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cable. You have only those 
rights provided for such 
Software and Documenta- 
tion by the applicable FAR 
or DFARS clause or the HP 
standard so&are agreement 
for the product involved. 
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Safety Symbols 

Warning 

Calls attention to a proce- 
dure, practice, or condition, 
that could possibly cause 
bodily injury or death. 

Caution 

Calls attention to a proce- 
dure, practice, or condition 
that could possibly cause 
damage to equipment or 
permanent loss of data. 

I 
Earth ground symbol. 

Chassis ground symbol. 

A ! 
Refer to the manual for 
specific Warning or Caution 
information to avoid per- 
sonal injury or equif)ment 
damage. 

‘r 
Hazardous voltages may 
be present. 

Warning 

No operator serviceable 
parts inside. Refer servic- 
ing to service-trained 
personnel. 

Warning 

For continued protection 
against fire! replace the line 
fuse only mth a fuse of the 
specified type and rating. 

Manual Part Number: 34401-90014 Printed: March 2000 Edition 5 
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Power-On and Reset State 

The parameters marked with a bullet ( l ) are stored in non-volatile memory. 
The factory settings are shown. 

Measurement Configuration 
AC Filter 
Autozero 

l Continuity Threshold 
Function 
Input Resistance 
Integration Time 
Range 
Resolution 

Math Operations 
Math State, Function 
Math Registers 

l dBm Reference Resistance 

Triggering Operations 
Reading Hold Threshold 
Samples Per Trigger 
Trigger Delay 
Trigger Source 

System-Related Operations 
l Beeper Mode 
l Comma Separators 

Display Mode 
Reading Memory 

input/Output Configuration 
l Baud Rate 
l GPIB Address 
l Interface 
l Language 
l Parity 

Power-On/Reset State 
20 Hz (medium filter) 
On 

l 10n 
DC volts 
10 Mn (fixed for a// dcv ranges) 
10 PLCS 
Autorange 
5V2 digits, slow mode 

Power-On/Reset State 
Off, Null 
All registers are cleared 

l 600n 

Power-On/Reset State 
0.10% of range 
1 sample 
Automatic Delay 
Auto Trigger 

Power-On/Reset State 
l On 
l On 

On 
Off (cleared) 

Power-On/Reset’State 
l 9600 baud i: 
l 22 .I\),’ 

l GPIB (IEEE-488) 
l SCPI 
l Even (7 data bits) - 

Calibration Power-On/Reset State 
l Calibration State l Secured 
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Warning 

Note: Unless otherwise indicated, this manual applies to all serial numbers. 

The Agilent Technologies 34401A is a 6i&digit, high-performance 
digital multimeter. Its combination of bench-top and system features 
makes this multimeter a versatile solution for your measurement needs 
now and in the future. 

Convenient Bench-Top Features 

. Highly visible vacuum-fluorescent display 

l Built-in math operations 

. Continuity and diode test functions 

l Hands-free, Reading Hold feature 

. Portable, ruggedized case with non-skid feet 

Flexible System Features 

. GPIB (IEEE-488) interface and RS-232 interface 

. Standard programming languages: SCPI, Agilent 3478A, and Fluke 8840 

. Reading rates up to 1000 readings per second 

. Storage for up to 512 readings 

l Limit testing with pass/fail signals 

. Optional 34812A BenchLink Meter Software for Microsoft@ WindowsTM 

The procedures in this manual are intended for use by qualified, 
service-trained personnel only. 

Agilent 34401A 
Multimeter 

-__. _ .- . ^” .I.____ __--_ .-_. - . -- 



The Front Panel at a Glance 

I FUNCTION I 

I- 

1 Measurement Function keys 5 Front / Rear Input Terminal Switch 
2 Math Operation keys 6 Range / Number of Digits Displayed keys 
3 Single Trigger I Autotrigger I Reading Hold key 7 Menu Operation keys 
4 Shift I Local key 
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The Front-Panel Menu at a Glance 

The menu is organized in a top-down tree structure with three levels. 
rlY+aT 

To turn on menu pmr: 

A: YEAS MENU + 8: MATH MENU I) C: TRIQ MENU I) P: SYS MENU + E: l/O MENU M F: CAL MENU 

c 4 c 

A: MEASurement MENU 
1: AC FILTER + 2: CONTINUITY + 3: INPUT R e 4: RATIO FUNC + 5: RESOLUTION 

6: MATH MENU 
1: MIN-MAX + 2: NULL VALUE * 3: dB REL + 4: dBm REF R + 5: LIMIT TEST e 6: HIGH LIMIT + 7: LOW LIMIT 

C: TRlGger MENU 
1: READ HOLD + 2: TRIG DELAY + 3: N SAMPLES 

D: SYStem MENU 
1: RDGS STORE + 2: SAVED RDGS I) 3: ERROR + 4: TEST + 5: DISPLAY + 6: BEEP + 7: COMMA I) 8: REVISION 

E: Input / Output MENU 
1 1: HP-IB ADDR + 2: INTERFACE + 3: BAUD RATE * 4: PARITY l 5: LANGUAGE 1 

F: CALibration MENU* 
) 1: SECURED l [ 1: UNSECURED ] + [ 2: CALIBRATE I + 3: CAL. COUNT + 4: MESSAGE 1 

* The commands enclosed in square brackets ( [ ] ) are “hidden” unless the multimeter 
is UNSECURED for calibration. 
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Display Annunciators 

HEWLETT 344OlA 
PAcKARn MULThlElER 

* Adrs Rml MOP Trig Hold km Rol~o Moth @@.$ Rear Shllt 

I 
F 
i 

* 
Adrs 
Rmt 
Man 
Trig 
Hold 
Mem 
Ratio 
Math 
ERROR 
Rear 
Shift 
4w 
.*I) 
u- 

Turns on during a measurement. 
Multimeter is addressed to listen or talk over the HP-IB interface. 
Multimeter is in remote mode (remote interface). 
Multimeter is using manual ranging (autorange is disabled). 
Multimeter is waiting for a single trigger or external trigger. 
Reading Hold is enabled. 
Turns on when reading memory is enabled. 
Multimeter is in dcv:dcv ratio function. 
A math operation is enabled (null, min-max, dB, dBm, or limit test). 
Hardware or remote interface command errors are detected. 
Rear input terminals are selected. 
“Shift” key has been pressed. Press “Shift” again to turn off. 
Multimeter is in 4-wire ohms function. 
Multimeter is in continuity test function. 
Multimeter is in diode test function. 

To review the display annunciators, hold down the m] key as you 
turn on the multimeter. 

4 



The Rear Panel at a Glance 

1 Chassis Ground 5 Voltmeter Complete Output Terminal 
2 Power-Line Fuse-Holder Assembly 6 External Trigger Input Terminal 
3 Power-Line Voltage Setting 7 HP-16 (IEEE-488) Interface connector 
4 Front and Rear Current Input Fuse 8 W-232 interface connector 

Use the front-panel Input / Output Menu to: 
l Select the HP-IB or RS-232 interface (see chapter 4 in the “User’s Guide”). 
l Set the HP-IB bus address (see chapter 4 in the “User’s Guide”). 
l Set the M-232 baud rate and parity (see chapter 4 in the “User’s Guide”). 

5 
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In This Book 

Specifications Chapter 1 lists the multimeter’s specifications and 
describes how to interpret these specifications. 

Quick Start Chapter 2 prepares the multimeter for use and helps you 
get familiar with a few of its front-panel features. 

Menu Tutorial Chapter 3 introduces you to the front-panel menu and 
steps you through several simple menu examples. 

Calibration Procedures Chapter 4 provides a detailed description of 
the multimeter’s calibrations and adjustments. 

Theory of Operation Chapter 5 describes each functional block in the 
multimeter. 

Service Chapter 6 provides guidelines for returning your multimeter 
to Hewlett-Packard for servicing, or for servicing it yourself. 

Replaceable Parts Chapter 7 contains a detailed parts list of the 
multimeter. 

Backdating Chapter 8 describes the procedures involved with back 
issues of this manual. 

Schematics Chapter 9 provides the multimeter’s schematics. 

If you have questions relating to the operation of the HP 34401A, 
call l-800-452-4844 in the United States, or contact your nearest 
Hewlett-Packard Sales Office. 

If your HP 34401A fails within three years ofpurchase, HP will repair 
or replace it free of charge. Call I-800-258-5165 (“Express Exchange”) 
in the United States, or contact your nearest Hewlett-Packard Sales Ofice. 
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Chapter 1 Specifications 
DC Characteristics 

n DC Characteristics 

Function Range [ 3 ] 
Test Current or 
Burden Voltage 

DC Voltage 100.0000 mV 
1 .oooooo v 
10.00000 v 
100.0000 v 
1000.000 v 

Resistance 100.0000 !X 1 mA 
[41 1 .OOOOOO kn 1 mA 

10.00000 kn 100 @A 
100.0000 kQ lOpA 
1 .OOOOOO Mn 5 PA 
10.00000 Mn 500 nA 
100.0000 Mn 500nA1110Mn 

DC Current 10.00000 mA co.1 v 
100.0000 mA < 0.6 V 
1 .OOOOOO A <lV 
3.000000 A <2v 

Continuity 1000.0 n 1 mA 

Diode Test 1 .oooo v 1 mA 

DC:DC Ratio 100 mV 
to 

1ooov 

Transfer Accuracy ( typical ) 

( 24 hour % of range error ) 
2 

Accuracy Specifications + ( % of reading + % of range ) [ 1 ] 

24 Hour [ 2 ] 90 Day 
23°C i 1 “C 23°C k 5°C 

0.0030 + 0.0030 
0.0020 + 0.0006 
0.0015 + 0.0004 
0.0020 + 0.0006 
0.0020 + 0.0006 

0.0040 t 0.0035 
0.0030 + 0.0007 
0.0020 t 0.0005 
0.0035 t 0.0006 
0.0035 t 0.0010 

0.0030 + 0.0030 
0.0620 + 0.0005 
0.0020 + 0.0005 
0.0020 + 0.0005 

0.002 + 0.001 
0.015 + 0.001 
0.300 + 0.010 

0.008 t 0.004 
0.008 t 0.001 
0.008 t 0.001 
0.008 t 0.001 
0.008 t 0.001 
0.020 t 0.001 
0.800 t 0.010 

0.005 + 0.010 
0.01 + 0.004 
0.05 + 0.006 
0.10 + 0.020 

0.030 t 0.020 
0.030 t 0.005 
0.080 t 0.010 
0.120 t 0.020 

0.002 + 0.010 

0.002 + 0.010 

0.008 + 0.020 

0.008 t 0.020 

1 Year 
23°C k 5°C 

0.0050 t 0.0035 
0.0040 + 0.0007 
0.0035 t 0.0005 
0.0045 t 0.0006 
0.0045 + 0.0010 

0.010 t 0.004 
0.010 t 0.001 
0.010 + 0.001 
0.010 c 0.001 
0.010 t 0.001 
0.040 + 0.001 
0.800 t 0.010 

0.050 + 0.020 
0.050 + 0.005 
0.100 + 0.010 
0.120 + 0.020 

0.010 + 0.020 

0.010 + 0.020 

Temperature 
Coefficient PC 

0°C - 18°C 
28°C - 55°C 

0.0005 t 0.0005 
0.0005 + 0.0001 
0.0005 t 0.0001 
0.0005 t 0.0001 
0.0005 t 0.0001 

0.0006 + 0.0005 
0.0006 t 0.0001 
0.0006 t 0.0001 
0.0006 t 0.0001 
0.0010 t 0.0002 
0.0030 t 0.0004 
0.1500 + 0.0002 

0.002 t 0.0020 
0.002 + 0.0005 
0.005 t 0.0010 
0.005 t 0.0020 

0.001 t 0.002 

0.001 + 0.002 

( Input Accuracy ) + ( Reference Accuracy ) 

/nputAccuracy= accuracy specification for the HI-LO input signal. 
Reference Accuracy= accuracy specification for the HI-LO reference input signal. 

Conditions: 
l Within 10 minutes and * 0.5”C. 
l Within &lo% of initial value. 
l Following a 2-hour warm-up. 
l Fixed range between 10% and 100% of full scale. 
l Using 6% digit slow resolution ( 100 PLC ). 
9 Measurements are made using accepted metrology practices. 



Chapter 1 Specifications 
DC Characteristics 

Measuring Characteristics 

DC Voltage 
Measurement Method: Continuously integrating, multi-slope III 

A/D converter. 
A/D Linearity: 0.0002% of reading + 0.0001% of range 
Input Resistance: 

0.1 V, 1 V, 10 V ranges Selectable 10 Mn or >lO GQ [I I] 
100 V, 1000 V ranges 10 Mn i-l% 

Input Bias Current: c 30 pA at 25°C 
Input Terminals: Copper alloy 
Input Protection: 1000 V on all ranges 

Resistance 
Measurement Method: Selectable 4-wire or P-wire ohms. 

Current source referenced to LO input. 
Max. Lead Resistance: 10% of range per lead for 100 R, 1 k.o 
(4-wire ohms) ranges. 1 k.o per lead on all other ranges. 
Input Protection: 1000 V on all ranges 

DC Currtint 
Shunt Resistor: O.lnfor lA,3A. 5nfor lOmA. lOOmA 
Input Protection: Externally accessible 3A, 250 V fuse 

Internal 7A, 250 V fuse 

Continuity / Diode Test 
Response Time: 300 samples/set with audible tone 
Continuity Threshold: Adjustable from 1 R to 1000 R 

DC:DC Ratio 
Measurement Method: Input HI-LO / Reference HI-LO 

Input HI-LO 100 mV to 1000 V ranges 
Reference HI-Input LO 100 mV to 10 V ranges (autoranged) 
Input to Reference Reference LO to Input LO voltage < 2 V 

Reference HI to Input LO voltage < 12V 

Measurement Noise Rejection 
60Hz(50Hz) [5] 
DC CMRR 140 dB 

Integration Time NomlalModeRejection[6] 
100 PLC I 1.67s (2s) 60dB [7] 
10 PLC I 167 ms (200 ms) 60dB [7] 
1 PLC I 16.7 ms (20 ms) 60dB [7] 
0.2 PLC / 3 ms (3 ms) OdB 
0.02 PLC / 400 ps (400 ps) OdB 

Operating Characteristics [ 8 ] 

Additional 
Function Digits Readings/s Noise Error 
DCV, DCI, and 6% 0.6 (0.5) 0% of range 
Resistance 6% 6 (5) 0% of range 

5% 60 (50) 0.001% of range 
5% 300 0.001% of range [IO] 
4% 1000 0.01% of range [IO] 

System Speeds [ 9 ] 
Function Change 
Range Change 
Autorange Time 
ASCII readings to RS-232 
ASCII readings to HP-18 
Max. Internal Trigger Rate 
Max. External Trigger Rate to Memory 
Max. External Trigger Rate to HP-IB 

Autozero OFF Operation 

26lsec 
50lsec 

~30 ms 
55lsec 
1 OOOisec 
1 OOO/sec 
1 OOO/sec 
9OOlsec 

Following instrument warm-up at calibration temperature ?l “C 
and ~10 minutes, add 0.0002% range additional error + 5 uV. 

Settling Considerations 
Reading settling times are affected by source impedance, 
cable dielectric characteristics, and input signal changes. 

Measurement Considerations 
HP recommends the use of Teflon@ or other high-impedance, 
low-dielectric absorption wire insulation for these measurements. 

IfI 
121 
(31 
(41 

[51 
161 
[71 

181 

191 

Specifications are for 1 -hour warm-up at 6% digits. 
Relative to calibration standards. 
20% overrange on ail ranges, except 1000 Vdc, 3 A range. 
Specifications are for 4-wire ohms function, or 2-wire 
ohms using Math Null. Without Math Null, add 0.2 Q 
additional error in 2-wire ohms function. 
For 1 kn unbalance in LO lead. 
For power-line frequency + 0.1%. 
For power-line frequency i I%, subtract 20 dB. 
For f 3%, subtract 30 dB. 
Readings speeds for 60 Hz and ( 50 Hz ) operation, 
Autozero Off. 
Speeds are for 4% digits, Delay 0, Autozero OFF, 
and Display OFF. Includes measurement and data 
transfer over HP-IB. 

[ IO] Add 20 pV for dc volts, 4 PA for dc current, or 
20 mn for resistance. 

[ 1 I ] For these ranges, inputs beyond +17V are 
clamped through 100 kn (typical). 

Teflon is a registered trademark of E. I. duPont deNemours and Co. 
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Chapter 1 Specifications 
AC Characteristics 

H AC Characteristics 

Function Range [ 3 ] Frequency 

True RMS 100.0000 mV 3Hz-5Hz 1 .oo + 0.03 1 .oo + 0.04 1 .oo + 0.04 0.100 + 0.004 
AC Voltage 5Hz-10Hz 0.35 + 0.03 0.35 + 0.04 0.35 + 0.04 0.035 + 0.004 

[41 IOHz-20kHz 0.04 + 0.03 0.05 + 0.04 0.06 + 0.04 0.005 + 0.004 
20 kHz - 50 kHz 0.10 + 0.05 0.11 + 0.05 0.12 + 0.05 0.011 + 0.005 
50 kHz - 100 kHz 0.55 + 0.08 0.60 + 0.08 0.60 + 0.08 0.060 + 0.008 
106 kHz-300 kHz [6] 4.00 + 0.50 4.00 + 0.50 4.00 + 0.50 0.20 + 0.02 

1 .oooooo v 
to 

750.000 v 

3Hz-5Hz 
5Hz-10Hz 
lOHz-20kHz 
20 kHz - 50 kHz 
50 kHz - 100 kHz [5] 
100 kHz - 300 kHz [6] 

True RMS 1 .OOOOOO A 3Hz-5Hz 
AC Current 5Hz-IOHz 
141 lOHz-5 kHz 

3.00000 A 3Hz-5Hz 
5Hz-10Hz 
lOHz-5kHz 

Accuracy Specifications _+ ( % of reading + % of range ) [ 1 ] 

24 Hour [ 2 ] 90 Day 1 Year 
23°C + 1 “C 23°C + 5°C 23°C k 5°C 

1 .oo + 0.02 1 .oo + 0.03 
0.35 + 0.02 0.35 + 0.03 
0.04 + 0.02 0.05 + 0.03 
0.10 + 0.04 0.11 + 0.05 
0.55 + 0.08 0.60 + 0.08 
4.00 + 0.50 4.00 + 0.50 

1 .oo + 0.04 1 .oo + 0.04 
0.30 + 0.04 0.30 + 0.04 
0.10 + 0.04 0.10 + 0.04 

1.10+0.06 1.10 + 0.06 
0.35 + 0.06 0.35 + 0.06 
0.15 + 0.06 0.15 + 0.06 

I 

1 .oo + 0.03 
0.35 + 0.03 
0.06 + 0.03 
0.12 + 0.05 
0.60 + 0.08 
4.00 + 0.50 

1 .oo + 0.04 
0.30 + 0.04 
0.10 + 0.04 

1.10 + 0.06 
0.35 + 0.06 
0.15 + 0.06 

Additional Low Frequency Errors ( % of reading ) 

Frequency Slow AC Fi’ter Medium Fast 
lOHz-20Hz 0 0.74 - 
20Hz-40Hz 0 0.22 - 
40Hz-100Hz 0 0.06 0.73 
lOOHz-200Hz 0 0.01 0.22 
200 Hz - 1 kHz 0 0 0.18 
> 1 kHz 0 0 0 

Temperature 
CoefficienWC 
0°C - 18°C 
28°C - 55°C 

0.100 + 0.003 
0.035 + 0.003 
0.005 + 0.003 
0.011 + 0.005 
0.060 + 0.008 

0.20 + 0.02 

0.100 + 0.006 
0.035 + 0.006 
0.015 + 0.006 

0.100 + 0.006 
0.035 + 0.006 
0.015 + 0.006 

I Additional Crest Factor Errors ( non-sinewave ) [ 7 ] 

Crest Factor Enw (%ofreading) 
l-2 0.05% 
2-3 0.15% 
3-4 0.30% 
4-5 0.40% 

Sinewave Transfer Accuracy ( typical ) 

Frequency Error ( %ofrange ) Conditions: 
lOHz-50kHz 0.002% l Sinewave input. 
50 kHz - 300 kHz 0.005% l Within 10 minutes and -+ 0.5”C. 

l Within flO% of initial voltage and +l% of initial frequency. 
l Following a 2-hour warm-up. 
l Fixed range between 10% and 100% of full scale (and <I20 V ). 
l Using 6% digit resolution. 
l Measurements are made using accepted metrology practices. 
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Chapter 1 Specifications 
AC Characteristics 

Measuring Characteristics Operating Characteristics [ 9 ] 

Measurement Noise Rejection [ 8 ] 
AC CMRR 70 dB 

True RMS AC Voltage 
Measurement Method: 

Crest Factor: 
AC Filter Bandwidth: 

Slow 
Medium 
Fast 

Input impedance: 
Input Protection: 

True RMS AC Current 
Measurement Method: 

Shunt Resistor: 
Burden Voltage: 

Input Protection: 

AC-coupled True RMS -measures 
the ac component of input with up 
to 400 Vdc of bias on any range. 
Maximum 5:1 at full scale 

3 Hz - 300 kHz 
20 Hz - 300 kHz 
200 Hz - 300 kHz 
1 Mn * 2%, in parallel with 100 pF 
750 V rms all ranges 

Direct coupled to the fuse and shunt. 
AC-coupled True RMS measurement 
(measures the ac component only). 
0.1 R for 1 A and 3 A ranges 
1 A range: < 1 V rms 
3 A range: < 2 V rms 
Externally accessible 3A, 250 V fuse 
Internal 7A, 250 V fuse 

Function 
ACV, ACI 

Digits Readings AC Filter 
6% 7 &reading Slow 
6% 1 Medium 
6% 1.6 [lo] Fast 
6% 10 Fast 
6% 50 [ll] Fast 

SystemSpeeds [11],[12] 

Function or Range Change Stsec 
Autorange Time ~0.8 set 
ASCII readings to W-232 50tsec 
ASCII readings to HP-IB 50lsec 
Max. Internal Trigger Rate 50lsec 
Max. External Trigger Rate to Memory 50lsec 
Max. External Trigger Rate to HP-IWRS-232 50tsec 

III 

[21 
f31 
141 

Settling Considerations 
Applying 2300 V rms (or >l A rms) will cause self-heating in 
signal-conditioning components. These errors are included in 
the instrument specifications. Internal temperature changes 
due to self-heating may cause additional error on lower ac 
voltage ranges. The additional error will be less than 0.02% 
of reading and will generally dissipate within a few minutes. 

Specifications are for 1 -hour warm-up at 6’h digits, 
Slow ac filter, sinewave input. 
Relative to calibration standards. 
20% overrange on all ranges, except 750 Vat, 3 A range. 
Specifications are for sinewave input >5% of range. 
For inputs from 1% to 5% of range and ~50 kHz, 
add 0.1% of range additional error. For 50 kHz to 1 CO kHz, 
add 0.13% of range. 

[51 

(61 
(71 

[81 
[91 

750 Vat range limited to 100 kHz or 8x10’ Volt-Hz. 
Typically 30% of reading error at 1 MHz. 
For frequencies below 100 Hz, slow AC filter specified 
for sinewave input only. 
For 1 kQ unbalance in LO lead. 
Maximum reading rates for 0.01% of ac step 
additional error. Additional settling delay required 
when input dc level varies. 

[ IO ] For External Trigger or remote operation using default 
settling delay ( Delay Auto ). 

[ 11 ] Maximum useful limit with default seffling delays defeated. 
[ 12 ] Speeds are for 4% digits, Delay 0, Display OFF, and 

Fast AC filter. 
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