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CAUTIONS ON OPERATION

USING EXTERNAL BIASING
When measuring any device that is biased from an external bias source, you must observe
certain precautions to protect the 4276A's sensitive measurement ecircuitry.

1) DO NOT apply a de bias voltage exceeding +40V between the LOW and HIGH
UNKNOWN terminals as shown in the figure below.

GUARD LOW HIGH
1 1 unxomn
Leur ‘ Lrot “A" H PO
©
L | L

fo.su +40V
- " MAX

= +40.3V MAX —=]

Interterminal Bias Limitations
2) DO NOT, under any ecircumstances, connect a charged capacitor directly to the
4276A's UNKNOWN terminals.
If either of these precautions is ignored, the instrument may be damaged. Symptoms of
the damage that may result are listed below.
(1) No test signal at the Hcur terminal

(2) Excessive display fluctuation during measurement

(3) During SELF TEST, error codes E37 through E39 and E4l1 through E45 are
displayed on DISPLAY A.

If your 4276A exhibits these symptoms, contact the nearest Hewlett-Packard Sales and
Service Office.

Note
When making impedance measurements on an active cireuit or a device biased

from an external source, set the DC BIAS slide switch on the rear panel to EXT
and connect nothing to the EXT INPUT/INT MONITOR connector.


https://www.manualsplus.com/

SAFETY SUMMARY

The following general safety precautions must be observed during all phases of op-
eration, service, and repair of this instrument. Failure to comply with these pre-
cautions or with specific warnings given elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Hewlett~
Packard Company assumes no liability for the customer's failure to comply with
these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to
an electrical 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 & 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 the 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. Op-
eration 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, dan-
gerous voltages may exist even with the power cable removed. To avoid injuries,
always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

WARNING

Dangerous voltages, capable of causing death, are present in this instru-
ment. Use extreme caution when handling, testing, and adjusting.
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Herstellerbescheinigung

Hiermit wird bescheinigt, daB das Geri#t HP 4276A (LCZ Meter) in Ubereinstimmung mit
den Bestimmungen von Postverfiigung 1046/84 funkentstort ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerlites angezeigt und die
Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingeriumt.

Anm: Werden MeB- und Testgeriite mit ungeschirmten Kabein und/oder in offenen
MeBaufbauten verwendet, SO ist vom Betreiber sicherzustellen, daf die
Funk-Entstoérbestimmungen unter Betriebsbedingungen an seiner Grundstiicksgrenze
eingehalten werden.

Manufacturer’s Declaration

This is to certify that this product, the HP 4276 A LCZ Meter, meets the radio frequency
interference requirements of directive 1046/84. The German Bundespost has been notified
that this equipment was put into circulation and was granted the right to check the product
type for compliance with these requirements.

Note: If test and measurement equipment is operated with unshielded cabies and/or used
for measurements on open setups, the user must insure that under these operating condi-
tions, the radio frequency interference limits are met at the border of his premises.
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SAFETY SYMBOLS

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

A\
{

WARNING
CAUTION

Note

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).

Protective conductor terminal. For protection against electri-
cal shock in case of a fault., Used with field wiring terminals
to indicate 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 elec-
trical shock in case of 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 (chas-
sis) of the equipment which normally includes all exposed metal
structures.

Alternating current (power line).

Direct current (power line).

Alternating or direct current (power line).

A WARNING denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly
performed 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.

A Note denotes important information. It calls attention to a
procedure, practice, condition or the like, which is essential to
highlight.
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Model 4276A

SECTION 1

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This operation and service manual
contains the information required to install,
operate, test, adjust, and serviece the
Hewlett-Packard Model 4276A LCZ Meter.
Figure 1-1 shows the instrument and its supplied
accessories. This section covers specifications,
instrument identification, description, options,
accessories, and other basic information.

1-3. Listed on the title page of this manual is
a microfiche part number. This number can be
used to order 4 x 6 inch microfilm transparencies
of the manual. Each microfiche contains up to
60 photo-duplicates of the manual pages. The
microfiche package also includes the latest
manual changes supplement as well as all
pertinent service notes. To order an additional
manual, use the part number listed on the title
page of this manual.

1-4. DESCRIPTION

1-5. The HP Model 4276A LCZ Meter is a fully
automatie, high performance test instrument
designed to measure the inductance,
capacitance, dissipation factor, quality factor,
conductance, equivalent series resistance,
impedance magnitude, and phase of electronic
components and devices. Its built-in test signal
source covers the frequency range of 100Hz to
20kHz and provides 801 spot frequencies. Test
frequency resolution is 1Hz (maximum), and
frequency accuracy is +0.01% of the selected
spot frequency. Frequently used spot
frequencies-——100Hz, 120Hz, 1kHz, and
10kHz--can be quickly selected by the SPOT
key. Test signal level is selectable at 1Vrms
(HIGH) or 50mVrms (LOW). In exceptional
measurement ranges, the test signal in HIGH
mode is 2Vrms. The instrument's 5 terminal
configuratin provides a basic measurement
accuracy of 0.1% over a wide measurement
range.

Figure 1-1. Model 4276A and Accessories.

1-1
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1-6. The 4278A has three measurement speed
modes: SLOW, MED, and FAST. When MED
mode is selected, total time required for a C-D
or L-Q measurement is approximately 100ms (at
1kHz). FAST mode measurement time 1is
approximately 40 percent shorter than that of
MED mode. Also, the HIGH SPEED C and HIGH
SPEED L measurement functions reduce
measurement time to approximately half that of
a normal C-D or L-Q measurement. Shortest
measurement time is approximately 25ms (HIGH
SPEED C or L, FAST mode, at 20kHz). The
4276A is equipped with a  (delta) measurement
function to permit temperature dependency or
de bias dependency measurements.

1-7. All instrument operations--measurement,
front panel control settings, self test, continuous
memory, ete.—are controlled by a Z80
mieroprocessor. The built-in self test funetion
can be initiated at any time to verify correct
operation of the instrument's basic capabilities.
The 4276A is also equipped with a continuous
memory funection that is automatically activated
when the instrument is turned off or experiences
a power failure. All front panel control settings
{except de bias), zero offset data, and
comparator limits (Option 002) are memorized
and automatically recalled when the instrument
is turned on again.

1-8. The Hewlett-Packard Interface Bus
(HP-IB) is standard on the 4276A. All of the
instrument's standard and optional functions
(except power on/off and DC BIAS ON/OFF) can
be remotely controlled from an HP-IB
compatible controller. When set to TALK ONLY
mode, the 4276A can send measurement data to
an external device (a printer, for example)
without a controller.

1-9. The 4276A can be equipped with two
special options: Option 001 Internal DC Bias and
Option 002 Comparator/Handler Interface.
Refer to paragraph 1-21 for a brief deseription
of these options.

1-10. A wide selection of accessories—test
fixtures and test leads—is available. A
description of furnished accessories is given in
paragraph 1-30. For details on available
accessories, refer to paragraph 1-32.

1-11. SPECIFICATIONS

1-12. Complete specifications of the Model
4276A are given in Table I-I. These
specifications are the performance standards or
limits against which the instrument is tested.
The test procedures for verifying the
specifications are covered iIn Section 1V,
1-2

&

Model 4276A

Performance Tests. Table 1-2 lilsts
supplemental performance characteristies.
Supplemental performance characteristics are
not specifications but are tvpical characteristics
included as additional information for the
operator. When the 4276A is shipped from the
factory, it meets the specifications listed in
Table 1-1.

1-13. SAFETY CONSIDERATIONS

1-14. The Model 4276A has been designed to
conform to the safety requirements of an IEC
(International Electromechanical Committee)
Safety Class I instrument and is shipped from the
factory in a safe condition.

1-15. This operating and service manual
contains information, cautions, and warnings
which must be followed by the user to ensure
safe operation and to maintain the instrument in
a safe condition.

1-16. INSTRUMENTS COVERED BY MANUAL

1-17. Hewlett-Packard uses a two-section nine
character serial number which is stamped on the
serial number plate (Figure 1-2) attached to the
instrument's rear-panel. The first four digits and
the letter are the serial prefix and the last five
digits are the suffix. The letter placed between
the two sections identifies the country where the
instrument was manufactured. The prefix is the
same for all identical instruments; it changes
only when a change is made to the instrument.
The suffix, however, is assigned sequentially and
is different for each instrument. The contents
of this manual apply to instruments with the
serial number prefix(es) listed under SERIAL
NUMBERS on the title page.

1-18. An instrument manufactured after the
printing of this manual may have a serial number
prefix that is not listed on the title page. This
unlisted serial number prefix indicates the
instrument is different from the one described in
this manual. The manual for this newer
instrument may be accompanied by a yellow
Manual Changes supplement or have a different
manual part number. This supplement contains
"ehange information” that explains how to adapt
the manual to the newer instrument.

Figure 1-2. Serial Number Plate.
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1-19. In addition to change information, the
supplement may contain information for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett~Packard recommends that you
periodically request the latest Manual Changes
supplement. The supplement for this manual is
identified with this manual's print date and part
number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are available from  Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than that on the title page of
this manual, see Section VII, Manual Changes.

1-20. For information concerning a serial
number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett-Packard office.

1-21. OPTIONS

1-22. Options are modifications to the standard
instrument that implement the user's special
requirements for minor functional changes. The

4276 A has six options:

Option 001 : Internal DC Bias Supply

(0 —- +40V)
Option 002 : Comparator/Handler Interface
Option 907 :  Front Handle Kit

Option 908 : Rack Flange Kit

Option 909 : Rack Flange and Front Handle
Kit

Option 910 : Extra Manual

1-23. OPTION 001

1-24. Option 001 equips the standard 4276A
with a built-in de voltage source for biasing the
device under test. Qutput  voltage is
user-selectable from 0 to £+40V with 10mV (0V to
+9.99V range) or 100mV (£10V to *40V range)
setting resolution, and can be keyed in directly
from the front panel or remotely programmed
via the HP-IB. Maximum display resolution is 3
digits.

1-25. OPTION 002

1-26. Option 002 equips the standard 4276A
with the 16064A Comparator/Handler Interface
for go/no-go testing and automatic bin sorting.
Up to nine sets of HIGH/LOW limits for one
DISPLAY A funection (L, C, or | Z|) and one set
of HIGH/LOW limits for one DISPLAY B

SECTION 1

funetion (D, @, ESR, or G) can be manually
keyed in from the 16064A, or entered from a
remote controller via the HP-IB. Comparison
results—~HIGH, IN, or LOW—for each measure-
ment parameter are indicated by LED lamps on
the 16064A and by TTL level voltages (open
collector) output from the handler interface
connector.

HIGH : Measured value exceeds the HIGH
limit.

IN Measured value is within the HIGH and
LOW limits, inclusive.

LOW : Measured value is lower than the LOW
limit.

1-27. OTHER OPTIONS

1-28. The following options provide the
mechanical parts necessary for rack mounting
and hand carrying:

Option 907 : Front Handle Kit. Furnishes
carrying handles for both ends
of the front-panel.

Option 908 : Rack Flange Kit. Furnishes
flanges for rack mounting.

Option 909 : Rack Flange and Front Handle
Kit. Furnishes front handles
(Opt.907) and rack flanges
(Opt. 908).

Installation instructions for these options are
given in Section II.

1-29. Option 910 adds an extra copy of the
Operation and Service Manual.

1-30. ACCESSORIES SUPPLIED

1-31. The standard HP Model 4276A LCZ
Meter, along with its furnished accessories, is
shown in Figure 1-1. The furnished accessories
are also listed below

16047 A Test Fixture
(Refer to Table 1-3 for a
brief deseription)

Power Cable HP Part No. 8120-1378

Fuse HP Part No. 2110-0007
or 2110-0360
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Model 4276A

Table 1-1. Specifications (Sheet 1 of 14)

Specifications

Parameters Measured:
C (capacitance), L (inductance), |Z]|
(impedance), D (dissipation factor), Q (quality
factor), ESR (equivalent series resistance), G
{(econductance), ¢ (phase angle), HIGH SPEED
C, HIGH SPEED L, A (deviation)

Parameter Combinations:

Circuit Mode Parameter Combination
Series C-D, C-Q, C-ESR, L-D,
erie L-Q, L-ESR, lz|-9,
o HIGH SPEED C, HIGH
SPEED L
Parallel C-D, C-Q, C-G, L-D,
L-Q, L-G, |z]-96,
oL HIGH SPEED C, HIGH
SPEED L

Measurement Circuit Modes:
Auto, Series (e£3+w), and Parallel ( o{iZ3e)

Measurement Speed Modes:
SLOW, MED, and FAST

Test Frequencies:

Test Frequency Range Reduction
100Hz to 200H:z 1Hz
200Hz to 500H:z 2Hz
500Hz to 1kHz SHz

1kHz to 2kHz 10Hz
2kHz to 5kHz 20Hz
SkHz to 10kHz 50Hz
10kHz to 20kHz 100Hz

Frequeney Control Modes:
SPOT (100Hz, 120Hz, 1kHz, 10kHz)
COARSE (10 Freq. points/decade)
FINE (Maximum resolution)

Frequency Accuracy: #0.01%

Test Signal Level:
HIGH (1Vrms) or LOW (50mVrms)

Note

Displays: HIGH test signal level is 2Vrms on
the ranges shown in Tables A and B.
g;:zzrsgzzt Display Digits Maximum Display Table A.
SLOW 4 1/2 19999 counts Capacitance Test Frequency Range
MED Range 100Hz to 199Hz |200Hz to 1.99kHz |2kHz to 20kHz
FAST 31/2 1999 counts 10mF g : T
1mF W e
100VF )
Note 10u
1uF
Number of display digits depends on 100nF Lyrms
10nF

the test frequency, the test signal
level, and the measurement range.

Measurement Terminals:
5-terminal configuration with guard terminal

Ranging Modes:
Auto and Manual (UP/DOWN keys)

InF

Note: C Measurement in Series CKT Mode

1-4
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SECTION I

Table 1-1. Specifications (Sheet 2 of 14)

Table B.

¥ F T R e
Impedance Test Frequency Rang

Range 100Hz to 20kHz

10MQ
1IMQ
100kQ
10kQ
1k&
1000
109
1Q
100m2 2Vrms

1Vrms

Note: | Z]| Measurement

Level Accuracy:

Test Signal Level Test Frequency

1kH:z Cther than 1kH:z
HIGH *£10% .
1IGt 10 =30
LOW =20%

Output Impedance: 1002+20%

Deviation Measurement:

Calculates and displays the difference
between stored reference values and
measured values.

ZERO Offset Adjustment:

Compensation for residual impedance and
stray admittance of the test [fixture
connected to the UNKNOWN terminals is
automatically done by the ZERO
OPEN/SHORT buttons.

* Compensation frequencies:
20kHz, 16kHz, 10kHz, 5kHz, 2kHz,
lkHz, 500Hz, 200Hz, and 100Hz.
Compensation at other frequencies is
automatically done by  secondary
interpolation.

* Maximum offset values:
C: Up to 20pF (OPEN)
G: Upto.2uS (OPEN)
|Z]: Upto2Q (SHORT)

SELF TEST:
Checks the 4276A's basic operation when the
instrument is turned on or when the SELF
TEST key is pressed. If an abnormality is
detected, an error code is displayed on
DISPLAY A.

External DC Bias:
Up to *40V de can be applied to the DUT
from an external voltage source connected to
the EXT INPUT/INT MONITOR BNC
connector on the rear-panel.

Output impedance is 1020Q2+£10%.

Trigger :
Internal, External, Manual, or HP-IB remote
control

HP-IB (Hewlett-Packard Interface Bus):
Data output and remote control. Based on
IEEE Std 488 and ANSI-MCI.1.

Interface Capabilities:
SH1, AHI1, T5, L4, SR1, RL1, DCI1, DTI,
and El

Remote Control:
All front panel control settings (except
power switeh, and DC BIAS ON/OFF
switeh) and all 16064A Comparator/ ]
Handler Interface settings (option 002)

Data Output:
Parameter measured, equivalent circuit
mode, display status, measured values,
and comparator output. Output format is
ASCII format or Binary Packed format.

Continuous Memory:

Memorizes all front panel control settings
(except DC BIAS voltage setting), zero offset
adjustment data, reference values, and
comparator limits {option 002) when the
instrument is turned off or experiences a
power failure. Settings and data are recalled
when the instrument is turned on.

Warm-up Time: Maximum 30minutes

Ambient Temperature:
23°C+5°C (At 0°C to 55 °C, error doubles)
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Table 1-1. Specifications (Sheet 3 of 14)

CAPACITANCE MEASUREMENT ACCURACY

C-D Measurement Accuracy:
C Accuracy: *[(% of reading) + (number of counts)], see Tables A-1 and A-2.

D Accuracy: :[(% of reading) + (D error) + (number of counts)], see Tables A-1 and
A-2.

Note: Use Table A-1 when the test frequency is 100Hz, 120Hz, 1kHz, and
10kHz. Use Table A-2 for all other frequencies.

C-Q Measurement Accuracy:
C Accuracy: *[(C accuracy of C-D measurement)]
Q Accuracy: #[(D accuracy : measured D value x 100)% of Q reading + 1 count]
Note: Q is the reciprocal of D.

Note: Q accuracy is calculated from the measured D value. Refer to
Figure 3-16.

Table A-1. C-D Accuracies (100Hz, 120Hz, 1kHz, 10kHz only)

Capacitance Test Frequency Range
Range 100Hz and 120Hz 1kHz 10kHz
% + 4
10mF 3% + 103 + 6
.75% + 2
1mE 75% + 015 + 3
I""'_'a ———————
100pF || -#5% + 2 )
| -45% + 015 + 5
1
10uF i
|
|
1uF I
l.15% + 5
[-15% + 00004 + 5 [
100nF |
| 1% + 5 3%+ 5 ;
[ .1% + .0006A + 5 .3% + .0018A + 54
1onf | !
' i
i i
i |
i I
|
i
|
|
I
i
I
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Table 1-1. Specifications (Sheet 4 of 14)

SECTION 1

Table A-2.

C-D Accuracies

Capacitance

Test Frequency Range

Range 10iHz to 190Hz*

10mF

1uF

100nF
2%+ 5

22% » .0012A -+ 5

1.5% » 05+ 5 ¢

5% e 5
5% + T003A + 5

i
[
»

1% » 10
1%+ 00sA - 10 |

Equations in Tables A-1 and A-2 represent

C Accuracy

D Accuracy

a: Full-seale factor (= measured C value +
full-scale C value). For example,
when the measured C value is 850pF
on the 1000pF range, a is 0.85.

A: =(a+(1/a))/2

Tables A-1 and A-2 are applicable
under the following conditions:

Note 1:

HIGH SPEED C Measurement Accuracy:

C Accuracy: #[(C accuracy of C-D measurement) + (X% of reading)], see Table A-3.

Note:

Table A-3. Additional Error

HIGH SPEED C accuracy is specified on the ranges enclosed in the
dotted line in Tables A-1 and A-2.

2% 20 i
Z'G*.Dllr\o&\

Test Signal Level: HIGH
Measurement Speed: MED or SLOW
Sample's D Value: < 0.1

(4) Zero offset adjustment has been
performed with the OPEN and SHORT
terminations of the Model 16074A.

Note 2: Error doubles when LOW test
signal level (50mVrms) is used.
LOW test signal level can be used
only on the ranges enclosed in the
bold line in Tables A-1 and A-2.
Note 3: When FAST measurement speed is
used, accuracies double on the
ranges outside the area enclosed in
the bold line in Tables A-1 and A-2.

Test Signal Level

Sample's D Value

D<.0004 | .0004<D<.002

.002<Dg.1 D>.1

HIGH

X = 20D

LOW

Not specified.

X = 100D

Note: Table A-3 is applicable under the following condition:

(1)
terminations of the Model 16074A.

Zero offset adjustment has been performed with the OPEN and SHORT
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Table 1-1. Specifications (Sheet 5 of 14)

Model 4276 A

C-ESR/G Measurement Accuracy:

C Accuracy: #[(C aceuracy of C-D measurement)]

ESR Accuracy: *[(% of reading) + (ESR error in ohms), see Tables A-4 and A-5.

G Accuracy: #[(% of reading) + (G error in siemens) + (number of counts)], see Tables

A-4 and A-5.

Note:

Note:

frequency. Refer to Table A-6.

Note:

DISPLAY B function,

CIRCUIT MODE.

Use Table A-4 when the test frequency is 100Hz, 120Hz, 1kHz, or
10kHz. Use Table A-5 for all other frequencies.

ESR range and G range depend on the selected C range and test

when ESR/G is selected, depends on the

Table A-4. C-ESR/G Accuracies (100Hz, 120Hz, 1kHz, 10kHz only)

Test Frequency Range
ESR/G Range
100Hz and 120Hz 1kHz 10kHz

ESR 10M2 { see Note 1 See Note 1 See Note 1

G 118 .6% + 6anS + 5 .3% + 3anS + 5 1.2% + 120nS + 4
ESR | IMQ | See Note 1 See Note 1 See Note 1

G 1018 .2% + 40onS + 5 | .1% + 20anS + 5 6% + .12quS + 10
ESR | 100k2} see Note 1 See Note 1 See Note 1

G |100ps] 2% * -4ouS + 51 1% + 2005 + 5 | 6% + 1.2apS + 10
ESR | 10k | See Note 1 See Note 1 See Note 1

G ims | +2% + 4auS + 5 1% + 20pS + 5 3% + 60uS + 5
ESR | 1kQ | see Note 1 See Note 1 See Note 1

G | 1oms | -2% + 400mS + 5| 1% + 20auS + 5 | .3% + 60auS + 5
ESR | 1008 | 4% + .4/00 + 5| 2% + .2/0Q + 5 6% + .6/afd + 5

G |100ms | See Note 2 See Note 2 See Note 2
ESR | 102 | 15 + .1/aR + 2 | .5% + 50/am@ + 2 | 1.5% + .15/08 + 2

See Note 2 See Note 2 See Note 2 -

G 1S
ESR | % 1 o4 + 20/am@ + 2| 1% + 10/am@ + 2 | 3% + 30/em@ + 2

G 10s | See Note 2 See Note 2 See Note 2

1-8
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Table 1-1. Specifications (Sheet 6 of 14)

Table A-5. C-ESR/G Accuracies

Test Frequency Range
ESR/G Range = = e - .
101Hz to 199Hz* | 20CHz to 498H= ! 500Hz to 995Hz | 1.01kHz to 1.99kHz |2 to 4.98kHz| S5kHz to 9.95kHz | 10.1kHz to 20kiz
ESR I 1M 1 See Note 1 See Note 1 See Note ! See Note 1 See Note 1
6 | 1w 6% + 6anS + 5 4%+ danS + 2 6% + 6anS + 5 1.2% + 12unS + 4 2% + 20znS - 4
U — - - - -
ESR | 1M See Note 1 See Note L See Note 1
P - .2% + 40anS + S 6% + .12x0S + 10 1 2% + dauS + 20
G 1 10us - — -
ESR :Alggkﬂ See Note 1 See Note 1 See Note 1
6 100us J2% ¢ dauS ¢+ 5 6% + 1.22u8 + 10 1% = Zaps + 10
ESR ; 10k See Note 1 See Note 1 See Note 1
6 | ims 2%+ dapS + 5 3%+ 60wS + 5 | 5% - 100uS ¢ 5
_EiR l}\a:__* See Note 1 See Note 1 See Note 1
G 10mS 2% + 300uS ¢ 5 3% + 600LS + 5 5% + .lamS - 5
ESR 1000 4%+ 4/al v S L6% + L6/l + 5 1% + l/a + 5
G 100mS See Note 2 See Note 2 See Note 2
| ESR | 104 | 1%+ J1/af + 2 1.5% + .15/ + 212.5% « .25/ul + 2
G 15 See Note 2 See Note 2 See Note 2 -
ESR | 1D %+ 20/omi ¢ 2 3% + 30/am + 2 -2
G 108 See Note 2 See Note 2 - -
* Except 120H:z
Equations in Tables A-4 and A-5 represent: Note 4: Error doubles when LOW test
signal level (50mVrms) is used.
7 ; ; :
ESR Accouracy LOW test signal level can be used
only on the ranges enclosed in the
G Accuracy bold line in Tables A-4 and A-5.
Note 5: When FAST measurement speed is
a: Full-scale factor (= measured C value used, accuracies doule on the
+ fullscale C value). For example, when ranges outside the area enclosed in
the measured C value is 850pF on the the bold line in Tables A-4 and A-5.

1000pF range, a is 0.85.

Note 1: ESR accuracy is +[(2 (C accuracy +
measured C x 100)% of ESR
reading + (G accuracy * measured
G x 100)% of ESR reading + 1

countl. .
Table A-6. ESR/G Range Selection
Note 2: G acecuracy is *{2 (C accuracy +— ~
measured C x 100)% of G reading +  [Cepacirance Test Frequency Range F
) . X : R
(ESR accuracy + measured ESR x onee
100)% of G reading) + 1 countl. 10mf
Note 3: Tables A-4 and A-3 are apolicable Ime
under the foillowing conditions:
(1) Test Signal Level: HIGH 100F
(2) Veasurement Speed Mode: MED or SLOW 10uF
(3) Sample's D Value: <0.1 1k
(4) Zero offset adjustment has been | unE
performed with the OPEN and SHORT \ m$ i
terminations of the Model 16074A. ; 100kQ . |
| 10nF . i
: 100u3 L |
i 10MO M2 i
1n¥ H
1us |
|
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Table 1-1. Specifications (Sheet 7 of 14)

INDUCTANCE MEASUREMENT ACCURACY

L-D Measurement Accuracy:

L Accuracy: +[{(% of reading) + (L error) + (number of counts)], see Tables B-1 and

B-2.
D Accuracy: :[(% of reading) + (D error) + (number of counts)], see Tables B-1 and
B-2.
Note: Use Table B-1 when the test frequency is 100Hz, 120Hz, 1kHz, or

10kHz. Use Table B-2 for all other frequencies.
L-Q Measurement Accuracy:
L Accuracy: #[(L accuracy of L-D measurement)]
Q Accuracy: z[(D accuracy + measured D value x 100)% of Q reading + 1 count]
Note: Q value is the reciprocal of D.

Note: Q accuracy is calculated from the measured D value. Refer to Figure
3-15.

Table B-1. L-D Accuracies (100Hz, 120Hz, 1kHz, 10kHz only)

Inductance Test Frequency Range
Range 100Hz and 120Hz 1kHz 10kHz
(1 +a)% + 2
1kH 2% + .02 + 2
100H
10H A4 (1 +a)% + 2 1.5 (1 + @)% + 2
8% + .02 + 2 3% + .03 +2
T 202
1H | i.4% + .01 + 2
I |
—————————— 1
A%+ S | 6 (1+ )%+ 2
100mt W 65 + T006/0 + 5 | 1.25 + .05 + 2
——————————— 1
l.6% + S 2% + 5 !
LOmE N g%« T008/a + 5 |13% + L003/a + 5 |
1mH 3% + 5 6% + 5
.4% .004/a + 5 9% + .009/a + 5
100uH
1.2% + .012/a + 5
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Table 1-1. Specifications (Sheet 8 of 14)

SECTION 1

L Accuracy:

Table B-2. L-D Accuracies

Inductance Test Frequency Range
Range 101Hz to 995H:*{ 1.01kHz to 4‘98kH:[ T 10.1kHz to 20khz
1xH
100H 1 (1 ! 3%
10H 2.5 (1 +a)% +
5% + .05 + 2
f7 ______ —W (1 + a}% + 2 6 (1 +a)% + 2
1H | I 02+ 2 1.2% + .03 + 2
i \
- n— T 1 (1 +a)% + 2
100mH L ! %+ .05 + 2
! : ES
| S S -
i | 4 es s
I L . .006/a + 5

=
+ T008/a + 5

* Except 120H:z

Equations in Tables B-1 and B-2 represent : (2)

L Accuracy

D Accuracy

(3)
(4)

a: Full-scale factor (= measured L value :
For example, when

full-scale L value).

the measured L is 850nH on the 1000nH

range, a is 0.85.

Note 1:

Note

Tables B-1 and B-2 are applicable

under the following conditions:

(1) Test Signal Level: HIGH

Note:

Note

HIGH SPEED L Measurement Accuracy:

dotted line in Tables B-1 and B-2.

Measurement Speed Mode: MED or
SLOW

Sample's D Value: 0.1

Zero offset adjustment has been

performed with the OPEN and SHORT
terminations of the Model 16074A.

2: When FAST measurement speed is
used, accuracies double on the
ranges outside the area enclosed in
the bold line in Tables B-1 and B-2.

3: LOW test signal level cannot be
used in L measurement mode.

+[(L accuracy of L-D measurement) + (Y% of reading)], see Table B-3.

HIGH SPEED L accuracy is specified on the ranges enclosed in the

Table B-3. Additional Error

1
Test Signal Level Sample's D Value
D<. 0004 .0004<D<.002 .002<D<. 1 D>.1
HIGH Y =0 Y = 20D Not specified.

Note: Table B-3 is applicable under the following conditions:

(1) Zero offset adjustment has been performed with the OPEN and SHORT
terminations of the Vodel 16074A.

Note: LOW test signal ievel cannot be used in L. measurement mode.
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Table 1-1. Specifications (Sheet 9 of 14)

L-ESR/G Measurement Accuracy:
L Accuracy: :[(L accuracy of L-D measurement)]

ESR Accuracy: =[(% of reading) + (ESR error in ohms) + (number of counts)], see
Tables B-4 and B-5.

G Accuracy: $[(% of reading) + (G error in siemens) + (number of counts)], see
Tables B-4 and B-5.

Note: Use Table B-4 when the test frequency is 100Hz, 120Hz, 1kHz, or
10kHz. Use Table B-5 for all other frequencies.

Note: ESR range and G range depend on the selected L range and test
frequency. Refer to Table B-6.

Note: DISPLAY B function, when ESR/G is selected, depends on the
CIRCUIT MODE.

Table B-4. L-ESR/G Accuracies (100Hz, 120Hz, 1kHz, 10kHz only)

Test Frequency Range

ESR/G Range

100Hz and 120Hz 1kHz 10kHz

ESR | IMQ | gee Note 1 See Note 1 See Note 1

G 10uS .4% + 40/onS + 2 | .2% + 20/anS + 2 1.2% + .12/apuS + 4
ESR |100k2| gee Note 1 See Note 1 See Note 1

C 100p:S 4% + 4/ouS + 5| .2% + .2/apS + 5 | 1.2% + 1.2/0uS + 10
ESR | 10kQ See Note 1 See Note 1 See Note 1

G 1msS A% + 4/ouS + 5 2% + 2/apS + 5 6% + 6/auS + S5
ESR 1kQ2 See Note 1 See Note 1 See Note 1

G 10ms | 4% + 40/ouS + 5 | 2% + 20/0pS + 5 .6% + 60/auS + 5
ESR | 1009 | 24 + .40Q + 5 1%+ 200 + 5 3% + .6aQ + 5

G 100mS See Note 2 See Note 2 See Note 2
ESR | 108 | 6% + 60om@ + 10 | .3% + 30am@ + 10 | .9% + 90amQ + 10
G 1S See Note 2 See Note 2 See Note 2 -
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Table 1-1. Specifications (Sheet 10 of 14)

SECTION 1

Table B-5. L-ESR/G Accuracies

Test Frequency Range
ESR/G Range
101Hz to 4.98kHz* SkHz to 9.95kHz 10.1kHz to 20kHz

ESR MG See Note 1 See Note 1 See Note 1

G 1018 .4% + 40/anS + 2 1.2% + .12/auS + 4 4% + .4/auS + 8
ESR | 100kQ | gee Note 1 See Note 1 See Note 1

G 100uS 4% + .4/0uS + _5_ 1.2% + 1.2/auS + 1_0 2% + 2/apS + E
ESR | 10kQ See Note 1 See Note 1 See Note 1

G 1S 4% + 4/auS + 5 6% + 6/cusS + 5 1% + 10/auS + 5
ESR 1ka See Note 1 See Note 1 See Note 1

G 10mS .4% + 40/apuS + 5 6% + 60/quS + S 1% + 100/auS + 5
ESR ] 1002 | 25 + 4aQ + 5 3%+ .6 + S 5% rafl+ 5

G 100mS See Note 2 See Note 2 See Note 2

ESR | 102 | 6% + 60um2 + 10 | .9% + 90um + 10 | 1.5% + .15% + 10
G 18 See Note 2 See Note 2 See Note 2 -

* Except 120Hz and 1kHz

Equations in Tables B-4 and B-5 represent:

ESR Accuracy

G Accuracy

a: Full-scale factor (= measured L value 1

Note 1:

Note 2:

Note 3:

(1)
(2)
(3)
(4)

For example, when
850nH on the

full-scale L value).
measured C value is
1000nH range, a is 0.85.

ESR accuracy is #[(L accuracy +
measured L x 100)% of ESR
reading + (G accuracy + measured
G x 100)% of ESR reading + I
count].

G accuracy is #[2 (L accuracy *+
measured L x 100)% of G reading +
(ESR accuraecy + measured ESR x
100)% of G reading + 1 count].

Tables B-4 and B-5 are applicable
under the following conditions:

Test Signal Level: HIGH

Measurement Speed Mode: MED or SLOW
Sample's D Value: <0.1

Zero offset adjustment has been

performed with the OPEN and SHORT
terminations of the Model 16074A.

Note 4: When FAST measurement speed is
used, accuracies double on the
ranges outside the area enclosed
in the bold line in Tables B-4 and
B~3.

Note 5: LOW test signal level cannot be
used in L measurement mode.
Table B-6. ESR/G Range Selection

Inductance Test Frequency Range
T
Range 100Hz to 995Hz |1kHz to 9.95kHz flokﬂ to T0kHz
1kH
IMQ
100H 1008
e
100k
10H
100us 1
10kQ
1H
Im$ L
1k w
100mH
10mS L
10092 r
10wH ) |
L 100mS Y
100
1mH
1S
100uH v
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Table 1-1. Specifications (Sheet 11 of 14)

IMPEDANCE MEASUREMENT ACCURACY
| Z | - 8 Measurement Accuracy:
| Z| Accuracy: *[(% of reading) + (number of counts)], see Tables C-1 and C-2.
§ Accuracy: #[(4 error in degrees) + (number of counts)], see Tables C-1 and C-2.

Note: Use Table C-1 when the test frequency is 100Hz, 120Hz, 1kHz, or
10kHz. Use Table C-2 for all other frequencies.

Table C-1. | Z |-# Accuracies (100Hz, 120Hz, 1kHz, 10kHz only)

Impedance Test Frequency Range
Range 100Hz and 120Hz 1kHz 10kHz
(1 +a)%+ 2 2 (1 + )%+ 2
10MS2 (1+a)° +2 2 (1 +a) +2
S (1+ra)s s 2 (1+aa)%+2
IMQ So(1 vy + 2 (1 +a)° +2
100k
.2 (1 + CL)% + E 4 (1 + (1)% + 2
10kQ 2 (1 +a) + 2 B (1 + ) +2
1kQ
1% + 5 2% + 5
1o SV 200 s
3% + 5 6% + 5
1002 30 T s YR
7% + 2 1.4% + 2
192 TE 2 v+ 2
S/a” + 2 1/a® + 2
% 0 2% + 20
100mQ2 15 L 2 2 a® T
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Table 1-1. Specifications (Sheet 12 of 14)

SECTION I

Table C-2.

| Z |- 4 Accuracies

Impedance Test Frequency Range
Range 101Hz to 99SHz* |1.01kHz to 9.95kHz | 10.1kHz to 20kHz
(1 +a)% + 2 2 (1 + )%+ 2 5 (1 +a)%+2
10MQ (1+0L)°+z 2 (1 +w)° +2 5 (l+0.)°+_2~
M0 5 (1 +a)% +2 (1 +a)%+ 2 2.5 (1 +0)% + 2
! 5(1+a)° +2 (I +a)” +2 2.5 (1 +a)° + 2
100kQ2
P A4 (1 )% o+ 2 (I +a)% + 2
10k 2 (Lr )%+ 2 ) .5 .5
i 21+ +2] U 2 A+ +2
1kQ
1% + 5 %+ 5 5% + 5
+00e /0’ 5 2/a° + 5 5/a° %5
3% + 5 6% + 5 1.5% + 5
1od 3/a® ¥ 5 6/a° + 5 1.5/0° + 5
7% + 1.4% + 2 3.5% + 3
16 5/0° 72 1/a° + 3 2.5/0° 7 2
1% + 20 % + 20 5% + 2
100m§2 i ek el
m 1/0° ¥ 2 2/a° T2 5/a° 2
* Except 120Hz
Equations in Tables C-1 and C~2 represent : Note 2: When FAST measurement speed is
used, accuracies double on the
7 Accuracy ranges outside the area enclosed in
: thd bold line in Tables C-1 and C-2.
3 Accracy
Note 3: LOW test signal level cannot be

measured | Z |

a: Full-scale factor (=
value + full-scale |Z | wvalue). For
example, when measured | Z | value is
850Q on the 1000Q range, « is 0.85.
Note 1: Tables C-1 and C-2 are available

(1

(2)

(4)

under the following conditions:

Test Signal Level: HIGH

Measurement Speed Vlode: MED or SLOW

Sample's D Value: < 0.1

Zero offset

adjustment  has

been

performed with the OPEN and SHORT
terminations of the Viodel 16074A.

used in | Z | measurement mode.

1-15
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Model 4276 A

Table 1-1. Specifications (Sheet 13 of 14)

Option 001:

for biasing DUTs

UNKNOWN terminals.
be set from the front panel or via the HP-IB.

Optlons

Internal DC Bias. Equips the standard 4276A
with a variable 0 to +40V dec voltage source
connected to the
Output voltage can

Bias Control Range and Accuracy:

Bias Voltage Monitor:

panel. INT

Voltage Range Step | Temperature| Accuracy

00w o | o EE TS LS

o | [ S

o o | [

-40.0 to -10.0V| 100mv gfgctz g;EC ;E;/:;mg
Note

MO

Qutput Characteristices:

DC bias voltage is specified 2 minutes
after the voltage is set.

Output Impedance: 1020Q+10%

Bias voltage across the DUT can be
monitored at the EXT INPUT/INT
MONITOR BNC connector on the rear

NITOR output

impedance is approximately 7304.

Range Resistor Value Maximum Current
10042 1mA
1kQ 0.5mA
10k§2 50uA
100kQ SuA

resistor value.

resistor.

Note

Note

Measurement  accuracies
guaranteed if output current exceeds
the maximum current for each range

Refer to Figure 3-16 for the range

are not

Option 002: COMPARATOR/HANDLER

INTERFACE

Contents:

Model 16064 A COMPARATOR/
HANDLER INTERFACE (Includes the
16064-66502 Interface board assembly and
1251-0084 36-pin male Amphenol
eonnector)

Comparator Function:

Compares measured values to 9 sets (Bins)
of stored high/low limits. Displays
LOW/IN/HIGH  judgements and bin
number.

Handler Interface Funetion: Outputs
comparison results and handler control
signals (TTL, open-collectors). Detects
KEY LOCK and EXT TRIGGER signals
sent from component handler.

Option 907: Front handle kit

(Part No. 5061-0090)

Option 908: Rack flange kit

(Part No. 5061-0078)

Option 909: Rack flange and handle kit

(Part No. 5061-0084)

Option 910: Extra manual

1-16
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SECTION 1

Table 1-1. Specifications {Sheet 14 of 14)

Accessories Supplled

Test Fixture:
16047A Test Fixture. Includes three kinds of
contact inserts

Power Cord: HP Part No. 8120-1378

Fuse:

Part No. 2110-0007 (100V/120V)
Part No. 2110-0360 (220V/240V)

Protective Fuse:
Part No. 2110-0011 (for de bias input)
Accessories Available
HP-IB Cable:

10833C (4m)
10833D (0.5m)

10833A (1m)
10833B (2m)

Refer to
Table 1-3.

Test Fixtures and Test Leads:

General Specifications

Operating Temperature: 0°C to55°C
Relative Humidity: 95% at 40°C
Storage Temperature: -40 °C to +70°C

Power Requirements:
90V to 132V, 198V to 250V. 48Hz to 66Hz.

Power Consumption:
65VAmax with any option

Dimensions:
425.5 (W) x 188 (H) x 430 (D) mm

Weight: Approximately 8.5kg

1-32. ACCESSORIES AVAILABLE

1-33. In addition to the furnished 16047A Test
Fixture, seven special purpose test fixtures and
test leads are available. Each is intended for a
particular measurement or DUT type, and all
were designed with careful consideration to
accuraey, reliability, ease of use, and
compatibility with other HP instruments. A
brief description of each availabie accessory is
given in Table 1-3.
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Table 1-2. Supplemental Performance Characteristies (Sheet 1 of 2)

Supplemental Performance Characteristics

Measurement Accuracy:
Additional Error in 1m/2m Test Lead Usage:
Add the following errors to the

measurement accuracies listed in Table
1-1 when a Im or 2m long test lead is

used.
Measur§ment Additional Error
Function
L, C, |Z| M% of reading
D P
9 60P°
M% of reading + (G full-scale
G (C-6) value) x oP
M% of reading + (G full-scale
G (L-6) value) x P/a

where, a is the full scale factor, and M and P are
represented as follows:

M=K (16 +.12)x(.3f2 +£)/100
P= K (16 +.12) x (.09f2 + 1.6£)/1000

where, £ is the cable length in meters, f is test
frequency in kHz, and K is the range resistor
factor. See Figure 3-16.

Range Resistor Value K
100k§2 10

10kQ 1
1kQ 0.1

1008 0

The above errors are applicable under the
following conditions:

(1) Test Cable: HP Model 16048A {(Im long)

or 16048D (2m long)

(2) Residual Capacitance to Ground:
<100pF at HIGH terminals
and <50pF at LOW terminals

(3) Sample's D Value: <0.1

(4) Zero offset adjustment has been performed
with the OPEN and SHORT terminations of
the 16074A.

Additional Error of Test Fixture:
Add the following errors to the measurement
accuracies listed in Table 1-1 when these test
fixtures or test leads are used:

Model Additional Error

16047A, 16047C,
16048A, 16048B, -
16048D, 16065A

C<S5pF
L<200nH
R<10m{2

16048C

C<0.02pF
L<30nH
R<50mf2

16034B

Accuracies in D>0.1:
Multiply the measurement accuracies for C,
L, or D listed in Table 1-1 by (1 + D?), where
D is the sample's D value.

Ranging Time: Approximately 60ms
Test Signal Settling Time:

Approximately 270ms when the  test

frequency is changed.

Approximately 60ms when the test signal
level is changed.

The same as the dc bias settling time when
the de bias voltage is changed.

Continuous Memory:
2 weeks at 23°C
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Table 1-2. Supplemental Performance Characteristies (Sheet 2 of 2)

SECTION 1

DC Bias Settling Time:
Typical data for OPEN or a 100uF capacitor

DUT = 100nsF

T

Measurement Time:
See the table below:

Measurement

Measurement

HIGH SPEED C

No. Parameter Speed Mode
O L, C MED
©) L, C FAST
3) |z] MED
@ |Z| FAST
HIGH SPEED L
® HIGH SPEED C MED
® HIGH SPEED L FAST

measurement.

o] % DUT = OP

& (%) T = OPEN

g 9

o

=

<

(]

o>

=

[aB

.z

o]

ol

ol

=]

()

- / /,

[so]

-~

—

o

= /

E 95 /

z

g /

£ /

o]

o /

Z

= 90

0 A A~ A

o pul o -

= !

= i

= 0 2 4 6

Settling Time (s)

200

Measurement Time {ms)

100

dSod b b

1K

Test Frequency (Hz)

10K

20K



https://www.manualsplus.com/

SECTION 1

Model 4276 A

Table 1-3. Accessories Available (Sheet 1 of 3)

Model

Description

16047A

Test Fixture (direet attachment type) for
measurement of either axial-or radial-lead
components. Three kinds of contact inserts are
furnished:

@ For axial-lead components, (HP P/N:
16061-70022)

@ For general radial-lead components, (HP

P/N: 16061-70021)

@ For radial short-lead components, (HP P/N:

16047-65001)

DC bias up to +40V* can be applied.

Test Fixture (direct attachment type) designed
especially for high frequency measurements
requiring high accuracy. Two screw knobs
facilitate and ensure optimum contact between
the test fixture electrodes and the sample leads.

DC bias up to +40V* can be applied.

16034B

Test Fixture (tweezer type) for measurement of
miniature leadless components such as chip
capacitors. Employs a three terminal
configuration tweezer probe suitable for high
impedance {above 50Q) measurements.

DC bias up to +40V* can be applied.

Cable length: Im
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SECTION 1

Table 1-3. Accessories Available (Sheet 2 of 3)

Model

Description

16048A

Test Leads (four terminal pair) with BNC
connectors for connecting user-fabricated test
fixtures.

DC bias up to +40V* can be applied.

Cable length: 1m

16048B

Test Leads (four terminal pair) with miniature
RF  connectors suitable for  connecting
user-fabricated test fixtures in  systems
applications.

DC bias up to +40V* can be applied.

Cable length: Im

16048C

Test Leads with dual alligator clips for testing
components of non-standard shapes and sizes at
frequencies below 100kHz.

Applicable measurement ranges:

Capacitance 1000pF
Inductance 100 yH

DC bias up to +40V* can be applied.

Cable length: Im
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Table 1-3. Accessories Available (Sheet 3 of 3)

Model

Description

16048D

Double-shielded Test Leads (four terminal pair)

16065A

with-  BNC connectors for connecting
user-fabricated test fixtures.

DC bias up to +40V* can be applied.

Cable length: 2m

Test Fixture (cable connection type) for

measurement of either axial- or radial-lead
components at frequencies between 50Hz and
2MHz. Three kinds of contact inserts are
furnished (same as those for the 16047A Test
Fixture).

DC bias up to 200V can be applied (a protective
cover provides for operator safety).

Cable length: Approximately 40cm

* Though "+35V DC MAX" is indicated on the test fixtures, they are capable of
handling de bias voltages up to +40V when used with the 4276A.

1-22
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SECTION 11
INSTALLATION

2-1. INTRODUCTION

2-2. This section provides installation instrue-
tions for the Model 4276A LCZ Meter. It also
includes information on initial inspection and
damage claims, preparation for using the 4276A,
and packaging, storage, and shipment.

2-3. INITIAL INSPECTION

9-4. The 4276A LCZ Meter, as shipped from
the factory, meets all the specifications listed in
Table 1-1. Upon receipt, inspect the shipping
container for damage. If the shipping container
or cushioning material is damaged, it should be
kept until the contents of the shipment have
been checked for completeness and the
instrument has been checked mechanically and
electrically. The contents of the shipment
should be as shown in Figure 1-1. The
procedures for checking the general electrical
operation are given in Section III (Paragraph 3-5
SELF TEST) and the procedures for checking the
4276A LCZ Meter against its specifications are
given in Section IV. First, do the self test. If the
4276A is electrically questionable, then do the
Performance Tests to determine whether the
4276 A has failed or not.

If the contents are incomplete, if there is
mechanical damage or defects (seratches, dents,
broken switeches, ete.), or if the performance
does not meet the self test or performance tests,
notify the nearest Hewlett-Packard office (see
list at back of this manual). The HP office will
arrange for repair or replacement without
waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS

2-7. The 4276A requires a power source of 100,
120, 220 Volts ac +10%, or 240 Volts ac +5%-10%,
48 to 66Hz single phase; power consumption is
65VA maximum.

WARNING

IF THE INSTRUMENT IS TO BE
ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER UNIT FOR
VOLTAGE REDUCTION, BE SURE
THAT THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL
POLE OF THE POWER SUPPLY.

2-8, LINE VOLTAGE AND FUSE SELECTION
CAUTION

BEFORE TURNING THE 4276A LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT IS SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED.

2-9. Figure 2-1 provides instructions for line
voltage and fuse selection. The line voltage
selection switeh and the proper fuse are factory
installed for the wvoltage appropriate to
instrument destination.

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED.

CAUTION

MAKE SURE THAT ONLY FUSES
FOR THE REQUIRED RATED
CURRENT AND OF THE SPECIFIED
TYPE ARE USED FOR
REPLACEMENT. THE USE OF
MENDED FUSES AND THE
SHORT-CIRCUITING OF FUSE-
HOLDERS MUST BE AVOIDED.

2-10. POWER CABLE

2-11. To protect operating personnel, the
National Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4276A is
equipped with a three-conductor power cable
which, when plugged into an appropriate
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.

[N}
|
e
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2-12. To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong adapter
(HP Part No. 1251-0048) and connect the green
pigtail on the adapter to power line ground.

CAUTION

THE MAINS PLUG MUST ONLY BE
INSERTED IN A SOCKET OUTLET
PROVIDED WITH A PROTECTIVE
EARTH CONTACT. THE PRO-
TECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN
EXTENSION CORD (POWER CABLE)
WITHOUT PROTECTIVE CONDUCTOR
(GROUNDING).

2-13. Figure 2-2 shows the available power
cords, which may be used in various countries
ineluding the standard power cord furnished with
the instrument. HP Part number, applicable
standards for power plug, power cord ecolor,
electrical characteristics and countries using
each power cord are listed in the figure. If
assistance is needed for selecting the correct
power cable, contact the nearest Hewlett-
Packard office.

2-14. INTERCONNECTIONS

2-15. When an external dc bias source is used,
set the DC BIAS select switch on the rear panel
to EXT. The output from the external bias
source should be connected to EXT INPUT/INT
MONITOR connector. The external de bias fuse
is installed in EXT DC BIAS FUSE Holder on rear
panel to protect the instrument from excessive
current. Fuse rating is as follows:

Model 4276A

1/16A, 250V (HP Part No: 2110-0011)
CAUTION

MAKE SURE THAT ONLY FUSES OF
THE REQUIRED RATED CURRENT
AND OF THE SPECIFIED TYPE ARE
USED FOR REPLACEMENT. THE USE
OF MENDED FUSES AND THE
SHORT-CIRCUITING OF FUSE-
HOLDERS MUST BE AVOIDED.

2-16. OPERATING ENVIRONMENT

2-17. Temperature. The instrument may be
operated in temperatures from 0°C to +55°C.

2-18. Humidity. The instrument may be
operated In  environments with relative
humidities to 95% at 40°C. However, the
instrument must be protected from temperature
extremes which cause condensation within the
instrument.

2-19. INSTALLATION INSTRUCTIONS

2-20. The HP Model 4276A can be operated on
the bench or in a rack mount. The 4276A is
ready for bench operation as shipped from the
factory. For bench operation a two-leg
instrument stand is used. For use, the instrument
stands are designed to be pulled towards the
front of instrument.

100vV/120V OPERATION

100V ~
120V ~:}— =

FUSE SELECTION

220V ~
240V ~]-

220V/240V OPERATION

100V ~
120V ~ :}_

Line Voltage Fuse Rating HP Part No.
1.0AT, 250V,

5 N0
100v/120V Slow Blow 2110-0007
0.75AT, 250V,

A0V N
220V/240V Slow Blow 2110-0360

220V ~
240V N:}' —=

Figure 2-1. Voltage and Fuse Selection.



https://www.manualsplus.com/

Model 4276A

SECTION II

OPTION 900 United Kingdom

Earth

/

«p—————— Neutral

\ Line

Plug: BS 13634, 250V
Cable : HP 8120-1351

Australia/New Zealand

OPTION 901

Line

Plug : NZSS 198/AS Cl12, 250V
Cable : HP 8120-1359

OPTION 902 European Continent

Earth

I~
Earth \
Neutral

Plug : CEE-VII, 250V
Cable : HP 8120~1689

OPTION 903 U.S./Canada
/ Earth
Neutral / \ Line

Plug: NEMA 5-15P, 125V, 15A
Cable: HP 8120-1378

OPTION 905% Any country

Line

Neutral Earth

Plug : CEE 22-VI, 250V
Cable: HP 8120-1396

OPTION 906 Switzerland

<SS
/ Earth

Line

Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-2104

OPTION 912 Denmark
Line
-—
N 1
eutra \ Earth

Plug : DHCR 107, 220V
Cable : HP 8120-2956

* Plug option 905 is frequently used for
interconnecting system components and
peripherals.

NOTE: Each option number includes a
"family' of cords and connectors of
various  materials and plug  body
configurations (straight, 90 ° ete.)

Figure 2-2. Power Cables Supplied.

2-3



https://www.manualsplus.com/

SECTION 1II

2-21. Installation of Options 907, 908 and 909.

2-22. The 4276A can be installed in a rack and
be operated as a component of a measurement
system. Rack mounting information for the
4276A is presented in Figure 2-3.

2-23. STORAGE AND SHIPMENT
2-24. ENVIRONMENT

2-25. The instrument may be stored or shipped
in environments within the following limits:

Temperature s-.es. -40°C to+70°C
Humidity «eseseeeees to 95% at 40°C

The instrument must be protected from
temperature extremes which cause condensation
inside the instrument.

2-26. PACKAGING

2-27. Original Packaging. Containers and
materials identical to those used in factory
packaging are available from Hewlett-Packard.
If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag
indicating the type of service required, return
address, model number, and full serial number.
Also mark the container FRAGILE to assure
careful handling. In any correspondence, refer
to the instrument by model number and full
serial number.

2-28. Other Packaging. The following general
instructions should be used for re-packing with
commercially available materials:

a. Wrap instrument in heavy paper or
plastic. If shipping to Hewlett-Packard
office or service center, attach tag
indicating type of service required, return
address, model number, and full serial
number.

b. Use strong shipping container. A
double-wall carton made of 350 pound
test material is adequate.

e. Use enough shoek absorbing material (3 to
4 inch layer) around all sides of
instrument to provide firm cushion and
prevent movement inside container.
Protect control panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to
ensure careful handling.

Model 4276 A

f. In any correspondence, refer to
instrument by model number and full
serial number.

2-29. OPTION INSTALLATION
2-30. Installation procedures for DC Bias option

(Option 001) and Comparator/Handler Interface
option (Option 002) are given in Figure 2-4.

2-31. POWER FAILURE
INSTALLATION

MONITOR

2-32. To use the power failure monitor signal,
you must solder two wires to a jumper on the
mother board, remove a cap from a hole on the
rear panel, and bring the wires out through the
hole. The procedure is given below. A
simplified drawing of the open ecollector cireuit,
a timing diagram, and the locations of the
jumper and hole are shown in Figure 2-6. Refer
to paragraph 3-114 for a description of the
power failure monitor signal.

Procedure :
1. Turn off the 4276A.

2. Disconnect the 4276A from the ac power
source.

3. Remove the top cover.

4., Disconnect the brown 4-terminal connector
from the A5 board.

5. Remove the two screws that secure the A5
board to the chassis.

6. Remove the A5 board.

7. Solder a wire to each terminal of A6J3.
The location of A6J3 is shown in Figure 2-6
(e).

8. Remove the cap from the access hole in
the rear panel, as shown in Figure 2-6 (d).

9. Thread the wires first through the teflon
clamp (securing the wires from A6J1) on
the A6 board, and then through the access
hole in the rear panel.

10. Reinstall the A5 board, reconnect the
brown 4-terminal connector to the A5
board, and replace the top cover.
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Option Kit Parts Included Part Number Q'ty Remarks
Part Number
907 Handle Kit Front Handle @  5060-9900 2
5061-0090 Trim Strip @ 5020-8897 2
X8-32 x 3/8 Screw 2510-0195 8 9.525mm
908 Rack Flange Kit Rack Mount Flange ® 5020-8863 2
5061-0078 X8-32 x 3/8 Screw 2510-0193 8 9.525mm
909 Rack Flange & Front handle ® 5060-9900 2
Handle Kit Rack Mount Flange ® 5020-8875 2
5061-0084 X8-32 x 3/8 Screw 2510-0194 8 15.875mm

l.  Remove adhesive-backed trim strips
from side at right and left front of
instrument.

2. HANDLE INSTALLATION : Attach front
handle (3) to sides at right and left front
of instrument with screws provided and
attach trim @ to handle.

3. RACK MOUNTING : Attach rack mount
flange @ to sides at right and left front of
instrument with serews provided.

4, HANDLE AND RACK MOUNTING
Attach front handle@ and rack mount
ﬂange@ together to sides at right and
left front of instrument with screws
provided.

5. When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.

11. Connect the pull-up resistor and external
voltage source as shown in Figure 2-6 {(a).

Note

A +5V is recommended but
higher voltage can be used as
long as the current through
AlT5 and AlQ4 does not
exceed 25mA.
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CAUTION:

BEFORE PROCEEDING WITH INSTALLATIO
TURN OFF THE INSTRUMENT AND DISCON
AC POWER CORD.

Model 4276A

N OF OPTION(S),
NECT THE

OPTION 001
DC BIAS SUPPLY
(0 to +40V)

OPTION 002
COMPARATOR/
HANDLER INTERFACE

Option Parts

Board Assembly A22
04276-66522

Comparator
16064A

Includes:
Interface Board Assembly
16064-66502 and
36-pin male Amphenol
connector
1251-0084

Installation
Procedure
(after removing
top cover)

1. Remove the rear panel
access plate shown
below.

1. Remove the rear panel
access plate shown
below.

2. Insert the dc bias board

(P/N: 04276-66522)
into the access hole.

3. 1Insert the male edge
connector of the interface
board into the female
edge connector of the
4276A mother board and
push firmly until the
interface board is
completely seated.

4. Reinstall the screws
removed in step (1) .

2. Insert the interface
board (P/N: 16064-
66502) into the access
hole.

w

Insert the male edge
connector of the interface
board into the female edge
connector of the 4276A
mother board and push
firmly until the interface
board is completely
seated.

4. Reinstall the screws removed
in step 1.

5. Connect the 16064A keyboard
cable to the connector on
the interface board
(installed in step 3).

(o)}

Adjust the power supply
in accordance with the
procedure given in
Figure 2-5.

Figure 2-4. Option Installation.
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1. Connect the 4276A to the ac power line.
2. Turn on the instrument. {"16064" should be displayed on DISPLAY B.)
3. Connect A DVM (HP 3478A is recommended) to A1TP1 and GND as shown below.

4. Adjust "V-ADJ" on the A4 board until the reading on the DVM is 5.10V20.02V.

AlTP1
E HDH ][] |
) B a4 2
R
=" N et —
1.0 B
C:: OC CUOCR DMIDER memoomcsmor o -~ (/0 TRANCEMER-
o6 —
: HHEIEE
— h
HHE @
(Rear) V-ADJ
! /
/
© © A4 board
l (Front)
Top View

Figure 2-5. Power Supply Adjustment After Installing Option 002.
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+V
—————————————— 1 Pull - up
A6U3 | Resistor
PWf__ o ! L PwF
AIRS ‘5 : ;l7
2200 ! ( $5v)
[ AL TPI
AIR7-3
RESET Alas : ov
47K |
|
|
42764 | AlQ4
(a) ®

o3 ———— AGUI

Access Hole
cap (HP Part No : 6960-~0001)

g —3 /
" B—asut
A6J3 [
OO0 O O
Rear Ponel
A6 Board, Top View
(d)

()

2-8

Figure 2-6. Power Failure Monitor Installation.
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SECTION 1|1
OPERATION

3-1. INTRODUCTION

3-2. This section provides all the information
necessary to operate the Model 4276A LCZ
Meter. Included are descriptions of the front-
and rear-panels, displays, lamps and connectors;
discussions on  operating procedures and
measuring techniques for various applications;
and instructions on the instrument's SELF TEST
function. Warnings, Cautions, and Notes are
given throughout; they should be observed to
insure the safety of the operator and the
serviceability of the instrument.

WARNING

BEFORE THE INSTRUMENT IS
SWITCHED ON, ALL PROTECTIVE
EARTH TERMINALS, EXTENSION
CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO IT
SHOULD BE CONNECTED TO A
PROTECTIVE EARTH GROUNDED
SOCKET. ANY INTERRUPTION OF
THE PROTECTIVE EARTH
GROUNDING WILL CAUSE A
POTENTIAL SHOCK HAZARD THAT
COULD RESULT IN SERIOUS
PERSONAL INJURY.

ONLY FUSES WITH THE REQUIRED
RATED CURRENT AND OF THE
SPECIFIED TYPE SHOULD BE USED.
DO NOT USE REPAIRED FUSES OR
SHORTED FUSEHOLDERS. TO DO SO
COULD CAUSE A SHOCK OR FIRE
HAZARD.

CAUTION

BEFORE THE INSTRUMENT IS
SWITCHED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE (MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

3-3. PANEL FEATURES

3-4. Figures 3-1 and 3-2 identify and briefly
describe the purpose of each key, indicator, and
connector on the front panel and rear panel,
respectively. More detailed information on front
panel displays and controls is given starting in
paragraph 3-3.

3-5. SELF TEST

3-6. The self test function confirms correct
operation of the instrument's basic functions and
facilitates troubleshooting. It consists of three
parts: (1) ROM/RAM Test, (2) Display Test, and
(3) Analog Circuit Test. Each is deseribed in
paragraphs 3-7 through 3-11.

3-7. ROM/RAM Test

3-8. The ROM/RAM Test is performed each
time the instrument is turned on. During this
test, all ROMs and RAMs in the instrument's
digital control section are tested using a
check-sum test and a read/write test (RAMs
only). If a malfunction is detected, the test will
stop and an error-code will be displayed on
DISPLAY A. If the ROMs and RAMs are
functioning properly, the instrument will display
the HP-IB address (or output data format if the
HP-IB control switch is set to TALK ONLY) on
DISPLAY A and the option annunciations on
DISPLAY B and the FREQUENCY/DC BIAS
DISPLAY. Error-codes are described in
paragraph 3-20.

Note

If a ROM/RAM test error code, E61
through E68, appears on DISPLAY A
when the instrument is turned on,
contact the nearest Hewlett-Packard
Sales or Service Office for repairs.

Note

ROM/RAM test error code EBS8
indicates that the instrument's
continuous memory feature is not
funetioning  properly. All other
instrument functions, ineluding
measurement, are not affected.

3-1
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(1) LINE OFF/ON Switeh:

Applied ac line power to the instrument
when set to the ON ( s in) position.
Removes ac line power when set to the OFF
( M out) position.

HP-IB Status Indicators and LOCAL Key:

These four LED lamps—SRQ, LISTEN,
TALK, and REMOTE--indicate the status of
the 4276A when it is interfaced with a
controller via the HP-IB.

The LOCAL key, when pressed, releases the
instrument from REMOTE (HP-IB) control
and enables front panel control. The
LOCAL key is disabled (does not function)
when the instrument is set to "loeal lockout"
by the controller.

SELF TEST Key and Indicator:

This key initiates the instrument's SELF
TEST function. During SELF TEST (when
the indicator is on), nine tests that check
the basic operation of the instrument are
automatically performed. SELF TEST is
repeated until this key is pressed again. If a
fault is detected, an error code will be
displayed on DISPLAY A (®). A complete
deseription of the SELF TEST funetion is
given in paragraph 3-5; error codes are
described in paragraph 3-20.

Trigger Lamp:

Comes on each time the instrument is
internally, externally, or manually
triggered. Trigger mode is set by the
TRIGGER keys ().

(5) DISPLAY A:

Displays measured values of inductance,
capacitance, or impedance magnitude with a
maximum 4-1/2 digits; maximum display is
19999. Number of display digits depends on
instrument control settings. The nine LED
lamps located to the right of the display are
the engineering unit indicators for displayed
values. Measurement error messages—OF,
UF, CF—operation error codes, SELF TEST
error codes, and the instrument's HP-IB
address are also displayed on this display.

If the instrument is equipped with Option
002, Comparator/Handler Interface, the
LOW LIMITs keyed in from the 16064A will
be displayed on this display when the
16064A is set to ENABLE and RUN is off.

Decimal point location and engineering unit
indicator lamp change when the LC|Z]|
RANGE (® changes.

DISPLAYD B:

Displays measured values of dissipation
factor, quality factor, equivalent series
resistance, conductance or impedance phase
angle with a maximum 4-1/2 digits;
maximum display is 10000 for quality
factor, 18000 for phase, and 19999 for all
other parameters. Number of display digits
depends on instrument control settings. The
nine LED lamps located to the right of the
display are the engineering unit indicators
for displayed values. Measurement error
messages—OF, UF, and CF-—are also
displayed on this display. When the
DISPLAY A Funection is set to HIGH
SPEED L or HIGH SPEED C, or when an
error code is displayed on DISPLAY A (&,
this display is blanked (turned off) by the
miceroprocessor.

Figure 3-1. Front Panel Features (Sheet 1 of 6).
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If the instrument is equipped with Option
002, Comparator/Handler Interface, and if
the 16064A comparator is connected, the
number 16064 will be displayed on this
display when the instrument is turned on.
Also, the HIGH LIMITs keyed in from the
16064A will be displayed on this display
when the 16064A is set to ENABLE and
RUN is off.

A Key and Indicator :

This key enables deviation (A) measurements
on both displays. When this key is pressed,
the values displayed on DISPLAY A (5) and
DISPLAY B are stored as reference
values. The difference between values
obtained in subsequent measurements and
the stored reference values is calculated
and displayed on each display. The formula
used to calculate the deviation is

A-B

Where A is the measured value of the device
under test and B is the stored reference
value.

LC|Z}{ - RANGE is set to MANUAL
when this key is pressed.

Also, the deviation measurement function is
turned off by pressing this key again, or by
changing the DISPLAY A function @),
DISPLAY B funetion (5, LC|Z| RANGE
@®, or CIRCUIT MODE (1. It may be
turned off also if the test frequency is
changed when the DISPLAY B function is
ESR/G.

FREQUENCY/DC BIAS Display :

Displays test frequency or DC bias voltage
(Option 001 only) with 3 digits. The three
LED lamps located to the right of the
display are unit indicators for displayed
values. On instruments equipped with
Option 002, Comparator/Handler Interface,
bin numbers are displayed on this display
when the comparator is set to RUN. Also,
on Option 001 instruments, the number 001
is briefly displayed here when the
instrument is turned on.

FREQUENCY/DC BIAS Select Key and
Indicators :

This key sets the FREQUENCY/DC BIAS
Display (3), the SPOT/COARSE/FINE Select
key (0, and the FREQUENCY/DC BIAS
Step Control Keys to FREQUENCY
control mode or DC BIAS control mode.
The selected control mode is indicated by
the corresponding LED lamp.

FREQ: When this LED lamp 1is on,
frequency is displayed on the
FREQUENCY/DC BIAS Display
and is controlled by the
SPOT/COARSE/FINE Key and
the FREQUENCY/DC BIAS Step
Control Keys.

DC BIAS: When this LED lamp is on, DC
bias voltage is displayed on the
FREQUENCY/DC BIAS Display
and is controlled by the
FREQUENCY/DC BIAS Step
Control Keys.

FREQUENCY control mode and DC BIAS
control mode are mutually execlusive, and
DC BIAS can be selected only if the
instrument is equipped with Option 001,

Figure 3-1. Front Panel Features (Sheet 2 of 6).
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SPOT/COARSE/FINE  Select Key and
Indicators:

This key selects the SPOT, COARSE, or
FINE vernier mode for frequency changes
mode by the FREQUENCY/DC BIAS Step
Control Keys (. The selected vernier
mode is indicated by the corresponding LED
lamp. Frequencies possible in each vernier
mode are listed below
SPOT : 100Hz, 120Hz, 1kHz, 10kHz
COARSE : 100Hz to 1kHz in 100Hz steps
1kHz to 10kHz in 1kHz steps
10kHz to 20kHz in 10kHz steps
FINE: 100Hz to 200Hz in 1Hz steps
200Hz to 500Hz in 2Hz steps
500Hz to 1kHz in 5Hz steps
1kHz to 2kHz in 10Hz steps
2kHz to 5kHz in 20Hz steps
5kHz to 10kHz in 50Hz steps
10kHz to 20kHz in 100Hz steps

Note

When the FREQUENCY/DC BIAS
Select Key (3) is set to DC BIAS
mode, this key is disabled and the
SPOT, COARSE, and FINE
indicators are turned off.

FREQUENCY/DC BIAS Step Control Keys:

These keys—— and —are used in
conjunction with the FREQUENCY/DC
BIAS Select Key (@ and the
SPOT/COARSE/FINE Select Key to set
the test frequency and DC bias voltage
(Option 001 instruments only). When

®

FREQUENCY mode is selected by the
FREQUENCY/DC BIAS Select Key@, test
frequeney is increased in accordance with
the selected vernier mode (SPOT, COARSE,
FINE) each time the [ is pressed, and is
decreased each time the (8] key is pressed.
These keys control DC bias in a similar
manner when DC BIAS mode is selected by
the FREQUENCY/DC BIAS Select Key (®.
When either of these keys is pressed and
held, the wvalue displayed on the
FREQUENCY/DC BIAS Display  will
continuously change in the indicated
direction. The actual value, however, will
not change until the key is released.

(2) TRIGGER Keys :

These keys select the trigger mode for
triggering measurement (Internal or
Manual/External):

INT: Internal trigger signal enables
instrument to make repeated
automatic measurements.

MAN/EXT: Measurement is triggered

each time this key s
pressed. Measurement data
is held until the next time
the key is pressed. Or in this
mode measurement is
triggered by an external
trigger signal applied to the
rear panel EXT TRIGGER
connector ((¥)in Figure 3-2).

34

Figure 3-1. Front Panel Features (Sheet 3 of 6).
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(3) TEST SIGNAL LEVEL Selector Key and

Indicators:

This key selects two test signal levels
HIGH and LOW. HIGH level is 1Vrms and
LOW level is 50mVrms. The selected test
signal  level is  indicated by the
corresponding LED lamp.

Note
The 4276A cannot measure L, HIGH

SPEED L, or Z when TEST SIGNAL
LEVEL is set to LOW.

MEASUREMENT SPEED Select Key and

Indicators:

This key selects three measurement speeds:
SLOW, MEDIUM or FAST. Actual
measurement speed depends on test
frequency, LC | Z| range (8, DISPLAY A
Function (®), and the value of the device
under test. The selected measurement
speed mode s indicated by  the
corresponding LED lamp.

SLOW : Measurement speed is approxi-
mately 1/4 that of medium
measurement speed.

MED: Measurement speed is approxi-
mately 11 measurements per
second in C-G measurement mode.

FAST: Measurement speed is approxi-
mately twice that of medium
measurement speed.

@DISPLAY B Function Select Key and

Indicators:

This key, (&} , selects the measurement
parameter for display on DISPLAY B (®.
The selected parameter is indicated by the
corresponding LED lamp. Pressing this key
shifts the selected parameter in a
top-to-bottom sequence. Selectable
parameters are as follows:

D: Measures the dissipation factor of
the DUT. DISPLAY A Function
(® must be set to L (inductance)
or C (capacitance).

Q: Measures the quality factor of the
DUT. DISPLAY A Funection
must be set to L (inductance) or C
(capacitance). Q values are
calculated as the reciprocal
dissipation factor.

ESR/G: Measures the equivalent series
resistance or conductance of the
DUT. DISPLAY A Function
must be set to L (inductance) or C
(capacitance). ESR is selected
when CIRCUIT MODE (1) is set to
oA3wo ; G is selected when
CIRCUIT MODE (1) is set to

Figure 3-1. Front Panel Features (Sheet 4 of 6).
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Selector Keys and

Indicator:

These keys select the measurement range
and the ranging method for inductance,
capacitance and impedance measurements.

AUTO {(when indicator is lit):

Optimum range for the DUT's value is
automatically selected.

MANUAL (when indicator is not lit):

Measurement range is fixed (even when the
DUT is changed). Manual ranging is done by
pressing the adjacent DOWN ( (&]) or UP

(@) ) key.
Note

Pressing the DOWN or UP key sets
the ranging mode to MANUAL even
if the ranging mode was initially set
to AUTO.

@ CIRCUIT MODE Select Key and Indicators:

This key selects the measurement circuit
mode to be used during measurement. The
selected circuit mode is indicated by the
corresponding LED lamp.

AUTO : Automatically selects the
equivalent circuit (parallel or
series) most appropriate for the
DUT's value. When LCI|[Z]
RANGE is set to the 1009
range or lower, circuit mode is
set to «fIwo, When LC|Z|

RANGE is set to the 1kQ
range or higher, circuit mode is

set to oftHe .

o-{HWro ¢ Selects equivalent series circuit.
’CEJ‘ :  Selects equivalent parallel
cireuit.

(8) DISPLAY A Function Select Key and

Indicators:

This key, &) , selects the measurement
parameter for display on DISPLAY A (®.
The selected parameter is indicated by the
corresponding LED lamp. Pressing this key
shifts the selected parameter in a
top-to-bottom sequence. The selectable
parameters are as follows:

L: Measures inductance and-—depending on
the setting of DISPLAY B Function
(5 —D (dissipation factor), Q (quality
factor), or ESR/G (equivalent series
resistance or  equivalent parallel
conduetance).

C: Measures capacitance and-—depending
on the setting of DISPLAY B Funection
(® —D (Dissipation factor), Q (quality
factor), or ESR/G (equivalent series
resistance  or  equivalent parallel
conductance).

Figure 3-1. Front Panel Features (Sheet 5 of 6).
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HIGH SPEED L:
Measures only inductance.

HIGH SPEED C:
Measures only capacitance.

| Z]-g(deg):
Measures impedance magnitude and
phase angle. The results are displayed
on DISPLAY A (]| Z1|) and DISPLAY B
(6) to provide a polar representation
(12Z1.8) of the DUT's impedance.

DC BIAS SWITCH:

On instruments equipped with Option 001,
DC BIAS, this switeh turns the internal DC
bias source on and off. When this switeh is
set to ON and the DC BIAS Select Switeh
(@ in Figure 3-2) on the rear panel is set to
INT, the DC voltage selected by the
FREQUENCY/DC BIAS Step Control Keys
() is output from the Hwr UNKNOWN
terminal (@). When set to OFF, this switch
turns off the internal DC bias source; no DC
voltage is output from the Hr UNKNOWN
terminal (@), and "OFF" will be briefly
displayed on the FREQUENCY/DC BIAS
Display 8 each time a new DC bias voltage
is set by the FREQUENCY/DC BIAS Step
Control Keys 11 or via the HP-IB.

Note

This switeh controls the internal DC
bias source only. It does not control
external DC bias voltage applied to
the EXT INPUT/INT MONITOR
eonnector ((3) in Figure 3-2) on the
rear panel. Also, this switeh is not
HP-IB programmable.

@ UNKNOWN Terminals :

(@) GUARD Terminal :

ZERO Offset:

These buttons perform ZERO offset
compensation (OPEN and SHORT) for the
residuals of the test fixture, test leads, and
measurement circuit. ZERO offset s
performed at the following spot frequencies:

20kHz, 16kHz, 10kHz, 5kHz, 2kHz, 1kHz,
500Hz, 200Hz, and 100Hz.

OPEN: If this button is pressed when the
test fixture or test leads are
terminated open, measured
values at this time are stored as
residual admittance data.

SHORT : If this button is pressed when the
test fixture or test leads are
shorted, measured values at this.
time are stored as residual
impedance data.

These four BNC connectors provide the
means to connect DUT's in a five-terminal
configuration: High current terminal (Hey),
High potential terminal (Hps), Low potential
terminal (Lpgr), and Low current terminal
(Lgyr). Four-terminal pair test fixtures
attach directly to these terminals.

This terminal is tied to the instrument's
chassis and can be used in measurements
that require guarding.

Figure 3-1. Front Panel Features (Sheet 6 of §).
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(1) EXT DC BIAS FUSE Holder :

External DC bias fuse is installed in this
holder. The fuse must be installed when an
external bias source is used. Fuse rating is
1/16A, 250V (HP P/N: 2110-0011).

DC BIAS Select Switech:

This switch selects the DC bias source that
will be used for biasing DUTs connected to
the UNKNOWN terminals.

INT: On instruments equipped with
Option 001, DC BIAS, the DC
voltage output from the internal
DC bias source will be applied to
the DUT when the DC BIAS Switch
( (@ in Figure 3-2) is set to ON.
OFF: No DC bias voltage will be applied
to the DUT.

EXT: DC voltage provided by an external
voltage source connected to the
EXT INPUT/INT MONITOR
Connector (3) will be applied to the
DUT regardless of the setting of
the DC BIAS Switeh ( (@) in Figure
3-2). Maximum allowable voltage
is +40V.

®

®

EXT INPUT/INT MONITOR Connector:

The function of this connector depends on
the setting of the DC BIAS Select Switeh
(». When the DC BIAS Select Switch (@) is
set to EXT, this connector is the input
terminal for an external DC voltage source.
When the DC BIAS Select Switeh (2) is set to
INT, this connector is the monitor output
terminal for the internal DC bias source
(Option 001 instruments only).

EXT TRIGGER Connector:

This connector is for external trigger input.
TRIGGER key on front panel should be set
to MAN/EXT. Specific information is
provided in paragraph 3-70.

VLINE VOLTAGE SELECTOR Switeh:

This switeh selects the appropriate ac
operating voltage. Selectable voltages are
100V/120V+10% and 220V+10%/
240V+5%-10% (48 - 66Hz).

~ LINE FUSE Holder:

Instrument's power-line fuse is installed in
this holder.

100V/120V operation :
1AT, 250V
(HP P/N: 2110-0007)

220V/240V operation :
750mAT, 250V
(HP P/N: 2110-0360)

Figure 3-2.

Rear Panel Features (Sheet 1 of 2).
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A~ LINE Input Receptacle:
AC power cord connects to this receptacle.
INTERFACE

COMPARATOR/HANDLER
Connector :

Thirty-six pin connector, Option 002
instruments only, connects the 16064A
COMPARATOR/HANDLER INTERFACE to
the instrument.

HP-IB Control Switeh:

This switch sets the instrument's HP-IB
address (0 - 30), data output format (F1 -
F6), and interface capability (Addressable or
Talk Only). Specific information on this
switech is given in paragraph 3-82.

HP-IB Connector :
Twenty-four pin connector; connects the

instrument to an HP-IB controller or other
HP-IB instruments via an HP-IB cable.

Figure 3-2. Rear Panel Features (Sheet 2 of 2).
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3-9. DISPLAY TEST

3-10. All LED lamps and 7-segment displays on
the front panel are lit for approximately one
second when the instrument's self-test funection
is initiated from the front panel or via the
HP-IB. This test is repeated until the self-test
function is turned off.

Note
If an LED lamp or 7-segment display
fails to light during the Display test,
contact the nearest Hewlett-Packard
Sales or Service Office for repairs.

Note

If the instrument is equipped with

Option 002, Comparator/Handler
Interface, and if the 16064A
Comparator/Handler Interface is

connected to the instrument, all
16064A LED lamps except D/Q/ESR/G
and LIMIT LOW lamps will be lit during
the Display test.

3-11. ANALOG CIRCUIT TEST

3-12. The Analog Circuit test is performed
when the instrument's self-test function is
initiated from the front panel or via the HP-IB.
It is performed after the Display test, desecribed
in paragraph 3-9, and it confirms correct
operation of the instruments analog circuits.
Like the Display test, this test is repeated until
the self-test funection is turned off. The test
lasts approximately three seconds. If a
malfunction is detected, an error-code will be
displayed on DISPLAY A. Refer to Table 3-4.

Note

The Analog Circuit test must be
performed with an open-terminated (no
DUT) test fixture (e.g., 16047A)
connected to the UNKNOWN terminals.

Note

If one or more of the error codes listed
in Table 3-4 appear on DISPLAY A
during the Analog Circuit test, contact
the nearest Hewlett-Packard Sales or
Service Office for repairs.

3-13. MEASUREMENT FUNCTIONS
3-14. Values displayed on DISPLAY A and

DISPLAY B are for the parameters selected by
the DISPLAY A and DISPLAY B function keys.

3-10
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Inductance (L), capacitance (C), or impedance
magnitude (| Z|) values are displayed on
DISPLAY A; dissipation factor (D), quality factor
(Q), equivalent series resistance (ESR),
conductance (G), or impedance phase (#) values
are displayed on DISPLAY B. The DISPLAY B
measurement function depends on the selected
DISPLAY A function and the selected CKT
MODE, as listed in Table 3-1. When DISPLAY A
funetion is HIGH SPEED C or HIGH SPEED L,
DISPLAY B is always blank.

Table 3-1. Measurement Functions

DISPLAY B
Circuit Mode
DISPLAY A
o e

L D, Q, or ESR D, Q, or G

C D, Q, or ESR D, Q, or G
HIGH SPEED

L
HIGH SPEED

C

1z] 6 6

3-15. DISPLAYS

3-16. The 4276A has three front panel displays:
DISPLAY A, DISPLAY B, and FREQUENCY/DC
BIAS. Each is deseribed in paragraphs 3-17
through 3-19, respectively. The number of
display digits depends on measurement range,
test frequency, and test signal level. Refer to
Figure 3-39.

3-17. DISPLAY A provides direct readout of
measured C, L, or | Z], with 4 1/2-digit display
resolution. The actual number of display digits
depends on measurement range, test frequency,
and test signal level. The least significant digit
may be displayed as a small zero, , Or may
be blank, |, to indicate that the digit does not
provide a specified value. Maximum number of
counts is +19999. DISPLAY A also displays
error—codes, operational annunciations, and the
HP-IB address or output data format (refer to
paragraphs 3-72 through 104 for details).
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3-18. DISPLAY B provides direct readout of
measured D, Q, ESR, G, or §, with 4 1/2-digit
display resolution. The actual number of display
digits depends on measurement range, test
frequency, test signal level, and number of
DISPLAY A counts. The least significant digit
may be displayed as a small zero, , Or may be
blank, M , to indicate that the digit does not
provide a specified value. Maximum number of
display counts depends on the DISPLAY B
function. Refer to Table 3-2. DISPLAY B also
displays error-codes, operational annunciations,
and option annunciation "16064" when the
instrument is equipped with option 002. When
the DISPLAY A funection is HIGH SPEED C or
HIGH SPEED L, DISPLAY B is blank.

Note
Option annunciation "16064" appears
only when the 16064A Comparator is
connected to the rear panel.

Table 3-2. Number of Counts on DISPLAY B

Measurement .
Function Display Counts
D Max. 1.9999
Q Max. 10z oo
ESR/G - 19999 to 19999 counts
S - 180.00° to 180.00°

3-19. The FREQUENCY/DC BIAS display
provides direet readout of test frequeney and, if
the instrument is equipped with option 001, the
voltage output from the internal dec bias source.
If option 001 is installed, option annuneciation 001
is displayed on this display each time the
instrument is turned on. If the DC BIAS
ON/OFF switeh is set to OFF when the dc bias
voltage is changed, OFF will be briefly displayed
on this display after the new value has been set.
Refer to paragraph 3-24. Also, if the instrument
is equipped with option 002, BIN numbers are
displayed on this display when the 16064A
Comparator is enabled.

3-20. ERROR-CODES

3-21. Error-codes related to the ROM/RAM
test (see paragraph 3-7) are listed in Table 3-3.
If one of these errors is displayed on DISPLAY A
when the instrument is turned on, measurements
can not be made.

SECTION III

Note

If E68 is displayed, measurements can
be made. The instrument's continuous
memory function, however, is disabled.

3-22. Error-codes related to the Analog Circuit
test (see paragraph 3-11) are listed in Table 3-4.
If one or more of these errors are displayed on
DISPLAY A during Self Test, the specifications
listed in Table 1-1 are not guaranteed.

Note

If one of the error-codes listed in Table
3-3 or Table 3-4 is displayed, contact
the nearest Hewlett-Packard Sales or
Service Office for repairs.

3-23. Error-codes related to operator errors are
listed in Table 3-5. Corrective action for each
error is also given in the table.

3-24, OPERATIONAL ANNUNCIATION

3-25. On instruments equipped with option 001,
DC BIAS, the annunciation shown in Table 3-6
may briefly appear on the FREQUENCY/DC
BIAS display after a new dec bias voltage has
been set. It indicates that the DC BIAS ON/OFF
switech on the front panel is set to OFF. This
switeh must be set to ON if voltage from the
internal de bias source is to be applied to the
DUT.

Note
For applications using the internal dc

bias source, the DC BIAS select switeh
on the rear panel must be set to INT.

3-11
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Table 3-3. Error-Codes for ROM/RAM Self Test

Error Code Meaning

r-- AlUS ROM is faulty.

AlU6 ROM is faulty.

AlU7 ROM is faulty.

AlU8 ROM is faulty.

AlUS ROM is faulty.

AlUIO ROM is faulty.

AlUl2 RAM is faulty.

AlU12 RAM or A6BT1
is faulty.

Table 3-4. Error-Codes for Analog Circuit Self Test

Display Meaning

: Analog Circuit is not functioning
——==1 oproperly.

Table 3-6. Operation Error Codes Displayed on FREQUENCY/DC BIAS Display

DISPLAY A DISPLAY B FREQ/DC BIAS Meanings Treatment
I1legal INTERNAL DC | Set the DC BIAS
s il il BIAS operation switch to ON.
m Ex h (Option 001). The
—— — e ° internal dc bias Note
. . voltage was set
(any reading) (any reading) manuafly or via Make sure that
the HP-IB when the the DC BIAS
DC BIAS ON/OFF switch on the
switch on the front rear panel is
panel was set to set to INT.
OFF.
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SECTION 11

Table 3~5. Operation Error Codes Displayed on DISPLAY A/B (Sheet 1 of 3)

ERROR CODE Meaning Treatment
Overflow - The inductance, Select a higher
sisriay e war capacitance, or LC[Z[ RANGE.
= gtz - impedance of the

DUT is too high
to be measured on
the selected LC|Z
RANGE.

=||EE|
o}otoy
ce03 0O}

H
.

oz0t 01
ofoo;

(any reading)

Overflow - The dissipation
factor, quality
factor, ESR, or
conductance of the
DUT is too high.

Change the DISPLAY
B function, or
change the DISPLAY
A function to |Z|

P

5

ojovoy
0s0% 08
0E0% 0
ojoto}

Underflow -The inductance,
capacitance, or
impedance of the
DUT is too low to
be measured on the
selected LC|Z|
RANGE.

Select a lower
LC|Z| RANGE.

ojotoy
osot0}
[} 1 ¥+
ojoro;

(any reading)

Underflow -The dissipation
factor, quality
factor, ESR, or
conductance of the
DUT is too low.

Change the DISPLAY
B function, or

change the DISPLAY
A function to {Z].

onoRol

oz0%0
o§or0;

ojosoy

ojotoy
osoto0}
05050

ofotoz

LAY o eEmem—

(any reading)

Change Function
-The selected
parameter cannot
be measured with
the present control
settings.

Change the DISPLAY
A function to
another parameter.

Change the DISPLAY
B function, or
change the DISPLAY

| =1

A function to |Z].

oaoro
LITH

||!!I
olovol
osotol

]
|“‘| | glliil

Zero Offset Adjustment error.
The residuals of the test
fixture or test leads are too
high to be offset, or nothing
is connected to the UNKNOWN
terminals. Previous Zero
Offset data are unchanged.

Use a different
test fixture or
test leads; or, if
nothing is
connected to the
UNKNOWN . terminals,
connect an appro-
priate test
fixture or test
leads. Refer to
paragraph 3-43
for details on
Zero Offset
Adjustments.

3-1
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Table 3-5. Operation Error Codes Displayed on DISPLAY A/B (Sheet 2 of 3)

ERRCR CODE

Meaning

Treatment

TEST SIG LEVEL was set to LOW
when DISPLAY A function is
set to L, HIGH SPEED L, or

lz].

LOW TEST SIG LEVEL
can be used only
for C and HIGH
SPEED C measure-
ments.

Illegal LC|Z| RANGE, DISPLAY
A, FREQ, or TEST SIG LEVEL
setting.

The instrument
will automatically
select the correct
setting.

uuuuuu

Illegal DC BIAS or COMPARATOR
operation. Internal dc bias
voltage was set via the HP-1IB,
but the instrument is not
equipped with Option 001; or
the comparator enable code
(E1) was sent via the HP-IB;
but the instrument is not
equipped with Option 002.

Install the
desired option.
Refer to Section
II.

Illegal COMPARATOR operation.
The D/Q/ESR/G key on the
16064A was pressed or was set
via the HP-IB while the
DISPLAY A function was set to
HIGH SPEED C, HIGH SPEED L,
or |Z].

D, Q, ESR, or G
comparison cannot
be performed.

The instrument is
set to HIGH SPEED
L or HIGH SPEED C
measurement mode.

Illegal COMPARATOR operation.
One of the 4276A's front
panel keys (except TRIGGER,
LOCAL, or DC BIAS) was
pressed or was set via the
HP-1IB.

To change a front
panel control
setting on the
4276A, first
disable (turn off)
the 16064A. Press
the COMPARATOR
ENABLE key (the
lamp at the center
of the key should
go off).

Illegal COMPARATOR operation.
One of the 16064A's keys
(except the COMPARATOR
ENABLE key) was pressed or
was set via HP-IB while the
16064A was disabled.

To operate the
COMPARATOR, first
enable (turn on)
the 16064A. Press
the COMPARATOR
ENABLE key (the
lamp at the center
of the key should
come on).
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Table 3-5. Operation Error Codes Displayed on DISPLAY A/B (Sheet 3 of 3)

ERROR CODE Meaning Treatment
e . Illegal COMPARATOR operation. Reset the front
8358 The 4276A's front panel panel controls to
!mg’{:% - control settings are the previous
= = different from those that settings, or
existed when the present clear the stored
bin limits were entered. bin limits by
pressing the ERASE
button.
Illegal COMPARATOR operation. Enter LOW and HIGH
— s The RUN key on the 16064A was limits, or correct

m§§2§ - pressed or was set via HP-IB the displayed LOW

........ 338% - when no bin limits were and HIGH LIMITs.
entered, or a bin's LOW LIMIT

is higher than its HIGH LIMIT.

Illegal parameter setting. Reset the
33 The test frequency setting, incorrect
cis - internal dc bias setting, or parameter.
a bin limit setting is out-
side the specified limits.

Illegal HP-IB address. The Turn off the
a e HP-1IB address switches on the instrument and set
Y el §§§§ - rear panel were set to 31 the HP-IB address
— 333% e (11111) when the instrument to one between 0
was turned on. (00000) and 30
(11110).
Illegal deviation measure- Only valid refer-
ment operation. The A key ence values can be
e ar on the front panel was used for deviation
IEEEZ'E - pressed or was set via HP-IB measurement.
| C——— S58% — when OF , uF , or [F

was displayed on DISPLAY A
or DISPLAY B.

3-1
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3-26. TEST FREQUENCY

3-27. There are seven test frequency ranges, as
listed in Table 3-7. Frequency accuracy is 0.01%
of the value displayed on the FREQUENCY/DC
BIAS display.

Table 3~7. Test Frequency

Test Frequency Resolution
100Hz -  200Hz 1Hz
200Hz - 500Hz 2Hz

500kHz - 1.00kHz SHz
1.00kHz - 2.00kHz 10Hz
2.00kHz - 5.00kHz 20Hz
5.00kHz - 10.0kHz 50Hz
10.0kHz - 20.0kHz 100Hz

3-28. TEST SIGNAL LEVEL

3-29. The 4276A has two test signal levels:
HIGH (1Vrms) and LOW (50mVrms). The output
impedance of the test signal source is 100Q+20%,
so the voltage across the DUT depends on the
DUT's impedance. Refer to Figure 3-3.

Note

On several ranges, HIGH test signal
level is 2Vrms. Refer to Table 1-1.

Note

Low test signal level can be used only
when DISPLAY A function is set to C
or HIGH SPEED C.

3-30. MEASUREMENT RANGE

3-31. Measurement range depends on the test
frequency. The ranges which can be selected at
each test frequency and the range resistor used
on each range are shown in Figure 3-16. Each
range allows a 100% overrange of the 10000 full
Scale counts {(maximum 19999 counts).

3-16
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Measurement range is selected by the LC|Z|
RANGE keys. When the LC|Z| RANGE
control is set to AUTO, the optimum range is
automatically selected for each measurement.
Manual ranging is also possible. When an
inappropriate range is selected, OF or UF is
displayed on DISPLAY A or DISPLAY B.

3-32. CIRCUIT MODE

3-33. An impedance can be represented by a
simple series or parallel equivalent circuit
consisting of resistive and reactive elements.
This is possible because both equivalent circuits
have identical impedances at a .given test
frequency by properly establishing the values of
the equivalent circuit elements. The equivalent
eircuit measurement mode is selected by setting
the CIRCUIT MODE control. When the CIRCUIT
MODE is set to AUTO, the 4276A will
automatically select the circuit mode most
appropriate for the range and funetion settings.
Equivalent series circuit mode is automatically
selected when the measurement range is inside
the area enclosed in the dotted line in Figure
3-16. Equivalent parallel circuit mode is
automatically selected when the measurement
range is outside the area enclosed in the dotted
line in Figure 3-16. By setting CIRCUIT MODE
manually, either circuit mode can be selected,
regardless all measurement ranges.

3-34. Capacitance and induectance
measurements can be performed in either
equivalent series circuit mode or equivalent
parallel circuit mode. However, measured
values obtained in each mode are different. The
difference in measured values is related to the
loss factor of the sample being measured. The
impedance of a sample measured in both series
and parallel circuit mode is the same at a
particular frequency. Therefore, the following
equations are satisfied:

: 1
S LS WD
R X
RZ + x2 -~ 1 RZ + x2
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Expanding the above equation, we have

1
G + juCp = R : .5 wCs :
2 2
RT » w2Cs? R+ w?Cs?
where, Cs (= - Jl)-(—): equivalent series circuit

capacitance

Cp (= E) equivalent parallel

w eircuit capacitance
Obviously, if no series resistance (R) or parallel
conductance (G) are present, the equivalent
series circuit capacitance (Cs) and equivalent
parallel circuit capacitance (Cp) are identical.
Likewise, if R and G are not present, the
equivalent series cireuit inductance (Ls) and
equivalent parallel ecircuit inductance (Lp) are
identical.

However, a sample value measured in a parallel
measurement circuit can be correlated with that
of a series circuit by a simple conversion
formula which covers the effect of dissipation
factor. See Table 3-8. Figure 3-4 graphically
shows the relationships of parallel and series
parameters for various dissipation factor values.
Applicable diagrams and equations are given in

the chart. For example, a parallel capacitance
Vrms
Figure 3-3. Equivalent Circuit of the Test

Signal Source.

SECTION 1II

(Cp) of 1000pF with a dissipation factor of 0.5 is
equivalent to a series capacitance (Cs) of 1250pF
with an identical dissipation factor. As shown in
Figure 3-4, inductance or capacitance values for
parallel and series equivalents are nearly equal
when the dissipation factor is less than 0.03.
The dissipation factor of a component always has
the same value at a given frequeney for both
parallel and series equivalents.

In ordinary LCR measuring instruments, the
measurement ecircuit is set (automatically or
manually) to a predetermined equivalent ecircuit
with respect to either the selected range or to
the dissipation factor value of the sample. The
wider circuit mode selection capability of the
4276A, which is free from these restrictions,
permits taking measurements in the desired
circuit mode and of comparing such measured
values directly with those obtained by another
instrument. This obviates the inconvenience and
necessity of employing instruments capable of
taking measurements with the same equivalent

cirecuit to assure measurement result
correspondence.
10
oo s 2
N 7
Koo
r'/ >
/ )
A
7
0%
]
/| //
/ dle
Clad -
A4
//’( Z, ]'c.-uoo‘)c-i
b / { taetito?ra }
V %S
e e
/ o n
Le (W)
P
o pr prol
Figure 3-4. Parallel and Series Parameter
Relationship.

Table 3-8. Dissipation Factor Equations and Equivalent Cireuit Conversion Formulas

Circuit Mode | Dissipation Factor | Conversion to Other Modes
Cp 2
G 1 2 D 1
’CE}’ D=—=== Cs =(1+D°) Cp, R =y - =
G wCp  Q ( ) Cp 1 +D G
Y 1 1 D2 1
oo D = wCsR = 6 Cp = T+—DZ Cs, G = 1+_D7 . E.
Lp 2
1 1 _ D 1
*E'Eg’}'* D-—-wLpG:—d Ls=yTgz P R=y757 ¢
L —
Ls R 2
3w p=— .1 Lp= (1+D%) Ls, G =—2—p -1
wls ~ Q P ’ 1 +D0Z R
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3-35. INITIAL DISPLAY AND INDICATIONS

3-36. Each time the instrument is turned on,
the option codes for installed options and the
HP-IB address are displayed on the front panel
for approximately two seconds. The HP-IB
address is displayed on DISPLAY A, as shown
below. The factory set address is 17 (10001), but
any address from 0 (00000) to 30 (11110) can be
set. Refer to the HP-IB discussion starting in
paragraph 3-72.

DisPLAY A

I "1
I I

Note

If the instrument is set to TALK ONLY
mode, the output data format number
(see paragraph 3-95) will appear on
DISPLAY A instead of the HP-IB
address.

The following option code is displayed on
DISPLAY B if the instrument is equipped with
Option 002, Comparator/Handler Interface.

DisPLAY B

Note

The above option code will not be
displayed if the 16064A
Comparator/Handler Interface is not
connected to the instrument.

The following option code is displayed on the
FREQUENCY/DC BIAS display if the instrument
is equipped with Option 001, Internal DC Bias.

FREQUENCY / DC BIAS

I ri

[ |

3-37. After the HP-IB address and option codes
have been displayed, the continuous memory
funetion automatically recalls the front panel
control settings that existed when the
instrument was turned off.

3-18
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Note

Output from the internal dc bias source
(option 001 instruments) is
automatically set to 0V at instrument
power on as a safety precaution.
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3-38. INITIAL CONTROL SETTINGS

3-39. The 4276A is automatically set to the
control settings listed below when the continuous
memory function (refer to paragraph 3-40) is
reset as described in paragraph 3-42,

DISPLAY A Functionseeseeeccsacce C
DISPLAY B Function sreesessseeecs G
CIRCUIT MODE cecccecssccscacecncees AUTO
LCIZ] RANGE teseccescsercscanencs AUTO
MEASUREMENT SPEEDccceccees MED
TEST SIGNAL LEVEL resssccesencs HIGH
TRIGGER ¢escoresesseaccsesanrscacasaes INT
SELF TEST scesesccccacccacsscasncacsees OFF
Al eveesesessesesscesccesscsennnssssesrsaanns OFF
FREQ/DC BIAS tssretececererosccanans FREQ
SPOT/COARSE/FINE -eceeveneenccns SPOT
Frequency «ceseesenceniineiecencecanea 1.00kHz
OPEN ZERO DATA «ceecvcnncencne o0
SHORT ZERO DATA ccercccrnions (O8]

When the instrument is equipped Option 001 :
DC BIAS cccceescssnascccccccecrsscacsaces .00V
When the instrument is equipped Option 002,

control settings of the 16064A Comparator are
as follows:

ENABLE seetesscsectccercrsccccceccosanss OFF
LCIZ]//D/Q/ESR/G .............. L/C/ | Z |
LIMIT LOW/HIGH eerecccescsreceraus LOW
BIN NUMBER -escercesoscnsacessonces 1

RUN cecceccccccccsssssracncssscscsccsoncas OFF

BIN LIMITS secsecoevscccscssccccsaceas blank

3-40. CONTINUOUS MEMORY

3-41. The continuous memory function of the
4276A automatically memorizes all front panel
control settings when the instrument is turned
off or experiences a power failure. When the
instrument is turned on, the memorized settings
are automatieally recalled. Continuous memory
is powered by a rechargeable 2.4V
nickel-cadmium battery that lasts  for
approximately 2 weeks when the instrument is
turned off. The battery is recharged while the
4276A is turned on.

Note
It takes approximately 24 hours to

recharge up the battery.

SECTION 1II

Note

When turned on, the 4276 A
automatically performs a Check Sum
Test as part of its turn-on Self Test.
The Check Sum Test checks the
contents of memory. If incorrect, E68
will be displayed on DISPLAY A and
memory  will be  cleared. The
instrument will be set to the initial
control settings (refer to paragraph
3-38).

OPEN and SHORT Zero Offset values (refer to
paragraph 3-48) and reference values for
deviation measurements (refer to paragraph
3-57) are also memorized by the econtinuous
memory function. On instruments equipped with
the  Comparator/Handler Interface option
(Option 002), all high and low limits and all
16064A control settings (except RUN) are
memorized. DC bias voltage (Option 001)
settings, however, are not memorized.

3-42. RESETTING CONTINUOUS MEMORY

3-43. To reset, or clear, continuous memory,
proceed as follows:

(1) Turn off the 4276A.

(2) Press and hold both FREQ/DC BIAS Step
Control Keys ( (5[] ).

(3) Turn on the 4276A.
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3-44. UNKNOWN TERMINALS

3-45. The UNKNOWN terminals of the 4276A
are arranged in a five-terminal configuration.
The  five-terminal  configuration provides
accurate measurements over a broad impedance
range. Low impedance errors caused by residual
inductance and residual resistance, are lower
than those of measurements made using the
three-terminal configuration. Also, high
impedance measurement errors caused by
residual conductance and residual capacitance
are lower than those of measurements made
using the four-terminal configuration.

In the five-terminal configuration, the current
through the DUT is fed back to the oscillator via
the outer conductors of Lcyr and Hcyz terminals
so as to reduce electromagnetic coupling
between the current terminals (Hcyrand Leyr) and
the voltage terminals (Hpor and Leor). This
feature reduces the voltage detection error when
a low-impedance DUT is measured at a high
frequencies. Refer to Figure 3-5.

Note

1t is recommended that four short BNC
cables be used as test leads.

Note

Do not connect the outer conductors of
the test leads to ground. If the outer
conductors are grounded, displayed
values will fluctuate when a
low-impedance measurement is made at
high frequencies.

v
soer |
0
pvi
}
LPoT
0
(V4 J'
Leur
A P -
—&=" =
—

Figure 3-5. Five Terminal Configuration.
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3-46. MEASUREMENT OF
SAMPLES

GROUNDED

3-47. Samples which have one terminal (except
GROUND terminal) grounded to earth ecannot
normally be measured by the 4276A. Such
measurement conditions are, for example, the
distributed capacitance measurement of a
coaxial cable with a grounded shield conductor
or the input/output impedance measurement of a
single ended amplifier. When a
one-side-grounded sample is connected for
measurement, the 4276A may display a
measurement error message or incorrect
measurement results. This is because the
current though the DUT does not flow in the
I-to-V Convertor which converts the current to
the voltage, with LOW measurement terminals
grounded.

Note

If HIGH terminals are grounded, the
test signal is not supplied to the DUT.
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3-48. ZERO OFFSET ADJUSTMENT

3-49. The test fixtures and test leads used to
connect samples to the instrument's UNKNOWN
terminals have inherent residual impedance and
stray admittance which, unless compensated for
in some way, affect measurement accuracy. To
minimize the effects of these residuals and
strays, the 4276A is equipped with OPEN and
SHORT Zero Offset Adjustment functions that
can be executed from the front panel or via the
HP-IB. Each Zero Offset Adjustment is
performed at the following frequencies:

10kHz 5S5kHz 2kHz
200Hz 100Hz

20kHz 16kHz
1kHz 500Hz

Zero Offset data for test frequencies other than
those listed above are calculated from the Zero
Offset data obtained at the above test
frequencies by using second degree
interpolation. Thus, Zero Offset is provided for
measurements made at all test frequencies.
Brief descriptions of the Zero Offset
Adjustments (OPEN and SHORT) are given below.

ZERO OPEN:

The procedure for performing OPEN Zero Offset
Adjustment is as follows:

(1) Connect the test fixture or test leads to the
instrument's UNKNOWN terminals.

Note

If test leads are used, you
must convert the five-
terminal configuration
to a two-terminal
configuration. Refer to
paragraph 3-44 and Figure
3-5.

(2) Connect nothing as the DUT.

(3) Press the ZERO OPEN button.

When the ZERO OPEN button is
instrument will be automatically
measurement mode. It will then
test fixture's stay admittance at

SECTION I

pressed, the
set to C-G
measure the
each of the

previously mentioned test frequencies. The
measured values are stored in the instrument's
internal memory. When offset adjustment is
compieted, DISPLAY A and DISPLAY B will be
blank for 1 or 2 seconds, after which the front
panel controls will be reset to the settings that
existed when the ZERO OPEN button was
pressed.

The purpose of OPEN Zero Offset Adjustment is
to measure the test fixture's stray admittance,
which, as shown in Figure 3-6 , consists of
G and C . (This stray admittance is equivalent
to a high impedance, which will "swamp out" a
high impedance DUT connected to the test
fixture.) The residual impedance of the test
fixture—R, and L, in Figure 3-6 --is
negligibly low and therefore does not affect the
accuracyof OPEN Zero Offset Adjustments,

ZERO SHORT:

The procedure for performing SHORT Zero
Offset Adjustment is as follows:

(1) Connect the test fixture or test leads to the
instrument's UNKNOWN terminals.

Note

If test leads are used, you
must convert the five
terminal configuration to a
two-terminal configuration.
Refer to paragraph 3-44 and
Figure 3-5.

(2) Connect a low impedance shorting-bar to
the test fixture. If you're using test leads,
simply connect the ends of the leads
together.

(3) Press the ZERO SHORT button.

Lo Lo

2 2

Ro Ro

2 Go 2
= WA —

- jo = —

Co

OPEN

Lo Lo
2 2-
Ro Ro
2 Go 2

r——"WA— —
- | I

e —

Co
SHORT

Figure 3-6. ZERO OPEN Circuit.

Figure 3-7. ZERO SHORT Circuit.
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When the ZERO SHORT button is pressed, the
instrument will be automatically set to |Z]-¢
measurement mode. It will then measure the
test fixture's residual impedance at each of the
previously mentioned test frequencies. The
measured values are stored in the instrument's
internal memory. When offset adjustment is
completed, DISPLAY A and DISPLAY B will be
blank for 1 or 2 seconds, after which the front
panel controls will be reset to the settings that
existed when the ZERO SHORT button was
pressed. The purpose of SHORT Zero Offset
Adjustment is to measure the test fixture's (or
test lead's) residual impedance, which, as shown
in Figure 3-7 , consists of Ry and L. This
residual impedance, although small, degrades the
accuracy of low impedance measurements. The
stray admittance of the test fixture—G, and C,
in Figure 3-7 — is shunted by the low
impedance shorting-bar and therefore is not
measured.

Once OPEN and SHORT Zero  Offset
Adjustments have been made, the instrument
automatically compensates all subsequent
measurements for the residuals and strays of the
test fixture or test leads. The values displayed
on the front panel are the actual values of the
DUT. Also, because the Zero Offset data is
maintained by the instrument's continuous
memory funetion, OPEN and SHORT Zero Offset
Adjustments do not have to be repeated each
time the instrument is turned on. You need to
repeat Zero Offset Adjustments only when you
change test fixtures (the residuals and strays of
one test fixture are different from those of
another). Maximum values that can be offset
are listed below.

Capacitance: Up to 20pF OPEN

Conductance: Up to 218

Impedancee: Up to 20 SHORT
Note

During Zero Offset Adjustment, OF or
CF may appear on DISPLAY A or
DISPLAY B. Zero Offset Adjustment,
however, is performed correctly unless
error code "E10" is displayed.

Note

After Zero Offset Adjustments, CF and
0000 may be alternately displayed on
DISPLAY A if the measurement mode
is other than C-G and nothing is
connected to the test fixture. This is
normals it is not a malfunction.

3-22
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Note

OPEN and SHORT Zero Offset
Adjustments cannot be performed
without a test fixture.

3-50. ACTUAL
EQUIVALENT CIRCUIT

MEASUREMENT

3-51. The test fixture or test leads used to
connect a sample to the instrument's
UNKNOWN terminals becomes part of the
sample which the instrument measures. The
five terminal configuration employed in the
4276A minimizes residual impedance eircuit.
The residual impedance, inherent in the test
fixture or test leads, can be eliminated by the
4276A's ZERO offset function (refer to
paragraph 3-48).

However, the five terminal measurement
system must be converted to a two terminal
configuration at the sample because most
components have only two terminals. Moreover,
additional stray capacitance is introduced when
the sample is connected to the test fixture.
Figure 3-8 illustrates lead impedance and the
stray capsacitances between the component's
leads.

3-52. Diverse parasitic elements present
between the sample and the UNKNOWN
terminals will affect measurement results.
These parasitic elements are series resistive and
reactive elements and parallel conductive and
susceptive elements. Figure 3-9 shows the
equivalent circuit of the samples parasitic
elements (R + jX is the sample's impedance). In
Figure 3-9, Lg represents the residual
inductance of the component's leads, and Ry is
lead resistance. Gg is the conductance between
the leads, and Cy is the sum of all stray
capacitances shown in Figure 3-8 . Reactive
factors in the residual impedance and susceptive
factors in the stray admittance have a greater
effect on measurements made at higher
frequencies.

3-53. Figure 3-10 shows the effect of residual
impedance on C-G measurement and the effect
of stray admittance on L-R measurement.
Generally, Lo resonates with the capacitance of
the sample (series resonance) and C, resonates
with the inductance of the sample (parallel
resonance), respectively, at a specific high
frequency. Thus, the impedance of the test

sample will have a minimum value corresponding
to resonant peaks, as shown in Figure 3-11. The
presence of Lo and Co causes measurement
errors, as the phase of the test signal current
varies over a broad frequency region around the
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resonant frequencies. Additional errors, due to
the resonance, increase in proportion to the
square of the measurement frequency (below
resonant frequency) and can be theoretically
approximated as follows:

CERROR =w 2 LoCx-100 (%)

L grror = 2 Co Lx-100 (%)
where,
w = 2nf (f: test frequency)
Cx = Capacitance value of sample
Lx = Inductance value of sample
DUT
Lo Lo
Cot
Ro $ [[Co2 Cos}3Ro
3 \
I Contact Contact l
Electrode JAl Electrode

Figure 3-8. Parasitic Elements Incident
to DUT Connections.

SECTION III

At low frequencies, Lo and Co affect measured
inductance and capacitance values, respectively,
as simple additive errors. These measurement
errors cannot be fully eliminated by the ZERO
offset adjustment (which compensates for
residual factors inherent in the test fixture).
This is because Lo and Co are peculiar to the
component being measured. Their values depend
on component lead length and on the distance
between the sample and test fixture. The
measurement results, then, are substantially the
sample values including the parasitic impedances
present under the conditions necessary to
connect and hold the sample.

1Z1
e
180
0-‘ Pargliel
{Zt  Resonance
90N
0%
-To ~ Series
Resonance
-180%
freq
Figure 3-11. Effect of Resonance in Sample (Example).

Measured impedance (Rm

+ jXm) 1is:

R (1 + RGo) + GoX?

(1 - wCoX + RGo)2 + (wRCo + GoX)?

+ RO

X (1 - wCoX) - wCoR?

? ?

$ Lo Lo 3

éT TE o

¥ T ‘
jXm = j {

T~ iCoX + RGoJZ + (WRCo + GoxyZ * wkos

Figure 3-9. Equivalent Circuit Including Residual Impedance.

Cx (1 +
Gx (1 +

Effect of residual impedance on C-G measurement:

w?LoCx - 2RoGx - LoGx?/Cx)
2w LoCx - RoGx + w?RoCx?/Gx)

Effect of stray
Lm Lx (1 -
Rm Rx (1 -

4

admittance on L - ESR measurement:
2GoRx + w?Colx - CoRx?/Lx)

GoRx + 2w’Colx + w*Lx?Go/Rx)

Figure 3-10. Effects of Residual Impedance.
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3-54. MEASURED VALUES AND BEHAVIOR
OF COMPONENTS

3-55. A component's measured value and its
nominal value can, and often do, differ
considerably because of various electromagnetic
effects; for example, skin-effect of a conductor,
the ferromagnetic properties of induectors, and
the effects of dielectriec materials in capacitors.
Here, will discuss only the effects which result
from the interaction of the reactive elements (L,
C, ete.) of a component.

3-56. The impedance of a component can be
graphically represented in vector form as shown
in Figure 3-12. In such representation, the
effective resistance and effective reactance
correspond to the projections of the impedance
vector | Z [£§ ; that is, the real (R) axis and the
imaginary (jX) axis, respectively, as shown
below:

Re = |Z] cossg

Xe = IZl sing
_cosf _ _1
" sing tang

where, Re: Effective resistance
Xe: Effective reactance

Z: Impedance of the sample (Re +
jXe).

D: Dissipation factor

Figure 3-12. Impedance Vector Representation,
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When the phase angle, §, changes, both Re and
Xe change in accordance with the definitions
above. As component measurement parameters
L, C, R, D, ete., are also representations of
components related to the impedance vector, the
phase angle dominates their values. Consider,
for example, the inductance and the loss of an
induetive component at frequencies around its
self-resonant frequeney. Figure 3-13 shows the
equivalent eircuit of the inductor. The
inductance, Lx, resonates with the distributed
capacitance Co at frequency f,. The phase
angle (4) of the impedance vector approaches 0
degrees (the vector approaches the R axis) when
the frequency is close to the resonant
frequency. Thus, the inductance of this
component decreases while the resistive factor
(loss) increases. At the resonant frequency, f,,
this component is purely resistive. The effective
resistance increases at resonance even if the
inductor has no resistance (ideal inductor) at de.
Consequently, the loss factor varies sharply at
frequencies around the resonant point.

JX 2 f1< f2<fo<f3< fa
!
1 oz ———re—0
Z 27/ x Co
]
fa
Rx  Lx 3
~-JX

Figure 3-13. Typical Impedance Locus of an Inductor.
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3-57. DEVIATION MEASUREMENT FUNCTION

3-58. When many components of similar value
are to be tested, it may be more practical to
measure the difference between the value of the
component and a predetermined, or ideal,
reference value than measuring the DUT value
itself. When the purpose of the measurement is
to observe the change of a component's value
versus changes in temperature, frequency, bias,
ete., a direet measurement of this change
(deviation) makes examination more meaningful
and easier.

When the key is pressed, the values
(measurement results) displayed on DISPLAY A
and DISPLAY B are stored in the instrument's
memory and are then used as the reference
values for all subsequent measurements. The
value displayed on each display is not the
sample’s measured value, it is the difference
between the stored reference value and the
measured value. Stored reference values are
maintained by the 4276A's continuous memory
function when the instrument is turned off. The
deviation measurement funection is automatiecally
turned off when the DISPLAY A function,
DISPLAY B function, LC1Z| RANGE, or CKT
MODE is changed. It may be turned off also if
the test frequency is changed when the DISPLAY
B function is ESR/G, because the measurement
range for ESR and G is frequency dependent.

3-59. CHARACTERISTICS OF TEST FIXTURES

3-60. Characteristies and applicable
measurement ranges of the HP test fixtures and
test leads for the 4276A are summarized in
Table 3-9. To facilitate measurement and to
minimize measurement errors, a test fixture
appropriate for the measurement should be
chosen from among HP's standard accessories.
Select the test fixture or leads that have the
desired performance characteristies.

SECTION 1III

Table 3-9 . Typical Characteristics of Test
Fixtures and Leads

Applicable Measurement Ranges
Model v
Parameter Value Heasurement
Frequency
16047A | Full range Full range
16047C Full range Full range
16048A
160488 Full range Full range
C>1000pF Below 100kHz
16048C L>100H
16048D Full range Full range
Ranges satisfied
160
34B [Z[>SOQ Full range
50Hz
16065A | F
ull range to 2MHz

3-61. RANGE RESISTOR
3-62. The relation between the range resistor

value and the measurement range is listed in
Figure 3-16.
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3-63. MEASUREMENT ACCURACY

3-64. The measurement reference plane for the
accuracies specified in Section I is the
UNKNOWN  terminals. The  measurement
accuracy of the 4276A is guaranteed at the
UNKNOWN terminals. The conditions under
which accuracy is specified are described in
Table 1-1. An example of the how to calculate
measurement accuracy is shown in Figure 3-15.

3-65. MEASUREMENT EXAMPLE

3-66. The procedures for measuring general
components—inductors, capacitors,
resistors—are given in Figure 3-17. Almost any
discrete component, except for those having
special shapes or dimensions, can be measured
with this setup. Special components may be
measured by using test leads 16048A, 16048D,
16034B, etc., or by using specially designed
user-built fixtures instead of the 16047A Test
Fixture,

3-67. As an example of a typical
semiconductor measurement, the procedures for
measuring the base-collector juncton

capacitance(C ,,) of an NPN transistor are given
in Figure 3-18.

3-68. EXTERNAL DC BIAS

3-69. The special biasing  circuits and
procedures for using external voltage or current
bias (required for certain capacitance or
inductance measurements) are given in Figures
3-19, 3-20, and 3-21. The figures show sample
circuits appropriate for 4276A applications.
When applying a de voltage to capacitors, be
sure the applied voltage does not exceed the
maximum specified voltage of the capacitor and
that the capacitor is connected with correct
polarity. Note that the externally applied bias
voltage is present at the Hcpw and Hper
terminals.
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3-70. EXTERNAL TRIGGERING

3-71. The 4276A can be externally triggered by
connecting an external triggering device to the
EXT TRIGGER connector on the rear panel and
setting the TRIGGER control on the front parel
to MAN/EXT on front panel. The instrument is
triggered (measurement is made) each time a
positive-going TTL level pulse is applied to this
connector (refer to Figure 3-14). External
triggering can be also done by alternately
shorting and opening the center conductor of the
EXT TRIGGER connector to ground {chassis).

je—— TP —

Input Levels: Vi < 0.4V
2.4V< Vy
Pulse Width: Tp > 100s

Trigger Timing: Leading Edge

Figure 3-14. External Trigger Pulse.
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[Examples of
Measurement Accuracies]

Front Panel Settings:

Test Frequency: lkHz
LC|Z| RANGE: InF
TEST SIG LEVEL: HIGH
MEAS SPEED: MED

Measured Values:

C: 1.9945nF
D: .0008
Q: OF (Assume a value of Qm)

Accuracies (Refer to Table 1-1):

C: #.1% of reading + 5 counts
1.9945nF x (.1/100) + .0005nF

= (&) 2.49pF
D: +*.1% of reading + .0006A + 5 counts
.0008 x (.1/100) + .0006 x 1.248 +.0005
(¢).00125
Q: Qmx (.00125/.0008) + .1
+ (Qmx 1.5625 +.1)

Note

In this case, Q accuracy (1.5625 times
Qm) has no meaning, because Qm is
overflow (OF).

Calculating C, D, and Q

[Examples of Caleculating C and
Measurement Accuracies]

Front Panel Settings:
Test Frequency: 10kHz
LC|Z| RANGE: 1uF
TEST SIG LEVEL: HIGH
MEAS SPEED: MED

Measured Values:

C: .852puF

ESR: .42Q

G: 1.2mS

Accuracies:
C: .9% of reading + 2 counts
.852uF x (.9/100) + .002yF

= (%) 9.67nF

ESR: .6% of reading + .6/0Q + 5 counts
.42Q x (.6/100) + .6/.852 +.05Q
= () .757Q

G: 1.2mS x (.757/.42) +.ImS
= (+) 2.16mS

ESR/G

Figure 3-15. How to Calculate Measurement Accuracies.
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C-D Measurement L-D Measurement
Test Frequenc Hz Test Frequenc Hz
C Range 4 y‘ (Hz) L Range 4 y_(Hz)
100 ~ 199 | 200~1.99k | 2 k~20k 100 ~ 995 10k~20k
0mF | 1kH .
t ]
ImF | 100H
| 3 1
100 «F | I 10H 1kQ \L
Lo
= |
10 «F ! | 1H L 1kQ I
e i | { r b |
F | | 1
| F k o 100mH_|i Lo
100 nF I 1kQ \ 10mH | 1000 L
1 i ImH
100 «H
L-ESR/G Measurement
ESR/G Test Frequency (Hz)
Range 100 ~ 20k
C-ESR/G Measurement IMQ/10 S 100 kQ
Range 100 ~ 498 | 500~4.98k | 5 k~20k 10kQ/1mS 1kQ
10MQ /1 28 1kQ/10mS
e mmm e — —
1MQ/10 #S 100kQ 1009/100mS |, 1009 _‘;
|
100kQ/ 100 #S 10k 10Q/1S | !
b o o e e e e _J
10kQ/1mS 1kQ |Z| - # Measurement
1kQ/10mS Test F Hz
_______________ —; 2 Range requency(Hz)
00 ~ 20k
100Q/100mS |l | 1
: 100Q I 0MQ
10 1S |
o/ | I 100kQ
| | 1MQ
1Q/10S b o o N
100 kQ 10kQ
10 kQ 1kQ
1 kQ
I_ —————————————— il
100Q | ]
| i
100 i 100Q !
| [
o L J

Figure 3-16. Range Resistor.
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GENERAL MEASUREMENT

Connect the 16047A Test Fixture to the
UNKNOWN terminals.

Turn on the 4276A.

Verify that the HP-IB address and option
codes (16064 and 001) are displayed on
DISPLAY A, DISPLAY B, and the
FREQUENCY/DC BIAS display, respectively.

Note

Option codes are displayed only if the
corresponding option is installed.

Note

The HP-IB address is set to 17 (10001)
when the instrument is shipped from
the factory.

Press the SELF TEST key to verify that the
instrument is functioning properly. Refer to
paragraph 3-5, SELF TEST. If no error-codes
are displayed, press the SELF TEST key again
to turn off the SELF TEST function.

Select the measurement functions for
DISPLAY A and DISPLAY B.

Set the test frequency, test signal level, and
measurement speed.

Note

SLOW measurement speed minimizes
display fluctuation.

Note
Best measurement accuracy is obtained

when test signal level is set to HIGH
and measurement speed is set to MED.

Perform OPEN and SHORT Zero Offset
adjustments as described in paragraph 3-48.

Connect the device to be measured to the
test fixture.

Read the measured values from DISPLAY A
and DISPLAY B.

Note

Refer to paragraph 3-20 for the
meaning of any error-codes that may
appear on DISPLAY A.

Note

When the instrument is set to C-D or
C-Q measurement mode and nothing is
connected to the measurement
terminals, CF and .0000 may be
alternately displayed on DISPLAY A,
This is not a malfunction, however.

Note

For C or L measurement, if the
dissipation factor of the DUT is higher
than 0.1, C, L, and D measurement
accuracy tolerances increase by a
factor of 1 + D2, If D is higher than I,
AUTO ranging cannot be performed
correctly. | Z| measurement mode
should be selected.

Figure 3-17. General Measurement.
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SEMICONDUCTOR DEVICE MEASUREMENT

Parameters of semiconductor devices have a
strong dependency on the applied voltage and
device temperature. Because of the non-linear
impedance  characteristics of semiconductor
devices, a semiconductor measurement is subject
to exact establishment of the test conditions to
make measured values meaningful. For a
detailed analysis of the device under its
operating test conditions, a low level test signal
is employed in order to obtain measured values
with respect to a local region around the
operating test point selected for plotting
characteristic parameter curves of the sample.
A typical procedure for measuring
semiconductor junction capacitance in P-N and
MOS junetion deviees is outlined below.

Measurement Setup:

The figure above shows a typical test setup
for measuring the base-collector junction
capacitance (Cob) of an NPN transistor. For
this measurement, the test fixture may be user
designed. A 4276A equipped with option 001 is
ideal for controlling the de bias required for the
measurement. If dc bias is not necessary, setup
and procedures associated with this
measurement may be deleted.

PROCEDURE:

1. Connect the test fixture or test cables to the
UNKNOWN terminals of the 4276A.

2. Turn on the 4276A.

3. Set the 4276A's front panel controis as
follows:

DISPLAY A: C
DISPLAY B: G
Test Freq.: 1kHz
TEST SIG LEVEL: LOW

Perform OPEN and SHORT Zero Offset
adjustments as deseribed in paragraph 3-48.

Set the DC BIAS SELECT switch on the rear
panel to INT.

Note

If an external voltage source is used for
de biasing, set the DC BIAS SELECT
switeh to EXT, and connect the voltage
source output to the EXT INPUT/INT
MONITOR connector on the rear panel.

Note

DC bias voltage, whether supplied from
the internal bias source or from an
external bias source, should be set to
0V at this time.

Note

Use the HP Model 16065A EXTERNAL
VOLTAGE BIAS FIXTURE for high
voltage bias applications up to £200V.

Connect the transistor to the measurement
terminals.

Monitor the bias voltage actually applied to
the transistor.

Note

If the 16065A is used, close the lid
after you connect the transistor to the
measurement terminals. Measurement
ecannot be made while the lid is open.

Set the DC BIAS switeh on the front
panel to ON, and set the desired bias voltage.

Figure 3-18. Semiconductor Device Measurement (Sheet 1 of 2).
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Note
If the P-N junction becomes forward
biased at either peak of the test signal,
correct measurement cannot be made.

9. Read the cagpacitance value from DISPLAY A.

Figure 3-18. Semiconductor Device Measurement (Sheet 2 of 2).
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EXTERNAL DC BIAS OPERATION (<:40V)

DC POWER
SUPPLY

N

o 0
AC Bypass
Capacitor

To make capacitance measurements using
externally supplied dec bias voltages up tp 40V,
connect a de voltage source to EXT INPUT/INT
MONITOR connector on the rear panel as shown
in the diagram.

CAUTION

DO NOT APPLY GREATER THAN
+40V TO THE 4276A'S EXT INPUT/INT
MONITOR CONNECTOR. IF THE
APPLIED VOLTAGE EXCEEDS #40V,
THE 4276A MAY BE DAMAGED.

CAUTION

BE SURE THE CORRECT FUSE (HP
P/N 2110-0011) IS INSTALLED IN THE
DC BIAS FUSE HOLDER ON THE
REAR PANEL.

PROCEDURE:

1. Set DC BIAS select switch on rear panel to
EXT.

2. Connect the test fixture or test leads to
the UNKNOWN terminals of the 4276A.

3. Turn on the instruments.

4. Set the 4276A's controls as described in
steps 3 through 6 of Figure 3-17. Set the
DISPLAY A function to "C" measurement
mode.

5. Perform OPEN and SHORT ZERO offset
adjustments as described in paragraph 3-48.

6. Connect a sample to the test fixture or
test leads.

7.

8.

10.

CAUTION

DO NOT SHORT THE HIGH AND LOW
TERMINALS.

CAUTION
WHEN A POSITIVE BIAS VOLTAGE IS

USED, THE POSITIVE TERMINAL OF
ELECTROLYTIC CAPACITORS MUST

BE CONNECTED TO THE
INSTRUMENT'S HIGH TERMINAL.
WHEN USING A NEGATIVE BIAS
VOLTAGE, CONNECT THE
CAPACITOR'S NEGATIVE TERMINAL
TO THE INSTRUMENT'S HIGH
TERMINAL.

Set the external de voltage source to the
desired output voltage.

Read the measured values. Wait until the
applied de bias across the sample becomes
stable.

Reset the external voltage source to 0V.

Remove the sample from test fixture or
test leads.

Note
Use a stable de¢ voltage source.

Note
To make stable measurements,
connect an ac bypass capacitor
(approximately 1uF) between positive

terminal and negative terminal of the
external de voltage source.

Figure 3-19. External DC Bias Operation (<:40V).
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EXTERNAL DC BIAS OPERATION (£+200V)

== % DC VOLTAGE
Lo H SOURCE
Lo 160654
L DVM
em L —
\
|
To make capacitance measurements using CAUTION

externally supplied de bias voltages up to 200V,
use the HP 16065A Test Fixture. Connect a de
voltage source to the 16065A as shown in the
diagram.

CAUTION

DO NOT APPLY GREATER THAN
+40V TO THE 4276A'S EXT INPUT/INT
MONITOR CONNECTOR. IF THE
APPLIED VOLTAGE EXCEEDS =40V,
THE 4276A MAY BE DAMAGED.

PROCEDURE:

1. Set DC BIAS select switch on rear panel to
OFF.

2. Connect the 16065A to the UNKNOWN
terminals of the 4276A.

3. Connect the de voltage source to DC BIAS
INPUT connector of the 16065A.

4. Connect a DVM or an oscilloscope to the
DC BIAS MONITOR connector of the
16065A.

5. Turn on the instruments.

6. Set the 4276A's controls as deseribed in
steps 3 through 6 (Figure 3-17). Set the
DISPLAY A function to "C" measurement
mode.

7. Perform OPEN and SHORT ZERO offset
adjustments.

8. Connect a sample to the 16065A test

fixture.

10.

11.

12,

DO NOT SHORT THE HIGH AND LOW
TERMINALS.

CAUTION
WHEN A POSITIVE BIAS VOLTAGE IS

USED, THE POSITIVE TERMINAL OF
ELECTROLYTIC CAPACITORS MUST

BE CONNECTED TO THE
INSTRUMENT'S HIGH TERMINAL.
WHEN USING A NEGATIVE BIAS
VOLTAGE, CONNECT THE
CAPACITOR'S NEGATIVE TERMINAL
TO THE INSTRUMENT'S HIGH
TERMINAL.

Set the external de voltage source to the
desired output voltage and close the cover
of the 16065A.

Read the measured values. Wait until the
monitored voltage becomes stable.

Open the cover of the 16065A.
Note
When the cover of the 16065A is
opened, the charge on the sample is
discharged through two paralleled 209
resistors.
Remove the sample from the 16065A.
Note
Use a stable de voltage source.
Note
The test signal will appear at the DC
BIAS MONITOR connector. This does

not affect measurement results,
however.

Figure 3-20. External DC Bias Operation (<:200V).
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EXTERNAL DC CURRENT BIAS OPERATION

(< 1mA)

DC POWER
SUPPLY

DC AMMETER

= AC Bypass Capacitor

DC bias current can be applied to the sample
through the UNKNOWN terminals by connecting
a dc voltage source to the instrument. The
procedure for making inductance measurements
using current biasing is given below.

PROCEDURE:

1. Set the DC BIAS select switch on the rear
panel to EXT.

2. Connect an external de voltage source
and de ammeter (for current monitoring) to
the EXT INPUT/INT MONITOR connector
on the rear panel, as shown in the diagram.

3. Connect a test fixture or test leads to the
UNKNOWN terminals of the 4276A.

4. Turn on the instruments.

5. Set the 4276A's controls as deseribed in
steps 3 through 6 of Figure 3-17. Set the
DISPLAY A function to "L'" measurement
mode.

6. Perform OPEN and SHORT ZERO offset
adjustments.

7. Connect the sample to the test fixture or
test leads.

8. Gradually increase the de voltage source
output voltage until the desired bias
current, as indicated on the de ammeter, is
obtained.

CAUTION

DO NOT ALLOW THE BIAS CURRENT
TO EXCEED 35mA AND DO NOT
ALLOW THE OUTPUT VOLTAGE
FROM THE EXTERNAL DC VOLTAGE

TO EXCEED SOURCE 40V. [IF
CURRENT EXCEEDS 35mA OR IF
VOLTAGE EXCEEDS 40V, THE

INSTRUMENT MAY BE DAMAGED.

Note

flowing
calculated by

through
the

DC Dbias current
sample can be
following equation:

E bias

"R 1 ™M

I
where E bias is the bias voltage (V) applied to
EXT INPUT/INT MONITOR connector and Rx is
the de resistance (kQ2) of the sample.

9. Read the measured values.

10. Gradually decrease the dec voltage source
output voltage until the de bias current is
0mA, then remove the sample from the
test fixture or test leads.

Note

To make stable measurements, connect
an ac bypass capacitor (near 1pF)
between the positive terminal and the
negative terminal of the dec voltage
souree.

Note
Maximum allowable current depends on

the range resistor, as
listed in the table below.

Range Resistor Value Maximum Current
10052 1mA
1kQ 0.5mA
10kQ SOpA
100kQ SuA

Refer to Figure 3-16for details on the relation
between range resistor and measurement range.
Note that measurement accuracies, as specified
in Section I, are not guaranteed if bias current is
allowed to exceed the limits given in the above
table.

Figure 3-21. External DC Current Bias Operation (<t1mA).
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3-72. HP-IB INTERFACE

3-73. The 4276A can be remotely controlled via
the HP-IB, a carefully defined instrument
interface  which simplifies integration of
programmable instruments and a caleculator or
computer into a system.
Note
HP-IB is Hewlett-Packard's
implementation of IEEE Std. 488,
"Standard Digital Interface for
Programmable Instrumentation."

3-74. HP-IB INTERFACE CAPABILITIES

3-75. The 4276A has eight HP-IB interface
functions, as listed in Table 3-11.

Table 3-10. HP-IB Interface Capabilities

Code Interface Function *
(HP-IB Capabilities)

SH1*™* | Source Handshake

AH1 Acceptor Handshake

T5 Talker (basic talker, serial
poll, talk only mode, unaddress
to talk if addressed to listen)

L4 Listener (basic listener,

unaddress to listen if addressed
to talk)

SR1 Service Request

RL1 Remote/local (with local lockout)

DC1 Device Clear

DT1 Device Trigger

* Interface functions provide the means
for a device to receive, process, and
tansmit messages over the bus.

** The numeric suffix of the interface
code indicates the limitation of the
function, as defined in Appendix C of
IEEE Std. 488. 1978.

DATA FORMAT
(TALK ONLY)

CR/LF
7

o| 0hlbgal
TALK ONLY AS © Al

ADRESSABLE —, 1—COMMA

Figure 3-22. HP-IB Control Switch.

SECTION II

3-76. CONNECTION TO HP-IB

3-77. The 4276A can be connected into an
HP-IB bus configuration with or without a
controller (i.e., with or without an HP
calculator). In an HP-IB system without a
controller, the instrument functions as a "talk
only" device {refer to paragraph 3-84).

3-78. HP-IB STATUS INDICATORS

3-79. The HP-IB Status Indicators are four LED
lamps located on the front panel. When lit,
these lamps show the existing status of the
4276 A in the HP-IB system as follows:

SRQ: SRQ signal from the 4276A to the
controller is on the HP-IB line. Refer
to paragraph 3-101.

LISTEN: The 4276A is set to listener.

TALK: The 4276A is set to talker.
REMOTE: The 4276A is under remote
control.

3-80. LOCAL KEY

3-81. The LOCAL key releases the 4276A from
HP-IB remote control and allows measurement
conditions to be set from the front-panel. The
REMOTE lamp will go off when this key is
pressed. LOCAL control is not available when
the 4276A is set to "local lockout" status by the
controller.

3-82. HP-IB CONTROL SWITCH

3-83. The HP-IB Control Switeh, located on the
rear panel, has seven bit switches. See Figure
3-22. Each bit switch has two settings: logical
0 (down position) and logieal 1 (up position). The
left-most bit switeh, bit 7, determines whether
the instrument will be addressed by the
controller in a multidevice system, or will
function as a "talk only" device to output
measurement data and/or instructions to an
external ‘'listener," e.g., printer. The switech
settings, when the instrument is shipped from
the factory, are shown in Figure 3-22.

When bit switch 7 is set to 0, the instrument is in
ADDRESSABLE mode and bit switches 1 through
5 determine the instrument address. When this
bit switeh is set to 1, however, the instrument is
in TALK ONLY mode.

Bit switeh 6 determines the output data
delimiter. When this bit switch is set to 0, the
delimiter is a comma (,); when set to 1, the
delimiter is a carriage return and line feed
(CR/LF).
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Note

The HP-IB Control Switch setting is
memorized only at instrument turn on.
Thus, even if the HP-IB Control Switeh
setting is changed while the instrument
is turned on, the memorized setting is
not changed until the instrument is
turned off and on.

3-84. TALK ONLY MODE

3-85. When bit switeh 7 of the HP-IB Control
Switeh is set to TALK ONLY (i.e., set to 1), the
instrument functions as a "talker," outputting
data to a 'listener" (e.g., printer). In TALK
ONLY mode, bit switches 1, 2, and 3 determine
the format in which data is output. There are
six formats, F1 through F6, and the bit switeh
setting for each format is shown in Table 3-11.
Refer to paragraph 3-95 for details on the output
data formats.

Note

If the instrument is set to TALK ONLY
mode, the Output Data Format number
will be briefly displayed on DISPLAY A
(instead of the HP-IB address) when the
instrument is turned on. The displayed
number, however, will be the format
number plus 50. For example, if the
QOutput Data Format is F2, the number
displayed on DISPLAY A at turn on will
be 52.

W

3

j -

Note

When the instrument is used in TALK
ONLY mode, devices connected to the
instrument must be set to LISTEN
ONLY mode.

3-86. In TALK ONLY mode, both bit switches 4
and 5 have no function.

Model 4276 A

Table 3-11. Data Output Format Selection

Bit Switch Settings
Bit 3 Bit 2 Bit 1 Output Data Format
0 0 0 F1
0 0 1 F2
0 1 0 F3
0 1 1 F4
1 0 0 FS
1 0 1 F6
1 1 0 F1
1 1 1 F2

Note: Refer to paragraph 3-95 for details.
3-87. ADDRESSABLE MODE

3-88. When bit switeh 7 of the HP-IB Control
Switch is set to ADDRESSABLE (i.e., set to 0),
bit switches 1 through 5 represent the HP-IB
address of the instrument, in binary. These
switehes are set to 10001 (decimal 17) when the
instrument leaves the factory but can be set to
any desired address between 0 and 30.

Note

When the instrument is turned on, the
HP-IB address is displayed, in decimal,
on DISPLAY A, For example, the
factory-set address (10001) is displayed
as "17."

|
(|

Note

HP-IB address 11111 (decimal 31)
cannot be used. If this address is set,
E19 will be displayed on DISPLAY A
(after 31 has been displayed) when the
instrument is turned on.

,| 0EBauaR
T

l
.| BEBEERE

Figure 3-23. TALK ONLY Mode.
3-36

Figure 3-24. ADDRESSABLE Mode.
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3-89. REMOTE PROGRAM CODES

3-90. Remote program codes for the 4276A are
listed in Table 3-12.

3-91. PARAMETER SETTING

3-92. Test frequency, DC bias (option 001), and
bin limits (option 002) can be set via remote
programming.

[1] Test Frequency Setting

FR  XXX.X EN
ey

(1) Setting value, in kHz.
Note

When an illegal frequency that is within
the instrument's frequency range is set,
the frequency below the illegal setting
is automatically selected. For example:

"FR7.59EN" 7.55kHz  displayed on
FREQUENCY/DC BIAS
DISPLAY

[2] DC Bias setting

BI #XX.X EN
ey

(1) Setting value, in volts.
Note

If not set, polarity sign is automatically
set to positive (+).

{31 Comparator Limit Setting (Option 002

only)
(Low Limit) LL XX. XXX EN
(1
(High Limit) [H XX.XXX EN

(D

(1) Setting value. The position of the
decimal point must agree with the
measurement range. Unit is in
accordance with the unit indicators of
DISPLAY A or DISPLAY B.

3-93. DATA OUTPUT

3-94. Measurement and status data are output
to external devices in bit parallel, byte serial
format via the eight DIO signal lines of the
HP-IB. Data can be output in ASCII mode or

SECTION TII

PACKED BINARY mode. Each mode s
deseribed below.

{11 ASCII mode

Output data in this mode includes status data,
key status (function) data, and measurement
data (including range) for DISPLAY A and
DISPLAY B. If the instrument is equipped with
Option 002, comparison data (LOW, IN, HIGH)
for L/C/|Z| and D/Q/ESR/G, and BIN number
data can be output, too. The output format is
shown in Figure 3-25. All characters are coded
in accordance with ASCII coding conventions.

[2] PACKED BINARY mode

Qutput data in this mode is output as one or two
binary bytes, rather than as a character
representation. This data output format is for
high speed data transfer. Contents of output
data, however, is less than that of ASCII mode.
Output data in this mode includes status data for
DISPLAY A and DISPLAY B, measurement range
data as an 8-bit byte, and measurement data of
DISPLAY A and DISPLAY B (not including unit
and deeimal point) as a 16-bit, 2's complement
binaryword. If the instrument is equipped with
Option 002, ecomparison data (LOW, IN, HIGH)
for L/C/1Z1 and D/Q/ESR/G, and BIN number
data cean be output as an 8-bit byte. The
displayed data is output as the equivalent
decimal values of the resulting words. The
output format is shown in Figure 3-26.

3-95. OUTPUT DATA FORMAT

3-96. The 4276A can output measurement data
to a controller or can output data directly to an
external "listener" device (i.e., printer). There
are six Output Data Formats, F1 through F6.
The contents of the output data for each format
are listed in Table 3-15.

Note

In ADDRESSABLE MODE, only Fl
through F4 can be set by HP-IB remote
control. Output data can be in either
ASCII mode or BINARY PACKED
mode. Also, in ADDRESSABLE mode,
bit switeh settings have no relation to
Output Data Format.

Note

In TALK ONLY mode, any Output Data
Format, F1 through F6, can be set by
HP-IB Control Switeh settings (bit 1
through bit 3). Also, in TALK ONLY
mode, data can be output in ASCII
mode only.
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Table 3-12. Remote Program Codes (Sheet | of 2)

Model 4276A

Program S
Item Control Code Description
DISPLAY A L Al DISPLAY A and DISPLAY B com-
Function C A2° binations are listed in the
HIGH SPEED L A3 table below:
HIGH SPEED C Ad
]zl* AS B <
A 1 2 3
DISPLAY B D Bl
- - -ESR
Function Q B2 ! L-D | L-Q | L-ESR/G
ESR/G B3" 2 C-D | C-Q |C-ESR/G
* When DISPLAY A is set to
|z|,DISPLAY B is auto-
matically set to §.
CKT MODE AUTO Cl°’
oo (W
e c3
MEAS SPEED SLOW M1
MED M2°
FAST M3
Auto Range OFF uo Range is fixed.
ON ur Range is automatically
selected.
LC|z| Range 100mQ R1 If the instrument is set to
10pF/1Q R2 a range which cannot make
100uH/100pF/10Q R3 the measurement, range is
1mH/1nF/100Q R4 automatically reset to the
10mH/10nF/ 1k R5 nearest range capable of
100mH/100nF/10kQ R6 making the measurement.
1H/1uF/100kQ R7
10H/10uF/1MQ R8
100H/100uF/10MQ R9
1kH/ 1mF RA
10mF RB
Test Signal LOW Vi
Level HIGH v2®
Trigger Mode INT T1® This code only sets the trigger
MAN/EXT T2 mode; it does not trigger the
instrument.
Execute EX This code is used to trigger
the instrument.
Self Test OFF S0’
ON Sl
Deviation OFF X0’
Measurement ON X1
Zero Offset OPEN Z0
SHORT ZS
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Table 3-12. Remote Program Codes (Sheet 2 of 2)

Item Control Progran Description
Code
Data Ready OFF Do’ If Data Ready is set to ON, an
ON D1 SRQ signal is output when the
measurement is completed.
. If the instrument is notequipped
Compararor o £Y" |with Option 002, an error will
naople N E result if Fl is sent via the HP-IB.
Comparator OFF GO’
Run ON Gl
Comparator L/C/Z input L1’
Limit D/Q/ESR/G input L2
Comparator BIN1 N1° These codes are used when set-
Bin Number BIN2 N2 ting L/C/|z| limits.
BIN3 N3
BIN4 N4
BINS N5
BING6 N6
BIN7 N7
BINS N8
BINS N9
Comparator LR Refer to paragraph 3-100.
Limit Recall
Comparator ER Comparator limits stored in all
Limit Erase bins are cleared.
Output Data DA HP-IB output data are erased
Abort from the output buffer.
Output Data | Displays A/B or F1° Refer to paragraph 3-96 and
Format Comparator Table 3-16.
Displays A/B/Comparator F2
Display A or Comparator F3
Display A/Comparator F4
Learn Mode LN Refer to paragraph 3-98.
Output Data ASCII PO”
Mode BINARY P1
Note: indicates an initial control setting (Refer to paragraph 3-38.)
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[11 ASCII mode (Set using HP-IB remote
program code "PQ")

1 DISPLAY A/B
X X X
MG @ 5y (6

+NN.NNN  EsNN , X X
(7) (8)

£N.NNNN - ExNN €D @D
) (10)  (11)

(1) Measurement circuit mode
(2) Status of DISPLAY A
(3) Function of DISPLAY A

(4) Vvalue of DISPLAY A (position of decimal
point is coineident with display)

(5) Unit of DISPLAY A
(6) Unit of DISPLAY A
(7) Status of DISPLAY B
(8) Function of DISPLAY B

(9) Vvalue of DISPLAY B (position of decimal
point is coincident with display)

(10) Unit of DISPLAY B

(11) Data Terminator

2 COMPARATOR (Option 002 only)
X X N ®®

MG @
(1) Statusof L/C/1Z]|
(2) Status of D/Q/ESR/G
(3) BIN number
(4) Data Terminator
Note
Status and function data of DISPLAY A
and DISPLAY B, and status of
Comparator are each represented as

one alphabetiec character, as listed in
Table 3-14.

Note

When measurement error code, OF, UF,
CF or blank, is indicated on DISPLAY A
or DISPLAY B, value of DISPLAY A or
DISPLAY B ((4) or (9)) is output as
follows:

OF (overflow) «-eseeeeeereece. +19999E+20

UF (underflow) sereemseeceseees +00000E-20
CF (change funetion)/

blanlk sreesererroreesenersancases +0000E-30
Note

DISPLAY A and DISPLAY B ranges are
expressed as an exponent as follows:

10‘12(p) ...................................... E-19
10 -° (n) ...................................... E-09
10 -© (ll) ...................................... E-06
10 -3 (m) ..................................... E-03
10 Oerrecovcccssnnncccncncnrccsenaccencsasance E+0Q0
10 3(1() ...................................... E+03
10 S(M) .................................... E+06
Note

The data delimiter, bit switeh 6 on the
HP-IB Control Switeh, is set at the
factory to comma (,). This causes the
instrument to output all data (DISPLAY
A data, DISPLAY B data, and, if
Comparator is used, Comparator data)
as a continuous string. When the data
delimiter is set to CR/LF, a carriage
return and line feed signal is output
after each field. This is useful when
outputting data to certain peripherals,
such as a printer.

Note

The EOI signal is output with the LF
signal.

Figure 3-25. Data Qutput (ASCII).
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[2] PACKED BINARY mode (Set using
HP-IB remote program code "P1")
1 DISPLAY A/B
1st byte 2nd byte 3rd byte
BB _B_E BBBB BBBBBBBB BBBBBBBB
@ 3 (4)
4th byte 5th byte

BBBBBBBB BBBBBBBB
) (B: 0 or 1)

(1) Status of DISPLAY A
(2) Status of DISPLAY B
(3) Measurement Range

(4) Value* of DISPLAY A (not including
decimal point and unit)

(5) Value* of DISPLAY B (not including
decimal point and unit)

* Output data is the binary equivalent of
the measured value.

Note

The first byte inecludes DISPLAY A
status, DISPLAY B status, and
measurement range. The value of the
byte is output in decimal. For example,
DISPLAY A status is OF (1), DISPLAY
B status is  "blank" (3), and
measurement range is 5 (see Table
3-15), the byte will be as shown below.

01 11 0101

1 3 5

The decimal equivalent of this is 117. This
is the value that will be output.

2 COMPARATOR (Option 002 only)
BB BB BBBB

M @ 6
(1) Status of L/C/1Z |
(2) Status of D/Q/ESR/G
(3) BIN number
Note

Status data of DISPLAY A and
DISPLAY B, measurement range, and
status and BIN number data of
Comparator are each represented as a
number as listed in Table 3-15.

Note

Values displayed on DISPLAY A and
DISPLAY B are output as number of
counts. Actual measured values are
obtained with measurement range and
output data values.

Note

Comparator data is output when the
comparator is in RUN mode. When F1,
F3, or F5 is selected, if comparator is
not in RUN mode, or if the comparator
is not connected to the instrument,
contents of output data is Type L.

Note

If the instrument is set to TALK ONLY
mode, the Output Data Format number
will be briefly displayed on DISPLAY A
(instead of the HP-IB address) when the
instrument is turned on. The displayed
number, however, will be the format
number plus 50. For example, if the
Qutput Data Format is F2, the number
displayed on DISPLAY A at turn on will
be 52.

Figure 3-26. Data Output (Packed Binary).
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Table 3-13. Data Output Codes for ASCII Mode

Item

Information

Code

Circuit Mode

STy

oo

wn

Data Status of
DISPLAY A/B

Normal

Normal on

Deviation Measurement
Overflow
Underflow
Change Function
Blank
(used only for DISPLAY B)

w O O o=

Function of DISPLAY A

L
C
HIGH SPEED L
HIGH SPEED C
1Z1

NOe O e

Function of DISPLAY B

HIGH SPEED L*!
HIGH SPEED C*!

Z HJ0O0xmOow

Data Status of
L/C/1Zt for
Comparator

Bin IN
HIGH
LOW

Embedded

Undefined

Data Status of
D/Q/ESR/G for
Comparator

Limit IN
HIGH
LOW

Undefined

Bin Number

Out of Bin
BIN1
BINZ2
BIN3
BIN4
BINS
BING
BIN7
BIN8
BIN9

WX U N~ O

*1 HIGH SPEED C and HIGH SPEED L have the same output codes.

*2 This code appears when the measurement value is between two

continued bins.

*3 This code appears when DISPLAY A or B indicates "CF" or

blank.

Model 4276A


https://www.manualsplus.com/

Model 4276 A

Table 3-14. Data Output Codes for PACKED BINARY Mode

SECTION

Item

Information

Code

Data Status of
DISPLAY A/B

Normal
Overflow
Underflow

Change Function or Blank

N o= O

Measurement Range

100mQ2
10pF/1Q
100uH/100pF/10Q
ImH/1nF/100Q
10mH/10nF/1kQ
100mH/100nF/10kQ
1H/1uF/100kQ2
10H/10pF/1IMQ
100H/100pF/10MQ
1kH/ 1mF
10mF

O WO BN

b

Data Status of
L/C/|Z]| for
Comparator

Bin IN
HIGH
LOW
Embedded or Undefined

W= O

Data Status of
D/Q/ESR/G for
Comparator

Bin IN

HIGH

LOW
Undefine

G O

Bin Number

Out of Bin
BIN1
BIN2
BIN3
BIN4
BIN5S
BING
BIN7
BINS
BIN9

O oo~ U RN O

I
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Table 3-15. Data Output Format

Output Data Output Mode
Data Output
BINARY
N
Format DISPLAY A | DISPLAY B | COMPARATOR | ASCII PACKED

I YES YES NO

F1 YES YES
11 NO NO YES
I YES YES YES

F2 YES YES
II YES YES NO
I YES NO NO

F3 YES YES
11 NO NO YES
I YES NO NO

F4 YES YES
11 YES NO YES
I NO YES NO

F5 YES NO
II NO NO YES
I NO YES NO

F6 YES NO
II NO YES YES

I: Without the comparator (Model 16064A)
II: Using the comparator (Model 16064A).
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3-97. LEARN MODE DATA
3-98. All front panel settings and comparator
key settings are output from the 4276A when the
program code "LN" is used (refer to Figure
3-29). The data is output in the {following
format:
FRnnnnEN An Bn Cn Dn Fn Mn Pn
(1) (2) (3 ) (5) (6 (M (&)

Rn Sn Tn Un Vn Xn BItnnnnEN
(9) (103 (11)(12)(13)(14) (15)

En Gn ln M @
(T6) (17) (18) (19) ~ (20)

(1) Test Frequency Setting

(2) Al -A5: DISPLAY A Function
(3) Bl -B3: DISPLAY B Function
(4) Cl1 - C3: Circuit Mode

(5) DO, D1: Data Ready

(6) F1 - F4: Output Data Format
(7) M1 - M3: Measurement Speed

{8) PO, Pl: Output Data Mode (ASCII or
Packed Binary)

(9) R1-R9, RA,RB: LC|Z| Range
(10) SO0, Si: Self Test
(11) T1, T2: Trigger Mode
(12) U0, Ul: Auto Range
(13) \)1, V2: Test Signal Level
(14) X0, X1: Deviation Measurement
(15) DC Bias Setting
(16) EO0, E1: Comparator Enable
(17) GO, Gl: Comparator Run
(18) L1, L2: Comparator Limit Input

(19) N1 - N9: Comparator Bin Number for
L/C/1Z |

(20) Data Terminator

SECTION III

Note

DC Bias data is not output when DC
Bias option (OPTION 001) is not
installed. Similarly, when the
comparator (OPTION 002) is not
installed, comparator data is not output.

Note

Don't open the UNKNOWN terminals
no test fixture or test leads when
LEARN mode data is output in AUTO
range. If so, measurement range is not
fixed in some cases. there is no
problem when a test fixture Iis
connected to the UNKNOWN terminals
or when measurement range is set to
MANUAL mode.

3-99. RECALL COMPARATOR LIMIT DATA

3-100. Low and high bin limits can be output
from the 4276A when the program code "LR" is
used (refer to Figure 3-31). The L/C/|Z | limits
for the designated bin are output when code "LI"
is used, D/Q/ESR/G limits are output. The data
is output in the following format:

LLXX.XXXEN LHXX.XXXEN CR@®
§)) (2) (3)

(1) Vvalue of Low Limit (position of decimal
point is coincident with display)

(2) Vvalue of High Limit (position of decimal
point is coincident with display)

(3) Data Terminator

3-101. SERVICE REQUEST STATUS BYTE
3-102. The 4276A outputs an RQS (Request
Service) signal whenever it is set to one of the

five possible service request states. Figure 3-27
shows the contents of the Status Byte.
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Bit 8 7 6 5 4 3 2 1
Content RQS Error | Trigger | Zero Offset | Syntax | Data
Too Self Test Error Ready
Fast End

request.

(1) Bit1l:
(2) Bit 2:
(3) Bit 3:

Bit 7 (RQS) indicates whether or not a service
request exists. Bits 6 and 8 are always zero (0).
Bits 1 through 5 identify the type of service
Following are the service request
states of the 4276A:

This  bit is set when
measurement data is ready for
output.

This bit is set when the
remote program contains a
syntax error.

This bit is set when Zero
Offset or Self Test s
completed under remote
control.

(5) Bit5: 1 This bit is set when the

(4) Bit4: This bit is set when the 4276A

is externally triggered before
the measurement has been
completed.

4276A has one of the
following operation
errors:

OFF, E10, El1, El3, El4,
El5, E16, E17, E18, E10

2 If Self Test is set to ON,
this bit is set when the
instrument fails Self Test.

E37 - E39, E40 - E45

3-46
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3-103. PROGRAMMING GUIDE FOR 4276A
3-104. Sample programs that can be run on the
HP-85, 9835A/B, 9845B, 9826A, or 9836A are
given in Figures 3-28 through 3-31. These
programs are listed in Table 3-16.
Note

Controller-specific HP-IB programming

information is given in the controller's

programming manual.

Note

Following equipment is required to run
the sample programs:

(1) 4276A LCZ Meter

(2) HP-85 Personal Computer
00085-15003 I/O ROM

(3) 82937A HP-IB INTERFACE
or

(2) 9835A/B Desktop Computer
98332A 1/O0 ROM

(3) 98034A HP-IB INTERFACE
CARD

or
(2) 9826A Desktop Computer

(3) 10833B HP-IB INTERFACE CABLE
or

(2) 98354 Desktop Computer

(3) 10833B HP-IB INTERFACE CABLE

Table 3-16. Sample Programs Using HP-85

Sample . -
Program Figure Description
1 3-28 Remote control and data output
program
2 3-29 How to use remote program code
HLN.'I
3 3-30 How to input low and high bin
limits for the Comparator.
4 3-31 How to use remote program code
YILR.II

SECTION I
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Sample Program 1
Description:
This program has three capabilities:
(1) Control of the 4276A via the HP-IB
(2) Trigger of the 4276A via the HP-IB
(3) Data output from the 4276A via the HP-IB

Program:

10 REMOTE 717

20 CLEAR 717

30 DIM A$[50]

4 OUTPUT 717; “ A2B1T2POF1”~
(1X2) 3

50 OUTPUT 717: " FRIOEN”
@

60 OQUTPUT 717; "EX”
®)

70 ENTER T717; A$

80 DISP A$
90  PRINT AS
100 END

(1) HP-IB INTERFACE Select Code (82937A or 98034A)

(2) HP-IB Address of the 4276A

(3) Program codes for the 4276A (refer to Table 3-13)

(4) Program codes for parameter setting of the 4276A (refer to paragraph 3-96)

(5) This is equivalent to: TRIGGER 717

3-48

Figure 3-28. Sample Program 1 (Sheet 1 of 2).
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If program code "P1" is used, refer to the following program :

Program:

10 REMOTE 717

20 CLEAR 717

30  OUTPUT 717; " A2BIT2P1F1 ”

40 OUTPUT 717; "EX”

50 ENTER 717 USING "%, B, W, W” ; A, B, C

@ 6

60 DISP A;B:C
70 PRINT A;B;C
80 END

(1) ENTER terminator. "#" can also be used.
(2) Specifier for entering one byte (8-bit) of binary data

(3) Specifier for entering two bytes (16-bit) of binary data

Figure 3-28. Sample Program 1 (Sheet 2 of 2).

Sample Program 2
Description:

The remote program code "LN" can be used to read the front panel control settings and
comparator settings. This program shows how to use "LN."

Program:

10 REMOTE 717

20 CLEAR 717

30 DIM A3[603

40 OUTPUT 717; "LN”
50 ENTER 717 ;A$

60 DISP A3
70  PRINT AS$
8 END

Figure 3-29. Sample Program 2.
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Sample Program 3

Description:

This program shows how to input low and high bin limits via

instrument is equipped with Option 002.

OUTPUT 717; " A2B1R4T2POF2”

(1
“ FRIOEN”
“E1GOER”
(@)

“L1INILL. 995ENLH. 998EN ”
2} 3

“N2LL1 ENLH!. 1EN”
“N3LL 1.1001 ENLH1.2EN”
"L2LLOENLH. 001EN"
“G1"

“EX”

Measurement range must be set.

Program codes for comparator setting

Program:
10 REMOTE 717
20 CLEAR 717
30 DIM A$L50]
40
50 OUTPUT 717;
60 OUTPUT T717;
70  OUTPUT 717;
80 OUTPUT 717
90  OUTPUT 717
100 OUTPUT T717;
110  OUTPUT 717;
120 OUTPUT 717:
130 ENTER 717;AS3
140 DISP A3
1560 PRINT AS
160 END
(1)
(2)
(3)

Program codes for inputting low and high bin limits

the HP-IB

when the

3-50

Figure 3-30. Sample Program 3.


https://www.manualsplus.com/

Model 4276 A SECTION III

Sample Program 4
Description

The remote program code "LR" can be used to recall the high and low limits for each bin.
This program shows how to use "LR."

Program:

10 REMOTE 717

20 DIM A$[30]

30 OUTPUT 717; “E1GO0”
40 FOR I =1 TO 9

50 OUTPUT 717;°LIN";I, °LR”
60 ENTER 717 ; A$

70 PRINT AS

80 NEXT I

9%  OUTPUT 1717 ; "L2LR”
100 ENTER 717 ; AS3

110 PRINT AS

120 END

Figure 3-31. Sample Program 4.
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3-105. OPTIONS

3-106. Options are standard modificaions to the
instrument that implement user's special
requirements for minor funetional changes.
Operating instructions for the 4276A's options
(except rack mount and handle installation kit
options) and associated information are
deseribed in the following paragraphs.

3-107. Two options are available, as listed in
the following tables:

Option No. Option
001 Internal D¢ Bias
Comparator/Handler
002
Interface

Option contents are as follows:

Option NO. Contents
001 HP Part No.04276-66522
002 HP  16064A

3-52
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3-108. OPTION 001 INTERNAL DC BIAS (-40V
to +40V)

3-109. Option 001 adds an internal de bias
supply variable from .00 volts to +40.0 volts.
The dc bias voltage can be controlled manually
from the frontpanel or remotely via the HP-IB.
Manual control is deseribed in Figure 3-32. For
de bias applications under HP-IB control, refer
to Figure 3-33. The internal de bias source has
two ranges and a maximum resolution of 10mV.
Refer to Table 3-17. Output from the bias
source is automatically set to 0V each time the
instrument is turned on or when the CLEAR
command is sent via the HP-IB. DC bias voltage
is applied to the DUT only when the DC BIAS
select switeh on the rear panel is set to INT and
the DC BIAS switch on the front panel
is set to ON. If the DC BIAS  switeh is
set to OFF, OFF will be briefly displayed on the
FREQUENCY/DC BIAS display each time a new
bias voltage is set. The dc bias voltage actually
applied to the DUT depends on the impedance of
the DUT and in most cases will be less than the
voltage value displayed on the FREQUENCY/DC
BIAS display. By connecting a DVM or an
oscilloscope to the EXT INPUT/INT MONITOR
connector on the rear panel, the de bias voltage
actually applied across the DUT can be
monitored. Refer to Figure 3-34.

Table 3-17. Bias Voltage Resolution

SECTION III

Bias Voltage Range| Resolution
OV~ 999V 10mV
#1000V~ 400V 100mV
Note

For the option 001 operation, set the
switch on

DC BIAS select
rear-panel to INT.
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. Set the DC BIAS select switch (2) to INT.

Connect the 16047A Test Fixture to the
UNKNOWN terminals.

Note

Any of the test fixtures and test leads
listed in Table 1-3 can be used for
measurements requiring de bias.

Turn on the 4276A.

Perform OPEN and SHORT Zero Offset
adjustments as deseribed in paragraph
3-48.

Set the instrument's front panel controls
as appropriate for the desired
measurement.

Press the FREQ/DC BIAS select key (@.
The DC BIAS lamp will come on.

Set the desired voltage by pressing the
appropriate FREQ/DC BIAS control key

The voltage value will be displayed on
the FREQUENCY/DC BIAS display.

Note

OFF will be briefly displayed on the
FREQUENCY/DC BIAS display when
the FREQ/DC BIAS control key is
released, if the DC BIAS ON/OFF
switeh (5) is set to OFF.

Connect the DUT to the test fixture.
CAUTION
DO NOT CONNECT A CHARGED DUT

TO THE TEST FIXTURE. DOING SO
MAY DAMAGE THE INSTRUMENT.

9.

10.

11.

12.

13.

14.

BIAS

Set the DC

switeh(3) to ON.

If you are measuring a capacitive DUT,
allow sufficient time for the DUT to
charge up to the applied voltage.

Read the measured values displayed on
DISPLAY A and DISPLAY B.

Set the DC switeh (&) to
OFF.

BIAS

Wait until the voltage across the DUT
return to OV.

Remove the DUT from the test fixture.
Note

For reasons of safety and measurement
accuracy, the voltage actually applied
to the DUT should be monitored. Refer
to Figure 3-34.

Note

When the DC BIAS switch on the front
panel has been set to ON and the
desired bias voltage is entered, the
instrument automatically takes a wait
time of approximately 0.8 seconds
before outputting the bias voltage
(after completion of the bias data
input). Accordingly, it takes
approximately (0.8 seconds + bias
settling time) for the bias voltage to be
applied to the DUT as well as to be
settled after the bias data has been
set. For the bias settling time, refer to
Figure 1-2 Supplemental Performance
Characteristies.

Figure 3-32. Option 001 Internal DC Bias Operation.
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OPTION 001 INTERNAL DC BIAS HP-IB OPERATION

[HP-IB Operation]

The following procedure is an example of de bias
remote control via the HP-IB.

1. Set the DC BIAS select switeh (2) to INT.

2. Connect the 16047A Test Fixture to the
UNKNOWN terminals.

Note

Any of the test fixtures and test leads
listed in Table 1-3 can be used for
measurements requiring de bias.

3. Turn on the 4276A.

4. Perform OPEN and SHORT Zero
Offset adjustments as described in
paragraph 3-48.

5. Set the DC BIAS switch® to ON.
Note
The de bias voltage is automatically set
to 0V each time the instrument is

turned on.

6. Set the front panel control via the
HP-IB.

* Example of setting the instrument
for a C-D measurement at 10kHz,
external trigger.

CLEAR 717
OUTPUT 717; "A2BIFRIOENFI1T2"

7. Connect the DUT to the test fixture.

8. Set the desired dc bias voltage via the
HP-IB.

* Example of setting a de bias voltage
of +10V.

[ OUTPUT 717; "BILOEN" |

9. Wait until the de bias voltage settles.

* Example of programming a 2-second
wait.

WAIT 2000

10. Trigger the instrument via the HP-IB.

[OUTPUT 717; "EX"]

or
| TRIGGER 717 |

11. Read and print the measured values.

ENTER 717; A, B
PRINT A, B

12. Set the bias voltage to 0V via the
HP-IB.

=

OUTPUT 717; "BI 0EN"|

13. Wait until the de bias voltage returns
to OV.

* Example of programming a l-second
walit.

WAIT 1000

14. Remove the DUT from the test fixture.
Note

The above  remote programming
examples can be used on the HP Model
85 (with 00085-15003 I/O ROM), Model
9835A, Model 9845B/C, Model 9826A,
and Model 9836A.

In the above examples, HP-IB address
17 was used.

Figure 3-33. Option 001 Internal DC Bias HP-IB Operation,
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DVM

The internal de bias voltage is monitored by a
DVM or an oscilloscope at the EXT INPUT/INT
MONITOR connector on the rear panel.

Note

The de bias voltage monitored at the
EXT INPUT/INT MONITOR connector
may contain a small ac component.

When the DUT impedance is higher than 100kg,
the monitored voltage is equal to the dc voltage
source voltage, and to the voltage applied to the
DUT. These voltages, however, are different
when the DUT impedance is less than 100k
The following paragraph describes how to
measure the actual bias voltage across the DUT.

1. R1/R2/R, Detection (See Figure A.)
(a) Set the TEST SIG LEVEL to LOW.

(b) Set the LC|Z | range so that the range
resistor value will be 100Q. Refer to
Figure 3-186.

(e) Set the DC BIAS voltage to +5V on the
FREQUENCY/DC BIAS display.

(d) Connect nothing to the test fixture.

(e) Set the DC BIAS switeh on the front
panel to ON.

{f) Measure the monitor voltage (V,) at the
EXT INPUT/INT MONITOR connector.

(g) Connect a reference resistor (R,) (e.g.,
100Q+1%) to the test fixture.

(h) Measure the de voltages at the HIGH and
LOW terminals of the test fixture and at
the EXT INPUT/INT MONITOR
connector (V,, V., and V).

(i)

Note

Connect the LOW terminal of the
DVM or the oscilloscope to the
GUARD terminal of the
instrument.

Calculate the resistances, R,, R2, and
R, using the following equations:

Ri=(Vo -Vk)R /(Vu-VL)
R2=(Vk =Vu)R /(Vu -VL)
Ri=VL-Ro/(Vy - VL)

Actual Bias Voltage/Current Measurement

(a)
(b)
(e)

(d)
(e)

Connect nothing to the test fixture.
Measure the monitor voltage (V,).

Connect the desired sample to the test
fixture.

Measure the monitor voltage (Vu).

Calculate the actual voltage applied to
the DUT (V) or the actual current
through the DUT (I) using the following
equations:

I=(Vye -Vu)/Ry
V=Vy-(Ry +Ry +R.)I

Note

Repeat step 2 each time the DUT
is changed since the monitor
voltage (V) depends on the DUT
impedance.

Figure 3-34. Internal DC Bias Voitage Monitor (Sheet 1 of 2).
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DUT = OPEN

—O VM —o0 Vk

Rt R2

VW a4

S
|

Figure A.

Figure 3-34. Internal DC Bias Voltage Monitor (Sheet 2 of 2).

3-110. OPTION 002 COMPARATOR/HANDLER
INTERFACE

3-111. Option 002 equips the standard 4276A
with a comparator function and a handler
(component sorter) interface capability. The
comparator provides go/no-go testing and
ten-bin sorting. The handler interface is for
control of an automatic component handler.

3-112. Up to nine sets of high/low limits for L,
C, or [|Z| measurement, and one set of
high/low limits for D, Q, ESR, or G measurement
can be keyed in from the 16064A keyboard or
entered via the HP-IB. When measurement is
made, the comparator compares the measured
values displayed on DISPLAY A and DISPLAY B
with the stored high/low limits. If the measured
values fit any set of limits, the bin number for
that set is displayed on the FREQUENCY/DC
BIAS display. If the measured values do not fit
any of the limits, zero (0), the number for the
out-of-limits bin, is displayed. Go/no—go
decisions are indicated by two sets of
LOW/IN/HIGH LED lamps on the 16064A
keyboard. Comparator/Handler Interface
operation is desecribed in Figures 3-35 through
3-38.

3-113. The 16064A has a 36-pin female
Amphenol connector for interfacing with an
automatic component handler. The 16064A
sends comparison results—LOW/IN/HIGH
decisions and bin number--to the handler, and
receives control signals via a user-fabricated
interface cable constructed using the furnished
36-pin male Amphenol connector (P/N
1251-0084). Pin assignments are given in Figure
3-38. For complete information, refer to the
16064A Operation Note.
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Connect the Model 16064A
COMPARATOR/HANDLER INTERFACE to
the COMPARATOR/HANDLER INTERFACE
connector on the 4276A's rear-panel.

Connect the desired test fixture to
UNKNOWN terminals.

Turn on the instrument.

Perform OPEN and SHORT Zero Offset
adjustments as described in paragraph 3-48.

Set the front panel controls as appropriate
for the desired measurement.

Press the ENABLE key on the 16064A. The
LED lamp at the center of the key should
come on.

Note

If El18 is displayed on DISPLAY A,
press the ERASE button on the 16064A
to erase previously stored limits.

Enter the high/low limits for L/C/|Z| or
D/Q/ESR/G as described in Figure 3-36.

Press the RUN key on the 16064A. The
comparator will then begin comparing all
measured values with the high/low limits
entered in step 7. The appropriate LED
lamps--LOW, IN, HIGH--will be lit and the
number of the bin whose high/low limits fit
the measured values will be displayed on the
FREQUENCY/DC BIAS display.

Example:

If the bin limits listed in Tables A and B are
entered, the measured values listed in Table
C will cause the comparison results shown in
Table D.

Table A. Limits for L/C/|Z|

BIN No.| LOW LIMIT HIGH LIMIT
1 InF L1nF
2 l.laF 12nF
3 1.2nF 1.3nF
4 1.3nF l4nF
5 1.4nF 1.5nF
6 2nF 25nF
7 25nF 3InF

Figure 3-35. Option 002 Comparator Operation {Sheet 1 of 2).
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Table B. Limits for D/Q/ESR/G

LOW LIMIT HIGH LIMIT

.01 . 05

Table C. Measured Values

Table D. Comparison Results

L/C/ Z D/Q ESR | FREQUENCY/
Sample | Lamp Lamp DC BIAS
Low 1N HIGH|Low ¥ HigH| Display

-~
o]
®
o]
o]
O
o

[
[e]
o]
(o]
(o)
®

10 e O @ {0 @ O

| Measured Measured
mple Sample | °®
Samp Value P Value

C | 122nF C 1.1 nF
1 6

D .013 D 02

C | 1.08 nF C | 1.18 nF
2 7

D .005 D 071

C .8 nF C 4.1 nF
3 8

D .025 D .033

C | 275nF C 1.5 nF
4 9

D .06 D 029

C 95 nF C | 1.72nF
5 10

D .055 D .025

Note

LOW and HIGH limits are ineclusive;
that is, if the measured value is exactly
equal to the LOW or HIGH limit of a
bin, the measured value fits the limits
for that bin. Also, if a measured value
fits the limits of more than one bin (bin
limits overlap), the comparator selects
the bin with the lower number. An
example follows.

Bin 1: 100pF to 200pF
Bin 2: 150pF to 250pF
Measured Value: 190pF
Selected Bin: Bin 1

Note

If the LOW/HIGH limits for D/Q/ESR/G
are not entered, or when the instrument
is set to HIGH SPEED L or HIGH
SPEED C, the IN lamp for D/Q/ESR/G
will be always lit. D/Q/ESR/G
comparison is not performed, however.

Figure 3-35. Option 002 Comparator Operation (Sheet 2 of 2).
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COMPARATOR LIMIT SETTING

®

©
L —(©)

|2

[{‘, 18064A COMPARATOR /HANDLER INTERAACE
WEWLETT . PACKAMD
COMPUWRATOR L/c/tu
A €806
Low [T
D/Q/ESR/G
Limiy
ow wa
ERASE Low N HIGH orwmar
o O O l °; 1! 3. l

1. Press the ENABLE key (. The LED lamp
at the center of the key should come on.

2. Press the ERASE button (2) to erase
previously stored limits. One (1) will be
displayed on the FREQUENCY/DC BIAS
display.

[L/C/12Z] Limit Entry]
3. Press the L/C/ | Z | key(®.
4. Press the LIMIT LOW key (®.

5. Key in the desired LOW limit using the
DATA keys (5). The LOW limit value will
be displayed on DISPLAY A.

6. Press the ENTER key (§). The LOW limit
will be stored for bin 1. Also, the
maximum allowable value that can be
entered for the HIGH limit on the present
LClIZ| RANGE will be displayed on
DISPLAY B.

Note

If the LOW or HIGH limit is higher than
the full scale value of the existing
LC{Z| RANGE, EI8 will be briefly
displayed on DISPLAY A when the
ENTER key is pressed. Re-enter the
limits correctly.

7. Press the LIMIT HIGH key (0.

@ C/D
Yalon Cij &5,
olola
.. RUN %
o
8. Key in the desired HIGH limit using the
DATA keys (5). The HIGH limit value will
be displayed on DISPLAY B.
9. Press the ENTER key (§). The HIGH limit
will be stored for bin 1.

10. Press the BIN NO UP key (®. Two (2) will
be displayed on the FREQUENCY/DC BIAS
display.

11. Repeat steps 4 through 9 to enter the LOW
and HIGH limits for bin 2.

12. Repeat steps 10 and 11 for bins 3 through 9.

[D/Q/ESR/G Limit Entry]

13.

14.

15.

18.

Press the D/Q/ESR/G key (®.
Note

When D/Q/ESR/G limits are being
entered, no bin number is displayed on
the FREQUENCY/DC BIAS display.

Press the LIMIT LOW key(®.

Key in the desired LOW limit using the
DATA keys 3. The LOW limit value will
be displayed on DISPLAY A.

Press the ENTER key (®). The LOW limit
will be stored. Also, the maximum
allowable value that ean be entered for the
HIGH limit will be displayed on DISPLAY B.

Figure 3-36. Comparator Limit Setting (Sheet 1 of 2).
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17.

18.

19.

Note

If the LOW or HIGH limit is higher than
the full scale value of the existing
DISPLAY B range, E18 will be briefly
displayed on DISPLAY A when the
ENTER key is pressed. Re-enter the
limits correctly.

Press the LIMIT HIGH key (D).
Key in the desired HIGH limit using the
DATA keys (5). The HIGH limit value will
be displayed on DISPLAY B.
Press the ENTER Key.

Note

Press the ERASE button (), erases the
high/low limits of all bins.

Figure 3-36. Comparator Limit Setting (Sheet 2 of 2).
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1.

6.

OPTION 002 COMPARATOR HP-IB OPERATION

To Controller

[HP-IB OPERATION]

Connect the Model 16064A
COMPARATOR/HANDLER INTERFACE
to the COMPARATOR/HANDLER

INTERFACE connector on the 4276A's
rear-panel.

Connect the desired test fixture to the
UNKNOWN terminals.

Turn on the instrument.

Perform OPEN and SHORT Zero Offset
Adjustments.

Set the front panel controls as appropriate
for the desired measurement and enable
the 16064A via the HP-IB.

* Example of setting C-D measurement,
InF range, and 10kHz test frequency

DIM AS$[1],B$[1]

CLEAR 717

OUTPUT 717;"A2B1R4T2FRIOEN"
OUTPUT 717;"E1ER"

Enter the LOW/HIGH limits for L/C/|2Z |
via the HP-IB.

* Example of setting a low limit of .950nF
and a high limit = 1.1nF

OUTPUT 717;"LL.95ENLHI.IEN"

If necessary, enter the limits for the next
bin (Bin 2).

e R —

* Example of setting bin 2's low limit to
1.1001nF and high limit to 1.2nF

OUTPUT TI7;"N2"
OUTPUT 717;"LL1.1001ENLHIL.2EN"

Note
The same setting can be made by the
following program :

OUTPUT 717;"N2"
OUTPUT 717;"LH1.2EN"

7. Enter the limits for D/Q/ESR/G via the

HP-IB.

* Example of setting a low limit of .0000
and a high limit of .005

OUTPUT 717;"L2"
OUTPUT 717;"LLOENLH.005EN"

Note

The same setting can be made by the
following program:

OUTPUT 717;"L2"
OUTPUT 717;"LH.005EN"

Note

Comparator operations can be done
without high/low limits for D/Q/ESR/G.

3-62
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8. Start the comparator operation by HP-IB
program.

* Example of starting the comparator
operation:

louTPUT 717;7G1™

9. Connect the DUT to the test fixture.
10. Trigger the instrument via the HP-IB.

* Example of triggering the instrument:

| OUTPUT 717;7EX" |

or

| TRIGGER 717 |

If necessary, read the comparison results
via the HP-IB.

ENTER 717;A%,B$,N
PRINT A$,B$,N

Note

The HP-IB address code in the above
examples is 17 (10001).

Figure 3-37. Option 002 Comparator HP-IB Operation (Sheet 2 of 2).
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The 16064A outputs four types of signals to the
component handler.

(1) Comparison result signals (LCHI, LCIN,
LCLO, DQHI, DQIN, DQLO)

(2) Bin number signals (BIN1 ... BIN9,
OUT-OF-BIN)

(3) DUT change signal (INDEX)
(4) Comparison complete signal (EOM)

Type (1) signals correspond to the LOW/IN/HIGH
LED lamps on the 16064A keyboard. Type (1)
signals are divided into two groups of three.
When the signal line corresponding to the lit LED
lamp goes LOW, the other signal lines in that
group stay HIGH.

Type (2) signals correspond to the bin numbers
displayed on the FREQUENCY/DC BIAS
display. When the signal line corresponding to
the displayed bin number goes LOW, the other
signal lines stay HIGH.

The type (3) signal, INDEX, goes LOW when the
4276A has completed the analog portion of the
measurement. The DUT can be disconnected
from the measurement terminals and the next
one can be connected. Comparison results,
however, are not yet valid.

The type (4) signal, EOM, goes LOW when the
4276A has completed the measurement and the
comparator has made a judgement. Comparison
results are now valid.

All signals are negative true, and all are from
TTL open-collector outputs. Pull-up resistors
are installed. TTL voltage levels or higher
voltages (up to 30V) are possible by changing a
few jumper settings inside the 16064A. Refer to
the 16064A Operating Note for details.

OPTION 002 HANDLER INTERFACE OPERATION

5 &K To Handler

K

Signals sent from the external component
handler to the 16064A are a trigger signal (EXT
TRIG) that starts measurement and a key lock
signal (KEY LOCK) that disables all control keys
during comparator operation. To trigger the
42768A, apply a LOW signal (at least 100;s
duration) to the EXT TRIG line. To disable the
control keys of the 4276A and 16064A, apply a
LOW signal to the KEY LOCK line.

Note

The INDEX and KEY LOCK signals are
not mandatory for comparator/handler
interface applications.

Note

More information on the Option 002
Handler Interface is given in the
16064A Operating Note.

Note

When the RUN key on the 16064A is
pressed to start the comparator's
operation, the OUT OF BIN line, pin 10
of the Handler Interface connector, is
initially set to its active level (LOW).

Figure 3-38. Option 002 Handler Interface Operation (Sheet 1 of 2).
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x

: Externally Applied Signals

RUN —-{ }._ >100u's
|
EXT TRIG |
To 4276 A : u U
: __l < __‘ <8ms
|
TNDEX I ] [ ]
From 4276 A | ; ﬁl
! I
| i |
! ! 3
Datae Line i lr 1 _____ ' -
From 42764 ~t——————~ T ——— = i
| I
| | 4‘ },Zlms |
| | |
I { 1
EOM —" L[ L—]———
From 4276 A i
|
1
i
i
KEY LOCK X l
To 4276 A !
PIN ASSIGNMENTS FOR THE HANDLER
INTERFACE CONNECTOR (HP 16064A)
PIN . PIN .
Signal Signa
No. & No. gnal
—_— BIN | LCH)
1 BIN 1 19 [LCiZ| HI BTR 3 i
2 BIN 2 20 {LC1Z[ IN BIN 3 LCLO
3 | BIN 3 21 |[LC1Z[ LO BIN 4 DQH1
4 |BIN 4 22 |DQESRG HI :‘“ 5 DAIN
= TREe S ST IN 6 DQLO
5 | BIN 3 23 IDQESRG IN
M BIN 7 KEY LOCK
8 BIN 5 24 |DQESRG LO BTN G NC
7 BIN 7 25 |KEY LOCK* BINO EXT.OCY |
8 | BIN 8 26 INC OUT OF BIN } :
9 |BIN g9 27 |EXT DCV 1* N.C N.C
10 | OUT OF BINS | 28 |EXT DCV 1* EXT TRIG{ INDEX
1 NC 29 |NC EOM (End.of Measure )
12 | EXT TRIG* 30 | INDEX EXT. DCVZ{ }EXT-DCVZ coM
13 | EXT TRIG* 31 {EOM
14 | EXT DCV2* 32 |EXT DCV COM* +5v GND
15 | EXT DCv2* 33 {EXT DCV COM*
16 | +5V 34 |GROUND
17 | +5V 35 |GROUND
18 | +5V 36 |GROUND

Figure 3-38.

Option 002 Handler Interface Operation (Sheet 2 of 2).
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3-114. POWER FAILURE MONITOR SIGNAL

3-115. If the instrument experiences a transient
power failure such that the output voltage from
the +5V power supply on the Al board drops
below +4.8V, all measurement circuits will be
reset when the voltage returns to normal.
Usually the duration of a transient power failure
and the time required for the reset operation are
so short that the operator may not be aware that
the instrument has experienced a power failure.
In most applications, this is not a problem,
because the instrument's continuous memory
function restores all settings (except the DC bias
setting on option 001 instruments) after the
reset operation. In some applications, though, a
transient power failure, however brief, can
adversely affect measurement results. In such
applications it is important to know whether a
power failure has occurred.

The 4276A is equipped with a power failure
monitor signal (PWF) which can be used to
inform the operator or peripherals of a transient
power failure. The PWF signal is of the open
collector type, and therefore requires an
external (user-supplied) voltage source (+5V
max.) and a pull-up resistor. Also, two wires
must be connected to a jumper inside the 4276A
and brought out through a hole in the rear panel.

Complete instructions are given in paragraph 2-31.
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as follows:

Number of Display Digits

The number of display digits on DISPLAY A/B for C-D measurement,
measurement, L-D measurement, L-ESR/G measurement, and
listed in Tables 1 through 5. The number of display digits for a Q measurement depends
on the D value and is listed in Table 6.

Note

Tables 1 through 5 are valid under the following conditions:
(1) Cireuit Mode: AUTO

(2) Test Signal Level: HIGH

Note

When the test signal level is set to LOW, the number of display digits is one less
than the number of display digits when the test signal level is set to HIGH.

Note

Alphabetic characters used in the Tables represent the number of display digits

| Z| - 6§ measurement is

Figure 3-39. Number of Display Digits (Sheet 1 of 13).
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Table 1. C-D Measurement

Test Freguency
C Range
100Hz 200Hz 500Hz 1kHz 2kHz 5kHz 10kHz  20kHz
10mF
TmF

See Graph 1 /See Graph 2
100 uF See Graph 1 /See Graph 2
0pfF
TuF
100nF A/ A-B

See Graph 7 /See Graph 8

10nF
inF

B/ B-C
See Graph 7 /See Graph 8

Alphabetic characters used in Table 1 represent:

Number of C Display Digits(*/**)
Number of D Display Digits(*/+*)

MED measurement speed mode.
SLOW or FAST measurement speed mode (SLOW-FAST).

*% 3

Figure 3-39. Number of Display Digits (Sheet 2 of 13).
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Table 2. C-ESR/G Measurement

ESR/G Test Frequency

Range [100Hz 200Hz 500Hz 1kHz 2kHz 5kHz 10kHz  20kHz
1Tus B/ B-C B / B-C

10us

100u S

1mS

10mS

100 Q A/ AB A/ A-B B/ B-C A/ A-B
10 Q
B/ B-C

18

Alphabetic characters used in Table 2 represent:

Number of ESR/G Display Digits(*/**)

* : MED measurement speed mode.
*x : SLOW or FAST measurement speed mode (SLOW-FAST).

Figure 3-39. Number of Display Digits (Sheet 3 of 13).
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Table 3. L-D Measurement

Test Frequency
L Range Tioohz  200Mz 500Hz 1kHz 2kHz 5kHz 10kHz  20kHz
1kH
100H
See Graph 3 /See Graph 4
See Graph 3 /See Graph 4
10H
B / B-C
1H See Graph 9 /See Graph 10
\ A/ A-B
100mH See Graph 9 /See Graph 10
10mH
1mH \\
100 uH

Alphabetic characters used in Table 3 represent:

Number of L Display Digits(*/**)
Number of D Display Digits(#/**)

# : MED measurement speed mode.
+* : SLOW or FAST measurement speed mode (SLOW-FAST).

Figure 3-39. Number of Display Digits (Sheet 4 of 13).
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Table 4. L-ESR/G Measurement

Test Frequency
500Hz 1kHz 2kHz 5kHz 10kHz 20kHz

ESR/G
Range |4100Hz  200Hz

100uS

1mS A/ A-B

10mS
A/ AB A/ A-B A/ A-B
109 B/ B-C B/ B-C

Alphabetic characters used in Table 4 represent:

Number of ESR/G Display Digits(*/**)

* : MED measurement speed mode.
SLOW or FAST measurement speed mode (SLOW-FAST).

*%

Figure 3-39. Number of Display Digits (Sheet 5 of 13).
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Table 5. Z -4 Measurement

Test Frequency
Z Range
100Hz 200Hz 500Hz 1kHz 2kHz 5kHz 10kHz  20kHz
10M Q
™MQ
. See Graph 5 /See Graph b6
100k @ See Graph 5 /See Graph 6
10k Q
1k Q
100Q
A/ AB
See Graph 11 /See Graph 12
100
10
B/ B-C
See Graph 11 /See Graph 12
100m Q

Alphabetic characters used in Table 5 represent:

Number of Z Display Digits(*/**)
Number of & Display Digits(*/+*)

* : MED measurement speed mode.
#% : SLOW or FAST measurement speed mode (SLOW-FAST).

Figure 3-39. Number of Display Digits {(Sheet 6 of 13).
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Table 6. Q Measurement.

D Display | Q Display | D Display | Q Display
.0001 .001 -
to to -
.0006 .006
.0007 .007
to oo to
.0010 .010
0011 011
to to to to
.0033 .033 30
.0034 .034 34,
to to to to
.0099 0 s 1.999 m
10100
to to
.0333
.0334 =i
to to
1.9999 5
- g

Figure 3-39. Number of Display Digits (Sheet 7 of 13).
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Figure 3-39. Number of Display Digits (Sheet 8 of 13).
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Figure 3-39. Number of Display Digits (Sheet 9 of 13).
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Figure 3-39. Number of Display Digits (Sheet 10 of 13).
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Figure 3-39. Number of Display Digits (Sheet 11 of 13).
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Figure 3-39. Number of Display Digits (Sheet 12 of 13).
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Figure 3-39. Number of Display Digits (Sheet 13 of 13).
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Table 4-1. Recommended Performance Test Equipment

Model 4276A

Equipment Critical Specifications Recommended Model Use
Capacitance Standards 10pF+£0.4% HP 16382A P, A
100pF+0.1% HP 16383A
1000pF+0.03% HP 16384A
Usable frequencies: Up to 20kHz
Resistance Standards 0.10 HP 16074A P, A, T
1Q Standard Resistor
109 Set
1000£0.03%
1k§2+0.06%
10k2+0.06%
100kQ:0.06%
Usable frequencies: Up to 20kHz
Terminations 0Q HP 16074A P, A
SHORT Standard Resistor
OPEN Set
Usable frequencies: Up to 20kHz
Frequency Counter Frequency range: 100Hz to 100kHz f.s. HP 5314A P, A
Resolution: 1 x 107° of f.s.
Accuracy: 0.001%
Digital Multimeter DCV: Voltage range: 10mV to 100V f.s. HP 3478A P, A, T
Resolution: 1 x 107° of f.s.
Accuracy: 0.1%
ACV: Voltage range: 100mV to 1lVrms f.s.
Resolution: 1 x 1072 of f.s.
Accuracy: 3% in 100Hz to 20kHz
RC Oscillator Frequency: lkHz HP 652A T
Level: ImV
Oscilloscope Bandwidth: 100MHz HP 1741A T
Storage capability
Signature Analyzer HP 5004A T
Test Cables BNC-to-BNC cable (<lm) 2EA HP 11170A P, A, T
BNC-to-dual banana plug cable (<lm) HP 11035A P, A
Dual banana plug-to-alligator clip cable HP 11002A A
BNC-to-dual alligator clip cable (HP 11002A/w 10110B) A
Alligator clip-to-alligator clip cable (<20cm})
BNC Adapter BNC-T-Adapter HP 1250-0781 T
Test Fixture Four terminal pair configuration design HP 16047A P
HP-IB Controller HP 85/ P
w0085-15003/
w82936A/
w82937A
Extender Board Large extender board HP 04276-66561
small extender board HP 04276-66562
(for INTERNAL DC BIAS Adjustment)

pP: Performance Test, A:

Adjustment, T: Troubleshooting
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SECTION 1V
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2, This section provides the tests and the
procedures used to verify the 4276A
specifications listed in Table 1-1. All tests can
be performed without access to the interior of
the instrument. A simpler operational test is
presented in Section III under Self Test. The
performance tests can be used when performing
incoming inspection of the instrument and when
verifying that the instrument meets performance
specifications after troubleshooting or adjust-
ment or both. If the performance tests indicate
that the instrument 1is operating outside
specified limits, check to see if the controls on
the instrument used in the test and the test
setup itself are correct and then proceed with
adjustments or troubleshooting or both.

Note

To ensure proper test results and
instrument operation, Hewlett-Packard
recommends a 30-minute warm-up and
stabilization period before performing
any of the performance tests.

Note

All performance tests except for the
HP-IB Interface Test should be
performed in an ambient temperature
range of 23°C+5°C.

4-3. EQUIPMENT REQUIRED

4-4. Equipment required to perform all of the
performance tests is listed in Table 4-1. Any
equipment that satisfies or exceeds the critical
specifications listed in the table may be used as
a substitute for the recommended models.

Accuracy checks deseribed in this section use
the HP 16380A series standard capacitors
(16382A, 16383A and 16384A) and 16074A
Standard Resistor Set. The characteristics of
the equipment satisfy the performance
requirements for the accuracy checks and are
especially suited for use as the 4276A's accuracy
test standards.

Note

Components used as standards should be
calibrated by an instrument whose
specifications are traceable to NBS or
an equivalent standards group; or
calibrated directly by an authorized
calibration organization such as NBS.
The calibration eycle should be in
accordance with the stability
specifications for each component.

4-5. TEST RECORD

4-6. Performance test results can be recorded
on the Test Record at the completion of the
test. The Test Record is at the end of this
section and it lists all the tested specifications
and their acceptable limits. Test results
recorded at incoming inspection can be used for
comparison in periodic maintenance, trouble-
shooting, and after repair or adjustment.

4-7. CALIBRATION CYCLE

4-8, This instrument requires periodic
verification of performance. Depending on the
conditions under which the instrument is used,
e.g., environmental conditions or frequency of
use, the instrument should be checked with the
performance tests described here at least once a
year. To keep instrument down-time to a
minimum and to insure optimum operation,
preventive maintenance should be performed at
least twice a year.

4-1


https://www.manualsplus.com/

SECTION 1V Model 4276A

ACCURACY TEST CONSIDERATIONS

This paragraph discusses how the 4276A accuracy is tested and verified. As the 4276A has
wider measurement capabilities in regard to the selectable measurement parameters,
frequency, measurement range and accuracy, the performance tests inciude some critical
measuring regions where accuracy is difficult to verify directly by measuring available
standards.

Measurement accuracy is tested by measuring standard capacitors, resistors and other
reference devices. The standards must have been calibrated and certified by transfer of
values of national standards. However, a portion of the measurement range of the 4276A
is out of the applicable ranges of the available standards. The method then, is to check
accuracies by comparison with references on the specific ranges at which the standards
are applicable, and to apply alternative tests for verification of accuracies on the other
ranges,

Theoretical Background of Accuracy Checks

The 4276A, in accordance with its measurement principles, determines the vector
impedance (or its reciprocal value: admittance) of the unknown device under test.
The various measurement data provided, with respect to the 8 selectable measurement
parameters (L, C, D, etc.), are arithmetically derived from measured values of the
orthogonal vector components (resistance and reactance). For example, the
capacitance value of a DUT is calculated by the following equation relative to the
capacitance-to-reactance values:

2xfXm

where, Cx is capacitance value of DUT,
f is test frequency,
Xm is measured reactance value of DUT.

As stated above, each measurement parameter is interrelated with the impedance (or
admittance) value; consequently, the accuracies on all ranges can be verified if the
instrument satisfies specified accuracies for each one of its resistive and reactive
measurement parameters; that is, resistance and capacitance from the lowest through
the highest test frequencies.

The technician should note that accuracy here is based on arithmetic relationships as
are the parameter relationships. Therefore, the accuracy tests can be done by
simplified procedures instead of time-consuming tests on the approximately 250000
possible combinations of the fundamental test parameters such as measurement
parameter, frequency and range.

Verification Check Considerations

The measurement accuracy test can be made by using calibrated standards on specific
ranges only. On other ranges, which would be uncertifiable because of the limitations
of the standards, the test takes the method proven to be theoretically and
experimentally practicable for verification of accuracy. If the results of these checks
meet all the individual test limits, the instrument should satisfy its specified accuracy
across its entire range. How then can these methods be explained? Let us look at the
performance test articles.

4-2
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Accuracy test procedures include checks for the following circuit sections:
1) Range Resistors
2) Process Amplifier
3) I-to-V Amplifier
4) Phase Detector

5) A-D {(Analog to Digital) Converter

HPoT J)

Range Process A-D
0/0-— Amplifier L—® Converter

OUT Lcum Resistor
Phase

Detector

I-t0-V
Amplifier

4276A Measurement Section

CAPACITANCE ACCURACY TEST verifies Range Resistor accuracy for reactive
impedance measurements from the lowest through the highest test frequencies. I-to-V
Amplifier linearity and normal operation of the Phase Detector and A-D Converter are
also verified.

IMPEDANCE ACCURACY TEST is similar to the Capacitance Accuracy test, but
for resistive impedance measurements. Thus, accuracy for both reactive and resistive
components of the vector impedance is verified. In this test, phase-flatness
characteristiecs (minimum phase shift) of the overall measurement section, and Phase
Detector accuracy from the lowest through highest test frequencies are verified.

SELF-OPERATING TEST verifies the accuracy of the Process Amplifier which extends
the measurement ranges. The A-D Converter accuracy is also checked by this
combined self-test funcetion which enables automatic check of each one of these

circuits.
Note

A set of detection phases, each different by 90 degrees, is used in the Phase
Detector. If the relative phase difference between the detection phases is
exactly 90 degrees, the Phase Detector is operated at the maximum
detection accuracy.

The accuracy of the right-angle detection phases is verified by both this test
and dissipation factor checks associated with the Capacitance Accuracy Test.

4-3
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ACCURACY TEST STANDARDS

1) Standard Capacitors

The HP 16380A Series Standard Capacitors, featuring the four terminal pair
configuration, are recommended for use as performance test standards. The four
standard capacitors, 16381A (1pF), 16382A (10pF), 16383A (100pF) and 16384A
(1000pF) are calibrated at 0.01% accuracy at 1kHz (and have capacitances within 0.1%
of their nominal values).

Standard Resistors

The standard resistors used for accuracy checks should be nearly pure resistances and
should maintain an extremely low residual reactance at frequencies to 1MHz. The HP
16074A Standard Resistor Set, especially designed as standards useable over a broad
frequency region, with thin film resistors and four terminal pair configurations, is
suitable for the aceuracy checks. Because of low residual inductance and less skin
effect of the thin film resistors, the 16074A provides the standard resistance values of
09, 0.1, 1Q and 10Q at +10% and 100Q, 1kQ, 10k and 100k at +0.01 % calibration
accuracies to 10MHz (1MHz at 100kQ). Open (0OS) and Short terminations, which
facilitate optimum zero offset adjustment, and two quasi-induetors are included in the
16074A.

Note
The 09, 0.1Q, 1Q and 10Q resistors are used as the (pure resistance) reference

device in the Impedance Accuracy Test. Two quasi~inductors are not used in
the 4276 A performance tests.

3) The principle of Inductance Accuracy Test

The 4276A inductance accuracy is theoretically certified if the capacitance accuracy
meets the specifications. Generally, inductors have unwanted parasitic impedances
such as coil resistance and distributed capacitance. As these residuals significantly
affect the inductance values at high frequencies, inductance standards useable in the
RF region above 100kHz are substantially unavailable. Inductors with higher
inductance values have lower frequency limits.

If it is desired to check inductance measurement aceuracy, use standard capacitors as
a substitution test device. The capacitors act as negative inductors when measured in
inductance measurement function of the 4276A. The equivalent inductance value of
capacitor is calculated by the following equation:

1 .
Z=m=JmL
- 1
L -w?2C

C: Calibrated value of standard capacitor
w: 2 x<[test frequency]

Model 4276A
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GENERAL

The standards should be of four terminal pair configuration design to provide
compatibility with the instrument. This minimizes reduction in reliability of the values
due to the effects of the residuals associated with cabling and connections.
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PERFORMANCE TESTS
4-9. TEST FREQUENCY ACCURACY TEST

4-10. This test verifies that the test signal frequencies for the 4276 A meet the specified
frequency accuracy of 0.01%.

naloodoca |

BNC to BNC Cable
Figure 4-1. Test Frequency Accuracy Test Setup.

EQUIPMENT:
Frequency COUNTEE .ccceritereerrierireeesressessscesessassensaseascannsenanes HP 5314A
BNC-t0-BNC €able teeerruiureninierinitiieiiseirncssesiesinecenncrnsennes HP 11170A
PROCEDURE:

1. Connect the BNC-to-BNC cable to the 4276A UNKNOWN Hcyr terminal and to
the 5314A's input as shown in Figure 4-1.

2. Set the 4276A's controls as follows:

TeSt FreQUENCY ...cviveeecrrrerenerensesecssnsesrasensssscssesens 1.00kHz
DC BIAS e iircecrtteteeseerececensaresesensensssensasnons OFF

TEST SIG LEVEL...ccciiiieeeireeretssecenecssesersrscsnsssnens HIGH
TRIGGER ...ciecviiererresnrerersensensse tecessersesasenssesrsaonon MAN/EXT
074 51S) i o) 1 o TN Any setting

3. Verify that the frequency reading on the 5314A is 1.000kHz+0.1Hz.

4. Set test frequency in accordance with Table 4-2 and confirm that the frequency
readings on the 5314A are within the test limits given in the table.

Note

1) Test limit values in the table do not account for the tolerance
dependent on the specified accuracy of the 5314A.

2) If this test fails, the instrument requires troubleshooting.
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Table 4-2. Test Frequency Accuracy Test

Frequency Setting Test Limits
100Hz 99.99 - 100.01Hz
200Hz 199.98 - 200.02Hz
S500Hz 499.95 - 500.05Hz

1.00kHz 999.9 - 1000.1Hz

2.00kHz 1.9998 - 2.0002kHz
5.00kHz 4.9995 - 5.0005kHz
10.0kHz 9.999 - 10.001kHz
20.0kHz 19.998 - 20.002kHz

4-11. TEST SIGNAL LEVEL ACCURACY TEST

4-12. This test verifies that the test signal level for the 4276A meets the specified test
signal level accuracy.

3478A

] Py =

=] oconooao oo
oooQong

BNC to Dual Banana Plug Cable
Figure 4-2. Test Signal Level Accuracy Test Setup.

EQUIPMENT:
Digital MUltimeter e ieiiiiieiiieierrcctiiiecreseneenssesssnsans HP 3478A
BNC-to-dual banana plug cable ....cccicecieiiirecnirecererecennisneanss HP 11035A

Note
Use a digital multimeter calibrated for a frequency response of 100Hz to 20kHz.
PROCEDURE:

1. Connect the BNC-to-dual banana plug cable to the UNKNOWN Hcyr terminal of
the 4276 A and to the 3478A's input as shown in Figure 4-2.

2. Set the 4276A's controls as follows:

DISPLAY A/B functions .icccceccrecesesescecccscncscsseses C-D

Test FrequUenCy .iiciiciccatcnresinnsensansesscesecenscncense 1.00kHz
DC BIAS iieiiiecectrntncemecatasersimcmacereraesnsntsssasesasons OFF
LC [ Z| RANGE .iccirececicncescenriosssecsoscessossassonss InF

TEST SIG LEVEL .iiiieciieirccernsesrcccrosacremaceserasonnns HIGH
TRIGGER .cieiiiirircicttssncarersrsesereresecesescsssenssconnes MAN/EXT
Other CONtrolS .icieiecceerciceserciaraseescocaiececornsnanncans Any setting
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3. Set the function of the 3478A to ACV.
4. Verify that the voltage reading on the 3478A is 1.0Vrms+0.1Vrms.
5. Change test frequency and test signal level settings in accordance with Table

4-3. Verify that the voltage readings on the 3478A are within the test limits
given in the table.

Table 4-3. Test Signal Level Accuracy Test

Control Settings

Test Level | Test Frequency | Test Limits
100Hz .7 -1.3Vrms

200Hz .7 -1.3Vrms

500Hz .7 -1.3Vrms

1.00kHz .9-1.1Vrms

HIGH 2.00kHz .7 -1.3Vrms
5.00kHz .7 -1.3Vrms

10.0kHz .7-1.3Vrms

20.0kHz .7-1.3Vrms

100Hz 35 - 65mVrms

LOW 1.00kHz 40 - 60mVrms
10.0kHz 35 - 65mVrms

4-13. SELF-OPERATING TEST

4~14. The Self-operating Test checks operating conditions of the circuits which are
critical to sustaining specified accuracies. To verify that these circuits satisfy the
performance requirements for ensuring the specified accuracies, the values displayed in
the SELF TEST are compared with test limits. Because basic circuit operating conditions
related to the accuracy are verified in this test, the instrument should be initially checked
with this test.

=

=%

i
|
i
|

1z 5
@

I —aeyv—

TP o ERTTS L‘:
O mee o H o

oo
[ =J}H:]

Standord [o]
Resistor

Figure 4-3. Self Operating Test Setup.

EQUIPMENT:
Standard ReSiStOrs ic.ccceeereeceianeenccereconnees 10
100Q
1kQ | HP 16074A
10k | Standard Resistor Set
100kQ
Termination ceveceeeeeccececicacicnecenceccnnen OPEN

4-8


https://www.manualsplus.com/

Model 4276A SECTION 1V

PERFORMANCE TESTS

PROCEDURE:

1. Connect the 100k Standard Resistor directly to UNKNOWN terminals of the
4276 A as shown in Figure 4-3.

9. Set the 4276A's controls as follows:

DISPLAY A/B fUNCLIONS ceresevnrrererecccsrencesnassransanes 1Z1-46
TSt FTEQUENCY evsrrrrnsacresrsacsrectassersoncnsecssronsonsases 1.00kHz
DC BIAS teetieimiiinictireceineieteeecasesseseesesenannes OFF

10714 U1 (6 ] 5 ) DN Any setting
LCIZ| RANGE .ioiriciiirutiitisiriiiisriecrsnsncersnsosonses 1MQ

MEAS SPEED teiiuiiuiureiuiacniarecencsssnscsnsassasesaseses MED

TEST SIG LEVEL .ieieiiuiniiiimieiiceierecacciasesnsnucanes HIGH
TRIGGER ceetttruiemiiiirccitnttiiereetitiresesinsnsissrsnssnasess INT

3. Press the SELF TEST key and then press the FREQUENCY/DC BIAS Select
key. Press the FREQUENCY/DC BIAS Step Control @key until Self test item
number "2" is displayed on the FREQUENCY/DC BIAS display as shown below.

FREQUENCY 7 DC BIAS
kHz
o]

BIN NUMSER

4. Verify that the value displayed on DISPLAY A is 10.0018+0.01,8S.

5. Change Standard Resistor to 10k, 1kQ and 100Q in that order and change
LC|Z| RANGE (8] key each time. Verify that the display outputs are within
the test limits given in the table below.

Standard Resistor | Range Limits
100k 10uS |1/C.v. £ 0.01uS
10kQ 1060uS |1/C.V. =  0.1uS

1kQ ImS |1/C.V. = 0.001mS
100Q 10mS |1/C.V. = 0.0ImS

1/C.V. = Reciprocal of Calibrated Value

6. Press SELF TEST to resume measurement mode and set the 4276A's controls as

follows:

DISPLAY A/B funcCtions ....cecececeeecencescscasessoncessens C-G

TeSt FrEQUENCY cecviiiiirisiecsisicnctetercacssasissonconssannces 1.00kHz
DC BIAS caiiuciirrecercncacencasossscssssncsesssssassssssasenssnans OFF

CKT MODE ...reieiiiiicniietstscetistcntossenseassasascroness Any setting
LC I Z| RANGE icrecrercrncrscncncactosnscorasssasssasonanes ImF

MEAS SPEED ...ieviiiieeecercocscosssccescssacsossessensancses MED
TEST SIG LEVEL ...ciiiirirvenniciictiactecssnsanscecscnanens HIGH
TRIGGER ..iceeeviiiiiienceesessassscssssnrsesessesssensessossaansss INT

7. Connect the 19 Standard Resistor directly to the UNKNOWN terminals as
shown in Figure 4-3.

8. Repeat step 3.
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9. Verify that the values displayed on DISPLAY A and DISPLAY B are within the
following test limits.
DISPLAY A: C.V.£.02Q
DISPLAY B: 0+.012Q
10. Set the MEAS SPEED to SLOW and connect the OPEN termination to the
UNKNOWN terminals in place of the 1Q standard.
11. Select SELF TEST "8" by pressing the FREQUENCY/DC BIAS Step Control key
until "8" appears on the FREQUENCY/DC BIAS display.
12. Confirm that the values displayed on DISPLAY A and DISPLAY B are within the
following test limits:
DISPLAY A: .0020:£.0003
DISPLAY B:-.0020+.0003
13. Perform the test for the self test steps and the test frequencies shown in the

table below in the same way. Confirm that the values displayed on DISPLAY A
and DISPLAY B are within the test limits given in the table.

Note

To change the test frequency setting while the 4276A is in SELF TEST
mode, press the FREQUENCY/DC BIAS Select key (FREQ lamp should
light), set the frequency with the FREQUENCY/DC BIAS Control keys (@
and @ ), and then press the FREQUENCY/DC BIAS Select key again (DC
BIAS lamp should light).

SELF TEST NUMBER 1.00kHz 20.0kHz

DISP A DISP B DISP A DISP B

8 .0020£.0003 -.0020+.0003

9 v 0+.0020 0+.0013 | 0+.0080 | 0+.0052

12 0£.0012 0+.0020 0+.0048 | 0£.0043

13 0+.0012 0+.0020 | 0+.0048 | 0£.0043

14 0£.0024 0+.0020 | 0£.0096 | 0+.0036

15 0£.0048 0+.0020 0+.0192 | 0£.0360
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4-15. CAPACITANCE ACCURACY TEST

4-16. This test checks capacitance measurement accuracies for various combinations of
test frequency and test signal level. The checks are made by connecting a standard
capacitor to the instrument and comparing measurement results with the calibrated
values of the standard. Accuracies for dissipation factors near zero are also checked in

this test.

s 0 v d ¥
[ b Standerd v @
Caopacitor ———
(a) (b) (e)

Figure 4-4. Capacitance Accuracy Test Setups.

EQUIPMENT:

Standard Capacitors ...ccececceeeeresecececerecesacenens 10pF: HP 16382A
100pF: HP 16383A

1000pF: HP 16384A
Terminations ...vieeeeeeeeeenerecnsaraceorosarecsesessananes SHORT] HP 16074A
OPEN J Standard Resistor Set

PROCEDURE:

1. Set the 4276A's controls as follows:

DISPLAY A/B functions ...ccccceccemecemnienienreecranrnnans C-D

DC BIAS cciiivnierecrecnrntiiraientaoneesnosassassncsasnsnscnnans OFF

CKT MODE . ciiiuiemieiiiinrinrecacsnncenasenceronassssensesns AUTO
LC1Z| RANGE .cciviiirrtentiiercneiantsressenesseensaeens AUTO
TRIGGER...ciiieirirreriieteniecerecunetnnsenssenssnesnasenseneans INT

Other CONtrols .iiicicisereeeenesrosecineetencnasnceasnncnannss Any setting

2. Perform OPEN and SHORT Zero Offset Adjustments as described in paragraph
3-48.

Note

Use the OPEN and SHORT terminations of the 16074A for Zero offset
Adjustment.

3. Connect the 10pF Standard Capacitor directly to the UNKNOWN terminals as
shown in Figure 4-4 (c).

4. Set the test frequency in accordance with Table 4-4. Verify that the
capacitance and dissipation factor readings on the 4276A are within the test
limits given in the table.

5. Change the standard capacitor to 100pF and 1000pF in that order and perform
the test. Verify that the values displayed on the 4276A are within the test
limits given in the table.
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Table 4-4. Capacitance Accuracy Tests

Stan@ard Function Speed Level Frequency Test Limits
Capacitance
10pF C-D MED HIGH 9.95kHz C.V.%.16pF 0+.010
10.0kHz C.V.z.16pF 0+.010
20.0kHz C.V.*.24pF 0£.012
100pF C-D MED HIGH 995Hz C.V.*,6pF 0£.004
1.00kHz C.V.%.35pF 0£.0035
1.99kHz C.V.*.,65pF 0£.0065
4.98kHz C.V.%.25pF 0£.0017
9.95kHz C.V.x.70pF 01.0046
10.0kHz C.V.x.70pF 0+.0046
20.0kHz C.V:%2.20pF 0£.0140
1000pF C-D MED HIGH 100Hz C.V.%5.0pF 0£.0050
120Hz C.V.15.0pF 0£.0050
199Hz C.V.%6.5pF 0£.0065
498Hz C.V.%2.5pF 0£.0017
995Hz C.V.22.5pF 0+.0017
1.00kHz C.V.%1.5pF 0£.0011
1.99kHz C.V.22.5pF 0£.0017
4.98kHz C.V.%£2.5pF 0£.0017
9.95kHz C.V.x7.0pF 0+.0046
10.0kHz C.V.%7.0pF 0=.0046
20.0kHz C.V.£11.0pF 0+.0070
SLOW HIGH 100Hz C.V.£5.0pF 0£.0050
1.00kHz C.V.£1.50F 0+.0011
10.0kHz C.V.t7.0pF 0£.0046
FAST HIGH 100Hz C.V.x10pF 0£.010
1.00kHz C.V.%6pF 0£.006
10.0kHz C.V.£16pF 0+.014
MED LOW 1.00kHz C.V.t12pF 0£.011
FAST 1.00kHz C.V.%100pF 0+.100
MED 10.0kHz C.V.232pF 0£.027
HIGH MED HIGH 1.00kHz C.V.£1.5pF
SPEED LOW 1.00kHz C.V.z12pF
HIGH 10.0kHz C.V.%7.0pF

C.V. = Calibrated Value of Standard Capacitor

4-12
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4-17. IMPEDANCE ACCURACY TEST

4-18. This test checks impedance measurement accuracies at four spot test frequencies.
The checks are made by connecting a standard resistor to the instrument and comparing

the measurement readouts with the calibrated values of the standard.

Range | 0.10 |10 | 100 | 1000 | 1k0 | 10ka | 100kQ
Freq.
100Hz A FAY A O @) O O
120Hz A A A O O O O
1.00kHz A A A O @) O O
10.0kHz A A A O O @) O

QO : tested for both | Z | and 4.
/\ : tested for §only.

Lol Standard H
Resistor

Figure 4-5. Impedance Accuracy Test Setup.

EQUIPMENT:
Standard ReSiStOrS ceeesseensestaieeceeseeessensscasasncensssons 0.192
10
109 | Hp 16074A Standard
10082 Resistor Set
1kQ
10k
100kQ
TEPrMINALIONS stcetcecacercarenesessnsetosssssscssssscosssssnosnsnnes (i}
OPEN
PROCEDURE:
1. Set the 4276 A's controls as follows:
DISPLAY A/B fUNCLIONS teuiieeeneereeeneesnnrnnnnnns lZ1- ¢4
TeSt FreQUENCY wiviimiereicieceieeceniennreecmsanannns Any setting
DO BIAS tiitiieitieririeererereeeencnressosansneososssnseses OFF
CKT MODE ititcitietarrerenercsecaseseneosocssssnsnsens AUTO
LCIZ] RANGE witiciiicirrtitreaeeceneeesesnsones AUTO
MEAS SPEED teettecerereenereceemcesoceseoresncosasosns MED
TEST SIG LEVEL titiiteieinerreiaiiericsovesaeenasens HIGH
TRIGGER ttecieeiiieiictieienninecsseseecnserareocecesannes INT

4-13
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2. Perform OPEN and SHORT Zero Offset Adjustment as described in paragraph

3-48.

Note

Use the OPEN and 09 terminations of the 16074A for Zero Offset
Adjustment. DO NOT use the SHORT termination.

Connect the 0.1Q standard resistor directly to UNKNOWN terminals as

shown in Figure 4-5 and set test frequency to 100Hz, 120Hz, lkHz and
10kHz. Verify that the impedance and phase angle readings on the 4276A are
within the test limits given in Table 4-5.

4. Repeat step 3 with the each of the standard resistors listed in Table 4-5.
Verify that the values displayed on the 4276A meet the test limits given in

4-19. INDUCTANCE ACCURACY TEST

4-20. Inductance accuracy is verified if the instrument meets both capacitance and
impedance accuracy test limits. If it is desired to confirm the inductance accuracy on at
least at one range, perform the following test:

the table.
Table 4-5. Impedance Accuracy Tests
|Zl Range Test Limits
Freq. 0.18 10 108 10082 1kQ 10k§2 100k
+ + + +
100Hz Z C.V.%£.15Q | C.V.x60Q C.V.+x.06k2 | C.V.x.6kQ
g |0+1.2°| 0%+.7° | 0%.35° 0+.15° 0t.6° 0+.6° 0+.6°
YA Vot V.t V.ot
120Hz Z Cc.v 15Q | C.v.2680 | C 06k {C.V 6k
6 {0+1.2°| 0£.7° | 0%.35° 0+.15° 0+.6° 0t.6° 0t.6°
+ + + +
1.00kHz Z C.V.£.15Q | C.V.%68 C.V.£.06kf2 | C.V.%.6kQ
6 |0%1.2°1 0+.7° | 0%.35° 0+.15° 0+.6° 0%.6° 0£0.6°
+ + +
10 0kiz |2 C.V.£.25Q | C.V.£10Q | C.V.x.1kQ |C.V.*1kQ
8 |0%2.2°| 0x1.2°| 0%.65° 0%.25° 0+1.0° 0%1.0° 0+1.0°
C.V. = Calibrated Value of Standard Resistors

LU

E =P

[L1R]

B R

(b)

Figure 4-6. Inductance Accuracy Test Setup.

Standard
Capacitor —_—

(e)
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EQUIPMENT:
Terminations ...c.cecviieeeerieerenernernreoranensrannee SHORT ] HP 16074A Standard
OPEN / Resistor Set
Standard Capacitor ...ccceicveirruincrcinienianenns 1000pF: HP 16384A
PROCEDURE:
1. Set the 4276A's controls as follows:
DISPLAY A/B fUNCHIONS ceiveereiierieinierereeencsnsecsnsnnes L-D
TeSt FreQUENCY cueeviiiiiiiiiiiieinnieranmsestcrsescosssanseanennes 1.00kHz
DC BIAS 1iiiiieterireetescesceecscasesssnsesssosssssssssssossonnses OFF
CKT MODE .aiiiiiciiiieiiieniieroreeseesisnscssessecssessscaseses AUTO
LC T Z | RANGE cttcerirererncerinsrsececreserssensensesnsnes AUTO
MEAS SPEED .ciiiiiiciiiiieieecernrirceserersccessonsassecnsenens MED
TEST SIG LEVEL .iiiiiciieiruievercescscerccsoasarsessnssnsses HIGH
TRIGGER stveeieirineersnceacessossesecssnssssescasssossesnsnseesnes INT

2. Perform OPEN and SHORT Zero Offset Adjustment as described in paragraph
3-48.

Note

Use the OPEN and SHORT terminations of the 16074A for Zero Offset
Adjustment.

3. Connect the 1000pF standard capacitor directly to the UNKNOWN terminals.
See Figure 4-6 ().

4. Verify that the inductance and dissipation factor readings on the 4276A are
within the following test limits:

DISPLAY A: -25.33%0.18
DISPLAY B: 020.012

4-21. INTERNAL DC BIAS ACCURACY TEST (OPTION 001)

4-22. This test verifies that the Option 001 Internal DC BIAS Supply applies the specified
bias voltages to the device under test.

34784
L— 3
° Soocmome |00

Figure 4-7. Option 001 Internal DC Bias Accuracy Test Setup.
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EQUIPMENT:
Digital MUltIMeter .....cccciciriieniiiieinmeniieiceiiicen HP 3478A
TESE FIXTUPE .evvrrrrernrecmsronunraneereainciisaststuctsteetsonsmsesosnsasensenes HP 16047A
PROCEDURE:

1. Set the 4276A's controls as follows:

DISPLAY A/B functions ..cccceeeievecierieoreesennens C-D

TeSt FreQUENCY cevecnrereirerensststarssrmasasencesssonnes 20.0kHz
LCIZ] RANGE..ciieiiiiiiinirinrececasciiiensecanes 100nF
TFST SIG LEVEL suiiuiieierecenrencieasecniosseseaniens LOW
TRIGGER . ccuciuriurerenreninneterencaecrentossasssnssensns MAN/EXT
DC BIAS (Front Panel) coceeceeevineeeccennnscenns ON

DC BIAS (Rear Panel) ..ccccceeeerecerennencocceneens INT

Other controls ........ esesereseceressassesesreaserensenen Any setting

2. Interconnect the 4276A, 16047A, and 3478A as shown in Figure 4-7.

3. Set de bias voltage to +40V with the FREQUENCY/DC BIAS Select key and the
FREQUENCY/DC BIAS Step Control [ key. Wait approximately 10 seconds
after setting the voltage.

4. Set DC bias voltage in accordance with Table 4-6. After the wait time

specified in the table, read the voltage displayed on the 3478A. Verify that the
voltage readings are within the test limits given in the table.

Table 4-6. Internal DC Bias Accuracy Test

DC BIAS Setting Wait Time Test Limits
+40.0V 10 seconds Precharge
.00 30 0£.01V
+,01 20 .01£.01V
+9.99 10 9.99%.04V
+10.0 10 10.0£.085V
+40.0 15 40.0%.24V
-.01 30 -.01%.01V
-9.99 10 -9.99+.11V
-10.0 10 -10.0%.135V
-40.0 15 -40.0%.44V
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4-23. 16064A COMPARATOR/HANDLER INTERFACE TEST (OPTION 002)

4-24. The test in this paragraph, verifies the functions of the 16064A
Comparator/Handler Interface.

‘:@’ 18084A COMPARATOR/MANDLER INTERFACE
NEWLETT - PACKARD
COMPARATOR L/Cc/z ENTRY BINNO t-9)
o.
ENABLE vern e8hda DATA ENTER ot o s
ww N MIGH . ~
. O O O " m e 2
Y ) &
- OE e
2
O/Q/ESR/G z
-, DEO :
LOW  HIGH Vo) z
ERASE Low IN HIGH “DWAY A} DAPLAY N1 RUN b
= ==
| LR i
® 000

Figure 4-8. 16064A Comparator/Handler Interface.

EQUIPMENT:
Digital Multimeter cciciciieiieiicrnecesserserniinsseesessessessisessersosasse HP 3478A
100k Standard reSiStor iciii i icieerrtrcsesnctesaeserncrcrsansasasssnsses HP 16074A
1000pF Standard capaciltor .ciiiicesissrceceressserecscrsssesasessassorsoss HP 16384A
PROCEDURE:

1. Set jumpers Al W1/W2/W3 in the 16064A to the lower position as shown below:

16064A Al Board

Wi
Upper Position Lower Position
o
Z
% %
% Z
%

0 00
-

2. Connect the 16064A to the COMPARATOR/HANDLER INTERFACE connector
on the rear panel of the 4276A.

3. Turn on the 4276A. "16064" should be displayed on DISPLAY B.

4. Set the 4276A's controls as follows:

DISPLAY A/B functions .cceceececeeceecseiscransanee C-G
TeSt FreqQUENCY eeeecerereniecccannncocacetacesssassonses 1.00kHz
DC BIAS citiiecutmirtsnieieteictsscsnscnceacesesasnnsesnes OFF
CKT MODE tormerniiuiiiineieiiccncronacecrasennenense
LCIZ| RANGE cciivveetreieiiniiircecairnccaccnens InF
MEAS SPEED tetuimiucerruiacanrnneccscieccarecnesonannes MED
TEST SIG LEVEL.iiiiiiiiiireiiiiisneciciiciracanens HIGH
TRIGGER veeerrerenrrerteruernsisressennoncecseensannnens INT
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5. Set the 3478A's controls as follows:

FUNCLION sevivieiiiniinnianianiieccesioseseinssnecsescosonns DCV
RANGE aieiiiieiiiiiiinccacencasercctssssssssasossonsannss 300V
DiSPlay ceeiveiiiiitiniuinrnieiieicntiriisiesirosceeesareases 3 1/2 digits

6. Connect the 3478A's LO input to the 4276A's GUARD terminal.

7. Press the ERASE key on the 16064A and set the following comparator limits:

L/C/1Z| LOW LIMIT (BINI): .3
L/C/|Z| HIGH LIMIT (BIN1): .9
D/Q/ESR/G LOW LIMIT: 2
D/Q/ESR/G HIGH LIMIT : 8

8. Connect the 100k standard resistor directly to the 4276A's UNKNOWN
terminals.

9. Press the RUN key on the 16064A's control panel.

10. Verify that the L/C/{Z| LOW and D/Q/ESR/G HIGH lamps light, and that "0"
is displayed on the 4276A's FREQUENCY/DC BIAS DISPLAY.

L/enzy
FREQUENCY / DC BIAS
oW N HIGH KHz
® O O e}
I Hz
LI o
D/Q/ESR/G v
o)
Low IN HIGH BIN NUMBER
O O e

11. Check the states of the comparison data output (TTL) at the HANDLER
INTERFACE connector using the 3478A. The pin assignments and the data
states are shown in Figure 4-9 and Table 4-7.

12. Disconnect the 100k resistor and connect the 1000pF standard capacitor.

13. Verify that the L/C/|Z| HIGH and D/Q/ESR/G LOW lamps light, and that "0"
is displayed on the 4276A's FREQUENCY/DC BIAS DISPLAY.

Lsc/1zi

FREQUENCY 7 DC BIAS
W  IN WiGH KHZ
O 0o e o
Hz
—_— e}
D/Q/ESR/G v
(¢]

BIN NUMBER

14. Check the comparison data output at the HANDLER INTERFACE connector by
comparing it with the Data States shown in Table 4-7.
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15. Press the ERASE key and set the following comparator limits:

L/C/1Z] HIGH LIMIT: BIN1: .9
BIN2: 1.1
BIN3: 1.999%

D/Q/ESR/G HIGH LIMIT: .01

16. Press the RUN key on the 16064A's control panel.

17. Verify that the L/C/|Z | IN and D/Q/ESR/G IN lamps light, and that "2" is
displayed on the 4276A's FREQUENCY/DC BIAS DISPLAY.

Lz
FREQUENCY /7 DC BIAS
W N HIGH KHz
©C & O o
Hz
(o]
D/Q/ESR/G v
(o]
LOW N HIGH BIN NUMBER
O @& O

18. Check the comparison data output at the HANDLER INTERFACE connector by
comparing it with the Data States shown in Table 4-7,

Table 4-7. Handler Interface Qutput Data States

TEST Connector Pin Numbers
STEP | 12345678910 | 19 20 21 22 23 24
11 HHHHHHHHH L H H L L H H
14 HHHHHHHHH L L H HHHL
18 HLHHHHHHHH H L H H L H
H: Approximately 5V
L: Approximately 0V
BI7T 16 ~nevevcccn caeeacwca3 2 |
363534 - - - -2 e m e - 212019

Figure 4-9. Handler Interface Connector Pin Assignments.
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4-25. HP-IB INTERFACE TEST

4-26. This test verifies the instrument's HP-IB capabilities.

HP-85

Figure 4-10. HP-IB Interface Test Setup.

EQUIPMENT:
Personal COMPULET cereesinrestsrererisererisnscsssecnsanessessssssansssensons HP-85
I/O ROM ceieeretersnsacsnrsecsocoscossesessasassserssssssssscessassasassnsossnes HP 00085-15003
ROM DUPEAWED terrceerrscarsstcessesersrcsssassssssssssesssssassossssssssnsoncnne HP 82936A
HP-IB INLEPfaCe «cierrecercrisretancronsonscnsscascssasessassssssasenasassasese HP 82937A
L100PF Standard cecescereerrecerecessenersrereecaseesesecacnerosnisersanconenns HP 16383A
PROCEDURE:

1. Turn off the 4276A and the HP-85.

9. Conneet the 82937A HP-IB Interface between the HP-85 and the 4276A as
shown in Figure 4-8, and install the I/O ROM into the HP-85.

3. Set the 4276A's HP-IB Control switeh, located on the rear panel, as follows:
bits 5-1 : 10001 (175,)
bit 6 : 0
bit 7 : 0

4. Turn on the 4276A and the HP-85.

5. Load one of the three test programs into the personal computer. Test programs
are listed on pages 4-21, 4-23 and 4-25.

6. Execute the program and follow the prompts and instructions output by the
HP-85. Details on the controller’s (personal computer) instructions and the
appropriate operator response are given in Tables 4-8 through 4-10.

4-20
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TEST PROGRAM 1

PURPOSE:

This test verifies that the 4276 A has the following HP-IB capabilities:

(1) Remote/Local Capability
(2) Local Lockout

(3) Talk

Disable

(4) Listen Disable

PROGRAM

10

20

30

49

50

60

70

80

g0

100
110
120
130
140
150
180
170
180
180
200
210
220
230
240
250
Z860
270
280
280
300
310
320
330
340
350
380
370
380
3380
400
410
420
430
440
450
480
470
480
490
500
510
s20
330
S40
350
SBO
S70
S80
530
500

LISTING:

| 4276A HP-IB TEST MNo.1
! REMBTE.-LOCAL TEST
DIM A$ (1]
N=O @ M=7 & M1=717
S=SPOLL (M1}
CLERR
PRINT "x%% 4276R HP-IB TEST No.1
DISP "REMOTE-LOCAL TEST"
REMOTE M
QUTPUT M1 ;nT1w
DISP “LISTEN=1,TALK=0,REMOTE=1"
GOSUB 580
ABORTIO M
DISP "LISTEM=0, TALK=0,REMOTE=1"
GOSUB 580
LOCAL M
DISP "LISTEN=0, TRLK=0,REMOTE =O"
GOSUB 580
REMOTE M1
DISP “LISTEN=1, TALK=0,REMITE=1"
GOSUB 586
LOCAL LOCKAUT M
DISP "PRESS LOCAL KEY"
DISP "LISTEM=1,TALK=0,REMOTE=1"
GOSUB 580
LOCAL M1
DISP "LISTEN=1, TRLK=0,REMOTE =O"
GOSUB 580
REMOTE M1
CUTPUT M1 ;" T1®
DISP “LISTEN=1,TRLK=0,REMOTE=1"
GOSUB 580
IF N=1 THEN 340 ELSE 370
PRINT "REMOTE LOCAL TEST FAIL®
DISP "REMOTE/LGCAL TEST FAIL"
GOTO 330
PRINT "REMOTE-LOCAL TEST PASS"
DISP "REMOTE-LUCAL TEST PASS™
N=G
DISP “LISTEN/TALK TEST"
ENTER M1 ; A
DISP “LISTEM=0,TALK=1,REMOTE=1"
GOSUB 580
BUTPUT M1 ;*Taw
DISP "LISTEN=1,TALK=0,REMITE=1"
GOSUB 580
IF N=1 THEN 480 ELSE S10
PRINT “LISTEN-/TALK TEST FAIL"
DISP "LISTEN,TALK TEST FAILY
GOTO 530
PRINT “LISTEN/TALK TEST PASS"
DISP "LISTEM/TALK TEST PRSS!
PRINT "END"
DISP “END"
CLEAR M
LOCAL M
END
INPUT A
IF A$="N* THEN N=1
RETURN

* €%

4-21
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Table 4-8. Controller Instructions and Operator Responses for Test Program 1

Controller Instructions
Operator Response

Displays Printout

x*x%x 4276A HP-IB TEST NO.1 #xx

REMOTE/LOCAL TEST

LISTEN=1*, TALK=0, REMOTE=1 If the 4276A HP-IB
LISTEN=0, TALK=0, REMOTE=1 Status Indicators
LISTEN=0, TALK=0, REMOTE=0 and Controller
LISTEN=1, TALK=0, REMOTE=1 Display are the

same, press (1,

and (Enb LiNgj, If

not, press (N ,
and (END_LINE] .

PRESS LOCAL KEY Press Local Key.
LISTEN=1, TALK=0, REMOTE=1 1f the 4276A HP-1IB
LISTEN=1, TALK=Q, REMOTE= Status Indicators
LISTEN=1, TALXK=Q, REMOTE=1 and Controller

Display are the

same, press s
and (END LINE) . If
not, press (N,

and (&b Ting).

REMOTE/LOCAL TEST PASS REMOTE/LOCAL TEST PASS If all steps are
correct, this
message is output.

REMOTE/LOCAL TEST FAIL REMOTE/LOCAL TEST FAIL If any step fails,
this message 1is
output.

LISTEN/TALK TEST

LISTEN=Q, TALK=1, REMOTE=1 If the 4276A HP-1B
LISTEN=1, TALK=0, REMOTE=1 Status Indicators
and Controller
Display are the
same, press ,
and (END LINE), If
not, press (¥ ,

and (END_LINE) .

LISTEN/TALK TEST PASS LISTEN/TALK TEST PASS If both steps are
correct, this
message is output.

LISTEN/TALK TEST FAIL LISTEN/TALK TEST FAIL If any step fails,
this message is
output.

END END

4-22

*]1 indicates ON; 0 indicates OFF.
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TEST PROG

PURPOSE:

This test verifies that the 4276 A has the following HP-IB capabilities:

(1) Talker
(2) Device Trigger
PROGRAM LISTING:

10 | 4275A HP-IB TEST No.2
20 | TALKER TEST
30 DIM R$(1001,B$(1]
40 M=7 @ M1=717
SO S=SPOLL (M1}
60 PRINT "x%x 4276A HP-IB TEST No,2 *¥x"
70 CLEAR
80 DISP “TALKER TEST"
30 DISP "CONNECT 1Q0pF"
100 BEEP
110 PRUSE
120 DISP "DATA CUTPUT TEST"
130 REMOTE M
140 ABORTIO M
150 CLEAR 1
160 QUTPUT M1 ;"A2BIF1T2"
170 DISP “TEST FREQUENCY IM kHz ";
180 INPUT F
180 QUTPUT M1 GUFRY G F,VENY
200 TRIGGER M1
210 ENTER M1 : R,B
220 DISP A%1.E£12;"gF",B
230 DISP IS QUTPUT DATR CORRECT (Y or NJ
240 INPUT Bs$
250 IF B$="N' THEN 260 ELSE 290
260 PRINT "DATA QUTPUT TEST FAIL
270 DISP "DATR OUTPUT TEST FAIL"
280 GOTO 310
230 PRINT "DATA QUTPUT TEST PASS"
300 DISP “DATA OUTPUT TEST PASS"
310 DISP "COMPLETE DATAR QUTPUT TEST"
320 TRIGGER M1
330 ENTER M1 ; A3
340 DISP As
350 DISP “IS OUTPUT DATA CORRECT (Y or N)
360 INPUT BS
370 IF B$="N" THEN 380 ELSE 410
380 PRINT "COMPLETE DATR QUTPUT TEST FAIL"
390 DISP “COMPLETE DRTA QUTPUT TEST FRIL-
400 GOTO 430
410 PRINT "COMLPETE DATA QUTRUT TEST PASS
420 DISP "COMPLETE DATR QUTPUT TEST PRSS"
430 PRINT "END"
440 DISP "END*
450 CLEAR M
460 LOCAL M
470 END

RAM 2

)

"o

’
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Table 4-9. Controller Instructions and Operator Responses for Test Program 2

Controller Instructions

Operator Responses
Displays Printout

*+«x 4276A HP-IB TEST No.2 **+

TALKER TEST

CONNECT 100pF Connect the 16383A
(100pF Standard) to the
UNKNOWN terminals.

DATA OUTPUT TEST Key in the desired test

TEST FREQUENCY IN kHz ? frequency value, from
0.1 to 20, and press
CIERITN

{Capacitance] [Dissipation Factor] If the output data is

IS OUTPUT DATA CORRECT (Y or N) ? the same as the values

displayed on each 4276A
display, press ¥ and
Enoume) .  If not, press
N and .

DATA OUTPUT TEST PASS
DATA OQUTPUT TEST FAIL

DATA OUTPUT TEST result.

COMPLETE DATA OUTPUT TEST

PNC[Capacitance] ,ND[Dissipation Factor] If the output data is
IS OQUTPUT DATA CORRECT (Y or N) ? the same as the left
values, press (¥} and

. If not, press
W and (END TikE)

COMPLETE DATA QUTPUT TEST PASS | ~oMpPLETE DATA OUTPUT
COMPLETE DATA QUTPUT TEST FAIL | TEST result.
END

4-24
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PERFORMANCE TESTS

SECTION 1V

TEST PROGRAM 3
PURPOSE:

This test program verifies that the 4276 A has the following HP-IB capabilities:

(1) Service Request
(2) Serial Poll

PROGRAM LISTING:

13 | 4278AR HP-IB TEST No.3

20 ! SRQ TEST

30 S=0 ® M=7 @ M1=717

40 ON INTR ? 30SUB S80

50 CLERR

B0 PRINT "x%x% 4276R HP-IB TEST No.3 %=
70 PRINT "SrRQ TESTH

80 DISP "SRG TEST"

30 REMAOTE ™

100 RBORTIO M

110 CLERR M1

120 DISP "DRTA RERDY SRG TEST"

130 QUTPUT M1 ;" DiT2"

140 TRIGGER M1

150 GOSUB 480

160 PRINT "LATA RERDY SRG TEST PRSS
170 S=0

180 DISP "SYNTAX ERROR SRGQ TEST"

190 QUTPUT M1 ;" DOARBDA"

200 GOSUB 480

210 PRINT "SYNTAX ERROR SRG TEST PASS!
220 S=0

230 DISP "SELF TEST END SRQ TEST"

240 QUTPUT M1 ;" S1v

250 DISP “SELF TEST in progress”

260 GOSUB 480

270 IF BIT(S,2)=0 THEN GOSUB 480

280 QUTPUT M1 ;" SO

290 PRINT “SELF TEST END SRQ TEST PRSS!
300 S=0

310 DISP “TRIGGER TOO FRAST SRQ TEST"
320 DISP "MOMENTARRILY GROUND"

330 DBISP " EXT TRG CONNECTOR"
340 GOSUB S10

350 GOSUB 480

360 PRINT "“TRiZ TOO FAST SRQ TEST PASS"
370 S=0

330 DISP "OPERATIONAL ERROR SRQ TEST®
380 QUTPUT M1 ;" NINZ®

400 GOSUB 480

410 PRINT "OPERATIQONAL ERROR SRQ TEST PASS”
420 PRINT "“SRQ TEST END"

430 CLEAR M1

440 ABORTIO M

450 LOCAL M

480 DISP "END"

470 END

480 ENABLE INTR 7;8

490 IF S>0 THEN DISP S @ RETURM

300 GGTO 480

510 QUTPUT ™Mt ;“F1T2DR"

520 TRIGGER M1t

530 ENTER ™M1 ; A,B

540 IF $=0 THEN S10

550 RETURN

560 S=SPOLL(M1) @ STRTUS 7,1 ; 2

370 IF BIT(S,5)=1 THEN 530

380 DISP "QTHER DEVICE SRQ"

590 EMABLE INTR 7;8

500 RETURN

4-25
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Model 4276A

Table 4-10. Controller Instructions and Operator Responses for Test Program 3

Controller Instr

uctions

Operator Response

Displays Printout
**x%x 4276A HP-IB TEST No.3 *xx
SRQ TEST SRQ TEST
DATA READY SRQ TEST SRQ Status Byte data
65 should be 65

DATA READY SRQ TEST PASS

[=01000001] .

SYNTAX ERROR SRQ TEST
66

SYNTAX ERROR SRQ TEST PASS

SRQ Status Byte data
should be 66
[=01000010].

SELF TEST END SRQ TEST
SELF TEST in progress
68

SELF TEST END SRQ TEST PASS

SRQ Status Byte data
should be 68
[=01000100}. If the
instrument fails SELF
TEST, it should be 84
{=01010100}.

TRIGGER TOO FAST SRQ TEST
MOMIIENTARILY GROUND EXT TRG CONNECTOR
72*

TRG TOO FAST SRQ TEST PASS

Ground EXT TRG
Connector on rear
panel momentarily.
SRQ Status Byte data
should be 72
[=01001000] .

OPERATIONAL ERROR SRQ TEST
80*2

OPERATIONAL ERROR SRQ TEST PASS

SRQ Status Byte data
should be 80
[=01010000] .

SRQ TEST END

*,: SRQ Status Byte data may be
EXT TRG pin to ground.

*,: SRQ Status Byte data may be
the EXT TRG pin to ground.

(8]

73 [=01001001] due to the timing

81 [=01010001] due to the timing

of connecting the

of connecting
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Hewlett-Packard

Model 4276A

LCZ METER Tested by
Serial Number Date
Results
Paragraph TEST .
Number Minimum Actual Maximum
4-9 TEST FREQUENCY ACCURACY TEST
Frequency setting
100Hz 99.99Hz 100.01Hz
200Hz 199.98Hz 200.02Hz
500Hz 499 .95Hz 500.05Hz
1.00kHz 999 .9Hz 1000.1Hz
2.00kHz 1.9998kHz 2.0002kHz
5.00kHz 4.9995kHz 5.0005kHz
10.0kHz 9.999kHz 10.001kHz
20.0kHz 19.998kHz 20.002kHz
4-11 TEST SIGNAL LEVEL ACCURACY TEST
Test Signal Level: HIGH
Vrms Vrms
Frequency 100Hz 0.7 1.3
200Hz 0.7 1.3
500Hz 0.7 1.3
1.00kHz 0.9 1.1
2.00kHz 0.7 1.3
5.00kHz 0.7 1.3
10.0kHz 0.7 1.3
20.0kHz 0.7 1.3
Test Signal Level: LOW
mVrms mVrms
Frequency 100Hz 35 65
1.00kHz 40 60
10.0kHz 35 65
4-13 SELF-OPERATING TEST
SELF TEST #2 100kQ 1/C.V.- .01uS 1/C.V.+ .01us
10k 1/C.v.-  .1uS 1/C.v.+ .1uS
1kQ 1/C.V.-.001mS 1/C.V.+.001mS
1008 1/C.V.- .0ImS 1/C.v.+ .01lmS
19 DISPLAY A C.v. - .02Q C.v. + .020
DISPLAY B - 0.012Q 0.012%
i
1/C.V. = Reciprocal of Calibrated Value C.V. = Calibrated Value
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SECTION 1V
PERFORMANCE TEST RECORD
garigraph TEST Results
Number Minimum Actual Maximum
4-13 SELF-OPERATING TEST (Cont'd)
1.00kHz
SELF TEST #8 DISPLAY A 0.0017 0.0023
DISPLAY B -0.0023 -0.0017
SELF TEST #9 DISPLAY A -0.0020 0.0020
DISPLAY B -0.0013 0.0013
SELF TEST #12 DISPLAY A -0.0012 0.0012
DISPLAY B -0,0020 0.0020
SELF TEST #13 DISPLAY A -0.0012 0.0012
DISPLAY B -0.0020 0.0020
SELF TEST #14 DISPLAY A -0.0024 0.0024
DISPLAY B -0.0020 0.0020
SELF TEST #15 DISPLAY A -0.0048 0.0048
DISPLAY B -0.0020 0.0020
20.0kHz
SELF TEST #9 DISPLAY A -0.0080 0.0080
DISPLAY B -0.0052 0.0052
SELF TEST #12 DISPLAY A -0.0048 0.0048
DISPLAY B -0.0043 0.0043
SELF TEST #13 DISPLAY A -0.0048 0.0048
DISPLAY B -0.0043 0.0043
SELF TEST #14 DISPLAY A -0.0096 0.0096
DISPLAY B -0.0036 0.0036
SELF TEST #15 DISPLAY A -0.0192 0.0192
DISPLAY B -0.0360 0.0360
4-15 CAPACITANCE ACCURACY TEST
10pF Range
Speed: MED
Level: HIGH
9.95kHz C.V. - .1l6pF C.Vv. + .l6pF
- .010 .010
10.0kHz C.V. - .lépF C.V. + .l6pF
- .010 .010
20.0kHz C.V. - .24pF C.V. + .24pF
- .012 .012

ii

C.V. = Calibrated Value
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PERFORMANCE TEST RECORD
Results
Paragraph TEST
Number Minimum Actual Maximum
4-15 CAPACITANCE ACCURACY TEST {(Cont'd)
100pF Range
Speed: MED
Level: HIGH
995Hz C C.V. - .6pF C.V. + .6pF
D - .004 .004
1.00kHz C C.V. - .35pF C.V. + .35pF
D - .0035 .0035
1.99kHz C C.V. - .65pF C.V. + .65pF
D - .0065 0065
4.98kHz C C.V., - .25pF C.V. + .25pF
D - .0017 L0017
9.95kHz C C.V. - .70pF C.V. + .70pF
D - .0046 0046
10.0kHz C C.V. - .70pF C.Vv. + 70pF
D - .0046 0046
20.0kHz C C.V. - 2.20pF C.V. + 2.,20pF
D - .0140 0140
1000pF Range
Speed: MED
Level: HIGH
100Hz C C.V. - 5.0pF C.V. + 5.0pF
D - .0050 .0050
120Hz C C.V. - 5.0pF C.V. + 5.0pF
D - .0050 .0050
199Hz C C.V. - 6.5pF C.V. + 6.5pF
D - .0065 .0065
498Hz C C.V. - 2.5pF C.V. + 2.5pF
D - .0017 L0017
995Hz C C.V. - 2.5pF C.V. + 2.5pF
D - .0017 .0017
1.00kHz C C.V. - 1.5pF C.V. + 1.5pF
D - .0011 .0011
1.99kHz C C.V. - 2.5pF C.V. + 2.5pF
D - .0017 .0017
4.98kHz C C.V. - 2.5pF C.V. + 2.5pF
D - .0017 .0017
9.95kHz C C.V. - 7.0pF C.V. + 7.0pF
D - .0046 .0046

C.V. = Calibrated Value

iil
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Paragraph Results
Number TEST .. -
um Minimum Actual Maximum
4-15 CAPACITANCE ACCURACY TEST (Cont'd)
10.0kHz C C.Vv. - 7.0pF C.Vv. + 7.0pF
D - .0046 .0046
20.0kHz C C.V. - 11.0pF C.V. + 11.0pF
D - .0070 .0070
1000pF Range
Speed: SLOW
Level: HIGH
100Hz C C.V. - 5.0pF C.V. + 5.0pF
D - .0050 .0050
1.00kHz C C.V. - 1.5pF C.V. + 1.5pF
D - .0011 L0011
10.0kHz C C.V. - 7.0pF C.Vv. + 7.0pF
D - .0046 .0046
1000pF Range
Speed: FAST
Level: HIGH
100Hz C C.V. - 10pF C.V. + 10pF
D - .010 .010
1.00kHz C C.V. - 6pF C.V. + 6pF
D - .006 .006
10.0kHz C C.V. - 16pF C.V. + 16pF
D - .014 .014
1000pF Range
Level: LOW
Speed: MED  1.00kHz C C.v. - 12pF C.V. + 12pF
D - .011 .011
Speed: FAST 1.00kHz C C.V. - 100pF C.V. + 100pF
D - .100 .100
Speed: MED  10.0kHz C C.V. - 32pF C.V. + 32pF
D - .027 .027
1000pF Range
HIGH SPEED C
Speed: MED
Level: HIGH 1.00kHz C.V. - 1.5pF C.V. + 1.5pF
Level: LOW 1.00kHz C.v. - 12pF C.V. + 12pF
Level: HIGH 10.0kHz C.v. - 7.0pF C.v. + 7.0pF

C.V. = Calibrated Value

iv
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Paragraph Results
Numbex Minimum Actual Maximum
4-17 IMPEDANCE ACCURACY TEST
100m2 Range 100Hz ] - 1.2° 1.2°
120Hz 6 - 1.2° 1.2°
1.00kHz 6 - 1.2° 1.2°
10.0kHz 8 - 2.2° 2.2°
1Q Range 100Hz 8 - .7° .7°
120Hz 6 - .7° 7°
1.00kHz 9 - .7° .7°
10.0kHz 0 - 1.2° 1.2°
109 Range 100Hz B - .35° 35°
120Hz 6 - .35° 35°
1.00kHz 8 - .35° 35°
10.0kHz 9 - .65° .65°
1002 Range 100Hz  |Z| C.V. - .15Q C.V. + .150
8 - .15° .15°
120Hz  |Z] C.V. - .15Q C.V. + .15Q
6 - .15° 15°
1.00kHz  |Z| C.V. - .15Q C.V. + .15Q
G - .15° 15°
10.0kHz  |Z| C.V. - .25 C.V. + .25Q
8 - .25° .25°
1kQ Range 100Hz  |Z] C.V. - 69 C.V. + 6Q
5 - .6° 6°
120Hz  |Z] C.V. - 6Q C.V. + 6Q
6 - .6° .6°
1.00kHz  |Z| C.V. - 68 C.V. + 6Q
6 - .6° .6°
10.0kHz  |Z] C.v. - 109 C.v. + 109
8 - 1.0° 1.0°
10kQ Range 100Hz | Z] C.V. - .06kQ C.V. + .06kD
5 - .6° .6°
120Hz  |Z] C.V. - .06kQ C.V. + .06k
9 - .6° .6°
C.V. = Calibrated Value
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PERFORMANCE TEST RECORD
iar;graph TEST Results
Aumper Minimum Actual Maximum
4-17 IMPEDANCE ACCURACY TEST (Cont'd)
1.00kHz  |Z] C.V. - .06kQ C.V. + .06k
G - .6° .6°
10.0kHz | Z] C.V. - .1kQ C.V. + .1kQ
8 - 1.0° 1.0°
100k Range 100Hz lz] C.V. - .6kQ C.V. + .6k
8 - .6° .6°
120Hz | Z| C.V. - .6kQ C.V. + .6k
- .6° .6°
1.00kHz  |Z] C.V. - .6kQ C.V. + .6k
8 - .6° .6°
10.0kHz | Z| C.V. - 1kQ C.V. + 1k
0 - 1.0° 1.0°
4-19 INDUCTANCE ACCURACY TEST
Frequency: 1.00kHz
Speed: MED
Level: HIGH
DISPLAY A - 25.51 - 25.15
DISPLAY B - .012 .012
4-21 INTERNAL DC BIAS ACCURACY TEST
(OPTION 001 ONLY)
Precharge + 40V Wait: 1l0sec.
.oov Wait: 30sec. - .01V .01V
+ .01V Wait: 20sec. ov .02V
+ 9,99V Wait: 1l0sec. 9.95Vv 10.03V
+ 10.0V Wait: lOsec. 9.015V 10.85V
+ 40.0V Wait: 15sec. 39.76V 40.24V
- .01V Wait: 30sec. - .o2v ov
- 9.99v Wait: lOsec. - 10.1V - 9.88Vv
- 10.0V Wait: lOsec. - 10.135V - 9.865V
- 40.0V Wait: l5sec. - 40.44V - 39.56V

vi

= Calibrated Value
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Table 5-1. Adjustable Components (Sheet 1 of 2)

\

Reference Designator

Name of Control

Purpose

(Para. 5-22)

Al R3 Sets the reset voltage level.
(Para. 5-18)

A2 R1 OSC/LEVEL Sets the test signal level.
(Para. 5-19)

A2 R4 10K/MAG Fine adjustment for range resistor.

A2 RS 1K/MAG

A2 R6 100/MAG

A2 R7 100K/MAG
(Para. 5-24)

AZ R13 ER/OFS Eliminates dc offset voltage from Err
(Para. 5-20) buffer amplifier.

A2 R14 LF TRK Compensates for phase offset between the
(Para. 5-23) Epyrand Egrr buffer amplifiers.

A2 R15 ED/OFS Eliminates dc offset voltage from the
(Para. 5-20) Epurbuffer amplifier.

A2 R16 LC/OFS Eliminates dc offset voltage from the
(Para. 5-20) I/V amplifier.

A2 R17 DIF/OFS Eliminates dc offset voltage from the
(Para. 5-20) differential amplifier and the process

amplifier.

A2 R2S AM1/0FS Eliminates dc offset voltage from the
(Para. 5-20) AM1 amplifier.

A2 R26 AF 1/2 Sets AM/AF attenuation.

A2 RZ27 AF 1/5

A2 R35 AM 1/10
(Para. 5-22)

AZ R39 AF/QFS Eliminates dc¢ offset voltage from the
(Para. 5-20) AF amplifier.

A2 R40 AM2/0FS Eliminates dc offset voltage from the
(Para. 5-20) AM2 amplifier.

A2 R99 ZERO Sets the zero detect voltage level.

A2 R100 ZERO SHIFT
(Para. 5-21)

A2 C2 10K/PH Eliminates range resistor phase offset.

C3 100K/PH

(Para. 5-25)

A2 C7 HF TRK Compensates for phase offset between the
(Para. 5-23) Epvrand Err buffer amplifiers.

A2 C12 PH 1/2 Eliminates AM/AF attenuator phase offset.

A2 C13 PH 1/5

A2 C18 PH 1/10
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Table 5-1. Adjustable Components

(Sheet 2 of 2)

Model 4276A

Reference Designator

Name of Control

Purpose

A4 R14
(Para. 5-17)
(Para. 5-18)

V-ADJ

Sets power supply voltage.

A4 R15
(Para. 5-17)

F-ADJ

Sets power supply switching frequency.

A22 R6

A22 R7

A22 R8
(Para. 5-26)

ZERO
FS

Eliminates bias voltage offset and gain
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SECTION V
ADJUSTMENTS

5-1. INTRODUCTION

5-2. This section describes the adjustments
and checks required to return the 4276A to the
specifications listed in Table 1-1 after repairs
have been made. These adjustments and checks
can also be performed along with periodic
maintenance to keep the instrument in optimum
operating condition. The recommended
adjustment cycle for the 4276A is twice a year.
All adjustable components referred to in the
adjustment procedures are listed in Table 5-1. If
proper performance cannot be achieved after
adjustment, refer to the troubleshooting
procedures described in Seetion VIIL.

Note

All options that the instrument is
normally equipped with must be
installed  before the  adjustments
described in this section are made. If
the options are installed after the
instrument is adjusted, the
specifications listed in Table 1-1 are
not guaranteed.

Note

To ensure proper results and correct
instrument operation, Hewlett- Packard
suggests a 30-minute warm-up and
stabilization period before performing
any of the adjustments deseribed here.

5-3. SAFETY REQUIREMENTS

5-4. Although the 4276A was designed in
accordance with international safety standards,
this manual contains information, cautions, and
warnings which must be followed to ensure
operator safety and to keep the instrument in a
safe and serviceable condition. Adjustments
described in this section should be performed by
qualified service personnel only.

WARNING

ANY INTERRUPTION OF THE
PROTECTIVE (GROUNDED) CON-
DUCTOR (INSIDE OR OUTSIDE THE
INSTRUMENT) OR DISCONNECTION
OF THE PROTECTIVE EARTH
TERMINAL IS LIKELY TO MAKE THE

INSTRUMENT DANGEROUS. INTEN-
TIONAL INTERRUPTION, FOR ANY
REASON, IS PROHIBITED.

5-5. The removal or opening of covers for
removal or adjustment of parts, other than those
which are accessible by hand, will expose live
parts.

5-6. Capacitors in the instrument may still be
charged even if the instrument has been
disconnected from the power source (AC line)
for an extended period of time.

WARNING

ADJUSTMENTS DESCRIBED IN THIS
SECTION ARE PERFORMED WITH
POWER SUPPLIED AND PROTECTIVE
COVERS REMOVED. ENERGY EXIST-
ING AT MANY POINTS MAY, IF
CONTACTED, RESULT IN SERIOUS
PERSONAL INJURY.

5-7. EQUIPMENT REQUIRED

5-8. All the equipment required to perform
the adjustments described in this section are
listed in Table 4-1 on page 4-0. Each piece of
equipment listed in Table 4-1 should be
calibrated to satisfy its own specifications, as
well as those of the required characteristies. If
the recommended model is not available, any
instrument whose specifications equal or surpass
those of the recommended model may be used
instead.

5-3. FACTORY SELECTED COMPONENTS

5-10. Factory selected components are
identifiable by an asterisk (*) adjacent to the
reference designator on the schematic diagrams
in Section VII (only nominal values are given).
Table 5-2 lists the reference designators of all
factory selected components., Also listed in
Table 5-2 are the nominal value range of each
component and a brief deseription of how each
component affects instrument performance.

Adjustable components, with reference
designators, are listed in Table 5-i. This table
also lists the name of the adjustment and its
purpose.
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5-11. ADJUSTMENT RELATIONSHIPS

5-12. The adjustment procedures described in
this section, beginning with paragraph 5-17, are
interactive and therefore should be performed in
the sequence given. Ignoring or changing the
order of the procedures may make it impossible
to obtain optimum instrument performance.
Table 5-3 lists the necessary adjustment
procedures to follow after the instrument has
been repaired.

5-13. ADJUSTMENT LOCATIONS

5-14. To help locate the appropriate adjustment
points, the locations of the components to be
adjusted are  illustrated throughout  the
adjustment procedures. The locations of factory
selected components, connectors, and other
components related to the adjustments are
shown in the individual board assembly-
component illustrations (fold-out service sheets)
in Section VIIL

5-15. INITIAL OPERATING PROCEDURE

5-16. Before proceeding with the adjustments
described starting in paragraph 5-17, perform
the following preliminary procedure. This
procedure provides access to the various
adjustment points and facilitates a
thoroughgoing adjustment.

[BASIC OPERATING CHECK]

Check that the instrument's line voltage selector
switeh, located on the rear panel, is set to the
position appropriate for the local line voltage.
This should be performed before proceeding with
any of the adjustments.

After the recommended 30-minute warm-up
period, the instrument should pass the SELF
TEST (no error message should appear). If the
instrument displays an error message or does not
have the correct control settings, refer to the
troubleshooting procedures given in Seetion VIII.

[TOP COVER REMOVAL]
a. Fully loosen the top-cover retaining
screw located at the rear of the top

cover.

b. Slide the top cover towards the rear
and lift off.

5-2

Model 4276A

WARNING

DC VOLTAGES—MAXIMUM #16V—
ARE PRESENT AT TEST POINTS ON
THE Al, A2, AND A4 BOARDS. AS A

SAFETY PRECAUTION AGAINST
POSSIBLE ELECTRICAL SHOCK
HAZARDS AND RESULTANT

INJURY, USE INSULATED TOOLS
FOR ALL ADJUSTMENTS.

a)

b)

e)

a)

b)

)

d)

Note
To select a numbered SELF TEST:

Press the SELF TEST key and the
FREQUENCY/DC BIAS Select key
in order.

The number displayed on the
FREQUENCY/DC BIAS DISPLAY
is the SELF TEST number.

The SELF TEST number can be
changed by pressing the
FREQUENCY/ DC BIAS Step
Control Key.

To obtain initial control settings
(erase continuous memory):

Turn off the instrument.

Press and hold both FREQUENCY/
DC BIAS Step Control keys (&
and &).

Turn on the instrument.
Release both FREQUENCY/DC

BIAS Step Control Keys after the
displays appears.
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Table 5-2. Factory Selected Components

Reference Nominal Value Range Effect on Performance
Designator
A2 RS58 HP P/N: 0757-0278 , R: FXD 1.78k{ Changes test signal level. If
(Para. 5-19) »HP P/N: 0698-0084 , R: FXD 2.15k{ signal level is too high, use
HP P/N: 0698-0085 , R: FXD 2.61k{Q more resistance;
if too low, use less resistance.
A2 C72 »HP P/N: 0160-5597 , C: FXD 5pF Compensates for junction capaci-
(Para. 5-21) HP P/N: 0160-5593 , C: FXD 12pF tance of FET switch. If [DISP A]
<72, remove C72;
if [DISP A}>88, use more capaci-
tance.

A2 C14 HP P/N: 0140-C191 , C: FXD 56pF Eliminates phase offset in the AF
(Para. 5-22) »HP P/N: 0160-2202 , C: FXD 75pF attenuator. If [DISP B]<-4, use
HP P/N: 0160-2204 , C: FXD 100pF more capacitance;

HP P/N: 0140-0196 , C: FXD 150pF if [DISP B]>+4, use less capaci-
tance.

A2 C15 HP P/N: 0160-4794 , C: FXD 5.6pF Eliminates phase offset in the AF
(Para 5-22) »HP P/N: 0160-4789 , C: FXD 15pF attenuator. If [DISP B]<-4, use
HP P/N: 0160-4787 , C: FXD 22pF more capacitance;

if [DISP B]>+4, use less capaci-
tance.
A2 C16 HP P/N: 0160-2204 , C: FXD 100pF Eliminates phase offset in the AMZ
(Para 5-22) » HP P/N: 0140-0196 , C: FXD 150pF attenuator, If [DISP B]<-4, use
HP P/N: 0140-0198 , C: FXD 200pF less capacitance;
if [DISP B]>+4, use more capaci-
tance.
A2 R93 HP P/N: 0757-0463 , R: FXD 82.5kQ Compensates for buffer
(Para. 5-23) »HP P/N: 0757-0464 , R: FXD 90.9k amplifier phase offset. If
HP P/N: 0757-0465 , R: FXD 100kQ [DISP B]<-1, use more resistance;
if [DISP B]>+1l, use less resist-
ance.
A2 C55 HP P/N: 0160-4806 , C: FXD 39pF Compensates for buffer
(Para. 5-23) »HP P/N: 0160-4803 , C: FXD 68pF amplifier phase offset. If
HP P/N: 0160-4801 , C: FXD 100pF [DISP Bl<-1, use more capacitance;
if [DISP B]>+1, use less capaci-
tance.
A2 C5 HP P/N: 0160-4795 , C: FXD 4.7pF Eliminates phase offset of range
{(Para. 5-25) »HP P/N: 0160-4788 , C: FXD 18pF resistor. If [DISP B]<-2, use
HP P/N: 0160-4786 , C: FXD 27pF less capacitance;
HP P/N: 0160-4806 , C: FXD 39pF if [DISP B]>+2, use more capaci-
HP P/N: (160-4804 , C: FXD 56pF tance.
A2 C4 HP P/N: 0160-4795 , C: FXD 4.7pF Eliminates phase offset of range
(Para. 5-25) »HP P/N: 0160-4791 , C: FXD 10pF resistor. If [DISP B]<-2, use
HP P/N: 0160-4789 , C: FXD 15pF less capacitance;
HP P/N: 0160-4787 , C: FXD 22pF if [DISP B]>+2, use more capaci-
tance.
Note: P indicates the component usually used.

5-3
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Table 5-3. Adjustment Requirements
Assembly Repaired or Replaced Required Adjustments
Al (04276-66501) Para. 5-17 and 5-18
A2 (04276-66502) Para. 5-19 through 5-25
A4 (04276-66504) Para. 5-17 and 5-18
A5 (04276-66505) None
A6 (04276-66506) None
A21 (04276-66521) None
A22 (04276-66522) Para. 5-17, 5-18 and 5-26 (only if
A22 is added or removed)
16064A A2 (16064-66502) Para. 5-17 and 5-18 (only if 16064 A
A2 is added or removed)

5-4
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5-17. A4 POWER SUPPLY ADJUSTMENT
PURPOSE:
Adjusts the output voltages and the switching frequency of the switching power supply.

Dual Banana Plug
to Alligator Clip Cable BNC to Alligator Clip Cable

4276A ‘)-] ﬁl

=

34784 i 53144

C— o
I — P
a oooocoan

ocrooooo ao

wwhigso | |

|

Figure 5-1. A4 Power Supply Adjustment Setup.

EQUIPMENT:
Digital VOItMEter ccciiereetiinsiaiiatntiesnnnenanneniannseans HP 3478A
Frequency COUNTEr siiiievereensesieestusseensenseesscersnsesnss HP 5314A
BNC-to-Alligator Clip Cable ..iicieceerensensenssenennneas HP 11000A
Dual Banana Plug-to-Alligator Clip Cable ............ HP 11002
PROCEDURE:

1. Connect the 3478A HI and LOW inputs to A4TP1 (+5V DIG) and A4TP2 (DIG GND),
r;ipectively, with the dual banana plug-to-alligator elip cable as shown in Figure

2. Set the 3478A function to DCV.

3. Turn on the 4276A.

4, Adjust A4R14 (V-ADJ) until the reading on the 3478A is +5.10V+0.01V.

5. Connect the 3478A LOW input to A4TP10 (GND).

6. Verify that the voltages at A4TP5 (+16V)/TP6(-16V)/TP7(+8V) are within test limits
in the table below:

Test Point Test Limits
A4TPS (+16V) +15V to +17V
A4TP6 (-16V) -15V to -17V
A4TP7 (+8V) +8V to +10V

7. Connect the 5314A to A4TP9 (DIG PWM) and A4TPl10 (GND) with a
BN C-to-alligator clip cable as shown in Figure 5-1.

8. Adjust A4R15 (F-ADJ) until the reading on the 5314A is 21kHz+0.1kHz.
Note

If necessary, adjust the trigger level on the 5314A.
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s-18. A1 RESET VOLTAGE ADJUSTMENT
PURPOSE:
Adjusts the threshold voltage for instrument reset to +4.80V.
Note

Perform the adjustment described in paragraph 5-17 before performing this
adjustment.

Dua! Banana Plug to Ailigator Clip Cable

i l 4276 A
[<] 3

3478A

(C—

a a0ooLooo
[=i=l=laislwie]

Figure 5-2. Al Reset Voltage Adjustment Setup.

EQUIPMENT:
Digital VOItMELEr cirverecarsisrcnsscoscesiassssssansesssosonnsas HP 3478A
Dual Banana Plug-to-Alligator Clip Cable............. HP 11002A
PROCEDURE:

1. Connect the HI and LOW inputs of the 3478A to AITP1 and the negative lead of
15%_12(310, respectively, with a dual banana-to-alligator clip cable as shown in Figure

2. Set the 3478A funection to DCV.

3. Turn on the 4276A.

4, Adjust AIR3 fully CCW,

5. Adjust A4R14 (V-ADJ) until the reading on the 3478A is +4.80V+0.02V.

6. Gradually adjust A1R3 CW until the 4276A display lamps go on and off.

R3
Clo ‘ /TP| Al Board
Neqotive\ ﬂ 4
Lead
™S
— e | e —~
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[Reset Voltage Level Check]
7. Adjust A4R14 (V-ADJ) until the reading on the 3478A is +5V.

8. Gradually adjust A4R14 (V-ADJ) until the reading on the 3478A is +4.83V. Verify
that the 4276 A display lamps have not gone off.

9. Gradually adjust A4R14 (V-ADJ) until the reading on the 3478A is +4.77V. Verify
that the 4276 A display lamps have gone on and off.

10. If the state of display lamps is different from the state described in steps 8. and 9.,
repeat steps 3. through 9.

11. Adjust A4R14 (V-ADJ) until the reading on the 3478A is +5.10V+0.02V.
Note
When the Comparator/Handler Interface board assembly (HP P/N 16064-66502)

has been installed, connect the model 16064A to the connector on the rear panel
before making this adjustment.

5-19. A2 TEST SIGNAL LEVEL ADJUSTMENT
PURPOSE:

Adjusts the test signal level.

3478A
————
(— [
—_ e ——
o ocooocoo |

conaooa 00|

BNC 1o Duol Banano Plug Cabie
Figure 5-3. A2 Test Signal Level Adjustment Setup.

EQUIPMENT:
Digital VOItMELer .iciceisccecisisicontnenecncsecsnasosnancas HP 3478A
BNC-to~Dual Banana Plug Cable ...cccccvecicirieenenanes HP 11000A
PROCEDURE:

1. Connect the 3478A to the 4276A Hcur terminal with a BNC-to dual banana plug
cable, as shown in Figure 5-3.

2. Set the 3478A function to ACV.

3. Turn on the 4276A and set the controls as follows:

DISPLAY A/B fUNCLIONS ectesanrecercroncacascencerancccnce C-ESR/G
TEST FPEGUENCY eeerrrnrurernecancnrormsnserssssaessosnosssonne 1.00kHz

DC BIAS ciiiveseresrecssesencssosssassasessasssocsasesssosssscssse OFF

LC | Z | RANGE titeececeacascssorsvccscsarssssasosarasccassess 100nF

TEST SIG LEVEL soieceeetecectesiscessserssscnsosacssonsansens HIGH

Other CONIrolS .iieieiiirerecncecnenimecsiineneieotesectasionees Any Settings
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4. Adjust A2R1 (OSC/LEVEL) until the reading on the 3478A is 1Vrms £10mVrms.

5. Set the test signal level to LOW, and verify that the reading on the 3478A is

50mVrms #10mVrms.
R1 OSC/LEVEL

A2 Board

R58

L"ﬁ S e B gL |

Note

If this adjustment cannot be performed successfully, replace A2R58 in
accordance with the instructions given in Table 5-2.

5-20. A2 DC OFFSET ADJUSTMENT

PURPOSE:

Eliminates residual de offset voltages from amplifier output voitages on the A2 board.
Dual Banang Plug to Alligator Clip Cable

4276A

b

3478A

[C—] Sﬂm

o ocoooooo
noooona a

Figure 5-4. A2 DC Offset Adjustment Setup.

EQUIPMENT:
Digital VOILMEer .cccoccciseececsssssreesrencissmecananaes HP 3478A
TerminAtionS cceeecesccasscessrassossacssessassassersonasecnse OPEN HP 16074 A

SHORT Standard Resistor Set

Dual Banana Plug-to-Alligator Clip Cable ........ HP 11002A

PROCEDURE:

1. Connect the 4276A's Lcur and Lpor terminals to each other with a BNC-to-BNC

cable.

[Differential Amplifier and Process Amplifier DC Offset Adjustment]

2. Connect the 3478A HI and LOW inputs to A2TP7 (PD/IN) and A2TP4 (GND),
respectively, as shown in Figure 5-4.

3. Set the 3478A function to DCV.
4. Turn on the 4276A.
5. Set the 4276A to SELF TEST 16. (Refer paragraph 5-15 for the procedure.)

6. Adjust A2R17 (DIF/OFS) until the reading on the 3478A is 0V+0.2mV.
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[AM-1 Amplifier DC Offset Adjustment]
7. Connect the 3478A HI input to A2TP8 (AM1).
8. Adjust A2R25 (AM1/OFS) until the reading on the 3478A is 0V+0.5mV.
[AF Amplifier DC Offset Adjustment]
9. Connect the 3478A HIinput to A2TP9 (AF).
10. Adjust A2R39 (AF/OFS) until the reading on the 3478A is 0V+1mV.
[AM-2 Amplifier DC Offset Adjustment]
11. Connect the 3478A HI input to A2TP10 (PD/IN).
12. Adjust A2R40 (AM2 OFS) until the reading on the 3478A is 0V+5mV.
[I/V Amplifier DC Offset Adjustment]
13. Set the 4276A to SELF TEST 17. (Refer to paragraph 5-15 for the procedure.)
14. Connect the 3478A HI input to A2TP5 (I/V OUT).
15. Adjust A2R16 (LC/OFS) until the reading on the 3478A is 0V+0.5mV.
[Err Buffer Amplifier DC Offset Adjustment]
16. Connect the 3478A HI input to A2TP7 (VRD/IN).
17. Adjust A2R13 (ER/OFS) until the reading on the 3478A is 0V+0.2mV.
[Heor Buffer Amplifier DC Offset Adjustment]
18. Set the 4276A to SELF TEST 18. (Refer to paragraph 5-15 for the procedure.)
19. Adjust A2R15 (ED/OFS) until the reading on the 3478A is 0V+0.2mV.
20. Press the SELF TEST key to release the self test mode.
Procedure sin TEST Digital Voltmeter Inputs Adjustment Limit
Number U1 LO Component
(1) 16 A2TP7 (VRD/IN) A2TP4 (GND) A2R17 (DIF/QFS) 0£0.2mV
(2) 16 A2TPS (AM1) A2TP4 (GND) A2R25 (AM1/0OFS) 020.5mV
(3) 16 A2TP9 (AF) A2TP4 (GND) A2R39 (AF/OFS) 0zlmV
(4) 16 A2TP10 (PD/IN) A2TP4 (GND) A2R40 (AM2 OFS) 0£5mV
(3) 17 A2TPS (IV QUT) A2TP4 (GND) A2R16 (LC/OFS) 020.5nV
(6) 17 A2TP7 (VRD IN) A2TP4 {CND) A2R13 (ER/OFS) 0=0.2mV
(7) 18 AZTP7 (VRD IN) AZTP4 (GND) A2R15 (ED/QFS) 0x0.2mV
Note
Use a BNC-to-BNC coaxial cable to interconneet the Lcur and Leor

UNKNOWN terminals.
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[[DC Offset Check]]
[SHORT Offset Cheek]

1. Set the 4276A's controls as follows:

DISPLAY A/B fUNCLIONS wiererrerercrecroccecscrcscenenesnas {Z1] -8
TeSt FTE@QUENCY sireercacsreentessoroncecsasscnssscscesnsensssane 1.00kHz

DC BIAS rieieiiiiiiriiiinitecisretecnentsesasnsssscsnssssocnsns OFF

LC | Z| RANGE .ciiieiiecierioivsnsiressesrssssrsssesssescsosse 100m¢Q
MEAS SPEED  ceittiiciuersceriercrasscsssasscsanssanssssssanseses MED
TRIGGER siiiciriietetariinrcnreretccrensosssaansecsacerssacenes INT

Other COoNntrolS .iciceiesseecessssssesesssnsssrsesscscassercrssass Any Settings

2. Connect the 3478A HI and LOW inputs to A2TP10 (PD/IN) and A2TP4 (GND),
respectively, with a dual banana plug-to-alligator clip cable.

3. Set the 4276A to SELF TEST 23. (Refer to paragraph 5-15 for the procedure.)
4. Press the MAN/EXT key on the front-panel once.
5. Connect the SHORT termination to the UNKNOWN terminals.

6. Verify that the reading on the 3478A is 0mV+100mV.

[OPEN Offset Check]
7. Press the SELF TEST key to release the self test mode.

8. Set the 4276A's controls as follows:

DISPLAY A/B fUNCLIONS .uveeeeeeeerecseccescsesserescennns C-D

TeSt FrEQUENCY  .uvivereeneeccenccssocsssnosnaccessencecncscnsnne 5.00kHz
DC BIAS | eeieveeereeceecreecaccccssssessnansencsscsessennnns OFF

CKT MODE |..ocreeeterrencerecacesoreccsosesesesscncsansesasss Any Setting
LCHZ | RANGE .iirirrrierererreressosassnsesseronsonsanees 10pF

MEAS SPEED ..eiiereeieeeeececrencscnsessecsesasenesenssannns MED

TEST SIG LEVEL cueireerceccecessanecensacesscenssnescccsenas LOW
TRIGGER cevteeitinrrieireeresencosserasesrecesosesssenesssssssanne INT

9. Set the 4276A to SELF TEST 23.
10. Press MAN/EXT key on the front-panel once.
11. Connect the OPEN termination to the UNKNOWN terminals.

12. Verify that the reading on the 3478A is 0mV+100mV.

Note

If the SHORT and OPEN Offset checks cannot be performed successfully, repeat
steps | throgh 20 of the main procedure.
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5-21. A2 ADC ZERO ADJUSTMENT
PURPOSE:

Eliminates residual de offset voltage from the integrator output.

Figure 5-5. A2 ADC Zero Adjustment Setup.
Note
DO NOT extend A2 board assembly in this adjustment.

EQUIPMENT:

Termination ueviieecciecsierieerenicsenseserenneseeensceseennnns OPEN: HP 16074A
PROCEDURE:
1. Turn on the 4276A.

2. Connect the OPEN termination of the 16074A directly to the UNKNOWN
terminals.

3. Set the 4276A's controls as follows :

Test Frequency ceeveiieniimimimicirnicceeeeeeennneennnon, 1.00kHz
DC BIAS ceenrtimtiiiitiierrrris eren e seene e s e OFF
MEAS SPEED teeeeiiiiumeiieiiniionnennncecrnennnnnsennnns. MED
TEST SIG LEVEL teveeeettmmtrruvniraeeereieenneeeenneneonnnn. HIGH
TRIGGER eeteetiiiiiiiiiiiininieniitnnitennieeeese e s INT

Other CONLIOLS sesetresceremmmuiniienrreeurieenennesensnnnnn. Any setting

4. Set the 4276A to SELF TEST 8. (Refer to paragraph 5-15 for the procedure.)
5. Set A2R100 (ZERO SHIFT) at the midway point.

6. Adjust A2R99 (ZERO) until [A] equals - [B].

Note

[A] and [B] are defined as the values displayed on DISPLAY A and DISPLAY B,
respectively.

7. Adjust A2R100 (ZERO SHIFT) until
[A} =20 counts+1 count and  [B] = -20 counts#1 count.
8. Set the measurement speed mode to FAST. Verify that

[A] = 80 counts+8 count and [B] = -80 counts+8 counts.

5-11
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R99 ZERO
RIOO ZERO SHIFT
A2 Board \
ba
| C72
\l‘
- | g B i
Note

If the test in step 8 cannot be performed successfully, replace A2CT72 in
accordance with the instructions given in Table 5-2.

5-22.

A2 AM/AF ATTENUATOR ADJUSTMENT

PURPOSE:

Adjusts the attenuation and phase of the attenuators in the AM and AF circuits.

Figure 5-6. A2 AM/AF Attenuator Adjustment Setup.

EQUIPMENT:

Termination

PROCEDURE:

l.

............................................ OPEN: HP 16074A

Connect the OPEN termination of the 16074A directly to the UNKNOWN

terminals.
2. Turn on the 4276A.

3. Set the 4276A's controls as follows:

TeSt FTEQUENCY ....cceeeeerererercansecsceseosesseassoseensenss 1.00kHz

DC BIAS | eveevereecneceecscecsasasssessasssensensssesensens OFF

MEAS SPEED |...couceieeencencarrececnsensossersesesssaresaasnas’ SLOW

TEST SIG LEVEL |....utieerereencirerenencsannseneereensnsennes HIGH
TRIGGER ... .ieeirireeneeirecseerereecrerenssnsenssnssasssnsene INT

Other CONIOlS .. iiieeieerrrerecercesnenceeseencsnerensesnsens Any settings
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[AF 1/2 Attenuator Adjustment]
4. Set the 4276A to SELF TEST 12. (Refer to paragraph 5-15 for the procedure.)

5. Adjust A2R26 (AF 1/2) until [A]is 0 counts:4 counts. Verify that [B] is 0 count+10
counts.

Note

[A] and [B] are defined as the values displayed on DISPLAY A and DISPLAY B,
respectively.

[AF 1/5 Atteunator Adjustment]
6. Set the 4276A to SELF TEST 13.

7. Adjust A2R27 (AF 1/5) until [A] is 0 counts:4 counts. Verify that [B]is 0 counts+10
counts.

[AM2 1/10 Attenuator Adjustment]
8. Set the 4276A to SELF TEST 14.

9. Adjust A2R35 (AM 1/10) until [A] is 0 countst4 counts. Verify that [B] is 0
counts+10 counts.

[AM1 Attenuator Check]

10. Set the 4276A to SELF TEST 15.

11. Verify that [A] and [B] are 0 counts+40 counts and 0 countst15 counts, respectively.
[VRD Full Scale Check]

12. Press the SELF TEST key to release the SELF TEST mode.

13. Set the test frequency to 20kHz.

14. Set the 4276A to SELF TEST 9

15. Verify that [A] and [B] are 0 counts+20 counts and 0 counts+10 counts, respectively.
[AF 1/2 Attenuator Phase Adjustment]

16. Set the 4276A to SELF TEST 12.

17. Adjust A2C12 (PH 1/2) until [B] is 0 counts+20 counts. Verify that [A]is 0 counts:4
counts.

Note

If this adjustment cannot be performed successfully, replace A2Cl4 in
accordance with the instructions given in deseribed in Table 5-2.
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[AF 1/5 Attenuator Phase Adjustment]

18. Set the 4276A to SELF TEST 13.

19. Adjust A2C13 (PH 1/5) until [Bl is 0 countst4 counts.
counts+20 counts.

Note

If this adjustment cannot be performed successfully,
accordance with the instructions given in Table 5-2.

[AM2 1/10 Attenuator Phase Adjustment]

20. Set the 4276A to SELF TEST 14.

21.

Verify that [A] is 0

replace A2Cl15

Adjust A2C18 (PH 1/10) until [B] is 0 counts:4 counts.
counts+40 counts.

Note

If this adjustment cannot be performed successfully,
accordance with the instructions given in Table 5-2.

[AM] Attenuator Phase Check]

in

Verify that [A] is 0

replace A2C16

in

22. Set the 4276A to SELF TEST 15.
23. Verify that [A] and [B] are 0 counts*120 counts and 0 counts+200 counts,
respectively.
SELF TEST Test Adjustment Adjustment Limit Check Limit
Procedure | "y ber Frequenc Component (counts) (counts)
‘ 4 Y DISPLAY A[DISPLAY B|DISPLAY A|DISPLAY B
(1) 12 1kHz A2R26 (AF 1/2) 0+4 0£10
(2) 13 1kHz A2R29 (AF 1/5) 0x4 010
(3) 14 1kHz A2R35 (AM 1/10)| 04 0£10
(4) 15 1kHz 0%40 0£15
(5) 9 20kHz 0+20 0£10
(6) 12 20kHz A2C12 (PH 1/2) 0x4 0+20
(7) 13 20kHz A2C13 (PH 1/5) 0+4 0+20
(8) 14 20kHz A2C18 (PH 1/10) 0+4 0+40
(9} 15 20kHz 0+120 0+200

5-14
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5-23. A2 LF/HF TRACKING ADJUSTMENT
PURPOSE:
Compensates for the difference between the phase shift caused by the Err circuit and

the phase shift caused by the Edut circuit in the low frequency range (LF) and high
frequency (HF) ranges.

Stondord v 5
k) Resistor 1004 lol ¢

Figure 5-7. A2 LF/HF Tracking Adjustment Setup.

EQUIPMENT:
Standard ReSIStOr .......ccceeeesvenrererrnsesessnssases 100Q2: HP 16074A
Standard Resistor Set
PROCEDURE:

[LF Adjustment]
1. Connect the 100Q standard resistor directly to the UNKNOWN terminals.
2. Reset continuous memory (see Note 2 in paragraph 5-15) and turn on the 4276A.

3. Set the 4276A's controls as follows:

DISPLAY A/B functions .eccececcrssercvessencerercrcacsnsens |z -9
TeSt FTE@QUENCY  iicecrcersrsssseccncoscrsssorssscsssesssncassens 100Hz

DC BIAS icictierecscnssastsesecsscsssansesesscsansascess vesesens OFF

CKT MODE  tiececassencecarsscesosscseseoncassosnocesssnesssancs Any Setting
LCTZ | RANGE iereviececrecenreiessucssrsonsssscsossonses 1kQ

MEAS SPEED ececicmitiscsnseraorererecsescrassrressenssensces MED

TEST SIG LEVEL .cicicscrentcccrccrccsnscrcscrncnnesenesesess HIGH
TRIGGER  ceierenrereiacustetainticressisncencsrsasaorsessascesans INT

4. Set the 4276A to SELF TEST 2. (Refer to paragraph 5-15 for the procedure.)

5. Adjust A2R14 (LF TRK) until the 4276A displays 0 countstl count on DISPLAY B.

Note

If this adjustment cannot be paformed sueccessfully, replace A2R93 in accordance
with the instructions given in Table 5-2.
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[HF Adjustment]
6. Press the SELF TEST key to release the SELF TEST mode.
7. Set the test {requency to 20kHz.
8. Set the 4276A to SELF TEST 2.
9. Adjust A2C7 (HF/TRK) until the 4276A displays 0 counts+l count on DISPLAY B.
Note

If this test cannot be performed successfully, replace A2C55 in accordance with
instructions given in Table 5-2.

C7 HF/TRK
\RM LF TRK

L A2 Boord
oQ

L
C55 R93

5-24. A2 RANGE RESISTOR MAGNITUDE ADJUSTMENT

PURPOSE:

Adjusts the range resistor values.

[o] Standard o] + B - ©s@ 50 28
Resistor

Figure 5-8. A2 Range Resistor Magnitude Adjustment Setup.

EQUIPMENT:
Standard ReSiSIOrS ...ccvececeesecscevaosacasens 10082
1kQ HP 16074A
10kQ Standard Resistor Set
100k
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PROCEDURE:
1. Calculate the reciprocal of the calibrated values of the 100Q/1kQ/10k{ and 100k
standard resistors; [1/c.v.].

2. Reset continuous memory (see Note 2 in paragraph 5~15).

3. Connect the 100kQ standard resistor directly to the UNKNOWN terminals.

4, Set the 4276A's controls as follows:

DISPLAY A/B functions «eerecececevesnreceirrisccsecennse AR
TeSt FrEGQUENCY  cevtrrcrreriiictranimensacacsesressessrosscnsens 1.00kHz
DC BIAS citieiriamrirtiietnseratnniresecesrscnceissssssasessenss OFF

CKT MODE cuteceieiiieriiiieeiiintreeiencesasnsaessnccsannns Any Setting
LCIZ ] RANGE terrrsrnrrenrerniiirieeneeenissssssssssnnanens 1MQ

MEAS SPEED tecettetecucresntncnsinsesessescscsssnssscsoncacans MED
TEST SIG LEVEL sercectectcrcariocscactcrnsnsesrncasassonses HIGH
TRIGGER .teertuveretuctcncrencostiniinrersarnsscssssacessasenes INT

5. Set the 4276A to SELF TEST 2. (Refer to paragraph 5-15 for the procedure.)

R RS H:S/IPDA(? MAG
10K/ MAG R /
\ l 1R7 IOOK/MAG A2 Boord
coag
——— — — —

[100K/MAG Adjustment]

6. Adjust A2R7 (100K/MAG) until the 4276A displays [1/e.V.]]1 count on DISPLAY
A. Verify that the DISPLAY B value is 010 counts.

Note
The units for both DISPLAY A and DISPLAY B values are uS.
[10K/MAG Adjustment]
7. Set the DISPLAY A range to the 1008 range. (Use the LC |Z| RANGE key.)
8. Connect the 10k{ standard resistor directly to the UNKNOWN terminals.

9. Adjust A2R4 (10k/MAG) until the 4276A displays [1/c.v.] £1 count on DISPLAY A.
Verify that the DISPLAY B value is 0+5 counts.

[IK/MAG Adjustment]
10. Set the DISPLAY A range to the 1mS range.
11. Connect the 1kQ standard resistor directly to the UNKNOWN terminals.

12, Adjust A2R5 (1K/MAG) until the 4276A displays [1/c.v.]z] count on DISPLAY A.
Verify that the DISPLAY B value is 0+5 counts.
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[100/MAG Adjustment]
13. Set the DISPLAY A range to the 10mS range.
14. Connect the 100Q2 standard resistor directly to the UNKNOWN terminals.

15. Adjust A2R6 (100/MAG) until the 4276A displays [1/c.v.] +1 count on DISPLAY A.
Verify that the DISPLAY B value is 05 count.

5-25. A2 RANGE RESISTOR PHASE ADJUSTMENT

PURPOSE:

Eliminates the phase shift caused by the range resistor circuit.

Standard
Capacitor

Figure 5-9. A2 Range Resistor Phase Adjustment Setup.

EQUIPMENT:
Standard CapacCitor .icciccceeeesceeeeresssesssescaossssnanscones 100pF: HP 16383A
1000pF: HP 16384A
PROCEDURE:

1. Connect the 100pF standard capacitor directly to the UNKNOWN terminals.
2. Reset continuous memory (see Note 2 in paragraph 5-15) and turn on the 4276A.

3. Set the 4276A's controls as follows:

DISPLAY A/B fUNCLIONS titessecccecncncercosseessnnsesoenes CcC-D
Test FreqUENCY seccececanreruiisnisnccreceenioecsnsrsscnasncees 10.0kHz
DC BIAS  ceeerteccecsceecrercenssane eectsacersasenterncsssansecenn OFF
CKT MODE tcteittcitnienterceccaccossosrossenssessesscssennss AUTO
LC 1 Z] RANGE ticcctcerurrrrererececansscesessancsessonoes AUTO
MEAS SPEED «etetetetceccecencseescessensssseasssansscnsssassnas MED
TEST SIG LEVEL  cettceetceecersecesccscascansseescecsonnse HIGH
TRIGGER ceetcettenttntcricrcnasesmosecsosceseonsacnsosesssesance INT

C2 I0K/PH

C? lcls C3 IOOK/PH A2 Board
Y4
A
— ™ /L —
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ADJUSTMENTS

4. Adjust A2C3 (100K/PH) until the 4276A displays 0 counts+2 counts on DISPLAY
B. Verify that the 4276A displays C.V. +30 counts on DISPLAY A.

Note

If this test cannot be performed sucecessfully, replace A2C5 in accordance with
the instructions given in Table 5-2.

5. Connect the 1000pF standard capacitor directly to the UNKNOWN terminals.

6. Adjust A2C2 (10K/PH) until the 4276A displays 0 counts+2 counts on DISPLAY B.
Verify that the 4276A displays C.V.+30 counts on DISPLAY A.

Note

If this test cannot be performed successfully, replace A2C4 in accordance with
the instructions given in Table 5-2.
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5-26. INTERNAL DC BIAS ADJUSTMENT (OPTION 001 ONLY )
PURPOSE:

Adjusts the output voltage of the internal de bias voltage source.

Dual Banano Plug

34784 to Aligator Cilip Cable

[ e— Yy B ey

o}
o cooogoo

Figure 5-10. Internal DC Bias Adjustment Setup.

EQUIPMENT:

Digital VOILMELEr .iciiiiireiseercrsceoeesrernencianceseaceones HP 3478A

Extender Board .....cccececiiccecsenisonssoscosscassssesonsens HP P/N 04276-66562
PROCEDURE:

1. Extend the A22 DC BIAS board {rom the rear-panel with the extension board.
2. Set the DC BIAS select switch on the rear panel to INT.

3. Turn on the 4276A.

4. Set the DC BIAS switch on the front panel to ON.

5. Set the 3478A function to DCV.

6. Connect the 3478A HI and LOW inputs to A22TP2 and A22 GND, respectively.
7. Adjust A22R8 until the reading on the 3478A is 0V+0.05mV.

8. Connect the 3478A HI input to A22TP3.

9. Adjust A22R6 (ZERO) until the reading on the 3478A is 0V+0.2mV.

10. Connect the 3478A HI input to the center conductor of the EXT INPUT/INT
MONITOR connector on the rear panel.

11, Set the de bias voltage to +9.99V.

12. Adjust A22R7 (FS) until the reading on the 3478A is +9.99V+0.002V.
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for
ordering parts. Table 6-1 lists abbreviations used
in the parts list and throughout the manual.
Table 6-3 lists all replaceable parts in reference
designator order. Table 6-2 contains the names
and  addresses that correspond to the
manufacturer's code numbers.

6-3. ABBREVIATIONS

6-4. Table 6-1 lists abbreviations used in parts
list, schematies and throughout the manual. In
some cases, two forms of abbreviations are used,
one in all capital letters, and one in partial
capitals or no capitals. This occurs because the
abbreviations in parts list are always all
capitals. However, in the schematic and in other
parts of the manual, other abbreviation forms
with both lower case and upper case letters are

6-5. REPLACEABLE PARTS LIST
6-6. Table 6-3 is a list of replaceable parts and
is organized as follows : ‘

a. Electrical assemblies and their
components in alphanumerical order by
reference designation.

b. Chassis-mounted parts in alpha-
numerical order by reference designation.

¢. Miscellaneous parts.

d. DNlustrated parts
appropriate.

breakdowns, if

The information for each part includes :

a. The Hewlett-Packard part number.

b. The total quantity (Qty) in the instrument.

¢. A description of the part.

d. A typical manufacturer of the part in a
five-digit code.

used.

€.

The manufacturer's number for the part.

Table 6-1. List of Reference Designators and Abbreviations

REFERENCE DESIGNATORS
A = assembly E = misc electronic part P = plug u = integrated circuit
B = motor F = fuse Q = transistor v = vacuum, tube, neon
BT = battery FL = filter R = resistor bulb, photocell, etc.
(o) = capacitor J = jack RT = thermistor VR = voltage regulator
cp = coupler K = relay S = switch w = cable
CR = diode L = inductor T = transformer X = socket
DL = delay line M = meter TB = terminal board Y = erystal
Ds = device signaling (lamp) MP = mechanical part TP = test point
ABBREVIATIONS
A = amperes H = Qenries NPN = negative-positive- RWYV = reverse working
A.F.C. = automatic frequency control HEX = hexagonal negative voltage
AMPRL = ampiifier HG = mercury NRFR = not recommended for
a HR = hour(s) field replacement
B.F.0. = beat ".eq‘“’““" oscillator Hz = hertz NSR = not separately 5-B = slow-blow
BE CU = beryllium copper
N . . replaceable SCR = screw
BH = binder head IF = intermediate freq.
SE = selenium
BP = bandpass IMPG = impregnated SECT - section(s)
BRS = brass INCD = incandescent OBD = order by description SEMICON - semiconductor
BWO = backward wave oscillator INCL = include(s) OH = oval head o
St = silicon
INS = insulation{ed} Oox = oxide e X
cCcw = counter-clockwise INT - internal SIL = silver
CER = ceramic h SL = slide
CMO = cabinet mount only K = kilo = 1000 P - peak SPG = spring
COEF = coefficient LH = left hand PC B pjinted cirguit SPL - special
COM = common ™ =P e SST = stainless steel
COMP = composition LIN = linear @per e = pico = 10 SR = split ring
LK WASH = lock washer PH BRZ = phosphor bronze
COMPL = complete P STL = steel
LOG = logarithmic taper PHL = Phillips
CONN = connector LPF = low pass filter PV = peak inverse voltage
cp = cadmium plate - 2 PNP - pz itive-n: tive- TA = tantalum
CRT = cathode-ray tube - milli = 1077 = sxt'v gative TD = time delay
cwW = clockwise m B T he ; positive TGL = toggle
M = meg = 10 P/O = part of THD - thread
DEPC = deposited carbon MET FLM = mewi film POLY = polystyrene - :
; T = titanium
DR = drive MET OX - metallic oxide PORC = porcelain
MFR . fact POS - P ) TOL = tolerance
ELECT = electrolytic iVIINAT - manufacturer POT - positionts TRIM = trimmer
ENCAP = encapsulated = miniature = potentiometer TWT = traveling wave tube
MOM = momentary PP = peak-to-peak
EXT = external 5
MTG = mounting PT = point u + micro = 1078
F = farads MY = "mylar” PWYV = peak working voltage
t < femto = 10713 i} 100 VAR = variable
FH = flat head n = nano = VDCW = dc working voits
FILH - fillister head R - aormally closed
FXD - fixed NE = neon RECT = rectifier w = with
2 NI PL = mickel plate RF = radio {requency w = watts
G = dga = 10 N O = normally open RH = round head or WiV = working inverse
GE = germanium NPO = negative positive zero right hand voltage
GL - glass izero temperature RMO = rack mount only ww = wirewound
GRD = ground(ed) coefficient) RMS = root-mean square WO = without
0001-3700

6-1
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The total quantity for each part is given only
once--at the first appearance of the part number
in the list.

6-7. ORDERING INFORMATION

6-8. To order a part listed in the replaceable
parts table, give the Hewlett-Packard part
number, indicate the quantity required, and
address the order to the nearest
Hewlett-Packard office.

6-9. To order a part that is not listed in the
replaceable parts table, state the full instrument
model and serial number, and description and
function of the part, and the number of parts
required. Address your order to the nearest
Hewlett-Packard office.

Model 4276 A

6-10. DIRECT MAIL ORDER SYSTEM

6-11. Within the USA, Hewlett-Packard can
supply parts through a direct mail order system.
Advantages of using the system are :

a. Direct ordering and shipment from the HP
Parts Center in Mountain View, California.

b. No maximum or minimum on any mail
order (there is a minimum order amount
for parts ordered through a local HP
Office when the orders require billing and
invoicing).

¢. Prepaid transportation (there is a small
handling charge for each order).

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

6-12. Mail order forms and specific ordering
information are available through your local HP
Office. Addresses and phone numbers are
located at the back of this manual.

Table 6-2. Manufacturers Code Lists

MFR o Z1p

ND. MANUFACTURER NAME ADDRESS CODE
00000 ANY SATIGFACTORY SUPPLIER
01121 ALLEN-BRADLEY CO MILWALIKEE Wi 53204
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS TX 75222
02111 SPECTROL ELECTRONICS CORP CITY OF IND ca 21745
03508 GE CO SEMICONDUCTOR PROD DEPT AURURN NY 13201
03888 K DI PYROFILM CORP WHIPPANY NT 07981
84713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008
05574 VIKING INDUSTRIES INC CHATSWORTH Ca 21311
07263 FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 24042
14936 GENERAL INSTR CORP SEMICON PROD GP HICKSVILLE NY 11802
24335 ANALOG DEVICES INC NORWOOD MA 02062
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 5051
27167 CORNING GLASS WORKS (WILMINGTON) WILMINGTON NC 28401
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO Ca 24304
31.589 RCA CORP SOLID STATE DIV SOMERVILLE NJ
30983 MEPCO/ELECTRA CORP SAN DIEGO Ca 92121
34649 INTEL CORP MOUNTAIN VIEW Ca 95051
52763 STETTNER~TRUSH INC CAZENOVIA NY 13033
56289 SPRAGUE EL.ECTRIC CO NORTH ADAMS MA 01247
72136 ELECTRO MOTIVE CORP FLORENCE SC 16226
75042 TRW INC PHILADELPHIA DIV PHILADELPHIA PA 19108
75915 LITTELFUSE INC DES PLAINES IL 60016
?8291 SEALECTRO CORP MAMARONECK NY 10%44
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c o Mfr
: A o| Qty Description Mfr Part Number
Designation Number Code
A 1 04276-66501 | 0 1 LOGIC BOARD ASSEMBLY 28484 04276-66501
A1C1t 0180-1085 5 13 CAPACITOR~FXD 4.7UF 16VDC TA 28480 1180-1085
ca 0188-1085 ] CAPACITOR~FXD 4,7UF 16VDC TA 284810 0186-1085
c3 0180-1085 S5 CAPACITOR~FXD 4,7UF 16UDC TA 28480 0180-1085
c4 0180-1085 1 CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-1085
s 8180-1908S 3 CAPACITOR~-FXD 4.7UF 16VDC TA 28480 0180-1085
cé 01688-1085 S CAPACITOR-FXD 4.7UF 16VDC TaA 28480 0184~1085
c7 0180-1085 5 CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-1085
c8 0180-0197 8 1 CAPACITOR-FXD 2.2UF+-10X 20VDC TA §46289 156D225X?020A2
co 0160-4832 4 2 CAPACITOR-FXD ,01UF +-10% 108VDC CER 28480 0160—-4832
ci1e 0180-3219 1 1 CAPACITOR-FXD 2.2 UF 63VDC 28480 6180-3219
[525] 0160-4801 7 1 CAPACITOR-FXD 108PF +-5% 100VUDC CER 28480 0160-4801
ci2 9180-108S S CAPACITOR-FXD 4.7UF 16VDC TA 28480 5188~-108S5
C13 0180-1085 S CAPACITOR-FXD 4.7UF 16VRC TA 28480 0180-108%5
€14 0180~1085 3 CAPACITOR-FXD 4.7UF 18VDC TA 28480 0180-108%5
Ci15 0180-2951 & 1 CAPACITOR-FXD 33UF+-20% 146VUDC AL 28480 0180~-2951
C16 0180~1085 S CAPACITOR-FXD 4.7UF 16VDC TA 28480 018010835
C17 0180-1085 5 CAPACITOR-FXD 4.7UF 16VDC TA 283480 0180-1085
ci8 0180-1085 5 CAPACITOR-FXD 4.7UF 16VDC TA 28480 01801085
c19 0160-4832 4 CAPACITOR~FXD ,01UF +-10% 108VUDC CER 2B480 0160-4832
c20 0180-3217 9 2 CAPACITOR-FXD 470UF 28480 0180-3217
c21 0180-3217 9 CAPACITOR-FXD 470UF 28480 0180-3217
AICR1 1901-0539 3 2 DIODE-SM SIG SCHOTTKY 28490 1901~0539
CrR2 1901-0539% 3 DIODE-SHM SIG SCHOTTKY 20480 1981-0539
AlT1 1200-0607 [ 2 SOCKET-IC 16~CONT DIP DIP~SLDR 28480 1260-0607
J2 1200-0607 0 SOCKET~IC 16-CONT DIP DIP-SLDR 28480 1200-0607
I3 1200-0654 ? 2 SOCKET-IC 40-CONY DIP DIP-SLDR 28480 1200-0654
J4 1200~-0541 1 10 SOCKET-IC 24-CONT DIP DIP-SLDR 283480 1200-0541
JS 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 284810 12000541
Jé6 1200-0541 1 SOCKET-1IC 24~CONT DIP DIP--SGLDR 28480 1200-0541
J7 12980-0541 1 SOCKET-IC 24-CONT DIP DIP-S5LDR 284840 1200-0541
I8 12000541 1 SOCKET~IC 24-CONT DIP DIP-SLDR 28480 1200-0541
J9 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
J10 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
Ji1 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1264-0541
Jt12 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
J13 1200-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
J14 12006-0654 7 SOCKET-IC 40-CONT DIP DIP-SLDR 2B480 1200-0654
AlQ1 1854-0810 2 3 TRANSISTOR NPN SI PD=5623MW FT=200MHZ 28480 1854~-0810
R]2 1854-0810 2 TRANSTISTOR NPN SI PD=425MW FT=200MHZ 28480 1854-0810
3 1883-0281 9 1 TRANSISTOR PNP 2N2907A SI TO-18 PD=400MW 04713 ZN27074A
Q4 1854-0810 2 TRANSISTOR NPN SI PD=625MW FT=200MHZ 28480 1854-0810
Qs 1853-0015 7 1 TRANSISTOR PNP SI PD=200MW FT=500MHZ 28480 1853-0015
AlR1 1810-0488 8 1 NETWORK~RES B~SIP4.7K OHM X 4 284840 1810-0488
R2 4757-0199 3 1 RESISTOR 21.5K 1X ,12SW F TC=0+-140 24546 C4-1/8-T0-2152-F
R3 2100-3103 4 1 RESISTOR-TRMR 18K 10X% C SIDE-ADJ 17-TRN 02111 43P103
R4 0737-03440 7 1 RESISTOR 7.5K 1X .125W F TC=0+-100 24546 £4-1/8-T8-7501-F
RS 0683-2215 1 1 RESISTOR 220 SX .23W FC TC=-400/+600 41121 CBR215
R6 16B83-4715 9 1 RESISTOR 470 3% .25W FC TC=-4030/+400 g1121 CB47135
R7 1810~0607 3 1 RESISTIVE NETWORK- SIP 28480 1810-0607
R8 0683-1045 3 1 RESISTOR 100K 5% .2S5W FC TC=-480/+300 81121 CE1045
R? 0683-2245 7 1 RESISTOR 228K SX .25W FC TC=-800/+900 41121 CB2245
R10 0683-1005 S 2 RESISTOR 108 5% .25W FC TC=-400/+500 81121 CB100S
R11 0683-1025 9 2 RESISTOR 1K S5X .25 FC TC=-408/+600 01121 CB1025
R12 0683-5608 2 1 RESISTOR 56 5% .2SW FC TC=-400/+508 21121 CBS605
R13 0683-0565 Q9 1 RESISTOR 5.6 5% .254 FC
R14 0683-1025 9 RESISTOR 1X 5X .25W FC 01121 CB1025
R15 1810~-0305 ] S NETWORK-RES 9~STIP4,7K OHM X 8 28480 1810~0305
R1s 1810-0305 8 NETWORK—~RES 7-SIP4.7K OHM X 8 28480 1810-030S5
R17 1810-0269 3 1 NETWORK-RES 9-SIP16.0K OHM X 8 284860 1810-0269
R18 1810-03053 B8 NETWORK-RES ?-5IP4,7K OHM X B 28480 1810-0305
R19 1810-030S 8 NETWORK-RES 9-SIP4.7K OHM X 8 28480 1810-0305
R20 1810-0305 8 NETWORK-RES 9-SIP4.7K OHM X B 282480 1810-0305
R21 0683-4725 2 S RESISTOR 4.7K SX .25W FC TC=-400/+7010 31121 €BA4725
R22 0683-4723 2 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CB4725
R23 0683-4725 2 RESISTOR 4.7K S% .25W FC TC=-400/+700 st CB4725
R24 0683-3325 -3 1 RESISTOR 3.3K S%Z .25W FC TC=-400/+4700 01121 £B3325
R2S $683-64825 7 1 RESISTOR 4.8K 5% ,25W FC TC=-400/+700 t1121 CB682S
R28 0683-47235 2 RESISTOR 4.7K S% .25W FC TC=-400/+700 81121 CB4725
R27 0683-4725 2 RESISTOR 4,7K SX .25W FC TC=-400/+4700 01121 £B4a725
Al1S1 3101-1973 7 1 SWITCH-SL 7-1A DIP-SLIDE-ASSY .1A S0VDC 28480 2101-1973

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts
Reference HP Part |c A Mfr
: . ol Qty Description Mfr Part Number

Designation Number Code

Alut 1813~-02?21 7 1 IC-CRYSTAL 11.52 M 28480 1813-02%91
uz2 1826-0978 4 1 IC- (MISO) 28484 1826-0978
u3 1826-0180 o 1 IC TTMER TTL MONO/ASTEL 01295 NES55P
U4 1820-2649 8 1 IC- ZadB-CPU 28480 1820-24649
us 04276-8B5081 | S 1 IC-PROM, PROGRAMMED 28480 04276-85001
ué 04276-835002 | 6 1 IC~PROM, PROGRAMMED 284890 04276-85002
uz 04276-85003 | 7 1 IC-PROM, PROGRAMMED 28480 04276-85003
[312) 04276-85004 | 8 1 IC-PROM, PROGRAMMED 28480 84276-85004
g 14276-85005 | 9 1 IC-PRON, PROGRAMMED 28480 04276-85005
uip 0427685006 | 0 1 IC-PROM, PROGRAMMED 28480 04276—-85006
ui2 1818-1974 S5 1 IC-M5M5128-15 28480 1818-1974
3 1820-2024 3 2 IC DRVR TYL LS LINE DRVR OCTL 01295 SN74LS244N
Ula 183202024 3 IC DRVR TTL LS LINE DRVR OCTL 01295 SN74L5244N
uis 1820~1730 & 1 1€ FF TTL LS D-TYPE POS-EDGE-TRIG COM 41295 SN74LS273N
u1s 1820-1217 4 1 IC MUXR/DATA-SEL TTL LS 8-TO-1-LINE 01295 SN74LS151N
ui? 1820~-1197 ? 4 IC GATE TTL LS NAND QUAD 2-INP 01293 SN74LSOON
u1g 1820~1112 8 5 iC FF TTL LS D-TYPE POS-EDGE-TRIG 31295 SN74LS744AN
uie 1820-1197 ? IC GATE TTL LS NAND QUAD 2-INP 61295 SN74LS00N
uao 1820-0682 1 1 IC GATE TTL S NAND QUAD 2-INP 01295 GN74S03N
uai 1820~1197 9 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS0ON
uaz 1820~-1216 3 4 IC DCDR TTL LB 3-TD-8-LINE 3~INP 01295 SN74LS138N
u23 1820~1199 1 3 IC INV TTL LS HEX t-~INP 01295 GN741.504N
124 1820-0681 4 1 IC GATE TTL S NAND GQUAD 2-INP 061295 GN74S00N
u2s 1820-2150 & 1 IC MICPROC~ACCESS NMOS 34649 p8279-5
u2sa 18206-1216 3 IC DCDR TTL LS 3-TO-B-LINE 3-INP 01295 SN74LS138N
u27 1820~1112 8 IC FF TTL LS D-TYPE POS-EDGE~TRIG 31295 SN7ALS74AN
uzs 1820~-1112 B IC FF TTL LS D-TYPE PROG-EDGE-TRIG 01295 EN74LS74AN
uz9 1820-1420 1 1 IC CNTR TTL LS DIV-X-12 ASYNCHRO 01295 SN74LS92N
U3 1820-1432 S 2 IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 81295 SN74LS163AN
u3 1820~-1432 3 IC CNTR TTL LS BIN SYNCHRD POS-EDGE-TRIG 01295 SN74L5163AN
u3a 18201112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 81298 SN7ALS74AN
u33 18201199 1 IC INV TTL LS HEX 1-INP 01295 SN741. 504N
u34 1820-2075 4 1 IC MISC TTL LS n12%S SN74LS245N
u3s 1820-1216 3 IC DCDR TTL LS 3-TO0-B8-LINE 3-INP 01293 SN741.8138N
u3s 1820-1624 7 1 IC BFR TTL § DCTL 1-INP 01295 SN745241N
u3?7 1820-1199% 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N
u38 1820-1197 k4 IC GATE TTL LS NAND QUAD 2-INP 31295 SN74LS08N
u39e 1820~-2873 b 2 IC-UPDB253-5 28480 1820-2873
SEY)) 18202873 1] IC-UPDB253-5 28480 1820-2873
U4l 1820-1216 3 IC DCDR TTL LS 3-TO-8-LINE 3-INP 01299 SN74LS138N
uaz2 1826-1112 3 1€ FF TTL LS D-TYPE POS-EDGE-TRIG 81295 SN74LS74AN
ua3 1820-1425 [ 1 IC SCHMITT-TRIG TTL LS NAND QUAD 2-INP 01295 SN74L8132N
U44 1826-0122 0 1 IC 7805 ¥ RGLTR T0-220 07263 78058C

Alu1l 1251-4822 -3 3 CONNECTOR 3-PIN M POST TYPE 28488 1251-4822
w2 1251-4822 6 CONNECTOR 3—-PIN M POST TYPE 28480 1251-4822
W3 1251-4822 ) CONNECTOR 3—-PIN M POST TYPE 28480 1251-4822
w4 1251-4787 2 1 SHUNT-DIP 8-POSITION 28480 1251-4787

MISCELLANEQUS PARTS
1258-0141 8 3 JUMPIZR—REM 28480 1258-0141

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts
Reference HP Part |c Q Descripti Mfr
: " escription Mfr Part Number
Designation Number [o| Yt P Code €
0427666382 | 1 1 ANALOG BDARD ASSEMBLY 28480 0427666502

A2C1 0160--5499 1 2 CAPACITOR- 0.22UF 100VDC F 28480 0160-5499
c2 0121-0036 0 3 CAPACITDR-V TRMR-CER S5.5-18PF 358V 52763 304324 5.5/18PF NPO
Cc3 0121-0036 0 CAPACITOR-V TRMR~CER 5.5-18PF 350V 52763 304324 5.5/18PF NPO
C4 01460-4791 4 1 CAPACITOR-FXD 10PF +-5Z 100VDC CER B+-3D 28430 31460-4791
€3 8160-4788 92 1 CAPACITOR~FXD 18PF +-5% 100VUDC CER 0+-30 284880 3160-4788
Cé 91460-3402 2 2 CAPACITOR~FXD 1UF +-5X S0VUDC MET-POLYC 28480 3160-3402
c7 0121-0103 4 3 CAPACITOR-V TRMR-CER 9-3SPF 200V PC-MTG 52763 304324 9/35PF N&SQ
cs N1608~-4835 7 3 CAPACITOR-FXD .1UF +-10% 5S0VDC CER 28480 31604835
[ 0160-4835 7 CAPACITOR-FXD ,1UF +-10% S0VDC CER 28480 1160-483%
C10 015650-4835 7 CAPACITOR-FXD ,1UF +—-18X 50VDC CER 28480 0160-4835
c14 0160-4822 2 2 CAPACITOR~FXD 1080PF +~-5%Z 160YDC CER 284810 0160-4822
Cci2 8121-0105 4 CAPACITOR-V TRMR-CER 9-35SPF 200V PC-MTG 52763 304324 F/35PF N650
€13 80121~0105 4 CAPACITOR~-V TRMR-CER 9-3SPF 200V PC-MTG 32763 304324 9/3SPF N6S0O
Cl4 0160-2202 B 1 CAPACITOR-FXD 75PF +-5X 303VDC MICA 28489 0140--2202
ci5 8160-4789 0 1 CAPACITOR-FXD 15PF +-5X 100VDC CER 0+-38 28480 91604799
[0S ¥ 01400196 3 1 CAPACITOR~FXD 150PF +-5X 300VUDC MICA 72136 DMISF151J0300WVICR
c17 84160~4822 2 CAPACITOR-FXD 1000PF +-5X% 100VDC CER 28480 0160-4822
cis8 3121-0836 0 CAPACITOR-V TRMR-CER 5.5-16PF 350V 52763 304324 5.35/18PF NPO
ci9 0160-0127 2 1 CAPACITOR-FXD 1UF +-20% 25VDC CER 20480 §160~0127
c20 01460-16724 6 1 CAPACITOR~ .33UF S% 280V0C 28480 0160-1674
ca 0180-2951 & 24 CAPACITOR-FXD JI3UF+-20% 16VDC Al 28480 9180-2951
caz2 0180-2951 6 CAPACITOR~FXD 33UF+—-20X% 16VDC AL 28480 0180-2951
ca23 0180-2951 6 CAPACITOR-FXD 3I3UF+-20%Z 16VUDC Al 28480 3180-29351
€24 0160-4806 2 1 CAPACITOR-FXD 39PF +-5% 100VUDC CER 0+-30 28480 3160-4B06
CR%S 8150-0121 5 1 CAPACITOR~-FXD .1UF +80-20% S0YDC CER 284810 0150-g121
c26 B160-5499 1 CAPACITOR- 0,22UF 100VDC F 28480 01606-5499
ca7 0180-2951 & CAPACITOR-FXD 33UF+-20% 16VDC Al 28480 0188-2951
czs 0180-2951 [ CAPACITOR-FXD 33UF+-20X 16VDC AL 283480 0180-2951
c29 0160-5302 7 1 CAPACITOR- 1 UF 63 VDC F 28480 0160~-5502
€39 0180-3223 7 2 CAPACITOR-FXD 22 UF 63VDC 28480 0180-3223
C31 0180-3223 7 CAPACITOR~FXD 22 UF A3VDC 284810 0188~3223
Cc32 1180-3233 ? & CAPACITOR-FXD 22 UF 25VDCW 28480 0180-3233
c33 0180-2951 & CAPACITOR-FXD J3UF+-20% 16VDC AL 28480 4190-2951
C34 0189-3233 ? CAPACITOR-FXD 22 UF 25VDLW 284890 0180-3233
c35 8180-2951 & CAPACITOR~-FXD 3IJUF+-20% 16VDC AL 28488 4180-2951
C3s 0180-2951 -3 CAPACITOR-FXD 33UF+-20% 16VDC AL 28480 0180-2951
c37 0180~2951 & CAPACITOR~FXD 3JI3UF+-28% 16VDC AL 28480 9180--2951
c38 8180-2951 6 CAPACITOR-FXD 33UF+-20% 1&6VDC AL 23480 0180-2951
C39 0180-29351 6 CAPACITOR~-FXD 3JUF+-20%Z 16VDC AL 28480 4180-29351
Ca0 0180-2951 6 CAPACITOR-FXD 33UF+-20% 16VDC AL 28480 0180-2951
cat 41806~-2951 6 CAPACITOR-FXD 3JI3UF+~20%Z 16VDC AL 28480 0180-2951
ca2 0160-0194 3 1 CAPACITOR-FXD .01SUF +-10X 200UDC POLYE 28480 0160-0194
€43 9180~0197 8 2 CAPACITOR-FXD 2.2uF+~10% 20VDC TA 56289 156D225X2020A2
C44 8186-3197 B8 CAPACITOR-FXD 2.2UF+-10% 20VUDC TA 56289 1500225X9020A2
Ca5 8180-2951 ) CAPACITOR-FXD 33UF+-20% 16VDC AL 28480 9180~2951
Cas 0180~2951 6 CAPACITOR-FXD 33UF+-20X 16VDC AL 28480 31B0-2951
ca? 0160-4814 2 1 CAPACITOR~FXDP 1350PF +-5Z 100VDC CER 28480 0140-4814
c48 0160-48903 ? 2 CAPACITOR-FXD 6BPF +-SX% 1D0VUDC CER 0+-3D 28480 N160-4883
C49 0160-47864 7 1 CAPACITOR~FXD 27PF +-5% 100UDC CER 0+-30 28480 61460-4786
€50 0160-4792 5 1 CAPACITOR-FXD 3.,2PF +~.5PF 108VUDC CER 28480 3160-4792
£81 0180-2931 & CAPACITOR~FXD 3J3UF+-20% 16VDC AL 284840 0180-2951
cs2 0180-2951 6 CAPACITOR-FXD 33UF+-20% 16VDC AL 28480 0180-2951
€53 0180~-3233 9 CAPACITOR-FXD 22 UF 2SVDCW 28400 $188-3233
CS4 0180~-3233 ? CAPACITOR-FXD 22 UF 25VDCY 28480 3180-3233
€SS 0160-4803 9 CAPACITOR-FXD 48PF +-52Z 100VDC CER 0+-30 28480 81604803
CSe 3160-1603 1 1 C:FXD MY 1 UF 10% 100UDCU 28480 0160-1603
cs7 2180-2951 & CAPACITOR~FXD 33UF+-20%Z 16VDC AL 284810 0180-2951
Cs8 1180-2951 -3 CAPACITOR-FXD 33UF+-20% 16UDC AL 28488 8180-2951
cse 0180-2991 6 CAPACITOR-FXD 33UF+-20% 16VUDC AL 28480 41806-2951
Ce0 3180-2951 b CAPACITOR-FXD 3I3UF+-20% 16VUDC AL 28480 2180-2951
cé1 01808-2951 & CAPACITOR-FXD 33UF+-20%Z 16VDC AL 28480 0180-2951
Cc&2 1160-5498 0 1 CAPACITOR~ 0.01UF SQVDC F 28480 0160-5478
€63 0160-200% 3 1 CAPACITOR-FXD 820PF +-5% 300VDC MICA 28489 0160~-2009
Cb4 01469-3901 6 3 CAPACITOR-FXD 2,2UF +-20%Z 25YDC CER 284890 3160-3901
€68 0140-3901 & CAPACITOR~FXD 2.2UF +~-20%Z 25VDC CER 28480 0160~3901
Cs6 6160-3901 1) CAPACITOR-FXD 2.2UF +-20Z 25VDLC CER 23480 0160-3901
ce7 01808~3233 ? CAPACITOR~-FXD 22 UF 25VDCW 28480 3180-3233
cées 0180-3233 9 CAPACITOR-FXD 22 UF 25VDCW 28480 0180-3233
Cae? 01460-5501 1) 1 CAPACITOR- 0.1 UF 100VUDC F 284840 0160-3501
C70 0160-535956 ? 1 CAPACITOR- 3 PF +/~ .5 PF 23480 3160-5576

See introduction to this section for ordering information
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SECTION VI

Table 6-3. Replaceable Parts

Model 4276 A

Reference HP Part |c| o g Mfr
; . t Description fr Part
Designation Number |D Y p Code M#r Part Number
A2C71 0168-55%94 7 1 CAPACITOR- 1 PF +/- .5 PF 28480 08160-5574
c7e2 §160-5597 g 1 CAPACITOR- S PF +/- .5 PF 28480 9160-5597
€73 31608-3402 2 CAPACITOR-FXD 1UF +-5X 50VDC MET-POLYC 28480 0160-3402
C74 0180-2951 & CAPACITOR-FXD 3IJUF+-20% 16VUDC AL 28480 6180-2951
€75 3180-2951 & CAPACITOR-FXD JI3UF+-28% 16VDC AL 28480 0180-2951
C76 0160-4830 2 1 CAPACITOR~FXD 2280PF +-10% 100VDC CER 28480 8160-4838
A2CR1 1901-0376 &6 o DIDDE-GEN PRP IS5V 50MA DO-35 28480 1901-0376
CR2 1901-0033 2 7 DIODE-GEN PRP 180V 260MA DO-7 28480 1901-0033
CR3 1901-0033 2 DIDDE-GEN PRP 188V 200MA DO-7 28480 1901-0033
CRA 1901~-0033 2 DIODE-GEN PRP 180V 200MA DO-7 28480 1901~0033
CRS 1902-3059 0 2 DIODE-ZNR 3,83V 5X DO-35 PD=.4M 28480 1902-3059%
CR& 1902-3059 9 DIODE-ZNR 3,83V 5X DO-35 PD=.4W 28488 19023059
ER7 1901-0040 1 2 DIODE-SWITCHING 30V SO0MA 2NS DO-35 28480 1931-0040
CRS8 1901-0040 1 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 1961~-0040
CRY 1901-00833 2 DIODE-GEN PRP 180V 200MA DO-7 28480 1901-0833
CR10 1901-0033 2 DIOGDE-GEN PRP 180V 200MA DO-7 28480 1991-08033
CR11 1901-1065 2 4 DIODE-PWR RECT 1N4936 400V 1A 208NS 14936 1N4936
CR12 1901-1065 2 DIODE—PWR RECT 1N4936 400V 1A 200NS 14936 1N4936
CR13 1901-1065 2 DIODE~PWR RECT 1NA4936 400V 1A 200NS 14936 1N4936
CR14 1901-1065 2 DIODE-PWR RECT 1N4936 400V 1A 280NS 14936 1N4P36
CR15 1901-0376 ) DIODE-GEN PRP 35V SO0MA D0-35 28480 1901-0376
CR1is 1901-0376 & DICDE-GEN PRP 35V SdMA DO-35 284810 1901-0376
CR17 1961-00833 2 DIODE--GEN PRP 188V 200MA DO-7 284890 1701-0033
CR18 1901-0G33 2 DIODE-GEN PRP 180V 200MA DO-7 28480 1901-0033
CR19 1201-0376 6 DIODE-GEN PRP 3%V 50HA DO-35 28480 1901-0376
CR2¢ 1901-0376 & DICDE-~GEN PRP IS5V 50MA DO-35 28480 1901~0376
A2K1 0490-1269 4 3 RELAY 1C 12VDC~COIL ,b66A 30VDC 28480 0470-1269
K2 0494-1269 4 RELAY 1C 12VUDC-COIL .b66A 30VDC 28480 0490-12569
K3 0490-126% 4 RELAY 1C 12VDC-COIL .66A 30VDC 28480 0470-1269
A2Q1 1855-0119 ) 4 TRANSISTOR-FET 25K43 28480 1855-0119
[2 18550119 6 TRANSISTOR-FET 28KA3 28480 1855-0119
a3 1855-0119 & TRANSISTOR-FET 28K43 28480 1855-0119
Q4 1854~-08190 2 1 TRANSISTOR NPN SI1 PD=625MW FT=200HHZ 28480 1854-0810
Qs 1853~0459 3 1 TRANSISTOR PNP ST PD=625MW FT=200MHZ 28480 1853-0459
6 1855-0119 6 TRANSISTOR-FET 25K43 28480 1855-0119
AZR1 2100-3352 7 1 RESISTOR~-TRMR 1K 10% C SIDE-ADJ 1-TRN 28480 2100-3352
R2 1810-0374 1 2 NETWORK-RES 8-8IP1.0K OHM X 4 g1121 2088102
R3 0698-3157 3 1 RESISTOR 19.46K 1% .125W F TC=0+-1840 24546 C4-1/8-T0~1962-F
R4 2100-25290 ? 1 RESISTOR-TRMR S0 20% C SIDE-ADJ 1-TRN 30983 ETS0X500
RS 2100-2583 4 4 RESISTOR-TRMR 18 20X C SIDE-ADJ 1-TRN 30983 ETS0X100
R& 2100-2489 ? 2 RESISTOR-TRMR 5K 10% C SIDE-ADJ 1-TRMN 30983 ETS50x502
R7 2100-2574 3 1 RESISTOR-TRMR 5008 10% C SIDE-ADJ 1-TRN 30983 ETS0X581
R8 1810-0624 4 1 RESISTIVE NETWORK 28480 1810-0624
R9 0699-1018 3 1 RESISTOR-180.95 OHM 0.54W 284810 869914018
R10 8757-0346 2 2 RESISTOR 10 1% .125W F TC=0+~100 24546 C4-1/8-T0-10RO~F
R11 0683-5605 9 3 RESISTOR 56 5% .25W FC TC=-480/+5080 01121 CB5605
R12 8683-1835% ? ? RESISTOR 18K 5X ,25W FC TC=-400/+800 01121 C31835
R13 2100-3274 2 7 RESISTOR-TRMR 10K 10% C SIDE-ADJ 1-TRN 284810 2100-3274
R14 2100-2514 1 1 RESISTOR-TRMR 20K 10X C SIDE-ADJ 1-TRN 30983 ET50W203
R1S 2100-3274 2 RESISTOR-TRMR 10K 10X C SIDE-ADJ 1-TRN 28480 2100-3274
R16 2100-3274 2 RESISTOR-TRMR 10K 10% £ SIDE-ADJ 1-TRN 28480 2100-3274
R17 2100-3274 2 RESISTOR-TRMR 10K 106X C SIDE-ADJ 1-TRN 28480 2100-3274
R1B 0698-0084 ? 2 RESISTOR 2.15K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2151-F
R19 0757-0443 4 1 RESISTOR 82.5K 1Z .125W F TC=0+-108 24546 Ca-1/8-T0-8252-F
R20 04683-1833 ? RESISTOR 18K 5% .2%W FC TC=-400/+800 81121 CR1835
R21 0683-1835 9 RESISTOR 18K 5% ,25W FC TC=-400/+800 81121 CB1835
R22 8683-1835 ? RESISTOR 18K %% .25W FC TC=—400/+800 01121 CB1835
R23 1810-0621 1 2 RESISTIVE NETWORK 2848190 1810-0621
R24 2683-1833 9 RESISTOR 18K SX .25W FC TC=-400/+800 01121 CB1835
R25 2100-3274 2 RESISTOR-TRMR 10K 10X C SIDE-ADJ 1-TRN 28480 2100-3274
R26 2100-2583 4 RESISTOR-TRMR 10 20X C SIDE-ADJ 1-TRN 30983 ET3S0X100
R27 2100-2583 4 RESISTOR-TRMR -10 28X C SIDE-ADJ 1-TRN 30983 ETS0X100
R28 0678-4343 1 1 RESISTOR 100 .1X ,125W F TC=0+-50 28488 0698-4343
R29 0698-5453 & 1 RESISTOR 900 .1% .1254W F TC=20+-50 43888 PMESS T-2-900R-B
R3O 0757-0278 9? 1 RESISTOR 1.78K 1% ,125W F TC=0+-100 24544 C4-1/8-T0-1781~F
R31 1810-0623 3 1 RESISTIVE NETWORK 284810 1810-0623
R32 0698-34410 7 1 RESISTOR 196 1X .125W F TC=0+-100 24546 C4-1/8-T3~-196R-F
R33 0683-183% 9 RESISTOR 18K S% ,25¥ FC TC=—-400/+800 81121 €B1835
R34 2683-1835 9 RESISTOR 18K 5% ,25W FC TC=-400/+8080 01121 €B1835
R3S 21002583 4 RESISTOR-TRMR 10 20%Z C SIDE-ADJ 1-TRN 30983 E£TSOX108
R36 1757-0280 3 7 RESISTOR 1K 1% .1258 F TC=0+-100 24546 Ca4-1/8-T0-1001—F
R37 §757-0416 7 2 RESISTOR 511 1% .1235W F TC=0+-100 24546 C4-1/8-T0-511R~F
R38 07%57-0416 7 RESISTOR 511 1% .125W F TC=0+-100 24546 C4—-1/8-T0-511R—F
R3? 2100-3274 2 RESISTOR-TRMR 18K 10X C SIDE-ADJ 1-TRN 28480 2100-3274
R40 2100-3274 2 RESISTOR-TRMR 10K 10X C SIDE-ADJ 1-TRN 28480 2100-3274

See introduction to this section for ordering information
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Model 4276A

Table 6-3. Replaceable Parts

SECTION.- VI

Reference HP Part |c| o Description Mfr Mfr Part Number
Designation Number |D Code

A2R41 0757~0401 0 &6 RESTSTOR 100 1% .125W F TC=0+-100 24546 £4-1/8-T0-101-F
R42 1810-0622 2 1 RESISTIVE NETWORK 28480 1a10-0622
RA43 1810-0374 1 NETWORK-RES B-3IP1.0K OHM X 4 81121 2088102
R44 1810~-0607 3 1 RESISTIVE NETWORK- SIP 28480 1810-0667
R4S 0698-3155 1 1 RESISTOR 4.64K 1% .125W F TC=08+-100 245456 C4-1/8-T0-4641-F
R46 0683~-4715 g 1 RESISTOR 470 SX% ,254 FC TC=-400/+4608 01121 CB4715
R47 0757-0279 0 1 RESISTOR 3.16K 1X .125W F TC=0+-100 24546 C4-1/8-T0-31461~F
R48 1810-0305 8 3 NETUWORK-RES 9-SIP4.7K OHM X 8 284890 18106-0305
R49 0683-3335 8 1 RESISTOR 33K 5% .25W FC TC=-400/+800 o1121 €B3325
RS0 0757-0346 2 RESISTOR 10 1% .1254 F TC=0+-108 24544 €4-1/8-T0~-10R0~F
RS1 8757-1094 9 2 RESISTOR 1.47K 1X ,1250 F TC=0+-100 24546 C4-1/8-T0~-1471-F
RS2 0737-0442 9 7 RESISTOR 10K 1% ,125W F TC=0+-100 24545 Ca-1/8-T8-1002-F
RS3 1737-0442 ? RESISTOR 18K 1% ,12S5W F TC=0+-100 24546 C4-1/8-T0-1002~F
RS54 0698-3152 8 2 RESISTOR 3.48BK 1X ,125W F TC=0+-100 24546 €4~-1/8-T0-3481~F
RSS 0757-0444 1 1 RESISTOR 12.1K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1212-F
RS6 0757~0442 9 RESISTOR 10K 1X ,125W F TC=0+-100 24546 C4-1/8-T8~1002~F
R57 07571094 4 RESISTOR 1.47X 1X ,125W F TC=0+-100 245446 C4-1/8~-T0-1471~F
RS8 0696-0084 9 RESISTOR 2.,15K 1X .125W F TC=0+-100 24544 C4-1/8~-T0-2151-F
R59 8757-0280 3 REEISTOR 1K 1X ,125W F TC=0+-100 24544 C4-1/8-TB-1301-F
R&0 4757-0438 3 2 RESISTOR 5.11K 1X ,125W F TC=0+-100 24546 C4-1/8-T0-5111-F
R61 1810-0478 b 1 NETWORK-RES 8--SIP22.0K OliM X 4 28480 1810-0478
R&2 846483~2265 1 1 RESISTOR 22M S% .254 FC TC=-9006/+1200 61123 CB226%5
R63 0698-3152 8 RESIGTOR 3.48K 1% ,125W F TC=8+-100 24546 £4-1/8-T0-3481-F
R&4 0699-1022 ? 1 RESISTOR FUSE-47 OHM 174U 28480 0699-1022
R65 0683-1005 S 1 RESISYOR 10 5% .28W FC TC=-400/+500 01121 CB100S
R&66 0683-1025 9 1 RESISTOR 1K SX .254 FC TC=-400/+600 121 €B1025
R67 0699-10290 7 1 RESISTOR-470 OMM 1M 284810 0699-1020
R&E8 1819-903035 8 NETWORK-RES 9-SIP4,.7X OHM X 8 28480 1810-0305
R69 0757-0401 1] RESISTOR 100 1% .125W F TC=0+-100 24546 C4-1/8-T0~101~F
R70 0757-0442 9 RESISTOR 10K 1% ,125W F TC=0+-100 245446 C4-1/8-T8-1002~F
R71 0757-0401 ] RESISTOR 100 1% ,125W F TC=0+-100 24546 C4-1/8-T0-101-F
R72 0757-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24544 C4-1/8-T6-1002-F
R73 0698-0883 B 1 RESISTOR 1.96K 1X .12SW F TC=0+-100 24546 C4-1/B-T0O-1961-F
R74 0698-0083 8 1 RESISTOR 1.96K 1% .125W F TC=0+-100 2454646 C4-1/8-TD-1961~F
R7S 3698-3161 3 1 RESISTOR 38.3K 1% .125W F TC=0+-100 24544 C4-1/8-T0-3832-F
R7& N757-0280 3 RESISTOR 1K 1% .125W F TC=0+-100 245406 €4-1/8-73-1001-F
R77 0757-0280 3 RESISTOR 1K 1Z ,125W F TC=0+-100 24546 €4~-1/8-T0-1001~F
R78 0757-0465 - 1 RESISTOR 100K 1% .125W F TC=0+-100 24548 C4-1/8-T0-1003~F
R79 0683-5605 9 RESISTOR 56 5% .25W FC TC=-4080/+500 g1121 CBS4603
R8O 0683-5605 ? RESTISTOR S6 5% .25W FC TC=-400/+500 01121 CB5405
R81 0757-0470 3 1 RESISTOR 162K 1% .125W F TC=0+-108 24546 C4-1/8-T0-1623~F
R82 01698-3156 2 1 RESISTOR 14.7K 1% ,12%W F TC=0+-100 243546 €4-1/B-T8-1472~F
R83 0757~0421 4 1 RESISTOR 825 1% .125W F TC=0+-100 24546 C4~1/8~T0-825R~F
R84 0757-0399 S5 1 RESISTOR 82.5 1% ,125W F TC=0+-100 24546 C4-1/8-T0-82R5-F
R8BS 0698-3153 9 1 RESISTOR 3.83K 1% .125W F TC=0+-100 24548 C4-1/8-T0-3831-F
R86 6757-0277 ] b RESISTOR 49.9 1% .12SW F TC=0+-1380 24548 C4-1/8-T0-4992~F
RrR87 9757-0401 '] RESISTOR 100 1% ,125W F TC=0+~100 245456 C4-1/8-T0~181-F
RB8 0757-0442 ? RESISTOR 10K 1% ,125W F TC=8+~100 245448 €4-1/8-T0-1002~F
RBY 1810-0305 8 NETUWORK-RES 9-5IP4.7K OHM X 8 28480 1810-0305
R?0 1810-0305 8 NETWORK-RES 9-SIP4.7K OHM X B 28480 1810-0303
R91 1810-0305 8 NETWAORK-RES 9-SIP4.7K OHM X 8 28480 1810-0303
R92 0737-0280 3 RESISTOR 1K 1% .12SW F TC=0+-1010 24544 C4-1/8-T0-1001-F
RY3 0757~0464 5 1 RESISTOR 98.9K 1% .125W F TC=0+-100 24546 Ca-1/8~T0-2092-F
R?4 87570280 3 RESISTOR 1K 1X .125W F TC=0+-100 245446 C4-1/8-T0-1001-F
R?S 0699~1019 4 2 RESISTOR-7.071K OHM 8.1UW 28480 1699--1019
R96 0757-0438 3 RESISTOR S.11K 1% .125W F TC=0+-100 24346 C4~-1/8-T0-5111-F
R97 06991019 4 RESISTOR-7.071K OHM 0.1W 28480 0699-1019
R98 1810-0621 1 RESISTIVE NETWORK 28480 1810-0621
R®9 2100-2517 4 1 RESISTOR-TRMR S0K 10% C SIDE-ADJ 1-TRN 30983 ETS0X503
R100 2100-2489 ? RESISTOR-TRMR SK 10X C SIDE-ADJ 1-TRN 38983 ETS0X502
R101 0757~0401 0 RESISTOR 100 1% ,12SW F TC=0+-100 24544 C4-1/8-T0-101-F
rR102 9757-0280 3 RESISTOR 1K 1% ,125W F TC=0+-100 2454 C4-1/8-T0-1001-F
R103 0757-0439 4 1 RESISTOR 6.81K 1% .125W F TC=0+-100 24546 C4-1/8-T8-6811-F
R1064 3757-0442 % RESISTOR 10K 1% ,125W F TC=0+~-100 24544 CA-1/8-T0h-1002-F
R105 0698-31460 8 1 RESISTOR 31.6K 1% .125W F TC=0+-180 24546 Ca-1/8-T0-3162-F
R106 8757-0401 b RESISTOR 100 1X ,125W F TC=0+-100 243548 C4-1/8-T0-101-F
R107 0683-3315 4 1 RESISTOR 330 Sx .25W FC TC=-400/+600 1121 CB331S

A2T1 ?100-4252 3 1 TRANSFORMER-PULSE 28480 ?2100-42%2

A2uU1 1813-0303 2 3 IC (MISC) 284840 1813-0303
U2 1813-0303 2 IC (MISC) 28480 1813-0303
usz 1813-0303 2 IC (MISOY 284860 1813-0383
ua 1813-0298 4 2 IC (MISC)Y 28480 1813-0298
ug 1826-0519 9 13 IC OP AMP LOW-BIAS-H-IMPD 8-DIP-P PKG 01293 TLO71CP
Ub 1820~-1545 1 -] 1€ MULTIPLXR 2-CHAN-ANLG TRIPLE 16-DIP-C 3L585 CD4053BY
uz7 1820~2111 9 1 IC DRVUR TTL INV 01295 SN75468N
ug 1820-1546 2 3 IC MULTIPLXR 4-CHAN-ANLG DUAL 16-DIP-C 04713 MC14052BCL
ue 1826~-0519 ? IC 0f AMP LOW~BIAS-H-IMPD 8-DIP-P PKG 841295 TLa71CP
uto 1826-051% k4 IC OP AMP LOW~BIAS-H-IMPD B-DIP-P PXG 01295 TLO71CP

See introduction to this section for ordering information
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SECTION VI Model 4276 A
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Reference HP Part |c| o Descrinti Mfr
; A escription fr Par m
Designation | Number |D ty crip Code Mfr Part Number
AZ U1 1820-1545 1 IC MULTIPLXR 2-CHAN-ANLG TRIPLE 16-DIP-C 31585 CD4053BY
uiz2 1820-15446 2 IC MULTIPLXR 4-~CHAN~ANLG DUAL 16-DIP-C 84713 MC14052BCL
U3 1826-0519 ? IC OP AMP LOW-BIAS-H-IMPD B-DIP-P PKG n1295 TLIAZICP
ut4 1826-0547 3 2 IC OF AMP LOW-BIAS-H~IMPD DUAL 8-DIP-P 01295 TLR72ACP
uis 1826~0519 ? IC OP AMP LOW-BIAS-H-IMPD B-DIP-P PKG 01295 TLO71CP
157 18290-1545 1 IC MULTIPLXR 2-CHAN-ANLG TRIPLE 16-DIP-C 31589 CD40538Y
U1z 1820-1546 2 IC MULTIPLXR 4-CHAN—-ANLG DUAL 16-DIP-C 0A713 MC14052ECL
uis 1820-1545 1 IC MULTIPLXR 2-CHAN-ANLG TRIPLE 146-DIP-C 3L.5985 CD40538Y
(1384 1826-8519 9 IC OP AMP LOW-BIAS—H~TMPD B-DIP-P PKG 01295 TLO71CP
uao 1826-0519 9 IC OP AMP LOW-BIAS-H-IMPD 8-DIP-P PXG 81299 TLO871CP
u21 1820~-1545 1 IC MULTIPLXR 2-CHAN-ANLG TRIPLE 14-DIP-C 3L585 CD40S3BY
uaz 1826-0519 ? 1C OP AMP LOW-BIAS-H~IMPD 8-DIP-P PKG 01295 TLO71CP
ua3s 1826-0175 3 1 IC COMPARATOR GP DUAL 14-DIP-P PKG 27014 LM319N
uz24 1820-1212 9 1 IC FF TTL LS J-K NEG-EDGE-TRIG 61295 SN741_.S112AN
uz2s 1826-0138 8 1 IC COMPARATOR GP RUAD 14-DIP--P PKG 21295 LM33ION ©
uz2é 1826-0519 9 IC OF AMP LOW-BIAS-H-IMPD 8-DIP-P PKG 01295 TLE71CP
uz27 1824-0248 1 1 IC CONV 8-B~D/A 16-DIP-C PKG 04713 MC1408L-6
uzs 1813-0297 3 1 IC (MISC) 284840 1813-0297
uz2¢9 1816-1533 8 1 1C-MB7851 28480 18146-1533
u3o 1820-1442 7 1 IC CNTR TTL LS DECD ASYNCHRO 01295 SN74LS290N
u31 1826-0547 3 IC DP AMP LOW-BIAS-H-IMPD DUAL 8-DIP-P 01295 TLO72ACP
u32 1820~-1443 8 1 IC CNTR TTL LS BIN ASYNCHRO 01295 SN74LS293N
u33 1820-0683 6 1 IC INV TTL S HEX 1-INP 01295 SN74504N
u34 1820-0630 3 1 I€ MISC TTL 04713 MC4044P
u3s 1820-1738 b 4 I FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74LS273N
U3e 1826~-0147 9 S IC 7812 V RGLTR TD-220 04713 MC7812CP
u3z 1826-0221 0 3 IC VU RGLTR T0-220 04713 MC7912CT
u3s 1826-0122 b 4 IC 7905 V RGLTR TO-228¢ 87263 7805UC
u3e 1826-0122 0 IC 7805 V RGLTR T0-220 37263 7805UC
u49 1813-0298 4 IC (MISC) 284810 1813-0298
u41 18260519 ? IC OP AMP LOW-BIAS~H-IMPD B8-DIP-P PKG 01295 TLO71CP
u42 1826-0519 9 IC OP AMP LOW-BIAS-H-IMPD 8--DIP-P PKG 01295 TLO71CP
U43 1826—-0519 9 IC OP AMP LOW-BIAS-H-IMPD B-DIP-P PK& 21295 TL.071CP
U44 1826-0147 9 IC 7812 V RGLTR T0-220 04713 MC7812CP
U45 1826-0221 0 IC V RGLTR TD-220 84713 MC7912CT
uas 1826-0221 ] IC V RGLTR TO-220 04713 MC7912CT
Ua?7 1826-0147 ? 1C 7812 V RGLTR TO-220 04713 MC7812CP
u48 1820-1545 1 IC MULTIPLXR 2-CHAN-ANLG TRIPLE 14-DIP-C 3L.985 CD4053BY
Ua9 1826-0519 9 1C OP AMP LOW~BIAS-H~IMPD 8-DIP-P PKG 11295 TLO71CP
uso 1820-1730 & IC FF TTL LS D-TYPE POS~EDGE-TRIG COM 01295 SN74LS273N
us1 1820-1730 b 1C FF TTL LS D-TYPE POS-EDGE-TRIG COM 91295 SN74LS273N
use 1820-1730 & IC FF TTL LS D-TYPE PUS-EDGE-TRIG COM 01295 SN74LS273N
us3 1826-0147 ? IC 7812 V RGLTR T0-220 34713 MC7812CP
usS4 1824-0221 )] IC V RGLTR TO-220 04713 MC7912CT
uss 1826-0122 0 IC 7805 V RGLTR TO-220 87263 7805UC
usé 1826-0122 0 IC 78085 V RGLTR TO-220 07263 7805UC
us7 1820-1416 3 1 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74L514N
uss 1826~0522 4 1 IC 0P AMP LOW-BIAS-H-IMPD QUAD 14-DIP-P 81299 TLO74CN
use 1813-02%6 2 3 IC (MISD) 28480 1813-0296
uso 1813-0296 2 IC (MISC) 28480 1813-0296
ué1 1813-0296 2 IC (MISC) 284880 1313-0296
us2 1820-1975 1 3 IC SHF-RGTR TTL LS NEG-EDGE~TRIG PRL-IN 01295 SN74LS165N
use3 1820~-1973 1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 01295 SN74LS165N
us4 1820~197% 1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 01295 SN7ALS16SN
u6Ss 1813-0302 1 1 IC (MISC) 28480 1813-0302
uéé 1826-0221 ¢ IC Vv RGLTR TO-220 04713 MC7912CT
us? 1826-0147 ? IC 7812 V RGLIR T0-220 D4713 MC?7812CP
uss 1820~-0475 4 1 IC COMPARATOR HS TO0-99 PKG 27014 LM3B6H
A2 W1 8159-0005 [ 10 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8139-0005
w2 8159~000S g RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8159-08805
3 8159-0005 8 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 284880 8159-0085
Wwa 8159-000% [} RESISTOR-ZERQ OHMS 22 AWG LEAD DIA 20480 8159~0005
w5 8159-0005 0 RESISTOR-ZERD OHMS 22 AWG LEAD DIA 28480 8159-0005
Wée 8159-0005 9 RESISTOR-ZERD OHMS 22 AWG LEAD DIA 28480 8159-0005
w7 3159-0005 I} RESISTOR-ZERC OHMS 22 AWG LEAD DIA 28480 8159-000S5
wa 8159-0005 ] RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8159-0005
ue 8159-0003 0 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 284890 8159-0005
wig 81%59-0005 1 RESISTOR-ZERD OHMS 22 AWG LEAD DIA 28480 81590005
MISCELLANEDUS PARTS
0340-0060 4 4 TERMINAL-STUD SPCL~-FDTHRU PRESS-MTG 8291 011-6809 00C 209
0340-0092 2 7 TERHINAL-STUD SPCL-FDTHRU PRESS-MTC 2848¢ 8340-0092
0340-0220 8 28 28480 0340-022
03401049 1 14 SPACER~-T0220 28480 0340-1049

See introduction to this seetion for ordering information
*Indicates factory selected value
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Model 4276 A

Table 6-3. Replaceable Parts

SECTION~ VI

Reference HP Part ¢l oty Description Mir Mfr Part Number
Designation Number |O Code
04276-66504 { 3 1 POMER SUPPLY BOARD ASSEMBIY 2g44a0 04076-665104
A4C1 §1806-1073 3 3 CAPACITOR-FXD 2280 UF 16UDC AL 23480 0180-107S
c2 3180-2980 1 2 CAPACITOR-FXD 10D0UF+-20% 3SUDL AL 28480 0180-2980
C3 2186-2980 1 CAPACITOR-FXD 1000UF+-20% 3SYDC AL 284849 0180-29849
C4 3188-1075 3 CAPACITOR-FXD 2230 UF 16UDC AL 28480 3180-1075
] 0180-3221 5 - CAPACITOR-FXD 10 UF 100VDC 212480 3180-3221
721 0180-3221 5 CAPACITOR-FXD 10 UF 180VDC 28480 0186-3221
c7 9180-3221 9 CAPACITOR-FXD 10 UF 100VDC 28480 2180-3221
[32] 1188-3221 S CAPACITOR~-FXD 18 UF 1g0VDC 284840 8180-3221
C9 01803221 ] CAPACITOR-FXD 10 UF 100VDE 23480 8188-3221
€10 0180-3221 5 CAPACITOR-FXD 10 UF 1toync 28480 01808--3221
Ci1 01306~-1050 4 3 CAPACITOR-FXD 180UF 25VDC 78480 9180-1350
ci2 0180~-1050 4 CAPACITOR~FXD 10QUF 25vdC 28480 6180-1050
c13 0180-10%50 4 CAPACITOR-FXD 100UF 25yDC 213480 3180-1050
C14 01460~-2055 b4 1 CAPACITOR-FXD ,01UF +80-20% 100UDC CER 28480 0168-2055
Ci5 0180~1075 3 CAPACITOR-FXD 2280 UF 16VUDC AL 28480 0180-1075
cis6 0160-3456 & 1 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 283480 B160-3456
Cc17 01890-0197 8 1 CAPACITOR-FXD 2.2UF+-10%X 20VDC TA 56289 150D225X902842
cig 0160-4822 2 1 CAPACITOR-FXD 1800PF +-5% 100VDLC CER 28480 0160-4822
ci9 4180~0291 3 1 CAPACITOR-FXD 1UF+-18% 35VDC TA 56289 150DP10SX92035A2
c20 31560-3094 8 1 CAPACITOR-FXD .1UF +-10% 130VDC CER 28483 01603094
c2 0180-~1704 5 1 CAPACITOR-FXD 47UF+-10% 6VDC TA 56299 150D476X2006R2
caz2 0180-0228 b 2 CAPACITOR-FXD 22UF+-10% 15VDC TA 56289 150D226X901502
ca3s 0160-0127 2 3 CAPACITOR-FXD 1UF +-20% 25YDC CER 28480 1160-0127
C24 3160-0127 2 CAPACITOR-FXD 1UF +-28% 25UDC CER 284890 0160-0127
cas 0160-4593 4 2 CAPACITOR-FXD 1,SUF +-20% 400VDC 28480 0160-4593
C26 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC GER 28480 0160-0127
caz 0180-t1746 3 1 CAPACITOR~-FXD 15UF+~10% 20UDC TA 4209 150D156X2020R2
ca28 1160-4593 4 CAPACITOR-FXD 1.5UF +-20% 400VD0 28430 016034593
cae 0180-3231 7 4 CAPACITOR-FXD 4.7 UF 450VDC 28489 814G0~3231
C30 0180-3231 7 CAPACITOR-FXD 4.7 UF 450VDC 28480 1180-3231
C31 0180~3231 ? CAPACITOR-FXD 4.7 UF 459yDC 28480 0180-3231
c32 0180-3231 7 CAPACITOR-FXD 4.7 UF 450VDC 28480 0180-3231
C33 0180-3253 -] 2 CAPACITOR-FXD 470 UF 200VDC 28480 0180-3253
c3a 0180-3253 6 CAPACITOR-FXD 470 UF 200UDG 28480 0180-3253
€35 0160-3969 ] 2 CAPACITOR-FXD .B1SUF +-20PF 250VAC(RMS) 284890 0160-3949
C3s 3160-3969 6 CAPACITOR-FXD .B13UF +-20PF 250VAC(RMS) 283480 0160-396%
c37 0180-0228 ) CAPACITOR-FXD 22UF+-10X 15YDC TA 56289 150D226X7015682
A4CRY 1902-1217 8 1 DIODE-ZNR 6.2V 5% DO~4 PD=13W TC=+,D35% 28480 19292 -1217
CR2 1902-3234 3 2 DIODE~ZNR 19.6V S DO-35 PD=,4W 284890 1902-3234
CR3 1902-3234 3 DIGDE-ZNR 19.6V 55X DO-35 PD=,4u 28480 1932-3234
CR4 1901-0425 2 11 DIODE-GEN PRP 100V 200MA DQ-~7 28480 1201-002%5
CRS 1901-002% 2 DIODE-GEN PRP 130V 200MA 5O-7 28480 1901-0025
CRé 1901-0025 2 DIODE-GEN PRP 180V 2a0MA DO-7 28480 19610025
CR?7 1981-0025 2 DIODE-GEN PRP 100V 200MA DO-7 28480 1901-0025
CR8 1201-0691 8 & DIODE-PUWR RECT 100V 3A 200NS 03518 A115A
CR9 1981-0691 8 DIODE-PWR RECT 108V 3A 200NS 03508 A115A
CR10 1901-0691 8 DIODE-PWR RECT 186V 3A 200NS 43508 A115A
CR11 19201-0691 38 DIODE~PWR RECT 100V ZA 208NS 93308 A115A
CR12 1901-0691 = DIDODE-PWR RECT 100V 3A 200NS 03508 A118A
CR13 1901-06%1 8 DIODE-PWR RECT 100V 3A 203NS 03588 A115A
CR14 1901-0969 3 2 DIODE-POWER RECT. 28480 1901-0969
CR1S 1901-0969 3 DIDDE-POWER RECT. 284839 1901-0969
CR1& 1902~-3182 0 1 DIODE-ZNR 12.1V SX% DO-35 PD=,4u 28480 19202-3182
CR17 1901-0025 2 DIODE-GEN PRP 100V 200MA D0-7 28488 1701-002%5
CR18 1?201-0023 2 DIODE-GEN PRP 180V 280MA DO-7 28480 19201-0025
CR19 1702-3203 6 1 DIODE-~ZNR 14.7V 5% D0O-35 PD=.4uW 28480 1902-3293
CR20 1901-0025 2 DIODE-GEN PRP 100V 200MA DO-7 28490 1901-0025
CR21 1961-0025 2 DIDDE-GEN PRP 100V 200MA LO-7 28480 19201-002%
CRrR22 1902-0555 b 1 DIODE-ZNR 13V SX PD=1U IR=5UA 28480 19202-055%
CR23 1981-00825 2 DIODE-GEN PRP 1050V 280MA TO-7 zR480 1901-0025
CR24 1901-0025 2 DIAGDE~-GEN PRP 180V 200MA DO-7 28480 12010025
CR25 1901-1065 2 3 DIODL~PWR RECT 1IN4936 400V 1A 200N3 14936 1N4934
CR24 1901-1065 2 DIODE-PWR RECT 1N4936 400V 1A 200NS 14936 1N4?35
CR27 1901-1065 2 DIODE-PWR RECT 1N4936 400V 1A 2DONS 14936 1N4934
CR29 1992-3191 1 1 DIODE-ZMR 13V 2% DO-35 PD=,4W TC=+, 063X 28480 1?262-3191
CR29 19010025 2 DIODE-GEN PRP 100V 200MA DD-7 28480 1701-0028
CR30 1906-0080 ? 1 DIODE-FW BRDG 608V 10A 284810 1906-040480
AdFy 2110-0804 1 1 FUSE .2%A 250V NTD 1.25X.25 uL 28480 2110-0004
F2 2110-0305 S 1 FUSE 1.28A4 250¢ TD 1.25X.25 UL 75915 J3131.29
F3 2110~-09007 4 1 FUSE 1A 250V TD 1.25X.25 UL 7591% 313001

See introduction to this section for ordering information

*Indicates factory selec

ted value
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SECTION VI Model 4276 A
Table 6-3. Replaceable Parts
Reference HP Part |c| o Mfr
. A t Description Mfr Part Number
Designation Number |D Y P Code
A4 T1 12514923 5 1 CONNZCTOR 3~PIN M METRIC POST TYPE 23480 1251-4738
Ja 1251-3837 1 1 CONNECTOR 4~PIN M UTILITY 284880 1251-3837
AdL1 ?190--313% 3 1 INDUCTOR 7S5UH 15% SDX.87SLG 283480 %100-3132
L2 9140-0758 3 1 INDUCTOR~- 787 Ui 28484 9140-0758
1.3 ?140--0171 3 4 INDUCTOR RF-CH-MLD 40UH 10% ,296DX.96BLG SRAB0 ?140-0171
L4 ?140-0171 3 INDUCTOR RF-CH-ML.D 48UH 10% ,296DX.968LG 284840 ?148-0171
LS ?140-0462 5 1 INTUCTOR 355UH 28480 9140-0462
Lé 9140-0757 0 1 INDUCTOR- 980 UH 284840 3140-0757
1.7 ?140-0171 3 INDUCTOR RF-CH-MLLD 43UH 10% .Z96DX.96BLG 28480 9140-0171
(3] 9140-0463 & 1 INDUCTOR 10MH 6% 284840 F140-0463
L9 ?140-0171 3 INTUCTOR RF-CH-MLD 40UH 10X .Z96DX.268LG 28480 ?140-0171
10 9148-0210 1 1 INDUCTOR RF-CH-—-MLLD 100UH S% ,166DX,3083.6 28480 ?140-0210
Adm 1853-0281 ? 3 TRANGISTOR PNP 2NZ7074 ST T0-18 PO=400MY 94713 PNR?07A
02 1854-0477 7 S TRANGISTOR NPN 2N2222A §1 TO-18 04713 2PN2222A
23 18540477 7 TRANGTSTOR NPN 2N2222A 51 T0-18 04713 2N2222
G4 1834-0477 7 TRANSISTOR NPN 2N2222A SI T70-18 04713 2N2222A
S 18530281 ? TRANSTISTOR PNP 2NZ9074 SI1 TN-18 PD=400rUW 04713 2N27074
& 1854-0477 7 TRANSISTOR NPN 2N2222A SI T0O-18 PD=N00HW 04713 2N2222A
A7 1553-0281 ? TRANSISTOR PNP 2N2937A SI TO-18 PD=400MY 04713 2N29074A
Q3 1854-0624 & 2 TRANSISTOR NPN 2N6388 SI T0-3 PD=120W 04713 2NO308
rE4 1854-04624 6 TRANSISTOR NPN 2N6308 SI T0--3 PD=120M 04713 2N6308
10 1854-0933 2 1 TRANSTISTOR-NPN 28480 1854-093S
11 1654-0936 3 1 TRANSISTOR-NPN 28480 1854-0936
Qarz 18%54-0477 7 TRANSISTOR NPN 2N2222A ST TO-18 PD=500MHY 864713 2NRR22A
AdRr1 06832235 S 1 REGISTOR 22K 5% .25 FC TC=--400/+800 21121 Cy2235
R2 3683-4703 3 3 RESISTOR 47 S% .25W FC TC=-400/+500 81121 CR4705
R3 0683-1005 5 3 RESISTOR 10 5% ,2SW FC TC=-400/+500 41121 €B1645
R4 06831515 2 1 RESISTOR 150 S% ,25W FT TC=-400/+630 81121 CB1915
RE 0683~4713 ] 3 RESISTOR 470 S% .254 FC T 400/+600 01121 CRra715
R6 0683-4715 0 RESISTOR 470 5% .25%W FC TC=-400/+400 g1121 CB4715
R7 06834735 4 2 RESISTOR 47K S% .2%4 FC TC=~400/+80¢ 91121 CR4735
R8 0683-4735 4 RESISTOR 47K 5% .25W FC TC=—400/+8080 61121 CB47335
RY 0683-4715 4 RESISTOR 470 Sz .254 FC TC=-400/+600 g1121 CR47135
R10 26B3-152% 4 2 RESISTOR 1.5K 5% .25W FC TC=-400/+70) g1121 CB152%
R11 0683-1529 4 RESISTOR 1.5K Sz .25W FC YC=-400/+708 81121 CB1523
R12 9633-4705 8 CSISTOR 47 5% .25W FC TC=-400/+500 01121 CB473S
R13 8683-4705 8 RESISTOR 47 Sz 254 FC TC=-400/+300 61121 CR4705
R14 21003352 7 1 RESISTOR-TRMR 1K 10%Z € SIDE—-ADJ 1-1RN 28480 2100-3352
R1S 2100-3274 2 1 RESTSTOR-TRMR 16K 18% C STDE-ADJ 1--TRN 283480 2100~-3274
R16 1683-1025 9 1 RESISTOR 1K 5% ,25W FC TC=-400/+400 1121 CRr1025
R17 0764-0015 7 1 RESISTOR 560 5% 2W MO TC=0+-280 23480 8764-0815
R18 36B83-0335 2 2 RESISTOR 3.3 9% .25W FC TC=-400/+500 21121 CRB3365
R1%? 0683-100% 5 RESISTOR 10 S% .25W FC TC=-400/+500 LRRE:S] CB108S
R2 0683--0333 2 RESTISTOR 3.3 5% .25W FC TC=-400/+500 81121 CB336GS
R21 0683-1005 S RESISTOR 10 S% .2SW FC TC=-400/+500 61121 CRp100%S
R22 0683-5615 1 1 RESISTOR S&40 5% .25W FC TC=-400/+600 01121 CBS61S
R23 3683-103% 1 1 RESISTOR 10K 5% .23W FC TC=-400/+703 31121 CB103S
R4 1683-0275 9 4 RESISTOR 2.7 5% .25W FC TC=~400/+500 01121 CB27GS
R2S 1683--1275 7 RESTISTOR 2.7 5% .25W FC TC=-400/+500 g1121 CB27G3
R26 01683-027% ? RESISTOR 2.7 S% .29W FC TC=-400/+580 81121 CBR7GS
R27 1633-0279 9 RESISTOR 2.7 S% .25W FT TC=-400/+500 21121 Cr276G5
R28 0766~-0033 3 1 RESISTOR 2K 2% 3W MO TC=0+-250 27167 FP3-3-250-2001-G
R29 1761-0004 B 1 RESISTOR 20K 3% 14 MO TC=0+-280 28489 9761-0004
R30 0699-1057 4 1 RESISTOR 15 10% 3W 28480 0699-1057
R31 1686-3745 2 1 RESISTOR 390K S% .SW CC TC=g+882 01121 ER3945
R32 86833-5635 S 1 RESISTOR S6K 5% .2%W FC TC=-400/+800 91121 CB5635
R33 0686-1059 1 1 RESISTOR 1M SZ .SW CC TC=0+1000 g1121 £B105S
RI4 3678-3657 B 2 RESISTOR 48K 5% 2W MO TC=0+-200 27167 FP42-2-TD0-6802-7
R3Y 1698~3657 2] RESISTOR A8K 5% 2W MO TC=0+-200 27167 FP42-2-T00-6802-7
R36 3811-1670 3 1 RESISTOR 2.2 5% 2W PW TC=0+-430 75042 BWNH2-2R2~T
A4RT1 0839~0006 S 1 THERMISTOR DISC 284810 01839-0006
AdRV1 1837-0237 0 1 VARISTOR 28480 0837-0237
RV2 0137-0106 2 1 VARISTOR 28481 0837-0106
A4T1 9100-4287 1 1 TRANGFORMER ~P OWER 28480 9100-4287
T2 2100-0857 8 1 TRANSFORMER-PULSE 114H1 28480 9180-0857
T3 9100-4293 2 1 TRANSFORMER -PULSGE 28480 9100-4293
Adut 1813-0295 3 1 IC-REGULATOR HYBRID 28481 1813-0255
Adut 3159-0005 0 1 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8159-000S
HMISCELLANEQUS PARTS
3340~-2046D 4 1 TERMINAL-STUD SPCL-FDTHRU PRESS-MTG ?8291 011-680% 000 209
0340-0092 2 1 TERMINAL-STUD SPCL-FDTHRU PRESS~HTG 28480 0340-0092
1340-0220 8 5 28480 1340-0220
0380-0443 7 3 SPACER-RND ,188-IN-LG .194~IN-ID 283480 4330-04465
2110-0269 9 b FUSEHOLDER-CLLIP TYPE.2SD-FUSE 28480 2110-0269

See introduction to this section for ordering information
*Indicates factory selected value
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Model 4276 A SECTION VI

Tahle 6-3. Replaceable Parts

Reference HP Part |c Q s Mfr
- A t Description Mfr Part Number
Designation Number |D Y p Code
2360-0115 4 b SCREW-MACH 6-32 ,312-IN-LG PAN-HD-PNZI n0agg ORDER BY DESCRIPTION
2740-0003 o1 1 NUT-HEX-W/LKWR 18~32-THD ,125~IN-THK agnao ORDER BY DESCRIPTION
04276-01204 4 1 ANGLE (HEATSINK) 28489 04276-01204

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Model 4276A

*Indicates factory seiected value

Reference HP Part |c . Mfr

: s Description fr Part

Designation Number |D Qty serip Code Mfr Part Number

B4276-66505 | 4 1 DISPLAY BOARD ASSEMELY 28480 04276-66505

ASC1 0180-1085 5 4 CAPACITOR-FXD 4.7UF 16VUDC TA 20480 0180-1085
cz 8188~-1085 S CAPACITOR-FAD 4.7UF 16VDC TA 28480 9180-1085%
c3 0180-3218 0 1 CAPAGCIOTOR-FXD 1 UF 63VDC AL 28480 0180-3218
c4 5180-1085 5 CAPACITOR-FXD 3.7UF 15VDC T 28480 3180-1085
cs 0180~1083 s CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-108S

A5DS1 1996-0540 3 10 DISPLAY-NUNM-SEG 1-CHAR ,43-H 28480 5982-7650
p&2 1990-0540 3 DISPLAY-NUM~SEG 1-CHAR ,43-H 29480 S082-7650
DS3 1990-0540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 53827650
DS4 1990-0540 3 DISPLAY-NUM~SEG 1-CHAR .43-H 28480 50827650
0SS 1990-0540 3 DISPLAY-NUM-BEG 1-CHAR .43-H 28489 5082-7650
DGé 1990-0540 3 DISPLAY-NUM~SEG 1-CHAR .43-H 28488 5082-7650
DS7 1996-6540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 29480 50827650
0S8 1990-0540 3 DISPLAY-NUM-GEG 1-CHAR ,43-H 28480 5082-7650
D59 1990-0540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 5082-7650
DS10 1990-0540 3 DISPLAY-NUM-GEG 1-CHAR .43-H 28480 5082-7650
DH11 1990-0531 2 4 DISPLAY-NUM~-SEG 1~CHAR .3-H 28480 5082-7610
DS12 1990-0531 2 DISPLAY-NUM-SEG {~CHAR .3-H 28489 5082-7610
D513 1990-0531 2 DISPLAY-NUM-SEG 1-CHAR .3-H 28480 S002-7610
DS14 1990-8531 2 DISPLAY-NUN~SEG 1-CHAR . 3-H 28480 5882-7610
DS1S 1990-0486 6 51 LED-LANP LUNM~-INT=1MCD IF=20NMA-HAX BUR=SY 28480 S082-4684
DS16 1990~0486 & LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SY 28480 5082-4684
DS17 1990-0486 6 LED-LAMP LUM~-INT=1MCD IF=20MA-MAX BUR=5Y 28480 5082-4684
D518 1990-0486 & LED~LAMP LUM-INT=1MCD IF=POMA-MAX EVR=% 28480 5382-4684
D§19 1990-0665 3 S LED~LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 28480 1990-0665
DS20 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX EVR=3V 28489 5182-4684
D821 1990-0486 6 LED~LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 28480 5082-4684
D522 1990-0486 6 LED-LAMP LUM~INT=1MCD IF=20MA-MAX RUR=SY 28480 5082-4684
pS23 1990-0486 6 LED-LAMP LUM~-INT=1MCD IF=20MA-MAX BUR=5V 283480 5082-4684
D524 1990-0486 4 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SV 28480 5882-4684
D82S 1990-0484 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 28480 5082-4684
DS26 19900486 6 LED-LAMP LUM~INT=1MCD TF=20MA-HAX BVR=5V 28480 5082-4684
DB27 1990~0486 & LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 23480 50024684
pS28 1990-0486 6 LED-LAMP LUM~INT=1MED TF=20MA-MAX BVR=5U 20480 5082-4684
D529 1990-0486 6 LED~-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5Y 28480 S082-4684
0330 1990-0486 S LED-LAMP LUM~INT=1MCD IF=28MA-MAX BUR=S 28480 5082-4684
D831 1990-0486 6 LED-LAMP LUM~-INT=1MCD IF=20MA-MAX BUR=5V 28480 S082-4684
D832 1990-0486 6 LED-LAMP LUM-~INT=1MCD TF=20MA-MAX BVR=SV 28480 5082-4684
DS33 1990-0486 I3 LED~-LAMP LUM~INT=1MCD OHA-MAX BYR=SY 28480 5082~4684
D834 1990-0486 & LED-LAMP LUM-INT=1MCD IMA-MAX BUR=5ZY 28480 5082-4684
DS3S 1990-0486 & LED~LAMP LUM~INT=1MCD IF=20MA-MAX BUR=SV 28480 S082-4684
D536 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=23MA-MAX BUR=SV 28480 5382-4684
D537 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 23480 5062-4684
D538 1990-0486 6 LED-LAMP LUH-INT=1MCD IF=20MA-MAX BUR=S5V 28480 5032-4684
DS39 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5Y 28480 5082-4684
D540 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SY 28480 5082-4684
DS41 1990-0486 s LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 20480 5092-4684
D542 1990~0486 a LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SV 26480 5082-4584
D543 1990-0665 3 LED~LAMP LUM-INT=1MCD IF=R0MA-MAX RUR=5V 28480 1990-0665
D544 1990-2486 & LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=S5V 28480 5082-4684
DG4S 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20HA-MAX BUR=5V 28480 S082-4684
D546 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX EVUR=SY 28480 5182-4684
D547 1994-0486 & LED~LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 28480 S082-4684
DS48 1999-0486 6 LED-LAMP LUH-INT=1MCD IF=20MA-MAX BVR=S ZR480 5082-46R4
DS49 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA~MAX BUR=SV 208480 5082-4684
D550 1990-0486 & LED-LAMP LUH-INT=1MCD IF=20MA-MAX BUR=SY 28480 5182-4684
DSS1 1990-0486 & LED~LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SY 28480 5082-4684
DS52 1990-0486 6 LED-LAMP LUM—INT=1MCD IF=20MA-MAX EVR=3Y 28480 5082-4684
DSS3 1990-~0486 & LED~-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 284810 5082-4684
DS54 1990-0486 6 LED-LAMP LUM~INT=1MCD IF=20MA-MAX BUR=35V 28480 5082-4684
DSSS 1990-0486 3 LED-LAMP LUM~INT=1MCD IF=20MA-MAX BUR=SV 28480 5082-4684
DSS6 1990-0486 b LED-LAMP LUM-INT=SIMCD IF=20MA-MAX BUR=5Y 28480 5982-4684
D857 1990-0486 & LED-LAMP LUM~INT=1MCD IF=20MA-MAX BUR=5V 28480 5082-4684
DS58 1990-0486 & LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 5182-4684
DS59 1990-0486 6 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SV 20480 5092-4684
D860 1990-0486 6 LED-L.AMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 28480 S082-4584
DSt 1990-0486 6 LED~LAMP LUM-INT=1MCD IF=20MA-MAX BUR=5V 29480 S002-4684
D862 1990-0486 s LED-LAMP LUM~INT=1MCD IF=20MA-MAX EUR=5Y 28480 5082-4584
DS63 1991-0665 3 LED-LAMP LUM-INT=1MCD IF=20MA-MAX BUR=SV 28480 1990~0665
D564 1999~-0486 s LED-LAMP LUM-INT=1MCD IF=20MA-MAX BVR=5V 28480 5082-4684
D865 1990-0486 6 LED-LAMP LUM~INT=1MCD IF=20MA-MAX BUR=5V 2834890 5082-4684

See introduction to this section for ordering information
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Model 4276 A

Tahle 6-3. Replaceable Parts

SECTION VI

Reference HP Part 1ol gy Description Mfr Mfr Part Number
Designation Number |D Code
AS5DS6s 1990-34R4 6 LED~LAMP LUM-INT=1MCD IF=20MA-MAX EVR=EV ~B489 5082-44684
$567 19%0-04864 & LED~-LAMP LUM~-INT=1MCD IFf=20MA-MAX BUR=5V 2094810 0824684
D368 1990-04D6 6 LED-LAMP \LUM-INT=1MCD IF=20MA-MAX GBGVR=5V 283480 S032-4684
DH69 1990~04668 3 LED-LAMP LUM~INT=1MCD IF=20MA-MAX RUR=5V 284840 1978--0665
DS70 19900665 3 LED-LANMP LUM-INT=1MCD JF=20MA-MAX BVR=5V 213380 1590-0&65
ASJ71 THRU J14 1200-0638 7 14 SOCKET-IC 14-CONT DIP DIP~-SLDR 28480 12000638
ASR1 1310-0301 4 2 NETWORK-RES 16-DIP51.] DM X 8 21121 316510
R2 1610-0627 7 3 RESISTIVE NETUWQRK 284840 10210-0627
RY 1810-0301 4 NETWORK-RFS 16-DIPS1.3 OHM X B 1121 316BS510
R4 18910-0627 7 RESTSTIVE NETWORK 28430 181C-062
R3S 1310-0627 7 RESTSTIVE NETWORK ZB480 1810-0627
R7 01683-4723 2 1 RESISTOR 4.7 5% ,23W FLC TC=-400/+700 01121 CRa72%
A551 S060-7436 7 17 PUSHEUTTON SWITCH P.C. MOUNT 213480 G060-9434
|2 S060-2436 7 PUSHBUTTON SWITCH P,C. MOUNT 28480 S060-9438
33 5850-9436 7 PUSHEUTTON EMITCH P.C, MOUNT 8480 S060-9436
Sa S060-9434 7 PUSHRUTTON SWITCH P.C. MOUNT 28480 0609436
55 50607436 7 PUSHRUTTON SWITCH P.C. MOUNT 28480 5060-9436
Sé S50450~-9436 7 PUSHEUTTON SWITCH P.C. MOUNT 23480 G060-9436
s7 50609434 7 PUSHRUTTON SWITCH P.C., MDUNT 28480 5060-9436
58 5060-9436 7 PUSHBUTTON SKITCH P.C. MOUNT 28480 S060-9436
59 S060-2436 7 PUBHEUTTON SWITCH P.C. MOUNT ~B480 S5060-9436
S11 3101-1074 9 2 SWITCH-PUSHBUTTON SPST NO 284840 3101-1074
312 3101-1074 ? SWITCH-PUSHEUTTON SPST NO 20480 3101-1074
813 3101-2046 7 1 SWITCH-SLIDE DPDT-NS 2844810 31012044
514 S060-9436 7 PUSHEUTTON SWITCH P.C. MOUNT 3480 S060-9436
619 G060-9434 7 PUSHRBUTTON SWITCH P.C. MQUNT 28480 G060-9436
516 G060-7436 7 PUSHEUTTON SWITCH P.C. MDUNT 28480 5160~9436
17 S060-9436 7 PUSHBUTTON SWITCH P.C. HMOUNT 28480 S060-9434
S18 50460--9436 7 PUSHREUTTON SWITCH P.C. MOUNT 283480 S060-9436
519 5060-9435 7 PUSHBUTTON SWITCH P.C. MOUNT 28480 S060-9435
520 G0H0-9436 7 PUSHEUTTON SWITCH P.C., MOUNT 2834890 %060-9436
521 G060-9436 7 PUSHBLUTYON SWITCH P.C. MOUNT 284840 S9060~9436
ASu1 1458-1038 4 4 TRANSISTOR ARRAY TR48B9 1658-0038
ua 1820-049% 9 1 IC DCDPR TTL 4-TO-16-LINE 4--INP 01295 SN74154N
u3 18201624 7 2 IC BFR TTL S OCTL 1-INP 21299 SN74S241H
ua 1820-1624 7 IC BFR TTL S OCTL 1-INP 01295 SN74G241N
us 13580038 4 TRANSISTOR ARRAY 23480 1358-0038
ué 1858~-0038 4 TRANGISTOR ARRAY 284810 18580038
uz 1658-0030 4 TRANSTSTOR ARRAY 23480 1858-0038
ug 1820-12164 3 1 IC DCDR TTL LS 3-TO-8~LINE 3J-INP 31295 SN741.5138N
ue 1816-1533 3 1 IC-MR7051 zBA480 1816-1533
MISCELLANEQUS PARTS
0260--1201 [ 1 CABLE TRANSISTION 28430 03603-1901
50410309 5 3 KEY CAP 28480 5041-0309
F041-0318 & 3 KEY CAP 213480 5831-0318
S041-037% g 1 KEY CAP-QUARTER (SHOKE)} 28400 505410373
g041-0384 &6 2 KEY CAP-QUARTER (SMOKE) 284810 5041~-0384
S041-0922 8 a8 KEY CAP-QUARTER(ERY PEARL) 23480 S5041-0922
0419130300821 0 1 INSULATOR 28489 0419140002
04262410801 S b INSULATOR 28480 04262--40001
3427448003 | 1 3 INSULATNR 28480 34274-30003
04276-61641 1 9 1 CABLE ASSEMBLY-FLAT 284840 18:276-H1641

5040-3323

INSULATOR

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI Model 4276 A
Table 6-3. Replaceable Parts
Reference HP Part |c P Mfr
; . o| Qty Description Cod Mfr Part Number
Designation Number ode
04276-66506 | 5 1 MOTHER BOARD ASSEMBLY 28480 04276-66506
AEBT1 1420-0306 2 1 BATTERY- 2.4V 284890 1420-0306
A6T1 1251-784% 9 1 CONNECTOR- & PIN, MALE 28480 1251-7845
J2 1251-5382 1 1 CONNECTOR 4-PIN M METRIC POST TYPE 284810 1251-5382
T4 1251-0941 8 1 CONNECTOR 34-PIN M RECTANGULAR 28481 12510541
AUl 1813-0304 3 1 IC (MISC) SIP 284890 1813-0304
ABXALL 1251-2882 1 S CONNECTOR-PC EDGE 24-~CONT/ROW 2-ROUS 28480 1251-2582
XA1R 251-2582 1 CONNECTOR~-PC EDGE 24-CONT/ROW 2-ROWS 28480 1251-2582
Xaz2c 1251-2026 8 2 CONNECTOR-PC EDGE 18-CONT/ROW 2-ROWS 28480 1251-2026
XA2L 12351-2582 1 CONNECTOR~PC EDGE 24-CONT/ROW 2-ROUS 28489 1251-2582
XAZR 1251-25982 1 CONNECTOR-PC EDGE 24-CONT/ROW 2-ROWS 28480 1251-23582
XA4C 1251-2026 8 CONNECTOR-PC EDGE 18-CONT/ROW 2-ROWS 28489 1251-2026
XA4R 1251-2582 1 CONNECTOR-PC EDGE 24~CONT/ROW 2-ROWS 284810 12512582
XA21 1251-4978 3 3 CONNECTOR~PC EDGE 18-CONT/RDW 2-ROWS 38574 100231-3944
XA22 1251-4978 3 CONNECTOR-PC EDGE 18-CONT/ROW 2-ROUS 45574 0080231-3944
XA23 1251-4978 3 CONNECTOR-PC EDGE 18-CONT/RDW 2-ROWS 05574 000231-3744
MISCELLANEQUS PARTS
0360-1244 0 4 TERMINAL-SPECIAL-FEEDTHRU 28480 0360-1244

6-14

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c o Mfr
; A o| Qty Description d Mfr Part Number
Designation | Number Code
04276-66521 | 4 1 HP-TR BOARD ASSEMBLY 28480 04276—-66521

A2tet J180-2931 2 1 CAPATITOR-FXD 220UF+-20% 13VDC AL 28480 0130--2981
c2 0180-1083 g 1 CAPACITOR~FXD 4,7UF 16UDC TA 28480 81801085

A21 31 12000485 2 1 SOCKET -IC 14-TONT DIP DIP-SLDR 28480 1200-0485
J2 1200-0654 1 SOCKET-IC 48-CONT DIP DIP-SLDR 284890 12060--0654

A21R1 1310-030% 8 1 NETWORK-RES ?-5IP4.7K OMM X 8 28480 1310-0305
R2 8683-4725 2 3 RESISTOR 4.7K SZ ,25W FC TC=-408/+700 81121 CRr4725
R3 01683-472% 72 RESTISTOR 4.7K 5% 256 FC T A00/+700 01121 Cra723
R4 0683-4725 2 RESISTOR 4.7K 5S4 .2%W FC TC=-4006/+700 81121 CBA72%

LYAR:! 3101-1973 7 1 SWITCH-G3L 7-1A DIP-SLIDE-AS5Y .1A S0VDC 28480 3101-1973

A21 U1 18202024 3 1 IC DRVR TTL LS LINE DRUR QCTL 01295 GN741.5244N
ue 182020358 3 4 IC MISC TTL S QRUAD 07263 MN3448AL.
us 1820-2058 3 IC MISC TTL S GUAD 07263 M3448AL
Usa 1820-2549 7 1 IC-B291A P HPIR 28480 1820-2549
us 1820-1199 1 1 1€ INV TTL LS HEX 1-INP 0129% SN741.504N
ué 1820-2098 3 IC MISC TTL 5 QAUAD 07263 MC344BAL
uz 1820-2058 3 IC HISC TTL S QUAD 072463 MC3448A1
us 1823-2073 4 1 IC MISC TTL LS B12%% SN74LS245N

A2Tw1 8159-0005 il 1 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 28480 8159~-0005

MISCELLANEOUS PARTS
.2360~0113 2 2 SCREW~-MACH 6-32 ,25~IN-LG PAN-HD-PDZI 080080 ORDER BY DESCRIPTION
84276-00604 | 6 1 PLATE (HP-IR) 23480 0427600604
04276-614661 | 3 1 CABLE ASSEMBLY 284818 04276-61661
CPTION 001
04276-646522 | 5 1 INTERNALL DC BIAS BOARD ASSEMBLY 283480 14276-66522

A22 ¢y 1180-2751 [ 4 CAPACITOR-FXD 33UF+-28% 14VDC AL 284806 3180-2991
ca 0160-5498 ? 1 CAPACITOR-FXD .01UF +80-20% 100UDC CER
c3 3180-2951 b CAPACITOR-FXD 33UF+-203% 16VUDC AL 28488 01B80-2951
ca $180-2951 & CAPACITOR-FXD JI3UF+-20%Z 16VDC AL 28480 0180-2951
cs 0180-2951 b CAPACITOR-FXD 33UF+-20X 16YDC AL 28480 0180-2951
Cé& 0180-32219 4 2 CAPACITOR-FXD 10 UF 63VDC AL 284890 0180-322¢0
("4 1188-3220 4 CAPACITOR~FXD 10 UF 63VDC AL zB8488 3180~-3220
cs 0156-5599 S 1 CAPACITAOR-FXD .1UF +80-20% S5GVDC CER
c9 0160-5498 4 2 CAPACITOR-FXD .D1UF +-10% 100VDL CER
Ci0 0160-1631 & 1 CAPACITOR-FXD 1000PF +-10% 1KVDC CER
c11 0160-5498 4 CAPACITOR-FXD ,D1UF +~10% 100VDC CER

A22CR1 1902-0692 1 1 DIODE~ZNR 6.3V 1% DO-7 PD=.4W TC=+.001% 28480 1902-0692
Cr2 1931-0040 1 2 DIODE-SWITCHING 30V SOMA 2NS§ DD-35 23480 1701-0040
CR3 1901-0040 1 DIODE~SWITCHING 30V SOMA 2NS DO~-3S 28480 1901-0040

A22 Q1 1854-03S8 3 2 TRANSTSTOR NPN S1 PD=310MW FT=60MHZ 28480 1854-0358
a2 1853-0080 &6 2 TRANSISTOR PNP SI PD=300MW FT=30MHZ 28480 1853~0080
Q3 1853-0080 & TRANSISTOR PNP SI PD=300MW FT=30MHZ 28480 1653-0080
QA4 189354-0358 3 TRANSISTOR NPN SI PD=310MW FT=60MHZ 28480 1854-03358
QS 18%4-0523 4 1 TRANSISTOR NPN SI TD-39 PD=1W FT=150MNHZ 28489 1854-0523
Q6 1853-0037 3 1 TRANSISTOR PMP SI TO-39 PD=1W FT=100MHZ 28480 1853-0037

A22 R1 1810-0629 ? 1 RESISTIVE NETWORK- DIP 28480 1B10-0629
R2 1810-0625 S 1 RESISTIVE NETWORK~- DIP 28480 1810-0625
R3 1810-0302 S 1 NETWORK-RES 8-51P47,0 DHM X 4 1121 208B4a70
R4 0699-1020 7 1 RESISTOR- 470 OHM 1% 284840 0699-1020
RS 346832255 ? 1 RESISTOR 2.2M SX .2SW FC TC=-900/+1100 01121 CR2255
Ré& 2100-3214 ] 2 RESISTOR-TRMR 100K 10% C TOP-ADJ 1-TRN 28480 2100-3214
R7 2100-0S67 0 1 RESISTOR-TRMR 2K 10% C TOP-ADY 1-TRN 23483 2100-0567
RO 2100-3214 i) RESTISTOR-TRMR 100K 10X% C TOP~ADJ 1-TRN 28480 2100-3214
RQ 3683~-3355 2 1 RESISTOR 3.3M 5% .25W FC TC=-900/+11080 11121 CR3355
R10 1683-1035 1 1 RESISTOR 10K S% .25W FC TC=-400/+700 41121 CB103%

A22 11 1820-1730 b 2 IC FF TTL LS D~TYPE POS-EDGE-TRIG COM 129D SN74LS273N
uz2 18920-1730 & IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 31295 SN741_8273N
u3 1626-0485 3 1 IC CTONV 10-B-D/A 16-DIP-P PKG 24355 AD7S30LN
u4 1826-0416 S 1 IC SWITCH ANLG QUAD 16-DIP-C PKG 27014 LF13331D
us 1826-03522 4 1 IC OP AMP LOW-BIAS-H-IMPD QUAD 14-DIP-P 21295 TL374CN
yé 18326-0275 4 1 IC 78L12A V RGLTR T0-92 04713 MC73L12ACP
uz 1826-0282 3 1 IC V RGLTR TO-92 04713 MC79L12ACP

MISCELLLANEDUS PARTS
2350-0113 2 2 GCREW-MACH 6-32 .25-IN~L.G PAN-HD-POZI 30000 ORDER BY DESCRIPTICON
04276-00605 | 7 1 PLATE (DC BIAS) 284810 084276~-006405

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI
Table 6-3. Replaceable Parts
. f
Reference HP Part Qty Description Mir Mfr Part Number
Designation Number Code
1 5040-7219 2 STRAP HANDLE CAP (FRONT)
2 2680-0172 4 SCREW
3 5060,-9803 2 STRAP HANDLE
4 2510-0192 16 SCREW
S 5020-8836 4 STRUT
5 04276-01202 1 ANGLE (POWER SWITCH)
7 04274-40002 3 GUIDE (ANGLE)
8 5060-9941 2 SIDE COVER
9 5040-7220 2 STRAP HANDLE CAP (REAR)
10 04276-01201 1 ANGLE
1 3101-2216 1 LINE SWITCH
12 0515-0150 2 SCREW
13 3050-0235 2 WASHER
14 9135-0084 1 LINE FILTER
15 1400-0866 1 CABLE CLAMP
16 2110-0360 1 FUSE .75A 250V (220/240V) SLOW BLOW
2100-00C7 1 FUSE 1A 250v {100/120V) SLOW BLOW
17 2110-0565 2 FUSEHOLOER CAP
18 04276-00603 1 BLANK PANEL (COMPARATOR/HANDLER INTERFACE)
19 04276-566521 1 HP-18 BOARD
20 04276-00602 1 BLANK PANEL (INTERNAL DC BIAS)
21 2360-0113 10 SCREW
22 04276-04001 1 FAN COVER
23 1250-0118 2 CONNECTOR-BNC
24 2200-0108 4 SCREW
25 6960-0001 1 CAP
26 3160-0266 1 FAN
27 2110-0011 1 FUSE 1/18A 250V
28 2110-0564 2 FUSEHOLDER BODY
29 2260-0009 4 NUT
30 0360-1190 1 SOLDER TERMINAL
31 2190-0016 3 WASHER
32 2950-0001 2 NUT
33 04276-00204 1 REAR PANEL
34 2110-0569 2 FUSEHOLDER NUT
35 3101-1877 1 DC BIAS SELECT SWITCH
36 2360-0113 8 SCREW
37 5020-8806 1 REAR FRAME
38 5060-9834 1 TGP COVER
39 04276-00102 1 CHASSIS (YELLOW)
40 04276-00103 1 CHASSIS (RED)
41 04276-00101 1 CHASSIS (BROWN)
42 2360-0333 6 SCREW
43 5020-8805 1 FRONT FRAME
44 04276-00203 1 SUB PANEL
45 04276-25001 3 WINDOW
46 04276~00201 1 FRONT PANEL (HP)
04276-00202 1 FRONT PANEL (YHP)
47 7120-1254 1 NAME PLATE (HP)
7120-0478 1 NAME PLATE (YHP)
48 2950-0035 4 NUT
49 5040-3324 4 INSULATOR-BNC
50 1510-0038 1 BINDING POST
51 04191-40001 1 GUIDE
52 5040-3325 4 INSULATOR-BNC
53 2190-0084 1 WASHER
54 5000-4212 4 SOLDER TERMINAL
55 2950-0006 1 NUT
56 2190-0054 4 WASHER
57 1250-0252 4 CONNECTOR-BNC
58 1460-1345 2 STAND
59 5040-7201 4 FOOT (BOTTOM)
60 5060-9846 1 BOTTOM COVER
61 5041-0564 1 KEY CAP
62 04274-40001 1 ROD (POWER SWITCH)
53 0160-4297 4 CAPACITOR 0.022uf
54 1901-1065 4 DIODE
55 0698-3634 1 RESISTOR 4700
66 0683-2245 1 RESISTOR 220kQ
67 0764-0016 1 RESISTOR 1kQ
68 1902-0657 4 DIODE

See introduction to this section for ordering information
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Model 4276 A

Reference No. HP Part No. Description
1 04276-00613 Shield Box
2 04276-00615 Shield Box
3 04276-00616 Shield Box
4 04276-00614 Shield Box

6-18

Figure 6-1. Shields on the A4 Board.
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Model 4276 A SECTION VII

SECTION VII
MANUAL CHANGES

7-1. INTRODUCTION Table 7-1. Manual Changes by Serial Number

Serial Prefix

7-2. This section contains information for Make Manual Changes

adapting this manual to instruments for which or Number
the content does not directly apply. The 2227300101
following paragraphs explain how to adapt this thru 2227300155 | 1

manual to apply to an older instrument with a
serial prefix lower than that given on the title

page.
7-3. MANUAL CHANGES

7-4. To adapt this manual to your instrument,
refer to Table 7-1 and make all of the manual
changes listed opposite your instrument serial
number. Perform these changes in the sequence
listed.

7-5. If your instrument serial number is not
listed on the title page of this manual or in Table
7-1, it may be documented in a yellow MANUAL
CHANGES supplement. For additional
information about serial number coverage, refer
to INSTRUMENTS COVERED BY MANUAL in
Section I.

7-1
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~3

[

CHANGE 1

Section VIII, Troubleshooting Flow Diagram Al-5:
Change Signature Sets 5-4, 5-6, and 5-11 as follows:

Model 4276 A

Signature Set 5-4 Signature Set 5-11 Signature Set 5-6

AlJ1 pin 9 3388 AlU10 pin 9 8415 AlUS pin 9 0512
pin 10 ASFP pin 10 5193 pin 10 SUA2
pin 11 3190 pin 11 U083 pin 11 AU44
pin 12 AF81 pin 13 2H2F pin 13 9693
pin 13 50A4 pin 14 7A72 pin 14 U762
pin 14 4H45 pin 15 3PU8 pin 15 9911
pin 15 A07C pin 16 62A2 pin 16 F79P
pin 16 6UCO pin 17 CFF2 pin 17 uoPo

Partially change the flow diagram as follows
;intf;i f;g?gﬁ«“e at AlU12{ YES | 1. Turn the power off. 23{6;;2:91 ;2;:\?11?15? YES END
2. Restore SA Select

NO

y

Check AlU24.

%

Switch.
Replace AlUL2.

Turn the power on.

i

NO

Go _to Flow Diagram

GLo).
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SECTION VIII

SECTION Vil
SERVICE

8-1. INTRODUCTION

8-2. This section provides the information and
instructions required to service the Model 4276A
LCZ Meter. Included are Theory of Operation
and  Troubleshooting Guide with Circuit
Schematies. The Theory of Operation desecribes
fundamental principles and circuit operating
theory of the 4276A with block diagrams.
Circuit schematics, locator illustrations,
troubleshooting guide and other technical data
necessary for repairs are integrated into the
service sheet foldouts. An illustration of the
instrument interior is shown in Figure 8- 27.

8-3. SAFETY CONSIDERATIONS

8-4. This section contains warnings and
cautions that must be followed for your
protection and to avoid damage to the
instrument.

WARNING

MAINTENANCE DESCRIBED HEREIN
IS PERFORMED WITH POWER
SUPPLIED TO THE INSTRUMENT
AND PROTECTIVE COVERS
REMOVED. SUCH MAINTENANCE
SHOULD BE PERFORMED ONLY BY
SERVICE-TRAINED PERSONNEL
AWARE OF THE HAZARDS INVOLVED
(FOR EXAMPLE, FIRE AND

ELECTRICAL SHOCK). WHERE
MAINTENANCE CAN BE
PERFORMED WITHOUT POWER

APPLIED, THE POWER SHOULD BE
REMOVED. BEFORE ANY REPAIR IS
COMPLETED, ENSURE THAT ALL
SAFETY FEATURES ARE INTACT
AND FUNCTIONING AND THAT ALL
NECESSARY PARTS ARE CON-
NECTED TO THEIR MEANS OF
PROTECTIVE GROUNDING.

8-5. THEORY OF OPERATION

8-6. The theory of operation discussion is
organized into two sections : basic theory and
block diagram discussion. The basic theory,
beginning with paragraph 8-13, explains the
concepts and fundamental theory of the 4276A
adapted for accurately measuring the DUT and
for achieving automated measurements. The

block diagram discussion deseribes the overall
circuit operating theory of the 4276A with
block-to-block signal flow. Also included are
block and timing diagrams.

8-7. RECOMMENDED TEST EQUIPMENT

8-8. The test equipment required to the
perform operations outlined in this section is
listed in Table 4-1. The table includes type of
instrument required, critical specifications, use,
and recommended model. If the recommended
mode!l is not available, equipment which meets
or exceeds the critical specifications listed may
be substituted.

8-9. TROUBLESHOOTING

8-10. The troubleshooting guide provides
instructions and information for locating a faulty
circuit component. All instructions consider the
safety of service personnel performing the
procedures. The diagnostic guides are in the
form flow diagrams. The board level
troubleshooting diagrams are used to isolate
failures to an individual malfunctioning eircuit
board assembly. The guides for locating a
defective component are given on the individual
board service-sheets and integrate service
support data—test point locations, waveform
illustrations, voltage data, timing diagrams, and
other technical information in addition to
providing schematic diagrams for each board.
To facilitate troubleshooting of the 4276A
Digital Section, the troubleshooting guide for the
logic circuits uses signature analysis.

8-11. REPAIR

8-12. Repair explanations tell how to replace
defective cireuit components. The
recommended replacement procedures for
components and parts which require special
repair, replacement tools, or test equipment
should be observed. To prevent damage resulting
from improper repair procedure, refer to the
appropriate manual section before proceeding
with repair.

8-1
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8-13. BASIC THEORY

8-14. The 4276A applies a sinusoidal voltage to
the device under test and detects the resulting
complex voltage, V, and complex current, L. The
instrument then converts V and I into their
individual orthogonal components to obtain the
DUT's resistance, R, and reactance, X.

(/=a+jb
I=c+id
ac + bd
R"C2+d2
bec - ad
X‘C2+d2

Once the values of R and X are known, all other
impedance parameters-—-C, L, D, Q, ESR, G,
| Z1, and ¢ can be calculated. Refer to Table
8-1.

8-15. A simplified drawing of the circuit used
to detect V and I is shown in Figure 8-1. In the
figure, V= €pyr and 1= @gr/- Rrr, Where €pyr
is the voltage across the DUT, €y the output
voltage from the I/V converter, and Rrgrr is the
value of the range resistor.

All measurement parameters are calculated
from the two vector voltages €pyr and €gg.

Model 4276A

Table 8-1. Impedance Parameter Conversion
Equations
Parameter Equation

C -1/27m£X
L X/2nf
D R/X
Q X/R

ESR R
G R/ (R% + X%)

lz] RZ + X2
) tan "} (X/R)

f = test frequency

Vo b-

Figure 8-2. Vector Voltages.

—0 €pyr
I o I
DUT < A 0 €rr
Buffer \\‘/ / Rrr
Amp.
) sig- V = €pyr
Source
I/7v Conv,
. €rr
I =
\V4 - Rrr
Q : virtual ground
Y €our
7 = = ::—-RRR . =
I €rr

Figure 8-1. €,y and €rr Detection.
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8-16. The 4276A alternately detects €pur and
€rr , and converts them into their orthogonal
(real and imaginary) voltage components.

€our = Vy + jVs
€rr Vi + JVy

To obtain R and X, the 4276A measures three
voltage ratios: «, 3, and 7. Refer to Table 8-2.
R and X, the primary impedance parameters, are
calculated from «, 3, and 7 using the equations
listed in Table 8-3.

Table 8-2. Voltage Ratios

Voltage €pur / €rr
Ratio Component
a Vy/V3
B Va/V3

v Vi/Va*

* For ESR and G measurements,

SECTION VIII

8-17. As long as the DUT's D value, which
nearly equals 7, is less than 0.01, the product of
a and y will be approximately zero,a7 20,
because « is always small. Thus, reactance, X,
can be obtained by measuring @ only. All three
voltage ratios—ea, 8, and Y--are measured when
the 4276A is set to C, L, or | Z| measurement
mode. When HIGH SPEED C or HIGH SPEED L
is selected, however, ¢ and ¥ are not measured,

thereby shortening the time required for
measurement.
8-18. The voltage ratios are measured using

dual-slope integration. Refer to Figure 8-3. The
integrator is charged by voltage Vp for a
constant time Tp (=25ms), and is then

discharged by voltage Vp. The ratio
Va/Vg is obtained by measuring the time
required to discharge the integrator. In this

example, voltages Vp and Vg can be any of
the orthogonal voltages of @z or €pyr; that is,
Vi, V2, Vi, 0r Vy.

8-19. When measurement is made on the high
impedance ranges—those ranges enclosed by the
bold line in Figure 8-4--the 4276A measures
admittance parameters G and B instead of R and
X in order to provide optimum acecuracy.

Y is VI/V3.
INTEG /0UT
C
V
ik 0 va N
Va or V8 |I |
o——quD—A o INTEG/OUT g : 1
(A2TP16) e B
Ta Ts
Integrator
—Y-e z -I— Ts
Ve Ta
(Ta ;. constant)
Figure 8-3. Voltage Ratio Detection
Table 8-3. Voltage Ratio Equations
DISPLAY A | DISPLAY B Impedance Voltage Ratio
Function Function Parameter Equation
* - — 2
C. L D, Q X - Rrr *B (1 - ay)/(1 + a%)
R/X (= D) | (@+Y)/(1 - ay)
- ; 2\
¢, L, |z] | ESR, G, 8 X - Rrr (B - ay)/(1 +a%)
R - Rer + (68 *+Y)/(1 + of)
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€rr and €pur

err and €pyr are voltages across the range resistor and the DUT, respectively. Each
voltage is calculated from the following equations:

-
4

€our " To5 + 121 1Vrms
€pur Rzr
¥ = . R, = . [Tm
€rr > RR = T557 717 1Vrms

where, |Z| and Rgrr are the DUT's impedance value and the range resistor value,
respectively. It is obvious that both €pyr and €rr. depend on the DUT's impedance
value. The instrument amplifies the voltage which is smaller, @rg or €pyy, S0 as to
input an appropriate level signal to the VRD. This is necessary because a small signal
ecannot be detected in the VRD with high accuracy and resolution.

DUT Impedance €rr €pur
1] 1000 /\/ N\
|z] 1000 N /\/

When the DUT's impedance is less than 100Q, €pyr is smaller than €ggr , which is
amplified by the AM1 and AM2 circuits in the Process Amplifier. Conversely, when the
DUT's impedance is more than 100Q, €gy is smaller than €pyr, which is amplified in the
range resistor circuit by changing the range resistor value, and also in the AMI and AM2

circuits if necessary.

Figure 8-4. @grr and €pqr.

Model 4276A
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7Z/Y Measurement Modes

When the measurement range is set to a range suitable for measuring a DUT whose
impedance value is less than 1009, the instrument measures the impedance parameters R
and X (Z measurement mode). When the measurement range is set to a higher range,
however, the instrument measures the admittance parameters G and B (Y measurement
mode). Refer to Figure A. In either measurement mode, the instrument calculates the
selected measurement parameter, C, L, etc., from the measured parameter values.

A DUT whose impedance is 1009 is measured in Y measurement mode on some

ranges.

Table A.

Note

Capacitance Measurement

Test Frequency (100Hz to 20kHz)

C Range

200Hz 2kHz

10mF
1mF
100uF

Z Measurement

10uF

1uF
100uF
10mF

1uF
100pF
10pF
- 1pF

L

I

Y Measurement

Table B. Inductance Measurement

L Range

Test Frequency (100Hz to 20kHz)

1kHz 10kHz

1kH
100H
10H
1H

Y Measurement

100mH
10mH
1mH
100uH
10uH

|

Z Measurement

—

Figure 8-5. Z/Y Measurement Modes (Sheet 1 of 4).

8-5
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Table C. Impedance Measurement
Z Range Test Frequency
100Hz to 20kHz
10MQ
1MQ
100kQ Y Measurement
10kQ
1kQ
1009
100
1Q Z Measurement
100mQ
1
Rs = 1002 -
IVIMS O ———sas O—ep Z e O—d
v
€pur
[ A 1
IOmArms
Constant
Current

7Z Measurement

(z =R+ jX)

Y Measurement

(Y = G + jB)

0@

RRr

100 @

DUT's Impedance Value

Figure A

€our = Toa7 + 2

oa

I = 1Vrms
1009 + Z
€ RrRr
€pur A €our
: fVrms
Constant

| Voitage

|

|

|

|

1

|

|

|

|

!

i

|

!

1004 20Ma

Figure B

Z__ (Vrms)

8-6

Figure 8-5. Z/Y Measurement Modes (Sheet 2 of 4).
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(1) Z Measurement Mode

When the DUT's impedance value is lower than 100%, the current through the DUT, I
in Figure B, is approximately constant. Thus, the voltage, €gr, across the range
resistor, is also approximately constant because @gg is the product of Rgy and I

In this case, impedance parameter measurement is more accurate than admittance

parameter measurement. Therefore, the instrument measures R and X.

In D or Q measurement mode, the instrument measures D (= R/X) directly.

Z = €py1/1 = Rrr* (€pyr/ €rr)

€pur

€rr

Phase Reference

Table D. Measurement Parameters Relation in Z Mode

Measurement Measured
X CKT MOD
Functions ODE | DISPLAY A Value DISPLAY B Value Parameters
Hwo L = X/2nf D=0 X, D
L-D
e L=X (1+D%)/2nf D=0D X, D
w0 L = X/2nf Q=1/D X, D
L-Q
oo L=X{(1+D2%/2nf Q=1/D X, D
Lo L = X/2nf ESR = R X, R
L-ESR/G
NaaD) L = (X2 + R?)/2mfX G = R/(R% + X¥) X, R
oo C = -1/2m7fX D= -D X, D
C-D
e C=-1/2nfX (1 + D3)| D = -D X, D
Hw-o C = -1/2nfX Q= -1/D X, D
C-Q
he C=-1/2mfX (1 + D*)| Q = -1/D X, D
- wro C = -1/2nfX ESR = R X, R
C-ESR/G
e C = -X/2nf (R* + X*)| G = R/(R? + X?) X, R
o }-w\-o )
2] -9 = [z] = R? + x° 6 = tan™' (X/R) X, R

Figure 8-5. Z/Y Measurement Modes (Sheet 3 of 4).
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(2) Y Measurement Mode

€rr

€ DUT

Y = I/e puT = (]./ RRR) ¢ ( €rr /eDL‘T)

In D or Q measurement mode, the instrument measures D (= R/X) directly.

Phase Reference

Table E Measurement Parameters Relation in Y Mode

When the DUT's impedance value is higher than 1009, the voltage across the DUT,
€ put, is approximately constant, as shown in Figure B.

In this case, admittance parameter measurement is more accurate than impedance
parameter measurement. Therefore, the instrument measures G and B.

Measurement . Measured
; CKT MODE DISPLAY A V
Funct oS LAY A Value DISPLAY B Value Parametors
~-Wro = -1/2mfB (1 + D*) | D =D B, D
L-D
e = -1/2nfB D=D B, D
Lo = -1/2nfB (1 + D?) | Q = 1/D B, D
L-Q
e = -1/2nfB Q=1/D B, D
oo = -B/2nf (G? + B?) | ESR = G/(G? + B?2) B, G
L-ESR/G
,.CEE}‘, = -1/2nfB G =G B, G
L SVYEN = B (1 + D?)/2nf D=0 B, D
C-D
LHe = B/2nf D=0D B, D
oo = B (1 + D*)/2nf Q= 1/D B, D
C-Q
othe = B/2nf Q = 1/D B, D
P o YV = (G® + B%)/2nfB ESR = G/(G® + B?) B, G
C-ESR/G
e = B/2nf G=¢G B, G
oo
2] - 9 lz| = 1//G* + B? 8 = tan " (-B/G) B, G

8-8

Figure 8-5. Z/Y Measurement Modes (Sheet 4 of 4).
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€ret and Crest

The instrument measures the ratio between two vector voltages: €pyr (voltage across
the DUT) and e€rr (voltage across the range resistor). In Z measurement mode, the
vector voltage ratio is €pyr/ @z @and in Y measurement mode, @gr/€pur-

€test and @rer are defined as the numerator and the denominator of the detected ratio,
respectively. The relations among @test; €rer, €nur, and @gry are deseribed in Table A.

Table A.
etest
Measurement Mode €test €ref
z €pur €rir
eref
Phase Reference Y €rr €nur

Figure 8~6. €er and Etest.

HIGH SPEED C/L MEASUREMENT PRINCIPLE

The instrument measures the selected impedance parameters—C, L, D, Q, ete.—by
detecting three voltage ratios-- «, 8, and ¥ -~and calculating each parameter from the
equations listed in Table A of Figure 8-7, Voltage ratio a is always close to zero
because the phase reference signal used by the phase detector is nearly in-phase with or
90 ° out of phase with €e . Also, when y is much smaller than 1, only 2 is necessary to
obtain C or L. Therefore, if the dissipation factor, D, of the DUT is much lower than
1, voltage ratios @ and 7 need not be e

detected to obtain C or L, significantly Va test
reducing total measurement time. In

HIGH SPEED C or HIGH SPEED L
measurement mode, the instrument

detects only 5. € ot
V2
1
- Phase Reference
V3 Vi
Table A.
M Volta Ratio
Measurement Measured Parameter Equation 0 ge
Mode Parameters o B Y

X = -Rra-B (1 - ay)/(1 + a?)

X, D Va/V1 Vy /Vy Vi/Vy
; D= (a+Y)/(1 - ar)

X = -Rppr (B - ay)/(1 + a?) _
X, R e ( A - Va/Vh Vi /V1 V3/Vi

R = -Rprr- (@B + v)/(1 + a%)
- B = -Gra'B (1 - ay)/(1 + o) oy Vo
5 Vo /V

y D= («+ v)/(1 - ay) A R T

- B = -Grr* (8 - ay)/(1 + a?) s
2 V V 1

G = —Gra- (@8 + )/ (1 + o) Va/Vy 5 /V1 3/V1

(Y =1/Z, Z =R +jX, Y = B + jX, D = R/X, D = -G/B)

Figure 8-7. HIGH SPEED C/L Measurement Principle
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8-20. ANALOG SECTION BLOCK LEVEL
THEORY

8- 21. The following paragraphs describe the
structure and operation of the 4276A's Analog
Section. The Analog Section consists of the
Signal Source, the Transducer, the Process
Amplifier, and the Vector Ratio Detector
(VRD). The block diagram of the Analog Section
is shown in Figure 8-8. The simplified block
diagram of the Analog Section is shown in Figure
8-8.

8- 22. SIGNAL SOURCE

8- 23. The block diagram of the Signal Source
is shown in Figure 8-9 The Signal Source
consists of a crystal oscillator, a phase-locked
loop (PLL), a quasi-sinewave oscillator, low-pass
filters, and an attenuator.

Model 4276A

8- 24. The crystal osecillator (located on the Al
board) outputs a precise 11.5200MHz signal
which is divided down to provide an 8kHz
reference signal for the phase detector in the
PLL, a 5.760MHz eclock signal for the Z80
microprocessor, and other clock signals for the
various digital operations performed by the
instrument.

8- 25. The voltage-controlled osecillator (VCO)
in the PLL outputs an 8MHz to 20MHz signal,
which is divided down to a 16F signal for test
frequency generation. The output frequency of
the VCO is determined by the phase detector,
the loop filter, and the + N divider. If the
frequency of the signal output from the + N
divider is different from the 8kHz of the
reference signal from the crystal oscillator, the
phase detector will output an "unlock" signal to
the loop filter, which will then adjust the VCO

@, @, : Precision attenuators

Rrr: Range resistor {from 100§ to 100kQ)

0sC TRD PROCESS AMP VRD
— l T al m
AM | AM 2 PD/IN
'y 1 —r 1
si1 @ ®@ ® © ®
D ;% (: s
fREF J'U'L
(D 17V Amplifier @ AF /5 Attenuator @ Pre - Integrator
(@ Differenticl Amplifier @ AF Aampiifier ® integrator
@ aM 1 1710  Attenuator AM2 /10 Attenuator @ zero Detector
@ aM1 amplifier ® AM2  amplifier
® aF 172 Artenvator @© Phose Detector

(IDx Converts the current through the DUT into a voltage ( €grr).

@: Converts the phase detector’s output signal to the de voltage.

@: Compares the integrator's output voltage to the shifted reference zero voltage.

Figure 8-8

. Simplified Analog Section Block Diagram.
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control voltage up or down until the PLL is
locked. The VCO control voltage is between
-10V and +10V; the N divisor is from 100 to 250.
The PLL is locked when NFVCO is 8kHz.

8-26. The quasi-sinewave oscillator
generates a digital sinewave whose fundamental
frequency is the same as the test frequency.
This oscillator consists of a 16-bit counter, a
ROM, and a DA converter. The 16-bit counter
counts the pulses of the 16F signal sent from the
PLL. The counter's outputs are connected to the
address—select lines of the ROM. The ROM
contains digital data which determines the
output from the DA converter. The digital data
and the addresses are arranged so that, as the
ROM is addressed by the 16-bit counter, the
output from the DA converter will be a rising

SECTION VIII

and falling staircase waveform. The DA
converter’s output is filtered by a low-pass
filter, leaving a clean 1Vrms sinewave. Signal
level is controlled by an attenuator and a buffer
amplifier. When HIGH SIG LEVEL is selected on
the front panel, the 1Vrms signal is not
attenuated; when LOW SIG LEVEL is selected,
the test signal level is attenuated to 50mVrms.
On certain measurement ranges, the 1Vrms
signal level is amplified to 2Vrms.

8- 27. The source resistor, Rs in Figure 8-9 ,
is a 470 fuse resistor which protects the
instrument from damage if a charged capacitor
is connected to the UNKNOWN terminals.

r - - — —
[—fil———- Loop Filter VC0/10 I6F
Crystal OSC
1
11.5200MHz
l
DAC

Ny

100Hz ~ 20k Hz
Rs
—Q HCuR

WA

Quasi LPF OC Bios
Sine wave LPF3 l
osc. I Vrms
Frequency ! Test Frequency Step VCO Frequency N Value Range | M Value
Band Range Frequency Range
1 100Hz to 200Hz 1Hz 8MHz to 16MHz 100 to 200 500
2 202Hz to 500Hz 2Hz 8.08MHz to 20MHz 101 to 250 250
3 505Hz to 1lkHz SHz 8.08MHz to 16MHz | 101 to 200 100
4 1.01kHz to 2kHz 10Hz 8.08MHz to 16MHz | 101 to 200 50
5 2.02kHz to 5kHz 20Hz 8.08MHz to 20MHz | 101 to 250 25
6 5.05kHz to 10kHz S0Hz 8.08MHz to 16MHz 101 to 200 10
7 10.1kHz to 20kHz 100Hz 8.08MHz to 16MHz | 101 to 200 5
Figure 8-9 . Signal Source Block Diagram.
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Quasi-Sinewave Oscillator

The quasi-sinewave oscillator consists of a modulo-16 counter, a ROM, and a
digital-to-analog converter, as shown in Figure A. The oscillator outputs a digital
sinewave, which, once filtered, becomes the instrument's test signal. The circuit works as
follows,

The counter, A2U32, counts the pulses of a 18F squarewave sent from the phase-locked
loop. The counter’s outputs are connected directly to the ROM's lower-four address
control lines. As the counts changes, a different address is selected and the binary
number at the selected address is output to the digital-to-analog converter. Output from
the digital-to-analog converter is a de voltage proportional to the binary number output
from the ROM. The address sequence and the data stored in the ROM are such that the
output from the digital-to-analog resembles a sine wave. The relationships among the
ROM addresses, stored data, and output voltage are listed in Table A. Figure B shows the
timing diagram of the circuit.

Addres Data
S
eF JUL ) 10 !
From PLL — +2 I 2 A2 TPI7
Counter +4 il 2 ROM 4 DAC DAC
+8 244 8
A2U32 13 A2 U29 16 A2 u27
<16 8
14 32
+5V 6 64
128

Figure A. Quasi-Sinewave Oscillator Circuit.

Table A. ROM Data

Model 4276 A

Analog Qutput

etz oer  JUUUUUUUTUYUUUUUUUUUL FVET v v
17 245} 1.92v
A2 U29 pin 11 (2) oI 1 I L1 L 18 218 | 1.71V
Address{ A2 U29 pini2 (4) m— 19 176 1.8V
20 128 ov
A2 U29pin 13(8) [ | 21 79| -1.38v
. 22 38| -1.71V
\A2 U2epintal6)  _ _ _ _ _ _ _ _ _ _ _ _ _ _____ __ . ____._ p» T o
24 ol -2v
JU 25 10 | -1.92v
{DAC) 26 38 | -1.71v
27 79 | -1.38v
28 1281 ov
29 176 | 1.38V
22793 30 218 | 1.71v
{LPF3) 31 245 | 1.92v

Figure B. Timing Diagram.

Figure 8-10 . Quasi-Sinewave Oscillator.
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8-28. TRANSDUCER

8-29. A simplified schematic of  the
Transducer is shown in Figure 8-11. The
transducer detects two vector voltage, €pyr and
€rr , and alternately selects each for output to
the volitage ratio detector (VRD) through the
process amplifier. €pur is the voltage across
the DUT. €rr is the voltage across the range
resistor in the feedback loop of the I/V converter
amplifier. Since the current flowing through the
DUT must also flow through the range resistor,
€rr is proportional to the current. There are
four range resistors: 100§, 1kQ, 10k{, and
100k2. Measurement range is determined by the
range resistor and the gain of the AM ecircuit in
the process amplifier. €pyr and €rr are both
detected by a precision differential amplifier.

SECTION VIII

t/v OUT

HIGH/CUR

HproT

ErRr

Buffer Ampl.
VRD/ IN

7

SW1 SW2 A2TP7
1 1 E RR
2 2 E put

Figure 8-11. Transducer Block Diagram.
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8-30. PROCESS AMPLIFIER

8~31, When the DUT's impedance is much
lower than 1009, the level of the €pur signal is
much lower than that of the €grr signal (7%
1Vrms). When the DUT's impedance is much
higher than 100§, the level of the €rr signal is
much lower than that of the € pur signal
{(x1Vrms).

The process amplifier controls the signal levels
of @pur and €rr so that they are roughly equal;
thereby improving resolution in the VRD
section. The process amplifier consists of three
stages--AM1, AF, and AM2--as shown in Figure
8-12. The AMI and AM2 stages compensate for
signal level differences between €pur and €rgr
caused by measurement range selection. The AF
stage compensates for signal level differences
caused by test frequency selection. Each stage
contains an amplifier to roughly magnify the
signal level and an attenuator to precisely
attenuate the signal. In one measurement cycle,

Model 4276A

the amplifiers magnify both €pur and €rr by
the same gain factor. On the other hand,
however, the attenuators attenuate €pyr and
€rr by different attenuation factors, depending
on the DUT's impedance. Therefore, the
difference of amplitudes for €pur and €rr is
determined by the precise attenuators contained
in AM1/AF/AM2 circuits. It is important that
the common amplification of €pyr and €rzr
have no effect on voltage detection because the
instrument detects the voltage ratios of the
quadrature components of €y and €gr in the
VRD section.

8-32. Figures 8-13 and 8-14 show the AM and
the AF controls, respectively.

~ - Process Amplifier Circuit N

— AMI N/ AF

VRD/ IN x |

x| x1/72

x10
x1 /10 l

T L_>— x1/10
x1i/5

Figure 8-12. Process Amplifier Bloek Diagram
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Table  AM Control (L Measurement) Table  AM Control (Z Measurement)
L Range Test Frequency Range Z Range Test Frequency Range
100Hz to 995Hz ‘ 1kHz to 9.95kHz | 10kHz to 20kHz 100Hz to 20kH:z
1kH 10MQ Y, 100kQ, M3
100H 1Y, 1002, M2 1M Y, 100kQ, M2
10H Y, 10k, M2 | 100kQ Y, 10kQ, M2
1H 1 Y, 1kQ, M2 | 10kQ Y, 1kQ, M2
100mH 1Y, 1000, M2 | 1kQ Y, 1000, M2
10mH I 7, 1008, M2 1 1000 Z, 100Q, M2
1z, 1009, M3 L 100 Z, 1009, M3
18 Z, 100Q, M4
Table AM Control (C Measurement)
Test Frequency Range
C Range 11008z to 199Hz | 200Hz to 1.99kHz | 2kHz to 20kHz
10mF
LnF 1z, 1009, Mo
100uF 44W¥7 Z, 1002, M1 jli
10uF O\ z, 1009, M2 |
14F Y, 1000, M2
100nF Y, ke, M2
10nF L Y, 0k, M2 |
InF Y, 100k, M2 |
= 1Y, 100k, M3
“ Y, 100kQ, M3
500Hz S5kHz
Note: Each description represents
Measurement, Range Resistor Value, AM Code
Table AM Gain
(Gt) (Gr)
AM Code AM1 AM2 AM1 AM2 G&Eértl /féi;‘io
ATT AMP ATT AMP ATT AMP ATT AMP
MO x 1 x1|x1 x 10 {x 1/10} x 1 x 1/10 | x 10 100
M1 x 1/10| x 1 |x 1 x 10 x 1/10 | x 1 x 1/10 | x 10 10
M2 x 1 x 1 |x1 x 1 x 1 x 1 x 1 x 1 1
M3 x 1 x 1 ix1 x 101x1 x 1 {x1/101{x 10 10
M4 x 1 x 10|x 1 x 10| x 1/10 | x 10 | x 1/10 | x 10 100
M5 x 1 x 1 Jx1/10 {x 10| x 1 x1 |x1 x 10 .1
M6 x 1/10| x 1 {x 1 x 10 x1 x 1 x 1 x 10 1
M7 x 1 x 1 {x1/10 {x 1 x 1 x 1 x 1/10 x 1 1

Figure 8-13. AM Control.
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Table AF Control

Test Frequency C Measurement L Measurement Z Measurement
Range [Hz] Z Mode |Y Mode |Z Mode | Y Mode | Z Mode | Y Mode
100 to 199 FO FO FO FO
200 to 498 FS F2 F4 F1
500 to 995 F4 F1 FS F2
1k to 1.99k FO FO FO FO FO FO
2k to 4.98k F5 F2 F4 F1
5k to 9.95k F4 F1 F5 F2
10k to 20k FO FO FO FO

Table AF Gain

(Gt) (6r)  |Gain Ratio
AF Code [y Tamp | aTT |AMp | (Gt/Gr)
FO x 1 x1ljx1 x 1 1
F1 x 1 x2|x1/2|x2 2
F2 x 1 x4 |x1/5|x 4 S
F3 x 1 x4 |x1 x 4 1
F4 x1/2|x1{x1 x 1 1/2
F5 x1/5]x1|x1 x 1 1/5
F6 x1/5|x2|x1/2|x 2 2/5
F7 x 1 x1|x1/5{x1 5

Figure 8-14. AF Control.
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8- 33. VECTOR RATIO DETECTOR (VRD)

8- 34. A simplified circuit diagram of the VRD
is shown in Figure 8-15. The VRD consists of a
phase detector, a pre-integrator, an integrator,
and a zero detector. The VRD's function is to
measure the three voltage ratios—ea, 5, -and
7—from which all measurement parameters are
derived.

8- 35. The phase detector is switched by two
signals-- @ver (0°) and €ref (90 °)-which
convert the input signals—— €ret and €iest —into
their orthogonal components. Thus, the phase
detector outputs four voltages: €rer (0°), Erer
(90 o), € test (0 o)’ and € test (90 O). The
pre-integrator integrates the phase detector
output voltage for 5ms at test frequencies of
200Hz and above, or for one test signal period up
to 10ms at frequencies below 200Hz. The dec

SECTION VIII

voltage output from the pre-integrator charges
the integrator for 5ms. The next de voltage
output from the pre-integrator discharges the
integrator. When the integrator is completely
discharged, the output from the zero detector
goes HIGH (+5V) or LOW (0V) depending on the
polarity of the integrator output voltage. During
the discharge period, a counter on the Al board
counts the pulses of a 3.84MHz clock signal. The
number of pulses counted represents the ratio of
the charge and discharge voltages.

AZ /0UT ﬁ

ZERO SHIFT
S7
b Vi v Vo
ZERO
Pre - integrator
integrator s3
PD/ IN INTEG/ IN — o VTH
+5v
Phgse —— ——s
Cret | St Detector a1
or €test '\ Sz -
AN . +
) l/ M " 0— >
Ss
O~ INTEG
- 355 /out
REF ) - oo Zero Detector
or ERer (90°) Ca S4 !E ZD/IN
Sy S2 S3 Se4 Ss Se VIH = V + Vo = a+VI + Vo
Auto  Zero 2 OFF ON ON ON OFF
Measuring | ON OFF OFF OFF ON

Figure 8-15. Vector Ratio Detector Bloek Diagram.
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Reference Detection Signal (REFDET)

The phase relationship between €ret and the main phase reference signal, X, must be a
precise 0 ° when the real vector components of €ret and €test are measured. When the
imaginary vector components of €ref and €iest are measured, however, X must be phase
shifted 90 ° in reference to €rer . Refer to Figure A.

Eref Eref

|

| |
i |
1 |
1 |
|

X X
i 1
oo
Figure A.

To establish the 0° phase relationship, the instrument detects the negative-to-positive
zero crossover of the €rer signal. Refer to Figure B. At the zero crossover, the
REFDET signal goes HIGH, starting the 8fleck signal and enabling three shift
registers—A2U62, U63, and U64. These shift registers generate the X, Y, and Z phase
reference signals shown in Figure C. To shift the X phase reference signal 90° in
reference to € , the instrument adds two narrow pulses to the 8flek signal, as shown in
Figure D. The phase relationships among X, Y, and Z are constant.

PSH I |
Cref \/\/\
1

REFDET | ,

t

8f Lex ____]UUU”UUUUUU

Figure B

8-18

Figure 8- 16. REFDET (Sheet 1 of 2).
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!
Eref

f

|

i

|
€rest I

-

Figure C

Added Pulses

eret /\/_\

Figure D

Figure 8-16 . REFDET (Sheet 2 of 2).
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Phase Detector

The phase detector is basically an analog switch controlled by a square wave signal.
Refer to Figure A. The square wave is the phase reference signal, and it is either
in-phase with or 90 ° out of phase with the €rer signal. When the phase reference signal
is HIGH, the signal applied to the INPUT- terminal is selected for output; when the phase
reference signal is LOW, the signal applied to the INPUT+ terminal is selected for
output. The signals applied to the INPUT+ and INPUT- terminals are €rer (or €test ) and
an inverted (shifted 180 °) €cer (or €4 ), respectively.

Phase Detector

———— CONTROL

—— INPUT +

OUTPUT p———

~—— INPUT -

Switch

\f\_

Control

R
M
.

CONTROL QUTPUT

HIGH INPUT —

LOow INPUT +
Figure A.

The function of the phase detector is to resolve €re; and €rest into their orthogonal (real

and imaginary) components. See Figure B.

Imaginary
Axis
IVi-sin®
\ Real Axis
Figure B.

V Input Signal (Eref or Erest)

8-20

Figure 8-17. Phase Detector (Sheet 1 of 2)
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To obtain the real component of €ref or €test, the phase reference signal, which controls
switching of the phase detector, must be in-phase with €cer (see Figure C). Similarly, to
obtain the imaginary component of €ref or €est , the phase reference signal must be 90 °
out of phase with €. (see Figure D).

V Input Signal (€ref or €1test) Vv Input Signal (€ref or Ctest)

<]
Phase reference = Cref (0°) Phose reference = €ref (90°)
Phase {Det. QOutput = i\'/I -cos © Phase Det, Output = I\}l-sin o
Figure C. Figure D.

To minimize phase detection errors caused by low order odd harmonies which may be
present at the output, three parallel-connected phase detectors (A2U59, U60, and U61)
are used in the 4276A, as shown in the simplified circuit schematic of Figure E. Figure F
shows the phase reference signals for the three phase detectors.

2z
X
o= - 2
A2U61 g
7 H ——
W + X
(A2 TP26)
2 Y H ’ |
Eret y 7 + T r
or (A2 TP27) |
t1est
Cres A2u60 |8 H
Z
S s|_
| W (A2 TP28)
2
9 -—
A2U59 |8
NC—7"'
Figure E. Figure F.

Figure 8-17. Phase Detector (Sheet 2 of 2)
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Phase Detection
The phase detector is basically a network of analog switches which are controlled by the

square waves shown in Figure A. When the switches are closed, the current through each
switeh charges the integrator. The integrator output voltage is given as:

Vouyr= —g—% cos A « |Viy|+ cos & (o Viy] = @)

When the control signals X, Y, and Z are phase-shifted by 90 degrees, however, the
integrator output voltage is as:

VOUT =_g—§‘5in A=< IVIN " SinA

[Vix] cosA and |Vix|sin A are the in-phase and the 90°out of phase component of the
input vector voltage Vix with X,respectively, where X is the phase reference signal.

z
ZR ;

N, o
X

—-b—»—iﬁ.———o/‘o——t
X

R
2R . '\ Ro '\
ViNo A O— A
L~

WA Q Vout

A2TP26(PD 1) : X

H
L
. H
A2 TP27 (PD2) I Y L I l I l
H
L

A2 TP28 (PD3) : 2

__________ VIN
{
Ivin - sin & |
A I
— X
IVIN | -oosA/
Figure A
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Figure 8-18. Phase Detector (Sheet 2 of 2)
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VIII

Voltage Ratio Detection

The voltage ratio is easily measured by an integrator and a counter. Refer to Figure A.
The integrator is first charged by voltage Ea for a known time, T, (determined by the
instrument). It is then discharged by voltage Eb. At the start of the discharge cycle, a
counter (not shown) is enabled and begins counting the pulses of a reference clock signal.
The counter is disabled when the integrator's output reaches 0V. The number of pulses
counted by the counter represents the integrator discharge time, T. The voltage ratio
Ea/Eb is represented by the following equation:

Ea/Eb = (1/T¢) - T

where T, is a known constant.

(" Ea-Ty = Eb-T)

cLsL ! ‘ ] Select Input AlUL6
CZERO 2 I—
ENCOMP a Decoder Programmable 4 12 1 Cutput (1A)
Oata Bus
GATE Counter e F 0 0 0 TCLK
g —1 [— e 0 |0 |1 PEVCO
. 0 111]0 TCLK
eLx ° Al UI6 AlU39 0 1 1 +5V
PFVCO — | e
TCLK 2 1 ]0 |0 +5V
45V  —d3 1A > CLOCK 2 1011 TCLK
*3v 4 1 1o TCLK
Teux > 1 (11 +5V
TCLK =———g
+5V  ————d 7
+V Downward Discharge
INTEG /OUT __\—
!
ov T ENCOMP | CZERO | CLSL | Output
l
C ZERO I 1 1 0 TCLK
e 1 0 0 +5V
AlUI6
outeut T
TCLK — > +5V
ov =~ Upward Discharge
INTEG /0UT :
-V |
I
— ENCOMP | CZERO | CLSL OQutput
¢ ZERO
o1 1 0 1 TCLK
AlUI6 1 1 1 +SV
Qutput ] ”H[HH ” l”

—— TCLK ——————>e +5V

Figure A

Figure 8-19. Voltage Ratio Detection.
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ZERO SHIFT

The zero reference input to the Zero Detector (A2U68) is slightly shifted from zero volts
so as to measure the discharge time of the Integrator (A2U65) accurately even when the
discharge time is very short. The additional time required for the zero shift operation,

T , is compensated for in the digital section.

Integrator Output Voltage

Shifted QV — = — — —

Figure 8- 20. ZERO SHIFT.

8-24
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8-36. DIGITAL SECTION THEORY

8-37. Digital section block diagram is shown in
Figure 8-30. A simplified digital section block
diagram, including an analog section block
diagram, is shown in Figure 8-21.

8-38. Overall instrument operation is controlled
by a high speed Z80 microprocessor driven by a
5.76 MHz clock. A1U22 controls selection of the

SECTION VIII

by decoding four address lines——Al2 through
AlS5—into seven ROM gate signals—ROMG!1
through ROMG7. Ull and ROM gate signal
ROMGT7 are not used in normal operation. The
correspondence between address lines Al2
through Al5 and ROMs U5 through Ul10 is given
in Table 8- 4 . Addressing of datd stored in the
selected ROM is handled by the remaining
address lines--AQ through All. Data read from
the selected ROM is sent to the microprocessor

required ROM (Us through Ull) via data bus lines D0 through D7. The
100k @
r—-—‘VW———O'/
® ® o ®
©
&
fREF ov
Internal DC Bias (option OO1)
ZERO
Logic Contro!
Key board (Microproccessor)
. Compgrator / Handler
Display HP-1B Interface (option 002)

@ osciliator
@ 1-10-V Convertor Amplifier External Component Handler
@ Range Resistor
@ Differentiai Amplifier #* Actual circuit is shown below @
@ Process Amplifier ERR :_ ——————— _;
© Phase Detector D I
@ Pre - integrator : :
integrator : :
©) Zero Detector |

Eout i

b 4
Figure 8-21. Digital Section Block Diagram.
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microprocessor operates in accordance with the
instructions and data stored in the ROMs.

A1U35 provides five signallines—ANACTLI
through ANACTL5--which control the data
latehes in the analog eircuits. Similarly, A1U41
provides six signal lines—IOENO  through
IOENG--which control data transfer to and from
other boards via the data bus. For example,
when the TOENG line is LOW, data is transmitted
between the microprocessor and the HP-IB
circuits on the A21 board. Refer to Table 8- 5
for the correspondence between address lines A3
through A5 and I/0 lines IOENOQ through IOENS.

8-39. Operation of the mieroprocessor s
interrupted by any one of three interrupt
signals: IBINT, TRIGINT and KEYINT. The
IBINT line is active (LOW) when an interrupt
request is on theHP-1B: TRIGINT is active (LOW)
when the instrument is externally triggered;
KEYINT is active (HIGH) when a key on the
front panel is pressed. These interrupts are
detected at the beginning of a measurement
eycle or before each voltage-ratio measurement
period.

8- 40. The microprocessor, the HP-IB circuits
on the A2l board, and the data latches on the
A22 board (option 001) are reset each time the
RESET signal goes LOW. RESET goes LOW if
the +5V supply on the Al board drops below
+4.8V. Refer to Figure 8- 22. The active (LOW)
time for the RESET signal is approximately
500ms.

Model 4276A

the A2 board sends the ZERO signal, which stops
the clock. The time required for the integrator
to discharge is indicated by the number in
A1U39. See Figures 8-19 and 8- 20.

8-42. The Al board contains an 11.5200MHz
erystal oscillator, AlUl. Output from the
oscillator is ecounted down to provide the
5.76MHz clock signal for the microprocessor, the
3.84MHz  clock signal for  voltage-ratio
measurement, and the 8kHz reference signal for
the phase-locked loop on the A2 board.

8-43. Figure 8-23 shows the flow diagram for
the measurement sequence.

(AITPI)

(AITP3) i

Figure 8-22. Reset Signal.

Table 8- 5 . 1/O Enable Signals

. . Add i
8-'41. Perhaps the most important function of ress Lines 1/0 Enable Signal
the section is to measure the time required for 5 4 3 g
the main integrator on the A2 board to discharge 0 0 0 TOENO
during each voltage-ratio measurement. This is :
done by a counter, AlU39. At the start of the 0 0 1 ICEN1
integrator discharge period, A1U39 is enabled 0 1 0 T0E2
and begins counting the pulses of a 3.84MHz
clock signal (TCLK) output from AlUl6. When 0 1 1 IOEN3
the integrator is completely discharged {output 1 0 0 TOENA
reaches zero volts), the ZERO DETECTOR on
1 0 1 IOENS
Table 8- 4 . ROM Addresses
Address Lines
15 J1a 15 [12 {11 {10]9 (8|7 s a3 ]2 10 |Addressed ROM

ol 0f{ o0l 0| -] -j-1-1- -t-1-1-1-1-|ROMO (AlUS)

ol oj o x| - -|-1-1- - |-1-1-1-1- |ROML (AlU6)

ool 1tol - -j-1i-1]- - |-1-1-1]-1-|ROM2 (ALUT)

0 0 1 1 - -l - ]-1- - |- i-1-1-1- | ROM3 (AlU8)

oy 1| oo - -]-1-1- - - ]-1-1-1-]rOM& (A1lU9)

0 1 0 1 - -l - q1-1- - i-1}-1-1|]-1|- {ROM5 (AlU10)}

8-26
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ROM TEST

Displays E67

Continuous Memory program stops.
Test

Displays E68.

Recalls Last Recalls Default
Settings. Settings.

| ]
Initial Display.

F ®
Sets and Displays

the Control
settings.

N

Internally
Triggered?

Manually
Triggered?

Triggered
via HP-IB?

YES
pPerforms Vector
Ratio Detection.

Sends INDEX
signal.*

Data.

Calculates

Displays Data.

Qutputs Data ~: Option 202 only.

Via HP-IB.

Pertorms
Comparisons.”

When set to SLOW measurement speed mode, the
instrument
measurements.

INTERRUPT

Tllegal
Operation?

RETURN

averages the results of four

Figure 8-23. Flow Diagram.
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8- 44, OPTIONS

8- 45, The theory of operation for the 4276A's
optional ecircuits is outlined in the following
paragraphs.

8-46. OPTION 001 INTERNAL DC BIAS
(A22)

8-47. The A22 board primarily contains a DAC
(A22U3) and an output amplifier, as shown in
Figure 8-24. The DAC outputs a de voltage
whose polarity and magnitude are determined by
the reference voltage, Vrer , and the digital is
determined by the digital data sent from the
microprocessor and stored in latehes Ul and U2.
Output voltage is calculated as follows:

—

0 -n
Bn - 2
1

Vour = -Vref -

™M

n

(Bn: 0 or 1)

where Vrer is determined as follows:

Internal DC Bias

Vref
Voltage Range
40.0V to .00V -6.3V
-.01V to -40.0V +6.3V

The output voltage of DAC is shown in Figure A.

Vet is switched by an analog switch controlled
by Data Bus lines BD6 and BD7 via the latech
A22U2. The two latches, A22Ul1 and U2, are
successively enabled by elock signals IOEN] and
IOEN?2 to output digital data to the DAC and to
control the analog switches. Another analog
switeh selects the attenuation factor — x1 or
x1/5 — in accordance with the internal de bias
voltage setting as follows:

Internal DC Bias Attenuator
Voltage Range

+(.00V to 9.99V) x 1/5
+(10.0V to 40.0V) x 1

8-28
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The DAC output voltage shown in Figure A is
attenuated by a x1 or x1/5 attenuator to obtain
the linear characteristic shown in Figure B. This
attenuated voltage is amplified by the x8 output
amplifier.
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(v) v)
% 83 f-—o-- o
50 6 Sj 6 4
+ =
—~ o~
G g
+ y -
5 4 5 4
+ Q
S &
+
o e 4
g 2 o~ 2
=2 l26 - >
o T T T - o T T T -3
o] 10 20 30 40 (V) 0 10 20 30 40 (V)
Internal DC Bias Output Voltage Internal DC Bias Output Voltage
Figure A Figure B

|
oEn ! K [ Nes w0
Ui x8 Ampl.
Data Bus ) [} ?
U3 xl{l {> é

Oo—t
DAC xi/ss |

|

I

cK B2 |
|

u2 B1 vref |

Daota Bus )D aF-—-—--—-——-[--~-—--~- ]
- TN
1
!
]

©

IOEN 2

Figure 8-24. A22 Board Block Diagram.
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8- 48, TIMING DIAGRAM DISCUSSION Table 8- 7 . Pre-Integrator Charge Time

8-49, Figure 8-26 shows the timing diagram . Measurement Speed
: ] 2 Test F s

for the wvarious signals necessary for VRD est Trequency MED, SLOW FAST

operation. In the figure, the REFDET signal

goes HIGH when the @.; signal crosses zero 100Hz to 199Hz 1/f [s]

volts in a negative voltage-to-positive voltage 1/f [s]

direction after the PSH signal goes LOW. The 200Hz to 498Hz

REFDET signal provides the start timing for the Sms

8F , which is the source of the phase reference 500Hz to 20kHz 2ms

signals used by the phase detector. Refer to

Figure 8-25. f: Test Frequency

Note

On the ranges shown in the table below,

s REF/DET pre-integrator charge time, T,, is 10
PO/IN PSH—: R times longer than those listed in Table
(i0) +5v—=As Q To A2 8- 7 .
~ S 1
3 -
o) ._.4:{ >——To Al T F
+5V__.2 J C Range est Frequency

K 100Hz _ 200Hz 2kHz 20kHz
g 10mF oy

Figure 8- 25. REFDET Circuit.

8-50. In each voltage ratio detection period —

, ,and — the integrator charge time, Ty, is
constant for the selected measurement speed, as
listed in Table 8- 6 .

Capacitance Measurement

Table 8- 6 . Integrator Charge Time 8-52. For the  reference  convenience,
abbreviated signal names are listed in Table
Measurement Speed To 8-8 .
MED, SLOW Sms _ '
Table 8- 8 . Signal Abbreviations
: 1.25 -
FAST s Abbreviation Description
PSH Phase Search
The discharge times T,, Tz, and Ty are PS1, PS2, PS3 Phase Signals 1 through 3
measured by a programmable counter, A1U39, REFDET Ref .
which counts the pulses of a 3.84MHz clock ) eterence Detection
signal. AZT Auto Zero Time
. . PC Polari heck
8- 51. For accurate dual-slope analog-to-digital olarity Chec
conversion, the VRD contains a pre-integrator ZST Zero Shift
which econverts the phase detector's output signal IRST Integrator Reset
into a de voltage for integration by the main
integrator. The pre-integrator charge time, Ty, PRST Pre-Integrator Reset
depends on the test frequency and the I0FF I : -
. tegrat Off
measurement speed. Refer to Table 8- 7 . nregration
I0FS Integration Off Switch
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Figure 8-26. Timing Diagram.
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8-53. Repair.

8-54. Board assembly locations are shown in
Figure 8-27. Graphic symbols and abbreviated
signal names used in schematic diagrams are
explained in Figure 8-28 and Table 8-9,
respectively.

8-32
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A2 Analog

Al Logic

16064A A2
{(Option 002)

A21 HP-IB

Sevives L8 CERRR.  ooRm

Al Logic Board: P/N 04276-66501
A2 Analog Board: P/N 04276-66502

A4 Power Supply Board:

A5 Display Boar: P/N 04276-66505
A6 Mother Board: P/N 04276-66506
A21 HP-IB Board: P/N 04276-66521

A22 Internal DC Bias:

16064A A2 Board: P/N 16064-66502

P/N:

Part Number

P/N 04276-66504

P/N 04276-66522

A22 Internal DC Bias
(Option 001)

A4 Power Supply

A6 Mother Board

A5 Display

Figure 8- 27. Assembly Locations (Top View).
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Part of.

Knob control.

Serewdriver adjustment.

Circuit assembly boarderline.

Asterisk denotes a factory selected value.
may be omitted.

Value shown is typical, part

Bead inductance.

Circuit board pattern inductance.

Heavy line indicates main signal path.
Heavy dashed line indicates main feedback path.

Wiper moves towards CW with clockwise rotation of control (as viewed
from shaft or knob).

Numbered test point. Measurement aid provided.

Denotes wire color code. Code used is the same as the resistor color code
(e.g., 9.4.7 denotes white/yellow/violet).

Encloses front panel
designations.

Shielded ares.

Indicates direct conducting connection to earth.

Indicates condueting connection to chassis or frame.

Indicates eircuit common connection.

8-34

Figure 8-28. Schematie Diagram Notes.
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Table 8 9. Mnemonic Information (Sheet 1 of 2)

Mnemonic DESCRIPTION

AF Amplifier-Frequency

AMI Amplifier-Magnitude 1

AM2 Amplifier-Magnitude 2

ANACTL 1 - 5 Analog section control lines

BAO-2 Buffered address bus lines to the A21 HP-IB board

BATTERY Continuous Memory battery supply and charge line

BCLK Buffered master clock (5.760MHz)

BDO-7 Buffered data bus lines

BEXT TRIG 2 Buffered external trigger signal from the 16064A

BIAS Output from the internal dc bias source (0 to #0V)

BIASG Internal dc bias source common

BIAS A22 DC BIAS board is installed.

BIAS ON Front panel DC BIAS switch status

BIN1 - 9 Comparison results output to an external component handler

BIOEN3 - 4 Buffered I/0 enable lines from the 16064A A2 board to the Al
board.

BIORD Buffered I/0 read line from the 16064A A2 board to the Al
board.

BIOWR Buffered I/0 write line from the 16064A A2 board to the Al
board.

BLANK Display blanking signal

BRL3-5 Buffered return line from the 16064A keyboard

BSLO- 2 Buffered send line to the 16064A keyboard

CPWT Comparator wait signal

DAO- 3 Front panel display data lines

DBO- 3 Front panel display data lines

DQ HI, IN, LO
DUT
EOM

EXT DCV1
EXT DCV2

EXT DCVZ COM
EXT TRIG

EXT TRIG 1
EXT TRIG
Hc

(09}

Comparison results output to an external component handler.
Device under test

End of measurement. Informs an external component handler
that the comparison has been made.

External DC supply input to HANDLER INTERFACE for open
collector outputs.

External DC supply. Input from an external component
handler.

EXT DCV2Z return line to an external component handler.
External trigger input from an external component handler.
External trigger signal from the rear panel.

External trigger signal from 16064A.

Center conductor of high current terminal

8-35
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Table 8- 9 . Mnemonic Information (Sheet 2 of 2)

Mnemonic DESCRIPTION

Hce OQuter conductor of high current terminal

Hp Center conductor of high potential terminal

IB INT HP-IB interrupt

TINDEX Signal which informs an external component handler that the
instrument has finished analog measurement.

IOENO - 5 1/0 enable lines

IOFF Integrator off

TORD 1/0 read

TOWR 1/0 write

KEY LOCK 16064A kevboard disable. Input from an external component
handler.

Lc Center conductor of low current terminal

LG Outer conductor of low current terminal

ME VCO
NF VCO
OUT OF BIN
PD

PF VCO

PWF

REF DET
REF8K

RESET

RLO - 2, 6-7
SLO -
'UNCAL
ZERO
8FLCK

W

Comparison results output to an external component handler
Center conductor of low potential terminal

Divided VCO output (16 times the test frequency)

Divided VCO output (8kHz)

Comparison result output to an external component handler
Phase detector

Divided VCO output (fvco + 10)

Power failure

Reference phase detect

VCO reference frequency, 8kHz

Reset signal for A21 HP-IB and A22 DC BIAS boards

Return lines from the A5 DISPLAY board.

Send lines to the A5 DISPLAY board.

Uncalibration detect

Integrator zero detect

Signal for phase detector (8 times of test frequency)
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_—— Hcur ki
o QUAS! —SINEWAVE LPF & LEVEL _
GERERATOR
16F _
LPF 3 IVRMS
HIGH /CUR
N
From a) -MEVCO - . !
'8 pac
CONTR LPF LPF 2 LPF 3}
| i
CNTR RESET | aL o
(tor TEST)
’ 9 10¢ |
i
F DAC LPF | LPF 2 l i
From A22 BlAS e
(OPTION 001} l
X
\—Blas —
,— PHASE DETECTOR —, ,— LOOP FILTER — ' l

e, . !
L

REF BK =T
Fromal £ 4L

U ——
CNTRRESET 2 5T
g (for TEST) e
To a1 — Y0 PL ’ 10 )
ONTR veo
VEO / ONTL
(-8 10 +8V)
@ @ REF/ DET
V€O / 10 veo —
(8 to 200MHz )
Ri
To A} EFOET 2R
RE =XE!
/ SIGNs  DE-
|
| ———
From At —SE.LOCK ¢ 57R —_
N
vz /T DE
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_— HCuR HPOT — LPOT LCUR
QUAS! ~SINEWAVE LPF & LEVEL —
GERERATOR
16F — RANGE RESISTOR———\ — DIFF AMPL AMI AF AM 2
LPF 3 IVRMS
HIGH /CUR
AMt AF
PD/IN
8
o DAC AM |/ OFS . 10
CNTR LPF | LPF 2 LPF 3 2 I AF/OFS
, ” AM2 7 OFS
| ‘4 p ami/io '
. 5 N
] p _
v aF1/2
9 W o t “
V7 /
! T—o~o—< PH1/10
F DAC LPF i LPF 2 % 7
PHI/S ! T
_ 1]
\Y
N—Blas — i 1/V AMPL
,— PHASE DETECTOR —, ,— LOOP FILTER —, T_-(>-< 1 -—cbo—J
L i X
N Low / POT
- ™~ % €0UT 3 N :
S e %
\\
L 2
/~—— PHASE DETECTOR ———— ,——— PRE-INTEGRATOR ————_ INTEGRATOR — DEZ'I”EE%$ORj
/
- o 19 h—{ Sreng [ INTEG 7 IN ‘
CNTR veo ﬁ + oo \/}
V€O / CNTL ZD/IN
(-8 10 +6V) INTEG /OUT
T —x l
) () )
) 1
vCco p—vae0, ’\ i
veosie (810 200MHz ) S L ’_l’\ zaR >LERC 1o
x z
|
REFERENCE @
/7 SIGNAL DETECTOR ~™™\
LN l /
] 2ERO
- o
I 1 J/ [/] l
ZERO
pSH I SHIFT l, ]
|
N————— SHIFT REGISTER ————
UNCAL
12 /7 DETECTOR 7\ UNCAL
i UCCHK
[\m -I_f)? UNCAL To Al
+2V Q:> l
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8V

EXT TRIG |

~ REGURATOR —

Al MAIN LOGIC

va4

EXT CLOCK
0S0SC

To PLL CKT

+5V-b

DRVR | Ag~2 l

ADDRESS BUS
| u3e u34 l 18 INT
— G? ~l AP~ At A
TRIG INT — AlS ( W ]A\t : 9~19 ] d] l ¢ DATA BUS 0P~ 7
— ~ - DRVR \
N KEY INT TRIG INT -
C t 8ISy, e u42,43 ) A2l
KEY INT DISPLAY 10en g B nee %
ui9 — ROM US~Ig RAM UI2 DIVIDER/CTR KEY/ INPUT PORT| | | EXT LOGIC 1OEN 5 HP-1
CLOCK u20 INT - 7 INTERFACE TRIG CONTROL I PORT
— Lo — ADORESS 24K tyte 2K BYTE 8253-5x2 8279 7| go7o-5 2 BYTE s ROL ' Baata |ua
oveo z-808 039,40 | | (1.92M) B Ja 1l ] 1 !
~CLOCK DRVR = cPU .
i ROMG ¢ &,/ R @ u35,41
u t ! — l
115200 anl o5 |an DATAY ROMG 5 Uz | CLOK GATE ?5'5‘”"‘” i O Ry BUS DRVR
[ Mg |y, (276QMH: cLock uzg| CONTROLLER @ DECODER [
- H - 170 v2,3,6,7
X-tol m 173 |3-840MHz TIMER CLOCK ROM DECO RAM GATE l I (0 o0ER DSA 3 ,3,86,
osC| ot / H u22 v24 PFVCO uz6 SELECT SW EXT TRIG3 | ~7
ooty i/e |920MHz  g579 cLock CONT T EXT TRIG 2
Ul | Y, 000k _ lreser U DEROM | ai2~15 Qw! aocK| el e From 160644 . —Q )—
1449 > BMREG|AIS TEROG BIORQ [A3~7
U29 ~U33 BWR \OFF | l l l J
U3 BIORG
Ly W RD b BWR | ANCTL 1~4
“—DRVR J l | | !
L J |
7
‘ ' (" 09~ 7 »
f ]
—— RESET/BAT. BACK UP CKT == - - - - - - - - - —_— — - - -
Q [ TOEN 3
i
1 I - - - - - ‘ ‘ ‘ o
TOEN 4
e MEVCO
RESET Wy " 11 S
uz,3,0! — T —
Y S(g~z ) - R
. FIT 3] | S —-— -
1 RL$ RL6 RL3~5 | X
RLI RL7
RL2 ! DRIVER DRIVER TRANCEIVER ! ANALOG CONTROL
/—KEY SCAN DECODER— 1o kgys . ge';;
| t —J—E‘j . —ll us uz |
-0 © -8 ! ’_T Il [} t |
= \ Sip~2 |
Qz,
Z2av - us f I 1 [16064-66502 | _____J
; Ni - cd 1 SL'S s 5% |l _ 36 PW AMP )" "
L2 ——
sL3 [T IR 7ERD e— ]
- = - - - - | PFVCO w—]
b2l 10FF ANALOG BD[ A2 |
l - -
BIAS ON/OFF IR P o, - - - -
+5V i |
! o B AD~15 'ev 1| l ] l
sLp~3 ! .| 3-8 KEY scan PAPALLEL PAPALLEL
] ] KEY LOCK | DECODER ouT PORT OUT PORT
From u7 u4 us
1
ui,u2,us DISPLAY A/B/C UN'”FUN:T'ON Handler L
1 0607 DISPLAY . 1
RZ,4,5
A ]
BINARY~7 SEG Lo:‘CR | o5 BCD 10 DEC
DECODER / DRVR A ' ‘im_ InEC/ ORVR DRIVER DECISION |
"M
:?.U‘B U3 ,R3 Ul DlSPLAY
L _ L_—.__J BIN OUT v6.8,9
J L - v tg) DECISION oyT  KEY LUK A v
AMP
e KEY e P ulo HANDLER
%
(2¢) _}r EoM,
1 '’
EXT TRIGZ
DRIVER ]
A1,U42,43 U
KEY/DISPLAY BD [ A5 16064 - 66501 |
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Board Isolation Flow Diagram

START

Are the following voltages cor- YES Is a 21kHz * 0.1kHz
» rect? > signal present at A4TP9? |
Test Point Limit NO
A4TP1 +5.00n 5.30V
TPS +15.0n 20.0V Adjust the signal
TP6 -15.0~ -20.0V frequency by “F-ADJ"
on the A4 board.
TP7 +8.0v 13.0V Is the adjustment
possible?
NO
NO

P

Go to Flow Diagram.

YES

1. Remove A2 (Analog), A2!
(HP-IB), A22 (DC Bias) and
16064A’s interface boards.

2. Change jumpers W1 through
W3 on the Al board to
lower (#2 — #3).

B

——
- ——
il

AIWL/W2/W3

s

-
2
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)

lo

agram

ng voltages cor-

Limit
.00 5,30V
5.0 20.0vV
-15.0n -20.0V
8.0V 13.0V

NO

N

YES

Is a 21kHz + 0.1kHz
signal present at A4TPY?

lNO

Adjust the signal
frequency by "F-ADJ"
on the A4 board.

Is the adjustment
possible?

NO

o

Go to Flow l)jagram.

YES

1. Remove A2 (Analog), A2l Is ROM/RAM Free Run Test YES. Does every LED lamp on the YES.’ Is an 8kHz TTL square wave —»YES z"sT:tmstflrsz?Z?t Oé\fu.itch ‘-—-—>YES L.Turn the power off.
(H‘P-IB), A22 (DC Bias) and normal? ) front panel blink when SELF present at A1TP16? ‘as sh;wn below. : gsi;zieaiﬁ ?3;32;5 W1
16064A’s interface boards. This test will be performed as TEST 5 is performed? W2 and W3 on the Al ’
. Che jumpers W rough follows. NO board.
’ VCV];dniijutll]:; LASI lb:z:rdu%o 1. Turn the power on while NO % 3. Go to Flow Diagram @
lower (#2 — #3). pressing FREQ/DC  BIAS ]
step control keys, @:]
— ; 2. First, the test frequency is ES[:::] Signature Set 1-1
w—— 3 :1121:123:21 aizl;oi;vil:g,egt::: 3. Signature Analizer Setting: Signal Test Point Signature
ALWL/W2/3 l;S;LAY’AshoJL‘i)F”or zﬁgsﬁV :i) AITPY NF VCO A1U23pin4 | CF47
“UF”. CLOCK: £ AlU4 pin 20 MF VCO U23pin6 | F3C8
NO 4, Turn the power on. Is signa- 8 FLCK U24 pin 8 TFIU
ture set t-1 correct? ANACTLT U3$ pin 13 84U4
NO ANACTL?2 U3Spin 12 | P4Ps
ANACTL3 U35pin 11 | 7FP4
¢ * ANACTL A U35Spin 10 |  44A6
> Go to Flow Diagram @A1-D). lorr U43 pin 3 4625
BD O U34 pin 18 6UAC
BD 1 U34 pin 17 2P3P
BD 2 U34 pin 16 708A
BD 3 U34pin 15 05PF
BD 4 U34 pin 14 491U
BD S U34 pin 13 239P
BD 6 U34 pin 12 FO19
BD 7 U34 pin 1] H19P
TOENO U4l pin 15 | C65F
1I0ENT U41 pin 14 195C
IOEN2 U41 pin 13 PPAO
TOEN3 U41 pin 12 955H
T10EN4 U4l pin t1 ABA3
TOENS U4l pin 10| €923
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Flow Diagram

START

'1.

Turn the power off.

2. Insert the A2 (Analog) and
A21 (I1P-1B) Boards.

. Connect an OPEN termina-

tion to the UNKNOWN ter-

minals.

(o]

4.Set the SA Select Switch
and jumpers W1, W2, and

W3 on the Al board to
normal.
.
=
=]
=]
B8] 1
=] i 9
=7 R

| 3
=

AL W1/W2/W3
5. Turn the power on.

YES
Is anything displayed on the __’

front panel?

Is the display normal?

YES

NO

NO

Y

. Does

NO

v

YES
Is the voltage at TP1 at A4
board +5.05 t05.30V?

NO

|

Troubleshoot the A4 (Power
Supply) board.

YES
Has the instrument stopped L Go to Flow Diagram (A1-D).
operation?
NO
. . YES
1.Turn the power off. —p»| Go to Flow Diagram )
2.Set SA Select Switch

shown below:

)

[s]

ALWL/W2/W3

i

3. Short terminals 2 and 3 of
jumpers W1, W2, and W3.

I

. Signature Analyzer Setting
START: /£
STOP : "
CLOCK: #  AlTP7
WINDOW (+5V) :P254

5.Turn the power on.

)AITPS

6. Is Signature Set 1-1 correct?

NO

Check A1U25, U38.

Signature Set 1-1

turn it off.

2. Turn it on again, Does DIS-
PLAY still indicate E68?

NO

YES
DISPLAY A indicate |——jgwt Go to Flow Diagram ALD.
EGI to E67 and stop?
NO
- A he i t for | YE3
Is 168 displayed on DISPLAY - Leave the instrument Tor | _ gy Replace the battery.
A? thirty minutes and then

Does the instrument perform
power on reset normally?

YES

Is the test frequency displayed
FREQUENCY/DC

on the
BIAS display?

YES

NO

NO

Go to Flow Diagram (A1-6).

Go to Flow Diagram @AI-5).

AlU25 pinl | P254
pin2 | P254
pin5 | P254
pin6 | P254
pin7 | P254
pin8 | p254
pin 24 | 0000
pin 25 | 0000
pin 26 | 0000
pin 27 { 0000

A1U25 pin 28

pin 29
pin 30
pin 31
pin 32
pin 33
pin 34
pin 35
pin 36
pin 37
pin 38
pin 39

0000
0000
0000
0000
AAHU
U665
826P
P254
P254
P254
P254
P254

Is the TRIGGER LAMP lit?

YES

NO

Does the display indicate some-

thing?

YES

NO

Is a 3.84MHz TTL square wave
present at A1U33 pin 87

YES |

NO

Go to Flow Diagram .

-

Is the 'RI
ing off an«

Go to Fli

e

Go to Fi
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YES

Is the TRIGGER LAMP lit?

YES

NE b fge!  Go tO Flow Diagram .
— 3
A YES i. Leave the instrument for YE.S Replace the battery.
thirty minutes and then X
— turn it off.
- 2. Turn it on again. Does DIS-
PLAY still indicate E68?
D NO
YES Is the test fi displayed
Does the instrument perform [——djppe{ 15 the test frequency displaye
power on reset normally? on the FREQUENCY/DC
— BIAS display?
) NO NO
Go to Flow Diagram . Go to Flow Diagram (A1-5).
et 1-1
1 5 pin 28 | 0000
pin 29 | 0000
pin 30 | 0000
pin 31 | 0000
pin 32 JAAHU
pin 33 | U665
pin 34 | 826p
pin 35| P254
pin 36 | P254
pin 37 { P254
pin 38 | P254
pin 39 | P254

NO

Does the display indicate some-
thing?

YES

NO

- —J Is the TRIGGER LAMP blink- |

ing off and on?

YES

NO

Go to Flow Diagram (A1-6).

Is A1U4 pin 16 HIGH?

YES

NO

Go to Flow Diagram (A1-7).

Is a 3.84MHz TTL square wave
present at A1U33 pin 87

YES

Go to Flow Diagram A1-4).

NO

Go to Flow Diagram .

Does the instrument repond
promptly when one of the
keys is pressed?

+NO

Go to Flow Diagram .

YES

YES
Does DISPLAY A always in- . Is a 1.92MHz TTL square
dicate “OF” or “UF? wave present at A1TP10?
NO NO
Go to Flow Diagram (A1-9). Check A1U23,

1. Short terminals 2 and 3 of
Wil

2.1s the TRIGGER 1LAMP
blinking off and on?

NO

Go to Flow Diagram (A1-6).

Y%LJ

Check A1U23 .

1
=
3

AlW1

YES

Go to Flow Diagram (A1-6).
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Flow Diagram

START

—>

1.Turn the power off.

2. Set SA Select Switch

and jumpers W1,W2 and

W3 to normal.

ifalulifilale

=
E

3.Turn the power on.

Is the voltage of A1U4 pin 11
+5V?

YES

Is the voltage of A1U1 pin 14
+5V?

NO

Check +5-b line.

Check A1U44 and +5V-a line.

YES

Is a SVp-p 5.76 MHz square | YES

wave (see photo) present at
A1U4 pin 6.

Is an 8 kHz T' s
present at A1TP167

Y

0

I 2

Go to Flow [~ gra

Check Al' 0«

YES
Are the following TTL signals .
correct?
Test point Signal

2V/DIV ,05us/DIV

NO
Is a 11.52 MHz TTL square YES
wave present at A1U17 pin 67

NO

YES

Is the signal shown helow pre- ___>
sent at A1U1 pin 87

Check A1UL7.

AlU29 pin 12 5.76 MHz
pin 9 3.84 MHz
pin 8 1.92 MHz

2V/DIV  .0Sus/DIV

NO

Check ATUI.

NO

Y

Check A1U29.
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s the voltage of A1UI pin 14
+5V?

NO

|

Cl k ATU44 and +5V-a line,

YES

Go to Flow Diagram (AT).

sent at A1U1 pin 87

2V/DIV  .05us/DIV

NO

Check A1UIL.

Is the signal shown below pre- >

Check A1U17.

NO

Y

Check A1U29.

. , YES YES YES
Is a SVpp 5.76 MHz square P Is an 8 kHz TTL square wave —»{ Are the following TTL signals j——d{ji
wave (see photo) present at present at A1TP16? correct?
A1U4 pin 6.
NO Test point Signal
A1U33 pin 8 3.84 MHz
pin 10 1.92 MHz
2V/DIV_ .05us/DIV Go to Flow Diagram Al-3 .
NO NO
YES A the foll H TTL si 1 YES Check A1U33.
Is a 11.52 MHz TTL square | Are the lollowing signals — Check A1U20 and Q5.
wave present at A1U17 pin 67 correct?
Test point Signal
NO
A1U29 pin 12 5.76 MHz
pin 9 3.84 MHz
YES pin 8 1.92 MHz
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Flow Diagram

START

Flow Diagram m

START

-

YES
Is AJTP3 HIGH?

Y

YES

about 4.8V?

NO

Check AICR2, C10.

Is the voltage of A1U3 pin 8 —]

. 1. Turn off the instrument to

discharge C10 (2200uF).

2. Turn on the instrument
while monitoring the signals
at A1TP2 and TP3.

. Is the rise time of the signal at

A1TP2 shorter than 1ms? (See
photo)

2V/DIV 50ms/DIV

YES YES YES
——»| Are the following TTL signals f—fie Isa 1.92 Mz [:TL signal pre- b 15 a 62.5us negative TTL pulse — Check A1U32 and U33.
correct? sent at A1U33 pin 127 present at A1U32 pin 67
Test Point Signal NO NO
A1U29 pin 9 3.84 MHz
pin 8 1.92 MHz YES
o Check A1U33. Is the signal at A1U32 pin 2 L]  Check ATU30 and U3 1.
compliement of that at pin 6’s?
NO
Check A1U29.
Check A1U32.
YES YES

> Is the delay of A1TP3 after E—

the power on between 0.3 and

Go to Flow Diagram .

1 sec? (See photo)

ov
2V/DIV 0.2s/DIV

NO

NO

Check A1U2.

Check A1U3.

Is A1U2 pin 4 HIGH?

YES

Is A1U3 pin 3 HIGH?

YES

Check A1Q1.

NO

Check A1U2 and R3.

NO

Check A1U3.
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Flow Diagram

START

Turn the - off YES YES
1. Turn the power off. ‘ — Is the signal Ishown below pre- ) )
2. insert the AL E jumper into sent al A1U4 pin 247 Is Signature Set 5-1 correct?
2
1 I
—3 o
Aldl Ald2
3.8et SA Select Switch oV
¢ o 2V/DTV 0. 2us/DIV

and jumpers W1,W2 and O Check A1UA.

W3 to normal.

.[i] YES YES
B3 Is a 5.76MHz TTL squarc ! Is the signal shown below pre- > Check ATULS.
& il wave present at ATUI8 pin 37 sent at A1U18 pin 2?

s JURREE §)
=1 -
S ’ NO
==y
4. Signature Analyzer Setling Check ATU33 2V/DIV  0.2us/DIV
START: nee : NO
. _ AlITPI2
STor X

CLOCK: X ALTPS
WINDOW (+5V) ;0001

5. Turn the power on.

Check ATU36 and U4,

Signature Set 5-1

AlU4 pin 1
pin 2
pin 3
pin 4
pin §
pin 26
pin 30
pin 31
pin 32
pin 33
pin 34
pin 35
pin 36
pin 37
pin 38
pin 39
pin 40

1293
HAP?
3096
3827
755U
0001
uuuu
5555
coCe
TF7F
SH21
0AFA
UPFH
52F8
HC89
2H70
HPPO

YES YES
—»1
Is Signature Set 5-2 correct? Is Signature Set 5-3 correct?
NO NO
Is the signal shown below pre- Check A1U21
sent at A1U21 pin 37
Check AJU22.
2v/div  0.2us/DIV
NO
YES YES

Is the signal shown below pre-
sent at A1U36 pin 167

ov
2V/DIV 0.2us/DIV

Is the signal shown below pre-
sent at A1U36 pin 127

ov

2V/DIV 0.2us/DIV

NO

NO

Check AlU4,

Check A1U4,

Signature Set 5-2

AlU22 pin 9 96F8
pin 10 S7THH
pin t1 CFHH
pin 12 Q4UH
pin 13 160U
pin 14 7631
pin 15 383A

Signature Set 5-3

AlU21 pin 6 0001
(BIORQ)
pin 8 0001
(10RD)
pin 11 0001
(IOWR)

Check ATU37 and U21.

Signature Set 5-4

Alll pin 9
pin 10
pin 11
pin 12
pin 13
pin 14
pin 15
pin 16

58U
5P82
FPAC
15CC
PUSIL
9Fou
490F
HAO4

YES -
1. Signature Analyzer Setting 1.Tu th
. . _—> 2. Insert th
START: ™
) AITPI2 0oAr
STOP a2 :
CLOCK: £ AITPS T
WINDOW(+5V) :755U —_
2. Is Signuture Set 5-4 correct? Al
NO 3.Set S
she 1 b
e —
YES 1. Disconne
1. Connect AITP13 to GND.  —P» GN
2. 1s Signature Set 5-5 correct? 2. Sig ure
START:
NO STOP
CLt K:
3.IsS aun
Check Data Bus Line.
Che
Signature Set 5-5 “ena
ANl pin9 755U Al pin
pin 10 755U pin
pin t1 755U pin
pin 12 755U pin
pin 13 755U pin
pin 14 755U pin
pin 1S 755U pin
pin 16 755U nin
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‘

Check A1U37 and U21.

Signature Set 5-4

I pin 9
pin 10
pin 1}
pin 12
pin 13
pin 14
pinls
pin 16

SsU
5P82
FPAC
15¢C
Pusi
EIRVIY}
A90F
HAOY

2. Is Signature Set 5-5 correct?

NO

Check Data Bus Line.

Signature Set 5-5

AlJl pinY 755U
pin 10 755U
pin 1} 755U
pin 12 755U
p 13 755U
pin 14 755U
pin 15 755U
pin 16 755U

2. Signature Analyzer Setting
START: N \A1U22 pin 1§
STOP f) (US pin 18)
CLOCK: # AITPS

3. Is Signature Set 5-6 correct?

NO

Check A1US.

START: _\)AIU?.Z pin 14
STOP : £/ (U6 pin 18)
CLOCK: # AITPS

2. Is Signature Set 5-7 correct?

START: \)Aluzz pin 13
STOP : £/ (U7pin 18)
CLOCK: _/ AITPS

2. Is Signature Set 5-8 correct?

NO

NO

START: “,A1U22 pin 12
sToP :f) (U8 pin 18)
CLOCK: # AITPS

2. Is Signature Set 5-9 correct?

START: ™, Al1U22 pin |1
STOP f) (U9 pin 18)
CLOCK: # AITPS

2. Is Signature Set 5-10 cor-

rect?

YES YES ‘ YES YES YES
o . N e, 1. Signature Analyzer Settin : ; . i )
1. Signature Analyzer Setting 1.Turn the power off 4 y g > Is the signature at A1U1?2 pin . Is the signature at A1U12 pin »
P START: ' 2. Insert the A1J2 jumper into . START: <i) AITEO 18 “a71g? 21 .(314;,, b Is Signature Set 5-12 correct? 0 to Flow Diagram .ﬂE
"] AITPI2 . ' ’
STOP - _/) Jl. AlwW4 STOP : ™ .
CLOCK: /£ AITPS 1D CLOCK: /£ AITPS NO NO NO
WINDOW(+5V) :7551 ] 2.Turn the power on.
2. Is Signature Set 5-4 correct? AlQl AlJd2 3.Is the signature at Al
NO . cot Swite TPL «5i4y97
3. Set SA Select Switch as Check A1U24, U23 and U38. Check AlU24 . Check A1UL2,
shown below. NO
o] Check A1U26 .
o
0
(=
&
L
YES 1. Disconnect TP13 from YES ) ] YES YES . - YES 1. Signature Analyzer Sctting | YES
’ 1. Signature Analyzer Setting L. Signature Analyzer Setting 1. Signature Analyzer Setting -9l yzer setting
1. Connect AITPI3 to GND. —9 GNbD. > > ——— - B Check ATUTO.

NO

I'vo

Y

See Signature Set 5-11.
Analyzer Setting

START: \_\AIU22 pin 10
STOP ,f) (U10 pin 18)
CLOCK: /£ ALTPS

Check AlU6.

Check A1U7,

Check A1US,

Check A1U9.

Signature Set 5-6

A1US pin 9 1u9C
pin 10 F42C
pin |1 3273
pin 13 CPCU
pin 14 6093
pin 15 SH49
pin 16 3438
pin t7 1258

Signature Set 5-7

AlU6 pin 9 4C82
pin 10 6C80
pin 11 8HHE
pin 13 90HP
pin 14 9838
pin 13 ASG70
pin 16 H78U
pin 17 45pP9

Signature Set 3-8

AlU7 pin 9 8598
pin 10 SUSA
pin 11 5568
pin 13 F22C
pin 14 7UUP
pin 15 22HC
pin 16 5811
pin 17 6884

Signature Set 5-9

AlU8 pin 9 1532
pin 10 FPUC
pin 1] 4POP
pin 13 9CP5
pin 14 H633
pinl$ 106H
pin 16 51C2
pin 17 168P

Sigriaive Set 5-10

AlLUY pin v F30A
pin 10 6A47
pin 11 2498
pin 13 IF6A
pin 14 ouU3u
pin 1§ 0A40
pin 16 6PFP
pin 17 8UFF

Signiture Set 5-11

Signature Set 5-12

ATUI0 pin 9 TA36
pin 10 7A38
pin 11 ACF6
pin 13 3F2U
pin 14 AH7A
pin 15 27U8
pin 16 Clu2
pin 17 AGF1

AiUl2pin9
pin 10
pin 11
pin 13
pin 14
pin 15
pin 16
pin 17

UCo%%
2p21

7528
4H31

251U
35C0
2HS7
90H2
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Flow Diagram

. : YIES YES YES YES . ; ; YES . . !
. vor off. Are the following signatures Are the following signatures
START ——p l.IRurn thctlpo\/\z board —» s the signature at AITPL [ Is the signature at ATU21 pin Is the signature at A1U21 pin Is Signature Set 6-1 correct? orrect? ¢ e l—— o g e ¢
emove the oard. ¢ ? correct?
2. Leave the jumper in A1J 1. “CFQ97” 8 “HP047" [1 “620H?"
t Select Switcl AlU23 pin4 “CF47" ATU40 pin 10 “7F1U”
3. Set SA Sclect Switch as NO NO NO NO pin 6 “F3C8" pin 17 <0H70"
shown below, v
NO (¢]
y )
B | , ]
E] Check U2t and U37, Check A1U2T and U39. Check ATU26.
[_ﬁ_'j e—— 2 Check A1U40.
!D e p
E] ALWL/W2/W3 '
4. Short terminals 2 and 3 of YIS '
jumpers Wi, W2, and W3. Is the signal shown below pre- =71 Check ATU26. Are the following signatures YES
sent at A1TP6? . 0 > Check ATUI23,
5.Signaturc Analyzer Sctting . . correct?
. [ c; N | . " .
START: OV o ' ' AIU39 pin 10 “004P
x ALTPY
STOP : pin 13 “70CI1"
"LOCK: A1U3G6 pin 6 ov
CLock: £ P 2V/UIV 10msec/DIV NO
6.Turn the power on. NO Signature Set 6-1
ATW4
/ ATU26 pin 7 3H43
) Check A1U39.
[:: Is the above signal present at YES . YES pin 9 3149
A12 U4 pin 207 P Is the same signal present at —‘» Check ATU37 and U21. pin 10 ]2F4
j i ?
— U36 pin 147 pinil 1PO4
NO pin 12 CF09
pin 13 CF09
pin 14 04FU
Check A1U4. Check A1U36. pin 15 CF09
i ) YES . . YES . i YES . R YES YES | 1 Turn the power off YES
Is the signature at A1U43 pin —> Is the signature at A1U24 pin —> Is the signature at AITPI1S —H Is the signature at A1U38 pin ‘——’ Is Signature Set 6-5 correct? ] —> Is Signature Set 6-6 correct? ...__> Go to Flow Diagram @
6 “oCc807” 8 “7F1UT” and U43 pin 3 46257 6 “P8OF?” 2. Set SA Select Switch as
shown below,
NO NO NO NO NO 5 NO
Check A1U27 and Ud43 Check A1U40. U37. and U38 Check A1U28 and U43. Check A1U38. Check A1U34. E Check A1U13 and U14.

3. Signature Analyzer Setting
START:\
STOP :\) AITPY
CLOCK: / AITP6

WINDOW:  AITP1 C2FQ
4.Set the DC BIAS switch
to OFF.

5. Turn the power on.

YES
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't i " ; ;
Are the following signatures I Are the following signatures
correet? correct?
AlU23 pin4 “CF47” A1U40 pin 10 “7F1U”
pin 6 “F308” pin 17 “9H70”
NO NO
Check A1U40.
. . YES
Are the following signatures
¢ R SR Check A1U23.
correct?
A1U39pin 10 004P>
pin 13 “7UCH”
NO
Check A1U39.
[ YES
P Signature Set 6-6 correct? —>  Go to Flow Disgram @1-8).

YES

YES
—""» Is Signature Set 6-2 correct?

YES

—>

Is Signature Set 6-3 correct?

YES

-

Is Signature Set 6-4 correct?

YES

—>‘ Is the signature at A1U42 pin

9 “A46A™?

NO

Check A1U35.

NO

NO

NO

NO

Check AiUI13 and Ul4,

Signature Set 6-2

AlU35 pin 7 CF09
pin 9 164U
pin 10 44A6
pin 11 7FP4
pin 12 P4Ps
pin 13 84U4
pin 14 P884
pin 15 2061

Check A1UIS.

Check A1U41.

Check A1U42.

YES

— P>

Are the following signatures
correct?

AlUL6 pin 5 “1863”
pin 6 “A46A”

NO

Signature Set 6-3

AlUILS pin 2 0282
pin 5 CP8C
pin 6 0C80
pin 9 0F73
pin 12 07U3
pin 15 F793
pin 16 A46A
pin 19 AH21

Signature Set 6-4

AlU4] pin 7 1513
pin 9 CPY9F
pin 10 €923
pin 11 ABA3
pin 12 955H
pin 13 PPAO
pin 14 195C
pin 15 C65F

Check AlUL6.

Signature Set 6-5

YES

Signature Set 6-6

———3{ |s the signature at A1U23 pin

8§“F0O167”

YES :

NO

‘heck A1U23.

AlU34 pin 1
pin 2
pin 3
pin 4
pin §
pin 6
pin 7
pin 8
pin 9
pin 11
pin 12
pin 13
pin 14
pin 15
pin 16
pin 17
pin 18
pin 19

HP04
5939
PF6C
GHOF
CSHH
2104
U3A4
2770
8741
H19P
FO19
239P
491U
0SPIF
708A
2pP3Pp
6UAC
P8OF

AlU14 pin 3 OF9P
pin § 904A
pin 7 FPU9
pin 9 C215
pin 12 0463
pin 14 u8s7
pin 16 C786
pin 18 OUFH

CABLE LENGTH Om

DC BIAS OFF
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Flow Diagram

START

|

Flow Diagram

START

—

YES
Is A1U4 pin 16 HIGIT? l——P»! Go to Flow Diagram @15,
¢§o
YES YES
Is ATU19 pin 6 LOW? - Is ATU20 pin 13 LOW? |—] Check A1U20.
*NO NO
Check the TBINT signal, Al Cheek ALU2S.
U19, and U42.
. ) YES YES YES
1.Turn the power off. —Ppp] Is the signature at A1TPL l—23p | Signature Set 8-1 correct? L— | 15 a Ims TTL pulse S— No Trouble Found.
2.See SA Select Switch as «p3547” present at AlU38 pin8?
shown below:
‘NO ‘NO ‘N()
Signature Set 8-
YES

AL

3, Insert the A2 board.
4. Signature Analyzer Sctting
START: # A1TPS
STOP : \_ AITP8
CLOCK : # AITP7
5.Turn the power on.

Is a 1.92MHz TTL square
wave present at AITP7?

—

Check A1U25.

NO

Go to Flow Diagram @

Check A1U38 and U25.

A1U25 pin | P254
pin 2 P254
pin 5 pP254
pin 6 p254
pin 7 r2s54
pin 8 P254
pin 23 | 0000
pin 24 | 0000
pin 25 | 0000
pin 26 | 0000
pin 27 | 0000

A1U25 pin 28
pin 29
pin 30
pin 31
pin 32
pin 33
pin 34
pin 35
pin 36
pin 37
pin 38
pin 39

0000
0000
0000
0000
AAHU
UGG6S
826P
pP254
P254
P254
P254
P254
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Flow Diagram m

START

-

1.Turn the power off.

DC BIAS
and  Comparator boards.
the A21 board
board P/N

2. Remove the

3. Extend
(ust extender
04276- 66562).

4. Set the HP-IB address
switeh to 00.

5.)Turn on the instrument.

Are values displayed on the

front pane! normal?

NO

Does DISPLAY A always in-
dicate “OF” or “UF”?

NO

Is SELF TEST 5 performed

normally?

NO

Go to Flow Diagram (A1-6).

YES 1.Turn the power off YES vES
.Turn th 3 . . 1.Turn the power off. ! > 1
- 2. Set SA Select Switch as Is Signature Set 9-1 correct? > 2. Install the A22(DC BIAS) Is Signature Set 9-2 correct?
shown below. board with an extender
NO board. NO
» 3. Set SA Select Switch as
B .
YES | shown  below.
L] Go to Flow Diagram R1-6). g = Check A21U1, U4 and US. (] Check A22U1, U2,
(=] et Lol
L] CH
E AIWI/W2/W3 [_—_ET]
3. Short terminals 2 and 3 Signature Set 9-1 %
YES of jumper W1, W2 and W3. Test point Sigant o}
I 2 iagr: _ est poin iganture
Go to Flow Diagram (A1-3). 4. Signature Analyzer Setting P & L - .
A 4 . Signature Analyzer Setting
START: . A21U4 pin 8 P43p ’ .
ART: T AITPS Ud oin 9 AdET START: ™ AlTPY Signature Set 9-2
STOP . AITPY pin ‘ STOP : . AITPY
CLOCK: / AITP6 U4 pin 10 P43U CLOCK: /£ AITP6 Test point Signature
WINDOW(+5V) :4058 Udpin 12 | 6754 WINDOW(+5V) :C2F0 A22U1 pin 2 4554
5. Turn the power on. U4 pin 13 HOAF 5.Turn the power on. Ul pin S 8CAP
U4 pin 14 69C2 Ul pin 6 U29U
U4 pin 15 0360 Ul pin 9 74C1
U4 pin 16 2A2A Ul pin 11 47H4
U4 pin 17 52HA Ut pin 12 389U
U4 pin 18 3U34 Ul pin 15 H33H
U4 pin 19 U138 Ul pin 16 34H2
U4 pin 21 0301 Ul pin 19 25C7
U4 pin 22 0099 U2 pin 2 FSF2
U4 pin 23 023A U2 pin § 571F
U2 pin 11 1PC7
U2 pin 12 66P4
U2 pin 1§ 49C8
U2 pin 16 870P
U2 pin 19 2489

1. Turn ¢
2.0 all
3. C n¢
Termir
16064,

sl tec
L ...
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YES YES 3
1.Turn the power off. . 1.Turn the power off. 1.Turn the power off. ) 1. Set SA Select Switch as YES o Troubie F ’
2 Set SA Select Switch as Is Signature Set 9-1 correct? 2. Install the A22(DC BIAS) Is Signature Set 9-2 correct? 2. Install the Comparator board shown below. P> 15 Signature Set 9-3 correct? [P © Irouble Found.
hown below. board with an extender 3. Connect the 16064A. 5
@ NO board. NO Terminals 1 and 2 of all B NO
3, Set SA Select Switch as j
E] . 16064A jumpers must be g
o) — shown - below. shorted. g
—_oy — Check A21U1, U4 and US. &) Check A22U1, U2, . [g% Troubleshoot the 16064 A.
2 = o =
o] | e B.J
D] Aw1/wz/w3 g i 2. Signature Analyzer Setting
3. Short terminals 2 and 3 Signature Set 9-1 |\ START: 1 AlITP9
of j W1, W2 and W3 B] STOP : \_ AITP9
g s an . -
, Jumpc; I o Test point Siganture |/ CLOCK: # AITP6
¢ at alyzer Se , :
’ngnd 'u‘re na yu.r' etting A21U4 pin 8 paip 4. Su;nafure Analyzer Setting WINDOW(+5V) :1658 Signature Set 9-3
START: 7 AlTPS Ud oin 9 A467 START: 7 AITP9 Signature Set 9-2 3.Turn the power on. and 1 Tntorface
STOP : _ AITPY pin STOP : . AITPS I ancoirrwcrtloi Signature
CLOCK: _* AlTPS U4 pin 10 P43U CLOCK: £ AITP6 Test point Signature
WINDOW(+5V) :4058 U4 pin 12 6754 WINDOW (+5V) :C2F0 A22U1 pin 2 4554 pin 1 516F
5. Turn the power on. U4 pin 13 HIAF S.Turn the power on. Ul pin S 8CAP pin 2 C5F2
U4 pin 14 69C2 Ul pin 6 U29U pin 3 4795
U4 pin 15 0360 Ul pin 9 74C1 pin 4 crcre
U4 pin 16 2A2A Ul pinil 47H4 pin 5 F22C
U4 pin 17 52HA Ul pin 12 389U pin 6 7F61
U4 pin 18 3U34 Ul pin 15 H33H pin 7 2344
Udpin 19 | U138 Ul pin16 | 34H2 pin 8 8FH6
U4 pin 21 0301 UL pin 19 2507 pin 9 HCIU
U4 pin 22 0099 U2 pin 2 FSE2 pin 10 9831
U4 pin 23 023A U2 pin 5 S71F pin 19 3C80
U2pinil | 1PC7 pin 20 ”:;:
in 21 4
U2pin 12 | 66P4 pin Uesr
in 22
U2 pin 15 49C8 pin
. pin 23 H349
U2 pin 16 870pP 2886
in 24 2
U2 pin 19 2489 m
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Flow Diagram

START

—p-

1. Set the front panel countrols
as follows:

FUNCTION (6]
RANGE 1nF fixed
FREQUENCY I kHz
MEAS SPEED Medium
TEST SIG. LEVEL  HIGH
TRIGGER INT
BIAS OFF

[

. Connect nothing to the UN-
KNOWN terminals.

——p| Is the test signal at the UN-

KNOWN Hcur terminal a
2.8 Vp-p | kHzx0.01% sine

wave?

YLES

NO

Go to Flow Diagram A2-2.

Flow Diagram

START

—

1. Set the front pancl controls
as follows:

FREQUIENCY 1 kHz
TEST SIG. LEVEL  HIGH
TRIGGER EXT
BIAS OFF

Connect nothing to the UN-
KNOWN terminals.

——> Are the following voltages cor-

YES

rect?
Test Points Limit
A2U36 pin 3 [+11.5~ 125V
U37pin3 |-11.5~-125V
U388 pin3 | +44.8 ~5.2V
NO

Check refated regulators and

their loads.

1. Connect an OPEN termi-
to the UNKNOWN

terminal,

nator

2. Docs any error code appear
on DISPLAY A when SELF

TEST 1 is performed?

YES

._._> Is the error code E37, E38,

E39 or E41?

NO

NO

Go to Flow Diagram A2-6.

Go to Flow Diagram A2-3 .

Is the signal at A2TP20 ap-
prox. 0.63us TTL pulse?

YES

NO

st
p———— 4
s

AlW1

1 1. Connect A2TP19 to TP4
(GND).
2. Is the signal at A2TP20

TTL pulse at 0.56us ~ 1ps?

YLES

YES

— 1. Change W1 on the Al board

to lower (#2--#3).

2. Disconneet A2TP19  from
TP4.

3. Perform SELF TEST 19.

NO

Is the signal at A2TPI8 TTL
pulse at 56ns ~ 100n5?

YES
Check A2U30 and U33B.

NO

Check A2U28 and U33A.

L. Release SELF TEST I.
Change TRIGGER to EXT.

2.Is a 2.8 Vp-p | kHz sine

wave without DC  offset
(<0.1V) present at
A2TP1O?

YES

—»

Go to Flow Diagram A2-7 .

NO

Is a 2.8Vp-p 1kHz sine wave
without DC offset (<0.1V)
present at A2TP7?

NO

Go to Flow Diagram A2-4 .

YLES

Go to Flow Diagram A2-5 .

.__> Is a TTL pulse present at

A2U34 pin 13 while U34 pin
L1 is High?

YES

—

Is the voltage at A2TP19 more
than +10V?

YES

—

NO

NO

Is the signal at A2TP20 1
pulse at 0.3us ~ 0.5us?

+N()

Are two dilferent approx, 8
kittz TTL signal present at
A2U34 pin 7 and pin 3?

Check A2U31.

Check A2U28.

YES

NO

Check  A2U33C and signal

NEVCO,REF8K.
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Is the error code E37, E38,
LF.39 or B41?

NO

Go 1o Flow Diagram A2-6 .

e 1

AlW]

1. Release SELF TEST 1.
Changé TRIGGER to EXT.

2.1 a 28 Vpp 1 kHz sine

wave without DC  offset
(<0.1V) present at
A2TP1O?

NO

YES

Go to Flow Diagram A2-7 .

Is a 2.8Vp-p lkHz sine wave
DC offset (<0.1V)
present at A2TP7?

without

NO

Go to Flow Diagram A2-4 .

YES

Go to Flow Diagram A2-5,

] 1. Change W1 on the AT bourd
to lower (#2 -#3).
2. Disconnect A2TP1Y  from

TP4.
’ 3. Perform SELIF TEST 19,

>[ Check A20U30 and U33B.

Is & TTL pulse present at
A2U34 pin 13 while U34 pin
11 is High?

NO

Are two difterent approx. 8
kHz TTL signal present at

YES

Is the voltage at A2TP19 more
than +10V?

NO

Check A2U31.

YES

Is the signal at A2TP20 TTL
pulse at 0.3us ~ 0.5us?

+NO

Check A2U28.

YLES

YES

A2U34 pin 7 and pin 3?

NO

Check A2U33C
NEFVCO,REFSK.

and  signal

1. Perform SELF TEST 20.

2.Is a TTL pulse present at
A2U34 pin 13 while U34
pin 11 is HIGH?

NO

Check A2U34.

YES

Is the voltage at A2TP19 less
than —10V?

YLES

NO

Check A2U31.

Is the signal at A2TP20 TTL
pulse at 1.25us ~ 2.5us?

NO

Check A2U28.

YES

—>

No trouble I'ound.Réstore Wi
on the Al board.
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< :) > Is
(Quasi-sine wave) present at

the signal shown below

A2TPIT?

YES

Flow Diagram Q\z - 2)

1V/DIV  0.1lms/DIV

NO

ACT 2

Is a 1kHz TTL square wave
present at A2TP217

NO

Check A2U32 and U33.

YES

ACT 3

Is a 2.8Vp-p 1kHz sine wave
present at A2U6 pin 27

Check A2U27, U29 and U34.

v

Are output of A2U35 as fol-

lows?

U35 pin State
6 L
9 H
12 L
16 L
19 L
NO

Check A2U35 and signal
ANACTLI.

YES

YES

Is the same signal present at
A2TP23?

NO

Is a 2.8Vp-p lkHz sine wave
present at A2TP23 when short
R64?

NO

Check all components in BIAS

circuit,

Is a 2.8Vp-p lkHz sine wave
present at A2TP3?

NO

Is a 2.8Vp-p 1kHz sine wave
present at A2TP2?

NO

Is a 2.8Vp-p lkHz sine wave
present at A2TP1?

YES

"‘""’" Check the Hecur cable.
YES

’ Check A2R64.

YES

YES

—--.' Check A2U3.

YES

> Check A2U2.

NO

Check A2U1.
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CT3

Is a 2.8Vp-p lkHz sine wave
present at A2U6 pin 27

2027, U29 and U34.

Y

Are output of A2U35 as fol-

lows?

U35 pin State
6 L
9 H
12 L
16 L
19 L
NO

A 4

Check A2U3S5 and signal
ANACTL1.

YES

Is the same signal present at
A2TP23?

YIS

NO

Is a 2.8Vp-p 1kHz sine wave
present at A2TP23 when short
R64?

NO

Check all components in BIAS

circuit.

YES

Is a 2.8Vp-p 1kHz sine wave
present at A2TP3?

NO

Is the same signal present at
A2U6 pin 47

NO

Is a 2.8Vp-p 1kHz sine wave
present at A2TP2?

Check A2U6.

NO

Is a 2.8Vp-p 1kHz sine wave
present at A2TP1?

_> Check the Hcur cable.
YES

. Check A2R64.
YES

YES

—— Check A2U3.

YES

> Check A2U2.

NO

Check A2U1.

YES

Check A2U4, U5 and Us6.
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ACT 4

Flow Diagram

START

—>

Sct the front pancl controls as

Connect nothing to the UN-
KNOWN terminals.

—

—P> Are the following voltage cor-

rect?

Remove A2RI11 and connect
A2TPS to TP4.

Test Point Limit
A2U44 pin 3 +11.5~ 125V
U45 pin3 |-11.5~—12.5V
NO

Y

Check related regulators and

loads.

Connect a 10082 resistor to |
UNKNOWN (as DUT). Is DIS-
PLAY A within 90 to 11082 at
10082 range?

YES

NO

Disconnect A2TP5 from TP4

and change TRIGGER to

EXT.

YES -
Connect a 1k§1 resistor in <>| Co
place of 10082. Is DISPLAY A pla
within 0.900 to 1.100kS§2 at s
10k§2 range? 2.
NO

YIS

Are A2US8 pin 9 LOW and pin __> Arc
“heck A2K2. R8-1 2 .

10 HIGIT? Check A2K2, R8-4 and U8 0
| ]

NO

Check A2U35.

Are A2UR pins 9 and 10 LOW.

YES

NO

Is a 2Vp-p tkHz sine wave pre-
sent at A2U8 pin 127

YES

Is a 1.8Vp-p tkHz sine wave
present at A2TPS?

Check A2U35.

NO

NO

Check Hcur cable, A2CR11 to
CR14 and K3.

Check A2RO,

Arc

Iin

follows:

FUNCTION {2} —0
RANGE MANUAL
FREQUENCY 1 kHz
MEAS. SPEED Medium
TEST SIG. LEVEL HIGH
TRIGGER INT
BIAS OFF

YES

Turning A2R16, observe the
voltage of A2QS.
—~10V to +10V?

collector

Does it vary

—»

NO

Turning A2R16, observe the
voltage of A2U41 pin 6. Does

it vary =10V to +10V?

YES

NO

Check A2U41 and U42,

Turning A2R4, observe the
voltage of A2U40 12,
Does it vary —10V to +10V?

pin

YES

NO

Adjust A2R1t until the volt-
age of A2U40 pin 12 sets to
ov.

Set a C-R oscillator to lklz
TmVrms.

Connect the C-R oscillator to
Leur terminal. Is the source
voltage of A2Q6 within OV to
~1.5V?

YES

Is approx. 3.5Vp-p tkHz sine
wave present at the colliector
of A2Q57

YES

Check A2U40,

Check A2U40.

_’ Check A2Q4, QS5 and R69 to

R75.

NO

NO

Check A2Q0.

Is about 0.4Vp-p 1kHz sine

wave present at A2U41 pin 67

YES

Check A20Q4 and Q5.

[No

Check A2U41 and A2U42.
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¢ A2R11 and connect |

tc

P4.

Connect a 100§ resistor to
UNKNOWN (as DUT). Is DIS-
PLAY A within 90 to 11082 at
10082 range?

YES

NO

Disconnect A2TPS from TP4
and TRIGGER to
EXT.

change

Are A2U8 pins 9 and 10 LOW.

YES

NO

Check A2U35.

A R11 until the volt-
A_J40 pin 12 sets to

(-

ns

oscillator to 1kllz

Connect the C-R oscillator to
Leur terminal. 1s the source
voltage of A2Q6 within OV to

-1.5V?

YES

NO

Check A2Q06.

Connect a 1k resistor in
place of 100£2. Is DISPLAY A
within 0.900 to 1.100k$2 at
10k§2 range?

YES

NO

Are A2US8 pin 9 LOW and pin
10 HIGH?

YES

NO

Check A2K2, R8-4 and U8.

Check A2U35.

Is a 2Vp-p LkHz sine wave pre-
sent at A2U8 pin 127

Is a 1.8Vp-p lkHz sine wave
present at A2 TPS?

>

Connect a 10k resistor in
place of 1k82.

Is DISPLAY A within 8.00 to
12.00 k€2 at 100k&2 range?

'No

Are A2U8 pin 9 HIGH and pin
10 LOW?

NO

Check A2U35.

YES

NO

NO

Check Hecur cable, A2CR11 to
CR14 and K3,

Check A2R9,

Is approx. 3.5Vp-p lkHz sine
wave present at the collector
of A2QS?

YES

Check A2U40.

NO

Is about 0.4Vp-p

wave present at A2U41 pin 67

tkHz sine

YLS

Check A2Q4 and Q5.

NO

Check A2U41 and A2U42.

g

Is a 2Vp-p 1kHz sine wave pre-
sent at A2U12 pin 13?

Connect a 100k resistor in
place of 10k€. Is DISPLAY A
within 0.0500 to 0.1500MQ
at IMQ range?

NO

YES :

YES

YES

—— Check A2K1, R4, R8-3 R8-6,
C2, C4 and U8.

Are A2U8 pins 9 and 10
HIGH?

YES

— Check A2T7, R8-1, R8-2, C3,

CS and U8,

NO

Check A2U35.

YES

Check signals through A2U9,
Ull and Ul2.

NO

Are A2Ul} pin 11 HIGH and
pin 10 LOW?

YES

—P

NO

Y

Check signals through A2US8,
U10, Ull and Ul2.

Check A2US50.
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Flow Diagram (A2 -4

START

—

Set the front panel controls as

follows:

FUNCTION C-D
RANGLE InF fixed
FREQUENCY I kHz
TEST SIG. LEVEL HIGH
TRIGGER EXT

_.___> Are the following voltages cor-

rect?
Test Point Limit
A2U39 pin3 | +4.8 ~5.2V
Ud6 pin 3 |-11.5~ -12.5V|
U47 pin 3 [+11.5~12.5V
USG6 pin 3 | +4.8 ~ 5.2V
NO

Y

Check related regulators and

loads.

YES

Connect Hcur to Hpot and
Hcur to Lpot by two coax.

cables as shown below.

Are A2U1l pin 9 Low and
U48 pin 9 HIGH?

Leur  Lpot Hpot Heur

®)

Must be shorter than 30cm.

NO

Check A2U50.

YES

Is a 2.8Vp-p lkHz sine wave
without DC offset (<0.1V)
present at A2U48 pin 47

YES

NO

Check  Lpot cable , A2U43.
U48, R88, CRI1S5, CR1I6, C50.

Is the same sign
A2U48 pin 147

Check Hpot cal
U48, CR19, CR:
R92, R93.
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o

l.pot by two coux.

to Hpot and

It vn below.

Are A2ULL pin 9 low and
U48 pin 9 HIGH?

YES

ot Hpot Heur

hter than 30cm.

NO

Check A2U50.

Is a 2.8Vp-p lkHz sinc wave
P

without DC offset (<0.1V)
present at A2U48 pin 47

YES

NO

Check Lpot cable, A2U43,
U48, R88, CR15, CR16, C50.

A2U48 pin 14?

NO

Check Hpot cable, A2U49,
U48, CR19, CR20, C55, C56,
R92, R93.

YES

_._’ Is the same signal present at _.>

Is the same signal present at
A2U14 pin 7?

NO

YES

Is the same signal present at
A2U14 pin 1?

NO

Check the signal
A2UI2 and Ul4,

through

Check A2R24-
U13.

to R24-4 and
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Flow Diagram m

START

—

Sct the front panel controls as

[ollows:

FUNCTION C-D
RANGE InF fixed
FREQUENCY I kHz
TEST SIG. LEVEL HIGH
TRIGGER EXT

Connect an OPEN terminator
to UNKNOWN.

Is a 2.8Vp-p lkHz sine wave
without DC offset (<0.1V)
present at A2U17 pin 13?

NO

Is a 2.8Vp-p tkHz sine wave
without DC offset (<0.1V)
present at A2TP8?

r

Is*a 2.8Vp-p 1kHz sine wave
without DC offset (<0.1V)
present at A2U16 pin 157

NO

Is A2U16 pin 10 LOW?

ro

Check A2U51 and signal

ANACTL3.

YES
YES YES
| Ate A2U17 pin 9 and pin 10 e Check A2UI17.
HIGH?
NO
Check A2U51 and signal
ANACTL3.
YES ] YES YES
L — Is the same signal present at > Is A2U16 pin 11 LOW? . Check A2U16.
A2TP8 when short pin 2 and
pin 6 of A2U15? NO
NO
Check A2U51 and signal
ANACTL3.
Check A2UIS5. ANACTL3
YES
—m— Check A2U16.

[s the sa
A2U21 pin If

Is a 2.8V p
without DC

present at "2’

Are A2U18
pin 10 HITH"

Check A2US1

ANACTL"™
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in ) and pin 10

a  signal

ignal present at
shart pin 2 and
5

NO

A2U15.

A Jle6.

YES

Check A2U17.

Is the same signal present at
A2U21 pin 15?7

YES
.___>

Is A2U21 pin 11 LOW?

YES

—— P Is a 2.8Vp-p 1kHz sine wave

NO

Y

NO

present at A2TP10 when short
pin 2 and pin 6 of A2U20?

YES

-

Check A2U21.

Check A2US1 and signal
ANACTL3.

NO

Is a 2.8Vp-p 1kHz sine wave
without DC offset (<0.1V)
present at A2TP9?

Check A2U20.

YES

Is A2U21 pin 10 LOW?%

YES

Check A2U21 and R35.

Is A2U16 pin 11 LOW?

YES

Check A2U16.

NO

Check A2U51 and signal
ANACTL3.

NO

NO

Check A2US51 and signal
ANACTLS3.

Are A2UI8 pin 9 LOW and
pin 10 HIGH?

YES

NO

Check A2US1 and signal

ANACTL3.

Is a 2.8Vp-p lkHz sine wave
without DC offset (<0.1V)
present at A2TP9 when short
pin 2 and pin 6 of A2U19?

NO

Check A2U19.

YES

Check A2U18.

8-51
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Flow Diagram (A2 -6

START

Check A2UI18, R3I6G, R37 and
R38.

Check A2U17.

Check A2U18, R36, R37 and
R38.

L 4i . Set the front panel controls as YES Are A2ULS pin 9 HIGH and YES
e What is the displayed error E42 (AF 1/2) follows: ] |5 2 1.4Vp-p 5 kHz sine wave L— p sH 2 —»>
code? o . pin 10 LOW?
’ FUNCTION c-b present at A2U17 pin 137
RANGE InF fixed No
FREQUENCY 5kHz NO
TEST SIG. LEVEL HIGH
TRIGGER EXT
Connect an OPEN terminator Check A2U51 and signal
to the UNKNOWN terminals. ANACTL3.
YES YES
2 i H
Is a 1.4Vp-p SkHz sine wave | A're’/(;llgvzvpm 9 HIGH and
present at A2U17 pin 15? pin '
NO
NO
) Check A2US1 and signal
Check A2R31- 1,R31-2and ANACTLS.
R26.
Set the front panel controls as YES . . YES
Fd3 (AF 1/5) follows: Is a 0.56Vp-p 2kH sine wave [——] Are A2UI8 pins 9 and 10 f——7ppm
FUNCTION D present at A2U17 pin 137 HIGH?
RANGE InF fixed NO
FREQUENCY 2 kHz NO
TEST SIG. LEVEL HIGH
TRIGGER EXT
Connect an OPEN terminator Check AZUS1 and signal
to the UNKNOWN terminals, ANACTL3.
YES YES
Is a 0.56Vp-p 2kHz sine wave . Are A2UI7 pins 9 and 10 ——‘»

present at A2U17 pin 157

LOW?

Check A2U17.

NO

NO

Check A2R31-3,R31-4and
R27.

Check A2US1 and signal

1144 (

E45

A

M
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~

E44 (AM2)

-

YES YES
2 i 3 i N o .
1.4Vp-p 5 kHz sine wave f—— Are A2U18 pin 9 HIGH and ——p{ Check A2U18, R36, R37 and
i 9
1 L A2ULT pin 137 pin 10 LOW? R38.
NO
NO
Check A2U51 and signal
ANACTL3,
YES YES
14Vpp SkHz sine wave [ A1 ’82?‘7‘)"“‘ 9 HIGH and 1—_pgpp! Check A2U17.
ot W A2UL7 pin 152 pin 10 1LOW?
NO
NO
_ Check A2US1 and signal
'k A2R31- 1,R31-2and ANACTLS
YES YES
0.56Vp-p 2kH sine wuve t——ppe{ Arc A2U18 pins 9 and 10 ——pped Check A2U18, R36, R37 and
1 tA2U17 pin 137 HIGH? R38.
NO
NO
Check A2UST and signal
ANACTIL 3.
YES YES
. A2 ins : N
0.56Vp-p 2kHz sine wave - f(r: ‘:\'U” pins 9 and 10 1 Check A2U17.
n tA2U17 pin 15?7 oW
NO
NO
A2UST and signal
: el —_ _— . e
K A2R31-3 ,R31-4und ANACTIS.

E45 (AM1)

Set the front panel controls as YES YES
follows: Is a 2.8Vp-p 1kHz sine wave p——p» Is A2U21 pin 11 HIGH? ——pp{ Check A2U21, R42-2,R42-3
FUNCTION c-D present at A2U21 pin 15? and R41.
RANGE 100 pF fixed NO
FREQUENCY I kHz NO
TEST SIG. LEVEL HIGH
TRIGGER EXT Check A2US1 and signal
Connect an OPEN terminator ANACTL3.
to the UNKNOWN terminals,
YES YES
Is a 2.8Vp-p lkHz sine wave [ Is A2U21 pin 10 HIGH? > Check A2U2].
present at A2U21 pin 1?
NO
NO
Check A2US! and signal
Check A2R42-1,R42-2,Cl6 ANACTL3.
and C18.
Set the front panel controls as YIS YES
follows: —| Is 2 0.56Vpp 1kHz sine wave f—{p Is A2U16 pin 11 HIGH?  |——pw] Check A2U16, R30, R32 and
FUNCTCION 1Z] -8 present at A2UL6 pin 157 Clt.
RANGE 100mM fixed NO
FREQUENCY | kHz NO
TEST SIG. LEVEL HIGH
TRIGGER EXT Check A2U51 and signal
Connect a SHORT terminator ANACTL3.
to the UNKNOWN terminals.
YES YES
Is a 0.56Vp-p 1kHz sine wave Is A2U16 pin 10 HIGH? ——p-1 Check A2U16.
present at A2U16 pin 77

NO

Check A2R28 and R29.

NO

CheckA2U51 and signal
ANACTL3.

8-52
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Flow Diagram <A2 - 7)

START

>

Set the front panel control as

follows:

FUNCTION C-D
RANGILE InF fixed
FREQUENCY 200 Hz
MEAS. SPEED Medium
TEST SIG. LEVEL HIGH
TRIGGER INT
BIAS Off

Is a Sms TTL pulse present at
A2US7 pin 12 when SELF
TEST 21 is performed?

YES

—»

Is a Sms TTL pulse present at
A2U57 pin 2 when SELF
TEST 22 is performed?

YES

—

NO

NO

®)

Release SELF TEST
change TRIGGER to EXT.

and

Is a 5ms TTL pulse present
A2U23 pin 77

NO

Change TRIGGER to INT a
connect A2TP30 to TP1S.

-

Y

Is the signal shown below pre-
sent at A2TPI4 when A2R" ™
is turned to full counter cloc -

wise? (upside down is OK)

10ms/DIV

0.5V/D1lV

NO

Is the signal shown below p -
sent at A2US58 pin 17

10ms/DIY

0.5V/D1V

NO
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~ ES

g

]

YES

Is a Sms TTL pulse present at
A2U57 pin 2 when SELF
TEST 22 is performed?

[NO

®)

>

Release SELF TEST and
change TRIGGER to EXT.

YES
Is a Sms TTL pulse present at
A2U23 pin 7?

NO

Change TRIGGER to INT and
connect A2 TP30 to TP15.

Is the signal shown below pre- ——>

sent at A2TP14 when A2R99
is turned to full counter clock-
wise? (upside down is OK)

10ms/DIV

0.5V/DIV

NO

YES

Is the signal at A2TP14 re-
versed wave of previous when
R99 is turned to full clock-

wise?

YES :

NO

Change TRIGGER to EXT.

Does the voltage of A2U68
— ;

pin 3 vary —0.17V to +0.17V

when A2R99 is turned from
end to end?

NO

Is the signal shown below pre- —* Are the gate signals of A2Q1

sent at A2US8 pin 1?

0.5V/D1V  10ms/DIV

NO

to Q3 same as shown below?

20ms/DIV

Check A2R99 to R103,

Check related FET,C20 and
U26.

10V/D1V

NO

Check related FET and U25.

Check A2UG68.

8-53
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Flow Diagram <A2 - 7>

B)—>

Is a Sms TTL pulse present at

YES

A2U23 pin 57

Is a 10~ 15Vp-p 200Hz sine |

wave present at U22 pin 6?

YES

NO

Check A2U22 and surround-

ings.

Is a S5Sms TTL pulse present at

YES

Is a 2ms TTL pulse present at
A2U24 pin 157

NO

———’ Check A2U23 and surround-

ings.

Check A2US52 and signal
ANACTILA.

A2U23 pin 77

Is the voltage at A2U23 pin 9
+2V = 10%?

YES

NO

Check A2R47 and R48-3.

Is a 2ms TTL pulse present at
U24 pin 137

Is the signal shown below pre-
sent at A2U23 pin 107

1V/D1V 2ms/DIV

Check U5?2 and signal
ANACTLA.

Check A2U23.

NO

Check A2R48C, R48D and

CR7.

YES

YES

Check A2U57 and U24.

Check A2U57 and U24.
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Flow Diagram @2 - 7)

YES YL ‘ . ] YES 1 YES Remove A2U217s side of R94
©_'> IS thC VOltage Of A2U21 pill 4 '—’ Chﬂnge TRIGGER to IN’I‘. IS —-—> 15 the Sa.lne 'SIgnal plesent at -—-’ Change rRI(J(IEI{ t() EXI ‘ > ﬂﬂ(l Sh()]'t l)e[“jeen lt and U23
0V when TRIGGER is EXT? the signal shown below pre- A2U58 pin 87 Are signals shown below pre- pin 9.
sent at A2U21 pin 47 = sent at A2TP26 to TP287 (See Figure)
NO Change FREQUENCY to 120
P26 OV Hz.

oV . , . . 'I 1 25&5

Check A2R98B, R98C and TP27 OV S Eg N n M RGN
US8. P91 2 =] 2 1
: - . TP28 OV | 28 &
1V/DIV  10ms/DIV EEE

NO NO

YES

» Is the signal shown below pre- '——> Check A2U21.
sent at A2U21 pin 97

oV e
5V/DIV

Y
YES

Isan 8kHz (12.5us) TTL square =] Check A2U0G2 to U64.
wave present at A2US8 pin 87

10ms /DIV.
NO

NO

Check A2U50.

Check A2RS57 and signal 8§
FLCK.
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 sivnal prosen( YES . . ) YES Remove A2U21’s side of R94 ' YES }Is the signal’s amplitude cor-{ YES
n.r : 951gnd present at beligg (.hzmg.e TRIGGER to EX.I“. e and short between it and U23 ——Jp»1 Is the signal sho?vn below pre- f——1 ]! rect? ————Jp»! No trouble found.
in 87 Are signals shownrbelow pre- pin 9. sent at A2US8 pin 7? 2 = L4y
- — sent at A2TP26 to TP28? (See Figure) | b = 2.0V
e Change FREQUENCY to 120 c = 14V
TP26 Hz,
‘ N — o
R98B, RI8C and 1p27 oy eel S|l mql ]
S | Udrd -1 o ] =) ,:‘)'a';
tb2g ov SVIDLY 0 5ns DIV oI 5 ?é‘:} If a%*1.4V, check A2R9S,
T ol ] e v NO U6l.
NO H%’ﬁii% l s || ey If b¥ 2.0V, check A2R98-1,
o : R98-4,U60.
REFERENCE DE
8 UNCAL DET \X PRE WTH Check A2USS. R96 and 62, If c % 1.4V, check A2R97,U59.
21, 3 Y
& © 88
YES
Isan 8kHz (12.5us) TTL square =] Check A2U62 to U64.
wave present at A2US58 pin 87

NO

Check A2RS57 and signal 8
FLCK.

8-55
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Flow Diagram <A2 - 7)

. YES Observe following signals with YES ' ) YES YES
9 -t Arc the following voltages cor- ——g 4y oscilloscope. P Is the signal at A2TP29 same f——d |5 the signal shown below pre- ——! |5 the signal shown below ¢

rect? Externally trigger it from A2 as at TP147 sent at A2UGS pin 157 sent at A2TP16?
TP24
Test Point Limit A2U65 pin4 (Tovr ) NO
A2UG6 pin 3 |-11.5 ~—12.5V pin 5 (IRST)  / ovie
pin 18 (ZST)

U67 pin 3 {+11.5~ 125V pin 19 (AZT)

NO Are these signals the same as
v those shown below?

Check A2C73 and UG5, . -
ee e 0.5V/DIV  10ms/DIV NO

NO i

Lopr OV \

Check related regulators and Check €69, C70,CT1 and 11e

loads. IRST OV

Check A2U65. iy

ZST 0V

AZT OV

Toms /D1V
NO

5V/D1V

Check A2U52. If lorr is ab-

normal, also check U18.
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', sals with

it from A2

Lo F )
[RST)
1)
AT

he same as

[c.7 1S ab-

s,

YES

Is the signal at A2TP29 same
as at TP14?

YES

——'» Is the signal shown below pre- '—>

sent at A2U65 pin 157

NO

Check A2C73 and U65S.

SR,

0.5V/DIV

‘iOms/DIV

NO

Check A2U6S5.

YES

Is the signal shown below pre-
sent at A2TP16?

N
0.5V/DIV

IOmS/DIV‘”

NO

Check €69, C70,C71 and U65.

YES

Is the signal shown below pre-
sent at A2U65 pin 10?

0.5V/DIV  10ms/DIV

NO

Check A2U65.

YES

Check A2R106 and C76.

8-56
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Flow Diagram

A4 - 1

START

WAR .\E

SHOCK HAZARD. PO NOT ATTEMPT
TO TROUBLESHOOT TIHE A4 BUARD
WHTLE THE INSTRUMENT 15

CONN JCTLY TO THE AC
'ORTR MAIN. SiEA Ll
ISOLATION TRANSFORMER.

Remove the A4 board and
remove the shield covers
from the board.
Reinstall the A4 board
with an extender board.
Make sure that all
options the instrument
is equipped with are
installed. Connect the
instrument’s power
cahle to the ac mains
through a 1:1 isolation
transformer.

Is the voltage at the
junction of A4F1 and
AACR2] (reference s
A4TP13) approximately
+12V when the instrument
is turned on?

YES

is the voltage at the
junction of A4F1 and A4
CR21 (reference is
A4TP13) less than

+3V several scconds
after the instrument is
turned on?

YES

NO

Check A4FL, F2, F3,
€28, Qlu, QLi, Ql2

and the parts around
then.

NO

Check A4C28, QL0, Ql1,
Q12 and CR23.

Is the voltage at

Can the frequency of

Can the voltage at AATPI

1s the volta
the A4 board’

conpecto T
AdTP2) + I8

Check A4CRI

- RO . YES the signal at AATP9 YES Set the frequency of . E : .
kwvl\‘fémf’ (’.effmnciyls (reference is AATP2) the signal at A4TP9 to {reference is AM1P2) be [XES Adjust ATPL to +5.1V
;11"{{;7 ) approximately be set to 21 klz*100lfz 21kHz 10011z set to +5.1VI0.01V by .01y,
+10V? by adjusting AARIST adjusting AIRIA.
NO NO
NO
[
Check AMR1S, Ci8,
Ul and T1.
y
Can t|.1(‘ voltage at Set Adillpind to +2. 10V
l}\‘llllpmd (reference YES Is the voltage at
is A1T1'13) be set to AUIpin? (reference is
42,10V hy adjusting AVTPL3) + 11, 15VH0, 36V?
AdR147
NO NO
Y
Check AARIA apd UL, Cheek AL
\
Furn of f the instru- Turn off the instrument. Turn off the instru- Turn off the instrument.
ment. Is the voltage 1s the voltage at A4UL ment. s _th? peak Is the waveform at
at the collector of NO pin2t (reference is NO voltape of the signal NO A1TP1L and 1112 (refer- | NO Chieck AOT, 05, 06, 07,

AQ3 (reference is A4
TP13) momentarily
+11V+1.5V when the
instrument is turned
on?

YES

Check AIQ3, CR20, C17,
R16 and Ul.

AATP13) momentarily
+0.6V after the instru-
ment is turned on?

YES

Check A4 CR19 and UL.

at AdULpinl0 (refer-

ence is AMIPL3) higher

than +180mV when the
instrument is turncd
on?

™ ince is A4ATT'13) correct
when the instrument is
turned on?

YIS lm\,
ov Lo
50us
Check AMR24, R25, R26, ES
R27, CR23, CR24, 111,
T1 and check for a 1

possible short in
circuits connected to
the A4TL sccondary.

Check AALY, 8, Q9, RIR,
R1O, R20, R21, T2 and
13.

€21, €20, 12, 1% and
tl.
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ol*tge at

YES

Is the voltage at 22R of
the A4 board's edge
connector (reference is
A4TP2) +4.95V40.15V?

YES

NO

Check A4LY.

Cun the frequency of ¢ ! 1 ”
. g the signal at A4TP9 :S Set the frequency of an the voltage at A4fPl 2 - o
v efgrence is [YES . {(reference is AdTP2) * t;e signal jt A4{P9 to (veference is A4TPZ) be 1S égjgit A4IPY to 45,1y
a oximately be sct to 21 kilz:1001z 21Kz 1002, set to +5.1V20.01V Ly 00
by adjusting A4R15? adjusting A4R14,
NO
NO NO
Cheek A4RES, C18,
Ul and T1.
4
Can tbe voltage at Set A4Ulpind to +2.10V
A4Ulp1n4 (refercnce YES Is the voltage at
is A4TP13) be set to AdUlpin2 (reference is
+2.10V by adjusting A4TP13) +11,15V%0,35V?
AdR147?
NO NO

Check A4R14 and UL, Check AdU1.

£ the instru- Turn off the instrument. Turn off the instru- Turn off the instrument

. . the cape at Al . Is the peak Is the waveform at
Is the voltage Is the voltage at AdUL ment . ped 3 _
c¥lector of NO pin2i (reference is NO voltage of the signal NO A41P11 and TP12 (refer- |no Check A4Q4,, QS,‘ Q6, Q7,
L at A4Ulpinl0 (refer- » (24, €26, T2, T3 and

¢ ence is Ad
o tarily
5% .hen the

ent is turned
YES

4Q3, CR20, €17,
n

AITPE3) momentarily
0.6V ufter the instru-
ment is turned on?

YES

check A4 CRIY and Ul.

ence is A4TP13) higher

than +180mV when the
instrument is turned
on?

YES

i

Check A4R24, R25, R26,
R27, CR23, CR24, L11,
T1 and check for a
possible short in
circuits connected to
the ATl secendary.

ince is A4TP13) correct
when the instrument is
turned on?

' | ’ | _llOV
ov L

50yus

YES

Check A4L9, Q8, Q9, RIS,
R19, R20, R2I, 72 and
3.

ul.

Check A4CR14 and CR1S.

Is the voltage at 4R

and 3R of the A4 board's
cdge connector (refer-
ence is A4TP10) respec-
tively +16V£1V and -16V
*1vV?

NO

Neither: Check A4L2,
Ql, Q2 and T1.

Only +16V available:
Check A4CR8, CR9,L3,
€3, €13, CR3, R!1 and
R7.

Only -16V available:
Check A4CR10, CRIL,
L4, C2, €12 CR2, R10
and R8.

Is the voltage at 9R

and 7R of the A4 board's
edge connector (reference
is A4TPI0) respectively
+46V+4V and -46Va4V7?

YES

NO

Neither: Check A4R1,
R2, Q1 and Q2.

Only +46V available:
Check A4CS, €7, Clo,
CR6, CR7 and RG.

Only -46V available:
Check A4Cé6 C8, €9,
CR4, CRS and RS,

Is the voltage at SR
of the A4 board's edge
connector {reference
is A4 TP10) +9V1v?

NO

/

Check rectifier and
filter circuit.

END
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Flow Diagram m

START

—P»

Do any LED lamps light on
when SELF TEST 5 is per-
formed?

YES

Do all LED lamps blink when |
SELF TEST 5 is performed?

NO

NO

Check +5V line.

Signature Set 1-2

Test point Siganture
AS5U2 pin | 63FF
pin 2 962A
pin 3 1646
pin 4 2867
pin 5 8FP8
pin 6 3999
pin7 9706
pin 8 F567
pin 9 3C77
pin 10 04F8
pin 11 5C65
pin 13 465P
pin 14 POPU
pin 15 51H9
pin 16 F75U
pin 17 9F2A

1.Turn the power off.
2. Set SA Select Switch as
shown below.

ALWL/W2/W3

CE el

w

. Short terminals 2 and 3 of
all jumpers on the A} board.

4., Signature Analyzer Setting

START: s

AITP
sToP :x) 8
CLOCK: £ AITP7

WINDOW(+5V) :P254

5.Turn the power on.

[}

. Is Signature Set 1-2

correct?

NO

Check ASU2.

YES |i.Turn the power off. > 1. Signature Analyzer Setting YES 1 Ate the following signatures | YES 1 Are the following signatures YES' Are the following s at
2. Set SA Select Switch as . . present at ALU25 pin 38 (AS preset at A1U25 pin 39 (A5 present at ATU25 p 1
START: £ .
shown below. STOP : £ AITP8 TP5) while the indicated key TPG) while the indicated key TP7) while the indicated
CLOCK: £  ALTP7 is pressed? is pressed? is pressed?
Ca WINDOW(+5V) :P254 Key Signature Key Signature Key Siy tu
Co 2.Turn the power on. -
] 3. Is Signature Set 1-1 correct? }‘OCAF - BT9F DISP A 879F MEAS RATE 8791
B SELF-TEST 6CC3 DISP B 60C3 TEST LEVEL C3
B NO A 931U CKT MODE 931U TRIG INT I
O] ALWL/W2/W SHORT 1U0A RANGE AUTO 1UDA TRIG HOLD 1U0A
OPEN 4A78 RANGE DOWN 4A78 FREQ/BIAS 4AT8R
3.Short terminals 2 and 3 of Check ASUS. RANGE UP C266 FREQ STEP 6o
a]l'jumpers on the Al board. NO —_—
NO NO
YES YES . YES
—Jpp] Is the sympton only on the | Is the sympton only on speci- - Check ASUA4.
numeric displays? fic display segments?
NO NO
YES . YES
Is the sympton related to one Check ASU3. Is the sympton only on speci- Check A5U9,
column in Table 17 fic number?
NO
NO
Table 1
- K3 K2 K1
Is ti ton related t YES
s the symplon related to one \ gl Check A5UI, US, U6 and U7. Check the numeric display. -
row in Table 1? ADO mF uF nF
NO ADI DS2 dp LEVEL HIGH LEVEL LOW | PAN
AD2 DS3 dp \% Hz
AD3 DS4 dp FINE COARSE N
Check the LED lamp. —
AD4 DS5 dp DEG Q (unit) D
Signature Set 1-1 —
ADS M$2 (disp B) k§2 (disp B) € (disp B) m§1
Test point Signature
— AD6 DS7 dp 12} C
A5U8 pin 7 6F00 —
pin 9 1670 AD7 DS8 dp G/ESR Q (FUNCQ) D
pin 10 266 AD8 DS9 dp ohe e CK
inl} 4A78 .
p. AD9 DSt0dp MEAS FAST MEAS MED {E,
pin 12 1UOA —_
pin 13 931U ADIO kH H mH
pin 14 6CC3 ADI11 DSi2dp L ONLY TRIG HOLD TF
pin 15 879F -
ADI1?2 DS13 dp C ONLY BIAS I
ADI3 DSt4 dp A TRIG LAMP SEi
AD14 S mS
ADIS | M (disp A) k§2 (disp A) £2 (disp A) m$l
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3
]

1.Turn the power off. I 1. Signature Analyzer Sctting YES Are the following signatures YES Are the following signatures YES Are the following signatures YE.S Is the signature at A1U25 pin YES Is the signature at A1U2 pin 8
2. Set SA Select Switch as START: 4 present at A1U2S pin 38 (AS preset at A1U25 pin 39 (A5 present at A1U25 pin 1 (A5 7 (ASTP8)"1670 while the (ASTP9) "6F00" while the
shown below. STOP . £ > AlTPS TPS) while the indicated key TP6) while the indicated key TP7) while the indicated key FREQ/DC BIAS DOWN key is FREQ/DC BIAS UP key is
CLOCK: #  AITP7 is pressed? is pressed? is pressed? pressed? pressed?
Co WINDOW(+5V}) :p254 Key Signature Key Signature Key Signature NO NO
Co 2.Turn the power on.
OCAL F IAS
EJ: 3. Is Signature Set 1-1 correct? L e 879 DISP A 87198 MEAS RATE 879E
B] , SELF-TEST 6CC3 DISP B 6CC3 TEST LEVEL 6CC3
] NO A 931U CKT MODE 931U TRIG INT 931U
B N SHORT 1UOA RANGE AUTO 1UOA TRIG HOLD 1UCA
/w2/n3 OPEN 4A78 RANGE DOWN|  4A78 FREQ/BIAS 4A78
3.Short terminals 2 and 3 of Check ASUS. RANGE UP 266 FREQ STEP C266
all'jumpcrs on the Al board. NO '
NO NO *
P Check related keys.
YES i YES
Is the sympton only on the —p Is the sympton only on speci- —» Check ASU4.
numeric displays? fic display segments?
NO NO
YES .| YES .
Is the sympton related to one Check ASU3. Is the sympton only on speci- f——Jppmi Check ASUS.
L . fic number?
column in Table 1?
NO
NO Table |
YES K3 K2 Kl KO0 KB3 KB2 KBI KBO
Is the sympton related to one S ., hee . ic display.
row in Table 17 P Check ASUL, US, U6 and U7. Check the numeric display ADO mF uF nF pF DS] 2° DSI 22 DSI 2! DS1 20
VNO ADI1 DS2 dp LEVEL HIGH LEVEL LOW | RANGE AUTO DS2 23 DS2 22 DS2 2! DS2 2°
AD2 DS3 dp v Hz kHz DS3 2? DS3 22 DS3 2! DS3 2°
AD3 DS4 dp FINE COARSE SPOT DS4 23 DS4 22 DS4 2! DS4 2°
Check the LED lamp.
AD4 DS5 dp DEG Q (unit) D (unit) DSs 23 DS5 22 DSs 2! DSs 2°
Signature Set 1-1
ADS5 MS (disp B) k2 (disp B) £ (disp B) m£ (disp B) DS¢ 23 DS6 22 DS6 2! DS6 2°
Test point Signature
AD6 DS7 dp 1Z} C L DS7 23 DS7 2? DS7 2! DS7 2°
ASUS8 pin 7 6F00
pin 9 1670 AD7 DS8 dp G/ESR Q (FUNC) D (FUNC) DsSg 23 DS8 22 Ds8 2! DSg 2°
pin 10 266 ADS DS9 dp S vma o CKT AUTO DSy 2° DS9 22 Ds9 2! DS9 2°
pin 1l 4a78 ADY | DS10dp MEAS FAST | MEASMED | MEASSLOW | DSI02? DS102? DS10 2! DS10 20
pin 12 1UOA
3 2 1 [
pin 13 931U ADIO kH H mH uH DS11 2 DS112 DSI1 2 DS11 2
pin 14 6CC3 ADI! DS12 dp L ONLY TRIG HOLD TRIG INT DS12 23 DS12 2? DS12 2! DS122°
pin t5 879F 3 N B
ADI2 DS13 dp CONLY BIAS FREQ DS132 DS13 22 DS13 2 DS13 2
ADI13 DS14 dp A TRIG LAMP SELF TEST DS14 23 DS14 2? DS14 2! DS14 2°
AD14 S m$S us
ADLIS | MQ (disp A) k€2 (disp A) £ (disp A) m& (disp A) REMOTE SRQ TALK LISTEN

YES

Check DC BIAS switch.
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DC BIAS Flow Diagram

START

e

Set the front panel controls as

follows:

FUNCTION C-D
RANGE InF fixed
FREQUENCY 1 kHz
TEST SIG LEVEL LOW
TRIGGER EXT

Connect nothing to the UN-
KNOWN terminals.

Is the trouble in both INTER-
NAL and EXTERNAL DC

BIAS?

YES

Check A2C56 and C6.

NO

Is the trouble in EXTERNAL
DC BIAS?

YES

—>

NO

Y

Remove the EXT DC BIAS
cable connected to the rear
panel. Is the DC BIAS fuse at
the rear panel OK?

NO

Replace the fuse.

Turn the DC BIAS select switch
to OFF. Is the voltage at the
right terminal of the switch

correct?

YES

YES

[s the DC resistance between
the second from the left termi-
the DC BIAS select
switch and GND more than
10M€2?

nal on

NO

Check the two zenor diodes
connected to the lug terminal

below the switch.

NO

Y

Go to Flow Diagram A22-1.

iy
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2 M

y1 panel controls as

N C-D
InF fixed

NTY 1 kHz
| ‘VEL LOW
: EXT

v hing to the UN-

erminals.

Is the trouble in both INTER-
NAL and EXTERNAL DC
BIAS?

YES

Check A2CS56 and C6.

NO

Is the trouble in EXTERNAL
DC BIAS?

—»

YES

NO

\

Turn the DC BIAS select switch
to OFF. Is the voltage at the
right terminal of the switch

correct?

Remove the EXT DC BIAS
cable connected to the rear
panel. Is the DC BIAS fuse at
the rear panel OK?

NO

Replace the fuse,

YES

YES

Is the DC resistance between
the second from the left termi-
nal on the DC BIAS select
switch and GND more than
10M€Q2?

YES

P Is the resistance of the 47002

NO

Check the two zenor diodes
connected to the lug terminal
below the switch.

NO

Go to Flow Diagram A22-1.

resistor soldered to the switch

correct?

YES

NO

Replace the resistor,

Remove the A2 board and

’ measure the DC resistance be-

tween A2TP23 and the edge
board connector 9L. Is the re-

sistance between 51082 and
590827

NO

Check A2R64, R65, R67 and
XI.

YES

Check A2C29, C30, C31.
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Flow Diagram ( A22 - 1

START

r—'» Is the voltage at A22U 1 pin 20

hetween +4.9 and 5.3V?

YES

L3

NO)

Arc the output voltages of the

lotlowing regulators correct?

Fest point

Valtage

YES
.

Troubleshoot the Ad (Power

Supply) Board.

A22U6 +114 ~ 126V
u7 114 ~-12.0V

NO

Are the voltages at the col
lectors of the following tran-

sistors correct?

Y

_— Can the voltage at A221T  he

set to OV £ 0,05V by adju..ne
R&?

Test point Voltage

Check  the related regulators

and loads.

YES YES
Is the voltage at A22TPI be- >~ Is the voltage at A22TP! be-
tween  -6.20 and  -6.41V tween +6.18 and +6.43V when
when DO BIAS s set to OV? DC BIAS is set to - 0.01V?
NO NO
YES YIS YES

Is the voltage at the ahode of
A22CRI between ~6.20 and
-6.41V?

NO

Is A22U2 pin 16 HIGH and
pin 19 LOW?

— >

Check A22U4 and US.

NO

Check A220R|, CL, RI-6 and
u4.

Check A22U2 and U4,

Is the voltage at A22U5 pin |
between +6.18 and  -6.43V?

—»-

Check A22U4.

A2205 +a2 ~ 50V
06 42~ S0V

NO

Check A22US, R1-2, RI-3.

NO

Check A2205. Q6 and R2.

NO

Is the above adjustment dif

ficult to inake?

NO

Are A22U3 pins 4 thyo
LOW?

Check A22UE, U2
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YES YES YIS
Pt 1y the voltage at A22TPI be- - ;\rc the rvo:lag:s“ul ‘lhc col- — - Can the vol:)aic at AZN‘"Plthe > Can (hz:/o:tzg; ulvr\;]'l‘l’.S be _»@
. e An- " + 4 S o + P St-
tween 46,18 und +6.43V when t‘:“mn o “‘T, ollowmg tran 3"':0 0V £ 0.05V by adjusting éct [1{06' .2in y adjust
DC BIAS is set to - 0.01V? sistors correct? R8? ing R6?
Test point Voltage NO NO
NO A22Q5 +42 ~ 50V
Q6 —42 ~ =50V YES YES
TYES YES 5 Is the above adjustment dif- f—Jgpmd Check A22RS8, RY. Is the above adjustment » Check A22R6, RS,
e Check A22U4 and US. Is the voltuge ut A22US pin ] ——" Check A22U4. ficult to make? difficult to make?
belween 4618 and ~6.43V?
rd NO NO
NO Check A22Q5, Q6 and R2.
YES
Are A22U3 pins 4 through 13 L] Check A2203, U4B and USD. YES
Low? Is the voltage at A22US pin 9 L g Check A22C1LL, R1-7,
< OV £ 10mV?
| ek A22US, R1-2, R1-3.
Check A22U5 § O
‘N()
Check A2U1, U2 YES YES YES
Aeck ApsULL Ul he age at A22TP3 highe s voltage at A2 i " 1702 5 4
l]s t lu]\;;)ll;lﬁlc at A22TP3 higher ’_._.> fs the voltage ;1! A22US pin 8 | > Is the voltage drop across A22 F— - Check A22Q2, Q3, Q6 and
than 10mV? tower than OV? R2-7 between 0.3 and 0.8Y? R3-1.
NO NO
NO
Clieck A22USB. Check A22Q3, Q4, R2-5, R2-7
and R2-8.
YES YUS
Is the voltage at A220US pin 8 | g Is the voltage drop across A22 |——{ Check A220Q4, QS, QG and
higher than OV R2-2 between 0.3 and 0.8V R3-2.
NO
NO
Check A22U5B, Check A22Q1,Q2, R2-1, R2-2
and R24.
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Flow Diagram (A22 -1

A

Set the DC BIAS switch on
the rear panel to INT.
See DC BIAS to 9.99V.

Can (he valtage at the N

MONITOR on the rear pancl
be set to +9.99V £ 2mV by

adjusting R77

S1YES

NO

Is above adjustment difficult

to nake?

YIS

Check A22R7.

NO

YES

Is the voitage at A22TP2 be- "__’

tween 1,200V and 1.261V?

Check A2209, €10, €8 and
Ri-7, RI1-8,

NO

,_ YES YIS :
Is the voltage at INT MONI- Is the voltage at INT MONI- Is the voltage at INT MONI- Is the voltage at INT MONI TS
TOR -10mV £ 6mV when DC TOP 6,82V £ 23mV when DC TOR --9.99V ¢ 16mV  when TOR  +10.0V + 60mV  when -
BIAS is sct to - 10mV? BIAS is sct 1o 6,82V? DC BIAS is set to - 2.99V? DC BIAS is sef to +H10.0V?
NO NO NO NGO
YES YES YIS
Check A2203. Are the following correct? [ Check A22U3. Are the following correct? — ] Check A2203, Is A22U2 pin 12 TGH and b —Ppwl  Check A2204 RI-

Is the voltage at A22US pin 14

between 6,00V and 6.315V?

YES

Is A22U2 pin 15 HIGH and
pin 12 LOW?

YES

Check A22C2, U4, R1-4 and
RI-5.

NO

NO

Check A22U3.

Check A22U2, U4,

A22U3 pin State
4 HIGH
5 LOW
6 HGH
7 LOW
8 HIGH
9 1LOW

10 HIGH

11 LOW

12 HIGH

13 LOW
NO

A22U3 pin State
4 HIGH
5 [RHSI
6 HIGH
7 HIGH
8 maGH
9 LOW
10 LOW
H HIGH
12 HIGH
13 HIGH
NO

Check A22UL, U2,

pin 15 LOW!

NQ

Check A22U2 U4,
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» Is the voltage at INT MONI-

YES YES YES
»-| Is the vohuge al INE MONL- Is the voltage at INT MONI- Is the voltage at INT MONI-
1OR YOIV 2 JonV o when TOR 110.0V L o0mV  when TOR 127V £ 0,10V when
DO BEAS Bs set 1o - vuvyy DU BIAS is set to +10.0V? DC BIAS is sel o -12.7v?
NG NO NO
YIS YES YIS
Clicck A22U3, Ave the Tollowing corect? Check A2203. s AZ2U2 i B2 HIGH and bt Clck A2204, R1-4, RES. Is A22UL pin 12 HIGH? Check A22U3.

A 22003 pin State
4 HiGH
3 HiGH
O tHoH
i PHGH
3 HIGH
P LOW

i) FOW
H HIGHT
i2 e
13 HIGH

NO

o1 Check A22U1 UL,

pin 15 1.0wW?

NO

Cheek A22U2, U4,

NO

Check A22U01 U3,

TOR 40V £ 0.15V when DC
BIAS is ser to 40.0V?

Is the voltage at INT MONI-
TOR 40V £ 043V when DC
BIAS is st to -40.0V?

NO

NO

Check the zener diodes on the

rear pancl and A22C8,

—

No Trouble Found.
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Flow Diagram CADJ-D

Test Level Adjustment

>

Go to ACT1 in Flow Diagram
A2-2

Flow Diagram (ADJ-Z)

Test Level Low Check

—

Is a 50mVrms 1kHz sine wave
present at A2U6 pin 3?

YES

NO

Check A2R3, R2D.

Flow Diagram CADJ-?D

Differential Amplifier and Pro-
cess Amplifier DC Offset Ad-

justment

-

Are both A2UI1 pin 11 and

YES

Ul2 pin 10 LOW?

NO

Check A2U50.

Is A2U6 pin 9 HIGH?

YES

NO

Check A2U35.

Are voltages of A2UIL2 pin 3
and pin 13 within £1mV DC?

YES

NO

Check A2U11 and Ul2.

Check A2U6.

Are voltages of A2Ul14 pin 1
and pin 7 within +10mV DC?

NO

Check A2U14,

Check A2U13, R17, R22 and
R23a to R23d.
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Flow Diagram CADJ-4>

AM1 Amplifier DC offset ad-

justment

-

Short A2U16 pin 5 to GND.
Does it enable the adjustment

to be made?

YES

Check A2U16.

NO

Short A2U15 pin 2 and pin 6.
Does it enable the adjustment

to be made?

YES

Check A2U16, R30 and R32.

NO

Check A2U15, R24, R25 and
CR2.

Flow Diagram CADJ-5)

AF Amplifier DC offset adjust-
ment

>

Short A2U17 pin 13 to GND.
Does it enable the adjustment

to be made?

YES

Check A2U17.

NO

Short A2U19 pin 2 to pin 6.
Does it enable the adjustment

to be made?

YES

Check A2U18, R36, R37 and
R38.

Check A2U19, CR3, R33 and
R39.
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Flow Diagram (ADJ-@

AM?2 Amplifier DC offset ad-
justment

—P>

Short A2U21 pin 15 to GND.
Does it enable the adjustment
to be made?

YES

Check A2U21,

NO

Short A2U20 pin 2 and pin 6.
Does it enable the adjustment
to be made?

YES

—p

Check A2U21, R42-1, R42-4
and R41.

NO

Check A2U20, CR4, R34 and
R40.

Flow Diagram ( ADJ-7)

I/V Amplifier DC offset Ad-
justment (LC offset)

—>

Remove the cable connecting
Lcur and Lpot terminal. Does
it enable the adjustment to be

made?

YES

Check A2US50, CRI15, CRI16
and U43.

NO

Remove A2R11 and short
A2TPS to TP4 (GND). Go to
ACT4 in Flow Diagram B.
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Flow Diagram CADJ—B)

ERR Buffer DC offset Adjust-
ment (ER offset)

—>

Is the voltage at A2U11 pin 14
within £ 10mV DC?

YES

NO

Y

Short A2U10 pin 6 and GND.
Does it enable the adjustment

to be made?

YES

NO

Check A2U11.

Short A2U9 pin 3 to GND.

Does it enable the adjustment?

YES

NO

Check A2U9, R12, R13 and
UllL.

Check A2U8 and Ull.

Check A2R18, R19, CRI and
R14.
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Flow Diagram CADJ-Q)

Hpot Buffer DC offset Adjust-

ment

—

Short A2U43 pin 6 and GND.
Does it enable the adjustment

to be made?

NO

\

Short A2U48 pin 4 and GND.
Does it enable the adjustment
to be made?

NO

Short A2U49 pin 3 and GND.
Does it enable the adjustment
to be made?

NO

Check U49, RI1S5, R21 and
U48A.

YES

Check A2R88, C15, CR16 and
U43.

YES

Check A2U48B.

YES

Check A2CR19, CR20, R92
and R93.
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Flow Diagram @DJ- 1 O)

ADC Zero Adjustment
Cannot adjust to

DISPLAY A = —DISPLAY B
by R99 “ZERO”.

—p

1. Change the trigger made to
EXT.

2. Does the voltage applied
A2R101 change —0.17 to
+0.17V when R99 is turned?

YES

Check A2R99, R101 and
R103.

NO

Is each teflon terminal clean?

YES

B

NO

Clean the teflon terminal.

Flow Diagram (ADJ-11)

ADC Zero Adjustment

Cannot adjust to

DISPLAY A = —DISPLAY B
= 20

by R100 “ZERO SHIFT”,

-

Is the signal shown below pre-

sent at A2U65 pin 187

YES
P Is the signal shown below pre-

sent at A2U65 pin 157

NO

Check A2U52 and signal
ANACTLA.

Remove A2C70 and C72 in
order and try the adjustment.
Is the adjustment possible?

YES

NO

Check A2C20, U68, U65.

0.5V/DIV  10ms/DIV

NO

Check A2U65.

YES

Check the related capacitor.

Chwck A2R102, R100.
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Flow Diagram CADJ-1 2)

AM/AF Attenuator
Magnitude and Phase

Adjustment

—p

Cannot adjust but within £200

counts.

YES

NO

Go to the corresponding step
in Flow Diagram A2-6.

Flow Diagram CADJ-1@

LF Tracking Adjustment

—»

Cannot ajust but works.

YES

NO

Go to Flow Diagram A2-3 .

Check following components.
In AF 1/2 Attenuator Adjust-
ment
A2R26, R31A, R31B, Cl4,
Cl12
In AF 1/5 Attenuator Adjust-
ment
A2R27, R31C, R31D, Cl15,
Cl13
In AM! 1/10 Attenuator Ad-
justment
A2R35, R42A, R42B, C18,
Cl6
In AMI Attenuator Adjust-
ment A2R29, R28

Check A2C6, R19, R14 and
C56.
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Flow Diagram @DJ-1 @

HF Tracking Adjustment

—>

Check A2C18, C7 and R92.

Flow Diagram (ADJ-15)

Range Resistors Magnitude

Adjustment

—P>

Cannot adjust but works satis-

factorily.

NO

Go to Flow Diagram A2-3.

Flow Diagram CADJ-1 6>

Range Resistors Phase Adjust-

ment

—>

Change the related variable
capacitor A2C3 or C2.

See the appearance of A2R81
to R84, C47 to C49.

YES

Check following components.
In 100k magnitude adjustment
A2R7, R8A, R8B, C3, C5,

K1l to K3

In 10k magnitude adjustment
A2R4, R8E, R8F, C2, C4

In 1k magnitude adjustment
A2R10, R5, R8D

In 100 magnitude adjustiment
A2R6, R9, R8C

Check the isolation of A2K]
to K3.
Normally capacitance between
pin 7 and pin 7 is
C=1.6 pF G =0.004us
at 20kHz

Check A2Q4 to Q6 and U40.,
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Figure 8-XX. A2 ANALOG Board Assembly Component Locations,
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Figure 8-XX. A2 ANALOG Board Assembly Component Locations.
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Figure 8-XX. A5 DISPLAY Board Assembly Component Locations.

8-78


https://www.manualsplus.com/

DISPLAY  {P/N:04276-66505)

os1e
- F
:
‘
2
Ho
. !
5“_ 3 pals I
s
s isns ANODE DRV v, [ -
s
2
| . — 3 13 pAu g To ar-i0n
| : o
8
| L__‘:. | | J ’—E@ s
— TSt
st 52
1080R 0@ 0 ok T s
[ - 4o
23 oi1se a T
' [EFSHECIN
] 5e 3
t £442
] ) = o b T
. «], | ! .;»umrl Jos. i 1 es [E;F:]
B B sio
‘ i s
s L 22 y ALE fa a1-7H
s
2.
o 7 |
e 2 2 1 -
1 }
3 }. 4 11 r 3 *
Ipsto s Josez i sar Jos2 | 3 21 >-RET To 1T
s 4
r,c..
I J
I 1 T
Y 1 ' Y ¥
Iossa fsoofosso Jases foscoloses fosaofusai fosez s Jose Joso?

e A

g esv U e - . O
LYy
cottes NOTES:

. & I‘ 7
l“ B A 1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE
ABBREVIATED. PRFF{X ABBREVIATION WITH ASStMBLY
NUMBER FOR COMPLETE REFERENCE DESIGNATOR.

2. UNLESS OTHERWISE INDICATED:

RESISTANCE 1N OHMS {0}
CAPACI TANCE [ MICROFARADS (uF
INDUCTANCE 1K MICROHENRIES {uH

8-79


https://www.manualsplus.com/

i

i
KR EX]
trtRae

§ 2

TR
[ESRRE)

Sk

S
8

8-80

Figure 8-XX. A6 MOTHER Board Assembly Component Locations.
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Figure 8-XX. A2l HP-IB Board Assembly Component Locations.
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1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY
NUMBER FOR COMPLETE REFERENCE DESIGNATOR.

2, UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS ()

CAPACITANCE IN MICROFARADS (uF)
INDUCTANCE IN MICROHENRIES (pH)

8-83


https://www.manualsplus.com/

8-84

D RS ERRIN :
: /R{ N
(BB EEREXEIY

7 41

usd 7
H li& ]

U [
pale g d

~ e

-
-

R
) o é,g/f/ )

/
il 3338 {(Q(Q i
TR

TTRRFTTTT

l T SNy
prazaslile
.

>

|

Figure 8-XX. A22 OPTION 001 INTERNAL DC BIAS Board Assembly Component Locations.

To Al-T9R
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To A2l -1)
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To A1-13L
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To AV - 1AL
To A1-TAL
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Ta A1 -16L
To Al -T6L
To AL-ISR
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NOTES:

1.

REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY
NUMBER FOR COMPLETE REFERENCE DESIGNATOR.

UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS (Q)

CAPACITANCE IN MICROFARADS (uF)
INDUCTANCE IN MICROHENRIES {uH)
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WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year
from the date of delivery, or, in the case of certain major compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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1.

INTRODUCTION

This operating note provides complete information on the Hewlett-Packard Model

16047A Test Fixture. The 16047A is shown pictorially on the front-cover, its
and typical characteristics related

phyical dimensions are given in Table 1,
to offset error are given in Table 2. To order additional copies of this
operating note, use the part number listsed on the rear cover.
Table 1. Specifications.
Function: For wuse with Hewlett-Packard Models 4274A, 4275A, 4276A,
4277A, and 4192A. Permits connecting axial and radial lead
components  to the UNKNOWN terminals (4-terminal pair

configuration) of the 4274A, 4275A, 4276A, 4277A, or 4192A.

axial lead components, one for

one for
and one for radial short lead

components,

Three kinds:
radial Tead
components.

Dimensions in mm (inches): 124(4.9) x 31(1.2) x 62(2.4)

Contact Inserts:

Weight in grams (1bs):

205(0.45)

Table 2. Typical Characteristics.
Applicable Measurement Ranges | Incremental error at freq. > 1MHz
Mode! Parameter Measurement Parameter Offset value
value frequency reading error for D
4274A%
4275A Full range Full range 2 2
5 x (5% | +0.02 x (5)
4192A
Note: f is the measurement frequency in megahertz. The incre-
mental errors calculated from the equation 1in the table
for measurements at frequencies above 1MHz are additive.
*: The maximum frequency of the 4274A is 100kHz.
1;1 21
6 va 5
. A
5x(£/10)? . 2
5x ) / - 0.02x{/10)
| / a 0.0? /]
2.3 = 0.008 "'!,
- 0.5 Ey 9.006
E 0.4 / ] é 7.004 //
;; ‘ g 3.602 /
w);-‘f /. “A.umlt /
iz o
2.04 3.7004 /
i l Z 1.3002
= i L ! L 3,360 -
i B 3 i) 3

TrequencytMHz) frequency{Mdz)

Parameter reading error vs frequency. O0ffset value in D vs freguency.
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Table 2. Typical Characteristics (cont'd).
Applicable Measurement Ranges Incremental error at 1MHz
Model Parameter Measurement Parameter Offset value
value frequency reading error for D
4276A**
Full range Full range
4277A +0.05% +0.0002
**:  The maximum frequency of the 4276A is 20kHz.
2. DESCRIPTION
The Model 16047A Test Fixture 1is designed for use with the following instru-
ments:
Model 4192A LF Impedance Analyzer
Model 4274A Multi-Frequency LCR Meter
Model 4275A Multi-Frequency LCR Meter
Model 4276A LCZ Meter
Model 4277A LCZ Meter

It is a direct attachment, 4-terminal pair configuration type test fixture for

measurements on both axial_and radial lead components.

— labelled in Figure 1 — are_available:

(:),(2), and

urements on axial components and two,

lead components.
(DUT)
however, the 16047A can handle dc bias voltages up to =+40V.

test

through this test fixture.

Three contact inserts
one, , for meas-

and , for measurements on radial

DC bias Tevels up to #35V can be applied to the device under

When used with the 4276A or 42774,
The dimensions

of the contact inserts are given in Figure 2.

HP P/N 16061-70022
HP P/N 16061-70021
HP P/N 16047-65001

(Unit : mm)

Figure 1

. 16047A Test Fixture.

Dimensions of
Test Fixture Contacts.

Figure 2.
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3.

ZERO  OFFSET ADJUSTMENT

The 16047A has inherent stray capacitance, residual inductance, and residual
resistance that affect the accuracy of measured values. To compensate for,
or negate, these residuals to minimize measurement error, the instrument's
zero offset adjustment procedure should be performed. The procedure is given
in Section III of the instrument's operating manual. For SHORT zero offset
adjustments a low impedance copper or phosphor bronze shorting bar such as
the one shown in Figure 3 is recommended.

(Unit : mm)

—15—+5e—15—

Indicated values are in mm.
Thickness is 0.4mm.

Figure 3. Shorting-bar dimensions.
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4, OPERATION
Setup and measurement procedure is as follows:

a. Set the CABLE LENGTH switch (4275A, 4277A and 4192A only) on the
instrument's front-panel to Om.

b. Connect the 16047A directly to the UNKNOWN terminals of the instrument.

c. Perform ZERO OFFSET ADJUSTMENT as described in Section III of the in-
strument's operating manual.

d. Insert the DUT into the test fixture.
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5.

MAINTENANCE

The internal wiring of the 16047A is shown in Figure 4 and an exploded view —

for parts identification — in Figure 5. Do not disassemble any further than
shown. Maintenance consists principally of cleaning contacts and replacing
worn or damaged parts. Take special care when cleaning contacts. To order

parts, use the Hewlett-Packard part numbers listed in Figure 5. If a faulty
part s located in an assembly that cannot be disassembled, order the next
higher assembly or return the whole device to the nearest Hewlett-Packard
Sales/Service Office for repair or replacement.

%

L

=
S S—
) |\

—

&
9

Figure 4. Internal Wiring of 16C47A.
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16047-65001

16061-70022

e © © ©® 0

Figure 5.

Parts Identification for 16047A (Sheet 1 of 2).
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Reference HP Part No. Qty Description
1 16047-04001 1 COVER-BOTTOM
2 2950-0043 4 NUT
3 2190-0016 4 WASHER
4 2200-0740 1 SCREW
5 0624-0203 2 SCREW
6 2360-0192 2 SCREW
7 16061-50022 1 BASE
8 2360-0192 2 SCREW
9 16047-00603 ] SIDE PLATE (LEFT)
10 1250-1798 2 CONNECTOR-BNC
11 16012-7122 2 CONNECTOR-BNC
12 16047-40000 1 STOPPER
13 3050-0229 1 WASHER
14 2200-0105 1 SCREW
15 2360-0192 2 SCREW
16 16047-04000 1 COVER-TOP
17 2360-0192 2 SCREW
18 16047-00600 1 SHIELD PLATE
19 16047-01200 2 ANGLE -
20 16061-50023 1 SOCKET
21 0624-0202 2 SCREW
22 16061-10027 2 SPRING
23 16061-50031 1 SOCKET-RADIAL
24 16061-10031 4 CONTACT-RADIAL
25 1460-0343 2 SPRING
26 8150-0447 4 WIRE
27 16061-10026 4 CONTACT
28 16061-10033 2 CONTACT-AXIAL
29 16061-10032 2 CONTACT-AXIAL
30 16061-50032 1 SOCKET-AXIAL
31 16047-00604 2 CONTACT
32 16047-00605 2 CONTACT
33 16047-40001 2 SOCKET
34 16047-00602 1 SIDE PLATE (RIGHT)
35 16061-70021 2 SOCKET ASSEMBLY ( @ and @ )
36 16061-70022 2 SOCKET ASSEMBLY ( @ and @ )
37 16047-65001 2 SOCKET ASSEMBLY ( @ , (@ and ® )

Figure 5.

Parts Identification for 16047A {Sheet 2 of 2).
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MANUAL CHANGES

—— MANUAL IDENTIFICATION ——

42 76A Model Number: 4276A

Date Printed:  JUL. 1983

LCZ METER Part Number: 04276-90000

This supplement contains important information for correcting manual errors and for adapting the manual to instruments containing
improvements made after the printing of the manual.

To use this supplement:
Make all ERRATA corrections.
Make ali appropriate serial number related changes indicated in the tables below.

SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES

2517301681 and above 1

> NEW ITEM

» CHANGE ]
Page 2-5, Figure 2-3;

Change the Figure as shown on the next page.

NOTE

Manuat change supplements are revised as often as necessary to keep manuals as current and accurate as possible. Hewlett-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are available from all HP offices. When
requesting copies quote the manual identification information from your suppiement, or the model number and print date from the titie
page of the manuai.

HEWLETT
, 1985/33 (/;/3 PACKARD

Date/Div: May 1
Page 1 of

ny ~l

Printed :n Sapan
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LY

Description

Kit Part Number

907 Handle Kit 5061-9690
908 Rack Flange Kit 5061-9678
909 Rack Flange & Handle Kit 5061-9684

YN
|

)

313

Remove adhesive-backed trim strips @
from side at right and left front of
instrument.

HANDLE INSTALLATION : Attach front
handle@ to sides at right and left front
of instrument with screws provided and
attach trim @ to handle.

RACK MOUNTING : Attach rack mount
flange @ to sides at right and left front of
instrument with screws provided.

HANDLE AND RACK MOUNTING
Attach front handle (3) and rack mount
ﬂange@ together to sides at right and
left front of instrument with screws
provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.
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