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Section 1
Paragraphs 1-1 to 1-5

SECTION |
GENERAL INFORMATION

1-T. INTROGUCTION

1-2. This Operating Manual contains the in-
formatiocn required to install, operate and
test the Hewlett-Packard Model 4140A pA Meter
/DC Voltage Source. Figure 1-1 shows the in-
strument and supplied accessories. This secw
tion covers the instrument identification,
description, options, accessories, specifica~
tions and other basic information., To order
an additional manual, use the part number
Tisted on manual title page.

1-3. Also listed on title page of manual is
a microfiche part number. This number can be
used to order 4 x 6 inch microfilm transpar-
encies of the manual, Each microfiche con-
tains up to 98 photo-duplicates of the manual
pages. The microfiche package also includes
the latest Manual Chancges supplement as well
pertinent Service Notes.

T-4. DESCRIPTION.

1-5. The HP Model 4140A pA Meter/DC Voltage
Source comprises a high stability pA Meter
with 107'%A max. resolution coupled with two
programmable DC voltage sources to ensure
useability in many application areas. The pA
meter of the 4140A has a basic accuracy of
0.5% over wide measurement ranges (+0.001 x
107'2A~ %1900 x 107%A)  enabling stable pA
current measurement at 107'5A {1 count).
This is achieved by a new unicue,variable,
digital, integration method. This stable and
fast (less than 35ms at 1nA) measurement
technique is very useful, not only for the
measurement of the small Teakage currents of
semiconductor devices and the static charac-
teristics of FET's, but also for making insu-
lation resistance/leakage, current/absorption
measurements/analyses of capacitance and in-
sulation materials, One of the two program-

16053A

P/N 8120-1378

Figure- 1-1. Model 4740A and Supplied Accessories.
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Section I
Paragraphs 1-6 to 1-13

(VA) of the 4140A
not only as a programmabie DC
voitage source, but also as a unique stair-
case { ", /) and accurate ramp ( / , )
generator, The DC Voltage Source has an out-
out range of =100V in 100mV steps or =10V 4n
10mY¥ steps and the ramp rate can be set from
0.001V/S to 1V/S at 0.001V/S vesolution. The
sweeps of the staircase and ramp functions
operate, both in the AUTO sweep mode with a
pause key (for <changing step wvoltage and
sweep direction during measurement) and in
the MANUAL sweep mode with down { (&) and up
(@) keys. Fach of the 4140A programmable
DC voltage sources (Va and VB) has a current
Timiter 1o avoid damaging the DUT by exces-
sive current,

mable DC voltage sources
can operate,

1-6. A key capability of the 4140A 45 its

abiltity to make accurate I-V/C-V measurements.

Measurement timing can be automatically syn-
chronized between the DC Voltage Scurce and
the pA Meter section, The start, stop and
step voltages can be set from ~-100V to +100V
at 100mV resolution {from -10V to +10V at
10mV resolution). The hold/step delay time
can also easily be set depending upon the
characteristics of the material being tested.
AT1 these capabilities are featured in the HP
4140A itself which, up to now, has required
an extensive instrumeni system. Static char-
acteristics of semiconductors, diedes and
FET's, the analysis of MIS construction, and
the measurement of the threshold voltages of
FET's 1in addition to 1 minute value measurg-
ments for insulation resistances (resistance
values of approximately 0.52710'70 can be
calculated from the I-V measured values) can
easily, quickly, and efficiently be made with
the 4140A. With the 4740A it is especially
easy to make a quasi-static C-V measurement
{a capacitance measurement utilizing a ramp-
wave) which is usually employed as one of the
measurements when trying to improve semicon-
ductor quality. The 4140A measures capaci-
tance value by the following formula:

¢ - L (measured current value)
dv/dt {ramp rate)

This is possible with the 4140A as both the
desired setting of the ramp voltage and the
capacitance measurement are completely syn-
chronized, and the calculated capacitance
value {0.0~1900pF} or percent change (0.0% ~
199.9%) VS Cox (the «capacitance of oxide
film) and the appropriate ramp voltage value
are simultaneously displaved.

1-7. The 4T40A employs certain particular
functions which make the best use of the in-

1-2
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telligence capability of its microprocessor.
For example, its zero offset current capabil-
ity cancels leakage current of test leads and
fixtures and its zero offset capacitance ca-
pability cancels stray capacitances of test
teads and fixtures for accurate current or
capacitance measurements. The self-test ca-
pability checks ROM's RAM's, dispiays, indi-
cators and controi keys of the 4140A automat-
fcally when the 4140A is turned fo ON or the
SELF TEST Afront panel key is pushed. The
measurement parameters of the 4140A (VA ==,
VR.—=,START V, STOP V, STEP V, HOLD TIME, dV/
dt, STEP DELAY TIME and Cox) are stored in
the 4140A memory and can be used repeatediy.

1-8. The Option 001 Analog Output can be
used to output analog data to an X-Y Recorder
and io trace I-V/C-V curves. The Option 101
HP-1B Interface is used for vremote control
and data output via the HP-IB, In addition,
four unique accessorigs are available for
making a wide range of universal measurements,

1-9, SPECIFICATIONS

1-1G. Complete specifications of the Model
41404 pA Meter/DC Voltage Source are given in
Table 1-1. These specifications are the per-
formance standards or Tlimits against which
the instrument s tested. The test proce-
dure for the specifications are covered 1in
Section IV Performance Test. Table 1-2 1ists
general information. General information is
not specifications hut is typical character-
istics included as additicnal information for
the operator. When the 47140A pA Meter/DC
VYoltage Source 1is shipped from the factory,
it meets the specifications listed in Table
1-1. -

1-11. SAFETY CONSIDERATIONS

1-12. The Model 4740A pA Meter/DC Voltage
Source has been designed to conform to the
safety requirements of an IEC (International
Electromechanical Committee) Safety Class I
instrument (provided with a protective earth
terminal) and is shipped from the factory in
a safe condition.

1-13. This operating manual contains informa-
tjon, cautions, and warnings which must be
followed by the user to ensure safe operation
and to maintain the instrument in a safe con-
dition.




Model 4140A

1-14, INSTRUMENTS COVERED BY MANUAL,

1-15. A serial number plate is attached to
the rear of the instrument.  The serial num-
ber is in the form: KXHKIHAXX It is in
two parts, the first four digits and the
Tetter are the serial prefix and the last
five digits are the suffix, The prefix 1is
the same for all identical instruments; it
changes oniy when a change is made to the
instrument.  The suffix however, is assigned
sequentiatily and is different for each in-
strument, The contents of this manual apply
to instruments with the serial number prefix
(es) Tlisted under SERIAL NUMBERS on the ti-
tle page.

1-16. An instrument manufactured after the
printing of this manual may have & serial
nymber prefix that is not listed on the title
page. This unlisted serial number prefix in-
dicates that the instrument is different from
those described in this manual.  The manual
for this newer instrument is accompanied by a
vellow Manual Changes supplement.  This sup-
plement contains "change information” that
explains how fo adapt the manual to the newer
instrument.

Section I
Paragraphs 1-14 to 1-18

1-17. In addition to change information, the
supplement may contain information for cor
recting errors in the manual. To keep this
manual as current and accurate as possible,
Hewlett-Packard recommends that you periodi-
cally request the iatest Manual Changes sup-
ptement. The supplement for this manual is
identified with the manual print date and
part number, both of which appear on the
manual title page. Complimentary copies of
the supplement are available from Hewlett-
Packard.

1-18. For information concerning a serijal
number prefix that is not listed on the title
page or in the Manual Changes supplement,
contact your nearest Hewlett-Packard office.

1-3




Section I
Tablie 1-1 Model 4740A

Table 1-1. Specifications(sheet 1 of 7).

Measurement Functions: I-¥, C-V and I

[: For independent operations as universal pA Meter/Programmable Voltage

Source
I-Y¥: I~V characteristic measurement using staircase/ramp wave

C-V: Quasi-Static C-V characteristic measurement using ramp wave
Voltage Source: Two separate sources {VA and VB)

Va: +100¥, function generator/programmable source
VB: +100Y, programmable DC voltage source

Function VA Yp
[-v Y A A AN
C- VARVAN ==
I L N N A

Voltage Sweep: Auto (pause available)/Manual

Warm-up Time: =1 hour

GENERAL

Operating Temperature: O0°C to 40°C

Relative Humidity: < 70% at 40°C

Dower: 100/120/220V=10%, 240V-10%+5%, 50Hz/60Hz+5%, max. 135VA with any option.
Dimensions: 426mmd x 177mnH x 498mmD

Weight: Approx. 14.2kg
Accessory Furnished: 16053A Test Leads (1 set)

1-4




Model 4740A Section I
Table 1-1

Table 1-1. Specifications(sheet 2 of 7).

CURRENT MEASUREMENT
Display:r 3-1/2 digit, 90% overrange

Measurement Range: =0.00T1x107*%A ~ #1,900x107%A, 11 ranges, auto/manual range
selection.

Measurement Accuracy/Integration Time:

Range(A) Measurement Integration Time{ms)**
Accuracy® SHORT | MED | LONG

1672~107° £ {0.,5 +2)

20 80 320

10710 (2 +2)
10-11 £(5+3) 80 | 320 | 1280
10°12 1+ (5 +3) 160 | 640 | 2560

* +(% of rdg + counts), 23°C25°C, < 70% humidity, integration time ... LONG
*% at 50Hz line freguency (x5/6 at 60Hz operation).
*%* 7erg offset is performed.

Yoltage Burden: < 10uV at full scale.
Internal Electromotive force: < 100uY
Maximum Input (peak value):
Hi -Llo: 12V at 107213077 A range.
+30V at 107*107° A range.
+120Y at 107%v]107*%A range.
Lo-Guard: =200V,
Zerc Offset: Cancels Teakage current of test Teads/fixtures.
O0ffset Ranges: O0~:100fFA,
Output Trigger for I Data: INT/EXT or MAN,

High Speed I Data Output (available with OPT 101 HP-IB): Outputs current meas-
urement data with max. 2.5ms intervals. {Refer to reference data for accuracy).

Input Terminal: Trizxial BNC (HP Part No: 1250-0687).

1-5
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Table -1, Specificatiens(sheet 3 of 7).

DC VOLTAGE SOURCE (VA AND VB)
Qutput Mode:

VA‘JJJ_ :-I'In."l_sfs_/\.,"-':-_-,OgF
Vg: = , OFF

Voltage Range: 0O ~ £10.00V, 0 ~ +100.0Y, 2 ranges (autoranging only),

Max. Current Capacity: T10mA.

Sweep Control: Auto {pause available}/man., up/down wanually available in hold.
Operating Parameters Setting Ranges:

Start/Stop/DC Voltage: O v +£10.00V in 0,01V steps,0 ~ #100.0V in 0.1V steps

Step Voltage: =0.0TY ~ +10.00V in 0.01V steps(0.7V step at 10V of absolute
value of output voltage)

Hold Time: 0 ~ 199,95 in 0.%1s steps,0 ~ 1999s in 1s steps.

Step Delay Time: 0 ~ 10,00s in 0.0%s steps, 0 ~ 10G.0s in 0.1s steps.

Ramp Rate (dV/dt): 0.001v/s ~ 1.000V/s in 0.001V/s steps.

Accuracy: at (23°C = 5°C)

Qutput VYoltage (", /M, = }:
+10V+  +(D,07% + 1imv).
+100V:  ={0.09% + 110mV).

Accuracy of Ramp Voltage* :

. -5
Ramp Rate: (0.2 + 10,0/s) - 107% x START Voltage (V)

HOLD TIME (s) + Zs

107% x START Veltage (V)
HOLD TIME {s) + 2s

£(0.2% + 80.V/s) -

~ -~ if absolute setting value for START or STOP Voltage > 10V,

Linearity:

{01y + —0-00081/s 0.001 x START Voltage (V)

RAMP RATE (V/S)} © RAMP RATE (V/s) x (HOLD TIME (s) + 2s

] %

10,29 + 0,003V/s ; 0.001 x START Yoltage (V) 0
VLR T pAMP RATE (V/s)’ © RAMP RATE (V/s) x (HOLD TIME {s) + 2s) ”

- ~ if absolute setting value for START or STOP voltage » 10V,

* 1 1, Temperature Change: < 3.6°C/hour.
2. Time after start of rampzZs.

1-6




Model 4140A Section I
Table 1-1

Table 1-1. Specifications(sheet 4 of 7).

Start Stop Voltage {only for o/ , /N\.): *20mV
(+200mV ... > 10V of absolute setting value for START or STOP voltage).

Display of Output Voltage (only for / , /\.): *(0.07% + 16my)
(£0.09% + 160mV) .... > 10V of absolute setting value for START or STOP
voltage)

-

Step Delay/Hold Time: Accuracy is dependent on accuracy of line frequency
(50Hz or 60Hz),

Current Limit: 107%A, 107%A or 1072Az10%,

Qutput Terminals: BNC, L-GND,

C-Y¥ MEASUREMENT
Calculation Eguation ...... C{F) = measured current value (A)/ramp rate (V/s)

Measurement Range: 0.0pF ~ 189.9pF, 1%0pF ~ 1900pF, 2 ranges of Autc range,
90% overrange. _

% change Display: Capacitance change is displayed as a % of the initial setting
value of Cox (100%).

% Display Range: 0.0% ~ 199,9%.
Cox Setting Range: O.1pF ~ 189.9pF, 190pF ~ 1900pF,

Capacitance Calculation Accuracy: Depends on accuracies of both current meas-
urement and linearity of ramp wave
(refer to paragraph 3-53).

Zero Offset: Cancels stray capacitances of test leads/fixtures.

(0ffset range: 0 ~ £100pF,

1-7




Section 1
Table 11

Table 1-1.

Specifications{sheet 5 of 7).

Model 4140A

Option 00%1: Analog Output

Qutput Data: Vg, I and

Qutput Veoltage:

OPTIONS

C

Output Data

Output Voltage (Resolution}

Va £10Y

0 ~ =1.000Y (1mV/count)
+1,01 ~ +10,00V {10mY/count)

I Full Scale

#5Y (5mV/count}

C Full Scale

100pF
1000pF
100% (% Display)

0.5V (0.5mV/count)
5V (5m¥/count)
5Y (5mv/count)

Accuracy:

Low Pass Filter:

+(0.5% + 20mV)

OFF, 0.22s + 20% and 1s + 20% applied to both YA and I/C

Data Output

Pen Lift Output:

TTL Tow level (£ 0.8V) during sweep period in I-V/C-V

function

Recorder Scale Qutput:

Upper right/lower left scale output for Tocation

adjustment of recorder

Key

Vi output

I/C output

U.R,
(Upper Right)

Either maximum voltage value
of START or STOP voltages

Full scale value of
(+) plus sign

L.l
{Lower Left)

Either minimum voltage value
of START or STOP voltages

Full scaie value of
(=) minus sign.
for C-V measurement

0V (OpF)

ZERO

v

oy

Option 101:

Interface Functions:

Remctely Controllable Functions:

Data Qutput:

SHI AHI T5 L& SRI

HP-IB Interface (IEEE 488~1975, ANSI, STANDARD MC 1.1)

RLT DCT DT

Measured Data (I, C and YA),

Voltage Settings (Va, V),
Setting Times,

Setting Value of Cox and,
Front Panel Key Status,

Measurement Function, Current Range, In-
tegration Time, I Data Output Trigger, Voltage Sweep Control, Current
Limit, Voltage of VA/VB, Setting Times and Self Test,
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Model 4740A Section I
Table 1-1

Table 1-1. Specifications(sheet 6 of 7).

Option 907: Front Handle Kit (5061-0090).
Option 908: Rack Flange Kit {5061-0078).
Option 909: Rack and Handle Kit {5061-0084).
Option 810: Extra Manual.

ACCESSORIES AVAILABLE
16053A: Test Leads {furnished with the 4T140A)

One triaxial (male) - triaxial (male) cable, two BNC (male) - BNC
(male) cables, and connection plate with female connectors {one
triaxial and two BMNC) are furnished. Fach cable is 1 meter long.
Useful for connecting prober station/measurement fixture designed
by user,

16054A: Connection Selectors

Selects connection of low lead for pA Meter section as in following
figure. Used in conjunction with the 16053A,

25———— o e
O\M: yp
- 16055A: Test Fixture for General Device Measurements
For stable pA current measurements with electrostatic/iight shielded
hood. Alligator clips/T0-5 socket with connection plates for easy
connection to actual devices.

16056A: Current Divider (10:1)

Extends 10-2A range to 107'A (use only on 107 *A range).

1-9
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Table 1-1

Table T-1. Specifications(sheet 7 of 7).

Model 41404

Other Accessories/Recommended Stock Parts:

Male {

Descriptions HP Model/Part Number
HP-IB Cable 0.5m 10631D
Tm 106314
2m 106318
4m 10631¢C
Triaxial Connector Female 1250-0687
1250-1413

16053~24601
16053-24002

BNC Connector Female
Male

1250-1279
1250-0408

16055A Accessories
Connection Plate with Alligator Clip
Connection Plate with T0-5 Socket (10pins)
Aliigator Clips (5ea)
Connection Leads for T0-5 Socket (5ea)
T0-5 Socket {8pins}
TO-5 Socket (10pins)
T0~5 Socket {12pins)

16055-65001
16055-65002
16055-65003
16055-65004
1200-0238
1200-0239
1200-3240

Triaxial Cable {approx Im)}

16053-61002

BNC-BNC Cabte (approx lm)

160563« 61003

Connection Plate for the 16053A

16053~ 61007
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Table 1-2
Table 1-2. General Information (sheet 1 of 2),

CURRENT MEASUREMENT
Typical Response time: 0O ~ 90%

Measurement | Response Time {s) | Measurement | Response Time (s)
Range {A) [C=72pF [ C = 2nF Range (A) C=2pF | C= 2nF
107%~ 107° | £ Tms | £1.5ms 107? < 16ms | £ 40ms
10 ° < Bms < b5ms 10710 < B0ms | £ s
167 < 3ms < 3ms 10t < 60ms | £1.5s
H 2 20ms < 20ms 16712 < 600ms = 25
"C" = capacitance value of test leads/fixtures
Common Mode Rejection Ratio:  2120dB { <2 counts)
Current Measurement Acc&racy*:
I RANGE (A) INTEGRATION TIME High Speed I Data Out
SHORT MEDTUM (Option 101 Only)
1072 v 107% [£(0.5 + 4) | (0.5 + 3} +{(0.5 + 6}
10-10 {2 + 4) #{2 + 3) {2 + 6)
101! (5 +8) +(5 + 4) +(5 + 20)
107127 1a(5 + 13) | 2(5 + 10) £(5 + 25)
* +(% of reading + counts) at 23°C:5°C, <70% humidity.
** 7org offset is performed

Current Ranging Time:

10-2 A ~ 10-7 A Ranges:  30ms
10-% A, 10-2 A Ranges: 200ms
10-1¢A ~ 10—12A Ranges: 1s

Data Output Trigger Cycle:

Va C-y I-v

P e s 25ms ~ 103s*

. VAN 50ms ~ 1000s%*

* Step Delay Time + Integration time
** Step Voltage/Ramp Rate (dy/dt)




?eg?io? ; Modal 4140A
able 1~

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

I Data Qutput Trigger:

TRIGGER I Function High Speed I Data Output
INT. approx. 200ms approx, 10ms*
EXT.** z 2.5ms

2 12ms
MAN, ***

* At 50Hz line frequency (x5/6 at 60Hz operation}.
** Triggered when the logic signal (21us) goes to “0"

(short or <100Qof resistance) from "T",
**% Triggered by HOLD/MAN. key.

DC VOLTAGE SOURCE
Jutput Rasistance: < 19,
Output Inpedance: =< 10 at 10Hz, < 1002 at 100Hz.
Program Speed (7 , /™, == ): Approx. 2.5ms(1V/ms through rate)

Ranging: approx. 30ms.
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1-19. OPTIONS.
1-20. Available Options for the Model 4T40A
are 1isted in Table 1-3.

Table 1-3. Available Options.

Option Description

oM Analog Output

I HP-IB Interface

907 Front Handle Kit

908 Rack Flange Kit

Q09 Rack Flange and Front Handle Kit
910 Extra Manual

1-21. Option 001 Analog OQutPUT,

1-22. The Option 001 Analog Cutput can be
used to output analog I,C, and Vadata and to
trace I-VY/C-Y curves by connecting an X~Y Re-
corder,  The 4140A Option 001 can aiso con-
trol the pen of the X-Y recorder {up and down
positions, etc.).

1-23. Option 101 HP-IB Interface.

1-24. The &4140A Option 101 HP-IB. interface
provides interfacing functions for transferr-
ing measured data to an HP-IB (Hewlett-
Packard Interface Bus) line and to receive
remote control signals from the HP Interface
Bus line,

. 1-25. Option 907, 908 or 909,

1-26. QOption 907, 908 or 309 provides the me-
chanical parts neccessary for rack mounting.
Installation procedures for these options are
detailed in Sectien II.

Section I
Paragraphs 1-19 to 1-32

1-27., Opticn 910 Extra Manual.

1-28. Option 910 Extra Manual provides an ex-
tra copy of Operating and Service Manual.

1-29. ACCESSORIES SUPPLIELG.

1-30. Figure 1-1 shows the HP Model 4740A oA
Meter/DC Voltage Source, Model 16053A Test
Lead and power cord (HP Part No. 8120-1378).
The 16053A and the power cord are furnished
accessories.

1-31. ACCESSORIES AVATLABLE.

1-32. For convenience and ease of measurement,
four styles of accesscries ave available.

Photos and descriptions of accessories are

given in Table 1-4 and application ranges of

accessories are given in Table 1-5,

WARNING

DO NOT USE 16055A TEST FIXTURE WITH
160544 CONNECTION SELECTOR. HAZARD-
OUS VOLTAGE MAY EXIST ON LOW LEAD
TERMINAL EVEN IF 16055A LOW LEAD
CONNECTION SELECT SWITCH IS SET TO
GND POSITION WHEN 16054A LOW LEAD
CONNECTION SELECT SWITCH IS SET TO
¥a OR Vg PGSITICN,

Table 1-5, Application Ranges of Accessories.

Model Current Range In Combination

JABOS3A 99D
Ail ranges: $ $

160544 10 712410 TRA

160554 ° i

16056A | 10724 range Lo
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Table 1-4

Model 4740A

Table 1-4. Accessories Available {Sheet T of 2).

Model

Description

160534 Test Lead {Furnished with the 4140A) Tri-
axial Cable (1), BNC Cable (2}, and Connection
Plate,

Triaxial Cable (HP P/N 16053-61002):

Triaxial cable with triaxial male connectors.

Tm length.

BNC cable (HP P/N 16053-61003):

Coaxial cable with BNC male connectors. Im Tength.
Connection Plate (HP P/N 16053-61001):

Connection Plate with triaxial {1} and BNC (2)
femate connectors.

Useful for connecting prober station, measurement
fixture designed by user and other 4140A accesso-
ries.

16054A Connection Selector

Selects connection of Tow lead for 4140A pA Meter

saction. Used in conjunction with the 16053A,

Internal connections are approximately as follows:




Model 4740A Section [
Table 1-4

Table 1-4. Accessories Available (Sheet 2 of 2).

Model Descripticn

16055A Test Fixture

Used for general device measurements. For stable
pA current measurements with electrostatic/Tight
shielded hood. Furnished accessories, used in
conjunction with the 16053A,include the following:

Descriptions HP P/N
Connection plate with alligator | 16055-65001
) clip
o Alligator clips (5ea) 16055-65003
Connection plate with 70-5 16055-65002
socket
" Connection leads for TO-5 sock- | 16055-65004
et (5ea}
TO-5 Socket { 8 pins) 1206-0238
T0-5 Socket {10 pins) 1200-0239
T0-5 Socket (12 pins) 1200-0240

16056A Current Divider

Extends 1072A range to 107!'A. Useable only on
1072A range.
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Paragraphs 2-1 to 2-9

SECTION H
INSTALLATION
2-1, INTRODUCTION materials for carrier's inspection.  The HP
office will arrange for repair or replacement
2-2. This section provides finstaliation in- at HP option without waiting for claim set-
structions for the Model 4140A pA Meter/DC tlement.
Voltage Source and 1ts accessories. This
section also includes information for initial WARNING
inspection and damage ciaims, preparations
for using the 4140A and packaging, storage TG AVOID HAZARDOUS ELECTRICAL SHOCK,
and shipment. DO NOT PERFORM ELECYRICAL TESTS WHEN
THERE ARE SIGNS OF SHIPPING DAMAGE TO
2-3. INITIAL INSPECTION ANY PORTION OQF THE QUTER ENCLOSURE

{COVERS, PANELS, OR METERS).
2-4, Inspect the shioping container for dam-
age, If the shipping container or cushioning ?2-%5, PREPARATION FOR USE
material is damaged, it should be kept until

the contents of the shipment have been 2-6. Power Requirements.

checked for completeness and the instrument

has been checked mechanically and electrical- 2-7. The 4140A requires a power source of
Ty.  The contents of the shipment should be 100, 120, 220Vac +10%, or 240Vac +5% -10%, 50,
as shown in Figure 1-1; precedures for check- 60Hz +5% single phase.  Power consumpiion is
ing electrical performance are given 1in less than 135VA.

Section IV. If the contents are incomplete,

if there is mechanical damage or defects, or 2-8. Line Voltage Selection.

if the 4140A does nct pass the Performance

Tests, notify the nearest Hewlett-Packard 2-9. Figure 2-1 provides instructions for
office. If the shipping container is damaged, Tine voltage and fuse selection. The Tine
or the cushioning material shows signs of voltage selection switch and the proper fuse
stress, notify the carrier as well as your are factory installed for 100 or T120Vac oper-

Hewlett-Packard office,. Keep the shipping ation.

100V OPERATTON 220V OPERATION
- ooV~ = =100V~ FUSE SELECTION
220V ~ 220V~J
Operating Fuse Fuse
— 240V o =~ =240V~ - .
voltage . ratings Part No.
we | 2OV~ *———] 120V~ —-———J
100V 1.75A
2110-0305
120V OPERATION 240V OPERATION Teov STovi Blow
toa] - oov~ —100Y ~ = 200V 0.6A
me,[ poove ) 240V STow Blow | 211070016
240V~ ~ 77 =zaov-, -2
{20V~ J 120V~ ——————]

Figure Z-1. Line VYoltage and Fuse Selection.

2-1
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Figure

2-2

Model 4140A

o N WHITE
8 s

) B GREEN/YELLOW
e [ E Lo

T L BLACK

b ALACK

=

(N c anetniveLon

] P WHETE

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

Furnished for countries
other than listed below,

£ GREEN

xl —
N BLACK

| £ GREEN
P Ny BLACK

HP Part No. 812(-1369
AS-Cli2, N.Z.8.8, 198
Color: GRAY
250V, 6A

for Australia, New Zealand, etc.

LIGHT BLUE

£ GREEN/ T
YELLOW e

Illlllllll
L BROWN

i BROWN

e ol
£ GREEN/YELLOW
e N LIGHT BLUE

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

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

NOLIGHT 8L UE

E GREEN/YELLOW

L BROWN

N LIGHT aLuE

i L N
: I + £ GREEN/
. YELLOW
N

t BHOWN

HP Part No. 8120-1689
CEE7-VII
Color: MINT GRAY
250V, 64

for East/West Europe,
Iran, etc.

Note E: Earth orsafety ground.
L: Line of active conductor.
N: Neutral or ideniified conductor.

2-2

Figure 2-2. Power Cables Supplied.
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2-10. Power Cable.

2-11. This instrument
three-wire powar cable,
appropriate ac power receptacle, this cable
groynds the instrument cabinet, The type of
nower cable plug shipped with each instrument
depends on the country of destination. Refer
to Figure 2-2  for power cabte part numbers
and ptug configurations available,

is eguipped with a
When connected to an

Note
Check local electrical codes  for
proper plug (attachment cap) selec-

tion for your area.

2-12. Operating Environment,

2-13, Temperature, The instrument may be
operated in temperatures from 0°C to 240°C.

Section II
Paragraphs 2-10 to 2-18

2-14. Humidity. The instrument may be oper-
ated 1in environments with humidities up fo
70% at 40°C. However, the instrument should
be protected from temperature extremes which
cause condensation within the instrment.
2-15, Installation Instructicns.

2-16. The HP Model 4140A can be operated on
the bench or in a vrack mount. The 4140A is
ready for bench operation as shipped from the
factory.  For bench operation, a two-Teg in-
strument stand is used. For use, the instru-
ment stands are designed to be pulled towards
the front of instrument.

2-17. installation of Options 907,

908 and 909.
2=18. The 4%140A can be installed in a rack
and be operated as a component of a measure-

ment system. Rack mounting information for
the 4140A is presented in Figure 2-3.

Option Kit Part Number Parts Included Part Number {'ty Remarks
907 Handle Kit Front Handle 5060-%900 2
5061-0090 Trim Strip 5060-8897 2
#8-32 x 3/8 Screw 2510-0195 8 4.525mm
908 Rack Flange Kit Rack Mount Flange 5020-8863 2
5061-0078 #8-32 x 3/8 Screw 2510~0793 8 8,525mm
509 Rack Flange & Front Handle 5060-3900 2
Handle Kit Rack Mount Flange 5020-8875 2
5061~ 0084 #8-32 % 3/8 Screw 2510-0154 3 15.875mm

1.

Remove adhesive-backed trim strips (:) from
sides at right and left front of instru-
ment.

HANDLE INSTALLATION: Attach front handle ()
to sides at right and Teft front of in-
strument with screws provided and attach
trim strip(s)to handle.

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

HANGLE AND RACK MOUNTING:
handle and rack mount flange together
to sides at vright and left front of in-
strument with screws provided.

Attach front

When rack mounting (3 and 4 above), re-
move all four feet (1ift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3.

Rack Mount Kit,

2-3
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Paragraphs 2-19 tc 2-26

2-19. STORAGE AND SHIPMENT

Z2-20. Environment.

2-21. The dnstrument may be stored or shipped:

in environments within the following Timits:

TemperatUre .veveuenenann ~40°C to +75°C
Humidity oovvvnvnnnne. Up to 95% at +45°C

The instrument should also be protected from
temperature extremes which could cause con-
densation within the instrument.

2-22. Packaging.

2-23, Original Packaging. Containers and
materials identical to those used in factory
packaging are available  through Hewlett-
Packard offices. If the instrument is being
returned to Hewlett-Packard for servicing,
attach a tag including the type of service
required, return address, medel number, and
full serial number. Alsc, mark the container
FRAGILE o ensure careful handling. In any
correspondence, refer to the instrument by
model number and full serial number.

2-24, Other Packaging., The following general
instructions should be used for ve-packing
with commercially available materials:

&, Wrap instrument in heavy paper or plas-
tic, (If shipping to Hewlett-Packard
office or service center, attach tag

Table 2-1.

Model 41404

indicating type of service required,
return address, model number and full
serial number.)

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

c. Use a layer of shock-absorbing material
70 to 100mm (3 to 4 dinches) thick
around all sides of the instrument to
provide firm cushicning and to prevent
movement inside container. Protect
control panel with cardboard.

d. Seal shipping container securely.

e, Mark shipping container FRAGILE fo en-
sure careful handling.

f. In any correspondence, refer to instru-
ment by model number and full serial
number,

2-25, OPTION INSTALLATION

2-26. Installation procedures for Options 007
and 101 are described in Table 2-1.

CAUTION
BEFORE PROCEEDING WITH INSTALLATION

OF OPTION(S}, PUSH LINE BUTTON TO OFF
AND REMOVE POWER CORD FROM INSTRUMENT.

Option Installation.

Option 001 Analog Output

Option 101 HP-IB Interface

Option Parts | Analog Output Assembly

A21 HP-IB Board Assembly

(HP P/N: 041406-61001)

{(HP P/N: 04140-66521)

Installation
Procedurs

. Remove left rectangular biind

from rear panel.

. Install Analog Output assem-

bly on rear edge connector of
A4 1/0 board,

. rasten Analog Output assem-

bly to rear panel with four
screws.

. Remove right rectangular

blind from rear panel.

. Install AZ] HP-IB board as-

sembly on rear edge connector
of A3 MPU hoard.

. Fasten A21 HP-IB board assem-

bly to rear panel with two
screws,
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Section I1I
Paragraphs 3-1 to 3~7

SECTION 11
OPERATION

3~T1, INTRODUCTION,

3-2. This section provides the operating in-
structions for acquainting the user with the
Model 4140A pA Meter/DC Voltage Source. In-
structicns for panel controls, measurement
functions, coperating procedures, self test,
and cption information are dncluded in this
section, Operating precautions given
throughout the text should be carefully ob-
served.

WARN NG

BEFORE THE INSTRUMENT 1S SWITCHED ON,
ALL PROTECTIVE EARTH TERMINALS,  EX-
TENSION CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO IT SHOULD BE
CONNECTED TO A PROTECTIVE  EARTH
GROUNDED SOCKET. ANY INTERRUPTION OF
THE PROTECTIVE EARTH GROUNDING WILL
CAUSE A POTENTIAL SHOCK HAZARD THAT
COULD RESULT IN PERSCONAL INJURY.

ONLY FUSES OF THE SPECIFIED TYPE AND
OF THE REQUIRED RATED CURRENT SHOULD
BE USED. D0 NOT USE REPAIRED FUSES
OR SHORT CIRCUITED FUSEHOLDERS. 0
DO SO COULD CAUSE A SHOCK QR FIRE
HAZARD.

CAUTION
BEFORE THE INSTRUMENT IS SWITCHED ON,
IT MUST BE SET FOR THE VOLTAGE OF THE
POWER SGURCE OR DAMAGE TO THE INSTRU-
MENT MAY RESULT.
3-3, PANEL FEATURES.

3-4, Front and rear panel features are de~
scribed in Figures 3-1 and 3-2.  Description

numbers match the numbers on the iliustration.

{Jther detaiied information for panel displays
and controls is covered 1in paragraph 3-5 and
those which follow.

3-5, SELF TEST.

3-6. The 4140A has the following self test
functions:

(1) A Program Memory Test
(2) A Display Test

These tests are automatically performed once
gach time the LINE button is pushed to turn
instrument on. In addition, these tests are
enabled when SELF TEST key is pushed. lUnder
this Tatter condition, the tests are per-
formed repeatedly while SELF TEST lamp is Tit.
In Option 107 units, these tests can be ena-
bled by a remote program via the HP-IB.

(1) Program Memory Test.

During the Self Test mode, the instru-
ment is checking the internal program
memary. If some abnormality is de-
tected, instrument displays one of the
ejght error messages (E-2~E-9), Six
of the error messages (E-2~E-7) indi-
cate an abnormality 1in the ROM (Read
Oniy Memory) and the other two error
messages (F-8 or F-9) findicate an ab-
normality of the RAM (Random Access
Memory).  Suffix numbers are same as
numbers for ROM or RAM.

(2) Display Test.

During the Self Test mode, all front
panel indicator lamps and all segments
of numeric and character displays are
illuminated.

3-7. When 4740A is set to Self Test mode by
the SELF TEST key, the 41407 has an addition-
al Self Test function (& Control Key Test).
If each control key 1is normal, the I1-C DIS-
PLAY displays an octal code as shown in Fig-
ure 3-3, when a control key is pushed.

3-1
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Figure 3-1

Model 4T40A

@

s LTAGE SOURCE
[

L

CURRENT LEIMIT {41

s [ ¥ OUTPUT
o]

ie B0

o
Lo
o

9@

e 50

LINE E—nLUNC?:QN

— TAREWEIER AT IR
)
s o on L v e [ KR
©) {] (3l (e dy I3~ D Ej '.@EG
' TRANGE |

L V DIJFPU 10 ¢
AﬁT(.\ OLTFEJ? R{GCER .
P \
O s ©© [(voy

C} Eﬁ] i.@
=) = @ )
é“a 05 O

® ® @

(:) LINE ON/OFF Switch: Turns instrument

on and readies instrument for measure~
mant,

HP-IB Status Indicator and LOCAL key:
LED Tamps for SRG, LISTEN, TALK, and
REMOTE indicate status of interface be-
tween the 4140A and HP-IB centroller,
LGCAL key enables front panel control
instead of remote control from HP-IB
line. Refer to paragraphs 3-<69 thru
3-98,

ZERO Offset key: This key is provided
to compensate  for  pA Meter offset
arrors. Current or capacitance value
on I-C display(5)is stored when button
is pressed., The stored offset value is
deducted from subseguent measurement
values. Refer to the paragraph 3-23.

IsC Data Output Trigger Lamp: Turns on
in synchronization with data ocutput
on I-+C DISPLAY(S), When FUNCTION(8)is
set to I and 1 DATA QUTPUT TRIGGER

is set to INT, the Tamp flashes re-
peatedly at approximately 200mS.

®®

(:> I+C Display: Current or capacitance
value including decimal point and sign
is displayed in a maximum 3-1/2 digit
decimal number from 0000 to 31900 (the
number of digits change depending on
instrument control settings). If the
measurement value exceeds full count
number on the selected range, an over-
flow annunciation appears.

(:) Exponential Display for Current Meas-
urement:  Current measurement exponent
(-2 =12 in eleven ranges) s display-
ed when FUNCTIONES set to I or I-V,

(:) Capacitance Measurement or Percent Key
Unit Indicator: "pF" indicator is i1~
Tuminated 1in general C-V measurements.
When percent key is pushed, percent in-
dicator is i1luminated and I-C DISPLAY

(:)15 in percent.

(8) FUNCTION Select Key: These keys select
measurement functions as follows.

I[: For independent operations
as universal pA meter and OC
voltage source,

I-¥: I-¥  characteristics measure-
ment using staircase oy ramp
wave.

C-V: Quasi-Static C-V characteris-
tics measurement  using ramp
wave,

3-2

Figure 3-1. Front Panel Features (sheet 1 of 5).
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Figure 3-1
(:) I RANGE Select Key:  These keys select (:) 1 DATA OUTPUT TRIGBGER Select key:
the current measurement ranging method. These keys select trigger mode for
In AUTO mode (when LED lamp is 1it), triggering I Data Output when FUNCTION
optimum range for the current value 1is is set to I as follows:
automatically selected. In MANUAL mode
(when LED Tamp is not Tit), measurement INT: This key provides internal
range remains the same even when the trigger which enables instru-
current value is changed., Manual rang- ment to output current data
ing is done by pressing adjacent DOWN measurement repeated at 200mS
(@) or UP (@)} key, Refer to para- (approximate) rate,
graph 3-16.
EXT: In external trigger mode, a
Note trigger signal must be applied
to  EXT TRIGGER input connhector
Pressing DOWN (&) or uP or rear panel to trigger in-
{ @) key sets the ranging strument,
mode to Manual even if the
ranging mode  was set to HOLD/MANUAL : In HOLD/MANUAL trigger
AUTO. mode, a trigger signal is provided when

this key is pressed.
(D) INTEGRATION TIME Select Key: These

keys select digital integration time Note
in accord with the following table for
the various measuring conditions: A A140A equipped with Op-

tion 101 HP-IB Interface
can be triggered by a trig-

Integration Time (ms)*

Range(A) ger command (GET), regard-
. less of mode setting of I
Short | Medium Long DATA OUTPUT TRIGGER key.
-z ~1 0
10710 20(16.7) 80(66.7) | 320{266.7) (:) I INPUT Connector: This connector s a

triaxial female connector for connect-
ing unknown current source, test lead,
or test fixture,

107 | 80(66.7) |320(266.7)|1280(10566.7)

-~12

10

160(133.3)|640{533.3)|2569(2133.3}

() GROUND Terminal: This terminal fs con-
nected to chassis ground of instrument
and can be used as ground terminal in
measyrements which specifically requivre
use of & guard.

*Note: at 50 {60)Hz line frequency.

Figure 3-1. Front Panel Features (sheet 2 of 5).
3-3
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Va or VB,
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(:) ¥S  (Voltage Source)
voltage value,
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depending on
tings). Usually,
value is displayed.
QFF and VB is set to ON
) , output voltage
piayed. In addition,
lamp is not 1it,

the input parameter
Timit value,
appears.

annunciator appears.

Jisplay:
including decimal point
a maximum
from 0000

in
3-1/2 digit decimal number
to 1900 (the number of digits

instrument control
ouiput

when
this display
used to display parameter values. If
value exceeds its
and overfiow annunciation
If the 41404 5 swept
correct parameter settings,
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Lamps: These lamps indicate (8) Unit Indicator lamps:

voltage value of the VS DISPLAY (:)15
Usually, VYa Tamp is i1Tumi-
When VA is set to OFF and VB is
set to ON (VS Mode key(z)),

Vg lamp 1is

Output

change
set-

voltage Vp
When VA is set to
{¥S Mode
VB value is dis-
¥ OUTPUT

Key

can be

at in-
an illegail

dicate
Tows:

¥: Output Yoltage, ==

V/s: dv/dt.
pF:  Cox,
(1) v OUTPUT Lamp:  Mhen the

®

CURRENT LIMIT Lamps
These Tlamps
Timit of Vg or VB.

Y SWEEP AUTO START (SET == ) key:

key is used to start auto sweep when Vp
and sets DC volt-~
When vp is set to DC (== )
this key is used to set DC velt-

15 set to sweep mode
age of VB .
mode,
ages for VA or Vg.

These Tamps in-
unit of . VS DISPLAY ()

(Va or Vg),
START ¥, STOP V, STEP V,
s+ HOLD TIME, STEP DELAY TIME.

bDC Voltage
Source is operating, this lamp is lit.

and Select Keys:
indicate output current
If output current
goes to limit value, this lamp flashes.
Select keys select output current
it of Yaor VB to 100vA, 1mA or 10mA.

®

; as fol-

1im-

This

Figure 3-1.
3-4

rront Panel

Features {sheet 3 of 5).
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Figure 3-1

(:) V SWEEP MAN (PAUSE), STEP DOWN () (:)PARAMETER Select Keys:  These keys are
and STEP UP () Keys: MAN (PAUSE) used to set and monitor measurement
key is usually wused to start manual parameters for 0BC Voltage Source.
sweep., When VA is operating in auto When V QUTPUT iamp(:) is 1it, Parame-
sweep mode, this key is wused as the ters can not be set. Parameters can be
auto sweep pause control. The key monitored when these keys are pushed:
can change the sweep from auto (when '
LED lamp is not 1it) to manual mode = Ya Mode
(when LED lamp is 1it) or from manual = : [C Voltage (V) of no
to auto. The STEP DOWN and STEP UP sweep mode.
keys are used for manual sweep. START V: Start voltage (V) of

sweep mode,

(ﬁ) Y SWEEP ABORT (RESET == ) Key: This STOP v: Stop voltage (V) of
key is used to abort all operations of sweep mode.
the DC Voltage Source. STEP V: Step voltage (V) of

sweep mode,

() ENTER Key: When this key is pushed af- HOLD TIME: Hold time (s) of start
ter the value of the parameter 1is set and stop voltages of
with the PARBMETER select (27) and DATA the sweep mode.

() keys, the set value is stored in the dv/dt: Rate of change of ramp
4140, The VS DISPLAY(®) indication wave voltage.
flashes once when this key i3 pushed.

Cox: Reference capacitance

(:)Blue Keys: Functions 1in blue Tetters value {C oxide) (pF) of
{Cox, SELF TEST, X-Y RECORDER) are ef- a C-VY measurement in
fective after this key is pushed. percent. This key is

effective after Blue

Di\TA Keys: These keys are used to in- key @ is pushed.
put parameter values. They are made
up of numeric (0~9), decimal and minus STEP DELAY
keys. TIME: Delay time(s) of each

. step of staircase wave.

(3)X-Y RECORDER Control Keys: In an in-

strument equipped with  Option 001, > Vp Mode
these keys are used to contrel pen po-

sition of the ¥-Y recorder connected to

ANALOG QUTPUT connectors on rear panel

and include:

==: DC Voltage (V).

LL: Moves pen position to Tower
teft of sweep area.
ZERO: Sets both outputs to QV.
UR: Moves pen position fo upper
right of sweep avrea.

These control keys are effective after
5Tue key is pushed.

(%) SELF TEST key and lamp:  This key fis
used to set 4140A to Self Test mode and
lamp is 11t during Self Test mode oper-
ation. This key is effective after the
Blue key @E}is pushed, Refer to para-
graph 3-5,

Figure 3-1. Front Panel Features (sheet 4 of 5).
‘ 3-5
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(®) vs (voltage Source) Mode Lamps and Se- s VB Mode
lect Keys: These lamps indicate VS .
mode settings as follows: == (DC): DC voltage is outputted.
o VA Mode OFF: VB is not operating.

/7 (Single Ramp Wave): Output volt- .
age is changing continuousiy (dv/ Select kgys select VA and VB mode in
dt)  from start voltage to stop accord with following table:
voltage.

Va VB

/\.(Double Ramp Wave): Output volt- FUNCTION
ag? is changing continuously (dv/ SN == | OFF | == [ OFF
dt from start voltage to stop
voltage. Successively, output I Ofol®|0| Ol OO ®©
voltage is returned to start
voltage at same ramp rate, I-v Ol0|1@|0] x| x |CG]O

+ (Single Staircase Wave): Output C-v ©|O | x| x| x| x OO
voltage is changed step-by-step ; A
in step voltage fashion  from x: This mode 1s not used.
start to stop voltage. ©: Initial Settings.

A (Double Staircase Wave): Qutput ¥ GUTPUT Connectors: These connectors
voltage 1is changed in step-by- are BNC female connectors to connect
step voltage fashion from start uqknown samples, test leads or test
to. stop voltage. Successively, fixtures.

gutput wvoltage 1is returned to
start voitage by same step volt-
age.

== {DC): DC voltage is outputted.

0FF: Va is not operating.

Figure 3-1. Front Panel Features {sheet 5 of 5).

oJolololelolo

®® ©®

Figure 3-2. Rear Panel Features (sheet 1 of 2).
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Section II1
Figure 3-2

(1) FILTER TIME CONST Select Switch: In op-
tion 001 dinstruments, this switch se-
Jects filter rise time  {OFF, G.22s or
1s) for optimizing analog output.

(@) Va QUTPUT Connector: In Option 001 ope-
ration, analog output data of 4140A VA
QUTPUT is outputted from this connector
in accord with the following table:

ya (V) Va QUTPUT (V) | RESOLUTION
0.00 ~x10.00 |0.000 ~+1,000 imV/count
+30.7 ~+100.01 £1.01 ~210.00 | 10mV/count

(3)1/¢ OUTPUT Connector: In Option 001 in-
struments, analog output data of 41404
I-C DISPLAY is outputted from this con-
nector in accord with the following ta-

hle:

T DISPLAY I QUTPUT (V) | RESOLUTION

0~ 1900 0.000~ +9.500 bmV/count
C DISPLAY C QUTPUT {V) | RESOLUTION
0.0~190.0 0.0000 ~0.95001500u:V/count
1971 ~ 1900 0.955 . 9.500 5mV/count
% DISPLAY % QUTPUT (V) | RESOLUTION
0.0-1799.9 0.008~9,995 5my/count

(j)?EN LIFT Connector: In Opticn 00T wunits,
PEN LIFT controil signal for an X-Y re-
corder connected to the 41404, 1is out-
putted from this connector, When Vpa
QUTPUT and I/C QUTPUT connectors are
cutputting analog cutput data, this
connector outputs a LOW level TTL sig-
nal (PEN DOWN). At other times, this
connector outputs a HIGH level TTL sig-
nal (PEN UP),

(:)HP—EB Control Switch:  In Option 101
units, this switch selects HP-IB ad-
dress, data output format, and inter-
face capability. Refer to paragraph
3-77.

(:)HP—EB Connector: In Option 3107 units,
an HP-IB cable can be connected for
intercommunication with other HP=-IB de-
vices through the bus line cable.

(:)EXT TRIGGER Connector:  This connector
is used for externaliy triggering pA
Meter by inputting an external trigger
signal when FUNCTION s set to I,
TRIGGER switch on front pane? should be
set to EXT. Refer to paragraph 3-21.

LENE Input Receptacle: AC power cord
is connected to this receptaclie and to
AC power Tine.

(3) VOLTAGE SELECTOR switch: These switch-
es select appropriate an operating
nower voltage from among 106G, 120, 220V
+10% and 240V +5% -10%, 487 66Hz.  Re-
fer to paragraph 2-8.

(W)FUSE Holder: Instrument power Tine
fuse is installed in this holder. Re-
fer to paragraph 2-8.

Figure 3-2. Rear Panel Features (sheet 2 of 2).
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K’W H14D0 _?K\ PTE.LEFL{JDC VOLTAGE SOUFRCE
\
}
i o wro |
BUBRU
LEME
GrFdl o ch
30 g~ o7
BaE ||
e} Q E‘NEC\UMF_ Loer
g [y autRa -.' e.mre
A T comg oursy magenl | L e e
0O @ C. slojc) -tn
Figure 3-3. Octal Codes of Control Keys.

3-8, INITIAL CONTROL SETTINGS.

3-9, One of the convenient functions which
facilitate ease of operation is the automatic
initial contrel setting performed after the
instrument is turned on. Initial panel con-

trol functions are automatically set as fol-

Tows:
FUNCTION toviannnnns crsimsesensesannaaas 1
T RANGE vvvonvansnsnrsnsnossnsannnss AUTG
INTEG TIME .. uiuveravovsonscanananns LONG
I DATA QUTPUT TRIGGER ....... cesasans INT
VA ceennnee fraereararranesesanseseans rd
VR sievesansessanacrasaoasssonanans .. OFF
PARBMETERS ..ivivenn all pavrameters are 0
SELF TEST wivsvvssnnanes Wreceessiaaan OFF
T ZERD OFFSET wrvvvvvsnsnnnnncsescosusns ¢
C ZERD OFFSET siuvevan vereeaensacaranes 0
CURRENT LIMIT ...v... Denesseniesens 100uA

Additionally, when FUNCTION is changed, panel
control functions are automatically set as in
Takie 3-7.

Table 3-1. Automatic Control Settings.
FUNCTION
CONTROLS
I I-¥ C-y*
I RANGE AUTO | AUTO ek
1 DATA QUTPUT TRIGGER | INT OFF QFF
VA i il e

3-8

* C measurement Unit indicator s set to

pA.

*% T RANGE when FUNCTION s set to C-V,
INTEG TIME, Vg, PARAMETERS SELF TEST I
ZERQ OFFSET, € ZERD OFFSET, and CURRENT
LIMIT are not changed when FUNCTION is
changed.

3-10, MEASUREMENT FUNCTION.

3-11. The 4140A has three measurement func-
tions which are:

1: For independent operations as a uni-
versal pA Meter and DC Yoltage Source.

I-¥: I~V characteristics measurement using
Staircase and Ramp wave.
C-V: Quasi-Static C-¥  characteristics

measurement using Ramp wave.

In the following paragraphs of this section,
basic finformation for the pA Meter and DC
VYoltage Source when FUNCTION is set to I s
first described and secondly I~V and C-V
measurements are outlined.
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3-12. pA (PICO~AMPERE} METER SECTION.

3-13. The pA Meter section of the Model 4140A
operates as an independent, high stability
universal pA Meter (to 107'°A max) when the
FUNCTION is set to I. In addition, accurate
I-Y measurements, with staircase or ramp wave
the timing of either of which can be automat-
ically synchronized between the pA Meter sec-
tion and the DC Voltage Source section, can
be done in the 1-V function. In the C-V
function, accurate I-Y measurements using the
ramp wave and calculating the capacitance
from the current measurement value and ramp
rate {dV/dt), can be done. Independent oper-
ation as a universal pA Meter 1is chiefly de-
scribed in paragraphs 3-12 thru 3-26.  These
instructions should be read even if only I-V
or C-Y measurements are to be done. Instruc-
tions for I~V measurements are given in para-
graphs 3-43 thru 3-48 and for C-V measure-
ments in paragraphs 3-49 thru 3-60 should be
read,

3-14. pA Meter Display.

3-15. The oprimary display, sub-display and
twe LED lamps provide visual data outputs of
current measurement vresult or the result of
capacitance calculations. The primary dis-
play (I+C DISPLAY) provides a readout of cur-
rent measurement value, calculated capaci-
tance value or the c¢apacitance value as a
percent of the reference value {Cox) in a
maximum 4 digit decimal number with decimal
point. If measurement overflows, an alpha-
betic annunciation (either O-F, COF or POF)
is displayed (refer to paragraph 3-67). The
sub-display provides the exponent of the cur-
rent measurement (-2 to ~12 in eleven ranges)
when FUNCTION is set to I or I-V. Two LED
lamps serve as the unit indicators for the
capacitance measurement. These lamps indicate
that the value of the I.C DISPLAY is the cal-
culated capacitance {pF} or the capacitance
value in percent referenced to a capacitance
value (Cox). In a C-V measurement, lesser
significant digit data of the calcutated ca-
pacitance is displayed when the current meas-
yrement data has few significant digits. In
an 1+C DISPLAY, the Tesser significant digit
data is represented by a small zero (&) fig-
ure to differentiate it from a more signifi-
cant digit which is represented by a large
zevo ([ Jas shown in Figure 3-3.

Section I}
Paragraphs 3-12 to 3-17

Less Significant Zero.

Significant Zero.

Figure 3-4. Less Significant Zevoc.

The display for the pA Meter displays the
foliowing parameter values in like manner (to
those described above):

Measuring Current ....... +0,001 x 107124
o £1.900 x 107%A,

Caiculated Capacitance .. 0.0pF~189.8pF,

190pF - 1900pF.

Capacitance in Percent .. 0.0%~199.9%.

3-16. Current Measurement Ranges.

3-17. The pA Meter of the 4140A covers cur-
rents measurable by the instrument from
107"2A to 107%A in 11 ranges. Each range al-
lows a 90% overrange of the 1000 full scale
count {maximum 1900 counts).  The 4T40A has
two range modes, AUTC and MANUAL, for select-
ing the optimum range for making the various
current measurements. When the I RANGE is
set to AUTO, an optimum range is automatical-
ly selected for each measurement. If the raw
current measurement data (before digital in-
tegration - - refer to paragraph 3-18 - -) is
outside the range of 150~1900 counts, the
measurement range is changed automatically
- - up or down by the AUTO ranging system.
When the I RANGE is set to MANUAL, the meas-
urement range does not change even if meas~-
ured current changes. If the DOWN ( @) or
UP (@) key is pushed, the measurement range
is changed and the I RANGE is set to MANUAL
{even if the 1 RANGE was set to AUTO). If
the I+C DISPLAY count s over 1900 counts
when measurement range is held, the I-C DIS-
PLAY displays an (0-F) annunciation.  When
the measurement vrange is changed, the phA
Meter waits for the following ranging times:

10780 L TO722A PENGES tevnrneenerirnnas s
1078 A T07%A PAnUeS vvvevvvvenranres 200ms
1072 47077A ranges «.veeeevnnn.. 20 ~ 30ms

3-9
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3-18. Integration Time and Data Qutput.

3-19. The raw current measurement of the
£14GA pA Meter section is done by making suc~
cessive approximations between the reference
voltage (using a high speed D-A converter)
and a voltage proportional to the measured

current. This raw current measurement is syn-
chronized with the 1line frequency. Thus,
the raw current measurement interval of the
47404 is 10(8.3)ms at 50{60)Hz Tine frequency
and this measurement continues from the time

the 4140A is turned ON until it is turned OFF.

These raw current measurement data are dig-
itally integrated and this result is cutput-
ted to the I.C DISPLAY. The number of the
raw current measurement data selectad for
digital integration (2+256) is fixed by the
INTEG TIME select key on the froni panel.
The integration time of the 4140A pA Meter
section is the product of the number of raw
current measurement data selected for digital
integration and the current measurement in-
terval. The 4140A has nine integration times
as given 1in Table 3-2 which are selected by
measurement range and unknown condition.
Table 3-2. Current Measurement
Integration Times.

Integration Time (ms)*

Range (A)

Short Medium Long
0f 107 20{16.7) | 80(66.7) | 320(266.7)
107 | 80(66.7) |320(266.7) | 1280(1066.7)
1077 | 160(133.3){640(533.3) | 2560(2133.3)

*Note: at 50 (60}Hz line freguency.

3-20, When the FUNCTION is set to I, the dig-
ital dintegration is made using raw current
measurement data already available when the I
Output Data Trigger is received as shown in
Figure 3-5. Therefore, I data cutput is com-
pleted as soon as the I Qutput Data Trigger
is received. The T Data Output Trigger in-
terval requires only 10(8.3)ms which 1is the
raw current measurement interval and is not
related to integration time. The relation-
ship of the integration time to the data out-
put when FUNCTION 1is set to I-V or C-V is
described in paragraph 3-47 or 3-53.

Note

Immediately after 4140A is turned
on and for about 2.56s (max.)., 1in-
appropriate I data is outpuited as

3-10
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raw current measurement data since
insufficient numbers have yet been
accumulated for digital integration.

3-2%1. External Triggering.

3-22. The 41404 pA Meter section can be trig-
gered by an external trigger signal for out-
putting curvent measurement data. To trigger
the 41408 externaliy, set 4140A front panel
controls as follows:

FUNCTION ovunianerennennnsnnvane 1
I DATA OUTPUT TRIGGER ......... EXT

The external triggering device should be con-
nected to EXT TRIGGER connector (BNC female
type} on rear panel.  The 4140A can be trig-
gered by a TTL level signal that changes from
high (+5V} to Tow {0V). Trigger pulse with
must be greater than Tus. Triggering can also
be done by alternately shorting (or with
resistance 100) and opening the center con-
ductor of the EXT TRIGGER connector to ground
(chassis).

Note

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

Note

With Optien 101 HP-1IB Interface,
triggering can be also done by
trigger command (GET) or remote
program code “EY via the HP-IB.
Refer to Figure 3-28.

3-23. Zero Offset for Current Measurement.

3~24, The 4T40A has a zero offset function
which can be used to cancel the ¢ffset error
of an undesired input currrent (e.g. leakage
current of test leads/test fixtures) to re-
duce the measurement error to minimum, The
method doinc the zero offset 1is described in
Figure 3-6. The current measurement offset
Timit 1s 0 ~ 100fA and the zero offset func-
tion can be used oniy on the 10-12arange, If
ZERQ OFFSET key 1is pushed when measurement
range is other than 10?2p, this action is ig-
nored., The zero offset value is set to OfA
when the 47408 s turned to ON. When the
ZERO offset key is pushed, the value of the
I-C DISPLAY adds to zero offset value.
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AN AW AW AW AW AN AW AW AW AW AW AW AW AWAN AW AW AW AWAN
* k};;\/vuvvvuvvvuvvuuvvvvf\uf\u/\v/\vn
|

|
E
@
o
|
P!
Measurement
Current
o
b4 i
T
Z
! Bata T
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j 18t Trigger Jan Triggar J ard Trigger
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Il Bisplay Previgus Measurewent Cutput Dita 1si Trigger Qutput Data 2nd Trigogr Gutput Dats 3rd Trigger Gutput Data

Te!  Integration Tise {refer to Table 3-2)

Tet  Internai Trigger; approximately 200ms
Txternat or Manual Trigger; > 1 2ms

®; at the SO0Mz 1inme freguency (B.3ms at the BOHz).

Figure 3-5. Integration Time and Data Output {When FUNCTION is Set to I).

Note 3-25. pA Meter operating instructions {when
FUNCTION is set to I}.
With Option 101 HP-IB Interface, a
zere offset can also be done by re- 3-26. The instructions for operating the pA
mote program code "Z" via the HP-IE. Meter of the 4140A (when FUNCTION is set to 1)
are given in Figure 3-6.
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Figure 3-8
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triaxial (male} - triaxial {male) cable
To DUT

PROCEDURE :

{1} Turn 47404 OFF,

(2) Connect test lead or test fixture {e.q. triaxial {male) - triaxial
{male) cable of 16053A Test Lead {HP Part No. : 16053-61002)) to INPUT
connector of 41404,

3} Turn 41408 ON.

(4) At turn-on Self Test of 4740A is performed once automatically {refer to

paragraph 3-5}.

Note

The 4T4GA requires a one hour warm up time to
satisfy all specifications in Table 1-7.

(5) The pA Meter section of 4140A is set automatically as follows:

FUNCTION i e ie i ieioeenannes I
T RANGE iviiiiiiiiieien i ionieannnnne AUTO
INTEG TIME L. iae i nans LONG
I DATA QUTPUT TRIGGER .....vvivnieinnnnn.. INT
A Y < O fA

(6) Confirm that the I.C Data Qutput Trigger jamp is flashing.

(7) Select desired integration time with the INTEG TIME key on front panel
{refer to paragraph 3-18).
{8) Connect nothing to test leads or to test fixture (open).
9) When using the 10 '*A measurement range, set I-C DISPLAY to 0.00:107'%A
with ZERQ offset key (refer to paragraph 3-23).

Note

The measured current on _the 107'7A range is
a very small value (107"*A~T107"°A).  There-
fore, any Tleakage current generated by
changing test lead connection, test fixture
or unknown current source, increases the ey~
ror of the measurement on the 107'%A range.
To aveid this condition, do a ZERO offset
after the [.C DISPLAY has settied {allow more
than five minutes).

Figure 3-6.pA Meter Section Operating Instructions {when FUNCTION is set to I) (sheet 7 of 2).

3-12
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Figure 3-6

(10} Connect unknown current source to the test lead or test fixture.

(11} The pA Meter of 4140A will automatically display measured value of un-
known.

Note

The display valuge of a measurement on the .
16724 range may be unstable immediately af-
ter connecting unknown current source because
of the Teakage currentis described above.

Note

If the approximate value of the unknown cur-
rent source is known, the ranging time can be
eliminated from the measurement time by set~
ting the current measurement range to hold on
the desired range by using the DOWN { @ ) or
up (@} keys.

The equivalent circuit of the pA Meter section in the 4140A is shown below:

LOW /A \HIGH
P LNBPUT connector
B

Figure 3-6. pA Meter Section Operating Instructions (when FUNCTION is set to I) (sheet 2 of 2).
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3-27. VS (VOLTAGE SOURCE) SECTION,

3-28. The VS section of the Model 4140A oper-
ates as two independent programmable voltage
sources (VA and VB8). Significantly, one of
the programmable DC voltage sources (VA) «can
operate, not only as a programmable D{ volt-
age source, but also as a unigue staircase
( ~, /) or accurate vamp { / , /\.) gen-
erator. In addition, accurate I-V measure-
ments, with the staircase or ramp waves (the
timing of either of which can be automatical-
1y synchronized between the pA Meter section
and the DC Voltage Source section), can be
done in the I-V section. In the C-Y function
accurate G-V measuremenis using the ramp wave
and calculating the capacitance from the cur-
rent measurement value and ramp rate (dV/dt),
can be done. Paragraphs 3-27 thru 3-42
chiefly describe independent operation as two
orogrammable voltage sources. These instruc-
tions should be read even if only an I-V or
-V measurement is to be done. Instructions
for I-V measurements are given in paragraphs
3-43 thru 3-48 and for C-V measurements para-
graphs 3-49 thru 3-60 should be read.

3-29, VS Secticon Display.

3-30. An LED display and thirteen LED Tamps
provide visual data outputs of output velt-
ages and operating parameters. The VS DIS-
PLAY provides a readout of output voltages or
operating parameters in a maximum 3-1/2 digit

Model 471404

decimal number with decimal point., If the
input parameter value exceeds its Timit value
an overflow annunciation ( O-F } appears. If
the 4140A is swept at dincorrect parameter
settings, an 1illegal annunciation (ILLE)
appears. VA, VB lamps indicate voltage value
if the VS DISPLAY is VA or Vg. Unit indica-
tor lamps indicate unit of YS DISPLAY. V4
QUTPUT Tamp is 11t when the VS section is op-
erating. CURRENT LIMIT Tamps indicate output
current Timit of Va or V8. If output current
goes to Timit value, this lamp flashes. The
display for the VS section displays the fol-
Towing values in Tike manner {to those des-
cribad above):

OQutput Voltage ....oveuens 0.00V ~+100,0V
Qperating Paramaters

START V/STOP ¥/ == (DC) . 0.00Vv£10.00V

STEP ¥V i i v icnans 3.0V~ 10,00V
HOLD TIME .vsieveianvnannn 0.05 ~, 19995
STEP DELAY TIME ...v.vnsn 0.00s ~100,0s
dy/dt (Ramp Rate) ... 0.001V/s ~1.00Y/s
CURRENT LIMIT ....... 107"A, 107%A, 10724

3-31, VS Section Output Modes.

3-32. The VS section of the 4140A provides
two voltage sources, VYA {(programmable DC
Voltage Scurce/Function Generator) and VB
{programmable DC Voltage Source). Each of
the voltage sources provide output modes as
given in Table 3-3.

Table 3-3. VS Section Output Modes.
VS Mode Description
Va Vs Simpte ramp wave. QOutput voltage changes continuously

(d¥/dt} from start voltage to stop voltage.

Double vramp wave. Output voltage changes continuocusly
(dv/dt} from start voltage to stop voltage.
VAN sively, output voltage is returned fo start voltage at
same ramp rate (dV/dt).

Succes~

Single staircase wave.
" by-step from start voltage to stop voltage.

Output voltage changes step-

Double staircase wave.
by-step from start voltage to stop voltage.
T sively, output voltage is returned to start volitage by
same step voltage.

Output voltage changes step-
Succes-

e DC voltage is cutputted.

OFF VA is not operating.

VB

= DC voltage is outpuited.

OFF VB is not operating.
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3-33. VS Section Operating Parameters.

3-34, The VS section of the 4740A provides
eight operating parameters as given in Table
3-4. Vatues of these parameters can be in-
putted by the foilowing procedures:

{1} Press desired PARAMETER key.

{2) Set desired value with DATA keys. VS
DISPLAY displays setting value.

{3) Input displays parameter value with
ENTER key. Displayed parameier value
is flashed,

Note
With Option 101 HP-IB Interface, pa-

rameter values can be set via HP-1B
(refer to paragraph 3-83).

Section I1I
Paragraphs 3-33 to 3-36

3-35. Voltage Quiput and Display of VS,

3-36. Tne 4740A VS section outputs a voltage
and provides for its display by one of the
foliowing methods depending on the VS output
mode:

Note

When the ¥S section 1is operating
{when ¥ QUTPUT lamp is 1it), no con-
trols or operating parameters can be
changed as noted in Table 3-5.

(1) DC (== ):
The vp DC voltage, whose value is set
with the va  (PARAMETER) key, 1is out-
putted from the Vg OUTPUT connector
with the SET(== ) key. Outputted volt-

* Step voltage of the ramp wave means displayed step voltage of VS DISPLAY.
(STEP V)/(dv/dt) must be more than 50ms.
Step voltage value automatically rises to 0.1V resolution when absolute
value of outputted voltage is over 10 volts.

age value is displayed on the VS DIS-
Note play. Vg can be cancelled and set to
. OV with RESET (=) key. '
If setting parameter value exceeds
the setting limit _in Tabie 3-4, V5
DISPLAY displays ( ) and this
value is not inputted.
Table 3-4. VS Section Operating Parameters.
Parameter Description Setting Limits
Vp == GC Voltage. 10V range:
-10, 00V ~+10, 00V
START V Start voltage of staircase or ramp wave.
100V range:
STOP ¥ Stop voitage of staircase or ramp wave. -100. 0V~ +10G.0V
STEP V* Step voltage of staircase or ramp wave. ~10.00V ~+10,00V
HOLD TIME Hold time for start and stop voltages of 0.0s5~ 1999s
staircase or ramp wave.
dv/dt Ramp wave. 0.001V/s™~ 1.000V/s
STEP DELAY Delay time for each voltage of staircase 0.00s~ 100.0s
TIME or ramp wave.
Vg == oC Voltage. 10V range:
=10.00V ~+10.00V
100V range:
~100.0V A +100, 0V
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Table 3-5

(2) Staircase Wave (", & ):

The Va output voltage is swept with set
operating parameters (START V, STOP V,
STEP ¥V, HOLD TIME, and STEP DELAY TIME)
There are two sweep control methods,
ayto sweep and manual sweep:

(:) Auto Sweep:

The vp output veltage ds swept auto-
matically according to the set operat-
ing parameters when the AUTO START key
is pushed.  The relation between cut-
put voltage and its display s given
in Figures 3-7 and 3-8. The Va output
sweep can be stopped halfway and the
operating parameters (except for START
V/STOP V and integration time) can be
changed.  When the Vp cutput sweep is
completed, Vp is automatically set to
OV. The Vp output sweep can be can-
celled and set to 0V at the halfway
noint with ABORT key.

Manual Sweep:

The ¥a output voltage is set to manual
sweep mode with MAN key. The Vp cut-
put voltage is swept at its operating

parameters (except for HOLD TIME/ STEP
DELAY TIME)  din this mode using Step
Down (@ ) and Step Up (@) keys.
Qutputted voltage 1is dispiayed on VS
DISPLAY.

Note

The MAN (PAUSE} key changes the
sweep mode from auto (LED lamp is
not 19t} to manual (LED Tamp is
1it) or from manual to auto.

(3)

Model 4140A

Ramp Wave { /", /\.):
The Va output voltage is swept automat-
ically at dits operating parameters
(START v, STOP vV, STEP v, HOLD TIME and
dV/dt) when the AUTO START key is push-
ed. The retationship between output
voltage and 1its display is given in
Figures 3-9 and 3-10. The vp output
sweep can be stopped halfway, at which
time its operating parameters (except
for START V/STOP V) can be changed.
When the Vp ouiput sweep is completed,
YA s automatically set to 0OV, The vp
cutput sweep can be cancelled and set
to 0V at the halfway point with the
ABORT key.

Note

The VA output wvoltage can be set
t0 START V. and dinitially held at
this voltage with the PAUSE key,.
After the desired "wait" time, Vg
output sweep can be restarted.

Note

VS DISPLAY will display vp output
voltage during the time that VS
section is outputting voltage (ex-
cept when yp is set to OFF). But
when VB is set to ==, both yvp and
VB sources are outputting voltages
at the same time. Vp output volt-
age can be monitored with Vp
key.

Table 3-5. Inhibition of Controls and Operating Parameters

(When VS Section is Operating).

Controls

Operating Parameters

¥S Sweep Mode

SR v SToPy srge v Lol Tow

FUNCTION [INTEG. TIME | VA | VB | () [3 siialls (jj {: D O
AUTO, == (DC) X X x P x Px x| x P x ] x] xl x|l x]x
MANUAL (PAUSE) % JAY x| x]OlO| x| x|[OIQ]|O|0O10O

(O: Can be changed.

x: Can not be changed.

A: Can not be changed during ramp wave.
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Section III
Figures 3-7 and 3-8
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Figure 3- 7 Relationship between Output Voltage and Display for " {Single Staircase Wave).
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Figure 3-8. Relationship between Qutput Voltage and Display for % (Double Staircase Wave).
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Figures 3-9 and 3-10
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Figure 3-9. Relationship between Qutput VYoltage and Display for _/ (Single Ramp Wave).
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Figure 3-10. Relationship between Cutput Voltage and Display for /. {Double Ramp Wave).
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3-37. OQutput Voltage Range.

3-38. The VS section of the 41408 provides
two output voltage ranges: an x1 range
{0.00V ~ 10.00V at the 0,01V step) and an x10
range {0.0V ~ 100.06V in 0.1V steps). Range
changing is done automaticaily by the follow-
ing methods (depending on VS output mode):

(1) DC == ({VAp and VB):

Qutput wvoltage vange s individually
selected depending on the value of the
parameter (Va == or Vg ==). x1 range
is selected when Vap == (Vp ==) is 0.00V

A 16,00V, %10 range is selected when
Va =={vg=+) is =-100.0V~-10.7V or
+10.TV ~+100. 0V,

(2) Staircase Wave (7, /™ }:

Qutput voltage range changes automat-
ically frem x1 range to xiCG range or
from x10 range to x1 range at 10G.00V.
If STEP V i3 set to 0.01Y resolution,
step voltage value is raised automat-
ically to 0.1V resolution on x10 range.

Note
When  output wvoltage vrange is

changed from x] range to x10 range
or from x10 range to x1 range, out-

put voltage is always set to
+10.00V  (or -10.00V) as shown in
Figure 3-11. The ranging time

needed is approximately 20ms {(refer
to Figures 3-7 and 3-8).

x 10 range

STEP ¥V = 0.15V

x 1 range

/ % 10 range

Qutput Voltage Range of
Staircase Wave.

Figure 3-11.

Section ITI
Paragraphs 3-37 to 3-42

{3} Ramp Wave { /7, /\):

Output voltage range selected depends
on parameter values (START V and STOP

Vi.  x1 range is selected with abso-
jute wvalues of START V and STOP V
up to 10 volts. x10 range is select-
ed when absolute vaiues of START ¥

or STOP V are over 10 volts.

3-39, Current Limit,

3-40, The VS section of the 4140A can be used
not only as independently programmable DC
voltage sources/function generator, but also
as a function generator synchronized tc the
pA  Meter section for I-¥/C~V measurements,
[-¥/C~Y measurements are chiefiy used to make
characteristic measurements and analyses of
semiconductor devices (e.g. diodes, FET's,

etc.) or of electronic devices {e.g. capaci-
tors, pc boards, cables, etc.), Some of
these devices may be damaged by excessive
current. Each of the programmable DC voltage

sources (¥a and Yg) has a current limiter to
avoid damage to the BUT by excessive current.
The individual current Timiters can be set
for the current Timit value (107"A, 107°A or

107247, If the output current goes to the
1imit value, an LED Tamp on the front panel
flashes and 1its voltage source ({Vp or Vp)

outputs current only at this maximum value,
Output wvoltage value of the VS DISPLAY is
then invalid.

3-4%1. VS Saection Operating Instructions.
3-42. Instructions for operating the VS sec-

tion of the 4140A (when FUNCTION is set to I)
are given in Figure 3-12,
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Figure 3-12

BNC (male) - BNC (male)} cable
yd

/ To DUT

PROCEDURE

{1) Turn 4140A OFF,

(2) Connect test leads or test fixture {e.g. BNC (male} - BNC {(male) cables
of 16053A Test Lead (HP Parts No.: 16053-61003}) to V DUTPUT connectors
of 4740A.

(3) Turn 4714048 ON.

{(4) At turn-on, Self Test of 4140A is performed once automatically (refer to
paragraph 3-5).

Note

The 4140A requires a one hour warm up time to satisfy all
specifications in Table 1-1.

{5} The VS section of 41408 is set automatically as follows:

FUNCTION f i ir it ireesseneraseacecacaanenanatoncausuonsssssnns I
LS S U N Ot I
i ineei it ittt et eeaaaa et cr et e JFF
PARAMETER v i virreneeranransonsranssnnnan all parameters are O
VA CURRENT LIMIT iviiitirrinnrncersacnarsannonoasnnnns HORE!
VB CURRENT LIMIT ittt iiiireieceeenreeracareacarnnsonnuns 107"A

(6) Select desired VA and VB output modes with VS Mode Select keys on front
panel (refer to paragraph 3-31).

(7) Input values for VA operating parameters depend on selected VA output
modes as follows (refer to paragraph 3-33):
Sy VA;—__-; .
RN START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME,
oA START Vv, STCP vV, STEP V, HOLD TIME, dV/dt.

.
.

{(8) Input value for VB == when Vg will also be used.

(8} Set current limit values for VA and VB with CURRENT LIMIT Select keys
{refer to paragraph 3-39).

Figure 3-12, VS Section Operating Instructions (when FUNCTION is set to I) {sheet 1 of 2).
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Figure 3-12

{10) Start voltage output with following keys for each VA setting (refer to
paragraph 3-35):

e h e it et e aenenaaraae et a s gg
o
BUED SHEED v v ee e ees ovessssssennsennsenesnsecenennanens o
UED SWEEBD tivnuerrivessrsssensanansonsenasneesonasnnns 0
MANUAT SWEED vvieererrnnnrarucaavsoasnsssosansennsnssemTom

(]
(11) During the time that ¥S section is cutputting voltage, the V QUTPUT Tamp
is Tit.

Note

YS$ DISPLAY will display VA output voltage during the time
that VS section is outputting voltage (exept when VA is set
to OFF).  But when VB is set to== , both VA and Vg sources
are outputting voltages at the same time. VB output voltage
can he monitored with VB = key.

The equivalent circuit of the VS (Voltage Source) section in the 4140A
is shown below:

<L

va CUTPUT connector

@) ve QUTPUT connector

WARNING

100V MAX MAY EXIST ON THE CENTER CONDUCTOR OF BNC (FEMALE;
CONNECTORS OF Va AND Vs,

(12} If vp is set to Auto Sweep, VA and VB are automatically set to abort con-
dition (OV) when auto sweep is completed. When VA is set to Manual Sweep
or = , VA and VB can be set to abort condition (OV) with ABORT (RESET
key.

Note

Vp auto sweep can be stopped at the halfway point with the
ABORT key.

rigure 3-12. VS Section Operating Instructions {when FUNCTION is set to 1) (sheet 2 of 2).
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Paragraphs 3-43 to 3-46

3-43, I~V MEASUREMENT

3-44. The Model 4T40A can automatically syn-
chronize measurement timing between the pA
Meter section and the VS (Voltage Source}
section when the FUNCTION is set to I-V. Ac-
curate I-V measurements with the staircase
{7, /™) or vamp { /7, /) waves can be
made by taking advantage of the variable
digital integration (moving average method)
which is described in paragraph 3-18. Opera-
tions of the I-V measurement are described in
paragraphs 3-43 thru 3-48.  For basic opera-
tional instructions of the pA Meter section,
refer to paragraphs 3-12 thru 3-26 and for
the VS section vrefer to paragraphs 3-27 thru
3-42.

3-45, 1~V Measurement Data Output.

3-46. Measurement timing is automatically
synchronized between the pA Meter section and
the VS section in I-V measurements o assure
that the measurement is taken at the correct
timing. The methods for taking raw current
measurement data for digital integration of
the pA Meter section changes dependent on the
output modes of the VS section as follows:

(1) Staircase wave {7 , /4 }:

Digital integration {refer to paragraph
3-18) or each step measurement is done,
using the raw current measurement data,
after Vp goes to its step voltage.
Therefore, the relationship between the
1-V measurement and its data output {to
the 1-C DISPLAY and VS DISPLAY for a
staircase wave will be as shown in
Figures 3-13 and 3-14,

3-22
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Note

When FUNCTION 1is changed to
Iy, the invalid data annun-
ciation (emememes) is displayed
on the I.C DISPLAY,

(2) Ramp wave (/" , /\):

Output voltage of the ramp wave changes
continuously at a specific ramp rate
(dy/dt) soc that digital integration
(for each voltage step) is done using
the raw current measurement data before
and after YA goes to its step voltage
(in equal periods above and below the
step voltage as fixed by the integra-
tion time). Therefore, the relationship
between the I-V measurement and 1its
data output (to the I-C DISPLAY and VS
DISPLAY) for a ramp wave will be as
shown in Figures 3-15 and 3-16.

Note

When raw current measurement
data for digital integration
is short, an invalid data an-
nunciation (EomeweaEs) is dis-
played on the I-C DISPLAY,
This annunciation always ap-
pears just after changing
FUNCTION or after a para-
meter{s) 1is changed, or at
the START V. If the STEP V is
set to a small value when the
ramprate (dV/dt) is set to a
fast value and the integra-
tion time is set to LONG,
this annunciation is also ap-
pears at several step voltage
just after START V.
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Figures 3-15 and 3-16
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Figure 3-15. Relationship between I-V Measurement and Displays for ./ (Single Ramp Wave).
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Paragraphs 3-47 and 3-48

3-47, I-VY Measurement Operating Instructions.

3-48. Qperating instructions for taking an I-
¥ measurement are given in Figure 3-17.

160558 Test Fixture
1

16053A
Test Leads

PROCEDURE :

{1) Turn 4340A OFF.

(2) Connect 16055A Test Fixture to I INPUT and V OUTPUT connectors of the
4140A with 16053A Test Leads,

Figure 3-17. I-V Function Operating Instructions (sheet 1 of 4).
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Figure 3-17

16055A Test Fixture

The 16055A can be used for stable pA current measurements of general de-
yices with the electrostatic/light-shielded hood. DUT can be conpnected
easily with alligator-ciips or with the TO-5 type sockets which are
furnished accessories of the 160558 (refer to Table 1-4 for photos and
part numbers of accessories).

1.0W Tead connection of pA Meter section in the 4140A is selected with
160554 1.OW LEAD CONNECTION select switch as follows:

o Va , VB :
LOW  HiGH

VA
pro Ty

o GND

LOW HIGH Va or VB

oy
®) 4DUT - @

CAUTION

FOR SAFETY, THE 16055A SETS -
YOLTAGE SOURCES (VA, VB AND
EXTERNAL) ARE SET TO OFF BY
A MICRO-SWITCH WHEN HOOD IS
OPENED (AS TLLUSTRATED IN
FIGURE AT RIGHT).  MICRO-
SWITCH CONTACTS ARE LOW RE-
SISTANCE CONTACTS. HOWEVER,
THIS RESISTANCE INCREASES
WITH TIME. 70 CLEAN CON-
TACT, DRIVE A CURRENT OF

|
0.1 10 1A THROUGH CONTACT. va © oTo —Ova
OPEN AND CLOSE  CONTACTS l
ONCE OR TWICE. THE HEAT AND ve O ,\,)(G —ove
ARCING WILL CLEAN CONTACTS. |

EXT BIAS O- O"rC‘r -0 EXT BIAS

INPUT QUPUT
WARNING

DO NOT USE 16055A WITH HP MODEL 16054A CONNECTION SELECTOR.
A HAZARDOUS VOLTAGE MAY EXIST ON LOW LEAD TERMINAL EVEN IF
160558 L.OW LEAD CONNECTION SELECT SWITCH IS SET TO GND POSI-
TION WHEN 16054A LOW LEAD SELECT SWITCH IS SET TG Va OR VB
PGSITION,

Figure 3-17. I-V Function Operating Instructions {sheet 2 of 4).
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Figure 3-17

{3) Turn 4140A ON,

(4) At turn-on, Self Test of 4140A is performed once automatically (refer to
paragraph 3-5}.

Note

The 41408 requires a one hour warm up time o satisfy all
specifications in Table 1-1,

{5} The 4140A is automatically set as follows:

FUNCTION i reroinrsrencnecsnanannscnns I
T RANGE 4iiiicinnenroncnnonacrnrnscnnsss AUTO
INTEG TIME it ieiniiiiinnroonnnnncnannres INT
S e
VB veiinirennrearasconncraranaeaarsaaens OFF
PARAMETER ... ucuiencnenen all parameters are 0
I ZERD OFFSET . .utiieinenrnrnenennnonnns 0 fA
O L 0 e 0 pF
VA CURRENT LIMIT tovirienerennnnnnnnnnns 1074
VB CURRENT LIMIT iiuiiivnroomannonnonnns 10744

(6) Confirm that the I-C Data Output Trigger Tamp is flashing.

(7) Select desired integration time with the INTEG TIME keys on front panel
(refer to paragraph 3-18).

(8} Connect nothing to 160554 (Open).

(9) When using the 107%A measurement range, set 1-C DISPLAY to 0.00x10 A with
JERD offset key (refer to paragraph 3-23).

(10} Set FUNCTION to I-V.
(11} Select desired current measurement range with I RANGE keys (refer to
paragraph 3-16),

(12) Select desired VA and VB output modes with VS Mode Select keys on front
panel (refer to paragraph 3-31}.

(13) Input values for VA operating parameters depending on selected VA output
mode as follows (refer to paragraph 3-33):

5 i START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
/s /Nt START V, STOP ¥, STEP V, HOLD TIME, dV/dt.

(14} Input value for YB == (when VB is also to be used).

(15) Select current limit values of VA and VB with CURRENT LIMIT Select keys
keys {refer to paragraph 3-39).

(16) Select Low Tead connection of PA Meter-section in the 41408 with 16055A
LOW LEAD CONNECTION Select switch depending on kind of measurament.

Figure 3-17. I-V Function Operating Instructions (sheet 3 of 4).
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Figure 3-17

Model 4340A

{17) Connect DUT to 16055A with alligator clips
kind of measurement,

(18) Start C-V measurement with following keys
fer to paragraph 3-35}:

AULO SWEEP uiveiue.. 0
Manual Sweep ........ .Mf::im

or T0-5 socket depending on

for each YA setting {refer to

Connections for typical applicatons for I-V measurements are given below:

1. I-¥Y Characteristic Measurement of FET:
l l VA
VB’[ ’{
e

2. Breakdown Voltage Measurement of Diode:

3. Thresheld VYoltage Measurement of FET:

3-28

Figure 3-17.

I-V Function Operating Instructions {sheet 4 of 4).
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3-49, C-V MCASUREMENT.

3-50, The Model 47140A can automatically syn-
chronize measurement timing between the pA
Meter section and the VS (Voltage Source)
section to make Quasi-Static C-Y character-
istics measurements when the FUNCTION is set
to C-V. Accurate C-¥ measurements, using the
precise ramp (/7 , /\.} waves and the high
stability pA Meter with its 107%°A max. re-
solution, can be made by taking advantage of
the instruments' variable digital fintegration
(moving average method) described in para-
graph 3-18.  The capacitance value is calcu-
lated from the following formula:

I (measured current value)
dv/dt (ramp rate)

C=

C-V measurement operations are described in
paragraphs 3-4% thru 3-80. For basic oper-
ational instructions of the phA Meter section,
refer to paragraphs 3-12 thru 3-26 and for
operation of the VS section refer fo para-
graphs 3-27 thru 3-42,

3-51, C-V Measuvrement Data Output

3-52, C-Y measuyrements measurement timing is
automatically synchronized between the pA Me-
ter and the accurate ramp wave (_/7, /) by
the VS section +to assure that the measure-
ments are taken at the correct times., Output
voltage of the ramp wave changes continuously
at a specific ramp rate (dV/dt) so that dig-
jtal integration (for each voltage step) fis
done wusing the raw current measurement data
hefore and after VA goes to its step volfage
{in equal periods above and below the step
voltage as fixed by the integration time).
Therefore, the relatfonship between the C-V
measurement and its data output (to the I-C
DISPLAY and VS DISPLAY) will be as shown in
Figures 3-18 and 3-19.

Note

When the raw current measurement data
for digital integraticn is short an
invalid data annunciation (e
is displayed on the 1I-C DISPLAY

This annunciation aiways appears just
after changing FUNCTION, after a pa-
rameter(s) 1is changed, or at the
START V. If the STEP ¥V s set to a
small value when the ramp rate (dV/dt)
is set to a fast value and the inte-
gration time is set to LONG, this an-
nunciation also appears at several

pF, the 1-C DISPLAY displays an ( [l

Section III
Paragraphs 3-49 to 3-H4

step voltages just after START V. In
a {-Y measurament, lesser significant
digit data of the calculated capaci-
tance is displayed when the number of
significant digits for the current
measurement data is less than the
total digits of the calculated capac-
itance. (refer to Figure 3-20). In an
I-C DISPLAY, the lesser significant
digit data 1is represented by a small
zers figure (® ) to differentiate it
fram the more significant digit which
is represented by a large zero ([l )
as shown in Figure 3-4,

3-53, C-V Measurement Range

3-54, For a C-V measurement, the 4140A pro-
vides two measurement ranges, 0.0pF™89,9pF
in 0.1pF steps and 190pF-1900pF in TpF steps.
Range changing is done automatically. In ad-
dition, a current measurement range, which is
an actual measurement range, 1is provided as
in I or I-V measurements {refer to paragraph
3-16). If the I-C DISPLAY count is over 1900
counts when the current measurement range is
held, the I.C DISPLAY displays an ( JHiE=f
annunciation as in I or I-V measurements.
the calculated capacitance value is over TQO?
annunciation. If the calculated capacitance
value in percent is over 199.9% when the I-C
DISPLAY 1s set to percent display, the 1-C
DISPLAY displays an ( £} annunciation.
The relationship betwesn the calculated ca-
pacitance value and current measurement
ranges are shown in Figure 3-20. To make C-V
measurements on the most suitable current
measurement range, use the following proce-
dures:

(1) Set the 41404 for C-V measurement {re-
fer to Figure 3-23).

{2) Set FUNCTIGN to I-V.

(3) At this time, the 4140A panel control
functions are automatically set as
follows (refer to paragraph 3-8):

I RANGE ......... AUTO
YA eecones seesaas s P

(4) Select desired vp output mode with vp
Mode Seiect key.

(5) Make & I-V measurement.

(6} Set current measurement range to maxi-
mum range for an I-V measurement.
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Figure 3-18. Relationship between C-V Measurement and Displays for /7 (Single Ramp Wave).
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Figure 3-19. Relationship between C-V Measurement and Displays for /\ {Double Ramp Wave).
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Figure 3-20
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{Note 1} Accuracies can be specified in only shaded areas.
(Note 2) Numerics in each area mean digits of capacitance (current).

Figure 3-20. Relationship between Calcuiated Capacitance Value and Current Measurement Range.
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Paragraphs 3-55 and 3-b6

{7) Set FUNCTION to C-V.

(8) At this time, the 4140A panel control
functions are automatically set as
follows {refer to paragraph 3-8):

VAt ya

{ measurement
unit indicator .... pF

(9) 1If calculated capacitance value is to
be dispiayed in percent, set displayed
value of I-C DISPLAY to percent change
with Percent key.

(10) Select desired VA output mode with VA
Mode Select Key.

{11) Start C-V measurement with AUTO START
key.

Note

These procedures are the most effec-
tive methods for setf{ing up the most

suitable current measurement range
for  C-Y measurement, However, this
method may take a relatively idong

time when the ramprate {dV/dt) is set
to a sTow value. If the approximate
capacitance value of DUT 1is known,
the most suitable current range for a
C-VY measurement can be selected by
using Figure 3-21.

The accuracy of the 4140A -V measurement is
determined by the accuracies of the pA Meter
current measurement and of the ramp rate
(dV/dt) accuracy of the ramp wave (from the
above eguation}. Calculated accuracies for
C~V measurements are given in Table 3-6 and
Figure 3-22 as reference data (not as speci-
Fications).

3~-55. C-V Measurement Zero Gffset
3-56. In a C-VY measurement, the 41407 has a

zero offset function for capacitance which is
independent of the zero offset function for a

current measurement (refer to paragraph 3-23),

To reduce the measurement ervor to minimum,
the zero offset for C-V measurement can be
used to cancel the offset error of undesired
test leads/test fixture stray capacitances.
The method for doing a zero offset is des-
cribed in Figure 3-23. Offset limit for a C-V
measurement is 0.0v100.0 pF. The zero offset
value is set to O pF when the 4140A is turned
o ON. When the ZERG offset key 1is pushed,
the value of the I-C DISPLAY adds to the zero
offset value.
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Figure 3-21.

Note

With Option 101 HP-IB Interface, a
zero offset can also be done by
remote program code "Z" via the HP-IBE.




Model 41404 Section III
Paragraphs 3-57 to 3-60

Table 3-6. C-V Measurement Accuracy.

Qutput |Capacitance| Current dv/dt (v/s)
Yoltage [Measurement|Measurement
Range (V)|Range (pF) | Range {A) | 0.001 v 0.01 0.01 ~ 0.1 0.1 ~ 1
LR T 222+ o+ g,
100.0 107 ’_,"»”"’_ (52 g )
=10 10 72 M(S.zfr?ﬁ?ﬂt HQJOT'Ofgi )
R tﬂo¢+%%£&+§%&
1000 10 7t° /,,/// {22+ gy i
I
10 "' ;1:((5.2+g{%%;{)+ i
TR k(224 S
1¢0.0 10 7 /,/’/, ({52 +"&%}3%8F)+ ﬂ%‘zz)
o 10" s R
R o7+ 5082
1060 10 "¢ ///f/y w2z + 58 ) 0B
10 7! £+ S
10 71 |l S

Note 1. =(9 of reading + counts) at 23°Cz5°C, <70 % humidity.

Note 2. Accuracies can be specified only in shaded areas of Figure 3-20.

Note 3. Leakage current through resistance of DUT and test Teads contributes
additional ervor.

3-57. C-V Measurement in Percent Note

3-58. The C-V measurement of the 4140A can If setting of Cox value exceeds the
be displayed as percent change VS Cox (the setting Timit described above, the VS
reference capacitance value). Display range DISPLAY displays an annunciation
in percent is 0.0489.9% in 0.1% steps., Cox (N ) and the Cox value selected

is the capacitance of an oxide film of MIS is not inputted.

construction. Percent change VS Cox 1is the

most suitable display method for normalizing 3-59. C-Y Measurement Operating Instructions.
and anaiyzing C-V characteristics of MIS con-

struction,  The Setting Yimit for Cox is 0.1 3-60. OCperating instructions for a C-Y mea-
pF~189.9pF in 0.1pF steps and 190pF~1900pF in  surement are given in Figure 3-23,

1pF steps.

Note
With Option 107 HP-IB Interface, the

Cox value can be set via the HP-IB
(refer to paragraph 3-83).
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Figure 3-22
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Figure 3-22. C-V Measurement Accuracy {Sheet 1 of 4).
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Figure 3-22
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C-V Measurement

Accuracy {Sheet 2 of 4).
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Figure 3-22
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Figure 3-22. C-V Measurement Accuracy {(Sheet 4 of 4).
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Figure 3-23

1605348 Test Fixture

160534
Test Leads

PROCEDBURE:
{1} Turn 4140A OFF.

(2} Connect 160558 Test Fixture to I INPUT and V QUTPUT connectors of the
4140A with 16053A Test Lead.

(3} Turn 4140A ON.

(4) Self Test of 4140A 1is performed once automatically (refer to paragraph
3-5).

Note

The 4140A requires a one hour warm up time to sat-
isfy all Table 1-1 specifications.

(5) The 4740A is set automatically as follows:

FUNCTION ........ Cee s areeraneaseasaanns I
T RANGE .iiitiiiniiisinsieinesanansnen AUTO
INTEG TIME L.ttt i iiiinnsnesnsnns INT
VA teetvsencannorecacssroncanasnsnnannns rd
VB troenvenoenssonesonsonanssussssnasena OFF
PARAMETER o.vvviinennns all parameters are O
I ZERD OFFSET vviiviiiniiinnnnanennsss OfA
C ZERD OFFSET wiverivrvnnorasanansnanasa OpF
VA CURRENT LIMIT tusuirannrenernnonnons 107%A
VB CURRENT LIMIT Loievriviinnnnnnnnnnnn 10754

(6) Confirm that the I.C Data Output Trigger lamp is flashing.

Figure 3-23. C-V Function Operating Instructions (sheet 1 of 3).
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Section III
Figure 3-23

(7)

(20)

(21)

(22)

Select desired current measurement range with I RANGE keys (refer to par-
agraph 3-53).

Select desired integration time with the INTEG TIME keys (refer to para-
graph 3-18).

Set FUNCTION to €-V.
VA output mode is automatically set to / .

Select desired VA and VB output modes with VS Mode Select keys {refer to
paragraph 3-31).

Input values for VA operating parameters (START ¥V, STOP ¥, STEP ¥, HOLD
TIME and dV/dt) (refer to paragraph 3-33).

When calculated capacitance value is to be displayed in percent, input
value for Cox (refer to paragraph 3-57).

If VB is to be used, input value for VB = .

Select current Timit values of VA and VR with CURRENT LIMIT Select keys
(refer to paragraph 3-39)},

Select 1low Tead connection of pA Meter section in the 4140A with 16055A
L.OW LEAD CONNECTION Select switch (depending on kind of measurement).

Connect nothing to 16055A (Open).
Start C-V measurement with AUTO START key on front panel.
Set I-C DISPLAY to 0,.0pF with ZERQ offset key {refer to paragraph 3-55}.
Note
Any residual capacitance which exists on fest
Teads or test fixture increases the error of the
C-V measurement. To aveid this condition, do a
ZERQ offset under the same conditions as for an
actual measurement,

When calculated capacitance value s to be displayed in percent, set
displayed value of I+C DISPLAY to percent change with percent key.

Connect DUT to 160554 with alligator c¢lips or T0-5 socket depending on
xind of measurement.

Start C-V measurement with AUTO START key.

Figure 3-23. C-V Function Operating Instructions {sheet 2 of 3).
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Connection for Quasi-Static C-V characteristic measurement are given below:

MOS Diode:

1

3-40

Figure 3-23. -V Function Operating Instructions (sheet 3 of 3).
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3-61. ANNUNCIATIONS

1f control keys parameters are set in-

correctly or when the measured current value

3-62.

exceeds the upper
displays one of the
Tabie 3-7.
displayed,

described in Table 3-
of the BC voltage sources,

the 4140A
given 1in

range limit,
annunciations

If one of these annunciations is
follow the correction procedures

7. In addition, if one

VA or VB, exceeds

Section III
Paragraphs 3-61 and 3-62

its current limit, its CURRENT LIMIT Tamp
will flash.
Table 3-7. 4140A Annunciations (Sheet 1 of 2).
(1)1-C DISPLAY Annunciations

Annunciations

Indicated Condition and
Control Settings

CORRECTION PROCEDURE

Indicated Condition:

Measured current value ex-
ceeds upper range limint.

Control Settings:

(1) FUNCTION ... I or I-V
I RANGE ...... MANUAL
(2) FUNCTION ........ -y
I RANGE ...... MANUAL
(3) T RANGE ........ AUTO0

{1-1) Sets I RANGE to AUTO.

{(1-2) If a range "poll1" is be
set maximum range for a

ing done,
uto range

measurement as in step {1-1)
above,

(2-1) Sets I RANGE to AUTO.

{2-2) If a range "hold" measurement is

being done, refer to

3-53,

paragraph

(3-1) Change measurement condition.

Indicated Condition:

Calculated capacitance val-
ue exceeds the upper limit
(1900pF}).

Change measurement condition
dv/dt to lower value).

(ex.set

Indicated Condition:

Calculated capacitance val-
ue Jn percent exceeds ifs
upper Timit {199.9%).

Change Cox to greater value,
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Table 3-7
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Table 3-7. 4140A Annunciations (Sheet 1 of 2).

Model 41404

(i)VS DISPLAY Annunciations

Annunciations Indicated Condition

Correction Procedure

Setting parameter value ex-
ceeds its upper limit.

3-4.

Reset parameter value. Refer to Table

VA is swept when parameters
are set incorrectly,

3-4,

Reset parameter values. Refer to Table
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3-63. OPTION OPERATION

3-64, Operating instructions for Option 001
Analog Output and Option 101 HP-IB Interface
are described 1in the following paragraphs.
However , option installation information 15
provided in Section II.

3-65, OPTION 00T ANALOG OUTRUT

3-66. The 4140A Option 001 Analog Output can
be used to output analog data of the pA Meter
and DC Voltage Source as given 1in Tables 3-8
and 3-9. When a 4140A equipped Option 001
is connected to an X-Y Recorder (e.g. HP Mod-
el 7047R) , the system can be used to trace
I-V/C-V curves, The procedures for using the
47140A with Option 001 and an X-Y Recorder are
given in Figure 3-24.

3-67, Control Capabilities for GOption 001
Analog Output.

3-68, The 41408 with Option 001 Analog Out-
put has three capabilities for more easily,
quickly and clearly tracing I-V/C{-V  curves.
These capabilities are:

Section 111
Paragraphs 3-63 to 3-68

(1) Control of pen nosition of the X-Y Re-
corder,

With control keys LL, ZERD and UR, a
4140A with Option 001 is able to control
the X-Y reccrder pen position as in Table
3-10.

Note

With Option 101, control of the pen
position can be done by remcte con-
trol via the HP-IB. Refer to para-
graphs 3-69 thru 3-98 for more spe-
¢ific information on the HP-IB.

{2) Control signals for X-Y Recorder pen-
1ift TTL controls.

When the X-Y Recorder 1is provided with
pen 1ift TTL controls, pen 1ift can be
done automatically by outputted TTL sig-
nals from the PEN LIFT cennector on rear.
of the 4140A. Outputted TTL signail is
set to High (PEN UP) when V QUTPUT Tamp
is 1it, and set to Low (PEN DOWN) when V
QUTPUT Tamp is not Tit.

Table 3-8. Analog Output Data at I/C QUTPUT Connector.

Function Value of 1-C DISPLAY Analog Output Data (V)| Resolution
I 0 ~ £1900 0.000 ~+9.500 5m¥/count
0.6 ~ 190.0 0.0000 ~ 0.9500 500uV/count

‘ 197 ~ 1900 0.955 ~ 9,500 SmV/count

% 0.0 ~ 799.9 0.000 ~ 9.995 5mV/count

Table 3-9. Analog Output Data at VA QUTPUT Connector,

Outputted Va VYoltage (V) Analog Output Data (V)| Resolution
(.00 ~ 210,00 0.000 ~ +1.000 TmY/count
£10.7 ~ £106.0 #1.01 ~ £10.00 10mV/count
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Figure 3-24

{(3) Low-pass filter for reducing noise on
Anatog Output data.

1f the outputted analog data

includes

considerable noise and the I-V/{-V curves

are
provided

strong curves,
in the Option 00T Analog Output

the lTow-pass filters

Model 4T140A

circuitrys can be used to reduce the
noise., [=Y/C-Y curves are traced more
smoothly., The filters apply to both Vp
and I/C QUTPUT data. Filter rise time can
be changed with FILTER TIME CONST select
switch on rear panel of 4740A.

(Upper Right)

V).

Table 3-10. X-Y Recorder Pen Pesition Controi,
Key gutputted Voltage Qutputted VYoltage
from VA QUTPUT Connector from I/C OUTPUT Connector
UR Greater voltage (START V or STOP|Voltage at plus full scale of I.C

DISPLAY (+5Y).

LL Lesser voltage {START V or STOP|I-V: =5V (Voltage at minus full
(Lower Leftilv). scale),
C-¥: Qv.
ZERG 0y, ay.

To Va OUTPUT Connector f!..

To I-C QUTPUT Connector

EQUIPMENT:

X-Y Recorder
BNC (male} - Dual Banana Plug Cable

0

------

------------------------------

+ 0

BNC (male) - dual banana plug cable

. HP 7047A etc.
HP 110014 (2ea).

Figure 3-24,
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Section [II
Figure 3-24

PROCEDURE:

Turn 4140A and X-Y Recorder OFF.

Connect I/C QUTPUT connector on rear panel of 4140A to Y axis input termi-
nals of X-Y Recorder and Va OUTPUT connector to X axis input terminals
with BNC (male) - dual banana plug cables.

When X-Y Recorder is provided pen 1ift TTL controls, connect PEN LIFT con-
nector on rear panel of 41404 to X-Y Recorder connector.

Connect test Teads or fixture (ex. 16053A Test Lead} to 4740A.
Turn 474048 and X-Y Recorder ON.

Set front panel controls and parameters. Refer to Figure 3-17 for I-V
measurement or Figure 3-Z3 for C-V maesasurement,

Note

The 4140A HOLD TIME parameter should be set after considering the
velationship between the pen position as the 41404 starts -its
sweep measurement and the slewing speed/accleration of the X-Y
Recorder,

Place chart paper on recording platen.

Install disposable pen in X-Y Recorder.

Adjust zero position of X-Y Recorder.
Note

The outputted voltages from VA and 1/C OUTPUT connectors are set
to OV by the ZERC key on 4140A front panel.

Set input ranges of X and Y axis for X-Y Recorder.
Note

When setting input ranges, check amplitude of I-V or C-V
curve by using contrel keys, LL {Lower Left) and UR (Upper
Right).

Connect DUT to test leads or mounting fixture connected to 4140A,

Lowar X-Y Recorder pen onto chart paper. If X-Y Recorder 1is provided
with pen 1ift TTL controls, pen is Towered automically when sweep measure-
ment is started (when V QUTPUT lamp is Tit).

Start 4140A I-V or C-V measurement and do X-Y Recorder trace of I-V or C-V
curve.

Lift X-Y Recorder pen from the chart paper when measurement is complete
and X-Y Recorder stops. If ¥-Y Recorder is provided pen 1ift TIL controls,
pen is raised automatically when measurement is complete (when V OQUTPUT
Tamp is extinguished).

Figurg 3-24. Option 001 Analog Output Operating Instructions (sheet 2 of 2),
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3-69. OPTION 101 HP-IB INTERFACE.

3-70,. The Model 4140A Opt. 101 can be remote-
1y controlled by means of the HP-IB which is
a carefully defined instrumentation inter-
facing method that simplifies the integration
of instruments and a calculator, or computer,
into a sysiem,

Note

HP-IB is Hewlett-Packard's implemen-
tation of IEEE Std. 488-1975 Standard
Digital Interface for Programmable
Instrumentation.

3-71. Connection to HP-IB,

3-72. A 4140A equipped with Opt. 107 may be
connected into an HP-IB bus configuration
with or without a controller (e.g. with or
without an HP calculator). In an HP-IB system
without a controller, the 4140A Opt. 101 can
function as a Talk Only unit {refer to para-
graph 3-77).

3-73, HP-IB Status Indicators.

3-74. The HP-IB Status Indicators are four
LED lamps on the front panel.  These lamps
show the status of the 4140A in an HP-IB sys-
tem as follows:

SRG: SRQ signal on HP-IB line from 4140A
{refer to paragraph 3-93).

LISTEN: The 4140A is set to be Tistenar.

TALK:  The 4140A is set to be talker.

REMOTE: The 41408 is remotely controlled,

3-75. LOCAL Key.

3-76. The LOCAL key disables remote control
from HP=-IB control and enables setting meas-
urement conditions at front panel controls
(pushbutton keys). REMOTE HP-IB status indi-
cator lamp turns off when LOCAL key is e -
pressed. This function can not be used when
the 4140A is set to local Tockout status by
controller.

3-77. HP-IBR Contrcl Switeh.

3-78. The HP-IB Control Switch on the rear
panel controls seven digits and three capa-
bilities as follows:

(1) Bit 105:  The HP-IB address is estab-
Tished by these five digits of the
control switch,
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(2) Bit 6 (delimiter form bit): This bit
determines delimiter forms of output
data which are:

0: Format A (comma).
1: Format B (carriage return, line
feed}.

{3) Bit 7 (talk only bit}: This bit deter-
mines dinstrument capabilities which
are:

¢: Addressable
1: Talk Ontly

Note

The 41408 Opt. 101 is set at the fac-
tory as given in Figure 3-25.

e TALK ONLY
.} g [T |-~ADDRESSABLE
~ [ F [—FMTA
B | a5
(— ®
= ®
= s
B | A1~ ADDRESS
| O
—FMTH

bit 1~ 5: 17
bit 6: Format A{comma).

hit 7: Addressable

Figure 3-25. HP-IB Control Switch.
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3-79, HP-IB Interface Capabilities of 41404
Jot. 107.
3-80. The interface of a device connected to

the HP-IB is specified by the interface func-
tions builti into the device. The 4140A Opt,
101 has eight HP-IB interface functions as
given in Table 3-11.

3-81. Remote Program Code.

3-82.
101 are Tisted in Table 3-12.

Remote program codes for the 41404 Opt.

Section III
Paragraphs 3-79 to 3-82

Table 3-11. HP-IB Interface Capabilities.

Code Interface Function*

(HP-IB Capabilities)

SH1** | Source Handshake.

AHT Acceptor Handshake.

15 Talker (basic talker, serial poll,
talk only mode, unaddress to talk
if addressed to listen},

L4 Listener (basic 1istener, unaddress
to listen if addressed to talk).

SR1 Service Request.

RL1 Remote/Local {with Yocal Tockout),

DCl Device Clear.

DT Device Trigger,

* Interface functions provide the means
for a device to receive, process and

transmit messages over the bus.

** The suffix number of the
code indicates
function
Appendix C of IEEE Std. 488-1975.

interface
the Timitation of  the
capability as defined in

Table 3-12, Remote Program Code (sheet 1 of 3).
Control | Program Code Description
FUNCTION I F1+ Description of HSI (high speed I func-
tion) is provided in paragraph 3-95,
I-v F2
C-V F3
HSI F&
RANGE HOLD RAO When FUNCTION is set to F1 (I), F2 (I-V
. or F4 (HSI), RAI is automatically set.
AUTO RAT*
1077 RO2
H RO3
107" RO4
10°° R05
10 ° R06
1677 RO7
1078 RO8
107° ROS
10 70 R10
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Table 3-12
Table 3-12. Remote Program Code (sheet 2 of 3).
Control Program Code Description
107 R11
1077 R12
INTEGRATION | SHORT 13
TIME
MEDTUM 1?2
LONG [3*
I TRIGGER INT T These codes are used oniy to set and not
MODE for triggering. When FUNCTION is set to
EXT T F1 {I) or F4 (HSI), T1 is automatically
set,
HOLD/MAN T3
C% Enable oF co When FUNCTION is set to F3 (C-V), CO is
automatically set.
% C1
SWEEP D W1 W& is used when 4140A is set to AUTO
CONTROL b SWEEP Mode.
MANUAL W2 W2, W5 and W6 are used when 41408 is set
to MANUAL SWEEP Mode,
PAUSE W3
RESTART Wa
B W5
@ W6
nglm W7
VA MODE va Al When FUNCTION is set to F1 (I), F2 (I-V}
or F4 (HSI), A3 is automatically set.
AN A2
o A3* Whan FUNCTION s set to F3 {C-V), Al is
_ automaticaliy set.
AN A4
— A5
OFF A6
VB MODE — B
OFF B2*
Vo I LIMIT T00UA L]+
TmA L2
10mA L3
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Tabte 3-12
Table 3-12. Remote Program Code (sheet 3 of 3).
Control | Program Code Description
VB I LIMIT T00LA M1*
TmA M2
10mA M3
ZERO SET Z
SELF TEST OFF A SG*
ON St
SRQ MASK OFF DO* These program codes are used to control
hits 1 thru 3 of SRQ Status Byte as fol-
ON (1) D1 Tows:
ON (2) bz Bit 1: DATA READY
Bit 2: CURRENT LIMITER
oN (1, 2) 03 Bit 3: AUTO SWEEP or SELF TEST END
ON (3) D4 Refer to Figure 3-26. for more specific
information on SRQ Status Byte.
oN (7, 3) D5
ON {2, 3) D6
ON (A17) D7
TRIGGER £
KEY STATUS K
RECGRDER LL XL
ZERD X
UR XR

* : power ON
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3-83. Parameter Setting

3-84. A 4740A Opt. 101 can be set to nine pa-
rameters (refer to Table 3-13) by remote pro-
gramning as follows:

XXENNNN, X CB CP)
({

i3 2y (3 (4

(1) Program Code for Parameter Setting
(refer to Table 3-13).

(2) Setting Value {numeric or space).

{3) Delimiter: (semi-colon)

{comma)

Traw e

(4} Terminator

Table 3-13. Program Code

foy Parameter Setting.

Parameter Program Code | Setting Value
Va = (V) PA -10.00 ~ 10.00
-100.0 ~ 100.0
START ¥ (V) PS -10.00 ~ 10.00
-100.0 ~ 100.0
STOP V (V) PT -10,00 ~ 16,00
-100.0 ~ 100.0

STEP V (V) PE -10.00 ~ 10,00
HOLD/ TIME (s) PH 0.1 ~ 1999
dv/dt (V/s) Py 1,000 ~ 1.000
Cox (pF) PC 0.1~ 1999
STEP DELAY PD 0.01 ~ 100.0
TIME (s)

Vg === (V) PB =10.00 ~ 10.00
-100.0 ~ 100.9
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3-85, Data Output

3-86. Data outputted by the Model 41404 Opt.
161 consists of:

{1) 1-C Measurement Value
Voltage.

and  Va Output

(2) Setting Parameter Qutput.
(3) Key Status.
(4) Service Reguest Status Byte.

In the following several paragraphs, each

outout data form is described.
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3-87. 1-C Measurement Value and VA OSutput
Voltage

3-88, Two output formats are possible with
the 4140A Opt. 101:

a. Format A

To output either 1.C measurement value
or ya output voltage in a continuous
string, the delimiter form bit (HP-IB
control switch Bit 6) on the rear panel
is set to 0 (see paragraph 3-77). In
this mode, data is outputted in the fol-
Towing format:

KRN, NNNE=NN,AZNNN. NN € @D
{1¥2)3} (4 {3%81 (7} {8

Note

The 4140A Opt. 101 is set at the fac~
tory for output Format A.

b. Format B

To break the data into two groups (limits
line Tlength) for outputting to certain
peripherals such as to an HP Model 5150A
Thermal Printer, the delimiter form bit
on rear panel is set to 1 (see paragraph
3-77). A1l data is then outputted in the
following format:

_XXENJNNNE-NN R @D
(X3 T4 (8)

A=NNN.NN CR @B
6y (N (8

(1) Space
{2) Data Status

N ... Normal Data

0 ... Qver Flow

X ... No Data (only measurements
using ramp wave)

L ... Last Data (only in Autc Sweep
Mode)

(3) 1 and C Measurement Functions

I ... Current Measurement

€ ... Capacitance Measurement (pF
Display)

% ... Capacitance Measurement (%
Display}

{4) Value of I-C Measurement

(5) Comma

Section II]
Paragraphs 3-87 to 3-92

(6} Symbol of va Output Voltage

(7) value of va Output Voltage

(8) Data Terminator
3-89, Parameter Qutput
3-90. Nine parameters can be set in the 41404
Opt 101 as given in Table 3-13 (refer to par-
agraph 3-83). Setting values of parameters
can be outputted in the following format by

usﬁn? their program codes (refer to Figure
3-29).

XXNNNN.NNN; CRY OB

Mz @ @ 5

(1) Space

(2) Program codes for 4140A parameter

(3) Setting value of 4140A parameter

(4) Parameter terminator

{5} Data Terminator
3-971. Key Status Data
3-92. This data is outputted from 4140A when
the program code "K" is used (refer to Figure

3-31). Tha data 1is outputted in the follow-
ing format:

(1:(2) (37 (MEHeH B0 2)  (13)
{1) Space
{2} F1~F4: FUNCTION
(3) RAO, RAT, ROZ~R12: RANGE
{4) 11~ 13: INTEGRATION TIME
(5) T1~T3: I TRIGGER MODE
{(6) CO~CY: C% Enable
(7) AT~ AB: Vp MODE
(8) B1, B2: Vp MODE
(9) L1~L3: vp I LINMIT
(10) M1 M3: yg I LIMIT
(11) S0, ST: SELF TEST

(12) DO, D1: DATA READY
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{13) Data Terminator 3-95, High Speed I (HSI) Function.

3-93, Service Request Status Byte. 3-96. The 4140A Option 101 has not only
I-¥ and C-V functions but also has a High

3-94, The 4140A Opt. 101 sends RQS {Reguest Spead T {HSI) function . This facilitates
Service) signal whenever one of bits 1 thru 4 high speed data output of the current meas-
or 6 is set. Figure 3-26 shows the Status urement, This function can be set only by

Byte makeup of 4140A.

remote program code {F4), and can not be sat

Bit 8 7 b 5 4 3 2 1

Information ¢ G/7 { 0/1 1 6/ o/1 [ 0/1 ¢ 0/7 | 0/

Signal bit 7 (RQS signal) establishes whether or not service reguest exists.
Signal bits 1 thru 4 or 6 identify the character of the service reguest states.
Service request states of the £140A are

(1) Bit 1:

{2) Bit 2:

{3) Bit 3:

If Data Ready is set fo ON, this state is set when measurement
data is provided,

When CURRENT LIMIT 1is operating (when LED Tamp on front panel is
1it), this state is set.

When SELF TEST or Auto-Sweep Measurement is completed, this state
s set.

Note

Bits 1 thru 3 are set when SRQ MASK (refer to Table 3-12) is
set to ON.

{4) Bit 4: (1) When the 4140A receives an erroneous remote program code , this

{5) Bit &:

Signal bit 5

state is set.

If the 41408 receives an illegal program when DC Yoltage Source
is operating {when V QUTPUT lamp on front panel is 1it) , this
state is set.

When parameter is set to a value over its setting 1imit (when VS

ISPLAY on front paned displays "0-F"}, this state is set.

IT Va is swept when parameters are not set correctly {when VS

DISPLAY on front panel displays "ILLE"), this state is set.

If Self Test is faulty, this state is set,

is independent of bit 7 (RQS Signal}. When DC Voltage Source is

operating {when V QUTPUT Yamp on front panel is 1it}, this state is set.

3-52

Figure 3-26, Status Bytes of the 4340A,




Model 4140A Section T1II
Figure 3-27

by front panel controls.  When 4140A is set Table 3-14, Accuracy and Data OQuiput

to  HSI function, I-C DISPLAY on front panel Interval in HSI Function.
displays "H-I". The 4140A Option 101 outputs
current measurement data via HP-IB as in Fig- N Data Output Interval (ms)
ure 3-27 when 4140A is set to HSI function. Range (A}|Accuracy
This output data is the raw current measure- Internal External
ment value before it is digitally integrated -2 R
(refer to paragraph 3-18). This permits an 107%107°| £(0.5+6)
4T40A Option 10T din its HSI function to out- ~10 ,
put data at higher speed than in its general 10 +(26) .
1 function, Accuracy and data output inter- 11 10(8.3) = 2.5
vals for the HST function are shown in Table 10 (5+20)
3-14. Sample program for HSI function using _i2
a HP Desktop Computer 9825A/9835A is given in 10

Fi 3-32. —
roure * £(% of reading + counts} at 23°C+5°C,= 70
humidity.
*% at 50(60)Hz Tine freguency.

1+

i+

(5+25)

HST(HIGH SPEED I) FUNCTION

Program code "F4" for the 4140A Option 101 establishes not only the HSI {High
Speed 1) function, but also starts data output from 4140A Option 101.  When
AT40A veceives "F4" from controller, the 41408 output is zero, Next, the 4740A
Option 101 sends an invalid byte (32 in decimal, space in ASCII) as the first
byte. Beginning with the second byte, 41404 current measurement data in binary
code is transmitted. Fach transmissicn of current measurement data is made up
of three bytes, which are:

FkkkkEkk FkdkkEhk *hkkkhkhkkk kdkhkrkEk *hkkdkhik

m (2} {3) {4) (5)

(1) Space: Invalid data (00100000).
(2) Range: Range of the first measurement. 2(00000070) ~12(00001100).

(3), (4) Counts: Counts of the first measurement. -1900(1111100010010011} ~
1900(0C00011101101700). This data is made up of two bytes
(sixteen bits) and sent in 2's complement.

(5) Range: Range of the second measurement. Subsequeai]y, each measurement
data transmission is made up of three bytes sent in same format as
in (2) thru (&) above.

Note

When 41&CA Option 101 is set to HSI function, 4&140A does not
send data terminator (e.g9. R TP ) and does not set £0I {End
or Identify) Tine in the HP-1B to "1".  Therefore, 4140A is
sending current measurement data during the time the 4140A is
set to HST function. If 4140A is set to another function, HSI
function is aborted and stops data output. Basic sample pro-
gram for using HSI function is given in Figure 3-32.

Figure 3-27. Data Output Format of the HSI (High Speed I) Function.
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3-97. Programming Guide for 4740A
3-98, Sample programs foyr HP Model 98254/
98354 Desktop Computer are provided 1in Fig-
ures 3-28 thry 3-32. These programs are
listed in Table 3-15.
Mote
Specific information . for HP-IB pro-
gramning with the 9825A or 9835A are
provided in the 9825A or 983bA pro-
gramming manuals.
Note
The equipment required for these sam-
ple programs include:

1. 4140A pA Meter/DC Voltage
Source equipped with Opt. 101
HP-1B Interface,

7. 98034A HP-IB Interface Card.

3. 98257 Desktop Computer with

98210A Siring-~Advanced Pro-
gramming ROM.

88213A General 1/0 Extended
I/0 ROM.

or
98354 Desktop Computer with
98332A General I/0 ROM.
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Table 3-15. Sample Program Using HP 9825A
or 9835A Calcuiators.
No.] Figure Description

1 3-28 Remote control of pA section
and data ocutput when 47404
is set to I function.

2 3-29 Remote control of VS section
and parameter output when
4140A is set to I function.

3 3-30 Remote control and data out-
put when 4140A is set to I-V
or C-Y function,

4 3-31 How to use remote program-
ming code "K".

5 3-32 Remote control and data pro-
cessing when 41407 is set to
High Speed I {HSI} function.
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Figure 3-23

Sample Program 1
Description:

This program enables remote control of pA Meter section and provides a data

output program when 4140A s set to I function. The program has three capa-
bilities which are:

(1) Control of the pA-section of 4140A via HP-IB.
(2) Trigger of the pA section of 4740A via HP-IB.
(3) Data output from the 4740A via HP-IB.

9825A Program: 9835A Program:
0: fl1t3 10: FLOAT3
Trowrt717,"FIRATISZTI" 20: QUTPUT717;"FIRATI3T3"
{1)}2) (3) (4) (zy (3 {4}
2: wret717,"E" 30: QUTPUT717;"E"
{3) (5)
3: red717,A,B 40: ENTER717;A,B
4z dspA,B;prtA,B 50: DISP A,B
5: end 60: PRINT A,B
70: END

(1) Select code of 98034A.

{2} Address code of 4140A.

{3) Sets 4140A to I function.

{4) Program codes for pA section of the 4140A (refer to Table 3-12).
(5) This line means the as same as following program:

9825A: trg717
9835A: TRIGGER717

By using string variables, complete output information from the 4140A Opt. 101
is stored by the following program:

9825A Program: 9835A Program:
G: dimAS[30] 10: DIMAS[30]
T: wrt717,"FIRATIZTI" 20: QUTPUT717;"FI1RATI3T3"
20 wet717,"E" 30: OUTRUT7TZ:"E"
3: red717,A% 40: ENTER717;AS
4: dspAS;prtAS 50: DISP A$
5: end 60: PRINT AS
70; END

Figure 3-28. Sample Program 1 Using 9825A/9835A.
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Sample Program 2.

Description:

This program enables remote control of VS section and provides parameter out-

put when 41404 is set to I function. The program has three capabilities which

are:;

{1) Contrcl of the VS section of 41404 via HP-IB.
(2) Auto sweep of the VS section of 4740A via HP-IB.

(3) Parameter output from the 4140A via HP-1B.

98258 Program:

0:
1:

2

oYy O

dimA$[30]
wrt717,"F1A4B1L2ZM3
{1} (z)

2 2, 2
(3) {4 (3) L4z (3Na) 3y (4} (3)

T wrt717,"ps"

(53

: red717,A%

{5)

: dspAS,prtA$
Cowrt717," W

(6

: end

9835 Program:

10:
20:

30:
40

(6) Statement for making AUTO START of V SWEEP.

DIMASI30]
QUTPUT717;"F1A4BIL2M3"
(1) )
3 OGO Ew o) @ (3
OUTPUTZ17;"PS"
)

« ENTER717:A%

(5)

: DISP AS
: PRINT AS
: QUTPUTZT7:"W1"

{8)

: END

Sets 4740A to I function,

Program codes for VS section of the 4140A (refer to Table 3-12).
Program codes for parameter setting of the 4140A (refer to Table 3-~13}.

Parameter teyrminators for the 4140A.
Statements on Tines 2 and 4 (or 40 and 50)

yously programmed.

are used to output setting
value of the parameter for 4T40A, These statements should be contin-
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4140A
are:

9825A

{1
(2
(3

0:

[l e ROV IS N

Sample Program 3,
Description:

This program enables remote control and provides a data cutput program when

is set to I-V or C-V function. The program has three capabilities which

} Control of I-V or C-V measurement of the 4740A via HP-IB.
) Auto sweep of I~V or {-V measurement of the 4140A via HP-IB.
) Data output from the 4140A via HP-IB.

Program:

dim A$[100,30]
(n

powrt 717,"F3RATIZATIBILZM3"

s wrt 717,"PS-1,13PTi.1.PELTNPHT 4PV ,PB-50
cowrt 717, WY

11

: red 717,A8{1]

:if AS[I,2,2]="L"; I+1=1;53mp -1

(2}

: for Jd=1 to I
: prt AS[J]

: next 4

: end

Program:

: DIM A${100)[30]

m

: QUTPUT 717:;"F3RATIZATBILZM3"

: OUTRPUT 7173"PS-1.13PTi.1,PE.INPHT ;PVT ,PB-50"
: QUTPUT 717:"WI"

: D

: 1=1+1

: ENTER 717:;A%(I)

IF AS(1)[2,2]#"L" THEN 60
(2)

: FOR J=1 70 1
: PRINT A$(J)
: NEXT J

+ END

(1) Establishes dimensional array parameter that exeeds number of measure-

ment points.

(2) When the 4140A is set to AUTO SWEEP, second byte of last data is "L"

{refer to paragraph 3-87).

Figure 3-30, Sample Program 3 Using 9825A/9835A.
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Sampie Program 4.

Description:

The remote programming code "K" can be used to recognize 4140A key settings.
This program shows how to use "K".

Note

When the 1 RANGE is set to "RAl {AUTG)", key setting informa-
tion for the I RANGE using "K" s "RAI". Therefore, the I
RANGE should be set to "RAQ (MANUAL}" for recognizing true I
measuring range.

9825A Program: 8835A Program:
0: dim A§[30] 10: DIM A$[30]
Teowrt 717,"K" 20: OUTPUT 717;"K"
2: red 717,A% 30: ENTER 717;A$
3: dsp Aiprt A$ 40: DISP A$
4: end 50: PRINT A$
60: END
Note

The statements on lines 1 and 2 (or 10 and 20} should be con-
tinuously precgrammed.
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Sample Program 5.
Description:
This program enables remote control and is a data ocutpui program when 4140A is
set to HSI (High Speed I} function. This program has three capabilities which
are:
(1) Control of the 4140A HSI function via HP-IB.
{2) High speed I/0 control between 4140A and controliler via HP-IB.
(3) Data processing for the 4140A HSI function via HP-IB.
Note
Data output interval of the HSI function 1is quite short {2.5
to 10ms}. Threfore, general I/0 programming (9825A: wrt, red,
9835A: OUTPUT, ENTER) can not be used and thus high speed I/0
programming must be used for the HSI function. High speed /0
programming with the 9825A and 9835A is slightly different. A
basic sample program for HSI is given below, but more specific
information for high speed I/0 programming with the $825A or
9835A is provided in the 9825A or $835A programming manuals.
9825A Program:
0: ent "Number 7 ",N
(
1: buf "4T40A",3N+1,3
{2)
2: wrt 717,"F4"
(3
3: tfr 717,"4140A" ,3N+]
{4)
4: rdb{("4140A" }»S
(5}
5: fmt 1,f6.3,c2,f2.0,c]
6: for I=1 to N
7: rdb("4140A" )R
(6)
8: rdb("4140A" }»H
(7}
9: rdb{"4140A" )L
(8)
10: ior(shf(H,-8),L)>C
(9}
iT1: wrt 16,1,C/1000,7E-",R,"A"
12: next I
13: end

Figure 3-32. Sample Program 5 Using 9825A/9835A (sheet 1 of 2)
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9835A Program:

10: OPTION BASE 1
20: INPUT "Number 7 ',N

(1
30: DIM A$L1000]

(2}
40: QUTPUT 717;"F4"

(3
50: ENTER 717 BFHS 3*N+1 NO FORMAT:;A$
(1)

60: S=NUM({AS$[1,1]}
()

70: IMAGE D.DDD,AA,DD

80: FOR 1=1 TO N

90: R=NUM{A$[3*(I-1)+2,3%(I-1)+2])

NUM(AS[3%(1=1)+3,3%(1-1)+3])

l
i

H
7
L

o

L=NUM(AS[3*(1-1)+4,3%(1-1)+4])
{8
120; C=BINIOR(SHIFT(H,-8),L)
(9)

130: PRINT USING 80;C/31000,"e£-",R
140: NEXT I
150: END

{1} N: Humber of data sent.

{2} 9825A: Sets name (4140A), size (3N+1) and type (high speed read/write
buffer) of the buffer for high speed I/0.

9835A: Sets name {A$)} and size (23N+1) of string variable for high
speed I/0.

Sets 4T40A to HSI.

Sends measurement data from 4140A to controller,

Inputs first byte of measurement data from buffer to variable S.

: Range of first measurement,

: High byte of count of first measurement.

¢ Low byte of count of first measurement.

: 16 data count bits make up H and C.

A T e T T
W oo~ U=
e e S S S S S

oo

Figure 3-32. Sample Program 5 Using 9825A/9835A (sheet 2 of 2)
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Secticon IV
Paragraphs 4-1 to 4-10

SECTION 1V
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2, The procedures in this section test in-
strument electrical performance using the
specifications of Table 1-1 as the perform-
ance standards. A1l tests can be performed
without access to the interior of the instru-
ment. A simpler operational tesi is included
in section 111 under Self Test. The perform-
ance test procedures in this section can also
be used to do an incoming inspection of the
instrument or to verify whether the instru-
ment meets its specified performance after
troublesheoting or making adjustments. If
specifications are found to be out of limits,
check that controls are properly set, and
then proceed to adjustments or troubleshoot-
ing.

Note

Aliow a 60 wminute warm up and stabi-
lization pericd before conducting any
performance test.

4-3, EQUIPMENT REQUIRED

4.4, Equipment required for performance
tests s iisted in Table 4-1 Recommended Per-
formance Test Equipment.  Any equipment that
satisfies the critical specifications given
in the table may be substituted for the rec-
ommended model(s).

Note

Decade resistor and standard resis-
tors should be calibrated by an in-
strument  whose specifications are
traceable to MNBS, PTB, LNE, NRC,
JEMIC or equivalent standards group;
or they should be directly calibrated
by an authorized calibration organi-
zation such as NBS. The calibraticn
cycle should be determined by the
stability specification for each re-
sistor.

4-5, TEST RECORD

4-6, Results of the performance tests may be
tabulated on the Test Record at the end of
these procedures. The Test Record iists all
tested specifications and their acceptable
1imits. The results recorded as incoming in-
spection can be used for comparison in peri-
odic maintenance and troubleshooting or after
repairs or adjustments,

4-7. CALIBRATION CYCLE

4-8. This instrument requires periodic veri-
fication of performance. Depending on the
use and environmental conditions, the instru-
ment  should be checked wusing the following
performance tests at least every six months.,

4-8. AUTO SETTING MODES

4-10. The 4740A provides thirteen autc set-
ting modes as given in Table 4-2 for perform-
ance tests and adjustments. To set any one
cf these modes, proceed as folliows:

{1) Press ", " to set 4140A to Seif
Test mode.

(2) Press "f9 " and select and press de-
sired control key from Table 4-Z2 to setf
the mode.

{3) To cancel any of the above modes, press

II’@II
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Section IV Model
Table 4-1
Table 4-1. Recommended Performance Test Equipment.
Equipment Critical Specifications Recommended Model
DC Yoltmeter VYoltage range: 100mY to 1000V f.s. HP 3455A
Sensitivity: 1u¥ min.
Accuracy @ 0.001%
Input fmpedance: >10MQ
Remote Control: wvia HP-1B
Test Leads Triaxial {Male) - Triaxial (Male} HP 16053A
Cable (lea)
BNC (Male} -~ BNC (Male) Cable (Zea)
Test Cable BNC (Male) - Dual Banana Plug Cable HP 17001A
Adapter BNC T Type Adapter dP Part No.: 1250-0781

BNC (Female) - Banana Plug Adapter
BNC {Male) - Triaxial (Female)

HP T1011TA (2ea}
TROMPETER

Adapter AD-BJ77-E3-PL20
Decade Resistor | Range: 1070~ 1070 GR1433H
Accuracy: 0.01%
Standard Range: 10°010%3p KEITHLEY 5155
Resistors Accuracy: 0.2%
Desktop for HP-IB Controller HP 9835A with 98332A
Computer

HP-1IB Interface
Card with Cable

Cable lLength: approximately 4m

HP 980344

HP-1B Cable Cable Length: approximately 0.5m HP 16031D (2ea)
Timing Time Accuracy: =+100ns HP 59308A
Generator Pulse Width: 2Tus '
Rise Time: 50ns
Remote Control: via HP-IB
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Table 4-2

Table 4-2. Auto Setting Modes for Performance Tests and Adjustments.

Mode* 1 Control key _ Description
S-1 " Both vp and VB output 0.00V. With Option 001, both I/C
0 QUTPUT and VA OUTPUT on the rear panel output 0.000v.
5-2 “ Both Vp and Vg output -0.01V. With Option 001 both I/C
0O QUTPUT and Vp OUTPUT ocutput ~0.00TV.

5-3 Both VA and Vg output -10.00V. With Option 001, both I/C
QUTPUT and Vp OUTPUT output -1.000V.

§-4 (e] Both VA and vp output +10.00Y. With Option 003, both I/C
QUTPUT and va OUTPUT output +1.000V. S

5-5 {5 Both Vp and Vp output 0.0V. With Option 001, both I/C
QUTPUT and VA OUTPUT output .00V,

S-6 e Both VA and Vg output -100.GV. With Option 001, both I/C
QUTPUT and Va OUTPUT output -10.00V.

§-7 - Both Va and Vg output +100.0V. With Option 001, both I/C

ﬁﬁ QUTPUT and Va OUTPUT ocutput +10.00V.

S-A sy Both ZERO and HOLD (pA Meter section control signals) are

G set to High,

S=H Eﬁ ZERQ is set to Low and HOLD is set to High.

$-0 o ZERQ is set to Migh and Hold is set to Low.

S-F Both ZERO and HOLD are set to High.

S-C @ Comparator circuit in pA Meter section alternately outputs
high or lTow level signal approximately 400~ 500 microsec-
onds apart.

S-p i st The pA Meter section is set to measurement mode with in-

{e] ternal trigger and auto range. Both Va and Vg output
+1,800V. With Option 001, both I/C QUTPUT and Vg OUTPUT
output +1.800V.

* Mode name is displayed in I-C DISPLAY when its mode is set.
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Paragraphs 4-11 and 4-12 Hodel 41404

PERFORMAMNCE TESTS

4-11, VOLTAGE QUTPUT ACCURACY TEST.

4-12. This test verifies DC VYoltage Source cutput voltages for all ranges.

DYM
nonoooo
ooonoon 0515
oldo
mooDohoo,cooooan
e R N—

\ BNC (male} - dual banana plug cable

Figure 4-1. Voltage Output Accuracy Test Setup.

EQUIPMENT:
T HP 34554
BNC {Male) - Dual Banama Plug Cable ..... HP 11001A
PROCEDURE:

1. Connect BNC (Male} - dual banana plug cable between 4140A Vp OQUTPUT
connector and DVM (see Figure 4-1).

2. Set DVYM controls as follows:

FUNCTION ©vvvnnnviinienvsnnnnnannss DCY
RANGE +vuineniniininesctenrnonaanns AUTO
HIGH RESOLUTION «..oveevnnniennn OFF
AUTO CAL civtiiiii it iiannnnnae ON

GUARD wuvenvevniiennnnnnevinnannnns ON
TRIGGER tuiiiriiievunarorrcnnrannas INTERNAL

FUNCTION ©huserernonsansronnnnascos I

VA socronconsonnnnraranssossonnsnas == {DC)
VB ticiosnneoisanessananavesoavasons s (D)
CURRENT LIMIT {va and VB) ......... TOmA

4. Set PARAMETER (==} to a voltage in Table 4-3.
5. Press SET (=) key and read display cutput of DVM.
6. Press RESET (== key.

7. Repeat steps 4 thru & and confirm that Table 4-3 is satisfied (change
output voltage as appropriate).

8. Connect BNC (male) - dual banana plug cable between 41404 Vg OUTPUT
and DVM.

9. Repeat steps 4 thru 7.




Model 4340A

PERFORMANCE TESTS

Section IV
Table 4.3

TEST LIMIT:

Table 4-3. QOutput Voltage Accuracy Test.

Voltage Setting (V) Test Limits (V)
+100 +99.80 ~ +100.20
+10 +9.982 ~ +10.018
+] +.9883 ~ #1.0117
0 =0.017 40,011
-1 -1.0117 ~ -0.9883
-10 -10.018 ~ =9.982
-100 -106.20 ~ -99.80

4-5
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Paragraphs 4-13 and 4-14 Model 4140A

PERFORMANCE TESTS

4-13. CURRENT MEASUREMENT ACCURACY TEST
4-14, This test verifies pA Meter measurement currents for all ranges.

Note

This test uses DT Voltage Source of 4140A. Therefore, Voltage
Qutput Accuracy Test 1in paragraph 4-11 should be done before

this test.
DVM
O ¢ s = oD ggoooocaa
: : comoooon O@ﬂ
e et O O
S apnooono
\@--gg
3 ~ rd —
Tlane T type adapter
a—BNC {male) - BNC {(male) cable BNC {male) - dual banana plug cable
a—triaxial (male) - triaxial (male) cab?e
<:jj:> <::::> \\M;:> <::::> <:i::> Decade Resistor
L—BNC {female) - banana plug adapter
BNC (ma]e) - triaxial (female) adapter
Figure 4-2. Current Measurement Accuracy Test Setup {107?A~T077A Ranges).
DVM
G oo o oD QOooOnoDoo
0o
onooooo OEJO
poopnoooloooaooo
(S
f
.1
. BNC T type adapter BNC (male) - dual banana plug cable
Standard
Resistor f=—triaxial (male) - triaxial (male} cable
—BNC (male) - triaxial {female} adapter
2-BNC (male) - BNC {male) cable

Figure 4-3. Current Accuracy Test Setup {107°A~ 107'%A Ranges).

EQUIPMENT:
Decade Resistor c.v.viiesonsse fensesaeeen GR1433H
Standard Resistors ...... e et ee i e KEITHLEY 5155
BNC T Type Adapter ....ciceeninnnonasas .. HP Parts No: 1250-0781

BNC {Female) - Banana Plug Adapter ...... HP 10111A (2ea)
BNC {Male} - Triaxial (Female) Adapter .. TROMPETER AD-BJ77-E3-PLZ0
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PERFORMANCE TESTS

Triaxial Cable vuieieieirennnnnerrsnsnens Part of HP 160534 (HP Part No.:
16053-61002)
BNC (Male) - BNC (Male) Cable ........... Part of HP 16053A {HP Part No.:
16053-61003)
BNC (Male} - Dual.Banana Plug Cable ..... HP 110014
PROCEDURE :

1. Connect.4140A, DVM and Standard Resistor as shown in Figure 4-2 or 4-3

2. Set the DVM as follows:

FUNCTION Lieinniniei i ney
RANGE v vtevtiiien i niannenraannansy AUTO
HIGH RESCLUTION ....vviiiivnnarennn GFF

AUTO CAL Lttt iiiiienanaaas ON

GUARD v it iiiiiennenanas ON
TRIGGER L.t iincnaiians INTERNAL

3. Set the 4140A as follows:

FUNCTION wuvienrvovonnnnnnacannanes 1
I RANGE . svenriiiiiiiaiiisnnarones AUTO
INTEG TIME vivrr i incneinanerans L.ONG
-1 DATA QUTPUT TRIGGER ..vveesnvencnn INT
A viitiensrenrrecneerineseassnsnan = (DC)

4. Set PARAMETER { =) to a voltage in Table 4-4.

5. Push SET {==) key and read display outputs of the DVM and I-C DISPLAY
of 4140A.

6. Push RESET (=) key.

7. Repeat steps 1 thru 6 and confirm that Table 4-4 is satisfied (change
VA output voltage and standard resistor as appropriate).

TEST LIMIT:

Table 4-4, Current Measurement Accuracy Test.

Current VA Sutput Standard Resistor () Test Limit
Measurement Range Voltage (V)
1072 102
1073 - 108
107 1V 10" 5.C.V.* #7counts
107 10°
107% 108
1077 107
i 10°
1671° 10V 10t 5.C.V.* #22counts
1073 1012 S.C.V.* #53counts
1072 10%2 S.C.V.* #58counts

g *S.C.V. (Supplied Current Value) = (Standard Resistor Value)/(Measured VYoltage
of DVYM)

4-7
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Paragraphs 4-15 and 4-16

PERFORMANCE TESTS

4-15. CURRENT LIMIT TEST

4-16, This test verifies current limit function of DC Voltage Source for all
ranges.

Note
This test uses pA Meter of 4140A. Therefore, Current Measure-

ment Accuracy Test in paragraph 4-13 should be done before
this test.

Decade Resistor {GR1433H)

N0OOO©O

triaxial (male) - triaxial (male) cable /

BNC{male) - BNC (male) cable /

L__BNC (female) - dual banana plug adapter

BNC {male) - triaxial (female} adapter

Figure 4-4., Current Lim1§ Test Setup,

EQUIPMENT:
Decade ReSIStOr vi.ivvvservovrcrossenrannn GR1433H
BNC {Female) - Banana Plug Adapter ...... HP 1G111A (Z2ea)

BNC (Male) - Triaxial (Female) Adapter .. TROMPETER AD-BJ77-E3-PL20

Triaxial (Male) - Triaxial {Male} Cable . Part of HP 16053A (HP Parts No.:
16053-61002)

BNC {Male) - BNC {Male) Cable ........... Part of HP 16053A (HP Paris No.:
16053-61003)

PROCEDURE:

1. Connect Decade Resistor between Vg GUTPUT and I INPUT connectors of
4140A as shown in Figure 4-4,

2. Set 4140A as foliows:

FUNCTION & vsinisnnasvnaassnssnnvan I

I RANGE t i iriiiieiennnnsnaonans AUTO
INTEG TIME . iiiiii i cieitciecacnns LONG

I DATA QUTPUT TRIGGER ...veeevreen. INT

VA viriieniitaceeiatoneieaaaannras === (DC)
14 == (DC)

4-8




Model 4140A

Section IV
Paragraph 4-16

PERFORMANCE TESTS

Set CURRENT LIMIT to a current from Table 4-b,

Set PARAMETER {==) to a voltage from Table 4-5,

Push SET {==) key and read display output of I-C DISPLAY.
Push RESET (=== key.

Repeat steps 3 thru 6 and confirm that Table 4-5 (change CURRENT LIMIT
and setting of V output voltage as appropriate).

Connect Decade Resistor between VR QUTPUT and I INPUT connectors.

Repeat steps 3 thru 7.

TEST LIMIT:
Table 4~5. Current Limit Test.

Current Limit (A} | Setting V Qutput VYoltage (V) Test Limit (A)
1072 +0.9 x 1072~ +1,1 x 107
104 +10 +0.9 x 197% +1,1 x 10773
107" +0.9 x 107" 41,1 x 107
1077 -1.1 x 10720 =0.9 x 1072
107 ~10 =1.1 x 107%% -0.9 x 107°
107" -1.1 x 107% -0.9 x 107
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PERFORMAMNCE TESTS

Model 41407

4-17. RAMP WAVE START VOLTAGE ACCURACY TEST.

4-18. This test verifies ramp wave start voltage accuracy for
tions of start and stop voltages.

the various combina-

DVM
Bl o 8 o o O D[}DDOD{]
cooonoon OEQ”
ol 0
oDooonnob noCRo0ooan
A —

W

BNC (male) - dual banana plug cable

Figure 4-5. Ramp Wave Start Voltage Accuracy Test Setup.

EQUIPMENT:
e HP 3455A
BNC - Dual Banana Plug Cable ........0... HP 1T100TA
PROCEDURE :

1. Connect BNC (male} - dual banana plug cable between
connector and DVM (see Figure 4-5}.

2. Set DVM controls as follows:

FUNCTION vuervvennieraneiaaaenn Dey
RANGE o oivieiiiiiiaiiiiiiarravannns AUTO
HIGH RESOLUTION ..ovievernniivnnnnen OFF
GUARD L oviiniiii it i i ON
TRIGGER . INTERNAL

FUNCTION ©.veerereiiirasuonsnneans I

VA venveneinenenenaenerarnenanaaaas A
2 e OFF
VA CURRENT LIMIT .ivenvnnrancnrnes 10mA

4, Set Vp parameter as follows:

4140A VA OUTPUT

START ¥ it iiiee i ittt iatteeransans a voltage from Table 4-6
STOP ¥ ettt e iine e a voltage from Table 4-6
STEP Vit i eer et e e 0.1V
HOLD TIME t.vuennsnnennnrenennnnnnn 1005
o8 A 1V/s
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nnnnn

AAAAA

7. Repeat steps 4 thru 6 and confirm that Table 4-6 is satisfied (change
output voTtage as appropriate).

TEST LIMIT:

Table 4-6. RAMP WAVE START VOLTAGE ACCURACY TEST.
Start Voltage (V) | Stop Voltage (V) Test Limit (V)
0.00 -0.02n 0,02
+10.00 +5,00 +9,98~ +10,02
-10.00 -10.02v -9.98

0.0 0.2+, 2

+134.0 +9.8~ +10,2

-10.6 +50.0 -10.2-9.8
+100.0 +96,8+100,2
~100.0 -100.2 ~-99.8
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Paragraphs 4-19 and 4-20

PERFORMAMNCE TESTS

4-19, RAMP RATE ACCURACY TEST.

4-20. This test verifies ramp rate accuracy for various combinations of start
and stop voltages.

Note

This test requires Option 101 HP-IB Interface as the test is
made with the HP-IB system (including HP 9835A Desktop Comput-
er, HP 34554 DVM and HP 59308A Timing Generator, etc, ).
Therefore, the HP-IB Interface Test 1in paragraph 4-23 should
be done before this test.

HP 106310

HP 593084 l
i \
]
o o 0 3 |
HP 9835A
HP 106310 BNC (mate) -
dual banana plug cable
BNC {male} - BNC (male) cable | HP 34554
O =« = ¢ =D oopoooon
: Doooocon Oirl
alglo

oooo Do cooonai

S N

Figure 4-6. Ramp Rate Accuracy Test Setup.

EQUIPMENT:
Desktop COmpULer «..veeeriverrrnnenescnns HP 9835A
General I/0 ROM ...iieiiininnnanraananas HP 983324
HP-1B Interface Card with Cable ......... HP 98034A
HP=IB Cabla ieriirininonnnenncnnanesnsas HP 106310 (2ea)
DVM (with HP-IB Interface capability} ... HP 3455A
Timing Generator
{with HP-IB Interface capability) ..... HP 59308A
BNC (Male) - BNC {Male) Cable ......ue... Part of HP 16053A (HP Part No.:
_ 16053-61003)
BNC (Male) - Dual Banana Plug Cable ..... HP 1710014
PROCEDURE:

1. Turn power switches of 4140A, 9835A, 3455A, and 59308A to OFF.

2. Install Option 101 HP-IB Interface in 4140A. Refer to Option Instal-
laticn in Section II.
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Paragraph 4-20
PERFORMAMCE TESTS

3, Connect 98034A HP-IB Interface Card with Cable between 98354 I/0 siot
and 4140A rear panel HP-IS connector as shown in Figure 4-6.

4. Install 98332A ROM in 9835A ROM slot.

5. Set 98034A select code switch dial to select code 7 (using a screw-
driver),

6. Set HP-IB addresses of instruments as follows:
4140A: 10001 {17 in binary code}.
34554: 00110 (6 in binary code).
5G308A: 10000 (16 in binary code).

7. Connect 4140GA, 3455A and 59308A with 106370 HP-IB cables as shown in
Figure 4-6.

8. Connct BNC {male} - BNC (maie) cable between 59308A QUTPUT comnector
and 34558 EXT TRIGGER INPUT connector as shown in Figure 4-6.

9, Turn 4T40A, 9835A, 3455A and H93C8A to ON.
10. Load test program (as shown in Figure 4-7} in controller.
11. Execute the program.

12. Check that 9835A CRT is in accord with Table 4-7 Controller Instruc-
ticns and Operator Responses and confirm that Table 4-8 is satisfied.

[ PROGRAMMING]
10 1 4140A RAMP RATE ACCURACY TEST "40RAME" (21MAY79)
2 DIM A(L:iL) N I (100) Transfers remote program codes
i TEST™;
s PRINY NP RATE ACCURACY TEST ) from 9836A to 3455A.
50 ABORTIO 7
60 CLEAR 717
70 IMAGE 20.6D,"V/s" (110) Transfers remote program codes
80 IMAGE "PS",D,";PT",4D,";PE", D, 1 PR",D, "1 FV",D, 3D
oo e b from 9835A to 59308A.
180 UUTPUT 706;"FLTZM3IADHL"
110 QUTPUT 7)6:"PiOCE4R"
129 OULPUT 717;°FLRALIITIALB2LIMI" {120) Transfers vemote program codes
Lo 8= from 9835A to 47140A.
156 H=3
160 FOR i=l %0 4
150 QUTEUT 706;%R3 (130) Sets START V to OV.
180 IF 1=1 THEN T=10
196 IF I=2 THEN T=wl0
200 IF 1=1 THEN T=100 {140) Sets STEP Y tc O.17V.
210 LP i=4 THEN T=-100
220 FOR K=l TO 4
230 V=10" {3k} (]50} Sets HOLD TIME to 3s,
240 IF K=2 THEN OUTBUT 706;*R2”
250 BRINT USING 80:8,T,E,B,V
260 PAUSE {180) ~ (210) Sets STOP V.
270 OUTPUT T17 USING 80:8,T,E,H,V
260 GUTPUT 7317;"W1"
290 WAIT 5000 (230) Sets dv/dt (Ramp Rate).
316 ENTER 706:A(J}
328 IF J<1 THEN 350 i
EETRE AL oo L N (270} Transfers operating parameters
330 PRINT LIN(L) from 9835A to 4140A.
350 NEXT o
360 LUTPUT 717;°W7"
70 wexw K (310} Transfers cutput data from 3455A
350 OUPPUT 716;"R" to 9835A.
400 PRINT "END”
410 END

Figure 4-7.

Ramp Rate Accuracy Test Program Using 9835A.
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Table 4-7. <Controller Instructions
and Operator Responses for Ramp Rate Accuracy Test Program.

Controtier Instruction

CRT Area

Operator Response

RAMP RATE ACCURACY TEST

PSO; PT 10; PE.1; PH3 PV1.000 Print

N, NNNNNNV/S

STOP V = 10V, dy/dt = 1¥/S.
Press " [CONTINUE] "

Confirm that Table 4-8 is satisfied

The above two steps are repeated

fifteen times wore (for each STOP V and dV/dt in

Table 4-8).
END Print
TEST LIMIT:
Table 4-8. Ramp Rate Accuracy Test.

STOP V (V) | dv/dt (v/s) Test Limit (V/s)

1 +0.99799~ +1.00201

10 0.1 +0,09979~ +0, 10021

0.01 +(, 00997~ +0,01003
0.601 +0.000988~ +0,061012

1 -1.00201~ -0, 99799

10 0.1 ~0,10021~ -0,09979

0.01 -0.01003~ -0, 00997
0.001 ~{,001012~ ~-0.000988

1 +0,99792 +1,00208

0.1 +0.00880~ +0,10028

+100 ¢.01 +0,00990+ +0,010190
0.001 +0,000918 ~ +0,001082

1 -1.00208 ~(.99792

0.1 -0.70028 -0.09972

-100 0,01 -0,01010~ -0,0099%0
0.001 -(.001082 ~ -0.000518
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4-27, ANALOG OUTPUT ACCURACY TEST { OPTION 001 ONLY).

4-22, This test verifies that the Option 001 Analog Output outputs specified
analog output data to external device {e.g. X-Y Recorder).

BNC (male) - dual banana plug cable

DYM
B o oo oD oooDooDog
opnooooo oo
olgo
e T o v o O O T T e B
\m 3

Figure 4-8. Analog OQutput Accuracy Test Setup.

EQUIFMENT:
DYM i iisevosnonnevasceosesosssosansonnncns HP 345547
BNC {Male) - Cual Banana Plug Cable ..... HP 1100714
PROCEDURE :

1. Connect BNC {male) - dual banana plug cable between the 4140A Option
001 Va Output connector on rear panel and the DVM (see Figure 4-8).

2. Set the DVM controls as follows:

FUNCTION whivieiniiiii e e by
RANGE oivurvvinnnicncnriensnnnnnnns AUTO
HIGH RESCLUTION +.vvvivvianunniias OFF

AUTO CAL ittt iaiiiinansoannan ON

GUARD v iiensr e rnacnnesaanes i
TRIGGER .t oiivein i iianstannnannnss INTERNAL

3, This test can be made by using auto setting modes of 4140A (refer to
paragraph 4-9).

4. Press "fu . @ " to set 4140A to Self Test mode,

5. Press "9 " and a control key from Table 4«9 (to set mode) and read
display output of DVM.

6. Repeat step 5 and confirm that the Table 4-9 is satisfied {change auto
setting mode as appropriate).



Section IV Model 4140A
Paragraph 4-22

PERFORMANCE TESTS

7. Press "g3, (1) " to cancel auto setting mode.

&, Connect BNC (male) - dual banana plug cable between the 41404 Option
00% I/C QUTPUT connector on rear panel and DUM.

9, Repeat steps 4 thru 7,
TEST LIMITS:

Table £-8, Analog Gutput Accuracy Test.

Auto Setting Mode | Control Key | Analog Output Setting (V)| Test Limit (V)
5-1 35 0.000 -0.020 % +0,020
5-2 {3 -0.001 0,021~ +0.019
S-3 -1.000 -1.025~ -0.975
$-4 = +1.000 +0,975 v +1.025
5-5 ® 0.00 0,02~ +0.02
$-6 D -10.00 -10.07 ~ -9.93
5-7 & 10,00 +9.93~ 410,07
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423, HP-IB INTERFACE TEST (OPTION 101 ONLY)

4-24, This test verifies that the Option 101 HP-1IB Interface has the capabili-
ties {as listed in Table 3-11} to correctly communicate between external HP-IB
devices and the 4140A through the interface bus cable.

“ 98034R \ 98354

Figure 4-9. HP-IB Interface Test Setup,

EQUIPMENT:
Desktop Computer ....viiieinsrnrensnnnnns HP 9835A
General I/OROM .. vvriiininiiiiiinienaas HP 98332A
HP-IB Interface Card with cable ......... HP 980344
PROCEDURE :

1. Turn power switches of both the 4T140A and 9835A to OFF.

2. Connect 98034A HP-IB Interface Card with cable between 9835A 1/0 slot
and 4140A rear panel HP-IB connector as shown in Figure 4-9.

3. Install 98332A ROM in 9835A ROM slot.

4. Set 98034A Select Code Switch dial to select code 7 {using a screw-
driver).

5. Set 4140A rear panel HP-IB Control Switch to following settings:

bit 1~5: 10001 (17 in binary code).
bit 6: 0
bit 7: 0

6, Connect nothing to I.C INPUT and ¥S OUTPUT connectors,

7. Turn 41407 and 9835A ON.

8. Load test program (given in Figures 4-10 through 4-14) in calculator.

9. Execute the program.

10. Check that 4140A display, 9835A display, and printed data are in ac-
cord with Tables 4-10 through 4-14 Controller Instructions and Opera-
tor Responses for each fest program.

11. Perform steps 9 thru 11 with respect to individual test programs and

verify that 4140A and 9835A correctly communicate through the HP-IB
interface,
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TEST PROGRM 1

TPURPOSE]

{1} Remote/Local Capability
%2% Local Lockout

3

(4) Listen Address DisabTed

[PROGRAMMING ]

1o

0

30

44

20

3y}

74

14

450

100
110
13240
130
140
150
160
170
is0
1506
200
210
220
230
240
250
260
270
480
230
300
316
320
330
3490
350
360
3va
3890
3589
440
410
420
430
440

i 4140A REMOTE/LOCAL TEST(20MARTI}
OIM As{1]

A=)

STATUS 717;8

PRINT "REMUTE/LOCAL TEST®;LIN{L)
REMOTE 7

QUTPUT T17;"11”

INPUT "LISTEN=],TALK=0,REMOTE=1",AS$
IF A$="N" THEN A=]

LOCAL 7

INPUT °LISTEN=1,TALK=0,REMOTE=(",AS
IF AS="R" THEN A=l

ABORTIO 7

INPUYT "LISTEN=0,TALEK=0,REMOTE=0",AS
IF AS="N" THEN A=1

REMOTE 717

INPUT “LISTEN=0,TALK=0,REMOTE=1",AS
IF AS="N" THEN A=l

LOCAL LOCKOUT 7

LOCAL 717

INPUT "LISTEN=0,PALK=0, REMOTE=0",6AS
IF A$="N" THEN A=1

QUFPUT T17:"TL"

INPUT "LISTEN=),TALK=0,REMOTE=1",AS
IF AS="N" THEN A=l

IF A=1 THEN 29¢

PRINT "REMUTE/LOCAL TEST PASS";LIN(})
GOTO 300

PRINT “REMOTE/LOCAL TEST FAILY";LIN(:)
A=(

BRINT *LISTEN/TALK PEST";LIN(1)
ENTER 717;4,8

INPUT "LISTEN=0,TALK=1,REMOTE=1",6A$
I# AS="N" THEN A=1

QUTPUT 717;"TL"

INPUT "LISTEN=1,TALK=(,REMOTE=1",6A$
IF AS="{" THEN A=)

IF A=1 THEN 410

PRINT “LISTEN/TALK TEST PASS";LIN(1}
GOTO 420

PRINT "LISTEN/TALK TEST FAIL";LIN(L!}
PRINT “END";LIN{1)

ABORT LU 7

ExD

(40)
(60)

(70)

(100)

(130}

(350)

This test verifies that 4140A Opt. 101 has the foilowing capabilities:

Talk Address Disabled by Listen Address

Ciears 4140GA SRQ Status Byte.

Sets REN (Remote Enable} line of the
bus 1ine to 1", Switches selected
devices (Interface Select Code 7) to
remote operation allowing parameters
and device characteristics to be
controiled by data message.
Addresses 3835A to talk and 41408 to
Tisten.

Sets REN to "0", Removes all de-
vices {Interface Select Code 7) from
Tocal lockout mode and causes all
devices to revert to local.

Sets IFC (Interface Clear) line of
the bus line to "1", \Unconditional-
1y causes control to pass back to
§835A {independent of the device
currently in control) and stops all
comunication,

Sets REN to "1". Switches 4140A to
remote operation.

Prevents the device operator from
switching the unit to manual control
Causes 4140A to revert 1o manual
control for future parameter modifi-
cations (REN remains at "1%").
Returns to the status of Step 190,
Disables Tisten address by talk ad-
dress.,

Disables talk address by listen ad-
dress.,

Figure 4-10. HP-IB Interface Test Program 1 Using 9835A.



Model 41408 Section IV
Table 4-10

PERFORMAMCE TESTS

Table 4-10. Controller Instructions and Operator Responses for Test Program 1.

Controller Instruction CRT Area Operator Response
REMOTE/LGCAL TEST Print
LISTEN = 1, TALK = O, REMOTE =1 I 4140A HP-IB Status Indicators
and Controller Instruction are
LISTEM = 1, TALK = 0, REMOTE = 0 same, press "[V], [CONTINGEl" for
each step, If not, press "N,
LISTEN = 0, TALK = 0, REMOTE = O CONTINUE]|".
Display

LISTEN = 0, TALK

!

0, REMOTE =1

LISTEN = 0, TALK = 0, REMOTE =0
LISTEN =1, TALK = 0, REMOTE = 1
REMOTE/LOCAL TEST PASS If all steps are correct, this
message is outputted,
Print
REMOTE/LOCAL TEST FAIL If any step fails, this message is
ocutputted.
LISTEN/TALK TEST Print
LISTEN = 0, TALK = T, REMOTE = 1 If 4140A HP-IR Status Indicators
Display and Controller Instruction are
LISTEN = 1, TALK = 0, REMOTE = ] same, press "l1Y], [CONTINUE * for

sach step. If not, press "[},
CONTINUE".

LISTEN/TALK TEST PASS If both steps are correct, this
message is outputted.

Print
LISTEN/TALK TEST FAIL If any step fails, this message is
outputted.

END Print




Section IV

Model 4140A

Figure 4-11
PERFORMANCE TESTS
TEST PROGRAM 2
[ PURPOSE]
This test verifies that 4140A Opt. 101 has following capabilities:
{1) Listener
(2) Device Clear

[ PROGRAMMING]
10 ! 4140A LISTEWER TEST(15MRYTS)
200 DIM PS[2],RS[3],15{2},T$(2},C%{2],A5(21,85{2],L§12],M542],58[2],U8f11],X$150
i
3G PRING "LISTENER TEST":LIN{i)
30 abowtro 7 (330) Transfers remote program codes from
BU  TNPUT "FUNCEIGN ? (FL thru F4)",F$ 9835A to 4140A.
70 PRINT F St :
S0 IF (FSSSE1%) OR (FS="P4%) TEEN Flel (410) Initializes device-dependent func-
90 Q¥ F$="F2" THEN F2=1 tions to a predefined state.
160 LIF F$="F3Y THEN £3=1
110 INPUT “1 RANGE ? (RAD,RAL,RG2 thru RIZ)",RS (51C) Transfers cutputted data from 4140A
120  PRIST RS to 98354.
134 INPUT "INTEG TIME 7 (Il thru I3)", 8
140 PRINL IS
154 IF Fil=1 THEW IuPJT "I DATA QUYPUT TRIGGER ? (71 thru THh",Ts
160 IF Fisl THES PRINT T3
L70 IF F3=1l THEN INpPUT "pF or % ? (CO or C1}%,CS
18g IF F3=] 'PHEN PRINT C$
190 Ir ri=1 TdEN IRPYT "VA FUNCTLION 7 (Al thru ne) M, AaS
230 IF F2=1 THEN INPUT “VA FUNCTION 7 {ARl thru A4}" ,AS
210 IF F3=] THEN INPUT "VA FUNCTION ? (Al or A2)”",AS
220 PRINT A5
230 INPUYT VB FUNCTIGN ? (81 or B2)Y,BS
240 PRINT BS
258 INPUT “VA CURRENT Limit ? {Ll1 thru L3)",L$
260 PRINT L$
270 ISPUT "VB CURRENT LIMIT 7 (M) thru M3)}",M$
280 PRINT M$
290 INPUT ®CONTROL MASE ? {D0 or R7)*,D8
300 PRIRT DS
310 INPUYT "SEL¥ TEST ? (S0 or s1y",85%
320 PRINT 5%
330 OUPBUY T17;F$,R$,1$,7%,05,A8,B5,L8,M8,D03,88
340 GOSUB K
350 INPUT "Is key status true ? (Y or N)*,US$
350 IF Us="N" THEN 390
370 BRINT "LISPYENER TEST PASSY ;LIN(L)
380 GOTO 400
kS T¢] BRINT "LISVENER PESYT FAIL";LIN(L)
400 PRINT "OEVICE CLEAR TEST";LIN{1)
410 CLEAR 717
420  GOSUS K
430 INPUT "Is key status frue 7 (Y or Ny ®,U$
440 IF US="p™ THEN 470
450  PRINT "DEVICE CLEAR TEST PASS";LIN(L)
400  GOUTQ 4380
470 PRIWS "DEVICE CLEAR TEST FATEL"; LIN{1}
480 PRINT "ENﬁ";LIN(l}
490 pwp
500 K: OUTRUT 717;"K"
510 ENTER 717:X$
520 BRINY XS;LIN(1)
330  RETURN

4-20

Figure 4-11. HP-IB Interface Test Program 2 Using 9835A.



Model

4140A

PERFORMANCE TESTS

Section IV
Table 4-11

Table 4-11. Controlier Instructions and Operator Responses for Test Program 2,
Controtler Instruction CRT Area Operator Response
LISTENER TEST Print
FUNCTION? (FT1 thru F4) Display Input HP-IB program code in each
3 _ Print step (see Table 3-12).
1 RANGE? (RAD, RAT, R0Z thru R12)| Display Example: F3, R10, 12, Ci, A2, B1,
R19 Print L2, M3, D2, SO
INTEG TIME? (I] th\ﬂﬂ 13} D_is -]a F3 ........................ C"MI
: Py RI0 veeerinaraenenennns 10-1%4
12 Print AN MED
T DATA OUTPUT TRIGGER? (T1 thru | Display s /\/_
T3)* g.} ------------------------ L
Ti* Print L2 i, %G“zA
. : S P 107A
pF or %? (€O or C1)**= Display D2 i See Table 3-12
Clow¥x Print 1 1 OFF
? *
Ve FUNCTION? (A1 thru AG) * This step is only done when
VA FUNCTION? (Al thru Ad)** Disolay FUMCTION is set to I or HSI
(High Speed 1 function).
Va FUNCTION? (A1 or AZ)*+ *% This step is only done when
A2 Print FUNCTION is set to I-V.
: *** This step is only done when
VB FUNCTION? (Bl or B2) Display FUNCTION is set to C-V.
B1 Print
Va CURRENT LIMIT? (LY thru L3) Disnlay
12 Print
Vg CURRENT LIMIT? (M1 thru M3) Display
M3 Print
COKTROL MASK? (DO or D7) Display
74 Print
SELF TEST? (SO or S1) Display
SO Print

F3R10I2TICTAZ2B1L2M3D2S50 Frint This is the key status data of
47140A when it accepts input remote
program codes from controller.

Is key status true? (Y or N) Display If input remote codes and cutput-
ted key status data are same,

LZSTENER T§ST PASS Print pTeSS 3 Q‘l , {:UNT {\UZ ll. If ﬂot,

LISTENER TEST FAIL press "iN], [CONTIHUE]".

DEVICE CLEAK TEST )

FIRATT3TICOA3B2L1M1DOSO Print  I"fhis is the key status data of
4740A when it accepts SDC (Se~
lected Device Clear) command from
controller.

Is key status true? {Y or N) Display If outputted key status data and

DEVICE CLEAR TEST PASS

GIVICE CLEAR TEST FAIL

Print

initial control settings

{ FIRATI3TICOA3BZLIMIDOSO)are same,

press w[vi, {CONTINUE]".
press "IN], [CONTINUE]".

If not,

END

Print

4-.21



Section 1V

Figure 4-12

PERFORMAMNCE TESTS

Model 4140A

TEST PROGRAM 3

10
3y
kL]
44
50
[
74
3]
Yy
100
110
140
130
140
159
169
170
130
ig0
200
210
220
230
440
254
200
PN
250
2306
300
310
340
330
340
350
EL 1Y
374
340
390
460
410
42¢
430
444
450
4690
470
480
494

[PURPOSE ]

This test verifies that 4140A Opt. 101 has following capabilities:

{1} Talker
{2) Device Trigger

[ PROGRAMMING]

P 4140A TALKER TEST{Z0MAR79)

PRINT "PALKER FPESTY;LIN(1}

PRINT "DATA QUTPUT TEST"

DIM AS[30},B5(30],C8(0361,18(1]

STAYUS 717;C

LUCAL 7

FLOAL 5

REMOTE ¥

ABORIT IO 7

CLEAR 717

QUTRUT T717;"FLILT3AS"

GUTPUT 717; "Pa-i0"

QUTPUT 717;"wig"

ERTER 717:4,8

PRINT A,8;LIN(1)

INPUT "Is output data true ? (Y or N}",F$
IF Pé="N" THEN 200

PRINT “DATA QUTPUT TEST PASS";LIN(])

GOTO 210

PRINT "DATA QUTPUT TEST FAIL";LIN(L)
PRINT "COMPLETE DATA QUTPUT TESTY

GuTRUY 717 "EY

EWLER T17:A8

PRINYT AS;LIN(L)

INPUT "%s output data true ? (Y or WN}",FS
TP PS="N" THEN 290

PRINT "COMPLETE DATA QUITPUT TEST" ;LIN(L)
GOTO 300

FRINT “"COMPLETE DATA QUIPUT TEST PASS" : LIN{1)
ERINT "DEVICE TRIGGER TEsTr

TRIGGER 717

ERTER 717:88

PRINT B3 :LIN{1)

INPUT "Is output data true 7 {Y or M)}",F$
IF Fe="8" THEN 380

PRINT "REVICE TRIGGER TRST PASS" ;LIN(1)
SO0 390

BRINT "DEVICE TRIGGER TEST FALLY:LIN(1)
PRINT "PARAMETER QUTPUT TEST®

QUTRUT 717;"PAY

ENTER T717;:C%

PRINT CS:LIN{L)

INPUT "Is output data true.? (Y or N} ", FS
IF F§="N" PTHEN 470

PRENT "PARAMETER OUTPUT TEST PASSY;LIN(])
GOTO 489

PRINT “PARBMETER OUTRUT TEST FAIL";LIN{1)
BRINT ™END"

B

(310) Causes 41404 to simultaneously inf=-

tiate a device - dependent action,

4-22

Figure 4-12.

HP-18 Interface Test Program 3 Using 9835A.



Model 4140A Section IV
Table 4-12

PERFORMANCE TESTS

Table 4-12. Controller Instructions and Operator Responses for Test Program 3.

Controller Instruction CRT Area Operator Response
TALKER TEST Print
DATA CUTPUT TEST Print
Y, NNNE-NN Print
ENNN, NN
Is output data true? (Y or N) Display If outputted data and values of
I.C DISPLAY and VS DISPLAY are
DATA QUTPUT TEST PASS same, press "[¥], [CONTINUEI". If

Print not, press "[N], ICONTINUE]".

DATA OUTPUT TEST FAIL

COMPLETE DATA OUTPUT TEST Print
KXAN NNNE -NN, ANNN NN Print
Is output data true? (Y or N) Display
COMPLETE DATA QUTPUT TEST PASS If outputted data is true, press
Print “[¥], I[CONTINUEl". 1If not, press
COMPLETE DATA QUTPUT TEST FAIL “[N]. [CONTINUE]".
DEVICE TRIGGER TEST Print
KXEN, NNNE-NN,ATNNN. NN Print
Ts output data true? (Y or N) Display If outputted data is true, press

oY1, [CONTINUE]". If not, press
"[N], [CONTINUE]".

DEVICE TRIGGER TEST PASS

Print
DEVICE TRIGGER TEST FAIL
BARAMETER GUTPUT TEST Print
XXENNNN, NNN Print
Is output data true? (Y or N) Display If outputted data is true, press
“fY], [CONTINUEI". If not, press
PARAMETER QUTPUT TEST PASS “IN], [CONTINUE]®
Print
PARAMETER OUTPUT TEST FAIL
END Print

4-23



Section IV
Figure 4-13

Model 4140A

PERFORMANMNCE TESTS

TEST PROGRAM 4

[PURPOSE]

This test program verifies that 4140A Opt. 101 has following capabilities:

(1) Service Regquest
{2} Serial Poll

[PROGRAMMING]
10 I 4140A SR THEST (15MAYTI)
20 PRINT “SR() TEST";LIN(1)
30 FIKED 0
40 ON inl #7 GOSUR Srg
50 Rt#OTE 7
60 ABURYLIO 7
10 CLEAR 717
80 STAUS T17;:A
90 A=0
146 PRINT "DATA READY"™
11¢  GQUTPUT 717:°T3D7E"
120 GOSUB Loop
130 a=0
140 PRINT "SELF TEST END"
150  GurpurT TL7;"sL"
160 GQUTPUT 717;%8G¢"
170  GOSUB Loop
180 A=0
190  PRINT "SYNTAX ERROR"
200  OQUTRUT 717;"DOSOLI5"
210 GOSUB Loop
220 A=(
230  PRINT "PARAMETER QVER FLOW ERROR"
240 QUTRUT TL7;"FALOCGO;"
250 4OSUB Loop
80 A=Q
278 PRINT "ILLEGAL FRROR"
28¢  QULPUT T17;%"wWl®
2390 GUSUB Loop
300 PRINT "END®
310 END
320 Loop: CONTROL MASK 7:128
330 CARD ENABLE 7
340 IF BIT{A,0)=1 THEN 380
350 IF BIT{A,2)=1 THEN 380
360  IF BIT(A,3)=1 THEN 380
370 GOTO Loop
380 PRINT AjLIN(L)
390 RETURN
400 Srg: STATUS 717:A
410 Ly BIT(A,8)=] THEN 430
426 PRINT "OTHER DEVICE SRQ":;LIN(L)
430 RETURN

(40) Designates Tlabel {SRQ) for service
routing to be performed when an in-
strument is set by a device on se-
lect code 7 bus Tine.

(320)~ (330) Labels Loop. Enables ser-
vice request to be sent from device
on select code 7 bus line. Checks
status of SRQ Tine on the hus line.

4-24

Figure 4-13. HP-IB Interface Test Program 4 Using 98354,



Model 4140A

PERFORMANCE TESTS

Section IV
Table 4-13

Table 4~13, Controller Instructions and Operator Responses for Test Program 4.

72

PARAMETER OVER FLOW ERROR

72

TLLEGAL ERROR

72

END

Controller Instruction CRT Area Uperator Response
SR TEST
DATA READY Qutputted SRQ Status Byte data
should be 65 (=01000001).
65
SELF TEST END Qutputted SRQ Status Byte data
should be 68 (=01000100).
68 ,
SYNTAX ERROR Qutputted SRG Status Byte data
Print should be 72 (=010070000).

Qutputted SRQ Status Byte data
should be 72 (=010070000).

Qutputted SRQ Status Byte data

- should be 72 {=01001000).

4-25



Section IV Model 4140A
Figure 4-14

PERFORMANCE TESTS

TEST PROGRAM 5
[PURPOSE]

This test verifies 4140A HP-IB Control Switch has the following capabili-
ties:

(1) Address
(2) Output Format B

[ PROGRAMMING ]

10 ! 4140A HP-IB CONTROL SWITCH TEST (15MAY79}
30 PRINT "EP-IB CONTROL SWITCH TEST":LIN(1)}
30 DIM AS{71,B5[11,CS$[30],08{30)

40 PRINT "ADDRESS TEST"

50 L=0

60 FOR I=1 TO 6

70 IF I=1 THEN A=T700

] 1F I=1 THEN A$="0000000"
40 1§ 1=2 THEN A=T701

106 IF I=2 THEN A$="0000001"
110 IF I=3 THEN A=702

120 IF I=3 THEN AS="0000G10"
130 IF I=4 THEN A=704

149 IF I=4 THEN AS="000CGle0"
150 IF I=5 THEN A=708

160 IF I=5 THEN A$="0001000"
L7060 IF I=6 THEN A=718

180 If I=6 THEN A$="00100007
190 DISP "Turn off 4140a¢

230 BEEP

210 #AUgd

220 DISP "Set HP~IB control switcn to ",A$
230 BEEP

240  PAUSE

250 DISP "Turn on 4140A"

260 BEEP

270 PAUSE

284 WALYT 1040

290  CUTPUT A;UIi"

300  INPUT "LISTEN=1,FALK=(,REMOTE=1" B$
310 IF B$="N" THEN L=1

320 ENTER A;¥,N

330 INPUT *LISTEN=0,TALK=l,REMOTE=1",B%
340 IF BS="u" THEN L=]1

350 NEXT I

360 IPF L=1 THEN 390

370  PRINT "ADDRESS TEST PASS";LIN(1)
388 GOTO 400

390 PRINT “ADDRESS TEST FAIL";LIN(1)
430 PRINT "OUTPUT DATA PORMAT B TEST"
410 DISP "furn off 4140A"

420 BEEP
43 PAUSH
44G DISP "Set #P-I8 control switch te 013100017
450 BEEP

460 PAUSBE

476G DISP “"Turn on 4140A"

480 BEEP

490 PAUSE

506 WAIT 1GO0

510 ENTER 717:C$,0%

520  PRINT C$

530  PRIND D$

340 INPUT "Is output data true 7 (¥ or N}, BS
550 IF B&="N* THEN 580

560 PRINY FOUTPUT DATA FORMAT 3 PEST PASS":LIN{L}
570 GUTO 620

55U PRINT “CUTPUT DATA FORMAT B TESYT FAIL";LIN(L)
590 0LSP *Turn off 414GA"

oyl BEEP

610 PAUSE

620 DISP "Set HP-IB control switch to poisool”
630 BEEP

640 PAUSE

650 PRINT "pHp®

abl END

1-26 Figure 4-14. HP-IB Interface Test Program 5 Using 9835A.



Model 47140A Section IV
Table £-314

PERFORMARMCE TESTS

Table 4-14, Controller Instructions and Operator Responses for Test Program b,

Controller Instrcticon CRT Area Operator Response
HP-1B CONTROL SWITCH TEST Print
ADDRESS TEST Print
. Turn off 4140A Turn the 41408 OFF and press
" \CONTINUE "
Set HP-IB control switch to Set HP-I8 Control Switch to
G0005800 "0600000" and press " [CONTINUE]".
Display
Turn on 4140A Turn the 47140A ON and Press
" [CONTINDE] * .
LISTEN = 1, TALK = 0, REMOTE = 1 If 4140A HP-I1B Status Indicators
and Controller Instruction are
LISTEN = 0, TALK = 1, REMOTE =1 same, press "[Y], [CONTINUE]" in
each step. If not, press ",
CONTINUE!".
The above five steps are repeated five more times (for each of the following
addresses):
{1} 0000001
(2) 0000010
(3) 0060100
{&4) 0001000
{5) 0010000
ADDRESS TEST PASS If all steps are correct, this
Print message is outputted.
ADDRESS TEST FAIL If any step fails, this message is
' outputted.
QUTPUT DATA FORMAT B TEST Print
Turn off 47408 Turn the 4140A OFF and press
" CONTINUE:".
Set HP-IB control switch to Display Set HP-IB Control switch to
0110007 0110001 and press " |CONTINUE]".
Turn on 4140A Turp the 431404 ON and press
"TICONTINUE| ",
XXN . NNN-NN Print
AENNN . NN
Is output data true? (Y or N} Display If outputted data is true, press
“[Y], [CONTINUE]". 1If not, press
OUTPUT DATA FORMAT B TEST PASS “ [N}, [CONTINUEL“.
Print
QUTPUT DATA FORMAT B TEST FAIL
Turn off 4140A Turn _the 4140A QFF and press
"ICONTINUE] ",
Display
Set HP-IB Control switch to Set HP-1B Control Switch to
0016001 "0010001" and press " |CONTINUE] ™.
END

4-27



PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 47404
pA METER/DC VOLTAGE SOURCE Date
Serial No.
Paragraph TEST Results
Numbher Minimum Actual Maximum
4-11 VOLTAGE OUTPUT ACCURACY TEST
Voltage Setting
+100vV +99,80V +100.20V
+10V +9.,982Y +10.018Y
+1V {.9883Y +1.6117Y
Qv -G, 011Y 0.011Y
~-1Y¥ 1. 0117V ~9,883V
=10V -10.018Y -G, 882V
=100V -100.20V -99, 80V
4-13. CURRENT MEASUREMENT ACCURACY
TEST
Current Measurement Range
Setting
1072A 1 S.C.V. -7counts S.C.Y. +7counts
10*A | §.C.V. -7counts S.C.V. +7counts
107%A {S.C.V. =7counts 5,.C.V, +7counts
107°A { §.C.V. -7counts S.C.V. +7counts
10~°A { S.C.V. -7counts S.C.V. +7counts
10778 18.C.V. =7counts $.C.V. +7counts
10784 1 S.C.V. -Tcounts $.C.V. +7counts
10-°A | S.C.V. ~7counts S.C.V. +7counts
107*°A | S.C.V.~22counts 5.C.V.+22counts
1071 A | S.C.V. -53counts S.C.V.+53counts
10~%A | S.C.V. ~58counts S.C.V.+58counts
4-15 CURRENT LIMIT TEST
Current Limit Setting
+107%A +0.9x107%A +1,1x1072A
+1073A +0.9x107%A +1,1x107°A
+107%A ] +0.9xT07A +1. IxT07%A
-1072A ~1.1x107%4 -0,9x107%A
~1073A -1 IX1073A -0.9x1073A
~T07%A -1.1x1075A -0.9x107"A
4-17 RAMP WAVE START VOLTAGE
ACCURACY TEST
Start Voltage Setting
0,00V -0.02v +0.02Y
+10. 00V +3.98Y +10.02v

(Sheet 1 of 2}




PERFORMANCE TEST RECORD

Paragraph TEST Results
Number . . ;
Minimum Actual Maximum
4-317 RAMP WAVE START VOLTAGE
ACCURACY TEST (Continued)
-10. 00V -10.02y -G, 98y
0.0V -0.2V +G.2V
+10,0V +9, 8Y +10.2Y
-10.0V -10,2V -9.8Y
+100. 6V +99,8Y +100.2¥
-100.0V =1G0.2Y -99, 8y
4-19 RAMP RATE ACCURACY TEST
dv/dt Setting
STOP V = +10V /s +0.99799Y/s +1.00201V/s
0.1V/s +G.09979V/s +0.10021V/s
0.01V/s +0.00997V/s +0.01003V/s
0.001Y/s 1 +0.000998V/s +3.001012vY/s
STOP ¥V = =10V /s -1.00201V/s -0,99799y/s
G.1V/s =0.10027V/s -0.09979V/s
0.01V/s -0.01003V/s -0.00997Y/s
0.001¥/s | -0.001012¥/s ~0.000988Y/s
STOP ¥ = +1G0V /s +(,99792V/s +1.00208V/s
0.1V/s +(.,09972Y/s +(G.10028V/s
0.0G1V/s +0.00990V/s +0.01010V/s
0.007v/s | +0.000918Y/s +0,601082V/s
STOP V = ~100V iV/s -1.00208Y/s -0,99792Y/s
C.1V/s 0.10028V/s -0,09972Y/s
0.01V/s ~0.01010V/s ~0,009%8Y/s
G.001Y/s | ~0.001082V/s -0, 000918V/s
4-21 ANALOG QUTPUT ACCURACY TEST

(OPTION 007 ONLY)
Analog Output Setting

0.000v
-0.001V
-1.000v
+1.000V

G.oov
-10.00v
+10, 00V

-0.020v
~0,021V
-1.025Y
+3,975Y

~0.02Y
-10.07V

+9.93V

+0.020v¥
+0,019v
-0,975Y
-0, 975V
+0.002Y

-G,93V
+10.07V

(Sheet 2 of 2)
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