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SAFETY SUMMARY

The following general safety precautions must be observed during e ll 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  
standerds 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 a three-contact to two-contact adapter with the 
grounding wire (green) firmly connected to an electrical ground (safety ground) at 
the power outlet. The power jack and the mating plug of the power cable meet 
International Electrotechnical Commission (IEC) safety standerds.

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 SUBSTTTUTE 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, preeede potentially dangerous procedures 
throughout this manual. Instructions contained in the warnings must be followed.

Wa RNING

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



CERTIFICATTON

Hewlett-Packard Company certifies that this product met its published specifica- 
tions at the time of shipment from the factory. Hewlett-Packard further certifies 
that its calibration measurements are traceable to the United States National Bu­
reau of Standards, to the extent allowed by the Bureau's calibration facility, and to 
the calibration faeilities of other International Standards Organization members.

W ARRANTY

This Hewlett-Packard instrument product is warranted against defects in material 
and workmanship for a period of one year from date of shipment, except that in 
the case of certain components listed in Section 1 of this manual, the warranty 
shall be for the specified period. During the warranty period, Hewlett-Packard 
Company will, at its option, either repair or replace products which prove to be 
defective.

For warranty service or repair, this product must be returned to a service facility 
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay 
shipping charges to return the product to Buyer. However, Buyer shall pay all 
shipping charges, duties, and taxes for products returned to HP from another 
country.

HP warrants that its software and firmware designated by HP for use with an in­
strument will execute its programming instructions when properly installed on that 
instrument. HP does not warrant that the operation of the instrument, or soft­
ware, or firmware will be uninterrupted or error free.

UMTTATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade­
quate maintenance by Buyer, Buyer-suppüed software or interfacing, unauthorized 
modification or misuse, operation outside of the environment specifications for the 
product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS­
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR 
A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE 
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, 
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON­
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are 
available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual.



SAFETY SYM BOIS

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

A
h

-  OR W .

r b OR

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 eonnection 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).

WARNING A WARN1NG 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.

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

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



M A N U A L  C H A N G E S

H P  4 2 7 4 A

MULTI-FREQUENCY LCR METER

-----MANUAL IDENTIFICATION
Model Number: HP 4274A 
Date Printed: August 1990 
Part Number: 04274-90004

Thl* supplement contain» Inlormatlon for correctlng manual «rrors and for adaptlng tNe m anual to newer Instruments thet contain Improvements 
or modlfleatlons not documented In the exlstlng manual.

To use this supplement
1. M ske  a ll E R R A T A  correctlons
2. Make all approprlate serlal-number-related changes llsted belew

SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES

A L L 1

2031J01211 and above 2

2517J02951 and above 3

F  New Item

ERRATA

Page 3-33, Table 3-8, Typical Characteristics of Test Fixtures and Leads. 

Replace the 16034B’s information with the 16334A’s, as follows.

Model Parameter value Measurement
frequency

16334A Full range Full range

NOTE
Manual change supplement» are revtsed a s  eften a s  neeesrary to keep manual* a s  current and  accurate e s  peaslble. Hewiott-Paefcard recommends 
that you peilodlcally request the latest edltlon of this supplem ent Free cepées are available fm n eH H P  office*. When requesttng cepiea, quote 
th e manual Identification Information from your supplement, or the model number and print date  from th e tltle page of the manual.

Date/Div: August 8, 1990/33 
Page: 1 of 7
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T it le  page:
Change the d e s c r ip t io n  follow ing "SERIAL NUMBERS" to read: 

Th is  manual a p p lie s  d ire c t ly  to instruments with 
s e r ia l  number p re fix e s  18500, 2019J, 2031J , and 2147J.

Page i i ,  TABLE OF CONTENTS:
Add the fo llo w in g  l in e :

3-21. I n i t ia l  Control Settings ...............  3-17

Page 1-4, Tab le  1-1, S p e c if ic a t io n s  (Sheet 1 of 8):
Add the fo llo w in g  to  the descrip tion  fo r  the 0C Bias 
M onitor.

M onitoring a t the DC Bias Monitor output is  accurate 
o n ly  when the dc resistance o f the DUT is  greater than 
lOOMfl. I f  the  resistan ce  is  lower than 100MO, 
monitored va lu es w il l  d if fe r  from the actual voltage  
across the DUT. The d iffe re n ce  depends on the current 
through the DUT and the measurement range se lected .

Page 1-9, Tab le  1-1, S p e c if ic a t io n s  (Sheet 6 o f 8 ) , OPTIONS:
Add the fo llo w in g  note to  the d e scr ip tio n  fo r  Options 001 
and 002.

Note: A ccu ra c ie s  apply when the UNKNOWN term inals  
o f the 4274A are open.

Page 1-10, Table  1-1, S p e c if ic a t io n s  (Sheet 1 of 8):
Change the  d e s c r ip t io n  fo r Option 101 to read as 
fo llow s:

Option 101: HP-IB (Hewlett-Packard Interface
B us), H ew lett-Packard's implementation o f IEEE 
488-197.5, ANSI Standard #MC1.1.

- 2 -



CHANGE 1

Page 2-2, Figure 2-2, Power Cables Supplied: 
Change the f ig u re  as fo llow s:

OPTION 900 United Kingdom

Plug: BS1363A, 2S0V 
Cable: HP 8120-1351

OPTION 903 Europeen Continent

OPTION 901 Australia/New Zeeland

Plug: NZSS 198/AS Cl 12, 250V 
Cable: HP 8120-1369

OPTION 903 U.S./Canada

Plug: CEE-VH, 250V 
Cable: HP 8120'1689

OPTION 90S* Any country

Plug: NEMA 5-15P, 12SV, ISA 
Cable: HP 8120-1378

OPTION 90$ Switzerland

Neutral

Line

Earth

Plug: CEE 22-VI, 250V 
Cable: HP 8120-139$

OPTION 912 Denmark

Plug: DHCR 107, 220V 
Cable: HP 8120-295$

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

* Plug option 905 is frequently used for 
interconnecting System eomponents and 
peripherals.

NOTE: Eaeh option number includes a 
'fam ily ' o f  cords and connectors of 
various m aten als and plug body 
configurations (straight, 90 * e tc .)

Figure 2-2. Power Cables Supplied
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Page 2-3, paragraph 2-12:
Change the d escrip tio n  as fo llow s:

To preserve the p rotection  feature when operating the 
instrument from a two con tact o u t le t , use a three  
prong to  two prong adapter (HP Part No. 1251-8196) and 
connect the grounding tab on the adapter to pow er-line  
ground.

Page 3-55, Pragraph 3-68, HP-IB Status Ind icator:
Add the fo llow ing  note:

Note: When the 4274A is  con tro lle d  v ia  the
HP-IB, the LISTEN lamp may not come on .
When a "remote" command (REMOTE or rem) 
is  sent.

Page 3-61, Figure 3-26, Sample Program 2 with the 9825A:
Add the fo llow in g  to the second note:

Trig ger mode o f the 4274A should be se t to  
"HOLD/MANUAL" (remote program code: T3) when the
remote program code "K" is  used.

Page 2-5, Figure 2-4, Option I n s ta lla t io n ,  
OPTION 101 HP-IB COMPATIBILITY:

Change the part number o f option a l ROM A9U10 to 
04274-85029.

Note 1: Th is  HP-IB Program ROM (P/N 04274-85029) is  
a v a ila b le  fo r  u n its  s e r ia l numbered 
2019J00760 and below. I f  A9U10 must be 
replaced, use 04274-85029 in p lace of 
04274-85019.

Note 2: When in s ta l l in g  Option )Ö1 in u n its  se r ia l 
numbered 2031000761 and above, i t  is  not 
necessary to in s ta l 1 A9U10. These units are  
already equipped with an Option 101 
compatible A9U10.

Page 3-58, Table 3-11, Remote program Codes:
Add the fo llow ing  d escrip tio n  to Trigger:

When external tr ig g e r is  used, set the 4274A to lo c a l 
by pressing the LOCAL key or v ia  HP-IB programming 
(9825A: le l  717).

- 4 -



Page 3-55, .paragraph 3-65:
Add the fo llo w in g  Note to the d escrip tion s fo r  HP-IB:

Note

The 4274A may e x h ib it  the fo llow ing  phenomena: 

Phenomenon -1.

(1) The f i r s t  byte of measurement data is  lo st  
when read af ter S e r ia l R o llin g .

(2) The f i r s t  several bytes of measurement data 
are lo s t  when read after S e ria l P o llin g .

Phenomenon -2 . Output measurement data from the
4274A may include two or more spaces 
in  the f i r s t  part of each data 
strin g , though each data s tr in g  
should have only one space. Refer to  
paragraph 3-81 on page 3-56 fo r  data 
output format.

Phenomenon -3 . A fter Seria l P o llin g , the status
byte, which should be c lea red , is  not 
cleared from the re g is te r  in the 
HP-IB Interface Adapter (Micro P ort), 
A22U3.

Described below are software Solutions fo r  the above 
phenomena.

For Phenomenon -1 - (2):

"S e ria l Po lling  (read status)" and "read 
one byte of measurement data" should not b.e 
executed sequ entia lly .

For Phenomenon -2:

1) Read measurement data with fre e  format.

2) Measurement data is  read with the 
procedure: hold tr ig g e r— execute 
( t r ig g e r)— read data. However, the- 
f i r s t  measurement data of sequential 
measurement data is  in v a lid .

- 5 -



Page 3-19, CAUTION- Change the fo llow ing:

CAUTION

HOWEVER, IN THE CASE OF HIGH CAPACITANCE 
(>1000yF) MEASUREMENT WITH DC BIAS ON,
SET DC BIAS VOLTAGE TO O (V),  THEN PERFORM 
ZERO OFFSET ADJUSTMENT.

CHANGE 2

A ll  pages where Options 003 and 101 appear:
The functions and c a p a b il it ie s  o f Option 003 (Battery  
Memory Backup) and Option 101 (HP-IB Compatible) are 
Standard on 4274A u n its  serial-numbered 2031JO1211 
and above. R efer to  paragraphs 3-58, 3-59, and 3-64 
through 3-93 f o r  d e ta ils  on Battery Memory Backup and 
HP-IB C o m p a tib ility .

-  6 -



CHANGE 3

Page 2-4, Figure 2-3;

Change the Figure as shown on the next page.

Opti on D escription K it  Part Number

907 Handle K it 5061-9690

908 Rack Flange K it 5061-9678

909 Rack Flange & Handle K it 5061-9684

1. Remove adhesive-baeked trim strips (T) 
from side at right and left front of 
instrument.

2. HANDLE INSTALLATION : Attaeh front 
handle (5) to sides at right and left front 
of instrument with screws provided and 
attaeh trim (?) to handle.

3. RACK MOUNTING : Attaeh rack mount 
flange (2) to sides at right and left front of 
instrument with serews provided.

4. HANDLE AND RACK MOUNTING : 
Attaeh front handle (5) 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.

- 7 -
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Section I 
PREFACE

Model 4274A

PREFACE

You are now the owner/user of the Hewlett-Packard 
Model 4274A Mul ti-frequency LCR Meter. This new 
component measuring instrument, developed by 
Hewlett-Packard, s a t is f ie s  the wider measuring 
requirements for, accuracy, speed, f le x ib i l i t y  and 
v e rs a t il ity .  A dd itiona lly , a new level of ease o f 
operation is  brought to the electronics industry. 
This operab ility  both helps to up-grade the qua li- 
ty of product design and speeds physical and Chem­
ica l research of material investigations creating 
a new measurement capab ility  in these and other 
s c ie n t if ic  f ie ld s . The 4274A Mul ti-frequency LCR 
Meter is  the instrument which embodies these 
ideas and which provides these measurement advan- 
tages. Hewlett-Packard has produced two of these 
new LCR meters — Models 4274A and 4275A. These 
units cover the lower and higher frequency re- 
gions, respective ly  — and both re f le c t the new 
concepts. The Model 4274A, in particu la r, is  an 
advanced LCR meter which makes various component 
measurements simple and much easier.

4274A
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4275A

INTRODUCTION TO
HP MODELS 4274A/4275A

The combination of the HP Models 4274A 
and 4275A LCR Meter comprises a stand- 
alone precision LCR measuring system 
which covers the frequency range of 
100Hz to 10MHz with a basic accuracy of 
0.1%. Both instruments make the best 
of microprocessor advantages to achieve 
fu l ly  automated measurements and ease 
of operation. Measurement c a p ab ilit ie s  
are also enhanced by the microprocessor 
permitting sophisticated control and 
powerful ca lcu la tion  c a p a b ilit ie s . For 
al 1 measurements, a choice o f the 
desired te s t parameters in  f le x ib le  
combinations is  enabled. A b u ilt - in  
multimeter displays test frequency set- 
t in g , or a lte rna tive ly , the te s t signal 
voltage or current for monitoring test 
signal level applied to DUT.

1-0



Model 4274A Section I
Paragraphs 1-1 to 1-5

SECTION I
GENERAL INFORMATION

1-1. INTRODUCTION. 1-4. DESCRIPTION.

1-2. This operating maniial contains the 
Information required to in s ta ll,  operate, 
and test the Hewlett-Packard Model 4274A 
Multi-frequency LCR Meter. Figure 1-1 shows 
the instrument and supplied accessories. 
This section covers specifications, in s tru ­
ment id en tif ica tion , description, options, 
accessories, and other basic information.

1-3. Listed on the t i t l e  page of th is  manual 
is  a microfiche part number. This number can 
be used to order 4 x 5  inch microfilm trans- 
parencies of the manual. Each microfiche 
contains up to 60 photo-duplicates of the 
manual pages. The microfiche package also 
includes the la te st manual changes supplement 
as wel! as a ll pertinent service notes. To

• order an additional manual, use the part num­
ber lis ted  on the t i t l e  page of th is manual.

1-5. The HP Model 4274A Multi-frequency LCR 
Meter is  a high performance, fu l ly  automatic 
test instrument designed to measure the v a r i-  
ous component measurement parameter values of 
an impedance element in the re la t iv e ly  low 
frequency region. The 4274A measures induct- 
ance (L), capacitance (C), resistance (R), 
dissipation factor (D), qua lity  factor (Q), 
conductance (G), susceptance (B), reactance 
(X) and, in addition, the absolute value of 
the vector impedance (|Z|) and phase angle (9) 
over a wide range with high accuracy and 
speed. The wide range measurement capa-
b i l i t ie s  o f the model 4274A are enhanced by 
the 13 spot test frequencies selectable from 
100Hz up to 100kHz in a 1-2-4-10 sequence, 
including two optional frequencies.

The te st signa! level can be f le x ib ly  set at 
the desired amplitude within the range of lmV

Figure 1-1. Model 4274A and Accessories. 1-1



Section I
Paragraphs 1-6 to 1-8

Model 4274A

to 5Vrms by front panel Controls. The m ulti- 
spot test frequency and test level control 
functions featured in the 4274A permits meas- 
uring the device to be tested under the prac­
t ic a l test conditions at which i t  actua lly  
operates. When i t  is  desired to test a com­
ponent fo r i t s  specified performance, the 
4274A can take measurements under normal op­
erating te st conditions. Thus, the 4274A is  
a t ru ly  v e rsa tile  instrument which can re- 
spond to the diverse measurement requirements 
in research, c ir c u it  design, production te s t-  
ing and the QA inspection areas.

The other obvio.us advantage o f the variable 
test signa! capab ility  is  that i t  becomes 
easy to measure non-linear impedance elements 
whose parameters are strongly dependent on 
the ir operating conditions, such as inductors 
and semiconductor devices. Most s ig n if ican t- 
ly , the 4274A can be of pa rticu la r help in 
the experimental assessment of devices in the 
semiconductor te sting  f ie ld .
Measured values are displayed by the two 
4-1/2 d ig it  numeric displays along with ap- 
propriate un its. A high resolution operating 
mode provides 5-1/2 d ig it resolution plus 
lesser s ig n if ican t d ig it  data by averaging 
the measured values every ten measurements.
The extra d isp lay section of the 4274A pro­
vides fo r a d isp lay  of the te s t frequency 
se tting , te st signal voltage, or current ap- 
p lied to DUT in  3 d ig its . This b u ilt - in  
m ulti-function d isp lay  allows selectable mon- 
ito ring  of the measuring conditions anytime 
during the te s t. Thus, the 4274A is  ta ilo red  
as a stand alone te s t  instrument which o ffe rs 
al 1 te s t parameter inputs (frequency and te s t 
voltage or current) without the help of ex- 
ternal equipment.
1-6. The measuring range for capacitance is  
from O.OlfF (femto farads = 10-15 farads) to 
1999.OmF, inductance from O.OOlnH to 1999.9H, 
and resistance and impedance from O.OOlmfi to 
19.999MS2, a l 1 o f which are measured with a 
basic accuracy o f 0.1% to 10% depending on 
test signal leve l and frequency and at a 
typ ica l measuring speed of 140 to 210 m i l l i -  
seconds. The measuring c ir c u it  fo r the de­
vice to be measured is  capable o f both para l­
le l and series equivalent c ir c u it  measure­
ment. E ither d issipation fa c to r, qua lity  
facto r, equivalent series resistance, con- 
ductance, reactance, susceptance or phase 
angle can be selected in addition to the 
choice fo r L, C, R or 1Z ! measurement. The 
measuring range fo r  d issipation factor is  
from 0.00001 to 9.9999, qua lity  factor from 
0.01 to 9900, equivalent series resistance

and reactance from O.OOlmfi to 19.999Mfl, con- 
ductance and susceptance from O.OlnS to 
199.99S, and phase angle from 0.001° to 
180.000°. The measured values are displayed 
simultaneously with the L, C-, R or |2| meas­
urement data. The wide range capab ility  of 
the 4274A enables a measurement range from 
that fo r small capacitances such as ceramic 
chip capacitors and semiconductor junction 
capacitors to that fo r high capacitances 
such as the measurement of e le c tro ly t ic  capa­
c ito rs  to be covered. The high resolution 
measurement capab ility  enables the measure­
ment of an extremely low d iss ipa tion  factor 
such as that of a polystyrene capacitor. A 
wide range of inductance measurements, from 
the inductance of a ca rrie r frequency co il to 
that of an output transformer, can be made at 
su itab le  test frequencies. The wide re s is t­
ance range permits measurements fo r low value 
cable conductor resistances through those for 
high resistance so lid  res is to rs .

1-7. The 4274A employs certa in unique func­
tions which make the best use of the in t e l l i -  
gence capab ility  of it s  microprocessor. Two 
A (delta) key functions excute capacitance, 
inductance, resistance, and impedance devia- 
t ion  measurements. These functions make 
possib le the memorizing of a measured value 
as a reference value such that the subsequent 
d isp lay is  the measurement minus the refer­
ence value or the percentage that the meas­
urement deviates from the reference. The 
reference value is  obtained and memorized 
from the preceding measurement when the in ­
strument is  set to "store" mode. A d ig ita l 
o ffse t adjustment function measures residual 
capacitance, inductance and resistance in ­
herent to the te st f ix tu re  used, and offsets 
the effects o f these p a ra s it ic  itnpedances to 
zero with respect to the measured values. An 
appropriate o ffse t compensation quantity is 
automatically calculated every time a meas­
urement is  taken. Any measurement error due 
to the te st f ix tu re  is ,  therefore, automati- 
c a lly  eliminated fo r stray capacitance up to 
20pF, residual inductance up to 2000nH, 
resistance up to 0.5fl, and conductance up to 
5uS. Use of a microprocessor a lso fa c ilita te s  
the high r e l ia b i l i t y  design of the' 4274A. 
Convenient diagnosis is  feas ib le  by merely 
pressing a panel pushbutton. This confirms 
functional operation of the instrument.
1-8. The ve rsa tile  4274A cap ab ilit ie s  are 
maximized by the a v a ila b il it y  o f special test 
f ix tu re s , and the in s ta lla t io n  o f options 
providing internal dc bias supply, memory 
backup capab ility , or HP-IB (IEEE-STD-488- 
1975) com patib ility .
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Model 4274A Section I
Paragraphs 1-9 to 1-20

1-9. SPECIFICATIONS.

1-10. Complete specifica tions of the Model 
4274A . Mul.ti-frequency LCR Meter are given in 
Table 1-1. These specifica tions are the per­
formance standards or lim its  against which 
the instrument is  tested. The te st procedures 
fo r the specifications are covered in Section 
IV Performance Tests. Table 1-2 l is t s  gen­
era! information. General information is  not 
specifications but is  typ ica l characteristics 
included as additional information for the 
operator. When the 4274A Multi-frequency LCR 
Meter is shipped from the factory , i t  meets 
the specifications lis ted  in Table 1-1.

1-11. SAFETY CONSIDERATIONS.

1-12. The Model 4274A Multi-frequency LCR 
Meter 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.

1-13. This operating and service manual con­
ta ins information, cautions, and warnings 
which must be followed by the user to ensure 
safe operation and to maintain the instrument 
in a safe condition.'

1-14. INSTRUMENTS COVERED BY MANUAL.

1-15. Hewlett-Packard uses a two-section 
nine character seria l number which is  marked 
on the seria l number plate (Figure 1-2) 
attached to the instrument rear panel. The 
f i r s t  four d ig its  and the le t te r  are the se­
r ia l  prefix and the la s t f iv e  d ig its  are the 
su ff ix . The le tte r  placed between the two 
sections id en tif ie s  country where instrument 
was manufactured. The prefix is  the same fo r 
a l l  identica l instruments; i t  changes only 
when a change is  made to the instrument. The 
s u ff ix , however, is  assigned sequentia lly and 
is  d ifferen t fo r each instrument. The con­
tents of th is  manual apply to  instruments 
with the se ria l number p re fix (es) lis ted  
under SERIAL NUMBERS on the t i t l e  page.

1-16. An instrument manufactured after the 
prin ting  of th is  manual may have a seria l 
number prefix that is  not lis te d  on the t i t l e  
page. This unlisted seria l number prefix in - 
d icates the instrument is  d iffe ren t from 
those described in th is  manual. The manual

Figure 1-2. Seria l Number Plate.

for th is  new instrument may be accompanied by 
a yellow Manual Changes supplement or have a 
d ifferent manual part number. This supple­
ment contains "change information" that ex- 
plains how to adapt the manual to the newer 
instrument.
1-17. In addition to change information, the 
supplement may contain information for cor- 
recting errors (called Errata) in the manual. 
To keep th is  manual as current and accurate 
as possible, Hewlett-Packard recommends that 
you pe riod ica lly  request the latest Manual 
Changes supplement. The supplement for th is  
manual is  id en tif ied  with th is  manual's p rin t 
date and part number, both of which appear on 
the manual's t i t l e  page. Complimentary copies 
of the supplement are available from Hewlett- 
Packard. I f  the se ria l prefix or number of 
an instrument is  lower than that on the t i t le  
page of th is  manual, see Section VII Manual 
Changes.
1-18. For information concerning a seria l 
number prefix  that is  not lis ted  on the t i t le  
page or in the Manual Change supplement, con­
tact your nearest Hewlett-Packard o ffice .
1-19. OPTIONS.

1-20. A to ta l of nine options for the Model 
4274A are ava ilab le  fo r adding the following 
capab ilit ies:

Option 001: 

Option 002: 

Option 003:

Option 004:

Option 101:

Internal DC Bias Supply (0- 
±35V).
Internal DC Bias Supply (0- 
±99.9V).
Battery'Memory Backup. Memory 
data protection with standby 
battery in event instrument 
loses power.
1-3-5 Step Test Frequency. 
Test frequency selection in
1-3-5-10 sequence steps in- 
stead of the Standard 1-2-4- 
10 sequence step fashion. 
HP-IB Compatibility.

Options 907, 908 and 909 are handle or
rack mount k its . See para- 
graph 1-36 for deta ils.

Option 910: Extra Manual.

N0TE
Options 001 and 002 are not compati­
ble each with the other and are 
mutually exclusive equipment.
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Section I
Table 1-1

Table 1-1. Spec ifica tion s (Sheet 1 of 8)

Model 4274A

SPECIFICAT IO N S

Parameters Measured: C, L, R, Z , D, Q,
ESR, G, X, B, 6. A (deviation) and 
A% (percent deviation) fo r C, L, R, 
|Z|.

Measurement C ir c u it  Modes: Auto, Series
and P a ra lle l.

Parameter Combi nat i ons:

Series
c ir c u it  mode

C-D or Q or ESR 
L-D or Q or ESR 
R-X or L 
Iz|-e

Para lle l 
c ir c u it  mode

C-D or Q or G 
L-D or Q or G 
R-B or C
lz|-e

Display: Normal mode: 4-1/2 d ig it ,
'maximum disp lay 19999.

High resolution mode: 5-1/2
d ig it ,  maximum disp lay 

' 199999.
(Number of s ig n if ican t d ig its  d is ­
played changes depending on measure­
ment frequency, te s t signal léve! 
and measurement range).

Measurement Terminals: Four terminal
pa ir configuration (high and low 
term inals fo r current and potential 
term inals) with guard term inal.

Range Modes: Auto and Manual (up-down).

Measurement Frequencies: 100Hz, 120Hz,
200Hz, 400Hz, 1kHz, 2kHz, 4kHz, 
10kHz, 20kHz, 40kHz and 100kHz 
±0.01%.

Test Signal Level: ImV to 5Vrms, contin- 
uously variab le  in 4 ranges.
Test voltage and current can be mon- 
itored at front panel d isplay.

Deviation Measurement: When REF VALUE
STORE button is  pressed, the e x is t-  
ing measured value is  stored as a 
reference value. Next, pressing A or 
A% button offse ts displayed value to 
zero. Deviation is  displayed as the 
d ifference between the referenced 
value and subsequent resu lt.

(Deviation spread in counts is  
-199999 to 199999 or from -199.99% 
to 199.99%).

Offset Adjustment: Stray capacitance,
residual inductance, resistance and 
conductance of te st f ix tu re  or te st 
leads can be compensated fo r  as 
follows:

C: up to 20pF
L: up to 2000nH
R: up to 0.5J1 
G: up to 5yS

Se lf Test: Performs c y c lic  operation o f
internal function tests and d isp lays 
diagnostic code sets (when any ab- 
normality is  detected).

DC Bias: Two external DC bias input con- 
nectors on rear panel, maximum ±35V 
and ±200Vdc.

Bias input characteristics:
50ft±10%, O.lAmax (for max ±35V 
input).
150kfi±10%, 1.3mAmax (fo r max 
±200V input).

DC Bias Monitor: Bias voltage monitor
output (for both internal and exter­
nal biases), BNC connector, output 
impedance 30K£2.

Trigger: Internal, external or manual.

G EN ER A L  SPECIFICATIONS

Operating Temperature and Humidity:
0°C to 55°C at 95% RH (to 40°C).

Power Requirements: 100/120/220V ±10%,
240V +5% - 10%, 48 - 66Hz.

Power Consumption: 135VA max with any
option.

Dimensions:

425.5(W) x 188 (H) x 574 (D) mm 
(16-3/4" x 7-3/8" x 22-5/8")

Weight: Approximately 18kg (Std).
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Model 4274A
Table 1-1. Spec ifica tions (Sheet 2 o f 8).

Section I
Table 1-1

Range and Accuracy:

Accuracies apply under the following 
measurement conditions for a l l  test 
parameters:

1) Warm-up time: at least 30 min-
uteSi

2) Test signal level setting:

MULTIPLIER: X5, XI or X0.1 
OSC LEVEL: Fu lly  clockwise

3) ZERO offset adjustment appropri- 
p ria te ly  completed.

4) Environmental temperature:

23°C ±5°C
(At 0°C to 55°C, error doublés).

5) S ign ifican t d isp lay readout 
should be more than 20 counts.

6) Measurement ranges in  normal 
mode except those s p e c if ic a ! ly  
noted.

Accuracy in table is  ±(% of rdg 
+ error counts + residual 
counts) except for D and 9.

D accuracy:

±(% of rdg + D e rro r value 
+ count)

6 accuracy:

tdegrees

Error count applies to  s ig n i f i ­
cant display readouts (neglects 
less s ign ifican t d ig it  data).

ACCURACY COËFFICIËNTS

NUMBER OF L - C - R - |Z| COUNTS

1 / c U / e  
250J| s i  
1501 1

ÔO-ak-JOkHzIC )
100- Ik-lOk- l00kHz(L-C ) 

/ A U  FREOUENCIES (R -I2i )

,I20Hz(L*C ' )
2k-20kHz(l_-C ) 

i4Q0-Ak-A0kHz(L )

15000 20000
( NORMAL. MODE )

50000 100000 ■ iSÖOÓO 2ÜÖOOO
HIGH RESOLUTION MODE' 

NUMSER of L • C - R • (Z| COUNTS

(Horizontal axis scales represent dis-'» 
Play counts in DISPLAY A and vertica l 
ax is  scales represent accuracy coef- 
f ic ie n ts  a, a2, 1/a- and 1/a2. /
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Section I Model 4274A
Table 1-1

Table 1-1. Specifications (Sheet 3 of 8).

Equations in table represent:

Capacitance accuracy 
Dissipation facto r accuracy

C accuracies apply only when D <0.1.
When 0.1 < D < 1, add the following num­
ber to C accuracy. D/10^
For higher D values, refer to General In­
formation.
«, 1/a: See Figure A Accuracy C o ëffi­
ciënt Graph.
3 = 2  (100Hz, 120Hz, 1kHz, 10kHz, 100kHz)

1 (200Hz, 2kHz, 20kHz)
5 (400Hz, 4kHz, 40kHz)

D measurement range: 0.0001 -  9.9999
Q measurement range: 0.01 -  9900,

{0.01 -  1200 in normal mode) calcu- 
lated as reciprocal number of D. 

Display count fo r  C (normal mode):

•Approximate value (unspecified)
Number of s ig n ifica n t d ig its  displayed 
for C depend on te s t signal le v e l, range 
and frequency (5 d ig its  max.).
C accuracies apply to C-ESR, C-G and R-C
measurements. _____
Accuracies in lined  areas W W M  are 
unspecified.

C -ESR , C-G M E A S U R E M E N T S

Equations in tab le  represent:

C accuracies are same as fo r  C-D and C-Q 
measurements.
a ,  a z, 1/c, 1/e2: See Figure A Accuracy
Coeffic ients Graph.
Display counts fo r  ESR and G (normal 
mode):

Number of s ig n ifica n t d ig its  displayed 
fo r  ESR and G depend on te st signal 
le v e l, range and frequency (5 d ig its  
max.).

ESR G

3 d ig it *100 - 1999 
(D <1)

•4. dl'git 0 - 19999 
**(0 - 5000)

4 d ig it 0 - 19999 3 d ig it *25 - 1999 
(0 SI)

•Approximate value (unspecified)
**At frequencies of 400Hz, 4KHz and 40KHz.

Equivalent series  resistance  
accuracy

Conductance accuracy ___

ESR G
IÖMQ

lOOOftS
J2*+(lo«-S/«a Z

«___ KW:-----jfc--------- IMoF---------- at---------m f -----------4 ----MOOIF------ »

lOOOkfi
IOvS

ift+d/'+s/fl

*___in*____ i t -------- wfcF--------- -*k-------- «o»*---------- -------- i0l’F------ *
lODkS

IDOuS
1 t t i + l l / o + S l r )  Z

__r .1. -L  - —UMUdF--------- & -----IOOBF------ »

lOkfi
I000«s

0 ZSÖ*Fï 1/a—S <r

U__ lOOOnF------4t--------- iDOnF---------- alf--------- «W---------- +----------------*
1000 9

IOmS
0 296 +  i l / o + i f r  ï

L- 1»-F J- -<a»nF---------- at---------l«B<F— — at----- OnF— •

1002
lOOms

0. (z-»*'l/e>

102
lOOOmS

0.l*+(*+l'a>

lOOOmfl
IQS

0.3#«*C3+‘/*5 
0.3Si *•(!'*■

IQOfflQ
IOOS

«—IOO*P/IOOOmF-̂

O.S5S* {»+*>•) 
if6 + (

1
| i»H i

w*2/«)
► lOat'SOo’) 
e—lOOirf/fOOOuF-̂

,OOHZ 200Hz I20HZ 400Hz 1kHz 2kHz 4kHz 10kHz 20kHz 40kHZ | 100kHz

Ranges f n  Vil *

3 d ig it *60 - 1999 ' *80 - 1999 
(D <1)

4 d ig it 0 -  19999 0 - 19999

C-D, C -Q  M EASUREM ENTS
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Table 1-1. S p e c if ica t io n s  (Sheet 4 o f 8).

Section I
lable 1-1

Equations in table represent:

Inductance accuracy 
Dissipation factor accuracy

L accuracies only apply when D <0.1.
When 0.1 < 0 < 1, add the following 
number to L accuracy: 0/10%
For higher 0 values, re fer to General In­
formation.
a , 1/a: See Figure A Accuracy C o e ffic i-
ents Graph.
D measurement range: 0.0001 - 9.9999 
Q measurement range: 0.01 - 9900, (0.01

- 1200 in normal mode) calculated as 
reciprocal number of D.

D isplay count fo r  L (normal mode):

L accuracies apply to L-ESR, L-G and R-L 
measurements.
Number of s ig n ifica n t d ig it s  displayed 
fo r  L depend on test signal le v e l , range 
and frequency (5 d ig its  max.).
Accuracies in lined areas iW M /k are 
unspecified.

L -E S R , L -G .M E A S U R E M E N T S
Equations in table represent:

Inductance accuracies are same as for 
L-D, L-Q measurements.

a, a 2, 1/a, 1/a2: See accuracy co e ffi-
c ients graph (Figure A).

Display counts for ESR and G (normal 
mode).

'Approximate value (unspecified)
**At frequencies of 400Hz, 4KHz and 40KHz. 

Number of s ig n if ic a n t  d ig it s  d isp layed  
f o r  ESR and G depend on te s t  signal 
l e v e l ,  range and frequency (5 d ig it s  
m ax.).
Accuracies in lined areas vtM /m  are 
unspecified.

ESR G

3 d ig it *50 - 1999 
(D Sl)

4 d ig it 0 - 19999 
**(0-10000)

4 d ig it 0 -  19999 3 d ig it *25 - 1999 
(0 SI)

Equivalent series resistance  
accuracy

Conductance accuracy

ESR G
I0M 2

lOOOnSw /m M . 1' , JSS* (3«-iOo>) : ‘ 
sa - 5-2/o)

« — QOO* ■ ■»w M m m«-----------UOH------------»t I*-
lOOtkS

IfbS
's y  ;3®- lOor> • lm».

®§|j

100kS
KHhiS ^ 0.155 É lB  i l l l l l l

lOkQ
tOOOuS

QZK+Üontr) i 
»S$+(3̂ 2/©)-L X  ----- J IftTM

1000 Q
lOraS

0 Zfc-Ts®* 10© ) 2

L-------lOQtaK------ --------NtaH--------4<------ IObH--------- >i COOG *
1008

lOOfliS
0.t35 + (2+3o)
0.lS$ + O+2/©+2/<r> lOOi-K

I0Q
lOOOmS

0.»% + (2 + 3o)
0.i#+O+2/e+2/**)

<■ - iQmM >L lOQQj/H ■»!*--------- 100*H------------->1 10#H
lOOQrnQ

I0S
0.3%+<3̂ S©)
0.3&+<l+2/o-2/fl3) 1OOOnn

100*9
mos

O.Sfc- (2 - lO»)
•'© *S.V>

\% - (41)- 10©)
»«*(i-3/»- i/a>)

IOOaH

IsohI 200hj « °h* IkHz 2kH2 flkHz 10kHz 20kHz 40kHz 1 OQkHZ

Range ii n  ** ii

3 d fg it *60 - 1999 *80 - 1999 
( D i l )

4 d ig it 0 - 19999 0 - 19999

*Approximate value (unspecified).

L -D , L -Q  M E A S U R EM E N T S
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Table 1-1

Table 1-1. Spec ifica tions (Sheet 5 o f 8).

B -X /B , R - L /C  M EASU REM EN TS

Model 4274A

Equations in  table represent:

Resistance accuracy 
Reactance accuracy 
Susceptance accuracy

R accuracies apply only when Q sO.1 
(D >10). For higher Q values, re fe r  to 
General Information.

a , s 2, 1/a, 1/a2: See Figure A Accuracy 
C o e ffic ie n ts  Graph.

y : X rdg (normal mode)
10000

X rdq (hiqh resolution mode)
100000
(X rdg = reactance reading in 
counts).

L accuracies are same as fo r  L-D, L-Q 
measurements.

C accuracies are same as fo r  C-D, C-Q 
measurements.

Number o f s ig n if ica n t d ig its  displayed  
fo r  R, X and B depend on te s t signal
le v e l, range and frequency (5 d ig its
max.).
(normal mode):

' '3:vdigït 4 d ig it

Rs
X

*36 -  1999 0 -  19999

Rp *50 -  1999
(Q <D

0 -  19999

L *56 - 1999 0 - 19999 
(0 <2)

4 d ig i t !  >• 3 d ig it

B 0 - 19999 *36 -  1999

C 0 - 1999 
(3 d ig it)

*56 -  1999 
**(140 -  1999)

♦Approximate value (unspecified). 
**At frequencies of 400Hz, 4kHz, 

and 40kHz

Subscripts s and p s ig n ify  series  and 
p a ra lle l modes, respectively.
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Model 4274A
Section I
Table 1-1

Table 1-1. Spec ifica tions (Sheet 6 o f 8).

|Z| - 9 M EASUREM EN TS

1OMQ 0 l ’ -(0 l/c>‘
■ m m m i s i i

lOOOkO
' v.x”''Ü1É 3%-l- 

, 0.0$*- 0.l/o)‘ w:
| ü i IPII

iPOka l l l l f f P l l l l ! i i i l l l ï

lOkQ f||ltj a os - io.oso)*,* j j j l
IOOOO f i S K i i S l i i l É | l l f g f

H H BW S M

1000
0.1%*3

IOO
0.0$ -(0.05/0/

lOOOmt)
0.3% ̂ 5
0.05* -  (0.05/®)’

lOOmQ 0.5%-ZO 
0.3* -(0.3/o)‘

l% -40
0.3* -(0.3/e)’

100Hz
120Hz 200Hz 400HZ IkHZ 2kHz 4kHz 10kHz 20kHz 40kHz 100kHz

Equations in  tab le  represent:

Impedance accuracy 
Phase angle accuracy

o, 1/a: See Figure A Accuracy Coeffi-
cients Graph.

$ measurement range:

-180.000° - +180.000°

Display counts for |Z| and 6 (normal 
mode):

Ranges U i 6

*36 - 1999 0 - 18000

0 - 19999 0 - 18000

♦Approximate value (u n s p e c if ie d ) .

Number o f  s ig n if ic a n t  d ig i t s  d isplayed  
fo r  |2! and S depend on te s t  s ig n a l le v ­
e l ,  range and frequency (5 d ig i t s  max.).

OPTIONS

Option 001: Internal de bias source
remotely controllable from OV to 
±35V in lmV (minimum) steps.
Bias control range and accuracy:

Ranqe step Accuracv
±(.000 -  _999)V 
+(1.00 -  9.99)V 
±(10.0 - 35.0)V

lmV
lOmV
0.1V

+(0.5% of rdg + 2mV) 
±(0.5% o f rdg + 4mV) 
±(0.5% of rdg+20mV)

♦Accuracies apply when DC BIAS 
switch is  set to: INT 35V/100V
( S . lp F )  position. In INT 35V/
100V (S2F) position , ±(2% o f  
setting  + 20mV) on a ll ranges.

Bias output characteristics:

1700 ±10%, 4.0mA max. (C sO.lyF) 
lOOOft ±10%, lOmA max. (C *2F)

Control: Remote control by HP
16023B DC Bias Controller or by 
HP-IB controller.

Control input: 24 pin connector in ­
put for 16023B or HP-IB connec­
to r. Mating connector: HP part 
number 1251-0292, AMPHENOL 57- 
40240.

Option 002: Internal dc bias source re­
motely controllable from OV to 
±99.9V in 0.1V (minimum) steps.

Bias control range: ±(00.OV - 
99.9V), 0.1V steps.

Accuracy: ±(2% of setting + 40mV)

Bias output characteristics: .

50kG ±10%, 2mA max.

Control: same as Option 001.

Control input: same as Option 001.
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Section I
Table 1-1

Table 1-1. Spec ifications (Sheet 7 o f 8).
Model 4274A

Option 003: Provides continuous memo-
rization of control settings powered 
by stand-by battery. Memorizes the 
following data and control settings:

1) Front panel pushbutton control 
settings (except SELF TEST 
function ).

2) Offset control values fo r test 
f ix tu re  or leads.

3) Reference value of deviation 
measurement.

These memories are maintained i f  the 
instrument loses power. Memorized 
control settings are restored by 
turning the instrument on or by 
pressing front panel keys.

Option 004: 11 spot te s t signal frequen­
cies selectable in a 1-3-5-10 step 
sequence instead o f Standard test 
signal frequencies. Option frequen­
cies are: 100Hz, 120Hz, 300Hz,
500Hz, 1kHz, 3kHz, 5kHz, 10kHz, 
30kHz, 50kHz, 100kHz.

Option 101: HP-IB Compatible (data out- •
put and remote control per IEEE-STD- 
488-1975).
Remotely con tro llab le  functions:
1) Display A functions (L, C, R, 

|Z|-9).
2) Deviation functions ' (A, 4%, 

RECALL, STORE).
3) LCRZ Range.
4) Display B functions (D, Q, ESR,

6, X, B, L, C). .
5) C ircu it  mode.
6) High reso lu tion .
7) Se lf t e s t .
8) Trigger.
9) Test signal frequency.

10) Test signal leve l check func­
tions.

11) Test signal leve l m u lt ip lie r.
12) Zero o f fs e t .
13) DC bias voltage (options 001 and 

002 on ly).

Data output: L or C with D, Q, ESR
or G; R with X, B, L or C; Z 
with ; or %; reference 
value in deviation measurement; 
test signal voltage and cur­
rent; front panel control set­
tings status (c ir c u it  mode, 
te st frequency, Display A and 
Display B functions).

Internal function allowable subsets: 
SH1, AH1, T5, L4, SRI, RL1, DC1 
and DT1.

Data output format: E ither of two
formats may be selected 
(switchable on internal c ir c u it  
board):

Format A.

PFNC N.NNNNNE NN,ND N.NNNNNE NN@(£?)

Format B.

PFNC N.NNNNNE NN,
ND N.NNNNNE NN (̂ R)(CT)

PFNC

LD isp lay A function 
— Display A measurement status 

— Test frequency
------Measurement c ir c u it  mode

Display B function 
Display B measurement status

Option 907: Front handle k it ,  fo r front
handle in s ta lla t io n .

Option 908: Rack flange k it ,  fo r mount-
ing in IEC Standard rack.

Option 909: Rack flange & handle k it ,
fo r  rack mounting and front handle 
in s ta lla t io n .

Option 910: Extra manual.
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Model 4274A

Table 1-1. Spec ifica tion s (Sheet 8 o f 8).

Section I 
Table 1-1 and 1-2

Special frequency option: One or two
test frequencies can be insta lled  in 
addition to Standard (or Option 004) 
11-spot te st frequencies.
Available frequency range:

100Hz - 100kHz.
Frequency accuracy: 0.1%.

160233: Bias Contro ller. For
setting internal dc bias v o lt­
age of 4274A (option 001 or 
002) in three d ig its  (set into 
control switch).
Bias voltage control range: 

±O.OOOV to ±99.9V.

ACCESSORIES

Accessories supplied: 16047A Test F ix­
ture, d irec t coupled, 4-terminal 
pa ir configuration. Three kinds of 
contact electrode modules are in- 
cluded fo r components with e ither 
a x ia l, rad ia l or radial short leads. 
Useable on a l1 4274A ranges.

Accessories availab le:

16047B: Test F ixture, cable connec- 
tion type, 4-terminal pa ir, 
useable with dc biases up to 
200 vo lts , protective cover 
provided as safe guard against 
high potential hazards. Three 
kinds of contact electrode mod­
ules are furnished (same as for 
16047A). Useable on al 1 ranges 
at frequencies below 2MHz.

16047C: Test F ixture, d irect coupl­
ed, 2-terminal. Useable on al 1 
4274A ranges (especially fo r 
high frequency measurements 
requiring high accuracy).

16043A: Test Leads with BNC connec- 
to rs, 4-terminal pa ir, lm long.

16048B: Test Leads with miniature
r f  connectors for system app li- 
cations, 4-terminal pa ir, lm 
long.

16048C: Test C lip  Cable with spe­
c ia l a llig a to r  c lip s , 4 termi­
nal. Useable for low frequency 
measurements below 100kHz 
(C>1OOOpF, L>100pH).

16034B: Test Fixture, tweezer type,
3 term inal. Useable in high 
impedance measurements (>500), 
lead-less components on al 1
4274A frequency ranges.

Table 1-2. General Information (Sheet 1 of 2).

G E N E R A L  INFORM ATION

Measurement accuracy:

Accuracy at M u lt ip lie r  X 0.01, Osc. 
Level max:

C-D, C-Q: M u lt ip lie s  values of accu­
racy equation terms that include a 
by 10.

C-ESR, C-G: Same as accuracy sp e c if i­
cations.

L-D, L-Q: M u lt ip lie s  values of accu­
racy equation terms that include cc 
by 10.

L-ESR, L-G: Same as accuracy speci­
fica tions .

R-X, R-B, R-L, R-C: M u ltip lie s  values
of % error terms that include a, y 
or 6 in accuracy equation by 10.

UI -0:
|Z|: M u lt ip lie s  values in accuracy 

equation terms that include c 
by 10.

9: M u lt ip lie s  specified accuracy
by 2.

Accuracy at 0SG LEVEL setting other 
than max.. position:

M u ltip lie s  specified accuracy by 
coëffic iën t given in figure below:

o i i  ■» .o Vernier scale
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Section I
Table 1-2

Table 1-2. General Information (Sheet 2 of 2).

Model 4274A

C and L accuracies at D > 1:
M u lt ip lie s  specified accuracy by 
(1 + D2).

R accuracy at Q > 0.1 (D < 10):
M u lt ip lie s  specified accuracy by
(1 + Q2 )

Test signal leve l monitor:

Range: Voltage 0.001V to 5.00Vrms
Current O.OOlmA to lOOmArms

Accuracy: 3% of reading + 1 count

Measurement Time (typ ica l):
140 - 180ms (f > 1kHz) 
140 - 210ms (f < 1 kHz)

Measurement time depends on range, 
sample value and offse t adjust- 

i. ment values.

!Z ! -9 measurement time:
170 - 21 Oms (f > 1 kHz) 
170 - 240ms (f <. 1 kHz)

High reso lution: Approximately 8
times the normal measurement time.

Auto ranging time: lOOms - 300ms pér
range s h if t .

Test signal s e tt lin g  time:

Time fo r te s t signal to settle  
when changing frequency, level or 

. dc bias voltage.

Settling time a fte r frequency change:

Approximately 200ms.
[Approximately looomsiF'

SELECTED FREQUENCY IS l 200Hz 0R LOWER. J
Settling time a fte r level change:

MULTIPLIER (to X 0.1, X 1 or X 5):

Approximately 200ms.

(to X 0.01):

Approximately lOOOms.

OSC LEVEL contro l: 2 - 3 s.

Se ttling  time after dc bias change:

The longer of e ither dc bias s e t t l­
ing time or test signal se ttling  
time as given in table below:

MULTIPLIER Settling time
setting (E: dc bias voltage)

x5, xl 200 + E (V) ms

X 0.1 300 + E (V) ms

X 0.01 400 + E (V) ms

Options 001 and 002

DC bias se tt lin g  time:

Option 001: 20ms (C £ O.luF)
600 + 6 *Cx ms (C s. 2F)

Option 002: 300ms (C £ O.lyF)

(*Cx = Capacitance value of sample in 
UF)

A V A IL A B L E  ACCESSORIES

HP-IB Interface Cable: HP T0631A (lm)
HP 10631B (2m)
HP 10631C (4m)
HP 10631D (0.5m)

Front Handle Kit:

K it Part Number 5161-0090 

Rack Flange Kit:

K it Part Number 5061-0078 

Rack Flange Handle K it:

K it Part Number 5061-0084 

■Fuse:

HP Part Number 2110-0305 (100/120V).
HP Part Number 2110-0016 (220/240V).

Protective fuses:

HP Part Number 2110-0201 (for dc bias) 
HP Part Number 2110-0012

(for input c ir c u it)
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Model 4274A Section I
Paragraphs 1-21 to 1-41

1-21. OPTION 001.

1-22. The 4274A Option 001 adds an internal 
dc bias supply contro llab le from 0 to ±35V by 
the HP 16023B bias contro ller or HP-IB con­
tro l device (a calcu lator) through a rear 
panel connector. The bias voltage is set in 
three d ig its  in three decade ranges as 
follows:

±(.000 to .999V)
±(0.00 to 9.99V)
±(00.0 to 35.OV)

1-23. OPTION 002.

1-24. The 4274A Option 002 provides internal 
dc bias supply contro llab le from 0 to ±99.9V 
by the HP 16023B bias contro lle r or HP-IB 
control device through a rear panel con­
nector. The bias. voltage is  set in three 
d ig its  in one range from +00.OV to +99.9V.

1-25. OPTION 003.

1-26. The 4274A Option 003 provides a stand- 
by battery fo r maintaining the v o la t ile  
memory in event the instrument loses power. 
This continuous memory capab ility  enables the 
instrument to preserve the memory of the de- 
sired front panel control settings and to re- 
ca ll these settings for repeated se lection of 
the same settings anytime and every time the 
instrument is  turned on.

1-27. OPTION 004.

1-28. The 4274A Option 004 provides 11 spot 
test frequencies selectable in a 1-3-5-10 
sequence instead of the Standard 1-2-4-10 
sequence step fashion. Two extra frequencies 
are a lso optiona lly  available along with Op­
tion 004.

1-29. OPTION 101.

1-30. The 4274A Option 101 provides an in - 
terfacing function for transferring measured 
data and fo r receivi.ng remote control s ignals 
from HP Interface Bus lines (Hewlett- 
Packard's implementation of IEEE-STD-488- 
1975).

1-33. Special Frequency Options.

1-34. The 4274A Special Frequency Options 
add one or two test frequencies in addition 
to the Standard 11 spot test frequencies. 
Option code numbers assign the specia lly  in - 
sta lled test frequencies in the following 
manner:

Options Frequency range

PXX 100Hz to 990Hz
QXX 1.00kHz to 9.90kHz
RXX 10.0kHz to 99.0kHz

The two d ig its  of the option number following 
the alpha prefixes (P, Q and R) indicate the 
f i r s t  and second sign ificant d ig its  of the 
test frequency. When the option code is  pre- 
fixed with an F, the option code numbers 
s ign ify  the following particu lar test f r e ­
quencies:

Options Test Frequency

F01 15.7kHz
F02 32.8kHz

1-35. OTHER OPTIONS.

1-36. The follow ing options provide the 
mechanical parts necessary fo r rack mounting 
and hand carrying:

Option 907: Front Handle K it.
Option 908: Rack Flange K it.
Option 909: Rack Flange and Front Handle

K it.

Insta lla tion procedures for these options are 
detailed in Section II.

1-37. The 4274A Option 910 provides an extra 
ccpy of the operating and service manual.

1-38. ACCESSORIES SUPPLIED.
1-39. Figure 1-1 shows 'the HP Model 4274A 
Multi-frequency LCR Meter, Model 16047A Test 
Fixture and power cord (HP Part No. 8120- 
1378). The 16047A and the power cord are 
furnished accessories. Add itiona lly, a fuse 
(HP Part No. 2110-0305 or 2110-0016) is  sup- 
plied as a service part.
1-40. ACCESSORIES AVAILABLE.

1-41. For convenience and ease of measure­
ment, eight sty les of test fix tu res and leads 
are available. Each accessory is  designed to 
be appropriate fo r a particu lar use of the 
instrument and/or the type of DUT. Ac­
cessory models and names are lis te d  in Table 
1-1. A b rie f description fo r each of these 
fix tu res and leads is  given in Table 1-3.
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Section I
Table 1-3

Table 1-3. Accessories Ava ilab le  (Sheet 1 o f 2).

Model 4274A

Model Description

HP 16047A _ Test Fixture (d ire c t attachment type) 
fo r genera! measurement,o f both axial 
and radial lead components. Three
kinds of contact electrode modules are 
furnished:

O  Po»'axial lead components,
(HP P/N 16061-70022).

(7)For general rad ia l lead components, 
(HP P/N 16061-70021). 

© For rad ia l short lead components, 
(HP P/N 16047-65001).

A dc bias up to ±35V can be applied.

HP 16047B
Test Fixture (cable connection type)

r - \ .

fo r general measurement o f both axial 
and radia l lead components at frequen­
cies below 2MHz. Three kinds of con­
tact electrode modules are furnished 
(same for the 16047A Test Fixture).

A dc bias up to ±200V can be applied 
(a protective cover provides for op­
erator sa fe ty ).

Cable length : Approximately 40cm.

HP 16048A
Test leads (four terminal pair) with BNC

... y  : i f e i § 5 ;

BNC connectors fo r  connecting user- 
supplied te s t f ix tu re .  Maximum ap­
plied dc bias voltage is  ±200V.

Cable length : lm.

HP 16048B
Test lead (four term inal pa ir) with

- - . . J r "  : \  V

miniature RF connectors suitable for 
connecting user-supplied test fixture 
in system app lica tion s . Maximum 
applied dc bias voltage is  +200V.

Cable length : lm.
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Model 4274A

Table 1-3. Accessories A va ilab le  (Sheet 2 of 2).

Section I
Table 1-3

Model Description

HP 16048C
Test Leads with dual a llig a to r c lips

------1 for conveniently testina various
shapes of components at frequencies
below 100kHz. Applicable measurement
ranges:

Capacitance > lOOOpF
Inductance > 100uH

*N. ; Maximum aDplied dc bias voltage is
±35V.

Cable length : lm.

HP 16034B
Test F ixture (tweezer type) for meas-
urement of miniature lead-less compo-

' '  f  l T ^ V
nents such as chip capacitors. Employs 
a three terminal configuration tweezer 
probe su itab le for high impedance
component measurements (above 50fi).
Maximum applied dc bias voltage is  
±35V.

^ v \
.

Cable length : lm

HP 16023B
DC Bias Controller used for Option 001 
or Option 002 units. Useable for

.. .. ..•_;//;...-.. setting  dc bias voltages from tO.OOOV
.' ......- W-w- to =35.OV (for Option 001) or from

. .■•’’ .. ■ ±00.OV to ±9S.9V (for Option 002) in
~~~ three d ig its  set into control switch.

J ;

HP 16047C
Test F ixture  (direct attachment type)
espec ia lly  appropriate for high fre-
quency measurements requiring high& - „x>1>v. vS ... ■ • '.gfj* accuracy. Two screw knobs fa c ilita te

‘ ' "* . . | v v \ A sN. and ensure optimum contact of
electrodes and sample leads. Maximum
applied dc bias voltage is  ±35V.

ĉ 3L
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Model 4274A Section II
Paragraphs 2-1 to 2-8

SECTION II 
INSTALLATION

2-1. INTRODUCTION.

2-2. This section provides in sta lla t ion  in - 
structions for the Model 4274A LCR Meter. 
The section also includes information on in - 
i t ia l  inspection and damage claims, prepa- 
ration for using the 4274A, packaging, 
storage, and shipment.

2-3. INITIAL INSPECTION.

2- 4. The 4274A LCR Meter, as shipped from 
the factory, meets a ll the specifica tions 
lis ted  in Table 1-1. On receipt, inspect the 
shipping container for damage. I f the ship- 
ping container or cushioning material is  
damaged, notify  the ca rrie r as wel! as the 
Hewlett-Packard o ffice  and be sure to keep 
the shipping materials fo r c a rr ie r ’ s in ­
spection until the contents of the shipment 
have been checked for completeness and the 
instrument has been checked methanically and 
e le c tr ic a lly . The contents of the shipment 
should be as shown in Figure 1-1. The pro­
cedures for checking the general e le c tr ic a l 
operation are given in Section III (Paragraph
3- 5 Basic Operating Check) and the procedures
fo r checking the 4274A LCR Meter against i t s  
specifications are given in Section IV.
F irs t ly ,  do the se lf  test. I f the 4274A LCR
Meter is  e le c tr ic a lly  questionable, then do 
the Performance Tests to determine whether 
the 4274A has fa iled  or not.

I f  contents are incomplete, i f  there is  mech­
anica! damage or defects (scratches, dents, 
broken switches, e tc .) , or i f  the performance 
does not meet the se lf test or performance 
te s ts , no tify  the nearest Hewlett-Packard 
o ff ic e  (see l i s t  at back of th is  manual). 
The HP o ff ice  w ill arrange for repair or 
replacement without waiting fo r claim se tt le - 
ment.

2-5. PREPARATION FOR USE.

2-6. Power Requirements.

2-7. The 4274A requires a power source of 
100, 120, 220Volts ac ±10%, or 240Volts ac 
+5%-10%, 48 to 66Hz single phase; power con- 
sumption is  135VA maximum.

WARNING
IF THIS INSTRUMENT IS TO BE ENER- 
GIZED VIA AN EXTERNAL AUTOTRANS- 
FORMER FOR VOLTAGE REDUCTION, BE 
SURE THAT THE C0MM0N TERMINAL IS 
CONNECTED TO THE NEUTRAL POLE OF 
THE POWER SUPPLY.

2-8. Line Voltage and Fuse Selection.

CAUTION
BEFORE TURNING THE 4274A LINE 
SWITCH TO ON, VERIFY THAT THE IN­
STRUMENT IS SET TO THE VOLTAGE OF 
THE POWER SUPPLIED.

100V OPERATION 220V OPERATION

120V OPERATION 240V OPERATION

FUSE SELECTION

Operating
voltage

Fuse
ratings

Fuse 
Part No,

100V
120V

1.25A 
SIow Blow 2110-0305

220V
240V

0.6A
SIow Blow 2110-0016

Figure 2-1. Line Voltage and Fuse Selection.
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Section II
Figure 2-2 Model 4274A
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£ G R a S N /V E L L O W  

L S U A C K

HP Part No. 8120-1378
NEMA 5-15P
Color: JADE GRAY
Furnished for countries 
other than listed below.

HP Part No. 8120-1369
AS-C112, N.Z.S.S.  198 
Color: GRAY 
250V, 6A

for Australia, New Zealand, etc.

HP Part No. 8120-1351 
BS 1363A
Color: MINT GRAY 
250V. 5A

for Great Britain, South Africa, 
India, Rhodesia, Singapore, etc.

HP Part No. 8120-1689 
CEE7-VH
Color: MINT GRAY 
250Y, 6A

for East/West Europe, 
Iran, etc.

Note E: Êarth or safety ground.
L: Line of active conductor.
N: Neutral or identified conductor.

2-2
Figure 2-2. Power Cables Supplïed.



Model 4274A Section  II
Paragraphs 2-9 to 2-27

2-9. Figure 2-1 provides instructions for 
line  voltage and fuse selection. The lin e  
voltage se lection  switch and the proper fuse 
are factory  in s ta lle d  for 100 or 120 volts ac 
operation.

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 RE- 
PLACEMENT. 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 Na­
tional E le c tr ic a l Manufacturer's Association 
(NEMA) recommends that the instrument panel 
and cabinet be grounded. The Model 4274A is  
equipped w ith a three-conductor power cable 
which, when plugged into an appropriate re- 
centacle, grounds the instrument. The offset 
pin on the power cable is  the ground wire.
2-12. To preserve the protection feature 
when operating the instrument from a two con­
tact o u tle t, use a three prong to two prong 
adapter (HP Part No. 1251-0048) and connect 
the green p ig ta il on the adapter to power 
line  ground.

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

2-13. Figure 2-2 shows the availab le power 
cords, which may be used in various countries 
including the Standard power cord furnished 
with the instrument. HP Part number, app li- 
cable standards fo r power plug, power cord 
color, e le c tr ic a l characteristics and coun­
tr ie s  using each power cord are lis te d  in the 
figure. I f  assistance is needed for se- 
lecting the correct power cable, contact 
nearest Hewlett-Packard o ffice .

2-14. Interconnections.
2-15. When an external bias is  required, set 
DC BIAS switch on rear panel to EXT ±35V MAX 
position or to EXT ±200V MAX position (de-

pending on the maximum voltage to be applied 
to sample under test). The output o f the 
external bias source should be connected to 
appropriate BNC connector (35V or 200V con­
nector).

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 oper­
ated in environments with re la tive  humidities 
to 90% to 40°C. However, the instrument 
should be protected from temperature extremes 
which cause condensation within the in s tru ­
ment.

2-1 9. Installation Instructions.
2-20. The HP Model 4274A can be operated on 
the bench or in a rack mount. The 4274A is  
ready fo r bench operation as shipped from the 
factory. For bench operation,a two-leg in ­
strument stand is  used. For use, the in s tru ­
ment stands are designed to be pulled towards 
the fron t of instrument.

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

2-22. The 4274A can be insta lled  in a rack 
and be operated as a component of a measure­
ment system. Rack mounting information fo r 
the 4274A is  presented in Figure 2-3.

2-23. STORAGE AND SHIPMENT.

2-24. Environment.
2-25. The instrument may be stored or ship­
ped in environments within the follow ing 
lim its :

Temperature ............ -40°C to +75°C
Humidity .........................  to 95%
Altitude ...........................  50,000ft

The instrument should be protected from tem­
perature 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 through Hewlett- 
Packard o ffice s . I f  the instrument is  being 
returned to Hewlett-Packard fo r serv ic ing , 
attach a tag indicating the type of service 
required, return address, model number, and 
f u l l  se r ia l number. Also mark the container 
FRAGILE to assure careful handling. In any
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correspondence, refer to the instrument by 
model number and f u l l  se ria l number.

2-28. Other Packaging. The fo llow ing gener­
al instructions should be used fo r  re-packing 
with commercial!y available materials:

a. Wrap instrument in  heavy paper or
p la s t ic , I f  shipping to Hewlett-
Packard o ff ic e  or service center, at- 
tach tag indicating type of service 
required, return address, model
number, and fu l l se ria l number.

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

c. Use enough shock absorbing material (3 
to 4 inch layer) around a l l  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.

f .  In any correspondence, refer to in ­
strument by model number and fu l l 
se r ia l number.

2-29. OPTION INSTALLATION.

2-30. In s ta lla t io n  procedures fo r dc bias 
options (Option 001 or 002) and HP-IB option 
(Option 101) are outlined in Figure 2-4.

O ption K it
P a r t  Number P a r ts  In c lu d e d P a r t  Number Q 'ty Remarks

907 H andle K it F ro n t Handle © 5060-9900 2
5061-0090 Trim S t r ip © 5060-8897 2

#8-32 x 3 /8  Screw 2510-0195 8 9 . 525mm

908 Rack F lange K it Rack Mount F lange © 5020-8863 2
5061-0078 #8-32 x 3 /8  Screw 2510-0193 8 9.525mm

909 Rack F lange & F ro n t Handle © 5060-9900 2
H andle K it Rack Mount F lan g e © 5020-8875 2
5061-0084 " #8-32 x 5 /8  Screw 2510-0194 8 15.875mm

>«•

 ̂*s
' rJ^J

V  ©  ©

1. Remove ad h e s iv e -b a c k e d  t r im  s t r i p  (7) 
from s id e s  a t  r i g h t  and l e f t  f r o n t  
o f  in s t ru m e n t .

2. HANDLE INSTALLATION: A tta c h  f ro n t
h an d le  (? ) t o  s id e s  a t  r i g h t  and l e f t  
f r o n t  o f  in s tru m e n t w ith  screw s p ro -  
vide'd and a t t a c h  t r im  (7) t o  h an d le .

3. RACK MOUNTING: A ttach  ra c k  mount
f la n g e  (? ) t o  s id e s  a t  r i g h t  and l e f t  
f r o n t  o f  in s tru m e n t w ith  screw s 
p ro v id e d .

4 . HANDLE AND RACK MOUNTING: A ttach
f r o n t  h a n d le  (7) and ra c k  mount 
f la n g e  (? ) to g e th e r  to  s id e s  a t  r i g h t  
and l e f t  f r o n t  o f  in s tru m e n t w ith
screw s p ro v id e d .

5. When ra c k  m ounting (3 and 4 ab o v e ), 
remove a l l  fo u r  f e e t  ( l i f t  b a r  a t  
in n e r  s id e  o f  f o o t ,  and s l i d e  fo o t 
to w ard s th e  b a r ) .

Figure 2-3. Rack Mount K its .
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Figure 2-4

CAUTION: BEFORE PROCEEDING WITH INSTALLATION OF OPTION(S), PUSH LINE BUTTON TO 
OFF AND REMOVE POWER CORD FROM INSTRUMENT.

OPTION OOI 
DC Bias Supply 

(O to  ±35V)

OPTION 002 
DC Bias Supply 

(O to  ± 9 9 .9V)

OPTION 101 
HP-IB COMPATIBILITY

O ption Board Assembly A21 Board Assembly A23 O p tio n a l ROM A9U10
P a r ts 04274-66521 04274-66523 04274-85019

C onnecto r Board
Assembly

04274-66516

C onnector Board
Assembly

04274-66516
Screw (2 each) 

2360-0115
Screw (2 each) 

2360-0115

Board Assembly A22
04274-66522

C onnector Board Assem bly 
04274-66515

Screw (2 each)

I n s t a l l a t i o n  1. 
P rocedure 
( a f t e r
removing to p  
cover)

2 .

3.

I n s t a l l  A21 o r A23 b o ard  assem bly .

Remove th e  se c o n d -fro m -le f t  
r e c ta n g u la r  b l in d  co v er from th e  
r e a r  p a n e l .

I n s t a l l  co n n ec to r b o ard  assem bly 
(04274-66516). F as ten  i t  t o  th e  

r e a r  p an e l w ith  th e  two screw s 
(2360-0115).

2360-0115

1 . Remove A9 Board Assembly from  
in s tru m e n t .

2. In s ta ll optional ROM A9U10 in the 
proper position on A9 board.

3 . R e in s ta l l  A9 b o a rd .
4 .  I n s t a l l  board  assem bly A22.
5 . - Remove le f t -m o s t  r e c ta n g u la r  b l i n d

co v e r from th e  r e a r  p a n e l.
6 .  I n s t a l l  co n n ec to r board  assem bly  

(04274-66515). F as ten  i t  on th e  
r e a r  p an e l w ith  th e  two screw s 
(2360-0115).

Figure 2-4. Option In s ta lla t io n .
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S E L F  TEST

SELF TEST button is  indicated in the 
figure to the r ig h t. When you push the 
button, the pushbutton lamp lig h ts  and 
the diagnostic test is  in it ia te d . The 
correct operating procedures fo r the s e lf  
test are outlined below.

*3 :r.-

Display Test ( f i r s t  step o f SELF 
TEST): When SELF TEST button is  
pushed, a l l  front panel ind icator 
lamps except that fo r the BIAS ON 
ind icator illum inate  for approxi- 
mately 1 second. A ll segments of 
the numeric and character displays 
are also l i t .  This test is  the 
in i t ia l  step of the c y c lic  SELF 
TEST operation.

Analog C ircu it  Test (SELF TEST): 
This te st function confirms normal 
operation o f the major analog c i r ­
cu it blocks. The Analog C ircu it  
Test is  divided into an "open" and 
a "short" te st performed under 
th e ir  respective (de fin ite ) test 
setups given in tab le below:

Test Setup Open te s t Short te s t

Termination o f  
UNKNOWN Open Short

DISPLAY A 
function C L o r R

OSC LEVEL (V) 1 ( f u l ly  clockwise)

Note

Use 16047A Test Fixture fo r SELF 
TEST. For an "Open" condition, 
nothing should be connected, and 
fo r a short condition, a low im- 
pedance shorting strap (or lead) 
should be connected across the 
HIGH and LOW sides o f the test 
f ix tu re  contact blocks.

CAUTION

VERIFY THAT BIAS INDICATOR LAMP 
DOES NOT LIGHT. IF ILLUMINATED, 
SET BIAS SWITCH ON REAR PANEL TO 
ITS OFF POSITION.

The open and short tests comprise 20 ( ls t  
to 20th) steps and 7(21st to 27th) steps, 
respective ly , o f the diagnostic tests 
performed on each d ifferen t c ir c u it  block 
(for d i f f e r e n t  operating conditions). 
During the respective open and short 
te s t s , the DISPLAY A exhibits normal test 
resu lts as shown below:

( OP means that 
l  open te st is  normal

SH means that 
short te s t  is  normal

The sequential diagnostic test i.s repeat- 
ed, and another Display Test in itia ted  
un til the SELF TEST button is  again 
pushed. I f  an abnormal resu lt occurs 
during the open or short test, the number 
o f the abnormal step is  displayed in DIS­
PLAY A as, fo r  example, illu s tra ted  below:

f OP3 means that open 1 
[test step 3 is  abnormalJ

SH23 means that short 1 
te s t  step 23 is  abnormal J

I f  an abnormal display is  obtained, f ir s t  
check fo r te s t Setup. I f  such display 
occurs even under proper test conditions, 
no tify  the nearest Hewlett-Packard o ffice .

Figure 3-0. S e lf Test Procedure.
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SECTION III 
OPERATION

3.1. INTRODUCTION.

3-2. This manual section provides the opera­
ting instructions for acquainting the user 
with the Model 4274A Multi-frequency LCR 
Meter. Instructions for panel Controls, func- 
tions, operating procedures, basic measuring 
techniques fo r  the various applications, op- 
erational check o f the fundamental e le c tr ica l 
functions and option information are included 
in th is  section. Operating precautions given 
throughout the text should be care fu lly  ob- 
served.

The Program Memory Test is automatically 
performed each time the LINE button is  pushed 
to turn instrument on. Display and Analog 
C ircu it Tests are enabled by the SELF TEST 
button and should be performed before begin­
ning measurements.

Program Memory Test: During th is
in i t ia l  test, the instrument is  check- 
ed for normal operation of the memo- 
rized measurement sequences of ■ the 
internal program memory. The 4274A 
display exhib its the correct test 
resu lt by a le ft- to -r ig h t progression 
o f the figure P as illu s tra ted  below:

3-3. PANEL FEATURES.

3-4. Front and rear panel features fo r the 
4274A are described in Figures 3-1 and 3-2. 
Reference numbers in the photos are keyed to 
the associated descriptions. Other detailed 
information fo r panel d isp lays and Controls 
is  covered in paragraphs 3-5 and those which 
follow.

3-5. SELF TEST (Basic Operating Check).

3-6. The 4274A has se lf-d iagnostic functions 
which are automatically performed or can be 
done any time desired to confirm the normal 
operation of the instrument. These functions 
comprise the follow ing primary tests:

a. A Program Memory Test

b. A D isplay Test (SELF TEST)

c. An Analog C ircu it Test (SELF TEST)

IDISPUV* Al
P P P P F

Display of Ei figure 
proceeds in a le f t  to 
right direction

I f  some abnormality is detected', the 
display of the Q figure w il! not be 
completed. When a display, in i t s e lf ,  
f a i ls  the test w i l l ,  nevertheless, go 
through it s  entire sequence. A de­
tective display can be isolated by the 
test described immediately below.

3-7. Display Test and Analog C ircu it Test 
are combined in a routine of the se lf-  
diagnostic tests performed by the Self Test 
program. The Self Test is  a panel pushbutton 
function for elementary operator checks. 
Figure 3-0 outlines the setups and operating 
procedures for the Self Test. When you push 
the SELF TEST button using the appropriatè 
test setups, the test goes into the diagnos­
t ic  routine outlined in Figure 3-0.
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©  LIME ON/OFF switch: Turns instrument
on and' readies instrument for meas- 
urement.

(7) Trigger Lamp: Turns dn during sample
measuring period. Turns o ff during 
period when instrument is  not taking 
measurement (or hold period). There 
is  thus one turn-on-and-off cycle per 
measurement. When TRIGGER @  is  set 
to INT, the lamp flashes repeatedly 
at internal measuring rate.

(7) DISPLAY A: Inductance, capacitance,
resistance or impedance values in - 
cluding decimal point and unit is  
displayed in  a maximum 5-1/2 d ig it  
decimal number from 00000 to 199999 
(the number of d ig its  change depend- 
ing on instrument control settings). 
I f  the sample value exceeds f u l l  
count number on the selected range, 
OF (OverFlow) appears in th is  d is ­
play. In l ik e  manner, i f  the sample 
value is  too low, an UF (UnderFlow) 
annunciation appears. I f  an inappro- 
priate  panel control operation is  
made, one of nine annunciation f ig -  
ures E rrl to Err9 (Error 1 to Error

9) is  displayed u n t il the control in­
put demand is  autom atica lly  released 
or the erroneous measurement setup 
is  removed.

©  DISPLAY B: D iss ipation  fa c to r, qual-
i t y  factor, equivalent series re s is t­
ance, conductance, reactance, sus- 
ceptance, inductance, capacitance or 
pJiase angle includ ing decimal point 
and unit are displayed in a maximum 
5-1/2 d ig it  decimal number from 00000 
t o . 199999 (the number o f d ig its
change depending on instrument con­
t ro l settings). When DISPLAY A shows 
OF, UF, or Err, th is  d isp lay becomes 
blank.

©  FREQUENCY/TEST SIÊ LEVEL d isp lay: 
Test frequency, te s t signa! voltage 
or current is  displayed in  a 3 
d ig it  decimal number w ith decimal 
point. The appropriate un it is  in- 
dicated by un it lamp ind ica to r ad- 
jacent to the numeric d isp lay . Test 
signa! voltage or current is  display­
ed only while e ith e r of the TEST SIG 
LEVEL CHECK buttons (© is  being 
pressed.

Figure 3-1. Front Panel Features (Sheet 1 o f 4 ).
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(D  FREQUENCY STEP contro l: These push-
buttons select the desired test fre- 
quency from among a to ta l of 13 
availab le test frequencies (11 Stand­
ard plus 2 optional). The test fre- 
quency changes towards a higher fre - 
quency direction in a 1-2-4-10 se- 
quence (for option 004 un its , 1-3-5- 
10 sequence) each time UP button is  
pushed. Pressing DOWN button changes 
the frequency in the reverse sequence 
toward a lower frequency. The se- 
lected test frequeny is  displayed in 
the FREQUENCY/TEST SIG LEVEL display 
®

®  OSC LEVEL control: Continuously
varies test signal leve! in a tenfold 
ra t io  from minimum to maximum on the 
amplitude range selected by MULTI­
PLIER®.

®  MULTIPLIER: These pushbuttons select
te st signal leve! variab le ranges: 
x 0.01 (ImV to lOmV), x 0.1 (lOmV to 
lOOmV) , x 1 (lOOmV to IV) or x 5 ( 
0.5V to 5V).

®  HP-IB: Status Indicator and LOCAL 
button: Four LED lamps fo r SRQ, LIS­
TEN, TALK and REMOTE indicate status 
of interface between the 4274A (Op­
tion  101 ) and HP-IB control­
le r .  LOCAL button enables front panel 
control instead of remote control 
from HP-IB lin e .

®  TEST SIG LEVEL CHECK: These push­
buttons actuate the instrument to 
monitor the test signal level actual- 
ly  applied to the device under test. 
The test signal voltage or current is  
displayed instead of te s t frequency 
in FREQUENCY/TEST SIG LEVEL display 
® w h ile  "V" or "mA" button is  being 
pressed.

®  HIGH RESOLUfION: This pushbutton en- 
hances measurement reso lution by av­
erag! ng measured values over every 
ten measurements. Normal d ig it data 
plus lesser s ign if ican t d ig it data 
are displayed at l/8 th  of normal 
measuring rate.

®  TRIGGER: These pushbuttons select
tr igge r mode for triggering measure­
ment, INT, EXT or HOLD/MANUAL. INT

key provides internal trigger which 
enables instrument to make repeated 
automatic measurements. In external 
tr ig ge r mode (EXT), a trigger signal 
must app lied to EXT TRIGGER input 
connector on rear panel. HOLD/MANUAL 
tr ig ge r mode provides a trigger 
signal fo r  one measurement cycle each 
time th is  key is  pushed.

®  CIRCUIT MODE: These pushbuttons se­
le c t desired measurement c irc u it  mode 
to be used fo r taking a measurement. 
P a ra lle l (labeled ) selects a
pa ra lle l c ir c u it  mode. A series 
equivalent c ir c u it  is  set by series 
( *o*A-c ) pushbutton. When th is
function is  set to AUTO, the instru­
ment automatically selects appro- 
p ria te  p a ra lle l or series equivalent 
c ir c u it .

® . SELF TEST: This pushbutton performs
automatic check for diagnosing func- 
t iona l operations of the instrument. 
The d iagnostic  sequence is  normally 
repeated u n t il th is  button is  again 
pressed to  release the SELF TEST. 
I f  the instrument is  fau lty, a test 
step number is  displayed at the point 
where the fa ilu re  is  detected.

®  DISPLAY B function selectors: These
pushbuttons select subordinate compo­
nent parameters to be simultaneous]y 
combined with the primary parameter 
which is  set by DISPLAY A function 
se lecto r ®). Each pushbutton selects 
a parameter as follows:

D: D iss ipation  factor together
w ith inductance or capacitance 
measurement.

Q: Q ua lity  factor together with
inductance or capacitance meas­
urement. Q values are calcu- 
lated as the reciprocal number 
o f the dissipation factor.

ESR/G: Equivalent Series Resist-
ance or Conductance together 
w ith inductance or capacitance 
measurement. ESR is  selected 
w ith series c ircu it mode meas­
urement and conductance with 
p a ra lle l c ircu it  mode measure­
ment.

Figure 3-1. Front Panel Features (Sheet 2 of 4).
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X/B: Reactance or Susceptance to ­
gether with resistance measure­
ment. Reactance is  selected 
with series c ir c u it  mode meas­
urement and susceptance with 
pa ra lle l c ir c u it  mode measure­
ment.

L/C: Inductance or Capacitance to ­
gether with resistance measure­
ment. Inductance is  selected 
w ith series c ir c u it  mode meas­
urement and capacitance with 
pa ra lle l c ir c u it  mode measure­
ment.

6: This lamp ind icates tha t a 
phase angle measurement is  be- 
ing made together w ith an im­
pedance measurement. The lamp 
automatically l ig h ts  when an 

i impedance measurement function
i s se t.

®  LCRZ RANGE: These pushbuttons se lect
ranging method for inductance, capa­
citance, resistance or impedance 
measurements.

AUTO: Optimum range fo r the sample
value is  autom atica lly se­
lected.

MANUAL: Measurement range is  fixed 
(even when the sample is  chang- 
ed). Manual ranging is  done by 
pressing adjacent DOWN or UP 
button.

Note
Pressing DOWN or UP button sets 
the ranging mode to MANUAL even 
i f  the MANUAL button has not 
previously been pressed.

(n) DISPLAY A Deviation Keys: These
pushbuttons enable taking LCRZ devia­
tion measurements on DISPLAY A (7). 
The deviation measurement function 
does not e ffect DISPLAY B functions.

A Button: Difference in  L, C, R
or Z value between the measured 
value of the sample under test 
and the reference value obtain- 
ed from the preceding measure­
ment is  displayed (in  counts) 
in DISPLAY A (7) by pressing 
th is  button.

L%: The difference in percent de­
v iation o f a measured value 
from the reference value is  
displayed by pressing th is  
button.

Figure 3-1. Front Panel Features (Sheet 3 o f 4).
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RECALL: Reference value memorized
in the instrument is  displayed 
in DISPLAY A (?) while th is  
button is  being pressed.

STORE: Measured value displayed in 
DISPLAY A (?) is  stored in the 
interna! memory of the instru­
ment as the reference value 
when th is  button is  pushed.

®  DISPLAY A function selector: These
pushbuttons se le c t primary component 
parameter to be measured as follows:

L: Inductance together with sub-
ordinate d iss ipa tion  factor 
(D), q u a lity  facto r (Q), equiv­
alent se rie s  resistance (ESR) 
or conductance (G).

C: Capacitance with one of the
subordinate measurement para­
meters (same as those available 

• for inductance measurements).

R: Resistance with subordinate re­
actance (X), susceptance (B), 
inductance (L) or capacitance 
(C).

12 1: Absolute value of vector imped­
ance (|Z|) w ith phase angle (e) 
in degrees. The combination of 
these two parameter values is  
the vector impedance expression 
for the sample.

(w) ZERO offset compensator: These push­
buttons perform proper compensation 
for cancelling s tray  capacitance, re- 
sidual inductance, conductance, and 
resistance which is  present when a 
te st f ix tu re  or leads is  connected to 
the UNKNOWN term inals. Before meas­
urement is  begun, the OPEN or SHORT 
button is  pressed when the test 
f ix tu re  (leads) is  terminated for the 
appropriate open and short condition, 
respective ly, to automatically compen- 
sate the measured values for the 
effects of such residual parameters.

(20) DC BIAS: This switch sets the lim i-
tation on applied dc bias voltage 
(either ±35 vo lts or ±200 vo lts) and 
qua lif ie s  test fix tu re  (test leads) 
useable under dc bias operation. 
When th is  switch is  set to ±35V MAX, 
the maximum dc bias voltage is  
e le c t r ic a lly  lim ited to ±35 volts. 
When switch is  set to ±200V MAX po- 
s it io n , the connection o f HP test 
fix tu res designed for use at ±35V and 
below is  physica lly  obstructed.

(5) UNKNOWN: These conrectors provide
the capab ility  for connecting a 
sample to be measured in  a four te r­
minal pair configuration. High cur­
rent terminal (Ham), High potential 
terminal ( H p o t ) ,  Low potential termi­
nal (L pot ) and Low current terminal 
(Lcur ). The four terminal pair con­
figuration is  constructed in  conjunc- 
tion  with the te st f ix tu re  or test 
leads connected to the UNKNOWN con- 
nectors.

(2) GUARD Terminal: This terminal is
connected to chassis ground of in ­
strument and can be used as guard 
terminal in measurements which spe- 
c i f ic a l ly  require using a guard.

(5) BIAS indicator: This lamp ligh ts  and 
indicates that a dc bias voltage is  
being applied to the device under 
te st (during dc bias operation).

F igure 3-1. Front Panel Features (Sheet 4 of 4).
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©  DC BIAS Selector Switch: This switch 
selects internal or external dc bias 
source to be used and is  set fo r  dc 
bias operating characteristics appro- 
priate to the biasing application as 
follows:

INT 35V/100V (< .1yF): With Option
001 or 002, internal dc bias 
voltage is  applied to the capa- 
c ito r sample. Bias voltage 
settling  time is  short. Capaci­
tance value of sample should be
O.lvF or less.

INT 35V/100V (ü2F): With Option 001
or 002, internal dc bias voltage 
can be applied to capacitor 
sample values up to 2F .

0FF: No dc bias voltage is  ( in te r- 
nally or externally) applied to 
sample connected to UNKNOWN 
terminals.

EXT ±35V MAX (lOOmA MAX): External
dc bias voltage can be applied 
to the capacitor sample up to a 
maximum o f ±35 volts through 
connector ©  (when front panel 
DC BIAS switch is  set to  ±35V 
MAX position).

EXT ±200V MAX: ' External dc bias 
voltage can be applied to capa­
c ito r sample up to a maximum o f 
±200 vo lts  through connector©  
(when fron t panel DC BIAS switch 
is  set to ±200V MAX position).

®  EXT ±35V MAX (lOOmA MAX) Connector: 
External dc bias voltage can be 
applied to sample up to a maximum of 
±35 volts through th is  connector.

©  EXT ±200V MAX Connector: External dc
bias voltage can be applied to sample 
up to a maximum of ±200 vo lts through 
th is  connector.

©  LINE Input Receptacle 48 - 66Hz:
AC power cord is  connected to th is  
receptacle and ac power lin e .

©  LINE VOLTAGE SELECTOR Switches:
These switches se lect appropriate ac 
operating power voltage from among 
100, 120, 220V ±10% and 240V +5% - 
10%, 48 - 66Hz.

©  LINE FUSE Hol der: Instrument power
lin e  fuse is  in s ta lle d  in th is
holder:

100/120V operation:
1.25AT (P/N 2110-0305) 

220/240V operation:
SOOmAT (P/N 2110-0016)

©  INT DC BIAS MONITOR Connector:
DC bias monitor output (useable fo r 
both internal and external dc bias 
operations). Output impedance 30kQ.

©  EXT TRIGGER Connector: Th is connec­
to r is  used fo r externa lly  triggering  
the instrument by inputting an exter­
nal tr igger signal. TRIGGER switch 
on front panel should be set to EXT.

©  INT DC BIAS CONTROL Connector:
With Option 001 or 002, HP 16023B DC 
BIAS CONTROLLER can be connected fo r 
remotely contro l!ing internal dc bias 
voltage through th is  connector.

©  HP-IB Connector: With Option 101,
HP-IB cable can be connected 

to intercommunicate with other HP-IB 
devices through the bus lin e  cable.

Figure 3-2. Rear Panel Features.
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3-9. The Model 4274A makes simultaneous 
measurements of two independent parameters in 
each measurement cycle. This combination of 
measurement parameters represents both the 
res is tive  and reactive characte ristics o f the 
sample. The tota l of 13 measurement functions 
(three among them are duplicates) are cl a ss i- 
f ied , for d isplay purposes, into two groups, 
DISPLAY A and DISPLAY B functions. DISPLAY 
A function group comprises the primary meas­
urement parameters including L (inductance), 
C (capacitance), R (resistance) and |Z| (im­
pedance). Pushbutton colors correspond with 
these functions. This correspondence with 
DISPLAY B functions is  described la te r. 
Measured values are displayed in DISPLAY A 
section at top le f t  of front panel. The 
4274A is  also capable of deviation measure­
ments which are associated with the DISPLAY A 
functions. When the STORE mode operation is  
enabled, the 4274A memorizes the measured 
value (DISPLAY A) as the reference value. 
The difference between the subsequent meas­
urement and the reference value is  displayed 
in the form of a subtraction as a A (delta) 
measurement or as a percent deviation a% 
(delta percent) measurement.

DISPLAY B functions include a group of sub­
ordinate measurement parameters, the ava il- 
a b il it ie s  of which are p a r t ia lly  dependent on 
the primary function selected. The following 
parameters are included: D (d issipation 
factor), Q (quality factor), ESR/G (equiva­
lent series resistance/conductance), X/B (re- 
actance/susceptance), L/C (inductance/capaci- 
tance and 9 (phase angle). D, Q, ESR and G 
measurements can be made with L or C measure­
ments. X, B, L and C measurements are possi- 
ble in R measurements. A 6 measurement is  
possible only with a |Z| measurement. Note 
that the choice o f panel selectable functions 
combined with a slash (/) are related to CIR­
CUIT MODE settings. The re lationsh ips of the 
combinability o f subordinate parameters to 
major measurement parameters are summarized 
in Table 3-1. Measurement parameter formulas 
for measurement function are given in Table
3-2.

3-8. MEASUREMENT FUNCTION.

The Dual function keys ESR/G, X/B and L/C for 
DISPLAY B function Controls are defined with 
and subject to the selected CIRCUIT MODE. 
To fa c il ita te  selection of the appropriate 
function keys, pushbutton labels fo r the ESR, 
X and L functions as wel! as fo r series c i r ­
cu it mode ( HZH*n> ) Iden tifica tion  are uni- 
formly colored in mint gray.

Table 3-1. A va ilab le  Measurement Functions.

D IS P LA Y  A
D IS P LA Y  B

o - o w i - o  o n l y °-T^~Vq o n l y

L 0 0 ESR/ /G

□ El El □ □
c D 0 ESR/ /G

□ El El □ □
R X/ 1/ /B /C

IZI e

s 0

3-10. DISPLAY.

3-11. Two primary display sections and a 
sub-display section provide visual data out- 
puts of measurement results as wel! as of the 
test parameter values employed fo r the meas­
urement. DISPLAY A provides a readout of the 
measured inductance, capacitance, resistance 
or impedance values in a maximum 6 d ig it  dec­
imal number w ith decimal point and appro­
priate unit. I f  measurement is  not achieved 
because of inappropriate panel control se t­
tings or by incorrectly connecting the 
sample, an alphabetic annunciation (either 
OF, UF, or Err) is  displayed.

DISPLAY B gives subordinate measurement data 
such as d iss ipation  factor, qua lity  factor, 
equivalent series resistance or conductance 
in inductance or capacitance measurements, 
reactance, susceptance, inductance or 
capacitance in resistance measurements, or 
the phase angle in impedance measurements. 
The 6 d ig it  numeric DISPLAY B becomes blank 
when measurement data for DISPLAY A cannot be 
properly taken.

In the numeric-displays, lesser s ign ifican t 
d ig it  data is  represented by a smal! zero (o) 
figure to d iffe ren tia te  i t  from a s ign ifican t 
figure which is  represented by a large zero 
(□).

O [J S O o
S ig n if ic a n t  ze ro  

*— Less s ig n i f ic a n t  zero ■J

Note

Less s ig n if ican t d ig it  data iden ti- 
fy the meaningless numbers related 
to the uncertainty of the measure­
ment re su lt.

3-7



Section III
Table 3-2 Model 4274A

Table 3-2. Measurement Parameter Formulas.

c DISPLAY A DISPLAY B
H l - C |Z| D Q ESR G 6
Cx Rx

Cx
[ 1

wCxRx
1

Rx- in /V r* 1 n>2Cx2 + Kx uCxRx "tdn wCxRx )

1 Gx ujCx üjCx
1 AjU 1 Cx /co2Cx2 + Gx2 uCx Gx Gx - ta" ‘ C Gx )

L DISPLAY A DISPLAY B

L |Z| D Q ESR G 0
Lx Rx Rx wLx üjLx

HRTHA- Lx /ü)2Lx2 + Rx 2 ojLx Rx Rx U,," ( - R x  )

uLx 1 1
1 AAA ■

Gx
Lx A  + co2Lx2Gx2 ujLxGx uLxGx Gx “ " '■ („L xG x )

R
-VA-

DISPLAY A DISPLAY B

R |Z| X B L C e

Cx-Rx
H H M r - Rx

I . 1 1
~cüCx

i
J RX‘  + u2 Cx2 -tan" ’ ( uCxRx 5

& Rx
Rx

A + cu2Cx2Rx2 wCx Cx - ta n '1(uCxRx)

Lx Rx 
HTP-VA- Rx *4>2Lx2 + Rx2 toLx Lx

üjLx

tan ’ t Rx >

Rx
uLxRx 1

wLx
Rx

tan' l f ~ )A x z  + <ü2Lx 2

Z Cx Rx 
H H M -

- S >Gx

Lx Rx .

/ 1 1 wLx
|Z| i  lu2Cx2 + Rx A tiiz Cx2 + Gx2 /w2Lx2 + Rx2 A + cj2Lx 2Gx2

e
1

-tan' ‘ ( »CxRx 1
wCx

- tan“ f Gx 1
wLx

tan" ( ~ ) tan ‘ f wLxGx )

Z = R + jx  = ]Z | (cos 9 + j s i n  9 ) ,  |Z | = A z + X2
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Model 4274A Section III
Paragraphs 3-12 and 3-13

The third readout is  the FREQUENCY/TEST SIG 
LEVEL display section and provides for d is- 
playing te st parameter data, that is ,  v o lt­
age, current or the frequency of the test 
signal applied to the sample under te st. The 
parameter data displayed by the 3 d ig it  dec­
imal numbers are convenient for monitoring, 
adjusting and recording the te st conditions. 
When monitoring test current, an OF (Over- 
Flow) annunciation may be displayed when a 
very low impedance sample is  connected to the 
UNKNOWN terminals. '

3-1 2. TEST SIGNALS.

3-13. A to ta l of 11 te s t signal frequencies 
which have a frequency accuracy of 0.01% are 
availab le in a Standard instrument. Table
3-3 is  a tabulation of ava ilab le  test signal 
leve l ranges and spot frequency points. The 
te s t frequencies are switchable and can be 
selected in 1-2-4-10 sequence from 100Hz to 
100kHz by the FREQUENCY STEP control. The 
selected frequency is  displayed in a three 
d ig it  decimal number with appropriate fre ­
quency unit indication in the FREQUENCY/ 
TEST SIG LEVEL display. The two additional 
te s t frequencies' with which the instrument 
can be optionally equipped can further en- 
hance the multi-frequency measurement capa- 
b i l i t y  of the 4274A.

The test signal is  a sinusoidal waveform and 
can be set at the desired amplitude in the 
range of ImV to 5Vrms by the OSC LEVEL con­
tro l and MULTIPLIER buttons. A high level 
te s t signal is  usually used fo r the measure­
ment of genera! capacitors, res isto rs and 
certa in kinds of inductive components which 
are normally operated at such high signal 
le ve l. On the other hand, a low test signal 
is  suitable fo r the measurement of low signal 
leve l operating devices and of non-linear 
impedance elements, e spec ia lly  semiconductor 
devices. Furthermore, by using the appro­
p ria te  test levels and frequencies as test 
parameters, a particu la r characte ristic  or .a 
change in value of the sample can be repre­
sented graphically (such as is  done to char- 
acterize an inductor with a highly permeable 
core, a transformer or other devices over 
th e ir  operating ranges).

Note

After changing the frequency, 
MULTIPLIER or OSC LEVEL setting, 
allow the follow ing times for the 
test signal to s ta b iliz e :

Control Settling time

MULTIPLIER

X 5

200msX 1

X 0.1

X 0.01 lOOOms

OSC LEVEL 3s

Frequency 200ms

When the TEST SIG LEVEL CHECK button is  
pushed, an auto-ranged readout o f the test 
signal voltage or current actually applied to 
the device under te st may be observed in the 
FREQUENCY/TEST SIG LEVEL display. While the 
V or mA check button is  pressed, the test 
level is  monitored. Measurement o f the 
sample is  disabled and the measured values 
obtained in the preceding measurement are 
held until the check button is  released.

While monitoring the values on the display, 
the test signal leve l and test frequency may 
be chosen so that these values can be set 
near those of the normal operating conditions 
of the device under test. In th is  way, data 
is  obtained under the Virtual operating con­
d itions of the device. This is  especia lly 
useful in design or in other objectives 
where the data gathered should be done so 
under near-actual operating conditions.

Table 3-3. Test Signal Level and 
Frequencies.

MULTIPLIER
setting

OSC LEVEL 
control range

Test 'Signal 
Level

X 0.01 
X 0.1 
X 1 
X 5

ImV to 1OmV 
lOmV to lOOmV 

lOOmV to IV 
500mV to 5V

Test
Frequency

100Hz, 120Hz, 200Hz, 400Hz, 
1kHz, 2kHz, 4kHz, 10kHz, 

20kHz, 40kHz, 100kHz, and 
two optional frequencies.
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3-14. MEASUREMENT RANGES.

3-15. The 4274A covers minimum to maximum 
measurable values in 9 basic ranges fo r each 
of the seléctable measurement parameters. To 
span the en tire  inductance and capacitance 
range of the instrument, the 9 basic ranges 
cover 13 V irtua l ranges depending on the v a l­
ue of the measured parameters and the te st 
frequency (se tting). Each range allow  a 100% 
overrange o f the 100000 fu l l scale counts 
(maximum 199999 counts). Table 3-4 shows 
ava ilab le  measurement ranges fo r both the 
pa ra lle l and series c ir c u it  measurement 
modes. When the LCRZ RANGE control is  set to 
AUTO, an optimum range is  automatically se­
lected fo r each measurement. Manual ranging 
is  also feas ib le . Ranging fo r DISPLAY B func­
tions is  f u l ly  automated. When range.setting 
is  inappropriate, OF (OverFlow) or UF (Under- 
Flow) is  displayed in DISPLAY A or DISPLAY B.

Voltage and current ranges for the TEST SIG 
LEVEL CHECK are automatically set in  accord 
with the ranging program which is  predeter- 
mined dependent upon the MULTIPLIER range 
setting (and, in l ik e  manner, LCRZ RANGE fo r 
the test current check). The ava ilab le  ranges 
are shown in Table 3-5.

Section III
Paragraphs 3-14 to 3-18

Table 3-5. Test Signal Level Check Ranges.

Test Signal Level

V mA

Ranges
0.50 - 5.00* 
.00 - 1.00* 

.000 - .100* 

.000 - .010*

0 - 100* 
.0 - 20.0* 

.00 - 2.00* 
.000 - .200*

*Note: Approximate value (unspecified).
3-16. CIRCUIT MODE.
3-17. An impedance element can be represent­
ed by a simple equivalent c ir c u it  which is  
comprised of re s is t iv e  and reactive elements 
each connected in  series with or in  pa ra lle l 
with the other. This representation is  pos- 
s ib le  by e ithe r o f the (series and p a ra lle l)  
equivalents because both have iden tica l im- 
pedances at the selected measurement frequen­
cy by proper!y estab lish ing the values o f the 
equivalent c ir c u it  elements. The equivalent 
c ir c u it  to be measured is  selected by setting 
the CIRCUIT MODE contro l. When the CIRCUIT 
MODE is  set to AUTO, the 4274A w il! automat- 
ic a l ly  se lect e ither pa ra lle l or series 
equivalent c ir c u it  mode as appropriate to the 
range and function settings. By setting  CIR­
CUIT MODE manual!y, e ither o f the c ir c u it  
modes is  useable on a l l LCR |Z| D and Q ranges.

Model 4274A

3-18. Parameter values for a component meas­
ured in a para lle l equivalent c i r c u i t  and 
that measured in series equivalent c ir c u it  
are d iffe ren t from each other. The d if f e r ­
ence in measured values is  re la ted  to the 
loss factor of the sample to be measured. 
Obviously, i f  no series resistance or para l­
le l conductance is  present, the two equiva­
lent c ir c u its  are iden tica l.

However, a sample value measured in  a para l­
le l measurement c ir c u it  can be corre lated 
with that of a series c ir c u it  by a simple 
conversion formula which considers the e ffe c t 
of d iss ipation  factor. See Table 3-6. F ig­
ure 3-3 graphically shows the re la t ion sh ip s  
of p a ra lle l and series parameters fo r  various 
d iss ipation  factor values. App licab le  
diagrams and equations are given in the 
chart. For example, a para lle l capacitance 
(Cp) o f lOOOpF with a d iss ipation  fa c to r of
0.5, is  equivalent to a series capacitance 
(Cs) value o f 1250pF with an id e n tica l d is s i­
pation facto r. As shown in Figure 3-3, in ­
ductance or capacitance values fo r  p a ra lle l 
and series equivalents are nearly equal when 
the d issipation facto r is  le ss  than 0.03. 
The d iss ipation  factor of a component always 
has the same value at a given frequency fo r 
both p a ra lle l and series equivalents.

In ordinary LCR measuring instruments, the 
measurement c irc u it  is  set (autom atica lly  or 
manually) to a predetermined equiva lent c i r ­
cu it w ith respect to e ither the selected 
range or to the d issipation fa c to r value of 
the sample. The wider c ir c u it  mode se lection  
capab ility  of the 4274A, which is  free  from 
these re s tr ic t io n s , permits taking measure­
ments in the desired c ir c u it  mode and o f com- 
paring such measured values d ir e c t ly  with 
those obtained by another instrument. This 
obviates the inconvenience and necess ity  o f 
employing instruments capable of tak ing  meas­
urements with the same equivalent c i r c u i t  to 
assure measurement resu lt correspondence.

jXs Rs 

- O W -

Rs
...  Rs* + Xs2 = 6

o

Zs = Rs + jXs

Xs
- J T T -----T T  = J BRs2 + Xs2

(Os = Xs/Rs)
Yp = — —  = G + jB  

Zp

(Dp = B/G = Xs/Rs)
When the conditions fo r  the above equations  
are s a t is f ie d , the p a ra lle l and s e r ie s  c i r ­
c u its  have equal impedance (at a p a r t ic u la r  
frequency point). Note that the d is s ip a t io n  
fa c to r  is. the same in  both equ iva lent c i r ­
c u it  representations.
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Model 4274A Section III
Figures 3-3 and 3-4

The measurement c ir c u it  used should be the 
one that approximates the actual equivalent 
c ir c u it  o f  the sample to be measured. 
However, there  is  no convenient c r it e r ia  for  
reasonably se le ctin g  the appropriate measure­
ment c i r c u i t  fo r  general components. U sually , 
a series measurement c ir c u it  is  employed for  
the measurement of a low impedance sample and 
a p a ra lle l measurement c ir c u it  fo r a sample 
of high impedance. For example, in a low 
capacitance sample such as a ceramic capaci­
to r, p a ra lle l conductance is  the major con- 
trib u to r to  lo s s .  On the other hand, fo r  a 
high capacitance sample such as an e le c tro ly -  
t ic  c a p a c ito r , the equivalent series r e s is t ­
ance co n s is tin g  o f lead resistan ce , electrode  
resistance , d ie le c t r ic  lo s s , e tc . is  the main 
factor which contributes to the loss o f  the 
component. For middle range impedances, th is  
reasoning s t i l l  app lies, but the e ffe c ts  are 
less pronounced. Figure 3-4 shows the rough

relationsh ips between the appropriate meas­
urement c ir c u it  mode and sample values.

An empirical method of choosing the appro­
pria te  measurement c ir c u it  is  to in fe r the 
actual equivalent c ir c u it  of the sample from 
the results of a t r ia l  measurement. Depend- 
ency o f the d iss ipation  factor (quality  
fa cto r)  upon te s t  frequency o ffe rs  a theoret- 
ic a l basis fo r  such inference. The loss
facto r o f series  capacitance lo ss  increases 
a t a higher frequency. The p a ra lle l loss of 
a capacitor w ill exh ib it the opposite ten- 
dency. A lso , fo r inductors, the equivalent 
c ir c u it  can be deduced by a s im ila r course of 
reasoning. Therefore, the measurement c ir ­
c u it  appropriate to the sample can be deter- 
mined by comparison o f the d iss ip ation  factor 
values obtained at the desired te st frequency 
and that obtained at another frequency near 
to  the selected test frequency.

Table 3-6. D issipation  Factor Equations.

C irc u it  Mode D iss ip a tio n  Factor Conversion to 
other modes

C

Cp

O
Rp

2rfCpRp Q

Cs = (1 + D2) Cp 

D2Rs = Rp 
1 + D2

Cs Rs 
H H rS V - D = 2irfCsRs = - L  

Q

Cp = 1 Cs 
1 + D2

Rp * 1 + D* Rs
D2

L

Lp

O
Rp

D .  2mfLp = 1 
Rp Q

LS = 1 Lp 
1 + D2

D2Rs = u Rp 
1 + D2

is  Rs 
-mPT'-wv- D = Rs = 1 

2mfLs Q

Lp = (1 + D2) LS

Rp = 1+1)2 Rs 
D2

10° «o'1*1
Figure 3-3. Para lle l and Series Parameter 

Relationships.
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Table 3-4

Model 4274A

Table 3-4. Measurement Ranges and Number of D isp lay D ig its  (sheet 1 o f 5).

NUMBER OF DISPLAY DIGITS

Tables(7)through(7)show the number of s ign ificant d ig its  displayed fo r each o f 
the 4274A measurement parameters. The three numeral combinations in the tab les 
indicate the numbers of d ig its  displayed in the respective range and te s t f r e ­
quency areas. That is ,  the numerals of each set ind icate, respective ly , the 
number o f d ig its  displayed depending on test signal level MULTIPLIER settings 
(X 5, X 1, X 0.1 or X 0.01) as follows:

4 4 4 3  (d ig its)

r 1
X 5 X 1 X 0.1 X 0.01

MULTIPLIER settings

On 3 d ig it  f u l l  scale ranges (at MULTIPLIER X 5 settings), when the measured 
sample value is  small compared to fu ll scale range value, the number o f d ig its  
displayed is  autom atica lly increased as illu s tra ted  below:

For example, on the lOOOyF capacitance range, measurement resu lts are displayed 
from 500ÜF to 1999yF in 3-1/2 d ig its , from 160.0yF to 499.9yF in 4 d ig its  and 
from the lower range l im it  to 159.99yF in 4-1/2 d ig its  (note that th is  is  not 
owing to a change o f range but in resolution). Therefore, accuracy and reso lu - 
t io n , v ir tu a lly  eoual to that on 4 d ig it  fu ll scale ranges, is  rea lized  on 3 
d ig it  ranges. The d isp lay of measured values also follows in the same manner 
(when MULTIPLIER is  set to X 1, X 0.1 or X 0.01). In Tables(T)through(7), the 
ranges on which measured values are displayed in such manner are denoted by 
under!ining o f the numbers o f d ig its .

Note

On basic 3 d ig it  ranges, the parameter 
values to be displayed are obtained from 
reciprocal parameter measurements. Thus, 
measurement resolution becomes higher fo r 
lower sample values (at the selected 
range) and, accordingly, the numbers of 
d ig its  displayed is  changed to afford the 
best o f the measurement capab ilit ie s .
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Table 3-4

Table 3-4. Measurement Ranges and Number of D isp lay D ig it s  (sheet 2 of -5).

NUMBER OF CAPACITANCE DISPLAY DIGITS.

©
lOOOmF

v

lOOmF
\ ___________________________ k.

lOmF 1 ’  ï  -  -l -  > 1 3 3
__________________________  \ ____________ ' ____________ -

1000aF ^  3,  2 ,  1 ,  -  ]

lO O uF
s

3 ,  3,  2, 1
___________________

IO u F
-  7 *r 9

lOOOnF
0, 3 j O. £.

lO O nF

L1 OnF 1 4 ,  4 .. 4 ,  3

___________________

lOOOpF ©  1S___________________________

lO O pF \  4 ,  4 ,  5 ,  2
lO p F 1 4 ’  3 ’ 2 ’  1 1___________________

1000FF
"  >

1Q0H2 200H? 120H2 Z00H2 400Hz 1 kHz 2kHz 4kHz 10kHz 20kHz 40kHz 100kHz

NUMBER OF DISPLAY DIGITS FOR ESR AND G IN C-ESR/G MEASUREMENT.

©
lOMO

iooo«n
lOOOns

IQps

ESR

T
3- 2 - 1  -
3 - 3 ■ 2 - I

G

T
4 - 3 - 2 - I

4 - 4 • 3 • 2

IOOKC1 IOOjjs

I O K Q lOOOps

i o o o o lOms

IOOJ1 lOOms

IO H lOOOms

IOOO mO 10$
lOOm n 100$

3 • 3 - 3 - 2

4 • 4 - 4 - 3

4 - 4 - 3 2
4  • 3  ■ 2 - I

E S R 100 Hz 
120Hz

4 • 4  • 4 * 3

3 3 3 2

2  -

3 - 2 - I —

200Hz 400Hz I KHZ 2KHz 4KHz 10 KHZ 20KHZ 40KHZ llOOKHz
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Model 4274A

Table 3-4. Measurement Ranges and Number of D isplay D ig its  (sheet 3 of 5).

NUMBER OF INDUCTANCE DISPLAY DIGITS.

®

NUMBER OF DISPLAY DIGITS FOR ESR AND G IN L-ESR/G MEASUREMENT.

©
ESR

T
G

T
IOMD lOOOns 3 - 2 - 1  — 4 ■ 3 • 2 • I

IOOOKO lOps 3 - 3 ■ 2 - I 4 • 4 • 3 • 2

IOOKQ IOO>is

IOKC1 lOOOjiS

iooon lOms

3 • 3 - 3 - 2 4 • 4 • 4 • 3

lO O ii lOOms

ion lOOOms
4 • 4 - 4 - 3 3 3 3 2

IOOO mO l Os 3 ■ 2 3 - 3 - 2 1
lOOmH lOOs 3- 2 - 1 2 • I - -

200Hz 400Hz IKHz 2KHz 4 KHz lOKHz 20KHZ 40KHZE S R 100Hz
120Hz lOOKHz
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Table 3-4

Table 3-4. Measurement Ranges and Number of D isplay D ig its  (sheet 4 o f 5).

NUMBER OF CAPACITANCE DISPLAY DIGITS IN R -C  MEASUREMENT.

©

NUMBER OF INDUCTANCE DISPLAY DIGITS IN R -L  MEASUREMENT.

©
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Table 3-4 Model 4274A

Table 3-4. Measurement Ranges and Number of D isplay D ig its  (sheet 5 o f 5).

NUMBER OF DISPLAY DIGITS FOR R, X, IZI AND B MEASUREMENTS.
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Model 4274A

3.19. INITIAL DISPLAY AND INDICATIONS.

3-20. When LINE button is  depressed to turn 
instrument on, the 4274A exhibits the normal 
test resu lt of in it ia l  function test by a 
le ft  to righ t progression of the figure Q. 
I f a ll of the test resu lts are correct, a 
total of f ive  E  figures appear in the DISPLAY 
A as shown below:

p  p p  p p

Next, alphabetic annunciation o f the op- 
tion(s), i f  insta lled  in the instrument, is  
momentarily displayed. The option annuncia­
tion is  given fo r HP-IB Compatible, Internal 
DC Bias Supply and Battery Memory Back-up 
options. Installed option contents are d is ­
played as shown below:

H I 1

The meanings of the option annunciations are 
outlined in paragraph 3-52.
3-21. INITIAL CONTROL SETTINGS.
3-22. One of the convenient functions which 
fa c ilita te  ease of operation is  the automatic 
in it ia l control settings performed after the 
instrument is  turned on. In it ia l panel con­
tro l functions are automatically set as 
follows:

DISPLAY A .................
LCRZ RANGE ...............
Deviation measurement
DISPLAY B .................
CIRCUIT MODE ............
HIGH RESOLUTION .......
SELF TEST .................
TRIGGER .....................
Frequency .................
MULTIPLIER ...............

...................  C

.............. AUTO

................ o ff

...................  D
AUTO ( )
...............  o ff
................ o ff
................ INT
......... 1.00kHz
.................  XI

These in it ia l  settings establish the genera! 
capacitance measurement conditions applicable 
to a broad range of capacitance measurements. 
After doing ZERO offset adjustment (see Para­
graph 3-27) with respect to the test f ix tu re  
used with the instrument, a capacitance can 
usually be measured by merely connecting the 
sample to the test fix tu re . Inductance, re ­
sistance or impedance can be measured by 
pressing L, R or |Z| buttons as appropriate. 
When a d ifferent measurement is  to be at- 
tempted, press appropriate pushbuttons and 
select desired functions.

3-23. UNKNOWN TERMINALS.

3-24. For connecting the sample to be 
tested, the 4274A employs measurement termi­
nals in a four terminal pair configuration 
which has a s ig n if ican t measuring advantage 
for component parameter measurements requir- 
ing high accuracy in the ca rrie r frequency 
region. General!y, any mutual inductance, 
interference of the measurement s ignals and 
unwanted residual factors in the connection. 
method which are incidental to ordinary te r­
minal methods have s ign ifican t e ffects  on the 
measurement at a ca rrie r frequency. The four 
terminal pa ir configuration measurement per- 
mits easy, stable and accurate measurements 
and avoids the measurement lim ita tion s  in ­
herent in such e ffects. To construct th is  
terminal architecture, connection of a sample 
to the instrument requires the use of a test 
f ix tu re  or test leads in a four terminal pair 
configuration design.

The UNKNOWN terminals consists o f four con- 
nectors: High current (Hcur), High potential
(H?ot), Low potential ( L pot) and Low current 
(L cur). The purpose of the current terminals 
is  to cause a measurement signal current to 
flow through the sample. The potentia l te r­
minals are for detecting the voltage drop 
across the sample. The high side s ig n if ie s  
the drive potential (referenced to low side 
potential) drawn from the internal measure­
ment signal source. To compose a measurement 
c irc u it  loop in a four terminal pa ir con­
figuration, the Hcur and Hpot, L cur and L pot 
terminals must be respectively connected 
together and, in addition, the sh ie lds o f a ll 
conductors must be connected together (as 
shown in Figure 3-5). P rincip le  of the four 
terminal configuration measurément is  i l lu s -  
trated in Figure 3-6. At f i r s t  glance, the 
arrangement appears to be an expanded four 
terminal method with a bu ilt- in  guard struc- 
ture. This is  true. Thus, the four terminal 
pair method combines the advantages o f the

Section III
Paragraphs 3-19 to 3-24
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four terminal method in low impedance meas­
urements while providing the shield ing 
effects required fo r high impedance measure­
ments. The d is t in c t iv e  feature of the four 
terminal pa ir configuration is  that the outer 
sh ie ld  conductor works as the return path fo r 
the measurement signal current. The same 
current flows through both the center con­
ductors and the outer shield conductors 
(in opposite d irections) yet no external 
magnetic f ie ld  are generated around the con­
ductors (the magnetic f ie ld s  produced by the 
inner and outer currents completely cancel 
each other). Because the measurement 
signal current does not develop an inductive 
magnetic f ie ld ,  the test leads do not con- 
tr ibu te  additional measurement errors due to 
s e lf  or mutual inductance between the in d i-  
vidual leads. Hence, the four terminal pa ir 
method enables measurements with best accura- 
cy minimizing any stray capacitance and 
residual inductance in the te st leads or 
te st f ix tu re .

Note

I f  residual inductance does ex ist 
in te s t leads, i t  a ffects measure­
ments and the resultant additional 
measurement error increases in 
capacitance measurements, in pro- 
portion to the square o f the meas­
urement frequency.

3*25. Measurement of Grounded Samples.

3-26. Theoretica lly , samples which have one 
terminal (except guard term inal) grounded 
to earth can not normally be measured by the 
4274A. Such measurement conditions are, for 
example, the d istributed capacitance measure­
ment of a coaxial cable with a grounded 
shield conductor or the input/output im­
pedance measurement of a sing le ended ampli- 
f ie r .  When a one-side-grounded sample is  
connected for measurement, the 4274A may d is ­
play an error message or incorrect measure­
ment re su lts . This is  because the bridge 
section cannot achieve a balance with any 
measurement terminal grounded and, addition- 
a lly , any grounding modifies the four termi­
nal pair measurement arch itecture (other than 
an internal connection of the shield con­
ductor to  instrument chassis at one point).

Note

I f  one terminal is  grounded, a 
signal current of equal magnitude 
(an operating condition of the 
four terminal measurement configu­
ra tion ) w ill not flow in the in ­
ner and outer conductors of the 
measurement cable.

voltage across DUT

Figure 3-6. Four Term inal Pa ir Measurement P r in c ip le .
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Contrary to these theoretical measurement 
lim ita tion s , the 4274A w il l ,  in most cases, 
measure a grounded sample when such an at- 
tempt is  made. Actua lly , a measurement can 
be taken i f  a certa in magnitude o f impedance 
(larger than that o f the unknown sample) is 
present between the grounding point of the 
sample and instrument ground. Therefore, the 
measurements cited as examples are feasib le  
with the 4274A. As the measurement of a 
grounded sample depends on the magnitude of 
the grounding impedance, measurement accuracy 
is  unspecified. Availab le measurement range 
may be restricted (an error message is  d is ­
played on unuseable ranges).

3.27. ZERO OFFSET ADJUSTMENT.

3-28. Since test fix tu res  have ind iv idua l, 
inherent stray capacitances, residual induct- 
ances and resistances, the measured values 
may be unacceptably influenced depending on 
the measurement range and the magnitudes of 
the residual parameters. The ZERO offset ad­
justment function o f the 4274A automatically 
performs optimum compensation fo r such re­
sidual factors in the test f ix tu re  and mini- 
mizes the incremental measurement errors. 
Any measurement error particu lar to the test 
f ix tu re  used is  therefore eliminated. Here 
is  how to cancel out the effect o f residuals 
with the offset adjustment:

CAUTION
BEFORE PROCEEDING WITH ZERO OFFSET 
ADJUSTMENT, VERIFY THAT BIAS INDI­
CATOR LAMP IS NOT LIT. IF ILLUMI- 
NATED, SET REAR PANEL DC BIAS 
SWITCH TO OFF.

1) Connect te st f i  xture or test 1eads to 
the 4274A UNKNOWN term inals. Connect 
nothing to the test fix tu re  or to test 
leads (as a DUT).

2) Set MULTIPLIER to X 5 and OSC LEVEL 
control to i t s  fu l ly  cw position, and 
other Controls for the desired func­
tion , frequency, c ir c u it  mode, etc..

3) Press ZERO OPEN button.
This automatically sets the instrument 
to C-G measurement mode. DISPLAY A 
exhibits "CAL" while stray capacitance 
and conductance values are being mëas- 
ured at each te st frequency. The test 
frequency d isp lay is  switched, in turn, 
to succeedingly lower frequencies from 
100kHz (100kHz, 40kHz, 20kHz .. 100Hz).

Lastly , a ll panel control functions 
are restored to the setting given in 
step 2 (about 10 seconds after press­
ing OPEN button).

4) Short-c ircu it te s t fix tu re  or test 
leads with a low impedance shorting 
strap.

5) Press ZERO SHORT button.
This automatically sets instrument to 
L-ESR measurement mode. A sequential 
measurement is  performed with respect 
to residual inductance and resistance 
in the same manner as that in the ZERO 
OPEN offset adjustment operation (in 
step 3).The instrument is  now ready to 
take measurements.

When the ZERO offse t adjustments are 
performed in high resolution mode (to 
measure small values with high accura­
cy),"CAL" is  displayed about 20 seconds.

For succeeding measurements, the measured 
values are now always automatically compen- 
sated fo r the stray capacitance, residual in ­
ductance, conductance and resistance which 
are present in the particu la r test f ix tu re  or 
test leads being used with the instrument. 
The 4274A calculates optimum compensation 
quantities from the memorized residual para­
meter values each time a measurement is  taken 
and, accordingly, compensatés the measured 
sample value. Offset adjustment ranges are:

Capacitance: up to 20pF
Inductance: up to 2000nH
Resistance: up to 500m8
Conductance: up to 5p$

I f  an o ffset compensation is  not performed, 
i t  causes two kinds errors:

1) Simple additive errors. When a
component having a 1'ow value is  meas­
ured, the measured value becomes the 
sum of the sample value and the re s i­
dual parameter values. The.effects of 
the residual factors are:

Cm = Cx + Cst 
Lm = Lx + Lres 
Rm = Rx + Rres 
Gm = Gx + Gres

Where, subscripts are:
m: measured value
x: value of sample
st: stray capacitance
res: residual inductance 

(residual resistance) 
(residual conductance)
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Residual resistance and conductance in 
the test f ix tu re  a ffect d iss ipation  
factor and qua lity  factor measurements 
because i t  is  included in the measured 
values as an additional loss.

2) Influence on high capacitance and high 
inductance measurements. When a high 
inductance (a high capacitance) is  
measured, the residual factors in  the 
te s t f ix tu re  also contribute a meas­
urement error. The e ffect o f stray 
capacitance or residual inductance on 
the measured parameters are:

Stray Offsets high
capacitance —► inductance

measurements.
Residual Offsets high
inductance —• capacitance

measurements.

These measurement errors increase in 
proportion to the square of the te s t 
signal frequency. The effects of the 
residual factors can be expressed as 
shown in  Figure 3-7.
In a 100kHz measurement, for a measure 
ment error to be le ss than 0.1%, the 
product o f Cx and Lres (Lx and Cst) 
should be less than 25 x 10-16 (F-H). 
The relationship between the residual 
factors o f the test f ix tu re  and meas­
urement accuracies is  g raph ica lly  
shown in  Figure 3-8.

i>
Cst

--------- K---------

• Lx

) When a stray capacitance is  [ 
inductance value is  given by

. Lm " l-u i2LxCst or

jresent, measured 
equation below:

J'üti-Lx

' ï  1ij Part of S Part of 
; Lres J Lres

1--------Sf—  f

When a residual inductance is  
capacitance value is  given by

Cx
Cm '  I - U=Cxlres or

oresent, measured 
squation below:

' Cm-Cx l  
„ =» w2CxLres L Cm J

Figure 3-7. Residual Parameter Effects.

3-20
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3-29. ACTUAL MEASURING CIRCUIT.

3-30. Measuring c ir c u it  fo r connecting a 
test sample to the UNKNOWN term inals actua lly 
becomes part of the sample which the instru­
ment measures. Diverse p a ras it ic  impedances 
existing in the measuring c ir c u it  between the 
unknown device and the measurement terminals 
w il! a ffect measurement re su lts . These un- 
desired paras itic  impedances are present as 
re s is t ive  and reactive factors in para lle l 
and in series with the test component. 
Figure 3-9 shows an equivalent c ir c u it  model 
of the measuring c ircu it 'w h ich  includes the 
paras itic  parameters (usually ca lled residual 
parameters). Reactive factors in the re s i­
dual impedance have a greater e ffect on meas­
urements at higher frequencies. The four 
terminal pa ir configuration measurement 
employed for the 4274A o ffers minimum re s i­
dual impedance in the measuring c ircu it .  
However, the four terminal pa ir measurement 
system must be converted to a two terminal 
configuration at/near to the sample because 
ordinary components have two terminal leads. 
Moreover, another stray capacitance appears 
in the measuring c ir c u it  when a sample is 
connected to the te st f ix tu re . Figure 3-10 
illu s tra te s  such stray capacitances present 
around the component leads.

In the equivalent measuring c ir c u it  (Figure 
3-9), Lo represents residual inductances in 
test component leads. Ro is  lead resistance, 
Go is  conductance between the leads, and Co 
is  the stray capacitance illu s tra te d  in  Fig­
ure 3-10. Generally, Lo resonates with capa­

citance of sample (series resonance) and Co 
resonates with the inductance o f sample 
(para lle l resonance), respective ly , at a spe- 
c i f ic  high frequency. Thus, impedance of the 
test sample w il! have some extreme corres- 
ponding to resonant peaks as shown in  Figure 
3-11. The presence of Lo and Co causes meas­
urement errors, as the phase of the te s t s ig ­
nal current varies over a broad frequency re- 
gion around the resonant frequencies. Addi­
tional errors, due to the resonance, increase 
in proportion to the square o f the measure­
ment frequency (below resonant frequency) and 
can be theo re tica lly  approximated as follows:

C ERROR w 2LoCx • 100 (%)

L ERROR & <jj2CoLx -100 (%)

Where, co = 2rrf (f: test frequency)
Cx = Capacitance value o f sample.
Lx = Inductance value o f sample.

At low frequencies, Lo and Co a ffe c t the meas­
ured inductance and capacitance values, re- 
spec itive ly , as simple add itive  e rro rs . These 
measurement errors can not be f u l ly  eTimi- 
nated by the o ffse t control (which permit 
compensating for residual facto rs inherent in 
the te st f ix tu re  used). This is  because Lo 
and Co are pecu liar to the component measured. 
Their values depend on component lead length 
and on the distance between the sample and 
test fix tu re . The measurement re su lts , then, 
are substantia lly  the sample values including 
the pa ras itic  impedances present under the 
conditions necessary to connect and hold the 
sample.

ï
i  LO 

2
LO
2

l  Ro Ro
T---------1 Co L -----iJfc— i

---  R+jx ----

Gx

Cx —K-

I Go

— i _ l _ l
Lx Rx

t4 Measured impedance Rm + jXm is :

__________Rfl + RGol + GoX2______
m ~ (1 - uCoX + RGo)2 + (wRCo + GoX)TT+ RO

O

O

jXm = j {■
______ xn  - cjCox)
(1 - ü)CoX + RGo)* -

coCoR2
(cjRCo + GoX)"z + wLo}

Effect o f lead impedance on C-G measurement. 

Cm«^Cx(l + üj2LoCx - 2RoGx - LoGx2/Cx)

Gm^,Gx(l + 2u2LoCx - RoGx + u2RoCx2/Gx)

Effect of stray admittance on L - ESR measurement. 

Lm^LxO - 2GoRx + w2CoLx - CoRx2/Lx)

Rm^Rx(l - GoRx + 2u2CoLx + w2Lx2Go/Rx)

Figure 3-9. Residuals Present in Measuring C irc u it . 3-21
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Unknown

Figure 3-10. Paras itic  Impedances.
Incident to DUT Connections.

3-31. MEASURED VALUES AND BEHAVIOR 
OF COMPONENTS.

3-32. Measured res is tive  and reactive para­
meter values of a component are not always 
c lose to th e ir  respective nomina! values. 
In addition, certa in e le c tr ica l e ffects can 
cause the measurement to vary widely. Meas­
ured sample values include factors which 
vary such values because of electromagnetic 
e ffe c ts  such as the well-known skin e ffect of 
a conductor, the genera! characteristics of 
ferromagnetic inductor cores, and effects 
o f d ie le c tr ic  materials in capacitors. 
Here, le t 's  discuss only the e ffects which 
re su lt from the interaction o f the reactive 
parameter elements of a component.
Impedance of a component can be expressed in 
vector representation by a complex number as 
shown in Figure 3-12. In such representa­
t io n ,  the e ffe ctive  resistance and e ffective  
reactance correspond to the projections of 
the impedance vector iZj ^19, that is ,  the 
rea l (R) ax is and the imaginary (jX) ax is , 
respective ly.

jx

Where, Re: E ffective  resistance.
Xe: E ffective  reactance.
Z: Impedance of sample (Re + jXe).

Figure 3-12. Impedance Vector Representation. 
3-22

Figure 3-11. Effect of Resonance 
in sample (example).

When phase angle 8 changes, both Re and X 
change in accord with the de fin itions above. 
As component measurement parameters L, C, R 
and D, etc. are also representations o f com- 
ponents related to ' the impedance vector, 
phase angle 0 dominates th e ir  values. For 
such an example, le t 's  look into the induct­
ance and the loss of an inductive component 
at frequencies around it s  self-resonant f r e ­
quency. Figure 3-13 shows the equivalent 
c ir c u it  o f the inductor. The inductance Lx 
resonates with the distributed capacitance Co 
at frequency fo . The phase angle (9) o f the 
impedance vector gets cl oser to 0 degrees 
(the vector approaches the R axis) when the 
operating frequency is  close to the resonant 
frequency. Thus, the inductance of th is  
component decreases while, on the other 
hand, the re s is t iv e  factor (loss) increases. 
At the resonant frequency fo , th is  component 
is  purely re s is t iv e . The effective  re s is t ­
ance increases at resonance even i f  the in ­
ductor has ( idea lly ) no resistance at dc. 
Consequently, the loss factor varies sharply 
in the frequency region around the resonance 
po int.

Figure 3-13. Typical Impedance Locus of an 
Inductor.
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3-33. ACCURACY.

3-34. Measurement accuracies of the 4274A 
are graphically shown in Figure 3-14. 
Accuracy readings in the graph represent the 
maximum error counts of the measurement read- 
outs under given measurement conditions. 
Measured values have lesser accuracies when a 
low level test signal and/or a high measure­
ment frequency are used. Accuracy represen­
tation applies to a basic instrument. Actual 
measurement error is  the sum of the in stru ­
ment error and the error peculiar to the 
test fix tu re  (leads) used. Refer to para- 
graph 3-37 for the errors due to test f ix -  
tures. Measurement accuracy of the 4274A is  
specified under the following measurement 
conditions:

1) Warm-up time: at least 30 minutes.
*2) Test signal level setting:

MULTIPLIER: X 5, X 1 or X 0.1
OSC LEVEL: Fu lly  clockwise

3) ZERO offset adjustment appropriately 
completed.

*4) Environmental temperature:
23°C ±5°C

5) S ign ificant d isp lay readout should be 
more than 20 counts.

6) Normal measurement mode.

Note

*2) Accuracy in MULTIPLIER 
X 0.01 range is  unspecified 
(provided as general in fo r­
mation). When OSC LEVEL is  
set to a position other than 
fu lly  cw, accuracy is  unspe­
c if ied  (m ultip lies by number 
given in figure below).

*4) At temperature range of 0°C 
to 55°c, error doublés.

3-35. TEST SIGNAL LEVEL ACCURACY.

3-36. Accuracies for the test signal voltage 
and current displayed by pressing TEST SIG 
LEVEL CHECK buttons are shown in Table 3-7 
(these accuracies are not specifications but 
rather are typical values). A readout of the 
test signal voltage w il! normally be close to 
a reading of the OSC LEVEL control d ial and 
MULTIPLIER settings. However, when a low im­
pedance component (less than approximately 
lkfi) is  connected to the UNKNOWN terminals as 
a DUT, the test signal voltage decreases 
because of internal loading. Actual test 
signal voltage is  thus a lower value than the 
OSC LEVEL control d ia l reading. The d is ­
played value, nevertheless, is  the correct 
voltage/current readout for the test signal 
level actually being used in the measurement.

Table 3-7. Test Signal Level Monitor Accuracy.

Measurement
range Accuracy

Voltage
0.001V 
to 5.00V

±(3% o f rdg + 1 count)

Current 
O.OOlmA 
to lOOmA

±(3% of rdg + 1 count)
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CAPACITANCE ACCURACY
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■ACCURACY SRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is 
set tc X 5 and also apply to MULTIPLIER 
XI and XO.1 settings when number of sig­
nificant display dig its is  the same as 
that for X5 setting .

2. Horizontal axes of the graphs represent 
DISPLAY A readings in counts and include 
less s ign ificant zero in the scale read­
ings.

3. In 3 d ig it  d isp lay ranges (shaded areas 
of range tabulation), number of s ig n if i­
cant display d ig its  (resolution) for 
DISPLAY A increases for measured values 
less than 1/2 f u l l  scale value, and al- 
lowable error counts are calculated for 
sign ificant disp lay values. Thus, these 
accuracy graphs show different curves 
for lower and higher measurement values.

4. C, L, R, IZI , 9 error counts: error counts 
. per C, L, R, or IZI display counts.

5. Capacitance accuracies apply to C-D, C-Q, 
C-ESR, C-G and R-C measurements.

6. Accuracies in lined areas V/////Z/A are un- 
specified.

Figure 3-14. Measurement Accuracies (sheet 1 o f 9).
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CAPACITANCE ACCURACY
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Note

1) On three d ig it  display ranges in L, C, R and jZ| measurements, 
specified accuracy applies to the f i r s t  through fourth 
s ign ifican t d ig it  data.

NiNaNsN^Ns ■ ■
Specifies accuracy fo r 
Ni through N* d ig it  data

When DISPLAY A readout is  less than 16% of fu l l  scale value on 
the (manually) selected range, displayed d ig it  data w il! be given 
by d ig its Ni through Ns or d ig its  N2 through Ns . Here, the 
accuracy does npt apply to N5 d ig it  data.

2) On three d ig it  display ranges, when DISPLAY A readout is  lower 
than 1599 counts on an automatically selected range and greater 
than the lower range lim it  o f the next upper range, the measure­
ment data can be given higher resolution by manually setting the 
range to the upper range.

Example. Sample value Range Mode Range Setting Display

1 OkO AUTO 1 Okn lO.OOkn
lOkO MANUAL lOOkfi lO.OOOkft

Figure 3-14. Measurement Accuracies (sheet 2 of 9).
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DISSIPATION FACTOR ACCURACY IN CAPACITANCE MEASUREMENT
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is  
set to X 5 and a lso  apply to MULTIPLIER 
XI and XO.1 settin gs when number of s ig ­
n if ic a n t  d isp lay  d ig its  is  the same as 
that fo r  X3 se ttin g .

2. Horizontal axes o f  the graphs represent 
DISPLAY A readings in counts and include 
less s ig n if ic a n t zero in the sca le  read­
ings.

3 . D accuracy: Accuracy graphs show 2 error 
and residual e rro r counts fo r D per ca­
pacitance d isp lay counts.

D e rro r  = D rdg X % e rro r + e rro r counts 
Less s ig n if ic a n t  zero fo r D readings is  
include'd in the e rro r  count numbers of D 
accuracy graphs.

4. Accuracies in lin ed  areas IW ///J/A  are un- 
s p e c ifie d .

3-26
Figure 3-14. Measurement Accuracies (sheet 3 of 9).
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Figure 3-14. Measurement Accuracies (sheet 4 of 9).
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INDUCTANCE ACCURACY
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is  
set to X 5 and a lso apply to MULTIPLIER 
XI and XO.1 settin gs when number o f  s ig ­
n if ic a n t d isp la y  d ig its  is  the same as 
that fo r X5 se ttin g .

2. Horizontal axes o f  the graphs represent 
OISPLAY A readings in counts and include  
less s ig n if ic a n t  zero in the s ca le  read­
ings.

3. In 3 d ig it  d isp la y  ranges (shaded areas 
of range ta b u la tio n ), number o f  s i g n i f i ­
cant d isp lay  d ig its  ( re so lu tio n )  fo r  
DISPLAY A increases fo r measured values 
less than 1/2 f u l l  scale va lu e , and a l-  
lowable e rror counts are c a lcu la te d  fo r  
s ig n if ic a n t  d isp la y  values. T hus, these 
accuracy graphs show d if fe re n t  curves 
for lower”and higher measurement values.

4. C, L, R, IZI , S e rro r counts: e r ro r  counts 
per C, L , R, or IZI d isp lay counts.

5. Inductance accuracies apply to  L-D , L-Q,. 
L-ESR, L-G and R-L measurements.

6. Accuracies in  lin e d  areas V //J////A  are un- 
sp e c ifie d .

Figure 3-14. Measurement Accuracies (sheet 5 o f 9).
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DISSIPATION FACTOR ACCURACY IN INDUCTANCE MEASUREMENT
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-ACCURACY SRAPh' NOTES-

1. Accuracy graphs apply when MULTIPLIER is 
set to X 5 and a lso  apply to MULTIPLIER 
XI and XO.1 settin gs when number of sig­
n if ic a n t d isp lay d ig it s  is  the same as 
that fo r X5 s e ttin g .

2. Horizontal axes o f  the graphs represent 
DISPLAY A readings in  counts and include 
less  s ig n if ic a n t  zero  in  the scale read­
ings.

3. D accuracy: Accuracy graphs show % error 
and residual e rro r counts fo r  D per in­
ductance d isp lay  counts.

D e rror = 0 rdg X % e rro r + e rror counts
Less s ig n if ic a n t  zero fo r D readings is 
included in the e rro r  count numbers of 0 
accuracy graphs.

4. Accuracies in  lin e d  areas v. ~  are un- 
sp e cifie d .

Figure 3-14. Measurement Accuracies (sheet 6 o f 9).
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DISSIPATION FACTOR ACCURACY |N INDUCTANCE MEASUREMENT

Figure 3-14. Measurement Accuracies (sheet 7 o f 9).
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RESISTANCE ACCURACY AND IMPEDANCE ACCURACY
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is  
set to X 5 and also apply to MULTIPLIER 
XI and XO.1 settings when number o f s ig ­
n ificant d isp lay  d ig its  is  the same as 
that for X5 se ttin g .

2. Horizontal axes o f the graphs represent 
OISPLAY A readings in counts and include  
less s ig n ifica n t zero in the scale read­
ings.

3. In 3 d ig it  d isp la y  ranges (shaded areas 
of range tabu lation), number o f s ig n i f i ­
cant display d ig its  (re so lu tio n ) fo r  
DISPLAY A increases fo r measured values  
less than 1/2 f u l l  scale va lue , and a l-  
lowable error counts are ca lcu lated  fo r  
s ig n ificant d isp lay  values. Thus, these  
accuracy graphs show d iffe re n t  curves 
fo r lower and higher measurement va lu e s.

a. C, L, R, 121 , S e rro r counts: e rro r counts 
per C, L, R, o r iZI d isplay counts.

Figure 3-14. Measurement Accuracies (sheet 8 of 9).
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PHASE ANGLE ACCURACY
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-ACCURACY GRAPK NOTES-

1. Accuracy graphs apply when MULTIPLIER is  
set to  X 5 and also apply to MULTIPLIER 
XI and XO.1 settings when number of s ig ­
n if ic a n t  d isp la y  d ig its  is  the same as 
that fo r  X5 settin g .

2. Horizontal axes of the graphs represent 
DISPLAY A readings in counts and include 
le ss  s ig n if ic a n t  zero in the scale  read­
ing s.

3. C, L , R, iZI , 8error counts: e rro r counts 
per C, L , R, o r !2i d isplay counts.

NUMBER OF| z| COUNTS

Figure 3-14. Measurement Accuracies (sheet 9 o f 9).
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3-37. CHARACTERISTICS OF TEST FIXTURES.

3-38. Characteristics and applicable meas­
urement ranges o f HP test fixtures and test 
leads are summarized in Table 3-8. To 
fa c il ita te  measurement and fo r minimum con- 
tribu tion  to measurement errors, a test f ix ­
ture appropriate to the measurement objective 
should be chosen from among HP's Standard 
accessories. Select a test f ix tu re  or leads 
type having the desired performance charac­
te r is t ic s .

Table 3-8. Typical Characteristics of Test 
Fixtures and Leads.

Applicable measurement ranges

Model Parameter value Measurement
frequency

16047A Full range Full range

16047B Full range Full range

16047C Fu ll range Full range

16048A 
16048B Fu ll range Full range

16048C C>1000pF 
L>1OOpH Full range

16034B Ranges satisfied 
|Z|>50 Full range

86

th  ~ f r \

— M 24 R -

■ r Ê
&

£ \
t - 46 —•

r s  |r D  t h ni Ö fc
6e

r s  a

Dimensions of Test Fixture Contacts. 
(Unit = mm)
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3-39. DEVIATION MEASUREMENT FUNCTION.

3-40. When many components o f s im ila r value 
are to be tested, i t  is  sometimes more prac- 
ticab le  to measure the d ifference between the 
value of the sample and a predetermined 
reference value. Besides, when the measure­
ment purpose is  to observe sample values 
versus the variance o f the sample per degree 
temperature, un it time or other test va ri­
ables, a d irect measurement o f th is  d if fe r ­
ence makes examination much more meaningful 
and easier. The dev ia tion  measurement func­
tion  permits such re p e t it iv e  calcu lations of 
the difference between the reference and each 
ind iv idual sample and d isp lays the resu lt on 
DISPLAY A. When the STORE button is  pressed, 
the inductance, capacitance, resistance or 
impedance value o f the sample is  stored in an 
internal memory. Next, A button or A% button 
is  pressed to enable the deviation measure­
ment. The A% button permits calcu lation of 
the difference in percent deviation (instead 
of a subtractive measurement). The 4274A 
w il! now d isp lay the deviation between the 
stored value and the measured value of a 
sample connected to the UNKNOWN as selected 
above. The reference value stored in the 
instrument can be rechecked at anytime by 
pressing the RECALL 'button. To change the 
reference value to  a new value, press A 
button (or A% button) to release the devia­
tion  measurement fun c tion , measure the new 
reference sample, and again press the STORE 
button.

3-41. General Component Measurement.

3-42. General operating procedures fo r meas­
uring an inductance, capacitance or re s is t­
ance c ir c u it  component are outlined in Figure 
3-16. Almost a l l d is c re te  c ir c u it  components 
(inductors, capacitors or res is to rs) except 
fo r components having special shapes or d i-  
mensions can be measured with th is  setup. 
Special components may be measured. by using 
te s t leads 16048A, 16048B or the 16034B, or
by spec ia lly  designed user b u ilt  fixtures 
instead of the 16047B Test F ixture.

3-43. Semieonductor Device Measurement.

3-44. The procedures fo r making semicon­
ductor device measurements with the 4274A are 
described in Figure 3-18- The junction 
(in ter-term ina l) capacitance o f diodes, co l­
lector output capacitance of transistors, 
e tc ., can e a s ily  and accurately be measured 
(with or without dc b ias). The IpF fu ll 
scale capacitance measurement capab ility  is
adequate fo r the measurement o f low order 
capacitances o f RF detector diodes, PIN 
diodes and so on. Si nee the test signal is  
contro llab le from the minimum level of 
ImVrms, i t  permits measuring the capacitance 
o f a semieonductor junction which has a low 
potential b a rr ie r such as in hot carrie r 
(Schottky) diodes.

3-45. External DC Bias.

3-46. A special b iasing c ir c u it  using exter­
nal voltage or current b ias, as needed for 
capacitor or inductor measurements, is  i l lu s -  
trated in Figure 3-19. The figure shows 
sample c ir c u it ry  appropriate to 4274A appli- 
cations. When applying a dc voltage to 
capacitor samples, be sure applied voltage 
does not exceed maximum working voltage and 
that you are observing po la r ity  of capacitor. 
Note that the external bias voltage is  pre­
sent at H pot and H cur  term inals.

3-47. Bias Voltage Se ttling  Time. When a 
measurement with dc bias voltage superposed 
is  performed, i t  takes some time for voltage 
across sample to reach a certa in percentage 
o f applied (desired) voltage.- Figure 3-19 
shows time fo r dc bias voltage to reach more 
than 90% of applied voltage and fo r 4274A to 
d isp lay a stable value. I f  the bias voltage 
across sample is  not given su ff ic ië n t time to 
se tt le , the displayed value may fluctuate or 
Err4may be displayed. Read measured value 
a fte r d isplay se tt le s .
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3-48. External Triggering.

3-49. For tr igge ring  the 4274A externally, 
connect an external triggering device to the 
rear panel EXT TRIGGER connector (BNC type) 
and press EXT TRIGGER button. The 4274A can 
be triggered by a TTL level signal that 
changes from low (OV) to high level (+5V). 
Trigger pulse width must be greater than 
20us. Triggering can be also done by a lte r- 
nately shorting and opening the center con­
ductor o f the EXT TRIGGER connector to ground 
(chassis).

Figure 3-15 illu s tra te s  an example of a t r ig ­
ger c ir c u it  device for triggering the 4274A 
externa lly  via the external triggering conn­
ector on the 4274A rear panel.

Note

The center conductor of the EXT 
TRIGGER connector is  normally at 
high level (no input).

Figure 3-15. External Trigger C ircu it.
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Table 3-9. Annunciation Display Meanings (Sheet 1 of 2).

DISPLAY A

n c u  i

D I S P L A Y  A l

D»SPlAV A l

U F
j L

DISPLAY B Indicated Condition
DISPLAY B

(blank)

DISPLAY A function has. been inappro- 
p ria te ly  set.

Measured L, C, R or |Z| value exceeds 
the upper range l im it .

Measured L, C, R or |Z| value is  too 
low compared to the selected range.

(blank)

(any reading)

Measured value in the selected Dis­
play B function exceeds the upper 
range l im it .  Accuracy o f LCR read­
ing may not be w ithin specifica tions. 
"CF" d isp lay  implies that measure­
ment function should be changed, as 
appropriate, to measure the sample.

I D I S P L A Y  A i

E . r r  i
Error in ZERO o ffse t adjustment. The 
value o f the residual parameter pre­
sent in measuring c ir c u it  exceeds 
offset control range lim it .

I Q I S P L A V  A l

E r  r  E
O lS P tA Y  B i

(blank)

Error in DISPLAY B function setting. 
A DISPLAY B function, incompatible 
with selected DISPLAY A function, has 
been actuated.

(blank)

Error in  range selection. Ranging 
operation has actuated a range on 
which the measurement can not be 
taken at the selected te st frequency.

i D i s p l a y  a i 1 DISPLAY Bi
Error in measuring c ir c u it  configura­
tion.

(blank) (?) Measuring c ir c u it  has an open­
c ir c u it  or a sho rt-c ircu it in the 
te st lead or test f ix tu re  .being 
used.

(?) Protective hinged cover o f 16047B 
Test F ixture was opened while a 
measurement was being taken.

(?) Ranging operation has actuated a 
range on which the measurement 
can not be taken under DC bias 
operation.
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Table 3-9. Annunciation Display Meanings (Sheet 2 of 2).

DISPLAY A DISPLAY B Indicated Condition

(blank)

Error in deviation measurement con­
tro l operation.

(?) STORE function was actuated while 
OF or UF was displayed.

(?) STORE function was actuated w ith­
out releasing £ or £% measurement 
function.

(blank)

Error in deviation measurement con­
tro l operation. £ or A% function was 
actuated in the measurement o f a 
parameter value which has a d iffe ren t 
un it from that o f the stored re fe r­
ence value.

(blank)

Error in dc bias operation.

(?) Internal DC bias function has 
been set without dc bias supply 
being in sta lled .

(?) DC bias voltage setting exceeds 
voltage control range l im it  of 
±35.0 volts (Option 001 only).

*See note below table.

This error message appears 
only fo r  Option 001 or 002 
un its.

(blank)

Error in dc bias operation. Front 
or rear panel DC BIAS switch has 
been inappropriately set fo r the 
internal DC bias operation to be 
attempted.

*See note below table.

r  r  3

This error message appears 
only fo r an Option 003 
unit.

(blank)

Error in continuous memory function.

(?) Memory data to be continuous!y 
preserved has been lo st.

(?) Stand-by battery fo r continuous 
memory preservation has been 
exhausted.

Minus (-) is  displayed. (?) A minus display sometimes occurs 
when a sample value around zero 
is  measured.

(?) A capacitor (or inductor) is  be­
ing measured in L (or C) measure­
ment function.

*Note: This error message is  displayed just after an attempt
has been made to set dc bias voltage under the im- 
proper operating conditions outlined above.
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MEASUREMENT PROCEDURE FOR GENERAL COMPONENTS

DC
BIAS

S200VMAX

□
S35VMAX

LINE

d " £  AON 

□

1. Set DC BIAS switch to ±35VMAX position and connect the 16047A 
Test Fixture to 4274A UNKNOWN term inals.

Note

Other type test fix tu res may also be 
connected. Guard terminal is  sometimes 
used in high impedance measurement.

2. Depress LINE button to turn instrument on. An in it ia l  function 
te st is  automatically performed before measurement begins.

Note

Verify  that BIAS ind icator lamp does not 
l ig h t .  I f  illum inated, set rear panel DC 
BIAS switch to OFF position.

3. Check that 4274A trigger lamp begins to f la sh . The 4274A control 
functions are automatically set as fo llow s (automatic in i t ia l  
settings):

DISPLAY A .................................................  C
Deviation measurement function .........  o ff
LCR Z RANGE ........................................  AUTO
DISPLAY B .................................................  D
CIRCUIT MODE .....................AUTO ( «►{£>> )
HIGH RESOLUTION ................................T T o f f
SELF TEST..............................................  o ff
TRIGGER.................................................  INT
Frequency.......................................1 .00 kHz
MULTIPLIER .............................................. XI

Note

To check fundamental operating conditions 
of instrument, perform SELF TEST (re fer 
to Paragraph 3-5 for SELF TEST d e ta ils ) .  
Press SELF TEST button again to release 
the function.
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■ D IS P L A Y  A l

0  0  0  1 3 ;

4. Select desired DISPLAY A function, e ither L, C, R or |Z|.

5. I f  necessary, manually se lect CIRCUIT MODE, e ither series or 
para lle l mode.

C l f iC U 'T  MOOE

0 0 0
Note

For selecting the desired DISPLAY B func­
tion , i t  is  sometimes necessary to select 
appropriate CIRCUIT MODE. See Para. 3-8.

OiSPCAY 3
eg ft/6  * - 6  L /C  * | 6 . Select the desired DISPLAY B function (compatible with the DISPLAY

S 0 E J 0 E  E3 • '

7.

A function selected in step 4).

Select the desired measurement frequency with FREQUENCY STEP DOWN
W E O u e s e rS T f»

V*

O S C  l 6 v £ l  (v
6.« and UP buttons.

0 4 ,  .C 5

« - - . O . - 8 . Set test signal MULTIPLIER to X 1 and OSC LEVEL control to i t s
? C S 7  S iG i Ê v e i  

Cm 6C* m u I/n p l U b
fu lly  cw position.

□  □ 0 0 0 0 Note
When the 16047B Test Fixture is  being used,
close protective cover to enable measure­
ment. Closing cover e le c tr ic a lly  connects 
UNKNOWN terminals to f ix tu re . Opening 
cover disconnects f ix tu re  from terminals.

ZÉRO0«N
'o
SHOI"'o

9. Connect nothing to Test F ixture as a DUT. Push ZERO OPEN button. 
Capacitance and conductance o ffse t adjustments are automatically 
performed. DISPLAY A shows the le tte rs  "CAL" and i t  w ill change 
to a small value (nearly zero) approximately ten seconds a fte r 
the button is pushed.

10. Connect a shorting strap to Test Fixture to short-c ircu it the 
UNKNOWN terminals to zero ohms (zero microhenries).

11. Push ZERO SHORT button. Inductance and resistance offset ad­
justments are automatically performed. DISPLAY A shows the 
le tte rs  "CAL" and i t  w il l change to a smal! value (nearly zero) 
approximately ten seconds a fte r the button is  pushed.

12. Remove shorting lead from Test Fixture.

13. Set te st signal to the desired amplitude with MULTIPLIER buttons 
and OSC LEVEL con tro l.

14. Connect sample to be measured (L, C or R) to Test Fixture.

Note

I f  needed to accurately set the test signal 
le ve l, continue pressing TEST SIG LEVEL 
CHECK V or mA button to  monitor the actual 
te s t signal level a p p lie d to  the sample 
and adjust OSC LEVEL control for the ap­
propriate test voltage or current value on 
the FREQUENCY/TEST SIG LEVEL display.

Figure 3-16- General Component Measurements (sheet 2 of 3).
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15. The 4274A w ill automatically display measured values o f unknown.

Note
I f  OF, UF, minus (-) or blank d isp lay 
occurs, see Table 3-9 fo r  annunciation 
meanings. For semieonductor measurements, 
the special care needed fo r making r e l i -  
able measurement is  described in Figure 
3-18.

When d issipation factor o f a very low loss 
sample is  measured, a negative value (w ith in 
allowable measurement e rro r lim its ) such as, 
for example, -0.00011 may occasionally be 
displayed. Such low d iss ipation  factors can 
be measured with higher accuracy by using a 
low loss sample whose d iss ipation  is  known 
or which has an extremely (a neg lig ib le) low 
d issipation as a reference. The correct d is ­
sipation factor is  calculated by the fo llow - 
ing equation:

D = D2 - (Di - Ds)

Where, D is  correct D value of sample tested . 
dz is  measured D value of sample tested .
Di is  measured D value o f reference sample.
Ds is  D value of known reference sample 
(fo r extremely low loss references,
Ds is  zero).

Figure 3-16. General Component Measurements (sheet 3 o f 3).

APPLICATION

VARIABLE TEST PARAMETER 
MEASUREMENT

When a measurement i s  taken o f  a t e s t  sample using various te s t  le v e ls  and v a r i-  
ous te s t  s ig n a l fre q u e n c ie s , the measurement readouts may o c c a s io n a lly  e x h ib it  
s in g u la r  v a r ia t io n s  in  sample v a lu e s . Such p e c u lia r  v a r ia t io n s  in  measured
va lue  are fre q u e n tly  observed during the measurement o f  in d u ct iv e  components 
which have ferrom agnetic  co res . What are the m ajor reasons fo r  th ese  changes in  
sample va lues? L e t 's  d iscu ss  i t  by taking an in d u cto r as an example and lo o k  
in to  the s ig n if ic a n c e  o f  tak ing  a measurement o f th e  component under i t s  normal 
operating  c o n d it io n s .

The inherent va lu es o f  an inductor which has a ferrom agnetic in d u ct iv e  c o re  are  
in fluen ced  by the p erm e ab ility  o f  i t s  core m a te ria l. Inte nsity  o f  m ag n e tiza tio n  
(magnetic f lu x  d e n s ity )  o f  a ferrom agnetic core v a r ie s  along and w ith  i t s  mag­
n e tiz a t io n  c h a r a c t e r is t ic  curve (B-H curve) in  response to  the c y c l i c  c u r re n t  
flow ing  through the  in du ctor c o i l . A ty p ic a l m agnetization curve f o r  an in d u c­
t iv e  core i s  shown in  Figure A.

The dotted curve in  the f ig u re  is  a graph fo r  a magnetic m ateria l which has a 
high h y ste re s is  c o ë f f ic ië n t  such as th at o f  a f e r r i t e  core. When a s t a t i c  mag­
n e t ic  f i e ld  i s  a p p lie d  to  magnetic core  m a te ria l, the  increase in  m ag n etiza tio n  
caused by the  in cre ase  in  the a p p lie d  magnetic f i e l d  (inductor c o i l  c u r re n t)  
fo llo w s  the c h a r a c t e r is t ic  curve shown in  Figure B.

Figure 3 r l7 . Variab le  Test Parameter Measurement (sheet 1 o f  2).
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Figure 3-17

In the  in i t i a l  perm e ab ility  region near the o r ig in  (o f the co o rd in a te  axes), the 
m agnetization  increases gently ; thus an inductor o p e ra tin g  in  t h is  region has 
a low inductance va lu e . The inductance value in cre ase s  w ith an in cre ase  in 
in d u cto r  c o il  current and decreases when m agnetization  o f  the in d u cto r core ex­
ceeds i t s  saturation  po in t.

* Perm eability  (u) is  the ra t io  o f magnetic f lu x  d e n s ity  (B) to  the 
magnetic f ie ld  (H).

M agnetization. and Inherent Inductance.

On the other hand, the core lo ss  (co nsistin g  o f h y s te re s is  and eddy current 
lo s s e s )  increases in  the high frequency region above a s p e c if ic  frequency and is  
determ ined by the m aterial and structure o f  the in d u cto r co re . Measurement 
read ings o f  an inductor may thus d if f e r  w idely depending on the  t e s t  le v e l and 
te s t  frequency.

The above d iscu ssio n  is  meaningful fo r  genera! component measurements.. Figure C 
shows ty p ic a l c h a ra c te r is t ic s  of LCR components. As may be seen in  the f ig u re , 
a component may have d if fe re n t  e ffe c t iv e  parameter v a lu e s  dependent upon i t s  
op erating  co n d itio n s. The o ve ra ll c h a ra c te r is t ic s  o f  sample can be c la r i f ie d  
from these kinds o f  measurements. The measured va lu e s  most u se fu l to  actual 
a p p lic a t io n s  can be gained by such measurements taken under normal operating  
co n d it io n s  o f  the sample.

OUT Equivalent C ir c u it Measurement
Parameter

C h a r a c t e r is t ic  Example

C-D
C-ESR
C-G
|Z|-e

IZI

“treq

i------- *------ 1
i i

------L

L-Q
L-ESR
m - e

'I coil

r  ■ ■ t
I I
I VA-l.

R-X 
R-C 
R-L 
I z| -e

IZ I

-fr«q

C ir c u it

z»

IZI-8
R-X
R-C
R-L

Figure C. Typical Component Measurements.

Figure 3-17. Variab le Test Parameter Measurement (sheet 2 of 2).
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MEASUREMENT PROCEDURE FOR SEMICONDUCTOR DEVICES

Parameter values of semieonductor devices in t r in s ic a lly  have a strong dependency 
on the applied voltage and device temperature. Because of the non-linear
impedance characte ristics o f semieonductor devices, a semieonductor measurement 
is  subject to exact establishment o f the test conditions to make measured values 
meaningful. For a detailed ana lys is  o f the device under i t s  operating test 
conditions, a low level te s t signal is  employed in order to obtain measured 
values with respect to a lo ca l region around the operating test point selected 
for p lo tting  characte ristic  parameter curves of the sample. A typ ica l procedure 
for measuring semieonductor junction capacitance in P-N and MOS junction devices

The figure above is  a ty p ica l te st setup used fo r measuring the base- 
co lle c to r junction capacitance (Cob) of an NPN tran s is to r. For th is  meas­
urement, the appropriate te s t  f ix tu re  may be user designed. A 4274A unit 
equipped with option 001 (or option 002) is  su itab le  fo r con tro lling  the 
accurate dc bias required fo r  the measurement. I f  dc bias is  not neces­
sary, setup arrangement and procedures associated with th is  measurement may 
be deleted.

Procedure -
1. Set DC BIAS switch to ±35V MAX position.

Note
I f  Option 002 dc bias (up to ±99.9V) or an 
external dc b ias supply is  used to apply 
bias voltages more than ±35 vo lts , set DC 
BIAS switch to ±200V MAX position.

2. Connect te st f ix tu re  or test leads to the UNKNOWN term inals.

3. Press LINE button to turn instrument on. A fter the in i t ia l  func­
tion test is  performed, the 4274A functions are automatically set 
for a C-D measurement and 1kHz test frequency (automatic in i t ia l  
settings). Trigger lamp w ill begin to flash .

Figure 3-18. Semieonductor Device Measurement (sheet 1 o f  3).
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4. Perform ZERO o ffse t adjustment procedure (as outlined in Figure 
3-16 General Component Measurements steps 7 through 12).

5. Set test signal level for an appropriate amplitude with OSC LEVEL 
control and MULTIPLIER button. I f  desired, test frequency may be 
set to a higher or lower frequency.

Note

Use lowest possible te st signal level which 
meets measurement accuracy requirement.
Usually, MULTIPLIER is  set to X 0.1 (or X 0.01, 
as necessary). Pressing TEST SIG LEVEL V 
button allows monitoring o f the te st signal 
voltage on FREQUENCY/TEST SIG LEVEL display.

-------------------------------Note-----------------------------------

If necessary, apply DC bias voltage in te rna lly  
or externally at rear panel EXT ±35V MAX bias 
connector (or to EXT ±200V MAX connector i f  
higher dc bias.voltages are used). External 
dc bias source should be stab le  with low noise.
Set rear panel DC BIAS switch properly so as to 
enable dc bias operation and ensure operator 
safety.

CAUTION

BEFORE OPERATING DC BIAS SWITCH, VERIFY 
THAT NO SAMPLE HAS BEEN CONNECTED TO TEST 
FIXTURE OR THAT DC BIAS VOLTAGE HAS BEEN 
SET TO ZERO VOLTS. BE SU RE TO SET THE DC 
BIAS SWITCH TO APPROPRIATE POSITION.

A  CAUTION

THE CENTER OF BNC CONNECTOR MAY BE LIVE 
UNLESS DUT IS REMOVED.

6. Connect semieonductor device to te s t f ix tu re . To obtain re liab le  
measurement resu lts , observe the fo llow ing:

Notes

a. If a forward current flows through P-N 
junction when te st signal is  at i t s  peak 
voltage, a correct measurement re su lt 
w ill-n o t be obtained.

b. I f  an accurate te st signal leve l is  desired, 
press and hold TEST SIG LEVEL V button and 
readjust OSC LEVEL control fo r  the desired 
voltage.

7. Read displayed capacitance value. Loss factor of the sample w ill 
be simultaneously displayed on DISPLAY B.

Figure 3-18. Semieonductor Device Measurement (sheet 2 o f 3).
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Typical measurement app lications for semieonductor P-N and MOS junction capaci- 
tances are summarized in the tabulation below. For these measurement 
app lications, the use o f dc bias expands the varie ty of te st parameter settings 
and affords a w ider.scope of measurement data. P o la r it ie s  of the dc biases 
normally applied to the sample as well as connections of the measuring c ir c u it  
are shown in the tab le .

The measurement setups fo r  measuring m icro -c ircu it components (such as an 
integrated c ir c u it  device) are illu s tra ted  below. Residual parameters which 
contribute measurement errors are also denoted in the figure. Use connection 
configuration appropriate fo r the sample.

Lc Lp Hp Hc

High impedance 
measurements

Lc Lp Kp Hc

Low impedance 
measurements

Measurement o f 
chip elements

3-44
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EXTERNAL DC BIAS OPERATION (^200V)

Cx

To make capacitance measurements using external dc bias voltages up to ±200V, 
connect dc bias source and te s t fix tu re  as shown in diagram. I f  maximum applied 
dc bias voltage exceeds ±35V, use operating PROCEDURE A. I f  not, use PROCEDURE 
B to obtain a shorter bias voltage settling time.

Note
DC bias voltages higher than ±35V (up to  
±200V) may be used for measuring a low 
capacitance sample (below O.lyF).

PREPARATION

1. Set front panel DC BIAS switch to the positiqn appropriate to the te st 
f ix tu re  used. When a te s t fixture useable at dc biases up to ±35V is  
used, set the switch to ±35V MAX position. For a test fix tu re  useable 
at dc biases up to ±200V, set the switch to +200V MAX position.

Note

Any HP Test Fixtures or Leads may be used 
fo r dc bias applications below ±35V. The 
following HP fixtures can be used fo r dc 
bias applications up to 200V: 16047B,
16048A, and 16048B.

2. Connect desired test f ix tu re  to UNKNOWN terminals.

3. Depress LINE button to turn instrument on.

4. Set 4274A Controls according to General Component Measurement procedure 
(Figure 3-16) steps 7 through 12.

CAUTION

BEFORE OPERATING DC BIAS SWITCH, VERIFY 
THAT NO SAMPLE IS CONNECTED TO TEST FIX­
TURE OR THAT DC BIAS VOLTAGE HAS BEEN 
SET TO ZERO VOLTS.

Figure 3-19. External DC Bias C ircu its  (sheet 1 o f 4).
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PROCEDURE A (S200V)

1. Connect external dc bias source to 4274A rear panel EXT ±200V MAX 
connector.

2. Set rear panel DC BIAS switch to EXT i200V MAX position. Front 
panel BIAS ind icator lamp w ill illum inate,

CAUTION

NEVER APPLY AN EXTERNAL DC BIAS OVER 
±200V.

Proceed to step 3 described below PROCEDURE B.

PROCEDURE B (<35V).

1. Connect external dc bias source to 4274A rear panel EXT +35V MAX 
connector.

2. Set rear panel DC BIAS switch to EXT +35V MAX position . Front 
panel BIAS ind icator lamp w ill illum inate.

CAUTION

NEVER APPLY AN EXTERNAL DC BIAS OVER +35V.
LIMIT MAXIMUM (SURGE) BIAS CURRENT FLOW 
INTO INSTRUMENT AT lOOmA (OR INTERNAL 
PROTECTIVE FUSE' BLOWS).

Proceed to step 3 described below.

3. Connect sample to te st fix tu re .

CAUTION

NEVER SHORT BETWEEN HIGH AND LOW TERMINALS.

CAUTION

WHEN A POSITIVE BIAS VOLTAGE IS USED, POSI- 
TIVE POLE OF ELECTROLYTIC CAPACITOR MUST BE 
CONNECTED TO HIGH TERMINALS. WHEN USING 
A NEGATIVE BIAS VOLTAGE, CONNECT POSITIVE 
POLE TO LOW TERMINALS.

4. Read 4274A capacitance display a fte r allowing time fo r bias v o lt ­
age to se tt le .

A WARNING

THE CENTER OF BNC CONNECTOR MAY BE LIVE UNLESS 
DUT IS REMOVED.

Figure 3-19. External DC Bias C ircu its  (sheet 2 o f 4).
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Note

When sample value is  greater than O.lyF, 
a dc bias applied at EXT ±200V MAX term i­
nal may cause readout to fluctuate and 
sometimes an "Err 4" annunciation to 
occur.

Note

When applying External DC Bias, a DC Pow­
er Supply with it s  output floated must be 
used for the measurement of a DUT whose 
impedance value is  less than 100 ohms. 
Also, connect a by-pass capacitor (lOOyF) 
between Hi and Lo posts of External Power 
Supply to prevent test signal from flow- 
ing into External Power Supply.

Note

I f  the 16047B Test Fixture is  being used, 
capacitor is  discharged through a 10S1 
res is to r when protective cover is  opened.

BIAS VOLTAGE SETTLING TIME

IOOOjj !Om lOOm
Capacitance Reading (F)

Note: EXT ±35V MAX and EXT ±200V MAX inputs feed external
dc bias to sample through resistors o f approximately 
50£2 and 150kf2, respectively.

Figure 3-19. External DC Bias C ircu its  (sheet 3 o f 4).
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External DC Current Bias

General. A dc bias current can be caused to flow d ire c t ly  through an inductive or 
a res is tive  sample connected to the UNKNOWN term inals. This paragraph outlines 
the proper method and procedures fo r establish ing such bias current through an 
inductive (res istive) sample from an external dc bias supply. The basic current 
bias method can be used to feed a bias current up to lOOmA (at frequencies above 
3kHz) through the rea r panel EXT =35V MAX connector (otherwise, a low bias 
current up to 1.3mA can be used at the EXT +200V MAX connector).
Graph on page 3-52 shows maximum current bias values at frequencies lower than 
3kHz and fo r other dc bias settings.
Current bias method: .

1. Set front panel DC BIAS switch 
to the position appropriate to 
the test f ix tu re  used. Con­
nect desired te s t  f ix tu re  to 
UNKNOWN term inals.

7. Increase dc bias supply output 
voltage while monitoring 
readout on output current me­
te r  un til desired bias current 
is  obtained.

2. Depress LINE button to turn 
instrument on.

3. Set 4274A Controls according 
to General Component Measure­
ment Procedure (Figure 3-16) 
steps 7 through 12 (Push DIS­
PLAY A function "L" button).

4. Connect an external dc bias 
supply to rear panel EXT ±35V 
MAX connector.

CAUTION

CAUTION
DO NOT ALLOW A BIAS CURRENT 
MORE THAN lOOmA TO FLOW. 
BIAS SUPPLY OUTPUT VOLTAGE 
SHOULD NOT EXCEED ±35V.

Note
DC bias current flowing 
through sample is  calculated 
by the fo llow ing equation:

Idc E bias m  
Rx + 60

BEFORE OPERATING DC BIAS 
SWITCH, VERIFY THAT NO SAMPLE 
IS CONNECTED TO TEST FIXTURE 
OR THAT DC BIAS VOLTAGE HAS 
BEEN SET TO ZERO VOLTS.

Where, E bias is  the bias 
voltage (V) applied at EXT 
±35V MAX connector and Rx is  
the resistance value (fi) of 
the sample at dc.

DC AMMETER

Figure 3-19. External DC Bias C irc u its  (sheet 4 o f 4).
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HELPFUL INSTRUCTIONS 
FOR CERTAIN MEASUREMENTS

INDUCTANCE MEASUREMENT

When an inductive sample with a ferromagnetic core is  measured in AUTO range 
mode, the instrument repeats range selection and may not complete the meas­
urement depending upon test signal level or test frequency.

This symptom occurs when the inductance of an inductor 
with a core changes value because of the current flow- 
ing through the c o il.  Permeability of inductor cores 
vary with measurement signal level (current) which 
d iffe rs  with range and frequency.

To measure such samples, set LCR RANGE to MANUAL. Manually se ttle  the in­
strument on an appropriate range. It is  suggested that test signal current 
be monitored by pressing TEST SIG LEVEL CHECK mA button.

LOW CAPACITANCE MEASUREMENT

Stray capacitances present around component leads and test fix tu re  contact 
electrodes contribute to additional measurement errors with more significance 
in low capacitance measurements.

To reduce such stray capacitances, insert the component 
leads deeply into the te st fix tu re . Measurement accu­
racy for low capacitance sample can be improved by using 
a guard to eliminate the stray capacitances. Place 
guard plate between component leads of the sample and 
connect i t  to instrument GUARD terminal as illu s tra ted  
at le ft :

Guard plates

Perform ZERO offset adjustment in  high resolution mode 
(guard plate should be in place).

LOW IMPEDANCE MEASUREMENT

Because of th e ir  lead impedances, when low impecance samples such as high 
value capacitors, low value inductors or low value res istors (below 100Ö in 
impedance) are measured, d isp lay outputs with respect to the same sample may 
d if fe r  each time the measurement is  attempted.

To reduce component lead impedance, make the lead length 
short by inserting leads deeply into test fix tu re . Use 
contact module for short lead components.

Figure 3-20. Helpful Instructions (sheet 1 of 2).
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BATTERY RESISTANCE MEASUREMENT

Internal resistance o f batteries up to ±35V can be measured by using measure­
ment setup illu s tra te d  below:

Set 4274A Controls as fo llows:

To EXT i3 5 V  
MAX connector

' M-STK
BBBBBB

To center 
conductor R-Nf*r-

Ib b s ë )1 |b b 5 b 6 -! :n p  2 ö ' ■ 

[èÊSEj Ê3E *0* :3Ë

DISPLAY A function .........................  R
DISPLAY B fu n c t io n ................  L or C
Rear panel DC BIAS switch

..........  EXT ±35V MAX

00DD

Connect positive pole o f 100uF capaci- 
a c bypass to r to center conductor o f rear panel 

capacitor exT ±35V MAX connector and negative 
pole to outer conductor.

CAUTION

DO NOT APPLY A DC VOLTAGE OF MORE 
THAN 35V.

I f  i t  is  desired to load battery 
during te st, connect appropriate 
value res isto r in  para lle l w ith the 
capacitor. The output current is  
given by the follow ing equation:

I out - E battery 
R + 60

CAUTION

(A)

DO NOT ALLOW A BATTERY CURRENT OF 
OVER lOOmA TO FLOW.

DC BIAS APPLICATION (400VZ, >200V)

A c ir c u it  fo r dc bias applications up to 400V is  illu s tra te d  below:

l c u r  l p o t  H p o t  H c u r

Capacitance value of the dc blocking 
capacitor C should sa t is fy  the fo llow - 
ing condition:

C > 1
10Tf

Where, f  is  te st frequency. I f  100Hz 
test frequency is  used, C value 
should be greater than 320pF.

CAUTION

MAXIMUM DC WITHSTAND VOLTAGE OF 
CAPACITOR MUST BE OVER 400V.

Figure 3-20. Helpful Instructions (sheet 2 o f 2).
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3.50. OPTIONS. 3-54. OPTION OOI : DC BIAS (0-± 35V).

3-51. Options are Standard modifications to 
the instrument that implement user's special 
requirements fo r minor functional changes. 
Operating instructions fo r the 4274A options 
(except rack mount and handle in s ta lla t ion  
k it options) and associated information are 
described in the follow ing paragraphs.

3-52. OPTION ANNUNCIATION

3-53. Insta lled option content is  momentari- 
ly  displayed in the front panel display just 
after the in i t ia l  function test is  performed 
to le t  users know what options are available 
in the instrument. Option annunciation is 
given in an abbreviation code representing 
each option. The display format and annunci­
ation meanings are illu s tra ted  in Figure 
3-21.

Note

Options other than those illu s tra ted  
are not displayed.

0HP-IB option. 0DC Bias option.
Opt 101 Opt 001 or 002.

0HP-IB address 0 Memory Back-up
code 17. option. Opt 003.

1. This figure appears when HP-IB Option
101 is  in s ta lled .

2. HP-IB address number set into the in ­
strument is  displayed as a decimal 
number. The displayed address must 
be used in  HP-IB control programs for 
interfacing with other HP-IB equip- 
ment.

3. This figure appears when DC Bias 
Option 001 or 002 is  insta lled.

4. This figure appears when Memory Back­
up Option 003 is  insta lled .

Figure 3-21. Option Annunciation Meanings.

3-55. The 4274A Option 001 adds an internal 
remotely con tro llab le  dc bias supply variable 
from .000 to ±35.0 v o lts . The ImV step 
minimum voltage control as wel! as the accu­
rate voltage se tting  capab ility  of Q.5% (2% 
for high capacitance measurements) is useful 
fo r dc bias app lications in semieonductor 
measurements. Bias voltage control is  fa c il-  
itated by using the Model 16023B Bias Con­
t ro lle r  or an HP-IB control signal through 
the rear panel connector. This paragraph 
describes operating procedures for Option 001 
when using the 16023B contro lle r. For dc 
bias applications using HP-IB control, refer 
to paragraph 3-52 Option 101 HP-IB Compati- 
b il ity .

Note

Instructions fo r  dc current bias 
applications are provided below 
dc (voltage) bias operating pro­
cedure.

PROCEDURE

1. Set front panel DC BIAS switch to ±35V 
MAX position .

Note
DC BIAS switch may be set to 
±200V MAX position  when using 
a te st f ix tu re  useable at dc 
biases up to ±200 vo lts .

2. Connect desired te st fix tu re  to UN­
KNOWN term inals.

Note

Any HP Test Fixtures or Leads 
may be used in th is  dc bias 
application.

3. Depress LINE button to turn instrument 
on.

4. Set 4274A Controls according to Gen­
eral Component Measurement procedure 
(Figure 3-16) steps 7 through 12.

5. Connect 16023B Bias Controller to rear 
panel INT DC BIAS CONTROL connector.
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CAUTION

BEFORE OPERATING DC BIAS
SWITCH, VERIFY THAT NO SAMPLE 
HAS BEEN CONNECTED TO TEST 
FIXTURE OR THAT DC BIAS VOLT­
AGE HAS BEEN SET TO O VOLTS.

6. When a low capacitance (below O.luF) 
is  to be measured using a dc b ias, set 
rear panel DC BIAS switch to INT 35V/ 
100V .lpF) position (to obtain 
shorter bias voltage se tt lin g  time).
To apply an internal dc bias to a high 
capacitance sample (O.luF to 2F),
set the switch to INT 35V/100V (<l 2F) 
position.

7. Set 16023B MULTIPLIER switch to se lect 
appropriate bias voltage control range 
(X 0.1, X 1 or X 10). Set the desired 
voltage (positive or negative) in to  
the three d ig it  thumbwheel switch.

8. Connect sample to te st f ix tu re .

CAUTION

WHEN A -POSITIVE BIAS VOLTAGE IS 
USED, POSITIVE POLE OF ELECTRO- 
LYTIC CAPACITOR MUST BE CON­
NECTED TO HIGH TERMINALS. WHEN 
USING A NEGATIVE BIAS VOLTAGE, 
CONNECT POSITIVE POLE TO LOW 
TERMINALS.

9. Press 16023B ENTER button to apply dc 
bias voltage to the sample.

10. Read 4274A capacitance d isp lay a fte r 
"allowing time for bias voltage to 
se tt le .

Note

1) When rear panel DC BIAS 
switch is  set to INT 35V/
100V (< .luF) position, the 
measurement o f capacitance 
greater than 0.1pF may 
cause readouts to fluctuate  
and "Err 4" annunciation is  
sometimes displayed.

2) When 16023B Controls are 
set for a dc voltage great­
er than 35.0 vo lts , "ErrT" 
annunciation is  displayed 
and the dc bias is  not ap­
plied to sample.

Section III
Paragraph 3-55 Model 4274A

3) To monitor dc bias voltage 
connect a DVM to rear panel 
INT DC BIAS MONITOR connec­
tor.

DC BIAS SETTLING TIME.

DC BIAS Setting Settling  Time

INT 35V/100V (< .lp F ) Less than 20ms

INT 35V/100V (^2F) 600 + 6 • *Cx ms

*Note: Cx = Capacitance reading in p F .

Note

DC bias is  applied to sample 
through an internal 170fi (^ .IpF) 
or 1000S1 (<L2F) res is to r.

DC Current bias.

A dc current bias can be applied to inductive 
or re s is t ive  component samples using the same 
setup as for a dc voltage bias (set DISPLAY A 
function as appropriate). The b iasing cur­
rent is  calculated by the following equation:

INT 35V/100V (< .lp F ):

Idc = Rx +1170 ^
Maximum current: 40mA (up to ±10.OV)

: lOrtiA (±10.IV to ±35.OV)
INT 35V/100V (<£2F):

t j . _ E bias \
Idc " Rx + 1000 

Maximum current: lOmA

Where, Rx is  dc resistance value o f sample 
(in  ohms) and E bias is  dc bias se ttino  (in 
vo lts ) .
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3-56. OPTION 002: DC BIAS (0 -± 9 9 .9 V ).

3-57. The 4274A Option 002 adds a remotely 
controllable internal dc bias supply variable 
from 00.0 to ±99.9 volts a t a basic voltage 
accuracy of 2%. This wide range voltage con­
tro l capab ility  is  su itab le fo r dc bias 
applications in genera! capacitance measure­
ments. Bias voltage control is  fa c ilita te d  
either by the Model 16023B Bias Contro lle r or 
via an HP-IB control signal through the rear 
connector. This paragraph describes the op­
erating procedures for Option 002 when using 
the 16023B contro lle r. For dc bias app li­
cations with HP-IB contro l, re fe r to para­
graph 3-62 Option 101 HP-IB Com patib ility .

Note

Option 002 internal dc bias should 
be used fo r capacitance measure­
ments below O.lyF.

PROCEDURE

1. Set front panel DC BIAS switch to 
±200V MAX position.

CAUTION

WHEN A TEST FIXTURE USEABLE AT 
DC BIASES UP TO ±35 VOLTS IS 
USED, SET DC BIAS SWITCH TO 
±35V MAX POSITION. THIS ACTION 
AUTOMATICALLY LIMITS DC BIAS TO 
±35 VOLTS AND "Err 7" -WILL BE 
DISPLAYED IF DC BIAS IS SET FOR 
OVER ±35 VOLTS.

2. Connect desired te st f ix tu re  to the 
UNKNOWN terminals.

3. Depress LINE button to turn instrument 
on.

4. Set 4274A C o n tro ls  according to Gen­
eral Component Measurement procedure 
(Figure 3-16) steps 7 through 12.

5. Connect 16023B Bias Con tro lle r to rear 
panel INT DC BIAS CONTROL connector.

CAUTION

BEFORE OPERATING DCBIAS SWITCH, 
VERIFY THAT NO SAMPLE HAS BEEN 
CONNECTED TO TEST FIXTURE OR 
THAT DC BIAS VOLTAGE HAS BEEN 
SET TO ZERO VOLTS.

6. Set 4274A rear panel DC BIAS switch to
either INT 35V/100V (<.lyF) or INT
35V/100V (^2F) position.

7. Set 16023B MULTIPLIER switch to XIO 
position. Set the desired voltage 
(positive or negative) into the three 
d ig it thumbwheel switch.

8. Connect sample to te st f ix tu re .

9. Press 16023B ENTER button to apply dc 
bias voltage to the sample.

10. Read 4274A capacitance d isp lay after 
allowing time fo r bias voltage to 
se tt le .

Note

1) When a capacitance greater 
than O.luF is  measured, the 
capacitance reading may 
fluctuate and "Err 4" an­
nunciation may sometimes be 
displayed.

2) To monitor dc bias voltage, 
connect a DVM to rear panel 
INT DC BIAS MONITOR con­
nector.

3) I f  the 16047B Test Fixture 
is  being used, capacitor is  
discharged through a 10f2 
res is to r when protecti've 
cover is  opened.

DC BIAS SETTLING TIME

Bias se ttling  time is  less than 300ms.

Note

Section III
Paragraphs 3-56 and 3-57

DC bias is  applied to sample 
through an internal 50k.Q re s is ­
tor.
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3-58. OPTION 003:
BATTERY MEMORY BACKUP.

3-59. The 4274A Option 003 provides contin- 
ous memory capab ility  fo r reta in ing the 
memory of desired instrument control set­
t in g s . Front panel control settings which 
are sp e c ia lly  used for a particu la r applica- 
t io n  or are frequently used can be memorized 
by the instrument for repeated use of the 
same settings. The stored memory of the con­
t ro l settings in continuously held in event 
the instrument loses its  operating power, and 
autom atica lly  so sets the instrument when 
normal operating power is  restored. In other 
cases, the memorized panel control settings 
can, at anytime, be again set into the in ­
strument as it s  actual control settings by 
merely pushing two buttons (LOCAL and RECAL). 
For sto ring  the desired control settings in 
the memory, proceed as follows:

1) Set front panel Controls as appropri­
ate for making the desired measure­
ment.

2) Press and hold LOCAL button at least 1 
second. Figures B B  (battery memory 
back-up operation) w ill begin to flash  
in DISPLAY A.

3) Press REF VALUE STORE button before 
the display ceases flash ing. I f  the 
STORE button is  not pressed, the 
memory mode operation is  automatically 
deactivated after an elapse o f f ive  
seconds (display continues flash ing) 
and the instrument résumés normal 
measurements. To reactivate the 
memory mode operation, again press 
LOCAL button.

Note

SELF TEST setting is  not memo­
rized.

TYPICAL LIFE OF STANDBY BATTERY IS 
40,000 HOURS (CUMULATIVE BATTERY OP­
ERATING TIME DURING MEMORY PROTECTION 
OPERATION). FOR BATTERY REPLACEMENT, 
REFER TO INSTRUCTIONS IN SERVICE MANUAL.

3-60. OPTION 004:
1-3-5 STEP TEST FREQUENCY.

3-61. The 4274A Option 004 provides the fo l-  
lowing te st frequencies instead o f 11 step 
Standard test frequencies (unit: hertz):

100 500 5k-
120 Ik lOk
300 3k 30k

The above te st frequencies are labeled on the 
FREQUENCY/TEST SIG LEVEL d isplay window ( * 
mark indicates that one or two special te s t 
frequencies can be optionally added). The 
desired te s t frequency is  selected from among 
these 11 spot optional frequencies by pushing 
FREQUENCY STEP DOWN or UP button in  the same 
manner as that in selection o f te s t frequency 
fo r the Standard 4274A. Other functions and 
performance is  the same as those o f the 
Standard instrument (for accuracies at the 
optional frequencies, refer to spec ifica tion s 
in  Section I) .

3-62. Special Test Frequency Option.

4) The instrument has now memorized the 
front panel control settings. This 
setting status w ill again be enabled 
(instead of Standard in i t ia l  control 
settings) when the instrument is  
turned on. To restore the memorized 
control settings in place of tempora- 
ry setting, press LOCAL button fo r one 
second and then REF VALUE RECALL but­
ton.

Note
Offset control values fo r a 
particu la r test f ix tu re  and the 
reference value in deviation 
measurements are also stored in 
the continuous memory.

3-63. The 4274A Special Test Frequency Op­
tion  adds one or two test frequencies desired 
in  the frequency range of 100Hz to 100kHz. 
The special test frequencies are selected by 
pushing FREQUENCY STEP DOWN or UP button in  
the same manner as that in se lection o f 
Standard te st frequencies. The optional fre ­
quencies appear, irrespective o f th e ir  in d i-  
vidual values, a fte r 100kHz te s t frequency 
when higher test frequencies are, in  turn, 
selected by pushing UP button. This corre- 
sponds to the * mark position in  the te s t 
frequency tabulation shown in the FREQUENCY/ 
TEST SIG LEVEL d isplay. The te st frequency 
setting  is  also displayed in the FREQUENCY/ 
TEST SIG LEVEL d isplay when the special fre ­
quency is  selected.
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Paragraphs 3-64 to 3-73

3-64. OPTION 101: HP-IB COMPATIBILITY.

3-65. The Model 4274A Opt. 101 can be re- 
mótely controlled by means of the HP-IB which 
is  a carefu lly  defined instrumentation in te r- 
facing method that sim plifies the integration 
of instruments and a calculator or computer 
into a system.

Note

HP-IB is  Hewlett-Packard's implemen- 
tation of IEEE Std. 488-1975 Standard 
D ig ita l Interface for Programmable 
Instrumentati on.

(2) B it 6 (delim iter form b it)  : This b it  
determines de lim iter form of output 
data which are:

0: Comma (,)
1: Carriage return Line feed

(@><3>)
Refer to paragraph 3-82,

(3) B it 7 (ta lk only b it)  : This b it  de­
termines instrument capab ilit ies 
which are:

0: Addressable 
1: Talk Only

Note

3-66. Connection to HP-IB.

.3-67. The 4274A Opt.101 may be connected 
into an HP-IB bus configuration with or w ith­
out a contro ller (e.g. with or without a HP 
ca lcu lator). In an HP-IB system without a 
contro lle r, the 4274A Opt.101 can function as 
a ta lk  only device (refer to paragraph 3-72).

3-68. HP-IB Status Indicators.

3-69. The HP-IB Status Indicators are four 
LED lamps on the front panel. These lamps 
show the status of the 4274A in an HP-IB 
system as follows:

SRQ : SRQ signal on HP-IB lin e  from 
4274A (refer to paragraph 3-90). 

LISTEN : The 4274A is  set to be lis te n e r. 
TALK : The 4274A is  set to be ta lke r. 
REMOTE : The 4274A is  remotely contro lled.

The 4274A Opt.101 is  set at the 
factory as given in  Figure 3-23.

/
CR/LF
COMMA

/------
ta lk  only 

ADDRESSABLE
O

I

O
HP— IB 

ADORESS

b it  N 5 : 17
b it  6 : Comma (,) 

.b it  7 : Addressable.

Figure 3-23- HP-IB Control Switch. 

WARNING

I f  an external DC bias source is  to 
be connected to EXT ±200V MAX DC 
BIAS connector on rear panel, use the 
following procedures to change A22S1 
HP-IB Control Switch to avoid an 
e lectric  shock hazard:

3-70. LOCAL Switch.

3-71. The LOCAL switch disables remote con­
tro l from HP-IB control and enables setting 
measurement conditions at front panel Con­
tro ls  (pushbutton switches). REMOTE HP-IB 
Status Indicator lamp turns o f f  when LOCAL 
switch is  depressed. This function can not 
be used when the 4274A is  set to loca l 
lockout status by contro ller.

3-72. HP-IB Control Switch.

3-73. The SI HP-IB Control Switch on A22 
HP-IB board Controls seven d ig its  and three 
capab ilit ies  as follows:

(1) B it l^  : The HP-IB address is  es-
tablished by these five  d ig its  of the 
Control Switch.

1. Set external DC bias to OV.
2. Disconnect external DC bias from 

4274A.
3. Remove 4274A power cable from 

instrument.
4. Remove 4274A top cover.
5. Change A22S1 HP-IB Control 

Switch to appropriate setting.
6. Replace top cover and re in s ta ll 

power cable.
7. Connect external DC bias source 

to EXT ±200V MAX DC BIAS con­
nector on rear panel.

8. Set bias source fo r desired DC 
bias.

9. Instrument is  now ready fo r use 
at ±200V DC biases.
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3-74. HP-IB Interface Capab ilities of 4274A 
Opt.101.

3-75. The in terface  capab ility  of a device 
connected to the HP-IB is  specified by the 
interface functions b u ilt  in to the device. 
The 4274A Opt.101 has eight HP-IB interface 
functions as given in  Table 3-10.

Table 3-10. HP-IB Interface C apab ilit ie s .

Code Interface Function*
(HP-IB Capab ilities)

SH1** Source Handshake.
AH1 Acceptor Handshake.
T5 Talker (basic ta lke r, se ria l p o ll,  

ta lk  only mode, unaddress to ta lk  
i f  addressed to lis te n ) .

L4 Listener (basic lis ten e r, unad­
dress to lis te n  i f  addressed to  
ta lk ) .

SRI Service Request.
RL1 Remote/Local (with loca l lockout).
DC1 Device C lear.
DT1 Device Trigger.

*Interface functions provide the means 
fo r a device to receive, process and 
transmit messages over the bus.

**The su ff ix  number of the interface 
code ind icates the lim ita tion  of the 
function cap ab ility  as defined in 
Appendix C o f IEEE Std. 488-1975.

3-76. Remote Program Code.

3-77. Remote program codes fo r the 4274A 
Opt.101 are l is te d  in Table 3-11.

3-78. DC-Bias Programming.

3-79. A 4274A Opt.101 with options 001 or 
002 can be set to a DC-Bias setting by remote 
programming as fo llows:

BI ±NNN E ±NN V
(1) (2)

(1) 3 d ig its  fo r mantissa
(2) 2 d ig its  fo r  exponent

Note

I f  not set, p o la r ity  of mantissa (or 
exponent) is  automatically set to 
plus(+).

3-80. Data Output.
3-81. Data outputted by the model 4274A 
Opt 101 consists of:

(1) Display A and Display B
(2) Recall Reference
(3) Test Signal Level
(4) Key Status
(5) Service Request Status Byte

In the follow ing several paragraphs, output 
data form is  described.

3-82. Display A and Display B Data.
3-83. Two output formats are poss ib le  with 
the 4274A Opt.101:

a. Format A.
To output e ither Display A data or Display B 
data in  a continuous string , the de lim iter 
form b it  (the HP-IB Control Switch B it  6) on 
the A22 board is  set to 0 (see paragraph 
3-72). In th is  mode, data is  outputted in 
the fo llow ing format:

X X X X ±N.NNNNNE±NN , X X ±N.NNNNNE±NN @ )  (Q )  

(1)(2)(3)(4X5) (6) <7X8X9) (10) 01)
Note

The 4274A Opt. 101 is  set at the 
factory for output Format A.

b. Format B
To break the data in to  two groups (lim its  
lin e  length) fo r outputting to ce rta in  pe- 
r iphera ls such as to an HP Model 5150A Ther- 
mal P rin ter, the de lim iter form b it  on A22 
board is  set to 1 (see paragraph 3-72). A ll 
data is  then outputted in the follow ing 
format: x x.x x ±n . nnnnne±nn (CR) (L?)

<l)(2x3x4)<5) (6) (11)
X X ±N.NNNNNE±NN ( C R > @

(8X9) (10) (ÏD
(1) Space.
(2) C ircu it Mode..
(3) Measuring Frequency.
(4) Data Status o f Display A.
(5) Function of Display A.
(6) Value o f D isplay A.
(7) Comma.
(8) Data Status o f Display B.
(9) Function of Display B.

(10) Value o f D isplay B.
(11) Data Terminator.

C ir c u it  Mode, Measuring Frequency, Data 
Status, and Function are expressed as an a l- 
phabetic character, as given in Table 3-12.
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Table 3-11. Remote Program Codes (sheet 1 o f 2).

Control Program Code Description

Display A Function L
C
R

|Z|

Display B Function D
Q

ESR/G
X/B
L/C
e BI

Al
A2
A3
A4

BI
B2
B3

BI, B3 
B2

, B2, B3

Combinations of A and B are lis ted  
in the table below:

1 2 3

1 L - D L - Q L - ESR/G

2 C - D C - Q C - ESR/G

3 R - X/B R - L/C R - X/B

4 |Z| - 9 |Z| - 6 |z| - e

C ircu it mode AUTO

Deviation
Measurement

OFF
A

A%

Cl
C2
C3

DO
Dl
D2

These program codes can not be used 
i f  reference data is  not stored.

Frequency Step 100Hz 
120Hz 

200(300)Hz 

400(500)Hz

1kHz
2(3)kHz
4(5)kHz
10kHz

20(30)kHz 

40(50)kHz

100kHz
*1
*2

F ll
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23

The frequency spots in  parentheses 
are used in Option 004.

High Resolution OFF HO

Data Ready

ON Hl

OFF
ON

10
II

I f  Data Ready is  set to ON, SRQ 
signal is  outputted when measure­
ment data is  provided.
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Table 3-11. Remote Program Codes (sheet 2 of 2).

Key Status Output K' This program code can be used to 
recognize the status of key settings.

Level Monitor V LV These program codes can be used to
LA monitor the o s c illa to r  level at un-

A known terminals..

M ultip l ie r X0.01 Ml
XO.1 M2
XI M3
X5 M4

LCRZ Range AUTO R31 Depending on DISPLAY A, DISPLAY B
MANUAL R32 and Measuring Frequency settings:

tOOOfF/lOOnH/lOOnt' R il I f  range is  set to a range which
R12 can not make the measurement, range

is  automatically reset to the
lOOpr/lO^H/lOC R13 nearest range capable of making the
lOOCoF/lOOüH/lCOfi R14 measurement.

lOnF/TOÜOpH/lOOOf; R15 ■

lOOflF/lOmM/lOkü R16
COOnF/lCOmH/lOOk.' R17
O-jF/IOOOirH/lOOOtó R18
lCOuF/IOH/lOMn R19
TOOOuF/IOOH R20 •
lOmF/IOOOH R21
lOOmF/lOkH R22

lOOOmF R23
Recall Reference RE This program code can not be used i fValue reference data is  not stored.
S e lf Test OFF SO

ON SI
Store Reference 
Val ue ST

Trigger INT Tl
EXT T2

HOLD/ T3
MANUAL

ZERO OPEN ZO
SHORT zs

Execute E This program code is  used to trigger 
the instrument from HP-IB.
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Table 3-12. Data Output Codes.
Setting Data Output 

Code

C ircu it Mode P
o-CJ-VA-o S

Measuring Frequency 100 Hz H
120Hz I

200(300)Hz J
400(500)Hz K

1 kHz L
2(3)kHz M
4(5)kHz N
10kHz 0

20(30)kHz P
40(50)kHz Q

100kHz R
*1 S
*2 T

Data Status Normal N
Overf1ow 0

Underf1ow U
Change

Function c

Measuring Function Se lf Test SPACE
L L
C C
R R
Z Z
% P
AL H
AC F
AR W
AZ Y
V V .
A A
D D
Q Q

ESR . R
6 G
X X
B B
e T

3-84. Recall Reference Data.

3-85. This data is  outputted from 4274A when 
the program code "RE" is used (refer to 
Figure 3-27). The data is  outputted in the 
following forma.t:

X±N.NNNNNE±NN (C R )©
0X2) (3) (4)

(1) Space.
(2) Function of Display A.
(3) Value o f Reference Data.
(4) Data Terminator.

3-86. Test Signal Level Monitor Data.

3-87. This data is  outputted from 4274A when 
Program Codes "LV" or "LA" are used (refer to 
Figure 3-27). The data is outputted in the 
following format:

X X±N.NNE±NN (CR)(Tf)
(1X2X3) (4) (5)

(1) Space.
(2) Status of Level Measurement.
(3) Measuring Function.
(4) Value o f Level Measurement Data.
(5) Data Terminator.

3-88. Key Status Data.

3-89. This data is  outputted from 4274A when 
the Program Code "K" is  used (refer to Figure 
3-26). The data is  outputted in the follow­
ing format:

ANBNCNDNFNNHNINMNRNNSN TN @  @
0 ) ë3^C4X5T C5X 7X 8XixToXÏÏj CÏT> 03)

(1) Space.
(2) AKA4: Display A Function.
(3) BKB3: Display B Function.
(4) CKC3: C ircu it Mode.
(5) DOn-DZ: Delta Measure.
(6) F1HF23: Frequency Step.
(7) HO, Hl: High Resolution.
(8) 10, II: Data Ready.
(9) Ml'xM: M u ltip lie r.

(10) R31, R32, R1KR23: LCRZ Range.
(11) SO, SI: Se lf Test.
(12) TKT3: Trigger.
(13) Data Terminator.

Section III
Paragraphs 3-84 to 3-89
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3-90. Service Request Status Byte. Note

3-91. The 4274A Opt.101 sends RQS (Request 
Service) signal whenever i t  is  set in  one of 
the four possible service request States. 
Figure 3-24 shows the Status Byte make up of 
the 4274A.

3 it 8 / e 5 4 3 2 1

Information 0 0/1 0 0 0/1 0/1 C/l 0/1

Signal b it  7 (RQS signa l) establishes 
whether or not service request e x is ts . 
Signal b its  1 thru 4 id en tify  the charac- 
te r  of the service request States.
Service request States of the 4274A:

(1) B it  1 : I f  Data Ready is  set
to  ON, th is  state is  set when mea­
surement data is  provided.

(2) B it  2 : When the 4274A re-
c.eives an erroneous Remote Program 
Code or an erroneous Internal DC 
Bias se tting , th is  state is  set.

(3) B it  3 : When Zero Offset or
S e lf  Test is  completed, th is  state 
is  set.

(4) B it  4 : This state is  set in
one of fo llow ing States of the 
4274A:

1 Error 1, 5, 6, 7, or 8.
2 Se lf Test is  fau lty .

The equipment required fo r these 
sample programs include:

4274A Multi-Frequency LCR Meter equipp- 
ed with Opt.101 HP-IB Interface. 

9825A Desktop Computer.
9821OA String-Advanced Programming ROM. 
98213A General 1/0 + Extended 1/0 ROM. 
98034A HP-I3 Interface Card.

Table 3-13. Sample 9825A Programs.

Sampl e 
Program Figure Description

1 3-25 Basic remote program 
fo r 4274A.

2 3-26 How to use remote pro­
gram code "K".

3 3-27 How to use remote pro­
gram codes "RE"j "LV" - 
and'"LA".

Figure 3-24. Status Byte of the 4274A.

3-92. Programming Guide fo r 4274A.

3-93. Sample programs fo r the HP Model 9825A 
Personal Computer are provided in  Figures 
3-25 thru 3-27. These programs are l is te d  in 
Table 3-13.

Note

Spec ific  information fo r HP-IB pro­
gramming with the 9825A is  provided 
in the 9825A programming manuals.
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Sample Program 1.

Description:
This program is  a basic remote program for the 4274A. The program has three 
capab ilit ie s  which are:

(1) Control o f the 4274A via HP-IB.
(2) Trigger of the 4274A via HP-IB.
(3) Data output from the 4274A via HP-IB.

Program:
0 : f l t 5  (1)
1 : wrt717.*'A2T3" (2)

(ÏX2) (3) (3)
2 : wrt717,"E"

(4) (4)
3 : red717,A,B
4 : dspA,B;prtA,B
5 : end

Select code of 98034A.
Address code o f 4274A.
Program codes for 4274A (re fer

This line  means the as same as

trg 717

to Table 3-11). 

fo llow ing program:

By using str ing  variab les, complete output information from the 4274A Opt. 101 
is  stored by the following program:

Program:
0 : f l t 5
1 : dimA$[50]
2' : wrt717,"A2T3"
3 : wrt717,"E"
4 : red717,A$
5 : dspA$;prtA$
6 : end

Figure 3-25. Sample Program 1 with the 9825A.

Sample Program 2.

Description:
The remote program code "K" can be used to recognize the status of key settings. 
This program shows how to use "K".

Note
Key setting information for the LCRZ Range using "K" is  "R31" when the 
LCRZ Range is  set to "R31 (AUTO)". Therefore, the LCRZ Range should be 
set to "R32 (MANUAL)" for recognizing the true LCRZ measuring range.

Program:
0 : dimA$[50]
1 : wrt717,"K"
2 : red717,A$
3 : dspA$;prtA$
4 : end

Note

The statements on lines 1 and 2 should be continuously programed._____
Figure 3-26- Sample Program 2 with the 9825A.
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Sample Program 3.

Description:
This program shows how to use program codes "RE", "LV", and "LA":

"RE" : This program code can be used to reca ll a display A reference value. 
"LV" : This program code can be used to monitor the test signal voltage 

across unknown terminals.
"LA" : This program code can be used to monitor the test signal current 

through unknown terminals.

Note

"RE" can not be used i f  reference data was not stored.

Program:
0 : f lt 5
1 : wrt717,'^I"

(1 )
2 : red717,A
3 : prtA
4 : end

Note

The statements on lines 1 and 2 should be continuously programed.

By using a string variable complete output information from the 4274A 
Opt.101 is  stored by the following program:

Program:

(1) Trigger Mode should be set to "T3" (HOLD/MANUAL)

(2) "RE" or "LV" or "LA"

8 : end

Note

The statements on lines 2 and 3 are necessary before the statement on lin e  5 
appears. If th is  is  not done, wrong output data may be sent to the Bus.

Figure 3-27. Sample Program 3 with the 9825A.

0 : dimA$[60],B$[60]
1 : wrt717,"A2T3"

0 )
2 : wrt717,"E"
3 : red717,A$
4 : dspA$
5 : wrt717."XX"

( 2 )

6 : red717,B$
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OPERATING GUIDE
-B ASIC  OPERATIN G  PROCEDURE-------------------------------------------

Set front panel DC BIAS switch as ap­
propriate for using desired test 
fixture or test leads.

Setting switch q u a lif ie s  useable 
test fix tu re  or test leads.

3.

4.

Connect desired test f ix tu re  or test 
leads to UNKNOWN term inals.

Press LINE button.

Automatic in it ia l memory 'test is  i n i t i ­
ated. Five S figures appear in  DIS­
PLAY A:

Option content is ,  i f  any option 
insta lled , displayed as:

i s

^ 0
HP-IB Compatible. 
Address code 17

Internal DC Bias Supply

Battery Memory Back-up - 1

6 . Automatic in it ia l  control settings. 
Instrument Controls are automatically 
set as follows:

DISPLAY A function C
Deviation measurement function o f f
LCRZ RANGE AUTO
DISPLAY B function D
CIRCUIT MODE AUTO
HIGH RESOLUTION o ff
SELF TEST o f f
TRIGGER INT
Test frequency 1.00kHz
MULTIPLIER xl

7. Select desired measurement function, 
and test frequency.

FREQUENCY STEP
DOWN U P Select desired te st .frequency
□  □ (100Hz to 100kHz, std 11 spots)

Available Measurement Functions

DISPLAY A

□

□

□

DISPLAY B

0  0

0  0

only
ê s r /

□

□

«-T^T-o only

□

□

8. Set MULTIPLIER to x5 and 
fu lly  CW position.

OSC LEVEL to

9. Perform zero o ffse t adjustment.

IF BIAS INDICATOR LAMP LIGHTS, 
PANEL DC BIAS SWITCH TO OFF.

SET REAR

1. Press ZERO OPEN button with no sample 
connected to test fix tu re .

2. "CAL" le tte rs  appear in DISPLAY A for 
about 10 seconds.

3. With a shorting strap connected to 
test f ix tu re , press ZERO SHORT button.

4. "CAL" le tte rs  appear fo r about 10 
seconds.

5. Remove shorting strap.

10. Set test signal for the desired ampli­
tude.

O SC LEVEL (V! 
0.6

:-Ö-

Set OSC LEVEL control for 
desired test signal level 
amplitude.

O.l 1

MULTIPLIER
X5 IV - 5V rms

«O.Oi xO.i Ki x&

0 0 El 0
XI 0.1V - IV rms
XO.1 0.01V - 0.1V rms
X0.01 0.001V - 0.01V rms

To monitor te st signal le ve l, press and 
hold TEST SIG LEVEL CHECK V or mA button.

11. Connect sample to test fix tu re .

12. Read display outputs. I f  OF, UF, CF or 
Err is  displayed, refer to pages 3-36 
and 3-37 Annunciation display meanings. 
I f  negative D value is  displayed, refer 
to Figure 3-16 step 15.



SELF TEST

IF BIAS INDICATOR LAMP IIGHTS, SET REAR PANEL DC BIAS
SWITCH TO OFF.

1. Set f ro n t  panel DC BIAS switch to ±35V MAX and 
CABLE LENGTH switch to "O" position .

2. Connect 16047A Test Fixture to UNKNOWN term inals.

3. Set DISPLAY A function to C and OSC LEVEL control 
to f u l l y  cw p o s itio n .

4. Press SELF TEST button.

5. D isp lay  T e st is  in it ia t e d .  A ll  fro nt panel d is ­
p lays and in d ic a to r  lamps, except BIAS in d ica to r, 
illu m in a te  fo r  1 second.

6. S u cce ss iv e ly , the Analog C irc u it  Test is  i n i t i ­
ated. Notihing should be connected to test 
f ix t u r e .

-OPEN TEST-

The le t t e r s  BI3 appear in  DISPLAY A during open 
te s t .

I f  an abnormality is  detected, the respective  
test step (from 1 to 20) is  displayed.

The sequential diagnostic test is  repeated a fte r  
the D isplay Test.

-SHORT TEST-

7. Set DISPLAY A function to L or R.

8. Connect a shorting strap to test f ix tu re .

9. The le t te rs  E B  appear in  DISPLAY A during sh ort 
test.

I f an abnormality is  deteced, the respective te s t  
step (from 21 to 27) is  displayed.'

The sequential d iagnostic test including D isp lay  
Test is  continuously repeated.

10. To stop c y c lic  s e lf  te s t  operation, again press 
SELF TEST button.

ANNUNCIATION DISPLAY MEANINGS (B r ie f summary)

DISPLAY A DISPLAY B Indicated Condition DISPLAY A DISPLAY B Indicated Condition

Inappropriate DISPLAY A function  
se tt in g . E

Measured L, C, R or |Z| value 
exceeds upper range lim it .

Measured L, C, R or |Z| value is  
too low.

'Any reading) O F Measured value in DISPLAY B func­
tio n  exceeds upper range l im it .

Improper se lection  o f  DISPLAY B 
function (choose another).

r

r

r

r

r E

~l

Error in  deviation measurement 
control operation.
STORE function actuated w hile an­
nunciation or A or A% value was 
being displayed.

Error in deviation measurement 
control operation.
A o r  a % function actuated in  mea­
surement o f parameter values not 
comparable with reference va lu e .

Error in  dc bias operation:

c r /- 3

E r r * 1 2 3-!

Erro r in ZERO o ffs e t  adjustment. 
Residual parameter value exceeds 
o ffs e t  control range lim it .

E rro r in DISPLAY B function set­
t in g . The function incompatible 
with DISPLAY A setting .

Error in ranging operation. 
Ranging operation has actuated 
unuseable range.

t r r

E rro r in measuring c ir c u it  con­
fig u ratio n :

1. Measuring c ir c u it  is  open or 
short c ircu ite d .

2. 16047B protective cover open.
3. Ranging operation has actu­

ated unuseable range with dc 
bias.

1. Internal dc bias operation  
without internal bias supply  
in sta lle d .

2. Bias voltage setting  exceeds 
maximum bias voltage l im it .

Ei

CP

Error in  dc bias operation. 
Inappropriate setting  o f fro n t  o r  
rear panel DC BIAS switch.

Error in memory back-up opera­
tio n :

1. Memory data to be preserved 
has been lo s t .

2. Stand-by battery ( fo r  re -  
tain ing memory) has become 
exhausted.



CAUTIONS ON OPERATION S

EXTERNAL BIASING: PRECAUTIONS A N D  LIMITATIONS

When m easuring any d evice or circu it th at is biased from  an extern al source, you  
m ust observe the follow ing precautions to  prevent dam age to  the 4274A .

1. DO NOT apply a  dc voltage exceed in g  th e lim its siow n in  the figure below .

GUARD LOW HIGH

I® ©  ©  ©  ©

♦°.5vb ̂ taoov
MAX MAX
■±200.5V MAX-

In ter ter m inal B ias L im itations

2. The 200V lim it shown above applies only when th e  DC BIAS Sw itch on th e front 
panel is  set to  ±200V MAX and th e DC BIAS S elector Sw itch on th e rear panel is  
se t to  EXT ±200V MAX. O therw ise, th e voltage lim it is  ±35V.

3 . If th e externally supplied voltage w ill not exceed  ±35V , se t th e DC BIAS S elector  
Sw itch to EXT ±3SV MAX. A lso, be carefu l n ot to  exceed  th e UNKNOWN 
term in ale 1 OOm A current lim ita tio n .

4 . DO NOT, under any conditions, con n ect a  charged capacitor d irectly  to  th e  
UNKNOWN term inals.

If any o f th ese  precautions is ignored, th é instrum ent m ay b e dam aged. Sym ptom s o f th e  
dam age th a t may result are listed  below .

1. E xcessive display fluctuation during m easurem ent.

2 . Err 4 is  displayed on DISPLAY A .

3 . During SELF TEST, error cod es O P10 through O P20, SH24 and SH26 are displayed  
on DISPLAY A .

I f  your 4274A  exhibits any one of th ese sym ptom s, co n ta ct th e nearest H ew lett-Packard  
S a les and S ervice O ffice .



Herstellerbescheinigung

Hiermit wird bescheinigt, da6 das GerSt HP 4274A (Multi-Frequency LCR Meter) in 
Übereinstimmung mit den Bestimmungen von Postverfügung 1046/84 funkentstört ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerates angezeigt und die 
Berechtigung zur Überprüfung der Serie auf Einhaltung der Bestimmungen einger&umt.

Anm: Werden MeB- und Testgerate mit ungeschirmten Kabeln und/oder in offenen
MeBaufbauten verwendet, so ist vom Betreiber sicherzustellen, daB die 
Funk-Entstörbestimmungen unter Betriebsbedingungen an seiner Grundstiicksgrenze 
eingehalten werden.

Manufacturer’s Declaration

This is to certify that this product, the HP 4274A Mutli-Frequency LCR 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 cables 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.



Herstellerbescheinigung
Hiermit wird bescheinigt, dafi das Gerat HP 4274A Multi-Frequency LCR Meter in 
Übereinstimmung mit den Bestimmungen von Postverfügung 1046/84 funkentstört ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerates angezeigt und die 
Berechtigung zur Überprüfung der Serie auf Einhaltung der Bestimmungen eingeraumt.

Anm: Werden Mefi- und Testgerate m it ungescbirmten Kabeln und/oder in offenen 
Mefiaufbauten verwendet, so ist vom Betreiber sicherzustellen, dafi die Funk- 
Entstörbestimmungen unter Betriebsbedingungen an seiner Grundstücksgrenze eingehalten 
werden.

GERAXJ S CHEMISSIO N

Lpa <  70 dB 
am Arbeitsplatz 
normaler Betrieb 
nach DIN 45635 T. 19

Manufacturer’s Declaration
This is to certify tha t this product, the HP 4274A Multi-Frequency LCR 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 unsereened cables and/or used for 
measurements on open set-ups, the user must insure that under these operating conditions, 
the radio frequency interference limits are met at the border of his premises.

ACOUSTIC NOISE EMISSION

Lpa < 70 dB 
operator position 
normal operation 
per ISO 7779



GERAUSCHEMISSION ACOUSTIC NOISE EMISSION
Lpa < 70 dB Lpa < 70 dB
am Arbeitsplatz operator position
normaler Betrieb normal operation
nach DIN 45635 T. 19 per ISO 7779
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Reorder No. or 
Manual Part No.
04274-90004-E0Ö90


