 707;"FORMAT SINGLE"

Query Syntax: FORMat?
Returned Format: [FORMat]<argument><crlf>
Example: OQUTPUT 707;"FORMAT?"

ENTER 707:Format$
PRINT Format$
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GRATicule command/query

This command allows you to determine the type of graticule that is displayed. The query
returns the type of graticule displayed.

Command Syntax: GRATicule {[ CFF [ O ]
[ GRID | 11
[ AXES | 2]
{ FRAME | 3 I}

Fxample: OQUTPUT 707:"GRATICULE AXES"

Query Syntax: GRATicule?
Returned Format: [GRATicule]<argument><cy]f>
Example: OUTPUT 707:"GRATICULE?"

ENTER 707;Grat$
PRINT Grat$

INVerse command/query

This command sets inverse video on or off for subisequent DISPLAY, LINE or STRING
commands The query responds with the on/off state of this command.

Command Syntax: INVerse {[ OFF { 0 ]
[ON |11}

Example: OUTPUT 707:"INVERSE OFF"

Query Syntax: INVerse?
Returned format: [INVerse]<argument><crlf>
Example: OUTPUT 707:"INVERSE?"

ENTER 707;Inv$
PRINT Inv$
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Loy

[T

by LTS

This command causes the siring parameler o be written to (he screen, stariing at the
location established by the ROW and COLUMN commands. Text may be wrilen up o
column 62. If ihe characters in lhe string parameter does not fill the line, the resi of the line
is blanked. If the siiing is longer than ihe available space on ithe current line the excess
characiers will be discarded [n any case, ROW is incremenied and COLUMN remains iha
same. The nexi LINE command will write on the next ling of the display. After wniling line
21, the last hne in the display area, ROW is resel io 2 The query of this command ouiputs
ihe quoted sting at the current ROW and COLUMN values and causes ROW io be
incremented by i. The LINE command and query works on rows 2 through 21,

Command Syntax: LINE < any guoted string >
Example: OUTPUT 707:"LIME ""ENTER PROBE ATTENUATION"""
RQuery Eyntax: LINE?
Returned Format: [LINE?] < quoted stving ><crlf>
Exampte: DIM Line$[100]
Exampie: OUTPUT 707;"DEISPLAY:ROW 12;COLUMN 14-LINE?"

ENTER 707;11ine%
PRINT Line$
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MASK command/query

10-56

This command inhibits the instrument from wriing to selected areas of the screen. Text
sent over the HP-IB using the line and string commands is not effected by this command.
The purpose of the command is to allow HP-IB text to be written anywhere on screen and to
prevent the instrument from overwnting the text through its normal opetation.

The mask parameter is an 8 bit integer in which each bit conlrols writing to an area of the
screen. A O inhibits writing to the area represented by the bit, and a 1 enables writing to the
area. Note: This command's parameters will nof be reset with a RESET command.
Command Syntax: MASK <NR1>

Example: OUTPUT 707;"MASK 254" | Inhibits advisories only
Query Syntax: MASK?

Returned Format: [MASK]<NR1><crlf>

Example: OUTPUT 707:"MASK?"

ENTER 707;Mask$
PRINT Mask$

Mask
Bit Weight Screen Area Effected
7 128 Function Key Underlines - lines below the
function softkeys. The underlines are turned
on and off by the mask command.
6 64 Function Softkeys - Softkey labels on the right
side of the display (rows 0-17, columns 62-71}).
5 32 Menu Selection Softkeys - text on the bottom
line of the display (row 22, columns 0-71).
4 16 Parameter Values - Text below the graticule
(rows 18-21, columns 0-71)
3 8 Graticule Labels - text inside the graticule
(rows 2-17, columns 0-61)
2 4 Value Label - displays value of selected knob
function (row 1, columns 19-61}.
1 2 Status Line - status information on the Ffirst
two lines - (row 0, columns 0-71 and row 1.
columns 0-18).
0 1 Advisory - Advisory and Error messages appear

on row 15, columns 0-61.
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PERSistence command/query

This command sets PERSIstence for the acquired signal on the display in the Normal display
mode. The display mode 15 set to Normal when the ACQuire TYPE is NORMAL,
ENVELOPE, or RANDOM The parameter for this command is the keyword INFINITE or a
real number from 0.2 to 10.0 representing the persisience i seconds. Any value greater
than 10 seconds will set the PERSistence to infinite The query returns the value of the
current persistence value. If persistence is set to infinite the query response will be 1.1E+1

Command Syntax: PERSistence { NR2 | INFINITE )}
Example: OUTPUT 707:"PERSISTENCE INFINITE"
Query Syntax: PERSistence?
Response Format: {[PERSistence]<iR3><crl1f>
Example: DIM Pers$[30]
OUTPUT 707:"PERSISTENCE?"

ENTER 707:Pers}
PRINT Pers$
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PRIlority command/query

This command sets the prnonty on or off for subsequent DISPLAY. LINE, STRING
commands. It allows you lo determine whether text or graphics will be overwritten by the
olher on the CRT. When PRIority is ON text overwrites the displayed signalis}. When
PRIarity is OFF the displayed signal(s) overwrites any text in the display area.

Command Syntax: PRTIority {[ OFF | O ]
fON | L]

}
Example: OQUTPUT 707;"PRIORITY OFF"

Query Syntax: PRIority?
Returned Format: [PRIerity]<argument><cylf>
Exampte: OUTPUT 707;"PRIORITY?"

ENTER 707;Pri5
PRINT Pri$

ROW

command/query
The ROW command specifies the starting row on the CRT for subsequent STRING and LINE
commands. The ROW number remains constant until another ROW command 1s received
or it is incremented by the LINE command. The single parameter for this command 1s an
integer from O to 22. The query returns the row that the next LINE or STRING will start on.
Command Syntax: ROW <row number>
<row number>:;= 0..22

Example: OUTPUT 707;"ROW 10"
Query Syntax: ROW?

Returned Format: [ROW]<NRI><crif>

Example: OUTPUT 707;"ROW?"

ENTER 707;Row$
PRINT Row$
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. “ T

SETColor COMIMara s,

This command allows you to change one of lhe color selections on the CAT. This

command has four parameters: Color Number, Hue, Saturalion, and Luminosity,

The hue portion of this command allows you io delermine the gradation of color. Hue can
have a value of Qto 100, As ihe hue number is increased, the selzcted color will cycle
ihrough ihe color spectrum. There Is no difference between hue 0 and hue 100.

The saturation poruion of tiis command allows you lo choose ihe percentage of ihe pure
color ihat gets mired with white. The accepiable values for saturation are 0 io 100 wheie O
Is white and 100 15 maximum saturation of the chosen hue.

The luminosity poriicn of this command determines the brighiness of the chosen hue. The
accepiable values ior luminosity are O to 100 where 0 s black and 100 I1s maximum
brightness. The SETColor command followed by DEFauit sets all colors o the defauli
setiings. The query of this command returns the specified color number, nue, saluration,
and luminosity. Refer to section 6 of this manual for more information concerning color.
Note: This command’s parameters will not be reset with a RESET command.

Semmané Syntax: SETColar{[<COLOR _NUM><,><HUE_NUM=<,><SAT_NUM><, ><LUM NUM]
[ DEFault 1}

. CGF.OR NUK ::= integer from 0 to 15
ZUE BUM ::= integer from 0 to 100
AT NUK ::= integer from 0 to 100
"UM NUM ::= integer from 0 to 100

Example: OUTPUT 707:"SETColor 0,0.100,50"
Guery Syntax: SETColor<color number>?
Returned Format: [SETColor] <NR1><,»<NR1=<,><iR1><,><iMR1><cr]f>
Example:  DIM Set$[35]
OUTPUT 707;"SETCOLOR 22"

ENTER 707:Set$
PRINT Set$

el st S
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SOURce | SRC command,/query

This command allows you to specify the source or destination for the DISPLAY DATA query
and command. The SOURce command has 1 parameter, PLANEO..PLANEG. The query
returns the currently specified SQURce.

Command Syntax: { SOURce | SRC }

{[PLANEO | 0] ({active display}
[PLANEL | 1] (pixel memory 5)
[PLANE2 | 2] (pixel memory 6)
[PLANE3 | 3] {graticule, markers)
[PLANE4 | 4] (displayed stored waveforms, markers)
[PLANES | 5] (channel 1)
[PLANEG | 6] (channel 2)

Example: 10 CLEAR 707
20 DIM Plane$ [17000]
30 OUTPUT 707;"HEADER ON EGL ON"
40  QUTPUT 707;"DISPLAY SOURCE PLANEO DATA?"
50  ENTER 707 USING "-K";Plane$
60  OUTPUT 707;"SOURCE PLANEL"
70 OUTPUT 707 USING "K";Plane$
80 END

This example transfers data from the active display memory to the
controller and then back to pixel memory 5 in the 54110D.

Query Syntax: { SOURce | SRC }?
Returned Format: [SOURcel<argument><crlf>
Exampie: OUTPUT 707;"SRC?"

ENTER 707;5rc$
PRINT Src$
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STRing command/query

This command allows you to wrile lext to the CRT of the 54110D. The text will be written
starting at the current ROW and COLUMN values If the column limit is reached (71) the
excess text is discarded. The query returns the text on the line defined by the ROW and
COLUMN values.

Command Syntax: S5TRing <quoted string>
Example: OUTPUT 707;"STRING ""INPUT SIGNAL TO CHANNEL 2"""
Query Syntax: STRing?
Example: DIM SLr$[90]
OQUTPUT 707;"STRING?"

ENTER 707;51r%
PRINT Strl

TEXT command
This command allows you to blank the user text area on the CRT. The user iext area
includes rows 2 thrgugh 17, columns O through 62, and rows 18 through 21, columns 0
through 71. This command has only one parameter, BLANk or 2.

Command Syntax: TEXT { BLANk | 2 }
OUTPUT 707;"TEXT 2"

TMARker command/query

This command allows you te luin the bme markers on or off. The query tells you whether
they are on or off.

Command Syntax: TMARKer{[ OFF | 0 ]
[ON [ 1]}

Example: OQUTPUT 707;"TMAR OFF"

Query Syntax: TMARker?
Returned Format: [TMARker]<avgument=>icrlf>
Example: QOUTPUT 707;"TMARKER?"

ENTER 707 :Tmar$
PRINT Tmar$
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UNDerline

command/query

This command lets you underline subsequent text sent with the DISPLAY, LINE or STRING
commands. The query telis you whether the UNDerline attribute is on or off,

Command Syntax: UNDerline ([ OFF | O ]
[ON | 1]}

Exanple: QUTPUT 707;"UNDERLINE ON"

Query Syntax: UNDerline?
Returned Format: [UNDerlinel<argument><crlf>
Example: OUTPUT 707;"UNDERLINE?"

ENTER 707:Under$
PRINT Under$

VMARker

This command allows you to turn the voltage markers on and off.

whether they are on or off.
Command Syntax: VYMARker {[ OFF | 0 ]
[ON [t ]}
Exampie: QUTPUT 707;"VMARKER ON"
Query Syntax: VMARker?
Returned Format: [VMARker]<argument><crlf>
Example: QUTPUT 707:"VMARKER?"

ENTER 707:Vmark$
PRINT Vmark$

command/query

The query tells you
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10-13. FUNCTION SUBSYSTEM

The Function subsyslem allows you lo define two functions using the displayed channels and/or
the waveform memaries as operands. The wavefoim gperalers are:  ADDition, SUBTraction,
INVEsrt, VERSus, and ONLY The vertical scaling and offset and the display of these functions can
be controlled emalely.  See Figure 10-7 for & syntax diagram of the function subsystem
commands.

When a function 1s lirst defined, 1t's inihial verlical values are calculated with respect to the
operands’ vertical setings The funchions’ range and ofiset may be changed using the range and
offset commands. Changing any ol the operands’ vertical setlings or redefining of the funclion will
cause the the funchions’ vertical setlings to be recalculated with respecl to the new operand values.
Any previously prograntmed veitical settings for the function wiil be lost.

The functions work an operands containing 500 paints  If a function is defined and turned on, a
memary which conlains other than 500 points, the memory will be reformatled to 500 points.
Also, memory operands that are in the RANDCOM type will be reformatied lo the NORMAL type with
the number of points equal to 500.

FUNCtion command/query

This command allows you to select the Funclion subsystem and define a waveform function.
This command selects the function subsystem as the destination for the commands that
follow. The guery returns the defimtion of the selected function. Refer to Figure 10-7 for a
syntax diagram of the Function subsystem commands.

Command Syntax: FUNCtion{ 1§ 2}
Example: QUTPUT 707;"FUNCTIONI ADD CHANWEL1 CHANNELZ
{uery Syntax: [FUNCtion]{ 1 | 2 }7

Returned Format: [FUNCtien]| 1 | 2 }<crlf>
{ADD | INVErt] ONLY | SUBTract | VERsus}
{[CHANnel | | 2] | [MEMory 1 | 2 | 3 | 4]
[{[CHANnel 1 | 2] | [MEMory 1 ) 2 | 3 | 4
[OFFSet ]<NR3»<crlf>
{RANGe J<NR3><crlf>

Example: OIM Fun${300]
QUTPUT 707:"EOL ON"
QUTPUT 707:"FUNCTIONI?"
ENTER 707 USING "-K":Fun$
PRINT USING "K":Fun$
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ADD gommand
The ADD command causes lhe unit to algebraically sum the two defined operands.
Command Syntax: ADD<aperandl><,><operand?>

operand 1 & 2 ::= {channel 1 | channel 2 | memory 1 |
memory 2 | memory 3 | memory 4}

Example: OUTPUT 707;"FUNCTIONI ADD MEMORY3,MCMORY4"

INVErt command
This command allows you to invert the operand, thatis channel 1 | 2, ormemary i | 2} 3
| 4. Note that the shortform of the command is INVE The INVERSE command in ihe
display subsystem uses the short form NV,

Command Syntax: INVEvt~operand>

Example: OUTPUT 707:;"FUNCTION2 INVERT MEMORY3"

OFFSet command/query

The QFFSet command allows you to define the verlical voltage at center screen for the
selected function. The query relurns the voltage at center screen for the defined function.

Command Syntax: OFFSet<0ffset Arg>
Example: OQUTPUT 707;"FUNCTIONI OFFSET .05"
Query Syntax: OFFSet?
Returned Format: [OFFSet]<iNR3>
Example: DIM OFff$[30]
OQUTPUT 707 :"FUNCTIONZ OFFSET?"

ENTER 707:0ff$
PRINT Off$
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ONLY command

The ONLY command allows you to define a function as either channe!l 1 or 2, or memaory 1,
2,3, or 4. The ONLY command is useful for scaling channels and memories.

Command Syntax: ONLY<operand>
Example: OUTPUT 707;"FUNCTIONL ONLY MEMORY1"

RANGe command/query
This cormmand allows you to define the full scale vertical axis of a funclion’s display.
Command Syntax: RANGe<Range Arg>

Example: QUTPUT 707;"FUNCTION1 RANGE .01"
Query Syntax: RANGe?
Returned Format: [RANGe]<NR3>
Example: DIM Range$[30]
QUTPUT 707;"RANGE?"

ENTER 707:Range’
PRINT Range$

SUBTract command

This command allows you to algebraically subtract one operand from another QOperand?2 is
subtracted {rom operandi.

Command Syntax: SUBTract <operandl><.><operand2>

operandl & 2 ::= {channell |channel2 | memoryl |
memory?2 | memory3 | memoryd}

Example: OUTPUT 707;"FUNCTION2 SUBTRACT CHANNELI.CHANNELZ"

{In this example channel 2 would be algebraically subtracted from
channel 1.)
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VERSus command

This command allows X vs Y displays wilh two operands. The first operand defines the Y
axis and the second defines the X axis. The Y axis range and offset is initially equal to the
first operand’s and can be adjusted using the range and offset commands in this subsystem.
The X axis range and offset is always equal to that of the second operand. It can only be
changed by changing the vertical setlings of the second operand. This will also change the
Y axis verlical sensitivity and offset.

Command Syntax: VERSus<eperandl><,><operand2>

operandl & 2 ::= {channel 1 | channel 2 | memory 1 |
memory 2 | memory 3 | memory 4}

Example: OUTPUT 707;"FUNCTIONZ VERSUS CHANNEL1,MEMORY3"

NOTES:
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10-14. GRAPH SUBSYSTEM

The Graph subsystem allows you o control y-axis windowing, offset and the magnification for the
two channels. See Figure 10-B for a syntax diagram of the GRAPh subsystem commands.

GRAPhO command/query

This command allows you selecl the graph subsystem and specify which input channel will
be the destination for the graph subsystem commands that follow. The query responds with
all the parameters in the subsystem.

Command Syntax: GRAPh {1 | 2 )
txample: OUTPUT 707;"GRAPH1"
Query Syntax: GRAPh (I | 2 }?

Returned Format: [GRAPh]<NRLl-<crlf>
[MAGNify]<argument><crlf>
[YOFfset]<MR3»<crlf>
[YRANge]<NR3=><crl1f>

Example: DIM Graph$[100]
QUTPUT 707:;"EQT ON"
OUTPUT 707:"GRAPHL?"
ENTER 707 USING "-K":Graph$
PRINT USING "-K":Graph$

MAGNify command/query

This command controls the MAGNIfy function for a specific channel. This command has
one parameter; OFF, ON, or WINDOW. Off specifies that the channel will be displayed on
the CRT in the unmagnified farm. On specifies that the channel will be displayed In the
magnified form. Window specifies that the channel will be displayed in the unmagnified
form with the magnifier window displayed. The window 15 only displayed when the menu for
the specified channel is on.

Command Syntax: MAGNify {[ OFF | 0 J[ ON | 1 J[ WINDOW | 2 ]}
Example: OUTPUT 707;"MAGNIFY OFF"

Query Syntax: MAGNify?
Returned Format: [MAGNify]<argument><crif=
Example: OUTPUT 707;"MAGNIFY?"

ENTER 707 ;Maq$
PRINT Mag$
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YOFfset command/query
This command allows you to control the voltage at the center of the magnify window. This
voltage must be within the vertical range lhat is setup with the CHANNELn RANGE and
OFFSET commands. The guery returns the current value of YOFfset.

Command Syntax: YOFfset { NR1 | NR2 | NR3 }
Example: OQUTPUT 7Q7;"YOFFSET 1E-3"
Query Syntax: YOFfset?
Returned Format: [YOFfset]<NR3><crlf>
Example: OQUTPUT 707;"YOFFSET?"

ENTER 707;Y$%
PRINT Y§

YRANge command/query
This command allows you to control the size (in volts) of the magnify window. The
combination of this command and the YOFfset command must define a window that is
completely enclosed by the vertical range that is setup with the CHANneln RANGe and
OFFSet commands. The query returns the current value of YRANge.

Command Syntax: YRANge { NR1 | NR2 | NR3 }
Example: OUTPUT 707;"YRANGE .01"
Query Syntax: YRANge?
Returned Farmat: [YRANge]<NR3><crlf>
Example: OQUTPUT 707;"YRANGE?"

ENTER 707;Yr$
PRINT Yr$
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10-15. HARDCOPY SUBSYSTEM

The commangds n lhe HARDcopy subsystem allow you to set various parameters used during the
plotting and piinting waveforms from the 54110D. Refer to Figure 10-9 for the syntax diagram of
ihe HARDcopy subsystem commands.

HARDcopy command;jgquery

The HARDcopy command selects lhe hardcopy subsystem as the destination for the
commands that follow.

Command Syntax: HARDcopy
Example: OUTPUT 707;"HARDCOPY"
Query Syntax: HARDcopy?

Returned Format: [HARDcopy]<crlf>
[PAGE J<argument><crlf>
. [PEN]<argument><crlf>
[SPEed]<argument><cr]f>

Example: [IM Hard$(100]
OUTPUT 707;"EOT ON"
QUTPUT 707;"HARDCOPY?"
ENTER 707 USING "-K";Hard$
PRINT USING "-K";Hard$"

PAGE command/query
The page command allows you lo send a form feed after a hardcopy dump io a printer
buring a hardcopy dump the 54110D gnores page boundaries The gquery returns the
current state of the page cammand parameter.

Command Syntax: PAGE {[ MANual | 0 ]
[ AUTOmatic | 1 1}

Example: OUTPUT 707:"PAGE AUTQ"

Query Syntax: PAGL?
Returned Format: [PAGE]<argument><crlf>
Example: OUTPUT 707;"PAGE?"

EMTER 707:Page$
PRINT Page$
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PEN command/query

The PEN command allows you to set the 54110D's pen conibrol function. When this
command is sel lo AUTOmatic the unit assigns the following pen numbers to these
functions:

Pen # Usage

1 Graticule and timebase factors

2 Channel 1 and associated faclors

3 Waveform memories and associated factors
4 Channel 2 and associated factors

5 Markers and delta measurement results

6 Pixel memories

When the command is put in the MANual mode the plotter will not be Instructed to select a
pen when a plot is requested, at the completion of the plot an instruction will be sent to
cause the plotter to put away the pen. The query returns the state of the pen control
parameter.

Command Syntax: PEN {[ MANual | 0 ]
[ AUTOmatic | 1 13

Example: OUTPUT 707;"PEN AUTOMATIC"
Query Syntax: PEN?

Returned Format: [PEN]<argument><crif>

Example: OUTPUT 707;"PEN?"

ENTER 707;Pen$
PRINT Pen$

SOURce | SRC command

The SOURce command specifies the source(s) to be ocutput during a hardcopy dump.
Commas should be used when specifying multiple sources.

Command Syntax: { SOURce | SRC }

{[PLANeO | 0] (active display)
[PLANel | 1]  (pixel memory 5)
[PLANeZ | 2] (pixel memory 6)

|
|
[FACTors | 4] (scale factors)
|
|
|
l

[MEMoryl | 11] (waveform memory 1)
[MEMory2 | 121 {waveform memory 2)
[MEMovy3 | 13] (waveform memory 3)
[MEMory4 | 14]) {waveform memory 4}

Example: OQUTPUT 707;"SOURCE PLANEZ,MEMORYL"

10-75



Model 541100 - Hardcopy Subsystemn

SPEed command/query
The SPEed command allows you to specify the pen speed to be used during plotting. FAST
is intended for use on normal paper and SLOW should be used when plotiing
transparencies. The query returns the current pen speed

Command Syntax: SPEed {[ SLOW | 0 ]
[ FAST | 1 ]}

Example: OUTPUT 707:"SPEED FAST"

Query Syntax: SPLed?
Returned Format: [SPLed]<argument><crlf>
Example: OUTPUT 707;"SPEED?"

ENTER 707:Speed}
PRINT Speed$

NOTES:
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CHANNEL_NUMBER = An integer, 1 or 2
EDGE_NUMBER == An infeger from 1 o 100.
FUNC_NUMBER = An integer from 1 to 2.
MEM_NUMBER = An integer from 1 to 4,
VTIME _ARG = A 1eal number that is within the honzontal disptay window.
VSTART ARG = A real number <=2 X voltage range.
VSTOP_ARG = A real number <=2 X vollage range.
TSTART_ARG = A real number with the following restrctions:
Maximum is 60,000 X tLimebase range or 1.6sec, whichever is greater
[f the delay reference is left
then minimum is 200 ms or -{timebase range), whichever is smaller
Flse if the delay reference is center
then minimum is -5(timebase range) or -200 ms+{timebase range)
whichever is smaller.
Etse if the delay reference is right
then minimum is 0 or -200 ms+l0{timebase range),
whichever is smaller.
TSTOP_ARG = A real number with the same restrictions as TSTART_ARG.
ESTART ARG = An integer between 0 and 100.
ESTOP_ARG = An integer between 0 and 100.
VREL ARG = An integer Q, 10, 20, 50.

Figure 10-10  Measure Subsystem Commands
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10-16. MEASURE SUBSYSTEM

The commands in the MEASure subsystem allow you to make pulse parameter and voltage
measurements. You may also make custom measurements using the voltage and time markers.
Pulse parameter measurements are made on the left side of the display if there 1sn't enough
signal present on the display to make a measurement, 1E38 is returned. Measurements are made
using previously specified PRECision. f PRECsion is set to LOW, the waveform will not be
expanded. [If PRECision is set HIGH the umt will attempt to increase the precision of the
measurement by making the sweep faster, Low precision measurements typically are
accomplished faster than high precision measurements because of the additional lime required for
expansion. Al predefined pulse parameter measurements cause an Auto Top-Base operation o be
prefaormed on the displayed signal. This operation determines the 10, 90, and 50 percent levels
that are used to make the measurements. For more detailed information concerning the
automated measurements refer to Appendix C. Refer to figure 10-10 for a syntax diagram of the
measure subsystem commands.

MEASure command/query

The MEASure command selects the measure subsystem as the destination for ihe
commands that follow The guery responds with selected measurement parameteis.

Command Syntax: MEASure
Example: QUTPUT 707;"MEASURE"
Query Syntax: MEASure?

Returned Format: [MEASure]<crlf>

[S0URce ] [CHANnel T<NR1>[FUNCtion]<NR1>
[MEMory ]<NR1><crif>

[PRECision]<argument><cyrlf>
[VDELta]<NR3><crlf>
[VSTArt]<NR3><crlf>
[VSTOp]<NR3»<crlf>
[TDELta]«NR3><crl1f>
[TSTArt ]<NR3»<cr1f>
[TSTOp]<NR3»<cr1f>

Example: DIM Mea$[200]
QUTPUT 707:"EOL ON"
QUTPUT 707 "MEASURE?"
ENTER 707 USING "-K";Mea$
PRINT USING "K":Mea$}

10-81



Model 54110D - Measure Subsystem

ALL? query

This query makes as many measurements as possible on the displayed signal and buffers
the answers for autput over HP-IB, If the measurement cannot be made the instrument will
respond with 1.00000E+38.

Query Syntax: ALL?

Returned Format: [FREQuency]<NR3><crlif>
[PERiod]<NR3><cr1f>
[PWIDth]<NR3A><crlf>
[NWIDth]<NR3><crl >
[RISET<NR3><crlf>
[FALL]<NR3><crl1f>
[TOPBase]<NR3><crif>
[VPP]<NR3><crlf>
[PREShoot ]<HR3><crlf>
[OVERshoot]<NR3><crl >
[DUTYcycle]<NR3><crif>
[VRMS]<NR3><crlf>
[VMAX]<NR3><crlf>
[VMIN]<NR3><crlf>
[VTOP]<NR3><crif>
[VBASe]<NR3><crlf>

Example: DIM A115[5C0]
OUTPUT 707;"EOI ON"
QUTPUT 707;"ALL?"
ENTER 707 USING "-K";"A11%"
PRINT USING "K";A11%

CURSor? query

This query returns lime and voltage values of the specified marker as an ordered pair of
time/voltage values. If delta 15 specified the instrument returns the value of delta V and deita
T. If start is specified the positions of Vmarker1 and the start marker are returned. If stop 1s
specified the positions of Vmarker2 and the stop marker are returned.

Query Syntax: CURSor {[ DELTA | O ]
[ START | 1]
[ STOP | 2 ]}?

Returned Format: [CURSoOr]<NR3><,><NR3><crlf>

Example: DIM Cursor$[30]
QUTPUT 707;"CURSORL?"
ENTER 707:Cursors
PRINT Cursor$
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P

TIE

DUTYcycle? | DUTY

This guery causes the insirument to determine the duty cycle of the signal  The pulse widin
is measured al the 50% voltage point. The duty cycle 1s computed using the iollowing

iormula’
duty cycie = {+nuiss widih/peilod] X 100
Tuery Syntax: | DUTYcycle | DUT }?
Returned Format. [DUTYcycle]<HR3z<cvlf>

Exampte: DIM Dut$[30]
QUTPUT 707;"DUTYCYCLE?"
ENTER 707;Dut$
PRINT Dut$

oA Er

This commang causes ihe instrument to position the start marker on the specifiet 2dge anc
slape at the voltage level corresponding io voliage marker 1. A posiiive integer looks for @
spectlic positive transition and a negalive integer locks for a specific negaitve iransiiion
through the voliage levet equal to the voltage level of voltage marker 1. The query {25D0NCS
with the currently specified edge.

fommane 3yntax:  ESTArRt<NRI>
Example: OQUTPUT 707;:"ESTART 2"

juery Syniax:  ESTArt?
Returned Format: [ESTART]<MR1><crlf>
Example: OUTPUT 707;"ESTART?"

ENTER 707:Es$
PRIMT Es$

i e e o
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ESTOp command/query

This command causes the instrument to position the stap marker on the specified edge and
slope at the voltage level corresponding to voltage marker 2. A positive integer locks for a
specific positive transition and a negative integer looks for a specific negative transition
through the voltage level equal the level of voltage marker 2. The query returns the currently
specified edge.

Command Syntax: ESTOp
Example: OUTPUT 707:;"ESTOP-2"

OQuery Syntax: FESTOP?
Returned Format: [ESTOP}<NRI><crlf>
Example: OUTPUT 707:ESTOP?

ENTER 707;Es$
PRINT Es$
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FALL? quary

This query causes the instrument to measure the fall ime of the lirst falling edge whose 10%
and 90°%. points are on screen using the formula

fall time = time at 10% point - tme at 90% point.
Query Syntax: FALL?
Returned Format: [FALL]<NR3><crlf>
Example: OUTPUT 707:"FALL?"

ENTER 707:Fall$
PRINT Fall$

FREQuency? auery

This query causes lhe instrument to measure the frequency of the first complete period on
screen wsing the 50°%, levels. The algonthm used is:

if first edge on screen is rising

then
frequency = 1/{time at second rising edge
- time at first rising edge)
else
freguency = 1/(time at second falling edge

- time at first faliing edge)
Query Syntax: FREQuency?

Example: DIM Freg$[30]
QUTPUT 707;"FREQuency?”
ENTER 707:Freq$
PRINT Freq$
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NWIDth? query

This query causes the instrument lo measure the negative pulse width of the first negative
pulse on screen using the 50% levels The algorithm used 15

1f first edge on screen is rising
then
width = (time at second rising edge
- time at first falling edge)
else
width

{time at first rising edge
- time at first falling edge)

Query Syntax: NWIDth?
Returned Format: [NWIDth]<NR3><crlf>
Example: DIM Nwid$[30]
QUTPUT 707:"NWIDTH?"

ENTER 707:Nwid$
PRINT Nwid$

OVERshoot? query

This query causes the instrument to measure the overshoot of a selected signal. Overshoot
uses the first edge on screen using the following algorithm

if the first edge on screen is rising
then
overshoot = Vmax - Vtop
else
overshoot = Vbase - ¥min

Query Syntax: OVERshoot?
Returned format: [OVERshoot]<NR3»<crlf>
Example: DIM Over$[30]
QUTPUT 707;"OVERSHODT?"

ENTER 707;0vers
PRINT Over$
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PERiod? query

This command causes the instrument to measure the period of the first complete cycle on
screen using the 50% level. The algorithm is:

if first edge on screen is rising

then
period = (time at second rising edge
- time at first rising edge)
else
period = (time at second falling edge

- time at first falling edge)
Query Syntax: PERiod?
Returned format: [PERiod]<NR3><crlf>
Example: DIM Feriod$[30]
QUTPUT 707;"PERIOD?"

ENTER 707;Period$
PRINT Period$

PRECision command/query

This command allows you to specify the precision that is used on subsequent
measurements. When PRECision is set to HIGH the edges used far making a measurement
are evaluated by making the sweep speed faster until the edge has a slope of approximately
45 degrees or the limit of the horizontal system has been reached. This increases the
resalution of the measurement. When PRECision is set to LOW no horizontal expansion is
accomplished. Law precision allows you increase measurement speed with the potential of
reduced accuracy.

Command Syntax: PRECision {[ LOW | O ]
[ HIGH | | 1}

Example: OUTPUT 707;"PRECISION LOW"
Query Syntax: PRECision?
Returned Format: [PRECision]<argument><crif>
Example: DIM Prec$[30]
OUTPUT 707;"PREC?"

ENTER 707;Prec}
PRINT Prec$
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PREShoot? query

This query causes the instrument to measure the preshoot of the selected SOURce. The
PREShoot command uses the first edge on screen using the following algarithm:

if the first edge on screen is rising
then
preshoot = Vbase - Vmin
else
preshoot = Vmax - Vtop

Query Syntax: PREShoot?
Returned Format: [PREShoot J<NR3><crl1f>
Example: DIM Pres$[30]
QUTPUT 707:"PRESHOOT?"

ENTER 707;Pres$
PRINT Pres$

PWIDth? query

This query causes the instrument to measure the positive pulse width of the first positive
pulse on screen using the 50% levels. The algorithm used is:

if first edge on screen is falling
then
width = (time at second falling edge
- time at first rising edge)
else
widlh

(time at first falling edge
- time at {irst rising edge)

Query Syntax: PWIDth?
Returned Format: [PWIDthJ<NR3><crlf>
Example: DIM Pw$[30]
OUTPUT 707."PWIDTH?"

ENTER 707 Pw$
PRINT Pw$
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RISE? query

This guery causes the instrument to measure the nse time of the first rising edge whose
10% and 90% paints are on screen using the formula:

rise time = (time at 90% point - time at 10% point)
Query Syntax: RISE?

Returned Format: [RISE]<NR3><crlf>

Example: OUTPUT 707;"RISE?"

ENTER 707;Rise$
PRINT Rise$

SOURce | SRC command/query

This command selects the source(s) to be used for subsequent measurements. If the source
is specified as CHAMnell or CHANng2, that channel will be used as the source for
subsequent MEASure commands. For dual measurements, 2 parameters are specified after
the source command. Vmarker 1 the start marker wilt be assigned to the first and Vmarker
2 and the stop marker will be assigned to the second. If the keyword DUAL is used as the
measurement source the markers will be assigned to chan 1 and 2 respectively. The marker
measurement commands that work in DUAL are; ESTART, ESTOP, TSTART, TSTOP,
TDELTA, VSTART, VSTOP, AND VDELTA.

Command Syntax: { SOURce | SRC }{[ DUAL | 0 ) | [<,>
[ CHANnell | 1 ] | {[CHANRel1l |} 1 ]
[ CHANnel2 | 2 ] | [CHANnel12 | 2 ]
[ FUNCtionl | 91 | [FUNCtionl | 9 ]
[ FUNCtion2 | 10 7 | [FUNCtion2 | 10 ]
[ MEMoryl | 11 ] |  [MEMoryl | 11 ]
[ MEMory2 | 12 ] | [MEMory2 | 12 ]
[ MEMory3 | 13 ] | [MEMory3 | 13 ]
[ MEMoryd4 | 14 1} | [MEMory4 | 14 ]3]

Fxample: OUTPUT 707:"SOURCE CHANNELI:MEMORY1™
Query Syntax: { SOURce | SRC }?
Returned Format: [ SOURce | SRC ]<argument><cr]f>
Example: DIM SrcH[50]
QUTPUT 707;"SRC?"

ENTER 707;Src$
PRINT Src$
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TOPBase? query
This query returns the signal amplitude using the formula:
amplitude = Vtop -Vbase

Viop and Vbase are located using a histogram of the voltage values of the waveform record.
After a waveform record 1s collected the absolute min and max voltages are determined and
a histogram of the voltage values is completed. Next, the wavefarm record is scanned (o
find the voltage values with the largest number of data points. If the maximum number of
data points is greater than the limit criteria (approximately 5% of the maximum number of
points in the record) that voltage level is used for the top or the base. If the limit critenia is
not satisfied the absolute min, max values are used as the base and the top,

Query Syntax: TOPbase?
Returned Format: [TOPBase]<NR3><crl1f>
Example: DIM Top$[30]
QUTPUT 707;"TOPBASE?"

ENTER 707:Top$
PRINT Top$

TDELta? gquery
This query returns the time difference between the start and stop time markers, that 1s;
Tdelta = Tstop - Tstart

Where Tstart 15 the time at the slart marker and Tstop is the time at the stop marker.
Query Syntax: TDELta?

Returned Format: [TDELtal<NR3><crlf>

Exampie: DIM Td$[30]

QUTPUT 707;"TDELTA?"

ENTER 707;Td$
PRINT Td$
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TSTArt command/query

This command moves the start marker to the specified time with respect to the trigger tima.
The query returns the start marker position.

Command Syntax: TSTArt<start marker time>
Example: QUTPUT 707;"TSTArt -.001"
Query Syntax: TSTArt?
Returned Format: [TSTArt]<NR3><crlf>
Example: DIM Ts$[30]
Example: OUTPUT 707;"TSTART?"

ENTER 707;Ts$
PRINT Ts$

TSTOp command/query

This command moves the stop marker to a specified time with respect to the trigger. The
query returns the stop marker position.

Command Query: TSTOp<stop marker time><crlf>
Example: OQUTPUT 707;"TSTOP -1.0C-6"
Query Syntax: T1S5TOp?
Returned Format: [TSTOp]<HR3><crif>
Example: DIM Ts$[30]
QUTPYT 707;"TSTOP?"

ENTER 707;Ts$
PRINT Ts$
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TVOLt? query

When the TVOLL query 1S sent, the on screen signal 1s searched for the defined voltage level
and transition. The time interval between the trigger event and this defined cccurrence is
returned as the response to this query.

The sign of <slope & occurtence> selects a nsing(+) or faling|(-) edge. The magnitude of this
pararneter defines the number of occurrences. For example, if <slope & occurrence> = +3
the on screen signal would be searched for the third occurtence of the specified voltage on
a posiive slope.

Query Syntax: TVOLt<voltage»<,><slope & occurrence>?
Returned Format: [TYOLt]<NR3><crlf>
Example: DIM Tvolt$[30]
QUTPUT 707:"TVOLT -.250.+3 ?"

ENTER 707:Tvolt$
PRINT TVelt$

VBASe? query

This query returns lhe voltage level of the base of the waveform data. VBASe is determined
by using a histogram of the vollage values of the wavefarm record  After a waveform recaord
15 collected the absolute min and max voltages are determined and a histogram of the
voltage values is completed. Nexi, the waveform recard 1s scanned to find the voltage
values with the largest number of data peoints. If the maxmum number of data points is
greater than the limit critena (approximately 5% of the maximum number of points in the
record) that voltage level is used for the top or the base. If the limit criteria is not satisfied
the absociute min, max values are used as the base and the top.

Query Syntax: VBASe?
Returned format: [VBASe]<NR3»-crif>
Example: OUTPUT 707;"VBASL?"

ENTER 707:Base$
PRINT Base$

10-92



Model 54110D - Measure Subsystem

VDELia? guery
This query returns the difference in voltage between voltage marker 1 & 2. That is:
VDELEa = Marker2 - Marker1
Where Marker1 is the voltage at marker 1 and Matker2 is the voltage at marker 2.
Query Syntax: VDELta?
Returned Format: [VDELta]<NR3»<crif>
Example: OUTPUT 707:"VYDELta?®"

ENTER 707:;Vdelta$
PRINT Vdelta$

VFIFty command
For a single source this command sets the voltage markers at the 50°% level For dual
source measurements VYmarker1 is sent to the 50% level of the first source and vmarker 2 15

set to the 50% level of the second source. For a single source, this command has the same
effect as pressing the front panel Auto Top-Base key and then pressing the 50-50% key.

Command Syntax: VFIFty
Example: OQUTPUT 707;"VFIFTY"

VMAX? query

This query returns the absoclute maximum voltage present at the selected
source

Query Syntax: VMAX?
Returned Format: [YMAX]<NR3»<crlf>
Example: OQUTPUT 707;"VYMAX?"

ENTER 707:Vmax$
PRINT Vmax$
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VMIN? query
This query returns the minmum voltage present on the selected source.
Query Syntax: VMIN?
Returned Format: [YMIN]<NR3><crlf>
Example: OUTPUT 707;"YMIN?"

ENTER 707:Vmin$
PRINT Vmin$

VPP? query
This query returns the peak-lo-peak voltage computed using the formula:
Vpp = Vmax - Vmin

Where Vmax and Vmin are the maximum and minimum veltages present on the
selected source.

Query Syntax: VPP?
Returned Format: [VPP]<NR3><crif>
Example: OQUTPUT 707:"ypPpP?"

ENTER 707;Vpp$
PRINT Vpp$
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VRELative command/query

The VRELative command moves the voltage markers to defined percentage
points of their last established positions. Far example: afier a TOPBase
operation voltage marker 1 would be located at the base (0%) of the signal

and voltage marker 2 would be at the top (100%;) of the signal. If VRELative

10 command was executed, voltage marker 1 would be moved to the 10% level
and voltage marker 2 wauld be moved to the 90% level the signal.

VREL 100 would move the markers back to their original locations. VREL 50
waould move both markers to the 50% point of their original positions.

The guery returns the current relative position of the markers i.e., 10,

20, 80, cr 100.

Commznd Syntax: VRELative<percentage>
Example: OUTPUT 707;"VRELative 20"
Query Syntax: VRELative?
Returned Format: [VRELative]<NR1>
Example: OUTPUT 707:"VREL?"

ENTER 707;¥r$
PRINT Vr$
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VRMS? query

This query returns the RMS voltage of the selected SOURce. The RMS voltage is computed
aver one complete period using the formula:

M3+109a1

Where there are n time buckets 1n 1 period and V) is the voltage at bucket j of the penod
data Since it is rare for a period to fall precisely within an integral number of hme buckets,
the algorithm rounds to the nearest time bucket at the beginning and end and uses these as
the limits.

Query Syntax: VRMS?
Returned Format: [YRMS]<NR3><cilf>
Example: OUTPUT 707;"VRMS?"

ENTER 707:V%
PRINT V$

VSTAr command/query

This command moves voltage marker 1 to the specified voltage. The query returns the
current voltage level of voltage marker 1.

Command Syntax: VSTArt<voltage level>
Example: QUTPUT 707:"VSTART -.01"
Query Syntax: VSTArt?
Returned Format: [VSTArt]<NR3><crlf>
Exampie: OUTPUT 707;"VSTART?"

ENTER 707;Vs$
PRINT ¥s$
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VSTOp command/guery

This command moves voltage marker 2 to the specified voltage. The query returns the
current voltage level of voltage marker 2.

Command Syntax: VSTOp<voltage level>
Example: QUTPUT 707;"VSTOp -.1"
Query Syntax: V5TOp?
Returned Foyrmat: [VSTOp]<NR3><crlf>
Example: OUTPUT 707;"VSTOP?"

ENTER 707;Vstoph
PRINT Vstop$

. VTIMe? Guery

This query relurns the voltage at a tme, this ime is relerenced to the ingger event and musi
be on screen. The time may be + or - (before ar after ihe trigges evenl). This command
functions on single valued waveform records anly. [f the ime with respect to the irigger
event is off screen 1E38 will be returned. i the time bucket of interest does not contain any
voltage values, due to the completion criteria being less than 100%, the VTIMe value will be
interpotated using linear interpolation between the closest points before and after the lime
bucket.

Query Syntax: VIIMe?
Returned Format: [VTIMe]<NR3»<crlf>
Example: OUTPUT 707;"VTIME -.001?"

ENTER 707:Yt$
PRINT Vt$
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VTOP? query

This command returns the voltage at the top of a wavetorm. VTOP is calculated by using a
histogram of the voltages of the waveform record. After a waveform record 1s collected the
absolute min and max voltages are determined and histogram of the voltage values is
completed  Next, the waveform is scanned o find the voltage values with the largest
number of data pomnts. if the maximum number of data paints is greater than the imit
chiteria (approximately 5%} of the maximum number of data points in the record, that voltage
level is used for the top or the base. If the limit ciitenia is not satisfied the absolute min, max
values are used as the base and the top.

Query Syntax: VTOP?
Returned format: |[VTOPJ<NR3><crlf>
Example: OUTPUT 707;"VTOP?"

ENTER 707:Vtop$
PRINT Vtop$
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10-17. TIMEBASE SUBSYSTEM .

The Timebase Subsystem commands control the horizontal axis, "X aws”, oscilloscope
functions See Figure 10-11 for a syntax diagram of the timebase subsystem commands.

TIMebase command/query

The TIMbase command selects the timebase as the destination for the commands that
follow. The query responds with all the settings af the timebase.

Command Syntax: TIMebase

Example: OUTPUT 707;"TIMEBASE"
Query Syntax: TIMebase?

Returned Format: [TIMebase]<cr]f>
[MODE]<argument ><crlf>
[RANGe]<NR3><crlf>
[
[

DELay]<NR3><crif>
REFerence]<NR3><cr]f>

Example: DIM Time${100]
QUTPUT 707:"EQOT ON"
OUTPUT 707;"TIMEBASE ?" .
ENTER 707 USING "-K":Time$
PRINT USING "K":Time$

DELay | DLY command/query

This command sets the timebase delay. This delay 15 the time interval between the trigger
event and the on scieen delay reference point. The query returns the current delay value.

Command Syntax: {[DELay][DLY]}-<timebase delay>
Example: OUTPUT 707;"DELAY 2E-3"

Query Syntax: {[DELay][DLY]}?
Returned Format: [DELay]<NR3><crlf>
Example: OUTPUT 707;"DELAY?"

ENTER 707;Del$
PRINT Del$
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MIODE command/guery

This command selecls the timebase mode If the AUTO mode is selected the unit wiil
provide a baseline on the display in the absence of a signal. If a signal is piesent but is noi
triggered the display will be unsynchronized but will not be a baseline. If the TRIGGERED
made is selected and no trigger is present the unit will not sweep, and the data acquired on
the previous trigger will remain on-screen. The SINGLE mode causes the unit to make a
single acquisiion when the next tiigger event cccurs. The guery returns the current mode.

Command Syntax: MODE{[ AUTO | 0 ]
[ TRIGGERED | 1 ]
[ SINGLE | 2 1}
Example; OUTPUT 707;"MODE SINGLE"
Query Syntax: MODE?
Returned Format: [MODE]<argument>:icrlf>
Example: CUTPUT 707:"MODE?"

ENTER 707 :Mode$
PRINT Mode$

OFFSet commana/guery
This command sets the timehase delay. This delay is the me interval belween the rigger
event and the on screen delay reference point. The query returns the curreni delay value.
This command performs exactly the same function as the DELay command.

Command Syntax: OFFSet<timebase delay>
Example: OUTPUT 707:"OFFSET 1E-4"
JQuery Syntax: OFFSet?
Returned Format: [OI'FSet]:NR3»zcrlf>
Example: OUTPUT 707:"OFFSET?"

ENTER 707 :0ffs$
PRINT Gffs$
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RANGe command/query

This command definas the full scale horizontal time interval. RANGE = 10 X SENSITIVITY.
The query returns the current range.

Command Syntax: RANGe<horizental time interval>
Example; OUTPUT 707;"RANGE 1"

Query Syntax: RANGe?
Returned Format: [RANGe]<NR3»><crlf>
Example: OUTPUT 707:"RANGE?"

ENTER 707;Range$
PRINT Range$

REFerence command/query

This command sets the delay reference to the left, center, or right side of the screen. The .
query returns the current delay reference.

Command Syntax: REFerence {[ LEFT | 0 ]
[ CENTER | 1 ]
[ RIGHT | 2 1}
Example: OUTPUT 707;"REFERENCE LEFT"
Query Syntax: REFerence?
Returned Format: [RCFerence]<argument><cr]f>
Example: OUTPUT 707;"REFERENCE?"

ENTER 707:Ref$
PRINT Ref}
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SENSitivity command/query

This command sets the horizontal time/division to the defined value.
SENSitivity = RANGe/10. The query returns the current time/division.

Command Syntax: SENSITIVITY<time/division>
Example: OUTPUT 707;"SENSITIVITY JE-7"
Query Syntax: SENSitivity?
Returned Format: [SENSitivity]<NR3I><crlf>
Example: OUTPUT 707;"SENSITIVITY?"

ENTER 707;Sens$
PRINT Sens$

NOTES:
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10-18. TRIGGER SUBSYSTEM

The commands in the Trigger Subsystem are used to define the conditions for a trigger. This
instrument provides five tngger modes. EDGE mode, PATTERN mode, EVENT DELAY mode,
TIME DELAY mode, and the STATE mode.

In the edge mode each lrigger source has an associated level, slope, and probe attenuation factor
which are used when it is selected as a trigger source These levels and probe attenuation factors
are applicable to olher modes however, the slope will depend on the partrcular mode used.

The SOURCE, ENABLE and PATH commands are related in that they select the source for
commands like LOGIC ¢r LEVEL, however each is used in a slightly different way. The SOURCE
command is used to specify the trigger source for the EDGE, STATE, TDLY, and EDLY modes.

This is the source that the actual tngger 15 generated from. The ENABLE command is used in the
TDLY and EDLY modes to specify the souirce that is used to qualfy the trigger. The PATH
command 1s used in the PATTERH and STATE modes to select a pattern element for setup.

Each individual lrigger mode keeps track af the last referenced source and 1t is this source that is
addressed by any SLOPE, LOGIC, efc. commands when that mode 15 re-entered.

See Figure 10-12 for Trigger Subsystem syntax diagiam.

10-110



54110D - Trigger Subsystem

TRiGger

command/query

The trigger command selects the trigger subsystem as the destination for the trigger
commands that follow. The query responds with the subsystem parameters for the current

trigger mode.

Command Syntax:
Example:

Query Syntax:

Returned Format:

TRIGger
QUTPUT 707;"TRIGGER"
TRIGger?

MODE EDGE<cr1f>
SOURce<path name><crlf>
PROBe<NR1><cr]f>
LEVel<NR3><crl1f>
SLOPe<argument><crlf>

{[HOLDoFf TIME]<NR3><cr1f> |

[HOLDoff EVENTS]<NR1><crlf>}

MODE PATTERN<crlf>
CONDition<argument><crif>
DURation<argument><crif>
PATH<path name 1><crlf>
PROBe<NR3><crif>
LEVeT<NR3><crif>
LOGic<argument><crlf>
PATH<path name 2><crl1f>
PROBe<NR3><crl1f>
LEVel<NR3><crif>
LOGic<argument><crlf>
PATH<path name 3><crlf>
PROBe<NR3><crlf>
LEVeT<NR3><cr1f>
L0Gic<argument><crlf>
PATH<path name 4><crlf>
PROBe<NR3><cr1f>
LEVeT<NR3><cr1f>
LOGic<argument><crif>

{[HOLDoff TIME]<NR3><crlf> |

[HOLDoff EVENTS]<NRI><crlf>}

(continued on next page)
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TRIGger (cont'd)

MODE STATE<crl1f>
CONDition<argument><crlf>
PATH<path name 1><crlf>
PROBe<NR3><crl1f»
LEVel<NR3=<cr1f>
LOGic<argument><crlf>
PATH<path name 2><crif>
PROBe<NR3:<crlf>
LEVel«<NR3=<crlf>
L0Gic<argument><crlf>
PATH<path name 3»<crlf>
PROBe<NR3I=<crlf>
LEVel<NR3»<crl1f>
LOGic<argument><crif>
SOURce< path name 4><crif>
PROBe<NR3:<crl1f>
LEVel<NR3Iz<crlf>
SLOPe<argument><crlf>
HOLDoff TIME<NR3><cylf>

MODE TDLY<cr1f>
ENABTe<path name 1><crlf>
PROBe<NR3:-crlif>
LEVel<NR3>=crlf>
SLOPe<arqument><crlf>
DElLay<NR3»<cyif>
SOURCE<path name 2><crlf>
PROBe«NR3><cy1f>
LEVel<NR3><crlf>

SLOPe< argument><crlf>

MODE EDLY<crl1f>
ENABle<path name I><crlf>
PROBe<NR3>crlf>
LEVeT<NR3»<crif>
SLOPe<avrqument><crl f>
DELay<NRl><crlf=
SOURCE<path name 2»<crif>
PROBe<NR3=<crif>
LEVel<NR3»<cr1f>
SLOPe<argument><crlf>

{continued on next page)
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TRiGger (cont'd)

Example; DIM Trig$[700]
QUTPUT 707;"FOL ON"
QUTPUT 707;"TRIGGER?"
ENTER USING "-K":Trig$
PRINT USING "K":TRIGS

CONDition command/query

This command/query is valid only when the trigger mode is PATTERN ar STATE. In the
PATTERN mode It specifies whether the trigger 15 generated on entry to the specified logic
patlern or when exiting it. If TRUE is selected, duration is used as the quahiier ior the
PATTERN In the STATE made it speciies whether the trigger 15 generated when ihe pattern
is present (true) ar not present (false). The query returns the currently selected condition

Command Syntax: CONDition
Example: OUTPUT 707;"CONDITION EXIT"

Query Syntax: CONDitiun?

Returned Format: [CONDition]{[ ENTER | O ] {PATTERN mode)
[ EXIT | 1]
[ TRUE | 2 1}
[COMDition]{[ FALSE | 0 ]  (STATE mode)
[ TRUE | 117}

Example: OUTPUT 707; "CONDITION?"
ENTER 707:Cond$
PRINT Cond$
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DELay | DLY command/query

This command/guery is valid only in the events delay (EDLY) or time delay (TDLY) modes.
In the time delay mode this command specifies the delay in seconds. In the events delay
moade this command specifies the number of trigger events. The query returns the delay for
the current mode.

Command Syntax: {DELay | OLY}{<event delay>

<time delay>}
Example: OUTPUT 707;"DELAY 10"

Query Syntax: DELay | DLY?
Returned Format: [DELay]{<NRL>|<NR3>}<crif>
Example: QUTPUT 707;"DELAY?"

ENTER 707;Delay$
PRINT Delay$

DURation command/query

This command/query 1s vaiid only in the pattern mode. It specifies the time limit {minimum
time for "=", or maximum tme for "<') a pattern must be present tc generate a trigger.
Pattern duration trigger is implicitly an "EXITED" candition, that is, the tngger coincides with
the filst evenl that makes the pattern false. The query returns the current selections for
duration type and hme

Command Syntax: DURation{[ LT | | | < ]
LGT [ 2] >1}

Example: OUTPUT 7G7:"DURATION LT 1E-3"
Query Syntax: DURation?

Returned Format: [DURation]<argument><cr]f>

Exawple: OUTPUT 707:"DURATION?"

ENTER 707:Dur$
PRINT Dur$
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ENABIle command/query

This command/query is valid in the STATE, TDLY, or EDLY modes. It is used o specify the
source that is to be used as the trigger enable, which is also the source for subsequent
SLOPE and PROBE commands. The query returns the current trigger enable scurce of the
present mode.

Command Syntax: ENABle{[ CHANnell { 1 ]
[ CHANnel2 | 2 ]
[ EXTernall | 3 ]
[ EXTernal2 | 4 1}
Example: OQUTPUT 707;"ENABLE CHANNEL3"
Query Syntax: ENABle?
Returned Format: [ENABle]<argument><crlf>

Example: OUTPUT 707;"ENABLE?"
ENTER 707;Enable$
PRINT Enable$

HOLDoft command/query

This command allows you to specify the holdaff time in the EDGE, PATTERN, or the STATE
modes, or the heldoff number of events in the EDGE or PATTERN modes. Each mode has
its own holdoff parameters and "remembers” whether it was using holdoff by time or holdoff
by events. The holdoff query is valid in the EDGE, PATTERN, or STATE modes and returns
the current holdoff setting for the presently selected mode. Time holdoff ranges from 70 ns
to 670 ms. Events holdolf ranges from 2 to 67,000,000 events.

Command Syntax: HOLDoff {[EVENT<# of events>]
[TIME<holdoff time>]}

Example: OUTPUT 707;"HOLDOFF EVENT 100"
Query Syntax: HOLDoff?

Returned Format: [HOLDoff]<current holdoff mode>
<holdoff value><crif

Example: DIM Hold$[40]
OUTPUT 707;"HOLDOFF?"
ENTER 707;Hold$
PRINT Hold$
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LEVel | LVL command/query

This command sets the ingger level of the selected SOURCE or PATH. The query returns
the trigger level of the selected SCURCE or PATH

Command Syntax: {[LEVel | LVL]} <trigger level>
Exampie: OUTPUT 707:"LEVEL .1"

Query Syntax: {[LEVel | LVL]}?
Returned Format: [LEVel]<NR3»<crlf>
Example: OUTPUT 707;"LEVEL?"

ENTER 707:Level$
PRINT Level$

LOGic command/query

This command/query is vaid in the STATE and PATTERN modes. The LOGic command is
used to specify the relaton between the signal and the predefined voltage level that must
exist before that part of the paltern 1s considered valid. If the signal on a selected source or
path is greater than the trigger level that signal is considered HIGH. If it less than the trigger
level it is considered LOW. The query returns the last specified logic level of the currently
enabled source.

command Syntax: LOGic{[ LOW | 0]
[ HIGH | L ]
[ DONTCARE | 2 1}

Example: OUTPUT 707;"LOGIC DONTCARE"
Query Syntax: LOGic?
Returned Format: [LOGic]<argument><crlf>
Example: DIM Log${40]
OUTPUT 707:"LDGIC?"

ENTER 707;Log$
PRINT Log$
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MODE command/query

This command allows you to select the trigger mode. The query returns the current trigger
mode.

Command Syntax: MODE{[ EDGE | 0 ]

[ PATTERM | 1 ]
[ STATE } 2 ]

[ TOLY | 3

[ EDLY | 4

Example: OUTPUT 707:"MODE EDGE"

Query Syntax: MODE?
Returned Format: [MODE]<argument>-crif-
Example: OUTPUT 707;"MODE?"

ENTER YOU:Mode$
PRINT Mode$

PATH command/query

This command/query is vaid in the PATTERN and STATE modes. This command allows
you select a pattern bit as the source for future probe and logic commands. The query
returns the current trigger saurce of the present mode.

Command Syntax: PATH {[ CHANNELY | CHANL |
[ CHANNEL2 | CHANZ |
[ EXATERNAL1 | EXTL |
[ EXTERNALZ | EXT2 |

[y Sy -

—

=W N —

Example: OUTPUT 707;"PATH CHANNEL3"
Query Syntax: PATH?
Returned Format: [PATH]<argumenticrif>
Example: DIM Path$[30}
QUTPUT 707;"PATH?"

ENTER 707;Path$
PRINT Palh$
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PROBe command/query
This command specifies the attenuation factor for the last specified SOURCE or PATH for
the current trigger mode. It the trigger source i1s also a channel, the last specified probe
attenuation for that channel is the one used. See the CHANNEL PROBE command in
Paragraph 10-10. The query returns the current source’s probe attenuation factor,

Coimnand Synhtax: PROBe<attenuation ratio>
Example: QUTPUT 707;"PROBE 10"
Query Syntax: PROBe?
Returned Format: {[PROBe]<NR3><crlf>
Example: DIM Probe$[30]
QUTPUT 707:"PROBE?"

ENTER 707:Prabe$
PRINT Prabe$

SLOPe command/query

This command allows you to specify the trigger slope for the previously specified source.
The query returns the current slope for the last selected source of the current mode

Command Syntax: SLOPe {[ NEGATIVE | 0 }
[ POSITIVE | 1 1}

Fxample: OUTPUT 707;"SLOPE POSITIVE"
Query Syntax: OUTPUT 707;"SLOPE?"

Returned Format: [SLOPe]<argument><crlf>

Example: OUTPUT 707:"SLOPE?"

ENTER 707:S1ope$
PRINT Slope$
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50URce | SR sommandfouerny

This command /query 15 valid in the EDGE, STATE, TDLY or EDLY modes and 18 usad o
specify ihe trigger source. This command also identifies ihe source for any subssguent
SLOPe and PROBe comimands, The query relurns the current trigger source of the present
made.

Commang 3yntax: {[SOURce | SRC]} {[ CHANnell | 1 ]
[ CHANnel2 | 2 ]
[ EXTernall | 3 ]
[ EXTeynal2 | 4 1}

Example: OUTPUT 707:"SOURCE CHANNEL1"
Query Syntaxs {[SOURce | SRC)}?
Returned Format: [SOURce]l<argument><crlf>
Example: DIM Src$[30]
QUTPUT 707;"SOURCE?"

ENTER 707:Sic$
PRINT Src$

MOTES:
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Figure 10-13. Waveform Subsystem Commands
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MEMSRY _MUMBER = An integer 1 through 4.
BATA_EPET = A block of data in #A format as defined in IEEE Std. 728-1982
FOIINTS_ARG = An integer = 128, 256, 500, 512, 1024,
TR UNT_ARE = An integer from 1 o 2048,
ZING_ARS = A real number from 10 ps (o 2 ms.
AIRE ARG = A real number with the following resirnictions:
The maomum vafue is 60,000 X tmebase range or 1.6 sec, which ever IS grealer,
If the delay reference is left then the minimum value is -200 ms or -(timebase rangs)
whichever is smaller
Else if the delay reference is center
then the mimimum value is ihe lesser of -5X({kimebase range) and
-200 ms + (10 X timebase range).
Eise if the delay reference is night
then the mimmum vatue is the lesser of 0 and -200 ms+10Xhmehase ranges).
*REZ_ ARG =0
VING_ARE = A real number equal to 1/128 X voltage range.
TORG ARG = A real number wilth a magnitude less than 1.5 X vollage range.
FREF ARE = 64 for byte format, 16384 for word or ASCII formal.

RUPLIMG = DCFIFTY or the inleger 3.

Figure 10-13. Waveform Subsyslem Commands
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10-19. WAVEFORM SUBSYSTEM

The wavefarm subsystem commands are used to transfer waveforms to and from the four
waveform memories. Waveform data consists of a preamble and a data record. The preamble
contains scaling information useful for interpreting the data record while the data record contains
the actual waveform data values.

Each element of the waveform preamble can be indmdually set or quenied. This can cause you
problems it not done judiciously, for example, setting POINTS in the preamble to a value different
from the actual number of paints in the waveform could result In inaccurate data being sent. For
this reason only the query form of most of the preamble commands is documented here.

The actual values set in the preamble are determined when the DIGITIZE command is execuled
and are based on the sethngs of variables in the ACQUIRE subsystem. For more information on
the DIGITIZE process and the ACQUIRE subsystem variables, see Section 10-8. For Syntax
diagrams of the waveform subsystem commands see Figure 10-13.

The four waveform types are:

NORMAL:

Narmal data consists of the last data pont (hit} in each time bucket. This data 13
transmitted pver HP-IB 1n a linear fashion starting with time bucket O and going
through time bucket n, where n is the number returned by the WAVeform POINts
query. Time buckets that don't have data in them retun 1. Only the voltage
values of each data point transmitted, the time values correspond to the paosition in
the data array. The first voltage value corresponds to the first time bucket on the
left of the CRT and the last value corresponds ta the next to last time bucket on the
nght side of the CRT.

AVERAGE:

Average data consists of the average of the first n hits in a time buchket, where n is
lhe vakue returned by WAveform COUNt query. Time buckets that have fewer than
n hits return the average of what data they do have. Agam, if a time bucket doesn't
have any data in i, it will return -1. This data is transmitted over the HP-IB in a
iinear fashion starting with time bucket 0 and proceeding through time bucket n-1,
where n 15 the number relurned by lhe WAVeform POINts query The first value
coresponds to a point at the left side of the screen and the last value 15 one point
away from the nght side of the screen.
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ENVELOPE:

RANDOM:

Model 54110D - Waveform Subsystem

Envelope data consists of iwo arrays of data, one containing the minimum of the
first n hits in each bme bucket and the other consisting of the maximum afi the firsi
n hits tn each time bucket, where n is the value returned by the count query. If a
time bucket does not have any hits in it then -1 is returned for both the minimum
and maximum values. The two arrays are transmifted one at a time over the HP-1B
linearly, starting with tme bucket 0 (on the left side of the CRT} and proceeding
through time bucket m-1, where m is the value returned by the WAVeform POINts
query. The array with the minmum values is sent first. The first value of each
array corresponds to the data point on the left side of the CRT The last value 1s
che data point away from the nght side of the CRT.

When envelope data is acquired, the minimum and maxmum data for channel 115
stored in memories 1 and 3 respectively and the minimum and maximum dala for
channel 2 is stored In memories 2 and 4. Memaones 1 and 2 are set to the envelope
type and memones 3 and 4 are set to the notmal type.

The dala in the memaies is transferred to a controller using the data query. The
memory source ior the transfer is specified by the waveform source command.
vwhen memory 1 is specilied as the scurce, the minimum and maximum data from
memories 1 and 315 transferred aver HP-IB, and when memory 3 is specified as
the source, only the maximum data in memory 3 s transierred over HP-IB
Similarly, when memory 2 is specified as the source, the data from memories 2 and
4 is transferred aver HP-1B, and when memory 4 15 specified as the source only the
maximum data in memaory 4 is transferred over the bus.

If it is desirable to transfer only the data in memory 1 or 2, it can be accomplished
by changing the memory 1 or memary 2 type from envelope t0 narmal using the
waveform type command.

Dala is Yransferred into the instrument from a controller using the wavetorm data
command. Envelope data can be transferred into memory 1 or memory 2 by
specifying the type for the memaries as envelope. The data is then transfeired as
two arrays. |f memory 115 specified as the source, the first array is translerred into
memoery 1 and the second array is transferred inta memory 3. Similarly, ¥ memory
2 15 specified as the source, the first array is transferred mto memory 2 and the
second array is transfeired into memory 4.

Random data consists cf all the data that can be gathered, but noi t0 exceed 1024
points. This data is transmitled over the HP-IB in ordered time-voltage pairs. You
should not use the BYTE format for this mode since the tme bucket numbers
range up to 500 and it 1s impossible to represent numbers this large in a byte
wilhoul loss of precision. The time data 1s acquired using 500 time buckets. [
ASCIH and WORD format are used lhese time values are mulliplied by &4 allowing
values from 0 to 32,000. If BYTE format I1s used the allowed values are from 0 to
125, this demaonstrates haw precision 1s lost in the BYTE mode.
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The three FORMATS that are used to transmit data over the HP-IB:

WORD:

BYTE:

ASCH:

10-126

Word formatted waveform records are transmitted using the binary block format
{lhe #A format specified \n IEEE STD. 728-1982). The character string "#A" is sent
first, then followed by a two byte length value (16 bit binary) specifying the number
of bytes ta follow. The number of bytes 1s twice the number of words. The number
of words is also the value returned by the WAVeform POINts query. This is
followed by a sequence of bytes representing the data words, with the most
signiftcant byte of each word being transmitted first. The A/D conversion in the
541100 yields a 7 hit result and is contained in the upper half of the data words
transmitted by the instrument The lower byte contains zeros untess the TYPE was
average. In this case any increased resolution achieved through averaging will
show up in the lower byte of the data. Values are always positive and between O
and 32,767,

The BYTE formatted waveform records are transmilted over the HP-IB using the
binary block format (the #A format specified in IEEE Std. 728-1982). The character
string "#A" 1s sent first, then followed by a two byte length value {16 bit binary)
specilying the number of bytes to follow. The number of bytes when the FORMat
15 BYTE 15 the same as the value returned by the WAVetorm PQOINts query. BYTE
formatted transfers run approximately twice as fast as WORD and ASCIi transfers,
but should be used with caution if there are any data values to be sent that are
larger than decimal 127. If the data values have a larger range than 127 as Is the
case when TYPE is RANDOM,the values are shifted until they fit within a byte. For
example, when TYPE is RANDOM, the X values normally range from 0 to 500.
Trying to transmit RANDOM data in BYTE FORMAT results in the time bucket
numbers being rescaled so that they range from 0 to 125. This lumps time buckets
0 through 3 into one x coordinate, time buckets 4 through 7 into the next X
coordinate, elc.

ASCH formatted waveform records are transmitted one value at a lime, separated
by <cr><lf>s The data values transmitted are the same as would be sent in the
WORD FORMAT except that they are converted to an integer ASCIl format (six
characters) before being sent over HP-IB

The data valuas can be converted to voltage and lime values using the following
formulas:

Voltage(j) = [(Yvaluel)) - Yreference) Yincrement] + Yorigin
Time()} = ()*Xincrementj+Xorigin - (non-RANDOM type)
Time(j) = (Xvalue(jj*Xincrement) + Xorigin - {RANDOM type)
Where Yvalue(j) is the value of the jth point and Yreference, Y increment, Yorigin,

Xincrement, and Xorigin are the preamble values. In the RANDOM mode Xvalua())
is the jth time paint.
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WAVeform command/query

The WAVelorm command selects the waveform subsystem as the destination for the
waveform commands that follow. The query returns the waveform subsystem parameters,
The COUPLIng parameter is always DC or 1 depending on whether argument is set to alpha
or numeric.

Command Syntax: WAVeform
Example: OQUTPUT 707;"WAVEFORM"
Query Syntax: WAVeform?

Returned Format: [WAVeform]<cyrlf>
[SOURce]<specified source><crlf>
[VALid]<NR1><crif>
[FORMat]<argument><crlf>
[TYPE]<argument><cr]f>
[POINts]<NRI><crlf>
[COUNt]<NRI><crlf>

[XINCrement J<NR3><crl1f>

[XKORigin]<NR3><crl1f>

[XREFerence]<NR1><cr1f>

[YINCrement]<NR3><crlf>

{YORigin}<NR3><crlif>

[YREFerence]<NR1><crlf>

[COUPTing]<argument><crlf>

[COMPTete]<NRI1><crl1f>

Example: DIM Wav$[300]
OUTPUT 707;"EOI ON"
QUTPUT 707;"WAVEFORM?"
ENTER 707 USING "-K";Wav$
PRINT USING "K";Wav$

COMPlete query

This query returns the completion criterion that was used for the last acquisition to the
currently selected memory from its preamble.

Query Syntax: COMPlete?
Returned Format: [COMPTete]<NRI><crl1f>

Example: DIM Comp$[30]
OUTPUT 707;"COMPLETE?"
ENTER 707;Comp$
PRINT Comp$

10-127



Model 541100 - Wavelorm Subsystermn

COUNt? | CNT? query

This query retuins the count field of the waveform preamble. The count field contains the
number of averages if the TYPE is AVERAGED, or if the TYPE 1s ENVELOPE it contains the
number of hits in each time bucket.

Query Syntax: {[ COUNt | CNT 147
Returned Format: [COUNt]<NR1»
Example: OUTPUT 707;"COUNT?"

ENTER 707;Count$
PRINT Count$

DATA command/query
This command causes the instrument to accept a waveform data record over the HP-IB from
the controller and store it in the previously specified waveform memory. Note: The record
format must match the format previously specified for the memory by it's preamble. The
guery returns the waveform record stored in the previously specified waveform memoaory.
Command Syntax: DATA

Example: OUTPUT 707;"DATA"
Query Syntax: DATA?

Returned format: [DATA]#A<binary block length in bytes>
<binary block»<crlf>

(continued an next page)
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DATA (cont'd)

The following program moves dala from the 54110D to the controlier and then back to the
54110D using the WAVEFORM DATA command and query. For this example program use
the instrument's cal signal and connecl it to channel 1.

CLEAR 707

QUTPUT 707;"RESET"

QUTPUT 707;"AUTOSCALE"

ASSIGN @Fast TO 707:FORMAT OFF

QUTRUT 707;"ACQUIRE"

QUTPUT 707;"TYFL ENVELOPE COUNT 256 COMPLETE 90"
QUTPUT 707:"DIGITIZE 1"

OUTPUT 707;"HEADER OFF"

QUTPUT 707:;"WAVEFORM SOURCE MEMORY1 FORMAT WORD"
QUTPUT 707:"DATA?"

ENTER 707 USING "#,2A"Header$

ENTER 707 USING "#,¥";Byte len

Word len=Byte len/2

ALLOCATE INTEGER waveform{1:Word len)
ENTER @Fast:Waveform{*)

DIM Preamble$[120]

QUTPUT 707;"LONGFORM OFF"

QUTPUT 707;"PREAMBLE" ;Preamble$

ENTER 707:Preanmble$

OUTPUT 707:"PREAMBLE" ;Preamble’
Header$="DATA #A"

QUTPUT 707 USING "#.7A,W";Header$;Byte len
QUTPUT CGFast:Waveform{*)

QUTPUT 707:"TRANSFCR MEMORY2, PLANEZ"
OUTPUT 707:"VIEW PLANEZ? BLANK CHANNEL1"
END
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FORMat command/query

This command allows you to sel the data transmission mode for the waveform data points.
When the ASCII mode 15 selected the data 15 sent as ASCI digits with each data value
separated by a <crlf>. If the BYTE mode 15 selected the data 1s sent as eight bit integers,
while a WORD formatted transfer transfers the data as 16 bit integers. The guery returns the
current lransier format for the previously specified memory.

Command Format; FORMat {[ ASCII | O ]
[ BYTE | I ]
[ worRD | 2 ]}
Example: OUTPUT 707:"FORMAT WORD"
Query Syntax: FORMat?
Returned Format: [FORMat]<argument><crlf>
Example: OUTPUT 707:;"FORMAT?"

INTER 707:Format$
PRINT Format$

POINts? | PNTS? query
This query returns the ponts vatue in the currently selected waveform preamble, which is
the number of ponts acquired in the last DIGHize command to the selected wavefarm
memary.

Query Syntax: {[ POINts | PNTS ]}7
Returned Format: [POINts]<NRI><crif>
Example: OUTPUT 707:"POINTS?"

ENTER 707;Points$
PRINT Points$
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PREamble

command/query

This command sends a waveform preamble to the selected waveform memory in the
inslrument. The query returns the previously specified memory.

Command Syntax;

PREambie <preamble block>

<preamble block> ::= <format>,

Query Syntax:

<type>,
<points>,
<count>,
<xincrement>,
<xorigin>,
<xrefarence>,
<yincrement>,
<yorigin>,
<yreference>,
<coupling>

PREamble?

Returned Format: [PREamble]<format parameter>,

Example:

<type parameter>,
<points NR1>,

<count NR1>,
<xincrement NR3>,
<xorigin NR3>,
<xreference NR1>,
<yincrement NR3>,
<yorigin NR3>,
<yreference NR1>,
<coupiing parameter>

This example program uses both the command and
query form of the key word.

10 DIM Points$[120]

20 QUTPUT 707;"HEADER OFF"

30 QUTPUT 707;"WAVEFORM"

40 QUTPUT 707;"PREAMBLE?"

50 ENTER 707;Points$

60 PRINT Paints$

70 OUTPUT 707 USING "#,K";"PREAMBLE",Points$
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SOURce | SRC command/query

This command selecls the memory that is 10 be used as the source In following waveform
commands. The query returns the currently selected source

Command Syntax: {[ SOURce | SRC 1%} {[ MEMoryl | 1 ]
[ MEMory2 | 2 ]
[ MEMory3 | 3 ]
[ MEMoryd | 4 1}
Example: QUTPUT 707;"SOURCE MEMORY3"
Query Syntax: SOURce?
Returned format: [SOURce]<argument><crlf>
Example: OUTPUT 707;"SOURCE?"
ENTER 707:Src$
PRINT Src$
TYPE command/query

This command sets the data type far the currently selected memory. The query returns the
data type for the previously specified memory.

Command Syntax: TYPE {[ INVALID | 0 ] ({query response only}
[ NORMal | 1]
[ AVErage | 2 ]
[ ENVelope | 3 ]
[ RANDom | 4 1)

Example: OUTPUT 707:"TYPE ENVELOPE"
Query Syntax: TYPE?

Returned Format: [TYPE]<argument><crlf>

Example: OUTPUT 707:"TYPE?"

ENTER 707;Type$
PRINT Type$
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VALid? query

This query returns 0 1f there is not data in the memoery. [f there is valid data in the previously
selected memory the response will be 1.

Query Syntax: VALid?
Returned format; [YALid] {[ O | 1 1}
Example: OQUTPUT 707;"YALID?"

ENTER 707:Va$
PRINT Va$

XENCrement? auery

This query returns the x-increment value currently in the preamble. This value s the time
difference between consecutive data paints for NORMAL, AVERAGED, or ENVELOPE data.

Query Syntax: XINCrement?
Returned Format: [XINCrement}<NR3z<crlf>

Example: DIM Xin$[30]
QUTPUT 707;"XINCREMENT?"
ENTER 707;Xin$
PRINT Xin$

XORigin? query

The guery returns the x-origin value currently in the preamble. This
value is the time of the first data point in the memory with respeci to the
trigger point.

fluery Syntax: XORigin?
Returned Format: [XORigin}<NR3><¢rlf>
Example: DIM Xor$[30]
QUTPUT 707;"XORIGIN?"

ENTER 707:Xor$
PRINT Xor$
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XREFerence? query

This quety relurns the current x-reference value in the preamble. This value specifies the
dala point that 15 associated with the x-origin data values.
Query Syntax: XREFerence?

Returned Format: [XREFerence]<NR1»<cr]f>

Example: DIM Xr$[30]
OQUTPUT 707 :"XREFERENCE?"
ENTER 707:Xr$
PRINT Xr$

YINCrement? query

This query returns the y-increment value currently in the preamble. This value is the voltage
difference belween consecutive data points.
Query Syntax: YINCrement?

Returned Format: [YINCrement]<NR3><crif>

Example: DIM Yin$[30]
QUTPUT 707:"YINCREMENT?"
ENTER 707;Yin$
PRINT Yin$

YORigin? query

This query returns the y-origin currently in the preamble. This value is the voltage at center
screen.
Query Syntax: YORigin?

Returned Format: [YORigin]<NR3><crlf>

Example: DIM Yor$[30]
QUTPUT 707;"YORIGIN?"
ENTER 707:Yor$
PRINT Yor$
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YHEFerence query

This query returns the current y-reference value in the preamble. This value specifies the
data point where the y-origin occurs.

Query Syntax: YREFerence?

Returned Format: [YREFerence]<NR1><crl1f>

Example: DIM Yref$[30]
QUTPUT 707;"YREFERENCE?"
ENTER 707;Yref$
PRINT Yref$

Note

For example: if the y reference is 64, and the y-origin is 1.1V
and the y-increment is 150 mV, then a data point whose y value

is 83 would corresponds to a voltage of (93 - 64,150 mV + 1.1
Vor545 V.

NOTES:
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10-18. DATA MOVEMENT IN THE 54110D

Data in the 541100 may be moved inside the instrument between several differenl memories.
Each of lhese memories has a specific function. These memories are diagrammed in Figure
i0-14.

Fast ECL memory stores the data from the Analog to Digital converters for Channel 1 and Channel
2.

The active display memory contains the information that is currently being displayed on the
54110D’s CRT. This memory is organized as 4 pixel arrays of 258 (vertical) by 501 (horizontal) bits
or 64K bytes

The waveform memories are the same waveform memories that are accessible from the front
pane!l. These memories may conlain up to 1024 data points. If the ACQuire TYPE is ENVELOPE,
minimum and maximum data for channel 1 will be stored in memories 1 and 3 respeciivaly,
similarly, minimum and maximum data from channel 2 will be stored in memories 2 and 4.

The pixe! memories are used to store copies of pictures from the active disptay memory. These
two memories are organized the same way as ihe active display memory.

The HP-IB commands that control the movement of data in the 541100 are listed below and are
shown in Figure 10-14 in the data paths that they control.

RUN causes the 54110D to acquire data for the active display memory.

MERGE copies the cantents of the active display memory into either pixel memory 5
or 6.

TRANsfer allows the movement of data from any of the 4 waveform memories (o
either of the pixel memones.

DIGitize instrugls the instrument to acquire data based on the conditions setup in the
ACQuire subsystem. Data from channel 1 is placed in wavefarm memory 1 and data
from channel 2 is placed in waveform memary 2, unless the ACQuire TYPE is
ENVELOPE, then minimum and maximum data from channel 1 15 stored in waveform
memories 1 and 3 respeclively, similarly, minimum and maximum data from channel 2
will be siored in waveform memories 2 and 4.

DATA may be moved to and from the waveform memories with the WAVeiorm
DATA{?) commands.

DATA may also be moved to and from the pixel storage memories or the aclive
display memory with DISPlay DATA(?) commands.

Measurements (MEASure subsystem) are performed using data from the fast ECL
memaory when the source is an active channel or function.
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Appendix A

Example/Demo Programs

INTRODUCTION

This section contains example programs using the command set for the 54110D. In general, they
use the longform of the command with alpha, (as opposed to numeric), argumenis with each
command using a separate output stalement for clarity. To optmize speed, swilch io
concatenated shortform numerics.

Throughout these examples the 54110D is assumed to be al address 7, the hardcopy devices are
assumed to be at addiess 1, and the system bus is at 700. The input signal used is the calibration
signal avaifable from lhe rear panel of the instrument connected to channel 1.

Al programs were developed on an HP 200 series scientific computer using HP Basic 4.0. Several
examples use the BASIC command "ENTER 2", This pauses program execution until the "ENTER"
ey is depressed on the controller. This is used to separate different blocks in the example for
feature dramatizations, for user interaction, or to wait for the 54110D to linish something such as a
hardcopy dump or an acquisition

10 I This sample program demonstrates some of the commands

2 b used to set 8 verlical chennel, 1in this case channe! 1,
2@ I This program worts well using the cgal signal from the
48 ' rear panel of the instrument. The program assumes that
45 I the probe attenuation facter for channel 1 18 1.

59 CLEAR 707 ! Device clear command,
{2%7] | initi1alizes HP-IB registers.
e i

a2 QUTPUT 7@7; "ABTOSCALE" I Autnscales tha unit

ag QUTPUT 7@7: "CHANMEL " i Enter Ch'! subsystem
1906 pUTPUT 7073 "0FF3ET B.0G" I Get offset te B volts

118 REAL Offset ,Range
120 INTEGER J

138 Of fset=0. I Set offset variable to @
146 FOR Jd=1 TG 1t

150 QUTRPUT 7873 "DFFSET":0ffset I 3et nest affuet

166 Offeet=0ffset—.04

178 WAIT .3

186 MEXT J

198 |

paga f

oy i

A-1



Model 54110D - Appendix A

220 OQUTPOT 707 "AUTOSCALE" | Does as 1t says

238 OUTPUT 7@7:"RANGE ,BEQ" b Set vertical range to B@® mvolts (min}
249 i Can also use "SENSITIVITY" for
2560 ! volts/div

266 Range=.038 I Set range variable to minimum range
278 ! or maximum sensitivity

280 FOR J=i T0 7

290 QUTRUT 7@7:"RANGE" sRange t Set new range

200 Range=Ranget?

310 WAIT .3

320 NEXT J

338 I

340 I

60 QUTPUT 7@7:"BGRAPHT" b Enter GRAPH subsystem

370 QUTPUT 7@7;"YOFFSET —-. 1" I 58t mapnified offset

380 OUTRUT 7@7;"YRANGE 4.0" I Set magnifiad range

Zgg CUTPUT 797 “MAGNIFY WINDQOW" I Turns on magnify window

100 Range=4.0

410 FOR J=1 T0 &

426 QUTPUT 7873 " YRANGE" ;Range i Set new magnified range

420 Range=Range/1.5 I Automatically moves mariers

449 WAIT .3 i to reflect new range

450 NEXT J

450 i

470 OUTRUT 7087; "MAGNIFY ON* b Puts unit 1n the magnify mode.

480 LOCAL 7@7 ! Raturns the 541100 to local

499 END | pperation.

19 ! This 1s a sample program demonstrating the TIMEBASE

20 I subsystem. The rear panel cal signal woris well

3@ I with this program.

40 CLEAR 707 t Davice clear command

5@ I initializes the HP-IB registers.
6@ t

7@ QUTPUT 7@7; "AUTOSCALE" ! Does as 1t says.

Ba REAL Sens . Delay

9@ INTEBER J

108 OUTPUT 787" TIMEBAGE" ! Enter TIMEBASE subsytem,

119 OUTPUT 7073 "SENSITIVITY Z@BE-S" I Set timebase (o 200 nsec/div.
120 ! Can alsc use "RANGE" for
128 f full srale setting.

140 !

158 QUTPUT 7@7;"DELAY @.8 " I Set delay to @.

160 QUTPUT 7@7;"REFERENCE LEFT" I Puts delay reference at lefti
178 ! side of graticule.

180
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Delay=0.

FGR J=1 TO 75
QUTFUT 707:"OFFSET "iDelay
WATT .23
Delay=Delay-1.00E-7
WNEKT J

|

!

I

QUTRUT 7@7s "AUTOSCALE™
Range=.08@
|
FOR J=t TO 25
QUTRUT 787 "RANGE" sRange
Range=Range/2
WALIT .4
NEWT J

!
WALT 1
f

i

{

f

J FOR EVERY ACQUISITION,
!

t
QuUTPUT 707 "HEABER OFF"
CUTPUT 7@7:"AUTOSCALE"
QUTRUT 727 "SENSITIVITY?"
ENTER 7@73:Sens
Sens=%ens/B
QUTPHT 7075 "SENSITIVITY" ;8¢ns
QUTPUT 7@7;"5TOP"
QUTPUT T@T:"ERASE PLAMNED"
i
QUTPUT 7@7; "MDOCE SINGLE"
FOR J=1 TD 29
OUTPUT 7@7; "RUN"
i
WATT 1
MEXT J
|
!
QUTPUT 7675 "MOCE TRIGGERED"
QUTRUT 767;"RUM"
END

MOTICE HOW DATA IS ACQUIRED AND
THAT DATA POIMTS ARE 25 ns APART

viode! 541100 - Apperdix A

Seis delay to B.

"OFFSET" = "DELAY".

Does as 11 says.
Sets full scale to B9 msec
1.8., B ms/fdlv,

Me«ti full sgale range.

Turn of f headers 1n guary vraply,
Does as 1l says.

Aslk for time/div.

Read time/div.

Set fasier sweep spegd.

Halt acquis:iiion (sysiem command)

Clears the active display plane
This 15 & system command.

Sets for single shot operation.

One acquisiiion.

Puts umit in the lricoared mode.
Starts acguisitiion.
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10 I This sample program demonstrategs some of tha commands 1n the

e I Hardcopy subsvstem and the PLOT command. assumes a

za i the scepe 15 at addresz 7, the printer 1s at address |, and

49 b that the =ysfem bus 13 768,

o CLEAR 707

EQ OUTRUT T@7; "HARGBCGRY" ! Puts the scope 1n the HARGCOPY
70 ! subsystem.

80 QUTPUT 7@7: "PEM AUTO" ' Sets the 541100 to the auto

93 ; pen mods,

100 QUTRUT 7Q74 "SOURLEC PLANED® FACTORS" | Selects ihe aciive display

e ! {(plane@’ snd the scale factors
120 ! for cutput,

130 !

148 QUTPUT 7875 "PLOT" I Duiputs data to the plotter

15¢ SEMD TeUNT UNL ' Clears bus

16@ SEND 7:LI5TEN 1 I Tells printer to listen

170 SEND 7;TALE 7 | Sats scope to tall mode

18@ SEND 73:DATH

9@ WALT t89 { Wait 3 minutes far transfer to
) I complete,

21 ! Wote: If prcogramming, use the
i t 5RO capabillities of the 541180
250 | o determine whien the transfer
240 ! 15 cowmplete.

245 [ Attempting to pregram the

250 t program the S41180 while mal 1ng
260 END I & hardcopy dump will zause arrors.
1@ I This sample program demonstrates some of the commands 1n the

2 ! Hardcopy subsystem, The service request 15 used to detect

29 I when printing 15 complete. The program assumes that s

40 ! graphiaes printer :s used and Lts address 15 set to f.

Gd CLEAR 787

[511] CUTPUT 7@7; "REQUEST 4112° ! Request mask where:

79 ! Bi1t 12 = Hardcopy complete = 4098
8@ | Bit 4 = Ready bit = 18

5@ f Set so b1t 12 causes 5RO

108 QUTRUT 707:"REQUEST ON" t Enables scope's Service Request
150 ON INTR 7 GOTO 270 I Exit printing routine after SRO
129 ENABLE INTR 7;2 } Emables SRO on bus #7

130 DISABLE ENTR 7 I Risables all interrupis on bus 7
142 QUTPUT 7@73; "HARDCOPY" | Puts the scope in the HARDCOPY
150 ! subsystem,

169 QUTPUT 7@7: "PAGE AUTO" I Sgts the scope to sutomatically
170 I output & formfeed

188 QUTPUT 7@7:"SOURCE PLAMER FACTORS" | Selects the active display

190 I {(planed) and the scale factors.
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280 DUTPUT 787+ "PRINT" | Starts print puffering

21 SEND TiUNT UNL Il Clears bus

27@ SENG 7:LISTEW 1 I Tells printer to listen
239 SEND F:TALK 7 I Puts the scope in talk mode
24@ SEND 7:DATA | Lowers the ATN line 8 controller
250 ENABLE [NTR 7 I Enables 5RG 1nterrupt

ZE® 070 Cte I Loops until printing 15 complete
278 A=5P0LL 767 ) t Clear service reguest

280 END

1% I' This sample program demonstrstes using the memories for

20 | measurements and performing measurements on single shot

49 i data. Befare running the program, connact the cal signal

5a { on the reer penel of the 1pstrument teo the Channel | input.

70 f

b i Setup signal.

39 t

|06 CLEAR T@7 i In:rtialize HF-IB registers.
e QUTPUT 7@7; "AUTOSCALE" ! Scale the s:ignal.

120 QUTPUT 7&7:"TIMEBASE RANGE 25BE-9" 1 Set fo 25 nsecs/division,
138 I

140 I Acquire single sweep of signal - 1@ ppints.

1582 |

160 QUTPUT 7&@7:"ACQUIRE POINTS S0@ " ' Full screenm is 500 poinis.
176 OQUTPUT 7@7:"TYPE 1" I Acquisilion type Ls normal,
186 QUTPUT 787 "COMPLETE @° I Acguire | sweep.

198 QUTRPUT 7@7:"DIGITIZE CHANNEL 1* b Acguare Chl dats 1o Memory 1.
206 QUTPUT 787; "BLANK CHANNEL 1™ b Turn off Chi.

218 I

220 I Measure peal to peabk voliage of memory 1.

238 !

240 OUTPUT 707; "MEAS SOURCE MEMORY1® 1 Set measurement source.

258 QUTPUT 7@7;"UpPp?" ! Measure peal ioc peak vclisge,
260 BiM Upp®ll@l

276 ENTER 707:;Vpp%

280 PRINT Ypps P Print results,

238a END
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10 !

20 I This program demonsirates some of the learn siring capabilities.

30 CLEAR 707

49 '

59 1

1% DIM Setting8l276] 266 = # of hytes 1n learn string

70 { plus 19 = "SETUP #As»"

88 l Where EET = header

99 1 ¥A = 1ndicates binary blog)
188 I #+ = 0 hyte integer = length
i@ QUTPUT 787+ LONGFORM ON" Use longform of mnemanics.

120 QUTPUT 7@7; "HEABER ON* Tells the 541190 %o precede the

130 | learn string with a header.

140 DUTPUT 787 "EOQT ON " Tells the E41180D tao output an EOI

150 | with the last byte.

15@  QUTPUT 7@7:"SETUR?" This asks the scope for the learn string
170 ENTER 7@7 USING "-K"i5etting® Reads 1n header and string. (- tells
18@ i computer to treat CR & LF as data).
198 LOCAL 767 Puts scope in local wperation.

20a J

21@ !

220 |

25@ ENTER 2 ! This allows you to change the scope's
249 ! setup.

25@ ! Hit 'ENTER® to continue

266 !

27@ i

280 QUTPUT 707;5etting$ I Qutputs the learn string and header.
296 I Scope 1z resel toc previgus setup,

309 I

i@ LAOCAL 7@7 i Returns scepe to lozel operation.

) i

330 END

10 } This sample program demonstrates same of tha commands in the

20 t MEASURE Subsystem.

3@ !

49 CLEAR 7@7

5@ QUTRUT 707 "AUTOSCALE" | Does as 11 says

=11 QUTPUT 787;"ACQUIRE TYPE NORMAL® } Sets display mode to Normal

7@ OUTPUT 707 "DISPLAY" t Selects DISPLAY Subsystem

80 QUTPUT 707 "TMARKER ON" I Turn on Tmarkers

30 !

88 |

11@ OUTPUT 7@7; "MEASURE" I Selects MEASURE subsystem

120 QUTPUT 707;"PRECISION HIGH" | Sgts precision for masimum accuracy
128 QUTPUT 787;"SOURCE CHANNEL (" ' Charnel 1 15 the measurement source
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143
158
162
178
188

=0
[

3=}

[ I £

S I T S T T 6 o6 |
L I R
D E 88 B 3

“J
fas)
=

298
300
3@
3z

339
J40
356@
368
37e
380
290
496
418
420
438
441
458
466
476
486
439
500
518
52%
536
546
=3=%}
566
57a
580
598
06

QUTRUT 787 "VSTART -..7
QUTPUT 787:"USTOR -.2"
|
I
INTEBER J
FOR J=1 TO 2
OUTPUT 787: "ESTART +%3;J
WAIT .75
QUTRUT 7@7:"ESTOP -"4J
WAIT .75
NEXT J

|
EMTER 2
!

|

|

i
REAL Delay ,0ffset
Galay=c.4E-0
Offsei=.4
FOR J=1 TO 28
QUTPUT 787:"TSTART";Delay
QUTPUT 787:"TSTOP";-Delay
QUTPUT 7874¢"VSTART“1-.19-0ffset
BUTPUT 787¢"USTOP"¢~. 19+0ffset
Offset=Nffset~.G4
Delay=Delay-2.40E~7
NEXT J
{
ENTER 2
|
I

QUTRPUT 707 "PRECISION LOW"
!

UTPUT 787 ALL?"

— = — — = — = (O = — = —

pModei 54110D - Appercix A

Sets voltage mariers to

=Z0@ mVW. This will be used as a
reference for the edge find
function.

Find Jth positive edge

Find Jth nepative edge

This statement causes a pause in Lhe
program, presa ENTER on the cenirol-
ler to continue.

[nitialize delay variable
[nitialize offset variable

Move time stari marter
Move time stop marler
Move voliasge start marker
Move voltane siop marhker

Bamg as line 2306,

%ats the PRECISION Tlag lou.

Low precision uses previoualy
acquired data for measurements.

This allows faster completion of
measuraments at the espense of some
accuracy and repeatability.

Measure all parameters. Thay will hs
displayed on scepe, and ars
availible over HP-1B.

Fause

A7
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61@ OQUTRUT 7@7:"RISE?" i Measure RISE time using low

[3ed" B precision. You set precisicn .
B30 | flag earlier.

B4@ ENTER 2 I Pause

658 |

BE® |

E7@ OGUTPUT 707 "FRECISION HIGH" | Set PRECISION flag high.

58O QUTPUT 797;"RISE?" I Measure precise RISE time,

g92 | Watch the display during this

708 | measurement.

T |

72e

730 |

743 QUTPUT 7@73"PRECISION LOW" I Sets PRECISION flag low.

75@ LOCAL 7@7 I Puts the 541100 1n local operatiaon,

768 END

19

28 This sample propgram demenstrales more uses of the Service

Z Requesis (SRG's). This set of instructions uses: Hardcopy .

I
I
I
AQ i Done, Local, Front Panel Service, Ready b1t and Reddy Masks.
50 t The scope will monitor the front panel for SRQ’'s and echo
|
i
1
1

(17 any activity. Any Advisories or Acquisit:ions imitisted

760 by the freont panel will be disclosed. These e.amples assume

8@ the scope to be at address 7 and the plotter to be at address

5@ 1 on bus %7.

| 0@ }

112 CLEAR 787

129 FRINTER IS5 ! ! Display 15 PRINT destination

120 DIM K&[B@I ,A%[80]

148 |

150 ON INTR 7 GOSUB Srg_sve ! Goto 'Srg_sve' on Service Request
160 ENABLE INTR 7;2 t Enables SRQ on bus #7

170 DISABLE INTR 7 ! Disables all i1nterrupts on bus #7
188 !

130 FRINT

Resats 541140,
Does as it says
Puts scope i1alo averaged mode.

288  OUTPUT 7@7:“RESET"
21@  DUTPUT 707:"AUTOSCALE"
270  OQUTPUT 7@7;"ACQUIRE MODE AVERAGE"

230 WALT 4 Wai1t for data accumulat:ion

240 INTESER Rgsmask

259 Rgamask =4096+15+4 I request maskh

260 ! 4396 = Hardcopy done - G931t 12

276 t 1E = Ready - bit 4

280 i 4 = Front Panel Service ~ bit 2 .
238 f Set so bit 12 causes an SRf

A-8



Zod
3o
3zp
%39
340
259
360
370
380
590
486
290
420
430
440
45@
458
478
480
493
=15]n]
51@
526
531
548
558
S56@
LY
588
598
[=36]]
1w
B20
62@
643
658
EE®
E72
688
636
706
714
TLD
730
146
758
769
779
780
750
806

GUTPUT
QuUTPUT

T@73 "REQUEST" ;Rgsmast
Y875 "REQUEST GN” t
QUTPUT 787 "LOMGFORM 0K |
QUTPUT 707 "HERDER ON® L
Stat=5P0LLITE7 t
FRINT "Rusult of Sarial Poll 15 "15tat
i
Dump_flag=0
QUTPUT 7073 "HARBCORY SUURCE FLANER FARCTORS™
t
JUTPUT 787 "PEN AUTO"
OUTPUT 7@7; "PRINT"
SEMD TyUNT UNL
SENDO TsLISTEM §
SEND TiTARK 7
SEND 7:0ATH
}
EMABLE INTR 7
!
IF Dump_flag=0 THEN
PRINT

Model 541100 - Appendix A

Send Request Mast
5ets ROS - bit § on request mast
Setz longform for headers.

Sets heagers on far gueries.
Seri1al Pcll scope

, should be B,

Selects active display and
scale factors for oulput.

Sets auto pen on.

Ztartis Plct.

Turns off entire hus.

Sets plotier to listen.

Sets zcope to talr,

Lower ATN line @ controller

Enables interupts on bus §7.

PRINT " Wartirg for hardcopy fransfer to completa."”

FRINT " Time avairlibhle for
FEINT * 1t Bus 13 NOT
WAIT 2
FOTC 496

ENp IF

GOTO 572

[
!

other tasks.'
availlible

Service request intercupt routine,

1
1]
|
5irq
5

_svart

tat=SPOLLITBT)

|

INTEGER I

PRINT
PRINT “Service Reguesl Status= ";Sial

|

{

IF BIT{(Stat ,0) THEN t
PRINT "RQC should nct be asei - PROBLEN" !
END IF

[

t

IF BIT{Stat,1y THEN

PRINT "PWR status has been sat-WHY?"
END IF

{

'

by

I Perform sarial poll

and clear SRG.

541100 15 nat a controller,
ROC canmnot be set by G41{@D.

RAM power failure

A-S
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B1@
820
B36
840
B0
BGé
87¢
BBe
89¢
30e
512
92
93¢
549
958
360
978
382
330
1000
1018
1928
1832
104¢@
1052
1060
1078
1eee
1830
1198
1119
112@
1130
1140
1150
1160
1178
118@
13138
1288
1218
1220
1230
1240
1250
1260
127@
1280
1296
1360
1318

IF BIT{S5tat ,2) THEN
PRINT "FPS status has heen set”
QUTFUT 787 "KEY?"
ENTER 787:K¢
OUTPUT 7@7;h%
PRINT "3RS

END IF
1

!
IF BIT(Gtat,3» THEN

PRINT "LCL operation hes occured”

END IF
l
(
IF BIT(Stat 4} THEN
PRINT "Hardcopy Complete 1"
IF Bump_flag=@8 THEN
SEMD 73UNT UNL
Dump_flag=1
END IF

P Front Panel Serwvice

! Asts for ley code.
! Reads tey code.
b Qutputs bey code.

! Local operation occurred.

! Ready bit - only bit active
I tn the Ready byte 15 Hardcopy
I Complete.

PRINT "Now try pressing beys, they will echo from controller”

END IF
]
1
IF BIT(Stat ,5) THEN
REPEAT
QUTPUT 787; "ERR?"
ENTER 707;A%
PRINT "Error was @
UNTIL VAL(ASLT,121'=D
END IF
{
I
IF BIT¢(Stat .6 THEN
QUTPUT 7@7;"REQUEST?"
ENTER 707:0%
PRINT A%$R3" 15 the mast value"
ENDG IF
i
IF BIT(Stat ,7) THEN
QUTPUT 7@7;"DSP7"
ENTER 707 A%
FRINT ASLE" 15 the Advisory’
END IF
|
}
ENABLE INTR 7
RETURN
i
END

'A%

Go read the errora,

Asks for ne~t error in queue.
Reads next error.

Prints next error.

Until errer gueue is empiy.

A SRY was generated by someone,
Asks for mask value.
Reads mask value.

fAidvisory has been 1nitiated
fAisks for advisory.

Reads advisory.

Frints advisory.
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1@

e This sample program demonstrates some of the uses of

3@ Service Requests (SRQ’s). This set of instructions uses
40 the Acquisition Done, Local, Front Panel Service,

=14 Ready and Ready masks. An acguisiiien that will produce

1
I
|
!
|
6@ { buffered resulis will bs started. Whan a SRO is sent the
70 I results will be read and displayed. The scope will then

i

!

!

i

8o moniior the front panel keys using SRQ's and acho any

99 activated,. Any Advisories or Acquisitions inltiaied from

100 the front panel will be disclosed.

e {

120 CLEAR 787

130 1

1 4@ PRINTER 15 t ! Display is PRINT destination

=1 DIM BE{1:16H 301 KE[BD1,A8[20]

166 I

170 ON INTR 7 BOSUB Srg_svc I Boto 'Srg_sve® on Service Request.
188 ENABLE INTR 732 | Enables SRQ on bus #7.

19a DISABLE INTR 7 | Disables all interuppts osn bus #7.
209 }

218 PRINT

22@ QUTPUT 7@7;"RESET" | Resetis 541180

230 OUTPUT 7@07; "AUTQSCALE" | Does as it says.

249 INTEGER Rgsmask

250 Rgsmask=1024+1E+4 f Reguest mask where:

260 | {824 = Acguisition done - hit 10.
270 ] 18 = Ready -~ bit 4,

280 | 4 = Front Panel Service - bit 2.
298 1

306 QUTPUT 7@7; "REQUEST"sRysmask I' Sends Request Mask.

310 OQUTPUT 7875 "REQUEST CN" I Sets RQS - bit & in Reguest mask.
320 QUTPUT 787 "LONGFORM ON" L Turns on longform for headers.
230 QUTPUT 787 "HEADER ON" I' Turns headers on fer queries.

348 Stat=5POLL(TRT) ! Serial Poll scope, should be @
350 PRINT "Result of 8erial Poll is ";Stat

369 t

2708 Meas_flag=@

380  GUTPUT 7875 "MEASURE ! Enters MEASURE subsystem.

330 OUTPUT 7@7;"SOURCE CHANNEL 1" | Channel 1 is source for measurement

A-11
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498 OUTPUT 7@7; "PRECTSION HIGH: ALL?" i Setz PRECISION flag high and
410 | measures all.

420 ENABLE ENTR 7 i Erables tnteruppts on bus #7.
470 I

448  PRINT * Waiting for measurement io cemplebe.”
450 PRINT * Time availible for ofther 1asks.”
450 PRINT " Bus 15 available.”

47@ I
489 GOTO 480 I Loop until Service Request occurs,
49@ '
Cag [
518 i
29 | Service Reguest Interuppt Routine
536 '
L4Q Srg_svc! !
31 Ctat=5POLLI 797} I Performs a Sarial Poll
B0 | and clears 5R{Q.
570 INTEGER J
588 PRINT
590 PRINT "Service Request Status= "iStat
600 t
BE19 i
E28 iF BIT{(Stat @) THEN | Regquest Control - 54110D is
638 FRINT "RGC should not be set — PROBLEM” | not a controller and
B4 END IF I cannot send & ROG.
650 I
EEB }
E78 IF BIT!Stat , 1 THEN b RAM power fstilure.
c8@ PRINT "PWR slatus has been set. WHY?"
boe EHD IF
7e0 !
716 I
70 IF BITt5tat 2 THEN ¢ Front Panel Service,
73 PRINT "FP5 status has been set”
7408 OUTPUT 7@7s"fey?” I Asls for bey code.
5@ ENTER 7@7:h% | Reads tey code.
7o8 OUTPUT 7@7:5Kk% I Qutputs bey code.
770 PRINT " "ERE
780 END IF
7990 L
BGO !
210 IF BIT(31lat 3 THEN ! Local nperation occurred
20 PRINT “LCL operation has occured”
630 END IF
844@ b
859 I
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BEO
870
888
830
09
oi@
929
330
3449
95@
956
97@
380
59¢
100¢
1819
1029
1830
10482
1850
10602
1070
{088
1430
11e0
111a
11280
1120
1140
1156
116@
1179
1188
1148
i 20e
1210

I
e

1230
124¢
1252
1268

IF BIT(5tat ,4} THEN

PRINT "Acguisition done 1
IF Meas_flag=0 THEN

FOR J=1 10 I6

ENTER 787:B8(.J)

PRINT B®(J»

MEXT I

Meas_flap=|

FRINT

PRINT "Press some keys.
END IF

END IF
1

t
IF BIT(Stat ,8) THEN
REPEAT
QUTPUT 7@7¢"ERR"?"
ENTER 707:A%
FRINT "Error was :
UNTIL VAL{AEL[9 12]11=0

END IF
i

I

IF BIT{(Stat ,6) THEN
QUTPUT 7873 "REQUEST?"
ENTER 787:A%
PRINY A%&" 1s the mask

END IF
'

{

IF BIT(Stat ,7) THEN
QUTRPUT 7@7:"DSP7"
ENTER 7@7:A%
PRINT AB8" 15 the

END IF

I

]

ENABLE INTR 7

RETURN

t

END

"I AS

value”

Advisory”

Madel 54110D - Appendix A

Ready bit - only bit active
in the Ready byte 15 Acg done
first time through

Reads measurement results
and prints them.

The key number will be printed.”

Go read the errors.

Aats for rext error in gueue.
Reads error.

Prints error.

Until error gueue 13 empiy.

A SRG has been generated.
Asl. for mask value.

Reads mask walua.

Prints mask value,

Advisery has beern initiated.
Asls For advisory.

Reads advisory.

Prints the advisory,

SRQ disables i1nterrupts.
This reenables them.
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10

2a This sample program demonstrates some of the uses of

3@ Sarvice Reguests (SRQ's). This set cof insiructions uses

=1] the Acquisition Done, Local, Front Panel Service,

51"] Ready and Ready masks. An acquisition that will produce

B85 buffered resulis will be started, UWhen a SRG 15 sent the

|
|
|
!
]
|
75 I resulis will be read and displayed. The scope wltl then
1
I
i
i

50 monittor the front panel Lkeys usino 5RQ's and =che any

98 activity. Afny Advisories or Acquisitions initiated from

128 the front{ panel will be disclosed.

1@

120 CLEAR 7@7

128 {

14 PRINTER IS 1 | Display 15 PRINT destination

1580 DIM BS{1:iB6)L 301, K6[80) ,A%L80]

168 '

170 ONM INTR 7 GOSUB Srg_svc I Boto 'Sro_sve' on Service Reguest.
18@ ENABLE INTR 732 } Enables S5RG on bus #7.

19@ DISABLE INTR 7 ! Disables all interuppts on hus #7.
200 !

218 PRINT

22@ QUTPUT 7@87:"RESET" ! Resets 5410BA/D.

230 QUTPUT 7@7;"AUTOSCALE" ! UJoes as 1t says.

240 INTEGER Rgsmask

250 Rgsmask=1@824+16+4 I Regquest mask wherae:

260 t 1824 = Appuisrtion done - bit 10.
270 | 16 = Ready - bit 4.

280 t 4 = Front Panel Service - bit £.
298 | Set so bit 19 causes an SRR

300 OUTPUT 7@7; "REGUEST"1Rgsmask I Sendy Request Mask.

3@ OUTPUT 7@7: "REQUEST ON" ! Sets RQS — bit B rn Reguest mask.
329 OUTPUT 7@7:“LONGFORM ON" I Turns on lengform for headers.
330 DUTPUT 727 "HEADER ON" I Turns headers on for queries.

40 Stat=SPOLL({7aT i Gerial Poll scope, should be @
350 PRINT "Result of Serial Poll 15 ";5tat

3608 |

370 Meas_flag=@

386 OUTPUT 787; "MEASURE " ! Enters MEASURE subsystem.

381 QUTPRUT 7@7;"50URCE CHANNEL 1" t Channel | 15 source for measurement
399 DUTRUT 7@7:"PRECISION HIGH; ALL?" | Sets PRECISION flag hkigh and

4Q@ I measures all.

419 ENABLE INTR 7 i Ernables interuppts on bus #7.

420 I

430 PRINT * Waiting for measurement to complete.®

44@ PRINT * Time availible for other tasks.®

45@  PRINT * Bus 1s available.”

460 i

47 6070 470 ! Loop until Service Reguest occurs,

480 '
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490
aoe
519
5ze
538
5449
559
560
579
=3-10)
53
=141,
E1@
520
B38
640
1
6O
670
E80
620
709
7ia
728
730
740
750
760
778
780
738
226
B1@
820
B30
g4e
g5@
8250
g87e
ge@
Bo@
800
912
8ze
950
940
850
959
70
3980
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f
i
b Service Request Interuppt Routine
|
Srg_sve: !l
Stat=5POLL{T7D7: ! Performs a Sarial Poll
t and clears 5RQ.
INTEGER J
PRINT
PRINT "Service Request Status= "jGtat
I
1
IF BIT(5tat ,@) THEN I Renuest Control - 541100 s
PRINT "ROC should not be set — PROBLEM" | not a controller and
EMD IF ! cannot send a RQC.
|
i
IF BIT{Stat,!) THEN ! RAM power failure,
PRINT "PWR status has besn sei. WHY?*
END IF
1
!
IF BIT(Stat ,2) THEN ! Front Panel Service.
PRINT "FPS status has been set”
OUTPUT 7073 "Key?" | Asks for key code.
ENTER 7@7:K% ! Reads key code.
QUTPUT TO7:K% I Outputs key codae.
PRINT * "RKE
END IF
I
i
IF BIT(Stat ,3) THEN t Local operation occurred
PRINT *LCL operation has occured*
END IF
]
}
IF BIT{S5tat ,4) THEN t Ready bit - only bit active
PRINT "Acquisition done 1" I in t{he Ready byte is fAcg done
IF Meas_flag=@ THEN b First time thru?
FOR J=1 7O !5 !
ENTER 787:B%(J) | Reads measurement results
PRINT B&(J) I and prints them.
NEXT J
Meas_flag=1
PRINT
PRINT "Prass some keys., The key number will be printed out.”
END IF
ENE IF
I
i
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99@ IF BIT(Stat,5) THEN
10@a REPEAT

18418 QUTRUT 787; "ERR?"

1020 ENTER 787;6%

103@ PRINT "Error was 3 "3;A$
1048 UNTIL YALTASIS,121)=0
1058 END IF

15 |

1870 ¢

1082 IF BIT{Stat,B) THEN

1392 OUTPUT 7@'7; "REQUEST?"

1100 EMTER 707:A%

1119 PRINT ASR" is the mask valus”
1128 END IF

1138 |

1148 ¢

1150 IF BIT{(Stat,7: THENM

[16@ QUTPUT 7@7;"D5pP%"

1170 ENTER 7073A%

| 18@ PRINT ASR" 15 the Advisory”
1198 END IF

1208 |

1219

22 ENABLE INTR 7

123& RETURN

1248

250 END

60 read the errors.

Asts for nest errar in gueue.
Reads error.

Prints error.

Until error gueue 15 empty.

A SRQ has been generated.
fisk for mask value.

Reads mask wvalue,

Prints mast value.

Advisory has heen i1nitirated.
Asks for advisory.

Reads advisory.

Frints the advisory.

SRG disables interrupts.
Thisz reenables them.
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19

28

48

50

g6

70

={n)

96

139
25
{16
128
158
14@
156
k@
1780
180
| R=14]
20d
21@
238
240
250
26@
270
298
0
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This sample program demonstrates some af tha te-i commands
in the D:splay subsystem.

Oi1sable ihe instrument from writing te<l to the screen and
set the colors.

CLEAR TB7

OQUTPUT 7@7: "DISFLAY MASK @ | Disable the 1nstrument from

| writing text to the screen

QUTPUT 7@7:"ATTRIBUTE ENABLE" | Enable embedded attribuies

DUTPUT T7@74"PRINDRITY ON" I Te«t pverwritas graphics

CUTFUT 7@7;"SETCOLOR DEFAULT" | Turn on ihe defaull colors

!

i Write 2 color blocl Lo each position on scraan

|

FOR Row=d TO 22

FOR Columm=0 TO 71
Attribute=1709 I Use the 1nverse video sttiribute
Bitribute=Attribute+B+s( (Rowtlolumns MOD 163 | Set the color
DUTPUT 7B7:"ROW ";Rows: "COLUMN "iColumn ! Send row and column
I Qutpui & single character bloct with its attribute
OUTPUT 707 USING "8A,B,2A"+"STRING """ Attribute,” """

NE¥T Column

ME¥T Rouw

|

t To get back ta the normal display, turn lhe insirument off

| snd then on agatn. This resets the display MASKH.
!

END
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Appendix B
SOFTWARE DELAY CALIBRATION AND
TRIGGER DELAY OPTIMIZATION

The trigger delay and channel to channel skew calibrations in the Cal menu on the 34110D are
provided to null delay differences in the trigger and dala acquisition paths of the trigger and the
data. This would include acquisition time differences both internal and external to the instrument.

Channe! to channel skew adjustment is used 1o change the placement of the channel 2 data
relative to channel 1 50 delay differences in the data acquisition paths do not intraduce offsets in
channel-to-channel time interval measurements.

Differences in internal delays as well as differences in external delays caused by dissimilar probes,
cable lengths etc. can be nulled. This is done by injecting the cal signal at the probe tips or other
desired points when performing the calibrations.

The trigger delay calibrations are used to position waveforms horizontally so that the zero
reference corresponds with the frigger event. When both the internal and external delays have
been compensated for, the instrument provides a timebase delay that is calibrated in an absolute
sense to the trigger point. The timebase delay telis you where the display window is located
relative to the trigger.

Trigger delay calibrations do not affect channel-to-channel measurements as the vertical inputs are
always displayed relative to each other depending on the setting of the ch-to-chCC Skew cal
factor. As long as the Ch-to-Ch Skew cal factor is set correctly you can make accurate
channel-to-channel measurements even if the trigger delay cal factors are not set correctly.

The delay calibration feature, a consequence of the 54110D's negative time and digital
architecture, is convenient for referencing measurements to the probe tips, or other points, even if
different types of probes or a probe multiplexer is used. To calibrate a given probe configuration
inject a fast risetime signal at the probe tips, or wherever you want your measurement to be
referenced and follow the instructions in the Cal menu. Refer to Section & for a discussion of the
cal menu.

Once the cal procedure is completed the trigger edge will be displayed at the time-zero reference,
and if you use an external trigger the time-zero reference will correspond to the time of the trigger
event at the Trig 3 or 4 probe tip, or other point of interest. The cal factors are stored in the
nonvolatile SAVE/RECALL. registers. This allows the instrument to retained calibrations for'up to
10 different probe or measurement configurations. By using the time interval measurements built
into the 54110D, the display skew and trigger delay cal factors can be determined and
programmed via the HP-IB.

The trigger delay calibrations compensate for delays to a first order approximation. Actual trigger
delays, in addition to probe length, are function of signal characteristics such as risetime,
amplitude, and rep. rate. If these signal characleristics are not the same when making
measurements as they were during calibration, the trigger edges will be displaced from time-zero.
The error, however, will be small and will rarely result in any confusion as 1o which edge is the
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fiigger. For fast riseltme signals (<3 ns) this displacement will be less than +400 ps. Because of
these second order allfects it should not be assumed that the trigger edge 15 at precisely time-zero
when making time interval measurements unless the edges are fast and 400 ps error can be
tolerated. These effects apply only to trigger delays as channel-to-channel skew has no
dependency an signal characteristics.

For signals with slower edge speeds, Ingger hysteresis can cause a displacement from time-zero,
however, compared to the sweep speed at which the signal would be viewed the displacement
usually would be small. Trigger hysteresis on the 54110D 15 1 minor division on channels 1 & 2
and 10 mV {with 50 ohm pods) on Trig 3 & 4. The tngger level is at the center of the hysleresis
band and the trigger comparatar actually begins to swilch when the input voltage is 1/2 a minor
division from the programmed threshold. This causes the actual threshold crossing to be
displaced fram lime-zero by the amount of time il takes the signal to lraverse 1/2 a minor division
vertically. The direction of the displacement depends on the trigger slope. At sweep speeds where
the signal appears as anything bul a near-horizontal hne, this displacement is nat significant for
viewing bul can affect time interval measurements 1f ignored.

With tnigger delay calibration captured signals can be correctly plotted relative to the time-zero
reference with a small error caused by the second order effects. This applies for the Edge, State,
Time-Delayed, and Event-Delayed modes. In the Pattern mode, however, the instrument does not
know which input will provide the tngger and does not know which cal tactor to use. In this case
the average of Channel 1 and Channel 2 trigger delay cal factors is used as a compromise. This
will result in a minimal displacement when the trigger edge comes from one of the vertical
channels but a large displacement can result if the trigger comes from Tng 3 or 4,

Large delay differences in the signal paths for channel 1 and channel 2 will result in a large
displacement, so it 13 desirable to match these paths as close to one another as possible If an
accurate time-zero reference is needed in the pattern mode. Also of concern, when you are in the
pattern mode 15 the relative skew between the inputs. This skew results from delay differences in
the acquisition paths internal and external lo the instrument. For example, when using the time
qualified pattern, skew can cause the pattern true-time seen by the filter imer to be different that
the actual time at the probe tips. Just how much skew, or differential delay, exists between paths
is reflected in the trigger delay cal tactors(assuming the instrument is calibrated) because the cal
factor for each input 15 referenced to the same channel (channel 1). The difference in the cal
factars ts equal to the amount of skew in the trigger paths. A more negative cal factor means that
the trigger path delay for that channel 1s longer

The differential delay between channel 1 & 2 and between Trig 3 & 4 is usually less than 400 ps.
This assumes the use of 54002A 50 ohm pods and 1s referenced to the BNC connectors.

The delay through Channel 1 & 2 is nominally 1.6 ns longer than the delay through Trig 3 & 4.
This can cause erroneous pattern triggenng unless the extra delay is compensated for by inserting
extra delay by using longer cables on Trig 3 and Trig 4. Inserting delay(s) to reduce skew for
pattern triggering will also reduce time-zero ofiset in the Pattern mode.

While skew is not of concern with respect to the time-zero reference in other than Pattern mode, 1t
can affect the operation of the other modes. For example, the setup and hold times in the State
mode can be different at the probe tips than they are at the instrument’'s inputs because of
dissimilar probes or cable lengths. This 1s caused by the fact that the tnigger circuitry operates on
signals in real-time, thus ruling out software calibration.
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Appendix C

Detailed Operation of the Automatic Measurements
INTRODUCTION

The automatic parameter and time interval measurements resident in the 541100 are designed io
allow you to optimize measurement speed and accuracy for your applicabon. Bepending upon a
number of factors such as display mode, number of averages, type of measurement, and state of
the precision key or the PRECISION flag (HP-IB), the nstrument uses different critenia for
eslablishing how much data needs to be acquired for measurement.

DISPLAY MODE CONSIDERATIONS

The measurements are based on the data that is on the screen. The instrument maintains internai
copies of the screen data, on which the measurements are made. If the uait 15 i the Normal
mode it uses only the most recent y axis information in each bme huckel ¢ maks e
measurement.

The waveform area of the screen is 256 pixels high by 501 pixels wide. For mosi measuremenis
501 time buckets are used, however, if the sweep is faster than 500 ps/div the number oi iime
buckets 15 equal to (10 * (tme_per_div_/10 ps)+1. The reason for this is thal the maximum ume
resolution for the 54110D is 10 ps.

Most of the measurements use 90% criterion. In the normal mode ai least 0% of the tme
buckets have one data point. In the averaged mode the 80% criterion means that ai teast 90% of
the time buckets have received N data poinis where N is the number of averages.

One method of trading measurement speed for accuracy is o increase the number of averagss in
average mode. The larger the number of averages, the more iime that will be required o maks a
measurement, but also, the better the accuracy and repeatability.

FINE PRECISION AND COARSE PRECISION MEASUREMENTS

The 54110D performs two types of automatic measurements; coarse and fine (coarsg precision
and fine precision). Coarse measurements are made based on the data on screen. I there is
insufficient data on the screen, then new data 1s acquired in order to make the measurement. Fine
measurements begin with a course measuremen! to locate the edge(s). Each 2tgs Is then
expanded (o achieve maximum resolution,

The coarse measurements are. the voltage measurements; the froni panel stari on edge and stop
on edge tme interval measurementsag high or low insirument is "Stopped”, anc all HP-iB
measurements when the PRECISION flag is low.

The precise measurements are; the front panel Precise Edge Find measurement, the iront panel
parameter measurements when the instrument 15 "Running, and HP-IB time related measurements
when the PRECISION fiag 15 imgh.
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The coarse measurements are as accurate as the precise measurements when the waveforms are
fully expanded {edges at a 45 degree angle} and the display data is 90% complete.

COARSE MEASUREMENTS

As menlioned above, coarse measurements use the data on screen unless there is insufficient
data. For front panel coarse measurements only 5 dala points need to be present on the screen.
Far HP-IB coarse measurements the screen data must meet the 90% completion criterion. If the
data is insufficient, the instrument acquires new data untl the 90% completion criterion is met
befote the measurement 1s made.

Coarse measurements are faster but their accuracy, unlike precise measurements depends on the
sweep speed, The front panel measurements can be made on very limited amount of data. This is
important for single shot signals and low rep rate signals when only a limited amount of data has
been acquired.

It 1Is a good programming practice to clear the screen when the input signal is changed before
making a coarse measurement. This is especially trug when a high number of averages or a long
persistence has been selecled. (Note: n many cases the screen will be cleared automatically when
an instrument setting 1 changed. The exceplions are changes in settings that don’t effect the
waveform e.g., moving the time or voltage markers.)

PRECISE MEASUREMENTS

Precise measurements in general, but not always, automatically rescale the timebase to expand
signal edges for maximum resolution, This technigque provides maximum accuracy and results that
are independent of the inthal sweep speed setting.

When a precise time interval measurement is made the instrument will first perform a coarse
calculation lo locate the edge(s) of interest, Next, for each edge, the display window will be
positioned so that the edge of interest is at center screen and the sweep speed is increased
causing the signal to be expanded on the horizontal axis. The instrument will continue to do this
until one of three conditions 1s met: (1) The slope of the signal 15 45 degrees or less. {2) The
sweep speed equals 500 ps/div (maximum resalution). {3) Signal jitter at the current sweep speed
makes it pointless to increase the sweep speed further. At each faster sweep speed a calculation
is made to determine of any of these conditions are met. If so, expansion is stopped and the edge
¢rassing time 15 determined.

If the sweep speed 1s 500 ps/div or faster or if the measurement requires only a single edge that
atready has less than 45 degrees slope as displayed, a precise measurement will revert to a coarse
measurement.

LOCATING THE EDGE

The edges are measured at the point where the waveform edge crosses the voltage tevel. For the
time interval measurements the level is defined by the voltage markers. For the parameter
measurements, the level is defined by the measurement at 10%, 50%, or 90% level on the
waveform relative to the top and base.

The measurement routine uses a dual threshold techrique. The upper threshold id defined to be 2

A/D values above the level and the lower threshold is defined to be 2 A/D values below the level.
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in terms of the screen, ihe threshold region is one minor division wide in the full scres» Toce z¢
haif a minor division in the spht screen mode. Tne advantage of this iscinioue Is {hai soges can
be deiermined accurately in the presence of a limiled amount oi noise.

Tne ecge is determined by performing a binear regressfon {curve fii) an e points fira: izl inside
the threshold region plus ihe first point below the threshald region and the first pont above the
threshold region. The edge crossing 15 defined as the point where the line generatad by ihs [inesr
regression crosses ihe lavel. In many cases, ihere are no poinis mside the threshoid rsglon and
ihe lingar regression becomes a linear interpolalion between the iwo poinis above and halow tha
threshald region. (e.g., nearly perpendicular edges).

A limitation of this techmque 13 that there are cases which may resull in the edge noi baing iounc,
nolably very small signals and measurements made near ihe top of waveforms.

t:.')
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