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Model 4271A

Section I
Paragraphs 1-1 to 1-8

SECTION 1
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This section coniains general information about
the Model 4271A 1 MHz DIGITAL LCR METER. A
general description plus information on specifications,
accesgories, and instrument identification is given,

1-3. SPECIFICATIONS.

-4, Table 1-1 is a complete list of the Model 4271A
critical specifications that are conirolled by foler-
ances. Table 1-2 contains general information that
describes the operating characteristics of the 4271 A,

1-5. DESCRIPTION.

1-6. Automatic high speed, precision L, C and Logs
Measurements are features of this new Model 4271A
1 MHz Pigital L.CR Meter, Using a four-terminal
pair measurement technigue to minimize stray capa-
citance and residual inductance, with low level test
signalsconvenient for semi-conductors, capacitance
meagurements from 00.C00pF to 19.000nF and - in-
ductance measurements from 0000. 0nH to 1900,0ul
are easily made., Basic capacitance measurement
accuracy is 0.1%. = Readout is 4-digit LED display

with 90% overrange. Capacitance loss components
are measured as paralleled conductance {100. 0010to
100, 00m in 4 ranges) or dissipation factor {to 1.0000).
Inductance loss components are measured as series
resistance (10, 00082 to 10, 000k$?) or dissipation factor
(to1,0000). Seleciable functions withlosscomponents
simultaneously displayed are C-D, C-G, L-R or L-D.
Loss readout is 4-digit LED display. Capacitance
measurement test voltages are 20 mV rms -LOW,
500 mV rms-HIGH and inductance test currents are 5
mA to 2uA.  DC bias variable from 00.0V t0 39,9V
in 0.1V steps isoptional. Fullinterface compatibility
with HP caleulators and digital recorders completes
the versatile Model 4271A, Typical applications are
C and L measurements of discrete components in the
laboratory or on the production line, semi-conductor
measurements and L or C examinations of delay lines
and pulse transformers.

1-7. INSTRUMENT IDENTIFICATION.

1-8. Hewlett-Packardusesa two-section nine-char-
acter {(0000JOC000) or eight-character (000-00000 or
000J00000) serial number. The first three of four
digits (serial prefix) identify a series of instruments;

Figure 1-1, Model 42714 1MHz Digital LCR Meter.

4271A-1
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Section I
Table 1-1

Table 1-1,

Specifications.

Model 4271 A

CAPACITANCE MEASUREMENT

Parameters Measured:; Capacitance and conduct-
ance {C-G) or capacitance and dissipation factor
(C-D),.

Measurement Circuit: Capacitance-equivalent par-
allel conductance by four-terminal pair method,

Available Full Scale Ranges:

. : ISSIFATIO!
RANGE | {apacitance | Conductance ];qui"OR”.(;ION
i 10.008pF 180.00u0G
Full
Scale 2 100. 08pF 1000, 06 1. 0000
Display 3 1000, OpF 10, 000mes
4 10, 000nF 160, 00mD
Over- 1-4 90% 0% 80%
range

* When reading of C is more than 1500 counts.

Test Signal:

Test Level:

RANGE| TEST SIG LEVEL-HIGH ! TEST SIG LEVEL-LOW

20 mVrms & 10%
20 mVrms = 10%
20 mVrms & 10%
20 mVrms + 20%

500 mVrms + 10%
500 mVrms = 10%
500 mVrms = 10%

20 mVrms = 20%

= 0 DR

Frequency: 1MHz +0.01%

Offget Adjustment: OFFSET ADJ compensates for
stray capacitance or residual conductance of fest
fixture. The variable ranges are IpF and 1u8.

Accuracy: Conditions-Conductance readingisless
than 160 counts.

Accuracy listed in Table applies over a tem-
perature range of 23°C x53°C. (At 0°C to
50°C, accuracy is doubled),

Warm-Up Time: =60 min,
Accuracy Check: HP Model 16021A Test Fix-

ture should be used to prevent errorscaused
by improper connection to standard device.

Accuracy of Capacitance Measurements:

RANGE|TEST SIG LEVEL-HIGH | TEST SIG LEVEL-LOW
+(% of reading + counts}| +(% of reading + counts)

i 0.1 +« 17 0.2 + 8

2 0.1 + 3 0.2 + 4

3 0.1 + 3 0.2 + 3

4% 0.4 + 3 0.4 + 3

Accuracy of Conductance Measurements:

RANGE

TEST 8IG LEVEL-HIGH

TEST SIG LEVEL-LOW

3, 4%

(% of reading + counts)

0.2+ 7T+ 1000)

Ne
0.2+(3+ 1(}00)

1.2+ {2 + ;- Ne)

2
1(}00

% of reading + counts}

2
03+(7!w{}{) c}

2
0.3+ (3 + 1605 Ned
2

1.2+ (2 + 1050

«Ne})

Where N¢ is capacitance readout in counts.

Accuracy of Dissipation Factor Measurements:

RANGE| TEST SIG LEVEL-HIGH | TEST SIG LEVEL-LOW
(% of reading + counts)| (% of reading + counts)
1 1.0+ (10 - 2099 1.0+ (15 - 2200,
9.3 0+ (10 +19§T~999~) 1.0+ (15 + 22000
g 1.0+ (15 +§9ﬁ695)_9) 1.0+ (15 +2%.090,

* Or Range 4, Test Sig Level is Low only.

where N¢ is capacitance readout in counts.

Parameters Measured:

INDUCTANCE MEASUREMENT

series resistance or dissipation factor.

Measurement Circuit:

series resistance using four-terminal

method,

Inductance,

Inductance,

equivalent

equivalent
pair

1-2
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Model 4271A Section I

Table 1-1
Table 1-1. Specifications (Cont'd).
Available Full Scale Ranges: Accuracy of Resistance Measurement:
RANGE | Inductance | Resistance gfgg?g\r;{}m RANGE| TEST SIG LEVEL-HIGH | TEST 8IG LEVEL-LOW
1 1600, Ons 10. 0000 +{% of reading + counts)| +{% of reading + counts)
Full
Scale 2 10.06008 } 106.000 1. 0000 1* 1.2 + (8 + 555 N1 1.2+ (3 + 000- NL)
Display 3 100. 00 pi 1000. 0% 1 1
4 1080, 0uH 10, 600k .2 2 .
2 1.2+(2+ 1000 NL} 1.2 + (2 + = 1600 Nz}
Over :
. 1-4 20% 90% 80% 2
Range . A
3,4 0.2 + (2 + 3555 N 03+{2+1000NL}
* When reading of L. is more than 150G counts.

Where Ny, is inductance readout in counts.
Test Signal:

Accuracy of Dissipation Factor Measurement:

Test Level:
RANGE| TEST SiG LEVEL-HIGH | TEST SIG LEVEL-LOW
RANGE [TEST SiG LEVEL-HIGH | TEST SIG LEVEL-L
oW +{% of reading + counts)| +{% of reading + counts}
1 2 mh rms = 20% 2 mA rms + 20%
. | 1040+ 28 0 0. 20000
2 5 ma rms + 10% 200 pA rms = 10%
3 500 pA rms + 10% 20 pA rms + 10% 2,3 1.0 + {15 +M9u} 1.0+ {20 2205 20 000)
4 50 uA rms + 10% 2 uA rms + 10%
4 1.0 + (15 + 20099 1.0+ (20 4 M)
Frequency: 1MHz 20,01i%,

* At Range 1, TEST SIG LEVEL is LOW only.

Offset Adjustment: CFFSET ADJcompensates for Where Ny, is inductance readout in counts.
residual indectance or residual resistance of
test fixture. The variable range are 100nH and
100me,

CONDUCTANCE, RESISTANCE MEASUREMENTS:

Accuracy: When resistance reading is less than
1000 counts. Acecuracy of Conductance:

Accuracy listed in Table applies over a RANGE| TEST SIG LEVEL-HIGH | TEST SIG LEVEL-L.OW
temperature range of 23°C =5°C. (At 0°C to
50°C, accuracy is doubled).

+(% of reading + counts}| +{(% of reading + counts)

0.2 + 8 3 + 9
Warm-Up Time: = 60min, 2 0.2 + 4 0.3 + 3
3, 4+ .2 + 4 1.2 + 4
Accuracy Check:  HP Model 16021A 'Test -
Fixture should be used to prevent errors * On Range 4, TEST S8IG LEVEL is L.OW only.
caused by improper connection to standard
device, Accuracy of Resistance:
Accuracy of Inductance Measurement: RANGE| TEST SIG LEVEL-HIGH | TEST SiG LEVEL-LOW

+(% of reading + counts)] +{% of reading + counts)
RANGE!TEST SIG LEVEL-HIGH | TEST 8IG LEVEL-LOW

1* 1.2 + 10 1.2 + 10
(% of reading + counts)| =(% of reading + counts) 3 1.2 + 4 1.2 + 4
1* 1.6 + 15 L0 + 15 3,4 0.2 + 4 0.3 + 4
2 0.6 - 4 0.6 + 6 * Measuring Signal Level and accuracy are the
3,4 0.2 » 4 9.3 + 6 same when TEST SIGNAIL LEVEL issetto
HIGH or to LOW.
427T1A-1 1-3
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Section I
Table 1-1

Model 4271A

Table 1-1. S8pecifications (Cont'd).

Note 1

Measurement accuracy of capacitance
or inductance accompanied by other
very small parameters {conductance or
resistance)is described in Capacitance
Measurement or Inductance Measure-
ments, measuring accuracy specifica-
tiong for conductance or resistance is
given for capacitance or inductance
readings of less than 1000 counts.

Note 2

The specifications of paramsters
measured, measuring circuit, measur-
ing range, offset adjust and measuring
signal are the same for both Capa-
citance Measurements and Inductance
Measurements.

Accuracy listed in Table applies over 2
temperature range of 23°C 25°C. (At 0°C to
50°C, accuracy is doubled).

Warm-Up Time: 2 60min.
Accuracy Check: HP Model 16021A Test Fix-

ture should be used toprevent errors caused
by improper connection to standard device,

DC BIAS

Internal Source: DC bias is available as a built-in
source (Option 001) which has folowing specifi-
cations:

Range: 00,0V to 39,9V, variable in steps of 0.1V.

Accuracy: +0.2% of setting :5mV. (Whenambient
temperature is at 23°C #5°C and warm up time
is more than 60min}.

Output Resistance: 1.5k0 £10%. Bias voltage is
applied to Heyy terminal.

Short Circuif Current: Less than 6mA.

Control: Controlled by HP Model 160234 DC Bias
Controller (available extra) or HP Model 9810/
9820A Calculator when Option 005 is installed,

Control Input Connector: HP P/N 1251-0143, 14-
pin receptacle, (Amphenol 57-40140),

Mating Connector: HP Part No. 1251-0142. {Am-
phenol 57-30140),

External Source: Provision for external ‘de bias
voltage of +200V maximum with maximum bias
current of 20mAtoBNC connector (EXT INPUT)

on rear panel. Input Resistance {series):
10. 5k <10%.

Monitor Output: Bias voltage monitoring BNC con-

nector (MONITOR) on rear panel, Qutputresist-
ance: 48002 +10% to Hour terminal,

1-4
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Section I
Table 1-2

Model 4271 A

Table 1-2. General Information.

The general information Hsted below is presented
ag atypical performance guide rather than specifi-
cation data which it is not.

Measuring Time: The following diagram shows
fime as a function of measured parameter and
value when Range is fixed. When Auto Range is
selected a range selection time of 100 msec/
range step is added to times shown below,

b
£

8

E’

i B Reading
o : of GRD

—%%Co?ms
s B00g

H

g

Measuremen? Time (s

5,002 18,008 B0 20000

Reading of C, L. {counts)

Reading Rate: Reading rate is defined as the time
“Trequired for one measurement cycle plus time
interval between complefion of 2 measurement
cyele and the start of next cycle.  The Trigger
Rate control varies time internal beiween finish
time of a measuyrement cycle and start of next

eycle (5 msec minimum/3 sec maximum).

REMOTE/MANUAL TRIGGER: After completion of
a2 measurementcycle, anewcycle maybe started
by pushing MANUAL TRIGGER button or byre-
mote trigger input to REMOTE TRIGGER con-
nector.

REMOTE TRIGGER Input: A measurement cycle
may be initiated at Remote Trigger Connector by
changing logic level state from 0" (zero volts
or connection to ground through less than 260(2)
to "1 {TTIL, high level or open), pulse width;
21 usec.

MANUAL TRIGGER button: Releasing TRIGGER
button {when depressed;) initiates new measure-
ment cycle.

DATA QUTPUT & CONTROL INPUT

BCD Output: Three options for varying kinds of
data and output format are available.

Option 002: BCD Output of capacitance or induct-
ance.

Oi)tion 003: BCD Output of conductance, resistance

or dissipation factor,

Option 004: Serial BCD Output of capacitance/in-

ductance and conductance/resistance/digsipation
factor.

Output Signal: 1-2-4-8 code, bit and digit-parallef.
Data-4-1,2 digits, Polarity-1/2digits, announci-
ation Signal-1 digit, Decimal Point-1 digit and
Uni¢~1 digit.

Level:

STATE| LEVEL QUTPUT CHARACTERISTICS

LOW |0to 0,4V jMaximum Sink Current-16mA
HIGH {4.2V to 5V Cutput Impedance - 3008

* OPT 004 Uses Ground True.

Print Command: Positive pulse, +BV, approx.
35 usec wide., Qutput Impedance 30082,

Hold Off: Level +2.5V to 15V with an input imped-
ance of 10kQ.

Quiput Connector; HP Part No.1251-0087. 50-pin
receptacle, (Amphenol 57-40500-375, HP Part
No. 1251-0086) Mating Connector (Amphenol 57-
30500).

ASCII code input/output for calculators-

Option 005: Enables interface with HP Model 9810A
Calculator using HP Model 11202A TTL I/0O In-
terface Card and HP 11264A Peripheral Control
Bloek or with HP Model 9820A Calculator using
HP Model 11202A TTL I/0 Interface Cardand HP
11220A or HP 11224 A Peripheral Control Block.

Accessory furnished: HP 16022A Test Fixture for
general purpose component measurements.

Operating Temperature and Humidity: 0°Cto50°C
relative humlidity to 95% at 46°C.

Power Reguirements: 100,/120/220/240V =10% 48~
66Hz. Power digsipation; <80VA with any option.

Dimensions: 426 x 99 x 467 mm (W x Hx D),
Weight: Approximately 10kg.

4271 A-1

www.valuetronics.com

1-5




Section I
Paragraphs 1-9 to 1-17.

the last five digits identify a particular instrument in
that series. A letter placed between the two sections
identifies the country where the instrument was manu~
factured. The serial number appears on a plate located
on the rear panel. All correspondence with Hewlet{-
Packard Sales/Service Offices with regard to an in-
strument should refer to the complete serial number.

1-9, MANUAL CHANGES,

1-10. This manual provides operating and service
information for the HP Model 4271A 1 MHz Digital
LCR Meter. The information in this manual applies
directly to an instrument with the serial prefix or
nwmber indicated on the title page of this mangal.

1-11. If the serial prefix of an instrument ishigher
than that on the {itle page, a "Manual Changes'' sheet
supplied will describe changes which will adapt this
manual to provide correct coverage. Technical cor-
rections (if any) to this manual, due to known error
inprint, are called Errafa and are shown on the change
sheet.

1-12, If the serial prefix or number of an instrument
is lower than that on the title page, see Section VI
Manual Changes and Options.  For information on
Manual coverage of any HP instrument, contact the
nearest Hewlett-Packard Sales/Service Office (ad-
dresses are listed at the rear of this manual).

1-13. OPTION.

Model 4271 A

1-14. The4271A currently includesfive options given
in Table 1-3 which follows,

Table 1-3. Options.

Options Description
001 DC BIAS SUPPLY
002 ¢/L BCD OUTPUT
003 G/R/D BCD QUTPUT
004 PARAMETER SERIAL BCD QUTPUT
005 CALCULATOR INTERFACE

1-15. For more option information, refer to Section
II1 and VII.

1-16. ACCESSORIES,

1-17. HP Model 160224, which is Test Fixture for
general purpose component meagurements, is fur-
nished. Accessories available for Model 4271A are
listed below. See Figure 1-2 for accessory illustra-
tions,

NOTE

The Model 16022A General Purpose Test
Fixture is a furnished accessory only
when a 42714 is ordered directly from
an HP sales office oulside Japan. This
accessory is not included in sales price
of Models 42714 sold in Japan including
those sold to OEM manufacturers.
Customers receiving instruments from
OEM manufacturers in Japan should
order this ifem separately.

16021A

18023A

160224

(A)

Top view showing vertical !
lead fixture inserts.

(B)
Bottom view showing access
to stored ingerts (axial).
Figure-1-2 Available Accessories,
-6 4271A-1
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Model 4271A Section 1

Table 1-4
Table 1-4. Available Accessories.
Accessory Description
Model 16021A Calibration Connector - for
calibration of 4271 A
{Includes GR-900® connector }.
Model 16023A Bias Voltage Controller.
Model 16032A Test Lead - with BNC con-
nector.
Model 16033A Test Lead - with small
coaxial connector
(HP P/N 1250-0324),
See Paragraphs 3-46 to 3-5b for use of these acces-
sories.
4271A-1 1-7
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Model 4271 A

Section I
Paragraphs 2-1 to 2-11

SECTION I
INSTALLATIORN

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for the installation and shipping of the
Model 4271 A 1MHz Digital LCR Meter. Included are
initial inspection procedures, power and grounding
requirements, environmental information, and in-
stractions for repackaging for shipment.

2-3, INITIAL INSPECTION,

2-4, This instrument was carefully inspected hoth
mechantcally and electrically before shipment. It
should be free of mars or scratches and inperfect
electrical order upon receipt, To confirm this, the
instrument should be inspected for physical damage
in transit, and its electrical performance should he
tested using the procedure outlined in Paragraph 5-7.
If there is damage or deficiency, see the warranty
inside the front cover of this manual.

2-5. POWER REQUIREMENTS.

9-6, The Model 4271A can be operated from any ac
voltage source of 100V, 120V, 220V or 240V (x 10%)

at 48 to 68Hz (see Figure 2-1},
is 80VA maximum.

Power dissipation

2-7. GROUNDING REQUIREMENTS,

2-§. "o protect operating personnel, the National
Electrical Manufacturer's Association (NEMA) re-
commends that the instrument panel and cabinetbe
grounded. The Model 42714 is equipped with athree-
conductor power cable which, when plugged into an
appropriate receptacle, grounds the instrument. The
offset pin on the power cable is the ground wire.

2-9. To preserve the protection feature when oper-
ating the instrument from a two-contact outlet, use a
three-prong to two-prong adapter (HP Part No. 1251~
0048) and connect the green pigiail on the adapter
to power line ground.

2-10, ENVIRONMENTAL REQUIREMENTS.

2-11. The Model4271A should not be operated where
the ambient temperature range exceeds 0°C to 50°C
(32° F to122° F) or stored where the ambient temper-
ature range exceeds -40°C to 70°C (~40°F to 153° F},

Operating voltage is shown in module window.

SELECTION OF CPERATING VOLTAGE

1. Ogen cover door and rotate fuse-pull to left.

2. Select operating voltage by orienting PC board
te position desired voltage on top-left side.
Push board firmly into module siot.

2. Rotate fuse-pull back into normal position
and re-insert fuse in holders, using caution to
salect correct fuse value,

Figure 2-1. Voltage Selection.

4271A-1
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Section II
Paragraphs 2-12 to 2-17

The Model 4271A requires no fan (cast side frames
are heat sinks}). Instrument can be rack mounted
with normal considerations for venting,

2-12, RACK INSTALLATION,

2-13. The Model 4271 A is ready for bench operation
as shipped from the factory. Additional parts neces-
sary for rack mounting are packaged with the instru~
ment. To convert for rack installation, refer to
Figure 2-2 and proceed as follows:

a, Remove tilf stand.

b. Remove feet (press the foot-release button,
slide foot toward center of instrument, and lift
off).

Remove adhesive-backed trim strips.

d. Attach filler strip along bottom edge of front
panel.

¢. Attach flanges to front end of sides (larger
corner-notch toward hottom of instrument).
Instrument is now ready to mount in standard
rack.

CAUTION

AMBIENT TEMPERATURE IN RACK
DURING OPERATION SHOULD NOT
EXCEED A MAXIMUM QF 122°F (50°C).
BE SURE INSTRUMENT POSITION
IN RACK PERMITS AIR CIRCULA-
TION. IF NECESSARY, USE BLANK
PANELS (HP TYPES 12680B THRU
126858

2-14. REPACKAGING FOR SHIPMENT.

2-15. The following paragraphs contain a general
guide for repackaging the instrument for shipment.
Refer to Paragraph 2-16 if the original container is
to be used; 2-17 if it is not. If you have any ques-
fions, contact your nearest -hp- Szales and Service
Office.

Note

If the instrument is to be shipped to
Hewlett-Packard for service or repair,
attach a tag to the instrument identifying
the owner and indicating the service or
repair to be accomplished. Include the
model number and [ull serial number of
the instrument. In anycorrespondence,
identify the instrumentby model number
and full serial number.

2-2
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2-16. Place instrument in original contziner with
appropriate packing material and seal with strong
tape or metal bands., Iforiginalcontainerisnctavail-
able, one can be purchased from your nearest -hp-
Sales and Service Office.

2-17. IHforiginalcontainer isnot to be used, proceed
as follows:

a. Wrapinstrument in heavy paper or plastic before
placing in an inner container.

b. Place packing material around all sides of
instrument and protect panel face with cardboard
strips.

¢. Placeinstrumentandinner containerin a heavy
carton or wooden box and seal with strong tape
or metal bands.

d. Mark shipping container "DELICATE INSTRU-
MENT", "FRAGILE", etc,

FILLER TILT STAND

BOTTOM STRIP
COVER

FQOT

FOOT RELEASE
HUTTON

LARGER

TRIM STHIP
{ADHESIVE BACKED)

Figure 2-2, Conversion to Rack Mounting.
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Model 4271A

Section IH
Paragraphs 3-1 to 3-14

SECTION Il
OPERATION

3-1. INTRODUCTION.

3-2. In this section, the operation of the Model 4271A
1MHz Digital LCR Meter is described and certain
recommended operating considerations are treated.
The section includes an explanation of front and rear
panel controls and connectors, major operating char-
acteristics, operating procedures for the 4271A {(and
its options) and other required information for effec-
tive use of the instrument.

3-3. APPLICATIONS.

3-4, The Mode} 4271 A accurately measures the capa-
citance, inductance, resistance, conductance and
dissipation factors of capacitors and inductors in
general use., While the 4271 A has a very wide range
of application, it is particularly suitable for meas-
urement of capacitances of semiconductor devices,
especially a variable capacitance diode. The instru-
ment alsoprovides for measurement applications re-
quiring a DC bias voltage and for processing and re-
cording the measured data. Thus, a wide variety of
available features increase the applications versatility
of the instrument.

3-5. MEASURING LIMITS.

3-6. The measuring limits of the 42T1A are shown
in Table 1-1 Specifications. However, as youwill
Tearn from astudy of the operation of the instrument,
the specifications do change depending upon settings
of FUNCTION and TEST SIG LEVELof4271A. These
measuring limits should be well understood when
measuring a sample with the 4271A, Measurements
taken which arebeyond these limits are ambiguous as
measured values.

3-7. FRONT/REAR PANEL DESCRIPTIONS.

3-8. Descriptions of both front panel and rear panel
controls, functionsand connectorsare given in Figure
3-1. The understanding of these controlsand functions
is essential for obiaining correct measurements with
the 4271 A.

3-9. PREQOPERATION,

3-10. Before LINE swiichis turned to ON and meas-
urements attempted, perform following procedures:

a. Checkline voltage selector card in power mod-
ule on the rear panel. Set selector card to
correct position for local AC line voltage. In-
stall fuse of proper current rating (refer to
paragraph 2-5).

b. Connect power cord to instrument. When using
an outlet without GROUND terminal, a connector
adapter (HP P/N 1251-0048} should be used for
safety.

4271A-1
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c. Set front panel controls as follows:

FUNCTION . .o v it civscnrnernaes €-G
RANGE ...... e e AUTO
TESTSIGLEVEL.........c.vvu LOW
RATE ... it e centered
TRIGGER .. . it ii i i ineanns INT
DC BIAS VTG {on rear panel} ,,,, OFF
LINE.......... e N OFF

d. Turn LINE switch to ON. For accurate meas-
urements allows a warm-up time of= 60 min,
During this time the measuring rate lamp wili
periodically turn on and off.

CAUTION

IF ATEST FIXTURE OR ATEST CABLE
IS NOT CONNECTED, THE FOUR-TER-~
MINAL PAIR IS NOT COMPLETED,
AND COUNTER AND ANNUNCIATORS
WILL DISPLAY AMBIGUOUS READ-
INGS. THIS IS NOT A TROUBLE.

e. Set OFFSET adjustment asrequired for sample
being measured. Refer to paragraph 3-13.

f. Connect sample to test fixture or to test leads.
Read displays.

3-11. CONNECTION OF DUT {Device Under Test).

3-12. The unknown terminals are Hceuon, Licwurs
Hporen and Lporew which configure a four-terminal
pair measurement arrangement as shown in Figure
3-2, When & four-terminal pair connection arrange-
mentis employed, current flow from Hcepp terminal
through DUT to Legr terminal does not generate a
magnetic field arcund the test cables since current is
supplied through the center conductor coaxial cable
and returns through its outer conductor. Thusanemf
which might cause an error is not generated in the
potential cables (voltage leads). This permits ac-
curate measurements (e.g. even with very small in-
ductances) without the influence of measarement
cables. In practice, the four-terminal pair is con-
verted to a 3-terminal pair Or to a 2-terminal pair
near the DUT. The residual impedance and stray
admittance which remain in part of the connection
after conversion canbe compensated forby the OFF-
SET Adjustment (described later),

3-13. OFFSET ADJUST.

3-14. The Model 4271 A has a remarkable feature in
that a zero adjustment can be performed for every
test fixture. Zero offset adjustments (using the
Model 16022 A Test Fixture-furnished with instrument)
are described in Paragraphs 3-15 through 3-18.

3-1



Section III

Model 4271A

Figure 3-1

1, Measuring Rate Lamp.  Lights during meas- 7. Unknown Terminal. Provides connections for
uring. During hold time lamp is extinguished, 4-terminal pair. Instrument does not func-

tion properly unless test leads are connected

2. C/L Display. Capacitance or inductance dis- to these terminals.
play with decimal point and unit. If this display
shows "'-200", C/L and G/R/D displays have 8. TFUNCTION. Selects measurement functions:
no meaning.

C-D: Capacifance & Digsipation Factor.

3. OUT OF RANGE Lamp. Lights when either ¢-G: Capacitance & Conductance,

s L-R: Inductance & Resistance.
C/L or G/R/D or both exceed the specified : SO
. o . . L-D: Inductance & Dissipation Factor.
maximums, When this lamp lighis, display REM: Remote Control (Optional)
indication has no meaning. ) b )

4. UNBAL Lamp. Lightswhen the bridge section 9. RANGE. Selects measurement ranges:
is not balanced. When this lamp lights, the REM: Remote Control {Optional),
display indication has no meaning. AUTO: Automatic Range Selection.

MANUAL: 1, 2, 3 or 4,

5. D+ G, R Lamp. Lights when the C-D or L-D
mode selected and display of C or L is less 10. TEST SIG LEVEL,
than approximately 1000. When this lamp C measurine mode: § . :

: . g : Selectstest signal level,
lights, set FUNCTION switch to C-G or L-R. HIGH {500mV) and LOW (20mV). Onrange
4, test signal level ig limifed to 20mV.

6. G/R/D Display. = Conductance, resistance or Lmeasuringmode: Selectstest signal level,
dissipation factor display with decimal point HIGH (50uA to 3mA) and LOW (2pA to
and unit. If this display shows "-200", C/L 2mA).  On range 1, fest signal levelis
and G/R/D displays have no meaning. limited to 2mA.

Figure 3-1. Front and Rear Panels {sheet 1 of 2).
3-2 4271A-1
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Model 4271 A

Section IIT
Figure 3-1

11. OFFSET ADJ.. Compensates for residual in- 18, DC BIAS VIG(INT/OFF/EXT). Selects bias
ductance, resistance, stray capacitance or mode, INT ig for internal bias. EXT is for
residual conductance of test fixture, The external biag. OFF is for no bias.
variable ranges are approximately 1pF, 1ud,
100nH and 0.10. 19. DC Bias Input (EXTERNAL). Input connector

for external bias voltage. Maximum input

12. TRIGGER (INT, REM/MAN). Selectstrigger- +200vde.
ing mode of measurement cycle, INT is in- : -
ternal triggering. REM/MAN isfor remote- 20. DC Bias MQNITQR. Connector for DC plas
ly controlled triggering or for manual (push- voltage monitoring. If necessary to monitor
button) triggerin voltage across DUT (device under test)use a

S8 g DVM, float input and coanect DVM ground to
42T71A ground terminal.

13. RATE. ©Selects the repetition rate of meas-
urement. Maximum rate is in full counter 21. AC Power Input.  AC receptacle, Accepts
clockwise position. female connector. Voltagesof100, 120, 220,

or 240V (x10%) may be used {set voltage se-

14. Trigger Button (Manual}, For Manual trig- lector card to correct position).
gering. When this butfon is pushed, measure-
ment is held. When button is released, in- 22. DC BIAS CONTROL. Input Connector {J10).
strument is triggered. Input connector for internal bias (OPT 001)

control. (For details see paragraph 3-35).

B ororing tiatuaa T Commector for external 3. DATA INPUT/OUTPUT Connector (J11). Out-

' ) put connector for option 003, 004, 005. (For
details see paragraph 3-61).

16. LINE (OFF/ON). AC Power Switch. 24. C/L DATA OUTPUT Connector (J12). Output

connector for option GG2. {For details see

17. Ground. Instrument ground ferminal. paragraph 3-60).

Figure 3-1. Front and Rear Panels (sheet 2 of 2).
4271A-1 3-3
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Section IH

Figure 3-2 and Table 3-1 Model 4271A

f
IHeur
FROM A - o} T >fo)
Ly yed
;
]
|
IHpoTen
TO AIO —{e} {3 >fe}
3
I
|
|
ILpoTen
TO Al | (s} AT WA
Ty ol
]
i
I
Al2 ! ILcur
GR ]
FROM AQ —& ~{s} ANAs S e
I
|
I
TO A0
Figure 3-2. Four-Terminal Pair Configuration (C Measurements).
Table 3-1. C and G Displays Near 00 After Zero Adjusiment.
FUNCTION RANGE LEFT SIDE DISPLAY RIGHT SIDE DISPLAY ANNUNCIATOR
AUTO 0+ 1 (1) count pF
1 0x1 (1) count pF
¢ - D 2 0= 2 (3) counts pF L0001 D De G, R
3 0+ 2 (3) counts pF
4 0% 3 (3) counts nF
AUTO 0+ 1 (1) count pF 0x1{1) count ugy
1 0+1 (1) count pF =1 {1) count ul3
C « G 2 0+ 2 (3) counts pF 0+ 3 {4) counts mo
3 0% 2 (3) counts p¥F 0+ 3{4) counts m O
4 03 (3) counts nF 0+ 4 {4) counts m S
( )is at LOW level,
3-4 42714A-1
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Model 4271A

Note

Zeroadjustment is done in like manner
for other test fixtures., The stray ad-
mittance Go + joCq and residual im-
pedance Rg + joLy exist on the actual
measuring terminals besides the im-
pedance or admittance of DUT, The
stray Cg producesan error inlow capa-
citance and high inductance measure-
ments and also in residual Lp on low
inductance and high capacitance meas-
urements, C and G OFFSET ADJUST
compensates for the current flow
through Cg and Gg. L and R OFFSET
ADJUST compensates for the voltage
drop generated by Lg and Rp. Offset
adjustment must be performed inde-
pendently at both "Low™ test level and
at "High" test levels. After adjust-
ment, measurement tolerances are
satisfied.

3-15. Zero Admittance.

2-16. Set controls and functions as follows:

FUNCTION ... it iiien s C-G
RANGE ..ot aens, 1
TEST SIG LEVEL ......... HIGH (LOW)
TRIGGER .....covniiiiiiiannns INT
RATE i e fully cew
DCBIASVTG......oiii i iinnnas OFF
Unknown ,.,....... - Do not connect any-

thing to test fixtare.

Adjust C or G OFFSET ADJUST ceatrols {front panel)
for C (capacitance) and G (conductance)while observ-

Section ITI
Paragraphs 3-15 to 3-18

Note

The adjustment potentiometer for C is
10-turn control and the potentiometer
for G is a 3/4-turn control.

Displays near 03 after completing the zero adjustment
for C and G are shown in Table 3-1. A zero adjust-
ments when TEST SIG LEVEL is set to LOW level
should be done in like manner,

3-117, Zero Impedance.

3-18. To adjust instrument for zero impedance, set
controls and functions as follows:

FUNCTION........ esveeesveveeTT LR
RANGE ... i iisass s eiiaaanianenns 1
TEST SIG LEVEL ........ HIGH (1.OW}
TRIGGER ..o v i v i ceeaiaannas INT
RATE ittt iieinanres Fully ccw
DCBIASVTG ... .. it iiinininnn OFF
Unknowml ««oveevvneas Short test fixture,

The zero adjustment for L (Inductance)and R (Resist-
ance) is done while observing couater displays.

Note

The potentiometer for L isa 10-turn
pot, The potentiometer for R is a 3/4
turn coatrol,

The displays near 09 after completing zero adjust-
ments are shown in Table 3-2. A zerc adjustment
when TEST SIG LEVEL is set to LOW level should

ing the counter display.

Set for zero display.

be done in like manner,

Table 3-2. 1, and R Displays Near 0Q After Zero Adjustment.

The variable ranges of zero

FUNCTION RANGE LEFT SIDE DISPLAY RIGHT SIDE DISPLAY ANNUNCIATOR
AUTO 0+1 (1) count nH
1 0+ 1 (1) count nH
I. - D 2 0+ 4 {6) count pH L0001 D DGR
3 0+ 4 (6) count nH
4 0+ 4 {6) count uH
AUTO 01 (1) coumt nH 0+1 (1) count £
1 0+1 (1) count nH 0z 1 (1) count £
L - R 2 0+ 4 (6) count uH 0 x 3 (4) count 2
3 0+ 4 (6) count pH 0+ 3(4) count ©
4 0+ 4 (6) count pH 0+ 3 (4) count k2
{ )is at LOW level.
4271A-1 3-5
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Section IIT
Paragraphs 3-19 to 3-32

Model 4271 A

Table 3-3. Variable ranges of zero adjustment.

RANGE L R C G
1 -20.0 ~.10.0nH -, 100 ~ . 100 8 -. 200 ~ 200 pF =30 ~ .20 up
2 -.030 ~ .010nH -.10 ~ .10 @ -1.00 ~ .20 pF “.3 o~ 2 un
3 2 () = () ~1.0 ~.2 pF A 0
4 2 () = (} Rz A2 {)

adjusiments for C, G, L and R are shown in Table
3-3.

3-19. DISPLAY.

3-20. Counter displays show value of sample when
being measured (after zero adjustments). Simulta-
neously the decimal poinf, unit and polarity (only
minus is displayed) may be read, The counter is full
4-digit plus overrange of 100%. The display may
read from approximately -100 to the maximum value
of 19999, When display is less than approximately
~100, the display instantaneously changes to -200
{(and never becomes less than -200), When "UNBAL"
lamp is lit, the measured value displayed on front
panel is ambiguous as a measured value. When
"QUT OF RANGE" lamp is lit, both C/L & G/R/D
displays have no meaning. The "D+ G,R" lamp
lights when measured value of C or L becomes less
than about +1006 (FUNCTION sef to C-D or L-D). I
"D-» G, R" is lit, measured value of D has no mean-
ing. C/L displaybecomes measured value when C/L
and G/R displays do not show 0000, When "D G, R"
is lit, FUNC TION should be changed to C-G or L-R.
Normally O display to left of decimal point has. no
meaning and is blanked. However, when OPT 005is
instalied or AZ2881 switch is set to unblank position,
blanking is not used, When C/L display shows a
negative value of more than -100 {e.g. -48pF (or -48
i{H)Y] it means DUT is inductive (or capacitive}.

3-21. ACCURACY,

3-22, The measuring accuracy of the Model 4271A
1MHz Digital L.LCR Meter is given in Table 1-1, Spe-
cifications. Measuring accuracy varies with value
of unknown sample being measured and level of test
signal (HIGH or LLOW). Moreover, accuracy of capa-
citance changes with value of conductance of measured
sample, accuracy of inductance with value of resist-
ance, accuracy of conductance with value of capacit-
ance and accuracy of resistance with the value of
inductance, respectively. Each accuracy has a
digital error of =1 count. Deriviation equation and
accuracy diagram is given and shown in Figure 3-3.
Accuracy does not vary when dc bias voltage is ap-
plied or & de bias current applied to unknown sample.

3-23. ANNUNCIATORS.
3-24. "UNBAL" Lamp.

3-25. "UNBAL" lamp is an indicator which shows
that bridge is unbalanced. This lamp is turned on
and off when the FUNCTION and RANGE are not ap-
propriate for sample being measured, or if value of
the sample varies during balancing operation, or if

3-6
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bridge section of 4271A is faulty and in certain other
sitnations. "UNBAL'' lamp is turned on and off at
sazme rate as measuring rate lamp, When "UNBAL"
lamp is turning on and off, the counter display has no
meaning as a measured value.

3-26. "OUT OF RANGE" Lamp.

3-27. "OUT OF RANGE" lamp lights when the tota}
of C/L or G/R/D display is beyond about 20, 000
counts. I "OUT OF RANGE" lamp is lit, RANGE
should be switched to higher range.

3-28. "D~ (G, R" Lamp,

3-29. "D-»G, R" lamp is turned on when count of
C/L counter is less than 1000 {approximately} and
FUNCTION is set to C-D or L.-D. When "D-=G, R"”
lamp lights it means that FUNCTION C-D shouldbe
set to C-G and L-D to L-R.

3-30. OPERATIONAL CHECEK,

3-31. An operational check of the Model 4271A may
be done with its front panel controls as outlined and
discussed in the following paragraphs.

3-32. Measuring Rate Lamp. The on-off pericd of
lamp is generally determined by setting of RATE con-
trol, but its period is also slightly affected by FUNC-
TION setting and value of sample. The on-off period
of the measuring rate lamp for RATE controlmid-
range and extreme settings is as follows:

Table 3-4. Measuring Rate.

RATE setting Period

Fully ccw. Approximately .2 sec..
Centered. Approximately 1 sec.’
Fully cw. Approximately 3 sec.

Note

On and off switching continues andis
visibleeven if RATE isset to full cow,

Turn "ON'" time interval is approximately 100msec
to 300msec and is slightly varied by FUNCTION set-
ting and value of sample. When TRIGGER mode

4271A-1
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Section I
Figure 3-3

Aceuracy of Capacitance Measurement.
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‘Figure 3-3. Accuracy.
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Section IIT
Paragraphs 3-33 to 3-35

Moaodel 4271A

Table 3-53. Decimal Points and Units.
FUNCTION RANGE LEFT SIDE DISPLAY RIGHT SIDE DISPLAY
1 00. 000 p¥F'
2 000. 00 pF
¢-D 3 0000. 0 pF -0000 D
4 00. 000 nF
't 00. 000 pF 000,00 i
2 000, 00 pF 0000.0 L%
-G 3 0000, 0 pF 00. 000 m s
4 00. 000 0 F 000. 00 m
1 0000. 0 nH 00.000 ©
2 00. 000 LH 000.00 £
L - R 3 000. 00 LH 0000.0 @
4 0000. 0 4H 00. 000 ke

switch is set to REM/MAN position, measuring rate
lamp is turned on {once only) when manual trigger
button is depressed and released. Measured value is
then dispiayed and held. Unless manual trigger button
is again depressed and released, the measuring
rate lamp dees not light and a measurement is not
taken,

3-33. Decimai Point/Unit Display.  The decimal
points and units of display are checked by FUNCTION
and RANGE settings as shown in Table 3-3. Gther
controls pogitions are arbifrary. No sample may
be connected for this test,

3-34. Annunciators. The three annunciators: "OUT
OF RANGE", "UNBAL™ and "D-=G, R" may be check-
ed by turning them on which is done with these
respective, control settings:

a. "OUT OF RANGE' lamp.

FUNCTION ... i iiii e L-R
RANGE ................. Any position.
Unknown ......cciiinennniannn.. QOpen
bh. "UNBAL" lamp.
FUNCTION........ e e C-G
RANGE .. . i e 1
UnKnowWn .o v ettt ie e e i i i e Short
‘¢, "D-»G,R" lamp.
FUNCTION .. ... i L-D
RANGE .. ............... Any position.
TEST SIG LEVEL........ HIGH or LOW
Unknowm ..o vnn i iinnnanaa e Short

3-8
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3-35.

Note

"UNBAL" lamp is turned on and off at
the same rate as measuring rate lamp.
Other annunciator lIamps lght continu-
ously.

OFFSET ADJ.

The OFFSET ADJ. potentio-

meters may be turned to determine whether their
variable range is appropriate {test is independent of

sign polarity).

make test:

Note

Cand L potentiometers are 10-turnde-
vices; G and R potentiometersare 3/4-
turndevices. Adjustmentsfor (Cand G
and (L and R) slightly interact with each
other.

Here is how controls are operated to

a. C and G variable range {compensating values)

settings:
FUNCTION. . .....oiiiai C-G
RANGE ... ... oo 1
TEST 8IG LEVEL ....... HIGH or LOW
TRIGGER .....oov e INT
RATE ... it iiiinanns Fully cew
DC BIAS VTG {on Rear Panel) ..... OFy -

Test Fixtures

------

Attach 180224 Test

Fixtures.
UnKnowm . ..o viiiecianas Open
Compensating Range:
O InF
Gt e et e 1S
4271A-1
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Model 4271A

Check variable range of C or G OFFSET by
turning C and G potentiometers for minimum
reading of C and G displays. For this test
(only) variable range check is independent of
polarity [minus {-) or plus (no sign)] of readings.

b. I, ang R OFFSET check settings:

FUNCTION . . it i ii i ieaans L-R
RANGE .. i e i, 1
TEST SIG LEVEL ....... HIGH or LOW
TRIGGER ... ittt ierr e iaanens INT
RATE ... ittt iinnnnens Fully ecw
Test Fixtures ........... Attach 16022A

Test Fixture.
Unknown ... unnnrnvrsr s ernnnans Short

Section III
Paragraphs 3-36 and 3-37

Note

Check variable range of L or R OFF-~
SET by turning L and R offset poten-
tiometers for minimum reading of L
and R digplays. The L offset poten-
tiometer is a 10-furn control,

3-36. FUNCTIONS.

3-37. The Mcdel 4271A has five measuring FUNC-
TIONS: C-G, €-D, L-R, L-D and REMOTE. In
C~G or C-D, the 4271A measures an unknown as a
capacitance (C} with parallel conductance, and dis-
plays the conductance (G) or dissipation factor (D).
In L-R or L-D, the instrument measures an unknown
as an inductance (L) with series resistance and dis-
plays the resistance (R) or dissipation factor (D).

) P 100nH Thus, the 4271A measures a sample regarding it as
2 0.1¢ an equivalent circuit as shown in Figure 3-4(A).
FUNCTION Measurement Method-Equivalent Circuits

' G
S X C
C-D ——

¢
D= «C
L-R L R
PR B T ] D= "%
LD ]

Figure 3-4(A). Measurement Method-Equivalent Circuits.

Function Series Equivalent Parallel Equivalent

1 G z
C CSR =] it
K

s Co

Meagurement The 4271A measures
this equivalent.
L Lsr R m
G
B Y gy
Measurement The 4271 A measures Lpe
this equivalent.

Figure 3-4(B). Measured Equivalents of DUT {Device Under Test),

4271A-1
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Section III

Figure 3-5
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Model 4271A

3-38. D MEASUREMENT [Refer to Figure 3-4 (B}].

3-39. Capacitor or inductor losgs is measured as
dissipation factor (D). The measurable part of the
dissipation factor is 0.0000 to 1.6000. Dissipation
factor (D) measuring methods of the 4271A are ex-
plained in detail in Section IV Theory. For C meas-
urement, dissipation factor (Dg¢) is presented in the
{following equation:

G

= ~1
ot (3~1}

Do =

The value of capacitance (Cpy ) 28 measured by the
4271 A differsfrom that of a series capacitance {Cggr}
equivalent circuit. The conversion equation is given
below:

Csr = (1+Dc”) - Cpy {3-2)

The difference between Cpy, and Cggr is iarge when Dc
is greater than 0.1, but Csr is within 1% of Cpy if
Dc 18 0.1 or less.

For L measurement, the dissipation factor {Dy) of a
sample is measured regarding the sample as a series
equivalent circuit, Dj, is given as follows:

Section III
Paragraphs 3-38 to 3-42

Values of inductance, when measgsured as in a serieg
equivalent circuit (4271A method), differ irom that
as measured in & parallel equivalent circuit. The
conversgion equation is as follows: (See Figure 3-5).

LpL = (1 + Dy?) - Lgr (3-4)

The relation of eq. {3-4} is the same as that of eq.
(3-2). If Csr, Cpr and Dcare substituted for Lpp ,
Lsr and D¢ respectively, eq. (3-4) can be obtained
from eq. (3-1).

The dissipation factor (D), when measured by C-G or
L-R FUNCTION, can be calculated by equations (3-1)
or (3-3). Figure 3-5 is a conversion diagram be-
tween G or R and D.

3-40. RANGING.
3-41. MANUAL Ranging.

3-42, The Model 4271A employs three metheds of
ranging: (1) MANUAL, (2) AUTO, and {3) REMOTE,
In this paragraph MANUAL ranging is described. In
any range mode, if counted number by C/L or G/R
counter exceeds about 20,000, "OUT OF RANGE" lamp
is turned on. At this point, range must be shifted up
(if on lower range) or measurement is beyond design

Dy = R (3-3) range of instrument and may not be performed. The
L e Ter MANUAL range has four positions: 1, 2, 3and 4. A
Table 3-6. Measuring Span.
RANGE c - G cC - D RANGE RESISTOR
0.000 - 19.000 pF 0.000 « 19.000 pF
1 10 k&
0.00 - 180.00 pu 0.0000 -~ 1, 6060
0.00 -~ 196.00 pF 0.00 - 190.00 pF
2 0.0 - 1900.0 ui 0.0000 - 1. 6000 1 k&
0.0 - 1900.0 pF 0.0 - 1900.0 pF
3 100 Q2
0.000 - 19.000m¥ 0. 0000 - 1, 6000
0.000 ~ 19.000 nF 0.000 - 19, 000nF
4 0.00 - 190.00 m 0.00 - 1.6000 10
RANGE ' L - R L - D RANGE RESISTOR
0.0 - 1900.0 nH 0.0 - 1900.0 nH
1 0.000 - 19.000 © 0.000 - 1.6000 108
0.000 - 18.000 nH 0,000 - 18.000 uH
2 100 &
0.00 - 190.00 & 0.000 - 1.6000
.00 - 190.00 pH 0.00 - 180.00 uH
3 0.0 - 1800,0 @ 0.0000 - 1.6000 1 k&
0.0 - 1900.0 uH 0.0 - 1900.06 pH
4 10 k2
0.000 - 19000 kQ 0. 0600 -~ 1.6000
4271A-1 .11
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Section HI
Paragraphs 3-43 to 3-48

marual range is selected by positioning slide swiich

onfronf panel to match value of unknown. Table 3-6

shows measuring span for each RANGE and FUNCTION

and selected range resistor.

3-43. AUTO and REMOTE Ranging.

a. Aato ranging. In AUTO mode seitingof RANGE
switch, a range appropriate for measuring the
value of sample is automatically selected by an
Auto Range Control Circuit in the 4271A,
Range selected by Auto ranging isdetermined
by larger part of imaginary part (C/L) and the
real part (G/L) of measured sample. For ex-
ample, isin C-G FUNCTION capacitance dis-
playedis 100. 00pF and conductance is 1700. G ugs,
selected range is determined by value of G
(17000counts). Autc ranging controlis accom-
plished as follows: I counted number of both
C/1, and G/R counters is between 1860 and
18000 counts, an optimum range has been ge-
lected and actual range will be determined by
the higher couni. If counied number is greater
than 18000 (either C/L or G/R counter) the
range is shifted up (for example, from 3 to 4},
And, in like manner, if less than 1600, range
is shifted down (for example, from 3 fo 2).

b. Remote ranging. REMOTE ranging is used for
external range control by {for example) OPT.
005 Calculator Interface. The RANGE switch
on front panel is set to REM position,

3-44. MEABURING RATE.

3-45. Measuring rate is decided by setting of RATE
control. Clockwise rotation results in a lower rate
and counterclockwise rotation produces ahigher rate.
The RATE control is functional only when TRIGGER
mode is set to INT position. I TRIGGER mode is

Mocdel 4271A

RATE control is disabled. When TRIGGER is set to
REM/MAN, a measurement can be taken and meas-
ured value displayved by depressing and releasing
Manual Trigger button, I an external trigger source
is connected to REMOTE TRIGGER terminal, meas-
urements at an arbitrary measuring rate can be per-
formed,

Note

When 4271A isexternally triggered with
pulse generator, period of pulses should
be set to longer than measuring time.
Figure 3-6 shows that measuring time
of 4271A is time interval between gen~
eration of reset pulse and end pulse.

3-46. TEST FIXTURES.

3-47. Four (4) kinds of test fixtures are available
for use with the Model 4271 A 1 MHz Digital LCR Meter.
The following paragraphs explain the purpose of each
fixture and give a brief description.

3-48. Model 16621A Test Fixture. The Model 16021 A
Test Fixture is illustrated in Figure 1-2. The pur-
pose of this fixture is to calibrate the Model 4271A
with a standard capacitor or a standard resistor,
Full procedure is outlined in Section V. A type GR
900-WN short Circuit Termination (02) is used when
making offset adjustroent for L. and R.  The fixture
includes cables for Leuvr, Lrporen, Hporexn and
Hcyr unknown connections to panel connectors. The
unknown is connected to fixture through a type GR-800€
Connector. A remote triggering switch at fixture is
connected through a cable toREMOTE TRIGGER BNC
on front panel.

(3-49, Model 160224 Test Fixture. The Model 160224

set to REM/MAN position, internal rate setting by Test Fixture is illustrated in Figure 1-2.  This is

500 e
. e Ccep, LD
n C-G, L—R
g 400 4
@ .
& Reading of
[ G, R, D
[0 T B I SN S s v e e = e :
F2 N N O T T ety Sy, O Py 3kl W IR S PYPP 7T ki id
8| 200 P D e e
I T R 00 MU IDOUN UONE MO B pes ey s o A SV BT T
ol IR il 00000 S9090) 9PN 2 s WOV SO0 M o bt e mever
=
w
=
L4
=

5,000 10,000 15,000 20,000
Reading of C, I {counts)
Figure 3-6. Measuring Time,
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Model 4271A

a general purpose fixture for connecting L, C or R
unknowns to Model 4271A. The fixture is supplied
with inserts for both vertical and axial lead connec-
tions. Second set of inserts is stored infixtare hous-
ing. Turn fizture over and opendoor for access. The
insert terminals consist of the required 4-terminal
pair connections and & shield plate. Cabling includes
connections to Loyg, Lpores Heorey and Hegr panel
connectors. A remote triggering switch bar is con-
nected thru a fifth cable to REMOTE TRIGGER on
front panel. A C-G offset adjustment can be made
without a DUT (device under test) inserted into ter-
minals. However, when making L-R offset adjust~
ment, insert a small thick copper plate between the
terminals (short). The copper plate still will have
some very small inductance and resistance which will
produce a slight residual error but this is usually
negligible.

3-50. Model 16023A DC BiasController. See Figure
1-2, 'The Mode! 16023A DC Bias Controller is used
to coatrol internal bias provided by the instrument
when the instrument is equipped with option 001 {In-
ternal DC Bias). The fixture has 3 rotary switches
to control bias from 0,0V to 39. 9V in 0.1V steps. A
remote friggering bar is connected thru the multi-
cable connector to furnish remote triggering {panel
switch is set to REM/MAN),

Note

Trigger should always be set to REM/
MAN when using 16023A DC BIAS con-
troller. Itispossible, if INT trigger is
used, that an incorrect voltage may be
supplied when BIAS control rotary
switches are operated.

Section ITI
Paragraphs 3-50 to 3-53

3-51. Test Leads.

a. Model 16032A Test Leadsareused for connect-
ing 4271A to four-terminal device or user-
manufactured test fixture which has BNC con-
nectors. An accessory metal terminal shield/
conductor grounding bracket is furnished with
thege leads. Operational checks of 4271A can
pe performed by shorting center conductorsof
Hcug and Hporgpy terminals and of Lporey and
Lporey terminals, respectively, for FUNCTION
C-G. Shorting center conductors of 4 terminals
to each other permits operational check of L-R
FUNCTION.

b. Meodel 16033A Test Leadsare used for connect-
ing 4271A unknown terminals to sample fo be
measured. As small coaxial connectors and
glender and flexible coaxial cables are used in
the construction of these leads, connecting to
device tc be measured can easily be done.
These leads inclade an accessory metal ter-
minal shield/eonnector grounding bracket by
which outer conductors of cables are shorted to
each other. Operational checks can be per-
formed the same as with Model 16G32A,

3-52. DC BIAS.

3-53. Capacitance measurements with DC bias can
be made when a bias voltage is supplied in either of
two ways:

a. External bias.
b. Internal bias (option 001).
' Note

A bias current option for inductance
measurement is not offered.

AD
HCuR
cé
T RTeRe
X
,I:l ? == '
H
\\
T
0\
QFT] o
__...,.___..Oq.__m..;
fNTERNAL_z —— OC BIAS VTG MONITOR
3]0} BEAS/'
SUPPLY )
(OPT.001) BIAS INPUT

Figure 3-7. Bias Circuit,

4271A-1
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Paragraphs 3-54

Model 4271A

[sf:]
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ATH
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THD
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ARD
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Figure 3-8. Bias Voltage Control Jack,

If external bias is furnished, the standard 4271Acan
be usedto make capacitance measurements with bias,
If an internal bias voltage is desired, the instrument
should be equipped with option 001 (Internal DC Bias),
The following two paragraphs discuss capacitance
measurements with external and with internal bias,
respectively.

3-54. External DC Bias.
a. Connect dec voltage source supplying external
bias voltage to EXT INPUT (rear panel).

Note

A capacitor should be connected across
dc biasvoltage supply to lower its im-
pedance at 1MHz.

b. Set DC BIAS VOLTAGE swiich to EXT.

c. I monitoring is required for precise setting of
de bias, connectdc voltmeter to MONITOR fear
panel).

d. Supply dc bias voltage and measure the capa-
citance.

Note 1
Maximum permissible EXT input de
bias is +200V.

Note 2
Set the DC BIAS VOLTAGE to OFF
except when supplying dc bias volt-
age. When DC BIAS VOLTAGE is
sef to OFF, voltage at Hepgterminal

is zero.

3-14
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Note 3

A basic presumplion of DC BIAS cir-
cuit design (refer to Figure 3-7) isthat
no de bias current is drawn by DUT
{(Device Under Test). I even a very
gmall currentis drawn by BUT, actual
voltage across DUT and supplied volt-
age become somewhal different, actual
voliage is that measured at MONITOR
terminal (series resistance of bias
circuit is 4800).

Figure 3-9 Connection Board,

4271A-1



Model 4271A Section I
Paragraphs 3-55(A) and (B)

3-55{A). Internal DC BIAS (option001), Internal DC 4, Normally, adjustments are not requied but
BIAS is possible by equipping 4271A with option 001 whenbias voltage setis cut of specifications,
which adds A2l board to instrument. The main ap- do adsustments according toparagraph §-37.
plications feature gained by dc bias option is the ad-

ditional capability of instrument to measure charac- 5. Replace cover.

teristics of variable capacitance diodes. A user

designed or HP Model 16023A DC Bias Controller is

> ) - b. Use.
required when making dc bias measurements -{(see
paragraph 3-50). Bias voltage is applied to capacitor 1. Comnect a bias controller such as Model
being measured. Whenbias is switched atthe 160234, 16023A or equivalent user designed con-
internal bias controls apply voltage at new settingto troller to DC BIASCONTROL on rear panel.
next measurement, If bias voltage is changed during Not
o : ; e
a measurement, application of the bias is delayed
until beginning of next measurement cycle. Refer to Figure 3-8 for Model 16023A
Connector details. All data (including
3-55(B). Installation and Use of Internal Bias, trigger signal)through control connec~
tor are transfered to 4271A in grouad
a, Installation. true mode. See also paragraph 3-50
1. Remove top cover from 4271A. for other 16023 A information,
2. Connect connector jack with connection Note
board to rear panel of 4271A (See Figure 16023 A can not be used with A22board
3-9). (OPT 005 Calculator Interface).
3. Plug A2l ?)OE:I‘d into A21 female receptacle 9. Set DC BIAS VTG switch (on rear panel) to
{near left rear),
INT.
Note -
3, Set TRIGGER switch to REM/MAN. In
Optional board A21 must be plugged in REM/MAN initiation of a measurementcycle
place of poard number noted on chassis. ig triggered either from an external signal
o]
o Y A Y4 A R L
CUR™ %7 1K o 7 =CUR
c2
H P mm— "} 7 T wi———
POTEN™ i) i< = ®LpOTEN
CKXT Symbol Parts Required Specifications
Cy, Cy, Cyz, C3'i =0.2uF, Working VTG is greater than EXT Bias Voltage.
Ly, Ly Az ImH
er RZ} R1!:» RZ' == 1k&2

Figure 3-10. External Bias Circuit (E 2 200V).
4271A-1 3-15
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Section III
Paragraphs 3-56 to 3-59

or by pushing trigger buiton (manualiy} Dis-
play is held between (riggers,

¢. Calculator Interface.

1. Option 801 (DC Bias) can be combined with
Option 005 Calculator Interface Option. A
bias controller such as Model 16023A is not
needed as control signals are fed to 4271A
from calculator.

3-56. How to supply more than 200Vdc Bias.

a. External de bias applied to the DC BIAS CON-
TROL connector on the rear panel is limited to
+200 volts,

b. To use bias voltages greater than 200 volts an
external circuit is used. Figure 3-10shows
such a recommended circuit. The bias voltage
is limited to maximum working veltages of the
unknown capacifor Cx aand the blocking capa-
citors C; and C2.

CAUTION

DC BIAS VTG SWITCH ON REAR PANEL
MUST BE IN OFF POSITION.

¢. To monitor the voliage ancther filter section
consisting of L', Ry', Ry and C3' is added as
shown in Figure 3-10 for connection voltmeter.

Model 4271 A

CAUTION

USE EXTREME CAUTIONWHENWORK-
ING WITH CHARGED CAPACITORS,
FLOATING OR UNGROUNDED CIR-
CUITRY.

3-57. Method of applying a de bias current to an in-
ductor.

a. The bias current superposed in an inductor be-
ing measured with the 4271A must not flow into
the instrument,

b. Figure 3-11 shows a recommended circuit for
inductor current biasing, measuring regquire-
ments and suggested procedures,

CAUTION

DC BIAS VTG SWITCH ON REAR PANEL
MUST BE IN OFF POSITION,

3-58. DATA RECORDING,

3-59. When a Mode! 4271A is equipped with option
002 (C/L BCH QUTPUT), optien 003 (G/R/D BCD
QUTPUT), option 004 (Parameter Serial BCD OUT-
PUT), all data {depending upon options selected)
measuredby the instrument becomes available at rear
panel connectors for recording. The following

= Lour

cz2
Hporen *+——) W% LpoTEN
"
CURRENT |
SOURCE
CKT Symbol Paris Required Specifications

C1, Co, Cs, Cy4, Cs =0, 2uF

Ll: LZ a\’.—-lmﬂ

Rls R, 1k

Figure 3-11. DC Current Bias Circuit for Inductors,

3-16
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Model 4271 A

Section IH
Figure 3-12

HP 42714 (0PT 002)

(1) Model 4271A Opt 002 and Model 5055A Recorder.
Note: Set +8421/-8421 switch {rear of 5055A) to +8421.

@—-&
]

+8421/-8421
SWITCH
HP 50554 \
1
i
i
t
0
()
REAR
HP 56ZA-16C
o
R
REAR

(2) Model 4271A Opt 002 (and 003) and Model 50508 Opt 050 Recorder.

HP 50508 (OPT 050}

HP 8624A-16C

G000 0000
HP 4271A (OPT 002} (/\ N
e
REAR Vyp s624-16C :E:B REAR
FROM OPT 003 OR _ _ _ _ _ _ _ (HPsG2A-16C |
OTHER INSTRUMENT
(3) Model 4271A Opt 002 and Model 5050B Opt 051.
HP 50508 (OPT 051)
0600 0000
HP 42714 (OPT 002} @
— | IReaR =2 == eean

4271A-1
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Figure 3-12. C/L BCD QUTPUT (OPT 002).
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Section I Model 4271A

Table 3-7
Table 3-7. Data Format (OPT 002).
Column
8 7 6 5 4, 3, 2, 1
Unit | Magnification of Data Warning Signal Data or Symbol C/L Data
Unit (column 8} Warning Signal (Column §)
4271A Connector Pin Prinfed 42714 Connector Pin Printed
Display 15 18 40 41 letter Display 11 19 36 37 lelter
pF H L L L 1 "QUT OF
11
nF H| o |1 | L 3 RANGE™ \ vl v | u | & v
nH i L H L 5 "UNBAL"
HH H | H | H L 7 Blank ¥ | 5| ®5| = *
Magnification of Data (Column 7) Data or Symbol (Column 5)
4271A Connector Pin Printed 4271A Connector Pin Printed
Display 13 14 28 30 letter Display 9 10 34 35 letter
0000.0{10°) H L | L L 1 1 H | L L L 1
00000163 L [ B L | L 2 - H| #| .| H -
00.000 (1{}“’3) H H L L 3 Blank H H H H *
Data {Column 1 - 4)
HP 4271A BCD Printed
Display i 9 4 8 letter
0 L L L L 0
1 H L L L 1
2 L H L L 2
3 H H L L 3
4 L L H L 4
5 H L H L 5
6 L. H H L 6
7 H H H L 7
8 L L L H 8
9 H L L H 9
3-18 4271A-1
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Model 4271A

paragraphs provide moredetailedinformation onre-
cording options. Description and theory for each
option is presented in Seetion VIIL,

3-80. /L BCD OUTPUT (Option 002).
a. Installation,

1. Remove top cover from 4271A.

2. Connect connector jack with comnection
board to rear panel of 4271A (See Figure
3-8).

3, Plug A23 Board into A23 female receptacle
(near left rear).

Note

A23 board must be plugged in place of
board number noted on chassis.

4. Replace cover.
5. No adjustments are required.

b. HP recorders Model 5055A and Model 5050B-
OPT 050, OPT 051 may be connected toa Model
4271A equipped with option 002. All measured
data can be recorded including data taken under
biased conditions (except recording of the bias
voltage itself),

¢. Refer to Figure 3-12 for typicalrecording con-
nection configurations. As shown in (1) and {3)
of the figure, recording is limited to that sup-
plied by option 002 of the 4271A. In (2), option
003 can be added to 4271A to record additional
data. Then the 50508 OPT. 050 recorder can
record the information carried from DATA

3-81.
3-62.

Section IH
Paragraphs 3-60 to 3-62

INPUT/QUTPUT connector aswell asthat from
C, L DATA QUTPUT coanector.

Data formats are given in Table 3-7.

Pin connections for option 002 and recorder are
shown in Figure 3-13,

Figure 3-14 is a liming diagram for opticn 002
and recorder {if necessary, also refer {o Sec-
tion VII paragraph T-8}.

G/R/D BCD OUTPUT (OPT 003),
Refer to Figure 3-15.

Installation.
1. Remove top cover from 4271A,

2. Connectconnector jack with connectionboard
to rear panel of 4271A (see Figure 3-9).

3, Plug A24 board into AZ24 female receptacle
(near left rear),
Note
A24 board must be plugged in place of
board number noted on chassis.
4. Replace cover,

5. No adjustments are required.

HP recorder Model 5055A, 5050B OPT 051 or
5050B OPT 050 may be used torecord data from
a 4271 A equipped with OPT 003, Data meas-
ured withbias voltage can also he recorded{ex-
cept for the bias voltage itself),

K&
RC
s

Ne

MET (307,
Polayiy

Ttz 1102}

Data 1104}
Trata 108

NC
NG
NC
NC
N
NC

3194

from AL GND

R, ITNIT - 8

!’[vm:\ Al, DF -8

firam AZ2

e, DD -4

Tom ARE (LN
are AZY LY, LSD - 4

[

Figure 3-13. Connector Pins and Signals (OPT. 002),

4271 A-1
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Table 3-8
Table 3-8. Data Format (OPT 003},
Column
8 7 6 5 4, 3, 2, 1
Unit | Magnification of Daia Warning Signal Data or Symbol G/R/D Data
Unit (Column 8) Warning Signal {Column 6)
4271A Connector Pin Printed 4271A Connector Pin Printed
Display 15 16 40 41 letter Display 11 12 36 37 letter
D L L L L 0 "OUT OF
1"
e, Ll E| L] L 2 RAE:;GE L || ualasn v
my L L H L 4 YUNBAL"
Q L H H L 6 D = GR H L H H A
k& L L L H 8 Blank H H H H *
Magnification of Data (Coulmn 7) Data or Symbol (Column 5)
4271A Connector Pin Printed 4271A Connector Pin Printed
Display 11 12 36 37 letter Display g 20 a4 25 letter
00006 (10" H L L L 1 1 H L L L 1
000,00 (103 L H L L 2 - H| B | L H -
00,0000 B | H# [ L | L 3 Blank H| B | ®H | H *
0.000000% » | | B | L 4
Data (Column 1 - 4)
HP 42T7IA BCD Printed
Display 1 3 4 8 iotter
6 L L L L 0
1 H L L L 1
2 L H L L 2
3 H H L L 3
4 L | H L 4
5 H L H L 5
6 L H ¥ L 6
7 H H H L T
8 L L L H g
9 H L L H 9
3-20 4271A-1
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Section I
Paragraphs 3-63 to 3-66

FROM RECORDER

RESET

f U 8018

FROM 4271A CXFER

STANDARD memorize C/L data) U 180 I I
into lateh memory pe
END

( memorize CUT OF RANGE )
into latch memory

+PRINT COMMAND

‘__ 180us
~t 50us

TC RECORDER

+ INHIBIT

2Cus

FROM 4274 SAMPLE RATE
STANDARD

PRINT HOLD CGFF

AZ23 TPS

Note

All irformation are memorized into latch
memory by END pulse in OPT. 003.

Figure 3-14. Timing Diagram (OPT. 002/003).

c. In(2)of Figure3-15, the 42714 is equipped with
both options 002 and 003 and C/L data can be
recorded by employing AlJ2 of the 5050B OPT
050, See also Table 3-8 and Figure 3-16.

d. The timing sequency for OPT 003 is the same
as for OPT 002 except all data is storedinlaich
memory with END signal. See Figure 3-14.

3-63, Parameter Serial BCD OUTPUT (OPT 004).

a. Installation.

1.
2.

Remeove top cover from 4271A.

Connect connector jack with connectionboard
to rear panel of 4271A (see Figure 3-9).

Set switch 81 on A25 board torequiredposi-
tion; €, G or C/G. In C position, C
capacitance or inductance values measured
by 4271 A are transferred to recorder. G
position allowstranster of only conductance,
resistance or dissipation factor data and
C/G position transfers both capacltance or
inductance and loss component,

Plug A28 and A28 boardsintofemalerecept-
tacle {near left rear).
Note

A25 and A26 boards must be plugged in
place of board number noted on chassis.

5.

42T1A-]

Replace cover,

www.valuetronics.com

6. No adjustments are required.

b. Option 004 is used to {alternately) transfer C/L
data and G/R/D data in a parallel BCD code,
Refer to Figure3-17, Recorder Models 50554,
5050B OPT 051 and 5050B OPT 050 may be used
with a Model 4271A equipped with option 004.
Data measured with bias voltage canalso here-
corded {except for bias voltage itsel).

c. The timing for option 004 is shown in Figure
3-19, :

d. See also Table 3-9 and Figure 3-18.

3-84. DATA PROCESSING {OPT 005).

3-85. When a Model 4271A is equipped with opt 005
(Calculator Interface) its functions and measuremsént
capabilities including proper processing of the meas-
ured data from the 4271 A can be controlled by a cal-
culator (for example, by an HP Model 9810A or Model
9820A Calculator).
3-66, Caleulator Interconnections.
a. Installation.
1, Remove top cover from 4271A,
2. Connectconnector jack with connectionboard

3-21



Section ITT Model 4271A
Figure 3-15

(1) Model 4271A Opt 003 and Model 53055A Recorder,
Note: Set +8421/-8421 Switch (rear of 50554) to +8421,

+8421/-842!
SWITCH
H# 30554
1
]
i
o
L)
REAR
HP 562416
HP427|A {OFT 003)
—@ ) oo
; ] ]
REAR

(2) Model 4271A Opt 003 and Model 5050B Opt 050.

HP 50508 (OPT 050)

COOC OQQ0
N

HPA2TIA {CPT 003}

OO T \\: y
i ] [ sn | CHo - [——
¥
o REAR i seza-t66 , REAR
FROMOPT 002 OR_ _ _ ! HPsez2a-16C |
OTHER INSTRUMENT &~ & T oo e e e e e s e o == - -
(3) Model 4271A Opt 003 and Model 50508 Opt 051.
HP 50504 (OPT 051)
000 0000
HP 42714 {OPT Q03) f ‘\
s </
O—0 [l
| te— Do - -
REAR REAR
HP 5624~16C
Figure 3-15. G/R BCD QUTPUT (OPT 003).
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Section IIT

Table 3-8
Table 3-9. Data Format {(OPT 004).
Column
8 7 6 5 4, 3, 2, 1
Unit Magnification of Data Warning Signal Data or Symbol Data
Unit {Column 8}
4271A Connector Pin Printed
Display 15 16 40 41 letter
pF L H H H 1
Data or Symbol {Column 5}
nF L L H H 3
aH L H L H 5 4271A Connector Pin Printed
Display letter
LH L L L H 7 9 10 34 35
uo H| L H H 2 - L L H| L -
Q H L L H 8
k& H H 1 L 8
Magnification of Data (Column T) Data {Column 1 - 4)
4271A Connector Pin Printed 427T1A BCD Printed
Display 13 14 38 39 letter Display 1 9 4 g letter
oo0o.0t0h L | H| H| H 1 0 gl wl vl u 0
000.00(10°3| H | L | B | H 2 1 .l ul al & N
oc.000(t0°H L | L | H| H 3 5 gl ol w5l = 5
0.0000(10%| H | H| L | H 4 3 vl vl 5l #u 5
4 H H L H 4
5 L H L H 5
Warning Signal (Column 6) 6 H L L H 6
ki L H
42714 Comnector Pin Printed L L 7
Display | 11 | 12 | 36 | 37 | letter, 8 H| H} BH| L 8
9 .
"OUT OF L H H L 9
RANGE H| 5| L | L v
HU‘NBAL?'
"D G, R" L H L L A
Blank L L L L *
4271A-1 3-23
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Figure 3-16 and Table 3-10

=5 = @ 5" o —
§ i B B Tog
3 = =% o - = =
2 g FH 5 ] g z -
= hE z EE 1 z = b
= o5 & S [s} & & &
B 2
e i S~ EoU R o
& 4 = & 3 [ hat
& = i & Ea 3
¢ & £ t s £ =
- £ & £ E 7 g = £
Z 8 8 = F— £ & g
£ o g 5 &
Fy = ~ P
& = B E = 2 a ;
EoERE g oy oy o oy F T ®
s . - o2 o2 2 2 OE S s 8 8 &

2] Lwog [SIE S I A W W wm w W @ W
2 8% % 28 BE g ¢ PP T
z . B B oz 8 [
B o < = [
- g w BT a2 &
a o B OZ X o= = 3
2 =3 z & #
H = = E E U 2 L
® I B I - : s
H TR e g E
== BB M E g
33 = g B g
EE & & 3 -
& & ol [

Figure 3-16. Connector Pins and Signals (OPT. 003).

Table 3-10. Pin Connections for 11202A Cables & Connector,

SIGNAL PIN NO. OF CONNECTOR HP 112024
HP P/N 1251-0086 PIN NO. COLOR OF WIRE
DO - 0 16 BLK
DO - 1 2 15 BRN
DO - 2 26 14 RED
DO - 3 27 13 ORG
DO - 4 12 YEL
DO - 5 4 11 GRN
DO - 8 28 10 BLU
DO - T 29 9 VIO
DI - 0 45 T WHT/BLK
DI - 1 44 8 WHT/BRN
Dr - 2 43 R WHT/RED
DI~ 3 42 P WHT/ORG
TTL 24 H WHT/GRA
sTP 40 J WHT/BLK/RED
/0 33 F WHT/BLK/BRN
FLAG 49 C GRA
GND 50 U WHT/BLK/ORG
GND 50 v WHT/BLK/YEL
3-24 4271A-1



Model 4271A Section III

Figure 3-17
{1} Model 4271A Opt 004 with Model 5055A.
Note: Set +8421/-8421 switch of 5055A (rear panel) to ~-842L.
+8421/-8421
SWITCH
HP 5055A
‘:
I
o
)
REAR
HPS562A-16C
HP42Z7IA (OPT 004}
@—© T R
 sosmp—
REAR
(2) Modet 4271A Opt 004 with Model 5050B Opt 051.
HF 80508 (OPT 051)
/ 0O0CQ0 QOO0
HP 4271A (OPT 004} < \/\
) T \ /
| [y DG~ e  —
REAR REAR
HP 562A-16C
{3) Model 4271A Opt 004 with Model 50508 Opt 050,
HP 50508 (OPT 050)
I/ 0000 GO0
a
HP 427iA (OPT 004) N j\‘
©@—© [l \\ /
m— C7D O~ s o
REAR % REAR
HP 562 A-~16C ;
mmmmmmmmmmmmmm b
r
CTHER INSTRUMENT DATA OUTPUT
Figure 3-17. Rapameter Serial BCD QUTPUT (OPT 004).
4371A-1 3-25
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Section IIT
Figure 3-18

{0 rear panel of 4271A (see Figure 3-9), 2. If measured values of sample with internal
Plug A22, A27 and A28 boards into their giassﬁpéiid ‘“’Fretdemr efz OP“EO%OM Sh‘z‘,ﬂd
female receptacles {near left rear). 035? ed to instrument (as well as option
Note
A22, A27 and A28 boards must be plugged 3 fgh;r; F;géqirgrg??fﬁd fﬁfgc}f Mii;gﬁf{_s Eiig
in place of board numbers noted on chassis. FUNCTION and RANGE switches are s,et to
4, Replace top cover, their REM (remote) positions,
No adjustments are required. 4. Table 3-11 shows INPUT/OUTPUT format
b. The instrumentation interconnection setup for at calculator connector DATAINPUT/QUT-
measuring and processing with an instrument PUT for opt. 005,
equipped with OPTION 005 is shown in Figure
3-20, 5. Figure 3-21 showspin numbers and signals.
6. Figure 3-22 provides & timing diagram.
Note
7. Remote Control.  Figure 3-22 shows how
Pin connections for Iinterconnecting setting signals for RANGE, FUNCTION aand
cable accessory Model 11202A and BC BIAS VTG from the calculator to Model
connector DATA INPUT/QUTPUT 4271 A are sent by the TTL signal from cal-
(male) are given in Table 3-10. culator. A 4-bit RANGE signal is sent to
4271A in the time interval between receipt
of U'TL at option 005 and returning FLG to
calculator. A 2-bit FUNCTION signal, DC
. : o BIAS VTG signal, CR (carriage retyrn) and
¢. Option 005 considerations: LF (line feed) signals are also sent to the
42TLA,
If RANGE and FUNCTION are manually set
and inlerral bias is not used, board A22 8. Data fransfer. Figure 3-22 Data transfer
(Remote Control) can be deleted from option shows how the SP {shift pulse) signal gen-
005 group (A27 - Data Qutput Register and erated by CTL signals enables transfer of
A28 - Data Qutput Control remair in42714), 4271A data in serial form to calculator,
Figure 3-18. Connector Pins and Signals (OPT. 004).
3-26 4271A-1
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Model 4271A Section II
Figure 3-19 and Figure 3-20

T0 RECORDER +PRINT COMMAND

TN
LI
ST T T T,

+iINHIBIT

oTPR j-_] 1

H
ARZB TP?
o [

HAGLD i
5 HOLD

FROM RECORDER

— 1

A2

SAMPLE RATE

FROM 42714 l

(a) Transfer of C/L or G/R/D data.

RESET
FROM 427:a CXFER

STANDARD _J

END

TO RECORDER +PRINT COMMAND ¢ —l ’_‘l

FroM REcoRpER TINHBLT -

AZ5 TR o

T
H

FROM 42714 SAMPLE RATE

STANDARD
{b) Transfer of C/L and G/R/D data.

Figure 3-19. Timing Diagram: OPT 004.

HPSEBICA WITH II264A OR
9820A WITH 11220A

HP 42714 OPT Q05
@@

REAR X REAR

HP 112024

Figure 3-20. Calculator Interface: OPT 005.

4271A-1 3-37
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Figure 3-21 and Figure 3-22

Model 4271A

nNC

NC

HE

NC

iiny

N
e

NG

NC

ol

G

D0 - 8 froam: AZT

oy

NG
HC

foe]

froms Al,

m o snlontatnr, STP
NG
B
NG
B

o

MO

hilod

nNe

NC
o8

.
.
g
-

Frarm AZT FHZY 0

Figure 3-21.

Connector Pins and Signals OPT 005.

(a) Remote Control.
. T
CALCULATOR ! l I I I l i l
I3
1 i i’ i
1 ,’ i "f
TO FLG ] , ; l ‘ ] i I I
CALCULATOR
CONTROL DATA 5 » @ uw
TRANSFER © 8 2 g < 4 .
CRDER Ed g mo?m o 2 o W o ]
it g = w3 el o =
& £ el # 8
it it Zbit 4bit 4bit
{b} Data Transfer.
MEAS. MEAS,
FROM START END
CALCULATOR
BT
{ T
\ ’/i i
CALCULATOR !
TSHIFT PULSE :
+ t .
]
i i
£ 1 ]
ILOAD PULSE i |
¥ T !
i !
i C/LOATA | : _‘em DATA i
: LOAD | o LOAD |
] [}
] I I |
{ i C/L DATA P G/R DATA |
per MEAS. TIME ——arpe SERIAL OUT TIME ' SERIAL GUT TIME i
DATA TRANSFER ORDER ' CE E : ER -
L12iala £g £ gl 8218rip tiE
clgiw! o = ol BITIE|3 ' g1 &
nl&j&E & E 5 B 52 mlaie | = R
& FolE = z| =
g BE

Figure 3-22. Timing Diagram: OPT 005.
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Table 3~11

Model 4271A

Table 3-11. Input/Output Format for OPT 003,

{b) Input Format.

{a) Output Format.

45

44

H

Connecior Pin

43

42

H

4971A Setting

AUTO

2

5

RANGE

FUNCTICON

DC BIAS
VOLTAGE

Connector Pin

29

28

27

26

1

H

4271A

Display

3-29
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Model 4271A

Section IV
Paragraphs 4~1 to 4-8

SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION,

4-2. This section contains the theory of operation for
the Model 4271 A 1 MHEz Digital LCR Meter, Para-
graph 4-3 describes basic principles. Paragraph
4-14 covers functionaldescription of thebasic opera-
tion of the Model 4271A and employs a simplified
block diagram. In paragraph 4-25 a block diagram
description is presented for describing instrument
operation in detail. Refer to schematic diagram in
Section VIII for full circuit details. Options are dis-
cussed in Section VIH.

4-3. OPERATING PRINCIPLES.

4-4. The HP Model 4271A is comprised of three
major circuit sections {see Figure 4-1}., The Bridge
Section, here a voltage (Vyapiane) proportional to
value of DUT (device under test ) and a voltage (V,g)
proportional to the Range Registance are developed
and fransmitted to the measurement section. In the
measurement section, the value of the DUT is measg-
ared as a ratio of Viapianie 10 Vier. This value is
presenfed to and displayed by the Digital Control and
Display Section.  The Digital Control and Display
Section controis the Bridge and Measurement Sections.

4-5. BRIDGE SECTION,

4-6. A simplified diagram of the Bridge Section is
shown in Figure 4-2. Figure 4-2 ig the simplified
cireunit for a C-G (C-D) measurements.

4-7. In making C-G {C-D) measurements, thecon-
stant voltage Vyer is applied to the DUT and V. fo
range resistor Gz. The Ve i85 a variable voltage

and is proportional to the values of Cx and Gy when
the unbalance current iy becomes zero (bridge is
balanced). Derivation of Vyar is given by thefollow-
ing equation;

G . wC
Vyar = 'Vref'( 'E‘f + ] "GEX ) (4-1)

Ve bas to be accurately zero for Vyer and Vi 0 be
accurate, To do thisa bridge techniqueis used in the
4271 A.

4-8, For L-R (L-~D) measurements, Vs 18 applied
to range resistor and V,,, 0 Hepr terminal onfront
panel,  Thus, the current flowing through DUT is
determined by the values of V., and the range re-
gistor and, therefore, becomes a constantcurrent.
Ag the voltage Vyar across the DUT is the product
of the above constant current and the impedance
of DUT, V., is proportional {o the value of DUT:

R . wl
Vvar = Vg - { “RT}i + 1 "R“Rls‘{ ) (4-2)

(Rx + joLy) is a sample.

Equations (4-1} and {4-2) are of the same type. This
shows that the measurement method is same for C-G
and L~-R measurements. As the bridge circuit in the
4271 A uses the four-terminal method, lead wires can
be extended to the measuring point. The measuring
error can thus be minimized,

BRIDGE

D.U.T. UNKNOWN SECTION

Vvar
- MEASUREMENT
SECTICN
Vref n
[ ]
DIGITAL
CONTROL &

DISPLAY SECTION

Figure 4~1. Block Diagram of 4271 A Principles.

4271A-~1
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Bection 1V
Paragraphs 4-9 to 4-10

MEASUREMENT SECTION,

4-10. The Measurement Section employs fhe dual
slope type DVM measuring technigue. Figure 4-3 is
a simplified block diagram of the measurement sec-

4-9,

- Model 42714

@

Qe ™ -k "’“ﬁ"}""}'ii Gs Vier T1 (4-4)
G

do/m = ~Ka @:— Gg Vier Tt {4-5)

tion, The C-G measurement equation is then: :
After charging for T;, switches 8:, Sg, Sx; and Sy,
G WC are closed and g, and gg/r are discharged until the
Vvar = ~Vres * ( _(T}i +i LA {4-3) outputs of the integrators become 0 voits. When the
R R [See (4-1)] discharge time of the C/L integrator is Ty:
Switches 8y, Sg, Sx; and Sx, are closed and twoin- ¥ %C—X Vier GsTy + Ky Vet @CsTy =0
tegrators are charged for the constant time T, (20ms). B {4-8)
Thﬂe charge§ Ueyp @nd ggp in their respective inte- Ty _ Gg 1 Cx (4-T)
grators are: T, Gr Cg
Vref “Vvar
UNKNOWN
I
~J
id=0
AT BRIDGE IS BALANCED
NULL
. é MODULATOR
J | DETECTOR

Figure 4-2.

Simplified Block Diagram of Bridge Section.

Ss
3 ™G
3 C/L
vvar PO oSx LIS ZERO
. @ |~~~ [DETECTOR| 14 pigiTaL CKT
v || § "
CONV,
Vi;g_f A [~ ZERO
- Sx2 " | |PEFECTOR| 710 piGITAL KT
=25 /R
Ss
REFERENGE}
PHASE ® P.D.= PHASE DETECTOR
GENERATOR

Figure 4-3, Measurement Section.

4-2
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Model 4271A

Thus, the valee of Cx is known by counting anddis-
playing time Ty. When the discharge time of G/R in-
tegrator is Ty: '

«-Ki% Vet GsTy + K Vi +Gg Ty =0
(4-8)
T3 i

T G Gx (4-9)

Gx becomesknownby counting and displaying time T's.
The coeificients K, and K, do not cause 2 measure-
ment error. Applying equation (4-2) iastead of {4-1)
to the above enables Ly and Rx measurements to be
made instead of those for Cx and Gyx. To avoid an
error caused by interference between simulianeous
(C-G) and (L-R) measurements, each measurement
should be performed independently.

4.11. D-Measurements. Switches 5., S¢, and Sy,
are closed and the C/L integrator is charged daring
time T4. After charging, switches Sy, Sg, Sx, and
8x, areclosedand the charge ofthe C/1. integrator is
discharged untilthe output of C/Lintegrator becomes
0 volts. During discharge time T, G/Rintegratoris
simultaneously charged. Therefore:

Vret » 0Cq Ty - Veer - %gi-Gs-ng 0

R (4-16)
Switches Sr, S and Sy, now close and the charge of
G/R integrator is discharged until the output of G/R
integrator becomes zero volts. This discharge time
is Tg, and:

~Virer +GgTs + Vit GsTg = 0 (4“11)

Gx
Gr
From the above two equations:

Tg . Cs Gx _ wCs Gx _ Dx

T, Gs ©Cx "Gz = «Cx Ds
(4-12)

When Cg = 100pF, Gg=1mV and w=27-10% rad.,
from the above equation:
Gg 10-3

Ds = 26s = 27106 . 100 - 1012

= 1,5920
(4-13)

To directly display the value of Dx from the time Ts,
T4 is gset to the time corresponding to 15920 clock
pulses,

4-12, Digital Control/Display Section,

4-13. The Digital Section counts and displays time
interval from Measurement Section and executes
fiming conirol, range control, etc. of the Bridge
and Measurement sections.

4-14. FUNCTIONAL DESCRIPTIONS.
4-15. Analog Section.

4-16. Figure 4-20isa simplified block diagram of the
Model 4271A. This diagram is composed of blocks
representing beoard assemblies. Cutputs of A4
Oscillator are sent to A9 Power Amplifier, A8
Modulator and Al3 Reset/Clock Pulse Generator.

4271 A-1
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Section IV
Paragraphs 4-11 to 4-23

Eporey terminal on front panel of 4271 A is connected
to All Current Detector. All Current Detector
detects and amplifies unbalance current of bridge
which is the difference of current flow between DUT
and range registor of Al2,  The output of All Null
Detector is sent fo A8 Modulator as an unbazlance
voltage signal. A8 Modulater controls the amplitude
and phase of a modulated voltage to drive theunbal-
ance voltage to be zero voits. This modulated voltage
and the constant voltage from A4 Qscillator are ap-
plied through switches to the two power amplifiers of
A9, respectively. One output of AS Power Amplifier
isfed to Heppr terminal and the other to the range re-
sistor of A12. Range resistors of Al2 are switched
by the range control signal irom Al6 Function/Range
Control. Vp which is the veltage of Hypgpgyterminal
and Vi which is the voltage across therangeresistor
are sent to Al0 Buffer Amplifier/Gg, Cs CKT. Vb
and Vg are applied to A8, 7 Phase Detector/Integra-
tor through switches, Cg/Gg circuit and amplifier
which are controlled by the signal from Al5 Step
Control. A6 and A7 convert measured quantify to
time interval by the dual slope technique and the time
interval signal is sent to Al4 Gate/Transfer Con-
trol. The reference phase signals required in the
phase detectors of A6 and A7 are generated by ASB
Reference Phase Generator.

4-17. DIGITAL SECTION.

4-18. Board Al3 is the Reset/Clock Pulse Genera-
tor. It produces BO0OkHz clock pulses generated by a
1MHz sine wave and operates whenever the power
switch is or. During the sampling time reset pulses
are generated.

4-19. In Ald Gate/Transfer Pulse Confrolthe counter
reset signal and gate signal are transmitied to
Al8 Counter. A 400 psec time span is generated.
A switch control signal is generated and {ransmitted
to AG, AT Integrators. A step shift signal is trans-
mitted to Alb and with the step signal from Al5, the
transfer pulses are transmitted to Al8 Counter and
Al8 Display.

4-20, In Alb Step Conirol, the step counter is ad-
vanced by the step shift signal from Al4. The step
signals generated by the step counter controt switches
of AlQ Buffer Ampl. & Cg, Gg Ampl. Alb receives
integrator zero detect signal from A6/A7or over flow
signal from Al8 and transfers "0'" detect signal to
Ald.

4-21, In Al6 Function and Range Control, range and
function signalg are generated by range andfunction
gignals from A2 Front Panel (or Remote} and trans-
mitted to AI17 Auto Range and Lamp Driver. 'The
range switch signal is transmitted to Al2 Reference
Resistor.

4-22, Al7 Auto Range/Lamp Driver, lights the unit
lamps of Al9 Display by decoding function and range
signals from Al6. The control signal for autorang-
ing is generated by signals from Al3, Alb and AlS8
and transfered to Al3 and Al8.

4-23, In Al8 Counter, by the enabling gate signal

4-3
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Paragraphs 4-24 to 4-34

Model 4271A

& TO A8 MODULATOR

tMHz XTAL EMITTER

0sC FOLLOWER
PEAK
DETECTOR

B

;ﬁTEST SIG. LEVEL: HIGH
¢ 100 RANGE

# TO Al3 RESET/CLOCK
PULSE
GEN.

> TO AS POWER AMPL.

Figure 4-4. Block Diagram of A4 Board.

from Al4, clock pulses are counted in the decimal
system.  Meaningless digits are blanked depending
upoen position of Range and Function conirol settings.
The overflow signal is transmitted to Al5, Al6from
the Al8 counter.  Also produced is the 10000 count
detect signal and the 15820 count detect signal which
are transmitted to Al4 to control charge time of in-
tegrator,

4-24, In Al9 Display, LED-ICs are used. Fach of
the ICs includes a BCD to decimal decoder and a
latch memory.

4-25. CIRCUIT DESCRIPTION,

4-268. Beginning with 4-27 a circuit description of
the schematic operation of every board (A3 thru A19)
is presented along with an accompanying simplified
block diagram. For all additional details, see
schematics in manual section VIII or refer to the
timing diagram discussion in this section.

4-27. OSCILLATOR. (Ad).

4-28. PFigure 4-4 isa blockdiagram of the A4 Qscil-
lator. The outpui circuit of the 1MHz Quariz Oscii-
lator iz an Emitter Follower. The signal from Q3
Emitter controls the peak detector to stabilize output
level of the oscillator.  This 1MHz signal is trans-
mitted to A8 Modulator, to Al3 Reset/Clock Pulse
Generator and also transmitted to A9 Power Amplifier
through Emitter Follower Q7.

4-29. RETFTERENCE PHASE GENERATOR {(A5).

4-30, Refer to Figure 4-5 for block diagram of A5
Reference Phase Generator, At the Phase Shifter U2
and U3, the signals for phase detecting epgm and
ege,p, are generated and are transmitted to A8/A7

4-4
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Integrators. K a Low signal comes, QL and Q2are
turned off and the input signal is amplified 25 times.
In the low signal does not come, Q1L andQ2are turned
on and the input signal ig amplified 1 time,

4-31. C/L (G/L) INTEGRATOR (A6 & AT).

4-32. Figure 4-6 is the block diagram of the ABC/L
or AT G/R Integrator. The output signal from AlQ
Buffer Ampl. and Cs, Gg Ampl. isphase detected by
the egos, (€5 )} signal which is generated inthe AB
Reference Phase Generator. Charging and discharg-
ing of capacitor C15 is done by operating the switches
with Sx, Sy from Al4 Gate/Transfer Pulse Control.
The output of the integrator is compared tozerovolts
by the zero level detector. When the output of the in-
tegrator becomes zero, a zero detect signal istrang-
mitied to AlB Step Control. The switch Q13 for
discharging C15 is controlled by Sz from Al5 (see
paragraph 4-57), An auto offset adjustment is per-
formed to remove the offset voltage of U2 and phase
detector by Q8 and C8.

4-33. MODULATOR (A8),

4-34. Figure4-T is the block diagram of A8 Modula-
tor. The mall out signal from All Current Detector
is divided into their real parts and imaginary parts
by the egc/, sigral and egq/p signal and are trans-
mitted to the Modulator. Two signals, one phase
synchronized with the reference signal and one 90°
phase shifted, are generated prior to modulating.
The signai which has same phase is modulated with
the real part; the signal which has a 80° shifted phase
is modulated with the imaginary part. These modu-
lated signals are summed by the Summing Amplifier.
The summed signal is filtered by the Tuning Amplifier
to remove the third harmonic and transmitted to AS
Power Amplifier through Emitter Follower Q17.

4271A-1
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Section IV
Paragraphs 4-35 to 4-38

FROM A4
LOW

FROM
AlO 4

REF.
siG,

T2 R 27

T3

.M4 TG A7
e+ G/R

t—e—4

cll T4

T 1
CS;E

Figure 4-5. Bleck Diagram of A5 Board.

4-35. POWER AMPLIFIER (A9).

4-36. Figure 4-8 is the block diagram of A8 Power
Amplifier.  The output signals from A4 Osc and A8
Modulator are amplified. When FUNCTION is set to

C, switches K1, K2 and K3 are as shown in Figure 4-9.

If FUNCTION is set to 1, ail switches are reversed.
The fest signals from A4 and modulated output from
AB are amplified.  One is transmitted to A12 Refer-
ence Resistor through Ty, The other is transmitted
through a resistor and T: to remove noise when the
function is sef to L. The signal for offset adjustment

is transmitied through P1.  The signal to the front
panel connector is transmitted through P2, This
assembly also contains the circuit for DC bias.

4-37. BUFFER & Cg/Gs AMPLIFIERS (A10).

4-38, Figure 4-9 is the block diagram of A10 Buffer
Ampl. and Cs, Gg Ampl. During a C measurement
time, a reference signal, and during L measurement
fime, the unknown signal are transmitted from "Hporpl
conrnector on the front panel through J2. During a C
measurement time, an unknown signal and during a I

FROM AIS
Ss
\\ INTEGRATOR
\\
PHASE
Qi3
Tt DETEGTOR o\c ”‘%ﬂ"“
3
FROM A0 } I ;
{ 1 Jus AlB
| ZERO DETECT

/

/

/

/
/
/
/
/

FROM A5 .
o C/i.
(ew G/R) v FROM A1 Fﬂogx Al

Figure 4-6. Block Diagram of A6 & A7 Board.

4271A-1
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Figure 4-7 and Figure 4-8

5
T4
IN
e I
FROM Al |
NULL OUT ce
¢,
Y
5
o | 1
A 1
-1 R43
R34
] —
TO A9
— A MOD.OUT
FROM A%
’
Ve
REE S16. B FROM A4
L'OW OR RANGE 4
Figure 4-7. Block Diagram of A8 Board.
~—FROM AZ K3 << k ______ TO Al2
/7 c Pl
/1/ /4
g ° NN
| I ce
s Lol LBl T remon
mom —0 k1| i/ ) p2 PANEL
TEST 1 Vi
SIGNAL : FROM 16
!
| 10 0,100 1K 0
| <
‘ T
I <~ DC BIAS INPUT
) AN = MONITOR
7 : Tag
< 2.
{1~ x2 <& F-——= 70w
FROM Ny
A8 K2 P
MOD.QUT. P
‘ &
Figure 4-8. Block Diagram of A9 Board.
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Section IV
Paragraphs 4-39 to 4-42

FROM Ai2 L/R QFFSEY

.%

Ji

‘> , FROM AIS

/ Sp
FROM HPOTEN <3 /

FROM AlS

r /SR
Ja ; CI3
- § RI!D i

f
FROM A 12 J

FROM A4

FROM AID
/ S6
4
/

TS
Gs 3l %TOAS
TOAY
N\ cs g—:
A\

43 clg Low
%
.9 \

\
FROM FRONT PANEL
(¢

Y >
\ TOAS

\
FROM Al Sc

Figure 4-9. Block Diagram of AlQ Board,

measurement time, a reference signalis transmitted
from Al2 Reference Resistor throughJ3. The Spand
Sw signals from AlS determine whether a reference
signal or anunknown signal is fed to A6 & A7 Integra-
tors,  After amplification, these signals aretrans-
mitted to Gg/Cs Amplifier through Tg. Since the
Gs/Cs Amplifier signal passes through T, it is
changed in amplitude and phase. In this manner,
C/L and G/R become measurable. See paragraph 4-
57 TIMING DIAGRAM.

4-39, NULL DETECTOR (All).

4-30. Figure4~-10is a block diagram of the A1l Null
Detector. The signal from the "Lporex " connector on
Front Panelisfed to Current Detector.  The feedback

impedance of the Current Detector is varied with the
range signal from Al§, The output of the Current
Detecior is attenuated when low signal does not come
from A4 and fed through its amplifier and T3 to the
limit amplifier. At the limit amplifier, the signal is
changed to & square wave, then back to a sine wave
by a tuning filter and fed to the A8 Modulator, When
the output voltage is between 150 and 250mV an "UN-
BAL" signal is fed to Al3.

4-41. Rs & OFFSET CKT (Al2).

4-42, Figure 4-11 is the block diagram of Al2-Rs
and Offset Circuit. In this board, selection of range
resistor and adjustment of offset are accomplished,
Range resistorsare selected by K1, K3, K4 and @4

FROM Al6
10 01,1000 ,i0KN
®ir

FROM FRONT PANEL ¢

s

?
CURRENT
=

DETECTOR
O
b

ra
l FROM A4
Low

TO A8
NULL OUT

LiMiT —

AMELIFIER

TO AI3
T2 L1 [ > UNBAL

TUNING
FILTER

P
~J

Figure 4-10. Block Diagram of All Board.
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Section IV Moded 427TA
Figure 4~11 and Figure 4-12 i

L. R OFFSEY CKT
A

ns2 B l\ . .

-1 e A0
T4g_}— ]
L
P2
A9 -
-
X Hcur, Leyr Terminals
ce and DUT are not on this
e board
OFFSET CKT oard.
-
Qi~Q3
RANGE g

RESISTOR |
K
T,ﬁ = ALG
{04
Ag |

Figure 4-11. Block Diagram of Al2 Board.

FROM All UNBAL
INITIAL UNBAL | TO A9
REaty [} FLiP FLOP ™ UNBAL
cPU
TRIG RESET OFFSET | OFFSET 2 OFFSET END 10 A
14,15
o —?D'“ ONE SHOT| ] ONE SHoT ["®] ONE SHOT|[ ®]ONE SHOT * SEFSETEND
SAMPLE —
RATE ~ END
FROM Aid
MOLD |
d o Y PO
RATE ONE SHOT FROM Al5
. TOAI4,15,i8
| Mz CLOCK D
) | PULSE /2 -
FROM A4 S & TO Al4,15
cp
Figure 4-12. Block Diagram of Al3 Board.
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which are controlled with signals from Al6 (Range
& Function Control). AlLE is controiledfrom the front
panel with the RANGE and FUNCTION switches., Qi,
@2, Q3 and Ty form a circuit which is used to accu~
rately detect exactvoltage dropacrossrange resistor,
This voltage, which is Ey,-Ey,, is transmitted to
AlG through transformer T and compensates for
the voltage drop whichis caused by residual resistance
or wiringresistance. The Gffset Circuit compensates
for stray capacitance, residual conductance {when
the DUT is a capacitor), residual inductance and re-~
sidual resistance of DUT. The C/G Offset Circuit
compensates for leakage current and produces a re-
verse current to the leakage current, The L/R Off-
set Circuit detects the current which flows through
DUT and generates a compensating voltage and which
is added to voliage from the Hporpn terminal.

4-43. RESET/CLOCK PULSE GENERATOR (Al3).

4~44. The Block Diagram of Al3 Reset/Clock Pulse
Generatfor is shown in Figure 4-12. The reset one
shot multivibrator is triggered by initial reset one
shot multivibrator output, Remote Trigger signal or
CPU Trig signal and generates a reset pulse with a
pulse width of 50usec. This reset pulse is fed to
Al4, Alb and Al7 boards and resets the 4271A to its
initial conditions. An offset 1 one shot multivibrator
is triggered by the reset pulse and generafes a pulse
of 30msec pulse width during which an offset adiust-
ment in the Analog Section is executed. The ouiput
of offset I one shot triggers offset 2 one shot multi~
vibrator, the output of which is fedto A5, A15 and A17

Section IV
Paragraphs 4-43 to 4-46

boards. The time interval for offset 2 is 20msec.
An offset end pulse (4us wide) is generated by out-
put of offset 2 one shot and isfedto Al4d and Alj boards
as a step start command, After completion of a meas-
uring cycle, an end pulse is transferred from Al4
poard and friggers the sample rate generator. Atthe
clock pulse generator, a IMHz signal from A4 oscil-
lator is shaped into a sguare wave by a differential
comparator and its frequency divided into 300kHz by
a 1 bit binary counter. The 500kHz clock pulse (CP)
is used throughout the 4271A,

4-45. GATE/TRANSFER PULSE CONTROL (Al4).

4-46. The Block Diagram of Al4 Gate/Transfer Pulse
Control is shown in Figure 4-13. A 2msec one shot
multivibrator is triggered by a 1%, 920 or 10,000 sig-
nal from the Al8 board, a "0 detect signal from Al5
board, or an offset end signal from Al3board and the
output enables generafion of GATE and step shift
signals, The Gate Signal controls the counter on the
Al8 hoard and the step shift signal is used as the
clock pulse of the step counter on AlS board. An 800
usec FF generates a time span of 800 usec under the
condition that 8y signal is at high level. The switch-
ingof Sxand Sy is controlled by the outputs of the 800
usec F¥F and 2msec FF. The output of 800usec FF
is also used asa gate signal for minus sample meas-
urement. The C Transfer, G Transfer and End
signals are generated by a transfer pulse generator
whose inputs are the step signals (step 5, step 6, and
step 8) from Al5 board.

A8 La o ) MINLS
— bt A1
{8920 FLIP FLOP INTE
10600 2 m SEC J&O
A5 "0 det ONE SHOT Bt N GATE
- & AlS
Al3 (e F/F GATE
OFFSET END
2m SEC - AlS
FLIP FLGP } STEP SHIFT
3 52 e AlS
] SX
FLIP FLOP
Sy
BECADE | siNaRY AG, AT, AIB
Al3 CP ey COUNTER "] COUNTER 4000 SEC
TRANSFER
AlS "s" PULSE = A18,Al19
GENERATOR X fer

4271A-1
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Al7
.Y
MEAS  —gs A
START  |oieol. ; sTEP - 57
a6 IFF COUNTER = 86
AUTO & $5
ALZ D_. D S SIGNALS
OFFSET END = S3
Al4 STEP
STEP | FLAG STEP i
SHIFT L COUNTER - s
Al4SY
AS ZerL Fl___ﬁ——\
AT Ze/R - > ) } & TO Al4 ZERO SIGNALS
AIB O.F, ——I_U S SIGNALS
AlG, D D_‘L_&
D__r—@' EE”'DS;’LO? & TO AIO SR, SD
R TO AIO S6,5¢
Sv.Sr S6.5¢ ® 1o Al4 $v s
S SIGNALS
Figure 4-14. Block Diagram of AL5 Board.
Aot | RANGE _ TO AI7 OR
RANGE GONTROL FLIP FLOP T QPTION RANGE SIGNAL
A2
RANGE & -
SIGNAL RANGE RESIoTOR TO Ai2,9,1!
DECODER o DECODER RANGE RESISTOR
OPTION CONTROL
RANGE
SIGNAL TO Al9
aI8,0 F aron " * oR. 5=
A3, D=0 CONTROL .. 1O OPTION
" OR. DG
Az
FUNCTION o
SIGNAL FUNCTION » TO AI5, 17,18 OR
DECODER CPTION
OPTION ¢,b,L,C/6,L/R
FUNCTION
SIGNAL
Figure 4-15. Block Diagram of Al6 Board.
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4-47. STEP CONTROL (Al5).

4-48, The Block Diagram of Alb Step Control is
shown in Figure 4-14. Step counter starts {rom step
1 when AUTO range is selected or from step 3 when
MANUAL range is selected and advances to step 8.
Fach step signal, which is the high furning state of
each digit of step counter, is used as a control signal
for switching according to each step. Zc/L  (output
of A6 C/I. Integrator is 0 volt) and Zg/mr (output of AT
G/R Integrator is 0 volt) signals from A8 or ATboard
are gated by step signals and fed to Al4 board as an
"0" detect signal., Switeh control signals of Sgr, Sp,
S, 8¢, Sy and 8r are generated by step signals and
D {D Measurement) signal. Refer toParagraph4-57
for timing sequence.

4-49. FUNCTION/RANGE CONTROL {Al6),

4-50. '"The Block Diagram of Al6 Function/Range
Control Board is shown in Figure 4-15. Range signals
from A2 or option board are decoded by Range De-
coder, Function signals from A2 (or opticn board)
are decoded into function signals of C, b, C/G and
L/R, by the function decoder.  Range signals and
Fanction signals are decodedinfoarange switch signal
for Al2 by range resistor decoder. DBy annunciation
control when OF {over flow) signal or D—eG signal
is fed to Al6, Out of Range or D—s('signal is gene-
rated and fed to Al9.

4-51, AUTO RANGE/LAMP DRIVER (ALT7),

4-52. Figure 4-16 is the Block Diagram of AL7 Auto
Range/Lamyp Driver board. Thedriver signal tolight
the unit lamp on Al2 and decimal point control signal
todetermine decimal point position on the display are
generated by unit lamp driver/decimal pointdecoder
with range and function signals from Al8. An auto
range control signal is generated by input signalsof

Section IV
Paragraphs 4-47 to 4-54

1,600 and 18,000 counts from Al8, selecirange signal
and gate signal from Al3, and fed to AlS, AlG.

4-53. COQUNTER (Al18),

4-54, Figure4-17istheblockdiagram of A18 Counter.
The CP {(clock pulse) is counted by the decade counter
and binary counter with gate signal from Al4. This
count is transmitted as BCD informaiion to Al9. A
10, 000 detect signal and 15, 920 detect signal aregen-
erated and transmitted to Al4. Meaningless digits
are blanked with the blanking control as comiranded
by the sample rate signal from Al3, transfer pulses
from Al4 and decimalpoint conirol signalsfrom ALT.
An OF (over flow) signal is generated by the binary
counter,

é}\?\JGE UNIT LAMP AlD

SIGNAL DRIVER, UNIT LAMPS
DECIMAL 419

FUNCTION PCOINT e DECIMAL

SIGNAL OECODER POINT CONTROL.

SIGNAL

AlB

1600 ————#| AUTO RANGE

i8CC0O CONTROL et ALS, |16

ALS AUTO RANGE

SELECT RANGE P ling

AUTO GATE

Figure 4-16. Block Diagram of AL7 Board.

A3
SAMPLE o
AlG BLANRKING
CXER, GXER CONTROL
AT
DECIMAL POINT
CONTROL
A4 DECIMAL BINARY Ai5,i8
_b ¥
ce usc COUNTER COUNTER OF
Alg
GATE .
™ o Aid
J 10000
® A _ A4
J " 15920
Y ¢ % v ¥
A" J
Y
TO AIS DATA
Figure 4-17, Block Diagram of Al§ Board.
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4-55. DC POWER SUPPLY (A3).

4-56, Figure 4-18 is the block diagram of A3 DC
Power Supply. The groundterminal of the +50V, 20V,
-20V, +12V and -12V supply is the "A, GND'" (ground for
analog circuit) and the ground terminal of +5V supply
ig "D, GND" {ground for digital circuit)., Ground ter-
minals of analog boards connect with A, GND). Ground
terminals of digital boards connect with D, GND,
D.GND also connects with A,GND on the A3 board,
and they, in turn, are connected to the chassis.
When the +12V and +5V outputs increase beyond 25V
and 8. TV, respectively, the voltage protector circuit
opens fuse Fl. In addition, if the output of the +12V
and +bV supplies are accidentally shorted, a current
protector circuit opens the +12V and +8V outputs by
turning off Q2 and Q3, raspectively.

4-57. TIMING DIAGRAM DISCUSSION,

4-58. The dual slope type DVM which is used in the
Model 4271A individually integrates the real parts
(G/R)and imaginary parts (C/L}of the measured volt-
age. This interaction is performed alternately to
avoid mutual interaction. When the AUTO range
is selected, C/I. and G/R are initially charged to-
gether and discharged to select the suitable range.
C/L and G/R are again charged together, C/L is dis-
charged and counted and then G/R ischarged and dis-
charged and counted, Before discharging, theinte-
grator charges for 400usec to measure small values
correctly (see Figure 4-19),

4-59. For descriptive purpose refer to Figure 4-19,
When the power switched fto on, there is about 2sec
hold time until the output of OSC becomes stable. After
this hold time a reset pulse is generated by the reset
one shot and all the logic circuiis are reset. An
offset 1 pulse (30msec) is generated with the reset
pulse and during this time {(30msec)the offset adjust-
ment of A6, AT is performed. After offsetadjustment

Model 4271A

the offset 2 pulsz (20msec)is generated. An offset end
pulse (4usec) is generated by the outpul of offset 2
pulse and with this pulse a 2msec hold signal is gen-
erated, Duringthis time the outputs of the integrators
are driven to zero. At this moment, step 1 begins,
In step 1 S¢, 8v, Sx signals are {urned on to inte-
grate the unknown signal through Gg of A10. The
charge time is set at 10000 counts (20msec). When
the detect signal of 10000 counis is generated, a 2ms
held signal is generated and step 2 starts and Sx is
turned off. During step 2, Sg, 8¢, S, signals are
turned on to discharge with reference signal. A 800
isec time span after the 2msec hold time protecisthe
zero detector from mis-operating because of switch-
ing transients.  The gate of counter is opened after
800 usec iime span. After gate is opened, the two in-
tegrators are discharged with reference signal and
counting is performed until the output of the inte-
grators become zero and a "0" detect signal is gen-
erated (at the end of the count).  That is to say, the
range is set by the larger of C/L or G/R. If the count
in step 2 is between 1602 and 18040, a "start meas-
ure' signal is generated; if not, a "range shift" signal
and an "ap shift” or "down shift" signal are generated
If a "start measure" signal is generated, the offset
adjust by offset 1 is performed again and step 3 begins.
H a "range shift" signal is generated, the offset 1,
offset 2, and step 1 begin again {on another range).
Beginning with step 3, an actual measurement is per-
formed.

4~60, Steps3 to5 are the C/Lmeasuring cycle, Step
3 is as same as stepl (sometimes the range isdiffer-
ent), In step 3, the unknown signal is charged up
during 16000 counts. AZmsec hold is performedand
then step 4 starts. After the 2msec Hold, the in-
tegrator is charged with the reference signal for 400
psec through Gs of A10(Sy is on). The Sy is turned
off and Sxis turned on. The G/R Integrator is dig-
charged with reference signal until output of the inte-
grator becomes zero. During this discharging, a

- +50V {50ma)
RECTIFI
g SECTIFIER +20V {50ma
REGULATOR —20V (50ma)
E: RECTIER T +2V(0.74)
&
AC REGULATOR _ >‘§I7 A=GND
INPUT 1
i L insTRUMENT
| RECTIFIER GND
g &
REGULATOR —12V(0.7A]
- —
RECTIFIER +5VI(3.5A1)
é R PROTECTION
REGULATOR CIRCUIT
[
wder o D-6ND

Figure 4-18. Block Diagram of A3 Board.
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small portion of C/L, which originated when G/Rwas
charged, flows away. This isthecompensationcycle.
After compensation cycle, a 2msec hold time is used
again. After the hold time, Syis turned on, C/L in-
tegrator is charged through Cg of AlO with therefer-
ence signal for 400usec. Sxis turned on andC/L In-
tegrator is discharged with reference signal after
Sy i turned on. The gate of counter is opened until
output of C/L Integrator becomes zero and number of
the counts is displayed with C/L transfer pulse.

4-61, Steps 6, 7, 8 are the G/R meésuring cycle.
This cycle ig as same as the C/L measuringcycle
except that C/L is exchanged for G/R.

4-82, D MEASUREMENT.

4-83. In D measurements the first to {ifth steps are

4271 A-1
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Paragraphs 4-535 to 4-63

performed the same as for G or R measurements.
Affer the Zmsec hold time of sixth step, 3y signal is
at high level for 400psec. The integrators are
chargedup through Gg of ALQ boardby reference signal
After this 400 psec, Sy signal becomes low level and
Sx signal becomeshighleveland charging starts. As
soon as it passes 400usec (after Sy signal is at high
level), the Gate is opened and coatinues to remain
open for 15920 counts of coanter, Immediately after
the 15920 counts signal is detected, a Zmsec hold
signal is generated and seventh step starts. Inseventh
step, G/R integrator is integrated through Gs of AlQ
boardby unknown signal until output of C/L  integrafor
becomes Gvolt. As integrated value of G/R integrator
has D information, the G/R integrator is discharged
by reference signal in either step and its discharging
time is counted and displayed. The display of the
value of D is performed by G/R transfer pulse which
ig also used as an END pulse.
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Section V Model 42714

Table 5-1
Table 5-1, Recommended Test Equipment.
INSTRUMENT TYPE REQUIRED CHARACTERISTICS RECOMMENDED MODEL
Standard Capacitor General Radio
1 pF 1405 ~ B
10 pF 1405 - B
100 pF 1406 - D
1000 pF ' 1406 - A
10 nF 1407 - D
Standard Resistor : , General Radio
0o _ : . 900 - WN
10 @ _ 1442 - G
100 @ ; ' 800 - W100
1k 1442 - N
Capacitor HP P/N
1000 pF +5% 0160 - 2218
. Inductor ' EP P/N
1000 pH +5% 9140 - 0137
470 pH +5% : 9140 - 0129
Resistor HP P/N
19.6 k& Met Film +1% 1/8W 0898 - 3157
9.53 k2 Met Film 1% 1/8W {1698 - 4020
200 0 Met Film 1% 1/8W 0698 - 3186
10 4 Met Film 1% 1/2W 0757 - 0346
Decade Capacitor 40pF - 1. 2pF with 40pF - 180pF Vernier. HP Model 44408
Frequency Frequency lkHz - 18MHz, Voltage 3uV - 3V, HP Model 312A
Selective Voltmeter
Digital Voltmeter Accuracy =0. 01%, mput - Imp. =>10MQ. HP Model 3490A
Function Generator Frequency == (0. 01Hz, Voltage==5V. ~ HP Modetl 33104
Oscilloscope Sensitivity 5mV,/Div., Frequency 10MHz. HP Model 180A
: /1801A
/1821A
Logic Probe Input - Imp 10k0. HP Model 105257
Pulse Generator OQutput =5V, Rise time 1usec. HP Model 2144,
Pulse width > 50usec.
Function Generater Output> 5V. Frequency =~ 2 - 3Hz. HP Model 3310A
Test Fixture HP Model 160214
16022A
16023A
" Decade Capacitor A0pF ~ 1. 2L F. P Model 4440B
Electronic Tool A10 Adjustment XKit. ET-1487
Frequency Counter 10 to 10MEz, Imput Impedance 1MSQ. - HP 5300 w/5301A
DC Power Supply 0 to 20V, 0.01%. HP 6201B
5-0 4271A-1
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