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SAFETY SUMMARY

The following general salety precautions must be observed during all phases of operation and maintenance
of this instrument. Failure to comply with these precautions or with apecific warnings elsewhere in this
manual violates safety standards of design. manufaciure, und intended use of the instrument, Boonton
Electronics assumes no liahility for the customer’ failure to comply with these requirements,

THE INSTRUMENT MUST BE GROUNDED

To minimize shock hazard the instrument chassis and cabinet must be connected to an electrical ground.
The instrument is equipped with a three conductor, three prong a.c. power cabie. The power cable must
either be plugged into an approved three-contact electrical outlet or used with & three-contact Lo a
two-contact adapter with the (green) grounding wire firmly connected to an clectrical ground at the power
outlet. ’

DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE.
Do not operate the instrument in the presence of flammable gases of fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must ot remove instrument cosers. Component replacement and internal adjust-
ments must be made by quailfied maintenance personnel. Do not replace companents with the power cable
conneeted. Under certain conditions dangerous soltages may exXist even though the power cable way
removed. therefore: always disconnect power and discharge circuits belore touching them,

DO NOT SERVICE OR ADJUST ALONE.
Do not attempt internal service or adjustment unless another person. capable of rendering first aid and

resuscitation, is present,

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.
Do not install substitute parts or perform any unitthorized maditication ol the insturment, Return the
instrument to Boonton Electronics for repair to ensure that the safety features are maintained. '

SAFETY SYMBOLS.

This safety requirement symbot (located on the rear pancl) has been adopted by the
International Electrotechnical Comminsion. Document 66 (Central Office) 3. Para-
graph 5.3. which directs that and instrument be o lubeled it Yor the carreet use of the-
instrument. it is necessary 1o refer o the instruction manual. la thiy case it is
recommended that reference be made to the instruction manual when connecting the
instrument to the proper power source., Verity that the correct fuse i installed for the
power available, und that the switch on the rear panel is set to the applicable
operiting voltage,

The CAUTION sign denotes a hazard. ftcalls attention toan uperation procedure,

‘_ CAUTION A: practice, or the like, which. it not correetly performed or adhered to. could resultin

damage to or destruction of part or all of the eyuipment. Do not proceed beyond a
CALTION sign until the indicated conditions are tully understood and met.

The WARNING sign denotes a hazurd. [tealls sttention toan uperation procedure,

i WARNING l practice, or the like. which. if not correetly performed or adhered Lo, could result in
injury ar loss ol life. Do not proceed beyond a WARNING sign until the indicated
conditions are Melly understood und met.

/ Indicates dangerous voltages,
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GENERAL |NFORMATION

1-1, INTRODUCT ION

This Instruction manual provides general
information, Installation and operating
instructions, theory of operation, main-
+enance instructions, and parts list for the
Model| 92008 RF Millivoitmeter,

1-2. DESCRIPTION

The Mode! 92008 is a mlcroprocessor-based RF
MI11ilvoltmetar that Is capable of measuring
Rf voltaqe levels fraom 200 microvoits to 3
volts over a frequency range from 10 kHz to
1,2 GHz,

The measured RF levels can be dlsplayed
directly in mV, dBY, dBmv, dBm (dB relative
to 1 mW across any impedance between 5 I and
2506 S or dBw (dB relative to IW across any
impedance between 20 @ and 2000 {},

1«3, The Iinstrument desiqn features are:

a, Wide Frequency Range, The callbrated
frequency range of the Instrument (s deter-
mined by the probe used wlth the Instrument,
The 952001A RF Probe supplied with the
instrument provides callbrated indications
from 10 kHz to 1,2 GHz, with unca!ibrated
response to beyond B GHz. An optional 952009
RF Sensor provides callbrated, 50 @ ter-
minated indications from 100 kHz To 2.5 GHz.
The optional 952016 RF probe provides
callibrated response from 10 Hz fo 100 MHz,

b, Sensitivity and range |inearization data
for the probe supplied with the instrument is
stored in non-volatlie memory, |t ancther
probe Is used with the instrument, data for
this probe must be entered into non=volatile
memory before using the probe, Data enfry is
a simple procedure, requiring onty oparation
of an Internal switch and entry of data
+hrough the front panel keys, No further
callbration is necessary,

c. Voltage Range. The instrument has eight
vol tage measurement ranaes from I mV to 3
volts tuil scale, arranged in a 1-3-10
sequence, In the dB measurement modes, it
covers a rande of 80 ¢B In 8 ranges, with
0.01 dB resoluticn, The measurement capabi-
lity of the Instrument can be extended to 300
volts at freguencies up tco 700 MHz when the
optlonal 952005 100:1 Voltage Divider Is
used and 300 volts for trequencies between
10 Hz and 20 MHz when the optional 952058
100:1 VYoltage Divider 1s used,

d, True RMS Response, Waveform response of
the Instrument probe is true RMS for inputs
below 30 mV, allowing accurate voltage
measurements with all types of waveforms,
Probe waveform response changes gradually as
+he Input voltage |s ralsed above 30 mV
approaching peak-to-peak at the highar
levels, The instrument shapes the response
digitalty to Indicate RMS voltage, provided
that the input is reasonably sinusoidal, as
with CW or FM input signals.

e, Low Noise. The instrument has been
designed and constructed to minimize noise
from all sources, The probe cable Is of a
special low nolse desiqn; vigerous fiexing
causes only momentary, minor defiections on
the most sensitive range ot the instrument,
The probes are insensitive to shock and
vibration; even sharp tapping on the probe
barrel causes no vislible daflection on any
range, Internal signal amplification occurs
at approximately 94 Hz, ftheraby reducing
susceptibility to 50 or 60 Hz flelds. A low
noise solld=-state chopper is used,

$, Key Selection of Measurement Modes, A
cholce of measurement modes is avaliable to
the operator, Measurements in terms of mV,
dBY, ¢BmV, dBm (dB relative to | mW across
any Impedance between 5 (ls and 2500 {Is) or
dBw (dB relative to 1W across any Impedance
hetwaen 20 §1s and 2000 {Is) can be selected by
mereiy pressing the appropriate front panel
key. The keyboard also allows entry of d8
reference |lavels and impedance values for
these measurement modes,

d. Measured values are displayed on a 4
digit LED type readout with decimal points
and minus sign, Annunciators associated with
the display indicate the units of measure-
ment, The result is clear, direct, unam
blquous readout that minimizes the possibi-
Ity of misinterpretation, The dispiay is
also used to show data being entered [nfa
non-volatile memory and to display data
recalled from non-volatile memory, The
display and annunciators blink on and off
durling data entry and recall to Indicate that
displayed values are not measured values,.

he A front panel meter provides relative RF
level indications for peaking or nulling
applications. A rear panal DC output
supplies 10 volts full scale that Is i inoar
wlth voltage in the mV mode, or linear In dB8
over the entire 80 dB range in any of the dB
modes, ’

1. Autoranging under control ot the
mlcroprocessor aliminates the need for manual
ranging by the operator, Alternately, a mea-
surement range can be retained for measure-
ments, 1f desired, by selecting a range hold
mode through the |EEE-488 Bus when the
instrument is so squipped, Apptication of
input levels beyond the measurement capabi-
Ity of the instrument in the autoranqe mode
or outside the selected range in the range
hold mode results in an error indication on
the display.

j. An automatic zerolng circult eiiminates
the need ftor tedious, often inaccurate manual
zaroing., With zero Input To the probe,
pressing the front panel ZERQ key causes the
microprocessor to compute and store zero
corrections for each range, which are appl ted
t+o subsequent readings, A loglc transition
Is available at a rear panel| connector for
automatic turn off of a source during the
automatic zeroing sequence,

1-1
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k., Sensitivity and range linearization data
for up to eight probes may be stored in The
i nstrument non-volatile memory, Probe data
is written Into memory at the factory for
probes ordered with the instrument, Probe
data may also be written Into memory quickly
and easily in the field. A hard copy of
stored data s provided under the top cover
of the ins¥rument, The microprocessor
corrects measurements automatically in accor-
dance with the stored probe data.

I, High/Low dB Limits, High and tow dB
IImits can be antered through the |EEE-488
Bus when the Instrument is so equipped, Rear
panel TTL outputs provide remote indications
of cut-of-limit conditions,

m, Solid-state Chopper., Signal amplifica~
tion in the instrument occurs at approxima=-
taly 94 Hz, |Input signals from the probe are
converted Intoc 94 Hz sliqnals by a solid-
state, low-level input modulator (chopper),

n, The instrument is deslaned for easy main-
tananca, Accessibility to all printed cir-
cuit boards is excellent, Connection
facllitles for signature analysis are incor-
porated and special dlagnostic ROMs are
avallable, Digital circult troubles can be
localized rapidly and accurately using the
signature=analysis maintenance technique,
thereby reducing instrument downtlime,

0. GPIB Option, A full function GPIB can be
instalied in tha 92008, This interface
allows remote operation of all front panai
controis, except the |ine switch, Individual
voltage and dB rangss may be selected and
selactively zerced, Listen/talk address and
message termination characters are set by a
rear paneil bit switch,

p. MATE Option, An internal TMA is
avallable that allows the %2008 to respond to
CllL commands,

1-4, APPLICATION

1-5, The instrument can be used for the
foliowing applications:

a, Measurement of transistor parameters,

b, SWR and return |oss measurements wlith
diractional couplers, reflectlion coefficient
bridqes and slotted |ines,

c. Galn and loss measurements of wide-band
ampliflers,

d. Adjustment of tuned circuits In narrow-
band amplifiers,

e, Adjustment, performance measurements and
parameter evaluation of RF filters,

t. Measurement of SWR, return {oss and atte-
nuation of RF attenuators.

q. Measurement of output levels of signal
qenerators, adjustment ot baluns, harmonic
distortion measurements of RF slignals and
adjustment of RF clrcults for minimum voltage
(null} or maximum voltage (peak).

1-2

1-6,  ACCESSORIES

1-7. The followlng accessorles are supplied
with the instrument:

a, 41-2A Sensor/Probe Interconnecting Cable
(5 t+.) (M/M),

b. 952001A RF Probe, Probe with low-noise
cabie and connector assembly for measurements
from 10 kHz to 1,2 GHz, Refer to Tabla i-}
for-1nput resistance and capacitance,

c. 952002 50 §) BNC Adapter. Used for
maasurements up to 1,2 GHz In a 50 {1 system,

d., 952004 Probe Tip. Removable probe tip
with grounding-clip lead; for use up to
approximately 100 MHz,

e. 952005 100:1 VYoltage Divider, Attenuates
input signal by a factor of 100 & (1 +

tunz/ 2000 %, permitting measurements up to 300
v, -and extending the rms measuring range to 3
V; also increases input resistance by a fac-
tor of 1000 to 3000, depending upen input
lavel, Operates from 50 kHz to 700 MHz,
Maximum input potential, 1000 YDC plus peak
AC.

1-8, The following accessories are optional
and may be ordered:

a. 41-2A/10 Sensor/Probe Interconnecting
Cabie (10 #1,) (M/M),

b, 41-2A/20 Sensor/Probe Interconnecting
Cable (20 ft.) (M/M),

c. #41-2A/50 Sensor/Probe Interconnecting
Cable (50 ft,) (M/M)'

d. 41-2A/100 Sensor/Proba Interconnecting
Cabla (100 ft,) (M/M),

e. 950000 Rack Mg, Kit, Single. Mounts one
unit left or right of blank panel in 19 Inch
rack, 5,29 Inches high.

t., G50001 Rack Mtg, Kit, Duai, Mounts two
urits side by side in 19 inch rack, 5.25
I mches high,

9. 950002 Single Rack Mounting Kit, Kift for
mounting one 9200B as one-half ot a module
ima standard 19-inch rack,

he 950029 Transit Case.

1, 952003 50  Tes Adapter, Type N Tee con-
nector used with 952014 termination, it per-
mits connection Into a 50 ohm |ine,

je 9%2006 75 Q BNC Adapter. Used for
measurements up To 500 MHz in a 75 ohm
system,

k. 952007 75 {1 Tee Adapter. Type-N Tee con-
nector; used with 952015 termination it per-
mits connectlion Into a 75 ohm linae.

1. 952008 Unterminated BNC Adapter (Female).
Used tor coaxlial connection up to approxima-
tely 100 MHz, or to 400 MHz when fed from a
50 ohm source in an electrically short
system,



1-8, (Continued)

m., 952009 50 Q Sensor. 50 {1 terminated
sensor for voltage and power measurements,
100 kHz to 2,5 GHz,

n, 952011=2 S0 {} Accessory Kit, For Model
§5200tA Probe, Consist of Models 952003,
952005, 952008, 952013, and Model 932014 50
Q Type N Male Termination,

0. 952012-2 75 § Accessory Kit, For Modael
952000 Probe, Consist of Modals 952005,
952007, 952008, 952013, and Model 952015 75
Q2 Type N Male Termination,

Pe 952013 Accessory Casa, For use with the
952001A probe and accessories,

Q. 952016 Low Frequency Probe, 10 Hz to
100 MHz, Overload protection, 10 VAC and 50
vDC,.

r. 952058 100:t Divider, For use with
952016 Low Frequsncy Probe; frequency range
10 Hz to 20 MHz,

" 1-9, OPTIONS

1=10, The following options are available:

SECTION |
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a, -01B |EEE 488 Bus Interface, Duplicates
all front panel functions except on/off power
switch, |In addition individual voltage and
dB ranges may be selected and selectively
zerced,

b. =03 Input Channel 2, Allows disptay of
aither channel 1 or channel 2, or channel 3
which is channel 1 minus channal 2, expressed
In dB. Includes second 952004 Probe Tip and
952002 50 § BNC Adapter,

¢, =06 MATE, Internal TMA, Requires -01B
Option,

d, =11 Low Frequency Yersion, Includes the
952016 Low frequency Probe, 952002 50 {1 BNC
Adapter, 952008 Unterminated BNC Adapter, and
the 952058 100:1 Divider,

e, =12 Dual Channel Low Frequency Yersion,
Includes two 952016 Low frequency Probes,
+wo 952002 50 §{} BNC Adapters, two 952008
Unterminated BNC Adapters, and two 952058
100:1 Dividers, :

1-11, SPECIFICATIONS

1=12, Specifications are listed in Table 1-1,
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TABLE 1-1.

SPECIFICATIONS

VOLTAGE RANGE: 200 uv to 3V in 8 ranges
(300 ¥ to 700 MHz with Divider),
Indications down to 50 uv,

VOLTAGE DISPLAY: 1,000, 3,000, 10,00,
30.00, 100,0, 300.0, 1000 and 3000 mV fs.

dB8 RANGE: &80 dB In 8 ranges,
0.01 d8 rasclution,

dB D!SPLAY: dBmV (0O dE eguivajent to

1 mV), dBV (0 d8 eauivalent to ! V), dEm
(0 dB equivalent fto voltage drop generat-
ad when ' mW is dissipated In selectable
Z, reference), d8r {0 dB equivalent to any
desired dB reference laevel) or dBw (dB
relative to IW across any impedance
between 20 {3 and 2000 ).

Z, Impedance: Any value from 20 to 2000 Q.
Raference dB Offset: Any offset can be
.Rayboard selected to 0.01 dB resolution
provided that the available dispiay range
of £99.99 dB Is not exceeded,

RANGING: Autoranging, pius hold-on-range,
individual ranges may be commanded via bus
intertface option,

FREQUENCY RANGE: 10 kHz to 1.2 GHz,
Model 952001A Probe; 100 kHz to 2.5 GHz,
aptlonal Model 952009 Sensor, 10 Hz to
100 MHz when the opticnal Model 952016

Probe Is used,

WAVEFORM RESPONSE: RMS to 30 mV,
callbrated In rms of a sinewave above 30 mV
(RMS +o0 3 V and 700 MHz with Divider).

CREST FACTOR:

Olrectinput:  Lever | 300.V 1mVv Imv 10my  I0mv
CF 140 42 14 42 1.4
With Divider: Lever | J0mv  100my 300mv 1V v
CF. 140 42 14 42 14
NPUT CONFIGURATION:
Probe: Model 952001A, button center con-

ductor, 1/2-20 threaded ground shell
(supplied).

Probe Tip: For Model 952001A, probe,
neadte tip, ground elip lead, Mode! 952004
(supplied},
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INPUT CAPACITANCE VS, INPUT VOLTAGE,
MODEL 952001A RF PROBE

Adapter: Model 952002 50 § terminated- BNC
temale, for use with the Model| 952001A
Probe, (Supplled),

Input Impedance: Refer to the graphs,

MAXIMUM AC INPUT: 10 V, all frequencies

‘and ranges,

MAXIMUM DC INPUT: 200 VY, all ranges.

RECORDER OUTPUT: 10 V fs proportional fo
Indicated voltage {voltage moda) over each
range; 8 V equivalant to 0 dBm regardlass
ot 7, {dB modas) with a sansitivity of 1V
par 10 dB changa over the entire rangse.

ACCURACY: The maximum uncertainty Is the
sum of the uncertainties ilsted In sectlons
A, B and C, i
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SPECIFICATIONS (CONT,)

A, Basic Uncertainty:

Mode! 952016 Low Fraquency Probe with Mode!
952002 BNC Adapter,

Voitage Levet ' my dBav, dBmV, dBm
I mv-2000 mv 1% reg = § count
Tmy.Imv 2% 18 = 2county 18¢ Curve
0.2mv-1mv 3% rdg = Jcoums
04
g M
zaz ~,
>
z
H a2
- B—
4
had
% LX) | o -
A~ 10 Q 10 29 0 4Q 50 &0 ]
. T3 80 -850 .40 -10 -2 -10 0 L]

- 57 47 -7 -a7 Aar -7 3 1l 23

MODEL 9200B UNCERTALNTY VS, {NPUT LEVEL
FOR dBY, dEmY, AND dBm.

B. Frequency'EffecT:

Mode| 952001A Probe with Model 952002 5¢

BNC Adapter or Mgdel 952003 Tee Adapter,

aby,
Fraguency my dBmY, dBm
1 MHz (cal tregq) 0 0
50 Hz - 20 MHz 1% rdg 0.09 d8
20 Hz - 50 Hz 2% rdg 0.17 d8
10 Hz - 100 MHz 54 rdg 0,45 dB

SWR: 1,05 to 100 MHZz,

Modal 952016 Low Fredquency Probe with Madel
952058 100:1 Divider,

¢Bv,
Freguency mv dBmVY, dBm
1 MHz (cal freq) 0 0
1 MHz - 20 MHz 59 0,45 dB
50 Hz - 1 MHz 3.5% rdg 0.31 d8
20 Hz - 50 Hz 4,5% rdg 0,40 dB
10 Hz - 20 Hz 7.5% rdg 0.58 dB

Fraquency mv dBmV, dBm

1 MHz (cal frea) 0

Model 952001A Probe with Model 952006 75
BNC Adapter.

0
10 kHz -~ 100 MHz 1% rdg 0.0
100 MHz = 1 GHz 3% rdq 0.27 dB
I GHz - 1,2 GHz 7% rdg 0.6

Mode!l 952003 Tee Adapter
t.2 GHz - 2,0 GHz 7% +.015/my

dBv,
Freauency mY dBmV, dBm
1 MHz (cal freq) 0 0
10 kHz - 100 MHz 1% rdg 0.09 dB
100 MHz = 300 MHzt 3% rdgq 0.27 d8
300 MHz - S00 MHz} 6% rdg 0,54 dB

SWR: 1,05 to 300 MHz, 1,10 to 1 GHz,
1.15 o 1,2 GHz

SWR: 1.0% to 150 MHz, 1,10 to 300 MHz,
1,20 to 500 MHz

Model 952009 Terminated Voltage Sensor,

Madel 952001A Probe with Model 952007 75 Q
Tee Adapter,

dBv dBvy
Frequency mY ¢Bmy¥ , dBm Fraequency : mV dBmV, dBm
1 MHz (cal freq) 0 0 | MHz {cal freq) 0 0
100 kHz - 1 GHz 1% rda 0,09 4B 10 kHz - 100 MHz 12 rdg 0.09 48
¥ GHz = 2 GHz 3% rda 0,27 d¢8 100 MHz - 700 MHz| 3% rdg 0.27 dB
2 GHz - 2.5 GHz 5% rdg 0,45 dB 700 MHz -  GHz 7% rdg 0.63 dB

SWR: 1,05 to 2 GHz, 1,10 to 2.5 GHz,

SWR: 1,05 to 150 MHz, 1,10 to 750 MHz,
1.25 To ! GHz ‘
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TABLE 1-1, SPECIFICATIONS (CONT.)

C. Temperature Effect:
Modael 952001A Probe or Model $52009 Sensor

at 10 kHz to 1,2 GHz.

mv dBv, dBmv, dBm
Temp Inst Probe/ tnst Probe/
Sensor Sensor
21°C - 25°C| 0 Q 0 0
18°C - 30°C| O 1% rdq 0 0.09 dB
10°C - 40°C 1% rdg 3% rdg 0.09 ¢B 0,26 dB
0*C - 55°C 2% rdg 7% rdq 0.18 @B 0.63 dB

LINE STABILITY: Less than 0.2% rdg with
+10% |ine voltage change at reference line
cond itions of 115 +o 120 v, 50 to 400 Hz.
Usable after 5 min, warmup.,

ZERO: Automatic, operatad by panel hkey
switch,

DISPLAY: 4 diglit LED display of voltage or
dB, Auxliliary analog display, unca-
librated, proportional to voltage (veltage
mode) or dB (dB modes}.

ANNUNCIATORS: LEDs indicate V, m¥, dBY,
dBmv, dBm, dBw, dBr and X10Q. Also shows
use of channel 1 {CHl1), channel 2 (CH2) or
channal! 3 (CH3) with option =03 where
CH3=CH1-CHZ in dB, Indicate !EEE-488 bus
activity ¢LSN, ATN, REM and TLK) with
option =018,

ENV I RONMENTAL PERFORMANCE :
Operating Temperature: 0° C fo +55* C.

Storage Temperature: =55 C to +75* C.

Class!flication: Conforms to the require-
monts of MT1-TZB800C for Type i1, Class 35,
Style E sgquipment,

POWER: 100, 120, 220, 240 V *10%,
50-400 Hz; 24 VA,

WEIGHT: 10 Ibs, (4,54 kq) approx.

DIMENSIONS: 5.85 In (14,9 cm) high,
8,3 in (21,1 cm) wide, and 12,27 in
{30.1 cm) deep.




SECTION |

GENERAL {NFORMATION

12.27 12.90
e e — | ]
o8
8.24
8.34
5.22 5.83

Filgure 1-2, Outiine Dimensions,
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ENSTALLATION

2-1. INTRODUCTION

2-2, This section contalins the installation
instructions for the Model 9200B RF
Mil1ivoltmeter and Includes the unpacking,
mounting, power requirements, power fail pro-
taectlon, cable connections, and the prelimi-
nary checkout procedure,

2-3.  UNPACKING

2-4, The instrument is shipped complete and
is ready to use upon receipt, Unpack the
instrument from its shipping container and
inspect it for damage that may have occurred
during shipment, Refer to Fiqure 2-1.

NOTE

Save the packlng material and container for
possible use in reshipment of the |nstrument,

2-5, MOUNTENG

2-6, For banch mounting, choosé a clean,
sturdy, uncluttered mounting surface, For
rack mounting, an accessory kit is provided
with the instrument that provides mounting
ears and rear supports, The rack mounting
kit contains the required hardware and
instructions,

2-7, POWER REQUIREMENTS

2-8, The instrument has a tapped power
transtormer and two |ine voltage selection
switches which permit operation from 100,
120, 220 and 240 volt *10%, 50 to 60 Hz,
single phase AC power sources, Fower con-
sumption is approximateiy 100 VA,

CAUTION

Always make certain that the tine voltage
selector switches are set to the correct
positions most nearly corresponding to the
voltage of the avaitable AC power source, and
that a tuse of the correct rating Is
Installed in the fuse holder before con-
necting the Instrument to any AC power
source,

2-8, Set the line voltage selector
switchas, focated on the rear panel to the
approprlate positions as indicated on the
LINE VOLTAGE SELECT chart located next to the
switchas, Check that the line fuse Is
correct tor the selected power source,

VOLTAGE FUSE
100/120 ¥ 0.3 A MDL (5B)

220/240 v 0.2 A MDL (SB)

2-10, CABLE CONNECTIONS

2-11, Cable connections required depend on
the use and what optlions are installed, A
line cord and voltaqe probe are supplied with
the Instrument, a second voltage probe 13
suppl ied with option 92008-03, Any other
cables required must be supplied by the user,

2=-12, Cable connections that may be required
are as follows:

a, PROBE CHNL t imput, Front panel connec-
tor that provides a means for connecting
probe to the instrument channal 1 inpuft,

be J1 |EEE-488 Bus connector, Rear pansal
connector that provides a means for con-
necting to the |EEE-488 Bus interconnaction
when the 92008-018B option Is installed,

c. P3 Status Cutput connector, Rear panel
connaector that provides signal outputs for
Input disconnect during zeroing operations
and high and low dB Iimit signals, Pin con-
nections are as foliows:

Connactor
Pin Signal
1 Common
2 Not used
3 togfc high indicates
zaroing operatlon,
4 Logic low if measured value

is within dB | Tmits; togic
high if measured value is
above high d8 limit,

b Loqic low 1f measured value
is within dB limlts; logic
high [f measured value is
below low dB | Imit,

d. RECORDER Qutput connector, Rear panel
RECORDER connactor (type BNC) provides an
anatog DC voltage that is llinear with voltage
over each decade range in the m¥Y measurement
mode, or linear in dB over the ontire 80 dB
range In any of the dB modes, Output Impe-
dance is approximately 9000 ohms, Maximum
current capability 1s ! milliampere into 1000
ohms. Full scale DC voltage for each range
in the mV mode is 10 volts, OQutput voltage
in ail dB modas 1s as follows:

Maasured dBv Output Voltage

+10 10 volts

0 9 volts
-10 8 vaolts
-20 7 volts
=30 & volts
=40 5 volts
-50 4 volts
=50 3 volits
=70 2 valts

e, CHNL1 and CHNL 2 1nput connectors, Rear
panel connectors that provide a means for
connacting probes to instrument CHNL 1 or
CHNL 2, when the 9200B-03 or 92008-12 options
are installed,

2-13, PRELIMINARY CHECKOUT PROCEDURE

2-14, The preliminary check verifies that
the Instrument [s operaticnal and should be
parformed before the instrument is placed
Into use, Refer to Section V for the
Performance Tests,

2-1
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2-15, Perform the preliminary checkout as
follows:

a, Connect the power cord to tha Instrument
and the desired powser scurce, Refer to
paraqraph 2-7 for proper power application,

b, Set the LINE switch to ON,

¢, Check operation of the LED display and
t+he numerical keys by pressing the following
keys in the sequence Indicated and noting the
LED display:

Press Display Preass Disptay
CLR Qo000 5 0045

L J 0000. 6 0456

0 000,0 7 4567

1 00,01 CLR 0000

2 0,012 8 0008

3 0123 9 0089
CLR 0000 CHS -0089

4 0004

d. Connect the probe that [s marked Channel
! to the front panel PROBE CHNL 1 input con-

nector,

e, Enter measurement parameters by pressing
the following keys:

1 SELECT CHNL
0 REF LEVEL dB
MODE dBm

50 SELECT Z,

f, Check to see that the dBm and CH1 annun-
clators are {ighted,

g. With zero Input to the probe, press the
ZERO key, The [nstrument will go through an
automatic zeroing cycle, During the zeroing
cycle the display wiil show ccce; In
approximately 18 seconds, the display will
raturn and show cc 3, indicating that
zarcing is compiete and the Input level Is
underrange,

NOTE

The 92008 will display eight error codes, as
fol lows:

cc 1 Entry too small

cc 2 Entry too large

cec 3 Measurement underrange

cc 4 Measurement overrange

cc 5 Zerc acquisition out of range

- excessive negative offset
(hardware malfunction, e.g.,
input connector polarity reversed,
or neqative chopper offset).

cc 6 Zero acquisition out of range
- axcesslve poslitive offset
(tnput too larqge).

cec 7 Channel 3 over/underrange

cc 8 Probe (sensor) serlial number Is
not in Instrument's memory,

Flqurs 2-1. Packing and Unpacking Diagram,
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3-1,  INTRODUCTION

3-2, Section |11 contains the cperating
controls, Indicators, and connectors descrip-
tions and functions, Initial condltlons, and
operating Instructions tor the instrument,

3-3, OPERATING CONTROLS, INDICATORS, AND
CONNECTORS

3-4, the controls, indicators, and connec-

tors used during operation of the Instrument
are |lsted in Tabie 3-1 and shown 1n Figures
3-1 and 3-2,

3-5, OPERATING INSTRUCTIONS

3-6, The operating Instructions tor the
Instrument are as follows:

&,  Initial conditions,

b. Programming Measurement Parameters,
¢, Zeroing the !nstrument .,

d. Making Measurements,

e, Recall and Entry of instrument
Non-VYolatile Memory Data Operations,

t. Application Notes,
3-7. Inlitial Conditlons.
3-8, Initialize the instrument as follows:

a, Connect the power cord to the instrument
and the desired power source, Refer to
paraqraph 2-7 for proper power appllcation,

b. Set the LINE ON power switch to ON,

c. Wait several seconds then depress the
INIT key,

3-9, Programming Measurement Parmmeters,

3-10, Measurement parameters for each chan-
nel of tha instrument are entered into the
microprocessor through the front panel
keyboard, To eliminate the need for repeated
reprogramming, parameters entered through the
keyboard are stored In non-volatile memory,
and the stored parameters are unaffected by
Instrument turn OFF and turn ON., It is
important to remember that the last used
paramaters are stored in the [nstrument
because thaese stored parameters could cause
what appear to be erronecus Indlcations when
subsequent measurements that require dif-
terent parameters are made, Measurement
parametars may be changed at any time, The
tollowing keys may be used to recall the last
antered value for the corresponding func-
+lons: AVERAGE SEL, SELECT PROBE SELECT Z,,
SELECT CHNL, and REF LEVEL 4B,

NOTE

Entered measurement parameters apply only fo
the channel in use at the time that the para-
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meter enfries were made, I[f the Instrument
is equipped with the second channe! option
(option 9200R-03), different measurement
parameters may ba entered for channel 1 and
channel 2, When elther channal Is selected
thereafter, measurement parameters that had
bean antered for that channet are [nvoked
automatically by the microprocessor,

3=11, Wwhen the instrument is in store or
recall moda, the LED display and annunciators
blink on and off to alert the operator to the
fact that the displayed value Is not a
measured valus, but a value that has been
recalled from Instrument memory or that Is to
be entered Into memory,

3-12, Probe SelectTion,

3-13, The Mode]l 92008 is supptied with

el ther the Model 352001A high Impedance probe
or the Modei 952009 50 {1 seénser as ordered for
channel 1 {(and channel 2, option 92008-03 if
ordered),

3-14, Use of Numerical Keys,

3-~15, The numerical keys are used to enter
values for SELECT, PROBE SELECT, AVERAGING
CONSTANT, Z, and REF LEVEL d8 functions,

When any numerical key s pressed, the
microprocessor interrupts the measurement
operation to accept new data, Numerical
values are entered in normal sequence and
keyad-in values enter the Instrument display
from right Yo left, Up to tour digits, plus
decimal point and minus sign, can be antered;
entries exceeding four diqits are iqgnored,
Pressing the decimal polint key places a deci-
mat polnt after the right most digit in the
instrument dlsplay, Pressing the CHS key
changes the sign of the entry (plus becomes
minus, or minus becomas plus); the plus sign
is not dispiayed, |t an error Is made during
entry of numerical values, press the CLR key
and repeat the data entry process. When the
instrument display shows the desired numeri-
cal value, pressing the app!icable SELECT or
dB REF LEVEL key will cause the micropro-
cessor To store the keyed-in vatue and return
automatically to the measurement cycle,

3-16, CLEAR key.

3-17., If an error is made In keying in a
numerlc entry pressing the CLEAR key will
clear the display to all zeros and ths value
may be re-keyed, Additionally, the CLEAR kay
may be used to clear to zeroc the value stored
for dB raference by pressing the CLEAR key
followed by the REF LVL dB key, During

| EEE-488 Bus operations, the CLEAR key is
used as the Return to lLoca! key, whereby
pressing it returns control of the instrument
to the front panel.

3~18, SELECT Keys.
3-19, The SELECT keys are used by the opera-

tor to specify the number of the measurement
channel and the probe,

3-1
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SECTION

TLK annunciators

interface option 9200B-01B is in use,

OPERATION
TABLE 3-1, OPERATING CONTROLS, INDICATORS, AND CONNECTORS
Control, Indicatoer, Figure and Function
or Connector Index No.
CH1, CH3 and CH2 3-1, 1 Indicates which channel has been selected for usa,
annunciators
LED dlsplay 3—1; 2 Four dligit LED display with minus sian and decima!
point; provides numaric Indlication of measured
voitage or dB level, or data enterad or recalled
through keyboard, or error messages,
Vv, m¥, dBV and dBmV 3-1, 3 Indfcate measurement units,
annunciators
dBm, dBw, dBr, and L{M -1, 4 indicata whether displayed measurement values [n dB
annunciators modes are absolute (dBm) or relative (dBr) values,
AYERAGE keys =1, 5
AUTC Selects automatic averaging operation,
SEL Provides means for entering or recalling range
BRCC averaging constant,
SELECT keys =1, 6
PROBE Provide means tor entering or recalling probe
®S/N number or serial number,
CHAN Provides means for entering or recalling channel
number (CHNL),
REF LEVEL key 3-1, 7 Provides means for entering or recalling a dB
reference level,
dB
®SET
CLR Key 3-1, 8 Provides means for clearing incorract diglit(s)
U entry, clearing dB callbration factor and dB Ref
leval to zero, and refturns to local under bus oper-
ation provided local lockout (LLD) 1s not active,
Numeric, 3=-1, 9 " Provide means for entering siqgned numeric data,
decimal point and .
CHS kays
LINE swlitch 3-1, 10 Controls application of AC |Ine power to Instru-
ment,
PROBE connectors 3=1, 11 Provides means for connecting probes to Input
channels of Instrument,
MOOE keys 3-1, 12 Provide means for selecting display Indication
mode {m¥, dBm, dBmV¥, dBV, dBw or X100},
Zn key 3-1, 13 Provides means for entering or recalling reference
impedance for dB mode measurements,
ZERO kay 3-1, 14 Provides means for automatic acquisition and
storaqe of zero corractions for each range,
Metar 3-1, 15 Provides relative indication of volitaqe or dB for
peaking and nulllng operations,
LSN, ATN, REM and -1, 16 Provida indication of activity when |EEE 488 bus

3-3
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TABLE 3-1, OPERATING CONTROLS, INDICATORS, AND CONNECTORS (Continued)

Control, Indicator, Flgure and Functlion

or Connector index No.

J1 connector 3=-2, 1 Option: provides |EEE 488 bus connections when
option 92008-01B is Installed,

51 switch 3.2, 2 Option: used to set address of Instrument and
termination characters when |EEE 488 bus option
9200B-01B Is Installed,

RECORDER 3-2, 3 Provides analog DC output, which Is proportional

connector +o measured voltage or dB level, for appiication
to recorder,

P3 connector 3-2,4 Provides loglc signal outputs for input dlsconnect
during zeroing, high d8 limit and low dB |imit,

Fuseholder 3-2, 5 AC |lne fusehoider,

Line VYoltage Selector 3=2, 6 Selects the desired operating voltage,

Switches

AC power connactor 3-2, 7 AC power connector,

REAR CHNL 2 3-2, 8 Provides means for rear connaction *o input chan-

connectors nel 2,

REAR CHNL 1 -2, 9 Provides means for rear connaction to input chan-

connectors nal 1,

3-19, (Contlinued). The dB mode operative for sach channel In

NOTE

Selecting a channel also selects probe data
and measurement parameters that had bean
entared into non-volatile memory for that
channel and PROBE {SENS).

a, The basic instrument contains only one
measurement channel, This channel (s
desiqnated channel 1 and the front and rear
panel CHANNEL connector provides the input to
+this channel, An option is availabie for the
addition of a second measuremant channel,
Wwhen this option (option 92008-03) is
[ncluded, the additional measuremeént channel
is designated channe! 2,

b, To further enhance the usefulness of the
instrument, a channel 3 operation may be
exarcised | f the Instrument is equlipped with
option 92008-03, The indication In channael 3
mode 1s, tha Display equals:

Channel 1 Channel 2
— -+ -
dBmV dBmV
or or
dBY dBvY

or
(dém - REF LVL dB)

or
(dBw -~ REF LVL dB)

—_— —ra

3-4

or

(dBm - REF LVL dB)
or

(dBw ~ REF LVL dB)

channe! 3 operation is the last d8 mode cho—
sen for that channel prior to selection of
channe! 3 operation, This is true even if
the m¥ mode Is chosen prior to channel 3
selection, Mixed modes are also possible,
+that is, either channe! may be operating in
any of Its modes (mV, dBmV, dBvY dB or dBw).
| either or both channels are operating In
the dB mode, the REF LEVEL dB function is
aiso operative,
tion are Yisted in Table 3-2,
c, Channel 1 measurements, channel 2
measurements or the channel
selected using the numerical keys and the
SELECT CHNL key,

Example: To select the channel 1 input tfor
measuremant:
Prass Display

0001

1
SELECT CHNL Reverts tc measurement,

Example: To salect a referance Impedance of
50 ohms:

Press Display

5 0005

0 0050

SELECT Z, Reverts to measurement,

Examples of channel 3 opera-

3 tunction can be



0 dBr.

~60 d8r.

-13,0! dBm = O dBr,

dBr - 13,01 dBm = -5 dBr.

dBr - 60 dBmV¥ = -51,99 dBr,

For No, 3 measuremaent, the channel 3 indlcation

For No, S measuﬁeman?. the channal 3 lndlcaflon

13

TABLE 3-2, EXAMPLES OF CHANNEL 3 MEASUREMENTS

Channe! t
Meas, REF
No, Input Mode Ly LEVEL dB Display
1 1000 mv mY - 0 1000 mv
2 dBmV - ¢ 60,00 dBmV¥
3 dBv - 0 00.00 dB
4 dBm 50 0 13,01 dBm
5 dBm 50 5 8.01 dBr
6 da 50 3 8.01 dér
7 mv 50 5 1000 mY
8 mv 50 5 1000 my

Channel 2
Meas, REF Channel 3
No. Input Mode - Z, LEVEL dB Display Display
1 1000 mV my - 0 1000 mY {See Note)
2 dBm¥ - o] 60,00 dBmV 00,00 dBr
3 dBmV - 0 60,00 dBmV ~50,00 dBr
4 dBm 50 0 13,01 dB 00.00 dBr
5 dBm 50 0 13,01 dB ~05,00 dBr
[ dBmV 50 0 60,00 dBmV -51,99 dBr
7 dBmV 50 0 60,00 dBmV =51.99 dBr
8 mv 50 o 1000 mY =51.,99 d8r
NOTES:

For No. | measurement, the channel 3 indication Is a function of
previously selected dB modes, unknown at this time,
For No. 2 measurement, the channel 3 Indication = 60 dBmV - 60 dBmV =

0 dBV - 60 dBmV =
For No, 4 measurement, the channel 3 Indicatlon = 13,01 dBm

{13,01 d8m - 5 dB)
For No, 6 measurement, the channel 3 Indication = (13.01 dBm - 5 dB)

For No. 7 and No, 8 measurements, the channel 3 Indication s the
same as for the No, 6 measurement because 1f the mV mode was chosen

for channel 1 and/or channe} 2 prior to channel 3 selection, that
channel will revert to the dB mode used prior to salaection of the
mV mode,

3-20, Probe (5ensor) Select,

3.21, The Model! %200B can accommodate data
storage for up to elght probes or sensors,
The desired probe I[s selected by pressing N
(N: diglt 1 thru 8) and SELECT PROBE keys,
The data for N Probe (if previously stored
see Sectlion 4-33) will now be used In the
measurement process, The probe number for
data in effect can be recalled by pressing
the SELECT PROBE key. The display will show
the probe number, The serial number of each

probe (sensor)

SECTION 111
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is also stored in the instru-

ment!s memory and can bhe recalled by pressing

+he ®, SELECT PROBE kays.

This is heipful in

assuring that the correct probe has been

installed and selected,

1f the probe

{sensor) number is not known, the correct
data can be recalled by entering the last
four diglts of the probe (sensor) serlal

number followed by pressing the @, SELECT

PROBE kays.,

The correct data and probe

number will now be matched to the probe in

use,
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3.22, if a particular probe (sensor) is
desired with a particular charnel this is
obtained by selecting the channei first
followed by the probe selection (e.q. !

CHNL, | PROBE), Whenever Channe! 1 is now
selected Probe | is also selected,

3-23, PROBE (SENS) Serial Number Recall,
3-24, To recall the serial number of a

probe, tirst select the probe (N, PROBE},
then press ®, PROBE keys., The display will
now show the serial number for the probe
selacted, PROBE (SENS) serial number entry
is coverad in Section 4-33,

3-25, MOOE Selection,

3-26, The MODE keys enable the operator to
salect the dasired measurement mode, Wwhen
the MODE mV key Is pressed, measurement
values are displayed in millivolts, When the

MODE dRmYV key is pressed, measured levels are

displayed in dB referred to 1 millivolf,
When the MODE d8V key is pressed, measured
levais are displayed in dB referred to 1
volt, When the MODE dBm key s pressed (and
a O dB reference leve! has been entersed],
measured levels ara displayed In dB referred
to the voltaqe that produces ! milliwatt In
the selected Z, reference Iimpedance {the Z
vajue must be entered through the keyboard?.
wWhan thae MODE dBw key |s pressed (and a O dB
reference level has been entered), measured
levals are displayed in dB referred to the
voltage that produces 1 watt in the selacted
Z,« The displayed numerical values may be
expressed as follows:

dB = 20 loq ®measured
2rgference

For dBm, ®reference = (Z, x 10=3y1/2

For dBw, ©reference = (Zc,)”2

3-27, In the dB mode, entering a dB
raferance level other than 0 causes |lghting
of *+ho dBr annunciator and displayed dB mode
measurement values represent dB with respect
to the selected reference javel, Resolutlion
of the Instrument In any dB mode Is 0,01 d8,
3-28, REF LEVELS dB Selection,

3-29, The following standard reterence
levals are operative in the dB modes:

Mode Level {0 dB) Annunc iator
dBmV 1 mv dBmV

dBvY 1V dBvY

dB(Z,)  dB(Z, x 1079 1/2 dBm
dBw(Z) dB(z,) /2 dBw

3-30. Entering a number other than 0 into

+he REF LEVEL dB results in this number
becoming the reference level for the dB mode,
The disptay wlli indicate reference level and
the dBr annunclator wlil be activated, The
d8 reference levael aftects the dB mode only,
The d8 reference level may be entered while
any mode is being used, but the result of the
entry will bs apparent oniy when returning to
the dB mode.

3-6

3-31, It Is possible to select the present
dB level as the dB reference level by
prossing the ® and REFERENCE LEVEL dB keys,

a, To display dBr to a referance level of
-15,3 d8:

Annunciators
Press Display dBm dBr
MODE dBm Mgasurement ON OFF
CLR 0000 ON  OFF
REF LEVEL dB dB Measurement ON  OFF
! 0001 ON  OFF
5 0015 ON  OFF
- 0015, ON  QFF
3 015,3 ON  OFF
CHS -015.3 ON  OFF

REF LEVEL d8 dB Measurement ON  ON
NOTE

Maxmum display capablility for dBr is %£99,99
da.

b, To return to a dBm measurement:

Annunciators

Press Dispiay dBm dBr

0 or CLR 0000 ON ON
dB REF LEVEL d8 Masasurement ON  OFF
3-32, Select Z,.

3-33, The SELECT Zo key enables the operator

+o anter a desired reference Impedance for dB
mode measurements, (When the MODE dBm key |s
pressed, measured input levels are displayed
in ¢dBm referred to the vol|tage that produces
1 mitiiwatt of power in the selected
raeference impedance.) Valid Z, values are 5
through 2500 chms,

Example: To selact a reference impedance of
50 ohms:

Press Display

5 000%

0 0050

SELECT Z, Reverts to measurement.
3~34, AVERAGE Function Selection,

3-35, To reduce the effects of nolse,
spurlous components, etc, at lower levels,
+the Model 92008 employs slignal averaging.

The amount of averaqing Is a function of
signal leve!, baing highest on the fowest
ranqges and |east an the highest ranges. When
+he Instrument Is first turned on & set of
default vatues is assigned as follows:
CONSTANT

ts LEVEL RANGE

3000 mv
1000 mv
300 mv
100 mVv
30 mV
16 mv

3 mv

! my

O o= by Oh
o N
OO BN — e —



3-16, Increasing or decreasing these values
may be accomplished by pressing N {N=1 TO
127} and then the AVERAGE SELECT key. This
new constant will now be in effect on all
ranges and will remain in effect until
changed by entering a different value, or
until the AVERAGE AUTO key is pressed or the
tnstrument |s turned OFF/ON after which the
default values will again be in effect, The
value of the constant in effect can be
racalled by pressing the ®, AVERAGE SEL keys,
The dafault values when in the AUTO mode can-
not be recalled,

NOTE

Some early production models allow the
average to be set on individual ranges, ¢ a
new average is selected it will be in effect
only on the range that the instrumant was on
when it was selected, all other operations
remain the same, To test for this operation
press the @, AVERAGE SEL keys, If the
constant listed for that range {refer To
paragraph 3-3%) Is returned on the display,
+he [nstrument has The older software. {f O
is returned on the dlsplay, the instrument
has the updated sofiware,

3-37, X100 Key.

3-38, The X100 key is used with the 952005
100:1 Voltaqe Divider, By pressing the X100
key when the 952005 Divider Is Installed on a
probe, fthe display is corrected to read the
+rue voltage or dB and is activae In ail
voltage and dB modes. This saves the opera-
tor from making a mental correction or
recalculating dB by hand. The X100 function
can be used independently on both channels
and the X100 annunciator will light to Inform
the operator that the channel salected (s in
the X100 mode., To return to the X1 mode,
press the X100 key.

3-39, Zeroing the Instrument,

3-40, For greatest accuracy, especiatly on
the more sensitive ranges, the instrument
must be zerced, To eliminate the need for
tediocus and oftan Inaccurate manuat zeroing,
the Instrument Incorporates an automatic
zeroling capability. When automatic zeroing
is initiated, The mlcreprocassor reads,
averages and stores zero corrections for each
measurement range of the Instrument and
appties the proper zero correction for the
range In use for al}l subsequent measurements,
Zero corrections are most important on the
mora sensitive ranges of the Instrument,
During Instrument warmup periods and during
usa in environments with varying ambient tem-
peratures, The Instrument should be zeroed
frequently 1f measurements are belna made on
the |ower ranges, To zero the instrument,
proceed as follows:

CAUTION

Never press the ZERO key with a signaf
app!ied to the probe, To do so will result
In erroneous zera corrections and inaccurate
subsequent measurements, 1 the input
axceads normal zero offsets, error flag cc (3]
will be displayad when automatic zeroing is
initiated; remove *he input siqnal and re-
zero the instrument,
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a., Remove ai! Input signa! to the probe,
This can be done by unscrewing the probe tip
until the tip just breaks contact with the
internal connection, leaving the metal shell
engaged with the probe body threads.
Alternatively, the probe tip can be removed
and a Mode! 952002 50 i adapter connected in
1ts place,

b, Press the ZERO key., The automatic
zeroing cycle takes approximately 18 seconds;
+ha microprocessor computes and stores zero
corrections during this thls period., When
the ZERO key is pressed, a logic signal is
activated at rear panel connector J3; this
signal can be used to initiate turn-off of
the device to which the instrument probe ls
connected [ f such operation is desired, When
zeroing 1s complete, the instrument display
shows c¢ 3 Tn all dB modes, indicating input
underrange. |n the mV¥ mode, the underrange
Indication does not appear; the instrument
display shows the Mzero condition", This is
composed of residual noise and offsets and,
ldeally, shou!d show + and - axcursions of
similar amplitude tess than 100 counts,

3.4], Making Measurements,

3-42, Once the instrument has been
programmed and zsroed, it is ready for
voitage or dB tevel measurements, Maraely
connect the probe to the source whose voltage
or dB level is to be measured; the measured
tevel will be displayed directiy.

3-43, Recail and Entry of Non-Volatlte
Memory Data Operatlon,

NOTE

Factory entered data is shown on a hard copy
stored under the top cover of the instrument.

3-44, Instrument and probe data is entered
in to the instrument non-volatile memory
depending on what options and probes are
ordersd with the instrument., -Fleld entry of
data Is not required unless the stored data
Is destroyed, data accuracy becomes
gquastionable, or if another probe is to be
used with the insfrument,

3-45, Recall and Entry of Instrument Gain
Data,

3-46, Instrument Gain Data, The front end
of the instrument Input module 1s a balanced-
input DC amplifier with seven decade ranges
with nominal full-scale inputs of 20 micro-
volts to 20 volts, The output is an unba-
lanced DC with a 2,5 volt ful l-scale value
for each ranqe; the DC is converted into a
proportional digital value, One manual qain
adjustment, potentiometer R44, adjusts the
gain of all ranges by the same amount; this
adjustment is factory set during instrument
calibration, Individual range adjustments
are accompl ished through software correction
or adjustment, which is also determined
during instrument calibration, The software
corrections are stored in the instrument non-
volatile memory, A galn factor assoclated
with the recordar DC output is also stered In
memory.,
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3-47, Galn Factor Recall, Recall the
instrument gain factors stored for each chan-
nal of the instrument as follows:

a, Set the control board bit switch to mode
|, Reter to Figure 5-1.

b, Using the Instrument keyboard, selact the
channel for which qain factors are to be
recatlad, For sxampie: fo select channel 1,
praess the 1 and SELECT CHNL keys,

c. Press the MODE dBw key. The instrument
display will show approximately 1185; this Is
+hg recorder output galn factor.

d. Using the keyboard keys, select the range
+o be checked, For example: to select range
0, press the 0 and MODE dBV keys.

e. Press the REF LEVEL dB key. The Instru-
ment display will indicate the gain factor
stored for the selectad channel and range;
+his value should be in the vicinity of 1000,

f. Repeat staps c and e for each of the
remaining ranges to be checked,

g. After all desired gain factors have baen
recal led, reset the control board bit switch
to mode O,

3-48, |Instrument Gain Factor Entry, Correct
or raeintroduce an instrument gain tactor as
follows:

a. Set the control board bit switch to mcde
Te

b, Using the keyboard keys, select the chan=-
nel for which gain tactor correction or

reintroduction 1s required, For example: fto
select channel 2, press the 2 and SELECT CHNL

kays.,

c. Using the keyboard keys, select the range
for which the galn factor is to be corrected
or raintroduced. For exampie: to select
range 2, press the 2 and MODE dBY keys.

d., Using the keyboard keys, enter the
desired qain factor as a REF LEVEL dB value,
For example: To enter a gain factor of 1023,
press tThe 1, 0, 2 and 3 numeric keys, then
press the REF LEVEL dB key,

o. Press the REF LEVEL dB key a second Yime,.
The instrument display will indicate the
entered galin factor value,

. Repeat steps ¢ through e for each of the
remaining ranges for which entry of a gain
tactor ls desired,

g, Upon completion of qain factor entries,
reset the control board bit switch to mode O,

3-49, Recall and Entry of Probe Data,

3-50, Probe {SENS) Serial Number Entry,
Enter the probe serial number as follows:

a. Set the control board bit switch to MODE
2, Refer to Flgure 5-2,

3-8

b, Select the probe (SENS) number (1 through
8) with N, PROBE keys.

c. Enter the probe (SENS) serial number with
digit keys N, N, N, N and depress the AVERAGE
AUTO kay.

d. Set the contfrol board blt switch to MODE
0 (OPERATE MODE).

a. The probe (SENS)} serial number can be
recalled by pressing the ®, PROBE keys.

3-51, Probe Data Racall, Recall stored
probe data as follows:

a. Set the contro! board bit switch To mode
0.

b. Using the keyboard keys, seiect the probe
for which stored probe data Is to be
recalled, For example: |f stored data for
the 1 probe Is to be recalled, press the |
and SELECT PROBE keys.

c. Set the controi board bit switch to mode
2. .

d. Ustng tha keyboard keys, select the range
for which the probe gain factor Is desired,
For example: If the gain factor for range 0
{s to be recalled, press the O and MODE dBV
keys, :

e, Press the REF LEVEL 4B key. Tha instru-
ment display will show the stored gain factor
(approximately 5000) for the selected range,

f. Press the MODE dBw key, The instrument
display will show a down-scale correction
(generaliy 0 on range 0).

g. Repeat steps d through f for aach of the
other ranges for which the stored gain factor
1s to be recalled,

h. Set the control board bit switch Yo mode
0.

3-52, Probe Gain Factor and Gain Correction
Entry.

3-53. Probe (sensor) data cannot be entered
for a probe (SENS) number which is not accom
modated by the control board bit swltech
saetting for N PROBE (SENS) capabllity, 1+
this is attempted, the Instrument will
display an error message, 1¥f the instrument
was orliginally supplied with 2 probes and it
is desired to enter data (or calibrate) tor a
third, blt switches 4, 5 and 6 will have fo
be set for 3 probe capability with the new
data entered for probe 3, Reter to Figure
5-4 for the bit switch settings for 1 through
8 probe (sensor) capabilities, Proceed as
toliows:

a. Using The keyboard keys, select the probe
for which the data is to be entered. For
example: if the data to be entered applies
to probe 1, press the 1 and PROBE (SENS),
SELECT PROBE keys.
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Flgure 3-3. Attachment of Model 952003 50 Ohm N Tes Adapter to
Model 952001A Probe and Model 952014 50 Ohm Termination,

3-53, {(Continued).

b, Set fthe control board bit switch to mode
2.

c. Using the keyboard keys, select the range
for which a probe galn factor entry is to be
made, ' For example: 1t the probe gain factor
for range 0 is to be entered, press the 0 and
MOOE dBV keys,

d. Usling the numerical keays, entar the probe
gain factor for the salected range; then,
press the REF LEVEL dB kay. For confirmation
of correct probe galn factor entry, press the
REF LEVEL dB key a second tims; the stored
probe qaln factor for the selected range wliil
appear on the Instrument display,

o, Repoat steps ¢ and d for each of the
other Instrument ranges for which probe gain
factors are to ba entered,

t, Salect the Instrument range for which the
probe galn correction Is to be entered, For
example: |f tha probe qgaln correction for
range 2 |s to be entered, press the 2 and
MODE dBY keys.

. Uslng the numerical keys, enter the probe
gain correction for the selscted range, then
press the MODE X100 key. For confirmation of

correct probe gain correction entry, press
+he MODE X100 key a second time; the stored
gain correction for the selected range will
appear on the Instrument display.

h, Repeat steps f and g for each of the
other Instrument ranges for which probe gain
corrections are to be entered, '

I. Upon completion of data entry, reset the
control board bit switch to mode 0.

3-54, Application Notes,
3-%55, Overload Limits,

a. The Model 952001A RF Probe supp!led with
+he Instrument is overicad protected to 10
volts AC and 400 voits DC. Exceeding fhese
1imits may result in permanent damage,

b. The Mode| 952002 50 §} BNC Adapter supplled
with the Instrument should not be subjected

to continuous overioad of more than 10 volts
(DC + RMS AC) in order to avoid excesslve
heating of the terminating reslstor.

¢, Where voltages above the specitled
overload |Imits are |lkely to be encountered,
use the Model 952005 100:1 Voltage Dlvider,
Max fmum rating of the voltage dlvider 1s 1000
volts (DC + peak AC),
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Attenuation shown is betwean the input and output ports of the tee.
Tha Instrument measures the Input voltage of the tee,

Subtract the correction from the value indicated on the Instrument if
the output voltage of the tee Is to be measured,

Do not use the correction |f terminated measurements are requlred
(Model 91-15A termination Instatled on the output port,

Figure 3-4,

3-5%, {Contlnued),

d, The terminated Model 952009 RF Probe s
overload protected to 4 volts AC and 400
volts DC, Exceeding these |Imits may result
in permanent damaqe.

3-56, Connectlon Recommendatlons,

a. The Modal 952001A probe is equipped with
a detachable tip and ground lead, Ffor
measurement of sfqnals below approximately
100 MHz, this tip provides a convenient means
for making both signal and ground connec-
tlons.

b. For frequencies abovae 100 MHz, the probe
t+ip should not be used because the sarles
impedances of the connection will affect the
voltage leve! at the probe and cause an error
in measurement, For high Impedance voltage
measurements, connection should be made
directly to the center contact of the RF
probe, wlth the ground connectlon kept as
short as possible, For matched Impedance
measurements, ona of the varlous terminated
adapters, tee adapter or Model 952009 Probe
should be used Refer to Fiqure 3-3,

3-140

Correctlon Curves for Models 952003 and 952007 Type N Tee Adapters,

3-57. Low Level Measurements,

a. The Instrument will provide rellable,
reproduclble measurements of signal leveis as
low as 200 microvolts. Useful Indlcatlons
extend down to 50 uv, Zeroing of the Instru-
ment Is essential when using the lower ranges
In arder to achleve the specifled accuracy.
Zerolng is alsc strongly recommended tor all
ranges up to 30 miillvolts, Reter to
paraqraph 3-39 tor the zeroing procedure,
3~58, Temperature Effects,

a. Tha accuracy specifications for the
Instrument apply over a temperature range of
0°C to S0°C. Outside these limlts, operation
of the Instrument |s possible, but appre-
clable 1naccuracles can be expected; however,
no permanent change 1n probe characteristics
will result from any reascnably high or low
temperature exposure,

b. It should be noted that inaccuracies of
measuremant resulting from temparature
affects may occur shortly after soldaring to
the RF probe tip, or measuring with the probe
In the viclinlty of heat sources such as
reslstors, heat sinks and so forth,



3-58, (Continued).

¢, When making low lavel measurements {below
approximately 2 millivolts), it is important
to make sure that the probe has attained a
uniform temperature throughout its body, A
temperature gradient between the inside and
outside of the probe can generate a small
thermal voltage that may add to the DC cutput
of the detector diodes,

3-59, Hum, Nolse and Spurious Plckup.

a. When measuring fow level signals, pre-
cautions should always be taken to avoid the
possibllity of measurement errors resulting
from hum, nolse or stray RF pickup, Aithough

all low frequency hum and noise are atte-
nuated at the input, unwanted high leve!
signals could still possibly cause errors.

In some cases it may be necessary to provide
extra shielding arocund the probe connection
to reduce stray pickup., Some typical sources
of spurious radiation are Induction or
dielectric heating units, diathermy machlnes
and local radio ftransmitters,

3-60, Recorder Qutput,

SECTION 111
OPERATION

a, The DC output provided at the rear panel
RECORDER connector may be used to drive an XY
recorder for swept measurements, or a strip
chart recorder for monitoring appiications,
Refer to Section (|, paragraph 2-12,

3-61, Correction Curve for Model 952003 50 @
N Tee Adapter,

a. When using the optional Model 952003 50 Q
N Tee Adapter, the input voltaqe to the
adapter is indlicated directiy on the instru
ment, To obtain the correct output voltage
from the adapter, subtract the correction
shown in Fiqure 3-4 from the Input voltage,
In dB, indicated on the Instrument,
Corrections are not required if the Model
952003 is terminated in 50 Q,

3~62, Correction Curve for Mode! 952007 75 @
N Tee Adapter.

a, When using the optional Model 952007 75 §
N Tee Adapter, the input voltage to the
adapter Is indicated directly on the instru-
ment, To obtain the correct.output voltage
from the adapter, subtract the correction
shown In Figure 3-4 from the Input voltage,
in dB, Indlcated on the instrument.
Corrections are not required if the Model
952007 is tarminated in 75 Q.

3~11
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Figure 4-1, Functional Block Diagram,

4-1,  INTRODUCTION

4-2, The Mode! 9200B 1s capable of measuring
RF voltage levels from 200 microvolts to 3
volts, The instrument is completely solid-
state and employs a mlcroprocessor for ver-—
satility and convenience of use, The
microprocessor is controlied by a permanentiy
stored Internal program, Desired operating
paramaters are entered by means of a front-
panal keyboard., Use of a microprocessor per-
mits automatlion of numerous functions, such
as zerolng, range selection, unit conversion,
dB |imit testing, relative dB measurements,
etc, Measured values are dlsplayed dlrectly
cn a 4 diglt LED display In terms of ¥, mv,
d8mvy, dBV, dBm, dBw or dBr (reiative dB}.
Annunciators assoclated with the display
indicate the unlt of measurement, An analog
meter 15 also provided for relative voltage
measurements; this feature simplifies such
operatlons as nulling and peaking, A DC
valtage that is proportional to the measured
value is avallable at a rear-panel connector,

4-3,  FUNCTIONAL BLOCK 0O AGRAM DESCRIPTION
(Rafar to Fligure 4=1,)

4-4, Proba, RF levels to be measured are
applled to an external probe, which connects
to the CHANNEL connector on the front panel
of the instrument, The probes convert the
applied RF voltage to & DC voltage. The DC
voitage is supplied to the Input module of
the Instrument,

4~5, Input Module, The input module
recelves the DC voltage devefoped by the
probe, Operating under control of the
contro! module, the Input module converts the
DC voltage to an AC voltage, amplifles this
AC voltage, converts [t to an analog DC
voltage and converts this to a digital
signal, If the autoranging function of the
instrument has been selected, the gains of
the ampiifiers in the lnput module are
adjusted automatically by the control module
to accommodate any voltaqe level within the
range of the instrument, The ¢ligital output
signal of the Input module Is supplied to the
control module for additional processing; an
analog DC output signal is deveioped from the
diqital signal and this analog DC signal Is
applied to the anaiog meter in the dlsplay
module for relative voltage measurements and
to a rear panel connector for appllcation to
a peripheral recorder,

4-1
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4-6, Control Module. The control module
consists primar!ly of a preprogrammed
miecroprocessor, The mlicroprocessor accepts
and stores mezsurement parameter commands
entered through the front panel| keyboard, and
controls operaticn of the Internal circuits
of the [mstrument In accordance with [ts
program and keyed-in commands, The micrepro~
cessor performs measurement value corrections
based on stored zero correctlons and stored
galn and range jinearization factors, unit
converslons based on selected measurement
modes and dB |imit determination. The
microprocessor also performs key-initiated
automatic zeroing, The processed digltal
siqnal, which defines the final measurement
vatua, 13 applied to a data bus and to the
display module,

4~7, Display Module, The display module
contains the keyboard and LED display cir=
cults, Parameters to be used for measure-
ments can be entered at any time through the
keyboard and can also be recailed for
checking, Keyed-in values are read and
stored by the microprocessor and keyed=in
numerical values are shown on the dispiay
during parameter entry, Computaed voltage
|evels are processed by the microprocessor 1In
accordance with the keyed—in data; the digi=-
+al values represanting the finai computer
measurement values are decoded by the display
module circuits to produce a direct LED
readout of measured values and to activate
+he proper annunciators,

4-8, Power Supply Module. The power supply
module provides all DC voltages required for
operatlon ot the Internal clrcuits of the
{nstrument. It also provides a reset signal
+o the control module when power 1s apptled
and an interrupt signal It an undervoitage
condition 1s detected. The power supply
module can be powared from a 100, 120, 220 or
240 volt, 50 to 400 Hz, AC power source,

~ 4-9, Optlonal Modules, Raeter to Flgqure 4-1,
The following optlions are avaiiabie:

a. The interface module {option -01B)
provides an |EEE 488 bus interface for remote
control of instrument cperation and for
remote access to measured values,

b. A second input moduie (option -03) can be
added to the instrument to permi¥ measurement
of voltage levels at two locations without
+he need tor repeated switching of probe con-
nections, The second input moduie also per-
mits dlsplay of the difference between the
lavals at the two locations, expressed in dB.

4-10, DETAILED CIRCUIT DESCRIPTIONS

4-11, Probe Clrcuits, T7The RF probes used
with the Instrument convert RF to DC. The RF
voltage applied to the probes Is rectified by
a tull-wave detector that empioys factory—
salected dliodes with special characteristics,
including low capacitance and controlled
t+hermal offsets., The resuiting DC voltage Is
a function of the applled RF voltage,

4-12. A full-wave detector, untike a single~
diode detector, permits measuremant of highly
asymmetr|c waveforms without substantial
error, When a voltage of asymmetric waveform
i+ Impressed on a single-diode detector clir=
cuit, whether or not the portion of the wave-
torm that turn on the dlode is restricted to
the square-law reqion of the diodets charac-
t+eristic, the recovered DC voltage is depen-
dent upon the phase of the input voltage.
Conslder & positive puise ot low duty cycle
applled to the anode of a diode detector,

The recovered DC voltage is a function of the
polarity, amplitude and duratlion of the
pulse, If the pulse Is inverted, it drives
the dlode Inte a reverse bias conditlion and
the recovered DC voltage Is zero, A full-
wave detector clrcult, on the other hand,
yields an equal amount of DC irrespective of
the polarity of the input pulse. The average
voltage of a pulse obviousty does not depend
upon the phase of the pulse, The response of
a single dioda detector, square law charac-
torjstic notwlthstanding, cannot reflect
this; a tull-wave detector circuit does,.

4-13, Probe response is true RMS for inputs
below 30 m¥, Above this voitage level, the
probe response gradually changes, approaching
peak=to-peak at the higher voltage levals,
hewaver, the voltage data is digitally shaped
in the Instrument to indicate RMS voltage,
provided that the Input Is reasonably sinu-
soldal as Is the case with CW and FM signals.
The hody of the probe has been desligned and
fabricated +to ellminate any cavity resonance
affects within the calibrated frequency range
and to minimize noise, The DC output vottage
from the probe is applied to the CHANNEL con-
nector of the instrument through a low-noise
probe cable,

4-14, Input PC Board Clrculits. Refer to
Flgure 4-2, The input printed clrcult board
recelves from the probe a DC voltage that is
a function of the RF voltaqe level beling
measured., Under control of the control board
clreults, It provides amplification and
signal processing required to develop an ana-
log DC voltage and a diqital signal that are
both proportional to the input RF voltage
tevel, The Tnput DC valtage from the probe
is balanced in form and may vary from micro-
volts to volts, depending upon the input RF
voltage tevel, The input printed circult
board must provide amplification wlth a wide
range of galin, low offset voltage and | ow
nolse; therefore, the input DC voltage is
converted to an AC voltage which s amplified
and the amplitled AC voltage is converted to
a DC analog signal and to a digital signal,

4-15, The input DC voltage 1s converted to
an AC voltage by a chopper modulae, which
plugs in to The input printed circuit board,
The chopper |s compased of sol id-state
switches ICia Through IC1d In a balanced
arrangement, operating at a frequency of
approximately 94 Hz to minimize AC line and

| Ine~related component interaction, The
chopper drive signal Is derived from the out-
put of an astable multivibrator, which s
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completely independent of 1ine frequency,
The use of a sol id~state chopper eliminates
many of the problems, such as contact wear
and contamination, assoclated with electro-
mechanica! choppers. The chopper supplies a
balanced AC signal of approximately 94 Hz to
the tnput amplifier,

4-16, Amplification of the balanced 94 Hz AC
signal from the chopper Is sccomplished by an
input amplifier composed of |ow-noise opera-
tlonat amplifiers A%, A6 and A7, A balanced
arranqament with deqenerative feedback for
stabiilization and gain contral Is employed,
The Input AC signal is amplltled by 500, 50,
S or 0.5, depending upen the |nstrument
range, Demultiplaxer |C6, under control of
the control printad ¢lrcult board, adjust the
degenerative feedback in accordance with the
ranga selected by Tthe mlcroprocessor to pro-
vide the required gain switching. An atte-
nuator at the output of the Input ampilfier
provides attenuation of 5 for the highest
range oniy; on all other ranges 1ts atte~
nuation 1s 1, This attenuator Is switched
Into the clrcult on the highest range through
sol ld-state switches IC10a, 109b and I1C9%.
Demul tiplexer |C13 decodes digital signals
that define the range and activates the

sol ld~state switches on the highest Instru-
ment range.

4-17. The ampllfied 94 Hz signal Is con-
varted to a DC analog signal by means of a
demodulator clrcult that operates in synchro-
nism with the chopper. The demodulatar con-
sists essentially of & sample-and-hold
switch, composed of solid-state switches
IC10b and IC10c and assocliated clircuitry.
Switches {C10b and 1C10c are controlled by
the 94 Hz drive signals from filp-flops 1C8a
and 1C8b, The sampling point and period of
the sample-and=hold circuit have been chosen
t+o minimize switching products and nolse and
to vary signa! averaging in accordance with
the signal level, Switch IC%a adjusts
operating parameters automatically in accor-
dance with the Instrument range; It is acti-
vatad through qates IC11b and IClic and
demultipiexer I1C13 on the four higher ranges,

4-18, The DC output voltage of the sample-
and-hold circult Is amplified by intagrated
clrcuits A8, IC14, A9 and assoclated cir-
cuitry, Integrated circult 1Ci4 is a
demultiplexer tThat decodes mlcroprocessor-
supplled digital signals that dafine the
selacted range and adjusts an attenuator cir-
cuit accordingly; the galn of the amplifler
Is 125, 12.5 or 1,25, depending upon the
salected ranqe, The full-scale ocutput
voltage of the amplifier is 2,5 volts nominal
on each range,

4-19, The output voltage of Integrated clr=
cuit A9 Is usually unipolar and positive,
howaver, durlng automatic zercing, it may be
poslitive or negative, depending upon smail OC
otfsets. Bacause some of the following ¢cir-
cuits operate only with unipolar signals, a
polarity switch Is requlired, This polarity
switch, which consists of solid-state
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switches 1C3b and 1C3¢c, operates under
contro! of the microprocessor on the control
printed clrcult board, which tests for
polarity., The DC voltage is routed through
+he pelarity switch to tha approprlate Input
of operational ampllfiar A3 sa that the OC
output from this amplifier is always nega-
tive, Thls negative cutput voltage Is
applied to a comparator clrculit,

4-20. Comparator A2 operates In conjunction
with the mlcroprocessor on the control
printed circult board and D/A convertar 1C2
to convert the OC output slignal of amplifier
A5, which s proportlionatl to the input RF
voitaqe, to a dlgital signal that can be pro-
cessed by the mlcroprocessor. D/A converter
IC2 is supplied with successive half-level
digital siqnals {full-scale/2, full-scale/4,
etc,) by the microprocessor, 0D/A converter
1C2 converts these digital signais to a DC
analog veltage that is supplled through
amplitiar Al to comparator A2, where |1 is
compared with tha DC signal from amplifler
A3, The ditference signal from comparator AZ
Is supplied to the microprocessor through
Interface IC1 so that the mlicroprocessor can
monltor tThe results of the comparison and
adjust the digital signal accordingly. The
digital signal Is adjusted by the mlcropro-
cassor until the two input signals applied fo
comparator AZ are equal, The resulting digi-
tat signal then defines the DC level being
measured. This digital signal Is then pro-
cassad (zero correction, unit conversieon,
atc,) by the microprocessor before applica-
+jon to the LED display clircults of the
Tnstrument,

421, After the digital signal has been
fulty processed by the microprocessor, It is
supplied by the mlcroprocessor to D/A con-
verter 102, which now converts the processed
digltal signal to a corresponding DOC analeq
voltage that is used to drive the front-panel
meter and the recorder output of the instru-
ment, This OC analog voltage from D/A con-
varter 152 is supplied through amplifier Al
to sample-and-hold switch 1C3a, which Is
closad at this tIme by a control signal: from
the mlcroprocessor, The analog OC voltage
trom the sample—and-hold clrcult is applled
+o the front-panel meter and the recorder
output,

4-22, Ali Interfacing between the [nput
printed circuit board and the microprocessor
Is accomplished through intertace IC1, an
input/output device that operates under
control of the mlcroprocessor, When signal
T is activated by the mlcroprocessor, data
s transferred trom the Input printed circult
bhoard To The microprocessor, provided that
signal TF to interface IC1 is aiso active;
when signals WK and TS are both activated by
the microprocessar, data Is transferred from
+he microprocessor +o the [nput printed cir-
cuit board. Data flows befween the input
printed circult board and the mlcroprocessor
aver the alght-)ine bldirectional data bus,
Routing of data through the Intertace is
controiled by the address signals sypplied to
the Interface by the microprocessor,

4-5
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4-23, Con*ro! PC Board Circults, Refer to
Flqure 4-3, Operation of the instrument Is
controiled by a microprocessor on the control
printed circuit board, The control printed
circuit board is organized around 2 central
processing unit (CPU), assoclated memories,
I nput/output ports and a 40-line bus, A
stored program, in conjunction with key-
entered commands, enables tha microprocessor
to parform a variety of functions, Including
the foliowling:

a, Analog to digital conversion
b. Zerc determination

¢. Zero correctlion

d. Rangling

a., Signal processing

f. Binary to BCD conversion

g. dB conversion

h. dB8 reference conversion

i dB Iimit testing

4-24, Integrated clrcuit IC3 is the
microprocessor CPU, It Is an 8-bit unit+ that
operatas at a clock frequency of 2 MHz,
generated by integrated circuits ICla through
ICic and assoclated circultry, The operating
program for thae microprocessor is stored In
intagrated circuits IC6 and IC7, which are
programmable read-only memories (PROMs). RAM
IC8 provides temporary storage of data during
operation of the Instrument, It also stores
certain measurement parameters such as probe
data, key-antered parameters, etc, LIthium-
type battery BT1, which has an anticipated
life of 10 years, supplias power to RAM 108
during power-down of the instrument to enable
retention of data in memory, During normal
operation, RAM 1CB Is powered by transistor
01. Integrated clircult IC1& is an |/0 port
which Interfaces with *he following:

a. An B=blt switch used to set the mode of
operation, number of channels and number of
probes,

b. A test socket (J3)} usad in signature ana-
lysis,

¢, A connector (P3) for output of status
Information., :

4=25, The CPU recelves and transmits data
over an 8-l1ine data bus, A 15-line bus is
used for addressing and a control bus Is

used for varlous control functions., When the
instrument 1s turned off, signa) RESET Is
activated by the power supply circults and
the microprocessor |s resst to the gtart of
the operating program; when the Instrument is
next turned on and DC voltages have reached
the correct operating levels, the

signal Is deactivated by the power supply
circuits and the microprocessor beglins to
execute the stored program instructlons,
Instructions are retrieved from storage by
the CPU [n accordance with tha address code
developed at its output, Decoder IC4 enables
the appropriate PROM {IC6 or ICT7) and the
instruction contained in the memory location
defined by the address on address iines AO
through Al1 is read and transmitted to the
CPU ovaer the data bus, The CPU then executes
this Instruction,

4-6

4-26, DOuring The measuremant process, the
CPU must retrieve data from storage and from
the Input and display printed cirguit boards;
1t must store temporary calculation values;
and 1+ must output data to the lnput and
display printed clrcult boards. To retrieve
data from memory, the storage device and
memory location are defined by the address
supplied by the CPU and signals WRED and RD
are activated., Integrated circult |C4 deco—
des three of the address blts to activate
signal TS at RAM I1C8 through gates 1C%a and
1C9¢, Signal Ot at RAM ICB is actlivated
through gate 1C15d and data stored at the
location spaclified by the remalning address
bits are transmitted over the data bus to the
CPU or to other circults connected to the
data bus, To access data developed by cir-
cults outside the control printed circuit
board, the CPU activates signals TORY and RD
along with the appropriate address |ines.
Decoder 1C14 decodes three address bits to
devalop enab!ing signal TS for Interface
1IC16, integrated circult IC1B, or interface
IC1 on the Input printed circuit board, as
specified by the three address bits; and gate
IC15b activates signal TD for the read func-
t+ion, |f integrated circult ICI8 is enabled,
keyed-in commands from the display clrcult
board, which had beaen stored In Integrated
circult IC18, are ftransmitted over the data
bus, |f intagrated circult 1C16 is enabled,
Input data from connector J3, bit switch 51
or power supply connector P4, as determined
by address blts AD and Al, Is supplied
through interface IC16 to the data bus., |f
Interface ICl on the input printed circult
board is enabled, data generated on the input
printed circult board 1s transmitted over the
data bus through interface 1C1,

4-27. To write data into memory, the CPU
activates signal WR and the address |ines
that define the storage devics and storage
iocation, Decoder IC4 decodes three address
bits to anable signal TS at RAM iC8, signal
WE enables the write function of RAM IC8
through {nverter ICld and gate 1C9b,. and data
on the data bus (s written Ento memory at the
location specitied by the remalning address
lines. To output data to circul¥s outside
+ha control printed clircult board, signal
“TORD is activated by the CPU [n addition to
the previously mentloned signals., Signals
TORG and WR activate the write anable signal
to the device deflned by the address bits,
Decoder 1C14 decodes three address hits to
salacT the approprliate device (interface
iC16, Interface IC18 or interface iCl on the
input printed circult board). Data on the
data bus is then transferred to the selected
device, It interface IC16 is salected, this
data is transferred through interface IC16 to
connector P3 or J3, as determined by address
bits AQO and Al., The output to connector P3
consists of d8 qut-of=~iimit signals and an
Input-disconnect signai, which is activated
when tha automatic zeralng function is ini-
tlated, The output data on connector J3 is
used in signature analysis checks, If Inter-
tace IC18 Is selected, the data on the data
bus are written into storage in interface
IC18 for application to the display printed
circult board., These data are subsequently
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4=27. {(Continued),

clocked out of storage to activate the LED
display and annunclators on the display
printed circuit board, |If interface ICI on
the input printed circuit board is selected,
data on the data bus are transferred through
the Interface to control various functions on
the input printed circuit board,

4-28, Connector It Is Included in The data
bus on the control printed circult board to
tacllitate signature analysis checks of the
microprocessor circuits, When connector J!
is pulled cut, the data bus is dlsconnected
from the CPU and the CPU executes successive
NOPs for free-running signature analysis
chacks,

4-29, The CPU receives two control slignals
dlrectly from the power supply printed clir-
cult board. |f the power supply voltage
should drop durlnﬂ operation, or on equipment
turn-off, signal Is actlvated by the
power supply circuits; the CPU, on recelipt of
this signat, activates signal ﬁ![l. thereby
halting further execution of the program,
Signal LT is applied back to the power
supply printed circuit board, where It
Yatches signal RESET in the active state.
Signal RESEI, in turn, causes the micropro-
cessor to return to the starting point of the
program, When the power supply voltage rises
to a level approximately 150 millivolts below
its nominal value, elther as a result of
correction ot the undervoitage condition or
of power turn-on, signal is deactivated
to permit execution of the stored program by
the microprocessor,

4-30, Dlisplay PC Board Clirculits, Refer to
Fiqure 4-4, The display printed circult board
contains the instrument LED display, analog
meter, annunciators, keyboard and contro!
cireuits for these items, |t interfaces
directly with the contral printed clrcult
board, When any keyboard key is pressed, the
microprocessor on the control printed circult
board interrupts the normal measurement pro=
cess and accepts and stores the key-entered
commands; the mlcroprocessor also supplies
digital data to the display printed circuit
board to cause keyed-in numerical values to
appear on the LED display. The micropro-
cessor resumes the normal measurement process
when any of the terminator keys (LIMITS dB,
SELECT REF LEVEL d¢B) Is pressed, Upon

comp letion of the measurement by the
microprocaessor, measurement values are
supplied to the display printed circuit
board,

4-31, Operation of the disptay printed cir-
cuit board is controlled by the micropro-
cessor through Integrated circult I1C18 on the
control printed circuit beard, provides the
following functions:

a, A RAM tor storage of mlicroprocessor out-
put data to the display printed circult
board, .
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b. A first<in, first-ocut RAM which accepts
and stores [nput information (up to 8 key
commands) from the display printed circuit
board.

c. Scan signals for both the LED display and
the keyboard,

4-32. The LED display consists of four
7-seqgment dlsplays, which provide a display
capaclity of four digits with decimal points
and a fifth display which Is capable of
displaying a minus sign, Each display con-
slsts of individual anodes for each seqment
that makes up the display, the decimai point
and a common cathode, The character that
appears on the display is determined by the
activated anodaes at tha time +hat t+he common
cathode 1s scanned, The individual displays
and the associated annunciators are scanned
in sequence, The display duty cycle is
12,5%; that is, each digit or annunciator of
the Instrument is on 12,5% of the time.

4~33, Digltal information for the LED
display and annunciators is developed by the
microprocessor and is stored in the output
RAM contained In integrated circuit IC18 on
the control printed circuit board, Digltal
information that defines display and annun-
cliator row selection is supplied to B-channel
demul tiplexer 1C2, The output lines of
demultiplexer 1CZ are activated in sequencs,
based on the Input digltal codes, The signal
on the active output line of demultiplexaer
IC2 is applied through resistive network 1C5
to display driver IC7 and the dispiay driver
supplies driving powar for the corresponding
display and the corresponding annunciator
row, At tha same time, digital data that
define the display segments and annunclators
that are to be activated are supplied Yo
decoder ICi, The binary-coded input Is
decoded by decoder 1C1 and the output |ines
ot the decoder are activated in accordance
with this decode. The cutputs of the decoder
activate the Individual anodes of the
selected display and the individual annun-
ciators in the active annunciator row,
thereby providing the appropriate Instrument
display, A decimal-point signal is applied
through transistor Q1, when appropriate, to
cause a decimal point to be displayed to the
right of the character on the active display.

4-34, Demultiplexar |CZ also supplies
scanning signals to the kesyboard, As each of
its first five output lines is activated in
sequence, a scan signal Is applied to an
individuai row of the keyboard through an
inverter, {f any kay in the row being
scanned 1s pressed, a signal is supplied to
one of the column output lines to the RAM in
Integrated clircuit IC18 on the control
printed circuit board and the key command Is
stored In the RAM, Key selection 1s defined
by a combination ot the row scan signal and
The column output |ine, The RAM can store up
to a maximum of elight key commands and it
delivers this stored information to the
microprocessor when it is read, Actuation of
more than elght key commands without a raad
causes the RAM to be cleared,
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4-35, Anailog DC veoltage proportional fo the
measurad RF voltage leve!l Is supplied from
the control printed circult board to the
tront-panel mcter to provide & ralative Indi-
cation of measured RF voltage for peaking and
nul ling apoiications. The DC analeg voltage
is also supplied to rear-panel connector P11,
This signal can be used to drive an external
recorder,

4-36. Power Supply Clrcuits. Reter to
Fiqure 4-5, Power supply printed circult
board A7 pertorms the following functions:

a, Converts 100, 120, 220 or 240 volt, 50 to
400 Hz, AC |ine power o +53, +5.2, -5, +15
and =15 voit OC for system operation,

b. Generates a power-up signal for the
microprocessor when supply voltage lavels
reach the proper values for system operation,

c. Actlvates an interrupt signal to the
microprocessor when supply voltage levels
drop to values too low for rellable opera=-
tion. oo

4-37, Input AC line power is supptied to the
primary of power transformer T1 on the main
chassis through fuse F1, LINE switch S1 and a
voltaqe-salector printed circult card. The
voltage-selector printed clrcult card provi-
des a convenlient way to change the primary
winding connections of power transformer T1
to accommodate the various AC )Ine voltages.

4-38. Power transformer T1 steps down the

AC 1lna voltage. Two separafe secondary win-
dings drive bridge rectiflers CRI and CR2,

4-10

The DC ocutput voltage of rectifier CRI is
filtered by capacitors Cl and C2, and is then
supplfed to requlators 1C2 and IC3, which
develsp +15 volts and =15 volts DC, respec-
tively. A requiated -5 volt output is
derived from the regulated =15 volt supply by
reguiator 1C5, The DC voltage developed by
raectifler CR2 is flttered by capacitor C3 and
drives regulator IC4 to develop the +5.2 volt
DC output., Potentiometer RS provides means
for adjusting the +5.2 volt cutput,

4-39, The raw +15 volT DC supply atso drives
requlator 1C1, which produces +5 volts to
power Integrated circuits Al and 1C6 and
generate a DC reference voltage at the Junc-
+ion of resistors R7 and R8. Comparator Ala
mon i tors the output voltage of the +5,2 volfs
requiated supply to develop a power-up signal
on turn-on and an Interrupt signal for under-
voltage or power-down conditions, When the
Instrument 1s turned on, comparator Ala deve-
lops a positive output pulse when the output
voltage of the +5.2 volts requiated supply
reaches a level approximately 150 millivolts
balow the nominal output voltage. This posi=-
tive pulse clocks flip=flop IC6 to deactivate
signa! RESET to the microprocessor on the
control printed circuit board, When the out-
put voitage of The +35.2 volts requlated
supply drops below the reliable usable lavel
during instrument aperation or during instru-
ment shutdown, comparator Ala switches ifs
output level to a logic low, thereby actlva-
+ing signal NMT to the microprocessor, The
microprocessor then activates signal HALT,
which raeset #lip-tlop 106, thereby latching
signal WESET low fo ensure resetting of the
microprocasser to the start of its program,
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MAINTENANCE

S-1, INTRODUCTION

5-2, This section contains the safety
requirements, test equlpment required,
cleaning procedures, remove| and replacement
procedures, inspection proceduras, perfor-
mance tests, adjusiment procedures, and
troubleshooting for the Model 92008,

5-3, SAFETY REQUIREMENTS

S5-4, Although this Instrument has been
designad In accordance with International
safety standards, qeneral safety precautions
must be observed durling all phases of opera-
tion and maintenance of the Instrument,
Fallure to comply with the precautions |lsted
In the Safety Summary tocated In the tront of
This manual could resuit in serious Injury or
death, Service and adjustments should be
performed only by quailfied service person-
nel,

5-9, TEST EQUIPMENT REQUIRED

5-5, Test equipment required for the perfor-
mance tests, adjustments, and troubleshooting
is |Ilsted In Table 5-1,

5-7. CLEANING PROCEDURE

5=-8, Cleaning. Palnted surfaces can be
cleaned with & comercial, spray-type window
cieaner or with a miid scap and water solu-

tion,

Avold the use of chemical clesning agents
which might damage the plastics used in the
Instrumant, The recommended cleaning agents
Is & solutlon of 1€ mild detergent and 99%
water,

5~9, REMOVAL AND REPLACEMENT PROCEDURES
Refear to Figure 5~1 and 5-2,

5-10, Instrument Covers. Remove the Instru-
ment covers as follows: .

a. Disconnect the power cord and ali slignal
cables from the instrument,

b. Remove ths two screws jocated at the rear
af the cover,

¢, Slowly [Tt the cover up and to the rear,

d, Turn the instrument over and remove the
bottom cover in the same manner as the top
cover was remcved,

e, To replace the covers ravarse the removal
procedure,

%=11, Non=Volatile RAM Celi Repl!acement,
Refer to Flqure 5-3, The replacement time
for the ce!l Is expected to be 10 years from
+he time of manutactura. This is the shalf
life of tha cell. I{f the cel! replacement is

neaded, raestoration of all Instrument
calibration data wiil be required. Replace
tha cell as foilows:

Use care to avoid shorting the |eads of the
replacement celi, Shorting will cause
discharge of the cell and result In reduced
cell |itatime,

a, Remove all powsr from the instrument,
b. Remove the [nstrument covers,

C. Remove the control printed circuit board
from the instrument,

d, Remove the Insulating shlalds from the
non-volatile RAM section,

e, Disconnect tha positive lead pf the
defective call by cutting the lead,

f. Unsolder the defective cell using a low=
wattage soldering lron and remove excess
solder from the mounting holes,

' gq. Install the replacement ce!l, cbserving

cell polarity,

h, Solder tha neqative terminal of the cell
flrst., Then, as quickly as possible, solder
the positive terminal,

. Check the nonwvolatile RAM current by

measurlng the voltage across rasistor RS,
The voltTage should be less than 525 micro-
volts,

J« Measure the voltage at plin 24 of
Integrated circuit IC8. This voltage should
be approximately 3 volts,

k., Reassemble the shields on the control
printed clrcuit board, Install the coatrol
printed clircult board in the Instrument,

|, Raplace the Instrument covers,

3~12, INSPECTION

%-13, If an equipment malfunction occurs,
perform a visual Inspection of the Instru-
ment, Inspect for signs of damage caused by
excess|ve shock, vibration, or overheating,
such as broken wlres, loose hardware and
parts, looss electrical connections, electr]-
cal shorts, cold solder connectlions, or accu-
mulations ot dirt and other forelgn matter,
Corract any problems discovered, then pertform
t+he parformance tests to varity that the
Instrument is operational, |If a maltfunction
persist or the Instrument falls any ot the
pertformance tests, refar to the adjustment
procedures, After the [nstrument has been
adjusted, perform the performance tests
again to verify instrument operation., I|f the
iastrument can not be adjusted, or faiis the
performance tests refer to the
troubleshooting procedure,

3=1
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TABLE 5-1, MAINTENANCE TEST EQUIPMENT
EQU IPMENT SPECIFICATIONS SUGGESTED MODEL
Siqnal Generator AM - FM, 0,15 to 520 MHz, Boonton Elaectronics
=50 to +19 dBm Modal 1020
Digital Muitimeter 4 1/2 Diglt +£0.08% rdg Data Precision 1450
Osclltoscope 100 MHz Dual Channeli Hew | ett-Packard 1740A
RF MilllIvoltmeter 60 pv to 3000 m¥ Boonton Electronlcs
Cal lbrator Uncertalinty <*0,5% rdg Model 26A
Signature Analyzer Start, stop, clock Inputs, data Hew| et T=Packard 5004}\
probe, max clock freq 10 MHz
Controllar . Hewl et-Packard HP9825
' or HP 85
Callbration Tape Boonton Electronics
and Diagnostic ROM KIt
Range Callbrater . 9 pv to 4.3 v 10,158 Boonton Electronics
Model 2500

NOTE

The following additional items are required for anly
tor RF probe SWR and traquency response checks,

Signal Generator:

125 kHz o 175 MHz AM/FM 125 to 175 MHz Boonton Electronics
=130 to +23 dém . Modal 103C/D
450 kHz to 520 MHz AM/FM .45 to 520 MHz Boonton Electronics
=130 to +13 dBm Modsl 102E/F
10 MHz to 1400 MHZ t to 1400 MHz, 200 kHz to 500 MHz " Wavetek Madel 2001
Sweep width %0s -80 to +10 dBm
Slotted Line General Radlo 900 LB
Detectar Boonton Electronics
Modal 92008
Powar Splitter Welinschel Model 1870A or
Hewi ett=Packard 11830A
Calibrated RF ~60 to +10 dBm Boonton Electronlcs
M| crowatimeter ) 100 kHz *o 18 GHz, 1,28 rdg Mode) 4200
Swaep Generator Wavetek 2001
SWR Autotester 10-4000 MHz 30 § 40 dB dirsctivity Wiltron 63NSO
Oscl) loscope DC +o >2 MHz Horz & Vert Bandwidth Taktronix 5110 (with two
. S0 uv to 5 V/Div 2% DC to ! MHz 5A20 vertical amplifiers
Standard 1,2:1 DC to 18 GHz 1,20 1,10 max Maury 2562C
MI smatch ’

5=2




5-14, PERFORMANCE TESTS

5-15, The pertormance tests should be per-
tormed about every 12 months or affer the
instrument has been repaired, The pertor-
mance tests may also be performed when the
instrument Is first receieved to verify per-
formance,

5-16, Prallminary Setup.

a. Turn on the instrument and calibrator and
allow sutficient warmup time, §f either unit
had been stored at ambient temperaturss
substantially difterent trom the ambient tem-
perature at the test facllity, meke sure
anough tima is allowed tor each device to
reach amblent temperature,

b, A 1 MHz |ow-Impedance voltaqe calibration
source, such as the Boonton Electronlics
Corporation Model 26A RF Millivolftmeter
Callbrator and a OC volimeter or ascilloscope
capable of measuring 0 to +10 volts Is
requirsd,

¢, The Mode! 26A RF Milllvolimeter
Callbrator 1s designed to operate into a high
impedance [oad, such as the Model 952001 RF
Probe, It The lnstrument Is #itted with the
Mode| 952009 RF Sensor, which has a bullt In
50 §1 termination, it wiil be necessary to
mod|fy the output circult of the Model 26A,
as fol lows:

1., Disconnect AC power to the Model 26A,

2, Remove The bottom cover by removing the
securing screw at the rear and then stiding
the cover to the rear,

3. Remove the TNC=50 § termination from the
tea adapter at the output ot the callbrator.

4, Replace the cover, re-power and proceed
as follows:

d, Set the callbrator output to zero,

Attach the channe! | RF probe to the front
panei SENSOR connector on the [astrument and
connect the probe Input to the callbrator
using an open clrcult BNC Mode! 91-6G adapter
supplied with the callbrator,

@, Key In the following msasurement parama=
taers through the Instrument keyboard:

t SELECT CHNL

1 PROBE {SENS)
MODE mV

0 REF LEVEL dB

NOTE
Malntaln the measurement parameters speclflied
abova for sach of the following tests unless
specitically dirscted otherwise,
5-17, Automatic Zero Function Test,

$-18, Check the automatic zeroing function
of the instrument, proceed as fol lows:

a. Ascertaln that the signal input to the
probe Is zero, (Press the white 0 key on the

calibrator,)
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b, Press the ZERO key on the instrument and-
ascertaln that the tollowing results are
obtained:

1. The logic slignal level at pin 3 of rear-
panel connector P3 should switch from a logic
low to a loglc high when The ZERC Key Is
pressad, [T should remain high fthroughout
the zeroing perlod and it should return to a
loglc low at the end of the zeroing perled.

2. The Instrument display should dlisplay
cccc for approximately 18 seconds after the
ZERO key Is pressed, At the end of the
zeroing perlod, the display should show cc 3
tor all dB modes, or a residual reading for
the m¥V mode,

NOTE
in the mV mode, the residual reading atter
zeroing 1s composed of random nolse and resi~-
dual oftsets, It should ldeally show plus
and minus excursions of |ess than 100 counts,

5-19, Autoranging Mode Test,

5.20, Check the autoranging function of the
Instrument, set the callbrator +o each of the
values 17sted halow and ascertaln that the
Instrument display agrees with each Inpu?t
levael within 12%:

3000 mv 10 mv
1000 mV 10 mV
300 mV 3 mv
100 mV I mv

%-21, Basic Instrument Accuracy Test,

5.22, Check the basic accuracy of the
instrument, proceed as follows:

a. WITh zero Input to the probe (white 0
button on the calibrator prassed), zero the
instrument by pressing the ZERQ key,

b. Press the MODE mV key after zeroing has
been completed,

c, G5et The output level of the calibrator to
sach of the tollowing full-scale levels In
successlon and ascertain that the instrument
d1splay agrees within the accuracy shown:

Ful! Scalas Values

Yoltage
Levels Accuracy of Indicatlon

3000 m¥ *1%2 %1 count fcalibrator uncertalinty
1000 mv 1% 1 count *callibrator uncertalnty
300mv 1% £t count fcalibrator uncertalnty
100 mv 1% %1 count tcaiibrator uncertalnty
30 mv 1% %1 count fcallbrator uncertalnty
10 mv %1% £1 count tcailibrator uncertainty
3 mv +1% £1 count tcallbrator uncertainty
1 mv +2% 2 count *callbrator uncertainty

d. Set the output level of the cal ibrator to
1000 mitlivolts, Then, set the output level
ot the callbrator to each of the following
values in succession and ascertain that the
tnstrument display agrees wlth the applied
leval within the tolerance shown,

=3
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5-22, (Continued),
Downscale Yalues

Voltaqe Accuracy of
Levels Indlcatlion

1000 mV %1% *1 count tcalibrator uncertainty
900 my  *1% %1 count tcallbrator uncertalnty
ROO m¥  *1% *1 count tcallbrator uncertainty
700 mV 1% £1 count Zealibrator uncertainty
600 m¥ 1% *1 count *catibrator uncertainty
500 m¢¥ +1% 1 count fcalibrator uncertainty
400 m¥ 1% Et count tcallbrator uncertalnty
300 mv E1% £} count fcallbrator uncertalnty

5-23, dB Mode Check,

5.24, Check the dB modes of operation as
follows:

a, Press the following keys:

1 (or 2) SELECT CHNL
MODE mV

50 SELECT Z,

0 REF LEVEL dB

b, Set the callbrator output to 1000 mV,
The indication on the {nstrument display
should be 1000 mv X2%, .

c. Praess the MODE dBmY key, The indication
on the Instrument display should be 60,00
10,18 dBmv,

d. Prass tha MODE dBY key, The Indication
on the Instrument display should be 00,00
+0.18 dBY,

a. Press the MODE dBm key. The Indication
an The instrument display should be 13.0!
0,18 dBm,

5-2%, dB Reference Level Functlon Test.

%5.26, Check the dB reference leval function
as follows:

a, Saet the output lavel of the callbrator to
1000 mV.

b, Press the MODE dBm key and ascertain that
the Instrument display indicates approxima=
tely 13 dR.

c. Enter a +13 dB reference level by
pressing the followlng keys:

1
3
REF LEVEL dB

d., Ascertalin that the lnstrument dlisplay now
Indicates approximately 0 dBr. Both the dBm
annunciator and the d8r annuncliator should be
| Tqghted,

a. Reset the Instrument to Indlcate dBm by
pressing the foltowlng keys:

0 tor CLR)
REF LEVEL dB

f, Ascertaln that the Instrument display
again [ndicates approximately 13 dB, The dBm
annunclator should be 1ighted and the dBr
annunciator should be off,

5-27, Nan-Yolatile RAM Cell Test,

5-28, Test the Non=Volatile RAM cel! as
follows:

CAUTION

The fallowing test procsdure must be adhered
to strictly; otherwise, instrument data
stored in the non=volatile memory will be
lost, Do not attempt to taks measursments
other Than those specified. Take all
necessary precautions to ensure that no ter-
minals are shorted to another terminal or to
common (ground).

NOTE

The load imposed on the cell by the non-
volatile RAM Ts 5,25 uA or less, With this
load, the cell has a rated |ife of at least
100,000 hours, which |s grester than 10
years,

a, Secure power and remove covers,

b. Connact a digital mu!timeter between the
cell positive terminal and ground, ensuring
t+hat the cel) Is not sherted to ground at any
time.

c. Observe tha digital muitimeter Tndica~
tion; It should be approximately 3 volts with
input power fo the instrument turned off, |If
t+he indications |s much |ower than 3 volts,
replace the cell in accordance with the pro—-
csdures In paragraph 5-11,

5-29, Probe SWR and Frequency Response
Tests.

5-30, Tha RF probe and probe accessorles
used with the [nstrument can be checked for
SWR and frequency response using the proce-
dures In the following paragraphs, |If an RF
probe should exhibit out-of-tolerance perfor-
mance in these tests, do not attempt fo
repair the probe; return 1¥ to the factory
for repair or ad]ustment,

5-31. SWR Test,
5-32, Perform the test as follows:

a, Connect a slotted ilne to & slignal saurce
of the desired frequency rangs, and t+erminate
the slotted line with the accessory device to
ba tested {i.8., Modal 952003 50 Q N Tee
Adapter and Model 952014 50 I N Termination,
or Model 952002 50 §1 BNC Adapter),

b, Connect the RF probe and RF volimeter to
+he accessory belng tested, The RF probe
supplles a parturbation for which the
accessory has been designed and the RF volt=-
meter permits the test |evel to be set to the

dasired value,
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Figure 5-3, Non-VYolatile RAM Cal! Test and Connection Palints.

5-31. (Continued),

c. Move the carriage of the slotted line to
a point of minimum voltage, then to a polnt

ot maximum voltage., Record the minimum and

maximum voltage valuas,

d. The SWR Is the ratlo of the maximum and
minimum voltages.

&, Repeat tha SWR measurement at other fre-
guencies and levels, as required,

5-32, Frequency Response Tests,

5-33, The most accurate method of measuriag
‘the frequency response of the RF probe s
through use of micropotentiometars,
electrothermic AC-DC transfer Instruments and
attenuator-thermoelement voltmeters. Users
who have such iastruments avaflable will be
tamillar with their use. Another method,
with an accuracy compatible with the accuracy
ot the Instrument, uses a polnt-by-point fre—
quency scan In conjunction with a power
spltittar and calibrated RF microwattmeter,

To use thls method, proceed as follows:

a, Connect the aquipment as shown In Fiqure
5-5.

-b.  Set the frequency of the signal generator
+o 10 MHz, and adjust the signal generator
output to the desired test laevel, If the
rasponse |s to be measured at only cne [eval,
a test voltage of 100 millivolts is recom—
manded.

¢, Disable the output of the signal genara-
tor momentarily and zero the RF microwatt-

meter,

d. Restore the signal generator output levsal
and note the reading on *he RF microwatt-
meter, Racord the fraquency of the signal
ganarator and tha fndlcation on the RF mbil -
voltmetar, ’

s, Change the signal generator output fre-
quency, In whatever Increments.are desired,
through the range of 10 to 1200 MMz, holding
the reference reading on the RF microwatt-
meter constant, Racord the frequency and RF
miltivoltmeter indication for each test fre-
quency,

f. PReversa the output ports of the power
splitter and repeat steps b through e.

g. Average the two readings obtained for
each test frequency to obtain the correct RF
voltmater reading,

h, Further refinements can be made by
filtering the output of the signal generator
and measuring the complex refiection coef-
fictents of the RF microwattmeter, accessory
under test and all ports of the power
splitter, The usual corrections can then be
made, These procedures are not usually
necassary and shou!d be performed cnly {f the
addItional accuracy is warranted, :

5-34, Alternate Frequency Responss and SWR
Test Procedurs,

5=35, An alternate method of measuring both
the frequency response and SWR (In terms of
the reflection coetticient), with somewhat
reduced accuracy, uses a sweep gensrator, SWR
brlidge, external jeveling of the generator,
powar splitter and sensitive oscllloscops,
Parform the procedurs as follows:

a, Connect the squipment as shown in Figure
5 “'5.

b, Disconnact the RF probe cable from the
osci!ioscope and connect [+ temporarily to an
RF mitilvolftmeter, Adjust the cutput controf

-of the sweep genarator to provide an RF

miltivoltmater indication of 100 milllvoits
at a fixed frequency ot 100 MHz, Then,
restors the original RF probe connection to
tha oscllloscopa,
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Figure 5-4, RF Probes Freguency Responss Tast Setup,

5-35, (Continued).

c. Callbrate ona of the vertical Input
amplifiers of the oscl!loscope for a sen-
sitlvity of 100 microvoits per division,
Callbrate the other vertical input ampiifier
so that a change from 100 mi!livolts to 90
mlilivolts applled to the Input of the RF
probe under test will produce a vertical
deflection of 1 divisien, This can be done
easlly with a Boonton Model 26A RF

Ml 1tive!tmeter Callbrator; connect the RF
probe temporarl!ly to the output of the RF
milllvoltmeter callbrator, adjust the output
of the RF milllvoltmeter calibrator to 100
mlitlivolts and 90 ml{tivolts alternstely and
adjust the sensitivity of the second vertical
amplifier for a deflection of 1 division,

d. The SWR channel may ba zerced with a 500
termination (SWR<1,02) before connecting the
mismatch termination., Substitute the stan-
dard 1.2:1 mismatch termina¥ion for the
accessory under test and calibrate the grati-
cula of the oscilloscope for the SWR of 1,2,
Reaconnect the accessory and probe,

e. Adjust the !imits on the three bands of
the sweap generator for coverade from 10 to
1200 MHz, Study the traces of both the
frequency-response and SWR (return |oss),

f. Reverse the output ports of tha power
spl ltter and repeat steps d and e.

q. Mote that the permissible error for the
fraquency responsa tracs expands with fre-
quency, For the most meaninqful results,
mark the qraticule with a greass pencil Yo
show the maximum oermissible errcrs for the
various frequency bands, as determined with a
callbrated signal of | MHZ, and at levels
above and below the salectaed test |evel,

Note also that the recovered DC from the RF

probe, which Is applied to the second ver-
tical Tnput ampliflier, will vary as the
square of the RF input level for test levels
of 30 miilivolts or less, Above 30 mll1i-
voi¥s, RF to OC converslion gradually changes
trcm square law to |inear and approaches a
peak-to-peak rectifler at an lnput of 3
volts,

5-36, ADJUSTMENTS
5-37. Power Supply Adjustments,
5-38. Parform the adjustments as follows:

a, Connect the digltal volimeter between
common and test point TP3, The voltage indl-
cation should be 5.20 10,002 volts. Adjust
patentiometer RS on the power supply board as
requiraed to obtaln tha specified Indication,

b, Connect the digital voltmeter baetween
test points TP2 and TP4, The voltage Indica-
tion should be 150 X10 mitiivelts. (The
polarity of the reading.will depend on how
the test probes are connected.) Adjust
potentiometer R11 on the power supply board
as required to obtaln the specifled Indica-
tion,

¢, Connact the digital voltmeter between
tast polnt TP1 and common, The voltage Indi-
catlon should be +15 %0,6 volts,

d. Connact the digital voltmeter baetween
test point TP5 and common, The voltage Indl-
catlon should be -15 0,6 volts,

e, Connect the digltal voltmeter between
test point TP6 and common, The voltage indi=
cation should be =5 *0.2 volts, ‘

5-39, Input Module Callbration and
Ad justments,
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Figurs 5-5, Swept Frequency Response Test Setup,

%-40, Pertorm the adjustments as follows:

a, Connect the Model 952001 High Impedance
Probe, the Mcde! 952009 50 ( Praobe, or the
Mode| 952016 Low Frequency Probe,

b. Set the Model 2500 scurce resistance as
follows:

PROBE. SOURCE RES!STANCE
Mode! 932001 - 300 k
Mode| 932009 500 ®
Mode| 952016 300 k

¢, Connect 2500 to Channel port on %2008,
It there are 2 Inputs, input module 1 18
mounted under input module 2; Input module 2
must be removed to callbrate [nput module 1,
Ad Just input module 1 first, Set control
board bit switch To Calibrate Mode 1, refer
To Flgure 5-2 and 5-=6.

d. Depress 2500 ZERO and set to RANGE 0., On
92008, depress 1 CHNL, 0 dBY, mY,

e. Set DMM to OCV and connect TP9 on Input
modul e,

f. Short TP7 and TP8 on Input module to
ground. Adjust R4S tor 0 VDC X15mv DC.

g. Remove ground from TF8 and adjust R36 tor
0 voC *15mv OC,

h, Remove the ground from TP7,

i. Connect DMM to TP9, AdJust R4 and RS
aqually for a readlng between 0 VDC and -0.2
¥0OC, but as close to 0 YOC as possible,
Ramova DMM,

{. On 92008, depress ZERO. After zero cycle
s completed set 2500 to range 5 and release
ZERQ, Depress 5 4BV and adJust Ri for 184,3
on 92008 display (See note below), Set 2500
+o RANGE 2, depress 2 dB8Y and record display
reading, Set 2500 to RANGE 1 and ad]Just R1)
for one tenth of reading recorded In RANGE 2,

EXAMPLE: RANGE 2 read 184,3, set RANGE 1 for
018.4

k. |f there Is not enough range on Rl or

_R11, center R1 and R11 with 2500 set To RANGE

5, and adjust R44 for 184.3 on display. Set
2500 to RANGE 1 and adjust R1) as Indicated
in step ], There Is some [nteraction between
R1 and R11 so recheck adjusiments.

|. For second input module callbration rapeat
steps 2 thru h at CHNL 2, Step d should be 2
CHML, Number 2 input module s mounted on

top of number 1 Input module,

m. SeT control board bit switch to OPERATE
MODE,

5-41, OC Calibration,’

5-42, Pertorm the ad]ustment as follows:

a., Connect 2500 to Probe port to be
calibrated, Set contrcl board bit switch to
OPERATE MODE, Depress 2500 ZERO and set to
RANGE 0, 300 k (%00 k tor 952009 sensar), On
92008, depress 1 CHNL (2 CHNL for

ezl ibratlon), 0, REF LEVEL dB, ZERO. Atter
zerc cycle 1s complete, sat control board bit
switch to CALIBRATE MCOE 1. Reiease Modal
2500 ZERQ key,

5-9
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S-42, {(Continued),

b, Sat 2900 To RANGE 0, depress O, dBY,
allow instrument time to sattle, 18,43, mode
dBmV, AVERAGE SELECT, REF LEVEL d8.

c. Set 2500 to RAMGE 1, depress 1, dBY,
settle, AYERAGE SELECT, REF LEVEL dB.

d., Set 2500 to RANGE 2, depress 2, dBV,
sattle, AVERAGE SELECT, REF LEVEL 48,

e. Set 2%00 o RANGE 3, depress 3, dBY,
settle, AVERAGE SELECT, REF LEVEL d8,

+. Set 2500 to RANGE 4, depress 4, dBV,
settle, AVERAGE SELECT, REF LEVEL d8,

g. Set 2500 to RANGE 3, depress 3, 48v,
settie, AVERAGE SELECT, REF LEVEL dB,

h. Set 2500 to RANGE 6B, depress 6, dBY,
sattle, AVERAGE SELECT, REF LEVEL 4B,

I. Remove 2%00. Set contral board bit
switeh to QPERATE MODE.

.5=-43, AC Catilbration,

S—44, The AC callbration procedure consists
ot tha follewing: channel selection, probe
selectlon, shaping table selection and three
adjustments for each range, Perform the
adjustment as follows:

a, Cannect the probe to the Model 26A

Cal lbrator and allow both the calibrator and
+he Mode! 92008 to warm up for at least cne—
halt hour. Depress the ZERO button on the
Mode! 26A. On the Model 92008, select
Channel 1 or Channel 2, as requlired and probe
niumber,

NOTE

when cal lbrating the Model 932009 sensor, the
internal 50{l shunt on the output of the Modei
26A Callbrator must first be dlsconnected.

b. Select the proper shaping table by
setting the bit switch Figure (4-3) 1o

CAL |BRATE MOOE 2 and pressing 0, SELECT Z,,
tor Model 992001 High 'mpedance Probe; or |,
SELECT Z,, for Model 932009 30{ Voltage
Probe, Leave the control board blT switch in
CALIBRATE MODE 2 for subsequent operatlons,

NOTE

The result of any adjustment or correction
can bae determined at any time by returning
the controi board bit switch to the OPERATE
MODE and pressing MODE mV keys. Return to
CALIBRATE MODE 2 if further callbration Is to
be done,

c. Clear previocus midscale and downscaie
corractions by pressing:

0 MODE d8v, 0, MODE dBw, G,
MODE X100 {CLEARS RANGE 0)

1 MQDE dBv, 0, MODE dBw, O,
MODE X100 (CLEARS RANGE 1)

3-10

2 MODE dBv, 0, MODE dBw, 0,
MOOE X100 (CLEARS RANGE 2)

3 MODE dBY, 0, MODE dBw, O,
MODE X100 (CLEARS RANGE 3)

4 MODE dBY, O, MOOE dBw, 0,
MODE X100 (CLEARS RANGE 4)

S MODE dBY, O, MQODE dBw, 0,
MQDE X100 {CLEARS RANGE 35)

& MODE dBV, 0, MODE dBw, 0,
MODE X100 (CLEARS RANGE &)

NOTE

Pressing N and then MODE dBV salects range N,
Pressing 0 and then MODE dBw clears midscale
correction, Prasaing Q and then MODE X100
claars downscale correction,

d., Zero the Model 92008 by pressing 0, MODE
dav, MODE mY, ZERO, Walt for the compistion
of the zeraing process (diglt dlsplay blanks,
then raturns), |f the zero Indication Is not
lass than £50 counts, repeat zero until thils
Is obtalned. In step e which follows, the
| nstrument should be re-zerced, 1f necessary,
Just prior to adjusting each of the three
lowast ranges,

a. To adjust the full scale gain, sat the
Modal 26A and 9200B as ‘fol [ows:

MODEL MCDEL MCODEL 92008
26A 92008 DI SPLAY

0.7 mv  0,MCDE dBY, =3000 (2]
7,4,0,0,MODE dBmV,
(WAIT) {11, AVERAGE

SEL, REF LEVEL dB

2.1 m¥  1,MODE dBY, 25000
2.1,.,0,0,MODE dBmV,
(WAIT), AVERAGE SEL,
REF LEYEL d8

7 mv 2,MODE dBY, %5000
. .7,0,.,0,0,M00E dSmV,
(WAIT), AVERAGE SEL,
REF LEVEL dB

24 mvy  3,MODE dBv, 23000
2,4,4,0,0,M0DE dBmV,
(WAIT), AVERAGE SEL,
REF LEVEL d8B

100 WV 4,MODE dBV, =5000
9,9,.,%,9,MODE dBmY,
(WAIT), AVERAGE SEL,
REF LEVEL dB

700 mv¥  5,MODE dBV, 25000
7.0' apo ,O,WOE dBI‘I‘IV,
(WAIT), AVERAGE SEL,
REF LEYEL dB

3000 mV 6,MODE dBY, =5000
3,0,.,0,0,M00E dBaV,
(WAIT), AVERAGE SEL,
REF LEVEL dB



SECTION ¥

OF!N-——‘ -~ ‘-—

-

ROCKER IN FALSE {F} OR
CLOSED (C)

¢

Switch Settings

Comments

Oparate Mode

‘Callbrate Mede | (DC _CAL)

Callbrate Mode 2 (AC CAL)

Slnhlc Channel Operation

ODOMmunnoc -0 Z

Two Channael Operatlon

Qne Probe Caoability

oOmwmord wux>Er>»

Two Probe Capabillty

Three Probe Capability

Four Probe Capablilty

Flve Probe Capablllity

Six Proba Capabllity

quin Probe Capablliity

0o |Jo |JOo | | |0 O O
o jlo o o jo o |0 O
o o jo 0o o |0 o [0

Elght Prabe Capablliity

[=]
(o]
o
——
o
[ ]

Saaled System Operation
* As Recuired

NOT USED, POSITION IARELEVANT

ENABLES/OQISABLES USE OF &IT
SWITCH WITH [ESE-4888 BUS.
CLOSED FOR NCAMAL OPERATION

MA I NTENANCE
areN—1 ~ [ g i __| ucoeser
= : e | — cumesmscrss
. AGGKER N TRUE (T] OR ) 1~} —
- OAEN (O) PQSITION 2 __Je o——mi SENSOR SELECT SET
e | —
[ — —
= —

Flqure 5-6. Control PC Board Bt Switch Settings,

5-11




SECTICN V
MA } NTENANCE

5-44, (Continued). (midscale) 1s reading 1497; The error hers Is
+hrea counts, Correct as follows:

U1 Allow suftficiant time for display to

sottle, AFTER

[2} an Indication between 4300 and 5500 Is CORRECTION  CORRECTION  COMMENT
probably normal. (AUTQ) MTOD ~ FULL

£, After gach range adjustment above, the 0 1497 3000 No midscale
qual Ity of the ad justment may De examined by correction
satting the blt switch on the control board 3 1498 3001 No full scale
to OPERATE MODE and pressing the MODE mV and adjustment
RANGE AUTO keys; *he indicatlion should agree 93 x B 1501 3004 Mo full scale
with tha Ipput (Model 26A setting) within ad justment
several counts, |f closer agreement Is 9(3 x 3) 1499 3000 Full scale
desired, elther repaat the procedure tor that re-ad justed
range or manually adjust the gain factor tor

that range by pressing: k., Downscale Corraction, To correct

downscale Indications, proceed as follows:
X,X,X,X, REF LEVEL d8

MODEL MODEL
EXAMPLE: Affer the normal routine, the fndl= 26A 92008
cation for the 100 mV range Is 99,8 {0.2%
tow). Set the bit switch to CALIBRATE MCOE 2 Q.21 mV 0, MCOE d8Y X,X,X, MODE X100
and recali the gain factor by pressing 4, 1.0 my 1, MOODE 48y X,X,X, MOOE X100
MODE dBV, REF LEVEL dB. 2.4 m¥ 2, MODE dBY X,X,%, MODE X100
10 my 3, MODE dBY X,X,X, MODE X100
A gain factor af 5040 is displayed. The 30 mv 4, MQDE dev X,X,X, MODE X100
desired change is +0,2%, |ncrease the galn 210 mv¥ 5, MODE dBY X,X,X, MODE X100
factor by 0.2% (=10} to 5050 and enter by 1000 mV 6, MODE dBY X,%,X, MODE X100
pressing:
l. Again, thers is not a one-to-one rala-
5,0,5,0, REF LEVEL dB fionship between the value entered and the
. correction which results, For fthese correc-
Recheck In the OPERATE MODE. tions, enter a value which Is twice the
. desired correction. Downscale corrections
g. Mlidscale Correction, In step ¢ ail the have no affect on full scale Indications,
mlidscale corrections were set to 0 (no The revarse s not frue however; therefore,
corrsction), and for the majorlity of probes full scale adjustment {and midscale correc-
this Is quite satisfactory if It Is tfound tions, if used) should be made prior to
that a2 midscale correction |s desirsbie It downscale correctiaons,

may be Introduced as fol lows:
m. Calibration Check. Flnally, check the

MODEL MODEL rasults of calibration at the following
26A 92008 levels:
1.5 m¥ 1, MODE d8v,  X,X,X, MODE dBw SCALE RANGE | NPUT
5 mv 2, MODE dBY, X,X,X, MODE dBw .
15 m¥Y 3, MODE d8v,  X,X,X, MODE dBw Ful§ 6 3000 mY
60 m¥ 4, MODE dBV, X,X,X, MODE dBw Mid & 1500 mY
300 mV 5, MODE dBV,- X,X,X, MODE dbw Down 6 1000 mv
1500 mY &, MODE dBV, X,X,X, MODE dBw

Full 5 700 mV
h., The midscale correction will ziso affect Mid 5 300 mv
+he ful 1 scale Indication, but to a (essar Down 5 210 m¥
degree, Full scale may be read justed as was
outiined in step @. This will, however, Ful l 4 100 mV
effect the midscale correction again. Mid 4 60 mv
Morsover, there is not a one-to-one rala- Down 4 30 mv
+lonship between the counts antered for The
midscale correction and the corractlion which Full 3 Z4 mV .
results, Mid 3 15 mV
' Down 3 10 m¥
. |t onie does not wish to readjust ful l
scale, enter the number of counts that Full 2 7 mY
midscale is In error; this will result in Mid 2 5 mV
under-corract fon for midscate but will Down 2 2.4 m¥
disturb full scale the least,

Full 1 2.1 mV
J. |t the greatest accuracy is dasired and Mid 1 1.5 mV
full scala will be readjusted, enter three Down 1 1.0 mV
+imes the counts by which midscale is in ‘
error, Fuil v} 0.7 mV

Mid 0 0.5 m¥
EXAMPLE: The 3000 mV range having just been Down o] 0.21 mV

calibrated 15 reading 3000 mV, However, 1%00

5-12



5-44, (Continued),

n. All Indications should fall wall within

the uncertainties speciflad in the

Performance Specifications of Sectlon |,
Tabla 1=3,

NCTE

Bacause of range overiap It Is possible in
some |nstances to get an Indlcation on two
adjacent ranges for the same input {evel,
Generally the indlcation near full scale (zs
opposed To downscale on the next higher
range} will be the more accurate,’

3—45, DC Recorder Cailbratlon,
5-46, Perform the adjustsment as follows:

a, Set control board bit switch to OPERATE
MODE, |If the instrument 1|3 equipped with
channel 2 (option 92008-03), temporarily
remove option to gain access to R33 on chan—
nel 1 (accessible Through hole in channael 1
covar),

b, Connect DMM to recordar BNC connector an
rear panel, Connect RF Probe to channel to
be calibrated and To The 26A., Set 26A to
ZERO, On 92008, depress ! channel (2 channel
it 2nd channei Is to be calibrated), N,
PROBE, Q, REF LEVEL 4B, dBw, mV, ZERO,

¢. After ZERO c¢ycle |s completed, set 26A to
1000 mV, OMM should read 10 ¥ for display of
100 mv *0.14. If not, set control board biT
switch to CALIBRATE MCDE |, Depress dBw,
Display should read approximately 1170,
Perform the following: [Dlispiay Indication #
(100 x DMM Tndication) ] x the number located
In dBw, .

EXAMPLE: Display reads 1000, OMM reads
9,96, dBw reads 1183,(1000 + (100 x 9.96) }
x 1163 = 1168,

d. With control board it switch In

CAL |BRATE MODE 1, depress the number calcu-
{ated above (i,e,, 1168) followed by dBw,

Set control board bit switch to OPERATE MCDE,
Depress X100, Check OMM for accuracy indi-
cated abova, Sat 26A for 300 mV, Adjust RSS
for DMM to read 3 V for 300 m¥ display.

EXAMPLE: Dlisplay reads 0299, OMM reads
2.97. AdJust OMM to read 2.99. Full scale
and down scale adjustment Interact so re-
chaeck full scale and down scale until
accuracy |s cbtained, Set conitrol board bit
switch to OPERATE MODE when complete,

5—47. TROUBLESHOQTING

5-48, Troubleshooting Concept, A technique
called signature analysis has been devised te
deal with microprocessor based systems. The
troubleshooting procedures In this section
are based on signature analysis techniques,

549, Signature Analysis. Long, complex
data streams are prasent In microprocessor
based, bus orlented systems, In signature
analysis, with the system operating at normal
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speed, these data streams are compressed into
conclse, easy-to-Interpret readouts
(signatures) measured at pertinent nodas. By
choas(ng or generating appropriate measuring
periods or windows, thesa signatures become
unlque; one and only one signature occurs at
each node |# opsration Is normal, Using
signature analysis, it Is possible to proceed
+threugh the Tnstrument In an orderly fashion
until a faulty signature is obtalned.
Generally, at that point, IT [s possible to
fdentity one component as the most probabie
cause of the malfunction, '

%-%50, Signature analysis checks are of +wo -
baslc types: ™iree running" and "stimuiated?
or programmed, In free-running checks, the
data bus between the microprocesscr and thae
system (s opened and an instruction that will
cause the microprocessor Yo frae—-run Is
forced, The mlcroprocessor then runs through
Its address field repsatedly, Free-running
checks may be used To check the following:

a, Microprocessor address output,
b. Mamory select decoding,

¢, 1/0 select decoding,

d. ROM program,

5-51, In the stimilated mode, the data bus
betwesn the mlcroprocsssor and the system bus
Is |eft Intact and programs providaed In a
special ROM are [nvokad to conduct the
doslired tests. In this Instrument, the sti-
mulated mode Is usad to check the followling:

a. RAM operation,

b, Display functions and scanning.
¢, Kayboard,

d, 1/0 ports,

5-52. o this Instrument, programmed 3igna-
ture analysis tests are actlvated by setting
a blt switeh, located at the rear of the
contrel printed circult board, to the number
associated with the particujar test, In
using signature anaiysis, free-running tests
should be performed first to ascertalin that
the microprocessor is putting out a normal
address fleld, that the memory and 1/0
decading |s corract and that the ROM contents
ara normal, When correact signatures have
been obtained for all free-running tests, the
programmed tests may be parformed,

5-53. The signature analysis technique is

.applicable only to the digital section of the

Instrument, Some sactlons of the Instrument
employ both snalog and digital clrcuits, The
input module, for example, recelves a DC ana~
log signal, amplifies the analog signai and
converts It to a digital signal; The power
supply uses both digital and analog clreultry
to develop the voltages necessary for [nstru-
ment operation, The dlscussion of these
hybrid secticns In Section [1i of this manual
will be helpful In maintenance and servicing.
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%-54, Trouble Locallzatlon,

5-55, Galning Access to laternal Components.
To galn access to internal components of

t+he Instrument for maintenance or adjustment,
remove the top and botfem covers by removing
the securing screw at the rear of each cover
and than sliding the cover to the rear,
Flqure 5=t and 5-2 shows the location of
major assemblles. To qaln access to fhese
assemblies, proceed as follows:

a. Input Module, To gain access to parts on
the Input module, remove four screws (one In
each corner) and |ift off the cover,

b. Display Module., To galn access to the
display module, remove the top and bottom
covers, then ramove the four screws that
attach the front top and hottom trim strips,
and remove the top and bhottom trim strips and
t+he front panals,

5-%6, Visual! Inspectfon, With the Instru-
menT covers removed, inspect ali assemblies
tor forelqn materlal, unseated Integrated
elrcults, transistors or connectors for bro-
kan leads, scorched components, |loose screws
and any other evidence of electrical or
mechanlcal malfunction,

5-57, Usa of Block Diagrems. By studying
+he detalled theory of operation In Section
{11 together with the associated block
diaqrams, |t may be possible to isolate the
cause of an Instrument malfunction to a par-
tlcular block,

5-58, Systematlc Troubleshooting. If visual
tnspaction and block dlagram anslysis do not
localize the sourca of an instrument malfunc-
tlon, proceed with module troubleshooting as
follows;

a, Powar Supply. With normal input power
applied to the Instrument, check the power
supply ‘output voltages at sach module power
connector, Correct powsr supply voltages are
shown on the apoilcable schematic diagrams.
| an abnormal voitage [s encountered,

dl sconnect the module connactor from the
modula and note whether the power supply out-
put voitage becomes normal; if i+ does, the
probiem 1s probably not In the power supply
but in the dlsconnected module, I|f, on the
othar haand, +he abnormal voltage condition
remalns, work backward through the power
supply circults, comparing voltages with
+hose shown on The power supply printed clir-
cult board schematic diagram Figure 8-6, By
analyzing abnormal lindicatlons, it should be
possible to localize the problem to one or
more components In The power suoply.

b, Input Moduia, With a 700 mV signal
applied to the probe, compare wavetorms and
voitaqes with those shown In Figure 3=7,
Correct [ndications will essentially eliml-
nate the inout module as the source of an
Instrument malfunction; however, incorrect
Indications wil] not necsssarily locallize the
problem to the Input module because the (nput
modul s depends on proper operation of tha
control moduie for such functions as ranging,

5-14

analog-to=-digital conversion and recorder and
meter output, |f incorrect indications ara
obtained, locallzation of the problem using
an oscilloscope and digltal voltmeter may be
a long and tedlous process; a simpler
approach may be o proceed with signature
analysis,

c. Display Module., Proper operation of the
display module |s genaraily self-evident,
incorrect operation does not necessarlly mean
t+hat +he problem is In the display module;
t+ha control module may be mal functioning.

The simplast and quickest way +o check the
display moduie Is by performing the visual
and signature analysis checks specifiad In
paragraph 5-58 and 5-61,

d. Control Module., !f normal Indlcatlons
are obtalned Tn checking the paower supply,
input and display modules of a malfunctioning
instrument, the problem must be in The
control module; howsver, it Is very unllikely
that thls situation wiil occur because IT is
virtually Impossible tor the Input and
disglay modules to operate property if the
control module fs maltunctioning, Signature
analysis Is the best way fo locallize a
problem in the confrol module.

5-59, Slgnature Analysis Free-Running Test
Proceduras,

5-60, To make free-running signature analy-
sls tests, proceed as follows:

CAUTION

Make certaln that power Is off before
attempting to perform steps a, b and f of the
fol lowing procedure, Fallure to observe this
caution may result in the loss or destruction
of data stored In the non-volatile RAM,

NQTE

Prior to any signature analysis checks, note
and record the settings of bit switeh,
Restore thase switch seftings upon completion
of the signature analysis checks,

a, With power off, remove the data bus con-
nector P! on the contral printed clreult
board from socket J1 and disconnect jumper
from connsctor J5. Do not remove any of the
control printed circult board PROMs,

b. Retar to Tables 5-2 through 5-§ tfor
detalled Information for tha free-running
tasts, For each test, set the slignature ana-
lyzar controls and make signature analyzer
connections as specitied In the applicable
table,. :

NOTE

For instruments containing PROMS with codes
differing from those raferred to In the
various signature analysis tables, contact
+he Boonten Sarvice Dept. tor correct slgna-
tures,
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5.50. (Continued),

c. After satting and connecting the signa-
ture analyzer, apply power to the ngtrument,
Touch +he sianature analyzer probe to tha
speci flad measurement points and compare the
signatures obtained with those specitied In
+he +able. An incorrect signature Is evi-
dence of malfunctlon,

d. |+ an Incorract signature [s noted, try
replacing the integrated circuit(s) most
Intimately asscclated with the point at whigh
tha Incorrect signature was obftained, For
example, an Incorraect signature in the
address field would point to integrated cir-
cuit IC3 on the contral printed clrcult
board, but the problem could be cazused by any
other Integrated circuit or component tled to
that address line.

TABLE 5-2, CONTROL BOARD ADDRESS FIELD TEST{1]

Signature Analyzer

" Switch  Connectlon Bit Switchl2] Measurement
Funetlon Setting Point 12345678 I[tem Polnt Signature
START ] TP1
STOP | TP1
CLK TPS

_L Any setting Common 0ooo
+5Y 755U

AQ IC3, pln 30 H335
Al IC3, pin 31 Cit3
A2 ICS, pin 32 7050
A3 IC3, pin 33 Q7172
Ad iC3, pin 34 c4C3
AS IC3, pin 35 AAGS
AS IC3, pin 36 7211
AT IC3, oin 37 'A3ZCH
A8 IC3, pin 38 7707
A9 IC3, pin 39 5T7A
AlD 1C5, pin 40 HHBG
Al 1C3, pin 1 89F1
Al2 1C3, pin 2 AC99
Al3 IC3, pin 3 PCF3
Ald 1C3, pin 4 1180
AlS 1C3, pin 5 755U

tncorrect signature on that |ine,
(2] 0 = open,

{11 This test checks the output of the proper address tleld by CPU IC3;
however, any 1tem connected to an addrass |Ine could be responsible for an

TABLE 5-3. CONTROL BOARD MEMORY DECODING TES+!1|

Siqnature Analyzer

Switch Connectlon Bit Switchl2] Measurement
Function Setting Point 123456748 Item Palnt Slgnaturae

START I TP
STOP | TP
CLK I PSS

Any setting Cammon 0000

+5vV 755U

TS0 Ic4, pin 1 Fudu

T 1C4, pin 2 A207

TSZ 1¢4, pin 3 HEAZ

=y IC4, pin 4 HU34

T iC4, pin 5 H24U

°3

= gpan,

Is test checks decoding for selection of memory Inteqrated circuits.
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5-60, (Continued).

e, A signature of 0000 Is obtalned with the
signature analyzer probe connected to common
{ground), Scme other itams thet will produce
this signature are:

1« A node stuck at loglc 0,

2. A node at the slignature analyZer clock
trequency,

f. A signature of 755U or 7A70 Is obtalned
wlth the slgnature analyzer probe connected
to +5 voits., Some other |tems that will pro-
duce the same signatures are:

1. A node stuck at logle 1.
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2. Any signal with a specific relatlionship
+o the clock signal, |f the clock signal Is
signal RD from the mlcroprocessor, signals
JORQ, WR and RFSH are examples of algnals
that will produce thesa signatures,

g. Upon completion of the tree=running
checks, turn power off, Then, relnstall data
bus connector P} In socket J! on the control
pcb and reinstall Jumper at connector i3,

NOTE
It programmed signature analysis tests are to

be performed, |eave jumper disconnected from
connactor J3, .

TABLE 3-4. CONTROL BOARD 1/0 DECODING TEST{iH)

Signature Analyzer

Moasurement

Switch Connection Ri+ Switchl2]
Function Settling Palnt 123435678 item Polint Stgnature

START | ™I
sToP | TP
CLX | TPS

Any setting Common 0000

+5v 755U

TS0 ICi4, pin 1 17UH

TSI IC14, pln 2 7375

T2 IC14, pln 3 253

3 ICt4, pin 4 BQ39

T IC14, pin 3 PAOU

{21 O = open

{11 This test checks decoding for selection of 1/0 integrated clreults,

TABLE 5-%5. CONTROL BOARD ROM O TEST(1)

Signature Analyzer

Switch Connection Bi+ Switch Measurement
Function Setting Polnt 12345678 Item Point Signature
sTART  “_ TP7
STOP I TP7
CLK TPS
' —r Any setting Common 0000
+5v 826pP
Do IC6, pin 9 P&42
Dt 106, pin 10 C111
D2 IC8, pin 11 3ACS
03 IC6, pin 13 PAT0
B4 iC6, pin 14 4624
D5 108, pin 15 2P4)
ps  IC6, pln 16 9436
D? 1Cs, pin 17 UFE2

{11 This test checks the program content of RCM O, (1C6)
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TABLE 5-~6. CONTROL BOARD ROM 1 TESTI!)
Signature Analyzer
Switch Connectlon Bit Swiftch Measurement
Function Setting  Polint 12345678 Item Polint Signature
START | TR19
STOP | TP19
CLK TPS
_r Any setting Common 0000
+5v a26p
Bag IC7, pln 9 P1AA
Dt 1I€7, pfn 10 POIP
D2 IC7, oin 1t UBES
D3 IC7, pla 13 BA31
D4 IC7, pin 14 A2CP
05 IC7, pln 15 HC3S
(] IC?7, oin 16 61U4
D7 IC7, pin 17  H189
[1}] This test checks ths proqgram content of ROM | (I1C7),
TABLE 5-7, CONTROL BOARD 4ABIO TESTI1]
Signature Analyzer
Switech  Connection 8it+ Switchl2] Measurement
Function Setting Polnt 12345678 litem Point Signaturs
staRT _[™ 6
SToP | TPS
CLK l TPS .
cgccccceccce Common Q000
+5Y Qoo
PBO J3, pin 1 Q000
P81 43, oin 2 0000
P82 J3, pin 3 0000
PB3 43, pin & 0000
PB4 J3, pin 5 0000
PBS J3, pin & 0000
PBs J3, pin 7 0000
PB? J3, pin 8 0000
pccccccecc PO J3, pin 1 4F7C
cocccccc pPal J3, pin 2 4F7C
ccoccccc PB2 J3, pin 3 4F7C
cccogcCcccCccC Pa3 J3, pin 4 4F7C
ccccoccc PB4 J3, pin 5 4F7C
cccccocCcc P85 J3, pIn 6 4F7C
CCCCCCOC MBS J3, pln 7 4F7C
cececcececcco rPa? 43, oin 8 4F7C

{1} This test checks oparation ot ports A and B of the control moduie 1/0

port; the function of the bit switch Is checked col laterally,
(21 O = open; C = closed
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5=61, Slignature Analysls Programmed Tes+t
Procedures,

NOTE

Pertorm the free-running signature analysis
tasts before proceeding with progranmed
tests, Slignature analyzer connection points
are cn control board,

A Boonton Electronics dlagnostic ROM kit,
Part No, 9610030tA [s required for programmed
signature analysis tests, This diaqnostic
ROM is Included in Callbration Tzpe and
Diagnostic ROM Kit part number 96200101A,

%5-62, Use the following qeneral procadure
for each ot the specifled programmed sligna-
ture analysis tests:

a. Turn off power to the Instrument.

b, Remove ROMs IC6 and IC? from their
sockats on the control board, and removae the
Intertace board (1f option 92008~018 s
installed), Reter to Flqures 8-4 and A-2,

¢, Install a Boonton Electronics diagnestic
ROM in the socket from which ROM I1C6 was

removed, beinq careful to observe proper pin
| orlentation, .

d. Chack to sea that connector Pl on the
control board Is connected to connactor [
and that connector P5 Is connected to connec-
tor J5,

e, Turn on input power to the Instrument,

f. Perform the test procedures specified in
Tabtes 5-7 through 5-20., For esach of the
programmed signature analysis tests, make
siqnature analyzer connectlons and switch
sattings as listed in the appropriate table.
Then, set the bit switch on the control board

as spaecifled, connect the signature analyzer -

procbe to the specifled measurement polnts,
and compara the signatures obtained on the
signature analyzer with those listed In the
tabla,

g. Note that In each signature analysis test
the signature analyzer probe I1s first chacked
on common {qround} and then on +5 valts, |If
the specltied signatures are nof obtained for
these chacks, do not proceed further; sub-
sequent signatures cannot possibly be
correct, Recheck all signature analyzer con=
nactlions and switch settings,

h, Both visual and siqnature analysis tests
ars provided for the dispiay and keyboard of
the Instrument. Make the visual check first;
t+ Is tast and simple, 1f the visual check
Is satisfactory, the signature analysis test
may be omitted,
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I, It an Incorrect signature is obtalined at
any point, replacs the Integrated circuit (or
ofther active device) most intimately asso-
ciated with the node at which the Incorrect
signature |s obtained, |t the signature is
stlt] Tncorrect after all active davices have
been checkad, all passive devices connected
to that node should be suspesct,

J« At the completion of all programmed
signature analysis tests, turn off power to
the (astrument, remove the Boonton
Electronics diagnostic ROM from the control
board, and Install ROMs IC5 and IC7 in thelr
socksts on the control board and the Inter-
face board, ensuring that proper pin | orlen-
tation 1s ocbserved,

k., Restore bit switch on the control board
to the settings recorded at the start of
slgnature analysis tests,

.63, "Non-Volatile RAM Clrcult Test,
5-84, Test tha Non-Voiatile RAM as follows:
NOTE

Leave Boontan Electronics diagnostic ROM,
part number 961003, installed on the controt
board as for the programmed signature analy-
slis tests, Make sure that connector P53 on
the control board is connected to connector
J9.

;. With power applied Yo thes Instrument, set
all eight seqments of the bit switch on the
contrel board to the open position,

b, Observe the Instrumant dlisplay. It
should provide an error indication (ccecc)
initially.

¢, Turn input power off, then back on, It
+he non-volatile RAM |s operating proserly,
the instrument dlsplay wiii show 1111,

d. Repeat step c several times. The instru-
ment dlsplay should always show 1111, not the
error indication,

@, Upon completion of thls test, turn off
input power to the instrument, remove the
diagnostic ROM from the contro! board, and
Install integrated circults 1C6 and IC7 In
Their sockets on the control hoard and the
Intertace board (1f option 92008-018 is
installed), making certaln that propor pin 1
orlientation |s obsarved,

519
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TABLE 5-8, CONTROL BOARD 4C10 TEST(1]
Slgnature Analyzer
switch Connection Bit Switch[2] Measurement
Function Setting Point 12345678 ltem Point Signature
START I TP6
sTOP | TP6
CcLx | TP5 Common 0000
+5¢ 7ca8
occcccco PCO iC16, pin 14 3437
PC1 IC16, pin 15 CCA9
pPC2 1Ci6, pin 16 1788
PC3 IC16, pin 17 7088
{11 This test checks the operation of part of port C of the control
board 1/0 port. .
(2] O = open; C = closed
TABLE 5-9. CONTROL BOARD 4010 TESTI1}
Signaturae Analyzer
Switch Connection Bit Switchl2] Measurement
Function Satting Polnt 12345678 Item Polnt Signature
START l TPS
sSTOP l P56
CLX | TPS Common 0000
+3v S8UA
cocceccco PC4 IC16, pin 13 0000131
PC4 tC16, pln 13 C35P14)

Py
board 1/0 port.

This test checks the cperatlon of part of port C on the control

12] 0O = aopen; C = closed
[51 Line voltage = 120 volts
(4] Line voltage = 50 volts
TABLE 5-10. DISPLAY VISUAL TEST

Bit Switchlll
123456178

Instrument Display

oocoacCcCoO

In succession:
All zeros

All ones through all nines

Al | decimal pointTs

All left-most annunciators

All teft-most-1 annunciators

All tleft-most=-2 annunclators

All right-most annunclators and - sign

Rapeat of above

3=20

NOTE: [If this vis
need o perform th
{1} O = open; C =

ual check produces satisfactory results,
e assoclated slignature analysls check,
closed

there Is no




TABLE 5-11, CONTROL BOARD DISPLAY TESTI1] (ROM 950004)

Slgnature Analyzer

Switeh  Connectlon Bit Switch{2) Measurement
Function Setting Point 12345678 Item Polint Signaturs

STWT ™ TPE
S L
CLK TPS

"Ih Common 0000

) +3V F72F

oocoocco DO IC3, pin 14  94F8

ot - IC3, pin 15 PHOU

D2 1C3, pin 12 a3FF

D3 IC3, pin 8 4A1H

D4 1C3, pin 7 H1PS

] IC3, pin 9 F3AT

.. D6 IC3, pin 10 P8SF

D7 IC3, pin 13 5536

[1] THis test checks output of diglital Information to the display. The
signature analysis gate In this test is quite Jenqthy {approximately 8
seconds); hold the slgnature analyzer probe on each test point for at
{east one complete window (approximately 20 seconds),

{2] O = open; C = closed

TABLE 5~-12, CONTROL BOARD D!SPLAY SCAN TEST(1)

Signature Analyzer

Switech  Connection BIt Switch(2] Measuremsnt
Functlon Setting Point 12345678 [Tem Point Signature

START l TP4
sTOP I TP4
CLK TFP8

—I- . Common . 0000

+5v . Qoou

oocooQcCcCcCO SO IC18, pin 32 0000

§1 IC18, pin 33 0005

52 1¢18, pin 34 0003

$3 IC18, plin 33 000U

[11 This test checks the control board display 1/0 chlp for output of

encodad scan data,
{2] O = open; C = closed
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TABLE 5-13. KEYBOARD YISUAL TESTL1]

BlIt Switch(2] Press Keyboard

123456748 Key Instrument Display
ccocccco MODE mV 0
MODE dB !
RANGE AUTO 2
LIMITS 4B LO 3
SELECT 4
REF LEVEL d8 5
MCDE dBmY 8
MODE dBY 9
RANGE HOLD 10
LIMITS d8 HI H
SELECT CHNL 12
CLR 13
CHS 16
5 17
6 18
7 19
8 20
9 21
. 24
0 23
1 26
2 27
3 28
4 29
(SENS) PROBE 32
7ERO 33

This test Is partly keyboard and ‘parﬂy control board because the
chip (IC18) tor the display board resides on the control board,

i
170
{2 O = opan; C = closed

TABLE 5-14, CONTROL BOARD RAM TESTI1]

Signature Anatyzer

Switch  Connection Bit Switch{2) Measurement
Functlon Setting Point 12345678 Item Polint _ S5ignature
START | TP6
sTOP | TP6
CLK TR5
'J_ Common 0000
+5v 2915
0coCCCCO PBO J3, pin 1 5PPA
PB1 43, pin 2 77U
PBE2 J3, pin 3 SPPA
PB3 J3, pin 4 TTJ
PB4 J3, pin 5 SPPA
PB3 J3, pin 6 T7UY
PB6 J3, pin 7 SPPA
P87 J3, pin 8 77UU
{1] This test writes bit patterns into each byte of the RAM, reads each
byte and outputs it to the test socket at the rear of the control board
where [T I8 checked with the slignature analyzer probe, While not
comp letely exhaustive, this taest will disclose most RAM fallures,

{2] 0 = Open; C = Closed
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TABLE $5-1%, [INPUT MODULE CHANNEL | OAIO TESTI1]

Sighature Analyzer

Switch Connection Bit SwitchiZl Measuresment
Function Setting  Pointl3l 12345678 Iten Polnt __ Signature

START l TPE
STOP l TP
CLK ' PS5

Common 0000

+5v 876P

coogccco PA IC1, pin 4 485p

PAl ICt, pIn 3 1A33

PA2 i1C1, pin 2 Fasp

PA3 iCt, pin 1 SHTU

PAM IC1, pin 40 OFF1
PA5S 1ICl, pin 39 FI10C
PAG ICl, pin 38~ 9091
PAT ICt, pln 37  4PBI

[11 This test checks the operation of 1/0 port A of the Input moduls;
correct siqnatures depend on proper functtoning of both the contral
board and the {nput module.

{21 O = apen; C = closed

(3] Signature analyzer connection paints are on the control board;
measurement points are on Input module board,

TABLE 5-16, [INPUT MCDULE CHANNEL 1 0BIO TESTII

Signature Analyzer

Switch Connection Bi+ Switchi2] Moasurement
Function Setting Pointi3]l | 2345678 Item Polnt S$ignature

START l TP6
STOP l TPE
CLK | TPS

Common 0000

+5Y 876f

oopocccco PEO 1€1, pin 18 48%P

Bl iICt, pin 19 1A33

£B2 iC1, oin 20 FBSP
PE3 IC1, pln 21 3H7U
PB4 IC1, pin 22  OFF1
PBS IC1, pin 23 FI1OC
PB6 ICY, pin 24 9091
PE? IC1, pin 25 4P81

[1]1 Tnls test checks t+he operatlon (/0 port B of the Input module;
correct signatures depend on proper functloning of both the control
board and the input module,

(2] O = open; C = closed

(3! Signature analyzer connection polnts are on the control board;
measurement polnts are on input module board,

SECTION V
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TABLE S-17. INPUT MGOULE CHANNEL 1 OCLO TESTI 1}
Siqnature Analyzer
Switch Connection Blt+ Switchl2l] Measuremant
Functlion Setting Pointl3l 12345678 Ifem Point Signature
START | TP6
STOP l TP6
CLK i PS5 ‘
Common 0000
+5v 5064
ccgcoccco PO 1C1, plan 14 6UOL
PC1 Ict, pln 15 &7V
PC2 ict, pln 16 CFH2
PC3 ic1, plin V7 1214
{1] This test checks the operation ot part of {/0 port C on the input
module: correct siqnatures depend on proper operation of both the Input
module and The controi board, :
{2] O = open; C = closed
I31 Slignature analyzer connection points are on the control board;
measurement polints are on Input module board,
TABLE 5-18, INPUT MODULE CHANNEL 1 0D10 TEST{ 1]
Signature Analyzer
Switch Connectlon Bit+ Switch(2l Mezsurement
Function Setting Polnti3l 12345678 Iten Paint Signature
START ] TPE
STOP I TP6
CLK TPS
_r— Common 0000
+5V 23HC1 4]
{or)
5CA3(41
occoccco PEO A543, pin 1 00001 4]
PBO A5J3, pin 1 THeT( 5]
(11 This test checks part of 1/0 port C of the input module for channel 1.
(2] O.= open; C = closed
131 Slqnature analyzer connectlon polnts and measurement points ars on
control board,
{4] Signature obtalned with range callbrator connected to channel 1
input and range callbrator seot to zero and Ry = 300k,
(s] Siqnature obtalined with range caflibrator connectad to channel 1
Input and ranqe cailbrator set to range 5 and Ry = 300k .

5-24




SECTION ¥
MA1NTENANCE

TABLE 5-19, [INPUT MODULE CHANNEL 2 1C10 TESTI1I

Siqnature Analyzer

Switch  Connectlon Bit Switehi2l Measurement
Function Setting Pointl3]l 12345678 Iitem Point Signature
START | TP6
STOP I TP6
CLK TPS
-l‘ Common 000
+5v - 5064

gccooccco PCO iCt, pin 14 BUOI
PCt icl, pIn 15 671U
PC2 IC1, pln 18 CFH2
PC3 1C1, ptn 17 1214

. {11 This test checks the operation of 1/0 port C of lnput medule 2.
Correct signatures depend on proper operation of both the control board
and |nput module 2, .

{21 0 = open; C = closed
{31 Signature analyzer connection points are on the control board;
measurement paints are on Input module board,

TABLE 5-20, [NPUT MOCULE CHANNEL 2 1010 TESTI1!

Signature Analyzer

Switch Connection Bit Switchl2] Meazsurement
Functlon Setting Polntl3l | 323485678 Item Polnt Signature
START | TP6
STOP L TP6
CLK | TPS
Common 0000
+5v POSI 4]
{or)
1088

coococCccCOC PBO A543, pin 1 000C[4}
PBO A543, pin t  TH9ZISE

(1] This test checks part of 1/0 port C ot the channal 2 input module,
2] O = open; C = closed

(31 Signature analyzer connectlon paints and measurement polnts are on
control board,

(4] Signaturs obtained with range calibrator connected to channel 2
input, and range cal ibrator set to zero and Ry = 300k,

{51 Slignaturs obtained with range calibrator connected to channe| 2
{nput, and ranqe callbrator set to range 5 and Req = 300k,
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SECTION V)

PARTS LIST
SECTION ¥I
PARTS LIST
6~1, INTRODUCTION
Table 6-2., Replacesble Parts, |ist all the and +the BEC Part No, Table 8=1,
replaceable parts and Includes; the refersnce Manufacturert's Federa! Supply Code Numbars,
symbcl, description, Mfr,, Mfr's Part No,, Iist the manutacturer's federal supply num-
bers.
TABLE &-1, Manufacturer's Federzl Supply Code Numbers

NUMBER NAME NUMBER NAME

00833 Sangamo Electric 3918 ITT Schadow, Inc,

onn Al ten Bradiay 32575 AMP

0129% Texas lnstruments 33297 NEC

Q2114 Ferroxcube Corp, 33883 RMC

02735 RCA Solld State Dlv, 34335 Advanced Mlcro Devicas

03888 Pyroflim (KDI) 345649 Intel Corp.

0391 Clalrex . 50516 Mini Systems, Inc,

04222 AVX Ceramlcs Company 51406 Murata Corp, of America

04713 Motorola Semlconductor 51540 Analog Devices, Inc,

04901 8oonton Elaectronics 52454 oKl

06383 Pandult Corp. 92769 Sprague Goodman

06665 Precision Monollthics 53507 Roblayco

05776 Rabinson Mugent, inc. 54420 Dage - MTI

07263 Falrchiid Semliconductar| 34426 Buss Fuses

11961 Semicon 54473 Panasenic

13812 Diaflco DHv, of Amperex 55153 Dielectric Labs

14752 Electro Cube, Inc, 55289% Bargqulist Co,

15542 Mini Clroults %6289 Sprague Electric Co.

17117 Elactronlc Molding 56708 Zileg, !nc,

18178 Vactac 59474 Jetfers Electronlcs, Inc,

18324 Signetics Corp. 61637 Kemet-Union Carblde

19505 Appl fed Eng'r. Products| 71450 CTS Corp,

20307 Arco - Mlcronlcs 75138 Beckman Instr,, Helipot Div,

21604 Buckeyes Stampling 78189 Shakeproot Div,, It!incls Toel Co,

24226 Gowanda Electronics 782717 Sigma

25441 Powar Group 79963 Zlerick

26863 Al| States Plastics 81073 Grayhil}

27014 National Semlconductor 90372 Wakef|ald

27264 Molex, Inc, 911568 Eimenco

27735 F=Dyne Electronics 95275 Vitramon Capacltors

27802 Vectron Labs 95721 Quallty Components

28480 Hew! ett=-Packard Corp, 98291 Sealectro Corp. .

31781 EDAC S4217 Unlted Chemlcon, Inc,

31827 Budw ig -




SECTION V|

PARTS LIST
TABLE 6-2, REPLACEABLE PARTS

09243249R COMMUN CHASSIS 92008
REFERENCE FED. MANNFRCTUREP BEC
DESIGHMATOR DESCRIPTION COCE PART HUMBER arty PaART HYMBEP
L3 PURA DISPLAY 04201 04233IANIA 1 0423384015
AT ¢tG) PHA CONTROL nedn1 042234008 t 04223400E
144 ¢Sy PUAR PQUER SUPPLY 04991 - 0422710¢0C 1 042231 3%0C
#R{12) (G) PHA IHPUT n4aem c42230038 1 042230018
Uiz (6G) CABLE ASSY PS TO DISPLAY 04901 371142000 1 371142000
WN1Z () CABLE ASSY PS TO CONTPOL 04201 Jri1teq00c 1 3S7114400C
Wt4 G) CABLE ASLY PS =CONTROL #2 Q4901 TIt4300C 1 SP11a300C
Wis ¢y CABLE AYSY PS T0 [HPUT g3901 3711370aC 1 S*114300C
W21 ¢G) CABLE ASSY P35 TO INTERFALE 04%41 $7114790C 1t 4711a47040C
4213201 R Puwa CISPLAY
REFEFEHCE FEC . MARNHUFACTURER BEC
GESIGCHATOR CESCRIPYION CODE PWRT HUMBER A NY PuPT HUHBEP
Cl=-4 CuP EL 10uF 20X 23V 34217 SM=-23-vP-)A-n T 293336000
CR1-13 LED RE[ DIFF S032-4684 29480 HLHP-130I 1% 336024000
1cy |& T4ra3 B8LCO T SEG DECODER 27014 MMTACHAN 1T 534214000
Ic2 1C 40518 8 CHAN MULTA/DEMULTRL 02735 CD40S1BE 1 %S34139000
IC3 IC #0433 HEi BUFF 02735 CO40a%aE Y 534172000
1C4 PES NETMGPK 100 OHM 2 I.8W 0112) 21é6bH10) 1 343021000
1C3 PES HETMORK 4.7H 2 1,34 01121 3148472 1 34030000
1Cs GISPLAYT HUMERIC 3042-7553 29430 S031-76%3 1 336807908
tcv I 3857 DRIVER 27014 DY3963H 1 334213003
1C3-11 C13PLAY HUMERLIC S082-7833 23439 3032-7433 4 334807000
Ji ’ S0LHET IC 16 PIH 05775 ICH=-163-83-4 1 473042080
M NETEP MARKED NOOTEC 00-700-093 1 53433%00A
Pl CONNELTOP & PIH SYRAIGHT POLAP 27264 22~04-2041 i 4rr3Iavown
P2 HEAUEP 2 PIH RT AHLGLE 06333 HFA3I00-2-C 1 4TTISF0490
ot TEANS HPH 211%5038 BLUE 04713 2MSN33 1 2304T0ND
Py PES MF 3.0%r 1% 1. 494 19708 S04 JEDIFUINF 1 Jd4) 392000
P3 PES HF 3.37K 10 174M 13791 SQ4FEPSKMETOF b R41FH000
PS PES MF 13,0k 1% 14N 1701 J043IE0V IV ONF I 34t4170u0
R? PES MF 4.73% 14 1./4W 13701 SO04IELSKTIOF 1 3413650900
S1=-28 SWITEH PUSHEBUITON SPST 31913 210272 ow  4AT23I0000
hedd ] FICrET IC 14 PIN asF?s JCH-143-33-0 | 473019000
HIe3-1 SNEVET (I 14 PLU 0ATFS  ILH-143=53-0 4 4TINIRANA
0a2AT400E L5 Fua CONTPOL
PEFEREMCE CED. MaHUFACTUREP PEC
PESIGNATOP DESCRIPTION CQCE PART MUMBER are PAPT HUMEER
a8t CELL LITHIURm 3V 54473 ET-BRITII-1HE I 3SR00veng
(41 CoP MICK 430pF 120 SO0V 14555 COISFO4TIFO3 1 26083IF¢00
c2 CRP MICA 10apF 35X S9av 14655 CHASFD1B1JAS 1 200001000
v} ChP TANT (3aF 1UR Z0V BL2IRD 1ME0 195902 0rAL 1 283IaTo0N
C4=7 CAP EL I10uF 203 2TV L4217 SH-I9-vE-1)-N 4 233774008
CR1-2 DINDE ST THI1 S N129% tHI4 & STNAST0In
It IC 7494 HEX IMVEPTEFR nEIE SHTAd4H 1 34400y
1£2 RES METWORE 4.7K 234 1.854 01131 3teB4av 1 345320000
Ie3 [c Z39-7PU-F3 S5TO3  234-CPU-PY 1 %T4139900
1C4 tr 74L%42 4-10 DECIOCEFR ) W1 2a% SHIAL 54N 1 S$Taltowan
[cn 10 MSMet29-I0-RS RAM 2k X & Sided MINSLII-20=-F% | §34Fadpan
[c3 1o 4011 QUADR 2 TMFUT NaHD NErIS  CLAnLIRE [ & N Y R D)
1213 PES NETMORK 4.7k Qi 1.8W 1121 tEE4TD 1 3430200040
[e14 IC P4LS42 4-10 DECIDEFR B12+%  SHISLIAN [ R
s [T P4LSTI2 IR 2 INPUT OF Q1299 SHTSLITEM 1 %T415RR00




TABLE 6-2.

REPLACEABLE PARTS

SECTION VI
PARTS LIST

04I23400E

REFERENCE

(G>» PYR CONTROL

DESIGHATOR DESCRIPTION

DR
1c17?
e
J8

JA
-2
J3

L1

P8

PA

P1

P2

P3

P4

Ps

al

R1
R2-3
R4-F
RE&

R?

ra
R9-11
$1
X1c3
XICE-8
HIC16
RICt3
¥s1

04223109C

REFERENCE
CESIGHRTOR

RIJCR2)
AR1
ci-2
c3

C4
£5-6
cr

ca

c9
CR!
CR2
CR3-6
ICt
1cs
Pt
P4-3
P7=10
R

P2

R3

R4

R3
R6-3
ra
R1O
R11
R12

FED.

CODE
IL 823%APC PERIPH INTERFACE 343353
RES NETWORK 4,7K 2% 1,89 e

MANUFACTURER
PART NUMBER

aTY

- - ——

AMB2SSuPL
3166472
wPDBZITIC-2
22-93-2021
22-03-2021
ICH=~153=33-G
22-03-2021
10N SaK
15-33=-1034
135-38-1024
4337 04-2
472333000
477332008
477331 00A
135-33-1024
ZM3904
SN4IEDITIRGF
SG4TED 1 OK OOF
SH43EDIKI1 OF
S043EDTOOROF
5043IEDTOKAOF
S043EDSKI10F
SJ43EDAKTSOF
765803
ICN-406-54=70
ICN=245-84-C
ICH-405-54-TC
ICN=405-54=T3
ICN-163-33-C

(G) PUA PONER SUPPLY

[C 8279-2 KEYBD/DISP INTEHFACE 33297
COMNECTOR 2 PIN STRAIGHT 27264
CIMNECTOR 2 PIN STRAIGHT 27564
SOCPET 1 16 PIN VETTH
CONHECTOR 2 PIN STPAIGHT 27254
[HOSCTOR 1SuH 103 14226
SHUMT 2 CIRCUIT 27254
SHUMT 2 CIRCUIT 27254
SHUNT 8 CIRCUIT 12579
¢y CONMECTOR S PIM RT AHG MOD 04901
£G) COMNECTOR % PIN RT aAMG MOD 049201
¢33 COMMECTOR & PIN RT ANG MAD 04901
SHUMT 2 CIRCUIT 27254
TRAHS HPH ZH3I904 84713
RES NMF 232 AHM 132 1744 197014
RES MF 14,0k {X 1744 19701
RES MF 3S.ttK tX t/4% 19701
RES MF 100 OHM 13 1/44 19701
RES MF 10,0k 1% 1744 13791
RES MF 5.11K t% 1/44 19701
RES MF 4,75K 12 1744 19701
SWITCH ROCKER 9PST OIP 81073
SOCKET IC 44 PIN 05776
SOCKET IC 24 PIN 06776
SOCKET IC 4y PIN 05776
SOCKET IC 40 PIN 08778
SOCKET IC 16 PIN 06776
FED.

CESCRIPTIOM CODE

{G) HEAT SINK RISEMBLY g4901
IC 339 QUAD COMPARATOR 27014
CAP EL 2200uF ~10X+303 33V sr382
CAP EL 4700ufF ~102+30% 16V 4217
CAP EL JOuF 20% 23V 84217
CaP EL 100uF 203 25V 4217
CAP EL 1000ul =102+302 10V S5289
CaAP CER 3300pF 1032 100V 61637
CAP EL 100uF 20% 23V 54217
DIOGE BRIDGE KBP-02 1328)
DIGDE BRIDGE ¥S-249 €A 200 PLV 27777
CIO0E SIG 1H4001 04713
1C 78L05 VOLT REG 07263
I 406130 OUSL FLIP FLOP 02735
HEADER 3 PIN STRAIGHT 05383
CONNECTOR 6 FIN STRAIGCHT POLAR 27264
COHNECTOR & PIN STRAIGHT POLAR 27264
RES NF 10.0K 13 174¥ 19701
RES MF 4.99%K 1 1/4u 19701
RES HF 2.21K 1% 1244 19701
RES MF 12.7K 12X 1744 19701
RES VAR 300 OHM JO0X 0.3W 73138
RES HF 4.99% 132 174y 1970
RES MF 1,00 1% 1/744 19701
RES MF 433 OHM 12 1./4U 19708
RE3 VAR 100 OHM 102 0.7W 73138
RES MF 464 OHM 12 1/4U 19703

MAHUFACTURER
PART MUMBER

- art ] ] 8 s b P) P ek me kb mr mh o o n o o Pl e

BTY

—————— iy AL i T

042232008
LM33I9N
KSHH-2200~-33
SM-2%-vB-100~NM
SM-~25-vB~10-M
$H=-23-¥B-100-N
3130108101 0DG4
COS2KIITK 1 KICA
§8-23-VE-100-M
KBPO2

YS-248

1H4001
URTOLOTAWC
CD4013BE
MPSSIS6-3-D
22-04-2061
22-04-2081
S04JEL1 0OKOOF
JO04IED4KITOF
S043ED2K2I OF
JO4IEQLI1ZKTOF
T2PR3IA0Q
S043ED4KIVOF
S043JEDIKQOOF
S043ED4JIROF
72PR100
S043EDIS4ROF

- e G = = et o i ) e ko o e e e mm e B} = ma B ie

‘23331040

477343000

REC
PART HUMBER

S34171000
3435020008
S34211200
477361000
47TISINGHD
ATTIN42000
477351090
H003TIN00
4332%3000
433233000
483225000
477333900
477232008
477331008
433232000
29971000
341250000
241490200
341342000
341200000
J41400000
341368100
341353000
455225000
473032000
473043000
473052008
A7I0NIZNN0
473042000

BEC -
PART NUMBER

o4E23IZ2008
535019000

2333329000
233336000
203334000
283329009
224295000
2983334000
332013000
332014000
330131000
3JJ044000
334203000

477327000
477327000
341400009
341367000
341333000
341410000
311303000
41367000
341300000
341263000
311409000
J41264000
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PARTS LIST

TABLE &-2,

REPLACEABLE PARTS

paz231000

REFERENCE

¢Gy PWA POMER SUPPLY

CESIGHRTOR DESCRIPTION

R13
Ris
r1S
Ri&
RI7
Ri18
Ri9

042270018

REFERENCE
DESIGHATOR

AR
AR2
AR3
ARY
ARS =6
ART
ARE-9
Ct

c2

<3

L4

-]
LE-T
£g

c9
cyg
Ci3
cil4
c13
C1s
7T
cia
<12
C30
ca2
cz23
£I%
C36
czr-34
C35
c36
C3?
Ic1
1C2
Ic3
1€S
)
1C7-8
1C9-110
Ici1t
IC13-14
P2

R

RrR2

R3

R4

PS

P

RT

Rg

o A ok a —

FED MANUFACTURER
COCE PART NHUMBER
RES MF 100K {X 174U 19701 Y043ED10QOKIF
RES COMP 330 OMM S2 1MW 6112) GBI
RES MF S.1iK 1% 1744 19701 SO043JEDSKIIOF
RES MF 2.2%1K 13 1744 19701 SO043IED2KR OF
PES MF 2.80K 1% 1/44 19701 SO043ED2RBCOOF
RES MF S.11K 13 1744 12701 S043EDIKIIOF
RES MF S1.iK 14 1744 19701 SO4JIEDSIKIOF
(G PWA INPUT
FED. MANUFACTURER
GESCRIPTION CODE PART MUMBER
Ic 3014 OP aMP 27014 LM3IVIAN
I 11N QP AMP CONPARATOR 27014 LM31IN
IC 20tA 0P aMeP 27014 LMINDTAN
IC 3140 QP AMP 92733 CA3L4NRE
(3> IC 3568 0P AMP SELECTED 4901 I3ITNE2440
{6y IC SELECTED LF338 OPANP g4991 533079900
I 3140 OF ANP 02733 CAZI40AE
CAP CER 32pF 33 1003V S5289 10TCC-Q33
CaP EL 10uF 203 23V $4217 SM-29-vB-1i-M
CAP CER 3I3IpF 3¥ 1000V 56289 10TCC-Q33
CAP PE 0.01uF 10X 80V 5289 132P1039RE
CaP CER 1%0pF 102 &S00V 15544 CE~131
CAP CER 33pF 3% 1000V %5289 10TCC-232
CAaP CER 1000pF 10X 600V 16548 CE-102
CAP MICA 1300pF (X SO0V 14633 COV1IFDIS2F
CAP CER 0.91uF tanv 33883 BT 23
Caf CER €8pF 10X 600V 16546 DTZ-68
CAP PE 0.0%1uF 10X 80V %6239 19ZPtO39IRE
CAP CER 0,01uF 100V 33983 8T Z5U
CaF CER <8pF 190X 500V 16546 DTZ-48
CAP CER 2200pF 104 230V 16546 CF-222
CAP PE 0.01uF 10X 8OV %4289 1922P103%9Re
CAP CER 330pF 10X &30V 16545, CE-331 °
CAP PP 0.1uF 104 100V 27735 PP1I~.t=10-100
CAP PP 0.1uF 187 1049Y 27733 PP11-.1-10-100
CaP CER 33pF SX 1000V %6299 10TCC-233
CAP CER I3pF 54 1900V 35289 10VCC-233
CAP CER 100dpF 10X €00V 163544 CE=102
CAP EL 10uF 20X 23V §4217 Sh-23-vB-10-M
CrP CER 130pF 10X 00V 15345 CE-131
CAP EL 100uF 20%-23V £4217 SM-23-¥B-100-M
CAP CER 1000pF 102 600V 16545 CE-~102
IC 32%3APC PERIPH INTERFACE 34333 AMBZTIAPL
1 565 DsR CONVERTER 12 8IT 1440 ADSEINGD
I 40578 TRPL DECDR/DEMULTPXR 04713 MC1403526CP
[C 494974 MULTIVIE CRCA OHLY? 02733 CDAO47AE
[C 40%[B MULTIPLEMER RCA ONLY 02733 CD40318E
IC 40138 OUAL FLIP FLOP 02733 CD4013BE
(G) 1C 40158 AUAD SMITCH 02733 CD401&BE
Ir 43738 TRPL 2 I[NPUT OR 02733 CO<073BE
IC 40%18 MULTIPLEXER RCA DHLY 02733 CD40S1BE
(i3) CIONNECTOR & PIN RT ANG MOD 04901 47?33108A
RES VAP 100 OHM 10X 0.3W 73133 72PR100
PES MF 2.57K 1k /74U 19701  S043EDQKEVOF
RES MF I.00K t3 1/4W 19701 SO43EDINOOOF
RES HF 100 OHM 13 1,4V 19701  S043E01 00ROF
PES MF 10.0K 13 17414 19701 SO043ED! OKOOF
PES MF S.11K 1M 1740 19701 S043EDSKI110F
PEZ MF §0.0x tX 1740 1970¢  SC43EDI OKOOF
PES MF 9.23K 1% 1/4W 13701 SO43EDSK2IOF
PES MF 10.0K 13X 1740 19701  SO043ED) OKOOF

P9

[ JPRS o ¥ (R . R A ittt el o I VI

BEC
PART HUMBER

3413500000
302087000
341368000
341333000
341343000
341369000
341458000

BEC
PART HUMBEP

533012000
5333034000
T3%ni 2000
333050000
335062080
533072000
533030000
22413293990
2933364300
224139909
234092000
224314001
224139000
224310000
204531924
2241199000
224312900
2340928490
224119900
2243120800
2243033500
234092390
224313300
234148000
234148000
22413904G10
224139900
2243t 0000
2783338000
24314000
283334040
224310000
5241271000
421034000
534207000

. 3342291000

334209900
534203001
2342190010
5342046000
5342093000
4773310
311408000
3413494000
3413009000
3412000090
341400000
341358000
341400000
3413698000
341400020




TABLE 6‘2.

REPLACEABLE PARTS

SECTION Vi
PARTS LIST

042239018

REFERENCE
DESIGHATOR

Rt0
R
R12-13
R14
R13
Ri%
L34
R18-19
R20
R21
RZ2
R23
P23
R25-29
R2G
R32
R34
P33
R3S
P37
R38
R3?
R40
R42
R44
R43
P47
R43
P43-32
R33
P34
L&}
RT3
X4
XAR4-7
Xi1cH
X1C2
KICé
®IC9-10

092169008

REFERENCE
DESIGHATOR

-

L)
R33N
P33

342223020

REFERENCE
DESIGMATOR

DESEZRIPTION
RES COMP J.0M 34 1/744
RES VAR SO0K 10 0.3W

RES MF 1.,00M 12X 1/4V
RES MF 237K 14 1/4M
RES MF 249K 11X 1/44
PES MF 12.1K 12 1/48
RES MF 806K 12 1./44
RES COMP 12M 3JX 1744
PES HF ).82K 1X 1/44
RES MF 20.0K 1X% 1744
RES MF 221k 1t 1/4UW
RES MF 1.00M 13 t/40
PES MF 1.00M 12 1744
RES MF 100K 12 /4
RES MF 100K 172 1,/4U
PES MF 2.02K 12 1/44
RES MF 10.0K 1% 1749
PES MF S, 11K 1d 1744
RES VAR 10K 10X 0,.5W
RES MF 3.92K 11X 1730
RES MF 7.37K 14 1744
RES MF 80.8K 1X 174
RE3 MF 808K 1Z4 1/44W
RES MF 7.50K tX 1/4W
RE3 YAR 200K 10X 0,50
RES VAP 10K 10X 0.3M
RES MF 3.92K 14 1/4W
PES MF 909K 14 1./744

PES NF 47, 5% 17 1744
PE3 MF 100K 1X 1/44W
RES MF 200K 14 1/44

RES VAR 10K 10X 0.35W
THERMIZTOP S0 OHM 103
SOCKET IC 6 PIN
S0CKET IC 8 PIN
SQCKET IC 40 PIN
SOCKET IC 24 PIN
SOCKET 1C 16 PIN
SGCKET IC 14 PIN

PESCRIPTION

¢G» PYA INPUT

Qry

QaTy

) b oy i Sy o AR i S ot S Ly My ek o S e

1734
1/3W
1734

RES MF 34.9K 1%
RES MF S54.9%X 13
RES MF 2.10K 13

CESCRIPTION

PWA CHOPPER DURDID

FED. MAHUFACTURER
CODE  PART NUMBER .
o112t C83I03Y
73139 72PRIOK
14674 SO43IEDINOJOF
19701 SO043IED2ITKOF
19701 S043JED249K0OF
19701 SO43ER12KIOF
13701 S043ED80EKDF
61121 CB1283
19701 SO43EDIKQ2OF
19701 J043ED20KQOF
19701 S043EDI2IKOF
14674 BO043EDIMOOOF
14674 SO43EDINOOOF
19701 SO043EDIQOKOF
19701 S043ED10OK)F
12701 SO043EDIKO90F
1970t  3J043ED1OKOOF
12701 3J043ED3IKI10F
73132 7IAPPIOX
13701 BO043JEDIKS20F
19701 Y043IEDTKETOF
19701 SO43EDBOKSOF
19701 SO043EDBOSKIF
13201 SO043EDTKSOOF
73138 TV2FRIVOK
731383 VIPRIOK
19701 SO043ED3IVIQ0F
19701  JO04IEDILIKOF
19701 SO43EQ4TKIOF
19701 SO04IEDIAOKOF
19701 S043ED2OOKOF
73133 ?2PRIOK
Q24 LB13J1I-M
04776 [ICN~063-837G
06776 ICN-083-53-G
05776 ICH-406-S4-TG
06776 ICN-246~84-G
057?76 ICH~163-83-G
05776 ICH-143-83-G
RES NETWORX INPUT
FED. MANUFRCTURER
COCE PART HUMBER
19701 S083JDI4KI0F
19701 S083JDS4KS0F
19701 3063JD2KI00F

CHOPPER MOCULE

FER. MANUFACTURER
CODE PART HUMBER
04301 042151024

1
t
1

L e R i e e e e ok 7 ey uraey \ S ar Y S

BEC
PART NUMBER

343546000
311393000
3415600000
341338000
341333000
341408000
3415374000
343708000
341325000
341423000
I41%33000
341500000
341500000
341300000

- 341500000

341392000
3414000060
3413830400
311329000
341337000
341336000
341487000
3415870090
341334000
311401000
311328000
341357000
3413920400
341465000
3413500009
T413529000
311328000
327007900
473034000
473041900
473032000
473043000
473042000
473015000

8EC
PART MWUMBER

333471000,
333471000
3383314800

BEC
PART HUMBER

N42151 028




SECTION VI
PARTS LIST

TABLE 6-2.

REPLACEABLE PARTS

042161 02A

REFERENCE FED, MANUFACTURER
DESIGNATOP DESCRIPTION CODE  PART NUMBER art
c1-2 CAP PP 0.1uF 103 100V 27733 PPL1-,1=10-100 2
Ict (3 IS SELECTED QUAD SWITCH 4901 334223000 1
£ TEAMINWL . 040 0D 270 LG . 082M 92291 229-1071-230 1
PRA1-2/2  CONMECTIR PIN 71279  460~-1321-902-03~-400 2
R3 PES MF S1.1K 13 179K ° 19731 SO4IEDSIKIOF 1
P4=5 RE3 VAR 25K fox 0.%4 73139 P2PR2SK b~
RE RES MF ST,1K 13 1744 19791 SO43IE0SIX{0OF 1
N3 SOCKET IC 14 PIN 91506 PH4RGID 1
042335015 ¢G> REAR PAMEL UMIT

REFEREMCE FED. MANUFACTURER

DESIGHNATOR DESCRIPTION C3DE  PART HUMBER ATY
P7 CONHECTOR LINE CORD 92389 EAC309 1
52 SWITCH DUAL SLIDE DPDT-DPOT §2399 47208LFR 1
T9245400R REAP PAMNEL ASSY

REFERENCE FED. MANUFACTURER

DESIGHATOR DESCRIPTION CODE  PART HURBER aTy
Fi FUSE 0.3 AMP ZIIV MOL S4424 HOL 0.3 '
$10 CONHECTOR 3 CIRCULT 063393 CE196F24-3-C 1
$19 CONNECTOR PIN FEMALE 7264 0206-1231 1
420 CONH COAX BHC %4420 UG-623.U 1
Tt TRANSFORMEP POMER 04901 4450921004 1
042232008 <G> HEAT SIHK ASSEMBLY

REFEREMIE FED. MANUFRZTURER

CESIGHATOR BESCRIPTLON CODE  PART HUMBER Qary
1c2 1C TSMGUIC VOLT REG POS 97263 UATSMGUIC 1
1C3 ¢G) IC 7OMGULL MODIFIED 0490) 53IT09700R 1
{2 I TAGVIC YOLT REG 07253 uAPSGUIC 1
1cs vG) 1C TIMGUIC MODIFIED ¢4901  S3509700A 1
455289008 G SWITCH CHBLE UNI1T

REFERENCE FED. MANUFAC TUREF .
DESIGMATOS CESCRIPTION CODE  PART NUMBER ary
St SUITGCH RQCRER DPDT 13812 9Ir2-2121-0103-010 1

PWis CHOPPER DURDID

BEC.
PART NUMBER

2741489000
324223000
Ste38900
477430000
341483000
311400008
341458000
473036000

BEC
PART HUMBEF

-

477281000
455279000

BEC
PRRT NUMBER

343307000
479394000
479329000
479123000
4451914904

BEC
PART NUMBER

J33N42000
S3¥097 00K
33053400
535097 00A

BEC
PART HUMBER

45ATSENR0




SECTION VI

PARTS LIST
TABLE 6-2, REPLACEABLE PARTS
571142000 CG) CABLE ASSY PS TO DIZPLAY
REFEREMCE FED.,  MAHUFACTURER BEL
DESIGNATOR DESCRIPTION CODE  PART MURBER ATY  PART HUMBER
Jia COMHECTOR SHELL 6 CIR 27244 22-01-2051 I 479175000
17 CONHECTOR- SHELL & CIR 27264 22-01-2061 1 479378000
S?t14400C ¢G> CABLE a3SY P3 TO CONTROL
REFERENCE FED MANUFACTURER
. BEC

EEEEE?TIEE EE?EEEZIE??-_#ﬁ _______________ CODE  PART HUMBER aTY  PART HUMBER
J13 CONHECTOR SHELL 6 CIR 27264 22-01-2061 1 47

c 2 . 479374000
Jig COMMECTOR 3 CIR 27264 22-91-2031 1 4593??000
37114%00C ¢G> CABLE ASSY PS ~CONTROL #2
REFERENCE FED. MANUFACTURER BEC
DESIGHATOR OESCRIPTION CODE  PART HUMBER QTY  PART NUMBER
14 CONMECTOR SHELL & CIR 27264 22-01-2061 1 429374000
J19 CONHECTOR SHELL & CIR 27264 22-01-2061 1 479376000
57114300C ¢G> CABLE A3SY P3 TO INPUT
REFERENCE FED. MANUFACTURER BeC
CESIGNATOR DEZCRIPTION CO0E  PART NUMBER aTy¥  PART HUMBER
J16 COMMEGCTOR SHELL & CIR 27264 22-01-2961 1 479375000
J21 COMMECTOR SHELL & CIR 2UEE4 Z2-01-2081 1 479T?S000
571147000 (G) CRBLE ASSY PS TO INTERFACE
REFEREMCE FED. MANUFACTURER BEC
DESIGHATOR DESCRIPTIOM CODE  PART NUMBER RTY  PART HUMBER
Ja3 CONHECTOR SHELL 6 CIR 27264 22-01-2061 1 473375000
J31 CONNECTOR 3 CIR 27284 22-01-2031 1 478377000
9204032080 CABLE FLAT UNIT
FEFEREMCE FED MANUFAGCTURER BEC
DESICHATOR DESCRIPTION COOE PART HUMBER aTyY PART NUMBER
JZd COHNECTOR 40 FIN Q4SS JAE4=0004 1 479379000
J26 LONNECTOR 40 PIN 04963  3454-0001 1 479379000
J2B-29 CONNECTOR 40 PIN 04%53 3454-0001 & 4793IFI000




SECTION VI

PARTS LIST
TABLE §-2. REPLACEABLE PARTS

920045008 <G) CABLE UNIT 16 PINH
REFERENCE FED, MANUFACTURER BEC
DESTGHATOR DESCRIPTION CODE PART HUMBER a7y PART HUMBER
F13-14 COMMECTOR 18 PIM DIP 0a963 3416-0000 2 477282000
04216500A ¢G) CABLE ASSY FLAT KIT
REFERENCE . FED. MANUFACTURER BEC
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART MNUMBER
N1v ¢G> CRELE ulT 16 PIN ga901 920044008 1 92n044008
wzo CABLE FLAT UNIT 04901 920032700 1 920052000
09I TIS0A PuWn PROBE
REFEREMNCE FED. MANUFACTURER BET
DESIGHATOP DESCRIPTION COPE PART NUMBER RTY PART NUMBER
cz-3 caP CER CMIP 1000pF 10X 3OV &1637 €121 0C102KIHAH 2 224286000
R1-2CSELY RES CHIP &3 OHM su 178V pi121 BCDSBROJ 2 339900074
R1-2¢SEL> RES CHIP 62 OHM 3% 1-/8W 1121 BCDS2ROJ 2 339500054
R1-2¢ SELY PES CHIP 73 oHm 3% 1786 01121 BCO7IR0J 2 33990002R
py-2¢SEL> RES CHIP 92 OHM 32 1./8U pi11ay  BCOLERIRDY 2 3399000%R
R1-2¢{GEL: RES CHIP 91 OHM 3% 199 ot12t BCD9IROGY 2 33990010A
R1-2¢SEL) RES CHIP 36 OHMt 3% 1734 0112t BCD3SROY 2 339220003A
R1-2¢SELY RES CHIP %41 QHM S 1/9¥ ot121 BCDSIROY 2 33I990004R
R}-2¢SELI RES CHIP 10 OHM TX 1./8W pi11a2t BCDIOROJ 2 33990001A
R1=-2¢SEL) RES CHIP 24 OHM S22 1794 01121 BCDI4RGY 2 3I3990002AR
R1-2¢SEL) RE3S CHIPF 33 OHM S% 178V 01121 BCD3IIR0J 2 339900034
R3-4 RES CHIP 1K 3% 1./34 g112t BCD1IOCYY 2 33990021A
[ LR -1 20 PROEE PWASCOHTACT ASSY
REFEREHNCE FEL. MANUFALTURER BELC
DESIGHATOR CESCRIPTION coeE PART NUMBER orY PART "HUMBER
c1 CwP CER 1400pF 20i )00V 21353  DQIBUIIINIPY 1 24126000
CR1-2 D1ODE SELECTEL IT/FS30022 04901 330181000 2 530121000




TABLE -2,

REPLACEABLE PARTS

SECTION Y|
PARTS LIST

9920131 th

MQOEL: 2200B-01B

REFERENLCE

DESIGNATOR DESLRIFTION

- T S by oy L o b 0 e

RZILT 0D
ICSCAS)
ICTCAD)
U3t A3

2013340

PUR INTERFACE

IC EFROM PROG 43%AB 9200-01B
I1C EFROM PROG 440RB 9200-01B
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MODEL: Q2M0E-DE
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04901
04901

$2908-018~-

FED.
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04901
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JLTITH

MANUFACTURER
PART HNUMEEPR

242233608
334435008
S34440008
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e
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AZ DISPLAY PC.BOARD

SECTION V(!
SCHEMATIC D IAGRAMS
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NOTE
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SECTION Yil
SCHEMAT {C DI AGRAMS
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SECTION VI
SCHEMATIC D |AGRAMS
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APPENDIX A
OPTION 92008-018

APPENDIX A
|EEE-488 BUS INTERFACE
OPTION 92008-018

A-1, DESCRIPTION,

A=2, The (EEE-488 (GPIB) bus interface
option permits external control ot the
instrument and data capture by a wide varlsty
of compatible controlters, The Instrument
may be operated with other GPiB-compatible
devices to achleve speciflc test automation
goals, with no speclallzed control Interface
raquirements for proper electrical opearation,
A-3, Although no standard GPIB [ntertace
data tormats have yet been established, cer-
+aln common practices are achleving de-tacto
standard status, These practices have been
adheraed to in the design of the 52008-018B
option Interface formats and delimiters,

thereby assuring the user of format com-
patibliity with aimost all controilers,

A=d, CAPABILITY,
A~5, Certaln subsets of full GPIB functions
are specifled in the IEEE-488 1978 Standard,

The Mode! 92008-01B optlon includes the
tollowing capabliitlies:

SHI SOURCE HANDSHAKE complete capabl!lty
AH1 ACCEPTOR HANDSHAKE complete capabllity
T6 BASIC TALKER, SERIAL POLL,

UNADDRESS [F MLA,

NQ TALKER CONLY capabllity
TEQ NO EXTENDED TALKER capabltlty

L4 BASIC LISTENER, UNADDRESS IF MTA,
NQ LISTENER ONLY capabiilty

LEQ  NO EXTENDED LISTENER capsbillty
SR1 SERY ICE REQUEST capabl |ty

RLI REMOTE-1.OCAL capabllilty,
LOCAL LOCKOUT capablitity

PPO  NO PARALLEL POLL capabi!lty
DCO  NO DEVICE CLEAR cepabllity
DT1  DEVICE TRIGGER capabillty
co NO CONTROLLER capabillty

MLA = My Listen Address
MTA = My Talk Address

A=6,  INSTALLATION,

A=7, Optlon 92008-01B consists of intertface
board A25, Elsctrical lnterconnections are
shown In Flgure 7-8, To Ilnstall the Inter-
face board, proceed as fo!lows:

a, Turn ott power to thes Instrument,
b, Remove The screw that sacures the fop

cover of the Instrument and slide the top
cover back and oft.

¢, Cut the cable tle in the Instrument that
holds the extra power plug (the plug with two
biue wires and one black wire),

d. Remove the slx screws that tasten the
control board and replace them with the six
mounting posts supplied with the =018 package.

¢. Poslitlion the Intertace board In the
instrument so that the mounting holes In the
Interface board | Ine up with the mounting
posts In the Instrument, Attach the inter-
tace board to the mounting posts with six
4-40 screws and lockwashers supplied with the
Interface board,

t. Connect the 40 pin ribbon connector to
the front edge connector of the Interface
board,

9. Connect the power plug In the I nstrument
*o the 4~pln brown connector on the interface
board,

A-8, OPERATION,

A=9. Address Assignment, Before using the
instrument Tn the GPIB, |t must be assigned a
unlque address, Thls address Is set using
the tlve right-most sectlicns of rear-panei
address switch 51 1n accordance with Table
A1,

A=10. Message Terminator, Posltions 6 and 7
of the rear-panei switch 5! perwit a choice
of message terminators, as shown In Table
A~2,

A-t1, Command Response, In addition to Talk
and Listen Address commands, the Instrument
responds to the following:

a, Address Commands (Response [f Listen
Addressed},

Mpemonic Name Function -

GTL Go To Local Enables panel
contral

GET Group Execute Triqger a

Triqger measurement

b, Listen Address Group,

Mnemonic Name Function

UNL Unlisten De-address as
I Istener

¢. Talk Address Group,

Mhemonic Name Funetlon

De—address as
talker

UNT Untalk
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TABLE A-1, ADDRESS "ASSIGNMENT

*vecimal Talk Listen Switch Setting
Address Code Code 5 4 3 2 1
0 ) P 0 0 0 00
1 A ! 0 00 0 !
2 8 " 0001 0O
3 c ’ 0 0 0 1
4 0 $ 0o 0t 00
5 E 601 01
6 F 1 6 01 10
7 6 ' 0 0 1 1
8 H ¢ 01000
9 1 ) 01 0 0 1
10 4 » o 1 0 1 0
N K * ot 01 1
12 L , 01 100
13 M - o 1 1 0 1
14 M . o1+ 10
15 N / R T T I
16 0 0 t 00 0 O
17 P 1 1 00 0 1
18 Q 2 1 00 1 0
19 R 3 1 0 0 t 1
20 $ a 1 0100
21 T 5 1 0 1 0 1
22 u 6 1 o1t 10
23 v 7 10 1 1
24 X 8 1 1.0 00
25 Y 9 1 1 0 0 1
27 t ; P10 o1
28 \ < 11t 00
29 | = 110
30 A > 111 1 0

TABLE A-2,
MESSAGE=-TERM{NATOR SELECT!ION
SWITCH
MESSAGE
7 -] TERMINATOR
Of f Of f £01
ot f On cr*
On ot LF*
On On CR LF*
*With or without EOI
A=11, (Continued},
d.' Unencoded Commands,
Mhemon ic Name Functlion
IFC Interface Inittatize
Clear interface
REN Remote Permits remote
Enable operation

A=12, Operating States, The Instrument
operates In Two separate states, whather in
locat or remote control, One state |s the
neasurement state, during which the instru-
ment performs and disptays measurements; the
other state |5 the data entry/recali state,
which Is operative during number entry or
atter recall of stored information, When
operating on the bus, 1t Is important to
remember that the Instrument can send only
that Intormation which appears on the front
panel display. When the Instrument Is in the
store or recall mode, the LED dlsplay and
annunciators blink on and off to indlicate
that the displayed value is not a measured
value,

a. Measurement Mode Functions, The
tollowing functlons change the measurement
mode of the Instrument:

Keyname GP!B  Function

*address 31 (11111) will not be

recognized and should not be used,

A=2

MODE mV P Displays measured voltage

MODE dBmV B Displays measured dBmV

MOOE dBY ¥ Displays measured dBY

MODE dBw ] Displays measured dBW
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TABLE A=3, COMMAND FUNCTIONS

Description

Command A Ul sarm
0 19 0Q
S 15 0s
2s
J 1J 0J
u iU ou
T

Hold command: the tast reading, or the last
keyboard entry, wlil remaln on +he dlsplay,
The Instrument will contlnue to read probe In=
put, but will not update the display, The
Instrument cyclie time wiil be greatiy reduced
bacause of the measurement-cycle overhead that
Is not executed during the hold command,

Service reguest command: the service request
will be Issued by the Instrument upon comple-
tlon of a measurement,

SRO on settled reading

Raw-data command: the instrument wlll not
average or smooth any of the measurements,

Limit+ command: the Instrument will [ssue a
sorvice request |f any limit |s exceeded, if
a timlt Is exceeded and a service request Is
1ssued, the U command must be rearmed to be-
come oparational agaln,

Trigger command: this command, Identical with
the |EEE-488 group executs frigger, Initlates
a measurement cycle,

INTERFACE CLEAR and DEYICE dlsarm &l| the above commands,

A12, (Contlinued),

b, Command Functlons. Table A-3 describes
command functions.
GPIB

Kayname Functlon

MODE dBm D Displays messured dB

RANGE AUTO A Sets autorange mode
RANGE HOLD O

X100 OK  Sets X1 mode
1K Sets X100 mode

Sets range hold mode

SEL. AVERAGE OF Sets auto average
nF Sets seiect average
(n = 1=127)

c. Service Raquest Status Codes, Service
request status s defined by a flive=bit code,
as defined In Table A-4,

TABLE A-4, SERYICE REQUEST STATUS
BT
4 3 21 0 Meaning
X X X 0 1} CH 1 low Iimit exceeding
X % X 1 0] C 1 high |imlt exceeding
X 0 1t X X| Ch 2 low Iimit exceeding
X ¥ 0 X X] Ch 2 nhigh limlt exceeding

d, Data Entry/Recall Functlons, These func-
+lons enable entry or retrieval of numeric
constants used by the instrument, Operation
reverts to the measuring state after data
storage,

Kayname GPIB  Functlion

LIMITS L Low |imit vajue In dB

d8 LD .

LIMITS H High limlt value 1n dB

d8 Hi

SELECT N Salects channel number

CHNL

48 REF R dB8 reference level for dB

LEVEL dB modes

SELECT Z, | Impedance reference for
1 mW

SELECT X Salects probe number

PROBE

e, Special Functlons, Speclal functions
Include the automatic zerolng and clear funce
tlions,

Keyname GP!8  Functlon

ZERG F4 initiate an automatic
zerolng cycle

CLR c Clear numeric entry

to zero

A3
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A=12, (Continued),

f. 1EEE-488 Bus Command Extensions, The
toilowlng functions are added to bus cpera-
t+lon: .

Name GPIB  Function

Zaro selected
ranges (0~7)

ADR,ZERO Y

Sat to selected
range (0=7)

SET RANGE G

Thase commands must be preceded by an

appropr late argument, The argument for ¥ Is
the span of ranges to be zeroed; for example:
26Y speclfles zeroing of ranges 2 through 6.
It only ona rangs Is To be zeroced, the argu-
ment must begin and end with the same code
(e.q., 11Y to zero only rangs 1), The arqu~
ment for G Is the range number (0 = I m¥ to 7
s 3000 mV for 92008 probes) to be set,

q. Bus Avallabli!llty. When +he Mode! 92008
Is sent a string, |t does not normally tie up
+he bus while rasponding to the string; other
bus communlcations are possible durlng the
interval, The 92008 can inform the

control ler when 1+ Is finished by use of the
Service Request (s5ea A-12d, above), 1f this
is deslired.

The Mode| 92008 can, howaver, be made to lock
up the bus whiie It is responding to a string
- 1t such actlon 1s desired - by sending It
two strings in succession (even 1+ the second
string |s only a Null command),

Example: A "zero" command: wrt T16,n2n
Followed by a "talk® command: red 716,A,8,C

A-13, REMOTE PROGRAMMING,
NOTE

I+ assumed that the user Is acqualinted with
GPI8 principles and terminclogy. Refer to
the controller instructlion manual for the
syntax needed to create speciflc bus commands
and addressing sequences. All exampies glven
apply to the HP 9825 calculator,

A-14, Bus Programmliaq Syntax, The bus
programming syntax mirrors the front-panal
keystroke sequence closaly, E€ach key has
been assigned an alphanumeric character, and
sending that character Is equivalent to
pressing that front=panel key, The resulting
oparation Is Indlstingulshable from local
control,

Numerica! values are transiated by the GP1B
interfaca so that commonly observed formats
may be used, Flxed formats and floating-
polnt formats may both be used, These repre—
sentations are converted to thelr equivalent
f Ixad-polnt values, and the sign Information
Is post=-fixed automatically, theraby ansuring
+hat natural notatlons for numbers wiil be
accepted by the Instrument,

A-15, Suppose that It is desired to set the

{nstrument to the mV mode, Thae HP 9825
calculator could be programmed: wrt 716,"P"

A-4

The "wri® Instructs the calculator to send
data on the bus to one or more |l!steners,

Yhe number tollowing 1s the address lnfor-
mation; 7 Is the calculator address and 16 Is
the [nstrument address. (All examples in
thls appendix will use 16 as the Instrument
address, although any valld address can be
assigned to the Instrument.) When the calcu-
lator interprets the first part ot the line,
I+ will assert the ATN Iine to signlfy that
commands or addresses will be sent on the
bus, Follcwing that, It will send three
bytes or characters: Unllsten, the calcula-
tor Taik Address and the Instrument Llsten
Address. This (nformation will conflgure
both the calculator and the Instrument for
the data transfer. Affer the |ast command
byte has been accepted, ATN will be released
to the tatse state by the calculator, All
informatlon on the bus is Interpreted as data
in this mode, White In the data mode, the
calcuiator will send the gharacter "P7 to The
Instrument. At this instrument, this will be
Interpreted as equivalent to prassing the
MODE mV key and that function will be exe-
cuted, Because therae [s no more data to be
sant, the calculator wlil send a delimiter
(the preselect-ad message tarminator, see
Table A=2), The instrument recognizes the
message termlnator as an end-of-message
signal and returns to the bus fdle conditlon,

A~16, The preceding discussion of the

sending ot a single programming byte servas
to {1lustrate two Important polnts: every
data transfer |s preceded by a
command/address preaamble and each transfer ls
terminated by a message terminator (see Table
A2)., n the preceding example, six charac-
ters ware sent on tThe bus; only one was a
programming byte,

A=17, Tha measursment mode functlons (P, 8,
A, 0, ¥, D, W) and the spaclal functions (Z &
¢) do not expect any numeric value. These
functions all ars executed as recalved. For
exampla: The following will program dBmV and
autorange mode:

wrt 716,1"BA®
or
wrt 716,MAB"

Note that the sequence Is unimportant, except
+hat each function is executed In the order
it Is recalved on The bus,

A=18, Suppose that the Instrument s to be
zarced automatically and then asked to send
the reading In the m¥ and RANGE AUTO modes.
The HP 982% calculator could be Instructed as
follows:

wrt T16,"APZY
red 716,Y,5,Y

The sutomatic zerolng cycle Time Is approx!-
mately 18 seconds. Untll zeroing Is
complaeted, the instrument {s unable to
respond with new data, The tirst iine of the
preceding Instructlions sefs the operating
mode and inltlates the zercing cycle, The
|ast |Ine reads the response from the [nstru-
ment, The [nstrument response conslists ot
three numeric values: the first value is the



A-18, (Continued)},

front panel reading, the second |s a status
value (normally zero) and the third is the
range, These three numbers wilil be stored in
the calculator varliable {starage locatlions)
v,S and Y, Note that sach data transmission
from the Instrument consists of three values,
When the status value Is non-zero, Indicating
an error condltion, the data value will be
set to zero, The program wlil normelly tTest
the status value to assure valld operating
conditions,

A=19, Store/Recall Functions Syntax, The
qeneral syntax tor store/recall functions Is
the same as the front panel sequence; If a
numerlc value Immediately precedes the func-
t+lon, that value wii| be stored; otharwise,
the existing stored value will be recalied to
the front panel, These functions (L, H, N,
R, |, X) thus operate in a dual mods,

A=20, Suppose that it |s dasired ta store
the current voltage lavel In dB Info the dB
raference so that al! future readings will be
referrad to the current value, Allowance
must be made for the possibility that the
current value [s a dB relative value., To do
this, the current dB value must be read, the .
axisting dB reference must be recalled, the
true dB value must be computed and thls value
must be stored Into dB reference, The calcu-
lator could be Instructed as fo!lows:

red 716,Y,5,A
wrt 716,"Rv
rad 716,X,8,A
VXY

wrt 716,Y ,%R»

Note that R Is used twice In the program, the
flrst time to obtalin the existing value for
the dB reference and the second Time to store
the computed value, A{so, ncte that the two
read statsments (red) each fetch a different
value; tha first value 1s the voltage value
In d8 and the second (s the dB reference,

A=21, Output Data Format, The data output

of the Instrument consists of a striag con-

talning voltage measuramant mode, channsl In
use, front panel display, status of measure—
ment and The rangs code, The following for-
mat is used:

abecsddddEsd,S,R,{cr) (| f}
Where:

ab = moda (MY = voltage In m¥; DM = dBmY mode;
DR = d8 reference mode; DV = dBY mode;

D8 = d8 mode; OW = dBW n and E) (1)

c =channal (A= 1; B=2; C=3)

s = sign (+ or =)

dddd = data (four diglts, each diglt O through 9)

Esd = exponent, sign, diglt
s, = data dellimiter
S = status diglt:
0 = no error
1 = antry too small
2 = entry toc large
3 = measurement underrange
4 = measurement overrangs

APPENDIX A
OPTION 92006-018

% = zero acquisition out of range
~ sxcessive negative offset
{hardware mal function, ea.q.,
ITnput connector polarity reversed;
negative chopper oftfset)
6 = zero acqulisition out of range
- sxcesslve positive offset
{input too large}
7 = channei 3 over/under range

R = range diglt

= 1 my

3 my

10 mV

30 mv

100 mV

300 my

1000 mV

= 3000 mV

er = carriage return

If = |Ine faed

NARNEUN —-O
NN

A~22, Hold Measurement Fumctlon Syntax, The
hold measuremant function will hold the
currant Instrument measurement and prevent
another measurement untl| otherwise com-
manded, The syntax for hold Is 1Q and for
unhold (return to normal measuring) s 0Q.

NOTE
1f a command 1s sent during the hold measure-
ment mode, the Instrument display will not
return to the previous measurement displayed,

A-25, SRQ Function Syntax., The controller
can command the Instrument to pull the SR
|{ne true after each measurement, Tha syntax
tor thils command Is 1S, 25, to command the
Instrument not to pull the S5RQ {Ine true
after aach measurement, the syntax Is 0§,

To command the Instrumant to pull the SRQ
ltne true aftar each settled reading the syn-
tax Is 25,

A~24, Measurement Trigger Syntax. A T com—
mand on The Interface bus wlll force an
Instrument measurement, This command is
identlical to the IEEE-488 bus Group Exacute
Trigger command,

A=2%, Typlcal Application, Suppose that it
Is desired to measure Insertion loss or qain
with an Instrument equlpped with ocption
92008-03, whore channal 2 measures input
voltage and channet t measures output
voltage, The program shown below wlll
request reference conditlons and walt for the
user to sot tham up. Followlng establishment
of the reference, the program will loop on
Insertion loss/galn measurements, Each
measurement is triggered by the user,

Zerolng 1s prompted In the local mode at the
baginning of the program, Reading errors,
should they occur, wil} be signalled by a
doubla beep from the calculator; normal
measurements will glve a single beep, Thera
will ba ons print 1ine per measurement, The
raference value is not printad In thls
axample,

Program Yariable Usage:

P: = voltage measurement value
S: = statys value

Z: = dumny Input for prompts
R: = range value

A-5
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A-ZSQ {Continued),

Program Statements

Comments

0: ¢t 7

1: ent'zero chl,2,2

2: rem 7
3: wrt 715,
" INAORZNAQRIN"™

4: ent"rof measuren,?

S: red 716,P,5,R

6: 1f $>0:dsp"error",
S ;baep, CI'?‘CM

7:  wrt 716, 1N P "R3NY

8: beep;ent "measure'r,Z

9: red 716,P,5,R

10: [f $>0;dsp"errorh,

Clear Intertace
Prompt for zeroing
Enable remote

0 d8 ret, auto-set
ch 3

Prompt to set up
ref

Read ref value,
status

Test status
Set ch 1 dB
ref = P

Prompt for
measuremant

Read measurement,
status

S: Test status

beap; walt 100; gto8

11: prt P, "dB"; gtol
12: end

A~26, The program In t

frint measurement

he preceding paragraph

alsc measures refiectlion coefficient 1f

channel | measures ref|
channel 2 measures Incl

ected voltage and
deant voltage, The

reference conditions are established with a

short at the test port
couplar,

A-27, Use of Hoid Meas
Trigger Command (T) snd
Comp |ete-5RQ Commands (
the use of these comman

of the dlrectional

urement Command (0},
Measurenent—

¥). An exampie of
ds using an HP Model

85 contraller, BEC Modei 1020 generator and

the BEC Model 92008 RF

Voltmeter follows:

Statement Commant

10 | TOSCHK Program name
20 REMOTE 7 @ Enable remota;
CLEAR clear display

30 OUTPUT 703
;"IN 5010RO000SADY

40 QUTPUT 702
;™ IMHOLOON

S50 QUTPUT 703;n 10"

A-6

Set mode! 92008; ch 1,
sensor 1, I, = 50 Qls,
Q0 retference dB, no
hold Indication, no
measurement-comp lete-
SRQ, auto range mode,
d8 disptay mode

Set model 1020; 1 MHz,
cutput level of O dBm,
output on

Set model 92008 to
hold-Indlcation mode

60 OUTPUT 702
;"0L= 10

70 ENTER 703; A

80 PRINT A

90 DISP"PRESS
CONTINUE FOR
T C COMMAND®
100 PAUSE @ BEEP
110 OUTPUT 703; »T®
120 ENTER 703; A

130 PRINT A

140 OUTPUT 703;"0Q

150 DISP"PRESS
CONTINUE FOR 15
COMMAND®

200 PAUSE 8 BEEP

210 QUTPUT 702;"0LO™

220 WAIT 1000

230 ON INTR 7
GATO 290

240 QUTPUT 703;n15"

250 WAIT 200
260 ENABLE INTR 7;8

270 ON TIMER# 11,5000
GOTO 370

280 GOTO 280

290 QUTPUT 703;"0S"

293 WAIT 200
300 S=SPOLL(703)

Sat model 1020 to -10
dBm 1evel

Read modal 92008;
store In A

Print mode! 92008
Indlcatlions (A}

Display prompt on
mode! 85

Stop program; |ssue
beap (press continue)

Send T (trigger
command to model 92008

Read model 92008
Indication; store In A

Print mode! 92008
Indlcation

Set medel 92008 for no
hold=Indication auto
range mode, d8 mode

Ofsplay prompt on
model 85

Stop program;
issua beep

Set model 1020 to
dBm output

wWalt 1 second tor
seftted [ndication on
92008

I¥ Interrupt occurs,
branch to 290

Set model 92008 to
Issue an SRQ at

comp letlion of measure-
ment

walt 0,2 seconds

Enabie SR Interrupt
In modal 85

1+ no Interrupt Is
recaived in 5 seconds,
branch to 370

watt for interrupt (or
ascape after 5 seconds
- step 270)

At Interrupt, set
modej 92008 to no-
measurement-complete
SRQ

walt 0.2 seconds

Store result of sarlal
poll of model 92008 In
5



A=27. {Continued),
Statemant Comment

1f bit 6 (SRQ bit) of
mode! 92008 service
raquest byte does not
=], go To 37¢

310 IF BIT(S,81<>1
THEN GQTQ 370

320 PRINT it bit & does =1 (5SRO
HME AS~COMP=SRO" bit priat
HMEAS-COMP-SRQ"

340 DISP"PRESS Display prompt on
CONTINUE FOR 0§ model 85
COMMANDY

350 PAUSE @ BEEP Stop program;

{ssue beep
360 GOTO 260 Go to 260
370 PRINT"NO MEAS- There has been no
COMP-=SRQ" service request

Check §s complete;
print "DONE™

380 PRINT “DQNE

390 END

A=28. In the above sxample, the addresses of
the davices are:

Device Address
HF Model 858 7
8EC Model 1020 7
BEC Model 92008 2

A=29., The sequence of events In the exampie
program are as follows:

HP Model 85
Caontrol ler Comments

RUN The model 92008 will read the
signat generator level of
approximateiy 0 dBm and this
wlil be printed by the model
89; the model 1020 will change
its level to =10 dBm, but the
mode! 92008 will not change [Ts
indlcation since it Is In the
hold=Indication mode; program
stops at pause and waits tor
continue on model 83,

CONT INUE This tssues a T {trigger) com-
mand to the model 92008, which
now changes o approximately
=10 dBm; this Is printed by the
mode| 8%, The program stops
and waits for continue,

CONTtNUE This Initiates a sequence In
which the measurement-compiete-
SRQ Is enabled,

CONTINUE This initlates a seguence in
which the maasurement-complete-
SRO has been disabled,

APPENDIX A
OPTION 92008018

A=30, Sealed System Operation, When In
ssaled system operation (salacted by the
contral board bit switch) the Instrument witl
power up In the operzte mode but, by the use
of the proper GPIB commands this Instrument
can be placed In the DC or AC modes to allow
cal lbration of the instrument over the bus
without removal from the system rack, The
GP18 commands are:

Cparate Mode ngom"
Callibrate Mode 1 (DC Cal) ug im"
Callbrate Mode 2 {AC Cal)} "B32mn"

A~31, THECRY OF OPERATION.

A=32, General, Interface board A23 is a
microprocessor-driven data Interface which
caonverts |EEE 488 bus compatible signals into
control codes that operate the Internal
control bus of the instrument, |t also con-
verts Instrument data into IEEE 488 com—

. patidle signals for use on the bus, All data

transfers are handled by scurce and acceptor
protocols detined by IEEE-483-1973,

A=33, Detalled Description, {See Figure
A=1) All data manipulation and |EEE-488 bus
management are controlled by CPU A23U7 in
conjunction with a micro-program stored In
PROM A23U8. All data transter is handled In
paraliel to parallel mode by adapter A23U16,
Latch A23U15 handles transfer of bit switch
data that deflnes the Instrument address and
message termination characters to the Instru-
ment data bus, Bi-dlrectional buffers A23U17
and AZ3U18 handle data and control signal
transfers, respectively, between adapter:
A23U16 and the Interface buses, The Ram
memory A23U11 |s used by the CPU for tem—
porary storage of program varlables during
program execution, A23U14 the program timar
Is only used by the -06 MATE option tor
+iming required under ClIL cperation, AZ3U1
and A23U2 the programmabla peripheral Inter-
$aces form a "mallbox" for data transter bet-
ween the.instrument and Interface address,
control, and data buses,

A~34, Whea the instrument is turned on, or
when the supply valtage goes low, the supply
voltage supervisor A23U3 keeps the reset line
active untll the power supply voltage haas
resched |ts nominal voltage value, thereby
resatting the CPY A23U7 =nd clearing the
adapter A23U16,

A=35, Instrument address and message ter-
minatlon character data that Is presat by
bit switeh A235! Is supplled to latch A23U15,
To read the switch data, address bits AB4,
ABS, and coatrol signal TORD are activated
producing signal and enabling the latch
output. The switch data [s then transferrad
through the latch to the Interface data bus,

A=36. To read incoming Interface control
signals, the CPU activates signals TORD and
gsats addrass bit AB4 {ow, The Interface
control signal port of adapter A23U16 is
selacted through address bits ABD, A1, and
AB2., Adapter A23U16 is enabled through
dacodor A23U12, ‘Because signal TURD Is
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Figure A-1, [IEEE=488 Bus Interface Option $2008-018 Block Diagram
A=36, (Contlinued). A=38, MAINTENANCE.
active, signal TE suppiled by the adapter to A=39, Generai, The interface board does not

butter A23U18 s Inactive and this butfer Is
sat up tor data transter from the Iinterface
control signal bus to the control signal port
of adapter A23U16. Incoming [nterface
control signals are transferred through
bufter AZ3U'8 and adapter A23U16 to the
I nstrument data bus. GClocking of adapter
aperations ts controlled by the clock signal
ZCLK which is generated by A23U4b and divided
by A23U6. ZCLK also supplies the requirad
clock to the CPU A23U7. Interface control
signal transter In the opposite direction is
achleved bv reversing the states of signals
and TOWIE., An active TOWR causes signal
TE to buffer A23U18 to become active,
thereby reversing the diraection of data flow
through the bufter, Intertfacs controi
signals from tha Interface data bus ars then
written onto the Interfaca control bus
through adapter A23U16 and buffer A23Ul3,

A=37., To handle data transfers between The

I ntertace data bus and the Interface connac-
tor A23J2, adapter A23U16 s simllariy
enabled through decodar A23Ul2 by low address
bit AB4, Address bits AO, Al, and A2 are sef
ta select the data port of adapter AZ3U16,
and signals TOWR and TORD specify the write
and read functions, |f data Is to be wriften
to the Intertace connector A23J2 signal

is activated, thareby activating signal TE to
bufter to buffer A23U17, Data on the inter-
tace data bus Is then transterred through
adapter A23U16 and butter A23U17 to connector
A23J2, For data transfers from connector
AZ312 to the Interface data bus, signat TORD
Is inactive and signal TOR is active.

Signat TE to butfer AZ3UlT Is deacTivated by
adapter A23U16 to reverse tha dlirection of
data transfer through tha buffer,

operate alene, but rather fn conjunction with
+he Model 92008, |t intertface operation
becomes abnormal 1t shoutd first be deter-
mined ¢ tha 92008 opsrates normally wlithout
t+he Interface, |f It does, proceed according
+o the following paragraphs,

A-40, Physical Inspectlion. Check the Inter-
face board visually for loose or broken con-
nectors, unseatad IC's, foreign material,
etc,

A-41. VYoltage Checks, With the board
Installed In the 92008, and all connectors In
place, check the supply - and IC - voltages
accordling to the values shown on the schema-
+ic dlagrams, Flgures A-2, A-3, and A-4,

A-42, Active-Device Substitution, All the
active devices are socketed, making replace-
ment simple. Raplace each device, one at a
t+ima, and check for restoration of proper
per formance by the Instrument.

A-43. Troubleshooting. An oscilloscope,
whlie not the most usaful tool for
+roubleshooting bus~orlanted microprocessor
systems, still may be used to determine act|-
yity or lack of activity on the address, dafa
and control lines.

A-44, REPLACEABLE PARTS.

A=4%, Table A-5 lists all the replaceable
parts and includes; Reference Symbol,
Description, Mfr., Mfr's Part No,, and the
REC Part No,

A-46, SCHEMATICS,

A-47, Refer to Figures A2, A3, and M for
tha schematics for the 92008-018B Option,



TABLE A-9, REPLACEABLE PARTS.
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REFERENCE

PWA IMTERFACE

DEZIGHATOP DEZCRIPTION

L g ol . 8 D Y R A

)

€

Cc1
[
c3
c8&
cr=12
42
P
LA
R2
RrI=-
PAl

ur-2
13-4
us

us

ur
ug=-18
utt
use
uts
[FR R
e
3
LU
RU3I-4
B{UES
Xus
Ru?
xXus
Xug-11
XUt
NU12
XU+
EETRR-
RITRES
wu17-18
Y1

COMHECTOR 2 PIN STRAIGHT
COMHECTOR 2 PIN STRAIGHT

CHP MICA 47pF 32 390V

CaP THNT 10uF 10X I3V

CaP CER 0.1uF 20% %0V

CaP EL 10uF 20X 23v

©aP CER Q.1uF 20K 3av
COHHMECTOR 24 PIN (GPIB?

() CONNECTOR $ PIN RT ANG nOd
RES MF 1.0ON 1X 1794

FES MF 22,9 OHM 13 1744

RES MF 4.7%k 1% 1-44

RES NETHIRK #4.7K 2% 1.89

RES NETWORK 22K 27 1.74
SWITEH DIP SPST & CKT PIANO
IC 225% INTERFACE

[C 74HCO4 HEX IMVERTER

IC YOS SUFPLY VOLTAGE SURYP
IC 74MCTS DUAL O TYPE FLO

. 2H0C TPU CMOS

IC F4HCIZ QURD 2 [MPUT OF

I T954 EKx3 RAM CMJS 28 DIP
e FAHC139 DURL 2-4

IC T4HC249 OCTAL BUS

IC 9914ANL 1EEE BWE PROCE3ISOR
IC 79150 IEEE BUE TRANSCEIVER
[C 73161 [EEE BUS TRAHSLEIVER
SOCKET IL 40 PIN

SOCKET IC 14 PIN

SOCKET IC 8 PIN

SOSKET IC 14 PIN

SOCKET 10 49 PIH

SUCKET IC 289 PIM

SACKET IC 14 PIM

SHCKET IC 28 PIM

SOCKET I 1§ PIH

SUCKET IC 24 PIM

SOUCKET 1o 20 PIM

SOCKET IS 40 PIN

SOCKET IC 29 PIH

CEYSTAL 3J.37954F MHz

01293
92733
TOEHIB
02733
TOSHIE
42733
42733
1312%9
01295
91293
- s
36774
05778
NATTH
065775
V5778
05775
06778
87?5
06775
0R7T7s
776
0&TVS
ECMAR

MAMUFACTURER
PART HUMBER

[ L L L L e

22-03-203%1
22-03-2821
DHS-EC4TOY
19601 DX UIPES
SRI1SEL I4MAR
SM-2%-YB~110-M
SRIISEI 04MAR
g%2230-1
477333008
SN4ZELIMONOF
SN4TERZORIOF
SN4ZELAKTIOF
JILBAT2
4088223
aT~-3-2
CPE2CY3A
CDT4HLDSE
TL?TO0SACPNI293
COTHHCTAE
THPZ24CO0RP
CDV4HC3IZE
TCISEIPL=15
COTH4HCT IIE
COTIHCZ40E
TMSFI14AHL
SH7S1580BM
SH7SIS1BN
ICH-406-34~TG
ICN=-143~-33-G
JICN=033-33=0
ICN=143-33~-G
IoH=4de=-S4=TG
ICN=286-34~TG
ICN=143-53-1
[ICH=238~-84=TH
1ON~183=-53~5
ICH-245-S4=83
ICH=203-33~G
[CH-408-54~TGC
ICN=-203-82-4
MACIZSA

O X Y X T N L N S R e e R

8EC
PART NUMBER

ATTIEI 0G0
47TIRTINON
FOLURE: DL
2943382000
224363090
29333840103
224258000
4793364000
47V33TN0R
31500000
341130000
3413633090
Fas020000
I4T0441 2R
45F29908R
53441190A
B3442504A
334422008
334423024
$3340900A
SFI442%01R
II4303090
Y3442500R8
SI4425032R8
5342088000
I34286000
34297000
473032000
4723019000
473941000
473019009
47I0TZ0400
473044000
473019000

3044000
4734042009

. 473043000

4730630101
4T3INI2000
473063000
S47035009
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SCHEMATIC, MATE INTERYACE

NOTES:

8314592 0lA

I. CAPACITOR VALUES IN UF UNLESS OTHERWISE SPECIFIED.

2. RESISTANCE VALUES IN OHMS UNLESS OTHERWISE SPEC.

3. USE JUMPER"A" WHEN Ul IS A 2K ROM.
USE JUMPER "B" WHEN Ul IS A BK ROM.

4. LAST NUMBER USED: RS, Ci2,Ul8,J4

NUMBERS NOT USED: RS, RG, R7; C4,C5; U3,

CARD EDGE
| U1 u2
| 34 4 4 34
00 | DO PAO {2 PA0 DO |3 DBO
D1 &2 3ot el e ot 52 DB1
02 £ 31102  PA2 S T1PA2 D2 55 D@2
D3 303 paatds a3 03 3 083
D4 —59 | 04 PA4 39 36 PA4 D4 2& B4
DS 205 st 21pms  ps S D8S
05 K4 2105 Pag [ —21Pa6 D6 |55 086
07 07  PA7 PA7 D7 0B7
1
A0 3 o  peo He- 9 1ps0 a0 t3 ABO
AL 8la1 By PBI A1 AB!
T =1 pea [£2 Plpge M YORD
wrokE—— Xim pealel 2l |6 TowR
BF ¢X—— 205 o2 £1ped 315 WEDX
| RES  P@s &3 21PBS  RES |-
| P86 24 22 pes
PB7 21 pg7
| B2C55 82C55 U4
l PCo Hid— 3 peo o—zo@'— TrST
pC2 [ »—l}c‘ PC2
[ L2 vec  pc3 —-71 411pc3  vee (28
4 Ay
| pes |12 a U3 121 pes c7
' 7 PCe o | i Pee 74"
| 6N PC7 \ PC7  GND
|
| L_- U3 8] ¥ 2] |5
mr Soe]2 22 K
T4 HCO4 T
+5V —7”; T asv
\%
Figure A-2, A23 Intertace PC Board Schematic

and Component Location Diagram
Sheet | of 3
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c6 [~
/F:E 10 UF, 25V
\Eg + ;[7 us U11
a +5V | ABO 10 AD Do | 41 pAD | | ABO 10 | A0 Do 11 N80
5 GND Y5 - Dy (12 0B84 1] AB4 9143 Y EE: DAY
U7 cpuzso _AﬂZ_._g_ A2 D2 _.}g_.ma_ _Lg_, A2 D2 (13 DR2 | ABO
14 30 ARD _Aﬂﬂ_._ A3 D3 _._Dﬂa_ .—m___ A3 .—1.5_..___033_
pRy 157 20 AD F3r—apq 11084 61,5 pa |46 0Ra(I[ABa— 1,3  pI[46 " ops| :gé
m_i_a_ D1 At _32..._AE2_ _‘ﬂﬁ_..-._S_ A5 05 Mﬁ_ _Aﬂ.ﬁ__s AD Ds L_._._Dﬂs_ AB4
DR3 B] 02 A2 33__AR3 | [ ABE 4| ¢ pg |48 0B ||| ABE 4 AB s 18 NBE ABS
7103 A3 34__AR4 ..ABZ__iAy 07 1 19 pR7 | 3 A7 07 119 pA7 |
._m:'l__._” — g1 04 Ad [35__aRS [ ABR 25| ,q ot e MAD 25| 48 OE 22 DBO
oRs 3000 ASISE—pe MBS 24149 ypp [ 4140 WA 2L DBt
na7 13 B8 AS 57 —amz | FAB10 211 4% pew (21 ey | | [RBAD clia0  cs2 B sy DB2
b7 AT 55 apg | HBAL 231 400 e [25 FETVRINF1 poriliee-3 EU0 s DB3
18 | oy A [39 ama HB12 21410 vee e AB12 1 E a2 vee (28 DB4
c A 5V 24 afo F49_AB10 — & GND —;[7 — & e P clo OBS
1,713,14 ——24 (1 __ABMY M -y T 086
147 pf,IOOV JT A ::é _g AR12 U4 n "5 ’??u ] DB?7
+5V S mn a13 3 9 d 1
P4 23| g ass [ u?
475K I3[ Jl2_ 12,
16 28 |
INT BSH 59 ’_ISd 74HC32
+5V +5V MRED 74HC
U U4 7 mr R [e Ry % |
22
C8 7 8 HR~_0 6 W 56
+* 5] SEN VCC ¢ R3 e CLk TOHG F5=—
A < AIN RES F5— [475K - W el . 0 ¢
cT o == AESET : IOWR
. jE—’- REF GND |4 316N veo HHE—— '5c
0
IOUE TL7705 10
I 8 TORD
9
XINT
ZCLK
TAST
SCHEMATIC, MATE INTEEFACE
B3145902A
Flgure A-3, A23 Interface PC Board Schematle

Sheat 2 of 3
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U15
w7 1810 012 1 S1 16
B8 3q02  p2 L 2 5013
_DBS__C a3 D3 4 3 o 14
084 Sogs pafld 4~ 13
| —p— oo
—q 0E g o 12
11
74HC240 7 oo 10
o0
Uia. U14 s2csa  “>)[loma | 18l ool | i
obe [ 0RO 8 | 9 gy |82 3: b (-
DB2 B4 140, ggple] gy | AL 7 g? e EY Q84 ledes p3l8 1117111 T
062 T 2 5105 hor [0 o IR 1]
: 10, DR3 - o’
055 Y4t vAp B4 4 33 cLky i3 +5V — RA1
DBE OB 3105 gates [Hi-
o87 U12 74HCI39 F s g‘; ouUTY == U16 U17 751604 J2
DRQ 10 38 12 9
AB4 A 75 bd— cLk2 8 0R1 D0 DIOt =5 D8 88
ABS 3] B i '.'}5—-- _Jﬂn__é%_ A0  GATE2 ._115___‘ 0R2 ié D1 D102 g; ii D7 B7 8 2 g}:g;
Bmpé r—b Al OUT2 17 oR3 13 02  0I03 = 5 D6 B6 -2 32 DIO3
ll: %P7 2| p5 12103 DI04 15105 BS |-o— 42 pI0
J;C LR B4 DIOS |53 151 04 B4 ¢ DI0S
U/ oo 12 -8 15105  pIos D3 83 |5 142
HBOX [ k | 086 16 1hs  pyg7 |32 18 | b B2 |3 15°¢ D108
AB1 ! AB0 6,0 1] B 43 < D108
Vi
162 s M awo  vee (2L sy
: 0t | [
Tt 33_ g . U18 751614
39 (20 | 19 2
oI, 2[R, PEN S i N BAe |- G e
< C 153 14 IFC BIFC [ < IFC
TR ~4 II%'TG NouC 152 15 NOAC  BNDAC |5 2 NDAC
mcu_x ig| I NAFD |52 15 NRFD  BNAFD |2 < NRFD
JCIK | 8 0 DAV~ BOAV [=— © < pav
CLK oI |22 4 / 5
| - ol === 1o it
SCHEMATIC, MATE INTERFACE +5V 40 {vyec  sma & 12ish0  ssng go 12 ¢ ggzg
831459 O3A 20| cup ot |20 1] o go 1 16 o
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APPENDIX B
INPUT CHANNEL 2
OPTION 92008-03

B-1, DESCRIPTION,

B-2, Optlon 92008-03 prov!des an addltlional
messuremant channei (channel 2) that is lden-
tleal to channel 1 except for mounting, Wlth
this option [nstalied, messurements may be
made on each channel Indlvidually, or both
channels can be monltored automatically and
thelr ditfersnce In dB displayed. This
optlon consists of a second input module,
complete with chopper, that connects to the
40-11ne bus and has Its own power connector,
Connaections are shown In Fligure 7-9,

B~-3. INSTALLATION AND REMOYAL,

84, To install and remove the input chan-
nal 2 optlon, proceed as follows:

a, Turn the instrument bottom up, Remove
the screws that secure the bottom cover and
silde the bottom cover back and off,

be Install the rear input connector at The
left side of the rear panel,

¢, Dress the cable from the rear Input con—
nector down the left side frame of the
tnstrument (as viewed from the bottom of the
Instrument) and across the front sub-panel,
The cable will run below the module being
Instatlled,

d. Remove the bottom trim strip from the
Instrument by removing the two screws that
secure It to the sub-panel, Install the
second channel froat panel input conpector
observing the seme orientation as the channel
! connector., Saecure the cable qrounding lug
under the |eft binder-head screw that holds
the connactor mounting bracket to the sub~
panel, Run tha wire from the rear connector
and chopper through the open slot In ths sub-
pane! and wire the lnput connector the same
as channal 1, Re-=install the bottom *rim
strip,

s. Install the channel 2 Input module and
secure It to the side frames of the Instru-
ment with the four screws suppiled with the
option,

#. Remove the four corner screws that secure
the channal 2 Input module cover and remove
the cover,

g. Plug the channal 2 chopper Into the chan=-
nel 2 lnput module, sesting the chopper
tirmly,

h., Connect the 40 pin ribbon cable connector
to the tfront edqe connector of the channel 2
input modutle,

1, Connect the power cable supplied to the
power supply (position B) with the black lead
on the right slde (as viewed from the bottom
ot the lnstrument) and to tha input module
{rear) with the black lead on the right,

NOTE

Avold reversal of the two ends of this cable;
thera 1s lead trans-position,

Jo Install the channe! 2 Tnput module cover
that was removed In step f,

k., Replacs the bottom cover removed In step
a,

{ae To remove the channel 2 input module,
reverse the above procedure,

B~-%, OPERATION,

B-6, When optlon 92008-03 Iis Instslled,
sach 1nput channels may be operated indepen—
dently with Its own probe, Probe data and
measursment parameters stored In the Instru-
ment non-volat|le memary for each of the two
Input channels are selectsd automatically
when the assoclated channael Is selected,

NOTE

When programming measurement parameters for a
channel, the channel number must be the first
Item selected,

B=7, Channel | and channel 2 operating pro-
cedures are basically the same as Thoss
described In Section 111 of this manual, A
channe! 3 mode of operation may also be
sealected, In the channel 3 mode, the Input
levels to channels | and 2 are both monl-
toraed, and the d1fference between the two
Inputs, (In dB referred to channel 2), Is
shown on the Instrument display, The

fol lowing parameters selfected for channsls 1
and 2 prior to selection of the channel 3
mode remain operative for channsl 3 mode
operation:

a. hutoranging or range hold (for each chan-
nel), R

b, Limits (for esach channel}

c. dB reference levels (for each channel)

d. Zaroing

B-8, When channel 3 mode has.been selected,
the following keys are Inactive:

a. ZERO

b. MODE mV

¢. MODE dBm (Instrument is automatically In
d. X100

e, REF LEVEL dB

+. AVERAGE SELECT

The recorder output In channel 3 mode Is a
function of channel 1 dB only,

B~9,  MAINTENANCE.

B8~10, The proceduras used to |solate
malfunctlons to the channel 2 input module
are simllar Yo those described for the chan-
nel 1 input module in Section V of thls
manual, Signature analysis technlques are
used to lsolate defective parts on the chan~
nel 2 lnput module, For convenience, the
slgnature analysls information for the chan~
nel 2 Input module Is included in Sectlon V.

B-1
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APPENDIX C
INTERNAL TMA (MATE)
OPTION 92008-06

C~-1. DESCRIPTION,

C~2, Ths 92008~06 option provides |EEE-488
programming syntax which conforms to MATE
System Control [ntertace Standard. The pro-
toco! |s the ClIL subset of the ATLAS control

t anquage,

C-3, The 92008-06 optlon consists of the
following |tems:

a, A23u8, P/N 534432008 replaces the
exlsting A23U8 P/N 534441008,

b. A23Ut4, P/N 53441000A,

c. ASICS, P/N 534430008 replaces the
axisting AS{CS P/N 534439008,

d, ASIC7, P/N 534431008 replaces the
existing ASIC? P/N 534440008,

C-4, MATE CONFIGURATION,

C=5, The 92008-05 option allows two main
modes of operation, selected by Bit Switch
8 of the Interface Board Bit Switch, 51,

Blt Switch No. Operating
8 7 6 5 4 3 2 1 Mode

C = = = = = = = Native {non=-MATE}
| EEE-488 control
0 = = = = = = = MATE compatible

| EEE-488 control
C = closed {Loglc O}
O = open (loglc 1)
- = as required

C~4, The MATE/native mods sslection |s made
during power-on inltlallzatlion, To change
mode, the Instrument must be turned off
before Blt Switch 8 Is changed, When power
1s re-appllied, the new mode will be In
aeftect,

C-%, When the 9200B-06 powers up In the MATE
compatible mode, the active channel |s set to
the following condltions:

a, Millivolt Mode
b. Autorange Mode
¢, High dB Limit = 99,99
d, Llow dB Lim!t = -99,99
s, Raw data flag cleared

C-§, While the 92008-018 |s In |EEE-488
LOCAL mode, al! panei functions are aveilable
t+o the operstor. This Includes all ot the
condltlons preset durlng power-up, When the
system control ler places the 92008~018 Into
+he REMOTE mode, the above Inltiallzations
will be restored, Al! pansl controls are

i noperative whilie the 92008-01B Is in REMOTE
mode,

C=-7. The 92008-01B option supports two-
channel operation |f the second—channe! hard-
ware {s instalied, Attempts to access &
non-ex|stent channe! wli! generate an [llegal
channel error messsgs. The -first channel is
addressed as :CHO or :CHOO, and The sscond as
tCH1 or :CHOI,

C-8, OPERATION,

C~9, Users of this option must be famillar
with the mate standard, Only the specific
ClIL commands and protocois applicable to the
92008 are discussed In this appendix,

C=10, A MATE measurement conslsts of the
following operations:

a., SETUP FNC command
. b, CLOSURE CLS command
¢, INITIATION INX command
d. RESULT FETCH FTH command
e, DISCONNECT OPN command
t. RESET RST command

C~-11, Each of the flrst three steps (SETUP,
CLOSURE and INITIATION) must be done in that
saquence, An error message wlll be generated
1f the requisite prior steps have not been
successfully performed,

c-12, SETUP,

C-13, The SETUP command syntax |s as
fol lows:

FNC ACS VOLT :CHn (optlonal |lmits) <cr><if>

where :CHn = : , $CHOO, :CH!, or :CHO!
<cr>» = ascil return, <|f> = ascli line-feed

C-14, f no optional IImlts ars sent, the
default values will be set:

Maximum voitage = 3,000 Volts
Minimum voltage = 0,000 Voits
Maximum frequency = 1,200 Gigahertz
Maximum delay time = 3,000 seconds

C~15, Each |imit may be optionally set
within the FNC command string, Any 1imit not
set wlil retaln t+s defauit vatue:

Command Comment

Max voltage: range =
vmin to 3,000 Volts

SRX VOLT value

Min voltage: range =
0 Yoits to Vmax

SRN YOLT value

Leave max » 3 volts,
and min = 0 volts

SET YOLT AUTO

Max frequency: range =
0 to 1.2 GHz

SET FREQ value

Note: valus = ascll numeric string,
fixed or floating polnt,
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C-16. |f no error Is detected whilie parsing
the FNC string, the actlve channel will be
set as determined by the :CHn modifier, and
the |Imit velues will be etfective until a
new SETUP or a RESET occurs.

¢-~17, The following messages may be
qenerated while parsing the SETUP command :

a. No error: <sp><er><if>

b, Unrecognlzed operand: FO7HFYOn (MOD):
1LLEGAL NOUN/NOUN MOD, zzzecr»<|t»

¢. Operand out of sequence: FO7HFVOn {M00D) :
{LLEGAL zzz PROGRAMMED H,F, VOLTMETER
<cr><| >

d. Missing operand{s) at end of command:
FOTHFVOn {MOD): ILLEGAL SYNTAX PROGRAMMED
H,F, VOLTMETER <cr><|t>

e, Improper channel command: FOTHFVOn
(DEV): ILLEGAL CHANNEL PROGRAMMED H.F,.
VOLTMETER <cr><!f>

t, Maximum valtage out of allowable range:
FOTHFVYOn (DEV): 1LLEGAL MAXIMUM PROGRAMMED
H,F, VOLTMETER <cr><|f>

9. Minlmum voltage out of ailowable range:
FO7HFYOn (MOD) : ILLEGAL MINIMUM PROGRAMMED
H.F. VOLTMETER <cr><| >

h. Fraquency |Imit out of allowable range:
FOTHFYOn (DEV): [ILLEGAL FREQUENCY
PROGRAMMED H.F, YOLTMETER <cr><it>

!, Maximum delay time out of allowable
range: FOTHFVYOn (MOD): 1LLEGAL MAXTIME
PROGRAMMED H,F, VOLTMETER <cr><|f>

Notas:

e <sp> = ascll space,

2. n=0or 1,

3, zzz = unrecognlized or illegal operand,
truncated to 20 char,

4, Errors b, c and d are general syntax
errors, and may occur durlng any improperly
constructed command string, In the sections
that fo!low they will be termed “syntax
errors”, and will not be separately shown,

C~18, CLOSURE,

C~19, After successful SETWP, the 92008 must
be CLOSED, The command syntax Is:

CLS :CHn<cr><!if>

C=20, The channe! number must agree with the
current active channel, as set by the FNC
command string., (f it does not, an 1liegal
channel message wil! be generated,

C-2%. In addition ta syntax errors, the
following messages may be generated:

a. No error: <sp><cra<it>
b. Iimproper channel command: FOTHFVOn

{DEV): [(LLEGAL CHANNEL PROGRAMMED H.F,
VOLTMETER <cr><|$>

Cc-2

c. Instrument not SETUP: FOTHFYOn (MQD):
H.F., VOLTMETER NOT SETUP <cr><|f>

C-22, INITIATION,

C-23, Each measurement must be INITIATED
before any result can bs obtained, The com
mand syntax Is:

INX YOLT <cro<|t>

C-24, It no error condition s encountered
while parsing the above command, the 92008
computes the time required to compiste the
measurement and places the time [n the output
buffer. The output buffer is enabled, and
t+he controlier |s expected to read thls valus
and use It tc determine Its |/0 *imeout
{Imlt,

C-25, A measurement is then inltiated,
During this time, the 92008 Is able to accept
the follow-on FTH command string, but wii!
not return data untli the measurement [s
complete,

C-26, A speclal case for INX 1s created
when Max imum Voltage (SRX VOLT) Is set fo
zero. Thls 1s used to trigger an autozero
cycle, The time required to complete the
autozeroc cycle, including MAXT, will be
returned, The SRX Iimit remains at zero, so
I+ Is necessary to perform a new SETUP after
an autozero cycle, The resuit phase (FTH)
atter autozero Is always zero, unless an
error is encountered,

C=27. In addltion fo syntax errors, the
toliowing messages may be generated:

a, No error: <sp>dddd<cr><|f>

b, Instrument not SETUP: FOTHFVOn (MOD):
H.F. YOLTMETER NOT SETUP <er><if>

c. Instrument not CLOSED: FO7HFVOn (MOD):
H.F, YOLTMETER NOT . CONNECTED <cr><l >

Note: d = ascll numerlc digit (0 - 9)
C-28. RESULT FETCH,

¢-29. The measuremen? value |s requested by
+he command:

FTH YOLT <cr><it>

C~30, The Instrument wil! determine |f &
sattled reading was possible withln the
settiing time |imlt reported to the
controller during the INX command. The
measurement value is tested agalnst the maxi-
mum and minimum |imits establ ished during the
SETUP command, |f no errors occur, the
reading Is loaded Into the output but fer;
otherw!se, an error message is loaded,

C~31, Execution of the FTH command also
returns the 92008 to CLOSED and not=INITIATED
status. My numbar ot successive INX - FTH
measurement cycles may ba performed while
st1!1 CLOSED,



C-32, In addition to syntax errors, the
following messages may be generated:

a., No error: <sp>0,ddddEsd<ers<]ts

b. Instrument not SETUP: FO7HFYOn (MOD):
H,F, VOLTMETER NOT SETUP <cr»<lf>

Ce Instrument not CLOSED: FOTHFYOn (MOD):
H,F, VOLTMETER NOT CONNECTED <cr><lf>

d, Measurement not INITIATED: FOTHFVOn
{MOD) : MEASUREMENT NOT INITIATED <er><|t>

e, Measurement did not settie: FOSHFYOn
(DEV): MEASUREMENT TIMEQUT <cr><|f>

f. Meoasurement excesded maximum [imlt:
FOOHFYOn (DEV): MEASURED VOLTAGE GREATER
THAN MAXIMUM <cr><) f>

ge. Measurement less than minimum |Imit:
FOIHFYOn (DEV): MEASURED VOLTAGE LESS THAN
MINIMUM <cr><if>

Notes: s = exponent sign, +/
C=-33, DISCONNECT,

C-34, The 92008 may be loglicaily discon-
nected from the test system by the command:

OPN :CHn<cr»<| f>

C=-33, The channe! Identitication must agree
with the currently active channel; otherwiss
an |llegal channel srror will be generated,
The channel must have been SETUP prior to
Issulng this command,

C-36, After axecution of the OPN command, 1t
1s necessary to send the (LS command prior to
INX and FTH commands,

C-37. In additlon to syntax errors, the
following messages may be generated:

8, No error: <spr<cr><if>»

b, Improper channe! command: FQ7HFYOn
({DEV}: ILLEGAL CHANNEL PROGRAMMED H.F.
VOLTMETER <cr><it>

¢. instrument not SETUP: FO7HFYOn (MOD):
H,F, VOLTMETER NOT SETUP <cr><Iif>

C-38. RESET,

C~39, The RESET command addresses a speclflc
channei!, clears any pending error mass-ages
and sets the S200B +0 not=SETUP status. The
syntax Is:

RST ACS VOLT :CHn<cr><| t>

C-40, An lllegal channe! error message is
generated |f the channel addressed does not
axist,

C-41, The (EEE-488 bus command DCL (Device
Clear) will perform a RESET on the currentiy
actlve channel,

C-42, In addition to syntax errors, the
foliowing messages may be genarated:
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a. No error: <spr<ers<lt>

b, Improper channel command: FOTHFYOn
(DEV): [LLEGAL CHANNEL PROGRAMMED H,F,
YOLTMETER <cr><|#>

C-43, SELF TEST,

C-44, Two self-test conmands are recognilzed
by the 92008, but the same Internal test Is
done for both, The tast 1s a check-sum veri-
flcatlon of the 92008 program memory, The
command syntax [s:

CNF<cr><I > or |S8T<cr><| >

C=45, Each of these commands also does an
Impl fed RESET, returning the 92008 to
not=SETUP status, and clearing any pending
errors prior to self-test,

" C-46, In additlon to syntax errors, the

fol lowing messages may be generated:
&, No error: <sp><er><lf>

b, Checksum error, CNF command: FOTHFVOn
(DEV) : - CONFIDENCE TEST FAILURE <cr><it>

¢. Checksum error, 5T command: FO7HFVYOn
(DEV): BIT TEST FAILURE RAM/ROM <cr><i >

C-47, STATUS COMMAND,

C~48, Messages In the output bufter must be
enabied prior to belng sent to the
controlier, Except atter an INX or FTH com~
mand, which Impillicitly enable the output
buffer, the STA command must be sent to
access the current message, When the STA
command 1s recelfved by the 92008, the no-
error message Is loaded unless an error
message s already present, and the buffer Is
enabled, A subssquent talk command on the
{EEE~488 bus wlll cause the message to be -
sent to the controltier,

C~-49, Any error message In the output bufter
provents further loading of the butfer until

the message Is sent over the bus, or a RESET

occurs,

C=50, The syntax for the STATUS command Is:
STAccr><| >

C-51, [f no error message exists In the out-
put buffer, the follow!ing message Is genera-
ted:

2, No errors: <spr<cr»<|lf>

C~52, SOFTWARE CODES,

C-53., The display wil! Indicate the week and
year code of the softwara version installed
in the Instrument for approximately Two
seconds after the Instrument |Is turned on.
Example: 0885

Indicates week 8 year 1985,

C=3
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C~-54. MAINTENANCE,

c=55. To perform any of the maintenance pro-
caedures outllned In Sectlon Vv of the 92008
Manual, set Interface Board BiT Switch 8 for
nativa mode operation, This will allow
|EEE~488 access to Instrument calipration
functions, Restore the MATE contiguration
atter malntenance procedures are complete,



WARRANTY

Boonton Electronics Corporation warrants its products to the original
Purchaser to be free from defects in matarial and workmanship and to
operate within appiicable specifications for a period of one year from date
of shipment, provided they are used under normal operating conditions.
This warranty does not apbl_y to active devices thet have given normal
service, to saa_ie'd'hmmblies which have been mw, or to any item which
has been repaired or altered without our authorization.

We will repair or, at our option, replace at no charge any of our products
which are found to be defective under the terms of this warranty. Except .
for such repair or replacement, we will not be liable for any incidental
damages or for any consequential damages, as those terms are défined in
Section 2-715 of the Uniform Commercial Code, in connection with pro-

ducts covered by this warranty.

25 EASTMANS ROAD
ELEc'moum ODMATION PARSIPPANY, NJ 07054-0465 USA

PHONE; (973) 386-9696

FAX: (973) 386-9191
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