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Herstelierbescheldtgung:

Hiermit wird bescheinigt, ‘daBd das Geriit HP'I42N714'A {Muiti-Frequency LCR Meter) in
Ubereinsgimmung mit den Bestimmungen von-Postverfigung 1046/84 funkentstirs. ist.

Der Deutschen Bu__ndeé‘;;‘)os;t?"Wurdé das Eﬂverkéhf‘brin'geﬁ_g-{ﬁieses Gerdtes angezeipt und die
Berechtigung zur Uberpriifung der Serie¢ auf Einhaltung d&ﬁfﬁestimmungen cingeriumt. )

Anm: Werden MeB- und Testgerite mit ungeschirmten Kabeln und/oder in offenca
MeBaufbauten  verwendet, so st vom  Betreiber sicherzusteilen, dal die
Funk-Entstdrbestimmungen unter Betriebsbedingungen an  seiner Grundstlicksgrenza
eingehalten werden.

Manufacturei's- Declaration

This is to certify that this product, the. HP 4274A Mutli-Frequency LCR Meter, meets: the
radio freguency interference requirements of directive 1046/84. The German Bundespost
‘his 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 opérgting condi-
tions, the radio frequency interfer¢nce limits are met at the border of his premises.






CAUTIONS ON OPERATIONS

EXTERNAL BIASING: PRECAUTIONS AND LIMITATIONS

When measuring any device or circuit that is biased from an external source, you
must observe the following precautions to prevent damage to the 4274A.

1. DO NOT apply a de voltage exceeding the limits slown in the figure below,

Interterminal Bias Limitations

o st i B

2. The 200V limit shown above applies only when the DC BIAS Switch on the front
panel is set to $200V MAX and the DC BiAS Selector Switch on the rear panel is.
set to EXT tZBOV MAX. Othermse, the voltage limit is £35V.

3. If the’ externaliy supphed voltage wm not exceed tssv, set the DC BIAS Selector

Switeh to EXT 35V MAX. Also, be careful not to exceed the UNKNOWN
terminal's 100m A current limitation. .

4. DO NOT, under any conditions, connect Iy charged capacitor directly to the
UNKNOWN terminais.

If any of these precautions is ignored, the instrument may be damaged. Symptoms of the
damage that may result are listed below.

1. Excessive display fluctuation during measurement.
2. Err 4 is displayed on DISPLAY A.

3. During SELF TEST, error codes OP10 through OP20, SH24 and SH26 are displayed
on DISPLAY A.

Bi your 4274 A exhibits any one of these symptoms, contact the nearest Hewlett-Packard
Sales and Service Office.






MANUAL CHANGES

—— MANUAL

e

G A LCR M Date Printed:
MULTI-FREQUENCY ETER Part Number:

Model Number: 4274A

IDENTIFICATION ——

MAR. 1982
04274-950004

improvemants mads after the printing of the manual.

To use this supplement:
Make all ERRATA corrections.
Make s appropriats serial number related changes indicated i tha tables below.

SERIAL PREFIX OR NUMBER . MAKNE MAMUAL CHANGES SHNLAL PREFIX OR NHUMBER

This supplement contains important information for correcting manual arrors and for sdapting the manus! to instruments containing

MAKE MANUAL CHANGES

ALL CHANGE 1

» NEW (TEM

© BCHANGE Y
" page 3-19, CAUTION. Change the following:

CAUTION "=

'HOWEVER, IN THE CASE OF HIGH CAPACITANCE
(>1000:F) MEASUREMENT WITH DC BIAS ON,

ZERO OFFSET ADJUSTMENT.

NOTE'

Manual change supplements are revised as often as necassary to keep manuale as current and accur
racommends that you periodically request the latest edition of this supplement. Frse copies are ava

page of the manuai.

SET DC BIAS VOLTAGE TO O {V), THEN PERFORM-

requesting copies quote the manual identification information from your supplemant, or the modael number and print date from the tite . -

sta as poasible: Hewlett-Packard-
iable from all HE offices. When

Date/Div: Aug. 20, 1985/33
Page Tof 1

Printed in Japan

0 HEWLETT
B PACKARD







e wer o p—=MANUAL IDENTIFICATION .—.
Bl : cY LcR MEféh Date Printed:  MAR. 1982
MULTI-FREQUEN |  Part Number:  04274-90004 .

This supplemant containa important information for correcting manual errors and for adapting the manual to- Mstruments containing:
improvements mads after the printing of the manval : :

To use this supphmﬁt:

Maka al ERRATA corrections.
Make afl sppropriata serial numbar related changes indicated in the tables below.

SERIAL BRRFIX OR NUMBER MAKE MANUAL CHARGES SEMIAL PREFIX OR NUMBAR - " .HAKK “_ANHAI.&HANQ“
2517302951 and above T
> NEW ITEM i

.

owcHANGE T

Page 2-4, Figure 2-3;

Change the Figure as shown on the next page.

NOTE

Manual change supplements are revised as often as necessary to keep manusls as current and sccurate s possible. Hewintt-Packard:
recommends that you petiodically request tha latest adition of thit suoplement. Frae copies are avedable from sk HP offices. When.
requssting copies guote the manual identification information from your supplement, or the model number and print date from the tith
page of the manusl, i . e

Dato/Div: Apr. 10, 1985/33  EjpR HEWLETT
Page 1 of 2 ‘ .. (ﬁ)\:PACKARE

Printed in Japsn. R e e
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Description-

Kit Part Number

Handle Kit

" 5061-9690

Rack Flange Kit

5061-9678

Rack Flange & Handle Kit - |~ ~ 5061-9684 -

L

3.

4,

5.

Remove adhesive-backed trim strips (I
from side at right and left front: of"-
instrument.

HANDLE“INSTALLATION'¢ Attaeh front.
handle (3) to sides at right and left front
of instrument with scerews: p:ovidedf' ?
attach trim (§) to handle.. . .5

RACK MOUNTING : Attach mck’- mount.
flange (2) to sides at right and left front of
instrument with serews provided:: e

HANDLE AND"  RACK "MOUGNTING
Attach _front handle (3) and raek mount
flange (5): together to sides. at’ right and.
left front’ of instrument. wi
provided.

When - rack mounting (3 and 4 'abova).
remove all four feet {lift bar at inner szde
of foot, and slidé foot toward the bark, = [~

Figure 2-3. Rack Mount Kit. e




MANUAL CHANGES

e MANUAL IDENTIFICATION ——
Model Number: 4274A (OPE)

MULTHFREQUENCY LCR METER . Date Printed: MAR. 1982
PR Part Number: 04274-90004

This supplement contasing important formation for correcting manual errors and for sdapting the manusl to instruments containing
improvemants made after the printing of the manual.
To use this supplement:

Make alt ERRATA corractions.
Make at appropriate serial number related changes indicated in the tables below.

SERIAL PREFIX OR NUMBRR- HMAKE MANUAL CHANGES SERIAL. PREFIX OR NUMARR MAKE MAMNUAL CHANGES
ALL 1
2031J01211 and above 2 B ”. ;%}¢
> NEW ITEM
ERRATA

b Title page: SR
Change the description following "SERIAL NQMBE&S"“to?readi

This manual applies directly to instruments with-

serial number prefixes 1850J,°2019d, 20314, and 2147J.:

Page ii, TABLE OF CONTENTS:
Add the following line:

3-21. Initial Control Settings ..e..... 3-17

NOTE

Manual change supplements are revised a3 often as necessary to keep manusls as current and accurats as possible. Hewiett-Packard
recommends that you periodically request the iatest edition of this supplament. Frew copies are avaisble from ak HP offices. Whan
requesting copies quote the manusl identification information from your supplemant, of the modsl number and print date from the tite
page of the manual, .

Date/Div: Feb. 3, 1984/33 w :‘HE:WLETT_
Page 1 of 10 _ | .- . PACKARD

Printed in Japan



‘“.;4K;Table 1-1, Specifications (Sheet'i of 8):
pdd-the following to the description for the OC Bias

Monitoring at the DC:Bias Monitor output is-accurate
" only when the dc resistance of the DUT is greater than
100Ma. If the resistance is Tower than 100MQ,
monitored values will differ from the actual voltage
across the DUT. The difference depends on the current
through the DUT and the measurement range selected.

p Page 1-9, Table 1-1, Specifications (Sheet 6 of 8); GPTiONS§ n 
Add the following note to the description for Options 001 -~
and 002. T e ~

Note: Accuracies apply when the-UNKNOWN terminals
of the 4274A are open.. E y

page 1-10, Table 1-1, Specifications (Sheet 1 of 8Y%”
Change the description for Option 101 to read a
follons: ror vV R TReR e

Option 101: HP-IB (Hewlett-Packard Interface = "
Bus), Hewlett-Packard's implementation of IEEE-
488-1975, ANSI Standard #MCYI.T.




2-2, Figure 2-2, Power Calﬁes Supphed-
cﬁange the figm*e as fol]ows. s s

OPTION 500

Plugs 8BS 13634, 150V
Cable s+ HP 8120-1351

Austn.ﬁu{ Naw Zealand

. lime

Plug's NZS8 198/A8 112, 250V
Cable : HP 8120-1369

0?’!‘!0!{ a2

RS

Plug: CEE-VH, 150V
Cable: HP $120-1589

European comm-m

CPTION 203
. s

" g e nan&s-tsp, 128%; 1A
Cables HP 8101318 :

" OPTION g05*

Neutred

Piug: CEE 22-VI, 250V
Cable: HP 8120-1398

Cabis: HP 83120-3104- v

Pluge SEV |u11.mu-usm'rm 1% mw:*‘” :

OPFTION 812

T

Benmask * Plug option 908 is frequently used for
’ mtereonnaeting system componenta m

pecipherals.:: : e s

prer e L

. NOTE:. Ench- option number- includes a
*family! of cords and’ connectors ¢
various - meterigls - and’  plugs . body
configurations (straight, 30 ete.}

Figure 2-2. Power Cables Supplied




» Page 2-3, paragraph 2-12:
- Change;the description as foilows:

TG | preserve’ the: prctection f eature when operatinmg the
"' i{nstrument from a two contact outlet, use a three
prong to two prong adapter (HP Part No. 1251-8196) and"

connect the grounding tab on the adapter to power-line

Page 3-55, Pragraph 3-68, HP-IB Status Indicator:
Add the following note: L

Note: When the 4274A is contrbiied‘tia the
HP-I8, 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~9825A2
Add the following to the second note: .. S

Trigger mode of the 4274k should: be-set to.
"HOLD/MANUAL" (remote program code:
remote program code "K" is used.

T3),when:the;~‘-ﬁ

AT T :

page 4-7, paragraph 4-11, TEST SIGNAL LEVEL (VARIABLE.RANGE
TEST): R

. -Change the test procedure as described-on-page- 9 ‘of this

- manual change sheet: e

» Page 4-12, paragraph 4-16: - S UL
partially change Note 1) as follows. . = . =

1) 1f SHORT and OPEN .....

Pages 4-16 and -17, paragraph 4-19, INDUCTANCE ACCURACY
TEST (Confirmation Test): '

Change the test procedure as described on page 10 of
this manua} change sheet.

£ S
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Pager-ZQ “TEST - PROGRAM 1

.”ff ﬂ#-"n"'i}ﬂ

ange program Tisting.as. fat1ows.:hA‘_

YREMOTE/LOCRL TEST":

dim R$L[1]
QR
rde(717)28
prt “REMOTE-LOCAL TEST";spc 3
rem 7 C : ’
wet ?217,"T1";ent "LISTEN=1, TALK=0, REMUTE*1" RS ;”'“””M“'"”
1§ RAt="n";10R N -
elt 7;ent "LISTEN=Q, TALK=O, RE”OTE-1" R$" Che :
iF H"" wi13A e -

el 7; ant “LISTEN=Q, TALK=0, RENGTE 0“ Ht '

if Ht-“ n';13R

rem 717 ent " REMOTE=1",A$

i f ﬁt-"n";1>ﬂ

1lo 7 -

el ?17;ent * REMOTE=OQ",RS$.
if HQ'" ”'1}ﬁ

(# A$=tnt; 1A
if A=1;prt "REMOTE LOCAL TEST ) .
prt REMOTE/LOCAL TEST | PHSS"'spc 3
0’A
prt "LISTEN/TRALK TEST*;spc 3. ....i° :
red 717,R,Bjent "LISTEM=O, THLK&%, Rzmursu-
4 RA$=tnv 1A

tf A=tiprt’ ”LISTEN/TﬂhK.TEST R -.FHIL“;
prt "LISTEN/TALK TEST o ‘ PﬁSS“;spc 3
pri "END';spc 3 : o
cht 7 ..
el 7 s
end .




Page 4-25, Table 4-10, Controller Instructions and Operator
Responses for Test Program 1:

- Change the table as follows:

Controller Instructions

Printout

Operator Response

FEMRTE-LOGCAL TES
T

1f 4274A %P-IB Status Indi-

LISTEN = 1, TALK = 0, REMOTE =
cators and Controller Display
LISTEN = 0, TALK = 0, REMOTE = are same, press “[¥],
[CONTINUE] " in each step. If
LISTEN = 0, TALK = 0, REMOTE =  not, press “"[A], .,
REMOTE =
REMOTE =
LISTEN ==1, TALK = 0, REMOTE =
REMOTE-LOCAL TES | If alt steps.are: camct, this
T FRES | message {s ‘output. :
REMOTE-LOCRL -TES | 1f any step fai'ls, th‘is me
T __FRIL lsage-is output,
LISTEN TALK TEST | .
" - - if 4274A HP-IB Status- Indix
LISTEN = 0, TALK = 1, REMOTE cators. and Controiler nisp e
are same, press "[¥},” *
: * in_each step. IE‘ )
LISTEN = 1, TALK = 0, REMOTE = ot press [, [CONTINGE] ",
LISTEM-TaLyY TesT | If both steps are correct,

this message is output. __

If any step fails, this mes-
sage is output.. . -

P Pages ii and iii, Performance Test Record, SELF-OPERATING TEST

(paragraph 4-13):

-Change the minimum and maximum test limits for DISPLAY A in-
steps 2 through 5 to -998.40 and -1001.60, respectivily.




Paggny&Perfermance-Test Reecrd* INUUCTA&CE AQCGRACY TEST
{paragraph 4-19)= e
ange thelperformance test record format as follows:

Paragraph | N R Results

Number TEST B Minimum Actual | Maximum
4-19 | INDUCTANCE ACCURACY TEST |+ o

| " | 100m# Range. MULTIPLIER: x5 | ~

- (C.v.= ) ~10kHz |CV-0.40mH || CV+0.40mH |
(C.V.= ) 100kHz |CV-0.40mH || CV+0.40mH |

CHANGE 1

Page 2-5, Figure 2-4, Option Insta&?aﬁfon,
OPTION 101 HP-1B COMPATI&ILITY

E
ik
g %W"" fo

Change the part number af opt1ona¥%ROM'A9U10 te
04274-85029. Fa i R

Note 1: This HP-IB Program ROM: {Fﬂf 04‘8?’&-85029)“ '
available for units serial numbered - -
2019J0076@: and below. »1f AUI0 must be:

- replaced, use 04274~85029 zn place of
. 04274-85019., P

- Note 2:  When: 1nstalTrng Opt¥o¢ 101 in unzts seria¥
numbered: 2031J00761 and: above, "it is noti 0 o
necessary-to install ‘A9Y10. These units’ are S
already equipped with an Option 10%
compatible AU,

Page 3-58, Table 3-11, Remote program Codes*
Add the folXowxng descr1pt10n to Tragger

en external trigger is used, set -the’ 427&& to local "
¢ pressing the’ LG&AL key or'v1a HP*IB programm1n§ .
§825A~ 1c1 737} R i

et

'555,paragraph 3-65: s ' e
he following Note to theldescrxpt1on$ for HP-IB: RRE A

. Note: L

The 42748 may exh1bit tﬁe Fullowing‘phenomena‘

Phenomenon -1.

(1) The f1rst byte of measurement datax1s=Tost-mmf:; “?f:ﬁiamm_m
when read after Seria} Pu?11ng.b . MR

{2) The first several bytes of measurement dataw
are lost when read after Sertai Pa%ffnq¢m‘

- BE ET



ty
e
R

Output measurement data from the

] 4274A may include two or more spaces

L5 i the first part of each data
string, though each data string

-.should have oniy one space. Refer to ...,
paragraph 3-81 on page 3-56 for data . -
output format. )

Phenomenon -3. After Serial Polling, the status. S
byte, which should be cleared, is not
cleared from the register in'the
HP-IB Interface Adapter (Micro Port),
A2203.

Described below are softwere eeiuifeﬂs fof”fﬁéfaaséé
phenomena.

For Phenomenon -1 - (2}¢ . - = .;vi

"Serial Pe131ng (read status)" and "reaé-.
one byte of measurement. data“ should‘net be
executed sequentxa]?y. S A

For Phenomenon -2: -
1) Read measurement data with free format‘

2) Measurement data»as read with the S
procedure: hold trigger--execute
(trigger)--read data. However, the-
first measurement. data of sequent1a¥
measuremeﬂt daﬂ% is anva11d

CHANGE 2

A1l pages where Optlens 003 and 101 appear:

The functions and capabilities of Option 003 (Battery
Memory Backup) and Option 101 {HP-I1B Compatible) are
.. standard on 4274A units serial-numbered 2031301211

- and above. Refer to paragraphs 3-58, 3-59, and 3-64
through 3-93 for details on Battery MemerynBackup'and
HP-1B Compatibility.

" Note

HP-I8 INTERFACE TEST in paragraph 4-27 must
be performed for all units with the above
specified serial numbers.




3 erifies that‘the variah!e range: of the test. signal level for . -
thefspecified range span nf lmv and SV‘rms at every test frequen-‘,

cy setting. -

SRR ' L Ll R i
RF Voitmeter i . - 1
. ,.;,,__ - o E;Ba{é;;é‘;} =) er
; !gmﬁ@ fhe & jnﬁmmmla '

» © x@@@“’éo 17 @B viTn

Figure 4-2. Test Signal Level Variab]e Range Test Setup.

EQUIPMENT: :
RF VOTEmeter | | ... ... neeerennosannnios -, HP 3400A.. and HP 3465A/3-_
Test cable . .. ........ BNC to BNC cable/BNC to dual banana cable:
BNC to BNC Cab]& ------ e ensu oL BN v o.-".&'l PP e - n ‘!ocm TD“Q
Note *_*“Z’° ¢
Use RF Vo1tmeter calibrated for frequency response of 100Hzftu\10 H;
PROCEDURE: : S *{

1.
2.

‘. . .'.4f. .

0SC LEVEL ..... SRNMPN Ceerreresasies iere

TeSt FreQUENCY +.uveeencescssssrsnneneenasass 1OOKHZ o o
DC BIAS switch (rear panel} ........... vawessas OFF oo
Other controls ...evericerssvacasnscans Any settinge

5. RF voltmeter readout should be 5 OOV rms or more {when the va?ue is cor-z'-
rected for the voltmeter frequency response). b

6. Change test frequency setting successively to lTower frequencies’ (f%mn
100kHz) and verify that RF voltmeter readout exceeds 5.00V.rms.at each:
test frequency sett1ng

7. Set 421@ﬁ;controls in accord with table 4-3 and verify that all thertest
limitg in the table are satisfied. o

rablé-tas., Tést ngna% Level Variable Range. Testy - -

T Control settings 7 . -} Test Hmts e I
: ka&!fuwmmw USC LEVEL | MULTIPLIER - IR BT
Eack setting.from fully cw : L greater than 5. mg s, e
100Mz ta 100kHz L : :
fach setting from fully cw xt greater than LO(]V
100Hz to. 100kHz " o BT
=T T e
 Any setting fully cw .x greater than _anmv ™ E
. x0.0% grester than 10.0mV ros e
16H2 fully cow bose 20.0% ~E o7 Tess than: i 00m: rmscnr feio
: ‘ {Use A65K/B)- .




'étance accuracy is verif‘ied if the instrument: meets: both. capacitance .. -
fance accuracy test Timits. If it is desired to confirm: the: 1nductam:e i
n at least at one range, per'form the foﬂow'inq test: saiitag g

@ ®-© l:. e L terminal set*“
Rn ;fﬁ: e e
)@-@y‘. | «— C. terminal set J

F:gdre 4-6. HP 16074A Quasi- ~inductor..

Internal Connection Conﬁguratfcn] i
is shown in the figure. o

EQUIPMENT: o RS TS Fa e o TR
Quasi-inductor, 100mH ,........... from HP 16074A Standard Resistor Set
PROCEDURE : A een Y Ty
1. Set 4274A controls as follows: A
DISPLAY A function ......veeeevennns e iniaede 5
« =Deviation measurement functiom .....iicco.iceiinee. “off '
LCRZ RANGE *aas e e I RN N A ’rtto‘owcﬂ-l-w‘;«'%;qi'olltqu:m
- CIRCUIT MODE ... .oueviinenn nsenassnesesenan -

TRIGGER ------------------------- &-ﬁ‘.‘ s ) A

0SC LEVEL vuvrrievenenenenseronnnsnenansnsnsass TUlRy CHa A0 -

MULTIPLIER ...... e te e e ntaa o raaanes Cdeed. XBEOT
CAUTION. -~ RS

VERIFY THAT DC BIAs INDICATOR LAMP DOES NOT LIGHT.
SET REAR PANEL DC BIAS SWITCH TO OFF.

Note - Co i .;fii";g T

_ f’ Capacitance Accuracy Test (paragraph 4-15) has not been performed. S
“#mfore doing this test, perform a zero offset adjustment in accord
_the Capacitance Accuracy Test steps. 1, 3, 4 and 5,

274 Connect the "L" terminals of the 100mH quasi- inductor direcﬂx t@ the;_ o
4274k UNKNOHN terminals. See Figure 4- 6. _ ﬁ

3. Set the test s1gna1 frequency. to. mkHz.n ‘

4. Inductance display readout should be withm :O 4ml~l of’ the ca%ibrated
inductance value. _ _ : Gl ok ST

“5. Change test signal frequency to 100!:%!2.”%*

6. Inductance display readout should be withiw 0. 4mH ef the ca?ibratﬁ;&-:
inductance vame. N |
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Section I
PREFACE

PREFACE

You are now the owner/user of the Hewlett-Packard
Model 4274A Multi-frequency LCR Meter, This new
component measuring instrument, developed by
Hewlett-Packard, satisfies the wider measuring
requirements for accuracy, speed, flexibility and
versatility, Additionally, a new leve] of ease of
operation is brought o the electronics industry,
This operability both helps to up-grade the quali-
ty of product design and speeds physical and chem-
ical research of material investigations creating
@ new measurement capability in these and other
scientific fields. The 42744 Multi-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, respectively -~ and both-reflect the new
concepts,  The Model 4274A, in particutar, is an
advanced LLR meter which makes various component
measurements simple and much easier,

-
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Model 42744

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
fully automated measurements and ease
of operation. Measurement capabilities
are also enhanced by the microprocessor
permitting sophisticated control  and
powerful calculation capabilities. For
all measurements, a choice of the
desired test parameters in flexible
combinations is enabled, A built-in
multimeter displays test frequency set-
ting, or alternatively, the test signal
voltage or current for monitoring test
signal level applied to DuT,
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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This operating manual contains the
information required to install, 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, instru-
ment identification, description, options,
accessories, and other basic information.

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

1-4. DESCRIPTION.

1-5. The HP Model 4274A Multi-freguency LER
Meter is a high performance, fully automatic
test instrument designed to measure the vari-
ous component measurement parameter values of
an impedance element in the relatively Tow
frequency region. The 4274A measures induct-
ance (L), capacitance (C), resistance (R),
dissipation factor (D), quality factor (Q},
conductance (G), susceptance (B), reactance
(X) and, in addition, the absolute value of
the vector impedance ({Z|) and phase angle {8)
gver a wide range with high accuracy and
speed. The wide range measurement capa-
hilities of +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 test signal level can be flexibly set at
the desired amplitude within the range of ImV
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Figure 1-1. Model 4274A and Accessories. 1-1




" plied to DUT in 3 digits.
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to 5¥rms by front panel controls. The multi-
spot  test frequency and test level control
functions featured in the 4274A permits meas-
uring the device to be tested under the prac-
tical test conditions at which it actually
operates.  When it’is desired to test a com-
ponent  for its specified performance, the
4274R  can take measurements under normal op-
erating test conditions. Thus, the 4274A is
a truly versatile 1nstrument which can re-
spond to the diverse measurement reguirements
in research, circuit design, production test-
ing and the QA inspection areas.

The other obvious advantage of the variable
test signal capability 95 that it becomes
easy to measure non-linear impedance elements
whose parameters are strongly dependent on
their operating conditions, such as inductors
and semiconductor devices., Most significant-
iy, the 4274A can be of particular help in
the experimental assessment of devices in the
semiconductor testing field.

Measured values are displayed by the two
4-1/2 digit numeric displays along with ap-
propriate units. A high resolution operating
mode provides 5-1/2 digit resolution plus
lTesser significant digit data by averaging
the measured values every ten measurements.

The extra display section of the 4274A pro=
vides for "a display of the test frequency
setting, test signal voltage, or current ap-
This built-in
multi-function display allows selectable mon-
itoring  of the measuring conditions anytime
during the test. Thus, the 42744 is tailored
as a stand alone test instrument which offers
all test parameter inputs (frequency and test
voltage or current) without the help of ex-
ternal equipment,

1-6. The measuring range for capacitance is
from 0.01fF (femto farads = 10°5 farads) to
1999.0mF, inductance from 0.001nH to 1599,9H,
and resistance and impedance from 0.001m to
19.999M0, all of which are measured with a
basic accuracy of 0.1% to 10% depending on
test signal level and frequency and at a
typical measuring speed of 140 to 210 mitli-
seconds, The measuring circuit for the de-
vice to be measured is capable of both paral-
lel and serfes equivalent circuit measure-
ment, Either dissipation factor, guality
factor, eguivalent series resistance, con-
ductance, reactance, susceptance or phase
angle can be selected in addition to the
choice for L, C, R or |Z! measurement. The
measuring range for dissipation factor is
from (.00001 to 9.9999, quality factor from
0.07 to 9900, equivalent series resistance

1-2
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and reactance from 0.001mO to 19.999M2, con~
ductance and susceptance from 0.01nS to
199.995, and phase angle from 0.001° tq
180.000°.  The measured values are displayed
simultaneously with the L, C, Ror |Z| meas-
urement data. The wide range capability of
the 4274A enables a measurement range from
that for small capacitances such as ceramic
chip capacitors and semiconductor junction
capacitors to that for high capacitances
such as the measurement of electrolytic capa-
citors to be covered. The high resolution
measurement capability enables the measure-
ment of an extremaly low dissipation factor
such as that of a polystyrene capacitor. A
wide range of inductance measurements, from
the inductance of a carrier frequency coil to
that of an output transformer, can be made at
suitable test frequencies. The wide resist-
ance range permits measurements for low value
cable conductor resistances through those for
high resistance solid resistors, y

1-7. The 4274A employs certain unique fune-
tions which make the best use of the intelli-
geénce capability of its microprocessor. Two
A (delta) key functions excute capacitance, -
inductance, resistance, and impedance devia-
tion measurements. These functions make
possible the memorizing of a measured value
as a reference value such that the subsequent
display is . the measurement minus the refer-
ence value or the percentage that the meas-
urement deviates from the reference. The
reference value s ‘pbtained and memorized
from the Preceding measurement when the in-
strument s set to "store" mode. A digita)l
offset adjustment function measures residual
capacitance, inductance and resistance in-
herent to the test fixture used, and offsets
the effects of these parasitic impedances to
zero with respect to the measured values. An
appropriate offset compensation quantity is
automatically calculated every time a meas-
urement is taken. Any measurement error due
to the test fixture is, therefore, automati-
cally eliminated for stray capacitance up to
20pF, residual inductance up to 2000nH,
resistance up to 0.52, and conductance up to
5uS. Use of a microprocessor also facilitates
the high reliability design of the 4274A.
Convenient diagnosis is feasible by merely
pressing a panel pushbutton. This confirms
functional operation of the instrument.

1-8. The versatile 4274A capabilities are
maximized by the availability of special test
fixtures, and the installation of options
providing internal dc bias supply, memory
backup capability, or HP-IB (IEEE~STD-488-
1975) compatibility.
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1-9. SPECIFICATIONS.

1-10. Complete specifications of the Model
4274A Multi-freguency LCR Meter are given in
Table 1-1. These specifications are the per-
formance standards or 1limits against which
the instrument is tested. The test procedures
for the specifications.are covered in Section
IV Performance Tests. Table 1-2 1ists gen-
eral information. General information is not
specifications but is typical characteristics
included as additional information for the
operator. When the 4274A Multi-frequency LLR
Meter is shipped from the factory, it meets
the specifications listed 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
flectromechanical Committee) Safety Class I
instrument and is shipped from the factory in
a safe condition.

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

1-‘!4.- INSTRUMENTS COVERED BY MANUAL.

1-15. Hewlett-Packard wuses a two-section
nine character serial number which is marked
on the serial number plate (Figure 1-2}
attached to the fnstrument rear panel. The
first four digits and the letter are the se-
rial prefix and the last five digits are the
suffix. The letter placed between the two
sections didentifies country where instrument
was manufactured. The prefix is the same for
all identical instruments; it changes only
when a change is made to the instrument. The
suffix, however, is assigned sequentially and
is different for each instrument. The con-
tents of this manual apply to instruments
with the serial number prefix{es) Tlisted
under SERIAL NUMBERS on the title page.

1-16. An instrument manufactured after the
printing of this manual wmay have a serial
number prefix that is not 1isted on the title
page. This unlisted serial number prefix in-
dicates the instrument 1is different from
those described in this manual. The manual

Figure 1-2. Serial Number Plate.

Section 1
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for this new instrument may be accompanied by
a yellow Manual Changes supplement or have a
different 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 this manual as curvent and accurate
as possible, Hewlett-Packard recommends that
you vperiodically request the Tatest Manual
Changes supplement. The supplement for this
manual is identified with this manual's print
date and part number, both of which appear on
the manual's title page. Complimentary copies
of the supplement are available from Hewlett-
Packard. If the serial prefix or number of
an instrument is lower than that on the title
page of this manual, see Section VII Manual
Changes. +

1-18. For information concerning a serial
number prefix that is not Tisted on the title
page or in the Manual Change supplement, con-
tact your nearest Hewlett-Packard office.

1-19. OPTIONS.

1-20. A total of nine options for the Model
4274A are available for adding the following

- capabilities:

Option 001: Internal DC Bias Supply (G-
., £38V).
Option 002: Internal DC Bias Supply {(0-
" +99,9V),

Option 003: Battery Memory Backup. Memory
data protection with standby
battery in event instrument
Toses power.

1-3-5 Step Test Freguency.
Test frequency selection in
1-3-5-10 sequence steps in~
stead of the standard 1-2-4-
10 sequence step fashion.
HP-I1B Compatibility.

Option 004:

Option 101:

Options 907, 908 and 909 are handle or
rack mount kits, See para-
graph 1-36 for details.

Option 910: Extra Manual.

NOTE

Options 001 and 002 are not compati-
ble each with the other and are
mutually exclusive equipment.

1-3
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Table 11 Model 42744
Table 1-T1. Specifications (Sheet 1 of 8)
SPECIFICATIONS
Parameters Measured: C, L, R, Z, D, Q, (Deviation spread in counts is
ESR, G, X, B, 8. & (deviation) and -199999 to 199999 or from -199.99%

?%l(percent deviation}) for C, L, R,
Zi.
Measurement Circuit Modes: Auto, Series
and Parallel.
Parameter Combinations:
C-D or Q or ESR
Series L-D or Q or ESR
¢circuit mode R-X or L
1z]-8
C-Dor Qor &
Parallel L-Dor QorG
circuit mode R-B or €
|2}

Normal mode: 4-1/2 digit,
maximum display 19999,
High resolution mode: 5-1/2
digit, maximum disptay
199999,
(Number of significant digits dis-
played changes depending on measure-
_ment.  freguency, test signal Tevel
and measurement range).

Display:

Measurement Terminals: Four terminal
pair configuration (high and Tow
terminals for current and potential
terminals} with quard terminal,

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

Measurement Freguencies: 100Hz, 120Hz,

200Hz, 400Hz, 1kHz, 2kHz, 4kHz,
10kHz, 20kHz, 40kHz and 7100kHz
+0.01%.

Test Signal Level: 1mV to 5Vrms, contin-
uously variable in 4 ranges.
Test voltage and current can be mon-
itored at front panel display.

Deviation Measurement: When REF VALUE
STORE button is pressed, the exist-
ing measured value 1s stored as a
reference value. Next, pressing A op
A% button offsets displayed value to
zero. Deviation is displayed as the
difference between the referenced
value and subsequent result.

to 199,99%).

Offset Adjustment: Stray capacitance,
residual inductance, resistance and
conductance of test fixture or test

teads can be compensated for as
follows:
C: up to 20pF
L: up to 2000nH
Ry up to 0.5Q
G: up to 5uS
Self Test: Performs cyclic operation of

internal function tests and displays
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:
502£10%, 0.7A max (for max =35V
~input). . a
150kQ+10%, ~ 1.3mA max {for max
200V input).

OC Bias Monitor: Bias voltage monitor
output {for both internal and exter-
nal biases), BNC connector, cutput
impedance 30Kq,

Trigger: Internal, external or manual.

GENERAL SPECIFICATIONS

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

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

*10%,

Power Consumption:
option.

135VA max with any

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).

1-4



Section |
Model 4274A Table 1-1

Table 1-1. Specifications (Sheet 2 of 8).

Range and Accuracy: 5} Significant display readout

should be more than 20 counts.

Accuracies apply under the following

measurement conditions for all test 6) Measurement ranges in normal
paramaters: mode except those specifically
noted.
1} Warm-up time: at least 30 min-
utes.

Accuracy in table is (% of rdg
) . + error counts + residual
2) Test signal level setting: counts) except for D and 8,

MULTIPLIER: X5, X1 or X0.1

- D accuracy:
0SC LEVEL: Fully clockwise

. . (% of rdg + D error value
3} 7ZERD offset adjustment appropri- + count)

priately completed. § accuracy:

4) Environmental temperature:

+degrees
L]
a o . . -
33 C =5 E Error count applies to signifi-
(At 0°C to 55°C, error doubles}. cant display readouts (neglects
Tess significant digit data).
ACCURACY COEFFICIENTS
cf a Zlfaf2 1/a
soi | | ] I | i/l . iggjd th
so] 7 o s0] ald L\ 200+ 6k-40KH2(C }
1 @‘\‘b/n i
- L e a1 109+ Tk+ 10k [00kM2{L -G )
§ T 507 7 CBLL FREQUENCIES(R-Z: )
304 :“‘/ 47 . 1\ ;
251 5 240 \ baokz(L-C ")
20 " 20 \ B / zc‘o-zmangbc }
g AQ0 - Ak - 40kH2(L
51 ¢ o] ER T T ™
109 4 o Jo28 e ‘l : 0 \ N
' ,L 3 7
o v ’,/7’1/1 | \ A N ",7‘¥1
2 ] L D 2 - A3
H ] ”/{;f’/ T 10K ng&éiﬂm z NN Y T
i g [Ricy it R S e, |
//:/fr»-"ff; ,__.._%\LLé F ﬁﬂﬂ Ak aOkHZ({T‘ )J_ \M__:::::%___:“*—“ D
v 0Cl 5000 10600 15000 20400 G °3 $600 iﬂBUﬂ‘ Il.’zOGB 2(_&308
(NORMAL MODE) HORMAL MODE
g 50000 100000 150000 756000 G 50000 180000 158000 2006000
HIGH RESOLUTION MCDE o o L C-R- ] coﬁﬁ?ﬁ RESOLUTION MODE
NUMBER OF L~ C- R+ |Z] COUNTS NUMBER OF L |

play counts in DISPLAY A and vertical
axis scales represent accuracy coef-

[Horizontal axis scales represent dis-
ficients a, a2, 1/a and 1/c®.

1-5
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Table 1-1.

Model 42744

Specifications (Sheet 3 of 38).

C-D, C-Q MEASUREMENTS

[ 5%+
(5%+(0.91+0.03q) «

i00ufF |

tGuF

19G0nF

100nF

iOnF

1600pF

(G 1 +a/18)%+ 1 ©
(q_:lh- /10196 + (9.

%+ (i+5)
{0,340.03/a) % +(0.0085 +3/100000) + |

i00pF

iQpF

1000¢F

©.3% + (1+ 8}
+8.001pF

{0.5+0.06/a}%
+{0.004 +6/100002)
+ |

$90Hz
120Hz

z 208Hz ! 409H2 ] kM2 [ eiard ] AkHz ] 0kHz l 20kHz

40kHz | 100KkHz

Equations in table represent:

Capacitance accuracy
Dissipation factor accuracy

€ accuracies apply only when D <G.1.

Whem 0.1 < D <1, add the following num-
ber to C accuracy, D/10%

For higher O values, refer to General In-
formation.

@, 1/o:  See Figure A Accuracy Coeffi-
cient Graph.

8 = 2 (100Hz, 120Hz, TkHz, 10kHz, 100kHz)
T {200Hz, 2kHz, 2CkHz}
5 (400Hz, 4kHz, 40kHz)
D measurement range: 0.000% - 9.9999
Q measurement range: 0.0 -~ 9900,
(0,01 - 1200 in normal mode)
tated as reciprocal number of D,
Dispiay count for C (rormal mode):

Lo

caleu-

Ranges
PR mmesteursd—,

L ee

*60 - 1999 | *80 - 1999

(0 s¥)
0 - 19999

4 digit 6 - 19999

*Approximate value {unspecified)
Number of significant digits displayed
for C depend on test signal level, range
and frequency {5 digits max.).
C accuracies apply to C-ESR,
measurements.
Accuracies in
unspecified, -

C-G and R-C

tined ~areas WA are

ESRY G

C-ESR, C-G MEASUREMENTS

049

0.1%+{2+40)

160ms 0.1%+{1 +5a+ 507
@——Mﬁ—*—w_igﬁf—wwm*u-——imﬁ—WWWa&—qm—ww
e 0.1%+ (241 a)
HO00mSE 0,19+ {1 +35a+ 5¢F)
1900uF sl B0uF- e 10uF e | D00
1090m & 0.3%+(3+1/a)
08 §.3%+ (1 + 50+ 1007}
e 10mF e 000 F e 00, F e T NS
100mg 0.5%+{20+2/a} 14+ {40+ 2/a)
1088 1% +( 1 4 1Ba+6028) 196 +{1 +1{0a+50a")
e | SOMF / | G00mF 10mF /100mF . H00u /10mE 1 00u F 7108 F —
19012 | 200z | s00mz ] tkHz f 2z | dkHz ,gesz i 20kHz | d40KkMz | 100Kz

Equations in table represent:

Equivalent series resistance
accuracy
Conductance accuracy

C accuracies are same as for
measurements.

a, af, 1, 1/e?:
Coefficients Graph.

C- and C-Q

See Figure A Accuracy

Display counts for ESR and & (normal
mode }:
ESR G
4*100 - 1999 |4 atgted o - 15999
o<ty bt (0 - 5000}
0 - 19993 | 3 digit {*25 - 1999
(o s1)

*Approximate vatue (unspecified)

**At frequencies of 400Hz, 4KHz and 40KHz.
Number of significant digits displayed
for ESR and G depend on test signal
level, range and frequency (5 digits
max. ),

1-6



Model 4274A

Section 1
Table T1-1

Table 1-1. Specifications (Sheet 4 of 8).

L-D, L-Q MEASUREMENTS

HOKH ¥

585+ 1 g
i 5%+ (0001 <a/ 1000} F |

3%

100H 3% +1(0.00

1OH
1000mH 0 ra 2t
0.3~ 100% +{
180mH )
Fg+ ¥ L
1omi 10 nsm;%»(u.ooh:rlwiﬂa])[

0%+ 3
18001 \0_3:-0,03,’-1]%*(0.001 +J/|ww&
5

2.3%%3
180uH \m.sw.uﬁ:a\,%rta.om 4'5/!&)@4[\
7

1000nH w
¥

T
1% =8+ 0. bnik >
H90nH ) (2+0.3/0)% + (0,001 + 3/10000) '+ |

975%4‘5%0‘2"'{ \
10uH (1>0.0721% + (6001~ 313008) 1{

180Hz

1 20Hz 200Hz £06Hz | 1kHz 2kHz L1074 10kHz ¢ 20KkMz | 40kHz

100kiz

Equations in table represent:

Inductance accuracy
Dissipation factor dccuracy

L accuracies only apply when D <0.1.

When 0.1 <D <1, add the following

number to L accuracy: D/10%

For higher D values, refer to General In-

formation.

a, 1/a:  See Figurse A Accuracy Coeffici-

ents Graph.

0 measurement range: ©.0001 -~ 9.9999

Q measurement range: 0.01 - 93900, (0.0
- 1200 in normal mode) calculated as
reciprocal number of D.

Display count for L (normal mode):

Range e e

3 digft| *60 - 1999 | *80 - 1999

§ digit 0 - 19999 0 -+19959

*Approximate value {unspecified}.

| accuracies apply to L-ESR, LG and R-L
measyrements.

Number of significant digits displayed
for L depend on test signal level, .range
and freauency {5 digits max.).

Accyracies in lined areas are
unspecified,

L-ESR, L-G MEASUREMENTS

10029

0.20% + (a+ 1062) - 7

0.2%+ {30+ 100%) - 2
0.19+(1+2/3)
v

HkQ

0.2%+ o+ 1008 + 2

15008 5
im3 £(37
oeg 0.125+{2+3a)
1mS g.1%+ (1 +2at2id}
VER— v i 1 1000 > io0en
He 0.1%+{2+3a}
1000mS: 0. 1%+ {1+l et 2/t
o e - e . N
JHm P 8.3% + {3+5a)
ik 0.3%+ (1 +2las 2/
1000, 1 e 100:H ke 1hurt 15600+
\00m e B 59~ {20~ 18a) 194 + (4157 W)
1808 1%+ {t + 3o ~5¢f} 1% +{1+3/a +5/)
160uH HukH 1000 1 00nH
o l 208Hz l a00Hz | IkHz | 2wz l dkHz | 10kHZ l 20kHz | AOkeiz | 100Kz

Equations in table represent:

Ecuivalent series resistance
accuracy
Conductance accuracy

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

o, af, Y/a, V/a?:  See accuracy coeffi-
cients graph {Figure A).

Display counts for ESR and G {normal
mode).

ESR G

3 ¢igit] *50 - 199 | & dtgie] 0 - 19999
S Ty | **(0 - 10000)

4 digit G - 19999 1 3 digie | *26 - 1999
(8 <1)

*Approximate value (unspecified)

**At frequencies of 400Hz, 4KHz and 40KHz.
Number of significant digits displayed
for ESR and G depend on test sigral
tevel, range and fregquency {5 digits
max. ).

Accyracies in lined areas [/ are
unspecified,

1-7
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Table 1-1 Model 42744
Table 1-1. Specifications (Sheet 5 of 8.
R-X/B, R-L/C MEASUREMENTS
x Equations in table represent:
R
M Resistance accuracy
12 Reactance accuracy
1M Susceptance accuracy
R accuracies apply only when G <0.1
1000k (0 z10). For higher Q values, refer to
o0k General Information.
a, a?, T/a, 1/2®: See Figure A Accuracy
Coefficients Graph.
100 Y: X rdg  {norma) mode)
100k 10000
X rdg {high resolution mode)
100000 4
1 (X rdg = reactance reading in
Hk counts}.
L accuracies are same as for L-D, L-Q
measurements,
100 C accuracies are same as for C-D, C-Q
1000 measurements.
Number of significant digits displayed
for R, X and. 8 depend on test signal
‘Tevel, range and frequency (5 digits
108 D nages max. ).
00 2.1% 4 (34 100 {normal mode}:
100m ! Y%+ e rid) A : 4 digit
100mH »| 1gmH | 1000uH  ———p]  100aH e e L
s 100uF 3l 10uF e 1 a— Rs | *36 - 7999 0 - 19999
i B.1%+3 X
1% 0.1%+ (3= t0a) P *5{} 9
1000m GAB i T2l e P {(—2 <}}99 0 - 19999
« 16 %1 10004 f e TP
R L L — Y } 10uf fe— 1000rF —wi L *56 - 1999 G - 19999
1000 9.3%+3 {D <2)
[ 300m 0.3%+ {5+ 10a}
1 0.3+ (1% 2/e+ 2/} .
L } 100uH } 10zH #1000k 3 digit
AL —" SR i S b0t B 0-19999 | *36 - 1999
100m 8.5% +20 195+ 40
£00m 0.5% + {20+ 200} 1%+ {40+ 282) C 0 - ]999 *56 -~ 1699
108 1%+ (1 +/a +5/2) 1%+ 1= 30+ 8/08) (3 digit) **(140 - 1999)
e 0,44 } 18uH } 10000H —-nee—3}  1300H *Approximate value {unspeciffed).
L Y S e 1900 F « [ **At  fraguencies of 400Hz, 4kHz,
100Hz and 40kHz
1201z | 200HZ | 400Hz | tkiz | 2xHz | akMz | 10kHZ | 20kiz ] 40KHZ | 106KMz
Subscripts s and p signify series and
parallel modes, respectively,
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Model 4274A Table 1-1

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

|Z] - s MEASUREMENTS

Equations in table represent:

1oMe
Impedance accuracy

Phase angle accuracy

1000kS

a, 1/a:  See Figure A Accuracy Coeffi-

106ke
cients Graph.

1o 8 measurement range:

~180.000° ~ +180.000°

10000
1000 Display counts for [Z] and 8 (normal
g.1%+3 mode ):
9.05° +{0.05/2)
109 Ranges rd ]
§000me g : %36 - 1999 | 0 - 18000
106me AT e 0 - 19999 | 0 - 18000
100Hz | poghz | etz | kez |z | dee | 1oz | 20k | 4Okez | 100KHE *Approximate value (unspecified).
Number of significant digits displayed
for 1Z] and 9 depend on test sigral leve
el, range and frequency (5 digits max.).
OPTIONS )

Option 001: Internal dc bias source ~Control input: 24 pin connector in-
remotely controllable from OV to put for 160238 or HP-1B connec-
+35Y in TmV {minimum) steps. tor. Mating connector: HP part

. . number 1251-0292, AMPHENOL 57-
Bias control range and accuracy: 40240
Range step Accuracy

+

Option 002: Internal dc bias source re-

+(.000 - .999%W | Imv |£(0.5% of rdg + 2mV)
motely controllable from OV to

£
(1.00 - 9.99)V | 10mv | £(0.5% of rdg + 4nV)
£(

+
+(10.0 - 3500 1 0,1V | £(D.5% of rdg +20mv) +99,9Y in 0.1V {minimun) steps.
*Accuracies apply when DC BIAS . .
switch is set to: INT 35Y/100V Bias control range: =(00.0V -
(=.1uF) position. In INT 35V/ 89.9vY, 0.1V steps.
100V (= 2F) position, £{2% of
setting + 20mV) on all ranges. Accuracy: (2% of setting + 40mV)

Bias output characteristics: . .
Bias output characteristics:

170G £10%, 40mA max. (C <0.1uF)
1000 £10%, 10mA max. (C <2F) 50k £10%, 2mA max.

Control: Remote control by HP Control: same as Option 001.
160238 DC Bias Controlier or by

HP-1B controller, Control input: same as Option 001,

1-3
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Table 1-1.

Model 42747

Specifications (Sheet 7 of 8),

Option 003:

Gption 004:

Option 101:

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

1) Front panel
settings
function ).

2) Offset control values for test
fixture or leads.
3} Reference value of
measurement, .
These memories are maintained if the
instrument loses power. Memorized
control settings are restored by
turning the instrument on or by
pressing front panel keys.

pushbutton control
(except SELF TEST

deviation

11 spot test signal frequen-

cies selectable 1in a 1-3-5-10 step

sequence instead of standard test
signal freguencies. Option frequen-
cies are: 100Hz, 120Hz, 3900Hz,
500Hz, T1kHz, 3kHz, 5kHz, 10kHz,

30kHz, 50kHz, 100kHz.

HP-IB Compatible (data out-
put and remote control per:IEEE-STD-
483-1975). L

‘Remotely controllable functions:

1) Display A functions {L, C, R,
fz}-8).

2) Deviation functions
RECALL, STORE},

3) LCRZ Range.

4} Display B functions (D, Q, ESR,
G, X, B, L, C),

5) Circuit mode,

6} High resolution,

7} Self test,

8) Trigger,

g) Test signal frequency.

10) Test
tions.

1) Test signal level multiplier,
12) Zero offset.

13) DC bias voltage {options 001 and
002 only),

(a, 2%,

signal level check func-

Data output: L or C with D, Q, ESR
or Gy RwithX, B, LorC; 2
with 4 or %; reference
value in deviation measurement;
test signal voitage and cur-
rent; front panel control set-
tings status {circuit mode,
test frequency, Display A and
Display B functions),

Internal function allowable subsets:
SHY, AH1, T5, L4, SR1, RL1, DC1
and OT71.

Data output format: Either of two
formats may be selected
(switchable on internal circuit
board ):

Format A.

PFNC N.NNNNNE NN,ND N.NNNANE NN CRCD)

Format B.

PFNC N,NNNNNE NN

ND N.NANNNE NN CRXCD)

PFNC |

lE:Disp1ay A function
Display A measurement status

Test frequency
Medsurement circuit mode

ND
L—Display B function
Display B measurement status

Option 907:  Front handle kit, for front
handle installation.

Option 908: Rack flange kit, for mount-
ing in IEC standard rack.

Option 909: Rack flange & handle kit,
for rack mounting and front handle
installation,

Option 910: Extra manual.
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Table 1-1 and

Specifications (Sheet 8 of 8).

1-2

Special frequency option: One or two
test frequencies can be installed in
addition to standard (or Option 004}
11-spot test freguencies,

Available freguency range:
100Hz - 100kHz.

Frequency accuracy: 0.1%.

ACCESSORIES

Accessories supplied: 160474 Test Fix-
ture, direct coupled, 4-terminal
pair configuration. Three kinds of
contact electrode modules are in-
c¢luded for components with either
axial, radial or radial short leads.
Useable on a1l 4274A ranges.

Accessories available:

16047B: Test Fixture, cable connec-
tion type, 4-terminal pair,
useable with dc biases up to
200 volts, protective cover
provided as safe guard against
high potential hazards.

- ules areé ‘furnished (same as for
16047A). Useable on all ranges
at frequencies below 2MHz.

16047C: Test Fixture, direct coupl-
ed, 2-terminal. Useable on all
4274A ranges (especially for
high frequency measurements
requiring high accuracy).

16043A:  Test Leads with BNC connec-
tors, 4-terminal pair, 1m long.

160438: Test Leads with miniature
rf connectors for system appli-
cations, 4-terminal pair, Im
long.

16048C: Test Clip Cable with spe-
cial alligator clips, 4 termi-
nal. Useable for low frequency
measurements below 100kHz
{C>1000pF, L>100uH).

16034B: Test Fixture, tweezer type,
3 terminal. Useable in high
impedance measurements {>500),
Tead-less components on  all
42747 frequency ranges.

160238: Bias Controller. For
setting internal dc bias volt-
age of 4274A {option 001 or
002) in three digits (set into
control switch).

Bias voltage control range:

0,000V to 99.9V.

Table 1-2.

General Information (Sheet 1 of 2).

Three -
kinds of contact electrode mod-

GENERAL INFORMATION

Measurement accuracy:

Accuracy at Multipiier X 0.01, Osc.

Level max:

¢-D, €-Q: Multiplies values of accu-
racy equation terms that include o
by 10.

C-ESR,'C-G: Same as accuracy specifi-
cations.

L-D, L-Q: Multiplies values of accu-~

racy equation terms that include a
by 10. co .

L-ESR, L-G: Same as-accuracy speci-
fications.

R-X, R-B, R-L, R-C: Multiplies values
“~of % error terms that include a, ¥
or & in accuracy ecuation by 10.

tZ]-8:

1Z|: Multiplies values in accuracy
equation terms that include a

by 10,

8 Multipiies specified accuracy
hy 2.

Accuracy at 0SC LEVEL
than max. position:

setting other

Multiplies specified accuracy by
coefficient given in figure below:

2.0

\ 1+
HIE-S e

0.1
VERNIER SCALE

Muitiple

Pty

¢ Yernier scale

1=11
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Model 4274A

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

€ and L accuracies at D > 1:
Multiplies specified accuracy by
(1 + 0%).

R accuracy at ¢ > 0.1 (b < 10):
Multiplies specified accuracy by
(1 + Q)

Test signal level monitor:

Range: Voltage 0.001V to 5.00Vrms
Current 0.001mA to 100mA rms

Accuracy: 3% of reading + 1 count

Measurement Time (typical):
140 - 180ms (f > Tkiz)
140 - 210ms {f < TkHz)

Measurement time depends on range,
sample value and offset adjust-
ment values,

IZ]-5 measurement time:
170 - 210ms (f > 1kHz)
176 ~ 240ms (f g 1kHz)

High resolution: - - Approximately 8

Aato'rénging time:
range shift.

100ms -~ 300ms per

Test signal settling time:

when changing frequency, level or
dc bias voltage.

[ ?ime' for test signal to settle }
Settling time after frequency change:
 Approximately 200ms.
APPROXIMATELY 1000ms IF
SELECTED FREQUENCY IS
200Hz OR LOUER.
Settling time after level change:
MULTIPLIER (to X 0.1, X 1 or X 5}):
Approximately 200ms.
(to X 0.01):
Approximately 1000ms.

OSC LEVEL control: 2 - 3 5.

Settling time after dc bias change:

The longer of either de bias sett]-
ing time or test signal settling
time as given in table below:

MULTIPLIER SettTing time
setting (E: dc bias voltage)
%5, x1 200 + E (V) ms
X 0.1 300 + E (V) ms
0.0 400 + E (V) ms

Options 001 and 002

times the normal measurement time. -

OC bias settling time:

Option 001: 20ms (C < 0.1uF)
600 + 6 *Cx ms (C g 2F)
Option 002: 300ms (C < 0.1uF)

(*Cx = Capacitance value of sample in
uF)

AVAILABLE ACCESSORIES

HP-IB Interface Cable: HP 10631A {Im)
.. HP 106318 (2m)
HP 10631C (4m)
e HP T0631D (0.5m)
Front Handle Kit:
Kit Part Number 5061-0090
Rack Flange Kit:
Kit Part Number 5061-0073
Rack Flange Handle Kit:
Kit Part Number 5061-0084
Fuse:

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

Protective fuses:
HP Part Number 2110-0201 (for dc bias)

HP Part Number 2110-0072
{(for input circuit)
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1-21. OPTION 001.

1-22. The 4274A Option 001 adds an internal
dc bias supply controllable from O to 35V by
the HP 16023B bias controller or HP-IB con-
trol device {a calculator) through a rear
panel connector. The bias voltage is set in
three digits 1in three decade ranges as
follows:

+{.000 to .999V)

+(0.00 to 9.99V)

+(00.0 to 35.0V)

1-23. OPTION 002.

1-24, The 4274A Option 002 provides internal
dc bias supply controllable from 0 to z99.9V
by the HP 160238 bias controlier or HP-IB
control device through a rear panel con-
nector. The bias voltage is set in three
digits in one range from :00.0V to £99.5V.

1-25. OPTION 003.

1-26. The 4274A Option 003 provides a stand-
by battery for maintaining the volatile
memory in event the instrument loses power.
This continuous memory capability enables the
instrument to preserve the memory of the de-
sired front panel control settings and to re-
call these settings for repeated selection 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
seguence instead of the standard 1-2-4-10
sequence step fashion. Two extra frequencies
are also optionally 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 for receiving remote control signals

from HP Interface Bus 1ines (Hewlett-
Packard's  implementation of IEEE-STD-488-
1975).

1-33. Special Freguency Options.

Section I
Paragraphs 1-21 to 1-47

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 specially in-
stalled test freguencies 1in the following

manner:
Options Frequency range
PXX 100Hz to 990Hz
QXX 1.00kHz to 9.90kHz
RXX 10.0kHz to 99.0kHz

The two digits of the option number following
the alpha prefixes (P, Q and R) indicate the
first and second significant digits of the
test frequency. When the option code is pre-
fixed with an F, the option code numbers
signify the following particular test fre-

quencies:
Options Test Frequency
Fl 15.7kHz
Fo2 32.8kHz

1-35. OTHER OPTIONS.

1-36. The following options provide the
mechanical parts necessary for rack mounting
and hand carrying: '

Option 907: Front Handle Kit.

Option 908: Rack Flange Kit.

Option 909: Rack Flange and Front Handle
. Kit.

Installation procedures for these options are
detailed in Section II.

1-37. The 4274A Option 910 provides an extra
copy 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. Additionally, 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 styles of test fixtures and leads
are available. Each accessory is designed to
be appropriate for a particular use of the
instrument and for the type of DUT. Ac-
cessory models and names are listed in Table
1-1. A brief description for each of these
fixtures and leads is given in Table 1-3.

1-13 -



Section I M
Table 1-3 odel 42744

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

Model Description

HP 16047A

oo

e

Test Fixture {direct attachment type)
for general measurement of both axial
and radial Tead components, Three
kinds of contact electrode modules are
furnished:

(D For axial lead components,
(HP P/N 16061-70022).

(@ For general radial lead components,
(HP P/N 16061-70021).

(@ For radial short lead components,
(HP P/N 16047-65001),

A dc bias up to £35Y can be appiied.

HP 160478

Test Fixture (cable connection type)

for general measurement of both axial 1
and radial 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 appiied
{a protective cover provides for op-
erator safety). . :

Cable Tength-: Approximately 40cm.

Test Teads {four terminal pair) with BNC
BNC connectors for connecting user-
supplied test fixture. Maximum ap-
plied dc bias voltage is +200V.

Cable Tength : Im.

Test lead (four terminal pair) with
miniature RF connectors suitable for
connecting user-suppiied test fixture
in system applications. Maximum
applied dc bias voltage is =200V.

Cable Tength : Im.
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Section 1
Table 1-3

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

Model

Jescription

HP 16048C

Cable length : lm.

Test Leads with dual alligator clips
for conveniently testing various
shapes of components at frequencies
helow 100kHz. Applicable measurement
ranges:

Capacitance > 1000pF
Inductance > 100uH

Maximum applied dc bias voltage is
£35V.

HP 160348

- Cable length : Tm

Tast Fixture {tweezer type) for meas-
urement of miniature lead-less compo-
nents such as chip capacitors. Ehploys
a three terminal configuration tweezer
probe suitable for high’ impedance
component measurements- (above 50Q).
Maximum applied dc bias voltage is
+35V. ’

HP 16023B

DC Bias Controller used for Option 001
&r Option 002 units. Useable for
setting dc bias voltages from +0.000V
to +35.0V (for Option 001) or from
+00.0V to #99.9V {for Option 002) in
three digits set into control switch.

Test Fixture (direct attachment type)
especially appropriate for high fre-
quency measurements requiring high
accuracy. Two screw knobs facilitate
and ensure optimum contact of
electrodes and sample leads. Maximum
applied dc bias voltage is £35V.
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Section 11
Paragraphs 2-1 to 2-8

SECTION I
INSTALLATION

2.1, INTRODUCTION.

9-2. This section provides installation in-
structions for the Model 4274A LCR Meter.
The section also includes information on in-
itial 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 all the specifications
1isted in Table 1-1. On receipt, inspect the
shipping container for damage. If the ship-
ping container or cushioning material 1is
damaged, notify the carrier as well as the
Hewlett-Packard office and be sure to keep
the shipping materials for carrier's 1in-
spection until the contents of the shipment
have been checked for completeness and the

instrument has been checked methanically and .

electrically.  The contents of the shipment
should be as shown, in.Figure 1-1. The pro-
cedures for checking the general electrical
operation are given in Section III {Paragraph
3-5 Basic Operating Check) and the procedures
for checking the 4274A LCR Meter against its
specifications are given in Section IV.
Firstly, do the self test. if the 4274A LCR
Meter is electrically questionable, then do
the Performance Tests to determine whether
the 4274A has failed or not.

If contents are incomplete, if there is mech-
anical damage or defects ({scratches, dents,
broken switches, etc.), or if the performance
does not meet the self test or performance
tests, notify the nearest Hewlett-Packard
office {see 1ist at back of this manual).
The HP office will arrange for repair or
replacement without waiting for claim settle-
ment, '

2.5. PREPARATION FOR USE.
2.6, Power Requireme_ms.

2.7. The 4274A requires a power source of
100, 120, 220Volts ac *10%, or 240Volts ac
+5%-10%, 48 to 66Hz single phase; DOWer 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 COMMON 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 1S SET TO THE VOLTAGE OF
THE POWER SUPPLIED.

100Y OPERATION 220V OPERATION

120V OPERATION 240V OPERATION

- 100V~ = =100V~ =
— _—
=240V~ = 1240\!«: -
120V~ -] 120V~ -——-:l

- 00V~ =
J'EZO’V‘-' J

|- 240v~ | A

=

120V~

FUSE SELECTION

Operating Fuse Fuse
voltage ratings Part No.
100V T.25A
120V STow Blow | 2'10-0305
220V 0.6A
240V Slow Biow | 2110-0016

Figure 2-1. Line Voltage and Fuse Selection.

2-1
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] N OWHITE
"
'_IE' I N A £ GREEN/YELLOW
; ——

L BLACK

] L BLack
-
E GHEEN/YELLOW
|| L
[ ] PN WHITE

HP Part No. 8120-1378
NEMA 5-15P
Color: JADE GRAY

Furnished for countries
other than listed below.

E GREEN
- . RED
.II e
= N BLACK
N L RED

HP Part No. 8120-1369
AS-C112, N,Z,8.8. 148
Color: GRAY
250V, 8A

for Australia, New Zealand, etc,

N LIGHT BLUE .

& GREEN/
J YELLOW

I BROWN

L BROWN
- |
_lEl- ga GREENSYELLOW
- S N UIGHT BLUE
-

HP Part No. 8120-1351
BS1363A .
Color: MINT GRAY
250V, 54

for Great Britain, South Africa,

India, Rhodesia, Singapore, etc,

N LIGHMT 8LUE

sy,
L
£
—— 0 . E GHEEN/YELLOW
L
L BROWN
r—

N LIGHT strue

— AN
L

L BROWN

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

for East/West Europe,
Iran, ete.

Note E: Earth orsafety ground.
L: line of active conductor.
N: Neutral or identified conductor.

Figure 2-2, Power Cables Supplied.
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2-9, Figure 2-1 provides instructions for
line voltage and fuse selection. The line
voltage selection switch and the proper fuse
are factory installed for 100 or 120 volts ac
operation.

CAUTION
USE PROPER FUSE FOR LINE VOLTAGE
SELECTED,

CAUTION

MAKE SURE THAT ONLY £USES 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 Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4274A is
equipped with 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 outlet, wuse a three prong to two prong
adapter (HP Part No. 1251-0048) and conreit
the green pigtail on the adapter to power
Tine ground.

CAUTION

THE MAINS PLUG MUST ONLY BE IN-
SERTED 1IN 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 available power
cords, which may be used in various countries
including the standard power cord furnished
with the instrument. HP Part number, appli-
cable standards for power plug, power cord
color, electrical characteristics and coun-
tries using each power cord are listed in the
figure. If assistance is needed for se-
tecting the correct power cable, contact
nearest Hewlett-Packard office.

2.14. Interconnections.

2.15. When an external bias is required, set
0C BIAS switch on rear panel to EXT #35V MAX
position or to EXT =200V MAX position (de-

Section II
Paragraphs 2-9 tp 2-27

pending on the maximum voltage to be appliied
to sample under test). The output of 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-
atad in environments with relative humidities
to 90% to 40°C. However, the instrument
should be protected from temperature extremes
which cause condensation within the instry-
ment.

%.19. Instaliation Instructions.

2-20. The HP Model 4274A can he operated on
the bench or in a rack mount. The 4274A is
ready for bench operation as shipped from the
factory. For bench operation,a two-leg in-
strument stand is used. For use, the instry-
ment stands are designed to be pulled towards
the front of instrument.

2.21. Installation of Options 907,
908 and 909.

2-22. The 427¢A can be installed in & rack

‘and be operated as a component of a measure-

ment system, Rack mounting information for
the 4274A is presented in Figure 2-3.

2.23r STORAGE AND SHIPMENT.

2.24, Environment,

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

Temperature ........ -40°C to +75°C
Humidity ..... ebreeaanas to 95%
Altitude (.vvevicnnnnnenan 50,000t

The instrument should be protected from tem-
perature extremes which cause condensation
inside the instrument.

2.26. Packaging.

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

2~3
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correspondence,

refer to the instrument by

model number and full serial number.

2-28.

Other Packaging. The following gener-

Model 4274A

instrument to provide firm cushion and
orevent movement inside container.
Protect control panel with cardboard.

al instructions shouid be used for re-packing d. Seal shipping container securely.
with commercially available materials:
e. Mark shipping container FRAGILE to
a, Wrap instrument in heavy paper or ensure careful handling.
plastic, If shipping to Hewlett-
Packard office or service center, at- f. In any correspondence, refer to in-
tach tag indicating type of service strument by model number and full
required, return address, mode] serial number.
number, and full serial number, _
2-29. OPTION INSTALLATION.
b. Use strong shipping container,
A double-wall carton made of 350 pound 2-30. Installation procedures for dc bias
test material is adequate. options {Option 001 or 002) and HP-IB option
(Option 101) are outlined in Figure 2-4,
¢. Use enough shock absorbing material (3
to 4 inch layer) around all sides of
Option PartK§Ember Parts Included Part Number Q'ty Remarks
S07 Handle Kit Front Handle (:) 5060-9900 2
5061-0090 Trim Strip (:) 50608897 2
#8-32 x 3/8 Screw 2510-0195 8 9.525mm
908 - Rack Flange-Kit | TRack Mount Flange (:) 5020-8863 2
5061-0078. - #8-32 x 3/8 Screw . 2510-0183 ~{ g 9,525mm
909 Rack Flange & Front Handle (:) 5060-9500 2
Handle Kit Rack Mount Flange (:) 5020-8875 | 2
S061-0084 #8-32 x 5/8 Screw 2510-0194 8 15.875mm

1. Remove adhesive-backed trim strip
from sides at right and left front
of instrument.

2. HANDLE INSTALLATION:
handle

Attach front
to sides at right and left

front of instrument with screws pro-

vided and attach trim

3. RACK MOUNTING:
flange (:)

to handle.

Attach rack mount
to sides at right and left

front of instrument with screws
provided.

4. HANDLE AND RACK MOUNTING:
front handle
flange @

Attach
and rack mount
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 (1ift bar at
inner side of foot, and slide foot
towards the bar).

2-4

Figure 2-3.

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

OPTION 001 OPTION 002 OPTION 101
DC Bias Supply DC Bias Supply HP-IB COMPATIBILITY
{0 to £35V) (0 to +99.9V)
Option Board Assembly A21 | Board Assembly A23 Optional ROM ASU10
Parts 04274-66521 04274-66523 04274-85019
Connector Board Connector Board Board Assembly A22
Assembly Assembly 04274-66522
04274-66516 04274-66516 Connector Board Assembly
Screw (2 each) Screw (2 each) 04274-66515
2360-0115 2360-0115 Screw (2 each)
2360-0115
Installation! 1. Install A21 or A23 board assembly. 1. Remove A9 Board Assembly from
Procedure _ instrument.
(after 2. Install optional ROM AQUT0 in the

removing top
cover)

proper

position on A9 board.

G A3 UG

iy

SRR ey LR R 4

2. Remove the second-from-left
rectangular blind cover from the 4

rear panel. . Reinstall A9 board.

3
4, Install board assembly A2Z.
5

3. Install connector board assembly . Remove left-most rectangular blind

(04274~66516). Fasten it to the cover from the rear panel.
r;ar panel with the two screws 6. Install connector board assembly
(2360-0115). {04274-66515). Fasten it on the

rear panel with the two screws
(2360-0115).

Figure 2-4. Option Installation.
2-5
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SELF TEST

SELF TEST button is indicated in the
figure to the right, When you push the
button, the pushbutton lamp Tights and
the diagnostic test s initiated, The
correct operating procedures for the self
test are outlined below.

Display Test (first step of SELF
TEST):  When SELF TEST button fis
pushed, all front panel indicator
lamps except that for the BIAS ON
indicator illuminate for approxi-
mately 1 second. All segments of
the numeric and character displays
are also 1it. This test is the
initial step of the cyclic SELF
TEST operation.

Analog Circuit Test  (SELF TEST):
This test function confirms normal
.operation of the major analog cir-
cuit blocks. The Analog Circuit
Test is divided into an “open" and
a "short" test performed under
their respective (definite) test
setups given in table below:

Test Setup Open test | Short test
Termination of
UNKNGWN Open Short
DISPLAY A
function ¢ LorR
0S€ LEVEL (V) 1 (fully clockwise)

Note

Hse 16047A Test Fixture for SELF
TEST.  For an "Open" condition,
nothing should be connected, and
for a short condition, a low im-
pedance shorting strap (or lead)
should be connected across the
HIGH and LOW sides of the test
fixture contact blocks.

PR T

BT

IEEEEEEE B

[SELF TEST]

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 (st
to 20th} steps and 7{(21st to 27th) steps,
respectively,. of the diagnostic tests
performed on each different circuit block
{for different operating conditions).
During the respective open and short
tests, the DISPLAY A exhibits normal test
results as shown below:

A 151 57 &

1P [ ‘0P means that
open test is normal

c M { SH means that ]
short test is normal

The sequential diagnostic test is repeat-
ed, and another Display Test initiated
the SELF TEST button is again

If an abnormal result occurs
during the open or short test, the number
of the abnormal step is displayed in DIS-
PLAY A as, for example, illustrated below:

3 OP3 means that open ]
i i test step 3 is abnormal

‘ e SH23 means that short
test step 23 is abnormal

If an abnormal display is obtained, first
check for test setup. If such display
eccurs even under proper test conditions,
notify the nearest Hewlett-Packard office.

Figure 3-0.

Self Test Procedure.
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SECTION 11
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 for the various applications, op-
erational check of the fundamental electrical
functions and option information are included
in this section. Operating precautions given
throughout the text should be carefully ob-
served.

3-3. PANEL FEATURES.

3-4. Front and rear panel features for 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 for panel displays and controls
is covered in paragraphs 3-5 and those which
follow. ‘

3-5. SELF TEST (Basic Operating Check).
3-6. The 4274A has self-diagnostic functions
which are automatically performed or can be
done any time desired to confirm the normal
operation of the instrument. These functions
comprise the following primary tests:

a. A Program Memory Test

b. A Display Test (SELF TEST)

c. An Analeg Circuit Test (SELF TEST)

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

Program Memory Test: During this
initial test, the instrument is check-
ed for normal operation of tHe memo-
rized measurement sequences of the
internal program memory. The 4274A
display exhibits the correct test
result by a left-to-right progression
of the figure P as illustrated below:

ED'SPLA\’ A A huls?hﬂ? & T——
[ reeer W

i

LN

Display of figure
proceeds in a left to
right direction

1f some abnormality is detected, the
display of the figure will not be
completed. When a display, in itself,
fails the test will, nevertheless, go
through its entire seguence. A de-
fective display can be isolated by the
test described immediately below.

3-7. Display Test and Analog Circuit Test
are combined in a routine of the self-
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 appropriate
test setups, the test goes into the diagnos-
tic routine outlined in Figure 3-0.

3-1
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LINE ON/OFF switch: Turns instrument

on and readies instrument for meas-

urement.

Trigger Lamp: Turns on during sample
measuring period. Turns off 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.

DISPLAY A: Inductance, capacitance,
resistance or impedance values in-
cluding decimal point and unit is
displayed in a maximum 5-1/2 digit
decimal number from 00000 to 199999
{the number of digits change depend-
ing on instrument control settings).
If the sample value exceeds full
count number on the selected range,
OF {OverFlow) appears in this dis-
play. In Tike manner, if the sample
value is too low, an UF (UnderFlow)

®

b0 abe

: N

9) is displayed unti] the control in-
put demand- is automatically released
or the erroneous measurement setup
is removed.

DISPLAY B: Dissipation factor, qual-
ity factor, equivalent series resist-
ance, <Conductance, reactance, sus-
ceptance, inductance, capacitance or
phase angle including decimal point
and unit are displayed in a maximum
5-1/2 digit decimal number from 00000
to 199999 (the number of digits
change depending on instrument con-
trol settings). When DISPLAY A shows
OF, UF, or Err, this display becomes
blank.

FREQUENCY/TEST SIG LEVEL display:

Test frequency, test signal voltage
or current 1is displayed in a 3
digit decimal number with decimal
point, The appropriate unit is in-
dicated by wunit lamp indicator ad-
jacent to the numeric display. Test
signal voltage or current is display-

annunciation appears. If an inappro-
priate panel control
made,

ures Errl to Errg

operation is
one of nine annunciation fig-
(Error 1 to Error

pressed.

®

ed only while either of the TEST SIG

LEVEL CHECK buttons is  being

3-2

Figure 3-1.

Front Panel Features (Sheet 1 of 4).
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®

the
- (®

button:

FREQUENCY STEP control: These push-
buttons select the desired test fre-
quency from among a total of 13
available test freguencies {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 units, 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
FREQUENCY/TEST SIG LEVEL display

0SC LEVEL contrel: Continuously
varies test signal level in a tenfold
ratio from minimum to maximum on the
amplitude range selected by MULTI-
PLIER(S) .

MULTIPLIER: These pushbuttons select
test signal level variable ranges:
x 0.01 (1mV to 10mv), x 0.1 (10mV to

100mv) , x 1 (100mV to V) or x 5
0.5V to 5Y),
HP-1B: Status- Indicator and - LOCAL

Four LED lamps for SRQ, LIS-
TEN, TALK and REMOTE indicate status
of interface between the 4274A (Op-
tion 101 } and HP-IB control-
ler. LOCAL button enables front panei

control instead of remote contrel
from HP-IB 1ine.
TEST SIG LEVEL CHECK: These push-

buttons actuate the instrument to
monitor the test signal Tevel actual-
1y applied to the device under test.
The test signal voltage or current is
displayed instead of test frequency
in FREQUENCY/TEST SIG LEVEL display

while "V" or "mA" button is being
pressed.

HIGH RESOLUTION: This pushbutton en-
hances measurement resolution by av-
eraging measured values over every
ten measurements. Normal digit data
plus lesser significant digit data
are displayed at 1/8th of normal
measuring rate,

TRIGGER: These pushbuttons select
trigger mode for triggering measure-
ment, INT, EXT or HOLD/MANUAL. INT

nent parameters

key provides internal trigger which
enables instrument to make repeated
automatic measurements. In external
trigger mode {EXT)}, a trigger signal
must applied to EXT TRIGGER input
connector on rear panal. HOLD/MANUAL
trigger mode provides a trigger
signal for one measurement cycle each
time this key is pushed.

CIRCUIT MODE: These pushbuttons se-
Tect desired measurement circuit mode
to be used for taking a measurement.
Parallel (labeled offhe) selects a
parallel circuit mode. A series
equivalent circuit 1is set by series
{ etw~ ) pushbutton, When this
function is set to AUTO, the instru-
ment automatically selects appro-
priate parallel or series equivalent
circuit. *

SELF TEST: This pushbutton performs
automatic check for diagnosing func-
tional operations of the instrument.
The diagnostic sequence is normaily
repeated until this button is again
pressed to release the SELF TEST.
If the instrument is faulty, a test
step number is displayed at the point
where the failure 1§ detected.

DISPLAY B function selectors: These
pushbuttons select subordinate compo-
to be simulitaneously
combined with the primary parameter
which is set by DISPLAY A function
selector (8). Each pushbutton selects
a parameter as follows:

D: Dissipation factor together
with inductance or capacitance
measurement,

Q: Quality factor together with
inductance or capacitance meas-
urement. ( values are calcu-
lated as the reciprocal number
of the dissipation factor.

ESR/G: Equivalent Series Resist-
ance or Conductance together
with inductance or capacitance
measurement. ESR is selected
with series circuit mode meas-
urement and conductance with
parallel ¢ircuit 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 measuyre-
ment .- “Reactance is selected

with series circuit mode. meas-

urement and susceptance with
paratlel circuit mode measure-
ment.

L/C: Inductance or Capacitance to-
™ gether with resistance measure-
ment. Inductance is selected

with series circuit mode meas-
urement and capacitance with
parallel circuit mode measure-

-

ment.
8: This Tlamp 1indicates that a
phase angle measurement is be-

ing made together with an im-
pedance measurement. The Tamp
automatically 1lights when an
impedance measurement function

MANUAL :
{even when the sample is chang-
ed}. Manual ranging is done by
.pressing- adjacent  DOWN or UP
button.

Measurement range is fixed

Note

Prassing DOWN or UP button sets
the ranging mode to MANUAL even
if the MANUAL button has not
previously been pressed..

DISPLAY A Deviation Keys: These
pushbuttons enable taking LCRZ devia-
tion measurements on DISPLAY A

The deviation measurement function
does not affect 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-

3-4

is set. ed from the preceding measure-
ment s displaved (in counts)
LCRZ RANGE: These pushbuttons select in DISPLAY A @ by pressing
ranging method for inductance, capa- this button.
i s i impeda . ,
;ézzzﬁgmentsfeSTStance or 1mpedance A%: _Thg difference in percent de-
viation of- a measured value
AUTO: Optimum range for the sample from the reference value 1s
value is automatically se- displayed by pressing this
lected. button.
Figure 3-1. Front Panel Features {Sheet 3 of 4}.
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DISPLAY A function selector:

RECALL: Reference value memorized
in the instrument is displayed
in DISPLAY A (3) while this
button is being presscd.

STORE: Measured value displayed in
DISPLAY A (3) is stored in the
internal memory of the instru-
ment as the reference value
when this button is pushed.

These
pushbuttons select primary component
parameter to be measured as follows:

L: Inductance together with sub-
ordinate dissipation factor
(D), quality factor (Q), equiv-
alent series 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- .

,susceptance‘(B),
or capacitance

actanca (X},
inductarice (L)
{ch.

{Z]: Absolute value of vector imped-
ance (iZ]) with phase angle (8)
in degrees. The combination of
these two parameter values is
the vector impedance expression
for the sample.

ZERO offset compensator: These push-
buttons perform proper compensation
for cancelling stray capacitance, re-
sidual inductance, conductance, and
resistance which is present when a
test fixture or leads is connected to
the UNKNOWN terminals. Before meas-
urement is begun, the OPEN or SHORT
button 1is pressed when the test
fixture (leads) is terminated for the
appropriate open and short condition,
respectively, to automatically compen-
sate the measured values for the
effects of such residual parameters,

@

®

DC BIAS: This switch sets the limi-
tatfon on applied dc bias voltage
{either 35 volts or +200 volts} and
gualifies test fixture (test leads)
useable under dc bias operation.
When this switch is set to 35V MAX,
the maximum dc bias voltage is
efectrically T1imited to =35 volts,
When switch is set to +200V MAX po-
sition, the connection of HP test
fixtures designed for use at +35V and
below is physically obstructed.

UNKNOWN: These connectors provide
the capability for connecting a
sample to be measured in a four ter-
minal pair configuration. High cur=
rent terminal (Hawr), High potential
terminal {(Hror ), Low potential termi-
nal (Leor ) and Low current terminal
{Leew ). The four terminal pair con-
figuration is constructed in conjunc-
tion with the test fixture or test
Teads connected to the UNKNOWN con-
nectors.

GUARD Terminal:-. This terminal is
connected to chassis ground of in-
strument ~and can be used as guard
terminal in measurements which spe-
cifically require using a guard.

“BIAS indicator: This lamp 1ights and

indicates that a dc bias voltage is
being applied to the device uhder
test (during dc bias operation).

Figure 3-1.

Front Panel Features (Sheet 4 of 4).
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(1D DC BIAS Selector Switch:

This switch
selects 1internal or external dc bias
source to be used and is set for dc
bias operating characteristics appro-
priate to the biasing application as
follows:

INT 35V/100V {< .1uF): With Option

001 or 002, internal dc bias
voltage 1is applied to the capa-
citor sample. Bias voltage
settling time is short. Capaci-

tance value of samp]e should be
0.1uF or Tess, -

35V/100V (s.ZF)."with Option 001
or (02, internal dc bias voltage
can be applied to capacitor
sample values up to 2F .,

No dc bias voltage is {inter-
nally or externally) applied to
sample connected to  UNKNOWN

terminals,

135 MAX (10GmA MAX):  External
dc  bias voltage can be applied
to the capacitor sample up to a
maximum of 235 volts through
connector (2) (when front panel

INT

OFF:

EXT

BC BIAS switch is set to +35V
MAX position).
EXT £200V MAX: External dc bias

voltage can be applied to capa-
citor sample uyp to a maximum of
=200 volts through connector
(when front panel DC BIAS switch
is set to 200V MAX position).

EXT 235V MAX (100mA MAX) Connector:
External dc bias voltage can be
applied to sample up to a maximum of
35 volts through this connector.

®

AR AN S s

EXT +200V MAX Connector: External dc
bias voltage can be applied to sample
up to a maximum of +200 volts through
this connector.

(:) LINE Input Receptacle 48 - 66Hz:

AC power cord is connected to this
receptacle and ac power line.

(:) LINE VOLTAGE SELECTOR Switches:

These switches
operating power
100, 120, 220V
10%, 48 - 66Hz.

LINE FUSE Holder:
line  fuse is
holder:

100/120Y operation:
1.25AT (P/N 2110-0305)
220/240V operation:
600mAT

select appropriate ac
voltage from among
+10% and 240V +5% -

. Instrument power
“installed- in this

(P/N 2110-0016)

INT DC BIAS MONITOR Connector:

DC bias wmonitor output {useable for
both internal and external dc bias
operations). Output impedance 30kq.

EXT TRIGGER Connector: This connec-
tor is used for externally triggering
the instrument by inputting an exter-
nal trigger signal. TRIGGER switch
on front panel should be set to EXT.

INT DC BIAS CONTROL Connector:
With Option 001 or 002, HP 160238 DC
BIAS CONTROLLER can be connected for
remotely controlling internal dc bias
voltage through this connector.

HP-1B Connector: With Option 101,
HP-IB cable can be connected

to intercommunicate with other HP-IB

devices through the bus line cable.

3-6

Figure 3-2.

Rear Panel Features.
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3-8. MEASUREMENT FUNCTION.

3-8, The Model 4274A makes simultaneous
measurements of two independent parameters in
each measurement cycle. This combination of
measurement parameters represents both the
resistive and reactive characteristics of the
sample. The total of 13 measurement functions
{three among them are duplicates) are classi-
fied, for display 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 later.

Measured values are displayed in DISPLAY A
section at top left of front panel. The
42748 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
vatue (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 & (delta)
measurement or as a percent deviation A%
(delta percent) measurement.

DISPLAY B functfons include a group of sub-
ordinate measurement paraméters, the avail-
abilities of which are partially dependent on

the primary function selected. The following

parameters are included: D (dissipation
factor), Q (quality factor), ESR/G (equiva-
lent series resistance/conductance}, X/B {re-
actance/susceptance), L/C (inductance/capaci-
tance and & (phase angle). D, Q, ESR and G
measurements can be made with L or € measure-
ments. X, B, L and C measurements are possi-
ble in R measurements. A 9 measurement 1is
possible only with a |Z| measurement. Note
that the choice of panel selectable functions
combined with a slash (/) are related to CIR-
CUIT MODE settings, The relationships of the
combinability of subordinate parameters to
major measurement parameters are summarized
in Table 3-1. Measurement parameter formulas
for measurement function are given in Table
3-2,

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 facilitate selection of the appropriate
function keys, pushbutton labels for the ESR,
X and L functions as well as for series cir-
cuit mode ( oCIwe ) identification are uni-
formly colored in mint gray.

Section 111
Paragraphs 3-8 to 311

Table 3-1. Available Measurement Functions.

DISPLAY A DISPLAY B
st o | 3o only | of53e only
LTy &

cllo
[ [

]

-]

3-10. DISPLAY.

3-11. Two primary display sections and a
sub-display section provide visual data out-
puts of measurement results as well as of the
test parameter values employed for thg meas-
urement. DISPLAY A provides a readout of the
measured inductance, capacitance, resistance
or impedance values in a maximum 6 digit dec~
imal number with decimal point and appro-
priate unit. If measurement is not achieved
because of inappropriate panel control set-
tings or by incorrectly connecting the
sample, an alphabetic annunciation {either
OF, UF, or Err) is displayad.

DISPLAY B gives subordinate measurement data

such as dissipation factor, quality factor,
equivalent series resistance or conductance
in ipductance or capacitance measurements,
reactance, susceptance, inductance or
capacitance in resistance measurements, or
the phase angle 1in impedance measurements.
The 6 digit numeric DISPLAY B becomes blank
when measurement data for DISPLAY A cannot be
properly taken,

In the numeric displays, lesser significant
digit data is represented by a small zero (g)
figure to differentiate it from a significant
figure which 1is represented by a large zero

{{a3.
Esmm‘ficant zero _r
Less significant zero
Note

Less significant digit data identi-
fy the meaningless numbers related
to the uncertainty of the measure-
ment result.
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Table 3-2. Measurement Parameter Formulas.
C DISPLAY A DISPLAY B
=i c H D Q ESR G 8
Cx Rx j 1 1 -1 1
| 4 WA Cx wice? * Rx wCxRx XX Rx s | wtan | xR )i
_ii-li\l—;‘_ 1 Gx wlx - wCx
T Cx vwiCx? + Gx2 wCx Gx Gx -tan™!( Gx )
L DISPLAY A DISPLAY B
L L [Z] D Q ESR G 8
Lx Rx Rx wbx whx
- Lx Ywllx? + Rx? x ™ Rx — tan”! (=)
Eiﬁ:::]_ wkx 1 . 1
Tx Lx A + wilxex? | wbx6x wbxGx Gx tan=! ( mLxGx')
R DISPLAY A DISPLAY B . |
W ROzl X B. L |- ¢ 6
_Sx Rx 1 ] 1
AA— 2 - tap-l
Rx Rx* + wCx? “wlx tan ( wCxRx }
Cx Rx
-E:'UR— Rx A + o CxRx2| T wlx s Cx -tan~! (wCxRx)
X
Lx Rx whX
Rx Vw?Lx? + Rx? wlx e Lx _ tan™! (7o)
I_'m' wbxRx 1 »
Ry Rx x? + w?lx? wlx tan™! whX )
Z Cx Rx Cx Lx Rx Lx
wd A YT
Gx Gx
i \ 1 — - wl.x
/ ﬁ
.iZ! wiex? TR /u?Cx? + Gx? wLx® + Rx + wllx26x?
. 1 . wlx . whx - 1
9 ~tan~* ( wCxRx ) -tan”*{ Gx ) tan™? ( Rx ) tan™*( wl.xGx )
7= |Z] = A7 ¥ X2
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The third readout is the FREQUENCY/TEST SIG
LEVEL display section and provides for dis-
playing test parameter data, that is, volt-
age, current or the frequency of the test
signal applied to the sample under test. The
parameter data displayed by the 3 digit dec~
imal numbers are convenient for monitoring,
adjusting and recording the test 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.

3-12. TEST SIGNALS.

3-13. A total of 11 test signal frequencies
which have a frequency accuracy of 0.01% are
available in a standard instrument. Table
3-3 s a tabulation of available test signal
level ranges and spot freguency points. The
test 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
digit decimal number with appropriate fre-
quency unit indication in the FREQUENCY/
TEST SI1G LEVEL display. The two additional
test frequencies with which the instrument
can be optionally equipped can further en-
hance the multi-frequency measurement capa-
“bility 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 0SC LEVEL con-
trol and MULTIPLIER buttons. A high level
test signal is usually used for the measure-
ment of general capacitors, resistars and
certain kinds of inductive components which
are normally operated at such high signal
tevel. On the other hand, a low test signal
is suitable for the measurement of low signal
level operating devices and of non-linear
impedance elements, especially semiconductor
devices. Furthermore, by using the appro-
priate test levels and frequencies as test
parameters, a particular characteristic 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
their operating ranges).

Note

After changing the frequency,
MULTIPLIER or OSC LEVEL setting,
allow the following times for the
test signal to stabilize:

Section III
Paragraphs 3-12 and 3-13

Control Settling time

X5

X1 200ms

MULTIPLIER] X 0.1

X 0.01 1000ms
0SC LEVEL 3s
Frequency 200ms

When the TEST SIG LEVEL CHECK button is
pushed, an auto-ranged readout of the test
signal voltage or current actually applied to
the device under test may be observed in the
FREQUENCY/TEST SIG LEVEL display. While the
¥ or mA check butten is pressed, the test
level is monitored. Measurement of the
sample 1is 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 Tevel 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 this way, data
is obtained under the virtual operating con-
ditions of the device. This is especially
useful 1in design or in other objectives
wheré the data gathered should be done so
under near-actual operating conditions.

Table 3-3. Test Signal Level and

Frequencies.
MULTIPLIER 0SC LEVEL

setting control range
Test Signal X 0.0 TmV to 10mV
Level X 0.1 10mV to 100mY

X1 100mY to 1V

X5 500mV to 5V
Test 100Hz, 120Hz, 200Hz, 40CHz,
Frequency 1kHz, 2kHz, 4kHz, 10kHz,

20kHz, 40kHz, 100kHz, and
two optional frequencies,

3-8
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3.14. MEASUREMENT RANGES.

3-15. The 4274A covers minimum to maximum
measurable values in 9 basic ranges for each
of the selectable measurement parameters. To
span the entire inductance and capacitance
range of the instrument, the 9 basic ranges
cover 13 virtual ranges depending on the val-
ue of the measured parameters and the test
frequency (setting). Each range allow a 100%
overrange of the 100000 full scale counts
(maximum 199999 counts). Table 3-4 shows
available wmeasurement ranges for both the
paraliel and series circuit measurement
modes. When the LCRZ RANGE control is set to
AUTO, an optimum range is automatically se-
lected for each measurement, Manual ranging
is also feasible. Ranging for DISPLAY B func-
tions is fully automated. lhen 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 $IG
LEVEL CHECK are automatically set in accord
with the ranging program which is predeter-
mined dependent upon the MULTIPLIER range
setting (and, in 1ike manner, LCRZ RANGE for
the test current check). The available ranges
are shown in Table 3-5.

Table 3-5. Test Signal Level Check Ranges,

Test Signé] Level

v A

0.50 - 5.00% 0 - 100%

.00 - 1.00% .0 - 20.0%

Ranges .000 - .100* .00 - 2.00%
.000 - .010% | .000 - .200%

*Note: Approximate value (unspecified).
3-16. CIRCUIT MODE.

3-17. An impedance element can be represent-
ed by a simple equivalent circuit which is
comprised of resistive and reactive elements
each connected in series with or in parallel
with the other. This representation is pos-
sible by either of the {series and parallel)
equivalents because both have identical im-
pedances at the selected measurement frequen-
cy by properly establishing the values of the
equivalent circuit elements, The equivalent
circuit to be measured is selected by setting
the CIRCUIT MODE control. When the CIRCUIT
MODE is set to AUTO, the 4274A will automat-
ically select either parallel or series
equivalent circuit mode as appropriate to the
range and function settings. By setting CIR-
CUIT MODE manually, either of the circuit
modes is useable on all LCR|Z D and Q ranges.

3-10
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3-18. Parameter values for a component meas-
ured 1in a parallel equivalent circuit and
that measured in series equivalent circuit
are different from each other. The differ-
ence 1in measured values is related to the
Toss factor of the sample to be measured.
Obviously, 1if no series resistance or paral-
lel conductance 1is present, the two equiva=-
Tent circuits are identical.

However, a sample value measured in a paral-
Tel measurement circuit can be correlated
with that of a series circuit by a2 simple
conversion formula which considers the effect
of dissipation factor. See Table 3-6, Fig=
ure 3-3 graphically shows the relationships
of parallel and series parameters for various
dissipation factor values. Applicable
diagrams and equations are given 1in the
chart. For example, a parallel capacitance
{Cp) of 1000pF with a dissipation factor of
0.5, is equivalent to a series capacitance
(Cs) value of 1250pF with an identical dissi-
pation factor. As shown in Figure 3-3, ine
ductance or capacitance values for parallel
and series equivalents are nearly equal when-
the dissipation factor is 7less than 0.03.
The dissipation factor of a component always
has the same value at a given frequency for
both parallel and series equivalents.

In ordinary LCR measuring instruments, the
measurement circuit is set (automatically or
manually) to a predetermined equivalent cir-
cuit with ~respect to either the selected
range or to the dissipation factor value of
the sample. The wider circuit mode selection
capabiTity of the 4274A, which is free from
these restrictions, permits taking measure-
ments in the desired circuit mode and of com-
paring such measured values directly with
those obtained by another instrument. This
obviates the inconvenience and necessity of
employing instruments capable of taking measw
urements with the same equivalent circuit to
assure measurement result correspondence.

) Rs
ks Rs Rs? + xsz - G
<= L0
Xs
=} ————— =J'B
Is = Rs + jXs I Re? Xs?
(Ds = Xs/Rs} ]
Yp = =G+ 3B
Zp

{Dp = B/G = Xs/Rs)
When the conditions for the above equations
are satisfied, the parallel and series cir-
cuits have equal impedance (at a particular
frequency point).  Note that the dissipation
factor 1is the same in both equivalent ¢ir-
cuit representations,
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) Section III
Figures 3-3 and 3-4

The measurement circuit used should be the relationships between the appropriate meas-
one that approximates the actual equivalent urement circuit mode and sample values.
circuit of the sample to be measured. . )
However, there is no convenient criteria for An empirical method of choosing the appro-
reasonably selecting the appropriate measure- priate measurement circuit s to infer the
ment circuit for general components. Usually, actual equivalent circuit of the sample from
a series measurement circuit is employed for the results of a trial measurement. Depend-
the measurement of a low impedance sample and ency of the dissipation factor (quality
a parallel measurement circuit for a sample factor) upon test frequency offers a theoret-
of high impedance. For example, in a low ical basis for §uch inference. The loss
capacitance sample such as a ceramic capaci- factor of series capacitance Toss increases
tor, parallel conductance is the major con- at a higher frequency. The parallel loss of
tributor to loss. On the other hand, for a a2 capacitor will exhibit the opposite ten-
high capacitance sample such as an electroly- dency.  Also, for fnductors, the equivalent
tic capacitor, the equivalent series resist- circuit can be deduced by a similar course of
ance consisting of lead resistance, electrode reasoning.  Therefore, the measurement cir-
resistance, dielectric loss, etc. is the main cuit appropriate to the sample can be deter-
factor which contributes to the loss of the mined by comparison of the dissipation factor
component. For middle range impedances, this values obta!ned‘at the desired test freguency
reasonirg still applies, but the effects are and that obtained at another frequency near
less pronounced. Figure 3-4 shows the rough to the selected test frequency.
Table 3-6. Dissipation Factor Equations,
e+ oy
N e Conversion to Co ta Y ansrd 4
Circuit Mode| Dissipation Factar i " ipor modes )%f%;f/ v
" pd N .
tp 1 p fes= 00+ 0D } Cp A 7/ A
[ - J I R // / >2/
anfCoRp Q lpo . 0P g 4y -
2 /1
Rp 1+ 9 /// / N
%
¢ Cp = 1 // // /
s Rs 1 1+ D% & / A
A= | D = 20flsRs = —u wf™!
y . ] 1 + D* L7 7
Rp 2 o RS ARV yd '
D2 A4 Y Fesetia ot ca }
- - - // z . - il..s'lH-n'll._-_,
Ls = 1 Lp £ s
Lp 1+ 92 / /
. 2nflp 1 V4
= 2 "F &0 . /
Rp Re Q Rs = o Rp =
L 1+ 0 /
Where o standa for a free integer, :: ::1’
Lp=(1+92)LS P i [ Pl
Ls Rs D= Rs o1 o ot e
- T —— 2 . .
Rhiinis 2wfls q lrp= 1t g Figure 3-3. Parallel and Series Parameter
b Relationships.
Hz
100K P
(oK (L4
c - rPARALLEL AL wyﬁ,@y
W77 .;
100K
0K
L
| K
00
///////
Rz /45?/ /455’
A owsrve s,
c I00pF  1000pF  10nF  10ONF  1000DF 10uF 00pF mkaF 1OmE
L 10K 100uH  1000uH 1Omi 0OmH  1000mH 10H 100K 1000H
RIZI 100m:  1000md} 100 oon 1000£L IOKQ OOKOn 1000KO om0

Figure 3-4. Approximate Relationships of Sample Values to Equivalent Circuit. 3-1



Table 3-4
Table 3-4, Measurement Ranges and Number of Display Digits {sheet 1 of 5).

Section ITl Model 4274A

NUMBER OF DISPLAY DIGITS

Tab]es(:)through(:)show the number of significant digits displayed for each of
the 4274A measurement parameters. The three numeral combinations in the tables
indicate the numbers of digits displayed in the respective range and test fre-
quency areas. That is, the numerals of each set indicate, respectively, the
number of digits displayed depending on test signal level MULTIPLIER settings
(X5, X1, X0.1 or X 0,01) as follows:

4 3 (digits)

X1

X5 X 0.1 X 0.0

MULTIPLIER settings

On 3 digit full scale ranges (at MULTIPLIER X 5 settings), when the measured .
sample value is small compared to full scale range value, the number of digits
disptayed is automatically increased as illustrated below:

F
15999
10000

8000

8000
4000 4999

2000

1000 :

800 -
600
> 500

Il

ower |
omir e 1/2 fuli scale  Full scole  Upper range

limit

DISPLAY  COUNTS

For example, on the 1000uF capacitance range, measurement results are displayed
from 500uF to 1999uF in 3-1/2 digits, from 160,0uf to 499.%uF in 4 digits and
from the lower range limit to 159.99uF in 4-1/2 digits (note that this is not
owing to a change of range but in resolution). Therefore, accuracy and resolu-
tion, virtually eaual to that on 4 digit full scale ranges, is realized on 3
digit ranges. The display of measured values alsc follows_in the same manner
(when MULTIPLIER is set to X 1, X 0.1 or X 0.01). In Tables(Dthrough(?), the
ranges on which measured values are displayed in such manner are denoted by
undertining of the numbers of digits.

Note

On basic 3 digit ranges, the parameter
values to be displayed are obtained from
reciprocal parameter measurements. Thus,
measurement resolution becomes higher for
Tower sample values {at the selected
range)} and, accordingly, the numbers of
digits displayed is changed to afford the
best of the measurement capabilities.
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Section III
Table 3-4

Table 3-4. Measurement Ranges and Number of Display Digits (sheet 2 of 5).

®

NUMBER OF CAPACITANCE DISPLAY DIGITS.

1600mF

100mF

10mF

1000uf

100uF

T0uF

1000nF

100nF

10nF

1000pF

100pF

10pF

T00CFF 1+

e ot

—
&

o | &

o | o

o Y

TO0HZ -
120Hz

" 200Hz

400Kz | k2 ZkHz | AkHz | 10kHz ZOKQZ 40kHz | 100kHZ

“n

NUMBER OF DISPLAY DIGITS FOR ESR AND G IN C-ESR/G MEASUREMENT.
ESR G
@ T T
1oMn |1000ns 3.2 - 4-3-2-1
BOOOK} 10us 3. 3-.2-1 4-4-3-2
OO | 100ps
1oka |1000s 3.3.3.2 4-4-4.3
10000} 10ms
1004 | 100ms
4-4-4-3 31 3 3 2
oo jiooims
1000my 10 a-4.3.2 3.3.2 |
00m] 100s 4. 3-2-1 3 -2 b=
sk | G |'99MZ | 200mz | 400Hz | 1xHz | 2KHz | 4KHz | IOKHz | 20KHz | 4OKHz HOOKHZ
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Table 3-4, Mekasurement Ranges and Number of Display Digits (sheet 3 of 5).

NUMBER OF INDUCTANCE DISPLAY DIGITS.

10004 LB, 2, 1, - L
oo NN | L
) \
1000 3,3, 38,2 )
100mH L
1O L
4,4, 4, 3
1000uH \ l .
100K \ 4, 4, 3, 2 1
10uH ) 4, 3, 2, 1 1 1
1000nH 1 \
‘
100nH
igg:i 200mz | soobz | TkHz | 2kmze | dkmz | 10kuz | 20isz | 20wz | T00KHz

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

ESR G

® T T
1oM2 {1000ns 3.2 — 4-3-2-1
000K 10ps 3.3.2. 4.4.3-2
HQOKLL § 100us
loKa 11000ps 3-3-3.2 4-4-4-3
0000 | Oms
1004 | 100ms

4.4-4-3 3 3 3 2
1040 [I00Oms
1000mal 103 4-4.3.2 3.3.2 .1
ooma} 100s 4321 31.2.1-—
EsR | 6 199N | 200kz | 400Hz | 1KHz | 2KHz | 4Kz | 10KHZ | 20KHZ | 40KHzZ |100KHz




Model 4274A Section I11
Table 3-4

Table 3-4. Measurement Ranges and Number of Display Digits (sheet 4 of 5).

NUMBER OF CAPACITANCE DISPLAY DIGITS IN R-C MEASUREMENT.

®

I0Om§ L

10 mF \ 321 L
{000LF \ 3.3.2-1 1 L

100uF \ \

104F ] 3:3:3:2 \
1000F ]

100nF 3.3.3.2 |

1onfF L
1000pF | \ 33241 L .
100pF ] 321 — \ L

10pF \ 1
I000tF

10082 T 200wz| 400Hz | IkHz | 2KHz | 4krz |10KHz {20KHz | 40KHz [100KHz

NUMBER OF INDUCTANCE DISPLAY DIGITS IN R-L MEASi:IRiMEN'!'-

o T

oo \ aaes 0\ |

\ \
00mH 3.3.3.2 \

100 mid} 1 |
1OmH 1
4-4-4.3

I00OWH 1 \__
100uH \ 4-4-32 \

1OpH ] 4-3.2-1 \ \
p ) \
100nH W :

I0GHz T 00wz | aoomz | 1wz | 2KHz | 4Knz | iokHz | 20KHz | 40KHz JOOKHZ
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Table 3-4. Measurement Ranges and Number of Display Digits (sheet 5 of 5},

NUMBER OF DISPLAY DIGITS FOR R, X, 1ZI| AND B MEASUREMENTS.

@

T0MQ 3) 2> ]-3 -
1000k 3, 3, 2,1
100k
k2 3, 3,3, 2
10000
1000 J
4, 4, 4, 3
it
1000m2 4, 4, 3, 2
100ms2 4, 3, 2,1
100Kz
120, | 2008z § 400Kz | Twmz | 2kHz | 4kHz | 10kHz | 20kiz | 40kHz ] 100kHz
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3.19. INITIAL DISPLAY AND INDICATIONS.

3-20. When LINE button is depressed to turn
instrument on, the 4274A exhibits the normal
test result of 1initial function test by a
left to right progression of the figure&.
1f all of the test results are correct, a
total of five [ figures appear in the DISPLAY

A as shown below:
Y o :
P |

Next, alphabetic annunciation of the op-
tion(s), 1if installed in the instrument, is
momentarily displayed. The option annuncia-
tion is given for HP-IB Compatible, Internal
DC Bias Supply and Battery Memory Back-up
options. Installed option contents are dis-
played as shown below:

fapree

gene 3

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
facilitate ease of operatwon is the automatic
initial- control settings performed after the
instrument is turned on. Initial panel con-
trot  functions are automatically set as
follows:

DISPLAY A ettt innnscsansnnons C
LCRZ RANGE . i.vivivinnnnnnrrennnns AUTO
Deviation measurement ............. off
BISPLAY B .iivriiriireicnnnenansnens D
CIRCUIT MODE ....vvenn.. AUTO ( o500 )
HIGH RESOLUTION t.vnvriieninnnnnen off
SELF TEST vvvvvnererecsasnnsnnnanns of f
TRIGGER i vitivvrrennronmennvsaannns INT
FreqUenCy coevevsecerraancsosns 1.00kHz
MULTIPLIER vt aiceiieionne X1

These 1initial settings establish the general
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 fixture
used with the instrument, a capacitance can
usually be measured by merely connecting the
sample to the test fixture. Inductance, re-
sistance or impedance can be measured by
pressing L, R or |Z] buttons as appropriate.
When a different measurement is to be at-
tempted, press appropriate pushbuttons and
select desired functions.

Figure 3-5.

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 significant measuring advantage
for component parameter measurements requir-
ing high accuracy 1in the carrier frequency
region. Generally, any mutual inductance,
interference of the measurement signals and
unwanted residual factors in the connection
method which are incidental to ordinary ter-
minal methods have significant effects on the
measurement at a carrier frequency. The four
terminal pair configuration measurement per-
mits easy, stable and accurate measurements
and avoids the measurement Timitations in-
herent in such effects. To construct this
terminal architecture, connection of a sample
to the instrument requires the use of a test
fixture or test leads in a four term1na1 pair
configuration design,

The UNKNOWN terminals consists of four con-

nectors: High current (Hcur ), High potential
{Heor), Low potential (L eor} and Low current
{Lar). The purpose of the current terminals

is to cause a measurement signal current to
flow through the sample. The potential ter-
minals - are - for detecting the voltage drop
across the sample. .The high side signifies

‘the drive potential (referenced to low side

potential) drawn from the internal measure-
ment signal source. To compose a measurement
circuit loop in a four terminal pair con-
figuration, the Har and Hreor, Loawr and Leor
terminals must be respectively connected
together and, in addition, the shields of all
conductors must be connected together (as
shown in Figure 3-5). Principle of the four
terminal configuration measurement is illus-
trated in Figure 3-6. At first glance, the
arrangement appears to be an expanded four
terminal method with a built-in quard struc-
ture. This is true. Thus, the four terminal
pair method combines the advantages of the

/'\ pUT /\
D s N X &

It%
Il

]
i|l
I

—

I
l
|
2

R A

——

|
!
|
|

—— —— —

HCUR HPO LroT Lour

Four Terminal Pair DUT Connections.
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Paragraphs 3-25 and 3-26

four terminal method in low impedance meas-
yrements while providing the shielding
effects required for high impedance measure-
ments. The distinctive feature of the four
terminal pair configuration is that the outer
shieid conductor works as the return path for
the measurement signal current. The same
current flows through both the center con-
ductors and the outer shield conductors
(in opposite directions) yet no external
magnetic field are generated around the con-
ductors {the magnetic fields produced by the
inner and outer currents completely cancel
each other}, Because the measurement
signal current does not develop an inductive
magnetic field, the test leads do not con=
tribute additional measurement errors due to
self or mutual inductance between the indi-
vidual leads, Hence, the four terminal pair
method enables measurements with best accura-
cy minimizing any stray capacitance and
residual inductance in the test Teads or
test fixture.

Note

If residual inductance does exist
in test leads, it affects measure-
ments and the resultant additional
measurement . error .increases in

. capacitance measurements, in pro-
portion to the sguare ‘of the meas-
urement frequency.

Model 4274A

3-25. Measurement of Grounded Samples.

3-26. Theoretically, samples which have one
terminal (except guard terminal) grounded
to earth can not normally be measured by the
4274A. Such measurement conditions are, for
example, the distributed capacitance measure-
ment of a coaxial cable with a grounded
shield conductor or the input/output im-
pedance measurement of a single ended ampli-
fier. When a one-side-grounded sample is
connected for measurement, the 4274A may dis-
play an error message or incorrect measure-
ment resulis. This is because the bridge
section cannot achieve a balance with any
measurement terminal grounded and, addition-
ally, any grounding modifies the four termi-
nal pair measurement architecture {other than
an internal connection of the shield con-
ductor to instrument chassis at one point).

Note *

If one terminal is grounded, a
signal current of equal magnitude
(an operating condition of the
four terminal measurement configu- °
ration) will not flow in the in-
ner and outer conductors of the
measurement cabtle, :

HCur | 1 LCurR
AT L e DUT p—»—b% - -{\
VECTOR
0scC AMMETER
HPOT  VECTOR " LrOT Detects vector
V}L:\METE c_ current flow
through BUT

&/

Detects vector
voltage across DUT

Figure 3-6. Four Terminal Pair Measurement Principle.
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Contrary to these theoretical measurement
limitations, the 4274A will, in most cases,
measure a grounded sample when such an at-
tempt is made.  Actually, a measurament can
be taken if a certain magnitude of impedance
(larger than that of the unknown sample} is
present between the grounding point of the
sampie and instrument ground, Therefore, the

measurements cited as examples are feasible
with the 4274A. As the measurement of a
grounded sample depends on the magnitude of

the grounding impedance, measurement accuracy
is unspecified. Available measurement range
may be restricted (an error message is dig-
played on unuseable ranges).

3-27. ZERO OFFSET ADJUSTMENT.

3-28. Since test ‘Fixtures have individual,
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 ZERQO offset ad-
justment function of the 4274A automatically
performs optimum compensation for such re-
sidual factors in the test fixture and mini-
mizes the incremental measurement errors,
Any measurement error particular to the test
fixture used is therefore eliminated. = lere
‘is _how to cancel -out-the effect of 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 70 OFF.

1) Connect test fixture or test leads to
the 4274A UNKNOWN terminals. Connect
nothing to the test fixture or to test
leads ?as a DuT).

2) Set MULTIPLIER to X 5 and OSC LEVEL
control to its fully cw position, and
other controls for the desired func-
tion, frequency, circuit mode, etc..

3) Press ZERO OPEN button.
This automatically sets the instrument
to C-8 measurement mode. DISPLAY A
exhibits "CAL" while stray capacitance
and conductance values are being meas-
ured at each test freguency. The test
frequency display is switched, in turn,
to succeedingly lower frequencies from
100kHz (100kHz, 40kHz, 20kHz .. 100Hz).

Section 11}
Paragraphs 3-27 and 3-28

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

4) Short-circuit test fixture or test
Jeads with a low impedance shorting
strap.

5} Press ZERO SHORT button.

This automatically sets instrument to
L-ESR measurement mode. A sequential
measurement 1s performed with respect
to residual inductance and resistance
in the same manner as that in the ZERD
OPEN offset adjustment operation {(in
step 3) The instrument is now ready to
take measurements.

When the ZERQ offset adjustments are
performed 1in 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 for the stray capacitance, residual in-
ductance, conductance and resistance which
are present-in the particular test fixture 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, compensates the measured
sampig value., O0Offset adjustment ranges are:

Capacitance: up to 20pf
Inductance: up to 2000nH
Resistance: up to 500mR
Conductance: up to 5uS

If an offset compensation is not performed,
it causes two kinds errors:

1} Simple additive errors. When a
component having a low value is meas-
ured, the measured value becomes the
sum of the sample value and the resi-
dual parameter values, The effacts of
the residual factors are:

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

Where, subscripts are:
m: measured value
X1 value of sample

st stray capacitance

res: vesidual inductance
(residual resistance)
{residual conductance)
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Residual resistance and conductance in
the test fixture affect dissipation
factor and quality factor measurements
because it is included in the measured
values as an additional loss.

Influence on high capacitance and high

inductance measuyrements, When a high
inductance {a high capacitance} is
measured, the residual factors in the
test fixture also contribute a meas-
urement error. The effect of stray
capacitance or residual inductance on
the measured parameters are:

Model 42744

Stray Offsets high
capacitance - inductance
measurements.
Residual Offsets high
inductance — capacitance
measurements.

These measurement errors increase in
proportion to the square of the test
signal freguency. The effects of the
residual factors can be expressed as
shown in Figure 3-7.

In a 100kHz measurement, for a meastre-
ment error to be Tess than 0.1%, the
product of Cx and Lres {Lx and Cst)
should be less than 25 x 10716 (F.H).
The relationship between the residual
factors of the test fixture and meas-
urement accuracies is graphically
shown in Figure 3-8. ‘

Cst
R A —

Lx Lm

When a stray capacitance is present, measured
inductance value is given by equation below:

" T-wAxCst

Lx

tm-Lx
Or[“tﬁn*ﬂgquCS%

Cm =

When a residual inductance is present, measured
capacitance value is given by equation below:

T 1-w®xlres

Cx

Cm-Cx
or

= wZCeres]
Cm

Figure 3-7.

Residual Parameter Effects.

&

HO0mH

test signal
100KHz

capacitance {sampie)
inductance (snple'}
L/

g
)4
7

4

M,

Qg imi

(N

N

O.ipF 1pF
inH iOnH

iOpF  stray capacitance
I0OnH residual inductance
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Figure 3-8. Relationships of Residual Parameters on Additional Errors.
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3-29, ACTUAL MEASURING CIRCUIT.

3-30. Measuring circuit for connecting a
test sample to the UNKNOWN terminals actually
becomes part of the sample which the instru-
ment measures. Diverse parasitic impedances
existing in the measuring circuit between the
unknown device and the measurement terminals
will affect measurement results. These un-
desired parasitic impedances are present as
resistive and reactive factors in parallel
and in series with the test component.
Figure 3-9 shows an equivalent circuit model
of the measuring circuit which includes the
parasitic parameters (usually called residual
parameters). Reactive factors in the resi-
dual impedance have a greater effect on meas-
urements at higher frequencies. The four
terminal pair configuration measurement
employed for the 4274A offers minimum resi-
dual impedance in the measuring circuit.
However, the four terminal pair 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 circuit when a sample is
connected to the test fixture. Figure 3-10
illustrates such stray capacitances present
“around the compenent leads. ‘

In thé equivalent measuring circuit (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 illustrated in Fig-
ure 3-10. Generally, Lo resonates with capa-

Section 111
Paragraphs 3-2% and 3-30

citance of sample (series resonance) and Co
resonates with the inductance of sample
(parallel resonance), respectively, at a spe-
cific high frequency. Thus, impedance of the
test sample will 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 test sig-
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 of the measure-
ment frequency (below resonant frequency) and
can be theoretically approximated as follows:

C erroR Ay w?boCx - 100 (%)
L ErReok 2g w2Colx - 100 (%)

Where, w = 2nf (f: test frequency)
Cx = Capacitance value of sample.
Lx = Inductance value of sample.

At low frequencies, Lo and Co affect the meas-
ured inductance and capacitance values, re-
specitively, as simple additive errors. These
measurement errors can not be fully elimi-
nated by the offset control (which permit
compensating for residual factors inherent in
the test fixture used). This is because Lo

~and Co are peculiar to the cemponent measured.

Their values depend on component lead Tength
and on the distance between the sample and
test fixture. . The measurement results, then,
are substantially the sample values including
the parasitic impedances present under the
conditions necessary to connect and hold the
sample.

Bm =

Measured impedance Rm + jXm is:

R(1 + RGa) + GoX*

(1 - wCoX + RGo)* + {wRCo + GoX

- - 2
ixm = {.( X{1 - wCoX) - wCoR

)z“t“RO

1 - wCoX + RGo)> + [wRCo + GoX)? * wLO}

7 Effect of lead impedance on C-G measurement,
ox Cm &y Cx(1 + w?LoCx - 2RoGx - LoGx2/Cx)

Cx 6m AR Gx(1 + 2w?LoCx - RoGx + w?RoCx?/Gx)

Effect of stray admittance on L - ESR measurement.
Lm Ay Lx{1 - 2GoRx + w?Colx ~ CoRx2/Lx)
Rm R Rx(1 - GORx + 2w?Colx + w?Lx?Go/Rx)

Figure 3-9. Residuals Present in Measuring Circuit,
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Figure 3-10. Parasitic Impedances
Incident to DUT Connections.

3-31. MEASURED VALUES AND BEHAVIOR
OF COMPONENTS.

3-32. Measured resistive and reactive para-
meter values of a component are not always
close to their respective neminal values,
In addition, certain electrical effects can
cause the measurement to vary widely, Meas-
ured sample values include factors which
vary such values because of electromagnetic
effects such as the well-known skin effect of
a conductor, the gemeral characteristics of
ferromagnetic inductor cores, and effects
of dielectric materials in  capacitors.

Here, let's discuss only the effects which

result Afrom._the.interactipn of 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-
tion, the effective resistance and effective
reactance correspond to the projections of
the impedance vector 1Z] <5, that is, the
real (R) axis and the imaginary (jX)} axis,
respectively,

_at frequency fo.

Effect of Resonance
in sample (example).

Figure 3-17.

When phase angle & chandes, both Re and X
change in accord with the definitions above.
As component measurement parameters L, C, R
and D, etc. are also representations of com-
panents related to the impedance vector,
phase angle 8 dominates their values. For
such an example, let's look into the induct-
ance and the loss of an inductive component
at  frequencies around its self-resonant fre-
guency, Figure 3-13 shows the equivalerit
circuit of the inductor. The inductance Lx
resonates with the distributed capacitance Co
The phase angle (6) of the
impedance vector gets closer tgo 0 degrees
(the vector approaches the.R axis} when the
operating frequency is close to the resonant
frequency. Thus, the inductance of this
component  decreasés while, on the other
hand, the resistive factor (Toss) increases.,
At the resonant frequency fo, thig component
is purely resistive. The effective resist-
ance increases at resonance even if the in-
ductor has (ideally) no resistance at dc.
Consequently, the loss factor varies sharply
in the frequency region around the resonance
point,

Re = [ZI cos ¢
Xe = 7| sin g
cos & 1

Loss factor (D)

sin 8~ tan 8

Where, Re: Effective resistance,
Xe: Effective reactance.
Z: Impedance of sampie (Re + jXe).

ix f2 fi1<f2 Colfs(fa
fo -«—--.-..f._._...,,.,
L 2nfTxCo
3: e fo_ .o
ts
Rx lx f3
-JX ¥

Figure 3-12.
3-22

Impedance Vector Representation.

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

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
Tow level test signal and/or a high measure-
ment frequency are used. Accuracy represen-
tation applies to a basic instrument. Actual
measurement error 1s the sum of the instru-
ment error and the error peculiar to the
test fixture (leads) used. Refer to para-
graph 3-37 for the errors dus to test fix-
tures.,  Measurement accuracy of the 4274A is
specified under the following wmeasurement
conditions:

1) Warm-up time: at least 30 minutes.
*2) Test signal level setting:
MULTIPLIER: X 5, X T or X 0.1

0SC LEVEL:  Fully clockwise
3) ZERO0 offset adjustment appropriately
completed.

*4) Environmental temperatura:
23°C z5°C

5) Significant display readout should be
- . more than 20 counts.

A} Normal measurement mode.
Note

%@y Accuracy in MULTIPLIER
X 0.01 vrange is unspecified
{provided as general infor-
mation),  When OSC LEVEL is
set to a position other than
fully cw, accuracy is unspe-
cified (multiplies by number
given in figure below).

*4) At temperature range of 0°C
to 55°(C, error doubles.

1+ G.1

@ VERNIER SCALE
=

“;‘) |

=

=

[_?m
i o P ]

T 6.5 - ' i G
Vernier scale
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3-~-35. TEST SIGNAL LEVEL ACCURACY.

3-36. Accuracies for the test signal voltage
and current displayed by pressing TEST SIG
LEVEL CBECK buttons are shown 1in Table 3-7
{these accuracies are not specifications but
rather are typical values). A readout of the
test signal voltage will normally be close to
a reading of the 0SC LEVEL control dial and
MULTIPLTER settings. However, when a low im-
pedance component (less than approximately
Tk} is connected to the UNKNOWN terminals as
a DUT, the test signal voltage decreases
because of internal lcading. Actual test
signal voltage is thus a lower value than the
0SC LEVEL control dial reading. The dis-
played vatue, nevertheless, 1is the correct
voltage/current readout for the test signal
Tevel actually being used in the measurement.

Y

Tabte 3-7. Test Signal Level Monitor Accuracy.

Measurement

Accurac
range ccuracy

Voltage

0.001v
to 5.00V

Current

0.001mA
to 100mA

+(3% of rdg + 1 count)

+(3% of rdg + 1 count)

3-23
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Figure 3-14 Model 42744

CAPACITANCE ACCURACY

-ACCURACY GRAPH NOTES-

b Accuracy graphs apply when MULTIPLIER 15
190mF set to X 5 and alse apply to MULTIPLIER
X1 and X0.1 settings when rumber of sig-
0nf nificant display digits s the same as
© that for X5 setting.
1000:¢ 2. Horfzagtal axes of the graphs represent
voae 1 DISPLAY A readings in counts and include
- !ess significant zero in the scale read-
16uF mngs.
3. In 3 digit display ranges (shaded areas
10cenF of range tabulation), number of signifi-
cant display digits {resclution) for
190nF OISPLAY A increases for measured valyes
16nE Tess than 1/2 full scale value, and ai-
fewable error counts are calculated for
100008 significant display values. Thus, these
accuracy graphs show different curves
H00aF for Tower and higher measurement values,
4. C, L, R,iZl, 8error counts: error counts
FOpF @ ® per €, L, R, oriZldispTay counts,
1600FF ® ® 5. Capacitance accuracies apply to C.D, §-Q,
e C-ESR, C-G and R-C measurements.
z 1
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Figure 3-14, Measurement Accuracies (sheet 1 of 9},

3-24



Model 4274A Section 111

Figure 3-14
CAPACITANCE ACCURACLY
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Note

1) On three digit display ranges in L, C, R and |Z| measurements,
specified accuracy applies to the first through fourth
significant digit data.

NiNzNsNuNs
—_—

Specifies accuracy for
Nt through N digit data

When DISPLAY A readout is less than 16% of full scale value on
the {manually) selected range, displayed digit data will be given
by digits Ni through Ns or digits Ny through Ns. Here, the
accuracy does not apply to Ns digit data.

2) On three digit display ranges, when DISPLAY A readout is lower
than 1599 counts on an automatically selected range and greater
than the lower range limit of 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
10k2 AUTO 10ks 10. 00k
10k MANUAL 100k 10, 000k

Figure 3-14. Measurement Accuracies (sheet 2 of 9).
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is
set fo X 5 and also apply to MULTIPLIER
X1 and X0,1 settings when number of sig-
nificant display digits is the same as
that for £5 setting,

2. Herizental axes of the graphs represent
DISPLAY A readirgs in counts and include
tess significant zero in the scale read-
tngs.

3, b accuracy: Accuracy graphs show % arror
and residual error counts for 0 per ca-
pacitance display counts.

D error = 0 rdg X 4 arvar + error counts

Less significant zero for D readings is
included in the error count numbers of D
accuracy graphs,

4. Accuracies in lined areas BZZZZ are un-
specified,
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Figure 3-14, Measurement Accuracies (sheet 3 of 9).
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DISSIPATION FACTOR ACCURACY IN CAPACITANCE MEASUREMENT
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Figure 3-14. Measurement Accuracies {sheet 4 of 9).
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is
set to X 5 and also apply to MULTIPLIER
X1 and X0.1 settings when number of sig-
nificant display digits is the same as
that for X5 setting.

2. Horizental axes of the graphs represent
DISPLAY A readings in counts and include
iess significant zero in the scale read-
nygs,

3. In 3 digit display ranges {shaded areas
of range tabulation), number of signifi-
cant  display digits (resolution) for
DISPLAY A increases for measured values
less than 1/2 full scale value, and al-
towable error counts are calculated for
stgnificant display values. Thus, these
accuracy graphs  show different clrves
for lower and higher measurement values,

4. Co L, R, 121, eerror counts: errer counts
per C, L, R, or fZldisplay counts.

5. Inductance accuracies apply to L-b, 1-0,
L-ESR, L-G and R-L measurements,

6. Accuracies in Tined areas T are un-
specified,
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DISSIPATION FACTOR ACCURACY IN INDUCTANCE MEASUREMENT

-ACCURACY GRAPH NOTES-
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Figure 3-14. Measurement Accuracies (sheet 6 of 9).
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-ACCURALCY GRAPH NOTES-

Accuracy graphs apply when MULTIPLIER is
set to X 5 and also apply to MULTIPLIER
%1 and X0.1 settings when number of sig-
nificant display digits is the same as
that for X5 setting,

Horizontal axes of the graphs vreprasent
DISPLAY A readings in counts and include
less significant zero in the scale read-
ings,

In 3 digit dispiay ranges ({shaded areas
of range tabulation), number of signifi-
cant display digits (resolution) for
DISPLAY A increases for measured values
less than 1/2 full scale value, and ai-
Towable error counts are calculated for
significant display values. Thus, these
accuracy graphs show different curves
for lower and higher measurement values,

¢, L, R,iZt, Berror counts: error counts
per C, L, R, oriZldispiay counts.

®

a1

20

/
L~
L1
i /,/’
e
L
.—-—’®
MM/
100 58660 1oooe 15000 20600

NUMBER OF R, |Z] COUNTS

Figure 3-14.

Measurement Accuracies {sheet 8 of 9).
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-ACCURACY GRAPH NOTES-

1. Accuracy graphs apply when MULTIPLIER is
set to X & and also apply to MULTIPLIER
X1 and X0.1 settings when number of sig=
nificant display digits 4is the same as
that for X5 setting.

2. Horizontal axes of the graphs represent
DISPLAY A readings in counts and include
Tess significant zero in the scale read-
ings,

3. ¢, L, R,1Zl, 8error counts: arror counts
per C, L, R, or[Zidisplay counts,
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3.37. CHARACTERISTICS OF TEST FIXTURES.

3-38. Characteristics and applicable meas-
urement ranges of HP test fixtures and test
leads are summarized in Table 3-8. Te
facilitate measurement and for minimum con-
tribution to measurement errors, a test fix-
ture appropriate to the measurement objective
should be chosen from among HP's standard
accessories, Setect a test fixture or leads
type having the desired performance charac-
teristics.

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

Applicable measurement ranges
Model Parameter value Measurement ' '
frequency
160474 Fuil range Full range
160478 Full range Full range
16047C Fuli range Full range
160484 ' ] “
160488 Fult range Full rande
C>1000pF
16048C L>100uH Full range
160348 Ranngligéisfied Full range

RN erzmm
S:]\ ©

=
. &
it =i

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

3-40. When many components of similar value
are to be tested, it is sometimes more prac-
ticable to measure the difference between the
value of the sample and a predetermined
reference value, Besides, when the measure-
ment purpose 1is to observe sample values
versus the variance of the sample per degree
temperature, unit time or other taest vari-
ables, a direct measurement of this differ-
ence makes examinaticn much more meaningful
and easier. The deviation measurement func-
tion permits such repetfitive calculations of
the difference betwsen the reference and each
individual sample and displays the result on
DISPLAY A. When the STORE bButton is pressed,
the inductance, capacitance, resistance or
impedance value of the sample is stored in an
internal memory. Next, A butfton or A% button
is pressed to enable the deviation measure-
ment. The 4% button permits calculation of
the difference in percent deviation {instead
of & subtractive measurement}. The 4274A
will now display 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
~dinstrument can be rechecked at anytime by

ressing the RECALL button. _To change the
“reference value to a new value, press A

button (or A% button) to‘release the devia-
tion measurement function, measure the new
reference sample, and again press the STORE
button.

341, General Component Measurement,

3-42, General operating procedures for meas-
uring an inductance, capacitance or resist-
ance circuit component are outlined in Figure
3-16. Almost all discrete circuit components
(inductors, capacitors or resistors) except
for components having special shapes or di-
mensions can be measured with this setup.
Special components may be measured by using
test leads 16048A, 16048B or the 16034B, or
by specially designed user built fixtures
instead of the 16047B Test Fixture.

3-34
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3-43. Semiconductor Device Measurement,

3-44. The procedures for making semicon-
ductor device measurements with the 42744 are
described in Figure 3-18. The Junction
(inter-terminal) capacitance of diodes, col-
Tector output capacitance of transistors,
ete., can easily and accurately be measured
(with or without dc bias), The 1pF  full
scale capacitance measurement capability is
adequate for the measurement of Tow order
capacitances of RF detector diodes, PIN
diodes and so on. Since the test signal is
controllable  from the minimum level of
ImVrms, it permits measuring the capacitance
of a semiconductor junction which has a Tow
potential  barrier such as in hot carrier
(Schottky) diodes,

3-45, External DC Bias.

3-46. A special biasing circuit using exter-
nal volfage or current bias, as needed for
capacitor or inductor méasurements, is il1lus-
trated in Figure 3-19. The figure shows
sample circuitry appropriate to 4274A appli-
cations, When applying a dc voltage to
capacitor samples, be sure applied voltage
does not exceed waximum working voitage and
that you are observing polarity of capacitor.
Note that the external bias voltage 1is pre-
sant at Hreor and How terminals.

3-47. Bias Voltage Settling Time. When a
measurement with dc bias voltage superposed
is performed, it takes some time for voltage
across sample to reach a certain percentage
of applied (desired) voitage. Figure 2.19
shows time for dc bias voltage to reach more
than 90% of appiied voTtage and for 4274A to
display a stable value. If the bias voltage
across sample is not given sufficient time to
settle, the displayed value may fluctuate or
Errd may be displayed. Read measured value
after display settles.
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3.48. External Triggering.

3-49., For triggering 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 alter-
nately shorting and opening the center con-
ductor of the EXT TRIGGER conmector to ground
(chassis).

Section III
Paragraphs 3-48 and 3-49

Figure 3-15 illustrates an example of a trig-
ger circuit device for triggering the 4274A
externally via the external triggering conn-
sctor on the 4274A rear panel,

Note

The center conductor of the EXT
TRIGGER connector 1is normally at
high Tevel (no input}.

 pinlmetiuotehasies 2
Hprm———~ B
: | }L EXTERNAL TRIGGER obvice
| T
h ! ; i TTL Trigger Circult
a o 1 % ! i:; ! Trigger :
o I T,
T EER | ' o
AT ) chms e il i ! | 5@‘1_.-‘
e R ! A
@ Q _ o _ ! ; | :
"”‘EXGE“ ""I rY i |
= €D I ey
; Manual
: J | Tri
I gger b o
; t Switeh 1
\\_.___lj : i \...__J | | ; H _ _ J
L e e o e e o o e e o e s i o Lit
L _____________________ LR |___._._ -
Figure 3-15. External Trigger Circuit.
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Table 3-9, Annunciation Display Meanings (Sheet 1 of 2.

DISPLAY A DISPLAY B Indicated Condition

ISPLAY A DISPLAY 8

DISPLAY A function has been inappro~
priately set.

Measured L, C, R or [Z] value exceeds
the upper range limit.

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

Measured value in tﬁe selected DIS-
play B function exceeds the upper
range 1imit.  Accuracy of LCR read-

_ — m! | ing may not be within specifications.
“1 "CF" display implies that measure.
i - —— 1} ment function should be changed, as

(any reading) appropriate, to measure the sample.

MDISPLAV A

£

[

DISPLaY A DSPLaAY 8

value of the residual parameter pre-
sent in measuring circuit exceeds
{blank) offset control range Timit.

y! i Error in ZERDO offset adjustment, The
|

r—

HSPLAY 4 " . DISPLAY B

|| Error in DISPLAY B function setting.
A DISPLAY B function, incompatible
- with selected DISPLAY A function, has
(blank) been actuated.

DIBPLAY A - DIEPLAY &

Error in range selection. Ranging
Pl operation has actuated a range on
E—— | B8] | which the measurement can not be

(blank) taken at the selected test frequency.

I x CISPLAY A . [ QI8PLAY B t . . . . .
! || Il Error in measuring circyit configura~
j J | tion,

{blank) (D) Measuring circuit has an open-
circuit or a short-circuit in the
test lead or test fixture being
used,

(D Protective hinged cover of 160478
Test Fixture was opened while &
measurement was being taken.

(M Ranging operation has actuated a
range on which the measurement
can not be taken under DC bias
operaticon,
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Table 3-9.

Section III
Table 3-9

Annunciation Display Meanings (Sheet 2 of 2).

DISPLAY A DISPLAY B

Indicated Condition

DiBPLAY A

DiSPLAY B ﬁ

Error 1in deviation measurement con-
trol operation.

®
®

STORE function was actuated while
OF or UF was displayed,

STORE function was actuated with-
out releasing 4 or A% measurement
function.

OFSPLAY &

[ DISPLAY Bﬁ
i

{blank)

Error in deviation measurement con-
trol operation. & or A% function was
actuated in the measurement of a
parameter value which has a different
unit Tfrom that of the stored refer-
ence value.

:
i
|

TIEPLAY 1

QISPLAY &

| _ L |
BEIEEE

{blank)

Error in dc bias operation.
(D Internal DC bias function has
been set without dc¢ bias supply
being installed.

@

DC bias voltage setting exceeds
voltage control range Jimit of
+35,0 volts (Option COT only).

*See note below table.

This error message appears
only for an Option 003
unit,

e N s '{ Error in dc bias operation. Front
! It or vrear panel DC BIAS switch has
| ! ~been  inappropriately set for the
. internal DC bias operation to be
This error message appears (Blank)
S attempted.
only for Option 001 or 002
units. *See note below table.
! ——— el '| Error in continuous memory function.
I -
: | | (O Memory data to be continuously
d .
(blank) preserved has been lost

Stand-by battery for continucus
memery  preservation has  been
exhausted.

Minus (-) is displayed.

@

(1) A minus display sometimes occurs
when a sample value around zevro
is measured,

(2) 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

éﬁg T. Set DC BIAS switch to £35VMAX position and connect the 160474
Test Fixture to 4274A UNKNOWN terminats.
2200V MAX
\ Note
F3GVMAK
Other type test fixtures may also be
connected. Guard terminal is somet imes
used in high impedance measurement,
e 2. Depress LINE button to turn instrument on. An initial function
e test is automatically performed before measurement begins,
D - A

Note

-  Verify that BIAS indicator lamp does not
Tight. If illuminated, set rear panet DC
BIAS switch to OFF position,

3. Check that 42744 trigger Tamp begins to flash. The 4274A control
functions are automatically set as follows (automatic inftial

settings):
DISPLAY A oo C
Deviation measurement function ..,... of f
LCR Z RANGE ..........,.. ...~ AUTO
DISPLAY B ... . ... .. .00 3]
CIRCUIT MODE ........... .. AUTO ( }
HIGH RESOLUTION .................. ™" of f
SELFTEST oo oo off
TRIGGER ..., . .. ... ool INT
Frequency ............. ... T.00 kHz
MULTIPLIER ..o ol X1

Note

To check fundamental operating conditions
of instrument, perform SELF TEST {refer
to Paragraph 3-5 for SELF TEST details).
Press SELF TEST button again to release
the function.

Figure 3-1s. General Component Measurements (sheet 1 of 3).
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Section III
Figure 3-16

S54SR LAY

a

-y,

OEEE, s
e ]

CIRCUIT MODE
ALTO stibwes o550

oo

[ IMERIYEEY ]

TEST $I1G LEVEL
CHECK

islsfololojo

i i
[ a eswa e we 9 B,
OEERE-
i : 3 : i
7.
l FREGUENCY STEP 08¢ LEVEL (v
§ Cowh ue 0.8
O HoN
1 - oz © * 8 .

oy i
LAULY&F’UER

ZERO
orEn

SHORT

10.

11.

12.
13.

14,

Select desired DISPLAY A function, either L, £, Ror |Z].

If necessary, manually select CIRCUIT MODE, either series or
paraliel mode.

Hote

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

Select the desired DISPLAY B function (compatible with the DIS?LAY
A function selected in step 4).

Select the desired measurement frequency with FREQUENCY STEP DOWN
and UP buttons.

Set test signal MULTIPLIER to X 1 and OSC LEVEL control to its
fully cw position.

Note

When the 160478 Test Fixture is being used, *
close protective cover to enable measure-

ment. Closing cover electrically connects

UNKNOWN terminals to fixture. Opening

cover disconnects fixture from terminals.

Connect nothing to Test Fixture as a DUT. Push ZERC OPEN button,
Capacitance and conductance offset adjustments are automatically
performed. DISPLAY A shows the letters "CAL" and it will change
to a small value (nearly zero) approximately. ten seconds after
the button is pushed.

Connect a shorting strap to Test Fixture to short-circuit the
UNKNOWN terminals to zero ohms (zero microhenries}.

Push ZERQ SHORT button. Inductance and resistance offset ad-
justments are automatically performed. DISPLAY A shows the
Tetters "CAL" and it will change to a small value (nearly zero}
approximately ten seconds after the button is pushed.

Remove shorting lead from Test Fixture.

Set test signal to the desired amplitude with MULTIPLIER buttons
and 0SC LEVEL control.

Connect sample to be measured {L, C or R) to Test Fixture.
Note

If needed to accurately set the fest signal
level, <continue pressing TEST SIG LEVEL
CHECK ¥ or mA button to monitor the actual
test signal level applied to the sample
and adjust 0SC 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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Figures 3-16 and 3-17
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15. The 42744 will automatically display measured values of unknown,

Note

If OF, UF, minus {-) or blank display
occurs, see Table 3-9 for annunciation
meanings. For semiconductor measuremants,
the special care needed for making reli-
able measurement is described in Figure
3-18.

When dissipation factor of a very low loss
sample is measured, a negative value {within
allowable measurement error 1imits) such as,
for example, -0.00011 may occasionally be
displayed. Such low dissipation factors can
be measured with higher aceuracy by using a
low lToss sample whose dissipation is known
or which has an extremely (a negligible) Tow
dissipation as a reference. The correct dis-
sipation factor is calculated by the follow-
ing equation:

D =02 - {D1 ~ Ds}

Where, D is correct D value of sample tested,
Dz is measured D value of sample tested,
D1 is measured D value of reference sampla,
Ds is D value of known reference sample
{for extremely low loss references,

-Ds is zero),

Figure 3«16. General Component Measurements {sheet 3. of 3).

APPLICATION ’

VARIABLE TEST PARAMETER
MEASUREMEN?‘

When a measurement is taken of a test sample using various test levels and vari-
ous test signal frequencies, the measurement readouts may occasionally exhibit
singuiar variations in sample values, Such peculiar variations in measured
value are frequently observed during the measurement of inductive components
which have ferromagnetic cores. What are the major reasons for these changes in
sample values? Let's discuss it by taking an inductor as an example and Took
into the significance of taking a measurement of the component under its normal
operating conditions.

The inherent values of an inductor which has a ferromagnetic inductive core are
influenced by the permeability of its core material. Intensity of magnetization
(magnetic flux density) of a ferromagnetic core varies atong and with its mag-
netization characteristic curve (B~H curve) in response to the cyclic current
flowing through the inductor coil. A typical magnetization curve for an induc-
tive core fs shown in Figure A,

The dotted curve in the figure is a graph for a magnetic material which has a
high hysteresis coefficient such as that of a ferrite core. When a static mag-
netic field is applied to magnetic core materfal, the increase in magretization
caused by the increase in the applied magnetic field {inductor coil current)
follows the characteristic curve shown in Figure B. :

3-40
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Section [II

Figure 3-17
In the initial permeability region near the arigin {of the coordinate axes), the
magnetization increases gently; thus an inductor operating in this region has
a low inductance value. The inductance value increases with an increase in
inductor coil current and decreases when magnetization of the inductor core ex-
ceeds its saturation point.
* permeability (u) is the ratio of magnetic flux density (B) to the
magnetic field (H).
By
T A
H
1
L |
|
A "
um—u+—l
1%
Figure A. B-H Curve for Cyclic Figure B. nelationship of Magnetization
Magnetization. and Inherent Inductance.

On the other hand, the core loss {consisting of hysteresis and eddy current
losses) increases in the high frequency region above a specific frequency and 1is
determined by the material and structure of the inductor core. Measurement
readings of an inductor may thus differ widely depending on the test level and
test frequency.

The above discussion is meaningful for general component measurements. Figure €
shows typical characteristics of LCR components. As may be seen in the figure,
a component may have different effective parameter values dependent upon its
operating conditions. The overall characteristics of sample can be clarified
from these kinds of measurements. The measured values most useful to actual -
applications can be gained by such measurements taken under normal operating
conditigns of the sample.

N Equivatent Circuit Measurement Characteristic Example
Parameter - :
1z}
I Ny C-b
¢ I I C-ESR
—yL L L LS C_G
121‘8 frag
e e el e L-Q L
L Fo=T L-ESR ’//,,»"’—‘\
U EEDP LS B iz}-8
| goil
R e R-X 1Z!
e R-C
[ WUPPPUUIS W L ]-L
IZE-B frag
Circuit FAR: i
e o &-L /};/“'
Zi 20 R-C 2] ”
o R-L 4
-}% 8

Figure C. Typical Component Measurements.

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

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

. . ] h 3 . .
is out?wn?d n the paragraphs which follow ————

R

160238
Blas Controller

’
Setup -

The figure above is a typical test setup used for measuring- the base-
collector junction capacitance (Cob) of an NPN transistor. For this meas-
urement, the appropriate test fixture may be user designed. A 4274A unit
equipped with option 00] {(or option 002) s suitable for controlling the
accurate dc bias required for the measurement. If dc bias is not neces-
sary, setup arrangement and procedures associated with this measurement may
be deleted.

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

Note

If Option 002 dc bias {up to %99,9v) or an
external dc bias supply is used to apply

bias voltages more than +35 volts, set DC :
BIAS switch to +200v Max position,

2. Connect test fixture or test leads to the UNKNOWN terminals.

3. Press LINE buttgn to turn instrument on. After the initial func-
tion test is performed, the 4274A functions are automatically set
for a C~D measurement and TkHz test frequency (automatic initial
settings), Trigger lamp will begin to flash.

Figure 3-18. Semiconductor Device Measurement (sheet 1 of 3},
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Section 11}
Figure 3-18

4. Perform ZERO offset adjustment procedure (as outlined in Figure

5. Set test signal level for an appropriate amplitude with 0SC LEVEL

3-16 General Component Measurements steps 7 through 12).

control and MULTIPLIER button. If desired, test freguency may he
set to a higher or lower frequency.

Note

se Towest possible test 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 of the test signal
voltage on FREQUENCY/TEST SIG LEVEL display.

Note

If necessary, apply DC bias voltage intermally
or externally at rear panel EXT 35V MAX bias
connector f{or to EXT 200V MAX connector if .
higher dc bias voltages are used). External
dc bias source should be stable with low noise.
Set rear panel DC BIAS switch properly so as to
enable dc bias operation and ensure operator
safety.

CAUT ION

- 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 SURE 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 semiconductor device to test fixture. To obtain reliable
measurement results, observe the following:

Notes

a. If a forward current flows through P-N
junction when test signal is at its peak
voltage, a correct measurement result
will not be obtained.

b. If an accurate test signal Tevel is desired,
press and hold TEST SIG LEVEL V button and
readjust 0SC LEVEL control for the desired
voltage.

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

Figure 3-18. Semiconductor Device Measurement {sheet 2 of 3).
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Typical measurement applications for semiconductor P-N and MOS junction capaci-

tances are summarized 1in the tabulation below: For these measurement
applications, the use of dc bias expands the variety of test parameter settings
and affords a wider scope of measurement data, Polarities of the dc biases

normally applied to the sample as well as connections of the measuring circuit
are shown in the table.

Parameter Measured Connections to 4274A
High Low
. o~ {+Blas)
Base-cotlector junction ) i
capacitance {Cob)- - i
itter current-= & [ +itias)
Emitter ¢ open oven
R . High Low
Base- collector junction ] e
capacnanee‘gire}- _ / ‘ﬁéﬂ’
emitter
Common Low oK
GUARD TO.%;-
GUARD
- i High Open
FET gate capacitance F%8ien) il 3
Low Low
S st
Cpen ('i‘csr}aal
Low Cpen
High
{¢ Bigs)
: : Cow
Diode junction capacitance oAb
' High/ %, Low tow High
L L Ol & g}
Nets! No bigs shouid *
be appliad. .

The measurement setups _for measuring micro-circuit components (such as an
integrated circuit device) are illustrated below. Residual parameters which
contribute measurement errors are also denoted in the figure. Use connection
configuration appropriate for the sample.

Le Lp Hp He

Low

»_Chip probe

Sample
High impedance Low impedance Measurement of
measurements measurements: chip elements
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Figure 3-19

EXTERNAL DC BIAS OPERATION (< 200V)

To make capacitance measurements using external dc bias voltag
connect dc bias source and test fixture as shown in diagram.
dc hias voltage exceeds *35V, use operating PROCEDURE A. If n
B to obtain a shorter bias voltage settling time.

Note

D¢ bias voltages higher than #35V (up to
+200V) may be used for measuring a low
= capacitance sample (below O.Ju?ﬂ.

PREPARATION -

. i
e e
DC_POWER SUPPLY ‘ogaegs |
\/L« X"\/ [ ®
b @ *O T oo o AR s, owm T -
- O POR®® [+ BEHIO B 2O il
AC byposs :
Capacitor

es up to =200V, ,
If maximum applied
ot, use PROCEDURE

1.

Set front panel DC BIAS switch to the position. appropriate to the test
fixture used. When a test fixture useable at dc biases up to £35V is
used, set the switch to £35V MAX posttion, For a test fixture useable
at dc biases up to 200V, set the switch to £200V MAX position.

Note

Any HP Test Fixtures or Leads may be used
for dc bias applications below #35V. The
following HP fixtures can be used for dc

bias applications up to 200V: 16047B,

160487, and 16048B.

7. Connect desired test fixture 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,

CAUTICN

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

Figure 3-19, External DC Bias Circuits (sheet 1 of 4).
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Figure 3-19

PROCEDURE A (<200V )

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

2. Set rear panel DC BIAS switch to EXT =200V MAX position. Front
panel BIAS indicator lamp will illuminate,

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 indicator Tamp will illuminate.

CAUTION

NEVER APPLY AN EXTERNAL DC BIAS OVER +35v.
LIMIT MAXIMUM (SURGE) BIAS CURRENT FLOW
INTQ INSTRUMENT AT 100mA (OR INTERNAL
PROTECTIVE FUSE BLOWS). ‘

Proceed to step 3 described below.
3. Connect sample to test fixture.
CAUTION
NEVER SHORT BETWEEN HIGH AND LOW TERMINALS,
CAUTION
WHEN A POSITIVE RIAS 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 after allowing time for bias volt-
age to settle.

A\ WARNING

THE CENTER OF BNC CONNECTOR MAY BE LIVE UNLESS
DUT 1S REMOVED.

Figure 3-19. External DC Bias Circuits (sheet 2 of 4).
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Figure 3-19

Note

When sample value is greater than 0.TuF,
a dc bias applied at EXT 200V MAX termi-
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 its 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 (100uF)}
between Hi and Lo posts of External Power
Supply to prevent test signal from flow-
ing into External Power Supply.

Note
If the 160478 Test Fixture is being used,

capacitor is discharged through a 108
resistor when protective cover is opened.

BIAS VOLTAGE SETTLING TIME
(EXT £35V MAX)

/

V.

0.2 ’///

1000 om 100m
Capacitance Reading (F)

Settling Time in Seconds

Note: EXT +35V MAX and EXT +200V MAX inputs feed external
dc bias to sample through resistors of approximately
500 and 150k, respectively.

Figure 3-19, External DC Bias Circuits (sheet 3 of 4).
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External DC Current Bigs

General. A dc bias current can be caused to flow directly through an inductive or
a resistive sample connected to the UNKNOWN terminals. This paragraph outlines
the proper method and procedures for establishing such bias current through an
inductive (resistive) sample from an external dc bias supply. The basic current
bias method can be used to feed a bias current up to 100mA (at frequencies above
3kHz) through the rear 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 for other de bias settings.

Current bias method:

1. Set front panel DC BIAS switch 7. Increase dc bias supply output
to the position appropriate to voltage while monitoring
the test fixture used, Con- readout on output current me-
nect desired test fixture to ter until desired bias current
UNKNOWN terminals. 1s obtained.

2. Depress LINE button to turn CAUTION
instrument on. ggRgorTﬂkLow A BIAS CURRENT ‘

N 00mA

3. Set 4274A controls according BIAS SUPPLY ]GU$PUT ngf%ﬁﬁg
to General Component Measure- SHOULD NOT EXCEED +35V.
ment Procedure (Figure 3-16)
steps 7 through 12 (Push DIS- Note

PLAY A function "L" button).
DC  bias  current flowing

4. Connect an external dc bias through sample is calculated
supply to rear panel EXT +35V . by the following equation:
MAX. comnector, o _

. ’ : - __E bias -
CAUT TON e = v e (M)
Where E bfas 15 the bias
BEFORE  QOPERATING DC BIAS ’ >
SWITCH, VERIFY THAT NO SAMPLE Noer ) amelfed at EXT
IS CONNECTED TO TEST FIXTURE * 2 connector and Rx is
OR THAT DC BIAS VOLTAGE HAS E?e Pes‘§t3“§edva‘“9 (@) of
e sample at dc.
BEEN SET T0 ZERO VOLTS. P bC AMMETER

3. Set rear panel DC BIAS switch
to ext i“BgV MAX position.

6. Connect sample to test fixture. ég;gﬁg‘

¥ -
: J;g Q-
WiF

iy

P e
oA 155, 4 - E————
:
TN
e W |
e

I wow o

. - -

DC _POWER suPpLy

-é::rr é :EJT%E '(:q ,.-'»... .. ...:\. E]. -@“ b

i
. A
o s J
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Figure 3-19. External DC Bias Circuits (sheet 4 of 4),
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Figure 3-29

HELPFUL. INSTRUCTIONS
FOR CERTAIN MEASUREMENTS

INDYCTANCE 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 Tevel 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 coil. Permeability of inductor cores
vary with measurement signal Tlevel {current) which
differs with range and frequency.

To measure such samples, set LCR RANGE to MANUAL. Manually settle 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 fixture 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 test fixture. Measurement accu-
racy for low capacitance sample can be improved by using
a guard to eliminate the stray capacitances. Place
guard plate between component Teads of the sample and
connect it to instrument GUARD terminal as illustrated

| ! at left:
Cnrd
Co®OPF // coli N\ To cuarp O
terminal
Contact Contact
E jectrode Etectrode Guard plates

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

LOW IMPEDANCE MEASUREMENT

Because of their lead impedances, when low impecance samples such as high
value capacitors, lTow value inductors or low value resistors (below 1009 in
impedance) are measured, display outputs with respect to the same sample may
differ each time the measurement is attempted.

To reduce component lead impedance, make the lead Tength
short by inserting leads deeply into test fixture. Use
contact module for short lead components.

Figure 3-20. Helpful Instructions {sheet 1 of 2}.
3-4%
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BATTERY RESISTANCE MEASUREMENT

Internal resistance of batteries up to 35V can be measured by using measure-
ment setup 11lustrated below:
p

Set 4274A controls as follows:

DISPLAY A function ............... R
DISPLAY B function .......... LorcC

QZEXT :3?v o Rear panel DC BIAS switch
e L eendier L | T T EXT +35V MAX

ioopF  connect positive pole of 100uF capaci-
1 ACbypess tor to center conductor of rear panel
capacitor EXT +35Y MAX connector and negative
pole to outer conductor.

CAUTION

DO NOT APPLY A DC VOLTAGE OF MORE '
THAN 35V,

If it is desired to load battery
during test, connect appropriate
value resistor in parallel with the
capacitor. The output current is
given by the following equation:

E battery . -
R+e0 (A
CAUTION"

DO NOT ALEOW A BATTERY CURRENT OF
OVER 100mA TO FLOW.

I out =

OC BIAS APPLICATION (400vV2, >200V)
A circuit for dc bias applications up to 400V is illustrated below:

Capacitance value of the dc blocking
capacitor C should satisfy the follow-

LCWR  LPor  Hpor  Heuw ing condition:
' R N N B N
L]y L
C2 10w f
> -
c Where, f is test frequency. If 100Hz
in test frequency is used, C value
Jikn should be greater than 320uF.
f: Ebigs < 400V CAUTION

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

Figure 3-20. Helpful Instructions {sheet 2 of 2).
3~50
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3-50. OPTIONS.

3-51. Options are standard modifications *o
the instrument that implement user's special
requirements for minor functicnal changes.
Operating instructions for the 4274A options
(except rack mount and handie installation
kit options} and associated information are
described in the following paragraphs.

3.52, OPTION ANNUNCIATION

3-53. Installed option content is momentari-
ly displayed in the front panel display Jjust
after the initial function test is performed
to let 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 itlustrated in Figure
3-21.

Note

Options other than those illustrated
are not dispiaved.

[ av 4 !

\ HOIT R

1_ [ T }

(DHP-1B option. (3DC Bias option.
Opt 101 Opt 001 or 002.

(DHP-1B address (OMemory Back-up
code 17. option. Opt 003,

1. This figure appears when HP-IB Option
101 is instailed.

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 0071 or 002 is installed.

4. This figure appears when Memory Back-
up Option 003 is installed.

Figure 3-27. Option Annunciation Meanings.

Section III
Paragraphs 3-50 to 3-55

3-54. OPTION 001: DC BIAS (0 £ 35V).

3-55. The 4274A Option 001 adds an internal
remotely controilable dc bias supply variable
from .000 to  +35.0 volts, The TmV  step
minimum voltage control as well as the accu-
rate voltage setting capability of 0.5% (2%
for high capacitance measurements) is useful
for dc bias applications 1in semiconductor
measurements. Bias voltage control is facil-
itated by using the Model 160238 Bias Con-
trotler or an HP-IB control signal through
the rear panel connector, This paragraph
describes operating procedures for Option 001
when using the 160238 controlier. For dc
bias applications using HP-IB control, refer
to paragraph 3-62 Option 107 HP-IB Compati-
bitity.

Note

Instructions for dc current bias
applications are provided below
dc (voltage) bias operating pro-
cedure.

PROCEDURE

1. Set front panel DC BIAS switch to #35V
MAX pasition.-.

Note

DC BIAS switch may be set to

- +200V MAX position when using
a test fixture useable at dc
biases up to z200 volts,

2. Connect desired test fixture to UN-
KNOWN terminals.

Note
Any HP Test Fixtures or Leads
may be used 1in this dc bias
application.

3. Depress LINE button to turn instrument
on.

4, Set 4Z74A controls according to Gen-
eral Component Measurement procedure
(Figure 3-16) steps 7 through 12.

5. Connect 160238 Bias Controller to rear
panel INT DC BIAS CONTROL connector.
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10.

3-52

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 0 VOLTS.

When a Tow capacitance (below 0.1uF)
s to be measured using a dc bias, set
rear panel DC BIAS switch to INT 35V/
0OV (= .1uF) position (to obtain
shorter bias voltage settling time).

To apply an internal dc bias to a high

capacitance sample (0.1uF to 2F),
set the switch to INT 35Y/100V (< 2F)
position.

Set 160238 MULTIPLIER switch to select
appropriate bias voltage control range
(X 0.1, X T or X 10). Set the desired
voltage (positive or negative) into
the three digit thumbwheel switch.

Connect sample to test fixture.
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,

Press 160238 ENTER buttorn to apply dc
bias voltage to the sample.

Read 4274A capacitance display after
allowing time for bias voltage to
settle.

Note

1) When rear panel DC BIAS
switch s set to INT 35v/
100¥ (= .1uF) position, the
measurement of capacitance
greater than 0.1pyF may
cause readouts to fluctuate
and "Err 4" annunciation is
sometimes displayad.

2) When 16023B controls are
set for a dc voltage great-
er than 35,0 volts, "Err7"
annunciaticen is displayed
and the dc bias 1is not ap-
plied to sample,

Model 42728

3} To monitor dc bias voltage
connect a DVYM to rear panel
INT BC BIAS MONITOR connec-
tor.

DC_BIAS SETTLING TIME.

OC BIAS Setting Settling Time

INT 35V/100Y (<.WF) | Less than 20ms

INT 35V/100V (< 2F) 600 + 6 + *Cx ms

*Note: Cx = Capacitance reading in yF,
Note
DC bias is applied to sample

through an internal 1700 {=<.TuF)
or 10000 {(<2F) resistor.

DC Current bias,

A dc current bias can be applied to inductive
or resistive component samples using the same
setup as for a dc voltage bias (set DISPLAY A
function as appropriate). The biasing cur-
rent is calculated by the following eguation:

INT 35V/100V {=.TuF):

_ E bias
Ide = B + 175 (8)

Maximum. current: 40mA (up to +10.0V)
D 10mA (270.1V to +35.0V)
INT 35V/100V (< 2F):

_ E hias
Me = w7000 (A)

Maximum current: 10mA

Where, Rx is dc resistance value of sample
(in ohms) and E bias is dec bias setting (in
volts),

Maxirmum Current Rigs
10Qma = {EXT k35v}

30ma s =
TT T T e s Tl ot = e - 0P 00 (SRR S oy
os¢
Level ] osc
(5iv) Leavel

/ (2v)
]

¥ 10mA -

5 /

Bma

/__..AW..___..MHﬁM_ o e L e 0BT o2

b e e e L BXT 2200V

T e —

+ OPTOOI {=,11F), > 10V
OPTOOI (< aF)

Maximum  C

I it
HC BOC iK 2K &K 100K

Frequancy (Hz) —-we
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3.56. OPTION 002: DC BIAS (O +99.9V).

3-57. The 4274A Option 002 adds a remotely
controllable internal de bias supply variable
from 00.0 to 299.9 volts at a basic voltage
accuracy of 2%, This wide range voltage con-
trol capability 1is suitable for dc bias
applications 1in general capacitance measure-
ments. Bias voltage control is facilitated
either by the Model 16023B Bias Controller or
via an HP-IB control signal through the rear
connector.  This paragraph describes the op-
erating procedures for Option 002 when using
the 160238 controlier. For dc bias appli-
cations with HP-IB control, refer to para-
graph 3-62 Option 101 HP-IB Compatibility.

Note

Option 002 internal dc bias should
be used for capacitance measure-
ments beiow 0.TuF.

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 POSTTION. THIS ACTION
AUTOMATICALLY LIMITS DC BIAS 10
35 VOLTS AND “Err 7" WILL BE
DISPLAYED IF oC BIAS IS SET FOR
GVER =35 YOLTS.

Z2. Connect desired test fixture to the
UNKNOWN terminals.

3. Depress LINE button to turn instrument
on.

4, Set 4274A controls according to Gen-
eralt Component Measurement procedure
(Figure 3-16) steps 7 through 12,

5. Connect 16023B Bjas Controlier to rear
panel INT DC BIAS CONTROL connector,

CAUTION

BEFORE OPERATING DC BIAS SWITCH,
VERIFY THAT NO SAMPLE HAS BEEN
CONNECTED TG TEST FIXTYRE OR
THAT DC BIAS VOLTAGE HAS BEEN
SET TO ZERD YOLTS.

Section III
Paragraphs 3-56 and 3-57

6. Set 4274A rear panel DC BIAS switch to
either INT 235V/100V (<. 1uF) or INT
35V/100V (< 2F) position.

7. Set 160238 MULTIPLIER switch to X10
nosition. Set the desired voltage
(positive or negative) into the three
digit thumbwheel switch.

8. Connect sample to test fixture.

9. Press 160238 ENTER button to apply dc
bias voitage to the sample.

10. Read 4274A capacitance display after
altowing time for bias wvoltage to
settle.

Note

1) When a capacitance greater
than 0.1uF s measured, the
capacitance reading may
fluctuate and "Err 4" an-
nunciation may sometimes be
displayed.

2} To monitor dc bias voltage,
connect a DVYM to rear panel
INT DC BIAS MONITOR con-
nactor,

3} If the 16CG47B Test Fixture
is being used, capacitor is
discharged through a 100
resistor when  protective
cover 1is opened.

DC BIAS SETTLING TIME

Bias settling time 1is Tess than 300ms.

Note

DC bias 1is applied to sample
through an internal 586kQ resis-
tor.

R0

POLARITY
MIETTRLYE

/9

WLTIPLIER £108
19 -
Liae -

POSTTIVE |
TRUE

Figure 3-22. DC Bias Connector.
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3-58. OPTION 003:
BATTERY MEMORY BACKUP,

3-59. The 4274A Option 003 provides contin-
Ous memory capabitity for retaining the
memory of desired instrument contro] sef~
tings. Front panel control settings which
are specially used for a particular applica-
tion or are frequently used can be memorized
by the instrument for repeated use of the
same settings. The stored memory of the con-
trol settings in continuousTy held in event
the instrument loses its operating power, and
automatically so sets the instrument when
normal operating power ig restored. In other
cases,  the memorized panel control settings
can, at anytime, bhe again set into the in-
strument as its actyal control settings by
merely pushing two buttons (LOCAL and RECAL),
For storing the desired control settings 1n
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 (battery memory
back-up operation) will begin to flash
in DISPLAY A, :

3) Press REF VALUE. STORE button before
the display ceases flashing. If the
STORE  button is hot  pressed, the
memory mode operation is automatically
deactivated after an elapse of five
seconds (display continues flashing)
and the instrument resumes normal
measurements. To reactivate the
memory mode operation, again press
LOCAL button.

4) The instrument has now memorized the
front panel control settings. This
setting status will again be enabled
(instead of standard initial control
settings) when the 1instrument is
turned on,  To restore the memorized
control settings in place of tempora-
ry setting, press LOCAL button for one
second and then REF VALUE RECALL but-
ton.

Note

Offset contro] values for a
particular test fixture and the
reference value in deviation
measurements are also stored in
the continuoys memory .
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Note

SELF TEST setting is not memo-
rized,

TYPICAL LIFE oOF STANDBY BATTERY 1S
40,000 HOURS {CUMULATIVE BATTERY 0p-
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 fal-
Towing test frequencies instead of 11 step
standard test frequencies (unit: hertz):

100 500 5k 50k
120 Tk 10k 100k
300 3k 30k *

The above test frequencies are labeled on the
FREQUENCY/TEST SIG LEVEL display window { *
mark indicates that one or two special test
frequencies can be optionally added). The
desired test 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 of test frequency
for the standard 42744, Other functions and
performance 1is the same as those of the
standard nstrument (for accuracies at the
optional frequencies, refer to specifications
n Section 1),

3-62, Special Test Frequency Option.

3-63. The 42744 Specfal 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 mamner as that in selection of
standard test frequencies, The optional fre-
quencies appear, irrespective of theiy indi-~
vidual values, after 100kHz test freguency
when higher test frequencies are, in turn,
selected by pushing UP button. This corre-
sponds to the * mark position in the test
frequency tabulation shown in  the FREQUENCY/
TEST SIG LEVEL display. The test frequency
satting is also displayed in the FREQUENCY/
TEST SIG LEVEL display when the special fre-
Guency 1is selected.
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3-64. OPTION 101: HP-IB COMPATIBILITY.

3-65, The Model 4274A Opt, 101 can be rea-
motely controlled by means of the HP-IB which
is a carefully defined instrumentation inter-
facing method that simplifies 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
Digital Interface for Programmable
Instrumentation.

3-66, Connection to HP-IB,

3-67. The 4274A O0pt.101 may be connected
into an HP-IB bus configuration with or with-
out a controller (e.g. with or without a HP
calculator), In an HP-IB system without a
controller, the 4274A Opt.10%1 can function as
a talk 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: frant panel. These Tamps
show the status of  the 4274A in an HP-IB
system ds follows: .

SRQ : SRQ sigral on HP-IB line from
4274A {refer to paragraph 3-90).

LISTEN : The 4274A is set to be listener,

TALK : The 4274A is set to be talker.

REMOTE : The 42744 is remotely controlled.

3-70. LOCAL Switch.

3-71, The LOCAL switch disables remote con~
trol  from HP-IB control and enables setting
measurement conditions at front panel con-
trols {pushbutton switches). REMOTE HP-1B
Status Indicator lamp turns off when LOCAL
switch is depressed. This function can not
be used when the 4274A is set to local
lockout status by controller.

3-72. HP~IB Control Switch.

3-73, The S1 HP-IB Control Switch on A22
HP-IB board controls seven digits and three
capabilities as follows:

(1) Bit 1n5 ¢  The HP-IB address 1is es=-
tablished by these five digits of the
Control Switch,

Section III
Paragraphs 3-64 to 3-73

{2) Bit 6 (delimiter form bit) : This bit
determines delimiter form of output
data which are:

?:Cmma(,)
: Carriage return Line feed
(@ O
Refer to paragraph 3-82,

(3) 8it 7 (talk only bit) : This bit de-
termines  instrument capabilities
which are:

0: Addressable
1: Talk Only

Note

The 4274A O0Opt 101 s set at the
factory as given in Figure 3-23.

/ ~—a\ .

AS- - - Al
Sei dmwoste \HORQOORT  nes
012 ¢}
bit =~5: 17

bit 6 : Comma (,)
bit 7 : Addressable

Figure 3-23. HP-IB Control Switch,
WARNING

If an external DC bias source is to
be connected to EXT 200V MAX 1DC
BIAS connector on rear panel, use the
following procedures to change A2251
HP-IB Control Switch to avoid an
electric shock hazard:

1. Set external DC bias to OV,

2, Disconnect external DC bias from
42744,

3. Remove 4274A power cable from
instrument.

4, Remove 4274A top cover.

5. Change  A2251 HP-IB  Control
Switch to appropriate setting,

6. Replace top cover and reinstall
power cable,

7. Connect external DC bias source
to EXT 200V MAX DC BIAS con-
nector on rear panel.

8. Set bias source for desired DC
bias,

9. Instrument is now ready far use
at z200V DC biases.
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3-74. HP-IB Interface Capabilities of 42744
Opt.101,

3-75. The interface capability of a device
connected to the HP-IB is specified by the
interface functions built into the device.

The 4274A Opt.101 has eight HP-IB 1nterfacg\

functions as given in Table 3-10,

Table 3-10. HP-IB Interface Capabilities.

Code | Interface Function*
(HP-1B Capabilities)

SHT** | Source Handshake.

AH1 Acceptor Handshake.

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

L4 Listener (basic listener, unad-
dress to listen if addressed to
talk).

SR1 Service Reguest.,

RL1 Remote/Local (with local lockout).
DC1 Device Clear,

M Device Trigger,

*Interface functions provide the means
for a device to receive, _process and
transmit messages over the bus, -

**The  suffix number ‘of the interface
cede indicates the limitation of the
function capability as defined in
Appendix C of IEEE Std. 488-1975.

3-76. Remote Program Code,

3-77. Remote program codes for the 4274A
Opt.101 are listed 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 follows:

B NN E NN V
M (@

{1} 3 digits for mantissa
(2} 2 digits for exponent

Note
If not set, polarity of mantissa (or

exponent) s automatically set to
plus(+).
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3-80. Data Output.

3-81, Data outputted by the model 42744
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 following several paragraphs, output
data form is described,

3-82. Display A and Display B Data.

3-83. Two output formats are possible with
the 4274A Opt.101:

a. Format A.

To output either Display A data or Display B
data 1in a continuous string, the delimiter
form bit (the HP-IB Control Switch Bit 6) on
the A22 board is set to 0 (see paragraph
3-72). In this mode, data is outputted in
the following format:

XXX X N NNNNNESNN , X X N.NNANNENN @R )
{IHZH3N4N5) (6} {74819} ad (an

‘Note

The 4274A 0pt.107 is set at the
factory for output Format A.

b. Formaf a3

To break- the data into two groups (limits
Tine length) for outputting to certain pe-
ripherals such as to an HP Model 5150A Ther-
mal Printer, the delimiter form bit on A22
board is set to 1 (see paragraph 3-72). All
data 1is then outputted in the following

format: x X X X :N.NANNNE:NA
2x3x4n5) (6} an
X X N ANNNNEsNN ER) €D
(839 am n

1} Space,

2) Circuit Mode.

3) Measuring Frequency.

4

5

) Data Status of Display A.
) Function of Display A.
6) Value of Display A.
7) Comma.
8) Data Status of Display B.
{9) Function of Display B.
(10} Value of Display B,
(11) Data Terminator,

(
(
(
g
(
(
(
(

Circuit Mode, Measuring Frequency, Data
Status, and Function are expressed as an al-
phabetic character, as given in Table 3-12.
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ment data is provided.

Table 3-11
Table 3-11. Remote Program Codes (sheet 1 of 2).
Control | Program Cede Description
Display A Funciion L A3 Combinaticns of A and B are listed
C Ao in the table below:
R A3 5
7] A A ! 2 3
Display B Function D B1 T1L-0D L -8 | L - ESR/G
B2
¢ 21 C-D C -0 1¢C - ESR/G
ESR/G B3
X/B B1, B3 3R -X/BJR~L/C] R -X/B
L/C B2 41z -6t |zl -8 |Z] -8
8 B1, B2, B3
Circuit mode AUTO C1
T Hre e
e 3
Deviation OFF Do These program codes can not be used
Measurement A DI if reference data s not stored.
8% D2
' Freduéhcy Sfeb' 100Hz F11 The frequency spots in'parentheses
120Hz 12 are used in OPtzon ac4,
200{300 )Hz F13
400(500)Hz Fi4
TkHz F15
2(3)kHz F16
4{5}kHz F17
10kHz F18
20{30)kHz F19
20{50)kHz F20
100kHz F21
%1 F22
*2 F23
High Resolution QFF HO
ON H1
Data Ready OFF it If Data Ready is set to ON, SRQ
N I signal is outputted when measurs-
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Table 3-11
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 LY These program codes can be used to
A LA monitor the oscillator level at un-
known terminals.
Multiplier X0.01 M1
X0.1 M2
X1 M3
X5 M4
LERZ Range AUTO R3] Depending on DISPLAY A, DISPLAY B
MANUAL R3? and Measuring Frequency settings:
BGOE/ 100/ 100n: R11 If range is set to a range which
T can not make the measurement, range
R Ri2 is automatically reset to the
100pF /1 0wk 1082 R13 nearest range capable of making the
1000pF/100uE/ 1002 Ri4 measurement.
3O/ 1000110000 RT1H
TOONF/ 1 0H/ 1 Ok R16
BOGRF / £00méL/ 100 R17
QUE /1 6E0RH/ 1060k H18
1G0uF/10H/ 1040 R19
TOGOUF/100H R20
10mF /1000H R21
100mF /1 0kH R22
1000mF R23
Recall Reference RE This program code can not be used if
Yalue raference data is not stored,
Self Test QFf Se
ON S
Store Reference 5T
Value
Trigger INT i
EXT T2
HOLD/ T3
MANUAL
ZERO OPEN Z0
SHORT 5
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

Circuit Mode

Lt

o[ HW-o

Measuring Frequency

100Hz
120Hz
200{300)Hz
400(50C ) Hz
TkHz
2{3)kHz
4(5)kHz
10kHz
20(30)kHz
40{50 }kHz
T00kHz
*]
*2

Data Status

Norma]
Cverflow

Underflow

Change
Function

o< O =l o om0 v o = B oM o G I O

o

Measuring Function

Self Test
L
C
R
z
%
Al
AC
AR
AL
v

Lo R e S

ESR

[EP T vu B O <5

SPACE

—

— R X Gy O L W o= < E OTE IO N M

Section 111
Paragraphs 3-84 to 3-89

3-84. Recall Reference Data.

3-85. This data is outputied from 42747 when
the oprogram code "RE" s used {refer to
Figure 3-27). The data is outputted in the
following format:

e e ER) (@)
X2 @ (8)

(1) Space.

(2) Function of Display A.
(3) Value of 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 XeNJNERNN CR(LF)
MA@ (5)
(1) Space.
{2} Status of Level Measurement,
(3) Measuring Function.
(4
{5

) Value of Level Meaésrement Data.

) Data Terminator.

3-88. Key Status Data.

3-89. This data is outputied from 4274A when
the Program Code "K" is used (refer to Figure
3-26). The data is outputted in the follow-
ing format:

ANBNCNDNFNNHNINVMNRNNSN TN @)
(MEXGXB) (6X7XBXIXTOXIN(2)  (13)
{1) Space.
(2) AM1~Ad4: Display A Function.,
{3) B1~B3: Display 8 Function.
(4} CInC3: Circuit Mode.
5) DOD2: Delta Measure.

6) F11vF23: Frequency Step.

7) HO, H1: High Resolution.

8) 10, I1: Data Ready.

9) MIM4: Myltiplier,

0) R31, R32, R11WR23: LCRZ Range.
1) S0, St Self Test.

2) TInT3: Trigger.

3)

Data Terminator.
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Paragraphs 3-90 to 3-93

3-90. Service Reguest Status Byte,

3-91. The 4274A 0pt,101 sends ROS {Request
Service} signal whenever it is set in one of
the four possible service reguest states.
Figure 3-24 shows the Status Byte make up of
the 4274A.

Bit g8

~d
=
o

=
wr
~

Information G 01 G a 053 nit 0/t [EF A

Signal bit 7 (RQS signal) establishes
whether or not service request exists.
Signal bits 1 thru 4 identify the charac-
ter of the service reguest states.

Service request states of the 4274A:

{1} Bit 1 If Data Ready is set
to ON, this state is set when mea-
surement data is provided.

(2) Bit 2 When the 42747 re-
ceives an erroneous Remote Program
Code or an erroneous Internal DC
Bias setting, this state is set.

(3) Bit 3 : “When Zero Offset or
Self Test is completed, this state
is set.

{4) Bit 4 : This state is set in

one of following states of the
4274A:

i Error 1, 5, 6, 7, or 8.
2 Self Test is faulty.

Model 4274A

Note

The equipment regquired for these
sample programs include:

4774A Mylti-Frequency LCR Meter equipp-
ed with Opt.101 HP-IB Interface.

9825A Desktop Computer.

882710A String-Advanced Programming ROM,

88213A General I/0 + Extended I/0 ROM.

98034A HP-IB Interface Card.

Table 3-13. Sample 9825A Programs.

gigglgm Figure Description

] 3-25 Basic remote program
for 4274A.

2 3-26 How to use remote pro-

- gram code "K".

3 3-27 How to use remote pro-
gram codes “RE", "LY®
and "LA",

Figure 3~24. Status Byte of the 4274A.
3-92. Programming Guide for 4274A,
3-93. Sample programs for the HP Model 98Z25A
Personal Computer are provided in Figures
3-25 thru 3-27. These programs are listed in
Table 3-13,

Note
Specific information for HP-IB pro-

gramming with the 9826A is provided
in the 9825A programming manuals.
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ode] Figures 3-25 and 3-26

Sample Program 1.

Bescription:

This program is a basic remote program for the 4274A. The program has three
capabilities which are:

(1} Control of the 4274A via HP-IB.
(2) Trigger of the 4274R via HP-IB.
(3) Data output from the 4274A via HP-IB.
Program:
0 fl1t5 (1} Select code of 98034A.
1 : wet737,"A273" {2} Address code of 4274A.
2y (3 (3) Program codes for 4274A (refer to Table 3-11).
2 wrt717,%E"
t4) {4) This line means the as same as following program:
3 1 red?17,A,B
4 : dspA,B;prtA,B trg 717
5 ¢ end

By using string variabies, complete output information from the 4274A Opt. 101
is stored by the following program:

Program:
0 : f1t5
1 ¢ dimA$[50]
2 orowet717,"AZT3Y
3 ¢ owrt717,"EY
4 : vred717,A8
5t dspA§;prtAs
6 : end

Figure 3-25. Sample Program 1 with the 9825A.

Sample Program 2.

Jescription:

The remote program code “K" can be used to recognize the status of kay 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 {AUTC)". Therefore, the LCRZ Range should be
set to "R3Z (MANUAL)" for recognizing the true LCRZ measuring range.

Program:

: dimAS[50]

¢ owrt717,7K"
: red717,A%

: dspAS;prtAs
: end

E R AN Bl

Note

The statements on Tines 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 recall 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 terminais,

Note

"RE" can not be used if reference data was not stored.

Program:
0 : f1th
1: wrt?]?;?@?
1
2 ¢ red717,A
31 priA
4 1 end

Note
The statements on lines 1 and 2 should be continuously programed.

By using a string variable complete output information from the" 42744
Opt. 101 15 stcred by the following program: .

Program:

0 : dimASL60],B5[60]
1+ wrt/717,"A2T3" -
(1) {1} Trigger Mode should be set to "T3" (HOLD/MANUAL)
D owrt717,"E"
: red717,A%
T dspA$
Dowrt717 K
(2) (2) ilREli or IILVII oy HLAH
! red717,B$
: priBS$
: end

o1 b Lo N

oo~

Note

The statements on lines 2 and 3 are necessary befeore the statement on line 5
appears, If this is not done, wrong output data may be sent to the Bus.

Figure 3-27. Sample Program 3 with the 9825A.
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Section IV
Table 4-1

PERFORMANCE TESTS

Model 4274A

4-0

Table 4-1. Recommended Performance Test Equipment.
Equipment Critical Specifications Recommended Model/Note
Capacitance Standards TpF £0,03% HP 16381A
TO0pF #0,03% HP 16382A
100pF *0.03% HP 16383A
1000pF *+0.03% HP 16384A
Useable frequencies: up to 100kHz
Resistance Standards 0.192 £10%
TQ £10%
100 £10% HP 16074A
1065 +0,03% Standard

10000 +0.03%
10kn +0.03%
100kn +0,063%
Useable frequencies: up to 100kHz

Resistor Set

Frequency Counter Maximum freguency: >100kHz HP 5314A
Accuracy* 0.001% (1 x 10°%)
RF Voltmeter Voltage range: TmV to 10V rms f.s.
Bandwidth: T00Hz to J00kHz HP 34004
Accuracy: 1%
DC Voltmeter Voltage rance: 10mV to 100V %.s,
Sensitivity: 0.1mV min,
Accuracy: 0.05% _ ~ HP 3465A/8
- Input impedance: >10MR
Test Cable BNC to BNC cable 1 ea.
Test Cabhle BNC to BNC cable (<10cm) 2 ea.
(Replaceable by Open Termination
included in HP 16074A).
8ias Controller {Needed for Option 001 or 002 HP 160238
Internal DC Bias Supply Test).
Test Fixture (Needed for Option 0071 Internal HP 16047A
DC Bias Supply Test).
Test Leads {Needed for Option 002 Internal HP 16048A
DC Bias Supply Test).
Desk Top Computer HP 8825A
String Advanced . HP 98210A
Programing Rom (Needed for Option 101 HP-IB
Interface Test).
Gen I/0 + Ext I/0 Rom HP 98213A
HP-IB Interface Card HP 98034A




Model 4274A

Section 1V
Paragraphs 4-1 to 4-8

SECTION IV
PERFORMANCE TESTS

4.1, INTRODUCTION.

4.2, This section provides

cedures to verify the 42744
1isted in Table 1-1. A1l tests can be per-
formed without access to the interior of the
instrument. A simpler operaticnal test s
presentad in  Section IIT under Self Test
(paragraph 3-5). The performance test pro-
cedures 1in this section can also be used to
do an incoming inspection of the instrument
and to verify whether the instrument meets
its . specified performance after trouble-
shooting or making adjustments. If specifi-
cations are found to be out of 1imits, check
that controls are properly set, and then
proceed to adjusiments or troubleshooting.

the check pro-
specifications

Note

Allow a2 30-minute warm-up and sta-
bitization period before conducting
any-performance test.

4-3, EQUIPMENT REQUIRED.

4-4, Eauipment required for the performance
tests is listed in Table 4-1 Recommended Per-
formance Test Equipment. Any equipment whose
characteristics egual the c¢ritical specifi-
cations given in the table may be substituted
for the recommended model{s).

Accuracy checks in  this section use 16380
series standard capacitors {16381A, 163824,
16383A and 16384A) and the 16074A Standard
Resistor Set. These accessory standards have
the specifications which satisfy the per-
formance requirements for the accuracy checks
and are especially fit for use as 4274A accu-
racy test standards,

Accuracy Test Considerations ..... a4-2
Accuracy Test Standards .......... 4-4
Test Freguency Accuracy Test ..... L)
Test Signal Level Test cvcveevnnns 47
Self Operating Test cviivevereeass -8
{apacitance Accuracy Test .....v. . A-1

4-1

Resistance Accuracy Test ..evessn .

Performance Test Table

Note

A1l components used as standards
should be calibrated by an instru-
ment whose  specifications are

traceable #0 NBS, PTB, LNE, NRC,
JEMIC, or equivalent standards
group; or all components should be

calibrated directly by an author-
ized calibration organization such
as NBS. The calibration cycle
should be determined by the stabili-
ty specification for each component,

4-5, TEST RECORD,

4-6, Results of the performance tests may be
tabulated on the Test Record at the end of
these procedures, The Test Record tists all
the tested specifications and their accepta-
bie limits. Test results recorded at
“incoming inspection can be used for compari-
son in perfodic maintenance and trouble-
shooting and after vrepairs or adjustments.

4-7. CALIBRATICN CYCLE.

4-.8. This instrument requires periodic veri-
fication of performance. Depending on the
use and environmental conditions, the instru-
ment should be checked with the following
performance tests at Teast once every year.
To maximize instrument “up time", the recom-
mended preventive maintenance frequency for
the 4274A is twice a year,

Inductance Accuracy Test .coveenn... 416
Frequency-Phase Accuracy Test ,.... 4-18
Opt. 001 Int. DC Bias Test ....... 4.20
Opt. 002 Int. DC Bias Test .......4-21

Opt. 101 HP-IB Interface Test ....4-23
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—=— ACCURACY TEST CONSIDERATIOANS

This paragraph discusses how the 4274A accuracy is tested and verified. As the
4274A has (because of its wider measurement capabilities}, to a great extent,
expanded the selectable measurement parameters, frequency and range along with
high accuracy (as its features), the accuracy check ranges that need tfo he
verified include some critical measuring regions where accuracies are diffi-
cult to be directly compared to the specifications by using standards.

Measurement accuracies are tested by reading the displays when measuring stan-
dard capacitors, inductors, vresistors and other devices as references whose
values are calibrated and certified by transfer of values from national stand-
dards. Certain 4274A measurement range capabilities are out of the applicable
ranges of the practical standards, so such standards, to satisfy the reguire-
ments for checking on all the 4274A ranges, will be unavailable. The method
then, 1is to check accuracies on the specific ranges at which the standards are

applicable, Further corroboration for the entire range {to the instrument
performance 1imits) is done by particular tests for evaluating full range
accuracy.

Theoretical Background of Accuracy Checks.

The 4274A, 1in accord with its measurement principles, detects the vector im-
pedance (or its reciprocal value: admittance) of the unknown sample to he
tested.  The various measurement data provided, with respect to the 13 possi-
ble measurement parameters {L, C, R, D, etc.), are arithmetically derived
from measured values of the right-angle vector components {resistance and
reactance). - . For example, the capacitance value of a sample is calculated by
the following equation relative to the capacitance-to-reactance values: . -

]
R

Where, Cx is capacitance value of sample,
f is measurement frequency,
¥m is measured reactance value of sample.

As discussed above, each measurement parameter is interrelated with the imped-
ance {or admittance) value so the accuracies on all ranges can be verified if
the instrument satisfies specified accuracies for each one of its resistive
and reactive measurement parameters, e.g. resistance and capacitance from the
towest through the highest test frequencies.

it is important to note that the accuracy is based on arithmetic relationships
as are the parameter relationships. This theoretical background is pertinent
to the corroboration of the accuracy evaluations which are done by simplified
test procedures instead of time-consuming-tests on the 900 {approximately)
possible combinations of the fundamental test parameters (measurement param-
eter, frequency, range, etc.).
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paroeisin,

ACCURACY TEST CONSIDERATIONS

Section IV

Corroboration Check Considerations

The test for measurement accuracy with respect to the vector impedance is made
on specific ranges using standards, and on the other ranges by using aiternate
methods which are {theoretically and experimentally) proven to be practicable
for verification of the ranges which otherwise would be uncertifiable because
of the limitations of the standards. If the end results of these checks meet
all the individual test limits, the instrument should satisfy its specified
accuracies across its entire range. Then, how can these methods be explained?
Let's look at the performance test articles.

Accuracy test procedures include checks for the following circuit sections:

1) Bridge Circuit Range Resistors.

2) Range Multiplier.

3) Bridge Balance Control.

4) Phase Detector.

5) A-D (Analog to Digital) Converter.

Range $ Range A-D
Leur Resistor e O Muttiplier c D Converter

o Phase
Detector
Balance

Control 4274A Measurement Section

“CAPACITANCE ACCURACY TEST Verﬁfies Range Résistor accuracy fér“the reactive

impedance measurement from the lowest through the highest test frequencies.
(Balance Control linearity and normal operations of the Phase Detector and A-D
Converter are also verified). .

RESISTANCE ACCURACY TEST does its verification in a manner similar to that for
the Capacitance Accuracy Test, but for resistive impedance measurements,
Thus, accuracies for both reactive and resistive components of the vector im-
pedance are verified.

SELF OPERATING TEST verifies the multiples of the Range Multiplier which
extends the measurement ranges. The A-D Converter accuracy is also checked by
this combined self-test function which enables automatic check of each one of
these circuits.

FREQUENCY-PHASE ACCURACY TEST verifies phase-flatness characteristics {minimum
phase shift) of the overall measurement section and Phase Detector phase accu-
racy from the lowest through the highest test frequencies.

Note
A set of detection phases, each different by 90 degrees, is used in
the Phase Detector. If their relative phase angles are exactly 90

degrees, the phase relationships of the detection phases on the vec-
tor DUT Voltage (or current) detected have no influence on the re-
sultant accuracy. The accuracy of the right-angle detection phases
is verified by both this test and dissipation factor checks associ-
ated with the Capacitance Accuracy Test.
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—— ACCURACY TEST STANDARDS

Model 4274A

1) Standard Capacitors.

The HP 16380 series standard capacitors, featuring the four terminal pair con-
figuration, are recommended for use as performance test standards. The four
standard capacitors 16381A {1pF), 16382A (10pF), 16383A {100pF} and 16384A
{1000pF) are calibrated at 0.01% accuracy (within 0.1% of their nominal ca-
pacitance values) at 1kHz. For values at frequencies to 10MHz, an extrapo-
Tation of the calibrated values at 1kHz is used ({this is based on the careful
consideration of their inherent residual parameter vaiues and on the actual
test measurement to verify the frequency dependency of the values). Capaci-
tance values at frecuencies up to 10MHz are read from the gragh given on the
data sheet of each standard. ‘

Note

A high capacitance standard, useable 1in the high frequency region,
is uravailable, Here's why:

A 10uF capacitor, for example, has an impedance value of 0.16{ at
100kHz. A capacitance standard would have, in addition, residual
impedances which could not be neglected when compared to the pure
impedance of 0,162, Thus, an attempt at tests which would use the
standard capacitor at the higher operating frequency ranges is not
practicable,

' 2)- Standard Resistors.

‘The standard resistors used for accuracy checks should be practically pure re-
sistances and should maintain an extremely low order of residual reactance at
frequencies to 100kHz. The HP 16074A Standard Resistor.Set, especially de-
signed as standards useable over a broad frequency region, with four terminal
pair configurations, is suitable for the accuracy checks. These thin film re-
sistors, which ensure negligible Tow stray capacitance and less skin effect,
provide the standard resistance values of 0.18, 18 and 108 at *10% and 1008,
10005, 10k2 and 100k® at #0,01% calibration accuracies to 10MHz (1MHz at
100k2).  Open (0S) and short (0R2) terminations which facilitate optimum zero
offset adjustment as well as two gquasi-inducters for inductance accuracy
checks are included in the 16074A,

Note

The 0.18, 19 and 100 resistors are used as the (pure resistance)
reference samples in the Freguency-Phase Accuracy Test.

3} Standard Inductors.

The 4274A inductance accuracy is theoretically certified if the capaci-
tance accuracy meets the specifications. Generally, inductors have unwanted
parasitic impedances to some extent (that is, c¢oil resistance and distributed
capacitance}. As these residuals significantly dominate the inductance values
at high frequencies, inductance standards useable fin RF region (higher than
about 100kHz) are substantially unavailable., Inductors with higher inductance
values have lower freguency limits.
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ACCURACY TEST STANDARDS

1f it is desired to check inductance measurement accuracy on least at one
range, a quasi-inductor may be useful as a substitution test sample, The
quasi-inductor offers an equivalent inductance {when connected to the 4274A)
by a simple network circuit consisting of a capacitor and resistors. A quasi-
inductor circuit is shown in the figure below:

Heur ﬁ/ R2 J\)Lcun

121,734 G M b Lpot L= RI + RZ + ijRlRZ
Cx L

HEur C© @oLcua

HPoT LroT

The equivalent inductance value is given by the equation:
L = C-RuR2

The values of R and C are respectively measured to calculate the equivalent
inductance value {prior to the inductance accuracy check). The HP 16074A
Quasi-inductors offer the composite inductance values of 100pH and 100mH.
Useable freauency ranges for these inductors are given in the table below:

Sampie Useable frequency range Recommended test frequency
T00uH - - 100kHz to 10MHz - ‘ 100kHz
100mH 10kHz to 1MHz 10kHz

Note

Component resistors Ri and Rz in the quasi circuit may be measured
at dc with a high accuracy DMM. These high stability resistors need
only be re-calibrated at the recommended calibration period of 6
months., The capacitors should be checked before each test.

GENERAL

The standards should be of the four terminal pair configuration de-
sign to provide compatibility with the instrument. This minimizes
reduction in reliability of the values due to the effects of the re-
siduals associated with cabling and connections,
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Paragraphs 4-9 and 4-10 Model 4274A

PERFORMANCE TESTS

4-9, TEST FREQUENCY ACCURACY TEST

4-10. This test verifies that test signal frequencies for 4274A meet the speci-
fied freguency accuracy of 0.01%,

R AT "".‘:
apaneE
Frequency Counter E -
p Y L -
[
gnooooon co oo s R
o @@@@@Eé
H
Figure 4-1. Test Frequency Accuracy Test Setup.
EQUIPMENT:
Frequency Countter ... ionnnrans HP 5314A.
Test cable ... it BNC to BNC cable,
PROCEDURE:

1. Connect BNC to BNC cable to 4274A UNKNOWN Har terminal and to fregquency
counter input as shown in Figure 4-1.

2. Set 4274A controls as follows:

MULTIPLIER vtiiet e iieinrieiiinansrannans e %1
OSC-LEVEL ........... e e aaaean . fully cw
) Test frequenty ...v.veeerases s renses 1.00kHz:
DC BIAS switch (rear panel} .......iiicorreenns OFF
Other controls ..o iriiienrncnninrnns any setting

3. Read display output of frequency counter... Frequency readouts must be
within 999,9Hz and 1000.7Hz,

4, Change test frequency setting and read frequency counter display output
at each of the 11 spot test frequencies {and any optional frequency).
Frequency readouts must be within the test limits given in Table 4-2.

Table 4-2, Test Frequency Accuracy Test.

Frequency setting Test limits
100Hz 99,99 - 100.01Hz
120Hz 119,99 -~ 120.01Hz
200Hz 199,98 - 200,02Hz
400Hz 399.96 - 400.04Hz

1.00kHz 999.9 - 1000.1Hz
2.00kHz 1.9998 - 2.0002kHz
4. 00kHz 3.9996 - 4,0004kHz
10.0kHz 9,999 - 10,0001kHz
20.0kHz 19,998 - 20.002kHz
40.CkHz 39,996 - 40.004kHz

100kHz 99.99 - 100.01kHz
Opt, Freq. + 0.01%

Note

1) Test limits in above table do not account for reading error con-
tributed by measurement errors in the test equipment.
2) If this test fails, the instrument requires troubleshooting.
4.6
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Section IV

Paragraphs 4-11 and 4-12

PERFORMANCE TESTS

4-11. TEST SIGNAL LEVEL (VARIABLE RANGE TEST).

4-12. This test verifies that the variable range of the test signal Tevel for

the 4274A meets the specified range span of ImV and 5V rms at every test frequen-

cy setting.

RF Voitmeter

A

s O

Figure 4-2, Test Signal Level Variable Range Test Setup.

EQUIPMENT:
RF Voltmeter | .. .. ... . eeiieniinannn HP 3400A
Test cable BNC to BNC cable

Use RF Voltmeter calibrated for frequency response of 100Hz to 100kHz.

PROCEDURE:

1. Connect BNC to BNC cable to 4274A UNKNOWN Hcur
meter input as shown in Figure 4-2.

2. Set RF. voltmeter range.as appropriate to measure-voltage of 5V.rms.

---------------------

Note

3. Set 4274A controls as follows:

MULTIPLIER .. iititettirrrenaenensanannaonasns x5
OSC LEVEL ...t iieianannnss oL, fully ew
Test frequency ... v ursrererrcencnasaosos 100kHz
DC BRIAS switch {rear panel) ... ........covuvunns OFF
Other controls ... ... .. iviirrrerneennns Any setting

terminal and to RF volt-

4. RF voltmeter readout should be 5.00V rms or more (when the value is cor-
rected for the voltmeter frequency response}.

5. Change test frequency setting successively to Tower frequencies (from

100kHz) and verify that RF voltmeter readout exceeds 5.00V rms at each
test frequency setting.

6. Set 4274A controls in accord with table 4-3 and verify that all the test
limits given in the table are satisfied.

Tahle 4-3. Test Signal Level Variable Range Test.

o
Control settings Test limits

Test frequency 0S¢ LEVEL MULTIPLIER

Each setting from fully ow *5 greater than 5.00V rms
1004z to 100kHz
Each setting from fully cw x1 greater than 1.00V rms
100Hz to 100kHz
fach setting from fully cow x0.0% less than 1.00mV rms
100Hz to 100kHz

. %0.1 greater than 100my rms
Any setting fully cw

«0.01 greater than 10.0mV rms

4-7
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PERFORMANCE TESTS

4274A

4-8

4-13, SELF-QPERATING T£ST

4-14, The Self-operating Test checks operating conditions of the circuits (Range
Multiplier for extending measurement capability to higher and Tower ranges; Null
Detector for bringing bridge into optimum balance; Buffer Amplifiers for accu-
rately detecting potentials across DUT and range resistor; and Integrator for

converting analog measurement quantities into digital) which are especially sig-
nificant for sustaining the specified accuracies. All the tests on these indi-
yidual circuits can be accomplished easily and simply with the SELF TEST func-
tion. To ascertain that these circuits satisfy the performance requirements for
ensuring the specified accuracies, display readouts are compared with severe

test 1imits. Because basic circuit operating conditions related to the accuracy
are verified in this test, the instrument should be initially checked with this

test for acceptability.

Figure 4-3, Self Operating Test Setup.
EQUIPMENT: - - = '
BNC to .BNC'Cabnle.'---‘ ----- e ;I ....... .s }Ocm '!ong', 2 reqdired. .

Note

If open (0S) termination of the HP 16074A. Standard Resistor set is
available, use it instead of BNC to BNC cable.

PROCEDURE:

1. Connect Leawand Leor terminals with a BNC to BNC cable as shown in Figure
4-3, Similarly Connect Hcuwand Heer terminals.

CAUTION

VERIFY THAT DC BIAS INDICATOR LAMP DOES NOT LIGHT. IF ILLUMINATED,
SET REAR PANEL DC BIAS SWITCH 7O OFF.

2. Set test signal frequency to 1.00kHz.
3. Press SELF TEST button and then DISPLAY B function D button.
Note

Self test item number (in this case ™" which means the first step)
is displayed in DISPLAY A unit indicator as shown below:

MSPLAY A
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4, DISPLAY A and DISPLAY B readouts should be within the following test

Timits:
DISPLAY A ...ttt ittt ieracnnosnnnnan L00+160 counts
DISPLAY B vitvriinirinenasnncanananans .00£160 counts

5. Press DISPLAY B function Q button, Self test item number "2" is dis-
played.

6. Set test signal level and frequency as follows:

MULTIPLIER vt viitiiiererenressnnsarananasnss x1
OSC LEVEL oitiniir i iesessnsnnnasanans fully cw
Test Frequency v.vveevireevennsnannnanes 1,00kHz

7. DISPLAY A readout should be within the follwing test limit:
DISPLAY A L. iiiinneinnnnnnnn -1000.00+160 counts.

8. Change test freguency to 100kHz,

9. DISPLAY 8 readout should be within the following test limit:
DISPLAY B vt .00£160 counts,

10, Press DISPLAY B function ESR/G button. Self test item number "3" is dié—

played.

11. Set test signal in accord with step 6 and repeat test steps 7, 8 and 9
above with respect to the third self-test step. —

12. Press.DISPLAY-B function X/B button. Self test item number "4" is dis-

played.

13. Set test signal in accord with step 6 and repeat test steps 7, 8 and 9
above with respect to the fourth self-test step.

14, Press DISPLAY B function L/C button, Self test item number "5" is dis~

played.

15. Set test signal in accord with step 6 and repeat test steps 7, 8 and 9
with respect to the fifth self-test step,

16. Press DISPLAY A A% button. Self test item number "7" is displayed and
MULTIPLIER is automatically set to x 0.1.

17. Set test frequency to 10.0kHz.

18, Display readouts should be within the following test limits:
DISPLAY B cvverrnncnnsanansocsssnsttresrrasnenss 00160 counts
DISPLAY B v internnneoernnscrasmnessssasssrsannns L00+160 counts

19. Change test frequency to 100kHz.

20. Display readouts should be within the following test limits:
DISPLAY A v eevnrrnevsoarasresosnrsasenssansnas .00+500 counts
DISPLAY B +vvvvnrvniosnsnasncansncssansonsonenens .00+500 counts

Note
Self test item 6 does not exist,

4-9
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PERFORMANCE TESTS
Table 4-4. Self Operating Test Summary.
Test | Press Control settings Test Limits
item | button T wy TipiiER | 0SC LEVEL | Frequency | DISPLAY A DISPLAY B
1 D 1.00kHz | .00+160 counts | .00x160 counts
2 Q %1 fully cw 1,00kHz {~1000.00
160 counts
x1 fully cw 100kHz S .00+160 counts
3 ESR/G X1 fully cw 1.00kHz 1-1000.90
+160 counts
x1 fully cw 160kHz S .00+160 counts
4 X/B x1 fully cw 1.00kHz |-1000.00
+160 counts
x1 fully cw 100kHz J— 00160 counts
5 L/C x1 fully cw 1.00kHz {-1000.00
+160 counts
x1 fully cw 100kHz e .00£160 counts
7 6% x0.1 fully cw 10.0kHz | .00:160 counts | .00:£160 counts
" x0.] Fully cw | 100kHz | .00:500 counts | .00:500 counts

4-10
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4-15, CAPACITANCE ACCURACY TEST.

4-16. This test checks full scale display capacitance measurement accuracies

for various combinations of test signal frequency and test signal level. The

capacitance accuracy checks are made by connecting a standard capacitor to the

instrument and comparing measurement readouts with the calibrated values of the

standard to verify that the instrument meets the 4274A accuracy specifications.

Accuracies for dissipation factors of nearly zero are also checked in this test.
Since fundamental reference elements, (range resistors and detection phases)

required for establishing C and D measurement accuracies (and also accuracies of
other measurement parameters) are checked by these narrow range tests, almgst

all ranges, from minimum to maximum, are being verified,

Freq.| 100Hz| 200Hz| 400Hz| TkHz | 2kHz | 4kHz |10kHz 20kHz | 40kHz [100kHz
Range 120Hz
1000fF

10pF
100pF
100GpF
[ Tested range. [==] Non-applicable range for recommended capacitance standard.

Note

Test on capacitance ranges for test frequencies listed above should be
done at three test sigmal MULTIPLIER settings (x5, x1 and x0.1}. 0SC
LEVEL control is set to its fully cw position,

Note

Check for dissipation factor accuracies at the same time as that for ca-
pacitance accuracies.

Note

Check all ranges in parallel (of5d1e) mode. It is sufficient to check
any one range in series (L) mode,

s e o H I —
; ¢ [eed 26600 I [Z
i
R S 8
o0 A ?]: %’ Eaﬁﬁ EE Stondard
[ ] | Capacitor
Lror g :331' L
(a) CUR ! E ] (b)
Figure 4-4, Capacitance Accuracy Test Setups,
EGUIPMENT:
Standard capacitors .....ceiiiiiiiioceranaen 1pF : HP 16381A
10pF : HP 16382A
100pF : HP 16383A
1000pF : HP 163B84A
BNC to BNC cable .......vcvinveennn 10cm long, 4 ea. required
BNC Tee adapter ..v.viveveennnoonnensnenssns ~-hp- 1250-0781 &,

~hp=- 1251-0781 <L
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PERFORMAM

No

1) If short (00) and open {(0S) te
dard Resistor Set are availabl
justment instead of BNC to BNC

2) Use BNC to BNC cables of 1Ccm
may affect test results.

PROCEDURE:

1.

2.

Connect Lcur and Leor terminals wit
4-4 (a). Similariy Connect Haure

Set 4274A controls as follows:

DISPLAY A function ...........
Deviation measurement functio:
LCRZ RANGE ... .oiviriiiieeee,
DISPLAY B function ,....coenn.
CIRCUIT MODE ....vverivennnas
HIGH RESOLUTION ... ievuunne
SELF TEST L, iieiiisionrnnns
TRIGGER . .vviirvvnireencnvnsnss
OSC LEVEL .. .urvnririrnnenees
MULTIPLIER .o iriiiiiinnnns

CAU

“VERTFY THAT DC BIAS INDICATOR LA

SET REAR-PANEL DC BIAS SWITCH 10

Press ZERQ QOPEN button and wait
offset adjustment is completed (

P o e Wl mer Avned Fewminal adar

Set test frequency and test sigr
4-5, Capacitance and dissipatic
ances given in the table.

Change standard capacitor succe:
verify that the instrument sati:

Nc

Table 4-5 appiies to the te
(x5, x1 and x0.1).
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Table 4-5

Table 4-5,

Capacitance Accyracy Tests {part 1 of 2).

Test frequency
and Maltiplier

Standard capacitance: IpF

Standard capacitance: 10pF

Setting C test Timits O test limits C test limits D otest 1imits
1000z
120Hz
260Hz
400Hz A — T -
1.00kHz
2.00kHz
4 ,00kHz, x5 C.Yy. 0.016pF 010.00120
{x1) {+0.070pF) (:0,00210)
{x0.%} {+0.610pF} (+0.01110})
10.0kHz, x5 C.¥, *0,013pF 0:0.00090
{x1) — {+C.040pF) (0.00180)
(x0.1) {+0.310pF) (:0.01086G)
20.0kHz, x5 V. t0.012pF 0+0,00075
(x1) [E— {+0.030pF) {+0.00165)
{(x0.1) {:0.310pF} {+0.,01065)
A0kHz x5 C.¥., #4.6fF 0:0,00230 C.v. +0.037pF 0:0,00230
{x1} {*10€F) {+0,00320) (+03.037pF) {+0.00230)}
{x0.1} (+64FF) {:0.,01220} [:0.091pF) [:0,00320}
100kHz, x5 £y, 4, 3fFF 0+0.00170 C.¥. +0.034pF 0+0,0017C
{(x1) {:7.0FF) (0 5826@) {+0.034pF) {+0.00170)
{x0.1) {+34FF) {+0.01160} {+0.061pF} {+0,00260)
Table 4-5. Capacitance Accuracy Tests {part 2 of 2).

Test. freduency
and Muitiplier.

Standard capacitance: 100pF

Standard capacitance: 1800pF

C test Timits

 Satting 0 test limits |- D test Timits - D test 1imits ~
100Hz, X5 V. £1.3pfF 0+0,00090
1208z,  (x1} {£4.0pF) (£0.00180)
{x0,1} {+31pF) (£0.01080)
200Kz,x5 C.V, t1.2pF 0+0.00075
(x1) — et {£3.0pF) (+0.00165)
{(x0.1} {£21pF) {+0. 01065)
400Hz x5 .V, t0.16pfF 3:0.00120 C.¥, v1,6pF G:0.00120
%1} {+6.70pF} {+0.00210) (£1.6pF)} (+0.00120)
(x8.1) {+6,10pF) (:0.01110) {£7.0pF) {x0.00210}
1.00kHz, %5 C.V, #0.13pF 0:0,00090 C.¥. +#1.3pF 0:0,00090
{x1} { +0.40pF) { £0.00180) {+1.3pF) {+0,00090})
{(x0.1} {(+3.10pF) [:0.01080) {#4,0pF) (+0,00180)
2.00kHz,x5 C.¥. 0.12pF 0+0.00075 C.V, +1.2pF 0+0.00075
(x1) {10,300F) {+0,00165) {+1.2pF) (+0.00075}
(x0,1) [+2,10pF) {+0.01085) {+3.0pF} {£0.00765)
4, 08kHz, x5 C.V. :0.16pF 0:0,00120
{x1) (+0.15pF) (£0.00120) LY. +1.6pF 0:0,00120
(x0.%} {£0.70pF} {+0,00210)
10.0kHz, %5 C.¥. $3.13pF 0+0,00090
{(x1) {+0.13pF) {+0.00090} C.¥. £1.3pF 0+0.,00090
{x0,1} L0, 40pF) {+0.00180)
20.0kHz x5 C.V. =0.12pF 0+0.00075
{x1) (+0.12pF) {+0,0007%) C.¥. £1.2pF 0:0.00075
(x0.1} (+0,30pF) (+0.00165)
£0,04Hz x5
(x1) .V, 0,16pF 0+0.0012¢ C.¥. #1.6pF 0+0.00120
{x0.1)
100kHz, x5
( (xlg C.V. #0.13pF 0+0,80090 C.¥, =1.,3pf 0:0,00090
x0.1 :

C.V. = Calibrated Value
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4-17. RESISTANCE ACCURACY TEST

4-18. This test checks resistance measurement accuracies for full scale displays
at each of the 11 spot standard test frequencies. The resistance accuracy
checks are made by connecting a standard resistor to the instrument and compar-
ing the measurement readouts with the calibrated values of the standard to veri-
fy that the 4274A meets accuracy specifications. As the capacitance accuracy
test (in paragraph 4-15) and this resistance accuracy test check the respective
elements pertinent to the right-angle impedance vector, measurement accuracies
for both resistive and reactive measurement parameters are thus being verified.

Resistance accuracy check ranges

Raﬁg:q' 100Hz | 120Hz| 200Hz| 400Hz | TkHz |2kHz |4kHz [10kHz | 20kHz | 40kHz | 100k

100k

10k

10000

1000

A1l ranges should be tested.

Note

Thé tests on resistance ranges and test frequencies listed abeve should.
be done at three test signal MULTIPLIER settings (x5, xI and x0.1).
056 LEVEL control is set to its fully cw position. '

——, ;1715 3 UMM, S —y——

Ty 52
Standard -
o Resistor i

Ii
Figure 4-5. Resistance Accuracy Test Setup.

EQUIPMENT:
Standard Resistors «vernreinieiiiriarnaraneens 1008
10000 | KP 16074A Standard
10ks: | Resistor Set
100k
PRGCEDURE:
1. Set 4274A controis as follows:
DISPLAY A FURCHEION vt vrvraonnnsranasssnsrrnenovbsnnsoe R
Deviation measurement function .....civiciiiiraicennnens off
LCRZ RANGE « vt iisinvnecnocsuaracnraasascusasnsnsnsasns AUTO
CIRCUIT MODE Lttt ieecvecnanasnnsonsvrnansarssssansnes AUTO
HIGH RESOLUTION vt eiivrrnreanacencnsnaaroncnsransnsscsnns on

Model 4274A
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SELE TEST vvvevnvnncusnnnnconennnaaasssaoannssssssernnaoas of f

TRIGGER + e v e v eeesaamsenaenenanessnononsneeanensssneneans INT

TR A £ A fully cw

MULTIPLTIER «evvvevenensensesanenenesasaosnnnneseasonensnes x5
CAUTION

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

Note

If Capacitance Accuracy Test {paragraph 4-15)} has not been performed
before doing this test, perform zero offset adjustment in accord
with Capacitance Accuracy Test steps 1, 3, 4 and 5.

2. Connect 1000 standard resistor direct to UNKNOWN terminals as shown in
Figure 4-5,
3. Set test frequency and test signal Tevel MULTIPLIER in accord with Table
4-6. Resistance readouts should be within tolerances given in the table.
4. Change standard resistor successively to 10002, 10k& and 100k& and veri-
fy that the instrument satisfies Table 4-6.
Note
1. Table 4-6 applies to tests at three MULTIPLIER settings (x5,
x1 and x0.1}. ) 7 N _
2. Measurement CIhCUIT MODE is automatically set toetowemode on
1002 range and to o{%te mode on other ranges.
Table 4-6. Resistance Accuracy Tests.
Test Test Limits
Frequency 1000 10000 10k 100ka
All
Frequencies .V, £0.130 C.v. z4.00 C.V. =400 C.V. 4000

C.V. = Calibrated value of standard resistor
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4-19, INDUCTANCE ACCURACY TEST (Confirmation Test).

4-70. Inductance accuracy is verified if the instrument meets both capacitance
and resistance accuracy test limits. If it is desired to confirm the inductance

accuracy on at least at one range, perform the following test:
Note

This confirmation test does not necessarily have to be done.

O

Rl’lk

Figure 4-6. HP 16074A Quasi-inductor.

Internal Connection Configuration
is shown in the figure.

EQUIPMENT:
Quasi-inductor ...oviienraeiiiies from HP 16074A Standard Resistor Set.
PROCEDURE:‘ .
1. Set 4274A controls as follows: L o
: DISPLAY A FUNCEION evevnrnnennns e i C
Deviation measurement function ... .....iiiaiiiiiiiann off
LCRZ RANGE ..t tirrseiecesrnaennsunnonssosnesaiios AUTO
CIRCHIT MODE .ttt itesonenanennscsosnradnonseranans o{TTHra
MIGH RESOLUTION L. tieinuierncnrosarorenssanannnvosns on
Y S B S L off
TRIAGER oottt seiievtssarenatarenenasararsasraneasins INT
09 LEVEL Lttt s sesssausasansannssassennsens fully cw
MULTIPLIER L tuvinnneeti it ninsen e sannnee x5

CAUTION

VERIFY THAT DC BIAS INDICATOR LAMP DOES NOT LIGHT. If ILLUMINATED,

SET REAR PANEL DC BIAS SWITCH TO OFF,
Note

If Capacitance Accuracy Test (paragraph 4-15) has not been performed
before doing this test, perform a zero offset adjustment in accord

with Capacitance Accuracy Test steps 1, 3, 4 and 5.

®--@ ® . |e—L terminal set
O Rz
5@®C _@ ¢ | C terminal set
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100uH range check

2.

Connect 100uH quasi-inductor "C" terminals direct to 42747 UNKHOWN
terminals, See Figure 4-6,

Set test signal freaguency to 100kHz.
Read displayed capacitance value (Cm).
Calculate composite inductance value (Lm) from the calibrated values for

the component resistors {R; and Rz) and the capacitance value obtained
in step 4 procedure. Lm is given by equation:

Lm = R1Ra.{cm - 7.1pF) (H)

Disconnect quasi-inductor "C" terminals from UNKNOWN terminals. Connect
jts "L" terminals to 4274A UNKNOWN terminals.

Set DISPLAY A function to “LY,

Inductance display readout should be within £0.23uH of the calculated Lm
value.

. Disconnect guasi-inductor sample.

100mH range check
- 10.

.

Chéck_fGOmH'range using 100mH quasi-inductor and procedures similar
to those described in steps 2 through 7. Set test frequency to 1.00kHz
during this test.

Note

Calculate Lm value by the following equation (instead of the equa-
tion given in step 5):

Lm = Ry+Rp+Cm (H)

Inductance display readout should be within +0.40mH of the calculated L
value,



OPERATING GUIDE

——BASIC OPERATING PROCEDURE

1. Set front panel DC 8IAS switch as ap-
propriate  for using desired test
fixture or test leads.

Satting switch qualifies useable
test fixture or test leads.

7. Connect desired test fixture or test
leads to UNKNOWN terminals.

3. Press LINE button,
4. Automatic initial memory test is fniti-

ated, Five @ figures appear in DIS-
PLAY A:

e
o
o
i~
e

5. Option content is, if any option is
installed, d1$p¥ayed as:

_—...” 1571 4 A——— F-'__ 2 AE————

Internal DC Bias Suppl }
kP18 Compatible. L{ upp Y
Address code 17, R

L. . T iBat‘tary Memory Back-up -

6, Automatic initial control  settings.
Instrument controls are automatically
set as follows:

DISPLAY A function ¢
Deviation measurement function off
LCRZ RANGE AUTO
DISPLAY B function D
CIRCUIT MODE AUTO
HIGH RESQLUTION off
SELF TEST off
TRIGGER INT
Test frequency 1.90kHz
MULTIPLIER x1

7. Select desired measurement function,
and test frequency.

EREQUENCYSTEP
oowWN uP Select desired test frequency
[:] [:] (100Hz to 100kHz, std 11 spots)

Available Measurement Fuynctions

DISPLAY A

DISPLAY B

er s o e | Lo oOnly

£SR/

2 )

[o]ele] -

] [l

NE

IR

-]

[~

o

=)

Set MULTIPLIER to x5 and 0SC LEVEL to
fully CW position.

perform zero offset adjustment.

IF BIAS INDICATOR LAMP LIGHTS, SET REAR
PANEL DC BIAS SWITCH TO OFF.

. Press ZEROQ OPEN button with no sampTe
connected to test fixture,

2. "CAL" Tetters appear in DISPLAY A for

about 10 seconds.
. With a shorting strap connected to
test fixture, press ZERQ SHORT button,

seconds.
. Remove shorting strap.

3
4, "CAL"  Tetters ‘appear for about 10
5

. -Set test signal for the desired ampli-
tude,
osc evey vy | 5@t QSC LEVEL control for
8, ., [desired test signal level
04 <7 lamplitude.

0.2%

-

of % Iyg W - 5V rms

MULTIPLIE.FI

=001 ! X1 0.1V - 1V rms

[:] [:] [:] X0.1 | 0.01Y - 0.1V rms

X0.01 | 0.001Y - 0.01V rms

To monitor test signal level, press and
hold TEST SIG LEVEL CHECK V or mA button,

il.
12.

Connect sample to test fixture.

Read display outputs., If OF, UF, CF or
Err is displayed, refer to pages 3-36
and 3-37 Annunciation display meanings.
If negative D value is displayed, refer
to Figure 3-16 step 15,




1. Set front panel
CABLE LENGTH switch to “"g" position,

5. Display Test g initiated,
plays and indicator Tamps, except BIAS indicator,
i1luminate for 1 second.

6. Successively,
ated.
fixture,

SELF TEST

IF BIAS INDICATOR {AMP LIGHTS, SET REAR PANEL DC BIAS
SWITCH TO OFF.

OC BIAS switch to %35V MAX and

2, {lonnect 16047A Test Fixture to UNKNOWN terminals,

3. Set DISPLAY A function to C and 0SC LEVEL control
te fully cw position.

4. Press SELF TEST button,

A1l front panel dis-

the Analog Circuit Test is initi-
Notihing should be connected to test

~0PEN TEST.

The letters appear in DISPLAY A during open
test,

@

10.

If an abnormality is detected, the
test step {from 1 to 20) is displayed.

ﬁ-ws-nv nw imm:n;v lw
i ; |
o L | | ———— _ i

The sequential diagnostic test is repeated after
the Display Test,

-SHORT TEST-

respective

Set DISPLAY A function to L or R.
Connect a shorting strap to test fixture,

The letters appear in DISPLAY A during short
test,

;Wolsnn A%i ‘ J

If an ébnormaiity s deteced, the respective test
step (from 21 to 27} is displayed,

The sequential diagnostic test including Display
Test is continuously repeated.

To stop cyclic self test operation, again press

SELF TEST button,

ANNUNCIATION DISPLAY MEANINGS (Brief summary)

- DISPLAY A | DISPLAY B Indicated Cendition DISPLAY A [DISPLAY B ). Indicated Condition
- Inappropriate DISPLAY A functicn —w= |Error in deviation measyrement
s setting. m control operation.,
STCRE. function actuated while an-
Measured L, C, R or 2] value nunciation or A or A% value was
exceeds upper range }imit, s being displayed,
o Measured L, C, R or 1Z1 value is - -5 s |Error  in  deviation measyrement
o 00 low. = control aperation.
A or A% function actuated in mea-
(Any reading) 0or Measured value in DISPLAY B fune- surement of parameter values not
tion exceeds upper range Timit, comparable with refarence value,
roC Improper selection of DISPLAY 8 Error in dc bias operation:
. function {choose another). m
1. Internal dc bias operation
— Error in ZERD offset adjustment. without internal bias supply
; Residual parameter value exceeds tnstalled,
offset control range limit, 2. Bias voltage setting exceeds
maximum bias voltage Timit,
P Error in DISPLAY B function set-
ting,  The function incompatible m —— JErrer in de bias operation,
with DISPLAY A setting, Inappropriate setting of froant or
rear panel DC BIAS switch,
m P Error in ranging operation, -
Ranging operation has actuated Error  in memory ack-up opera-
unuseable range, m tion:
m A Error in measuring ¢ircuit con- 1. Memory data to be preserved
figuration: has been lost.
2. Stand-by battery {for ra.
t. Measuring circuit is open or taining memory} has become
short circuited. exhausted,
2. 160478 protective cover open.
3. Ranging operation has acty~
ated unuseable range with dc
bias,
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4-21, FREQUENCY-PHASE ACCURACY TEST

4.2, This test checks phase accuracies to ascertain accurate detection of the
vector impedance componenis which are the source of the arithmetic measurement

data.

The frequency-phase accuracy test is made by connecting a resistor with

extremely low reactive elements and by reading reactance display values {almost
zero) to verify that the impedance of the DUT is being accurately detected with
respect to the right-angle vector components,

Frequency-Phase Accuracy Check Ranges

R range Test frequency
1000m2 100Hz to 100kHz
100 100Hz to 100kHz
Note

0SC LEVEL control is set to its fully cw position .

EQUIPMENT:
Resistor

The test should be done at three test signal MULTIPLIER settings (x5, x1 and

HP 16074A Standard Resistor Set

Terminator ................. P 9

open

Note

The resistors used as references in this test have been designed to
maintain extremely Tow order {residual) reactance at frequencies to
T0MHz, 0Q and open terminators are specially matched to these two
resistors in order to ensure an optimum zero offset adjustment.

PROCEDURE :

Connect open terminator direct to UNKNOWN terminals as shown in

Figure 4-5.

Set 4274A controls as follows:
DISPLAY A fURCETON it i sttt tisrernnanrorsnassnsnsacas R
Devyiation measurement function ....cvvirrvnnrreerrereanas off
LORZ RANGE ittt ie i it iencansnractnsosennssaneannnans AUTO
DISPLAY B function ......... . X
CIRCUIT MODE i i it in it i reciemnctannrssnrensarenesansan AUTO
HIGH RESOLUTION ..vt i iriiiriiroreannnnsacnannsnsannenans on
SELF TEST vttt ittt sttt ir s teavsetnennssossncsanosasannsacs off
TRIGGER v ittt it ie i nrennncaanetossansoansnnsssonnonaes INT
080 LEVEL Lottt iii it itearvvseesnaassoncnenncenansns fully cw
MULTIPLIER vttt it eettecresnsrarnnanasnasnsnorsansannans x5
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CAUTION

VERIFY THAT DC BIAS INDICATOR LAMP DOES NOT LIGHT. IF ILLUMINATED,
SET REAR PANEL DC BIAS SWITCH TG OFF.

3. Press ZERO OPEN button and wait approximately 20 seconds until “open”
offset adjustment is completed (“CAL" letters in DISPLAY A disappear ).

4. Disconnect open terminator and connect 0Q terminator direct to
UNKNOWN terminals,

5. Press ZERO SHORT button and wait approximately 20 seconds until "short
offset adjustment is completed.

6. Disconnect 00 terminator and connect 10 test resistor direct to
UNKNOWN terminals.

7. Set test frequency and test signal level MULTIPLIER in accord with Table
4-7. Reactance display readouts should be within tolerances given in
the table.

8. Connect 100 test resistor in place of 10 resistor and verify that Table
4-7 is satisfied.

Note

Table 4-7 applies to tests at three MULTIPLIER SettngS‘(X5,XT
and x0.1). ¢

Table 4-7. Frequendy-?hase Abcuracy‘Teéts.

Reactance test limits
1000 100

Test frequencies

100Hz to 100kHz 0£1,50m 0+0.01300
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4-23. INT DC BIAS SUPPLY TEST {OPTION 001)

4-24. This test verifies that the Option 001 Internal DC BIAS Supply applies the
specified bias voltages to the device under test.

DC Voitreter

[ — oL

“ 0oOgant gooposn | ©

—— T R PV T 16023 8

Figure 4-7. Option 001 Int DC Bias Supply Test Setup,

EQUIPMENT:

D VO TLMEEEY &ttt e i in e et anrscnnnastsnsnsansnnss HP 3465A/B

Test FItUre s ir s cornsivennoasansansosassrnnns HP 16047A

Bias Controller ...ttt i i esrniarstenanaranns HP 16023B
PROCEDURE:

1. Set 4274A front panel DC BIAS switch to +35V MAX position. Attach
16047A Test Fixture to UNKNOWN terminals. o

. 2. tonnect-16023B DC Bias Controller to rear panel INT DC BIAS CONTROL con-
" nector.

CAUTION

REFORE OPERATING DC BIAS SWITCH, VERIFY THAT DC BIAS VOLTAGE HAS
BEEN SET TO ZERO VOLTS.

3. Set rear panel DC BIAS switch to INT x35V/100V (<.1uF) position.

4. Connect an appropriate pair of wire leads between dc voltmeter input and
16047A Test Fixture {see Figure 4-7).

5. Set dc bias voltage into 160238 DC Bias Controller in accord with Table
4-8. DC voltmeter readouts should be identical with the bias setting
voltages within tolerances given in the tabie.

Note
To change bias voltage:

1. Set a new bias voltage value into the three digit thumbwheel
switch of the 16023B.

2. Press 160238 ENTER button (this actuates the 4274A to read the
new value).

4-20
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Paragraphs 4-25 and 4-26

PERFORMANCE TESTS

Table 4-8. DC Bias Voltage Test Limits.

pDC Bias Setting Tolerance NC Bias Setting Tolerance

000V -.0020 — 0020V . 100V .0975 — 1025V
001 -,0010 — 0030 .200 L1970 — .2030
.002 L0000 — ,0040 L300 .2965 - ,2035
.003 L0010 — 0050 LAC0 L3960 — 4040
.004 .0020 — .0060

.500 L4955 — 5045
.005 L0030 — .0070 600 L5950 — 6050
005 .0040 — 0080 . 700 L6945 — 7055
007 L0050 - 0090 .800 .7940 — 8060
.008 L0060 — .0100 .900 L8935 — ,9065
009 L0070 — 0110

: 1.00 .9910 — 1,009
010 .0080 — 0120 2.00 1.986 — 2,014
020 L0179 — 0221 3.00 2.982 — 3.018
030 L0279 — 0321 4,00 3,977 — 4.023
L0440 .0378 — ,0422
- 5,00 4,972 — 5,028

L050 .0478 — 0522 £.00 5.967 — 6.033
.060 L0677 - 0623 7.00 6.962 — 7,038
070 L0677 — 0723 8,00 7.958 — 8,042
.080 .0776 - (824 9.00 8,953 — 9,047
.090 L0876 — ,0924

10.0 .9.930 — 10,07

" 20,0 19.88 — 20.12
30.0 29.82 — 30.16

Note

When dc bias voltage is measured at rear.panel INT DC BIAS MONITOR
connector, voltmeter readout will be somewhat lower than the actual
(applied) voltage because of monitor output impedance (30kQ).
Measured voltage value Em is:

- . 71
Em = E bias x m§§?§73ﬁ———(v}

Where, Zi is voltmeter input impedance (in kQ).
425, INT DC BIAS SUPPLY TEST {OPTION 002)

4-26. This test verifies that the Option 002 Internal DC Bias Supply applies the
specified bias voltages to the device under test.
DC Voltmeter

[ —=

n gooooas Loagnen | o

: X, = = -" ' i i
S e TR S A B
g@‘{ ; I; REpod o &g - - - o
,

Sracket -116048A 16023 B
Figure 4-8. Option 002 Int DC Bias Supply Test Setup.
EQUIPMENT:

DC Voltmeter ccvevrersrecensctrasasssranersosscnss HP 3455A/B
Test Leads cceeveoracssasvrersncsaantrsasnsanass HP 16048A
Bias Controller .. ...neirrivvsnssancanssonssannss HP 16023B
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PERFORMANCE TESTS

PROCEDURE:

1.

Set 4274A front panel DC BIAS switch to 200V MAX position. Connect
16048A Test Leads to UNKNOWN terminals.

Connect 160238 DC BIAS Controller to rear panel INT DC BIAS CONTROL con-
nector,

CAUTION

BEFORE OPERATING DC BIAS SWITCH, VERIFY THAT DC BIAS VOLTAGE HAS
BEEN SET TO ZERO VOLTS.

Set rear panel DC BIAS switch to INT 35V/100V (<. 1uF} position.
Connect 16048A Test Leads to dc voltmeter input (see Figure 4-8).

/\ CAUTION
DO NOT TOUCH BNC CONNECTOR CENTER PIN WHERE A LIVE VOLTAGE MAY EXIST.
Set dc bias voltage into 16023B DC Bias Controller switch in-accord with

Table 4-9. DC Voltmeter readouts should be identical with the bias set-
ting voltages within tolerances given in the table,

Note
To change bias voltage:

1. -Set a new bias voltage value into the three digit thumbwheel
. switch of the 160238. : SRR

2. Press 160238 ENTER button (this actuates the 4274A to read the

4-22

new value). :
Table 4-9. DC Bias Voltage Test Limits.

OC Bias Setting Tolerance DC Bias Setting Tolerance
00,0V ~0,040 — 0,040V 5.0V 4.86 — 5,14V
00.1 0.058 — 0,142 06.0 5.84 — 6,16
00.2 0.156 — 0.244 07.0 6.82 —7.18
00.3 0.254 — 0.346 08.0 7.80 —8.20
00.4 0.352 — 0.448 09.0 8.78 —9.22
00.5 0,450 — 0.550 16.0 9.76 —10.24
00.6 0.548 — 0.652° 20.0 19.56 — 20.44
00.7 0.646 — 0,754 30.0 29.37 —30.863
00.8 0,744 - 0.856 40.0 39,17 — 40,83
00.9 0.842 — 0.958

50.0 48,97 —51.03

01.0 0.940 — 1.060 60.0 58,77 —61.23

02.0 1.920 — 2.08 70.0 68.58 — 71.42

03.0 2.90 — 3.10 80.0 78,38 —81.62

04.0 3.88 — 4,12 90.0 88,18 —91.82
Note

When dc bias voltage is measured at rear panel INT DC BIAS MONITOR
connector, voltmeter readout will be somewhat tower than the actual
bias voltage. Refer to note in Paragraph 4-24,
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Paragraphs 4-27 and 4-28

PERFORMANCE TESTS

427, HP-IB INTERFACE TEST (OPTION 101 ONLY)}

4-28. This test verifies that the HP-IB circuitry has the capabilities (1isted in
Table 3-10) to correctly commumicate between external HP-IB devices and the
4274A through the interface bus cable.

38034 A

HP 98254 f%

o= —— ]

Al = bt ket okt
ps ot o S furfw g Jiiurfurfulu fao
didedod Tt S T
whd it ki i et d D b
[ I e R Ko JA U S U R N )

ok aded i d t g md 0 S RN pu Py
— e d

Nk ¥ . s

1604TA

Figure 4-9. HP~IB Interface Test Setup.

EQUIPMENT:
T CUTAEOr vttt ettt raararanssncnrsnsansan HP 9825A
ROM L ittt et inesecenaronsnaasssnnns HP 98210A, 98213A
Interface Card with cable ... ... rernnnnnes HP 98034A

Sample capacitor (1000pF~ 1000yF)

PROCEDURE :
1. Turn._power switches of both the 4274A and- 9825A to OFF.
2. Connect 98034A Interface Card with cable between 9825A I/0 slot and 4274A
) © ' rear panel HP-IB connector as shown in Figure 4-9,

3. Install required ROM blocks in 9825A ROM slots.

4. Set 98034A Select Code Switch dial to sg]ect code 7 (using a screwdriver).

5. Remove 4274A top cover.

6. Set 4274A A22S1 HP-IB Control Switch to following settings:

bit 1~ 5 : 10001 {17 in binary code)
bit 6 : 0
bit 7 : 0

7. Replace top cover.

8., Connect 16047A Test Fixture to 4274A UNKNOWN terminais,

9. Turn 4274A and 9825A ON,

10. Set 4274A controls as follows:

OSC LEVEL ... it ]
16047A Test Fixture ......... Open
Other Controls ....c.evennn.. Initial control settings.

11. Load test program as shown on Pages 4-24 through 4-27 in calculator,

12. Execute the program.

13, Check that 4274A display, 9825A display, and printed data are in accord
with Controller Instructions and Operator Responses for each test pro-
gram,

14, Perform steps 10 thru 13 with respect to individual test programs and

verify that 4274A and 9825A correctly communicates through the HP-IB in-
terface.

4-23
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PERFORMANCE TESTS

TEST PROGRAM 1
[PURPOSE]
This test verifies that 4273A Opt. 101 has the following capabilities:

(1) Remote/lLocal Capability.

(?) Local lockout,

{3) Talk Address Disabled by Listen Address.

{(4) Listen Address Disabled by Talk Address.

[PROGRAMMING]
le: QBWU;E@{?O{:AL TEST": (3} Clears 4274A SRO Status Byte.
H im A
2: 0+ .
3: rés(717)+8 {5) Sets REN (Remote Enable) Tine of the
§: prt RENOTE/LOCAL TEST*;spC 3 bus line to "1". Switches selected
§: wrt 717, "Tl"jent "LISTEN= 1 ,TALK= 0 ,REMOTE= 1%,A§ devices (Enter_-face Select Code 7) to
7: 1f Ag="n";lsA orEe 1% AS remote operation allowing parameters
g1 cli Tient TLASTENS 0 TALK= O REMOTER S , and device characteristics to be
16: el 7;ent "LISTEN= § ,TALK= 0 ,REMOTE= 0 ",AS controlled by data message.
11: if AS=a™n™;i+A
12: rem 7i7:;ent “LISTEN= 1 TALK= Q0 ,REMOTE= 1 ",AS$
131 LE AS="nileA ’ (6) Addresses 9825A to talk and 4274A to
14: 1le 7 i
1%: icl 717;ent "LISTEN= 1 ,TALK= 0 ,REMOTE= 0 “,AS Tisten.
16: if AS="n";l+A .. M
1:: yEtA‘;l_I,:Ti';‘ent“?‘LISTEN*'1 LgaLks 0 remoTE= L ",8% {8} Sets IFC (Interface Clear} line of
: 1 =n" Ll » » )

‘13: if A=l;ptt "REMOTE/LOCAL TEST . FATIL";spc 3; jmp 2 the bus_Tine to."1". Uncondition-
ZUs prt "REMOTE/LOCAL TEST PASS";epec 3 ally causes control fo pass back to
21: 0+A : :
T3: Pt "LISTEN/TALK TEST®;soc 3 9825A (independent of the device
23: red 7L7,A,Bsent "LISTEN= 0 ,TALK= 1 ,REMOTE= 1 ",2% currently in control) and stops all
247 if AS=*n";i-A . .
25: wrt 7i7,"Tl";ent "LISTEN= 1 ,TALK= 0 ,REMOTE= 1 ",A$ .. communication,
26: if AS="n";l+A
27: if A=l;prt “LISTEN/TALK TEST FAIL";spe 3iimp 2 (10) Sets REN to "O" Removes all de-
28: prt * EN/TALK TEST PASS";spe 3 s M
D Enatrmee 3 5 vices (Interface Select Code 7) from
30: eli 7 local lockout mode and causes all
Nrilad devices to revert to Tocal.
*32472

(12} Sets REN to "1". Switches 4274A to
remote operation.

(14) Prevents the device operator from
switching the unit to manual control.

{15) Causes 4274A to revert to manual
control for future parameter modifi-
cations (REN remains at "1").

{17) Returns to the status of Step 14.

(23) Disables 1isten address by t&lk ad-
dress.

(25) Disables talk address by listen ad-
dress.
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Table 4-10. Controlier Instructions and Operator Responses for Test Program 1,

Controller Instructions
Operator Response
Displays Printout
LOCAL TES
LISTEN = 1, TALK = O, REMOTE = 1 If 4274A HP-IB Status Indi-
cators and Controller Display
LISTEN = 0, TALK = 0, REMOTE = 1 are same, press "[¥],
ONTINUE] " in each step. If
LISTEN = 0, TALK = 0, REMOTE = © not, press "[f], [CONTINUE]"“.
LISTEN = 1, TALK = 0, REMOTE = 1
LISTEN = 1, TALK = 0, REMOTE = 0
LISTEN ==1, TALK = 0, REMOTE = 1
SEMOTESLOTAL TES | If all steps are correct, this
T FAES | message is outputted.
LOCAL TES 1 If any step fails, this mes-
FRIL |sage is outputted.
LISTEM-TRLE TEZT
R T ' TF 4274A HP-1B Status Indi-
LISTEN'= 0, TALK = 1, REMOTE = 1 cators and Controller Display
are same, press "[y],
CONTINUE] " in each step. If
LISTEN = 1, TALK = 0, REMOTE = 1 not, press [, [CONTINUE]".
TS TEN If both steps are correct,
mee T this message is outputted.
LISTEMSTALY TEET | If any step fafls, this mes-
FEIL |sage is outputted.
CRETH
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Model 4274A

TEST PROGRAM 2

[ PURPOSE]

This test verifies that 4274A Opt. 101 has following capabilities:

(1) Listener.

(2} Device Clear.

(0 thrsuw 23" ,0:spe 3
{11 thru 23)",F;spc 3
? (0 or 1y",Hyspe 3

(18)

(26)

(35)

(20) Transfers remote program codes
from 9825A to 4274A,

Initializes device-dependent
functions to predefined state.

Transfers outputted data from 4274A
to 9R25A.

l,“A",El.O."B”,fl.O,“C",El.O,“D",fl.G,“F“,fZ.Q,“H“,Ei.n,"l'.fi.f

pAZSY

pagst

- FALL";epc J:rimm 2
isne 3 :

FAIL ;sne 3;jmn 2.

1spC 3

[ PROGRAMMING]
Vs "LISTENLE TESI“:
1: dim AS{30],28(11)
23 pre "LISTENER TEST";spe 3
3: rew 7
41 cli 7
5: enp “"oisplay & 7 {1 thru 4)",A;enc 3
e: enp "Gisplay 8 7 {1 thru 3}",B;spc 3
7: enp "Circuit Mode ? {1 thru 3)",C;spc 3
41 enp "Leviation ¥eas ?
$: enp “Frequency Step ?
10: enp “High Fesolution
11:r enp "Data Ready ? (0 or 1)¥,I:spc 3
12: enp "Multivplier ? (1 tnru 4)",Mispc 3
13: enp “LCRZ Range ? (11 thru 23,31,32y",Ry8nc 3
14: enp "Self Test ? (0 or 1)",5;zpc 3
15: epp "Trigger ?# {1 thru 3)",Tispc 3
16: fmt
17: Emt 2,*M",E1.0,"R",£2.0,"3",£1.0,"T",£1.0
la: wrt 717,"sST"
19: wrt 717.1,3,2,C,0,F,H,1
20t wrt 717.2,M,8,5,T
211 gsb "K” - .o
42: ent "Is key status true ? (y or na}",B%
Z3: it B$="n"iprt "LISTENER TEST -
24: prt” PLISTENER TEST -
Z5: prt "DEVICE CLEAR TEST";soc 3
@ elr 717
271 8L, "W
23+ ent "le key status true ? (y or Ay ", B8
iv: iF wS="nY;nrt *obvils CLEAR TESY
Jur prt "LEVISD CLEAL TEST
3b: prt "pawt;spe 3
3z: end
33 "Xy
34: wrt T717,7K"
381 rad TL7,AS
Sot nrt asrsoe 3
Ji: ret
*131a3

Table 4-11.

Controller Instructions and Operator Responses for Test Program 2.

Controller Instructions

Operator Response

Deyiation Meas ? (0 thru 2)

Displays Printout

Ll
Display A 2 (1 thru 4) Dizplaoy ER

ki ; Input HP-1B program code

L _ suffix in each step (see Table
Display B ? (1 thru 3) firl;lgi B o0t ot 311,

1L P

o Example: Al B3 C3 D2 F22 H1 IO
Circuit Mode ? {1 thru 3) Circuit Mods 7 0 M3 R20 S0 T3

1o thru 3

i.uimﬁion Measz 7

2%

1y
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Table 4-11. Controller Instructions and Operator Responses for Test Program 2 {Cont'd),

Controller Instructions

Operator Response

Disptays Printout
Frequency Step ? {11 thru 23) FrERL TRl i L
e 51 S A ESR/G
5
_ D2 trinreean s A%
High Resolution ? (0 or 1) Hish Fezolution = P 10kHz
T LR ar 1 HE e i iiivsannancnns ON
- TO +ovnvnerann s OFF
r— X T
Data Ready 7 (0 or 1) E | ms oo
1] & OFF
1 T HOL.D/MANUAL
Multiplier 2 (1 thru &) Tl
LCRZ Range ? (11 thru 23,31,32) 71
RS
Self Test 7 (0 or 1) TOE o
Trigger ? {1 thru 3) Trizser 7 i1 thr

This is the key status data of"
4274A when it accepts input
remote program codes from con-
troller.

Is key status true? or n If input remote program codes
d (y ) T T e 1L and outputted key status data

Zass | are same, press “[v],

FEST
PEE
TTCRCD TOo ngNiINLE ", 1If not, press
L..I.._il[‘_:‘ft.lr. t—-;HT “m’ TNTN u.

HEBLCIOBF L SHR I This is the key status data of
MIEZ154aT! 42747 when it accepts SDC (Se-
lected Device Clear) command
from controller,
Is key status true? (y or n) If outputted key status data

and initial control settings
{A2 81 C1 DO F17 HO 10 M3 R31
SO T1) are same, press "[¥],
[CONTINUE] "

If not, press ", "

g
17

IS8 s I o]
s i1 3
o ]

D]

&3
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TEST PROGRAM 3

[PURPOSE]

This test verifies that 4274A Opt. 101 has following capabilities:
{1) Talker.
(2) Device Trigger.
[ PROGRAMMING]

4] TPALKER TESEY:

i: pry "TALKER TEsT";spe 3 . .
21 Gep “Comnect a capanitor to L60&7A. “;stp (25) Causes 4274A to simultanecusly in-
3: pre "DATA OUTPUT TEST® itiate a device-dependen fon,
4: dim AS{50],B5{50},C8{50],bS[50],ES(50],F${1}] P t action
5: rds(717)-+C

o: Lel ?

T: f1lt 5

81 rem 7

9: cli 7

10t ¢lr 717
li: wrt 717,%T3n"
1d: red 717,A,8
L3: prt A,dispc 2
i4: ent "Is output data true ? {y or n}",#511}
ib: {f F$="n";prt "DATA OUTPUT TEST . FAIL";spe 3:1jmm 2
lo: prt "DAVA QUIPUT TEST PASS" ;spc 3
L7s prt "COMPLETE DALA OUTPUT TEST"
le: wret 717,"e"
14t red 717,4%
Zu: prt ASispc 2
2i: ent "Is output data true ? {y or nj",FS[1]
Yi1 iE FS="ntiprt “COMPLETE DATA QUTPUT TEST FAIL";spc 3;imp 2
23: prt "COMPLETE DATA OUTPUT TEST PASSY:spc 3
247 prt "DEVICE TRIGGER TEST*® ’ -
¢%: trg 717 -
2o red 717,8%
27y ot W8rEpe 2 S :
Zg: ent "Is output data true ? (y or n)",Fs{l)

h: if K$S="n;prt "DEVICE TRIGGER TEST FAIL";snc 3:jmn 2
Ju: prt "DEVICE TRIGGER TEST PASS";spc 3

3l: prt FREFERENCE VALUE TEST®

2 wrt 717,81

33: wrt 717,"RE"

i4: rea 717,C$

35: prt Csispe 2

do: ent "Is output data true ? (y or n}*,F§(1]

37: if F$="n";prt "RLFPEREHCE VALUE TEST PAIL" ;spe 3:9mn 2

du: prt "REFEPEJ4CE VALUE TEST PASS"ispe 3

39: prt "MPEST SIG LEVEL CHECK TEST®

4Us wgt 7i7,"Lv"

4t: red 717,08

421 onrr L§spe 1

43: wit 717,%LAM

44: red 717 ,E%

421 prt B§ispe 2

4o: ent “"Is output data true ? {y or m)",FS[l}

47: 1f F$="n"iprt "TEST SIG LEVEL CHECK TEST FAIL":spc 3;imp 2
‘48 : prt “IEST SIG LEVEL CHECK TEST PASS™:spC 3

4%: prt “END";spe 3

34: end

*46Uo

Table 4-12. Controller Instructions and Operator Responses for Test Program 3,

Controller Instructions
Displays Printout

Operator Response

Connect a capacitor to 16047A Connect a capacitor (1000pF
1000nF) to 16047A Test Fixture,
Press " [CONTINCE] ",

: 4
4-28 (Continued)
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Table 4-12. Controlier Instructions and Operator Responses for Test Program 3 {Cont'd).

Controller Instructions
Hsplays Printout

Operator Response

s output data true? (y or n) 1f outputted data and values

: = of DISPLAY A and B are same,
press "[¥], ", If
not, press " Lﬁ_i , [CONTINUE} “.

Is output data true? (y or n) If outputted data is true,

press ' [7], [CONTINUE]" (see
paragraph 3- BHnot
press "[m], [CONTINUE]}".

.

Is output data trie? (y-orm) " ‘ " If outputted data is true,
EVICE TRIGGEER press " CONTINUE " (see
paragrap 3 82). If not,

press " [ , [ONTINUE".

Press RECALL key on 4274A
front panel and read stored
reference value.

Is output data true? {y or n) If outputted data is true,
FEREHDE WAL press "[y], [CONTINUE " {see

paragraph 3-84;. If not,
press "[m}, [CONTINUEL ".

Press TEST SIG LEVEL CHECK
keys on 4274A front panel and
read test signal level.

L

Is ocutput data true ? (y or n) If outputted data is true,

press "[y], [CONTINUE]" (see

paragraph 3-86 . Ef not,
press "],

] X

e R
T
o

s I B o N

-t

4-29



Section IV

Model 4274A

PERFORMARNCE TESTS

TEST PROGRAM 4

[Vl » TN« LI ER N B

- 10
L1
L2z
13:
iad:
15:
16:
173
18:
19:
Pt
2lz:
221
23:
24:
25:
261
271
281
*i3

4-30

[PURPOSE]

This test program verifies that 4274A Opt. 101 has following capabilities:
(1) Service Request.

(2) Serial Poll.

[ PROGRAMMING]
e st rspe 3 (3) Designates label (SRQ) for service
fxd 0 routing to be performed when an in-
oni T.USRC terrupt is set by a device on select
cii ;” code 7 bus line.
clir
rds(TL7)+A .

: 0sA;prt “DATA REAUY"jwrt 717,"ILTIE";gsb "LOORY {18) Labels loop. Enables Service Re-

: U+Arprt “SELF TEST ~PASS";wrt 717,"I1051%;gsh "Looe” 3
GeAort "SELF TEST ~FAIL*swrt 717,"Al";gap *LOOE® quest to be sent frqm device on
g+Ajprt “ZEIRO UFFSET ~PASS";wrt 717,"S020%;gsb “LOOE® selact code 7 Bus Line. Checks
O=a3prt ®ZIERO OFFSET «FAIL(®rrl) ":;wrt 717, "25":gsb "LOOP" status of SRQ line on the bus ]ine‘

g+Ajprt "ErrS%i;wrt 717,"Ti";wait 9000
wrt 717,%*8T":gsp "LCOP"

"*A"‘«i;gD:S.’““-‘“g‘ ERROR";wrt 717,"A5";asp "LOCE" (27) Again enables acceptance of SRQ from
o iepe device because SRQ is disabled when
"LOOP":eir 7,128 Status Byte signal transfer is com-
if pit(0,A)=liprt Arspe Jjret p]eted

if bit(l,A)=l;sprt Ajspc 3jret .

;f b;t(z,m-—-l:prt Az epe liret

i bif(3, ) =liprt Asspe direc [ _ (28) After service .subroutine is com-
TsRo"icas (7171eA . . pleted, return to the step that
i bit(e,A)=1;imp s : ' follows step 7, 8 or 9 {as appropri-
SlRET reir 7,128 Pep ate) to main programming sequence.
iret

153
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42744

PERFORMANCE TESTS

Table 4-13.

Section IV
Table 4-13

Controller Instructions and Operator Responses for Test Program 4.

controller Instructions (Printout)

Operator Response

T LG

Qutputted SRQ Status Byte data
65 {= 01000001).

should be

Qutputted SRQ Status Byte data
68 {= 01000100).

should be

Outputted SRQ Status Byte data
76 (= 01001100},

should be

Outputted SRQ Status Byte data
68 (= 01000100).

should be

Qutputted SRQ Status Byte data
76 {= 01001100).

should be

Qutputted SRQ Status Byte data
72 {= 01001000}.

should be

Qutputted SRG Status Byte data
66 {= 01000010).

should be
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Performance Test Record

Hawlett-Packard

Model 4274A Tested by
Multi Frequency LCR METER Date
Serial No.
Paragraph Results
Number TEST Mindmum Actual Max imum
4-9 TEST FREQUENCY ACCURACY TEST
100Hz 99.99Hz 100.01Hz
120Hz 119.99Hz 120.01Hz
200Kz 199.98Hz 200.02Hz
400Hz 399,96Hz 400, 044z
1000Hz 999, 9Hz 1000.1Hz
2.00kHz 1.9998kHz 2.0002kHz
4,00kHz 3.9996kHz 4,0004kHz
10.0kHz 9.999%kHz 10.001kHz
20,0kHz 19.998kHz 20.002kHz
44,0kHz 39.996kHz 40,004kHz
T100kHz 99,.99kHz 100.01kHz
Opt. freg.
Opt. freq.
4-11 TEST SIGNAL LEVEL TEST
V rms
. OSC-LEVEL: Fully cw -100Hz 5.00
‘ "MULTIPLIER: x5 120Kz 5.00
cel 0T T " 200Hz 5.00
400Hz 5.00
1.00kHz 5.00
2.00kHz 5.00
4,00kHz ~ 5,00
10.0kHz 5.00
20,0kHz 5.00
43,0kHz 5.00
100kHz 5.00
Opt. freq.
Opt. freq.
V rms
0SC LEVEL: Fully cw  T00Hz 1.00
MULTIPLIER: x1 120Hz 1.00
200Hz 1.00
400Hz 1.00
1.00kHz 1.00
2.00kHz 1.00
4, 00kHz 1.00
10.0kHz 1.00
20.0kHz 1.00
40,0kHz 1.00
100kHz 1.00
Opt. freq.
Opt. freq.
my rms
0SC LEVEL: Fully cw  100Hz 100

MULTIPLIER: x0.1 120Hz 100




ii

Paragraph TEST Results
Number Minimum Actual Maximum
4-11 TEST SIGNAL LEVEL TEST
{Continued)
My rms
0SC LEVEL: Fully cw
MULTIPLIER: x0.1
200Hz 100
400Hz 160
1.00kHz 100
2.00kHz 100
4 ,00kHz 100
1G.0kHz 100
20,0kHz 100
40,0kHz 100
100kHz 100
Opt. freq.
Opt. freq.
m¥ rms
0SC LEVEL: Fully cw  100Hz 10.0
MULTIPLIER: x0.01 120Hz 10.0
200Hz 10.0
400Hz 10.0
1.00kHz 10.0
2.00kHz 10.0
4,00kHz 10,0 —
10.0kHz 10.0 —
20.0kHz. - 10.0 S
49, 0kHz 10.0
100kHz 10.0
Opt. freaq.
Opt. freq.
my rms
0SC LEVEL: Fully ccw 100Hz 1.00
MULTIPLIER: x0.01 120Hz 1.00
200Hz 1.00
400Hz 1.00
1.00kHz 1.00
2 .00kHz 1.00
4 ,00kHz 1.00
10.0kHz 1.00
20.0kHz 1.00
40, 0kHz 1.00
100kHz 1.00
Opt. freq. 1.00
4.13 SELF-QPERATING TEST
Step 1. DISPLAY A, 1kHz -1.60 1.60
DISPLAY B, TkHz -1.60 1.60
Step 2. DISPLAY A,  TkHz 998,40 1001.60
DISPLAY B. 100kHz -1.60 1.60
Step 3. DISPLAY A, TkHz 998,40 1001.60
DISPLAY B. 100kHz -1.60 1.60
Step 4, DISPLAY A, 1kHz 998,40 1001.60
DISPLAY B. 100kHz -1.60 1.60




Paragraph TEST Results
Number Miminum Actual Maximum
4-13 SELF OPERATING TEST {Continued)
STEP 5, DISPLAY A, tkHz 998.40 1601.60
DISPLAY B, 100kHz -1.60 1.60
Step 7. DISPLAY A, TOkHz -1.60 1.60
DISPLAY B. -1.60 1.60
DISPLAY A, 100kHz -5.00 5.00
~ DISPLAY B. -5.00 5.00
415 CAPACITANCE ACCURACY TEST
100GFF Range. MULTIPLIER: x5
Capacitance. PRL d0kHz ¢V -4,.6fF CV +4,6fF
100kHz C v -4,3fF C vV +4, 3fF
SER A0kHz ¢V -4.3fF C VvV +4,3fF
Opt. freg. ( )
( )
Dissipation, PRL 40kHz g0 -.00230 0 +.00230
100kHz 0 -.00170 g +.00170
SER 40kHz 0 -.00230 0 +.00230-
Opt. freq.
(
| 1000fF Range. MULTIPLIER: xl o
Capacitance. PRL  40kHz C v -10.0fF C V +10.0fF
T00kHz ¢V -7.0fF C VvV +7.0fF
Opt. freq. { }
{ )
Dissipation. PRL 40kHz 0 -.00320 0 +.00320
100kHz 0 -.00260 0 +,00260
Opt. freq. )
{ )
1000FF Range. MULTIPLIER: x0.1
Capacitance, PRL 40kHz C vV -64.0fF ¢V 464 OfF
T100kHz £V -34,0fF C v +34.0fF
Opt. freq. { }
( )
Dissipation. PRL 40kHz 0 -.01220 0 +.01220
100kHz 0 -.01160 0 +.01160
Opt. freq. { )
( }
10pF Range. MULTIPLIER: x5
Capacitance. PRL 4kHz CV -.016pF C VvV +.016pF
10kHz CV -.013pF CV +.013pF
20kHz CV -.012pF C Vv +.012pF
40kHz CV -.037pF ¢V +.037pF
100kHz €V -.034pF ¢V +.034pF

*C ¥ = Calibrated Value
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Paragranh

Results

Number TEST Minimum Actual Ma x imum
4-15 CAPACITANCE ACCURACY TEST
(Continued)}
SER dkHz CV -.016pFF ——___ [CV +.016pF
Opt. freg. ( ) ——
( ) N

Dissipation, PRL dkHz g -.00120 —— . {10 +,00120
10kHz 0 -.00090 —— {0 +.00090
20kHz 0 -.00075 —e |0 +,00075
40kHz g -.00230 —_ . |0 +,00230

100kHz 0 -,.00170 —_— . 0 +.00170
SER 4kHz 0 -.00120 -_. {0 +.00120
Opt. freg. { ) P
{ ) S
10pF Range. MULTIPLIER: x1

Capacitance, PRL AkHz ¢V -.070pF| e—0— |C V +,070pF
10kHz CV -.080pFf e C V +,040pF
20kHz CV ~.030pF ee——— |C V +,030pF
40kHz CV ~.037pF] e |C V +#,037pF

100kHz CV «.034pF| e— — |C V +.,034pF

Opt, freq. | e

( ) R
Dissipation., PRL 4kHz 0 -.00210 e |0 +.00210
- - 10kHz 0 -.00180 e {0 +,00180
3 20kHz - g -.00165 —— 10 +,001865
40kHz g -.00230 — 10 +,00230
100kHz 0 -.00170- | — |0 +,00170

Opt. freq. ( ) T

( ) -

10pF Range. MULTIPLIER: x0.1

Capacitance. PRL 4kHz CV -.610pF] o [0V +,610pF
10kHz €V - 310pF| . JC ¥V +,310pF
20kHz CV - 3%10pFt . |CV +.310pF
40kHz CV -.091pF} e IC V +,081pF

100kHz CV -~.061pF] —— iC V +.061pF
Opt. freq. { ) S—
{ } -

Dissipation. PRL 4kHz 0 -.01110 — |0 +.01170
10kHz G -.01080 . 10+, 01080
20kHz 0 -.01065 - . |0 +,01065
40kHz 0 -.00320 ——— |0 +,00320

100kHz 0 -,00260 —_ |0 +,00260
Opt. freg. ) e
( ) —_—
100pF Range, MULTIPLIER: x5

Capacitance. PRL 400Kz €V -, 16pF —_— LV +,18pF
TkHz €V -.13pF e |GV +,13pF
2kHz CV -.12pF e |C W #,12pF
4kHz LV -.T6pF e TV #.76pF
10kHz CV -.13pF €V +.13pF

*C V = Calibrated Value




Paragraph

Results

TEST
Number Minimum Actual Maximum
4-17 RESISTANCE ACCURACY TEST
: (Continued)
10k Range. MULTIPLIER: x5
100Kz cC Vv -40Q C Vv +400
120Hz c v -400 €V +400
200Hz CVy -400 C vV +400
400Hz ¢V -400 C v +400
TkHz C v -400 €V +400
2kHz ¢V -408 C V +400
4kHz c v -40¢ CV +400
10kHz C v -408¢ C Vv +40Q
20kHz vy -400Q C v +400
40kHz C Vv -400 C V +400
100kHz C Vv -400 C Vv +400Q
Opt. freq. { )]
( )
10k Range. MULTIPLIER: x1
Within test Timit at any ¢V ~-400 CV +40Q -
freq ?
" . 10kQ Range. MULTIPLIER: x0.1
Within test 1imit at any C vV -400 C v +400
freq ?
100k Range. MULTIPLIER: x5
100Hz C v -400Q C vV #4000
120Hz C v -400Q C Vv +4000
200Hz C Vv -4000 ¢ v +4000
400Hz € Vv -4000 C vV +4000
1kHz C vV -4000 €V +400Q
2kHz C v -400¢ C v +4000
4iHz C Vv -4000 C ¥ +4000
10kHz ¢V -4000 C V +4000
20kHz C Vv -4000 C v +4000
40kHz ¢ v -4000 C vV +4000
100kHz C v -4000 C vV +400¢
Opt. freq. )
( )
100k Range. MULTIPLIER: x5
Within test 1imit at any €V -4000 C Vv +4000
freq ?
100k Range, MULTIPLIER: x0.1
Within test 1imit at any ¢ vV -4000 C Vv +400Q

freq ?

*C ¥ = Calibrated Value.

ix



Paragraph TEST Results
Number Minimum Actual Max imum
4-19 INDUCTANCE ACCURACY TEST
100uH Range, MULTIPLIER: x5
(C.y = lm = ) 100kHz cy ~0.2%H o} CV +0,23uH
100m4 Range. MULTIPLIER: x5
(C.y = tm= Y TkHz cy -0.40mH — 1 C y +0,40mH
4-21 FREQUENCY-PHASE ACCURACY TEST

1600m Range. 100Hz 0 -1.50mQ 0 +1.50m
120Hz 0 -1.50m 0 +1.50m2
200Hz 0 -1.50m0 g +1.50mq
400Hz 0 -1.50m 0 +1.50mQ

1kHz 0 -1,50mQ 0 +1.50mQ
2kHz 0 -1.50mQ g +1.50mQ
4kHz 0 -1.50m0 0 +1.50m0
10kHz 0 -1.50m2 0 +1.50mQ
20kHz 0 -1.50mQ 0 +1.50me .
&0kHz 0 -1.50m0 0 +1.50m2
100kHz -0 -1.50mR 0 +1.50m
opt. freq. { ) :
, : e ) -

100 Range. 100Hz 0 -.01300 | ——o- 1| 0 +.01300
1200z g -.01300 | —— 0 +.0130Q
200Hz 0 -.01300 | oo} O +,01300
400Hz 0-01300 | |0 +.01300

1kHz 9 -.01300 | -1, 0 +.01300
2kHz 0-.01300¢ | —u—01,© +,01300
4kHz g -.01300 1o |9 +,01308
10kHz g -.01300 |} —e——m 0 +.01300
20kHz 0 -.01300 {——-1 O +.01300
40%Hz 0-.01300 | —u—o1 O +.01300
100kHz 0-.0130 |-} O +,01300

Opt. freq. }

)

4-23 INT DC BIAS SUPPLY TEST
{OPTION 001 ONLY)
.00CV -, 0020V . |.0020v
002y .000GY e }.0020V
005V 0030V o] .00Q70V
LO10V 008GV . ].0t20v .
.020V L0179V o ].0221V
050V L0478V . l.os22v
L 100V .0975V . |.1025V
.200V L1870V . 1.2030v
.500V L4955V ] .5045YV
1.00V 9910V . ]1.009V
2.00v 1.986V 2014y
5.00V 4,972y . {5.028Y
10,0V 9,330V - . |70.07V¥

*C \ = Calibrated Value




Results
Paragraph TEST — .
Number Minimum Actual Maximum
4-15 CAPACITANCE/ ACCURACY TEST
(Continued)
100kHz VY -1.30F] e—u | CV +1.3pF
Opt. freq. { ) —e

( ) —

Dissipation. PRL 100Hz 0 -.00180 e | O +,00180
120Hz 0 -.00175 _— 1 0 +,00175
2004z 0 -.00165 ——— | O +.,00165
400Hz 0 -.00120 e | 0 +,00120

1kHz 0 ~-.00090 e | 0 +,00090
2kHz 0 -.00075 . | O +,00075
4kHz 0 -.00120 —_— | 0 +,00120
10kHz o -.00090 —— | 0 +.00090
20kHz 0 -.00075 — .} 0 +,00075
40kHz 0 -.00120 — } 0 +,00120
100kHz 0 -.000%0 —e | O +,00090

Opt. freq. { ) —

( ) _—

1000pF Range. MULTIPLIER: x0.1

Capacitance. PRL 100Kz C vV -31pF —_— } CV +31pF
_ ' 120Hz - ¢V -31pF e} GV 431DF
200Hz CV -21pF —e | OV +21DF
400Hz CV ~7.0pF| — e | CV +7.0pF
TkHz CV -4,0pF| — . | CV +4.0pF
2kHz CV -3,0pF} e | CV +3.0pF
dkHz CV -1.6pF| — 0 | CV +1,60F
10kHz “CV -1.3pF| e [ C OV #1,3pF
20kHz CV-1.2pF1 e | CV +1.2pF
40kHz CV -1.6pF} —e | CV +1.6pF
100kHz CV -1.3pF| e—— | CV +1.3pF

Opt. freq. { ) N

( ) —

Dissipation. PRL 100Hz 0 -.01080 —_—— | 0 +.07080
120Hz g -.01075 | 0 +.01075
200Hz 0 -.01065 e | O +.01065
400Hz 0 -.00210 —_— | 0 +.00270

TkHz g -.00180 e} 0 +,00180
2kHz 0 -.00165 e 1 0 +.00765
4kHz 0 -.00120 e | O +.00720
10kHz 0 -.000%0 — | 0 +.,00090
20kHz 0 -.00075 —— | 0 +,00075
40kHz 0 -.00120 —_— 10 +,00120
10GkHz 0 ~-.00090 v | 0 +,00090
Opt. freq. E ; —

*C ¥ = Calibrated Value
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Paragraph TEST Results
Number Minimum Actual Max imum
4-17 RESTISTANCE ACCURACY TEST
1000 Range. MULTIPLIER: x5
100Hz cv -1 —— GV +.130
120Hz eV -1 e jCV +.130
200Hz ey -3 ———— jCV +,130
400Kz cv -1 —— | TV +.,130
TkHz ey -1 e OV +.130
Z2kHz ¢y -.130 L lCcv+aR
dkHz cV -1 ——— CV+.130
T0kHz cy - 130 —— CV+.130
20kHz CVY -3 | e—m————r cy+.130
40kHz cv-.130] —0 o { OV +,130
100kKz cV -130 | e OV +.130
opt. freq. R
( ) N
1000 Range. MULTIPLIER: X1
Within test limit at any ey =13 e j eV +,130
fregq ?
1005 Ringe. MULTIPLIER: x0.1
) Within test limit at any cv-1 | ——— [ev+am
freq ?
10000 Range. MULTIPLIER: x5 -
100Kz cVv -4.00 1 ——m——u ¢V +4.00
120hz cy -0t —— jCV +4,00
200Hz CV -4.00 | ——— |GV +4.0q
4001z cv-4.00}) —— |GV +4,00
TkHz cy-4,00) — o |C v +4.00
2kHz “Cy 400 | oo OV +4,090
dkHz cv-4.00 ) —— {CV +4,00
10kHz cva-4.00 ) . |CV +4.08
20kHz cy-4.00 ) —o— [CV +4,90
40kHz cy-4.00 ) — —— €V +4,00
100kHz ¢V -4.0Q C v +.00
Opt. freq. | }
{ ) —
10000 Range. MULTIPLIER: %1
Within test 1imit at any cCV-4.00 | ——— C Vv +4.00
freq ?
10000 Range. MULTIPLIER: x0.1
Within test limit at any cyv-4.08 ) ————1C v 4,00
freq ?

viii

*C y = Calibrated Value.




Paragraph TEST Resuits
Number Minimum Actual Maximum
4-15 CAPACITANCE ACCURACY TEST
{Continued)
20kHz cVv -.12pF C ¥ +.12pF
40kHz ¢V -.16pF CV +16pF
100kHz CV ~.13pF CV +.13pF
SER TkHz CV -.16pF CV +.16pF
Opt. freq. )
{ )
fissipation. PRL 400Hz 0 -.00120 0 +.00120
TkHz 0 -.00090 0 +.00090
2kHz 0 -.00075 g +.00075
4kHz 0 -.00120 g +,00120
T10kHz 0 -.00090 | —— 0. |0 +.00090
20kHz 0 -.00075 ¢ +.00075
40kHz 0 -.00120 0 +,00120
100kHz 0 -.00090 0 +.00090
SER TkHz 0 -.000%0 0 +.00090
Opt. freg. { )
( )
100pF Range. MULTIPLIER: x1
Capacitance. PRL 400Hz €V -.70pF C vV +,70pF
o - - TkHz - CV -.40pF} e | €V +.40pF
2kHz CV ~-.30pF| e [CV +.30pF
- 4kHz CV-.16pF| — . |CV +.16pF
10kHz CV - 13pF} ———— {CV +13pF
20kHz CV - 12pF| e | C V +.02pF
£0kHz CV -, 16pF| ee——— | C V +.16pF
10CkHz = CV = 13pF | e | C ¥ +.13pF
Opt. freg. ( } e
( ) —_—
Dissipation, PRL  400Hz 0 -,00210 | ——— @ +.00210
TkHz 0 -.00180 — e 10 +.00180
2kHz 0 -.001565 | 0 +.00765
4kHz 0 -.00120 - 10 +.00120
10kHz 0 -,00090 — |0 +.00080
20kHz 0 -,00075 — |0 +.00075
40kHz 0 -.00120 10 +,00720
100kHz 0 -.00090 —_ |0 +,00080
Opt. freq. ) —_—
{ ) —_—
100pF Range MULTIPLIER: x0,1
Capacitance., PRL 400Hz CV ~6.10pFf e |C ¥V +6.10pF
1kHz CV -3.10pFf o | C V2 #3.710pF
2kHz CV-200pF —— |CV +2,10pF
dkHz CV -.700F } —oe |C ¥ +,70pF
10kHz CV -.40pF CV +.40pF
20kHz C v ~-.30pF €V +,30pF
40kHz CV -.16pF C v+ 16pF
100kHz CVY -.13pF CV +13pF
Opt. freq. g %

*C ¥ = Calibrated VYalue
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Paragraph

Results

Number TEST Minimum Actual Max 1 mum
4-15 CAPACTTANCE ACCURACY TEST
. - (Continued)
SHT Dissipation. PRL 4004z 0 -.01110 0 +.01110
1kHz 0 -.01080 g +,01080
ZkHz 0 ~.01065 0 +.01065
dkHz 0 -.00210 0 +.00210
10kHz 0-.00180} e 10 +,00180
20kHz 6 -.00165¢ — |0 +.00165
40kHz 0 -.00120 g +.00120
100kHz ¢ -.00090 0 +.00090
‘Opt. freq. { )
{ ) S
1000pF Range. MULTIPLIER: x5
Capacitance. PRL 100Hz ¢V -1.3pH ¢V +1.3pF
120Hz cv -1.3pF ——— C VY +1.3pF
200Hz ¢V -1.2pFl e |G v +1.2pF
400Hz ¢y -1.6p] ———— [CV*1.6pF
TkHz oy -1.3pff ———— CV+1.3pF
2kHz cy -1.2pf e——— jCV +1,2pF
AkHz ¢V -1.6pff — {CV +1.6pF
10kHz cV -1.3pF] ——— jCV +1.3pfF
20kHz - CV -1.2pf] ———— C v +1.2pF
40kHz CV -1.6pF] - ¢ v +1.6pF
- 100kHz CV 1.3pF ————— eV +1.3pF
SER 1kHz cy -1.3pF e TV +1.3pF
Opt. freq. { N
( ) —_—
Dissipation. PRL 100Hz 0 -.00080 | ———— |0 +.00090
120Hz 0 -.00085 | ————— |0 +.00085
200Hz 9 -.00075 | ———— {0 +.00075
400Hz 0 -.00120 | ——— |0 +.00120
1kHz 0 -.00090 | ——— {0 +.00090
2kHz 0 -.00075 | ———— |0 +.00075
4kHz 0 -.00120 0 +.,00120
10kHz 0 -.00090 | —_ . 0 +.00090
20kHz 0 -.00075 | ———0 . {0 +.00075
40kHz 0 -.00120 | —— [0 +.00120
100kHz o -.00090 | ———— |0 +.00090
SER TkHz 0 -.00090 | .. |0 +.00090
Opt. freq. R
( ) —
1000pF Range. MULTIPLIER: x1
Capacitance. PRL 100Kz | CV -4.0pF] ———no ICV 4, OpF
120Hz cV -4.0pF| o ICV +4.0pF
200Kz CV -3.0pF] o JCV +3,0pF
4Q0Hz2 vV -1.6pF] com—— CV +1.6pF
TkHz gV -1.3pF} ———— (CV +1.3pfF
2kHz CV ~1.2pF} e OV +1.,2pF .
dkHz cv -1.6pF] ———— OV +1,6pF
10kHz Cy -1.3pF] ——— ¢V +1.3pF
20kHz CV -1.2pFf ———— |CV +1.2pF
40kHz CV -1.6pF] o JCV +1.6pF

¥y = Calibrated VYalue




Paragraph

Resylts

Number TEST Minimum Actual Ma x imum
£-23 INT DC BIAS SUPPLY TEST
(OPTION 001 ONLY) {Continued)
20,0V 19.88Y 20,124
30.0¥ 29.82y 30.18Y
4.75 ~ INT DC .BIAS SUPPLY TEST
{OPTION 002 ONLY)
. 00.0V =0, 040V 0,040V
I 00.2Y 0.156V 0.244Y
00.5Y ¢.450V et 0,550V
01.0v 0.940V R 1.060Y
02. 0y 1,920V e 2.08V
05.0% 4,86Y o 5,14y ¢
10.0V g.76v e ereeeen 10.24Y
20.0v 1G.56Y e 20,44y
50,0V 48,97V e 51,03y
90.0v 88.18Y 91 .82V

X1






