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MANUAL CHANGES

260 1 4 1— manuaL menmiricATION ——
4277A Model Number: 4277A

Date Printed: JAN. 7984
LCZMETER Part Number: 04277-90000

This suppisment contains important information for correcting manual errors and for adapting the manual to instruments contaming
improvements made after the printing of the manuai.

To use this supplement:
Make all ERRATA corrections.
Make all appropriste serial numbar related changes indicated in the tables below.

SERIAL PREFIX OR NUMBER MAKE MAMUAL CHANGES SERIAL PREFI(X CR NUMBER MAKE MANUAL CHANGES

2517401271 and above 1
12228J01030 and above 2
2515001618 and above 3
= NEW ITEM

ERRATA

Page 3-49, Figure 3-22, External Trigger Pulse:
Change the Input Level limits to read as follows.

Input Levels: Vi £ 0.4V _
2.4V 2V, S By

Page 3-74, Figure 3-32, Internal DC Bias Voltage Monitor (Sheet 1 of 2):
In item 1. (i), change the equation for R to read as follows.

Re=(Ve=Vu) Ro/(Vy-Vi)

Page 4-A, Table 4-1, Recommended Equipment {Sheet 1 of 2):
Change the Recommended Model for the 6lcm test cable from HP 111708
o PN 8120-1839.

Change the Recommended Medel for the 30cm test cable from HP 11170A
to PN 8220-1838.

NOTE

Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. Hewlstt-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are available from all HP offices. When
requesting copies guote the manual identification information from your suppiement, or the mode! number and print date from the title
page of the manual. :

Date/Div: Aug. 14, 1986/33 R 7} HEWLETT
P 103 . _ A oaciaro

Printed in Japan






Pages 4-6 and 4-7, Paragraphs 4-9, Test Frequency Accuracy Test, and 4-11,

Test

Page

Page

Page
Page

Page

CHANGE 1

Signal Level Accuracy Test:
Under EQUIPMENT, change the model number of the BNC-to-BNC cable from
HP T117CA to PN 8120-1838.

5-8, Paragraph 5-21, Test Signal Level Adjustment:
Under EQUIPMENT, change the model number of the BNC-to-BNC cable from
HP 111708 to PN 8120—%839.

6-7, Table 6-3, Rep]aceab}e Parts:
Change the part numbers and descriptions of A2Q6 through Qi0 to read
as follows.

G6 and Q10: 1854-1041, TRANSISTOR NPN
Q2, 3, and Q4: 1855—0571 TRANSISTOR FET

6-18, Table 6-3, Replaceable Parts:

. Change the part number of item 50 to 1510~ 0130

8»655 Figure 8-43, Al LOGIC Board Troubleshooting Flow Diagram:
Delete pin 23 and the associated signature from Signature Set 8-1.

8-67, Figure 8-41, Al LOGIC Board Troubleshooting Flow Diagram:
In Signature Set 9-2, change the signature of A22U2 pin 15 to 810P.

Page 2-5, Figure 2-3;

Change the Figure as shown on the next page.

Reference HP Part L
CHANGE | Page | NOTE Designation| Number Description
2 6-6 | » L A2C97 0160-4833 | CAPACITOR-FXD L022uF 10%
3 6-6 | B C AZ2C100  0160-5493 | CAPACITOR-FXD .1uF 10% 63V

P New Item . A: Add b: Delete C: Change






Option Description Kit Part Number

907 Handle Kit 5061-9690
908 Rack Fiange Kit 5061-9678
909 Rack Flange & Handie Kit 5061-9634

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

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

" attach trim @ to handle.

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

. 4, HANDLE AND -RACK MOUNTING 1
1 ; : Attach front handle (3) and rack mount
- flaﬂge@ together to sides at right and
" \ left front. of instrument with screws
- provided.
/ -
-

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

Figure 2-3. Rack Mount Kit.







Model 427TA

SECTION 1

SECTION §
GENERAL INFORMATIORN

1-1.  INTRODUCTION

1-2.  This operation and service manual
contains the information required to install,
operate, test, adjust, and service the
Hewlett-Packard Model 4277A LCZ Meter.
Figure 1-1 shows the instrument and its supplied
accessories. This seetion covers specifications,
instrument identification, description, options,
accessories, and other basie information.

1-3. Listed on the title page of this manual is
a mierofiche part number. This number can be
used to order 4x6 inch mierofilm transparencies
of the manual. Each microfiche contains up to
60 photo-duplicates of the manual pages. The
microfiche package also includes the latest
manual changes supplement as well as all
pertinent serviece notes. To order an additional
manual, use the part number listed on the title
page of this manual.

I-4. DESCRIPTION

1-5. The HP Model 4277A LCZ Meter is a fully
automatice, high performance test instrument
designed to measure the induetance,
capacitance, dissipation factor, quality factor,
conductance, equivalent series resistance,
impedance magnitude, and phase of electronic
components and deviees. Its built-in test sighal
source covers the fregquency range of 18kHz to
1MHEz and provides 701 spot frequencies. Test
frequeney resolution is 100Ifz (maximum), and
frequency aceuracy is $0.01% of the selected
spot frequency. Frequently used spot
frequencies--10kHz, 100kHz, and 1MHz--can be
quiekly selected by the SPOT key. Test signal
Ievel is selectable at 1Vrms (HIGH) or 20mVrms
(LOW). The instrument's state-of-the-art
4-terminal pair configuration provides a basic
measurement accuracy of 0.1% over a wide
measurement range.

4277A

16047A

P/N 8120-1378

Figure 1-1. Model 4277 A and Accessories,

1-1



SECTION 1

1-6. The 4277A has three measurement speed
modes: SLOW, MED, and FAST. When MED
mode is selected, fotal time required for a C-D
or L-Q measurement is approximately 70ms (at
1MHz). FAST mode measurement time is
approximately 25 percent shorter than that of
MED mode. Also, the HIGH SPEED C and HIGH
SPEED L  measurement functicns reduce
measurement time to approximately half that of
a normal C-D or L-Q measurement. Shortest
measurement time is approximately 35ms (HIGH
SPEED C or L, FAST mode, at 1MHz). The
4277A is equipped with a A (delta} measurement
funetion to permit temperature dependency or
de bias dependency measurements.

1-7. Al instrument operations--measure-
ment, front panel control settings, ranging,
triggering, HP-IB, displays, self test, continuous
memory, ete,~are controlled by a Z80
microprocessor. The huilt-in self test function
can be iaitiated at any time to verify correct
operation of the instrument's basic capabilities.
The 4277A is also equipped with a continuous
memory function that is automatically activated
when the instrument is turned off or experiences
a power failure. All front panel control settings
(except de  bias), =zero offset data, and
comparator limits (Option 002) are memorized
and automatically recalled when the instrument
is turned on again.

1-8. The Hewlett-Packard Interface Bus
{HP-IB} is standard on the 4277A. All of the
instrument's standard and optional functions
(except power on/off and DC BIAS ON/OFF) can
be remotely controlled from an HP-IB
compatible controlier. When set to TALK ONLY
mode, the 4277A can send measurement data to
an external deviece (a printer, for example)
without 2 controller.

i-9. The 4277TA ecan be equipped with two
special options: Option 001 Internal DC Bias and
Optien 402 Comparator/Handler Interface.
Refer to paragraph 1-21 for a brief description
of these options,

I~18. A wide selection of accessories~-test
fixtures and test leads-~is avaialable, All
accessories are useable with HP's other
four-terminal-pair type instruments. A
deseription of furnished aeccessories is given in
paragraph 1-30. For details on available
accessories, refer to paragraph 1-32,

i~2

Model 4277A

1-11, SPECIFICATIONS

1-12. Complete specifications of the Model
4277TA  are given in Table 1-1, These
specifications are the performance standards or
limits against which the instrument is tested.

The test procedures for verifying the
specifications are covered in Section IV,
Performance Tests. Table 1-2 tilsts
supplemental performance characteristics.’

Supplemental performance characteristics are
not specifications but are typical characteristics
included as additional information for the
operator. When the 4277A is shipped from the
factory, it meets the specifications listed in
Table 1-1.

1-13. SAFETY CONSIDERATIONS

1-14. The Model 4277A has been designed to
conform to the safety requirements of an IEC
(International Eleetromechanical Committee)
Safety Class I instrument and ig shipped from the
factory in a safe condition,

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

1~16. INSTRUMENTS COVERED BY MANUAL

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

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



Model 4277A

1-19. In addition to echange information, the
supplement may contain information for
correcting errors (called Frrata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes
supplement. The supplement for this manual is
identified with this manual's print date and part
number, both of which appear on the manual's
titie page. Complimentary coples 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 Seection VII, Manual Changes.

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

Figure 1-2, Serial Number Plate.

1-21, OPTIONS

1-22. Options are modifieations to the standard
instrument that implement the user's special
requirements for minor functional changes. The
4277A has two options:

Option 001 : Internal DC Bias Supply
(0 - £40V)

Option #402: Comparator/Handler Interface

SECTION |

1-23. OPTION 001

1-24. Option 001 equips the standard 4277A
with a built-in de voltage source for biasing the
device under  test. Output  voltage is
user-selectadble from 0 to x40V with 18mV {0V to
9,99V range) or 100mV (210V to #40V range)
setting resolution, and can be keyed in directly
from the front panel or remotely programmed
vig the HP-IB. Maximum display resolution is 3
digits.

i~25. OPTION 002

1-26. Option 002 equips the standard 4277A
with the 16084A Comparator/Handler Interface
for go/no-go testing and automatic bin sorting.
Up to nine sets of HIGH/LOW limits for one
DISPLAY A funetion (L, C, or |7 |) and one set
of HIGH/LOW limits for one DISPLAY B
funetion (D, Q, ESR, or () can be manually
keved in from the 16064A, or entered from a
remote econtrolier via the HP-IB. Comparison
results—HIGH, IN, or LOW-for each measure-
ment parameter are indicated by LED lamps on
the 16064A and by open coliector (TTL level
voltages} output from the handler interface
connector.

HIGH : Mesasured value exceeds the HIGH
limit.
IN: Messured value is within the HIGH and
LOW limits, inclusive,
LOW: Measured value is lower than the LOW
limit.
i~27. OTHER OPTIONS
1-28. The following options provide the

mechanieal parts necessary for rack mounting
and hand carrying:

Option 807 :+  Front Handle Kit. Furnishes
earrying handies for both ends
of the front-panel.

Option 908 : Rack TFlange Kit, Furnishes
flanges for rack mounting.
Option 909 : Rack Flange and Front Handle

Kit. Furnishes front handles
(Opt. 907) and rack flanges
(Opt. 808).

Installation instructions for these options are
given in Section 1L

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

1-3



SECTION 1 Model 4277A

Table 1-1. Specifications (Sheet 1 of 17)

SPECIFICATIONS
Parameters Measured: Test Frequencies:
¢ (capacitance), L (inductance), |%Z|
(impedance), D (dissipation factor), Q (quality . -
factor), ESR (equivalent series resistance), G Test Frequency Range Resolution
(eonductance), a (phase angle), HIGH SPEED
C (at 1MHz only), HIGH SPEED L (at 1MHz 10kHz to 20kHz 100Hz
only), A {deviation). 20kHz to 50kiHz 200Hz
Measurement Cireuit Modes: 50kHz to 100kHz 500Hz
Auto, Series (eOwm), and Parallel 100kHz to 200kHz 1kHz
(%) 200kHz to 500kH=z 2kHz
Parameter Combinations: S00kHz to  1MHzZ EkHz
Circuit Mode Parameter Combination Frequeney Control Modes:
SPOT (10kHz, 180kHz, 1MHz)
Series ¢-D, C-G, C-ESR, L-D, COARSE (10 freq. points/decade)
Tt L-Q, L-ESR, |z]-8, HIGH FINE (maximum resolution)

SPEED €, HIGH SPEED L

Frequency Accuracy: 0.01%

Parallel ¢-D, C-¢, C-G, L-D,
L-Q, 1-G, [z|-6 , HIGH Test Signal Level:
oGt SPEED C, HIGH SPEED L | HIGH (1Vrms) or LOW (20mVrsm)

Level Accuracy:

Measurement Speed Modes: Test Frequenc
SLOW, MED, and FAST Test Signal Level d Y
1MHz 10kHz to 995kHz
Displays:
HIGH +10%
Measurement Display . . $10% -
Speed Mode Digits Maximum Display Low £15%
SLOW
4 1/2 19998 t
MED / counts Output Impedance: 100Q £10%
Deviation Measurement:
FAST 3 1/2 1899 Y .
/ counts Caleulates and displays the difference

between a stored reference wvalues and
measured values.
Note: Number of display digits

depends on the test frequency, Self Test:
the test signal level, and the Checks the 4277A’'s basie operation when the
measurement range. instrument is turned on or when the SELF
TEST key is pressed. If an abnormality is
Measurement Terminals: detected, an error code is displayed on
4-terminal-pair configuration with guard DISPLAY A.

terminal

| Ranging Modes: L
Auto and Manual (UP/DOWN keys)
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SECTION 1

Table 1-1. Specifications (Sheet 2 of 17)

Zero Offset Adjustment:
Compensation for residual impedance and
stray admittance of the test [fixture
connected to the UNKNOWN terminals is
automaticaily done by the ZERGC OPEN/
SHORT buttons.

Compensation frequencies:
10k, 20.2k, 50.5k, 1060k, 202k, 505k, 700K,
900k, and 1 MHz

Compensation at other frequencies Iis
automatically done by secondary
interpolation.

Maximum Offset Values:
C: Up to 20pF } (open)
G: Upto 28
L: up to 2uH } (short)
R: up to 20

CABLE LENGTH:
Im or Om. Use Om for direct attachment
type test fixtures; use 1m for test leads.

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

External DC Bias:
Up to +40V de can be applied to the DUT
from an external voltage source connected to
the EXT INT/INT MONITOR BNC connector
on the rear panel. Output impedance is
1040010%,

HP-IB {Hewlett-Packard Interface Bus):

Continuous Memory:

Warm-up Time:

Ambient Temperature:

General Specifications

Data output and remote control. Based on
IEEE Std. 488 and ANSI-MCI.1.

Interface Capabilities:
SH1, AHL, T5, L4, SRI1, RL1, DC1, DTI,
and E1

Remote Control:
All front panel control settings {except
power switeh, DC BIAS (ON/OFF switeh,
and CABLE LENGTH switeh) and sl
16064 A Comparator/Handler-Interface
settings {option 002).

Data Output:
Parameter measured
Equivalent circuit mode
Display status
Measured values
Comparator output

Output Format:
ASCII format or Binary format

Memorizes all front panel control settings
(except DC BIAS voltage setting), zero offset
adjustment data, A reference values, and
comparator limits (option 00%) when the
ingtrument is turned off or experiences a
power failure. Settings and data are recalled
when the instrument is turned on.

Minimum 30 minutes

23°C=5°C (at 0°C to 55 ° C, error doubles)

Operating Temperature: 4°Cto55°C
Relative Humidity: 95% at 40°C
Storage Temperature: -40°C to +70°C

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

Power Consumption:

Dimensions:

Weight: Approximately 8.5kg

T5VA max. with any option

425.5 (W) x 188 (H) x 430 {(D)mm




SECTION I Model 4277A

Table 1-1, Specifieations (Sheet 3 of 17)

Capacitance Measurement Accuracy

C-D Measurement Accuracy:

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

D Accuracy: z[(% of reading) + (D error) + (humber of counts)l, see Tables A-i and
A-2.

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

Note: Accuracies obtained from Tables A-l and A-2 are valid only for
measurements made with the CABLE LENGTH switeh set to 0m.
When the CABLE LENGTH switeh is set to 1m, add the errors listed
in Table A-3 to the accuracies obtained from Tables A-1 and A-2.

Table A~1. C-D Acecuracies (10kHz, 100kHz, 1MHz only)

Capacitance Test Freguency
Range 10kHz
10uF
1uF
100nE 1% + 30pF + 5 (.3 + .50)% » 3
5% + .0005/0 "+ .0006 + 5| .3% + 003w + J002Z + 3
o o N
N T e R i R
10nF 1%+ 3pF + 5 Ji% + 3pF + § (3+ 5%+ 3 _}
-5% + .0005/0 + L0006 = 51.3% + .0005/& + .0006 + 5k 3% + 0030 + .002 + 3 |
, S
1% + J3pF + 5 1% +.3pF + 5 | ]
inF 5% + .0005/a + L0606 + 5].3% + .G005/G + .0006 + 5|
| |
L00pE  |-3% + 30FF « 10 1%+ 3088 + 5 L1y + 5% :
# (5% + .0005/c v .003 + 5 |.3% + .0005/c + .0006 + 5[.3% + T0005/a + .0006 + 5;
. - |
-3% + 3£F + 10 [
-5% + 0005/ + .003 + 5 |
.3% + L36F + 10 !
5% + .0005/c + 003 + 5 |

*; When LOW test signal level (20mVrms) is used, C accuracy is as follows:

A% + 10

1-6



Model 4277A SECTION !

Table 1-1. Specifications (Sheet 4 of 17)

Table A-2. C-D Accuracies

Capacitance Test Freguency Range
Range 10, 1kHz 1o 20kiHz 20.2kHz to SOR:z 50.5kHz to 995k 101KH: to Z00EH: 202kHz to BOOkHz : te G95K
1OWF
- W {I+o)%+3
¥ 1%+ .05 + 2
160RF 1%+ BOpF 4 5 5+ Bod% « 8
" 3+ B08E/6 L0016 5 5 B 003 + D02+ 3
1008 1% » BpF o+ 5 1% + 12pF + 5 JI% o« GpF + 5 (1% ¢ BpF ¢ §
3%+ 0005/ + L0016 + 5138 + .0005/07+ 0024 + 51.3% + (0065/3 + 0012 » 5] 3% 4 ,0005/% + 0016 + §
1nF BLIER ] J1% o+ k.2pF o+ 5 1% v L6pF e+ b L%« BpF + 5 1% + F2pF o+ 5 1% v BpF 4 5
(B 4 L 0005/q 4 0016 « 5134+ 0005/x T 0024 + 51.3% + 00050 4 0012 ¢ 8135 ~ .0005/a7+ 0016 + §|.3% + 000570 % 0024 ¢ 5435 4 0005/ L0012 + 5
100pF ¥ BUFF 4 10 %+ 12pF ¢ 5 1% - GOFF 4+ 5 1% + S0EF + 5 1%« 13D e S L%+ BGEF + 5
(a 5% ¢ 0005/ v 003 3% + .0005/m % L0024 + 3,35 « L0008/07e 0012 + 51.3% + L 0008/% + L0016 + 5|35 + LDODS/w + (0024 < B |3% - .0005/07+ 0012+ B
100F 3% + 126F + 10 3% ¢ 6FF + 30 1% 4+ 12FF 4 5 % + GfF + 5
P + L0005/ 005 + & + LG00R/% s 005 v 5 5 1.3% « L0008 o« L0024 + 51 5% . _0003/T + 0012 + 5
3% ¢ LREF ¢ 10 V3% s BFF + 10
ipF 5% + .000S/w ¥ 003 + § |.5% + .06G5/27F .003 + 5

Equations in Tables A-1 and A-2 represent: . Note 1: Tables A-l1 and A-2 are applicable

Table A-3. Additional Measurement Error

200%kHz EDOKHZ IMiz

under the following conditions:

C Accuracy (1) CABLE LENGTH: 0m

D Accuracy

(2} Test Signal Level: HIGH {1Vrms)

Full-scale factor (= measured C value {3) Sample’s D Value: 50.]

+ full-scale C value). For example,

when the measured C value is 856pF on {(4) Zero offset adjustment has been performed
the 1000pF range, o is 0.85. with the OPEN and SHORT terminations of

the Model 16074A.

Note 2: Error doubles when LOW test signal
level (20mVrms) is used.

for C~D at 1MHz Note 1: Table A-3 is applicable under the
following conditions:
C Range IMHz (1) Test Frequency: IMHz
100nF .1% of reading {(2) CABLE LENGTH: Im
10nF -OoL/e

i (3) Test Signal Level: HIGH (I1Vrms)
.06% of reading

Lo -(G0030 (4) Sample's I Value: 0.1
100pE .03% of reading
00020, (5) Test Leads: Model 16048A or 16048B
10pF 'gggsgf reading () Zero offset adjustment has been performed
. with the OPEN and SHORT terminations of
1pE .4% of reading the Model 16074A,
.001n

Note 2: Error doubles when LOW test signal
level (20mVrms) is used.




SECTION 1 Model 4277A

Table 1-1. Specifications (Sheet 5 of 17)

C-Q@ Measurement Accuracy:
C Accuracy: x[(C accuraey of C-D measurement)]
Q@ Accuracy: *{(D accuracy : measured D value x 100)% of @ reading + I count]
Note: € is the reciproeal of D.

Note: @ acecuracy is caleulated from the measured D value, Refer to
Figure 3-19.

HIGH SPEED C Measurement Accuracy:
C Accuracy: #[{C accuracy of C~D measurement)]

Note: HIGH SPEED C aceuracy is specified on the ranges enclosed in the
dotted line in Table A-I.

Note: Table A-1 is applicable under the following condition:

(1) Sample's D Value: 20,01

C~ESR/G Measurement Accuracy:
C Accuracy: #[{C aceuracy of C~D measurement)]

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

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

Note: Use Table A-4 when the test frequency is 10kHz, 100kHz, or 1MHz.
Use Table A~5 for all other frequencies.

Note: ESR range and G range depend on the selected C range and iest
frequency. Refer to Table A-T,

Note: Accuracies obtained from Tables A-4 and A-5 are valid only for
measurements made with the CABLE LENGTH switch set to Om.
When the CABLE LENGTH switceh is set to 1m, add the errors listed
in Table A-6 to the accouracies obtained from Tables A-4 and A-5.

Note: DISPLAY B function, when ESR/G is selected, depends on the
CIRCUIT MODE,
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Table 1-1. Specifications (Sheet 6 of 17)

SECTION

1

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

Test Frequency
ESR/G Range
10kHz 100kHz 1MH 2

ESR | IM& |ESR: See Note 1.

a 10uS G : .3% + 4gnS + 20nS + 5
ESR |100kQ | ESR: See Note 1,

G 100us| G @ .1% + 60anS + 20nS + 5
ESR {10kf |ESR: See Note 1.

G ims G 1% + .6auS + 0,208 + 5
ESR | 1k& |ESR: See Note 1,

G |10ms | G : .1% + 60MS + 2US + 5
ESR | 1008 JESR: 2% + 30amQ + 20mG + 5

G 100mS | G See Note 2,

ESR | 108 [ESR: .5% + Soamf + 6mQ + 5

G 18 G : See Note 2.

Table A-5. C-ESR/G Accuracies

Test Frequency Range
ESR/G Range .
16.1kHz to 20kiz 20.2kHz to 99.5kHz 1ClkHz to 200kHz 202kHz to 995kHz

ESR | IM& |gee Note 1. See Note 1. See Note 1. See Note 1.

a 10uS 3% + l2onS + 60nS + 5 | .3% + 6onS + 30nS + 5 | .3% + 12anS + 60nS + 5 | .3% + 6onS + 30nS + 5
ESR 100Kk 1gse Note 1. See Note 1. See Note 1. See Note 1.

G 160uS | -1% + 18auS + 60nS + 5| .1% + 90omS + 3008 « 5 ,1% + .180uS + 60nS + 5| .1% + 90anS + 30nS + 5
ESR 110k{l |see Note 1. See Note 1. See Note 1. See Note 1.

C s |-1% + 1.8auS +.6 uS + 51 .1% + .QouS + .3uS + 51 1% + 1.8auS +.6uS + 5 | 1% 1 ogpg + L3uS + 5
ESR 11%Q lgee Note 1. See Note 1. See Note 1. See Note 1.

G 10m8 | -1% + 18ouS + 6uS + 5 Li% + 9ouS + 3uS + 5 1% 4 18ouS + 6US + 5 1% + 9ouS + 3uS + 5
ESR 11009 | 23 4 300mQ + 60mO + 5 |.2% + 3Com + 30mD + 51 .2% + 30amR + 60mQ + 5 | 2% + 300md + 30m o+ 5
G 100ms| See Note 2. See Note 2. See Note 2. See Note 2.

ESR 1108 |.5% + Sam + 18w + 5 | 5% + Sam + 1800 * 5 | 5% + Som + 1800 + 5 | .5% + Som@l + 9m + 5

G 18 See Note 2. See Note 2. See Note 2, See Note 2. -

10kHz 20kHz 100kHz 200kHz iMHz
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Model 4277A

Table 1-1. Specifications (Sheet 7 of 17)

Equations in Tables A-4 and A-b represent:

ESR Accuracy

& Accuracy

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

Table A-§. Additional Measurement Error for
ESR.and G at 1MHz

ESR/G Range IMHz
100 .1% of reading
1000 .06% of reading
10mS Q6% of reading + 3auS
1mS .04% of reading of .2uuS
100u8S .05% of reading + 30onS
10us 4% of reading + 1l0anS

Note 1: ESR accuracy is #[2 {C aceuraey =

Note 2: G accuracy is #{2 (C accuracy =

Note 3: Tables A-4 and A-5 are applicable

9]
2)
(3)
(4)

Note 4+ Frror doubles when LOW test signal

Note 1: Table A-8 is sapplicable under the

6y
(2)
(3}
(4)
(5)
(6

Note 2: Error doubles when LOW test signal

measured C x 100)% of ESR reading +
(G accuracy 3 measured G x 100)% of
ESR reading + 1 counth

measured C x 100}% of G reading +
(ESR accuracy + measured ESR x
100)% of G reading + 1 countl.
under the following conditions:

CABLE LENGTH: 0m

Test Signal Level: HIGH (1Vrms)

Sample's D Value: 20.1

Zero offset adjustment has been performed

with the QPEN and SHORT terminations of
the Model 16074A.

level (20mVrms) is used.

following conditions:
Test Frequency: 1MEz
CABLE LENGTH: Im
Test Signal Level: HIGH (1Vrms)
Sample's D Value: <0.1
Test Lead: Model 16048A or 160488
Zero offset adjustment has been performed

with the OPEN and SHORT terminations of
the Model 18074A.

level (20mVrms) is used.




Model 4277A

Table 1-1. Specifications (Sheet 8 of 17)

SECTION I.

Table A-7. ESR/G Range Selection

Capacitance Test Frequency Range
Range 10kHz to 20kHz|20.2kHz to 200kHz i202kHz to 1MHz
ESR '
10uF o e
G
ESR
1uF —
G
. ESR 10
100nF 10325
G
ESR 1k
10nF  b— :
G 10mS
. |ESR 10K
In¥F
G 1mS
ESR 100k
100pF - 10008
ESR, Mg
10pF
3 A E 1008
1PF
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Table I-1. Specifications (Sheet 9 of 17)

Inductance Measurement Accuracy

L-D Measurement Aceuracy:

L Accuracy: (% of reading) + {L error) + {number of counts)], see Tables B-1 and
B-2.

D Acecuracy: +[{% of reading) + (D error} + (number of counts}], see Tables B-1 and
B-2.

Note: Use Table B~1 when the test frequency is 10kHz, 100kHz, or 1MHz,
Use Tables B-2 for all other frequencies.

Note: Acecuracies obtained from Tables B-! and B-2 are valid only for
measurements made with the CABLE LENGTH switeh set to Om.
When the CABLE LENGTH switeh is set to Im, add the errors listed
in Table B-3 to the accuracies obtained from Tables B-1 and B-2.

Table B-1. L-D Accuracies (10kHz, 160kHz, IMHz only)

Inductance "Test Freguency
Range 10kHz
1H
100mH
10mH
A
Ny
L2% o+ LAuH + 5 5% + 5
Imi | 36 4+ ,0005/0 + .0008 + 5[.5% + .005a + .005 + 5
100uH 3% + 40nH + 10 2% + 40nH + 5 ;
s 5% + .0005/0 + 005 « 5(.3% + .0005/c + .0008 +

4pH + 5

4nH + 10 5
.0005/0 + 0008 + §

L0005/ + L0058 + 5

E

of af
+

+ 4nH + 10
+ ,0005/a + 005 + 5




Model 4277A SECTION 1

Table 1~1, Speecifications (Sheet 10 of 17)

Teable B-2. 1-D Accuracies

Inductance Test Frequency Range
kange
i
106mt
b
ISR
' s Tho+ 02 ¢ 3
Tt .5% + TO0B& + 065 + §
.
okt LI e 12pH 4 B 2%+ BOpH + 5 .76 ¢ &0nH + 5 S 5
OO s% s 0008/0 T 0024 < 5| 3%« Loo0s/s e 0026 + 534 v L0008/ 0012 4§ (5% - L0050 + 905 4 3
L0l + 1ZaF « 10 L 3%+ SnH o5 3B L3% + onl o+ 30 2%+ 12nH + 8 2% < B + 5 2% 4 Gk e §
¥ L0008/57T 006 + 5 |54 ¢ LBODB/E+ (D05 + B p5h o« L0005 @+ 008 + 5 L3S » (0005/a> 0026 + 3 |.3% ¢ 00087k + 0.0016 + 5 [3% + 0005/5 + .0012 « 8
+ 1.20H » 30 L35+ LGnl 10 L3% + LGeH o+ 10
+.0005/a ¥ 005 + 5 5% ¢ 000S/¢ + 005 + 5 |5% » .D005/w + 005 « §
P

1ikHz 20kitz 200kHz 500kHz 1z

Equations in Tables B~1 and B-2 represent: Note 1: Tables B-l and B-2 are applicable
under the following conditions:

L Accuracy (1) CABLE LENGTH: Om

D Accuracy

{2) Test Signal Level: HIGH {1Vrms)

t:  Pullscale factor (= measured L value {3) Sample's D Value: <0.1
+ full-scale 1, value). For example,
when the L value is 830nH on the {4) Zero offset adjustment has been performed
1800nH range, o is 0.85, with the OPEN and SHORT terminations of

the Model 16074A.

Note 2: Error doubles when LOW test signal
level {20mVrms} is used.

Table B-3. Additional Measurement Error Notel: Table B-3 is applicable under the
for Land D at 1MHz following conditions:

(1) Test Frequeney: 1MHz

L. Range 1MHz (2) CABLE LENGTH: Im
10mi (3) Test Signal Level: HIGH (1Vems)
1mH ég;: reading (4) Sample's D Value: <0.1
100uH (5} Test Lead: Model 16048A and 160488
10uH L06% of reading (6} Zero offset adjustment has been performed
L0003 with the OPEN and SHORT terminations of
the Model 16074A.
1uH .1% of reading
H 001a Note 2: Error doubles when LOW test signal

level (20mVrms) is used.
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Table 1-1, Speecifications (Sheet 11 of 17)

1~-Q Measurement Accuracy
L Accuracy: (L accuracy of L-I) measurement)}
@ Accuracy: [(D accuracy + measured D value x 100)% of Q reading + 1 count]
Note: Q value is the reciprocal of D.

Note: @ accuracy is ecaleulated from the measured D value. Refer to
Figure 3-19.

HIGH SPEED L Measurement Accuracy:
L Accuraey: +[(L aceuracy of L-I} measurement)]

Note: HIGH SPEED L accuracy is specified in the range enclosed in the
dotted line in Table B-1.

Note: Table B-l is applicable under the following condition:

(1) Sample's D Value: < 0.01

L-ESR/CG Measurement Accuracy
L Accuracy: *[{L accuracy of L-D measurement)

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

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

Note: Use Table B-4 when the test frequeney is 10kHz, 100kHz, or | MHz,
Use Table B~5 for all other frequencies.

Note: ESR range and G range depend on the selected L range and test
frequency. Refer to Table B-7.

Note: Accuracies obtained from Tables B-4 and B-5 are valid only for
measurements made with the CABLE LENGTH switch set to Om.
When the CABLE LENGTH switeh is set to Im, add the errors listed
in Table B-6 to the accuracies obtained from Tables B-4 and B-5.

Note: DISPLAY B funetion, when ESR/G is selected, depends on the
CIRCUIT MODE.
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Table 1-1. Specifications (Sheet 12 of 17)

SECTION 1

Table B-4. L-ESR/G Accuracies (10kHz, 100kHz, I MHz only)

Test Frequency

ESR/G Range
10kHz 100kHz IMHzZ

ESR | 100K |pop.  gee Note 1.
¢ lioous| G+ 1% + 50anS + 40nS + 5

ESR | 10kQ {gsr:  See Note 1,
G ms | G 1% + .50uS + 4pS + 5

ESR 1k& 1ESR:  See Note 1.
G | toms| G ¢ 3%+ oS+ 2uS -+ o

ESR | 1002 EsR: 1% + .0508 + 5
G iooms] G ¢ See Note 2.

ESR | 108 1gsp: .3% + .500 + 5
G 18 G :  See Note 2.

Table B-5, L-ESR/G Accuracies

Test Frequency Range

ESR/G Range

10,1kHz to 99.5kHz | 10ikHz to 995kHz

ESR | 100k ESR: See Note 1.

G |100u8 G : 1% + 50anS + 60nS + 5
ESR | 10k ESR: See Note 1.

G 1uS G: 1% + .5apS + .6uS + 5
ESR 1kQ ESR: See Note 1.

G 10mS G : .3% + 5auS + 3uS + 5
ESR | 1008 ESR: .1% + 500mQ + 30mQ + 5
¢ |100ms G : See Nete 2,

ESR 106 ESR: .3% + bom + 6m + 5
G 1S G : See Note 2.

Sl
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Model 4277 A

Table 1-1. Specifications (Sheet 13 of 17)

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

ESR Accuracy

G Accuracy

O Full-scale factor (= measured L value
+ full-scale L value). For example,
when measured C value is 850nH on the
1009nH range, o is 0.85,

Table B-6. Additional Measurement Error for
ESR and G at IMHz
ESR/G 1IMHz
104 .1% of reading + 10omf
10080 .06% of reading + 30umQ
10mS
1mS .1% of reading
100us

Note 1:

Note 21

Note 3:

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

Note 4:

Note 1

(1
)
(3)
(4)
(5)
(6)

Note 2:

ESR accuracy is #[2 (I aecuracy =
measured L x 100)% of ESR reading +
{G accuracy + measured G x 100)% of
ESR reading + 1 count],

G accuracy is #[2 (I, accuracy =+
measured L x 100)% of G reading +
(ESR accuracy : measured ESR x
100)% of G reading + 1 count].

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

CABLE LENGTH: Im

Test Signal Level: HIGH (1Vrms)

Sample's D Value: <0.1

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

Error doubles when LOW test signal
level (20mVrms) is used.

Table B-6 is applicable under the
followig conditions:

Test Frequency: 1MHz

CABLE LENGTH: Im

Test Signal Level: HIGH (1Vrms)

Sample’s D Value: 0.1

Test Lead: Model 16048A or 160488

Zero offset adjustment has been performed
with the OPEN and SHORT terminations of
the Model 16074A,

Error doubles when LOW test signal
level {20mVrms) is used.
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SECTION 1

Table B-7. ESR/G Range Selection

Inductance
Range

Test Frequency Range

10kHz

iH —

ESR 1
100mi o i
G L
ESR 10k
10mH —:;‘ 1\ 1mS
ESR ixQ i
kit “ 10mS L
ESR 1600
Lot ' 100mS
G
: |
1044 :
IpH
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Table 1-1. Specifications (Sheet 15 of 17)

Impedance Measurement Accuracy

| Z 1~ 6 Measurement Accuracy:
"1 Z1 Accuracy: *[(% of reading) + (number of counts)], see Tables C~1 and C-2.
8 Acecuracy: t[{&error in degrees) + (number of eounts}], see Tables C-1 and C-2.

Note: Use Table C-1 when the test frequency is 10kHz, 160kHz, or 1MHz,
Use Table C-2 for all other frequencies.

Note: Accuracies obtained from Tables C-1 and C-2 are valid only for
measurements made with the CABLE LENGTH switech set to Om.
When the CABLE LENGTH switeh is get to 1m, add the errors listed
in Table C-3 to the accuracies obtained from Tables C-1 and C-2.

Table C~1. 172 ]-6 Accuracies Table C-2. | Z |- 8 Accuracies
(10xHz, 100kHz, 1MHz only)

E Test Frequency Range
Test F Zi Range
|Z| Range el e | & 10.1kHz to 99.5kHz {101kHz to $95kHz
10kHz |lGOkHz [lMHz.
2% + 3
2% + 3 MO o =6
lMQ 304"3(}0'?';‘ 3 "1“3& +—2‘
100k§ 100k&
J1% o+ L 20% + 3 1% v L20% + 3
10Kk&2 J3% ¢ L3+ 2 10Kk L3% 4 30 o+ _2_
1k 1k0
1% + 5
1004 o 5 1% + 5
17+ .1 + 2
/a 1000 1° % T1/a° + 2
3%+ 10
R I A ) 109 3% + 10
3%+ 2/0% + 2




Model 4277A

SECTION 1

Table 1-1. Specifications (Sheet 16 of 17)

Table C-3.

Equations in Tables C-l and C-2 represent:

lz] Accuracy

8 Accuracy

c: Full~seale factor (= measured |7}
value + full-seale |Z| wvalue), For
example, when measured |Z ]| value is
8500 on the 10000 range, o is 0.85.

Additional Measurement FTrror for

| Z| and 5 at I1MHz

|Z| Range 1MHz
1M8 1/0°
100kR
10k ‘gac
1k
%
1060 'gguo
%
106 1a®

Note 1:

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

Note 2:

Note 1:

0y
(2)
(3)
(4)
(5)
(6)

Note 2:

" the Model 16074 A.

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

CABLE LENGTH: {m

Test Signal Level: HIGH (1Vrms)

Sample's D Value: <0.1

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

Frror doubles when LOW test signal
level (20mVrms) is used.

Table C-3 is applicable under the
following conditions:

Test Frequency: 1MHz

CABLE LENGTH: Om

Test Signat Level: HIGH (1Vrms)

Sample's D Value: <0,1

Test Lead: Model 16048A and 16048B

Zero offset adjustment has been performed

with the OPEN and SHORT terminations of

Error doubles when LOW test signal
level (20mVrms) is used.
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Model 4277A

Table 1-1. Specifications (Sheet 17 of 17)

OPTIONS

Option 001:
Internal DC Bias. Equips the standard 4277A
with a variable 0 to x40V de voltage source
for biesing DUTs connected to the
UNKNOWN terminals. Output voltage can
be set from the front panel or via the HP-IB,

Bias Control Range and Accuracy:

Yolitage Range Step Tenperature Accuracy
1620 - 40.0v | 1oomy 23°Ca3°C +{0.3% of rdg + 35wV}
00 - 53°C (1% of vdg + 76mV)
00 - o aqy Loy 23°C25°C 2(0.3% of rdg + 10mV)
0°C - 55°C w{1% of vdg + 20mv]
869 - -.01¥!  10mV 23°0+5°C +{1% of rdg + 10mV})
0°¢ - 55°C £(2% of rdg + 20mV)
400 - -10.0V] ooy 23°025°C +{1% of rdg + 35m¥)
0°¢ - 35°C +(2% of vdg + 70mv)

Output Impedance: 10400210%

Bias Voltage Monitor:
Bias voltage across the DUT can be
monitored at the EXT [INPUT/INT
MONITOR BNC connector on the rear
panel, INT MONITOR output impedance
is approximately 7300.

Output Characteristies:

Voltage Range | Output Current

0 - £25V SmAmax.

=25 - 240V ImAmax.

Note: Measurement accuracies are
guaranteed when output current is
maximum.

COMPARATOR/HANDLER
INTERFACE

Option 002:

Contents:
Model 16064A COMPARATOR/
HANDLER INTERFACE (Includes the
16064-86502 Interface board assembly and
1251-0084 36-pin male Amphenol
conneector)

Comparator Funetion:

Compares measured values to 9 sets (Bins)

of stored high/low limits. Displays
LOW/IN/HIGH  judgements and bin
number,

Handler Interface Function: Outputs
comparison resuits and handler control
signals {open-collectors, TTL). Detects
KEY LOCK and EXT TRIGGER signals
sent from component handler,
Option 407:  Front handle kit
(Part No. 5061-0090)
Option 908:  Rack flange kit
{Part No. 5061-0078)
Option 90%: Rack flange and handie kit
{Part No. 5061~0084)

Option 910: Extra manual

Accessories Supplied

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

Power Cord: HP Part No. 8120-1378

Fuse:

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

Protective Fuse:

Part No. 2110~00811 (for de bias input)

Accessories Available

HP-IB Cable:

10833A (1m)
108338 (2m)

10833C (4m)
108330 (0.5m)

Test Fixtures and Test Leads:

Refer to  Table 1-3.
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Table 1-2. Supplemental Performance Characteristics (Sheet 1 of 2)

Supplemental Performanece Characteristies

Measurement Accuracies: Use Table 3 for |Z| measurements on
the 1M range.

Applicable at all test frequencies except

1MHz Table 3.

?ﬂgiiet?onai Error for lm CABLE LENGTH Measurement Function | Additional Error
s |z £2% of reading
Add the errors listed in Table 1.
& Llaf®
Table 1. ¢
. . - o: Full-seale factor
Measurement Function | Additional Error f:  Test frequency in MHz
29 . 3
L, ¢, |z] -05£7% of reading Note: Table 2 does not apply when
LOW test signal level
D -0005af (20mVrms) is used.
0 -050f Use Table 4 when 2-meter cables are used to
ESR, G cof x lOB_H counts gg:;ie:;ls the DUT to the UNKNOWN
where, Table 4.
a: Fullseale factor Measurement Function | Additional Error
g : Number of display digits
f : Test frequency in MHz L, ¢, |z| 224 of reading
Note: Frror doubles when LOW test D 0020.f
signal level {(20mVrms) is used.
8 L2af®
Use Table 2 for C measurements on the 1pF
2.k '
range. ESR, G 200f x 1077 counts
Table 2.
o: Full-scale factor
T g: Number of display digits
Measurement Parameter | Additicnal Error f: Test frequeney in MHz
24 3
C A£7% of reading Note: Table 4 does not apply when
-3
D af x 10 (1) C measurement is made on the 1pF
range.
ESR, G 10af counts
(2) C measurement is made on the 10pF
range and LOW test signal level is
o+ Full-scale factor used.
33 Number of display digits
f: Test frecuency in MHz (3) 17Z| measurement is made on the
1MQ range.
Note: Table 2 does not apply when LOW
test signal level (20mVrms) is used. Note: FError doubles when LOW
test signal level (20mVrms)
is used.
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Table 1-2. Supplemental Performance Charaeteristics (Sheet 2 of 2)

Additional Measurement Error of Test Pixtures: Measurement Time:
Maximum additional errors attributable to Typical characteristies are shown in the
the test fixtures: figure below:
Model Residual Impedance
200
16047A, 16047C,
16048A, 160488, -
16048D, 16065A 150
£
C<App. 5pF &
16048C L<App. 200nk £
R<App. 10mf2 % 100
C<App. 0.02pF 2
160348 L<App. 30ni =
R<App. 50m§2 50
Additional Measurement Error when D>0.01: o
Add 5D% (when LOW test signal level is used, 10K 20K 100K I
10??{}5}3 ;};%ggcimaeies for HIGH SPEED C Test Frequency (Hz)
an .
Additional Measurement Error when D > 0.1:
Multiply C, L, or D aceuracy by (1 + D?2)
Numbet Measurement Measurement
Settling Time after measurement range change: - JFunction Speed Mode
Approximately 60ms T
DL 1 C MED
Settling Time after frequency change:
- Approximately 300ms 2 C FAST
Settling Time after Test Signal Level Change: 5 L MED
xi Iy 60ms
Approximately 4 Lo PAST
Test Signal Settling 7Time in DC Bias
applications: 5 Z MED
The sam de bias voltage settling time
©as g gt 6 z FAST
DC Bias Voltage Settling Time: )
Typical wvalue for C measurement (C < 7 HIGH SPEED C. MED
HIGH SPEED C
8 HiIGH SPEED L FAST
Bias Voltage Settling Time
99% of setting 7.5ms
99.9% of setting 25ms
$99.99% of setting 40ms

Continuous Memory: Approximately 2 weeks
{at 23°C£5°C)
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1-30. ACCESSORIES SUPPLIED

1-31. The standard HP Model 4277A LCZ
Meter, along with its furnished accessories, is
shown in Figure 1-l1. The furnished accessories
are also listed below:

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

Power Cgbhle «-+ HP Part No. 8120-1378

Fuse seesers sreaneas + HP Part No. 21103-0007
or 2110-0360

SECTION 1

1-32, ACCESSORIES AVAILABLE

1-33. In addition to the furnished 168047A Test
Fixture, seven special purpose test fixtures and
test leads are available. Each is intended for =
particular measurement or DUT type, and all
were designed with careful consideration to
accuraey, reliability, ease of use, and
compatibility with other HP instruments. A
brief description of each available accessory is
given in Table 1-3.

1-23



SECTION I

Model 4277A

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

Model

Description

16047 A (urishea)

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

@ For axial-lead eomponents,
(HP P/N: 18061-70022)

(2) For general radial-lead components,
(HP P/N: 16061-70021)

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

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

16047C

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

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

16034B

Test Fixture (tweezer type) for measurement of
miniature leadless components sueh as c¢hip
capacitors. Employs a three terminal
configuration tweezer probe suitable for high
impedance (above 501)) measurements.

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

Cable length: 1m
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SECTION 1

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

Model

Description

16048A

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

DC biag up to £40V* can be applied.

Cable length: Im

16048B

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

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

Cable length: Im

16048C

Test Leads with dual alligator clips for testing
eomponents of non-standard shapes and sizes st
frequencies below 160kHz.

Applicable measurement ranges:

Capacitance > 1000pF
Induectance > 180uH

DC bias up to £40V* can be applied.

Cable length: 1Im
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Model 4277A

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

Model

Description

16048D

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

DC bias up to £40V* can be applied.

Cable length: 2m

16065A

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

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

Cable length: Approximately 40cm

* Though "+35V DC MAX" is indicated on the test fixtures, they are capable of
handling de bias voltages up to +40V when used with the 4277A.

1-26




Model 4277 A

SECTION II

SECTION It
INSTALLATION

2-1. INTRODUCTION

2-2,  This section provides installation instrue-
tions for the Model 4277A LCZ Meter. It also
ineludes information on initial inspection and
damage claims, preparation for using the 4277A,
and packaging, storage, and shipment.

2-3,  INITIAL INSPECTION

2-4. The 4277A LCZ Meter, as shipped from
the factory, meets all the specifieations listed in
Table 1-1. Upon receipt, inspect the shipping
container for damage. If the shipping eontainer
or cushioning material is damaged, it should be
kept until the contents of the shipment have
been checked for completeness and the
instrument has been checked mechanieally and
electrically. The contents of the shipment
should be as shown in Figure 1-1. The
procedures for checking the general electrical
operation are given in Section III {Paragraph 3-5
SELF TEST) and the procedures for checking the
4271 A LCZ Meter against its specifications are
given in Seetion IV, First, do the self test. If the
4277A is electrieally questionable, then do the
Performance Tests to determine whether the
4277 A has failed or not.

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

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

2-7.  The 4277 A requires a power source of 100,
120, 220 Volts ac £10%, or 240 Volts ac +5%-10%,
48 to 66Hz single phase; power consumption is
75VA maximum.

WARNING

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

2-8. Line Voltage and Fuse Selection
CAUTION

BEFORE TURNING THE 4277A LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT 18 SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED,

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

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED,

CAUTION

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

2-16. POWER CABLE

2-11. To proteet operating personnei, the
National Eleectrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4277A is
equipped with a three-conductor power cable
whieh, wher plugged into an appropriate
receptacle, grounds the instrumen{. The offset
pint on the power cable is the ground wire.

2-1
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2-12. To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong adapter
{HP Part No. 1251-8194) and connect the green
pigtail on the adapter to power line ground.

CAUTION

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

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

2-14. INTERCONNECTIONS

7-15. When an external de biag source is used,
set the DC BIAS select switeh on the rear panel
to EXT. The output from the external bias
source should be connected to EXT INPUT/INT
MONITOR connector. The external de bias fuse
is installed in EXT DC BIAS FUSE Holder on rear
panel to proteet the instrument from excessive
ceyrrent. Fuse rating is as follows:

Model 427TA

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

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

2-16. OPERATING ENVIRONMENT

2-17. Temperature. The instrument may be
operaied in temperatures from 0 °C to +35°C.

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

2-19. INSTALLATION INSTRUCTIONS

220, The HP Mcdel 4277TA can be operated on
the bench or in a rack mount. The 4277A is
ready for bench operation as shipped from the
factory. For bench operation a iwo-leg
instrument stand is used. For use, the instrument
stands are designed ito be pulled towards the
front of instrument,

100V/120V OPERATION

FUSE SELECTION

100V ~
120V ~ L
220V ~ Line Voltage Fuse Rating HP Part No.
240V ~

1.0AT, 250V,

100V/120V s1 B1 2110-0007

220V/ 240V OPERATION ow blow

0.75AT, 250V,
100V ~ 220V/ 240V STow Blow 2110-0360
120V ~
240V ~

Figure 2-1. Voltage and Fuse Selection.
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OPTION 900 United Kingdom

Earth

/

s N @21 E782 ]

Line

Plug : BS 1363A, 250V

Australia/New Zealand

OPTION $01

Line

Plug : NZSS 198/AS C112, 250V

Cable: HP 8120-1703 Cable : HP 8120-0696
OPTION 902 European Continent OPTION 903 U.8./Canada
Earth
/ Earth
T — 1 1
Earth \ Neutrel / \ Line
Neutral

Plug : CEE-VII, 250V
Cable : HP 8120-1692

Plug: NEMA 5-15P, 125V, 15A
Cable: HP 8120-1521

. OPTION 904 U.8./Canada

Line I*

Piug: NEMA 6-15P, 250V, 6A
Cable: HP 8120-0698

OPTION 905%* Any country

Neutra} Earth

Plug : CEE 22-V], 250V
Cable: HP 8120-1860

OPTION 9886 Switzerland

Neutral

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

OPTION 912 Denmark

Neutral

Plug : DHCR 107, 220V
Cable: HP 8120-2958

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

* In the U.8.A. a 230-volt mains might not
include a neutral conductor. In this case it is
recommended that the blue conductor of the
standard power cord be connected to the
terminal normally used for neutral (line 1).

Figure 2-2. Power Cables Supplied.
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2-21. Installation of Options 987, 908 and 909.

2-22. The 4277A can be installed in a rack and
he operated as a component of a measurement
system. Rack mounting information for the
4277 A is presented in Figure 2-3.

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

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

Temperature e ~40°Cto +70°C
Humidity seeeesersesees 10 95% at 40°C

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

2-26. PACKAGING

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

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

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

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

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

d. Seal shipping container securely.
e. Mark shipping container FRAGILE to

ensure careful handling.

2-4
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f. In any correspondence, refer to
instrument by model number and full
serial number.

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

(Option 001) and Comparator/Handler Interface
option (Option 402} are given in Figure 2-4.

2-31. POWLR FAILURE
INSTALLATION

MONITOR

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

Procedure :
1. Turn off the 4277A.

2. Disconnect the 4277A from the ac power
source.

3. Remove the top cover.

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

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

6. Remove the A5 board.

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

{c).

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

9, Thread the wires first through the teflon
clamp (securing the wires from ABJ1} on
the A6 board, and then through the acecess
hole in the rear panel.

10, Reinstall the AS board, reconnect the
brown d4-terminal connector to the A3
board, and replace the top cover.



Model 4277TA

SECTION I

Kit

Option Parts Ineluded Part Number Qlty Remarks
Part Number
907 Handle Kit Front Handle @ 5060-9900 2
5061-0090 Trim Strip @ 5020-8897 2
X8-32 x 3/8 Screw 2510-0195 8 8.525mm
908 Rack Flange Kit Rack Mount Flange @ 5020-8863 2
5461-0078 X8-32 x 3/8 Serew 2510-0193 8 8.525mm
809 Rack Flange & Front handle @  5060-9900 2
Handle Kit Raeck Mount Flange B  5020-8875 2
5061-0084 X8-32 x 3/8 Serew 2510-0194 8 15.875mm

L

.

Remove adhesive-backed trim strips ()
from side at right and left front of
instrument,

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

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

HANDLE AND RACK MOUNTING
Attach front handle@ and rack mount
flange (5) together to sides at right and
left front of instrument with serews
provided.

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

11.

Figure 2-3. Rack Mount Kit.

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

Note

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

o
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CAUTION:

Model 4277A

BEFORE PROCEEDING WITH INSTALLATION OF OPTION(S]},

TURN GFF THE
AC POWER CORD.

INSTRUMENT AND DISCONNECT THE

QPTION 001
DC BIAS SUPPLY
{0 to +40V)

OPTION 002
COMPARATOR/
HANDLER INTERFACE

Option Parts

Board Assembly A2ZZ
04276-66522

Comparator
16064A

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

Installation
Procedure
(after removing
top cover)

1. Remove the rear panel
access
below.

plate shown

1. Remove the rear panel
access plate shown
below,

2. Insert the dc bias board
(P/N: 04276-66522)
into the access hole.

3. Insert the male edge
connector of the interface
board into the female
edge conmector of the
4277A mother board and
push firmly until the
interface board is
completely seated.

4. Reinstall the screws
removed in step (1.

2, Insert the interface

board (P/N: 16064-
66502) into the access
hoie,

3, Insert the male edge
connector of the interface
board into the female edge
connector of the 4277A
mother board and push
firmly until the interface
board is completely
seated.

4, Reinstall the screws removed
in step 1.

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

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

Figure 2-4. Option Installation.
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i

2.

3.

4,

Conneect the 4277A to the ac power line,
Turn on the instrument. ("16064" should be displayed on DISPLAY B.)
Conneet a DVM (HP 3478A is recommended) to AITP1 and GND as shown below.

Adjust "V-ADJ" on the A4 board until the reading on the DVM is 5.10V+£0.02V.

&
|
Lk
3
3
]
T e
us |
c
o4
H

- R0 -

~ Gz
B

-
E

DVM "

m [oRc . S CLBCRK DWIDER ——— — G TRANCENER-

i |30 0 ]

— R RO

FAAN ¥ A |
P
u s ©
e g
—Chim = OB

24

R0

. S S

U}%‘T) V-ADJ
/ Ad boaré
®©

|

{Front)

Figure 2-5. Power Supply Adjustment After Installing Option 002.
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+V
—————————————— 3 Pull - up
A6J3 | Resistor
PwF o—1 PWF
AIRS 4; ! Q7
2201 :
!
AIRT-
IR7-3 AlQ4 i
STKN
I
|
I
42764 I
____________ .
(a)
g ABU |
g LA
/// Bw»ASJa
ABUD

A6 Board, Top View

{c)

+5v
(AITPI)

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

|
o= o O O
Regar Puanel
Y

2-8

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

3-1. INTRODUCTION

3-2. This seetion provides ail the information
necessary to operate the Model 4277A LCZ
Meter, Included are deseriptions of the front-
and rear-panels, displays, lamps and connectors;
discussions on  operating procedures and
measuring techniques for various applications;
and instructions on the instrument's SELF TEST
function. Warnings, Cautions, and Notes are
given throughout; they should be observed to
insure the safety of the operator and the
serviceability of the instrument.

WARNING

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

ONLY FUSES WITH THE REQUIRED
RATED CURRENT AND OF THE
SPECIFIED TYPE SHOULD BE USED.
DO NOT USE REPAIRED FUSES OR
SHORTED FUSEHOLDERS, TO DO S0
COULD CAUSE A SHOCK OR FIRE
HAZARD.

CAUTION

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

3-3. PANEL FEATURES

3-4. Figures 3-1 and 3-2 identify and briefly
deseribe the purpose of each key, indicator, and
eonnector on the front panel and rear panel,
respectively. More detailed information on front
panel displays and contrels is given starting in
paragraph 3-5.

3-5. SELF TEST

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

3-7. ROM/RAM TEST

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

Note

If a ROM/RAM test error code, Ef1
through EB8, appears on DISPLAY A
when the instrument is turned on,
contact the nearest Hewlett-Packard
Sales or Service Office for repairs.

Note

ROM/RAM test error code E88
indicates that the instrument's
continuous memory feature i3 not
funetioning  properly. All  other
instrument funetions, ineluding
measurement, are not affected.

3-9. DISPLAY TEST

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

31



SECTION I Model 4277A
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¢ B jsialel:
(1) LINE OFF/ON Switch : (4) Trigger Lamp :
Applies ac line power to the instrument when Comes on each time the instrument is
set to the ON (e in) position. Removes ac internally, externally, or manually triggered.
line power when set to the OFF ( ¥ out) Trigger mode is set by the TRIGGER keys @

position.
(3) DISPLAY A:
@ HP-IB Status Indieators and LOCAL Key:
Displays measured values of induetance,

These four LED lamps--8RQ, LISTEN, TALK, capacitance, or impedance magnitude with a
and REMOTE--indicate the status of the maximum 4-1/2 digits; maximum display is
4277 A when it is interfaced with a controller 19999. Number of display digits depends on
via the HP-IB. instrument control settings. The nine LED

lamps located to the right of the display are
The LOCAL key, when pressed, releases the the engineering unit indicators for displayed
instrument from REMOTE (HP-IB} control values, Measurement error messages—OF,
and enables front panel control. The LOCAL UF, CF-—operation error codes, SELF TEST
key is disabled (does not function} when the error codes, and the instrument's HP-IB
instrument is set to "oeal lockout" by the address are also displayed on this display.
controller.

If the instrument is equipped with Option

@ SELF TEST Key and Indicator : 002, Comparator/Handler Interface, the LOW

LIMITs keyed in from the 16064A will be
This key initiates the instrument's SELF displayed on this display when the 16064A is
TEST function. During SELF TEST (when the set to ENABLE and RUN is off,
indicator is on), nine tests that check the
basic operation of the instrument are Decimal point location and engineering unit
automatically performed. SELF TEST is indicator lamp change when the LC|Z|
repeated until this key is pressed again. If a RANGE changes,

fault is detected, an error ecode will be
displayed on DISPLAY A @ A complete
deseription of the SELF TEST funetion is
given in paragreph 3-5; error codes are
desecribed in paragraph 3-20.

Figure 3~1. Front Panel Features (Sheet 1 of 6).
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(6) DISPLAY B

Displays measured values of dissipation
factor, quality factor, equivalent series
resistance, conduetance or impedance phase
angle with a maximum 4-1/2 digits; maximum
display is 10000 for quality factor, 18000 for
phase, and 19999 for all other parameters.
Number of display digits depends on
instrument control settings. The nine LED
lamps located to the right of the display are
the engineering unit indicators for displayed
values.

Meagurement error messages--OF, UF, and
CF--are also displayed on this display, When
the DISPLAY A Funetion @ is set to HIGH
SPEED L or HIGH SPEED C, or when an error
code is displayed on DISPLAY A @, this
display is blanked (turned off) by the
mieroprocessor,

If the instrument is equipped with Option
002, Comparator/Handler Interface, and if
the 15084A comparator is connected, the
number 16064 will be displayed on this
display when the instrument is furned on.
Also, the HIGH LIMITs keyed in from the
16064A will be displayed on this display when
the 16064A is set to ENABLE and RUN is off,

A Key and Indicator :

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

A-B

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

LC|Z ] RANGE (6) is set to MANUAL when
this key is pressed.

Also, the deviation measurement function is
turned off by pressing this key again, or by
ehanging the DISPLAY A function s
DISPLAY B function (9, LC!Z! RANGE
€6), or CIRCUIT MODE (7). It may be
turned off also if the test frequency is
changed when the DISPLAY B funetion is
ESR/G.

(8) FREQUENCY/DC BIAS Display :

(9) FREQUENCY/DC  BIAS Select Key and

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

Indicators :

This kev sets the FREQUENCY/DC BIAS
Displg, the SPOT/COARSE/FINE Select
key @, and the FREQUENCY/DC BIAS Step
Control Keys to FREQUENCY control
mode or DC BIAS control mode. The
seleeted control mode is indicated by the
corresponding LED lamp.

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

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

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

Figure 3-1. Front Panel Features (Sheet 2 of 8).
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Select  Key and
Indicators:

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

Note

When the DISPLAY A Funetion
is gset to HIGH SPEED L or HIGH
SPEED C, or when the
FREQUENCY/DC BIAS Seleet Key
is set to DC BIAS mode, this key
is disabled and the SPOT, COARSE,
and FINE indicators are turned off,

() FREQUENCY/DC BIAS Step Control Keys:

These keys— [ and [@] -—are used in
conjunction with the FREQUENCY/DC BIAS
Select Key @ and the SPOT/COARSE/FINE
Select Key (0 to set the test frequency and
DC bias voltage (Option 001 instruments
only). When FREQUENCY mode is seleeted
by the FREQUENCY/DC BIAS Select Key (3)
test frequency is increased in accordance
with the seleeted vernier mode (SPOT,
COARSE, FINE) each time the is
pressed, and is decreased each time the [J]
key is pressed. These keys control DC bias in
a similar manner when DC BIAS mode is
selected by the FREQUENCY/DC BIAS
Select Key

When either of these keys is pressed and held,
the value displayed on the FREQUENCY/DC
BIAS Display will continuously change in the
indicated direction. The aetual value,
however, will not change until the key is
released.

Figure 3-1. Front Panel Features (Sheet 3 of 6).
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TRIGGER Keys:

These keys seleet the trigger mode for

triggering measurement {Internal  or

Manual/External):

INT s Internal trigger signal
enables instrument to make
repeated automatie measure-
ments.

MAN/EXT: Measurement is ({riggered
each time this key is
pressed. Measurement data

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

TEST SIGNAL LEVEL Selector Key and
Indicators:

This key selects two test signal levels
HIGH and LOW. HIGH level is 1Vrms and
LOW level is 20mVrms. The selected test
signal  level is  indicated by the
corresponding LED lamp.

MEASUREMENT SPEED Select Key and
Indicators:

This key selects three measurement speeds:
SLOW, MEDIUM or FAST. Actual
measurement speed depends on test
frequency, LC|Z | range @, DISPLAY A

Function , and the value of the device
under test. The selected measurement
speed mode is  indicated by the
corresponding LED lamp.

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

MED : Measurement speed is approxi-
mately 14 measurements per
second in C-G measurement mode,

FAST: Measurement speed is approxi-

mately one and a half that of
medium measurement speed,

@ DISPLAY B Function Select Key and

Indicators:

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

D: Measures the dissipation factor of
the DUT. DISPLAY A Function]
must be set to L {inductance)

or C (capacitance).

Q: Measures the guality factor of the
DUT. DISPLAY A TFunection
must be set to L (induetance) or C
{eapacitance). @ values are
calculated as the  reciprocal
dissipation factor.
ESR/G: Measures the equivalent series
registance or conductance of the
DUT. DISPLAY A Function
must be set to L {induetance)} or C
(capacitance). ESR ig  selected
when CIRCUIT MODE is set to
e3we; G i selected when
CIRCUIT MODE is set to

RANGE and

Lc|z] Selector

Indicator:

Keys

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

AUTO {when indicator is lit):

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

MANUAIL (when indicator is not lit}:

Measurement range is fixed (even when
the BUT is changed). Manual ranging is
done by pressing the adjacent DOWN
(&) Yor UP ([ ) key.

Note

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

Figure 3-1, Front Panel Features (Sheet 4 of ).

3-5



SECTION III

Model 4277A

[RR <2174 ook METER
BV et Fazaanc
I

k3l

TRT MDTE

w0

L0220 AANGE

@ CIRCUIT MODE Select Key and Indicators:

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

AUTO: Automatically selects the
equivalent eireuit (parallel or
series) most appropriate for the
DUTs value. When LCI|Z]|
RANGE (8 is set to the 1008
range or lower, circuit mode is
set toelrwe ., When LC|Z|
RANGE @ is set to the 1k
range or higher, circuit mode is
set to off .

oo 1 Seleets equivalent series eircuit.

o{ﬁ:}o :  Selects equivalent parallel
cireuit,

DISPLAY A Function Select Key and

Indicators:

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

®

L: Measures inductance and--depending on
the setting of DISPLAY B Function
--D {dissipation factor), @ (quality

factor), or ESR/G ({equivalent series
resistance or  equivalent parallel
conduetance),

C: Measures capacitance and--depending
on the setting of DISPLAY B Function
--D (Dissipation factor), Q (quality
factor), or ESR/G {equivalent ~series

resistance or  eguivalent  parallel
conduetance).

HIGH SPEED L (I1MHz):
Measures only induetance at IMHz,
which is set automatically when this
funetion is selected.

HIGH SPEED C (1MHz):
Measures only ecapacitance at 1MHz,
which is set automaticaily when this
function is selected.

| Z |~ 6(deg):
Measures impedance magnitude and

phase angle. The results are displayed
on DISPLAY A ([Z1) and DISPLAY B
(8) to provide a polar representation
({1 Z1L8) of the DUTs impedance.

Figure 3-1. Front Panel Features (Sheet 5 of 8).
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(9DC BIAS SWITCH:

On instruments equipped with Option 001, DC
BIAS, this switeh turns the internal DC bias
souree on and off. When this switeh is set to
ON and the DC BIAS Seleet Switeh (2) in
Figure 3-2) on the rear panel is set to INT,
the DC voltage selected by the
FREQUENCY/DC BIAS Step Control Keys

is output from the Hor UNKNOWN
terminal . When set to OFF, this switch
turns off the internal DC bias source; no DBC
voitage is output from the Howw UNKNOWN
terminal ‘@, and M"OFF" will be briefly
displayed on the FREQUENCY/DC BIAS
Displayeach time a new DC bias voltage
is set by the FREQUENCY/DC BIAS Step
Control Keys @ or via the HP-IB.

Note

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

G0 ZERO Offset:

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

1MHz, 900kHz, 700kHz, 505kHz, 202kHz,
100kHz, 50.5kHz, 20.2kHz, and 10kHz.

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

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

@) CABLE LENGTH Switeh :

This switch facilitates balancing of the
measuring bridge ecireuit and minimizes
measurement errors when the standard 1
meter test leads are used.

Im: Set the switeh to this position when
using the standard 1 meter test leads.
Appropriate compensation is made for
propagation delay and phase error
caused by the test leads in high
frequency measurements. '

#: Set the switeh to this position when
using a direct attachment type test
fixture, such as the 16047A {(conneects
to the UNKNOWN terminals @).

Note
This switeh is not HP-IB programmable.
UNKNOWN Terminals:

These four BNC connectors provide the
means to connect DUT's in a four-terminal
pair configuration: High ecurrent terminal
(Heur), High potential terminal (Heer), Low
potential terminal (Lpor), and Low current
terminal {Lgw). Four-terminal pair test
fixtures attach directly {o these terminals.

GUARD Terminal :
This terminal is tied to the instrument's

chassis and ean be used in measurements
that require guarding.

Figure 3-1. Front Panel Features (Sheet 6 of 6).
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SELECTDR

BES
f i

(1) EXT DC BIAS FUSE Holder :

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

(2) DC BIAS Seclect Switch

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

INT: On  instruments equipped with
Option 001, DC BIAS, the DC
voltage output from the internal DC
bias source will be applied to the
DUT when the DC BIAS Switeh (19
in Figure 3-2) is set to ON.

OFF : No DC bias voltage will be applied
to the DUT.

DC voltage provided by an external
voltage source connected to the
EXT INPUT/INT MONITOR
Connector will be applied to the
DUT regardiess of the setting of the
DC BIAS Switeh (A9 in Figure 3-2).
Maximum allowable voltage is x40V,

EXT:

(3) EXT INPUT/INT MONITOR Connector :

The funetion of this connector depends on the
setting of the DC BIAS Select Switeh @
When the DC BIAS Select Switeh is set to
EXT, this connector is the input terminal for
an external BC voltage source. When the DC
BIAS Select Switeh @ is set to INT, this
connector is the monitor output terminsl for
the internal DC bias source (Option 081
instruments only).

EXT TRIGGER Connector:

This connector is for external trigger input.
TRIGGER key on front panel should be set to
MAN/EXT. Specifie information is provided
in paragraph 3-74.

(5) ~LINE VOLTAGE SELECTOR Switch :

This switeh selects the appropriate ac
operating voltage. BSelectable voltages are
100V/120V210% and 220V10%/

240V+5%-10% (48 ~ 66Hz).

Figure 3-2. Rear Panel Features (Sheet I of 2).
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(6) vLINE FUSE Holder :

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

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

220V/240V operatioﬁ:
750mAT, 250V
(HP P/N: 2110-03608)

@ A~ LINE Input Receptacle:
AC power cord connects to this receptacle.

COMPARATOR/HANDLER  INTERFACE

Connector :

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

(9) HP-IB Control Switch 3

This switeh sets the instrument's HP-IB
address (0 - 30), data output format (Fl - F8),
and interface eapability (Addressable or Talk
Only). Specific information on this switeh is
given in paragraph 3-86.

.HP%B Connector:
Twenty-four pin connector; connects the

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

Figure 3-2. Rear Panel Features (Sheet 2 of 2}
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Note

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

Note

If the instrument is equipped with
Option 062, Comparator/Handler
Interface, and if the 16064A
Comparator/Handler Interface is
econnected to the instrument, atl
16064A LED lamps except D/Q/ESR/G
and LIMIT LOW lamps will be lit during
the Display test.

3-11. ANALOG CIRCUIT TEST

3-12. The Analog Circuit test is performed
when the instrument's self-test funetion is
initiated from the front panel or via the HP-IB.
it is performed after the Display test, described
in paragraph 3-89, and it confirms correct
operation of the instruments analog circuits.
Like the Display test, this test is repeated until
the self-test funection is turned off. The tfest
lasts approximately three seconds. If a
malfunetion is detected, an error-code will be
displayed on DISPLAY A. Refer to Table 3-4.

Note

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

Note

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

3-13. MEASUREMENT FUNCTIONS

3-14. Values displayed on DISPLAY A and
DISPLAY B are for the parameters selected by
the DISPLAY A and DISPLAY B function keys.
Inductance (L), capacitance (C), or impedance
magnitude (| Z1])} wvalues are displayed on
DISPLAY A; dissipation faetor (D), quality factor
(Q), equivalent series resistance (ESR},
conductance (G), or impedance phase {8) values
are displayed on DISPLAY B. The DISPLAY B
measurement function depends on the selected
DISPLAY A function and the selected CKT
MODE, as listed in Table 3-1. When DISPLAY A

3~10
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furnetion is HIGH SPEED C or HIGH SPEED L,
DISPLAY B is always blank.

Table 3-1. Measurement Functions

DISPLAY B
Circuit Mode

DISPLAY A '*CEJ*’

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

C b, G, or ESR D, @, ov G
HIGH SPEED

L
HIGH SPEED

C

lz] & 8

3-15. DISPLAYS

3-16. The 4277A has three front panel displays:
DISPLAY A, DISPLAY B, and FREQUENCY/DC
BIAS. Each is desceribed in paragraphs 3-17
through 3-18, respectively.

3-17. DISPLAY A provides direct readout of
measured C, L, or 1 Z1, with 4 1/2-digit display
resclution. The actual number of display digits
depends on measurement range, test frequency,
and test signal level. The least significant digit
may be displayed as a small zero, § , or may
be blank, B , to indicate that the digit does not
provide a speeified value. Maximum number of
counts is $19999. DISPLAY A also displays
error-codes, operational annuneiztions, and the
HP-IB address or output data format.

3-18. DISPLAY B provides direct readout of
measured D, Q, ESR, G, or 4, with 4 1/2-digit
display resolution. The actual number of display
digits depends on measurement range, test
frequency, test signal level, and number of
DISPLAY A counts. The least significant digit
may be displayed as a small zero, [ , or may be
blank, B , to indicate that the digit does not
provide a specified value. Maximum number of
display counts depends on the DISPLAY B
funetion. Refer to Table 3-2. DISPLAY B also
displays error-codes, operational annuneiations,
and option annunciation 16064 when the
instrument is equipped with Option 002. When
the DISPLAY A funetion is HIGH SPEED C or
HIGH SPEED L, DISPLAY B is blank.
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Note
Option annunciation 16064 appears only

when the 16064A Comparator is
connected to the pear panel,

Table 3-2. Number of Counts on DISPLAY B

giiigiiieat Display Counts
D Max. 1.999%
Q Max. 10mom
ESR/G - 19989 to 19999 counts
9 - 180.00° to 180.00°
3-19. The FREQUENCY/DC BIAS display

provides direct readout of fest frequency and, if
the instrument is equipped with Option 001, the
voltage output from the internal de bias source.
If Option 001 is installed, option annunciation
001! is displayed on this display each time the
instrument is turned on. I the DC BIAS
ON/OFF switeh is set to OFF when the de bias
voltage is changed, OFF will be briefly displayed
on this displayed after the new value has been
set. Refer to paragraph 3-24. Also, if the
instrument is equipped with Option 002, BIN
numbers are displayed on this display when the
16064 A Comparator is enabled.

3-286, ERROR-CODES

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

Note

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

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

SECTION I

Note

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

3-23. Error—codes related to opersgtor errors are
listed in Table 3-6. Corrective action for each
error is also given in the table.

3-24. OPERATIONAL ANNUNCIATION

3-25. On instruments equipped with Option 001,
DC BIAS, the annunciation shown in Table 3-5
may briefly appear on the FREQUENCY/DC
BIAS display after a new dc bias voltage has
been set. It indicates that the DC BIAS ON/OFF
switeh on the front panel is set to OFF. This
switeh must be set to ON if voltage from the
internal de bias source is to be applied to the
DUT.

Note
For applications using the internal de

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

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

Error Code

Meaning

ibhues 3 I

AlUS RCM is faulty.

AlU6 ROM is faulty.

AlU7 ROM is faulty.

AlU8 ROM is faulty.

AlU9 ROM is faulty.

AlU10 ROM is faulty.

AlUi2 RAM is faulty.

AlUL2 RAM or AGBT1
is faulty.

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

Model 4277A

Display

Meaning

e s nind ke K thmtmnit

Analog Circuit is not functioning
properiy.

Table 3-5. Operation Frror Codes Displayed on FREQUENCY/DC BIAS Display

DISPLAY A

DISPLAY B

FREQ/DC BIAS

Meanings

Treatment

(any reading)

(any reading}

Il1legal INTERNAL DC
BIAS operation
(Option 001). The
internal dc bias
voltage was set
manuaily or via

the HP-IB when the
DC BIAS ON/OFF
switch on the front
panel was set to
OFF.

Set the DC BIAS
switch to ON.

Note

Make sure that
the DU BIAS
switch on the
rear panel is
set to INT.
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Table 3-6. Operation Error Codes Displayed on DISPLAY A/B (Sheet 1 of 3)

ERRGR CODE

Meaning

Treatment

OO QY
[SERoLY R

Y

(3]

OEOT O

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

Select a higher
LC|Z| RANGE.

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

Change the DISPLAY
B3 function, or

change the DISPLAY
A function to |Z].

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

Select a lower
LC|Z{ RANGE.

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

Change the DISPLAY
B function, or

change the DISPLAY
A function to |Z].

On 0% 0%
07308
OF O Oy

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

Change the DISPLAY
A fupction to
another parameter.

Change the DISPLAY
B function, or

change the DISPLAY
A function to |Z].

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

Use a different
test fixture or
test. leads; or, if
nothing is
connected to the
UNKNOWN terminals,
connect an appro-
priate test
fixture or test
leads. Refer to
paragraph 3-50
for details on
Zero Cffset
Adjustments.

11t
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Table 3-8. Operation Error Codes Displaved on DISPLAY A/B (Sheet 2 of 3)

ERROR CODE

Meaning

Treatment

]
o8

PR
L]

v e
B oo

a¥

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

The instrument
will automatically
select the correct
setting.

i A
i i

I1legal DC BIAS or COMPARATOR
operation. Internal dc bias
voltage was set via the HP-IB,
but the instrument is not
equipped with Option 001; or
the comparator ensble code
(E1) was sent via the HP-IB;
but the instrument is not
equipped with Option 002.

Install the
desired option.
Refer to Section
iT.

Iilegal COMPARATCR operation.
The D/Q/ESR/G key on the
16064A was pressed or was set
via the HP-1B while the
DISPLAY A function was set to
HIGH SPEED C, HIGH SPEED L,
or |z}

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

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

Illegal COMPARATOR cperatiomn.
One of the 4277A's front
panel keys [except TRIGGER,
LOCAL, or DC BIAS) was
pressed or was set via the
HP-IB.

To change a front
panel control
setting on the
4277A, first
disable (turn off])
the 16064A. Press
the COMPARATOR
ENABLE key (the
lamp at the center
of the key should
go off}.

I1legal COMPARATOR operation.
One of the 16064A's keys
{except the COMPARATOR
ENABLE key) was pressed or
was set via HP-IB while the
16064A was disabled.

To cperate the
COMPARATOR, first
enable (turn on)
the 16064A. Press
the COMPARATOR
ENABLE key (the
lamp at the center
of the key should
come on}.
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Table 3-6. Operation Error Codes Displayed on DISPLAY A/B (Sheet 3 of 3)

ERROR CODE

Meaning

Treatnent

Illegal COMPARATOR operation.
The 4277A's front panel
control settings are
different from those that
existed when the present

bin limits were entered.

Reset the front
panel controls to
the previocus
settings, or

clear the stored
bin limits by
pressing the ERASE
button.

Illegal COMPARATOR operation.
The RUN key on the 16064A was
pressed or was set via HP-IB
when no bin iimits were
entered, or a bin's LOW LIMIT

is higher than its HIGH LIMIT,

Enter LOW and HIGH
limits, or correct
the displayed LOW
and HIGH LIMITs.

o 0L 0%
LEAER-TY
QEOZ O

Iilegal parameter setting.
The test frequency setting,
internal d¢ bias setting, or
a2 bin limit setting is out-
side the specified limits.

Reset the
incorrect
parameter.

I1legal HP-IB address. The
HP-1B address switches on the
rear panel were set to 31
(11111} when the instrument
was turned on.

Turn off the
instrument and set
the HP-1B address
to one between 0
{00000 and 30
{(11310}.

ay

Do 0% OF
azos ol
0% 0%, 01l

Illegal deviation measure-
ment operation. The 4 key
on the front panel was
pressed or was set via HP-IB
when OF , UF , or [F
was displayed on DISPLAY A
or DISPLAY B.

Only valid refer-
ence values can be
used for deviation
measurement.
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3-26. TEST FREQUENCY

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

Table 3-7, Test Frequency Ranges and
Resolution

Test Frequency Range Resolution

© 10.0kHz - 20.0kHz 100Hz
20.0kHz - 50.0kHz 260Hz
50.0kHz - 100kHz 500Hz
100kHz ~ 200kHz i 1kHz
200kHz - 500kHz 2KHz
500kHz - 1.00MHz S5kHz

3-28. TEST SIGNAIL LEVEL
3-29. The 4277A has two test signal levels:
HIGHE (1vVrms) and LOW (20mVrms). Accuracy
for each level ig listed in Table 3-8. The ocutiput
impedance of the test signal source is 100§1£10%,
s0 the voliage across the DUT depends on the
DUT's impedance. Refer to Figure 3-3.

Model 4277A

Table 3-8, Test Signal Level Accuraey

Freq. 1MHzZ Other.
Level Frequencies
HIGH 10%
£10%
LOW +15%

3-30. MEASUREMENT RANGE

3~31. Measurement range depends on the test
frequency. The ranges which can be selected at
each test frequency and the range resistor used
on each range are shown in Figure 3-5. Each
range allows a 100% overrange of the 14000 full
scale counts {(maximum 19999 counts). Figure
3-4 shows the number of display digits for each
measurement funetions. Measurement range is
seélected by the LC | Z | RANGE keys. When the
LC|Z| RANGE control is set to AUTO, the
optimum range is automatically selected for
each measurement. Manual ranging is also
possible. When an inappropriate range |is
selected, OF or UF is displayed on DISPLAY A
or DISPLAY B.

1008 " vy

Hcur

IVrms
HIGH / 1LOW DUT |2

Select

-

ZL
106G +  Zu

Vr :f ] Vosc

where,

Voser Oscillator Level
{1 Vems or 20m Vrms)

Vr: Test Sighal Level

Zi: DUT Impedance

Figure 3-3. Equivalent Circuit of the Test Signal Source.




Model 4277TA SECTION 1Ii

NUMBER OF DISPLAY DIGITS

Tables through show the number of significant digits displayed for each of the
49277A' measurement parameters. The three-number combinations given in the tables
indicate the number of display digits for the respective measurement range and test
frequency for each measurement speed. For example, if MED measurement speed is
seleeted, use the middle number; if FAST is selected, use the right most number.

}g, T, X {digplay digits)

SLOW MED FAST

The number of display digits is defined as follows:

4 digits

3 digits to

2 digits

1 digits

A full-scale factor is used in Figure A through Figure N. Tt is defined as follows:
Full-seale factor = (measured value ¢ full-scale value) of C, Lyor 17 |

For example, when the measured C value is 9.5nF on the 10nF range, full-scale factor is
0.95.

Note

/~SA SELECT SW— To obtain more display digits on ranges where
the number of display digits is less than 3-1/2,

St set the 8A SELECT switeh (81) on the Al (logie)
=m board as shown in the figure. However, display
B fluctuation will be more than that in normal
) operation. The setting of this switeh can be
B changed only when the instrument is turned off.

[

s |
s I

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet I of 18).
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NUMBER OF DISPLAY DIGITS FOR CAPACITANCE

Test Signal Level: HIGH

Test Signal Level: LOW

Capacitance Test Frequency (Hz)
Range 10.0k to 20.0k | 20.2k to 200k | 202k to 1.00M
10uF See Figure B
1uF See Figure A See Figure B
100nF See Fgure A See Figure B
10nF See Figure A
InF
100pF 4-4-3
10pF
1pF

Note: Shaded areas indicate that measurement cannot be performed.

_ Test Frequency (Hz)
Capg;;;znce 10,0k |01k to [18.1k to [~ 101k to L ook
’ 18.0k 19.9k ' 200k ’

10uF See Figure B

1uF See Figure A See Figure B
109nF See FigureA See Figure B
I0nF 4.-4.3 4.3.3 3-3.3 4.3.% See Figure A

inF 4.4.3
10GpF 3.3.2 5.2.2 4:3.3 4.4.3
10pF

1pF 3:.2:2 1 3.3.2

Note: Shaded areas indicate that measurement eannot be performed.

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 2 of 18).




Model 4277TA

SECTION 1l

Full-Scale Factor

Full-Scale Factor

. MED SLOW. FAST
Z 2z T
[l
5.2
. : (2.1}
3(2)
1ol
o
8
L9l
-
© 4.3
[ (3.2}
4(3} i
-
0.1 E 0.1
UF Ur
0.0% 0.01
10k 100k M 10k 100k it
Test Fregueney (Hz) Test Frequency (Hz)
Figure A
MED SLOW, FAST
2 2
| 2.1 g 2.1 ™~
\ | \ (1.1} M (201) 2.1 o
L2 2(1) 2(1) N . 1.1)
o -
b, [ o
N D 5.2 3.2 3.2 11
= " 5 (2.2) (2.2) (2.2
I
LCE
3(2) 3{2} 3(2) @ n ™
&
o0
h\\\ ~\\\ % \M\\\ ‘k\ T
— ™ o
0.1 S g 0.1\ .
B
“ - 4.3 4.3 4.3
[ 4033 1 4(3) L 4(3} (3.3) 3.3} 3.3)
Bl o
UF UF
¢.01 .01
10k 100k M 10k 100k M
Test Frequency (Hz) Test Fregquency (Hz}
Figure B
Note: Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;

numbers enclosed in parentheses apply when Test Signal Level is LOW.

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 3 of 16).
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NUMBER OF DISPLAY DIGITS FOR DISSIPATION FACTOR
IN C~-D MEASUREMENT

Capacitance Test Frequency {Hz)

Range 10.0k to 20.0k | 20.2k to 200k | 202k to 1.00M
10uF See Figure E | .
1uF 3.3.2 (2.2.2)% See Figure E

100nF 3.3.2 (2.2.2)* See Figure E
10nF 3.3.2 (2.2.2)%
inF See Figure C

100pF See Figure b

10pF See Figure D
1pF See Figure D

Note: 1) Numbers not enclosed in parentheses apply when Test Signal lLevel is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW.

2) Shaded areas indicate that measurement cannot be performed.

3) *When the measured C value is less than 5% of full scale, D measurement
eannot be performed.

MED SLOW.FAST
2 2 .
N AN 1.5
AN N F (3. 3)
4(3) ™A N A03) 2 A
1 . A 1 LY Y
4.3 4.3 4.3
2 I, ™, & (4.3 (4.3) T (4-3)
g \\ \\ § N
it [1.
° N 52) N 52) s N N )
‘ N N I N
! 1
Z ooapPe N N 3 o0 N N
- X
3.3 3.2 3.2 [
. N [ (5.2) 3.2 N s
™ .
N\ 2010 1N\ 2(1) o §
~N P N (2.1) 2 N 31 N
TN [, M,/ AN :
(1) N AN 7\ (2.1) \ (2.1
; ¥ X
9.01 CF\\\ c |\\ 0.01 y CF [ CF
10k 100k ™ 10k 100k Y
Test Frequency {Hz) Test Frequency {Hz)

Note: 1) Add one digit at 10k, 100k, and 1MHz when Test Signal Level is LOW,

2) *Frequency range is 18.1kHz to 19.9kHz.

3) Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW,

Figure C

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 4 of 16).
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MED SLOW. FAST
2 2
) \\ l!jz \\ 4‘(25
402 4
1 [ ™, b 1 aN P
\\. N N g
My, - - 4.3 4.3 4.3
(3.2} b 3.2) 3.2)
bt Y
e R A S
£ \\ 301) \\ s E N N
5 \\ \\ 5 ™, AN
@ ©
i sy N AN 4 \ 5.2 \ 3.2
R q N ERR N {2.1) \\ (2.1)
N
" - 3.2
5 m(2.1)
AN 2(CF) N\ 2(CF) AN
A
P
AN AN \ 2.1 1IN 2.1
N N (1.CF) "L CFY T
2ccm | e \ Cp\ ZR \
6.01 N | 0.01L.CF) hy CF h CF
10k 100k ™ 10k 100k 1M
Test Frequency {Hz) Test Frequency {Hz}

Note: Add one digit at 10k, 100k, and IMHz when Test Signal Level is LOW.

Figure D
MED SLOW.FAST
2 ¥ T % T 2 \\ d
N T N | 2 X
‘ N N
201) Nzt N 201 (1.1) N (LD 27N
1 | ] 15 - CL
N Y \\ (1. 1)+
N Y
N, N,
P, My N N
3 N N, 5
g ~ N\ g
[+ b " P
@ | R 3.2 3.2 3.2 00
3 5(2) 3(2) b (2.2 2.7) (2.2)
o 3(2) -
E 6.1 2 0.1
uE
UF
9.01 a.01
10k 100k 1M 10k 100k T
Test Freguency (Hz) Test Frequency {(Hz}
Figure E

Note: In Figures D and E numbers not enclosed in parentheses apply when Test Signgl
Level is HIGH ; numbers enclosed in parentheses apply when Test Signal Level is
LOW.

Figure 3~4. Measurement Ranges and Number of Display Digits {(Sheet 5 of 16),
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Model 4277 A

NUMBER OF DISPLAY DIGITS

Test Signal Level: HIGH

FOR INDUCTANCE

1.00M

Test Signal Level: LOW

Test Frequency {Hz)
Indggzazce ook | 101k to 101k to
& y 20,0k 200k
1H See :
100mH Figure G, . See
See Figure Gg ~
S Figure G}
10mH ¢
Figure F
1mH See Figure F
100uH
10uH
1uH

Note: Shaded areas indieate that measurement eannot be performed.

Test Frequency (Hz)
Inductance
10.1k to | 20.2k to : 101k to 202k to
Range 10.0k 99 .Sk 100k 200k 995k 1.00M
11 See
100mH Flgure G, See
See Figure G, .
Figure G,
See .
10mH Hgure F See Figure G See
£ £ z Figure G,
imH 4.4.% See Figure F
100pE 3.3.2 3.3.3 4.3.3 4.4.3 See Figure F
3.3.3 4.3.3 4.4.3
2+242 3.2.2 3.3.2

Note: Shaded areas indicate that measurement eannot be performed.

Figure 3~4. Measurement Ranges and Number of Display Digits (Sheet 6 of 16).
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Model 4277A SECTION 11

MED SLOW. EAST
2 2
3.2,
3033 (3.2)
1 1
§ | 2 4.3%
g . © " (3.5)
2 = 4(3) g
o a(4) ;) 4.3 4.3
= - 4.3 (4.3
3 4(a) IR A )
a @
g 0.1 3 0.1
H
:
Uk UF
0.01 .01
10k 100k 16 10k 100k 1M
Test Frequency {(Hz) Test Frequency (Hz)

Note: * Frequency range is 18.1kHz to 19.9kHz.

Figure F
MED SLOW.FAST
(at 10k, 100k, 1MHz)
‘ 2.1
(2.1
202
1 (2}
3.2
3 (3.2)
ey
1
Fi 3(3)
[
el
[l
¥
141
L 0.1
=
=
Loy
1.3
(4.3)
4(4}
0.01
Figure 61
Figure G)

Note: In Figures F and G: numbers not enclosed in parentheses apply when Test Signal
Level is HIGH ; numbers enclosed in parentheses apply when Test Signal Level is
LOW,

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 7 of 18).
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MED SLOW, FAST
2 2
\\ | E E f d b
™ 2(2) \ 2(2) ! e M
2.
1 1 (2.1) (2. 1307
s u 3.2 3.2
. - 9 (5.3 (3.2)
3 3(3) 3(3) 3
B .¥ ! oy
B P S
:‘Lﬁ & \\“\ \\"‘\
ot £ Ped fad
R ™~ ™~ = 0.1 4.3 4.3
= ] £ (4.3) (4.3
4(4) o 4{4 =
UF UF UF UF
0.01 0.01
10k 100k M 16k 100k M
Test Frequency (Hz) Test Frequency (Hz)

Note: Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers eneclosed in parentheses apply when Test Signal Level is LOW.

Figure G,

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 8 of 16).
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SECTION 1II

Full-Scale Factor

NUMBER OF DISPLAY DIGITS FOR DISSIPATION FACTOR

101k to 995k

IN L-D MEASUREMENT
Inductance Test Frequency (Hz)
Range 10.0k 10.1k to 99.5k
1H ‘
100mH See Figure J
10mH 3:3:2 (3-3.2)%
1mH See Figure I 3.3.2 (3-3.-2)*
1OOuUH See Figure I, See Figure H, | See Figure H,
10uH See¢ Figure I» See Figure Iy
1pH
Note: 1) Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;

3.3.2 (3.3.2)*

See Figure H,

See Figure H;

See Figure I

See Figure I

numbers enectosed in parentheses apply when Test Signal Level is LOW.

2) Shaded areas indieate that measurement eannot be performed.

3) *When the measured L value is less than 5.6% of full scale, D measurement

cannot be performed,

MED
(at 10k, 100k, IMHz}

1 4(4) 4(3)
3(3) 3(2)
0.1
2{2) 201}
0.01
Figure H, Figure I;

Note:

SLOW, FAST
{at 10,100k, IMHz)
2
1
4.3 4.3
{4.3) (3.2)
I
&
g
[#]
(41
ja
L
o
o
o
o3
o
0.1
i 5.2 3.2
(3.2) (2.1}
2.1 2.1
(2.1 (1.CF)
0.01
Figure H, Figure I1

Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;

numbers enclosed in parentheses apply when Test Signal Level is LOW.

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 9 of 18).
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4.3 4.3
MED (3.3) SLOW.FAST ,(3.3)
2 2 / /
~ [T] N [T 7 P 7 T
NEER NR Kl 4.3 4.3
N N | (48 N (4.3)
1202} 2(2) e i - ™,
b b N %
AN AN
Ay A
R 9
i . - 3.2 3.2
5 \ \ % (2.2} \\\ (2.2) A
£ AN 3023 = 321+ L:f ‘\ N
g \\ N ® AN N,
- o NG (3.2
I o0.1F 101} 1(1) I 0.1 = \\
- N % R N N
\\ \\ \‘\ \\
“\\ h - 2.1 M 2.1 ™
\ (1.1} \\ (1.1} .
™~ AN N N
& 201 N 2{13 d 3
EPSEIAN AN N, 2.1 ™\, 2.1 L]
N ™ (z.1) , (z.1)
cr-‘\ CF\ ek CF ‘ ’ i “ o ; ‘
0.0 o ; 0.01 LG, Y |
10k 160k Y 1Ok 100k IM
Test Frequency {Hz) Test Freguency {Hz)
Figure H:
4.3 4.3
MED /(2.2) SLOW.FAST  {2.2}
2
: T T ? 7 T 7 !
\ NG A N4 \ ‘4_3‘ \ §4.|3:
2 2(1} N ) \\ (3.2 \\ (3.2
S, Y %
N N Y
A
N S S 3 3.2 N
H ! 5 (1.1 (1.1}
= " 301 AN i E S
& S N & N
& AW N 2 N N \
5 g 3.2 3.2
E 1{CF) \ \ i \ {(Z.1 \ (2.1
£ e oI\ N
\\ ‘\ - ‘\ 2.1 \\
AN N ~ N
b ‘ - (R N ) N
2(CF) 2(CF) N N
\\ N
2,1 2.1
1.CF} (1L.CE)
0,01 .01
10k 100k M 10K 100k 1M
Test Frequency (Hz) Test Frequency (Hz)
Figure I,
Note: Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW,

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 10 of 18).
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Model 4277TA SECTION I

MED SLOW, FAST
2 2
N ] N T » .
N N2 o Q
1 L 1] 21N
N (z.1) (2, 13
A A
o
S g
o 3(3) (33 @ 3.2 3.2
0% (§ (3.2) (3.2)
ot i
I oo0.1 S 0.1 m
b .
UF iid
0.01 0.01
10k 100Kk M 10k 100k Th
Test Frequency (iiz) Test Frequency (Hz)

Note: Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enelosed in parentheses apply when Test Signal Level is LOW.

Figure J

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 11 of 18).
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SECTION I Model 4277A

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

ESR/G Test Frequency (Hz)
Range 10.0k to 18.0k | 18.1k to 19.9k |20.0k to 1.00M
1M/ 10uS 4:4.3 (3.3:2)
100k2/100u8
10k&/1mS 4.4.3 (4.4.3) 4.4:3 (3:3-3) 14:4.-3 {4.4.3)
1k0/10mS
1002/100mS 5.3.2 (3:3.2)
100/18

Note: 1) ESR and G ranges depend on the selected C range.

2} Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW.

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

ESR/G Test Frequency {(Hz)
Range | 10.0k to 18.0k | 18.1k to 19.9k | 20.0k to 1.00M
100kQ/ 1001S
10k62/ 1nS 3.3.2 (3:3-2)
1K)/ 10mS
1000/100nS | 4.4.3 (4.4.3) |4.4.3 (3-3-3) | 4.4.3 (4.4.3)
100/15 4-4.3 (3-3-2)

Note: 1) ESR and G ranges depend on the selected L range.

2} Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW.

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 12 of 16).
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SECTION I

DiISPLAY INDICATION FOR QUALITY FACTOR

[9] D: 4 digits

D Q Display

L0001 to .00COH 10000 to 111l

.0010 to .0033 1000 to 303

L0034 to .0099 294 to 101

L0160 to 0333 160 to 30

L0334 to 1.9999) 29.9 to 0.5

Note: Q is the reciprocal of D,

D: 3 digits

D 4] Display
.001 to .003 1000 to 335  OF
.004 to .010 250 to 100
011 to .033 90.9 to 30.3
034 to 1.999 29.4 to0 0.5

Note: Q is the reciproeal of D,

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 13 of 16).
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SECTION I Model 4277A

NUMBER OF DISPLAY DIGITS FOR IMPEDANCE

12| Range Test Prequency (Hz)
10.0k to 18.0]{! 18,1k to 19.%k | 20.0k to 99.5k | 100k to 1.00M

IMR See Figure 1.

100k |

16kD See Figure K
1kt

1000 | 4:4-3 (4-3:3) | 4-4-3 (3-3-3) | 4.4-3 (4.3-3) |4-4-3 (4-4.3)
100 4.4.3 (3.3.2)

Note: Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW,

NUMBER OF DISPLAY DIGITS FOR PHASE ANGLE

2] Range Test Frequency (Hz)
10.0k to 1.00M
M0 See Figure L
100k&
LOkS! See Figure K
1k
1006 See Figure M
108 See Figure N

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 14 of 18).
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SECTION 111

Full-Scale Factor

Full-Scale Factor

MED

0.01

10k

100k

Test Frequency (Hz)

MED

iM

N kL e ey

Note:

100k

Test Frequency [Hz)

Figure K

Figure L

Full-Scale Factor

Full-Scale Factor

SLOW.FAST

U

10k

100%

Test Freguency (Hz)}

SLOW. FAST

1M

o~
[
LRV e

ot

0.01

10%

100k

Test Freguency (Hz)

Numbers not enclosed in parentheses apply when Test Signal Level is HIGH;
numbers enclosed in parentheses apply when Test Signal Level is LOW.

M

Figure 3-4. Measurement Ranges and Number of Display Digits (Sheet 15 of 18).
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MED SLOW.FAST
2 e i
4.3%
1 (3.3
. . (3.3)
4(3) 414}
4.3 4.3
b & F{4.3) (4.3)
bt ot
2 o
5 ®
- s
ER 3(2} 3(3} R
3.2
(3.2)
{1} 223
| ] 7T
0.01 ‘ ; 0.01 (Z2.13
10k 100k 1M 10k 100k M
Test Frequency (Hz} Test Frequency (Hz)
Note: * Frequency range is 18.1kHz to 19.9kHz.
Figure M
MED © SLOW.FAST
2 2
1 1
a(3) ]
4.3
§ § (3.2}
L EN
r-;; e
i 1
ER ER
= 3(2) £
3.2
(2.1}
2(1)
L )
0.01 ] 6.01 {1.CF)
10k 100% M 10k 160K 1M
Test Freguency (Hzj Test Frequency {Hz}
Figure N
Note: In Figures M and N numbers not enclosed in parentheses apply when Test Signal
Level is HIGH 3 numbers enclosed in parentheses apply when Test Signal Level is
LOW.

Figure 3-4. Measurement Ranges and Number of Display Digits {Sheet 16 of 16),
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SECTION Il

C-D Measurement

(C-ESR/G Measurement

L-D Measurement

C Range Test Freguency {HZ) ESR/G Test Frequency {Hz)
10.0k to 20.0k20.2k to 200k| 202k to 1.00M Range 10.0k to 1.00M
10yF 1MG/ 1008
- 10kD

I 100k§/100uS
100nF 10080 10K/ 1mS 1%8

10nF Ay 1K/ 1008

1nF A} 1kQ2 N 1000/ 100mS 1005
100pF hY 100/18

L-ESR/G Measurement

L Range

Test Frequency (Hz)

10.0k 10.1k to 100k |10ik to 1.00M

1H

100mH
1 0mH

1mH
100uH

| Z1-4 Measurement

|z| Range Test Frequency (Hz)
10.0k to 1.00M
M8
10k
100k§
10kQ 1R
1kl
1008 10040
104

ESR/G
Range

Test Frequency (Hz)

10.0k to 1.00M

100kR/100uS8

1KkS:

10k5/ 1mS

1K/ 10mS

1000/ 100mS

100/18

1000

Figure 3-5. Measurement Ranges and Range Resistors.
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SECTION 1lI

Note

When a C~D measurement is made with
the instrument controls set as follows,
the number of display ecounts depends
on frequeney, as shown in Figure 3-8,

CIRCUIT MODE eeers AUTO {*Tide)

LCIZE BRANGE woee MANUAL

Test Frequency s+e-ee 1 5.9k Hz - 20.0kHz
or 159kHz - 200kHz

As an example, suppose you're
measuring a 180pF ecapacitor on the
100p¥ range at 17kHz, and the
measured value is 175.62pF. If the test
frequency is increased to 16kHz, OF
will be displayed on DISPLAY A
because the maximum number of counts
at this higher frequency is only 17000,
as shown in Figure 3-6.

C Counts

19999

18000

18000

17000

15900

D Value
e | . 3999

————— -~~~ 1.8000

- — ™~ 1.6000

— -~ 1.4000

|
1
!
1
!
|
1
1
1
i
| -~ 12000
I

|

!

i

i ! t
5.9K 17K IBK 18K 20K

158K ITOK IBOK 190K 200K

Test Frequency (Hz)

Medel 4277A

3-32. CIRCUIT MODE

3-33. An impedance ecan be represented by a
simple series or parallel equivalent cireuit
consisting of resistive and reactive elements,
This is possible because both equivalent eircuits
have identical impedances at a given test
frequency by properly establishing the values of
the equivalent eircuit elements, The equivalent
circuit rmeasurement mode is selected by sefting
the CIRCUIT MODE control. When the CIRCUIT
MODE is set to AUTQ, the 4277TA will
automatically select the cireuit mode most
appropriate for the range and funetion settings.
Equivalent series ecircuit mode is automatically
selected when the measurement range is 10002 or
below. Equivalent parallel circuit mode is
automatically selected when the measurement
range is 1k§i or above. By setting CIRCUIT
MODE manually, either circuit mode can be
selected, regardless all measurement ranges.

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

Figure 3-6. Number of Counts vs Frequeney.

334

jX R iB
P WY = oTHe
G
Z =R+ jX ym_w.%.aGijB
e 1
G"‘:}E—m
R . X
TR I RT IR



Model 4277A

Expanding the above equation, we have

1
. R ; C
G + julp = T + ] S 1
R + iy R® + oy
w*Cs w*Cs
where, (s (= - -1—X) : equivalent series cireuit
@ capaeitance
B :
Cp (= 5} : equivalent parallel

circuit eapacitance

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

However, & sample value measured in a parallel
measurement circuit can be correlated with that
of a series circuit by a simple conversion
formula which considers the effect of dissipation
factor. See Table 3-8, Figure 3-7 graphically
shows the relationships of parallel and series
parameters for various dissipation factor values.
Applicable diagrams and equations are given in
the chart. For example, a parallel capacitance
(Cp) of 1000pF with a dissipation faetor of 0.5 is
equivalent to a series capacitance (Cs) of 1250pF
with an identical dissipation factor. As shown in
Figure 3-7, inductance or capacitance values for
parallel and series equivalents are nearly equal
when the dissipation factor is less than 0.03.
The dissipation factor of a component always has
the same value at a given frequency for both
parallel and series equivalents,

SECTION III

In ordinary LCR measuring instruments, the
measurement eireuit is set (automatically or
manually) to a predetermined equivalent eireuit
with respect to either the selected range or to
the dissipation factor value of the sample. The
wider circuit mode selection eapability of the
4277A, which is free from these restrictions,
permiis taking measurements in the desired
circuit meode and of comparing such measured
values directly with those obtained by another
instrument. This obviates the ineconvenience and
necessity of employing instruments capable of
taking measurements with the same equivalent

circuit to assure measurement result
corraespondence,
o €8 {F} '
Lo (#) o
yd o
|4 )
S0
P 7
7
mml o
4 ‘. [ctien® cp +
V4 ~ g
/|
/ . < IR
i
P o+ enl]
Figure 3~7. Parallel and Series Parameter
Relationship.

Table 3~-9. Dissipation Factor Equations and Equivalent Circuit
Conversion Formulas
Circuit Mode | Dissipation Factor | Conversion to Other Modes
<p 2
G 1 2y . D 1
oL D = s = Cs = (1 4 D) Cp, Rz sy« =
M wcp Q ( } P T + I}"’Z” G
N 1 1 p? 1
[ U = sk = — - = . =
D wCsR q Cp mz Cs, G W R
Lp 2
1 _ 1 __D 1
o-E.,?}w D = wlp6 = & Ls = 7557 Py R = 707 - ¢
L =
Ls R N2
R 1 2 ] 1
L i ) W — = BT i
D=5 73] Lp = (1 + D) Ls, 6= v—57 " %
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SECTION IIf

3-35. INITIAL DISPLAY AND INDICATIONS

3-36. Each time the instrument is turned on,
the option codes for installed options and the
HP-IB address are displayed on the front panel
for approximately two seconds. The HP-IR
address is displaved on DISPLAY A, as shown
below. The factory set address is 17 {18001), but
any address from 0 {00000) to 30 (11110) can be
set. Refer to the HP-IB discussion starting in
paragraph 3-76.

DISFLAY A

B

Dz 0303

Tra O% 0%
OE 0L O

Note

If the instrument is set to TALK ONLY
mode, the output data format number
(see paragraph 3-90) will appear on
DISPLAY A instead of the HP-IB
address.

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

Note

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

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

|

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

FREQUENCY / DC

[ 3

3-38

Model 4277A

Note

Output from the internal de bias source
{option 001 instruments) is
automatically set to 0V at instrument
power on as a safety precaution,

3-38. INITIAL CONTROL SETTINGS

3-39. The 4277TA is automatically set to the
control settings listed below when the continuous
memory funection (refer to paragraph 3-40) is
reset as described in paragraph 3-43.

DISPLAY A PFunction seesretseeses o
DISPLAY B Function -eeece-- carans (3
CIRCUIT MODE seacrccccsacssnannsoss AUTO
LCIZ] RANGE sesss sesmanssintesuene AUTO
MEASUREMENT SPEED:++essese MED
TEST SIGNAL LEVELeersreasn «see HIGH
TRIGGER srecressacoerrscan sessrsssnacensc INT
SELF TEST reorrssssces tossuvosvsenssenss (JFF

A resirasinnrasenisaracenas sennsescrascsacas wes OFF
FREQ/DC BIAS:essresrcecccsnurocsaes FREQ
SPOT/COARSE/FINE ceceravecnans ++ SPOT
Frequency ................. svesvearerences | (J0kHZ
OPEN ZERO DATA"“’O'Ol ........ GQ

SHORT ZERO DATA veorcscnrnnnnn OS
When the instrument is equipped Option 001 :

DC BIAS creeresensrens srsrseseerrecences 00V
When the ipstrument is equipped Option 002,
control settings of the 16064A Comparator are

as follows:

LCIZ g JD/QIESR/G svservsnnanannas LIC/ | 7 |

LIMIT LOW/HIGHcorseremsessersisecs LOW
BIN NUMBER eassecrecsessessars ceven]

RUN coess cussidvddanueencasress esnsassnencs (OFF
BIN LIMITS ereerereesrensneses ceeeeneeblank

3-40. CONTINUOUS MEMORY

3-41. The continuous memory funetion of the
4277A automatically memorizes all front panel
control settings when the instrument is turned
off or experiences a power failure. When the
instrument is turned on, the memorized settings
are automatieally recalled. Continuous memory
is powered by a rechargeable 2.4V
nickel-eadmium  battery  that lasts - for
approximately 2 weeks when the instrument is
turned off. The battery is recharged while the
4277A is turned on.
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Note

When turned on, the 4277A
automatically performs a Cheek Sum
Test as part of its turn-on Self Test.
The Check Sum Test checks the
contents of memory. If incorrect, E68
will be displayed on DISPLAY A and
memory will be cleared. The
instrument will be set to the initial
control settings (refer to paragraph
3-38).

3-42. OPEN and SHORT Zero Offset values
{refer to paragraph 3-51} and reference values
for deviation measurements {refer to paragraph
3-60) are also memorized by the continuous
memory funetion., On instruments equipped with
the  Comparator/Handler Interface  option
(Option 002), all high and low limits and all
16064A control settings (except RUN) are
memorized. DC bias voltage (Option 001)
settings, however, are not memorized.

3-43. RESETTING CONTINUOUS MEMORY

3-44. 'To reset, or clear, continuous memory,
proceed as follows:

(1) Turn off the 4277A.

{2) Press and hold both PREG/DC BIAS Step
Controt Keys { (2] & ).

{3) 'Turn on the 4277A,
3-45. UNKNOWN TERMINALS

3-46. Generally, the mutual inductance between
test leads, noise from nearby equipment,and the
residuals and strays of conventional connection
methods significantly affect the accuracy of
impedance  measurements made at  high
freguencies, To minimize these error sources
and thereby ensure optimum measurement
aecuracy, the 4277A employs a four-terminal
pair connection method. The UNKNOWN
terminals consist of four BNC female
connectors: Hcow (high eurrent), Hreor (high
potential), Lpor (low potentigl), and Low (low
current), The current terminals (Howr and Lour)
provide the test signal eurrent, and the potential
terminals (Heor and Leoy) detect the voltage
across the DUT {deviee under test). To connect
a sample, the four-terminal pair configuration
must be converted to a two-terminal
configuration, This is done by connecting the
outer conductors of the terminals to each other
and then Heurto Hpgr and Licys to Lecor, as shown in
Figure 3-8, The principle of the four-terminal
pair measurement is illustrated in Figure 3-9.

SECTION HI

At first glance, the arrangement appears to be
an expanded four terminal method with a built-in
guard structure. This is true. Thus, the
four-terminal pair method combines the
advantages of the four terminal method in low
impedance measurements while providing the
shielding  required for high impedance
measurements. The distinetive feature of the
four-terminal pair configuration is that the ocuter
shield works as the return path for the test
signal eurrent. The same current flows through
both the center conductors and the outer shield
conductors (in opposite directions), yet no
external magnetic fields asre genersgted around
the conductors (the magnetic fields produced by
the currents through the inner and outer
eonductors completely ecancel each other).
Because the measurement signal current does
not develop an inductive magnetic field, the test
leads do not contribute additional measurement
errors due to mutual-inductance between the
individual leads. Hence, the four-terminal pair
method provides best measurement aceuracy
while minimizing the effeets of stray
capacitance and residusal inductance inherent in
the test leads or test fixture,

Note
Becguse test lIeads have residual

induetance, the resultant additional
measurement error increases  in

capacitance measurements in
proportion to the square of the test
frequency.

HCuUR HPOT LeO

Figure 3-8. Four Terminal Pair DUT Connections,
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Figure 3~9. Four Terminal Pair Measurement Principle.

3-47. MEASUREMENT OF GROUNDED
SAMPLES

3-48. Samples whieh have one terminal (exeept
GROUND terminal) grounded to earth cannot
normally be measured by the 4277A. Such
measurement conditions are, for example, the
distributed capacitance measurement of a
coaxial cable with a grounded shield conductor
or the input/output impedance measurement of a
single ended amplifier. When a
one-side-grounded sample is connected for
measurement, the 4277A may display a
measurement error message or incorrect
measurement results, This is because the bridge
section cannot achieve a balance with any
measurement terminal grounded and,
additionally, any grounding modifies the four
terminal pair measurement architecture (other
than an internal connection of the shield
conductor to instrument chassis at one point}h

Note

if one terminal is grounded, a signal
current  of equal magnitude ({an
operating condition of the four terminal
pair configuration measurement) will
not flow in the inner and outer
conductors of the measurement cable.
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3-49. SELECTION OF TEST CABLE LENGTH

3-50. The propagation signal in a transmission
line will develop a change in phase between two
points on the line as illustrated in Figure 3-10.
The difference in phase corresponds to the ratio
of the distance between the two points to the
wavelength  of  the propagating  signal.
Consequently, owing to their length, test cables
used to connect a sample to the UNKNOWN
terminals will cause a phase shift and a
propagation loss of the test signal. For example,
the wavelength of a 1MHz test signal is 300
meters which is 300 times as long as the Im
standard test cables. Here, the phase of the test
signal at the end of the test eable will be shifted
by about 1.2 degrees {360 ° ¢+ 300) in reference
to the phase at the other end of the cable. Since
the effect of test cables on measurements and
the resultant measurement error increase in
proportion to the test frequeney, cable length
must be taken into consideration when making
high frequency measurements, The CABLE
LENGTH switch must be selected so as to
provide the correct phase compensation for
measurements made with the Im standard test
cables or for a test fixture attached direetly to
the UNKNOWN terminals, When standard test
cables {Im or 2m) are used, the CABLE LENGTH
switch must be set to the lm position fo
minimize additional measurement errors. The 0
position is for direct attachment type test
fixtures.
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Figure 3-18. Test Signal Phase on Test Cables.

Note

When the HP 16065A, EXT Voltage Bias
Fixture, is used with the 4277A, set the
CABLE LENGTH switch to the 1Im
position.

Note

When the HP 16048D Test Leads
(standard 2m test cable) is used with
the 4277A, the CABLE LENGTH switch
must be set to the 1m position and the
SA SELECT switeh (81) on the Al
{Logic) board must be set as shown in
Figure 3-11. The setting of this switeh
can be changed only when the
instrument is turned off.

~SA SELECT SW—_
R

Figure 3-11.

2m Test Leads.

SA BELECT Switch Settings for

SECTION III

Note

If test leads longer or shorter than the
standard Im or 2m test leads are used,
the additional error is proportional to
the square of the frequency. As the
characteristic impedance of the test
leads is also a factor in the propagation
loss and phase shift {and of resultant
measurement error), use of different
type test leads must be avoided. Use
only the standard test leads available
from Hewlett-Packard.

3-51. ZERO OFFSET ADJUSTMENT

3-52. The test fixtures and test leads used to
conneet samples to the instrument's UNKNOWN
terminals have inherent residual impedance and
stray admittance which, unless compensated for
in some way, affect measurement aceuracy. To
minimize the effects of these residuals and
strays, the 4277A is equipped with OPEN and
SHORT Zero Offset Adjustment functions that
can be executed from the front panel or via the
HP-IB. Each Zero Offset Adjustment is
performed at the following frequencies:

IMHz  900kHz 700kHz 505kHz 202kHz
100kHz 50.5Hz 20.2Hz 10kHz

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

ZERO OPEN:

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

{1} Connect the test fixture or test leads to the
instrument's UNKNOWN terminals.

Note

If test leads are used, you
must convert the four-
terminal pair configuration
to a two-terminal
configuration. Refer to
paragraph 3-45 and Figure
3-8,

(2} Connect nothing as the DUT.
(3} Press the ZERQO OPEN button.
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When the ZERO OPEN button is pressed, the
instrument will be sutomatically set to C-G
measurement mode, It will then measure the
test fixture's stray admittance at each of the
previously mentioned test frequencies. The
measured values are stored in the instrument's
internal memory. When offset adjustment is
completed, DISPLAY A and DISPLAY B will be
plank for 1 or 2 seconds, after whieh the front
panel controls will be reset to the settings that
existed when the ZERO OPEN button was
pressed.

The purpose of OPEN Zero Offset Adjustment is
to measure the test fixture's stray admittance,
which, as shown in Figure 3-12 {a), consists of
G and Co. (This stray admittance is equivalent
to a high impedance, which will "swamp out™ a
high impedance DUT econnected to the test
fixture.) The residual impedance of the test
fixture-—-R¢ and Lo in Figure 3-12 (a)-is
negligibly low and therefore does not affect the
accuracy of OPEN Zero Offset Adjustments.

ZERO SHORT:

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

{1) Connect the test fixture or test leads to the
ingtrument's UNKNOWN terminals.

Note

If test leads are used, you
must convert the four-
terminal configuration to a
two-terminal configuration.
Refer to paragraph 3-45 and
Figure 3-8.

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

{3) Press the ZERCQ SHORT button,

When the ZERO SHORT button is pressed, the
instrument will be automatically set to L-ESR
measurement mode. [t will then measure the
test fixture's residual impedance at each of the
previously mentioned test frequencies. The
measured values are stored in the instrument's
internal memory. When offset adjustment is
completed, DISPLAY A and DISPLAY B will be
blank for 1 or 2 seconds, after which the front
panel controls will be reset to the settings that
existed when the ZERO SHORT button was
pressed. The purpose of SHORT Zero Offset
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Adjustment is to measure the test fixture's {or
test lead's) residual impedance, which, as shown
in Figure 3-12 (b), consists of Ry and Lo. This
residual impedance, although small, degrades the
aceuracy of low impedance measurements. The
stray admittance of the test fixture—Go and Co
in Figure 3-12 (b}~ is shunted by the low
impedance shorting-bar and therefore is not
measured.

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

OPEN
(a)
Lo Lo
2 2-
Ro Ro
2 Go 2
e — o
— [ F—
b A — 4
Co
SHORT
(b)

Figure 3-12. Equivalent Circuits for Zero
Offset Adjustment.
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Capacitance: Up to 20pF OPEN
Conduetance: Up to 218

Induetance: Up to 2uH } SHORT
Resistance: Up to 20
Note

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

Note

After Zero Offset Adjustments, CF and
4000 may be alternately displayed on
DISPLAY A if the measurement mode
is other than C-G and nothing is
connected to the test fixture. This is
normal; it is not a malfunction.

Note

OPEN and SHORT Zero Offset
Adjustments eannot be performed
without g test fixture.

3-533. ACTUAL MEASUREMENT EQUIVALENT
CIRCUIT

3-54. The test fixture or test leads used to
conneet & sample to  the instrument's
UNKNOWN terminals becomes part of the
sample which the instrument measures. The
four-terminal pair configuration employed in the
4277A minimizes residual impedance eireuit,
The residual impedance, inherent in the test
fixture or test leads, can be eliminated by the
427TA's ZERO offset funetion (refer to
paragraph 3-51).

SECTION IIl:

byuY

Contact
Electrode

Contact I
Electrode i

Parasitiec Impedances Incident to
DUT Connections.

Figure 3-13.

However, the four-terminal pair mesasurement
system must be converted to a two terminal
configuration at the sample because most
components have only two terminals. Moreover,
additional stray capacitance is introduced when
the sample is connected to the test fixture.
Figure 3-13 illustrates lead impedance and the
stray ecapacitances between the ecomponent's
leads,

3-55. Diverse parasitic elements = present
between the sample and the UNKNOWN
terminals will affect measurement results.
These parasitic elements are series resistive and
reactive elements and parallel conductive and
suseeptive elements, Figure 3-14 shows the
equivalent circeuit of the samples parasitie
elements (R + jX is the sample's impedance). In
Figure 3-14, Ly represents the residual
inductance of the component's leads, and Ry is
lead resistance. Go is the conductance between
the leads, and Ceo is the sum of all stray
capacitances shown in Figure 3-13. Reactive
factors in the residual impedance and susceptive
factors in the stray admittance have a greater
effeet on measurements made at higher
frequencies.

Measured impedance {Rm + jXm} is:

R (1 + RGo) + GoX

Bm =

(1T - wCoX + RGo)Z + [@RCo + GoxjZ ©

Ro

X (1 - WCoX) - wCoR?

iXm =] {(1 TWCoX £ RGoJZ + (WRto + GogZ " w

Lo}

Figure 3-14. Equivalent Circuit Including Residual Impedance.
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Effect ¢f residual impedance on C-G measurement:
Cm * Cx (1 + w?LoCx - 2RoGx - LoGx*/Cx)
Gm ~ Gx (1 + 2w?LoCx - RoGx + U)ZR(}CXZ/GX)

Lm
_Rm

144

&

Effect of stray admittance on L - ESR measurement:
Ex (1 - 2GoRx + w’Colx -
Rx {1 - GoRx + 2w?Colx + w?Lx*Go/Rx)

Cosz/Lx)

Figure 3-15. Effects of Residual Impedance.

3-56. Figure 3-15 shows the effect of residual
impedance on C-G mesasurement and the effect
of stray admittance on L-R measurement,
Generally, Lo resonates with the capacitance of
the sample (series resonance) and Cg resonates
with the induectance of the sample (parallel
regonance), respeetively, at a specific high
frequency. Thus, the impedance of the test
sample will have & minimum value corresponding
to resonant peaks, as shown in Figure 3-16. The
presence of Lo and Cp causes measurement
errors, as the phase of the test signal current
varies over & broad frequency region around the
resonant frequencies. Additional errors, due to
the resonance, increase in proportion to the
square of the measurement frequency (below
resonant frequency} and can be theoretically
approximated ag follows:

iZi

e
180%
SO

_____ P

Ot Paraitel
Resonance |
Yo/
- 80 it Series
Resenance

~180%

fre

Figure 3-16. Effect of Resonance in Sample
{Example).

3-42

C ErrOR & 2Ly Cx-100 (%)

L. grRROR & u2CgLx-100 (%)
where,

W 2nf {f2 test frequenecy)

Cx
ILx

Capacitance value of sample
Inductance value of sample

non o

At low frequencies, L¢ and Co affect measured
inductance and eapacitance values, respectively,
as simple additive errors. These measurement
errors cannot be fully eliminated by the ZERO
offset adjustment (which compensates for
residual factors inherent in the test fixture).
This is because L g and Cy are peculiar to the
component being measured. Their values depend
on component lead length and on the distance
between the sample and test fixture. The
measurement results, then, are substantially the
sample values including the parasitic impedances
present under the conditions necessary to
connect and hold the sample.
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3-57. MEASURED VALUES AND BEHAVIOR
OF COMPONENTS

3-58. A component's measured value and its
nominal value can, and often do, differ
considerably because of various electromagnetic
effects; for example, skin-effect of a conduector,
the ferromagnetic properties of induectors, and
the effects of dieleetric materials in capacitors.
Here, we'll discuss only the effects which result
from the interaction of the reactive elements (L,
C, ete.) of a component.

3-59. The impedance of a component ecan be
graphically represented in vector form as shown
in Figpure 3-17. In such representation, the
effective resistance and effective reactance
correspond to the projections of the impedance
vector | Z |{ 8; that is, the real (R) axis and the
imaginary (jX)} axis, respectively, as shown
below:

Re = |Z! cosb

¥e = |21 sing
_cost _ _ 1
T osing tang

where, Re: Effective resistance
Xe: Effective regctance

Z: Impedance of the sample {Re -+
iXe).

D Diésipation factor

SECTION I

When the phase angle, 8, changes, both Re and
Xe change in accordance with the definitions
above, As component measurement parameters
L, C, R, D, ete.,, are also representations of
components related to the impedance vector, the
phase angle dominates their values. Consider,
for example, the inductance and the loss of an
inductive component at frequencies around its
self-resonant frequency. Figure 3-18 shows the
equivalent circuit of the inductor. The
induetance, Lx, resonates with the distributed
capacitance C at frequeney fy. The phase
angle {2) of the impedance vector approaches 0§
degrees (the vector approaches the R axis) when
the frequency is close to the resonant
frequency. Thus, the inductance of this
component decresses while the resistive factor
{loss) increases. At the resonant frequency, fo,
this component is purely resistive, The effective
resistance increases at resonance even if the
inductor has no resistance {ideal induetor) at de.
Consequently, the loss factor varies sharply at
frequencies around the resonant point,

Rx Lx i3

fi{ fa<fo{fs<{fa

fo 2 ————

> 27fTxCo
[}

““cx?“— fo R

L]

Figure 3-17. Impedance Vector

Representation.

Figure 3-18.

Typical Impedance Locus of an
Induetor.
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3-60., DEVIATION MEASUREMENT FUNCTION

3-61. When many components of similar value
are to be tested, it may be more practicat to
measure the difference between the value of the
component and a  predetermined, or ideal,
reference value than measuring the DUT value
itseif. When the purpose of the measurement is
to observe the change of a compenent's value
versus changes in temperature, frequency, bias,
ete,, a direet measurement of this change
{deviation) makes examination more meaningful
and easier.

3~6%2. When the A key is pressed, the values
{measurement results) displayed on DISPLAY A
and DISPLAY B are stored in the instrument's
memory and are then used as the reference
values for all subsequent measurements. The
value displayed on each display is not the
sample's measured value, it is the difference
hetween the stored reference value and the
measured value. Stored reference values are
maintained by the 4277A's continuous memory
function when the instrument is turned off. The
deviation measurement function is automatically
turned off when the DISPLAY A funetion,
DISPLAY B funetion, LC|Z| RANGE, or CKT
MODE is changed. It may be turned off also if
the test {requency is changed when the DISPLAY
B funection is ESR/G, because the measurement
range for ESR and G is frequency dependent.

Model 4277A

3-63. CHARACTERISTICS OF TEST FIXTURES

3-64. Characteristics and applicable
measurement ranges of the HP test fixtures and
test leads for the 4277A are summarized in
Table 3-10. To facilitate measurement and to
minimize measurement errors, a test fixture
appropriate for the measurement shouldéd be
chosen from among HP's standard accessories.
Seleet the test fixture or leads that have the -
desired performance characteristices.

Table 3-10. Typical Characteristies of Test Fixtures and Leads

Applicable Measurement Ranges Reading Error at 1MHz
Model Measurement
3 ¢ - o ' 1 3 s i
Parameter Value Frequency Parameter Reading Error I Offset Value
16047A | Full range Full range +0,05% £0.0002
16047C | Full range Full range x0.01% +0.06001
160484 . - ; 2
L6048E Full range Full range £0.05% +0.00065
C>1000pF Below 1C0OkHz Residual Parameter Values:
16048C
L>100ul C<5pF, L<200nH, R<10mi
160480 Full range Full range +0.20% +0.0020
+0.05% =0.0005
‘ Ranges satisfied -
160348 : ‘
’ L Z1>500 Full range Residual Parameter Values:
C<0.02pF, L<30mH, R<50mQ
) o _ 50Hz
16065A | Full range to IMHz
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3-85. MEASUREMENT ACCURACY

3-66. The measurement reference plane for the
accuracies specified in Seetion 1 is the
UNKNCOWN  terminals. The  measurement
accuracy of the 4277A is guaranteed at the
UNKNOWN terminals. The conditions under
which accuracy is specified are described in
Table I-1. An example of the how to ealculate
measurement accuracy is shown in Figure 3-19.

SECTION I

3-87. GENERAL COMPONENT MEASUREMENT

3-68. The proecedures for measuring general
components--inductors, capacitors, resistors—
are given in Figure 3-20. Almost any discrete
component, except for those having special
shapes or dimensions, ean be measured with this
setup. Special components may be measured by
using test leads 16048A, 160488, 16034B, ete., or
by using specially designed uger-built fixtures
instead of the 16047A Test Fixture,

3-69. SEMICONDUCTOR DEVICE
MEASUREMENT

3-70. As an example of a typical semiconductor
measurement, the procedures for measuring the
base-collector junction capacitance (C ob ) of an
NPN transistor are given in Figure 3-21.

[Examples of Caleulating €, D, and @
Measurement Accuracies]

Front Panel Settings:

Test Frequency: 1MHz
LClZ| RANGE: loopF
TEST SIG LEVEL: HIGH
MEAS SPEED: MED

Measured Values:

C: 148.97pF
D: 8005
Q: OF (Assume a value of Qm)

Accuracies (Refer to Table 1-1):

C: #.1% of reading + 5 counts
148.97pF x (.1/100) + .05pF
= (£) 0.199pF
De £.3% of reading + .0005/¢ + 0006 + 5
counts
0005 x (.3/100) + .0005/1.4897 + .0006
+.0005
(x).00144
Q: Qux {(.00144/.0005) + .1
+ (QM X 2.88 +.1)

Note

In this case, Q accuracy (2.88 times @ )
has no meaning, because Q is overflow
{OF).

[Examples of Caleulating € and ESR/G
Measurement Accuracies]
Front Panel Settings:
Test Frequency: 10kHz
LCIZ! RANGE: IyF
TEST SIG LEVEL: HIGH
MEAS SPEED: MED
Measured Values:
C: .905,F
ESR: .30
G: lL.amS
Accuracies:
¢ (.3 +.50)% of reading + 3 counts

B05uF x 03 +.5 % .9051/100 +.003
= {+) 0.0180,F
ESR: .2% of reading + 30amfl + 20mQ +
5 epunts
B0 x.2/100 + 30 % .905mQ + 20m0
+ .50
= (+) 550m§
G: im8 x (556/300)
= {+) 1.83mS

Figure 3-19. How to Calculate Measurement Acecuracies,
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5.

Connect the 16047A Test Fixture to the
UNKNOWN terminals.

Turn on the 4277A.

Verify that the HP-IB address and option
codes {16064 and 001) are displayed on

DISPLAY A, DISPLAY B, and the
FREQUENCY/DC BIAS display,
respectively,

Note

Option codes are displaved only if the
corresponding option is installed,

Note

The HP-IB address is set to 17 (106001)
when the instrument is shipped from
the factory,

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

Seleet the measurement functions for
DISPLAY A and DISPLAY B.

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

Note

SLOW measurement speed minimizes
display fluctuation.

7.

Note

Best measurement accuracy is obtained
when tfest signal level is set to HIGH
and measurement speed is set to MED.

Perform OPEN and SHORT Zero Offset
adjustments as described in paragraph 3-51.

Connect the device to be measured to the
test fixture.

Read the measured values from DISPLAY A
and DISPLAY B.

Note

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

Note

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

Note

For C or L measurement, if the
dissipation factor of the DUT is higher
than 0.1, C, L, and T measurement
accuracy tolerances increase by a
factor of 1 + D2. If D is higher than 1,
AUTO ranging cannot be performed
correctly, | Z1 measurement mode
should be selected.

Figure 3-20. General Component Measurements,
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SECTION I

Parameters of semiconductor devices have a
strong dependeney on the applieé voltage and
device temperature, Because of the non-linear
impedance chanracteristics of semieonductor
devices, a semiconductor measurement is subject
to exact establishment of the test conditions to
make measured values meaningful. For a
detailed analysis of the deviee under its

operating test econditions, a low level test signal
is employed in order to obtain measured values
with respect to a local region around the
operating 1iest peint selected for plotting
characteristic parameter curves of the sample.
A typical procedure for measuring
semiconductor junction capacitance in P-N and
MOS junction devices is outlined below.

Measurement Setup:

The figure above shows a typical test setup
for measuring the base-collector junction
capacitance (Cob) of an NPN transistor. For
this measurement, the test fixture may be
user designed. A 4277A equipped with option
001 is ideal for controlling the de bias
required for the measurement. If de bias is
not  necessary, setup and procedures
associated with this measurement may be
deleted.

PROCEDURE:

I. Connect the test fixture or test cables to the
UNKNOWN terminals of the 4277A.

2. Furn on the 4277A.

3. Set the 4277A'% f{front panel controls as
follows:

DISPLAY A: C
DISPLAY B: G

Test Freq,: 1MHz

TEST SIG LEVEL: LOW

4. Perform OPEN and SHORT Zero Offset
adjustments as deseribed in paragraph 3-51.

3. Set the DC BIAS SELECT switeh on the rear
panel to INT,

Note

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

Note

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

Note
Use the HP Model 16065A EXTERNAL
VOLTAGE BIAS FIXTURE for high
voltage bias applications up to 22060V,

6. Connect the fransistor to the measurement
terminals.

Figure 3-21. Semiconductor Device Measurement {Sheet 1 of 2).
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7. Monitor the bias voltage actually applied to 8. Set the DC BIAS ON/OFF switch on the front
the transistor. panel to ON, and set the desired bias voltage.
‘Note Note
If the 16085A is used, eclose the lid i the P-N junction becomes forward
after you connect the transistor to the biased at either peak of the {est signal,
measurement terminals, Measurement correct measurement cannot be made,

cannot be made while the lid is open,
9. Read the capacitance value from DISPLAY A,

Figure 3-21. Semiconductor Device Measurement (Sheet 2 of 2).
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371, EXTERNAL DC BIAS

3~72. The  special biasing cireuits and
procedures for using external voltage or current
bias (required for certain capacitance or
inductance measurements) are given in Figure
3-23. The figures show sample circuits
appropriate for 4277A applications. When
applying a de voltage to capacitors, be sure the
applied voltage does not exeeed the maximum
specified voltage of the ecapacitor and that the
capacitor is connected with eorrect polarity.
Note that the externally applied bias voltage is
present at the Hpeor and Hyyr terminals.,

3-73. Bias Voltage BSettling Time: When =a
measurement with de bias voltage superposed is
performed, it takes some time for the voltage
across sample to reach & certain percentage of
the applied (desired) voltage. Typieal values of
de bias voltage settling time are listed in Table
i-2 as reference data.

SECTION HI

3~74. EXTERNAL TRIGGERING

375, The 4277TA ean be externally triggered by
connecting an external triggering deviee to the
EXT TRIGGER connector on the rear panel and
setting the TRIGGER control on the front panel
to MAN/EXT on front panel. The instrument is
triggered (measurement is made) each time a
positive-going TTL level pulse is applied to this
connector (refer to Figure 3-22). Externsal
triggering can be alse done by alternately
shorting and opening the center conduetor of the
EXT TRIGGER connector to ground (chassis).

——Tp —

Input Levels: Vi <04V
2.4V <Vy
Pulse Width: Tpzl0bus

Trigger Timing: Leading Edge

Figure 3-22. External Trigger Pulse,

3-49



SECTION III

Model 4277 A

To

1.

2.

3.

4.

[#1]
.

6.

EXTERNAL DC BIAS OPERATION (<x40V)

DC POWER
SUPPLY

]

Oy
o

W

AC Byposs
Capacitor

c 0

make capacitance measurements using

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

CAUTION

DO NOT APPLY GREATER THAN
+40V TO THE 4277A'S EXT INPUT/INT
MONITOR CONNECTOR. IF THE
APPLIED VOLTAGE EXCEEDS x40V,
THE 4277A MAY BE DAMAGED.

CAUTION

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

PROCEDURE:

Set DC BIAS select switeh on rear panel to
EXT.

Connect the test fixture or test leads to
the UNKNOWN terminals of the 4277A.

Turn on the instruments,

Set the 4277A's controls as described in
steps 5 through 7 of Figure 3-20. Set the
DISPLAY A funection to "C" measurement
mode.

Perform OPEN and SHORT Zero Offset
Adjustments as described in paragraph 3-51,

Conneet a sampie to the test fixture or
test leads,

i0.

. Set the external de voliage source to the

CAUTION

DO NOT SHORT THE HIGH AND LOW
TERMINALS.

CAUTION

WHEN A POSITIVE BIAS VOLTAGE IS
USED, THE POSITIVE TERMINAL OF
ELECTROLYTIC CAPACITORS MUST
BE CONNECTED TO THE
INSTRUMENT'S HIGH TERMINAL.
WHEN USING A NEGATIVE BIAS
VOLTAGE, CONNECT THE
CAPACITOR'S NEGATIVE TERMINAL
TO  THE  INSTRUMENT'S HIGH
TERMINAL.

desired output voltage.

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

Reset the external voltage souree to 0V.

Remove the sample from test fixture or
test leads.

Note
Use a stable de voltage source,

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

terminal and negative terminal of the
external de voltage source.

3-50
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EXTERNAL DC BIAS OPERATION (<+200V)

160854

To make capacitance measurements using
externally supplied de bias voltages up to 22060V,
use the HP 160635A Test Fixture. Connect & de
voltage source to the 15065A as shown in the
diagram.

CAUTION

DO NOT APPLY GREATER THAN
+40V TO THE 4277TA'S EXT INPUT/INT
MONITOR CONNECTOR. [IF THE
APPLIED VOLTAGE EXCEEDS 240V,
THE 4277A MAY BE DAMAGED.

PROCEDURE:

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

9. Set CABLE LENGTH switch on the front
papel to lm.

3, Connect the 18065A to the UNKNOWN
terminals of the 4277A.

4, Connect the de voltage source to DC BIAS
INPUT connector of the 16063A.

5. Connect a DVM or an oscilloscope to the
DC BIAS MONITOR connector of the
18065A.

8. Turn on the instruments.

7. Set the 4277A's controls as deseribed in
steps 5 through 7 of Figure 3-20. Set the
DISPLAY A function to "C" measurement
mode.

8. Perform OQOPEN and SHORT Zero Offset
Adjustments.

OC VOLTAGE
SOURCE

OVM

9. Conneet a sample to the 16065A test

10. Set the external de voltage source to the

12. Open the cover of the 16065A.

fixture.
CAUTION

DO NOT SHORT THE HIGH AND LOW
TERMINALS,

CAUTION

WHEN A POSITIVE BIAS VOLTAGE IS
USED, THE POSITIVE TERMINAL OF
ELECTROLYTIC CAPACITORS MUST
BE CONNECTED TO THE
INSTRUMENT'S HIGH TERMINAL.
WHEN USING A NEGATIVE BIAS
VOLTAGE, CONNECT THE
CAPACITOR'S NEGATIVE TERMINAL
TO THE INSTRUMENT'S HIGH
TERMINAL.

desired output voltage and close the cover
of the 16065A.

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

Note

When the cover of the 16065A is
opened, the charge on the sample is
discharged through two paralleled 200
resistors.

Figure 3-23. External DC Bias {Sheet 2 of 4).
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13.

EXTERNAL DC CURRENT BIAS

Remove the sample from the 18065A,

Note

Use a stable de voltage source.

OPERATION (=<35mA)

DC AMMETER

Note

The test signal will appear at the DC
BIAS MONITOR connector. This does
net  affect measurement  results,
however.

DC POWER
SUPPLY

]

© b

4~ AC Bypass Capacitor

DC bias current can be applied to the sample
through the UNKNOWN terminals by connecting

a de voltage source to the

instrument. The

procedure for making inductance measurements
using current biasing is given below.

PROCEDURE:

1.

Set the DC BIAS seleet switeh on the rear
panel to EXT.

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

Conneet a test fixture or test leads to the
UNKNOWN terminals of the 4277A.

Turn on the instruments.

Set the 4277A's controls as deseribed in
steps 5 through 7 of Figure 3-20. Set the
DISPLAY A function to "L" measurement
mode.

Perform OPEN and SHORT Zero Offset
Adjustments.

8.

Connect the sample to the test fixture or
test leads.

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

CAUTION

DO NOT ALLOW THE BIAS CURRENT
TC EXCEED 33mA AND DO NOT
ALLOW THE OUTPUT VOLTAGE
FROM THE EXTERNAL DC VOLTAGE
TG EXCEED SOURCE  #40V. IF
CURRENT EXCEEDS 35mA OR IF
VOLTAGE EXCEEDS #40V, THE
INSTRUMENT MAY BE DAMAGED.

Note

DC bias eurrent flowing through sample
can be caleulated by the following
equation:

_ E bjas

Toe = g1 ()
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where FE vias is the bias voltage (V)
applied to EXT INPUT/INT MONITOR
connector and Rx is the de resistance
(k) of the sample.

9. Read the measured values.

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

Note

To make stable measurements, connect
an ac bypass capscitor (near 1pF)
between the positive terminal and the
negative terminal of the de voltage
source.

Note

Maximum allowable current depends on
the bridge circuit's range resistor, as
listed in the table below.

Range Resistor Maximum Output Current

1008 35mA

1k§: and 10k{ 10mA

Refer to Figure 3-5 for details on the
relation between range resistor and
measurement range. Note that
measurement accuracies, as specified
in Section I, are not guaranteed if bias
eurrent is allowed to exceed the limits
given in the above table.

Figure 3-23. External DC Bias (Sheet 4 of 4).
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3-76. HP-IB INTERFACE

3-77. The 4277A can be remotely controlled via
the HP-IB, a ecarefully defined instrument
interface which simplifies integration of
programmable instruments and a ecaleulator or
eomputer into a system,

Note

HP-IB is Hewlett~Packard's
implementation of IEEE Std. 488,
"Standard Digital Interface for
Programmable Instrumentation.”

3-78. HP-IB INTERFACE CAPABILITIES

3~79. The 4277A has eight HP-IB interface
functions, as listed in Table 3-11.

Table 3-11, HP-IB Interface Capabilities

Interface Function *

Code (HP-IB Capabilities)

SH1** | Source Handshake
AHL Acceptor Handshake

15 Talker (basic talker, serial
poll, talk only mode, unaddress
to talk 1f addressed to listen)

L4 Listener (basic listener,
unaddress to listen if addressed
to talk)

SR1 Service Request

RL1 Remote/local {(with local lockout}
DC1 Device Clear

DT1 Device Trigger

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

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

Model 427TA

3-82. HP-IB STATUS INDICATORS

3-83. The HP-IB Status Indicators are four LED
lamps located on the front panel. When lit,
these lamps show the existing status of the
4277 A in the HP-IB system as follows:

SRQ: SRQ signal from the 4277A to the
controller is on the HP-IB line.
Refer to paragraph 3-104.

LISTEN: The 4277 A is set to listener,
TALK: The 4277A is set to talker.
REMOTE: The 4277A is under remote control,
3-84. LOCAL KEY

3-85. The LOCAIL key releases the 4277A from
HP-IB remote control znd sllows measurement
conditions to be set from the front-panel. The
REMOTE lamp will go off when this key is
pressed. LOCAL control is not availasble when
the 4277A is set to "local lockout" status by the
controller.

3-86. HP-IB CONTROL SWITCH

3-87. The HP~IB Control Switeh, located on the
rear panel, has seven bit switches. See Figure
3-24, Hach bit switch has two settings: logical
0 (down position) and logieal 1 (up position). The
left-most bit switeh, bit 7, determines whether
the instrument will be addressed by the
controller in a multidevice system, or will
funetion as a "talk only" device to output
measurement data and/or instructions to an
external "listener," e.g., printer.

3-80. CONNECTION TO HP-IB

3-81. The 4277A can be connected into an
HP-IB bus configuration with or without a
controller {i.e., with or without an HP
caleulator). In an HP-IB system without a
controller, the instrument functions as a "talk
only" device (refer to paragraph 3-86)
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When bit switeh 7 is set to 0, the instrument is in
ADDRESSABLE mode and bit switeches 1 through
5 determine the instrument address. When this
bit switeh is set to I, however, the instrument is
in TALK ONLY mode,

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

Note

The HP-IB Control Switeh, as set at the
factory, is shown in Figure 3-24,

Note

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

3-88. ADDRESSABLE MODE

3-89, When bit switech 7 of the HP-IB Control
Switeh is set to ADDRESSABLE (i.e., set to 0},
bit switches ! through 5 represent the HP-IB
address of the instrument, in binary. These
switches are set to 10001 (decimal 17) when the
instrument leaves the faetory but can be set to
any desired address between 0 and 30,

Note

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

Note

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

SECTION I

3-890, TALK ONLY MODE

3-91. When bit switeh 7 of the HP-IB Control
Switeh is set to TALK ONLY {i.e., set to 1), the
instrument functions as a '"talker," outputting
data to a "listener" (e.g., printer), In TALK
ONLY mode, bit switches 1, 2, and 3 determine
the format in which data is output. There are
six formats, Fl through F6, and the bit switeh
setting for each format is shown in Table 3-12.
Refer to paragraph 3-98 for details on the output
data formats.

Note

If the instrument is set to TALK ONLY
mode, the QOutput Data Format number
will be briefly displayed on DISPLAY A
(instead of the HP-IB address) when the
instrument is turned on, The displayed
number, however, will be the format
number plus §50. For example, if the
Output Data Format is F3, the number
displayed on DISPLAY A at turn on wil
be 53.

Note

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

Table 3-12. Output Data Formats
Selectable in TALK ONLY
Mode :
Bit Switch Settings
Bit 3 Bit 2 Bit 1 Output Data Format
0 0 0 Fl
0 G H F2
0 H 0 F3
0 1 1 74
1 0 0 F5
1 G 1 F6
1 1 0 Fi
1 1 1 F2

Note: Refer to paragraph 3-98 for details.

3-92. REMOTE PROGRAM CODES

3-93. Remoe program codes for the 4277A are
listed in Table 3-13.

3-55



SECTION M

3-56

Model 4277 A

Table 3-13. Remote Program Codes (Sheet 1 of 2)

Item Control Program Description
Code
DISPLAY A L Al DISPLAY A and DISPLAY B com-
Function C AZT binations are listed in the
HIGH SPEED L A3 table below:
HIGH SPEED C Ad
% A5 B
A 1 2 3
DISPLAY B D Bl
Function Q B2 : LD | L-Q | 1-BSR/G
ESR/G B3’ 2 C-D | C-Q [C-ESR/G
* When DISPLAY A is set to
Z, DISPLAY B is auto-
matically set to 0.
CKT MODE AUTO Ccl®
L W o) (4
oL C3
MEAS SPEED SLCW M1
MED M2®
FAST M3
Auto Range COFF UG Range is fixed.
ON Ul Range is automatically
selected.
LC|Z| Range 1uH/1pF Rl If the instrument is set to
10uH/10pF R2 a range which cannot make the
160uH/100pF/ 100 R3 measurement, range is auto-
ImH/1InF/1000 R4 matically reset to the near-
10mH/10nF/1kD R5 est range capable of making
100mit/ 1060nF/ 10%k8 Ré the measurement.
1H/1uF/100%D R7
10uF/1IMO R8
Test Signal LOW V1
Level HIGH vz©
Trigger Mode INT T This code only sets the trigger
MAN/EXT T2 mode; it does not trigger the
instrument,
Execute EX This code is used to trigger
the instrument.
Self Test OFF s0°
ON S1
Deviation CFF x0T
Measurement ON X1
Zero Offset OPEN Z0
SHORT z8
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Table 3-13. Remote Program Codes (Sheet 2 of 2)

Item Control Program Deseription
Code
Data Ready OFF Do’ If Data Ready is set to ON, an
ON bl SRQ signal is output when the
measurement is completed.

. o . 1f the instrument is notequipped
Co?gdrator OFF EO with Option 602, an error will
Enable ON El result ifFl is sent via the HP-1B.
Comparator OFF 4o’

Run ON Gl
Comparator L/C/Z input Li®
Limit D/Q/ESR/G input L2
Comparator BINI NL® These codes are used when set-
Bin Number BINZ N2 ting L/C/iZl limits.
BIN3 N3
BINA N4
BINS N5
BING N6
BIN7 N7
BINS N8
BINS NG
Comparator LR Refer to paragraph 3-102,
Limit Recall
Comparator ER Comparator limits stored in all
Limit Erase bins are cleared.
Output Data DA HP-1B output data are erased
Abort from the output buffer.
Output Data | Displays A/B or F1° Refer to paragraph 3-58 and
Format Comparator Table 3-16.
Displays A/B/Comparator E2
Display A or Comparator F3
Display A/Comparator F4
Learn Mode LN Refer to paragraph 3-100.
Output Data ASCII PG”
Mode BINARY Pl

Note:

indicates an initial control setting {Refer to paragraph 3-38.)
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3-94. DATA OUTPUT

3-95. Measurement and status data are output
to external devices in bit parallel, byte serial
format via the eight DIO sipnal lines of the
HP-IB. Data can be output in ASCII mode or
PACKED BINARY mode, FEach mode Iis
described below.

[L] ASCII mode

Output data in this mode includes status data,
key status (function) data, and measurement
data (ineluding range) for DISPLAY A and
DISPLAY B. ¥ the instrument is eguipped with
Option 002, comparison data (LOW, IN, HIGH)
for L/C/ 17| and D/Q/ESR/G, and BIN number
data can be output, too. The output format is
shown in Figure 3-25. All characters are coded
in accordance with ASCH coding eonventions,

[2] PACKED BINARY mode

Qutput data in this mode is output as one or two
binary bytes, rather than as a character
representation. This data output format is for
high speed data transfer. Contents of output
data, however, is less than that of ASCII mode.
Output data in this mode includes status data for
DISPLAY A and DISPLAY B, measurement range
data as an 8-bit byte, and measurement data of
DISPLAY A and DISPLAY B ({(not including unit
and decimal point) as a 16-bit, 2's complement
binary word. If the instrument is equipped with
Option 002, comparison data (LOW, IN, HIGH)
for L/C/1Z | and D/Q/ESR/G, and BIN number
data can be output as an 8-bit byte. The
displayed data is output as the equivalent
decimal values of the resulting words. The
output format is shown in Figure 3-25.
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3-96. PARAMETER SETTING

3-97. Test frequency, DC bias (Option 001), and
bin limits (Option 002) can be set via remote
programming.

[1} Test Frequeney Setting

FR XXX.X EN
.y

(1} Setting value, in kHz.
Note
When an illegal frequency that is within
the instrument’s frequency range is set,
the frequency below the illegal setting
is automatically selected. For example:
"FR75.9EN": 75.5kHz displayed on
FREQUENCY/DC  BIAS
DISPLAY

{21 DC Bias Setting (Option 001 enly)

BI +XX.X EN
(13

(1) Setting value, in volts.
Note

If not set, polarity sign is automatically
set to plus {+),

[3] Comparator Limit Setting {(Option 002
only)

(Low Limit} LL XX.XXX EN
(1

(High Limit) LH XX.XXX EN
{1}

{1} Setting value. The position of the
decimal point must agree with the
measurement  range, Unit is in
accordance with the unit indicators of
DISPLAY A or DISPLAY B.
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[1} ASCII mode {(Set using HP-IB remote
program code "PO")

(1) DISPLAY A/B

X X X =NN.NNN EzRN

>

IGIO R (5) (&)

X X :N.NNNN E2NN @@
(7 ) 10y 1)

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

(4) value of DISPLAY A (position of decimal
point is eoincident with display)

{(5) Unit of DISPLAY A

{8) Comma (data delimiter)
(7} Status of DISPLAY B
(8) Funetion of DISPLAY B

(9) Vvalue of DISPLAY B (position of Gecimal

point is coineident with display)
(10) Unit of DISPLAY B
(11) Data Terminator

(2) COMPARATOR (Option 002 only)

XXN@@

M3 @)
(1) Statusof L/C/1%Z}
(2) Status of D/Q/ESR/G
{3) BIN number

{4) Data Terminator

Note

Status and function data of DISPLAY A
and DISPLAY B, and status of
Comparator are each represented as
one alphabetic character, as listed in
Table 3-14.

Note

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

OF (overflow)}--reeeses R +19999E+20
UF (underflow) «seseeeeese erens HO000E-20
CF (change function)/

Blank sessscesessscansaa ssessesanns Q000 E~30

Note

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

}g“lz(p) L =12
10*9 (n) sncassarsscsccsssavscrs L LI RTTR S oy T
16-8 (lf) ...... eossavaaversrann tokboessennsone E-08§
1@-3 {m) ------- cernansecssasesna Serbasvmnvoa E-03
100 soeesnsncintrrocaririserisincaiacinesss vees B 400
163 \'k) ......................... versseenuas + E+03
108 (M) srorerenaacn sessrsrsnvcrsnan coseres BB
Note

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

Note

The EOI signal is output with the LF
signal.

Figure 3-25. Data Qutput Format for the 4277A {Sheet | of 2).
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(2]

PACKED BINARY mode (Set using HP-IB
remote program code "P1")

(1) DISPLAY A/B

1st byte 2nd byte 3rd byte

BB BB BBBB BBBBBBBE BBBBBBBB
(@ 3 (4

4th byte 5th byte

BBBBBBBE BBBBBBBE
(5)

{(B: 0 or 1)

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

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

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

including

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

Note

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

01

Lo
1

"1l 0101

[
5

o

w

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

(Z) COMPARATOR (Option 002 only)

BB BB BBBB

(1) (2) (3)

(1) Statusof L/C/1Z ]
(2) Status of D/Q/ESR/G
(3) BIN number

Note

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

Note

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

Note

The EOI signal is output with the last
data byte.
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Table 3-14. Data Output Codes for ASCH Mode

Item

Information

Code

Circuit Mode

oLt

oo

W

Data Status of
DISPLAY A/B

Normal

Normal on

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

w oo O oz

Function of DISPLAY A

L
C
HIGH SPEED L
HIGH SPEED C
121

| I e B o T

Function of DISPLAY B

BESR

o O

HIGH SPEED L*!
HIGH SPEED C*!

=3 G RO T

o

Data Status of
L/C/ 121 for
Comparator

Bin IN
HIGH
LOW

Embedded

Undefined

e T

E*Z

e
%
(73

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

Limit IN
HIGH
LOW

Undefined

C*r'mH
w

Bin Number

Out of Bin
BIN1
BINZ
BINZ
BIN4
BINS
BING
BINT7
BINS
BINS

D00 -] O U e L RS e €D

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

*2 This code appears when the measurement value 1s between two

continued bins.

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

blank.

SECTION I
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Table 3-15. Data Output Codes for PACKED BINARY Mode

Model 4277A

Item

Information

Code

Data Status of
DISPLAY A/B

Normal
Overflow
Underflow
Change Function or Blank

2 BN S TS Sl

Measurement Range

1M/ 1pF
10u:H/ 10pF
100LH/ 100pF/ 100
1mH/ 1nF/ 1000
10mH/ 10nF / 1k
100mil/ 1000/ 10k
1H/ IuF / 100KS
101E/ 1M

[ e N

oo ~1 O

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

Bin IN
HIGH
LOW
Embedded. or Undefined

L b ke O

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

Bin IN
HIGH
LOW

Undefine

S e D

Bin Number

Cut of Bin
BIN1
BINZ2
BIN3Z
BIN4
BINS
BING
BIN7
BINS
BIN9

W0 1 O U s B = O
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3-98. OUTPUT DATA FORMAT

3-89, The 4277A ecan output measurement data
to a controller or can output data directly to an
external "listener" device (i.e,, printer). There
are six Output Data Formats, F1 through F6.
The contents of the output data for each format
are listed in Table 3-18.

Note

In ADDRESSABLE mode, only Fl
through ¥4 can be set by HP-IB remote
contrcl. OQutput data can be in either
ASCII mode or PACKED BINARY
mode. Also, in ADDRESSABLE mode,
bit switeh settings have no relation to
Output Data Format.

Note

In TALK ONLY mode, any Output Data
Format, Fl through F8, can be set by
HP-IB Control Switeh settings (bit 1
through bit 3). Also, in TALK ONLY
mode, data can be output in ASCH

SECTION 111

Note

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

Note

If the instrument is set to TALK ONLY
mode, the Qutput Data Format number
will be briefly displayed on DISPLAY A
(instead of the HP-IB address) when the
instrument is turned on. The displayed
number, however, will be the format
number plus 50. For example, if the
Qutput Data Format is F3, the number
displayed on DISPLAY A at turn on will
be 53,

mode only,
Table 3-16. Qutput Data Formats
OQutput Data Output Mode
Format p - ;
Display A Display B Comparator ASCII PACKED BINARY
g !
Fl 1 Yes Yes No Yes Yes
II No No Yes
F2 I Yes Yes No Yes Yes
11 Yes Yes Yes
F3 I Yes No No Yes Yes
I1 No No Yes
F4 I Yes No No Yes Yes
11 Yes No Yes '
F5 I No Yes No Yes No
IZ No No Yes
Fé I No Yes No Yeos No
IT No Yes Yes
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3-1060. LEARN MODE DATA

3-101. Al front panel settings and ecomparator
key settings are output from the 4277A when the
program code "LN" is used (refer to Figure

3-28). The data is output in the following
format:

FRonnnEN An Bn Cn Dn Fn Mn Pn
(%) (2} (3) {4) (5} (6} (7) (8)

R Sn Tn Un Vn Xn
(9) (R0){31X(123(13(14)

BitnnnnEN En 6n In Nn CR@B
(15)  (16)(17)(18) (19} (20)

(1) Test Frequeney Setting
(2) Al - A3: DISPLAY A Function
(3) B1-B3: DISPLAY B Function
(4) C1 -~ C3: Cirecuit Mode
(5) DO, D1: Data Ready
(8} F1 -~ F4: Output Data Format
(7) M1 - M3: Measurement Speed

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

{9) R1-R8: LCi{Z| Range
(10) S0, S1: Self Test
(11) TI, T2: Trigger Mode
(12) U0, Ul: Auto Range
(13) V1, V2: Test Signal Level
{14) X0, X1: Deviastion Measurement
(15) DC Bias Setting
(18) E0, El: Comparator Enable
(17) GO, Gi: Comparator Run
(18) L1, L2: Comparator Limit Input

{19) NI - N%: Comparator Bin Number for
L/C/ | Z |

(20) Data Terminator
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Note

DC Bias data is not output when DC
Bias option (Option €01) is not
installed. Similarly, when the
comparator {(Option 002) is not
installed, comparator data is not output,

Note

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

3-102. RECALL COMPARATOR LIMIT DATA

3-103. Low and high bin limits can be output
from the 4277A when the program code "LR" is
used (refer to Figure 3-30)., The L/C/|Z| limits
for the designated bin are output when program
code "L1" is used. When program code "L2" ig
used, D/Q/ESR/G limits are output. The data is
output in the following format:

LLXX.XXXEN LHXX.XXXEN €BD@D
(1) {2) {3)

(1) value of Low Limit {position of decimal
point is coineident with display)

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

(3} Data Terminator
3-104. SERVICE REQUEST STATUS BYTE
3-105. The 4277TA outputs an RQS (Request
Serviee) signal whenever it is set to one of the

five possible service request states. Figure 3-28
shows the contents of the Status Byte.
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Bit 8 7 6 5 4 3 2 1
Content RQS Error | Trigger Zero Offset | Syntax | Data
Too Self Test Error Ready
Fast End

request states of the 4277A:

eontrol.

Test.
Error Codes: E36 -

E43

OFF, E10, E13, E14, E15, E16, E17, E18, E20

Rit 7 {(RQS) indicates whether or not a service request exists. Bits 6 and 8 are always zero

(0), Bits 1 through 5 identify the type of service request. Following are the service

(1) Bitl: This bit is set when measurement data is ready for output.

{2} Bit. 2:  This bit is set when the remote program contains a syntax error,

(3) Bit3: This bit is set when Zerc Offset or Self Test is completed under remote

(4) Bit 4: This bit is set when the 42797A is externally triggered before the
measurement has been completed,

(5) Bit5: @ This bit is set when the 4277A has one of the following operation errors:

@If Self Test is set to ON, this bit is set when the instrument fails Seif

Figure 3-26. Status Byte for the 4277A,

3-106. PROGRAMMING GUIDE FOR 4277A

3-107. Sample programs that can be run on the
HP-85, 9835A/B, 9845B, 9828A, or 9836A are
given in Figures 3-27 through 3-30. These
programs are listed in Table 3-17.

Note
Controller-specific HP-IB programming
information is given in the controller's
programming manual,

Note

Following equipment is required to run
the sample programs:

(1) 4277A LCZ Meter

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

(3) 82937A HP-IB INTERFACE

or

(2)

or

(2)

(3)

or
(2)
or

(2)

9835A/B Desktop Computer

98034A

98458

98034A

3826A

G836A

98332A I/C ROM

HP-IB INTERFACE
CARD

Desktop Computer
98412A /O ROM

HP-IB INTERFACE
CARD

Desktop Computer

Desktop Computer
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Tabie 3-17. Sample Programs

Sample Figure Description
Program
1 3-27 Remote coantrol and dats output
program
2 5-28 How to use remote program code
HLN-H
3 3-29 How to input low and high bin
limits for the Comparator.
4 3-30 How to use remote program code
I!LR'H

Model 4277 A

Sample Program 1
Pescription:
This program has three capabilities:
(1) Control of the 4277A via the HP-IB
(2) Trigger of the 4277 A via the HP-IB
(3) Data output from the 4277A via the HP-1B
Program:

10 REMOTE 717
20 CLEAR 717
30 DIM AS$[50]
40 OUTPUT Ti7;"A2B1T2POF1”
(1)2) (3)
50 OUTPUT Ti7; “FR100 EN”
(4)
60 OUTPUT T717; "EX”
®
70 ENTER 717;A$

80 DISP A$
90 PRINT AS$
100 END

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

(2) HP-IB Address of the 4277A

(3) Program codes for the 4277A {refer to Table 3-13)

(4) Program codes for parameter setting of the 4277A (refer to paragraph 3-96)

(3) This is equivalent to: TRIGGER 717

Figure 3-27. Sample Program 1 (Sheet I of 2).
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If program code "P1" is used, refer to the following program :
Program:

16 REMOTE 717

20 CLEAR 717

3 QUTPUT 717 "A2BITZPIFL”

40 OUTPUT 717, "EX"

50 ENTER 717 USING "%, B, W, W" A B, C
WO ®

60 DISP A B:C

7 PRINT A B C

80 END

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

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

Figure 3-27. Sample Program 1 (Sheet 2 of 2).

Sample Program 2
Description:

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

Program:

14 REMOTE 717

20 CLEAR 717

30 DIM As$[60:

40 CUTPUT 717, “LN”
0 ENTER T17.A3%

60 DISP A%
70 PRINT As
80 END

Figure 3-28. Sample Program 2.
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Sample Program 3

Deseription:

This program shows how to input low and high bin limits via the
instrument is equipped with Option 002.

Program:

16
20
30
40

50
60

70

80

90
100
116
120
130
140
150
160

(1)
(2)
(3)

REMOTE 717
CLEAR 717

DIM AS[50]
OUTPUT 717 ;

OUTRUT 1717,
CUTPUT 717

QUTPUT 717

OuUTPUT 717,
OUTPUT 717
OUTPUT 717
OUTPUT TIT;
QUTPYUT 717
ENTER Ti7:
DISP A$
PRINT A3
END

"AZBIR4T2POF2”
&)
“FRIDEN"
"E1GOER”
(@)
“LINILL . 995ENLH. 898EN"
(@) @
"N2LLIENLHLIENT

T"N3LL1.0001 ENLH12EN"
;" L2LILCENLH.001 EN"

€gp
“gEy
A%

Measurement range must be set.

Program codes for comparator setting

Program codes for inputting low and high bin limits

HP-IB

when the

3-68
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10
20
30
40
50
60
70
80
80
100
110
120

Sample Program 4
Description

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

Program:

REMOTE 717

DIM A$L30]

CUTPUT T17."E1GD”
FOR 1=1 TO §
CUTPUT 717 "LIN";I,"LR"
ENTER 717;A%
PRINT A%

NEXT |

OUTPUT M7 "L2LR”
ENTER 717, A%
PRINT A$

END

Figure 3-30. Sample Program 4.
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3-108. OPTIONS

3-109. Options are standard modificaions to the
instrument that implement wuser's special
requirements for minor funetional changes.
Operating instructions for the 4277A's options
{except rack mount and handle installation kit
options) and  associated information are
described in the following paragraphs.

3-110. Two options are available, as listed in
the following tables:

Option No. Option Name
001 Internal DC Bias
co2 Comparator/Handler

Interface

Option cortents are as follows:

Option No. Contents

G01 A2Z Internal DC Bias
Board Assembly

G602 Comparator/Handler
Interface Kit

Model 4277A

Table 3-18. Bias Voltage Resolution

3-111. OPTION 001 INTERNAL DC BIAS (-40V
to +40V)

3-112. Option 80! adds an internal de bias
supply variable from .00 volts to $40.0 volts.
The de bias voltage can be controlled manually
from the front-panel or remotely via the HP-IB.
Manual control and de bias applications under
HP-IB ¢ontrol are described in Figure 3-31, The
internal de bias source has two ranges and a
maximum resolution of 10mV. Refer to Table
3-18. Output from the bias source is
sutomatically set to 0V each time the
instrument is turned on or when the CLEAR
command is sent via the HP-IB., DC bias voltage
is applied to the DUT only when the DC BIAS
select switch on the rear panel ig set to INT and
the DC BIAS ON/OFF switch on the front panel
is set to ON, If the DC BIAS ON/OFF switeh is
set to OFF, OFF will be briefly displayed on the
FREQUENCY/DC BIAS display each time a new
bias voltage is set. The de bias voltage actually
applied to the DUT depends on the impedance of
the DUT and in most cases will be less than the
voltage value displayed on the FREQUENCY/DC
BIAS display. By connecting a DVM or an
oscilloscope to the EXT INPUT/INT MOXNITOR
connector on the rear panel, the de bias voltage
actually appiied across the DUT ecan be
monitored. Refer to Figure 3-32,

3~10

Bias Voltage Range Resolution
OV to £9.99V 10my
+10,0V to +40,0V 100mV

Note

For the option 001 operation, set the
DC  BIAS  seleet switeh on  the
rear-panel to INT.



Model 4277 A

SECTION 1IH

L.

2.

5.

OPTION 001 INTERNAL DC BIAS OPERATION

e

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

Connect the 16047A Test Fixture to the
UNKNOWN terminals.

Note

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

Turn on the 427T7A.

Perform OPEN and SHORT Zero Offset
adjustments as described in paragraph
3-51.

Set the instrument's front panel controls
as appropriate for the desired
megsurement,

Press the FREQ/DC BIAS seleet key (Oh
The DC BIAS lamp will eome on,

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

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

Note

OF¥F will be briefly displayed on the
FREQUENCY/DC BIAS display when
the FREQ/DC BIAS control key is
relessed, if the DC BIAS ON/QOFF
switech @)is set to OFF.

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

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

10.

11.

12,

13.

14,

Set the DC BIAS ON/OFF switch (@) to ON.

If you're measuring a capacitive DUT, ail
sufficient time for the DUT to charge up
to the applied voltage,

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

Set the DC BIAS ON/OFF switeh (@ to
OFP,

Wait until the voltage across the DUT
return to OV.

Remove the DUT from the test fixture.
Note

For reasons of safety and measurement
accuracy, the voltage actually applied
to the DUT should be monitored. Refer
to Figure 3-32.

Note

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

Figure 3-31. Option 001 Internal DC Bias (Sheet 1 of 3).
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[HP-IB Operation]

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

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

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

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

3. Turn on the 4277TA,

4. Perform OPEN and SHORT Zero Offset
adjustments as deseribed in paragraph 3-51.

5. Set the DC BIAS ON/OFF switeh(2)to ON.
Note
The de bias voltage is automatically set
to 0V each time the instrument is
turned on.
8. Set the front panel eontrol via the HP-IB.
* Example of setting the instrument for a

C-D measurement at 10kHz, external
trigger.

REMGTE 717
CLEAR 717
OQUTPUT 717; "AZBIFRIQENF1IT2"

10,

Connect the DUT to the test fixture.

Set the desired de bias voltage via the
HP-1B,

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

OUTPUT 717; "BILOEN"

Wait until the de bias voltage settles,

* Example of programming a 10ms wait.

WAIT 10

Trigger the instrument via the HP-IB.

OUTPUT 717; "EX"

or

TRIGGER 717

Read and print the measured values.

ENTER 717; A, B
PRINT A, B

Figure 3-31. Option 001 Internal DC Bias (Sheet 2 of 3).
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12. Set the bias voltage to 0V via the HP-IB. 14. Remove the DUT from the test fixture.

Note

OQUTPUT 717; "BIOEN"

The above remote programiming
examples can be used on the HP Model

13, Wait untii the de bias voltage returns to 0V. 85 (with 00085-15003 I/O ROM}, Model
9835A, Model 9845B/C, Model 9826A,
* Example of programming a 10ms wait. and Model 9836A.
Note
WAIT 10
In the above examples, HP-IB address

17 was used,

Figure 3-31. Option 001 Internal DC Bias (Sheet 3 of 3).
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INTERNAL DC BIAS VOLTAGE MONITOR

DVM

Vo

The internal de bias voltage is monitored by a
DVM or an oseilloscope at the EXT INPUT/INT
MONITOR connector on the rear panel.

Note

The de bias voltage monitored at the
EXT INPUT/INT MONITOR connector
may contain a small ae component.

When the DUT impedance is higher than 100k,
the monitored voltage is equal to the de voltage
source voltage, and to the voltage applied to the
DUT. These voltages, however, are different
when the DUT impedance is less than 100kf.
The following paragraph desecribes how 1o
measure the actual bias voltage across the DUT.

1. Ri1/Rz2/Ri Detection

{a)
(b)

Set the TEST SIG LEVEL to LOW,

Set the LLC1Z| range so that the range
resistor value will be 1008, Refer to
Figure 3-5,

(¢} Set the DC BIAS voltage to +5V on the
FREQUENCY/DC BIAS display.

(d)

Connect nothing to the test fixture.

O VM

(e)

(£)

()

(h)

(1)

—_—Vo or VK

Vi
puT = OPEN

or
DUT = 1008

oon

Vi

Set the DC BIAS switeh on the front
panel to ON.

Measure the monitor voltage (Vo) at the
EXT INPUT/INT MONITOR connector.

Connect a reference resistor (Re) (e.g.,
10000£1% ) to the test fixture.

Measure the de voltages at the HIGH and
LOW terminals of the test fixture and at
the EXT INPUT/INT MONITOR
connector (Vu, Vi, and Vgl

Note

Conneet the LOW terminal of the
DVM or the oscilloscope to the
GUARD terminal of the
instrument.

Caleulate the resistances, R, R,, and
R, using the following equations:

Ri=(Vo =~ Vg)Re/(Vy~Vi)
Rz ={(Vx =Vu)Rg/(Vy -V}
Ry= Vi *Ro/(Vy - Vi)

Figure 3-32. Internal DC Bias Voltage Monitor (Sheet 1 of 2).

3-74




Model 4277A

SECTION 1II

2.

Actual Bias Voltage/Current Measurement

(a)
{
{e)

(d)

Connect nothing to the test fixture.
Measure the monitor voltage (V).

Connect the desired sample to the test
fixture.

Measure the monitor voltage (Vu).

{e)

Calculate the actual voltage applied to
the DUT (V) or the actual current
through the DUT (I} using the following
equations:

L= (Vo ~Vy)/R1
V=Vg=(Ry +Rp + R

Note

Repeat step 2 each time the DUT

is changed since the monitor
voitage (V) depends on the DUT
impedance.

Figure 3-32. Internal DC Bias Voltage Monitor (Sheet 2 of 2).
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3-113. OPTION 002 COMPARATOR/HANDLER
INTERFACE

3-114, Option 082 equips the standard 4277A
with a comparator function and a handler
{component sorter) interface capability., The
ecomparator provides go/no-go testing and
ten-bin sorting. The handler interface is for
eontrol of an automatie component handler.

3-115. Up to nine sets of high/low limits for L,
C, or |7Z]| measurement, and one set of
high/low limits for D, Q, ESR, or G measurement
can be keyed in from the 16064A keyboard or
entered via the HP-IB. When measurement is
made, the comparator compares the measured
values displayed on DISPLAY A and DISPLAY B
with the stored high/low limits. If the measured
values fit any set of limits, the bin number for
that set is displaye¢ on the FREQUENCY/DC
BIAS display. If the measured values do not fit
any of the limits, zero {0), the number for the
out-of-limits bin, is displayed. Go/no-go
decisions are indicated by two sets of
LOW/IN/HIGH LED lamps on the 16064A
keyboard. Comparator/Handler Interface
operation is deseribed in Figures 3-34,

Model 4277A

3-118. The 16064A has a 38-pin female
Amphenol connector for interfacing with an
automatic component handler. The 16064A
sends comparison results—LOW/IN/HIGH
decisions and bin number--to the handler, and
receives control signals via a user-fabricated
interface cable constructed using the furnished
36-pin  male  Amphenol = connector (P/N
1251-0084). Pin assignments are given in Figure
3-33. TFor complete information, refer to the
16064A Operation Note,

;Zﬂ Signal Name gin Signal Name
1 BINT 19 | LCHT
2 BING 20 | 'LCIN
3 BIN 3 21 |LCLO
4 BINY 22 i DQAT
5 BING 23 | DTN
5 BIN 6 2% | DQLO
7 IBINT 2% | KEY LOCK®
8 BIN & 26 | NC
g BIND 27 | EXTDCV i*
16 | OUTCF BINS 2% |BXTDCVYiT
11 INC 26 | NC
12 | EXT TRIG* 30 | INDEX
13 | EXT TRIG* a1 | EOM
14 | EXT bev 2* 32 | EXT DCV COM*
15 |EXTDCV2* 33 | BXT DCV COM™
16 |[+5V 34 | GROUND
17 | +5Y 35 | GROUND
18 | +5V 36 | GROUND
*: Externally Applied Signals

BIN | LCH}
BIN 2 LCIN
BIN'S LCLO
BiN 4 BOH1
BIND DQIN
BIN G DQLo
BINT KEY LOCK
BiIN B NC
BIN S
m }EXT.DCVI
N.C N.C
INDEX

EXT TRIG Py
EOM (End.of Measure }

EXT. bBCv2 EXT.DCV 2 COM

+ 5V GND

ey s v,

[ — e

Figure 3-33. Pin Assignments for the Handler Interface Connector (HP 16064A).
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OPTION 002 COMPARATOR OPERATION

1.

Connect the Model

16064A
COMPARATOR/HANDLER INTERFACE to
the COMPARATOR/HANDLER INTERFACE
connector on the 4277A's rear-panel,

Connect the desired test fixture to

UNKNQWN terminals.
Turn on the instrument.

Perform QPEN and SHORT Zero Offset
adjustments as deseribed in paragraph 3-51.

Set the front panel controls as appropriate

for the desired measurement,

Press the ENABLE key on the 16064A.
The LED lamp at the center of the key should
come on.

Note

If E16 is displayed or DISPLAY A, press
the ERASE button @on the 16064A to
erase previously stored limits,

Enter the high/low limits for L/C/1Z] or
D/Q/ESR/G.

Press the RUN key (3) on the 16064A, The
comparator will then begin eomparing all
measured values with the high/low limits
entered in step 6. The appropriate LED
lamps—LOW, IN, HIGH—will be lit and the
number of the bin whose high/low limits fit
the measured values will be displayed on the
FREQUENCY/DC BIAS display.

Example: :

If the bin limits listed in Tables A and B are
entered, the measured values listed in Table
C will cause the comparison results shown in
Table D.

Note

LOW and HIGH limits are inclusive;
that is, if the measured value is exactly
equal to the LOW or HIGH limit of a
bin, the measured value fits the limits
for that bin. Also, if a measured value
fits the limits of more than one bin {bin
limits overlap), the comparator selects
the bin with .the lower number. An
example follows,

Bin 1: 100pF to 200pF

Bin 2: 150pF to 250pF

Measured Value: 190pF
Selected Bin: Bin'l

Note

If the LOW/HIGH limits for D/Q/ESR/G
are not entered, or when the instrument
is set to HIGH SPEED L or HIGH
SPEED C, the IN lamp for D/Q/ESR/G
will be always lit. D/Q/ESR/G
comparison is not performed, however.

Figure 3-34. Option 002 Comparator (Sheet 1 of 7).

3-77



SECTION 1II

Model 4277A

Table A. Limits for L/C/ | Z |

Table D. Comparison Results

BIN No.| LOW Limit HIGH Limit Sample | L/C/|z| | D/Q/ESR/ |EREQUENCY
X No. Lamp G Lamp /D(; BIAS
! Lok LlnF LOW TN HIGH LOw 1 urgs| 2isplay
2 I.inF 1.2a¥F
3 12nF 130F ! e e @ O e
4 1.3nF 1.4nfF
5 1.4nF 15aF 2 @ e |0 e @
] 2nF 25aF
7 25 nF 3nk 3 e el e e
4 ® O ® ® & O
Table B, Limits for D/Q/ESR/G 5 e & | & 8 O
LOW Limi SH Limi .
Limit HIGH Limit 6 ® X @ @ O e
01 05
7 e re e & U
8 ee X | e U 8
Table C. Measured Values J txe s e
Sample | Measured | Sample | Measured
Ng. Data No. Data 10 e e O e
C 122nF ¢ LinF
I 6
D .03 SN )
C  LO8nF C 118nF
2 7
D 605 D 071
C EnF C 41nF
3 8
D 25 D 033
C 275nF C 15nF
4 3
5 .06 D 029
C  .96n¥F C 172nF
b 16
.0b3 b 025
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COMPARATOR LIMIT SETTING

[T\, 189643 GOMPARATOR/ HANDLER INTER \C£
BrwaEte
COMPUWRATOR LAC/IZF
F ES fq
LOW N HIGH
"l oo o
B/Q/ESRIG
LiWHT
ERASE Low o wieh e oo

HANDLER INTERFACE
-

1., Press the ENABLE key (1. The LED lamp
at the center of the key should ecome on.

2. Press the ERASE button (2) to erase
previously stored limits. One (1) will be
displayed on the FREQUENCY/DC BIAS
display.

{L/C/1Z % Limit Entryl

3. Press the L/C/ | Z | key 3.
4. Press the LIMIT LOW key (@)

5. Key in the desired LOW limit using the
DATA keys (5). The LOW limit value will
be displayed on DISPLAY A.

6. Press the ENTER key @ The LOW limit
will be stored for bin 1. Also, the
maximum allowable value that can be
entered for the HIGH limit on the present
LC|Z| RANGE will be displayed on
DISPLAY B.

Note

i the LOW or HIGH limit is higher than
the full scale value of the existing
LC1Z| RANGE, El18 will be briefly
displayed on DISPLAY A when the
ENTER key is pressed, Re-enter the
limits correetly.

7. Press the LIMIT HIGH key (D.

8. Key in the desired HIGH limit using the
DATA keys (5. The HIGH limit value will
be displayed on DISPLAY B,

9. Press the ENTER key (6). The HIGH limit
will be stored for bin 1.

10, Press the BIN NO UP key (8. Two (2) will
be displayed on the FREQUENCY/DC BIAS
display.

11. Repeat steps 4 through 9 to enter the LOW
and HIGH limits for bin 2.

12. Repeat steps 10 and 11 for bins 3 through 9.
ID/Q/ESR/G Limit Entry]
13. Press the D/Q/ESR/G key ().
Note
When D/Q/ESR/G limits are being
entered, no bin number is displayed on
the FREQUENCY/DC BIAS display.
14. Press the LIMIT LOW key (@).
15. Key in the desired LOW limit using the

DATA keys (5. The LOW limit vatue will
be displayed on DISPLAY A.

Figure 3-34. Option 602 Comparator (Sheet 3 of T}

3-79



SECTION I

Model 4277A

16.

d

[HP-T

Press the ENTER key (6. The LOW limit
will be stored. Also, the maximum
allowable value that can be entered for the
BIGH limit will be displayed on DISPLAY B,

Note

If the LOW or HIGH limit is higher than
the full scale value of the existing
DESPLAY B range, E18 will be briefly

isplayed on DISPLAY A when the

ENTER key is pressed, Re-enter the
limits correectly.

B OPERATION]

To Controtler

Conneet the Model 16064A
COMPARATOR/HANDLER INTERFACE
to the COMPARATOR/HANDLER

INTERFACE connector on the 4277A'

rear-panel.

Conneect the desired test fixture to the

UNKNOWN terminals,

Turn on the instrument.

Perform QOPEN and SHORT Zero Offset
Adjustments.

Set the front panel controls as

appropriate for the desired measurement

and enable the 168064A via the HP-IB,

18.

19.

Press the LIMIT HIGH key (D).

Key in the desired HIGH limit using the
DATA keys (5). The HIGH limit value will
be displayed on DISPLAY B.

Press the ENTER Key (§).

Note

Press the ERASE button (2), erases the
high/low limits of all bins.

* Example of setting C~D measurement,
InF range, and 100kHz test frequency

REMOTET1Y?

CLEAR 717

OUTPUT 7173"A2BIFRI0O0ENR4TZ!
OUTPUT TIT"EL1ER"

6. Enter the LOW/HIGH limits for L/C/| Z |

via the HP-IB.

* Example of setting a low limit of .950nF
and a high limit = 1.1nF

OUTPUT 7173"LL.OSENLHILIENY

if necessary, enter the limits for the next
bin (Bin 2).

3~80

Figure 3-34. Option 002 Comparator {Sheet 4 of 7).
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* Example of setting bin 2's low limit to 10, Trigger the instrument via the HP~IB.

1.1601n¥ and high limit to 1.2nF
* Example of triggering the instrument:

OUTPUT T17#N2"
CUTPUT TI7"LLLI00IENLHL.ZENT OUTPUT 717;"EX"
or
Note
TRIGGER 717

The same setting can be made by the
following program :

If necessary, read the comparison results
via the HP-IB.

OuUTPUT 7TIT;"N2
OUTPUT 717T;"LH1.2EN"

ENTER T17;A%

PRINT A%
7. Enter the limits for D/Q/ESR/G via the
HP-IB.
Note
* Example of setting a low limit of .0000 The HP-IB address code in the above
and & high limit of .005 examples is 17 (10001),

ouTPUT 7IT;L2Y
OUTPUT 717;"LLOENLH.005EN"

Note

The same setting can be made by the
following program :

OUTPUT 7175ML2"
CUTPUT 7i7;"LH.005EN"

Note

Comparator operations can be done
without high/low limits for D/Q/ESR/G,

8. Start the comparator operation by HP-IB
program.

* Example of starting the comparator
operation:

OUTPUT 7T1T"G1I"

9, Conneet the DUT to the test fixture.

Figure 3-34. Option 002 Comparator (Sheet 5 of 7).
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OPTION 002 HANDLER INTERFACE OPERATION

The 16064A outputs four types of signals to the
component handler.

(1) Comparison result signals {(LCHI, LCIN,
L.CT.O, DQHOT, DQIN, DQLO)

(2) Bin number signals (BIN1 ... BINg,
OUT-OF-BIN)

{3) DUT change signal (INDEX)
(4) Comparison complete signal (EOM)

Type (1) signals correspond to the LOW/IN/HIGH
LED lamps on the 16064A kevboard. Type (1)
signals are divided into two groups of three.
When the signal line corresponding to the lit LED
lamp goes LOW, the other signal lines in that
group stay HIGH.

Type (2) signals correspond to the bin numbers
displayed on the FREQUENCY/DC BIAS
display. When the signal line corresponding to
the displayed bin number goes LOW, the other
signal lines stay HIGH.

The type (3) signal, INDEX, goes LOW when the
4277TA has completed the analog portion of the
measurement. The DUT can be disconnected
from the measurement terminals and the next
one can be connected., Comparison results,
however, are not yet valid,

The type {4) signal, EOM, goes LOW when the
4277A has completed the measurement and the
comparator has made a judgement. Comparison
results are now valid.

Jo Handler

All sipnals are negsative true, and all are from
TTL open-collector outputs, Pull-up resistors
are installed. TTL voltage levels or higher
voltages (up to 30V) are possible by ehanging a
few jumper settings inside the 16064A. Refer to
the 16064 A Operating Note for details.

Signals sent from the external component
handler to the 16064A are a trigger signal (EXT
TRIG) that starts measurement and a key lock
signal (KEY LOCK) that disables all control keys
during comparator operation. To trigger the
4277TA, apply a LOW signal {(at least 100;s
duration) to the EXT TRIG line. To disable the
control keys of the 4277TA and 16064A, apply a
L.OW signal to the KEY LOCK line,

Note

The INDEX and KEY LOCK signals are
not mandatory for comparator/handler
interface applications.

Note
More information on the Option 002

Handler Interface is given in the
18064 A Operating Note,

Figure 3-34, Option 002 Comparator (Sheet 6 of 7).
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|
I
EXT TRIG j
I
To 4277 A i U U
; 4’ <8ms "'l F:;Bms
! "
i
TNDEX ‘ ‘ l |
From 4277 A i | ;
i
|
| ! i
| |
| | I, b
Data Line } I I Wj
From 42774 | ! ;
i ! !
! ! |
! ! ‘

EOM I
From 4277 A

KEY LOCK
To 4277 A

Timing Diagram

Figure 3-34, Option 002 Comparator {(Sheet 7 of T})
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Table 4-1. Recommended Equipment {Sheet 1 of 2)

SECTION v

. s Pt e Recommended "
Equipment Critical Specifications Model/Note Use
Digital Voltage range: 10mV to 100Vf.s. HP 3478A P, A, T

Voltmeter Resolution: O0.l1lmV
Accuracy: 0.05%
Input impedance: >10MQ
RF Voltmeter Veltage range: 1CmV to 3Vrms f.s. HP 400E P, A
Bandwidth: 10kHz to 1MHz and KHP 3403C
Accuracy: 1%
Frequency Maximum frequency: >IMHz HP 5314A P, A, T
Counter Accuracy: 0.001%
Trigger level: Adiustable
DC Power Maximum output voltage: >50V HP 62006B P
Supply Resoluticn: <100mV
Oscilloscope Bandwidth: i00MH=z HP 1740A A, T
Sensitivity: 5mV/DIV
Oscillator Frequency: IkHz HP 652A T
Qutput voltage: IlmV
Signature HP 5004A T
Analyzer
Test Cables BNC (m}-to-BNC (m}, &lcm long, 1 ea, HP 11170R P, A
BNC {(m)}-to-BNC (m}, 10cm long, 1 ea. A, T
BNC (m)-to-BNC (m), 30cm long, 2 ea. HP 11170A T
BNC {m)-to-Dual Banana Plug, 1 ea. HP 11001A P, A
Dual Banana Plug-to-Alligator Clip, 1 ea. | HP 11002A P, A, T
BNC {m}-to-Dual Alligator Clip,l0cm Refer to the T
long, 2 ea. troubleshooting
diagram A2-17.
Alligator Clip-to-Alligator Clip, 20cm T
long,1 ea.
Adaptors BNC {f)-to~BNC (f), 5 ea. HP P/N 1250-0080 P, T
Oscilloscope 10:1 Divider Probe HP 10004D AT
Probes Input impedance: 10MR2
1:1 probe HP 100078 A
Test Leads HP 16048A P, T

*p = Performance Test, A = Adjustment, T = Troubleshooting

4-A
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Table 4-1. Recommended Equipment (Sheet 2 of 2)

. - N . Recommended .
Equipment Critical Specifications Mode 1 /Note Use
Capacitance 1pF20.03% HP 16381A P, A, T

Standards 10pFL0.03% HP 16382A
100pFx0.03% HP 16383A
1000pF£0.03% HP - 16384A
Useable frequency: Up to 1Mz
Resistance 08 HP 16074A P, AT
Standards 104 Standard
1000+0.03% Resistor Set
1kO+0.03%
10k220.03%
100k3+0.03%
OPEN termination
SHORT termination
Capacitors InF£5% HP P/N 0160-2218 T
Resistors 4.70+5% 1/4W HP P/N 0683-0475 T
5600+5% 1/4W HP P/N 0683-5615 T
1kGE5% 1/2W HP P/N 0757-015¢ T
10k02£1% 1/2W HP P/N 07570839 T
100kS£1% 1/8W HP P/N 0757-0465 T
HP-1IB HF -85/ A
Controller w (00085-15003/
W 829364/
W B2937A

P = Performance Test, A = Adjustment, T = Troubleshooting
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SECTION IV

SECTION 1V
PERFORMAMNCE TESTS

4-1.  INTRODUCTION

4-2. This section provides the tests and the
procedures used to verify the 4277A
specifications listed in Table 1-1. All tests can
be performed without acecess to the interior of
the instrument. A simpler operational test is
oresented in Section III under Self Test. The
performance tests can be used when performing
incoming inspection of the instrument and when
verifying that the instrument meets performance
specifications after troubleshooting or adjust-
ment or both. If the performance tests indicate
that the instrument is operating ocutside
specified limits, check to see if the conirols on
the instrument used in the test and the test
setup itself are correct and then proceed with
adjustments or troubleshooting or both.

Note

To ensure proper fest resulis and
instrument operation, Hewlet{-Packard
recommends a 30-minute warm-up and
stabilization period before performing
any of the performance tests,

Note

All performance tests except for the
HP-IB  Interface Test should be
performed in an ambient temperature
range of 23°Cz5°C,

4-3. EQUIPMENT REQUIRED

4-4.  Eguipment required to perform all of the
performance tests is listed in Table 4-1, Any
eguipment that satisfies or exeeeds the eritical
specifications listed in the table may be used as
a substitute for the recommended models.

Accuraey checks deseribed in this section use
the HP 16380A series standard capacitors
(18381 A, 16382A, 16383A and 16384A) and
16074 A Standard Resistor Set. The
characteristics of the eguipment satisfy the
performance reguirements for the accuraey
checks and are especially suited for use as the
4277 A's aceuracy test standards,

Note

Components used as standards should be
ealibrated by an instrument whose
specifieations are traceable to NBS or
an equivalent standards group; or
calibrated directly by an authorized
ealibration organization such as NBS,
The calibration eyele should be in
accordance with the stability
specifications for each component,

4-5.  TEST RECORD

4-8. Performance test results can be recorded
on the Test Record at the completion of the
test. The Test Record is at the end of this
section and it lists all the tested specifications
and their acceptable limits. Test results
recorded at incoming inspection can be used for
comparisoen in periodic maintenance, trouble-
shooting, and after repair or adjustment.

4-7. CALIBRATION CYCLE

4-8.  This insirument requires periodic
verification of performance. Depending on the
cenditions under which the instrument is used,
e.g., environmental conditions or frequeney of
use, the instrument should be checked with the
performance tests described here at least onee a
year. To keep instrument down-time to a
minimum and to insure optimum operation,
preventive maintenance should be performed at
least twice a year.

4-1
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~~ACCURACY TEST CONSIDERATIONS

This paragraph discusses how the 4277A accuracy is tested and verified. As the 4277A has
wider measurement capabilities in regard to the selectable measurement parameters,
frequency, measurement range and accuracy, the performance tests include some critieal
measuring regions where accuracy is difficult to verify directly by measuring available
standards,

Measurement accuracy is tested by measuring standard capacitors, resistors and other
reference devices. The standards must have been calibrated and certified by transfer of
values of national standards. However, a portion of the measurement range of the 4277A
iz out of the applicable ranges of the available standards. The method then, is to check
accuracies by comparison with references on the specific ranges at which the standards
are applicable, and to apply alternative tests for verification of accuracies on the other
ranges.

Theoretical Background of Accuracy Checks

The 4277A, in accordance with its measurement principles, determines the vector
impedance (or its reciprocal value: admittance} of the unknown device under test.
The wvarious measurement data provided, with respect to the 8 selectable
measurement parameters {L, C, D, ete.), are arithmetically derived from measured
values of the orthogonal vector components (resistance and reactance). For example,
the capacitance value of a DUT is calculated by the following equation relative to
the capacitance-to-reactance values:

o1
Cx = 2mfXm
where, Cx is eapacitance value of DUT,

f is test frequency,
Xm is measured reactance value of DUT,

As stated above, each measurement parameter is interrelated with the impedance {or
admittance) value; consequently, the accuracies on all ranges can be verified if the
instrument satisfies specified accuracies for each one of its resistive and reactive
measurement parameters; that is, resistance and capacitance from the lowest through
the highest test frequencies.

The technician should note that accuracy here is based on arithmetic relationships as
are the parameter relationships. Therefore, the accuracy tests can be done by
simplified procedures instead of time-consuming tests on the approximately 250000
possible combinations of the fundamental test parameters such as measurement
parameter, frequeney, and range.

Verifieation Check Considerations

The measurement accuraey test can be made by using calibrated standards on
specific ranges only. On other ranges, which would be uncertifiable because of the
limitations of the standards, the test takes the method proven to be theoretically and
experimentally practicable for verification of accuracy. If the results of these
checks meet all the individual test limits, the instrument should satisfy its specified
aceuracy across its entire range. How then can these methods be explained? Let us
look at the performance test articles.
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SECTION 1V

Accuracy test procedures include ehecks for the following eircuit sections:
1} Range Resistors
2} Process Amplifier
3) Bridge Balance Control
4} Phase Detector

5) A~D (Analog to Digital}) Converter

Heur

HeoT Process ® A-D S
Range Amplifier Conver ter
put Lour Resistor
Phese

i Detector
Boiance

Control

Lror

4277TA Measurement Section

CAPACITANCE ACCURACY TEST verifies Range Resistor accuracy for reactive
impedance measurements from the lowest through the highest test frequencies.
Balanece Control linearity and normal operation of the Phase Detector and A-D
Converter are also verified.

RESISTANCE ACCURACY TEST is similar to the Capacitance Acecuracy test, but
for resistive impedance measurements. Thus, accuraey for both reactive and
resistive components of the veetor impedance is verified.

SELF-OPERATING TEST verifies the accuracy of the Process Amplifier which
extends the measurement ranges. The A-D Converter accuracy is also checked by
this combined self-test funetion whieh enables automatic check of each one of these
circuits,

PHASE ACCURACY TEST verifies phase-flatness characteristics {minimum phase
shift) of the overall measurement section and Phase Detector phase accuraey from
the lowest through the highest test freguencies.

Note

A set of detection phases, each different by 90 degrees, is used in the Phase
Detector. If the relative phase difference between the detection phases is
exactly 90 degrees, the Phase Detector is operated at the maximum
detection accuracy.

The accuracy of the right-angle detection phases is verified by both this test
and dissipation factor checks associated with the Capacitance Accursey
Test.
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o ACCURACY TEST STANDARDS

1} Standard Capacitors

The HP 16380A BSeries Standard Capacitors, featuring the four terminal pair
configuration, are recommended for use as performance test standards. The four
standard capacitors, 16381A (IpF), 16382A (10pF), 16383A (100pF) and 16384A
(1000pF) are calibrated at 0.01% accuracy at 1kHz (and have capacitances within
0.1% of their nominal values). For values up to 10MHz, an extrapeolation of the
calibrated values at 1kHz is used. This is based on the careful consideration of their
ipherent residual parameter values and on the actual test measurement to verify the
frequency dependency of the values, Capacitance values at frequencies up to 10MHz
are read from the graph given on the data sheet of each standard,

Note

A high ecapacitance standard, useable in high frequency region, is
unavailable. This is because a 10yF capaeitor, for example, has a low
impedance value of 0.16Q at 100klz. A capacitance standard would have, in
addition, residual impedance which could not be disregarded when compared
to the pure impedance of 0.16f. Thus, an attempt to conduct tests which
would use the standard capsacitor at the higher operating frequency ranges is
not practicable.

2} Standard Resistors

The standard resistors used for accuracy checks should be nearly pure resistances and
should maintain an extremely low residual resctance at frequencies to 1MHz, The
HP 16074A Standard Resistor Set, especially designed as standards useable over a
broad frequency region, with thin film resistors and four terminal pair configurations,
is suitable for the accuracy checks. Beeause of low residual inductance and less skin
effect of the thin film resistors, the 16074A provides the standard resistance values
of 02, 0.1, I and 1002 at £10% ang 1008, 1ki, 10D and 100k at +0.01% calibration
accuracies to 10MHz (IMHz at 100kQ). Open (OS) and Short terminations, which
facilitate optimum zero offset adjustment, and two gquasi-induetors are included in
the 16074A.

Note
The 0£2 and10Q resistors are used as the (pure resistance) reference device in

the Phase Acecuracy Test. The (.10, 1D and the quasi-induectors are not used
in the 4277A performance tests.




Model 4277 A SECTION IV

3) Induetance Accuracy Test

The 4277A induectance aceuracy is theoretically certified if the capacitance accuracy
meets the specifications. Generally, inductors have unwanted parasitic impedances
such as coll resistance and distributed capacitance. As these residuals significantly
affect the inductance values at high frequenecies, inductance standards useable in the
RF region sbove 100kHz sre substantially unavailable. Induetors with higher
inductance values have lower frequency limits,

GENERAL

The standards should be of four terminal pair configuration design to provide
compatibility with the instrument, This minimizes reduction in reliability of the
values due to the-effects of the residuals associated with cabling and connections,




SECTION 1V

Model 4277A

PERFORMANCE TESTS

4-6

4-9, TEST FREQUENCY ACCURACY TEST

4-10. This test verifies that test signal frequencies for the 4277A meet the specified
frequency aceuracy of 0.01 %,

4277 A

BNC to BNC Cable .

Figure 4-1. Test Frequency Accuracy Test Setup.

EQUIPMENT:

Frequency COunter .sieveesiosisrsrrerenscrsrssassrsssores HP 5314 A
BNC to BNC cable i s HP 11170A
PROCEDURE:
l. Conneet the frequency counter to the 4277A UNKNOWN Hcur terminal as

shown in Figure 4-1.

Set the 4277 A's controls as follows:

TEST SIG LEVEL .iicvorervevosrnses reaerransansrene HIGH

DC BIAS SWILeD cvsvrcrsisrercoscrscentensessarenscanans OFF

Test FreqUenty cuieviiesisrsosersnrsassns srerrenssenssene 1OKHZ
Other controls . iviviiiniicrimssniiersssarannes ereneeees ANy setting

Verify that the frequency reading on the 5314A is 10.000kHz t1Hz.

Set the fest frequency in the sequence given in Table 4-2. Verify that the
freguency readings on the 5314 A are within the test limits given in the fable.

Table 4-2. Test Frequency Accuracy Test

Frequency Setting Test Limits
10.0kHz 9.999 to 10.001kHz
100kHz 59.99 to 1060.01kHz
202%Hz 201.98 to 202.02kHz
500kHz 499.95 to 500.05kHz
1.00MHz 0.9999 to 1.0001MHz
Note

1} Test limits in the table do not account for tolerance dependent on the
specified accuracy of the 5314A.

2) 1If this test fails, the instrument requires troubleshooting.
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PERFORMANCE TESTS

4-11. TEST SIGNAL LEVEL ACCURACY TEST

4-12. This test verifies that test signal level for the 4277A meets the specified level
accuracy of 10%.

400E
S '
g =
T > °
HcP ooY © N T
| o @
] By
E]
3403¢C = 4277 A

BNC to BNC Coble
Figure 4-2. Test Signal Level Accuracy Test Setup.

EQUIPMENT:
RF Voltmeter ...... seasase cevseenmrsnnsnsesssenassrsansennsases HP 3403C and HP 400E
BNC to BNC Cable ...... ressrernrsrnrrnensrarnsransansereens HP FE1TOA

Note

Use RF Voltmeter calibrated for frequency response of 10kHz to 1MBz,
PROCEDURE:

1. Connect the 3403C to the 4277TA UNKNOWN Hcur terminal as shown in Figure
4-2,

2. Set the RANGE control of the 3403C as appropriate to measure 1Vrms.

3. Set the 4277 A’s controls as follows:

DC BIAS switeh

Crebeiisasrresarasnaans covvunnsnsens OFF

Test Frequenty v cersassrrsrsrrssen 10kHz
TEST SIG LEVEL ...ceeeen Cesasssssrasssrssasesass HIGH
Other controls ciscicrercinennns sresstrrrreariranee Any setting

4. The 3403C should read between 0.9V and 1.1Vrms.

3. BSuccessively change the test fregueney setting to 180kHz and 1MHz. The

voltage readings on the 3403C should be within the test limits given in Table
4-3,

6. Replace the 3403C with the 400E. Set the TEST SIG LEVEL to LOW.,

7. Set the test frequeney in accordance with Table 4-3. Verify that the voltage
readings on the 400E meet the test limits given in the table,

Table 4-3. Test Signal Level Accuracy Test

Test Limits
Frequency Equipment
10kHz 100kHz 1MHz
Level
High (1Vrms) 0.9 to i.1Vems| 0.9 teo 1.1Vrms | 0.9 to 1.1Vrms| HP 3403C
Low (Z20mVrms) 17 to 2%mvrms| 17 to 23mvrms | 18 to 22mVrms | HP 400F
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PERFORMANCE TESTS

4-13. SELF-OPERATING TEST

4-14, The self-operating test checks operating conditions of the eircuits which are
eritical to maintaining the specified aceuracies. To verify that these cireuits satisfy the
performance requirements for ensuring specified accuracies, the values displayed in the
Self Test are compared with test limits. Because basic circuit operating conditions
related to accuracy are verified in this test, the instrument should be initially checked

with this test.

ey Y

Standard
o Resistor OJ

{a) (b)

Figure 4-3. Seif-Operating Test Setup.

EQUIPMENT:
Standard Capacitors .ccuecrsreesiieas e 10pF: HP 16382A
100pF: HP 16383A
1000pF : HP 16384A
Standard ReSiStor wveernisnenieinns ceevsorrveratrene 1000
HP 16074A Standard
TEPMINALION cvererrerrisvarnarnenns rasaransncenns . Open (0S) :] Resistor Set
PROCEDURE:

1. Connect Open (08) termination directly to the 4277A UNKNOWN terminals as
shown in Figure 4-3 (a).

2, Set the 4277A's controls as follows:

TEST SIG LEVEL .vccvenees crraseasrersestinenerran .. HIGH

Test FreqUenty coavimrimsisiccssnes srrnerenseennen 10kHz
MEAS SPEED ......... chririsesrerrriereansrses seeneenss MED
TRIGGER  .iriviicriiviiisiaiessnrens crrerensicacenrenns INT

DC BIAS switch icivercrsccneenes srerraresseseneaenns . OFF
CABLE LENGTH sWitch cuviivsvoreraress crenens O

Other controls .......... ireererrerrirrarares crereanenens Any setting

3. Press the SELF TEST key and then the FREQUENCY/DC BIAS selector key.

4. Press the FREQUENCY/DC BIAS step control @ {or ) key several times
until self test item number "8" appears in the FREQUENCY/DC BIAS display as
shown below:

FREQUENGY ¢ DC BIAS

0= 0ZO

BN NUMBER
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10,

11,

The values displayed on DISPLAY A and DISPLAY B should be within the
following test limits:

DISPLAY A: 0.0020 to 0.0048"
DISPLAY B: -0.0020 to -0.0048

Set the test frequency Lo 100kHz and repeat step 5.
Set the test frequeney to 1MHz and repeat step 5.
Press the FREQUENCY/DC BIAS step control [¢] key to select self test item 9.

Press the FREQUENCY/DC BIAS selector key and set the 4277A controls as
listed in step 2. Leave the SELF TEST funetion set to on.

The values displayed on DISPLAY A and DISPLAY B should be within the
following test limits:

DISPLAY A: -0.9990 to ~1.0010
DISPLAY B: -0.0014 to 0.0010

Set the TEST SIG LEVEL and MEAS SPEED in accordance with Table 4-4, and
verify that the displayed values are within the {est limits given in the table.

Table 4-4. Self-operating Test (Item 9}

Test Limits

Measurement Speed MED FAST

Test Signal Level Display A | Display B! Display A Display B

High -120.0010  0x0.0G10 § -1£D.0050 | 0+0.0050

© Low -1x0.0020  0x0.0G20 @ ~1+0.010G | 0+£0.0100

i2.

13.

Set the test frequency to 100kHz and 1MHz, and repeat steps 10 and 11 for
each frequeney.

Press the SELF TEST key to release the self test funetion, and set the 4277A%
controls as follows:

Test frequency oo crerenrrsnreeserarasieninres IMHz
TEST SIG LEVEL icvvesrrarveresassiiovsnsnvevesees HIGH
MEAS SPEED .icvivevrivossanies esrensesteretnrasnsas MED
TRIGGER  cisiiiressrocnrsnscsnrsosssonssonse cerercenssces INT
DISPLAY A function ... crererrarsrerenns C
DISPLAY B function ..eeereicerses veesvessesansns . G

C RANGE .. ceerraesreereseraaes crinnrennranranra—as 1pF

DC BIAS switeh  sivveeroneinnns dnvmassasesvessuan ... OFF
CABLE LENGTH .irvvoossscnnces veessenrmserasinnns 0

Other controls ciiamirciiesrerescreconcassaans Any setting
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14.

i5.

186,

17.

18.

Set the self test item "3" using the procedure deseribed in steps 3 and 4. The
value displayed on the DISPLAY A should be within 0 and ~200 counts.

Disconnect the Open (08) termination and connect a 10pF standard capacitor
directly to the UNKNOWN terminals as shown in Figure 4-3 (b).

Set the DISPLAY B funection to "D" and press the LC | Z| RANGE selector key
once to select the 10pF range.

Note
To verify the selected range, temporarily release the self test function
and read the measured value and unit indicator. Thereafter, reset the
self test funetion and select the test item "3."

The value displayed on DISPLAY A should be between § and ~200 counts,

Repeat steps 15, 16 and 17 with the 100pF and 1000pF standard capacitors. Set
the range (step 16) as listed in Table 4-5,

Table 4-5. Self-Operating Test {Item 3)

Standard gzgii;zir Function ; Range jTest Limits (Display A)
Open (0S) c-6G 1pF 0 to -200 counts
10pF C-D 10pF 0 to -2Z00 counts
100pF ¢-D 100pF 0 to ~200 counts
10Q0pF C~D InF 0 to ~200 counts

Note

Only self test items 3, 8 and 9 are used in this test.
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PERFORMANCE YESTS

4-15. OPEN/SHORT TEST

4-16. This test checks that the Zero Offset function is operating correctly.

i
H. w3
O]
w A
i
el
Ul %
=i
aialy
[ .t },_

Figure 4-4. Open/Short Test Setups.

EQUIPMENT:
Terminations «sssecssecsccrecscisninen - Open (08) HP 16074A
Short Standard Resistor
Set
PROCEDURE:

1. Connect Open (0S) termination directly to the 4277A UNKNOWN terminals as
shown in Figure 4-4 (a).

2. Set the 4277A's controls as follows:

DISPLAY A function ..c.ccivicessrrsnnns vreserneiens @
DISPLAY B function .cceieciiieene. varasnresanes ESR/G
Test Frequency ..... crrererierrnanns creeresesaserasiien i0kHz
C RANGE .iiicrcrens crterisntrseseresensasas creavaaneas InF
TEST SIG LEVEL cevvievicevsivasrsnranss cereerereres HIGH
CIRCUIT MODE sresvisccissanssosancarsassassssrsense AUTO
" MEAS SPEED ccciiiiiisiisssonsssinsesessorsaens P MED
TRIGGER srerrcuracescnrsaranns cerreeratsrserinne cinvsse INT
CABLE LENGTH switeh cevvivrroissssrersnnsns 0

DC BIAS sWiteh sevesvensenrccresnccanans cerseneriasats OFF

3. Press the ZERO OPEN button to perform "open" offset adjustment and wsait
approximately 10 seconds. {Offset vatues are displayed on both DISPLAY A and

B.)

4, The values displayed on the 4277A should be within the following test limits:

DISPLAY A: 020,0008n¥
DISPLAY B: 00,0718

5, Set the TEST SIG LEVEL and test frequency in accordance with Table 4-8 (a).
The values displayed on the 4277 A should be within the test limits given in the

table.

4-11
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4-12

Figure 4~6 (b},

7. Press the ZERO SHORT button and wait 2 few seconds.

8. Set the 4277 A's econtrols as follows:
DISPLAY A function .eeeccrcesisssens ewnererrnsns L
DISPLAY B function ..uveeeconneen. wernssrranracrs ESR/G
Test Frequenty coeersresocrercmsssssnsaness sanvenes 10k HZ
L RANGE iivrcccinciinienens Creeanersrersrersenenes ImH

TEST SIG LEVEL

=H
rresssrnsnrasnsacasssonesssancacann HIG

DISPLAY A: 0£0,0009mH
DISPLAY B: 020.0350

10.

Successively set the TEST SIG LEVEL, test frequeney and LC | Z |

Conneet Short termination direetly to 4277A UNKNOWN terminals as shown in

The values displayed on the 4277 A should be within the following test Hmits:

RANGE in

acceordanee with Table 4-6 (b}, The values displayed on the 42774 should be
within the test limits given in the table.

Table 4-6 (a). Open/Short Tests (Open)

Test Limits
Test . . J— .
TEST SIG LEVEL HIGH TEST SIG LEVEL LOW
Frequency
DISPLAY A DISPLAY B DISPLAY A DISPLAY B
10kHz 0£0.0008nF GG, 07us 0+0.0016nF 0x0.14u8
20kHz 0£0.0013nF 0X0. 118 0x0,012nF 0+0.22u8
20.2kHz 0x0.0017nF 0£0.0008mS 0G.012nF 0xC.0016mS
50.5kHz 0x£0.0G01inF 0£0.0008mS 0+0.011InF Cx0.0016ms
1GOkHz 0+0.0008nF 0x0.0007mS 020.0016nF 0x0.0014mS
200kHz G+0.00613nE 00, 0011mS (020.012nF 0+0.0022mS
202kHz 0£0,0017nF 010, 008mS 0x0.012ZnF 0£0.016mS
505kHz 0x0G.0011inF 00, 008mS 0+0.011InF 0£0.016mS
IMHz 0£0,0005nF 0+0.007mS 00, 0010nF 0£0.014mS
Table 4-6 (b). Open/Short Tests (Short)
Test Limits
Test L TEST SIG LEVEL HIGH TEST SIG LEVEL LOw
Frequency | RANGE - i
DISPLAY A DISPLAY B DISPLAY A DISPLAY B
10kHz 1mH 0x0.0009mH 0+0.058 0£0.0018mH 0x0. 106
20kHz | 100uH | 0%0.6uH 0+0.080 | 0x1,2pH 00,165
20.2kHz | 100uH | 020,13 020,080 | 01,24l 040,160
50,5kHz 100uH 0£0.,11uH 020.080 01 .1uH 00,160}
100kHz 100uH 0x0,09uH 0+G. 058 0£G. 18uH 00,108
200kHz 10uH | 0:0.06uH 0+0.080 020, 12uH 0£0, 168G
202kHz 10uH 020,013 Gx0.080 0x0.12uH 0+0.16%0
505kHz 10uH G+0.011H 0+0.088 0£0.11uH 00,1680
IMHzZ 10uH 0+0.009uH 00,0580 0x0.018uH 0%0.100
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4.17. CAPACITANCE ACCURACY TEST

4-18. This test checks capacitance measurement accuraecy for various combinations of
‘test signal frequency, test signal level and cable length. The capacitance accuracy checks
are made by connecting & standard capaeitor to the instrument and comparing
measurement results with the calibrated values of the standard. Accuracies for
dissipation factors near zero are also checked in this test.

Capacitance accuracy check ranges {eable length = O0m)

£red. | yoknz | 20kiz | 20.2KHz | 50.5kHz | 100kHz | 200kHz | 202kHz | 500kHz | 1MHz
Range

1pF
10pF
100pF
1000pF

[ ] Tested range [5=1 Non-applicable range for recommended capacitance
standard

E-w B

16048 A

LLHHK

tRIRIRt

Standgrd
Capociter

Pigure 4-5. Capacitance Accuracy Test Setups (CABLE LENGTH: 1m).

EQUIPMENT:

Standard Capacitors wivssecesssnssvonssorassrcens IpF: HP 16381A
10pF: HP 16382A

100pF: HP 18383A
1000pF: HP 16384A

Terminations eesssesseseecee o sressnisonnnennnnes QPEN {08} ) HP 16074A
Short ] Standard Resistor
Set
Test leads with BNC connector ... HP 168048A
BNC (f)~{f} adapter eecovussanas PETPPRETES <+ HP P/N 1250-0080 4 ea.
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Note

1) Use the BNC (f)-(f) adapters furnished with the HP 16380A standard
capacitor set,

2) If the 16048A Test Leads are not available, use the 1m Test Leads (HP P/N
16074-61600) furnished with the HP 16074A standard resistor set.

PROCEDURE:

1. Set the 4277A's controls as follows:

DISPLAY A function .vieievessescorscceconononeees O

DISPLAY B function .ovvieeeccoses cresreenens vessen 1D
CIRCUIT MODE ....... arevasesran vennvane sesssemnsess AUTO
LCIZ}! RANGE .ivseivenecnnn cnnsarrcnees vivsneenens AUTO
MEAS SPEED .iiiieivicecens PN wesvaseses veanes MED
TRIGGER wvvnnn ceenanenas srransosessse caranraes vesesse INT
DC BIAS switeh ... veenneren vemrrraraes vesroneenran .. OFF
CABLE LENGTH switch ..cvveeenr crnensrenes weeee O

Other controls immmaeiononsaeernan.,. ANy setting
Note
If Open/Short Test (paragraph 4-15) has not been performed before doing

this test, perform zero offset adjustment as deseribed in steps 1, 3, 6 and 7
of paragraph 4-15.

2. Conneet a IpF standard capacitor direetly to the UNKNOWN terminals as

shown in Figure 4-3 (b).

3. Set the test frequency and TEST SIG LEVEL in accordance with Table 4-7 (a).
Capacitance and dissipation faetor readings should be within the test limits

given in the table.

4. Change the standard capacitor to 10pF, 100pF and 1000pF in that order and
verify that the capacitance readings are within the test limits given in Table

4-7 {a),

5. Set the CABLE LENGTH switch to 1m.

6. Disconnect the standard capacitor and connect the 18048A Test Leads to the
UNKNOWN terminals, Connect Open termination as shown in Figure 4-5 (a).
Use the BNC (£)-(f) adapters to permit connection of the termination, Press

ZERO OPEN button to perform "open' offset adiustment.

7. Disconnect Open termination and connect Short termination as shown in Figure

4-5 (b). Press the ZERO SHORT button to perform "short” offset adjustment,

8. Disconnect Short termination and connect a IpF standard capacitor as shown in

Figure 4-5 {(e).

9. Set the test frequeney to 1MHz and set the TEST SIG LEVEL in accordance
with Table 4-7 (b), Capacitanee and dissipation factor readings should be within

the test limits given in the table,
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10, Change the standard capacitor to 10pF, 100pF and 1000pF in that order, and
verify that the capacitance and dissipation factor readings are within the test
limits given in Table 4-7 (b).

Table 4-7 (a). Capacitance Accuracy Tests (CABLE LENGTH =)

Standard Capacitance 1pF
Test TEST SIG LEVEL HIGH TEST SIG LEVEL LOW
Frequency
€ Test Limits |D Test Limits | C Test Limits | D Test Limits
202kHz C.V.20,0052pF 0+0.009 C.V.20.21pF 0x1.0
505kHz C.V.x0.0046pF 0£0.0040 €.V.£0.21pF 020,11
IMHz C.V.x0.0043pF 0+0.0040 C.V.+0.027pF 0+0.,017

C.V. = Calibrated Value of Standard Capacitor

Table 4-7 (a). Capacitance Accuracy Tests {CABLE LENGTH = 0, continued)

Standard Capacitance 10pF
Test TEST SIG LEVEL HIGH TEST $SIG LEVEL LOW
Frequency
C Test Limits | D Test Limits | C Test Limits | D Test Limits

20.2kHz C.V.20.052pF 0£0,009 C.V.+2.1pF 0+1.0

50,5kHz C.V.+0.046pF 0£0,0040 C.V.£2,1pF 0+0.11
100kHz C.V.20.043pF 020.0040 C.V.10.27pF 0+0.017

200kHz C.V.z0.048pF 020.0040 C.V.1t2.1pF 0%0.11

202kHz C.V.20.027pF 0x0.008 C.V.%0,14pF 0+0.11
505kHz C.V.x0.,021pF 0£0.0022 C.V.+0,13pF 0+0.013
IMHz C.V.20,015pF 0£0.00%6 C.V.%0.020pF 0+£0.0032

C.V. = Calibrated Value of Standard Capacitor

Table 4-7 {a). Capacitance Accuracy Tests (CABLE LENGTH = 0, continued)

Standard Capacitance 100pF
test TEST SIG LEVEL HIGH TEST SIG LEVEL LOW
Frequency
C Test Limits D Test Limits C Test Limits D Test Limits

10kHz C.V.%0.43pF 00,0040 C.V.%22.7pF 0£0.017

20kHz C.V.%0.48pF 0+0, 0040 C.V.+20pF 0£0.11

20, 2kHz C.V.#20.27pF 00,079 C.V.%1.4pF 0x0.10
50, 5kliz C.V.£0.21pF 0+0.0022 C.V.x1.3pF 0+0.013
100kHz C.V.20.18pF 0£0.0016 €.V.20.36pF 0+0.0032
200kHz C.V.#0.23pF 0+0.0026 C.V.+1.3pF 0+0.014

202kHz C.V.20.27pF 0+£0.008 C.V.xl.4pF 0+0.11
505kiz C.V.x20.21pF 0+0.0022 C.v.x1.3pF 0+G.013
1MHz C.V.x0.15pF 0+3.0016 C.V.x0.20pF 0+0,0032

C.V. = Calibrated Value of Standard Capacitor

4-15
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Table 4-7 {a}. Capacitance Accuracy Tests {CABLE LENGTH = 0, continued)

Standard Capacitance 1000pF
Test TEST SIG LEVEL HIGH TEST SIG LEVEL LOW
Frequency
C Test Limits D Test Limits C Test Limits I} Test Limits
10kHz C.V.20.0018nF 0£0.0016 C.V.®0.0036nF 0x0.0032
20kHz C.V.+0.0023nF 0x0.0026 C.V.£0.014nF 0+0.014
20, 2kHz C.V.20.0027nF 0+£G.008 C.V.+0.014nF 0+0.11
50. 5kHz C.V.=0.0021nF 0x0.0022 C.V.#0.013nF 0+0.013
100kHz C.V.20.0018nF 0x0.0016 C.V.+0.0036nk 0+0.00632
200kHz C.V.x0.0023nF 0+0.0026 C.V.,+0.,014nF 0x0.014
202kHz C.V.20.0027nF 0+0.008 C.V.z0.01l4nF 020,11
505kHz C.VE 0.0621nF (3x0.0022 C.V.+0.013nF 0£0.013
IMHz C.V.%&0.0015nF 3£0.0016 C.V.10.0020nF 0£0.00632

Table 4-7 (b},

C.V. = Calibrated Value of Standard Capacitor

Capacitance Accuracy Tests

(CABLE LENGTH = 1m, test frequency = 1MHz)

TEST S5IG LEVEL HIGH TEST SIG LEVEL LOW
Standard
Capseitor | C Test Limits D Test Limits | € Test Limits D Test Limits
IpF C.V.20,0083pF 0£0, 005G C.V.x0.035pF 0+0.019
10pF C.V.20.020pF 0x0.0015 C.V.20.030pF 0+0.0038
1GUpF C.V.x0.18pF 00,0018 C.V.20.26pF 0+0.0036
1000pF C.V.x(.0021nF 0+0.0019 C.V.20,0032nF 0+0.0038
C.V. = Calibrated Value of Standard Capacitor
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4-19, RESISTANCE ACCURACY TEST

4-20, This test checks resistance measurement accuracy for various combinations of
test signal frequency and test signal level. The resistance accuracy checks are made by
connecting a standard resistor to the instrument and comparing the measurement results
with the calibrated values of the standard,

EQUIPMENT:
Standard ResiStors vuceerecesecanne corsaanensnaenss 1008
1k
1okn | HP 16074A
100k | Standard Resistor
Terminations c.c.vee ersssssssstsesiessensssanarnne OPEN (08) | Set
Short
PROCEDURE:
1, Set the 4277 A's controls as follows:
DISPLAY A and B funclion wveeeesesesensssssesscens 1Z1-48
CIRCUIT MODE siviuresrasonsnsssssinsosssssonsrsasaas . AUTO
LCIZ| RANGE .vnnieecnrrcacsssssresescressrnnasonss AUTO
MEAS SPEED irivscrrassonsescrsrsrarsssorssssassososcen MED
TRIGGER .iiierirasirirrasiscesssiorsissssssasesasasorsso INT
DC BIAS SWItOh sivsesrenscscursossrssssssnssnsrnssossss OFF
CABLE LENGTH switeh.civcicesieirosscsoecosorascs ]
Other controls caecee. sesacsssssnesensmsansersacananss ATY Setting

2. Perform Open and Short zero offset adjustments as described in steps 1, 3, 6
and 7 of paragraph 4-15.

3. Conneet the 1000 standard resistor directly to the UNKNOWN terminals as
shown in Figure 4-3 (a).

4, Set test frequency and TEST SIG LEVEL in accordance with Table 4-8,
Absclute values of the impedance readings should be within the test limits given
in the table.

3. Change the standard resistor to 1k, 10k and 100k$ in that order, and verify
that the impedance readings are within the test limits given in Table 4-8.
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Table 4-8. Resistance Accuracy Tests

Test Limits
Standard 1009 10
Resistor
LEVEL
FREQ. HIGH LOW HIGH LOW
10kHz C.V.x0.150 C.V.+1.2¢ C.V.x0.006k8 C.V.x0.012k0
20kHz C.V.x0.1580 C.V.x1.,20 C.V.x0.006k0 C.V. 20,0120
50.5kHz C.V.£0.150 C.V.£1.2¢ C.V.x0.006k{ C.V.x0.012k82
100kHz C.V.x0.158 C.V.x0, 300 C.V.x0.006k82 C.V.x0,012k02
200kHz C.V.£0.150 C.V.20.30G C.V.x0.006k$2 C.V.£0.012k0
505kHz C.V.20.158 C.V.z0.308 C.V,=0.006k$ C.V.t0.012k
IMHz C.V.20,158 | C.V.x0.308 | C.V.20.0006kQ | C.V.£0.012k@
C.V. = Calibrated Value of Standard Resistor
Table 4-8. Resistance Accuracy Tests (continued)
Test Limits
Standard
Resistor 10k 100k0
LEVEL . _

FREQ. HIGH LOW HIGH LOW
10kHz C. V. £0.06k8 C.V.+0,12k8 C.v.x0.6kn C.V.+1.2k0
20kHz C.V.+0.06k0 C.V.20,12k0 C.V.x0,0kD C.V.x1.2k02

5G.5kHz C.V.+0,06k{ C.V.20.12k8 C.V.x0.6k0 C.vV.21.2kQ

100kHz C.V.20.06k2 C.V.+0.12k82 C.V.xG. ek C.V.x1.2kf2
200kHz C.V.+0.08ki C.V.x0.12k
505kHz C.V.x0.00k2 C.V.£0.12k%
1MHz C.V.x0.06kR2 C.V,z0.12k02

C.V. = Calibrated Value of Standard Resistor
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4-21.

4-22.
range,

PHASE ACCURACY TEST

This test checks to the accuracy of phase measurements over the full frequeney
The phase accuracy test is made by conneeting a resistor with extremely low
reactive elements and by reading the displayed phase angle {(almost zero) to verify that

the impedance vector (phase angle) of the DUT has been accurately detected,

EQU

IPMENT:
Standard ResSiStOrS L iucecrsccersscecesrasseasnenress areoes 100 ) HP 16074A
08 | Standard Resistor
Termination  .iiecessessesssoesesrranres vensnress OPEN {08} Set
Note

The resistors used as references in this test have been designed fo maintain an
extremely low (residual) reactance at freguencies up to 1MHz. The 00
termination has been specially designed for use with the 0,10, 18, and 10680
standard resistors and provides an optimum termination impedance for the
"short" offset adjustment to be made before performing tests with these
standards.

PROCEDURE:

1. Set the 4277 A's controls as follows:

DISPLAY A fUnotion .icieceeecsessssevisossovasssces § 70 |
CIRCUIT MODE .ovesersrsrncsssrnssosscssssssssansanss AUTO

LCIZ| RANGE aoiccorecrsreicrosssessesnssserecaens AUTO
MEAS SPEED et ceraseneesaes MED
TRIGGER cicerececriiennne vacererrearsanesrensernsrrsansn JN T
CABLE LENGTH switch .ieeresnsnsssnsrsresnsnsses 0

DC BIAS sWitCh secvesincmricniininsrnrninencanns weses OFF

Other controls wieeecsisicesveereensn seseeaenes ANy setting

2. Perform OPEN and SHORT zero offset Adjustment as deseribed in steps 1, 3, 6

and 7 of paragraph 4-15.
Note

Be sure to use the OPEN and 0Q termination of the 164074A for zero
offset Adjustment, DO NOT use the Short termination.

3. Disconnect the 0fi termination and connect the 160 standard Resistor direetly

to the UNKNOWN terminals.

4. Set the test frequency and TEST SIG LEVEL in accordance with Table 4-9,

Phase angle readings should be within the test limits given in the table.

4~19
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Table 4~ 9. Phase Accuracy Tests

Phase (DISPLAY B} Test Limits
Test Frequency

TEST SIG LEVEL HIGH | TEST SIG LEVEL LOW

10kHz 010.52 deg. 0+1.4 deg.

20kHz 0x0.52 deg. 0xl.4 deg.

50.5kHz 0£0.52 deg. 0x1.4 deg.

100kHz 0%0.52 deg. 0x1.4 deg,

200kHz 0£0.52 deg. 0£1.4 deg.

505kHz 0+0.52 deg. 0z1.4 deg.

1MHz 020,52 deg. 0x1.4 deg.

4-23. INT DC BIAS VOLTAGE ACCURACY TEST (OPTIONOCG 1)

4-24, This test verifies that Option 001 Internal DC BIAS Supply applies the specified
bias voltages to the device under test.

o]
o]
fud coooooe
connpae Qo iI

L. 16047 A

Figure 4-6. Option 001 INT DC Bias Accuraey Test Setup.

EQUIPMENT:
DC VOltMELIer svcreeceesareanesencens ersoresersrercacerisested o HP 3478A
TeSt FIXTUTE civecrieccrcsunsenscesnssenssvsnsnsrncesorcons cenesese HP 168047A
PROCEDUE:

i. Interconnect the 4277A, 16047A, and 3478A as shown in Figure 4-6.
Note

Do not connect & DUT to the 18047A.
CAUTION

BEFORE OPERATING DC BIAS SWITCH, VERIFY THAT DC BIAS VOLTAGE
IS SET TO ZERC VOLTS,

4-20
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2. Set the 4277 A's controls as follows:

DC BIAS gelector switeh (rear panel) ... INT (OPTION 001)
DC BIAS switeh {front panel) .oieeivenens veesene ON

TEST SIG LEVEL iviiiiiiiiiiiiesenssionnnnns LOW

Other cONrols Liiiiievcrreeccrascenccecossarancees Any setting

3. Set the de bias voltage in accordance with Table 4-10. The voltage readings on
the 3478A should be within the test limits given in the table.

Table 4-10. INT DC Bias Voltage Test Limits

DC Bias Setting Test Limits

-0.01V O.1mV to -20.1lmV

6.82V 6.7895V to 6.8505V

-9.90v -5.8801V to -10.0999V

10V 9.915V to 10.085Y

-12.7v ~-12.538V to -12.862V
40V 39.765V to 40,235V
-40V -39.565V to ~40,435V

4-21
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4-25. 160644 COMPARATOR/HANDLER INTERFACE TEST (OPTION 002)

4-26. This test verifies the funetions of the 16064A Comparator/Handler Interface,

EGIHE 160644 COMPARATOR / HANDLER INTERFACT
AUWLEYY | PACKARS

COMPARATOR RICHIZI ENTRY SEN NG -9
EMREBLE LAziiin {'ER‘-’JG DATA £NTER SR
Low £} HIGH o
0 o 0 ¢
g
g
- g
. £y
DAA/ESRG =
CRASE LOwW L HIGH RUN %
@ o O 0 o

Figure 4-7. 16084A Comparator/Handler Interface.

EQUIPMENT
Digital MUIIMeTer ..ereescrssrcreressssosanraansensss P 34784
160k Standard resiStor ...ieeeceercssrsssnss veeeransn crareas HP 16074A
1000pF Standard capacitor .....iccess ceneseernrraasass L HP 16384A
PROCEDURE:

I. Set jumpers Al W1/W2/W3 in the 16064A to the lower position as shown below:

16064A Al Boord

Upper Position Lower Posttion

[0
p—

2, Connect the 16064A to the COMPARATOR/HANDLER INTERFACE connector
on the rear panel of the 4277A.

3. Turn on the 4277A. "16064" should be displayed on DISPLAY B.
4, Set the 4277 A's controls as follows:

DISPLAY A/B functions .cieiciisecisisascssseses C-G
Test Frequenty .veersressrseasiececsscsorasess vennnese 1.00KHZ
DC BIAS .iicccrcorsasncens vearrnen cerissecrscasaasoses .. OFF
CET MODE .iccecccarccecscraracsnes vesuercsosaracenssoc
LC1Z 1 RANGE .irecrcorsecocsnsorssrnsessonsncsasces [IIF
MEAS SPEED civirvrersoscrssorstvrccssases crrsnnrersass MED
TEST SIG LEVEL teacesorcscesoresnsessransssnsscasseas HIGH
TRIGGER cicvoees traesssvsesvresantars casnserorannsesesnsas LN 1
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5. Set the 3478A's controls as follows:

Funetion ...ececnan rensnrsesrsssssasusoverenensnsnsersans IOV
RANGE iiiievsiiasosassscennsns sorrsocossrscsaretns vasees SO0V
Display ccvessvessserecons eeeriinravassnensane envesesessse 3 1/2 digits

6. Connect the 3478A's LO input to the 4277A'% GUARD terminal.

7. Press the 16064A's ERASE key and set the following comparator limits:

L/C/1Zt LOW LIMIT (BIN1): 3
L/C/ 12 HIGH LIMIT {BIN1): .9
D/Q/ESR/G LOW LIMIT : 2
D/Q/ESR/G HIGH LIMIT : 8

8. Connect the 100kQ standard resistor to the 4277A's UNKNOWN terminals,
9. Press the RUN key on the 15064A' control panel.

10. Verify that the L/C/|Z| LOW and D/Q/ESR/G HIGH lamps light, and "0" is
displayed on the 4277A's FREQUENCY/DC BIAS DISPLAY.

L/CHEE
FREQUENCY / DC BIAS
Low iN HiGH iz
e 0 O S
e o
[ — o}
D/OrESRIG v
oW " raH 814 NUMBER O
00 @

1. Cheek the states of the comparison data output (TTL) at the HANDLER
INTERFACE connector using the 3478A. The pin assignments and the data
states are shown in Figure 4-8 and Table 4-11.

12. Disconnect the 100k{ resistor and connect a 1000pF standard cgpacitor.

13. Verify that the L/C/|Z| HIGH and D/Q/ESR/G LOW lamps light, and "0 " is
displayed on the 4277A's FREQUENCY/DC BIAS DISPLAY.

ern
o e FREQUENCY s/ DC BIAS
O 0 @ o/
‘‘‘‘‘ He
....... o
O/ESR/G v
Iz‘ 5 "g" BIN HUMBES ©
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14. Check the comparison data output at the HANDLER INTERFACE connector by
comparing it with the Data States shown in Table 4-11.

15. Press the ERASE key and set the following comparator limits:

1/C/ 1 Z | HIGH LIMIT BIN1: .8
BIN2: 1.1
BIN3: 1.9999

I/Q/ESR/G HIGH LIMIT: .1

16, Press the RUN key on the 16064A's control panel,

17. Verify that the L/C/|Z1 IN and D/Q/ESR/G IN lamps light, and "2" is
displayed on the 4277A's FREQUENCY/DC BIAS DISPLAY.

LiC/in

FREQUENCY / DC BIAS
Low N HHGH T - - kHz
O @ O o]
- Mz
Q
D/O/ESASG v
LoW N HGH WIN NUMBER

O @ O

18. Cheeck the eomparison data output at the HANDLER INTERFACE connector by
comparing it with the Data States shown in Table 4-11.

Table 4-11. Handler Interface Output Data States

TEST Connector Pin Numbers

STEP | 123545678910 | 19 20 21 22 23 24
10 |HHEHHHHHOH L | H H L L HH
13 |HHHHBHHHHL | L H H H H L
17 |HLHHHHHHHH | H L H H L H

#H: Approximately 5V
L.+ Approximately OV

¢ |\ o

Figure 4-%. Handler Interface Connector Pin Assignments.
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4-27, HP=IB INTERFACE TEST

4-28. 'This test verifies the instrument's HP-IB capabilities,

[ainialalkalalalalals e o tatalul
Ll L b o e L e T N e M
TR I IO O e m
FOEEAAMO O mrs fmme
— s [alalaled

F‘ﬁﬁﬂl—lf—l”r—\

\ 4

Figure 4-9, HP-IB Interface Test Setup,

EQUIPMENT:

Personal Computer ceveesesns chumearseearanenan crensrrsences HP-85

/O ROM cuerervreneonans Ceretmesnsznonnnes ererenneresesnrase ereses HP O0085-15003

ROM Drawer ..ceceees. brrsrsarrrascanas ereenrraresatranne vessee HP 82936A

HP-IB Interface ...eceeeene.. cerrerssncenssaeraes crensesrnnee HP 82937A

100pF Standard ... ceseortsnononans sreresnssearsene veenennse HP 1B383A
PROCEDURE:

1. Turn off the 4277A and the HP-85 off.

2. Conneect the 82937A HP-IB Interface between the HP-85 and the 4277A as
shown in Figure 4-9, and install the I/O ROM in the ROM Drawer of the HP-85.

3. Set the 4277A's HP-IB Control Switch, located on the rear panel, as follows:

bits 5-3 : 10001 (171p)
bit 6 : 0
bit 7 P

4, Turn on the 4277A and the HP-85.

o
.

Load one of the three test programs into the personal computer. Test programs
are listed on pages 4-26, and 4-28 and 4-30,

6. Execute the program and follow the prompts and instructicns that are output by
the HP-85. Details on the controller's {personal computer) instruetions and the
appropriate operator response are given in Tables 4-192 through 4-14,
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PERFORMANCE TESTS

TEST PROGRAM |
PURPOSE:
This test verifies that the 4277A has the following HP~IB capabilities:

(1} Remote/Loeal Capability
(2} Loeal Lockout

{3) Talk Disable

{4) Listen Disable

PROGRAM LISTING:

10 F 42778 HP-TE TEST Mo, 1
70 ¢ REMOTE-LOCRL TEGT
30 DIM A$I1]

G0 MN=Q @ M7 D MI=PIT?
80 =SPOLL (M) :
E0 CLERR

TG OPRINT ##¥ 42770 MP-IB TEST Ne. | xxsn
40 DISP "REMGTE/LOCAL TEST"

a0 REMOTE M

100 QUTRUT Mt T

190 DISFE *LISTEM=1, TRLK=0, REMOTE=1"
D GOSUE 580

O RBORTIO M

O BISE *LISTEN=0, TRLK=0, REMOTE=1"
0 GOSUEB 580

O LOCAL M

0 DISP “LISTEN=0, TRLK=0, REMOTE «o"
3 GOSUR 580

REMOTE M1

BISE “LISTEN=1, TALK=0,REMOTE=1"
GOEUR SEC

LOCAL LOCKOUT M

DISP "PFESS LOCAL KEY!

ISP "LISTEN=1, TALK=C, REMGTE=1"
GGIUE SEG

LOCAL M

DISP "LISTEM=1, TALK=0, REMITE =0®
GOELE 58U

REMGTE M1

2OG DUTPUT Mt 3 T1®

TSP LISTEN=1, THLK=0, REMOTE 19
0 GUSUB 580

> IF N=1 THEN 340 ELSE 370

5 OPRINT “REMOTE-LUCAL TEGT FRILY
s DISP “REMOTELOCAL TEST FRIL
GOTO 350

FRINT "REMOTE/LOCAL TEST PRSS"
DISF "REMGTE-/LOCAL TEST PRES

1o Rk= 0

BISP "LISTEN-THLK TESTY

ENTER M1 ; B

DISP " LISTEN=0, TRLK=1,REMOTE=1"
GOEUE 580

OUTELUT M1 e T

DISE YLISTEN=1, TRLK=0, REMGTE=1"
GOSUB 880

IF M1 THEW 480 ELEE 510

PRINT "LISTEN-TALK TEST FAILY
DISF “LISTEN/TALK TEST FRIL®
GBTC 530

PRINT “LISTEN/TALK TEST PHSS
NISP "LISTENCTALK TEST PR5S
PRINT » ENDY

ISP "EHD

CLEFR ™

LOCAL M

EMD

TRPUT Fi§

IF Bg=' bt THEM R=1

RETURN

PPl o o ea e a
w303 D0 =3 T EA B B T
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Tahle 4-12. Centroller Instruetions and Operator Responses for Test Program 1

Controller Instructions
Operator Response

Displays Printout
w®x% 4277A HP-1B TEST NCO.1 ===

REMOTE/LCCAL TEST

LISTEN=1%*, TALK=(, REMOTE=1 If the 4277A HP-IB
LISTEN=0, TALK=0, REMOTE=1 Status Indicators
LISTEN=0, TALK=0, REMOTE=0 and Contrecller
LISTEN=1, TALK=0, REMOTE=] Display are the
same, press [¥],
and (END TIRE], It

PRESS LOCAL KEY Press Local Key.
LLISTEN=1, TALK=Q, REMOTE=] If the 4277A HP-IB
LISTEN=}, TALK=(, REMOTE= Status Indicators
LISTEN=1, TALK=(, REMOTE=1 and Controller

Display are the
same, press 0,
and (END_ LINE] . If
not, press [N,
and {gND TRE],
REMOTE/LOCAL TEST PASS REMOTE/LOCAL TEST PASS If all steps are

correct, this
message is output.

REMOTE/LOCAL TEST FAIL REMOTE/LOCAL TEST FAIL If any step fails,
this message is
output.

LISTEN/TALK TEST

LISTEN=0, TALK=1, REMOTE=1 If the 4277A HP-IB

LISTEN=1, TALK=C, REMOTE=1 Status Indicators

and Controller
Display are the
same, press (¥ ,
and ENo UmE}.  If

LISTEN/TALK TEST PASS LISTEN/TALK TEST PASS If both steps are
correct, this
message is output.

LISTEN/TALK TEST FAIL LISTEN/TALK TEST FAIL If any step fails,
this message is
output.

END END

*] indicates ON; 0 indicates OFF.
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Mode! 4277 A

4-28

TEST PROGRAM 2
PURPOSE:
This test verifies that the 4277A has the following HP~IR capabilities:

(1) Talker
{2) Deviee Trigger

PROGRAM LISTING:

10| 4ZFPA HP-IB TEST No.Z
20 | TALKER TEST
DIM RSO0}, BS (1]
M=7 & M1=737
S=SROLL (M)
PREINT ®#%% 42770 RF-IB TEST Mo,Z sss
CLERR
DISF * TRLKER TEST®
o DISP *COMMECT 100pE"

G BEEF

FAUSE

DISP “DATA OUTPLT TEST:

REMOTE

ABCRTIO M

CLERR M1

QUTPUT 11 j"AZBIFITZY

DISF " TEST FREQUENCY In kHz ")
INFUT F

CUTRUT M1 U FREF, HEN
» TRIGGER M1
EMTER M1 : A,B
DISF Ax1.E12;"pf", B
DISF *IS QUTRUT DARTH CORRECT (Y or NI U
INPUT B3
IF BS=UH" THEM ZEO ELSE 790
: PRINT "DATA QUTRUT TEST FRILY
DISP “DATAR QUTPUT TEST FRILS
GoGOTE 310

) FRINT "ORTA GUTPUT TEST PESST
DISE YDATA OUTPUT TEST PRSSH
DISF "COMPLETE DRTR OUTPUT TESTS
TRIGGER 111
ENTER 1 3 R$

DISP fs
DISP IS GUTPUY DRTA CORRECT (v ar H) "
IMFUT B%

IF B$="N" THEM 380 ELSE 410

JEC PRINT “COMPLETE DRATR GuTPUT TEST FAIL"
380 DISF “COMPLETE DRTA GUTRUT TEST FAIL"
400 GUT0 430

#10 PRINT "COMLPETE DATH QUTRUT TEST PRSEY
40 DIGP "COMPLETE DRTR QUTPUT TEST PHZS
430 FRINT "EMD

440 DIBP CENDY

450 CLZAR M

480 LOCAL M

474 BN
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Table 4-13. Controller Instruetions and Operator Responses for Test Program 2

Controller Instructions

Displays

Printout

Operator Responses

wkw G277A HP-IB TEST No.2 #wx

TALKER TEST

CONNECT 100pF

Connect the 16383A
(100pF Standard} to the
UNKNOWN terminals.

DATA QUTPUT TEST
TEST FREQUENCY IN kHz 7

Key in desired test
frequency value, from
10 to 1000, and press
END LINE] ,

[Capacitance] [Dissipation Factor]
IS QUTPUT DATA CORRECT (Y or N} 7

If the output data is
the same as the values
displayed on each 4277A
dispiay, press ¥ and
(Ewp umE] . I not, press
(N} and (END NE) |

DATA QUTPUT TEST PASS

DATA OUTPUT TEST FAIL

DATA QUTPUT TEST result.

COMPLETE DATA QUTPUT TEST

PNC[Capacitance] ,ND[Dissipation Factor]

IS CUTPUT DATA CORRECT (Y or N} 7

If the output data is
the same as the left
values, press {¥] and
ENG IRE] , If not, press
W} and (e une]

COMPLETE DATA QUTPUT TEST PASS

COMPLETE DATA OUTPUT TEST FAIL

COMPLETE DATA OQUTPUT
TEST result.

ENB
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Model 4277A

4£-30

TEST PROGRAM 3
PURPOSE:
This test program verifies that the 4277 A has the following HP-IB capabilities:

(1) Serviee Request
(2} Serial Poil

PROGRAM LISTING:

10§ 4277R HF-1IB TEST Mo .3

0 1 SRe TEST

30 S=0 @ M=7 @ Mi=717

40 ON INTR 7 GOSUB SE0

50 CLERR

EG PRINT “awx 42770 HP-IB TEST Mo, 3 sux’
TO OPRINT “3RG TEST"

20 DIsF "SRG TEETH

90 REMOTE M

3 ABORTIC M

CLEAR M1

RIsF "DATA READY SRO TEST"

QUTPUT M1 @ D1T2"

TRIGGER M1

GOSLUB 480

FRINT " DATA READY SR TEST FPASDY
g0

DISP " SYNTAX ERRER SRG TESTY
pOUTFUT Mt 5" DORS DA

GOSUB 4RO

PRINT "ovnTRX ERROR SRG TEST PRES!
) G=0

DISP “SELF TEST £MD SR TESTH
DUTPUT M1 ;'&1»

DISF “"SQELF TEST in progress’

GOSUB 480

IF BIT(E,2)=0 THEN GOSUB 480
OUTRUT Mt rso

PRINT "SELF TEGT LMD SRG TEST PRSSH
5=0

DISP "TRIGGER TOO FAST SRO TEGT"
DISP "HMOMENTRRILY GROUND®

DIsk o EXT TRG CONHECTOR®
GOSUE S10

GOSUB 480

PRINT "TRG TOO0 FAST SRG TEST PASE.
e

> DISP “OPRERRTIDHAL ERFGR SRQ TESTY
350 QUTPUT M1 o NiMZ®

400 GDEUE 480

410 PRINT "OPERATIONAL ERROR SRO TEST PRSG:
470 PRINT "SRG TEST END

430 CLEAR M

440 BBORTIO M

S50 LOCAL M

4E0 DISP ' END

470 END

48O ENRABLE INTR 7;8

450 IF ©30 THEM DISF S & RETURN
500 GOTH 480

§i0 QUTPUT #Ii "F1TZOA"

570 TRIGGER MY

530 ENTER Mt ; A, B

£40 IF =0 THEM 510

S50 RETURN

560 SeSPOLL(MI) @ STRATUS 7,1 ; 2
S70 IF BIT(S,B)=1 THEN 580

S DISF “OTHER DEVICE SRO-

STO ENABLE INTR 738

BOD RETURN
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Table 4-14. Controller Instructions arid Operator Responses for Test Program 3

Controller Instructions

Displays Printout

Operator Response

wwx 4277TA HP-IB TEST No.3 #%x

SRQ TEST SRG TEST

DATA READY SRQ TEST
65
DATA READY SRQ TEST PASS

SRQ Status Byte data
should be 65
[=01000001].

SYNTAX ERROR SRQ TEST
66
SYNTAX ERROR SRQ TEST PASS

SRQ Status Byte data
should be 66
[=010000107 .

SELF TEST END SRQ TEST
SELF TEST in progress
68

SELF TEST END SRQ TEST PASS

SRQ Status Byte data
should be 68
[=01000100]. If the
instrument fails SELF
TEST, it should be 84
[=010101007.

TRIGGER TOC FAST SRQ TEST
MOM?NTARiLY GROURD EXT TRG CONNECTOR
72

TRG TOO FAST SRQ TEST PASS

Ground EXT TRG
Connector on rear
panel momentarily.
SRQ Status Byte data
should be 72
[=010010007% .

OPERATIONAL ERROR SRG TEST
83*2
OPERATIONAL ERROR SRG TEST PASS

SRQ Status Byte data
should be 80
[=01010000].

SRG TEST END

%1 SRQ Status Byte data may be 73 [=01001001] due to the timing
EXT TRG pin to ground.

*,: SRG Status Byte data may be 81 [=01010001] due to the timing
the EXT TRG pin to ground.

of connecting the

of connecting
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PERFORMANCE TEST RECORD

Hewlett-Packard

Model 4277A

LCZ METER Tested by
Serial Number bate
o Results
Paragraph TEST —
Numbexr Minimum Actual Maximum
4-9 TEST FREQUENCY ACCURACY TEST
Frequency setting
10.0kHz 9.999kHz 10.001kHz
1060kHz 99, 99kHz 100.01kHz
202kHz 201.58kHz 202.02kHz
S00kHz 499, 95kHz 500.05klz
1.00MHz (0.9999MHz 1.0001MHz
4-11 TEST SIGNAL LEVEL ACCURACY TEST
Test Signal Level: HIGH
Vrms Vrms
Frequency 10kHz 0.8 1.1
100kHz 0.9 1.1
1MHz 0.9 1.1
Test Signal Level: LOW
mVrms myrms
Frequency 10kHz 17 23
100kHz 17 23
1MHz 18 22
4-13 SELF-OPERATING TEST
SELF TEST #8
Frequency
10kHz DISPLAY A 0.0020 0.,0048
DISPLAY B ~-0.0048 -(.0020
100kHz DISPLAY A 0.0020 (.0048
DISPLAY B -0.0048 -(3.0020
IMHz DISPLAY A 0.0020 0.0048
DISPLAY B -0.0048 -0,0020
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PERFORMANCE TEST RECORD

Model 4277A

Results
Paragraph TEST
Number N Minimum Actual Max imum
4-13 SELF-OPERATING TEST (Cont'd)
SELF TEST #9
Frequency: 1CkHz
Measurement Speed: MED
Test Signal Level:
HIGH DISPLAY A -1.0010 -0.8990
DISPLAY B -0,0010 0.0010
LOW DISPLAY A -1.00620 -0.9980
DISPLAY B -(G.0020 0.0020
Measurement Speed: FAST
Test Signal Level:
HIGH DISPLAY A -1.0050 -0.9950
DISPLAY B -0.0050 0.0050
LOW DISPLAY A -1.90100 -0.9900
DISPLAY B ~-0.01006 0.0100
Frequency: 100kHz
Measurement Speed: MED
Test Signal Level:
HIGH DISPLAY A -1.0010 ~-0.,9990
DISPLAY B -0.0010 0.0010
LOW DISPLAY A -1.0020 -0 ,9980
DISPLAY B ~0.0020 G.0020
Measurement Speed: FAST
Test Signal Level:
HIGH DISPLAY A -1.0050 -0.9956
DISPLAY B -0.0050 0.06050
LOW DISPLAY A -1.0100 -0.9900
DISPLAY B -0.0100 0.0100

i1
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SECTION 1V
PERFORMANCE TEST RECORD
; Results
Paragraph TEST e :
Number Minimum Actual Maximum
4-13 SELF-CPERATING TEST (Cont'd)
Frequency: 1MHz
Measurement Speed: MED
Test Signal Level:
HIGH DISPLAY A -1.,0010C -0.9990
DISPLAY B -0.0010 0.0010
LOW DISPLAY A -1.0020 -0.9980
DISPLAY B -0.0020 g.o020
Measurement Speed: FAST
Test Signal Level:
HIGH DISPLAY A -1.0050 - 0.9950
DISPLAY B -0.0050 0.0050
LOW DISPLAY A ~1.0100 -0.9500
DISPLAY B -0.0100 0.0100
SELF TEST #3
Standard
Open (0S) ~200 counts 0
lOph -200 counts 0
100pf -200 counts 0
1000pF -200 counts ]
4-15 OPEN, SHORT TEST
[OPEN]
Test Signal Level: HIGH
Freguency
10kiz c -0.0008nF 0.0008nF
G -0.07u8 0.07us
20kHz C ~0.0013nF 0,0013nF
G -0.11uS O.11u8
20.2kHz C -0.0617nF 0.0017nF
G -0.0608mS 0.0008mS
50.5kHz C -0, 0011nF 0.001inF
G ~0.,0008nS 0.0008ms
1060ktz C -0.0008nF 0.0008nF
G -0.0007m8 0, 0007mS

it
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Model 4277A

Paragraph ) Results
TEST o .
Number Minimun Actual Maximum
4-15 OPEN, SHORT TEST (Cont'd)
200kHz C -.0.0013nF 0.0013nF
G -0.0011mS 0.0011mS
20Z2kHz C -0.,0017nF 0.0017nF
G -0.008ms 0.008aS
S05kHz C -0.0011InF 0.001inF
G -0.008mS 0.008mS
IMHz c ~0,0005nF 0. 6005nF
G -0.007mS (0.007mS
Test Singal Level: LOW
Frequency
10kHz C ~-0.0G16nF 0,0016nF
G -0.14u8 0.14us
20kHz C -0,012nF 0.012nF
G -0,22uS5 0.22us8
20, 2kHz C -0.012nF G.012nF
G -0.,0016mS 0.00l6mS
50.5kHz C -0.011aF G.011nF
G -0.0016mS 0.0016mS
100kHz C -0.0016nF 0.0016nF
G ~0.0014mS 0.00i4mS
200kHz C -0.012nk 0.012nF
G -0,0022mS 0.0022m8
202kHz C -0.01ZnF 0.012nF
G -0.016mS 0.0l6mS
5C5kHz C -0.011nF 0.01InF
G ~0.016mS 0.016mS
IMHz C ~0.0010nF 0,0010nF
G -0.014mS 0.¢14mS
[SHORT]
Test Signal Level: HIGH
Frequency
10kHz L -0, 0005mH 0.0005mH
ESR -0.058 3.050
20kHz L -0.6uH d.6uH
ESR -0.086 0.080
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Paragraph e Results
Nunmber TEST
Minimum Actual Maximum
4-15 OPEN, SHORT TEST (Cont'd)
20.2kHz I, -G.13uH 0.13uH
ESR -0.080 0.08%
50.5kHz L -0.11uH 0.11uH
ESR -0.08% 0.08Q
100kHz L ~-0,09uH 0.0SuH
ESR -0.058 0.058
200kHz L -0, 06uH G.06uH
ESR -0.088 0.080
202kiz L -0.013uH 0.013uH
ESR -0.088 0.080
505kHz L -, 011uH 0.011uH
ESR -0.088 0.080
IMHz L -0, 005uH 0.009uH
ESR -0.058 0.034
Test Signal Level: LOW
Frequency
10kHz L -0.0018mH 0.0018mH
ESR -0.10Q 0.108
20kHz L -1.2uH 1.2yH
ESR -0, 168 G.160
20, 2kHz L -1.2uH 1.2uH
ESR ~-0.168 O.1l682
50.5kHz L -1.1uH 1.1pH
ESR ~0.,160 0.168
1G0kHz L -0, 181H 0.18uH
ESR -0.108 0.108
200kHz L -0.12pH 0.12pH
ESR -0.1682 0.160
202kHz L -0.12uH 0.12uH
ESR -0.1682 0.168
5G5kHz L -0.1iuH 0.11uH
ESR -0.16¢ 0.160%
IMHz H -0.,018uH 0.C18uH
ESR -0.10% 0,108




SECTION IV Model 4277A
PERFORMANCE TEST RECORD
Paragraph TEST Results
Number s .
Minimum Actual Max imum
4-17 CAPACITANCE ACCURACY TEST
1plF Range
Test Signal Level: HIGH
Frequency
202kHz C C.V.,-0.0052pF C.V.+0.0052pF
b -0.009 G.009%
505kHz C C.V.-0.0046pF €.V, +0.0046pF
D -0.0040 0.0040
IMHz C C.V.-0,0043pF C.V.+0.0043pF
b -0.0040 0.0040
Test Signal Level: LOW
Freguency
202kHz C C.v.- 0,21IpF C.V.+ 0.21pF
D -1.0 1.0
505kHz c C.V.- 0.21pF C.V.+ 0,21pF
D -0.11 0.11
1MHz C C.Vu- 0.027pF C.V.+ 9.027pF
D -0.017 0.017
10pF Range
Test Signal Level: HIGH
Frequency
20, 2kHz C C.V.~ 0.052pF C.V.+ 0.052pF
D -0.00% 0.008
50, 5kHz C C.V.- 0.046pF C.V.+ 0.046pF
D -(.0040 0.0040
100kHz C C.V.- G.043pF C.V.+ 0.043pF
D -0.0040 0.,0040
200kHz C C.V.- 0.048pF C.V.+ 0.048pF
b -0.0040 0,0040
202kilz C C.V.~- 0.027pF C.V.+ 0.027pF
3] -0.008 0.008
505kHz C C.V.- 0.021IpF C.V,+ 0.021pF
D -0.6022 0,0022
1MHz C C.V.- 0,015pE C.V.+ 0.015pF
B -0.0016 0.0016

vi
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Results
Paragraph TEST
Number Mindimum Actual Maximum
4-17 CAPACITANCE ACCURACY TEST (Cont'd)}
Test Signal Level: LOW
Frequency
20. 2kHz C V.- 2.1pF C.V.+ 2.1pF
D -1.0 1.0
50.5kHz C V.- 2.1pF C.V.+ 2.1pF
D -0.11 0.11
100kHz C N~ 0.27pF C.V.+ 0.27pF
D ~0.017 0.017
200kiiz C V.- 2.1pF C.V.+ Z.1pF
D -0.11 0.11
Z02kHz C Vo- 0.14pF C.V.+ 0.1l4pF
D -0.11 0.11
505kHz C N 0.13pF C.V.+ 0.13pF
D -0.013 0,013
1Mz C V.-0.020pF C.V.+0,020pF
D -0.0032 0,0032
100pF Range
Test Signal Level: HIGH
Frequency
10kHz C No- 0.43pF C.V.+ 0.43pF
b ~0.00640 0.0040
20kHz C .V,- 0.48pF C.V.+ 0,48pF
I -0.0040 0.0040
20.Z2kHz C V.- 0.27pF C.V,+ 0.27pF
D -0.079 0.079
50.5kHz c V.- 0.21pF C.V.+ 0.21pF
b -G.0022 0.0022
100%kHz C V.- G.18pF C.V.+ 0.18pF
b -0.0016 0.0016
200kHz C Vo~ 0.23pF C.V.+ 0,23pF
D -0.0026 0.00626
202kHz C S V.- 0.27pF C.V.+ 0.27pF
D 0.008 0.008
505kHz C V.- 0.21pF C.V,+ C.21pF
B -0.0022 0.0022

C.V. = Caribrated Value
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Model 4277A

Paragraph TEST Results
Number " . .
Minimum Actual Max imum
4-17 CAPACITANCE ACCURACY TEST (Cont'd)
1MHz C V.- 0.15pF C.V.+ 0,15pF
D ~-0.0016 0.0016
Test Signal Level: LOW
Frequency
10kHz C K- 2,7pF C.V.+ 2.7pF
D -0.017 0.017
20kHz C V.- 20pF C.vV.+ ZOpF
D ~-0.11 0.11
20. 2kHz C V.- 1.4pF C.V.+ 1.4pF
D -0.10 0.10
50.5kHz C V.- 1.3pF C.V.+ 1.3pF
D ~0.013 0.013
100kHz C Vo 0,306pF C.V.+ 0.36pF
D -0.0032 0.0032
200kHz C V.- 1.3pF C.V.+ 1,3pF
D -0.014 0.014
202klz C N 1.4pF C.V.+ 1.4pF
D -0.11 0.11
505kHz C No- 1.3pF C.V.+ 1.3pF
b -0.013 0,013
IMHz C V.- 0.20pF C.V.+ 0.20pF
D ~0.0032 0.0032
1000pF Range
Test Signal Level: HIGH
Frequency
10kHz ¢ N, -0.0018nF C.V.+0.0018nF
D -(.0016 0.0016
20kHz C V. -0.0023aF C.V.+0.0023nF
D -0.0626 0.0026
20.2kHz C ML -0,00270F €.V, +0.0027nF
D -0.0068 0.008
50, 5kHz C V-0.0021nF C.V.+0.0021nF
D -0.0022 0.0022

viii
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Payagraph . Results

s TEST - ‘ ;

Number Minimum Actual Maximum
4-17 CAPACITANCE ACCURACY TEST (Cont'd)

100kHz

200kHz

202kHz

SO5kz

1MHzZ

Test Signal Level:
Frequency

10klz

20kHz

20.2kHz

50.5kHz

100kHz

200kHz

202kHz

505kHz

1IMHz

LOW

C.V.-0.0018nF
-0.0016

C.V.~0,0023nF
-0.0026

C.V.-0.0027nF
~0.008

C.V.-0.0021nF
-0.0022

C.V.-0.0015nF
-0.0016

C.V.~0.0036nF
-0.0032

C.V.- 0.014nF
-0.014

C.V.- 0.,014nF
-0.11

C.V.- 0.01l3nF
~-0,013

C.V,-0.0036nF
-0.0032

C.V.~ 0.014nF
~0.014

C.V.~ 0.014nF
-0, 11

C.V.- 0.013nF
-3.013

C.V,-0.0020nF
~0,0032

C.V.+0,0018nF
0.0016

C.V.+0,0023nF
0.0026

C.V.+0.0027nF
0.008

C.V.+0.0021nF
0.002z2

C.V.+0.0015pF
0.0016

C.V.+0,0036nF
0.0032

C.V.+ 0.014nF
0.014

C.V.+ 0.014nF
0.11

C.V.+ 0.013nF
0.013

C.V.+0.0036nF
0.0032

C.V.+ 0,014nF
0,014

C.V.+ 0.014nF
0.11

C.V.+ G.013nF
0.013

C.V.+0.0020nF
0.0032

C.V. = Calibrated Value

ix



SECTION 1V

PERFORMANCE TEST RECORD

Model 4277A

Paragraph . Results
Number TEST
Minimum Actual Maximum
4-17 CAPACITANCE ACCURACY TEST (Cont'd)
CABLE LENGTH: Im
1plF Range
Test Signal Level:
HIGH C LV.-0.0083pF C.V.+0.0083pF
I ~-0.0050 0.0050
LOW C V.- 0.035pF C.V.+ 0.035pF
D -0.018 0,019
10pF Range
HIGH c 2LV~ 0,020pF C.V.+ 0,020pF
D -0.0019 0.0019
LOW C V.- 0,030pF C.V.+ 0.030pF
I ~(,0038 0.0038
10GpF Range
HIGH C V.- 0.18pF C.V.+ 0,18pF
D -0.0018 0.0018
LOW C V.- 0.26pF C.V.+ 0.26pF
N -0.0036 0.0036
1000pF Range
HIGH C NL-0.0021inF C.V.+0.00Z1lnF
D ~0.0019 0.0019
LOW C .V.-0.0032nF C.V.+0.0032nF
D ~-0.0038 (.0038
4-19 RESISTANCE ACCURACY TEST
1005 Range
Frequency Test Signal Level
10kHz HIGH >.VL - 0,158 C.V. + 0.150
LOW V., - 1,208 C.v. + 1.20
20kHz HIGH Moo= 0,150 C.V. + 0.158
LOW LY, - 1,268 C.V. + 1.28
50,5kHz HIGH V. - 0,150 C.V. + 0.150
LOW N~ 1,28 C.V. + 1.20
100kHz HIGH N - 0,150 C.V. + 0.150
LOW V. - 0,300 C.V. + 0.308

C

V. = Calibrated Value




Model 4277A

PERFORMANCE TEST RECORD

SECTION IV

;arggraph TEST Results
b e Minimum Actual Maximum
4-19 RESISTANCE ACCURACY TEST (Cont'd)
200kHz HIGH C.V. - 0.158 C.V, + 0,150
LOW C.V. - 0.308 C.V. + 0.308
505kHz HIGH C.V. - 0.150 C.V. + 0,158
LOW C.V. - 0.308 C.V. + 0.308
1MHz HICGH C.v. - 0.138 C.V. + 0.158
Low C.v. - 0.308 C.V. + 0.300
1k Range
Frequency Test Signal Level
10kHz HIGH C.V.-0.006kf C.V,+0.006k8
LOW C.V.-0.012k&2 C.V.+0.012k:
20kHz HIGH C.V.-0.006k C.V.+0.006ki2
LOW C.V.-0.012ke2 C.V.+0.012kf}
50.5kHz HIGH C.V.-0.006k82 C.V.+0.006k§
LOW C.V,-0.012kR C.V.+0.012k&
100kHz HIGH C.V.~0.,006ks £.V.+0.006k&
LOW C.V.-0,012k%2 C.V.+0.012ki
200kHz HIGH C.V.-0,000k C.V.+0.006k0
LOW C.V.-0.012k8 C.V.+0.012k0
505kiz HIGH C.V.-0.006kf C.V.+0.006k&
LOW C.V.-0.G12k0 C.V.+0.012k
IMHz HIGH C.V.-0.006k0 C.V.+0.006k0
LOW C.V.-0.012k8 C.V.+0.012k0
10k&l Range
Frequency Test Signal Level
10kHz HICH C.V.- G.06k{ C.V.+ 0,06k
LOW C.V.- 0.12kR C.V.+ 0.12k82
20kHz HIGH C.V.- 0,06k C.V.+ 0.06ki
LOW C.V.- 0.12k{ C.V.+ 0.12kB
50.5kHz HIGH C.V.~ 0.06k{ C.V.+ 0,06k
LOW C.V,~ 0.12k82 C.V.+ 0.12kR
100kHz HICH C.V.- 0,06k C.V.+ 0.06kR
LOW C.V.- 0,12kf2 C.V.+ 0.12ki2
200kHz HIGH C.V.- 0,006k& C.V.+ 0.06kR
LOW C.V,- 0,12kR C.V.+ 0.12k@
C.V. = Calibrated Value

Xi



SECTION 1V Model 4277A
PERFORMANCE TEST RECORD

iargg;aph TEST _ Results
e Minimum Actual Maximum
4-19 RESISTANCE ACCURACY TEST {Cont'd)
50.5kHz HIGH C.V.- 0.06k C.V.+ 0.06kQ
Low C.V.- 0.12x0 C.V.+ 0.12kR
IMHz HIGH C.V.- 0.06k& C.V.+ 0.06k{
LOW C.V.- 0.12k& C.V.+ 0,12k
100k$i Range
Frequency Test Signal Level
10kHz HIGH C.V. - 0.6k C.V. + 0.6k}
LOW C.V. - 1.2k® C.V., + 1.2k
20kHz HIGH C.V. - 0.6k& C.V. + 0.6k%
LOW C.V. ~ 1.2k@ C.V. + 1.2k
50.5kHz HIGH c.v, - 0.6kf C.V. + 0.6k8}
LOW C.V. - 1.2k& C.v. + 1.2k&
100kHz HiGH C.V. - 0.0k C.V, = 0.6k
Low C.V. - 1.2k8 C.V, + 1.2kf2
4-21 PHASE ACCURACY TEST
Frequency Test Signal Level
deg deg
10kHz HIGH 0.52 -(.52
Low 1.4 -1.4
20kHz HIGH 0.52 ~0.52
LOwW 1.4 -1.4
50, 5kHz HIGH 0.52 ~0.52
LOW 1.4 ~-1.4
100kHz HIGH 0.52 -0.52
LOW 1.4 «1.4
200kHz HIGH 0.52 ~-0.52
LOW 1.4 ~-1.4
505kHz HIGH 0.52 ~0.,52
LOW 1.4 -1.4
1Mz HIGH 06.52 ~-0.52
LGW 1.4 1.4

C.V. = Calibrated Value

xii



Mode] 4277A

PERFORMANCE TEST RECORD

SECTION 1V

Paragraph TEST — RESUI?S .
Number Minimum Actual Maximum
4-23 INT DC BIAS SUPPLY TEST
DC Bias Setting
-0.01V -20. 1V 0. 1mv
6,82V 6.7895V 6.,8505V
«9 .99V -10.0999V ~9,8801V
10v 9.915vV 10.085V
-12.7V ~12.862V ~12,538Y
40V 39.765V 40,235V
—4OV -40, 435V ~33.565V

xiii






