
Q Copyright Hewlett-Packard Company 1980 
P.O. Box 301, Loveland, Colorado, 80537 U.S.A. 

Et! HEWLETT 
PACKARD 

OPERATING AND SERVICE MANUAL 

MODEL 3456A 
DIGITAL VOLTMETER 

SERIAL NUMBERS 

To help minimize the possibility of electrical fire 
or shock hazards, do not expose this instrument 
to rain or excessive moisture. 

Manual Part No. 03456-90004 

Microfiche Part No. 03456-90054 

Revision B 

Revised: February 1982 Printed: JtViunrY IYXI 



COPYRIGHT AND DISCLAIMER NOTICE 

Copyright - Agilent Technologies, Inc. Reproduced with the permission of Agilent 
Technologies Inc. Agilent Technologies, Inc. makes no warranty of any kind with regard 
to this material including, but not limited to, the implied warranties of merchantability 
and fitness for a particular purpose. Agilent Technologies, Inc. is not liable for errors 
contained herein or for incidental or consequential damages in connection with the 
furnishing, performance, or use of this material or data. 

GIDEP Metrology
Cropping of the black borders around each page was not accomplished,
as it increases file sizes in the database. However, this action
will be accomplished on files in future versions of Metrology DVD.



TABLE OF CONTENTS 

Section Page Section 
1. GENERAL INFORMATION. I-I III. OPERATION (Cont’d) 

l-1. 
l-5. 
I-X. 
I-II. 

I-14. 
l-16. 
l-18. 
l-20. 
l-22. 

Section 

Introduction, ...................... I-1 
Description, ....................... I-I 
Specifications. ..................... l-l 
Instrument and Manual 

Identification .................... l-1 
Options ........................... 1-l 
Accessories Supplied ................ l-1 
Accessories Available. .............. I-8 
Safety Consideration ............... . l-8 
Recommended Test Equipment ...... .I-8 

Page 
II. KNSTALLATION _, .2-l 

2-l. Introduction ...................... .2-l 
2-3. Initial Inspection .................. .2-l 
2-s. Preparation for Use ................ .2-l 
2-h. Power Requirements. ............. .2-l 
2-8. Line Voltage Selection. ............ .2-l 
2.10. Power Cords and Receptacles ....... .2-l 
2.12. Grounding R equirements. ......... -2-I 
2-14. Bench Use........................2- 1 
Z-16. Rack Mounting. .................. .2-2 
Z-18. Interface Connections .............. 2-2 
2-20. Address Sclcction. ................ .2-Z 
Z-23. External Trigger. ................. .2-4 
2-25. Voltmeter Complete Connector. ..... 2-4 
2.21. Environmental Requirements. ....... .2-4 
2-28. Operating and Storage Temperature. .2-4 
2-31. Humidity ........................ -2-4 
2-33. Altitude,, ........................ 2-4 
2.35. Repacking for Shipment. ........... .2-4 

Section Page 
111. OPERATION.. .,.3-l 

3-l. 
3-s. 
3-9. 
3-11. 
3-13. 
3-17. 
3.19. 
3.21. 
3-23. 
3-25. 
3-28. 
3-30. 
3-33. 
3-37. 
3-39. 
3-41. 

Introduction ....................... 3-l 
Prc-Operating Instructions .......... .3-l 
General Operating Characteristics .... .3-l 
Turn-On and Warm-up ............ -3-l 
Reset ............................ 3-l 
Self Test Operation ............... .3-3 
Display .......................... 3-4 
Error Messages. .................. .3-4 

Operating Characteristics. .......... .3-4 
WC Voltage Measurement .......... .3-4 
AC Voltage Measurement. ......... .3-5 
AC + DC Measurement. ........... .3-5 
Resistance Measurement. .......... .3-S 
Shift Operation. .................. .3-6 
Ratio ............................ 3-6 
Offset Compensated Ohms 

Measurement (O.C. Ohms). ....... .3-7 
Ranging ......................... .3-7 
Instrument Trigger Modes. ........ .3-8 
Autozero, ....................... -3-8 

3-44. 
3-46. 
3-48. 

Page 

3-50. 

3-52. 
3-54. 
3-56. 
3-61. 

3-63, 
3-65. 
3-67. 
3-69. 
3-71. 
3-71. 
3-78. 
3-81. 
3-84. 
3-87. 
3-90. 
3-93. 
3-96. 

Autozero Effects on 4-Wire Ohms 
Measurement .................... 3-8 

Analog Filter. .................... .3-9 
Numbered Keyboard Operations. .... .3-9 
Storing Into Registers ............. .3-Y 
Number of Power Line Cycles 

Integrated ...................... 3-l 1 
Digits Displayed. ................. 3-l I 
Number of Readings per Trigger. .. .3-l 1 
Settling Delay. .................. .3-l 1 
Optimizing the Reading Rate. ..... .3-l I 

Math Feature. ................... .3-l 1 
%Error ......................... 3-14 
Scale............................3-14 
Pass/Fail (Limit Test). ........... .3-14 
dB .......................... .,.3-l 5 
dBm............................3-15 
Null., .......................... 3-15 
Thermistor ...................... 3-15 
Statistics ........................ 3-16 

Reading Storage...................3-I 7 3.101. 
3.106. Voltmeter Complete ............... .3-1X 
3-108. Guarding ........................ .3-18 
3.109. General,, ....................... 3-18 
3-111. Guarding Information ............ .3-I8 
3-l 13. Front/Read Switch Lockout ........ .3-18 
3.115. Remote Ooeration., .............. .3-I8 
3-l 16. 
3.118. 

3.120. 
3.122. 
3-124. 
3.126. 
3-128. 
3-130. 
3-132. 
3-134. 
3-136. 
3-140. 
3.144. 
3.146. 
3-14x. 
3.150. 
3.154. 
3-156. 
3-159. 
3.163. 

3.165. 

3-167. 

3-169 

G&al .:. ...................... 3-18 
HP-IB Description 
(in Appendix A). ............... .3-18 

3456A Response to Bus Message ... .3-18 
Data ............................ 3-19 
Trigger..........................3-19 
Clear ........................... 3-19 
Remote.........................3-19 
Local...........................3-I9 
Local Lockout,, ................ .3-19 
Clear Lockout and Set Local ...... .3-19 
Require Service (SRQ). ........... .3-I9 
Status Byte......................3-2 0 
Status Bit,, ..................... .3-21 
Pass Control. ....... , ........... .3-21 
Abort (Interface Clear). .......... .3-21 
3456A Addressing. : ............. .3-21 
Talk-Only (No Controller). ....... .3-22 
3456A HP-IB Programming ....... .3-22 
Algorithm ...................... .3-22 
Programming the 3456A over 
the HP-IB ..................... .3-23 

Program Codes (Data received by 
the3456A)......................3-2 3 

Storing into Registers (Y, Z, 
Delay, etc.) over the HP-IB. ...... .3-23 

Programming the SRQ Mask. ..... .3-25 



TABLE OF CONTENTS ICont’dl 

Section 
III. OPERATION (Cont’d) 

Page 

3.172. 

3.174. 
3-178. 
3-184, 
3.186. 

3-188. 
3.191. 
3.193. 
3-195. 
3.198. 
3-200. 

3.206. 
3.208. 

3456~7; Measurement DATA 
(Data sent by the 3456A). , .3-25 

ASCII Format. , .3-25 
Packed Format. -3-25 
Reading rhe 3456A’s Output Data.. .3-26 
Disabling the End or Identify 
(EOI) Statement,. *. .3-26 

System Output Mode. .3-26 
Home Command. .3-26 
Front/Rear Switch Position. .3-27 
Complete Program Example. .3-27 
Front Panel SRQ. .3-27 
Instrument Program Memory 

Operation 3-28 
Data Ready. .3-29/3-30 
3456A’s Numeric Entry 
Format and other Input _ _^ ._ ~_ 
COnSKleratiOnS ............. 3-2Y/3-30 

3-211. Operator’s Check. ........... .3-29/3-30 

Section Page 
LV. PERFORMANCE TEST. ................ .4-l 

4-I. 
4-4. 
4-6. 
4-8. 
4-10. 
4-13. 
4-15. 
4-17. 
4-19. 
4-22. 
4-25. 
4-26. 
4-28. 
4-31. 
4-33. 
4-37. 
4-41. 
4-45. 

Introduction ...................... .4-l 
Equipment Required. .............. .4-l 

DCV Test........................4- 1 
Ohms Test. ...................... .4-l 
ACV Test, ...................... .4-Z 

Test Cards.........................4 -2 
Calibration Cycle. ................. .4-2 
Test Failure. ...................... .4-2 
Instrument Set-Up. ................ .4-2 
Specification Breakdown, .......... .4-4 
Test Consideration. ................ .4-4 

General .......................... 4-4 
Ambiguous Region. .............. .4-4 

Performance Tesr. ................. .4-5 
DCV Tesf. ...................... .4-5 
Ohms Test, ...................... .4-8 
ACV Test. ...................... .4-9 
Alternate 250 kHz ACV Test ...... .4-IO 

Page 
V. ADJUSTMENTS.. .5-l 
Section 

5-l. 
5-3. 
5-s. 
5-7. 
5-9. 
5-11. 
5-1s. 
S-18. 
s-21. 

S-23. 
5-27. 
s-31. 

iv Kcv J3 

Introduction ...................... .5-l 
Equipment Required. .............. .5-l 
Adjustment Interval ................ ,5-l 
Adjustment Sequence. ............. .5-I 
Adjustment Location ............... .S-2 
DCV Adjustment .................. .5-2 
Ohms Adjustment ................. .5-4 
ACV Adjustment. ................. .5-4 
Combined Performance Test 

and Adjustments. ............... .5-S 
DCV Test and Adjustments. ....... .5-5 
Ohms Test and Adjustment ........ .5-7 
ACV Test and Adjustmenrs. ...... .5-31 

Section Page 
VI. REPLACEABLE PARTS. .6-l 

6-1. 
6-4. 
6-6. 
6-8. 
6-10. 
6-12. 
6-15. 

Introduction. ..................... .6-l 
Ordering Information. ............. .6-l 
Non-Listed Parts. ................. .6-l 
Parts Changes. .................... .6-l 
Proprietary Parts. ................. .6-l 
Exchange Assemblies. .............. .6-Z 
Service Kits. ...................... .6-2 

Section Page 
VII. MANUAL CHANGES. .7-l/7-2 

7-I. introduction ............... 
7.3. Manual Changes. ........... 
7.6. Manual Change Ynstrucrions 
7-7. Change #l................ 
7.9. Change #2 ................ 
7-11. Change #3 ................ 
7-13. Change #4 ................ 
7-15. Change #S. ............... 
7-17. Change #6 ................ 
7-19. Change #7. ............... 
7.21. Change #8 ................ 
7.23. Change #9 ................ 
7-25. Change #lO ............... 
7-27. Change #ll.. ............. 

Section 
VIII. SERVICE.. 

8-I. 
8-3. 
8-8. 
8-10. 
8.11. 
a-14. 
S-19. 
8-23. 
8-25. 
S-28. 
8-40. 
8-48. 

8-49. 
S-54. 
8-70. 
8-83. 

Introduction ...................... .8-l 
Safety Considerations .............. .8-l 
Recommended Test Equipment. ..... .8-l 
Theory of Operation. .............. .8-l 

Introducrion ..................... .8-l 
Outguard Section. ................ .8-l 
Inguard Section .................. .8-l 

Front/Rear Switch ................. .8-3 
Input Protection .................. .8-3 
DC Volts Measurement, ........... .8-3 
Input Amplifier. ................. .8-6 

Analog-To-Digital 
(A/D) Converter ................ .8-9 

General .......................... 8-9 
Runup .......................... 8-10 
Rundown ....................... .8-12 
A/D Converter 

Circuit Description. ............. .8-14 
S-101. 12 Volt Reference ................. .g-16 
8.102. General, ........................ 8-16 
8-106. Circuit Description. .............. .8-I6 
8-112. Ohms Measurements. ............. .&I7 
8-113. General ......................... 8-17 
8-l 16. Circuit Description. .............. -8-17 
S-138. AC Volts Measurements. .......... .8-26 
8-139. General ......................... 8-26 
8.142. Input Attenuamr and Amplifier. ... .a-26 
8-171. Ratio Measuremenrs. ............. .8-29 



TABLE OF CONTENTS Kont’dl 

Table 
1-1. 
I-2, 
3-l. 
3-2. 
3-3. 
3-4. 
3-5. 
3-6. 
3-l. 
3-8. 
3-Y. 
4-l. 
4-2. 
4-3. 
4-4. 
5-l. 
5-2. 
5-3. 
s-4. 
6-1. 
h-2. 
6-3. 
6-4. 
7-I. 
7-2. 
7-3. 
8-l. 

X-2. 
R-3. 
8-4. 
8-5. 

Section Page 
VIII. SERVICE (Cont’d) 

8.176. Inguard Logic (A30 Board). .8-31 
8-177. 
8.181. 
R-191. 
8-224. 

General.........................8-31 
Isolation Logic. -8-31 
Range and Function Control.. .8-35 
Outguard Section 

8-225. 
8-231. 

8-256. 
8-264. 
8-272. 
8-280. 

(A3 and A4 Boards). .8-43 
General 8-43 
Main Controller Circuits 
(A4 Boards). .8-43 

Isolation Logic (A3 Board). .8-48 
Keyboard Scan Logic. .8-49 
Display and Annunciator Drive.. .8-SO 
Keyboard Display, and 

8-285. 
8-296. 

Annuncialor Circuits. .8-50 
HP-IB..........................8-51 
Power Supplies.. .8-53 

LIST OF TABLES 

8.309. Troubleshooting .................. -8-55 
8-3 IO. Kntroduction ..................... 8-55 
8.313. Board Removal and Installation .... .8-55 
8.317. Service Group Summary .......... .8-57 

Section 
VIII. SERVICE (Cont’d) 

8-324. Component Reference Designator, .8-57 
8-327, Sclccting the Self-Test. .8-58 
8-334. Self-Test Troubleshooting. .8-59 

APPENDICES 
Appendix A 
Appendix B 
Appendix C 
Appendix D 

Page 
Specifications. l-2 
Recommended Test Equipment.. . l-8 
Error Messages........................3- 4 
Registers and Math Listing ............. .3-IO 
Default Delays. ...................... .3-l 1 
Optimizing Reading Rate .............. .3-12 
Interface Functions. .................. -3-18 
3456A Clear, Home and Reset Difference.3-19 
Status Byte Definition. ................ .3-20 
3456A Address Codes. ................ .3-22 
3456A Program Codes ................ .3-24 
Recommended Test Equipment .......... .4-3 
DCV Test Limits. ..................... -4-5 
Ohms Test Limits ..................... .4-8 
ACV Test Limits. .................... .4-10 
3456A Adjustments. ................... .5-l 
DCV Test and Adjustment Limits ........ .5-S 
Ohms Test and Adjustment Limits ....... ,578 
ACV Test and Adjustment Limits. ....... .5-9 
Standard Abbreviations. ............... .6-l 
Code List, of Manufacturers. ............ .h-2 
Exchange Assemblies. ................. .6-2 
Replaceable Parts. .................... .6-3 
Manual Changes ...................... .7-l 
Data Buu (DO-D7) Signatures ............ .7-6 
Individual ROM Signatures. ............ .7-6 
A20 Board Component 

Numbering Structure ................ .8-4 
Comparator Operation ................. .8-4 
Input Amplifier Gains. ................. .8-9 
Runup Integration Time Periods. ....... .8-IO 
Readout Digit Generation 

During Runup., ................... .8-12 

Table 
8-6. 
8-7. 
8-8. 
8-9. 
8-10. 
S-11. 

R-12. 
8-13. 
8-14. 
8-A- I. 

8-A-2. 

8-A-3. 

8-A-4. 
8-A-5. 
8-A-6. 
8-B-l. 
8-B-2. 
8-B-3. 

8-C-l. 
8-W-l. 
8-D-2. 
8-D-3. 

8-E-l. 
S-F-I. 
8-F-2. 
8-F-3. 

Page 
Slope Gencration ..................... .R-14 
Ohms Current Source., ............... .8-18 
AC Converter Stage Gains. ............ -8-29 
Range Decoding U701.. ............... .X-36 
Gain Decoding U701, ................. .8-36 
A30 Board Jumpers 

and Plugs/Jacks. .................. .8-40 
3456A Service Group Listing. .......... .X-55 
Component Numbering. .............. .8-57 
3456A Self-Test Limits. ............... .8-58 
Data Bus (DO-D7) 

Signatures ........................ 8-A-3 
Address Bus (AO-A 15) 

Signatures ........................ 8-A-3 
Kom Select (A4U6) 

Signatures ........................ 8-A-3 
individual ROM Signatures. .......... .8-A-3 
Strobe Signatures ................... .8-A-S 
Rom Select Signatures. .............. .8-A-5 
A/D Converter Signatures. ........... ,8-B-X 
A/D Slop@ Configuration, ............ .8-B-9 
Static State of the 

A/D Digital Circuitry. ............. .&B-Y 
Inguard Switch Closure Commands. ... .8-C-2 
Ohms Gain and Currents. .8-V-l 
Ohms Switch Closure Commands. ..... .8-D-2 
Range Failures and 

Defective FETs. .................. .8-D-7 
ACV Switch Closure Commands. ...... .8-E-l 
Inguard Power Supply Locations ...... -8-F-l 
Power Supplies Levels. ............... .8-F-2 
Power Supplies Jumpers and Location. .8-F-2 

RevB Y 



L-l. 
2-2. 
2-3. 
2-4. 
2-5. 
3-l. 
3-2. 
3-3. 
3-4. 
3-5. 
3-6. 
3.7. 
3-8. 
3-9. 
3-10. 
4-l. 
4-2. 
4-3. 

4-4. 
4-5. 
4-6. 
4-7. 
5-l. 
5-2. 
5-3. 
5-4. 
s-s. 
5-6. 
5-7. 
6-l. 
6-2. 

6-3. 

6-4. 

6-5. 

6-6. 
6-7. 
6-8. 

6-P. 

6-10. 

6-11. 

7-1. 
7-2. 
7-3. 
7-4. 
7-5. 
7-6. 

TABLE OF CONTENTS Wm'dl 

MT OF ILLUSTRATIONS 

Line Voltage Selection. ................ ,211 
Power Cables, ........................ .2-2 
Typical HP-IB System Interconnections .2-3 
HP-IB Connector. .................... .2-3 
3456A Address Switch ................. .2-4 
Front and Rear Panel Features .......... .3-2 
Front Panel Display Area. .............. .3-3 
3456A Display.........................3- 4 
Front Panel Voltmeter Configuration Area. 3-4 
Ohms Connection ...... , .... , ......... .3-S 
Ratio Connection. ............ , ....... .3-6 
Typical Ratio Measurement. ............ .3-7 
Front Panel Numbered Keyboard Area. .. .3-9 
Guard Connections ................... .3-19 
Status Byte .......................... .3-21 
Ambiguous Regions. .................. .4-4 
DCV Accuracy Test Set-Up. ............ .4-6 
Schematic of the DCV Accuracy 

Test Set-Up. ........................ .4-6 
Ratio Test Connection. ................ .4-7 
DC Common Mode Rejection Test. ...... .4-8 
4.Wire Ohms Short .................... .4-9 
Ohms Test ........................... .4-9 
3456A Adjustment Location.............5- 2 
DCV Test Equipment Connection. ....... .S-3 
DCV Test Equipment Connection ........ .5-3 
Standard Resistor Connection. .......... .S-4 
Ratio Test Connection ................. .5-7 
DC Common Mode Rejection Test. ...... .5-8 
P-Wire Ohms Short .................... .5-S 
Chassis/Cabinet Parts. ............... .6-20 
A20 Board Miscellaneous 

Fastener Parts. .................... .6-21 
Top View of Chassis 

with PC Boards Removed. ........... .6-22 
Bottom View of Chassis 

with PC Boards Installed ............ .6-23 
Bottom View of Chassis 

with PC Boards Removed ............ .6-24 
Side Views of Chassis. ................ .6-25 
Front Assembly (Inside View). ......... .6-26 
Inguard Chassis- 

Front and Rear Panel................6-2 7 
Inside View of Front Terminal 

Assembly, Guard Switch, and 
Front/Rear Switch. ................ .6-28 

Inside View of Rear Terminal 
Assembly and AC Power Switch. ..... .6-29 

Power Transformer and Bracket; 
Voltage Regulator, Zener 
Diode, and Bracket ................. .6-30 

Change #1 on Schematic 9 .............. .7-2 
Change #3 on Schematic 8 .............. .7-2 
Change #3 on Schematic 9 .............. .7-3 
Change #5 on Schematic 7 .............. .7-4 
Change #8 on Schematic 7. ............. .7-S 
Change #lO in Figure 3-l ............... .7-S 

7-7. 
7-8. 
7-9. 
7-10. 

8-1. 
8-2. 
8-3. 
8-4. 
8-5. 
8-6. 
8-7. 

8-8. 

8-9. 
8-10. 

8-11. 

8-12. 

8-13. 

8-14. 

8-15. 

8-16. 
8-17. 
8.18. 
8-19. 
8-20. 
8-21. 
8-22. 

8-23. 

8-24. 

8-25. 
8-26. 
8-27. 
S-28. 

8-29. 

8-30. 
8-31. 
8-32. 

8-33. 
8-34. 

8-35. 

Change #lO on Schematic 14 ............ .7-8 
Change #lo in Figure 6-3 ............... .7-P 
Change #lO in Figure 6-8 .............. .7-10 
Change #lO in Figure 8-l 1.. ........... .7-11 
Simplified Block Diagram. ............. -8-Z 
Simplified Front/Rear Switch Circuit. .... .8-3 
High Voltage Protection Circuits. ........ 8-3 
Range and Function Control Switching. .. .8-4 
Comparator/Fet-Switch Circuit. ........ .8-5 
Analog Filter. ........................ .8-5 
Simplified Schematic for 

Input Amplifier. .................... .8-6 
Simpiified Schematic for 

Input Switching ..................... .8-7 
Dual-Slope Conversion ................. .8-9 
Runup Slope for Zero 

Volts Input (.1 PLC). ............... .8-10 
Simplified Zero-Crossing 

Circuit (A/D Converter). ............ .8-10 
RunuP Slope Sequence for 

Full-Scale Input (10 V) and 
SO% Full-Scale (5 V)(.l PLC). ....... .8-11 

Simptificd Schematic of S + 4 
Slope Generation Circuit. ........... .8-l 1 

Simplified Schematic of S - 4 
Slope Generation Circuit. ........... .8-l 1 

Slope Generation when Input 
Signal Voltage and Slope a 
Voltage are Added. ................. .8-12 

Runup Timing Diagram for .l PLC. .... .8-12 
Runup Timing Diagram for 1 PLC. ..... .8-12 
Multi-Slope II Rundown. .............. .8-13 
Rundown Timing Chart ............... .&I3 
S+4 and S-4 Rundown Slopes.. ....... E-13 
Rundown Slopes. .................... .8-13 
A/D Converter Waveform for - 5V 

Input, Autozero Disabled. ........... .&I4 
A/D Converter Waveform for - 5V 

Input, Autozero Enabled ............ .8-14 
A/D Converter Waveform for - IOV 

Input, Autozero Enabled. ........... .8-14 
S601 Data ............................ 8-17 
Simplified A/D Converter Schematic. ... ,819 
Simplified Reference Schematic. ........ .8-21 
Simplified Ohm’s Current 

Source Schematic. .................. .8-23 
Level Shift for Low 

Ohms Offset Circuit ................ .8-25 
Low Ohms Offset, Circuit Operation .... ,826 
Low Ohms Offset Level Shift. .......... .8-26 
FET Switches and Feedback Path for 

AC Volt Measurement, 1 V Range. ... .8-27 
AC Converter, Output Signal Path. ..... .8-29 
Simplified Schematic for 

AC Volts Measurements. ............ ,829 
Ratio Measurement, Reference High. ... .8-30 

vi Rev B 



TABLE OF CONTENTS (Cont’d) 

LIST OF lLLlJSTAATlONS (Cont’d) 

FiRUK Pape 
X-36. 
R-37. 

R-38. 

8-39. 
X-40. 
x-41. 
8-42. 
x.43. 
8-44. 
X-45. 
K-46. 
8-47. 
X-48. 

X”4Y. 
X-50. 
n-51. 
X-52. 
X~53. 
n-54. 
X-55. 

X.56. 

8-57. 

8-58. 
H-59. 

X-60. 
8-61. 
8-62. 
8-63. 
8-64. 
8-65. 
X-66. 
X-61. 

Ratio Measurement, Reference Low ..... .8-;O 
Simplified Block Diagram, 

lnguard Logic. .................... .X-31 
Isolation Logic Data and 

Clock (at Receiver) with Internal 
Self-Test #3 Enabled ................ .8-32 

Isolation Logic, Receiver. ............. ,8-33 
Isolation Logic, Transmitter. .8-35 
ALE and ALE Synchronizer. .......... .8-36 
Slope Sequence During Rundown. ...... .8-37 
Rundown Timing Chart. .............. -8-39 
FRAC Circuits. ...................... .8-41 
Simplified Block Diagram. ............ .8-42 
Address Bus Structure ................. .8-44 
UBE Slrctchcr. Timing Diagram ........ .8-45 
Write Going to Read Stretcher, 

Timing Diagram. .................. .8-45 
True VMA Generator, Timing Diagram, ,8-45 
Speed Compensating Circuils. ......... .8-45 
ROM Select Deco&r U6. .............. .8-47 
Decoders Ul7 and U19 ................ .8-47 
4 x 5 Switch Matrix (S18 Closed). -8.49 
4 x IO Switch Matrix on A2 Board., .8-49 
internal Circuit Diagram for 

A2DS2-DS7 and DSY ............... .8-51 
lntcrnal Circuit Diagram for 

AZDSI and DS8 .................... .8-51 
Quad Bidirectional Transceiver (HP-IB), 

Pin Configuration and 
Truth Table (HP-IB). ............... .8-52 

Inguard Grounding Structure ...... .8-55/g-56 
Mnemonic Definitions and 

General Schematic Notes. ........... .8-61 
Dctailcd Hock Diagram. .............. .8-63 
Input Switching Schematic (A20). ...... .8-65 
Ohm’s Current Source Schematic (A20). .8-67 
Input Amplifier Schematic (A20). ...... .8-69 
A/D Converter Schematic (A20). ....... .8-71 
A24 Reference Schematic (A20). ........ ,8-73 
A25 Reference Schematic (A20). ........ .8-75 
Range and Function 

Control Logic (A20). ............... .8-77 

Figure 
8-68. 
S-69. 
8-70. 

8.71. 

8-72. 

8-73. 
8-74. 
S-75. 
8-A-l. 
8-A-2. 
S-A-~. 
8-A-4. 
g-~-5. 
8-A-6. 
8-A-7. 
S-A-~. 
8-A-9. 

Page 

AC Converter Schematic (A40). ........ .8-79 
Inguard Logic Schematic (A30). ......... 8-81 
Main Controller (Outguard) 

Schematic (A4). .................... .8-83 
Keyboard Scan Logic, Display and 

Annunciator Drive Schematic (A4). ... .8-85 
Keyboard. Display and 

Annunciators Schematic (A2). ....... .8-87 
Isolation Logic Schematic (A3). ........ .8-89 
HP-IB Logic Schematic (A3). .......... .8-91 
Power Supply Schematic (AIO/A3). ..... .8-93 
Flowchart A. ....................... .8-A-3 
Flowchart B. ....................... .8-A-5 
Flowchart C. ....................... -8-A-7 
Flowchart D. ....................... .8-A-9 
Flowchart E. ...................... .8-A-l I 
Flowchart F ....................... -8-A-13 
Transmitter Output. ................ .8-A-17 
output of UlP ..................... .8-A-18 
Input to U19 ...................... .8-A-19 
Receiver Inputs. ................... .8-h-19 

^-_ ^ .^ X-A-10. 
S-A-II. output ot ‘1.2 ...................... .8-~-11~ 
8-A-12. Receiver Data ...................... 8-A-20 
8-A-13. Figure Receive Clock ............... .8-A-20 
8-A-14. High Level Data. .................. -8-A-20 
8-A-15. Low Level Data .................... ,8-A-20 
8-B-l. 

8-B-2. 
8-B-3. 
8-B-4. 
8-B-5. 
S-B-~. 
8-B-7. 
8-B-8. 
8-B-9. 
8-B-10. 
8-B-11. 
S-8-12. 
8-E-l. 
8-F-l. 

Test Jumper A20J29 in 
Ground Position. ................. .8-B-l 

Jumper A30533/34 in the 2 Position -8-B-3 
A/D Zero Waveform ................ .8-B-4 
Inguard Signature Analysis Routines .8-B-l 1 
Isolation Logic Input ............... .8-B-l I 
Signal at A30TPl andTP2 ........... .8-B-13 
Output of A30U24. ................. .8-B-13 
Output of Inguard Isolation Logic .... -8-B-14 
Output of A30U19. ................. .8-B-14 
Output of Shift Register. ............ .8-B-14 
ALE Clock Signal. ................. .8-B-14 
Isolation Logic Clock Signal. ........ .8-B-14 
RMS Converter Waveforms. .......... .8-E-4 
Reference Jumpers. ................. -8-F-3 

Rev B vii 



HEWLETT 
PACKARD 

SAFETY SUMMARY 

Tha followinS Sonoral safety procautions must be observed during all phases of operation. service. and repair of this 
inrtrumsnt Failure 10 comply with thnse precautions or with spscific warning8 slwwhen in this manual violaws 
rafoty standards of dorip, manufacture. and intended uw of the instrumsnt Hswlott.Paekard CompanY assum@ nu 
IiabilitY for thv customer’s fniluro to comply with these rsquiremsnb. This ir a Safety Class 1 instrumant 

GROUND THE INSTRUMENT 

To minimize shock hazard, the instrument chassis and cabinet must be connected to an eleC- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet international Electrotechnical Commission (IEC) safety standards. 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers, Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 

DO NOT SEllVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 

OG NOT SUBSTITUTE PARYS OR MOlllFY INSTRUMENT 

Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 

GANGEAOUS PROCEDURE WARNINGS 

Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 

piGi- 

Dangruus vultagas. capable of causing death, qre present in this instrument. Use vs. 
trnmo caution when handling, tosting. and adjusting. 



SAFETY SYMBOLS 

heral Definitions of Safety Symbols Used On Equipment or In Manuals. 

A Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 

Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 

0 
Protective conductor terminal. For protection against electrical 

& OR & shock in case of a fault, Used with field wiring,terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 

Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 

Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 

Alternating current (power line). 

--- Direct current (power line). 

w Alternating or direct current (power line) 

The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 

The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 

NOTE: The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or’ the like, which is essential to 
highlight. 



SECTION I 
GENERAL INFORMATION 

l-l. INTAODUCTlON. 

I-2. The information contained in this Manual is for 
the Installation, Operation, HP-IB Programming and 
Service of rhe Hewlett-Packard Model 3456A Digital 
vohnercr. 

NOTE 

HP-IB is Hewlett-Parkurd’s implementation 
of IEEE Std. 488-1975, “Standard Digital 
Inte<face for Programmable Instrumento- 
tion. ” 

1-3. The Installation, Operating, and HP-IB Program- 
ming information in this Manual is also contained in the 
Operating Manual. 

l-4. This secrion in the manual contains general infor- 
mation concerning the 3456A Digital Voltmeter. Includ- 
ed are instrument description, specifications, sup- 
plemental characteristics, instrument and manual iden- 
tification, options, accessories, and other information 
on the instrument. 

l-5. DESCRIPTION. 
1-6. The Hewlett-Packard Model 3456A is a versatile 
Digital Voltmeter with ac, dc, ohms, and various math 
functions. This voltmeter is a” excellent bench meter 
and since it is remotely programmable it is an excep- 
tional system measurement device. Other features for 
which you may have some good wes are the selection of 
power line cycles integrated, the selection of certain 
number of readings/trigger, serrling delay, ratio, and 
other unique and useful functions. 

l-7. The 3456A also employs a feature called AUTO 
ZERO. This feature of the instrument is very useful for 
good stability. The internal reference device and 
reference resistors are also selected for good accuracy 
and stability. Another good feature is the TEST func- 
tion of the 3456A. With this function the instrument’s 
operation can be partially verified for correcl operation 
by the operator. 

1.8. SPECIFICATIONS. 

l-9. Specifications of the 3456A are the performance 

characteristics of the insrrument which are warranted. 
These specifications are listed in Table l-1, and are the 
performance standards or limits against which the in- 
strument ca” be tested. Included in Table 1-I are also 
some supplemental characteristics of rhe 3456A and 
should be considered as additional and general informa- 
tion for you, the user. Because of the many operational 
capablities of the 3456A, exercise care when derermin- 
ing the instrumenr’s specifications. 

l-10. Any changes in the specifications due to manufac- 
turing changes, design, or traceability to the National 
Bureau of Standards will be covered in a manual change 
supplement or revised manual pages. The specifications 
listed here supercede any previously published. 

1.11. INSTRUMENT AND MANUAL IDENTIFICATION. 

l-12. Instrument identification is by a serial number 
located on the rear panel of rhe instrument. Hewlett- 
Packard uses a two-part serial number. The first part 
(prefix) identifies a series of instruments and the last 
part (suffix) identifies a particular instrument within a 
series. A letter between the prefix and suffix identifies 
the country in which the 3456A is manufactured. 

1-13. This manual applies to instruments with serial 
number indicated on the title page. Updating of the 
manual is accomplished either by a change sheer or 
revised pages. 

l-14. OPTIONS. 

I-15. The following options are available for use with 
the 3456A: 

Option 350: 
Option 360: 
Option 907: 
Option 908: 
Option 909: 
Option 910: 

for 50 Hz Power source 
for 60 Hz Power Source 
Front Handle Kir 
Rack Mounting Kit 
Front Handle and Rack Mounting Kit 
Additional Set of Manuals 

1.16. ACCESSORIES SUPPLIED. 

1-17. The 3456A is supplied with a 3/8 amp, 25OV fuse 
for the 220V and 240V power line voltages. 

Rev B 1-I 
































































































































































































































































































































































































































































































































































































































































































































