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The HP 3400B is a frue root-means-square (RMS) analog voltmeter
capable of measuring ac voltages from 100 microvolts to 300 volts.

It is extremely flexible for audio and RF measurements from 10 Hz to
20 MHz and allows you to measure broadband noise and fast
rise-time pulses,

e Full-geale measurements of non-sinueoidal waveforms with crest
factors (the ratio of peak voltage to RMS voltage) up to 10:1 can be
made. At 1/10th of fuli scale, pulse trains with 0.01% duty cycle
(100:1 crest factor) can be measured accurately.

e A single front-panel control selects one of 12 voltage ranges (1 mV to
300 V) or decibel ranges (<72 dBm to +52 dBm).

e A dcoutput is provided on the rear panel which is proportional to the
front-panel meter reading. By using this voltage to drive auxiliary
equipment, you can use the voltmeter as an RMS ac-to-de converter.

e Suitable for bench use or can be rack-mounted using the available
combining case or adapter frame accessories.

The HP 3400B is a form, fit, and function replacement for the original
HP 3400A. Completely redesigned, the “B” version extends the
bandwidth from 10 MHz, available with the “A” version, to 20 MHz.
The HP 3460B User and Service Guide contains new specifications and
calibration procedures for the improved performance of the HP 3400B.
Updated schematics and replaceable parts lists are also included.
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BEMS Voltmeter




The Front Panel at a Glance
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The Rear Panel at g Glance

ACCURACY % Fult Scale
10Hy  50F Tz 2WHz 3y 200Kz
5%

£5% 1R 2% | 338
CREST FACTOR NPUT {MPEDARCE
T3 ol Fell Scols tenlf to Jo0mV Ronges; 108/,
Y 1o ROV Ranges | 10/ /20pF

e @ O

@ 100/5&“2;0%

2207240V +10%
48-440 Hz
20VA Mox

e ———

rmes—————,
- Line

“ 100-240V
P 8 125mAT /®
AWARNENC:

& Far continued fire protect
wae ppacified fusa qnly.
@ No operator serviceshie parts hsids.
Refer servicing 1o lained senvieSpersonnel.

1 Power-line fuse-holder assembly 3 DC output jack. Provides ~1 Vdc ouiput
2 Power-line voliage setting at full-scale deflection; output is proportional
to defiection; source impadance is 1 k(L




Specifications

Yoliage Ranges:

dB Range:

Fraquency Range:
Respones:

MeassUremant
Accuracy;
20°C to 30°C
{1 Yoar)

AC-o-DC Converter
Accuracy:
20'C te 38°C

1mV, 3 mV, 10 mv, 30 mV, 100 mV, 300 mv,
1V,3V, 10V, 30V, 100V, 300 V full scale.

~72dBm to +52 dBm
(0 dBm = 1 mW into 60002 ).

10 Hz fo 20 MH2

Raspoikis 1o RMS value (heating value) of inpid,

From 1/10th scale 1o full scale is % of full scale.
Temperature cosfiiciant: £ 0.10% per “C from
0'Gio20°Cand 30°C o 55°C.

Frequency + % of Full Scale
10 Hzto 50 Mz + 5%
50 Hzio 1 MHz +1%
1 MHz to 2 MHz +2%
2 MiHz 10 3 MHz + 3%
3 Mbz to 20 MMz + 5%

Note: The voltmeter may show & zero offse! with
no voliage applied to the Input terminal.

Temperature coefficlent: & 0.10% per “C from
0'Ct020°C and 30°C 1o 55°C,

Frequency 1% of Fuli Scals
10 Hz io 50 Mz + 5%

50 Hz 1o 1 MHz +0.75%

1 MHz to 2 MHz +2%

2 MHZ 1o 3 MHz +3%

3 MHz 1o 20 MHz +5%

MNote: The veltmeter may show a zero offset with
no vollage applied to the input terminal.

fnput impadance:

Crest Facton

&C Overioad:

Max. Continuous
Input Yoitage:
Max. DC Input:

Response Time:

DC Output:

Output Nolse:

Powar:

Welght:

Bize:

1mV 1o 300 mV ranges: 10 ML) shunied
by < 50 pF. AC-coupled input. i

1V to 300V mnges: 10 MO shunied

by < 20 pF. AC-couplsd input.

{Rallo of peak-io-BMS amplituds of Input .}
10: al full scale excapt whers limited by
maximum inpuf, and Inversely proportional
10 meter defiadiion {8.9. 20:1 ai hali-scale,
100:1 at tenth-scale).

30 dB above full scale or 800 Vpeak,
whichever is less, on each ranga.

500 Vac peak af 1 kHz or 600 Vdc on
&l ranges.

800 V on any rangs.

For a step funcilon, < 5 seconds fo
respond to final value.

Nagative ¥ Vdc into opan clrcukt for full scale
deilaction, proportional to meter defiection.

1 mA max; reminal source impedancs 1 i,

<1 mV RMS

100V /120 /220 V /240 V £ 10%.
48 Hz o 440 Hz, 10 Walts.

2.2 Kg (4.9 Ibs); shipping: 4.0 kg (8.7 Ibs).

16.5 cm (H) % 13.0 om (W) % 28.7 om (D)

Storage Temperature: =10'C to +60°C




Quick Start



Quick Start

One of the first things you will want to do with your voltmeter is to

become acquainted with its front panel. We have written the exercises

in this chapter to prepare the voltmeter for use and help you get
familiar with some of its front-panel operations.
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Chapter 1 Quick Start
To prepare the voltmeter for use

Caution

To prepare the voltmeter for use
The following steps help you verify that the voiltmeter is ready for use,

Check the list of supplied items,

Verify that you have received the following items with your voltmeter.
If anything is missing, contact your nearest Hewlett-Packard Sales Office.

O One double binding post to BNC adapter.
1 One power cord.

0 One 125 mA power-line fuse is installed.
& This User and Service Guide.

Verify the powerline voltage setting,

Four line voltage settings are available: 100, 120, 220, or 240 Vac.
The line voltage was preset at the factory to the proper value for your
location. Change the voltage setting if it is not correct (see page 12).

A 125 mA fuse is installed when the voltmeter is shipped from the
factory. This is the correct power-line fuse for 100, 120, 220, or 240 Vac
operation.

Connect the power cord and turn on the voltmeter.

The front-panel Power indicator will light up when you turn on the
voltmeter. Allow five minuies for the voltmeter to warm up and stabilize
before making measurements.

Do not measure signals greater than 80 volis with 16 o 1 crest factor,
otherwise, the maximum input rating of 800 volis peak will be exceeded.
When measuring signals up to 80 velts with a 10 fo I crest factor, use the
double binding post to BNC adapter (or equivalent) supplied with the
voltmeter,
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Chapter 1 Quick Start
To prepare the voltmster for use

1 Remove the fuse-holder assembly from
the rear panel.

2 Remove the line-voltage selector from
the assembly,

A

3 Rotate the line-voltage selector until the
correct voltage appears in the window.

4 Replace the fuse-holder assembly in
the rear panel.

100, 120, 220 or 240 Vac

LTS

Verify that the correct line voitage appears in the window.

12




Chapter 1 Quick Start
To select the range

To select the range

You can make measurements using one of 12 voltage ranges available.
The voltmeter is capable of measuring true-RMS ac voltages from
100 uV to 300 V.

Caution

When measuring an ac signal superimposed on ¢ de level, you should
always set the range selecior swiich to the 300 volt position. A high-
voltage transient caused by the application of a dc voltage will damage

L1
Zero Adjustment —|

Screw

the volimeter’s inpui circuiiry.

DECIBELS
£ w esof)

4008
45 VOLTMETER

Input

&
=g

12 ranges available

Selget the 300 V range first
and then adjust the range
until the metar reads in the

upper two-thirds of the scale.

Note The voltmeler may show a zero offsel with no voliage applied to
the input terminal.

Note If the meter pointer does not indicate "0” when the voltmeter has
been turned off for at least one minute, you should adjust the zero screw
setting. See chapier 2, “Calibration Procedures,” for more information.
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Chapter 1 Quick Start
To use the DC cutput signal

To use the DC output signal

You can create plots of measured data and make higher resolution
measurements by connecting an X-Y plotter or digital multimeter to the
rear-panel DC output jack. On the Us ranges (0.001, 0,01, 0.1, 1, etc.),
the voltage measured at the jack is normalized to ~1 Vde and is
proportional to the RMS input voltage (-1 Vdc corresponds io a
full-scale meter deflection). On the 3's ranges (0.003, 0.03, 0.3, 3, etc.),
the full-scale output is ~0.9487 Vde.

A phone plug for the DC output jack is available by ordering
HP part number 1251-00867,

ACCURACY % Full Scole
if 504 kI3 Rz W Z0M
]
@ g | e,
L o
W D:Swl Renges !M/

@ & ©

e P

“~= Lineg
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1220/ 240V +90%
ABn 4G Hy
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T ———————
= -
{00240V
E 125mAT

@
AWARNING:

# Far continued the prote
5t 1guchie fuke oy,

@ Mo eperslor awvlcsable nods fmida. -
Piber sricing o toesd srewbe a0 /

Negative 1 Vdc into open circuit for full scale deflection;
proportional to meter deflaction.

1 mA max; hominal sourca impaedance 1 k(.
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Chapter 1 Quick Start
Teo rack mount the volimester

To rack mount the voltmeter

You can mount the voltmeter in a standard 19-inch rack cabinet using
one of two optional kitg available. If your application requires that you
frequently remove the volimeter from the cabinet, the combining case is
recommended. You can alsc use the combining case on the bench to
mount the voltmeter with other HP System | instruments. The rack
adapter frame is recommended for permanent or semi-permanent rack
mounting applications.

Remaovue the front and rear feet before mounting the voltmeter in the
combining case or rack adapler frame.

To remove the feel, press down on the release tab and slide to side,

15



Chapter 1 Quick Start
To rack mount the volimeter

\\
To uss the combining case, order part number HP 1082A and rack
mount kit 5060-8741.
o <o
- L]

To use the rack adapter frame, order part number HP 5060-8762.

16
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Warning

Caution

Calibration Procedures

This chapter contains procedures for performing the voltmeter's
verification and adjustment procedures. Notice that the verification
procedures are divided into two levels: Operation Verification (verifies
that the voltmeter meets selected testable specifications) and
Performance Verification (verifies that the voltmeter meet all testable
specifications). The chapter is divided into the following sections:

o Calibration Interval 19

s Time Required for Calibration 19

+ Recommended Test Equipment 20

¢ Test Considerations 20

¢ Operation Verification Procedures 21

¢ Performance Verification Procedures 22
¢ Adjustment Procedures 28

e Test Connector Pinout 36

The verification tests use the voltmeter's specifications listed in
“Specifications” on page 4.

The information in this chapter is for service-trained personnel who are
familiar with electronic circuitry and are aware of the hazards involved,
To avoid personal injury or damage to the instrument, do not perform
procedures in this chapter or do any servicing unless you are qualified
to do so.

Some procedures in this chapter must be performed with power applied
to the voltmeter while the protective covers are removed. Energy
available at many points may, if contacted, result in personal injury.

Static electricity is @ major cause of component failure. To prevent
damage to the electrical componendis in the voltmeter, observe anti-static
techniques whenever working on the voltmeter.

18




Chapter 2 Calibration Procedures
Calibration Interval

Calibration Interval

The voltmeter should be calibrated on a regular interval determined by
the measurement accuracy requirements of your application. A 90-day
interval is recommended for the mos{ demanding applications, while a
1-year or 2-year interval may be adequate for less demanding
applications, Hewlett-Packard does not recommend extending
calibration intervals beyond 2 years for any application.

Whatever calibration interval vou select, Hewlett-Packard recommends
that complete re-adjustment should always be performed at the
calibration interval. This will increase your confidence that the

HP 3400B will remain within specification for the next calibration
interval. This criteria for re-adjustment provides the best measure of
the voltmeter's long-term stability. Performance data measured using
this method can easily be used to extend future calibration intervals.

When your voltmeter is due for calibration, contact your local
Hewlett-Packard Service Center for a low-cost recalibration.
Calibrations to MIL-STD-45662 are also available at competitive prices.

Time Required for Calibration

The Operation Verification, Performance Verification, and Adjustment
procedures in this chapter show you how to manually calibrate the
voltmeter, A complate verification and adjustment using these
procedures will take approximately one hour.

19




Chapter 2 Calibration Procedures
Rscommended Test Equipment

Recommended Test Equipment

The test equipment recommended for the verification and adjustment
procedures is listed below. If the exact instrument is not available,

select an equivalent substitute.

Application

Recommendead Equipment

Range/Frequency Responss Check (page 23, 24)
Amplifier Stability Chaeck {page 25)

Overioad Protection Circuitry Check (page 26}
Crest Factor Check (page 27)

Front-Panel Meter Zero Adjustment (page 28)
Full Scale Galn Adjustment (pags 29)

Tenth Scale Gain Adjustment (page 30)

Full Scale Pointer Adjustment (page 32)

20 MHz Flainess Adjustment (page 33)

input Attenuator Adjustment (page 34)

Fluke 5700A Calibrator, HP 34584 Multimater

HP 8181A Pulse Generator, HP 34584 Mulimeter
Fluke 5700A Calibrator, HP 3458 A Multimeter

HP 8161A Pulse Generator, HP 34584 Mulimeter
Mone

Fluke 5700A Calibrator, HP 3458A Multimeter
Fluke 5700A Calibrator, HP 3458A Multimeter
None

Fluke 5700A Calibrator, HP 34584 Multimeter
Fluke 5700A Calibrator, HP 34584 Multimeter

Test Considerations

To ensure proper instrument operation, verify that you have selected
the correct power line voltage prior to attempting any test procedure in
this chapter. See chapter 1, “Quick Start,” for more information.

s Agsure that the calibration ambient temperature is stable and

between 18°C and 28°C.

o Assure that the ambient relative humidity is less than 80%.

s Allow the voltmeter to warm up for 30 minutes, with the covers in
place, before attempting any performance checks.

20




Chapter 2 Calibration Procedures
Operation Yarification Procadures

Operation Verification Procedures

The procedures in this section are used to provide a high level of
confidence that the voltmeter is meeting published specifications.
The Operation Verification test is a subset of the Performance
Verification tests and is suitable for checkout after performing repair.

The Operation Verification test is performed by completing a partial
range/frequency response test as described later in the Performance
Verification test procedures. This test verifies the voltmeter's frequency
response on the 1 volt range at full scale input levels, The signal
measured for this test is a dc voltage taken at the rear-panel de output
jack. This voliage is normalized to ~1 Vdc and is proportional to the
RMS input voltage (-1 Vde corresponds to a full-scale meter deflection),

HP 34008 Calibrator Calibrator DC Quiput
Range Output Voliage Oulput Frequency (DMM Reading)
1v 1V 10 Hz -1.05V to 095V
iV 1V 80 Hz ~1.0075V to =08926V
1V 1V 1 MHz ~1.0075V to 09926V
1V 1V 2 MHz ~1.02V to 098V
1V 1V 3 MHz =103V to -0.87 V
1V 1V 20 MHz -1.08V to <098V

1 HP 34008B: Select the 1 volt range.

2 Calibrator: Select a 1 volt ac signal at 10 Hz (use the “Wideband”
output on the Fluke 57TC0A).

3 External Multimeter: Select the 10 Vde range with b1% digits of
resolution,

4 Verify that the dec voltage measured at the rear-panel de output
jack is within the limits shown in the table above.

5 Continue checking the dc output as you adjust the calibrator’s
output voltage and frequency to each of the remaining values
shown in the table above.

21




Chapter 2 Calibration Procedures
Performance Verification Precedures

Performance Verification Procedures

The procedures in this section are used to test the voltmeter's electrical
performance using the specifications given on page 4 as the
performance standard. You can use these tests for incoming inspection,
periodic maintenance, and specification checks after a repair.

Note Allow the volimeter to warm up for 30 minutes, with the covers
in place, before atiempling any performonce checks.

Range/f'requency Response Check

This test verifies the voltmeter's frequency response on all 12 input
voltage ranges. The test is performed both at full scale and tenth scale
input levels. The signal measured for this test is a dc voltage taken

at the rear-panel de output jack, On the I's ranges (0.001, 0.01,

0.1, 1, etc.), this voltage is normalized to ~I Vdc and is proportional to
the RMS input voltage (~1 Vdc corresponds to a full-scale meter
deflection). On the 3's ranges (0.003, 0.03, 0.3, 3, etc.), the fuil scale
output is <{,9487 Vdc.

22



Fulli Scale Test

Chapter 2 Calibration Procedures
Performance Verification Procedures

1 HP 3400B: Select the 0.001 volt range.

2 Calibrator: Select a 0.001 volt ac signal at 10 Hz,

3 External Multimeter: Select the 10 Vdc range with 5% digits of

resolution.

4 Verify that the dc voltage measured at the rear-panel de output
jack is within the limits shown in the table below.

6 Continue checking the de output as you adjust the calibrator’s
output voltage and frequency to each of the remaining values

shown in the table below.

HP 34008 Calibrator Calibrator BC Output

Range Output Voltage Ouiput Frequency {DMM Reading)
0.001 V 0001V 10 He -1.05V to 095V
0.003 V 0.003V 1 kHz -0.8558V to ~0.9416 V
co1Vv co1v i kHz -1.0075V to -0.9925V
0038V oo3V 1 kHz ~0.9558V to ~0.0416 V
o1V a1V 1 kHz ~1.0076V to ~0.99258V
03V 03V 1 kHz -0.9558 V to ~0.9416V
iV 1V 10 Hz -1.06V to 095V

1V 1V 50 Hz ~1.0075V to -0.9925V
1V 1V 1 kHz -1.0075V to -0.9926 V
1V 1R 10 kHz -1.0075V to 08925V
1V 1V 100 kHz -1.0075V to ~0.9025 V
1Y 1V 1 MHz -1.0075V to ~08925V
iV 1V 2MHz =102V to ~088V

1V 1V 3 MHz ~1.03V to 097V

iV iV 10 Mz -1 05V to -095V

1V 1V 20 MHz ~105V to -0.95V

3V 3V 1 kHz 09558V to -0.9416 V
10V 0V 1 kMz -1.0075V fo -0.9925V
30V 30V 1 kHz -0.9568 V to ~0.8416 V
100V 100V 1 kHz ~1.0075V to -0.9925V
300V *300 V 1 kHz -0.9558V to ~05416 V

* For alt outputs less than 3 voils, use the "Widaband” oulput on the Fluke 5700A,
For outputs greater than 3 volts, use the low frequency output.
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Tenth Scale Test

Chapter 2 Calibration Procedures
Parformance Verification Procedures

1

HP 3400B: Select the 1 volt range,
Calibrator: Select a 0.1 volt ac signal at 10 Hz.

External Multimeter: Select the 10 Vde range with 51 digits of
resolution.

Verify that the dc voltage measured at the rear-panel de output
jack is within the limits shown in the table below.

Continue checking the de cutput as you adjust the calibrator's
output voltage and frequency to each of the remaining values
shown in the table below.

HP 3400B Calibrator Calibrator DC Qutput
Rangs Ouiput Voltage Quiput Frequency {DMM Reading)
iV iV 10 Mz ~3.15V to =005V
1V VA RY 50 Hz ~1,076 V o ~0.0925 V
iV LA RY 1 MHz ~{.078Y fo -0.0925V
1V AR 2 MHz =02V to 008V
1V WARY 3 hiHz ~0.13V fo 007V
1V 1V 10 MMz =015V o 005V
1V 01V 20 MMz =015V o <005V
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Chapter 2 Calibration Procedures
Performance Yerification Procedures

Amplifier Stability Check

This test verifies the stability of the voltmeter's input amplifier by
measuring the rolloff of the frequency response at 40 MHz. The signal
measured for this test is a dc voltage taken at the rear-panel de output
jack. This voltage is normalized to ~1 Vdc and is proportional to the
RMS input voltage (-1 Vdc corresponds to a full-gcale meter deflection).

HP 3400B Source Source DC Qutput
Range Output Voltage Cutput Frequency (DMM Reading)
o1V o1V 40 MHz 066V fo ~0.45V

1 HP 3400B: Select the 0.1 volt range.
2 Source: Select a 0.1 volt ac signal at 40 MHz.

3 External Multimeter: Seleet the 10 Vde range with 5% digits of
resolution.

4 Verify that the dc voltage measured at the rear-panel de output
jack is within the limits shown in the table above.

25




Chapter 2 Calibration Procedures
Performance Verification Procedures

Overload Protection Circuitry Check

This test verifies the voltmeter's overload protection circuitry by
applying a voltage slightly greater than the range limit. The signals

measured for this test are de voltages measured on test connector pin 8
(+VBB) and pin 9 (-VBB). At the end of the overvoltage sequence, the
input voltage is returned to 0.1 volts to ensure that the voltmeter will

recover to normal operation,

HFP 34008 Calibrator Calibrator
Range Output Voltage Cutput Frequency +VBB Reading -VBB Heading
R RY oty 1 kHz +115V to +1656Y ~1585V to =116V
01V 04V 1 kHz +1.0V to 450V 50V fo -0V

HP 34008: Select the 0.1 volt range.

Calibrator: Select a 0.1 volt ac signal at 1 kHz (use the low
frequency output on the Fluke 5700A).

External Multimeter: Select the 10 Vde range with 5% digits of
resolution,

Measure +VBEB (pin 8 on the test connector) and VBB @in 9 on
the test connector}. Verify that the measured voltages are within
the limits shown in the table above for a 0.1 volt output from the
calibrator,

Increase the calibrator’s output voltage from 0.1 volts to 0.4 volts
at 1 kHz,

Measure +VBB and -VBB. Verify that the measured voltages are
within the limits shown in the table above for a 0.4 volt output
from the calibrator,

To ensure that the voltmeter will still operate properly, decrease
the calibrator's output voltage from 0.4 volts to 0.1 volts.

Measure +VBB and -VBB. Verify that the measured voliages are
within the limits shown in the table above for a 0.1 volt output
from the calibrator.
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Chapler 2 Calibration Procedures
Performance Verification Procedures

Crest Factor Check

This test verifies the voltmeter’s crest factor performance. The signal
measured for this test is a de voltage taken at the rear-panel dec output
jack. This voitage is normalized to -0.9487 Vdc and is proportional to
the RMS input voltage (~0.9487 Vdc corresponds to a full-scale meter

deflection).
bl 1 MG pp——
v
OV e l
100 mS I
HP 34008 Source DC Qutput

Range Configuration {DMM Reading)
03V Vout=1.5 V, Offset=750 mV, -1.05V to 095V

Pulse Qutput Width=1 mSac,
Frequency=10 Hz, Mode=Pulse

1 HP 3400B: Select the 0.3 volt range.

2 Source: Program the source to output a pulse train with the
following characteristics: Vout=1.5 volts, offset=750 mV,
pulse output width=1 mSec, frequency=10 Hz, mode=pulse.

3 External Multimeter: Select the 10 Vde range with 5% digits of
resolution,

4 Verify that the dc voltage measured at the rear-panel dc output
jack is within the limits shown in the table above.
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Chapler 2 Calibration Procedures
Adjustment Procedures

Warning

Adjustment Procedures

The procedures in this section are used o adjust the voltmeter for peak
performance. For best performance, the voltmeter should always be
adjusted after repair. Do not perform the adjustment procedures unless
they are required. If you make unnecessary adjustments of the internal
controls, you may actually cause more difficulty.

Some procedures in this section must be performed with power applied
to the voltmeter while the protective covers are removed. To avoid
personal injury or damoge to the instrument, do not perform procedures
in this section unless you are qualified to do so.

Note Allow the voltmeter to warm up for 30 minutes, with the covers
in place, before attempting any adjustments.

Front-Panel Meter Zero Adjustment

The zero adjustment screw is located on the voltmeter's front panel.
If the meter pointer does not indicate zero when power has been turned
off for at least one minute, adjust the screw setting as described below.

T Turn off the voltmeter and remove any input signals from the
front panel and any connections to the rear panel.

2 Allow one minute for the meter pointer to stabilize.

3 Rotate the zero adjustment screw clockwise until the pointer is to
the left of zero on the meter scale. Continue adjusting until the
pointer is at zero. If the pointer overshoots zero, repeat this step.

4 When the pointer is exactly at zero, rotate the adjustment screw
shightly counterclockwise to remove tension on the pointer's
internal mechanism, If the pointer moves to the lefl during this
adjusiment repeai steps 3 and 4.
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Chapter 2 Calibration Procedures
Adjustment Procsdures

Full Scale Gain Adjustment

This procedure manually adjusts the voltmeter for full scale readings.
The full scale adjustment and the tenth scale adjustment (described in
the next section) are interdependent and you should repeat the
adjustments until both measurements are within the recommended
limits.

The signal measured for this test is a dc voltage taken at the rear-panel
dc output jack, This voltage is normalized to -1 Vdc and is preportional
to the RMS input voltage (-1 Vdc corresponds to & full-scale meter
deflection).

For this adjustment, all measurements are made on the 0.01 volt range
at 1 kfiz You will make the full scale adjustments using R321 which 1s
focated on the main circuit hoard (see below).

Full Scale

/_ Galn Adjustment (R321)
ﬂ ez
.
==1

= -
wﬂi}
=
1 =1
ol
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Chapter 2 Calibraticn Procedures

Adjusiment Procedures
HP 34008 Calibrator Calibrator DC Output
Range Qutput Voltage Quiput Frequency (DM Reading)
001V 001V 1 kHz «1.0018V to -08881V

1 HP 3400B: Select the 0.01 volt range.

2 Calibrator: Select a 0.01 volt ac signal at 1 kHz (use the
“Wideband” output on the Fluke 5700A).

3 External Multimeter: Select the 10 Vde range with 5% digits of
resolution.

4 Remove only the top cover from the HP 34008 (it is important
that you do not remove the side or bottom covers). Adjust R321
until the de voltage measured at the rear-panel de output jack is
within the limits shown in the table above.

Tenth Scale Gain Adjustment

This procedures manually adjusts the voltmeter for tenth scale
readings. The tenth scale adjustment and the full scale adjustment
(described in the previous section) are interdependent and you should
repeat the adjustments until both measurements are within the
recommended limits,

The signal measured for this {est is a dc voltage taken at the rear-panel
de output jack. This voltage is normalized to ~1 Vdc and is proportional
to the RMS input voltage (-1 Vdc corresponds to a full-scale meter
deflection).

For this adjustment, all measurements are made on the 0.01 volt range
at 1 kHz. You will make the tenth scale adjustments using R316 which
is located on the main civenit board (see next page).
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Chapter 2 Calibration Procedures
Adjustment Procedures

Tenth Scale
Gain Adjustment (R316)

ﬂ%@ﬂ —

o 1008

it

30010
I

—

HP 3400B Calibrator Calibrator DG Output
Range QOuiput Voliage Output Frequency (Dhi Reading)
001V 0001V 1 kHz -0.1019V fo ~0.0881V

1 HP 3400B: Select the 0.01 volt range.

2 Calibrator: Select a 0.001 volt ac signal at 1 kHz (use the
“Wideband” output on the Fhuke 57004).

3 External Multimeter; Select the 10 Vdc range with 514 digits of
resolution.

4 Remove only the top cover from the HP 34008 (it is important
that you do noi remove the side or bottom covers). Adjust R316
until the dc voltage measured at the rear-panel dc output jack is
within the limits shown in the table above.

starting with step 1 for the full scale adjusiment, on page 30.

Note Since the full scale and tenth scale adjustmenis are interdependent,
you should repeat both adjustmenis again. Repeat the procedures again,
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Chapter 2 Calibration Procedures
Adjustment Procedures

Full Scale Pointer Adjustment

This procedure shows you how to manually adjust the position of the
meter pointer for full scale readings. When properly adjusted, the meter
pointer should be aligned with the full scale marking on the right side
of the meter scale.

This adjustment is made on the 0.1 volt range at 1 kHz. You will use

R330 which is located on the main circuit board to make the adjustment
(see below).

Full Scale

/' Pointer Adjustment {R330)

—

1 HP 34008: Select the 0.1 volt range.

2 Calibrator: Select a 0.1 volt ac signal at 1 kHz (use the
“Wideband” cutput on the Fluke 5700A).

3 Allow one minute for the meter pointer to stabilize.

4 Remove only the top cover from the HP 3400B (it is important
that you do not remove the side or bottom eovers). Adjust R330
until the meter pointer is aligned with the full scale marking on
the right side of the meter scale.
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Adjusiment Procedures

20 MHz Flatness Adjustment

This procedure manually adjusts the 20 MHz flatness. The adjustment
is made with a 100 mV signal applied at 20 MHz, You will make the
flatness adjustment using C304 which is located on the main circuit
board (see below).

The signal measured for this test is 2 de voltage taken at the rear-panel
dc output jack. This voltage is normalized to -1 Vdc and is proportional
to the RMS input voltage (=1 Vdc corresponds to a full-scale meter
deflection),

20 MHz Flathess

/ Adjustment (C304)

- = ‘
0

[

HP 34008 Calibrator Calibrator DG Output
Range Quiput Voitage Output Frequency {DMM Reading)
0.1V 01V 20 MHz -1.01258Y to 09875V

1 HP 34008: Select the 0.1 volt range.

2 Calibrator: Select a 0.1 volt ac signal at 20 MHz (use the
“Wideband” output on the Fluke 5700A).

3 External Multimeter: Select the 10 Vde range with 51 digits of
resolution.

4 Remove only the righ{-side cover from the HP 34008 (as viewed
from the front panel). It is timportant that you do not remove the
Ieft-side, top, or bottom covers, Adjust C304 until the voltage
measured at the rear-panel de cutput jack is within the limits
shown in the table above.
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Adjustment Procedures

Input Attenuator Adjustment

This procedure performs a manual adjustment of the input attenuator
at 50 Hz and 100 klz First, you will make the low frequency
adjustment at 3V/B0 Hz using R123 on the main circuit board (see
below). You will make the high frequency adjustment at 3V/100 kHz

using C134 on the main circuit board (see below).

The signal measured for this test is a dc voltage taken at the rear-panel
dec output jack. This voltage is normalized to -0.9487 Vdc and is
proportional to the RMS input voltage (-0.9487 Vdc corresponds to a

fuli-scale meter deflection).

i

4
=
L E:
-
L
. High Frequency
Adjustment (C134)
® Low Frequency
Adjustment {R123)
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Adjustment Procedures

HP 34008 Calibrator Calibrator DC Output
Range Qutput Voitage Cutput Frequency {DMM Reading)
""" 3V 3V 50 Mz ~0.850V fo ~0.047V
3V 3v 100 kHz ~0850V to ~0.847V

Low Frequancy 1 HP 3400B: Select the 3 volt range.

2 Calibrator: Select a 3 volt ac signal at 50 Hz (use the “Wideband”
output on the Fluke 5700A).

3 External Multimeter: Select the 10 Vdc range with 514 digits of
resolution,

4 Remove only the right-side cover from the HP 34008 (as viewed
from the front panel), It is important that you do not remove the
left-side, top, or bottom covers. Adjust R123 until the voltage
measured at the rear-panel dec output jack is within the limits L
shown in the table above for 50 Hz,

High Frequency 1 HP 3400B: Select the 3 volt range.

2 Calibrator: Select a 3 volt ac signal at 100 kI{z (use the
“Wideband” output on the Fluke 5700A).

3 External Multimeter: Select the 10 Vde range with 514 digits of
resolution.

4 Remove only the right-side cover from the HP 34008 (as viewed
from the front panel). It is important that you do not remove the
left-side, top, or bottom covers. Adjust C134 until the voltage
measured at the rear-panel de output jack is within the limits
shown in the table above for 100 kHz.
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Test Connector Pincut

Test Connector Pinout

Test connector J3 gives you access to several test points on the main
circuit board. You can build your own cusiom ribbon cable interface if is
convenient for your application. The table below shows the pinout for
the test connector. Refer o the schematics in chapter 7 for more detailed
information on the circuilry thai inlerfaces with the test conneclor,

> <
S G S ¢

A

Test Conneclior J3

Pin Number

Description

DHNOIMNLE BN =

K1018, Relay Drive Legic for Refay K101 (low true, ses the table on page 45).
K201B, Relay Drive Logic for Relay K201 (low Yrue, see tha table on page 45).
K2028, Relay Drive Logic for Relay K202 (low true, see the tabla on page 45).
K203B, Relay Drive Logic for Relay K203 (low true, sse the table on page 45).
FRemote/l.ccal Conirol, Ground or Hold Low to Disable Range Selector Switch.
+VCC (4.7 k2 Series Resistor),

CGND, Common Ground

+VBB

=B

~VYRAW (10 k02 Series Resistor), Output from Power Transformer (T1).

Mot Used

OPAMP_DC, Qutput from Wideband Amplifier (L301).

DC_OUT, Same as Rear Panel Ouiput (loading on this line will affect signal on
rear-pane! cutput; loading on rear-panel ouiput will affect signal on this line).
CGHND, Common Ground
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Theory of Operation

This chapter is organized to provide descriptions of the circuitry
contained on each schematic shown in chapter 7. A block diagram
overview is provided followed by more detailed descriptions of the
circuitry contained in the schematics chapter.

¢ Block Diagram 39

+ Input Attenuator 41

* Impedance Converter 41

¢ Post Attenuator 42

+ Wideband Amplifier 42

s Chopper Op Amp / Thermocouple Pair 43
s Power Supplies 44

¢ Switch Board 45
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Chapter 3 Theory of Operation
Block Diagram

Block Diagram

Referring to the instrument block diagram shown below, you can see
that the voltmeter's operational circuitry consists of two atienuators,
an impedance converter, a wideband amplifier, a chopper op amp,

a thermocouple pair, and a direct reading meter,

Thermocouple
e o o o o ol e - Pair
P
P
-
7 7
input Impedance Post
| Attenuater Convertar Attenyator
: G121 and
122

L..d Chopper I

HP 34008 Biock Diagram

39




Chapter 3 Theory of Operation
Block Diagram

A signal being measured is applied to the input attenuator through the
input connector, located on the voltmeter's front panel. The input
attenuator has an input impedance of 10 M{ and provides two ranges
of attenuation. The cutput of the input attenuator is applied to the
impedance converter. The impedance converter is a non-inverting unity
voltage gain amplifier. It presents a high impedance to the input signal
and provides a low impedance output to drive the post attenuator. The
post attenuator provides six ranges in a 1, 3, 10 sequence. The two
atienuators are switched to provide 12 ranges of attenuation.

The cutput of the post attenuator is amplified by the wideband
amplifier, The wideband amplifier is a two-stage amplifier (U301 and
U302). The ac output of the wideband amplifier is amplified to drive one
of the thermocouples in the thermecoupie pair (TC391).

The de output of TC301 is applied to the chopper op amp (U303) which
modulates the voltage. The resultant modulated signal is then
amplified and, after the amplification, the signal is demodulated back
to a de voltage. This voltage is the output of the chopper op amp. The
value of the voltage is proportional to the dc input voltage.

The output of the chopper op amp is applied to a filter and also to the
second thermocouple of the thermocouple pair (TC301). The output of
the filter is applied to a dc output amplifier (U304C) which is used to
drive the meter (M1).

The thermocouple pair (T'C301) acts as a summing point for the ac
output of the wideband amplifier and the dc output of the chopper

op amp. The difference in the heating effect of these voltages is the dc
input to the chopper op amp. This difference input is amplified and is
fed to TC301 and also, after going through the output amplifier (U304C),
to the meter (M1). This voltage represents the RMS value of the ac
signal applied to the input connector. By using a “matched”
thermocouple pair and measuring the difference, the output of the
chopper op amp will be linear. Using a matched thermocouple pair also
provides temperature stability.
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Chapter 3 Theory of Operation
input Altenuaior

Input Attenuator

The input attenuator is a capacitive-compensated attenuator which
provides two ranges of attenuation for the 12 positions of the Range
selector switch. When the selector switch is positioned to one of the six
most sensitive ranges (1 mV to 300 mV), the attenuator cutput voltage
is equal to the input voltage. When the selector switch is positioned to
one of the six higher ranges (1 V to 300 V), the input signal is
attenuated 60 dB (1000:1 voltage division) by the resistive voltage
divider consisting of R121, R122, and R123. Trimmer C134 is adjusted at
100 kHz, and R123 is adjusied at 50 Hz to provide constant attenuation
over the input frequency range.

Impedance Converter

The impedance converter uses a FET-follower circuit to match the high
output impedance of the input attenuator to the low input impedance of
the post attenuator. The FET-follower circuitry has unity gain with no
phase inversion between the input and output signals.

The ac input signal to the impedance converter is resistor/capacitor
coupled via R127 and C149 to the gate of FET Q121. The output of the
converter is developed across Q122 which acts like a variable load
resistor for the FET,

The bootstrap circuitry, consisting of C152 and R130, increases the input
impedance of the converter circuitry and the compensating feedback
circuitry, consisting of C151, decreases the output impedance of the
converter. The bias voltage for Q122 is developed by resistors R133,
CR12Z5, R134, and R140.
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Post Attenuator

Post Attenuator

The post attenuator is a resistive divider which atienuates the ac input
signal while maintaining a low impedance output for the following
amplification stages. The ac input signal is applied to a precision
resistive voltage divider. These resistors are arranged to give six ranges
of attenuation at 10 dB per range. The six ranges of the post attenuator
combined with the two ranges of the input attenuator make up the

12 ranges of attenuation (I mV to 3060 V).

Wideband Amplifier

The wideband amplifier provides constant gain to the ac signal being
measured over the entire frequency range of the HP 3400B. The
wideband amplification required to drive the thermocouple heater is
provided i two gain stages. The first stage has a gain of 36 dB and
consists of a differential {ransistor pair Q301 and Q302 driving U301,
This gain stage also includes the capacitor feedback adjustment (C304)
0 adjust the voltmeter’s frequency response at 20 MHz. The second
stage has & gain of 14 dB to the thermocouple heater and consists of U302,

The combined gain of 5C dB amplifies the 1 mV RMS full-scale input
signal to 316 mV RMS apphied to the thermocouple heater. The nominal
resistance of the heater is 90<2 and there is 3.5 mA RMS of current
flowing at full-scale input signal.

Protection against excess current to the thermocouple heater is
provided by controlling the power supply voltages o the heater drive op
amp (U302). The output from U302 is peak-detected by CR306 and CR307
and is then averaged with an RC network. The average dc level is
compared with a reference by comparators U304A and U304B. The
comparator output lowers the supply voltage via G303 and Q304 when
the average dc level exceeds the reference level. The average dc level of
the input signal allows for 10-to-1 crest factor signals to be applied to
the heater at proper levels without being attenuaied,
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Chopper Op Amp / Thermocouple Pair

Chopper Op Amp / Thermocouple Pair

The chopper op amp and the thermocouple pair form a serve loop which
functions to position the direct reading meter (M1) to the RMS value of
the ac input signal. The wideband amplifier output is applied to the
heater of thermocouple pair (T'C301). The ac voltage causes a de voltage
to be generated in the resistive portion of TC301 which is proporiional (o
the heating effect (RMS value) of the ac input. The de voltage is applied
to the chopper op amp.

The chopper op amp circuitry consists of a chopper op amp (U393),

filter, and output amplifier (U304C). The chopper op amp is a high-gain,
low-drift op amp and is used to modulate the applied dc voltage,
amplify the voltage, and then demodulate the voltage back to a de
voltage (the cutput voltage of the amplifier). The output of the amplifier
18 the ac stabilizing and summing feedback for the thermocouple pair
(TC301}, and is also applied to the filter. The ac stabilizing feedback
(using R323, R320, and C309) is used to prevent the circuitry from
oaciflating.

The cutput from the chopper op amp (summing feedback) is applied to
the heating element of thermocouple pair (TC301). The dc voltage
developed in the resistive portion of TC301 is effectively subsracted from
the voltage developed by TC301. The input signal to the chopper op amp
then becomes the difference in the de outputs of the two thermocouples.
When the difference between the two thermocouples becomes zero, the
dc output from the chopper op amp will be equal to the ac output from
the wideband amplifier.

The low pass filter, consisting of R325, R326, C312, C313, and U304C,
is used to further reduce the noise on the output of the chopper op amp.
This is to make the meter reading quiet.

The output of the low pass filter and output amplifier (U304C) drives
the meter (M1} and the DC Out connector on the rear panel. The rear
terminal’s output impedance is approximately 1000.
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Power Suppliss

Power Supplies

The power supplies provide dc operating voltages for the circuitry used
in the HP 34008, The input line power is applied o an input line
module. The module contains a line filter, a fuse, the line switch, and
voltage tap selection for the power transformer. Four line voltages
selections are available: 100, 120, 220, 240 Vac.

The outputs from the power transformer drive three voltage regulators.
The voltages produced by the three voltage regulators are: +27 Vdc,
-15 Vde, and +5 Vde. The +27 Vdc supply is used to power the
impedance converter Q121 and Q122 The +27 Vdc supply is also
dropped by a 12 volt zener diode (CR112) 16 develop +15 Vdc for U302
through overload regulator Q303. In addition, the +27 Vde supply is
regulated by a 15 volt zener diode (CR111) for U301 and U304. The dc
chopper amplifier is powered by temperature-compensated 6.2 volt
zener diodes (CR113 and CR114) to provide a stable de source to U303
and its associated circuits. The +5 Vdc supply is used to power the logic
circuitry and atienuator relays.
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Switch Board

Switch Board

The switch control circuitry is located on the small circuit board which
is connected to the front-panel Range selector switch. The Schottky
diodes (CR41 through CR60) on the switch board provide the appropriate
relay logic for the relay drivers on the main circuit board (see table
below). The switch board connects to the main circuit board using a
ribbon cable (P1}. The switch board also provides the interface for
wiring to the meter mechanism, the front-panel power LED, and the
rear-panel BC Out connector.

Voltage Rangs Kio1 K201 K202 and K204 K203
0.001 0 [+ g §
0.003 o 1 0 L
0.01 0 o 0 Q
003 0 1 0 o
0.1 0 a 1 1
0.3 0 4] 1 0
1.0 1 G 4} 1
3.0 1 1 g 1
10.0 1 G 0 0
30.0 1 1 v ¢
100.0 1 G i 1
300.0 1 ¢ i o

0 = Relay De-Enargized; 1 = Relay Energized.
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