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Model 4140A

Section I
Paragraphs 1-1 to 1-5

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This Operating Manual contains the in-
formation 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 sec-
tion covers the instrument identification,
description, options, accessories, specifica-
tions and other basic information. To order
an additional manual, use the part number
listed 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 Chanaes supplement as well
pertinent Service Notes.

1-4. DESCRIPTION.

1-5. The HP Model 4140A pA Meter/DC Voltage
Source comprises a high stability pA Meter
with 107*5A 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
10712A~ #1900 x 1072A) enabling stable pA
current measurement at 107'5A (+1 count).
This is achieved by a new unique,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 leakage 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

Figure-1-1. Model 4140A and Supplied Accessories.
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Section I
Paragraphs 1-6 to 1-13

mable DC voltage sources (VA) of the 4140A
can operate, not only as a programmable DC
voltage source, but also as a unique stair-
case { /, s~ ) and accurate ramp ( / , /\')}
generator. The DC Voltage Source has an out-
put range of *100V in 10mV steps or 10V in
ImV steps and the ramp rate can be set from
0.001V/S to 1V/S at 0.001V/S resolution., The

sweeps of the staircase and ramp functions
operate, both in the AUTO sweep mode with a
pause key (for changing step voltage and

sweep direction during measurement) and in
the MANUAL sweep mode with down ( (@) and up
(@) keys. Each of the 4140A programmable
DC voltage sources (Va and VB) has a current
limiter to avoid damaging the DUT by exces-
sive current.

is its

1-6. A key capability of the 4140A

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

Measurement timing can be automatically syn-
chronized between the DC Voltage Source and
the pA Meter section. The start, stop and
step voltages can be set from -100V to +100V
at 10mV resolution (from -10V to +10V at ImV
resolution). The hold/step delay time can
also easily be set depending upon the charac-
teristics of the material being tested. All
these capabilities are featured in the HP
4140A itself which, up to now, has required
an extensive instrument system. Static char-
acteristics of semiconductors, diodes and
FET's, the analysis of MIS construction, and
the measurement of the threshold voltages of
FET's in addition to 1 minute value measure-
ments for insulation resistances (resistance
values of approximately 0.527%1017Q can be
calculated from the I-V measured values) can
easily, quickly, and efficiently be made with
the 4140A, With the 4140A 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:

C = I (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 displayed.

1-7. The 4140A employs
functions

-2

certain particular
which make the best use of the in-

Model 4140A

telligence capability of its microprocessor,
For example, its zero offset current capabil-
ity cancels leakage current of test Teads and
fixtures and its zero offset capacitance ca-
pability cancels stray capacitances of test
leads and fixtures for accurate current or
capacitance measurements. The self-test ca-
pability checks ROM's RAM's, displays, indi-
cators and control keys of the 4140A automat-
ically when the 4140A is turned to ON or the
SELF TEST front panel key is pushed. The
measurement parameters of the 4140A (VA =,
VB =,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 repeatedly.

1-8. The Option 001 Analog Output can be
used to output analog data to an X-Y Recorder
and to trace I-V/C-V curves. The Option 10}
HP-IB Interface is used for remote control
and data output via the HP-IB. In addition,
four unique accessories are available for

making a wide range of universal measurements.

1-9, SPECIFICATIONS

1-10. Complete specifications of the Model
4140A pA Meter/DC Voltage Source are given in
Table 1-1. These specifications are the per-
formance standards or 1limits against which
the instrument is tested. The test proce-
dure for the specifications are covered in
Section IV Performance Test. Table 1-2 lists
general information. General information is
not specifications but is typical character-
istics included as additional information for
the operator. When the 4140A pA Meter/DC
Voltage Source 1is shipped from the factory,
it meets the specifications 1listed in Table
1-1.

1-11. SAFETY CONSIDERATIONS

1-12. The Model 4140A 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-
tion, cautions, and warnings which must be
followed by the user to ensure safe operation
and to maintain the instrument in a safe con-
dition,

o i b e 4 A



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: XXX XJIXXXX o It is in
two parts, the first four digits and the
letter are the serial prefix and the last
five digits are the suffix. The prefix is
the same for all identical instruments; it
changes only when a change is made to the
instrument. The suffix however, is assigned
sequentially and 1is different for each in-
strument. The contents of this manual apply
to instruments with the serial number prefix
(es) 1isted under SERIAL NUMBERS on the ti-
tle page.

1-16. An instrument manufactured after the
printing of this manual may have a serial
number prefix that is not Tisted 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
yellow Manual Changes supplement.  This sup-
plement contains "change information" that
explains how to 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 latest Manual Changes sup-
plement. 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 serial
number prefix that is not listed on the title
page or in the Manual Changes supplement,
contact your nearest Hewlett-Packard office.

1-3
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Section I Model 4140A

Table 1-1

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

Measurement Functions: 1I-V, C-V and I

I: For independent operations as universal pA Meter/Programmable Voltage
Source
I-V: 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: 100V, function generator/programmable source
VB: 100V, programmable DC voltage source

Function VA L
I-v A b VAN
C-v VAN =
I A AV AE

Voltage Sweep: Auto (pause available)/Manual
Warm-up Time: =1 hour

GENERAL

Operating Temperature: 0°C to 40°C
Relative Humidity: < 70% at 40°C

Power: 100/120/220V+10%, 240V-10%+5%
50Hz/60Hz+5%, max. 135VA with any option

Dimensions: 426mmW x 177mmH x 498mmD
Weight: Approx. 14.2kg

Accessory Furnished: 16053A Test Leads (1 set)

¢



Model 4140A

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

Section 1
Table 1-1

CURRENT MEASUREMENT

PSRN __,..,,.:‘:;ﬂ

& TRl

DISPLAY: 3-1/2 digit, 90% overrange

Measurement Range: +0.001x107*2A ~ *1.900x1072A, 11 ranges, auto/manual range
selection,

Measurement Accuracy/Integration Time:

Range(A) Measurement Integration Time(ms)**
Accuracy* SHORT | MED | Long
1072~+107% | 2 (0.5 +2)
20 80 320
10710 +(2+2)
10-11 +(5+3) 80 | 320 | 1280
10712 t(5+8) 160 640 2560

* +(% of rdg +bcounts), 23°C+5°C, < 70% humidity, integration time ... LONG

** at 50Hz line frequency (x5/6 at 60Hz operation).

Voltage Burden: < 10V at full scale.
Internal Electromotive force: < 100pV

Maximum Input (peak value):

Hi -Lo: +2V at 107241072 A range.
+30V at 107*4107° A range.
+120V at 107°v10712A range.
Lo-Guard: 2200V,

Zero Offset: Cancels leakage current of test leads/fixtures.
Offset Ranges: 0~:100fA.

Output Trigger for I Data: INT/EXT or MAN.
Input Terminal: Triaxial BNC (HP Part No: 1250-0687) .

1-5
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Section I Model 4140A

Table 1-1

Table 1-1. Specifications(sheet 3 of 7).

DC VOLTAGE SOURCE (VA AND VB)
Qutput Mode:

VA: 7, N, S/, =, OFF
Vp: = , OFF

Voltage Range: 0 ~ %10.00V, O ~ #100.0V, 2 ranges (autoranging only),

Max. Current Capacity: 10mA.

Operating Parameters Setting Ranges:

Start/Stop DC Voltage: 0~ £10.00V in 0.01V steps,0 v +£100.0V in 0.1V steps

Step Voltage: +0.01V ~ +10,00V in 0.01V steps(0.1V step at 10V of absolute
value of output voltage)

Hold Time: 0 ~ 199.9s in 0.1s steps,0 ~ 1999s in 1s steps.

Step Delay Time: 0 ~ 10.00s in 0.01s steps, 0 ~ 100.0s in 0.1s steps.

Ramp Rate (dV/dt): 0.001V/s ~ 1,000V/s in 0.001V/s steps.

Accuracy: (23°C = 5°C)

Qutput Voltage (", ™, == ):
£10V:  £(0.07% + 11mV).
+100V: +(0.09% + 110mV).

Accuracy of Ramp Voltage*!:

Ramp Rate: £(0.2% + 10 V/s) - 1075 x START Voltage (V)

HOLD TIME (s) + 2s

1075 x START Voltage (V)
HOLD TIME (s) + 2s

+(0.2% + 80 V/s) -

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

Linearity:
0.1 + 0.0003V/s } 0.001 x START Voltage (V) g
Y RAMP RATE (V/s)’ ~ RAMP RATE (V/s) x (HOLD TIME (s) + 2s) ”
£{0.2% + 0.003V/s } - 0.001 x START Voltage (V) g
=tY-c4 T RAMP 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 ramp:2s.

Sweep Control: Auto (pause available)/man., up/down manually available in hold.

1-6



Model 4140A

Section 1

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

Table 1-1

Start Stop Voltage (only for ./ , /\): 220mV
(x200mV ... > 10V of absolute setting value for START or STOP voltage),

Display of Output Voltage (only for / , /\): #(0.05% + 16mV)
(£10.09% + 160mV) ... > 10V of absolute setting value for START or STOP
voltage),

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

Current Limit: 107*A, 107%A or 107 %mA+10%,

Output Terminals: BNC, L-GND,

C-V MEASUREMENT
Calculation Equation ...... C(F) = measured current value (A)/ramp rate (V/s)

Measurement Range: 0.0pF ~ 189.9pF, 190pF ~ 1900pF, 2 ranges of Auto 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: 0.0pF ~ 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.
Offset range: 0 ~~ *100pF.

High Speéd 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).

1-7
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Section 1
Table 1-1

Table 1-1.

Model 4140A

Specifications(sheet 5 of 7).

Output Data:

OPTIONS

Option 001: Analog Output

VA, I and C

Qutput Voltage:

Qutput Data

Output Voltage (Resolution)

VA

+10.1V ~ 2100V

+10V 0 ~ #1,000Y (ImV/count)
+1.01 ~ £10.00V (10mV/count)

I Full Scale

+5Y (5mV/count)

C Full Scale
100pF 0.5V (0.5mV/count)
1000pF 5V (5mV/count)

100% (% Display) 5V (5mV/count)

Low Pass Filter:

Pen Lift OQutput:

Recorder Scale Output:

Accuracy: +(0,5% + 20mV)

Data Output

function

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

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

Upper right/lower left scale output for location
adjustment of recorder

Key

VA 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 scale value of
(-) minus sign. OV (OpF)
for C-V measurement

ZERO

ov

ov

Data Output:

Interface Functions:

Remotely Controllable Functions:

Measured Data (I, C and VA),
Voltage Settings (Va, VB),
Setting Times,

Setting Value of Cox and,
Front Panel Key Status.

SHI AHI T5 L4 SR1 DC1 DT1

Option 101: HP-IB Interface (IEEE 488-1975, ANSI. STANDARD MC 1.1)

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.

1-8
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Model 4140A

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

Section I
Table 1-1

Option 907: Front Handle Kit (5061-0090).
Option 908: Rack Flange Kit {5061-0078).
Option 909: Rack and Handle Kit (5061-0084).
Option 910: Extra Manual.

ACCESSORIES AVAILABLE
16053A: Test Leads (furnished with the 4140A)

One triaxial (male) - triaxial (male) cable, two BNC (male) - BNC
(male) cables, and connection plate with female connectors (one
triaxial and two BNC) are furnished. Each 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.

-
[2]
I
r
[o]
Ki\
‘O
p
+
L

]

—_——— ——
UVA ve "=
16055A: Test Fixture for General Device Measurements
For stable pA current measurements with electrostatic/light shielded
hood. Alligator clips/T0-5 socket with connection plates for easy
connection to actual devices.

16056A: Current Divider (10:1)

Extends 1072A range to 107!A (use only on 10™?A range).

1-9

L Ediden W

LTSI

Hieracgricdy)



Section I
Table 1-1

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

Model 4140A

Other Accessories/Recommended Stock Parts:

Male {

Descriptions HP Model/Part Number
HP-IB Cable 0.5m 10641D
Tm 10631A
2m 106318
3m 10631C
Triaxial Connector Female 1250-0687
1250-1413

16053-24001
16053-24002

BNC Connector Female
Male

1250-1279
1250-0408

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

16055-65001
16055-65002
16055-65003
16055-65004
1200-0238
1200-0239
1200-0240

Triaxial Cable (approx 1m)

16053-65002

BNC-BNC Cable (approx 1m)

16053-65003

Connection Plate for the 16053A

16053-65001

0((



Model 4140A

Table 1-2.

General Information (sheet 1 of 2).

Section [
Table 1-2

Typical Response time:

CURRENT MEASUREMENT

0~ 90%

Measurement | Response Time (s) | Measurement | Response Time (s)
Range (A) [ C=72pF [ C=2nF | Range (A) | CT=72pF [ C = 2nF
1072~ 1078 | < Ims | £1.5ms 107° < 15ms | £ 40ms

10 ¢ < 5ms < 5ms 10710 < 60ms | £ s

10 7 < 3ms < 3ms 10! < 60ms | <1.5s

10 8 < 20ms < 20ms 10712 <600ms | £ 2s

“C" = capacitance

value of test leads/fixtures

10-¢ A,

Common Mode Rejection Ratio:

Current Measurement Accuracy*:

120dB ( £ 2 counts)

1 RANGE (A) INTEGRATION TIME High Speed I Data OQut
SHORT MEDIUM (Option 101 Only)
1072~ 107° 1 +(0.5 + 4) | #(0.5 + 3) +(0.5 + 6)
1010 +(2 + 4) +{2 + 3) +2 + 6)
1071 +(5 + 8) (5 + 4) +(5 + 20)
10712 +(5 + 13) +(5 + 10) (5 + 25)
* +(% of reading + counts) at 23°C:5°C,  70% humidity.

Current Ranging Time:

10-2 A ~ 10-7 A Ranges:
10-2 A Ranges:
10-10A ~ 10—12A Ranges:

30ms
200ms
1s

Data Output Trigger Cycle.

VA

C-v

I-v

rd

3

FAN

25ms ~ 103s*

va

’

/\

50ms ~ 1000s**

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

i
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Section I
Table 1-2
Table 1-2. General Information (sheet 2 of 2).

Model 4140A

I Data Output Trigger:

I Function High Speed I Data Output
INT. approx. 200ms approx. 10ms*
EXT,** 2 2.5ms
2 12ms
MAN, ***

* At 50Hz Tine frequency (x5/6 at 60Hz operation).
** Triggered when the logic signal (21 s) goes to "0"
(short or <100 of resistance) from "1".
*** Triggered by HOLD/MAN. key.

DC VOLTAGE SOURCE
Output Resistance: < 1Q.
Output Inpedance: < 1Q at 10Hz, < 1000 at 100Hz.
Program Speed (", /™, == ): Approx. 2.5ms(1V/ms through rate)

Ranging: approx. 30ms.

R =
.S’f‘;# “
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Model 4140A

1-19. OPTIONS.

1-20. Available Options
are listed in Table 1-3.

for the Model 4140A

Table 1-3. Available Options.

Option Description

001 Analog Output

101 HP-1B Interface

907 Front Handle Kit

908 Rack Flange Kit

909 Rack Flange and Front Handle Kit
910 Extra Manual

1-21. Option 001 Analog OutPUT.

1-22. The Option 001 Analog Output can be
used to output analog I,C, and Vadata and to
trace I-V/C-V curves by connecting an X-Y Re-
corder. The 4740A Option 001 can also 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, Option 907, 908 or 909 provides the me-
chanical parts neccessary for rack mounting.
Installation procedures for these options are
detailed in Section II.

Section I
Paragraphs 1-19 to 1-32

1-27. Option 910 Extra Manual.

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

1-29. ACCESSORIES SUPPLIED.

1-30. Figure 1-1 shows the HP Model 4140A pA
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 AVAILABLE.

1-32. For convenience and ease of measurement,
four styles of accessories are 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
16054A 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
va OR vp POSITION.

Table 1-5. Application Ranges of Accessories.
Model Current Range In Combination
16053A ? o o0 o o

A11 ranges: 1
16054A 10712A 10 7%A '
16055A . ¢
16056A | 1072A range L&

T T T
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Section I
Table 1-4

Model 4140A

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

Model

Description

16053A Test Lead (Furnished with the 4140A) Tri-
axial Cable (1), BNC Cable (2), and Connection
Plate.

Triaxial Cable (HP P/N 16053-65002):

Triaxial cable with triaxial male connectors.

Tm length.

BNC cable (HP P/N 16053-65003):

Coaxial cable with BNC male connectors. Im length.
Connection Plate (HP P/N 16053-65001):

Connection Plate with triaxial (1) and BNC (2)
female connectors.

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

16054A Connection Selector

Selects connection of low lead for 4140A pA Meter

section. Used in conjunction with the 16053A.

Internal connections are approximately as follows:
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Model 4140A

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

Section 1
Table 1-4

Model

Description

16055A Test Fixture

Used for general device measurements. For stable
pA current measurements with electrostatic/1light
shielded hood. Furnished accessories, used in
conjunction with the 16053A,include the following:

HP P/N

clip
Alligator clips (5ea)

clip

et (5ea)

T0-5 Socket ( 8 pins)
T0-5 Socket (10 pins)
TO-5 Socket (12 pins)

Connection plate with alligator | 16055-65001

Connection plate with alligator | 16055-65002
Connection leads for T0-5 sock- | 16055-65004

16055-65003

1200-0238
1200-0239
1200-0240

16056A Current Divider

Extends 1072A range to 107!A.

1072A range.

Useable only on

R R TS
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Model 4140A

Section II
Paragraphs 2-1 to 2-9

SECTION 1l
INSTALLATION

2-1. INTRODUCTION

2-2. This section provides installation in-
structions for the Model 4140A pA Meter/DC
Voltage Source and its accessories. This
section also includes information for initial
inspection and damage claims, preparations
for using the 4140A and packaging, storage
and shipment.

2-3. INITIAL INSPECTION

2-4. Inspect the shipping container for dam-
age. If the shipping container or cushioning
material is damaged, it should be kept until
the contents of the shipment have been
checked for completeness and the instrument
has been checked mechanically and electrical-
ly. The contents of the shipment should be
as shown in Figure 1-1; procedures for check-
ing electrical performance are given in
Section IV, If the contents are incomplete,
if there is mechanical damage or defects, or
if the 4140A does not pass the Performance
Tests, notify the nearest Hewlett-Packard
office. If the shipping container is damaged,
or the cushioning material shows signs of
stress, notify the carrier as well as your
Hewlett-Packard office. Keep the shipping

materials for carrier's inspection. The HP
office will arrange for repair or replacement
at HP option without waiting for claim set-
tlement.

WARNING

TO AVOID HAZARDOUS ELECTRICAL SHOCK,
DO NOT PERFORM ELECTRICAL TESTS WHEN
THERE ARE SIGNS OF SHIPPING DAMAGE TO
ANY PORTION OF THE OUTER ENCLOSURE
(COVERS, PANELS, OR METERS).

2-5. PREPARATION FOR USE:

2-6. Power Requirements.

2-7. The 4140A requires a power source of

100, 120, 220Vac *10%, or 240Vac +5% -10%, 50,

60Hz +5% single phase. Power consumption is
less than-135VA,

2-8. Line Voltage Selection.

2-9, Figure 2-1 provides instructions for
line voltage and fuse selection. The line
voltage selection switch and the proper fuse
are factory installed for 100 or 120Vac oper-
ation.

100V OPERATION 220V OPERATION
P - 100V~ ~ -100V~ =

220V~ 220V~
2240V~ - =240V~ —
120V~ ——] 120V~ ——]
120V OPERATION 240V OPERATION
- 100V~ = - 100V~ -
J-220V~ J»ZZOV~ J
=240V~ — -] 2240V~ -
120V~ 120V~

FUSE SELECTION

Operating Fuse Fuse
voltage ‘ratings | Part No.
100V 1.25A

1200 STow Blow | 2110-0305
220V 0.6A |
240V Slow Blow 2110-0016

Figure 2-1. Line Voltage and Fuse Selection.

2-1

e

IEEIEITTRTA IS LT At -

MRS v £5 o taipuze = St

Q=

TR e T T




Section II Model 4140A .
Figure 2-2 X

N WHITE

 e—
.-'EI l [r— E GREEN/YELLOW
~ - L BLACK
— L BLack
=
walE] I € GreeniveLLow
L F— N WHITE

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

Furnished for countries
other than listed below.

E GREEN

-— L. RED
1 @=
N BLACK
..m € GREEN
N BLACK

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

for Australia, New Zealand, etc.

"N LIGHT BLUE -
. E GREEN/

YELLOW RN
_ - L]
L

'
BROWN

L. BROWN
E GREEN/YELLOW
~¢— N LIGHT BLUE

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

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

N LIGHT BLUE

E GREEN/YELLOW

L BROWN

N LIGHT BLUE

N

£ GREEN/
YELLOW

. BROWN

HP Part No, 8120-1689
CEET-VII
Color: MINT GRAY
250V, 6A

for East/West Europe,
Iran, etc.

Note E: Earth orsafety ground.

L: Line of active conductor. i
N: Neutral or identified conductor, .)})bn

Figure 2-2. Power Cables Supplied.



Model 4140A

2-10. Power Cable.

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

instrument is equipped with a
When connected to an

Note
Check 1local 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 40°C,

Section II
Paragraphs 2-10 to 2-18

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

2-15. Installation Instructions.

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

2-17. Installation of Options 907,
908 and 909.

2-18. The 4140A 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.

For use, the instru-

Option Kit Part Number Parts Included Part Number Q'ty Remarks
907 Handle Kit Front Handle '5060-9900 2

5060-0090 Trim Strip 5060-8897 2 ‘

#8-32 x 3/8 Screw 2510-0195 8 9.525mm
908 Rack Flange Kit Rack Mount Flange 5020-8863 2
' 5061-0083 #8-32 x 3/8 Screw 2510-0193 8 9.525mm
909 Rack Flange & Front Handle 5060-9900 2
Handle Kit Rack Mount Flange 5020-8875 2

5061-0083 #8-32 x 3/8 Screw 2510-0194 8 15.875mm

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

2. HANDLE INSTALLATION: Attach-front handle (3)
to sides at right and left front of in-
strument with screws provided and attach
trim strip(a)to handle.

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

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

5. When rack mounting (3 and 4 above), re-
move all four feet (1ift bar at inner side

L_, of foot, and slide foot toward’the bar).
Figure 2-3. Rack Mount Kit.

2-3
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Section II
Paragraphs 2-19 to 2-26

2-19. STORAGE AND SHIPMENT
2-20. Environment.
2-21. The instrument may be stored or shipped

in environments within the following limits:

Temperature ........ee.... -40°C to +75°C
Humidity 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, model number, and
full serial number. Also, mark the container
FRAGILE to 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 re-packing
with commercially available materials:

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

Table 2-1.

Model 4140A

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 inches) thick
around all sides of the instrument to
provide firm cushioning and to prevent
movement inside container. Protect
control panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to en-
sure careful handling.

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

2-25. OPTION INSTALLATION

2-26. Installation procedures for Options 001
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 ]Q] HP-IB Interface

Option Parts | Analog Output Assembly

(HP P/N: 04140-61001)

A21 HP-IB Board Assembly
(HP P/N: 04140-66521)

Installation| 1.
Procedure

from rear panel.
2. Install
A4 1/0 board.

bly to rear panel
screws.

Remove left rectangular blind | 1.

Analog Output assem- | 2.
bly on rear edge connector of

3. Fasten Analog Output assem- |3.
with four

Remove right rectangular
blind from rear panel.

Install A21 HP-IB board as-
sembly on rear edge connector
of A3 MPU board.

Fasten A21 HP-IB board assem-
bly to rear panel with two
screws.

i
|
:
|
k
|
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Section III
Paragraphs 3-1 to 3-7

SECTION 11l

OPERATION
3-1. INTRODUCTION. 3-5. SELF TEST.
3-2. This section provides the operating in- 3-6. The 4140A has the following self test
structions for acquainting the user with the functions:

Model 4140A pA Meter/DC Voltage Source. In-
structions for panel controls, measurement
functions, operating procedures, self test,
and option information are included in this
section. Operating precautions given
throughout the text
served.

WARNING

BEFORE THE INSTRUMENT IS 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 PERSONAL INJURY.

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

CAUTION

BEFORE THE INSTRUMENT IS SWITCHED ON,
IT MUST BE SET FOR THE VOLTAGE OF THE
POWER SOURCE 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 illustration.

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

should be carefully ob-"

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

These tests are automatically performed once
each time the LINE button is pushed to turn
instrument on. In addition, these tests are
enabled when SELF TEST key is pushed. Under
this Tatter condition, the tests are per-

formed repeatedly while SELF TEST lamp is 1it.

In Option 1071 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
memory. If some abnormality is de-
tected, instrument displays one of the
eight error messages (E-2~E-9). Six
of the error messages (E-2~E-7) indi-
cate an abnormality in the ROM (Read
Only Memory) and the other two error
messages (E-8 or E-9) indicate 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 Tamps and all segments
of numeric and character displays are
illuminated.

3-7. When 4140A is set to Self Test mode by
the SELF TEST key, the 4140A has an addition-
al Self Test function (a Control
If each control key 1is normal, the I-C DIS-
PLAY displays an octal code as shown in Fig-
ure 3-3, when a control key is pushed.

3-1

Key Test).
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Section III
Figure 3-1

Model 4140A

©)

(1) LINE ON/OFF Switch:

(f ® 6 o

41404 pA ME[ER / DC \rLfAGE SOURCE
USTEN SRO .

I :' -+II.L_/ El’ ‘L—,' °; opP v OuTPuT
o

CURRENT LIMIT (A}
b
o o o

104 107 1077

i INPUT ‘=N
va v
1100V =

ARAMETER DATA NTER
Ve

— Vs

i [EResd

LINE . FUNCTION
OFF D = oM ! '@’ @
T BANGE
AUTO =~ MANUAL —
LB |
(o] ]

NTEG TIME
QR kD LONG

© *® felsic)

Paa
v sjopv

o
v aaArT
STEP V HOLD TIME TEST
o oo D @ @ @
F| FO ;
N ’ ﬂglﬂl STEP
02 b e

o O TG0 o

/'

s

l
®®

Turns instrument
on and readies instrument for measure-
ment.

® ®

HP-IB Status Indicator and LOCAL key:
LED Tamps for SRQ, LISTEN, TALK, and
REMOTE indicate status of interface be-
tween the 4140A and HP-IB controller.
LOCAL 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
errors, Current or capacitance value
on I+C display(5)is stored when button
is pressed. The stored offset value is
deducted from subsequent measurement
values, Refer to the paragraph 3-23.

IsC Data Output Trigger Lamp: Turns on
in synchronization with data output
on I-C DISPLAY(S).  When FUNCTIONis
set to I and T DATA OUTPUT TRIGGER (it)
is set to INT, the 1lamp flashes re-
peatedly at approximately 200mS.

OO

(:> 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 1900 (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) is display-
ed when FUNCTION(8)is set to I or I-V.

Capacitance Measurement or Percent Key
Unit Indicator: "pF" indicator is il-
luminated 1in general C-V measurements.
When percent key is pushed, percent in-
dicator is illuminated and I-C DISPLAY

(:)is in percent.

FUNCTION Select Key: These keys select

measurement functions as follows.

I: For
as universal
voltage source.

I-V: I-V  characteristics measure-
ment using staircase or ramp
wave.

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

independent operations
pA meter and DC

3-2

Figure 3-1.

Front Panel Features (sheet 1 of 5).
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Section II]
Figure 3-1

®

1 RANGE Select Key: These keys select
the current measurement ranging method.
In AUTO mode (when LED Tlamp is 1it),
optimum range for the current value is
automatically selected. In MANUAL mode
(when LED lamp is not 1it), measurement
range remains the same even when the
current value is changed. Manual rang-
jng is done by pressing adjacent DOWN
(@) or UP (@ ) key. Refer to para-
graph 3-16. ]

Note

Pressing DOWN (@) or uP
( @) key sets the ranging
mode to Manual even if the
ranging mode was set to
AUTO.

INTEGRATION TIME Select Key: These
keys select digital integration time
in accord with the following table for
the various measuring conditions:

Range(A)

Integration Time (ms)*

Short Medium Long

107201072 20(16.7) | 80(66.7) | 320(266.7)

107" | 80(66.7) |320(266.7)}1280(1066.7)

10

~12

160(133.3)640(533.3)]2569(2133.3)

*Note: at 50 (60)Hz 1ine frequency.

O]

(@ 1 INPUT Connector: This connector is a

®

1 DATA OUTPUT TRIGGER Select key:
These keys select trigger mode for
triggering I Data Output when FUNCTION
is set to I as follows:

INT: This key provides internal
.trigger which enables instru-
ment to output current data
measurement repeated at 200mS
(approximate) rate.

EXT: In external trigger mode, a
trigger signal must be applied
to EXT TRIGGER input connector
or rear panel to trigger in-
strument.

HOLD/MANUAL:  In HOLD/MANUAL trigger
mode, a trigger signal is provided when
this key is pressed,

Note

A 4140A equipped with Op-
tion 101 HP-IB Interface
can be triggered by a trig-
ger command (GET), regard-
Tess of mode setting of 1
DATA OUTPUT TRIGGER key.

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

GROUND Terminal: This terminal is con-
nected to chassis ground of instrument
and can be used as ground terminal in
measurements which specifically require
use of a guard.

Figure 3-1. Front Panel Features (sheet 2 of 5).
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Model 4140A

Figure 3-1
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VA, VB Lamps: These lamps indicate @ Unit Indicator lamps: These Jamps in-

(38)), output voltage

voltage value of the VS DISPLAY is
Va or VB.  Usually, VA lamp is i1lumi-
nated. When VA is set to OFF and VB is
set to ON (VS Mode key), VB lamp is
illuminated.

(:) VS (Voltage Source) Display: Output

voltage value, including decimal point
and sign, 'is displayed in a maximum
3-1/2 digit decimal number from 0000
to 1900 (the number of digits change
depending on instrument control set-
tings). Usually, output voltage Va
value is displayed. When VA is set to
OFF and VB 1is set to ON (VS Mode Key
VB value is dis-
played. In addition, when V OUTPUT
Tamp is not 1it, this display can be
used to display parameter values. If
the input parameter value exceeds its
Timit value, and overflow annunciation
appears. If the 4140A is swept at in-
correct parameter settings, an illegal
annunciator appears.

®

dicate unit of VS DISPLAY (5) as fol-
Tows: '

V: Output Voltage, == (VA or VB),
START v, STOP V, STEP V.

s: HOLD TIME, DELAY TIME.

V/s: dv/dt.

pF: Cox.

V QUTPUT Lamp: When the DC Voltage
Source is operating, this lamp is 1it.

CURRENT LIMIT Lamps
These lamps
limit of VA or VB. If output current
goes to Timit value, this Tamp flashes.
Select keys select output current Tlim-
it of VA or VB to 100pA, TmA or 10mA.

and Select Keys:

V SWEEP AUTO START (SET == ) key: This
key is used to start auto sweep when VA
is set to sweep mode and sets DC volt-
age of VB.  When Vp is set to DC (=
mode, this key is used to set DC volt-
ages for VA or Vg.

indicate output current -

Figure 3-1. Front Panel

Features

(sheet 3 of 5).
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Model 4140A

Section I
Figure.3

11
-1

(@) v SWEEP MAN (PAUSE), STEP DOWN (@)
and STEP UP ( ®)) Keys: MAN (PAUSE)
key is usually wused to start manual
sweep. When VA is operating in auto
sweep mode, this key is wused as the
auto sweep pause control. The key
can change the sweep from auto (when
LED tamp dis not 1it) to manual mode
(when LED lamp is 1it) or from manual
to auto. The STEP DOWN and STEP UP
keys are used for manual sweep.

(@) V SWEEP ABORT (RESET == ) Key: This
key is used to abort all operations of
the DC Voltage Source.

ENTER Key: When this key is pushed af-
ter the value of the parameter is set
with the PARAMETER select (z7) and DATA
(%) keys, the set value is stored in the
4140A. The VS DISPLAY(:) indication
flashes once when this key is pushed.

(:) Blue Keys: Functions in blue letters
(Cox, SELF TEST, X-Y RECORDER) are ef-
fective after this key is pushed.

DATA Keys: These keys are used to in-
put parameter values. They are made
up of numeric (19), decimal and minus
keys.

()X-Y RECORDER Control Keys: In an in-
strument equipped with Option 001,
these keys are used to control pen po-
sition of the X-Y recorder connected to
ANALOG OUTPUT connectors on rear panel
and include:

LL: Moves pen position to lower
left of sweep area.
ZERO: Sets both outputs to OV.
UR: Moves pen position to upper
right of sweep area.

These control keys are effective after
Blue key is pushed.

(®) SELF TEST key and lamp: = This key is
used to set 4140A to Self Test mode and
lamp is 1it during Self Test mode oper-
ation. This key is effective after the
Blue key (@) is pushed. Refer to para-
graph 3-5.

(:)PARAMETER Select Keys: These keys are

used to set and monitor measurement
parameters for DC Voltage Source.
When V OUTPUT Lamp (1) is 1it, Parame-
ters can not be set. Parameters can be
monitored when these keys are pushed:

o Va Mode
= : DC Voltage (V) of no
sweep mode.
START V: Start voltage (V) of
sweep mode.
STOP V: Stop voltage (V) of
' sweep mode.
STEP V: Step voltage (V) of
sweep mode.

HOLD TIME: Hold time (s) of start
and stop voltages of
the sweep mode.

dV/dt: Rate of change of ramp
wave voltage.

Cox: Reference capacitance
value (C oxide) (pF) of
a C-V measurement 1in
percent. This key is
effective after Blue

key (3) is pushed.

STEP DELAY
TIME: Delay time(s) of each
step of staircase wave.

o VB Mode
=: DC Voltage (V).

Figure 3-1. Front Panel Features (sheet 4 of 5).
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Section III
Figures 3-1 and 3-2

Model 4140A

VS (voltage Source) Mode Lamps and Se-
lect Keys: These Tlamps indicate VS
mode settings as follows:

VA Mode

/~ (Single Ramp Wave): Output volt-
age is changing continuously (dv/
dt) from start voltage to stop
voltage.

/\_(Double Ramp Wave): Output volt-
age is changing continuously (dv/
dt) from start voltage to stop
voltage. Successively, output
voltage is returned to start
voltage at same ramp rate.

~# (Single Staircase Wave): Output
voltage is changed step-by-step
in step voltage fashion from
start to stop voltage.

™ (Double Staircase Wave): Output
voltage is changed 1in step-by-
step voltage fashion from start
to stop voltage. Successively,
output voltage is returned to
start voltage by same step volt-
age.

== (DC): DC voltage is outputted.

OFF: VA is not operating.

o VB Mode
== (DC): DC voltage is outputted.
OFF: VB is not operating.

Select keys select VA and VB mode in
accord with following table:

VA VB
FUNCTION
S|\ | = | OFF | = |OFF
1 |o|o|le|o|O]O|o|e
I-v O|l0|le|0O] x| x |O]O
C-v @O0 x| x| x| x |O]O

X: This mode is not used.
©: Initial Settings.

V QUTPUT Connectors: These connectors
are BNC female connectors to connect
unknown samples, test 1leads or test
fixtures.

Figure 3-1. Front Panel Features (sheet 5 of 5).
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Figure 3-2. Rear Panel Features (sheet 1 of 2).

3-6



Model 4140A

Section III
Figure 3-2

(1) FILTER TIME CONST Select Switch: In op-
instruments, this switch se-
(OFF, 0.22s or

tion 001

lects filter rise time

1s) for optimizing analog output.

(2) VA OUTPUT Connector: In Option 001 ope-
ration, analog output data of 4140A VA
QUTPUT is outputted from this connector

in accord with the following table:

va (V) VA OUTPUT (V) | RESOLUTION
0.00 ~+10.00 |0.000 ~+1.000 ‘ImV/count
+10.1 ~+100.0] +1.01 ~+10.00 | 10mV/count

(3)1/C OUTPUT Connector: In Option 001 in-
analog output data of 4140A
I-C DISPLAY 1is outputted from this con-
nector in accord with the following ta-

struments,

ble:
I DISPLAY I QUTPUT (V) | RESOLUTION
0~ 1900 0.000~ =9.500 5mV/count
C DISPLAY C OUTPUT (V) | RESOLUTION
0.0~190.0 0.0000 ~0.9500]|500pV/count
191 ~ 1900 0.955 9.500 5mV/count
% DISPLAY % OUTPUT (V) .RESOLUTION
0.0 v199.9 0.00019.995 5mV/count

(:)PEN LIFT Connector: In Option 001 units,
PEN LIFT control signal for an X-Y re-
corder connected to the 4140A, is out-
putted from this connector. When Va
OUTPUT and 1I/C OUTPUT connectors are
outputting analog output data, this
connector outputs a LOW level TTL sig-
nal (PEN DOWN). At other times, this
connector outputs a HIGH Tevel TTL sig-
nal (PEN UP).

(3)HP-IB 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-IB Connector: In Option 101 units,
an HP-IB cable can be connected for
intercommunication with other HP-IB de-
vices through the bus Tine cable.

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

LINE Input Receptacle: AC power cord
is connected to this receptacle and to
AC power line.

(9) VOLTAGE SELECTOR switch: These switch-
es select appropriate an operating
power voltage from among 100, 120, 220V
+10% and 240V +5% -10%, 48" 66Hz. Re-
fer to paragraph 2-8.

FUSE Holder: Instrument power line
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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Section III Model 4140A
Paragraphs 3-8 to 3-11

A130A pA METER / OC VOLTAGE SOURCE
BYR «cwiert-eackan0

USTEN SR - [ CURRENT LIMIT (A)
o o +) B2 w v o —

REMOTE TALK 4 .7+ D A - _ 7 R -

o o ° +I L_I 1l o o o o
Loca pF * v Ay | . of |V OUTPUT 100 1072 107
CIIE IR EE

EUNCTION PARAMETER DATA HIER
Vs ey v Ve

ia) BAEE H 1@@

me T |® 6 2o

B
AUTO —MANUAL~
-]
o Y IART

@@@

(o] o] NTEG TIME

o ~m|=o
- /S 2-v RE
7

o off|oFF 0
! DATA ouYPUY”HIGGER

T g
0 @. QC puE | @Bo/|oCo00 @

Figure 3-3. Octal Codes of Control Keys.

3-8, INITIAL CONTROL SETTINGS. * C measurement Unit indicator is set to
pA.
3-9. One of the convenient functions which
facilitate ease of operation is the automatic ** ] RANGE when FUNCTION is set to C-V,
initial control setting performed after the INTEG TIME, VB, PARAMETERS SELF TEST I
instrument is turned on.  Initial panel con- ZERO OFFSET C ZERO OFFSET, and CURRENT
trol functions are automatically set as fol- LIMIT are not changed when FUNCTION is
Tows: changed.
FUNCTION .iveveenneneen Ceceserrrearasee I 3-10. MEASUREMENT FUNCTION.
T RANGE vovevvecossencnsconssnsacnes AUTO
INTEG TIME veevvvencconsccosososvses LONG 3-11. The 4140A has three measurement func-
1 DATA OUTPUT TRIGGER ............... fﬂ; tjons which are:
VA Ceeesssesssecsacrsasesnrrenrrasans
.................................. OFF I: For independent operations as a uni-
PARAMETERS ......... all parameters are 0 versal pA Meter and DC Voltage Source
SELF TEST vivvnennnens cecsesransanns . OFF
I ZERO OFFSET .eeeee sesessssssesasanne 0 I-V: 1-V characteristics measurement using
C ZERD OFFSET sevescsoonsooasscsanssnns Staircase and Ramp wave.
CURRENT LIMIT cevvevereronossoannse 100uA
C-V: Quasi-Static C-V  characteristics
Additionally, when FUNCTION is changed, pane] measurement using Ramp wave.
control functions are automatically set as in
Table 3-1. In the following paragraphs of this section,
basic information for the pA Meter and DC
Table 3-1. Automatic Control Settings. Voltage Source when FUNCTION is set to I is

first described and secondly I-V and C-V
measurements are outlined.

FUNCTION
CONTROLS
1 1-v C-v*
I RANGE AUTO | AUTO | **

I DATA OQUTPUT TRIGGER | INT OFF OFF
VA ' e rd va

3-8



Model 4140A

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
1-V measurements, with staircase or ramp wave
the timing of either of which can be automat-
jcally synchronized between the pA Meter sec-
tion and the DC Voltage Source section, can
be done in the I-V function. In the C-V
function, accurate I-V 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 is chiefly de-
scribed in paragraphs 3-12 thru 3-26.  These
instructions should be read even if only I-V
or C-V 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 primary display, sub-display and
two LED lamps provide visual data outputs of
current measurement result 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 capacitance value as a
percent of the reference value (Cox) in a
maximum 4 digit decimal number with decimal
point. If measurement overflows, an aipha-
betic annunciation (either 0-F, COF or POF)
is displayed (refer to paragraph 3-61). 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 calculated ca-
pacitance is displayed when the current meas-
urement data has few significant digits. In
an I1.C DISPLAY, the lesser 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
zero (f] Jas shown in Figure 3-3.

Section III
Paragraphs 3-12 to 3-17

Less Significant Zero.

Significant Zero.

Figure 3-4. Less Significant Zero.

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

Measuring Current ....... +0.001 x 10712A
n +1,900 x 107%A.

Calculated Capacitance .. 0.0pF~189.9pF,
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!%A to 1072A in 11 ranges. Each range al-
lows a 90% overrange of the 1000 full scale
count (maximum 1900 counts).  The 4140A has
two range modes, AUTO 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-
1y 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 1is 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 I RANGE was set to AUTO). If
the 1-C DISPLAY count 1is over 1900 counts
when measurement range is held, the I-C DIS-
PLAY displays an (0-F) annunciation.  When
the measurement range is changed, the pA
Meter waits for the following ranging times:

10710 A, 10712A ranges veeevceevenonnsns 1s
1078107 %A YangesS ..oeeveeevronnens 200ms
1072 4T1077A YaNGES cevecenennons 20 ~ 30ms

3-9




Section 111
Paragraphs 3-18 to 3-24

3-18. Integration Time and Data Output.

3-19. The raw current measurement of the
4140A 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 T1ine frequency. Thus,
the raw current measurement interval of the
4140A 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-
jtally integrated and this result is output-
ted to the I-C DISPLAY. The number of the
raw current measurement data selected for
digital integration (2v256) 1is fixed by the
INTEG TIME select key on the front 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.
10 10| 20(16.7) | 80(66.7) 320(266.7)
10 80(66.7) |320(266.7) | 1280(1066.7)

10 160(133.3)]640(533.3) | 2560(2133.3)

*Note: at 50 (60)Hz Tine frequency.

3-20. When the FUNCTION is set to I, the dig-
ital integration 1is 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 output is com-
pleted as soon as the I Output Data Trigger
is received. The I Data Output Trigger in-
terval requires only 10(8.3)ms which is 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 is set to I-V or C-V is
described in paragraph 3-47 or 3-53.

Note

Immediately after 4740A is turned
on and for about 2.56s (max.), in-
appropriate I data is outputted as

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

3-21. External Triggering.

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

FUNCTION ..vvvvennrrencnnrecnness I
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 low (OV). Trigger pulse with
must be greater than lus. Triggering can also
be done by alternately shorting (or with
resistance 1002) and opening the center con-
ductor of the EXT TRIGGER connector to ground
(chassis).

Note

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

Note

With Option 101 HP-IB Interface,
triggering can be also done by
trigger command (GET) or remote
program code "E" via the HP-IB.
Refer to Figure 3-28. :

3-23. Zero Offset for Current. Measurement.

3-24. The 4140A has a zero offset function
which can be used to cancel the offset 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 doing the zero offset is described in
Figure 3-6. The current measurement offset
Timit is 0 ~ 100fA and the zero offset func-
tion can be used only on the 10-t2Arange. If
ZERO OFFSET key 1is pushed when measurement
range is other than 1032p, this action is ig-
nored. The zero offset value is set to OfA
when the 4140A 1is turned to ON. When the
ZERO offset key is pushed, the value of the
1-C DISPLAY adds to zero offset value.



Model 4140A Section III
Paragraphs 3-25 and 3-26

i XAV ANANANNNNANANNNNNANNNANNNANNNNNN

}A F/ \VAAVAAVAAVAAVAVAVAAVAAVIAVIAVIAVIAVALVIAVIAVALVIAVIAVIAVIAVARV/
|
Pyt
| L# 1oms®
e
! —
Measurement ﬂ
Current
[e]
T t
Ty
1 Data
Output Trigger T A
o}
J Ist Trigger Jan Trigger J 3rd Trigger
1-€ Display T T T
Previous Measurement Output Data Ist Trigger Output Data 2nd Trigger Output Data 3rd Trigger Output Data

Ty: Integration Time (refer to Table 3-2)

T2: Internal Trigger; approximately 200ms
Exterpal or Manual Trigger; >12ms

*: at the 50Hz line frequency (B8.3ms at the 60Hz}.

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
zero offset can also be done by re- 3-26, The instructions for operating the pA
mote program code "Z" via the HP-IB, Meter of the 4140A (when FUNCTION is set to I)
are given in Figure 3-6.
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Figure 3-6 Model 4140A
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triaxial (male) - triaxial (male) cable

To DUT

PROCEDURE :

(1) Turn 4140A OFF.
(2) Connmect test lead or test fixture (e.g. triaxial (male) - triaxial

(male) cable of 16053A Test Lead (HP Part No. : 16053-65002)) to INPUT
connector of 4140A.

(3) Turn 4140A 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 pA Meter section of 4140A is set automatically as follows:

FUNCTION +ovveerenonencossnansonsanonnvonns I
I RANGE vocvevnienrnnonansooroescncenane AUTO
INTEG TIME ..vvieiniennvecnennnereenn LONG
I DATA OUTPUT TRIGGER .....cvvvverinnnnns INT
I ZERO OFFSET .ivvvnernecnncnnenennnns 0 fA

) Confirm that the 1-C Data Output Trigger lamp is flashing.

(6

(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*2A
with ZERO offset key (refer to paragraph 3-23).

Note

The measured current on the 107'?A range is
a very small value (107'*A~107'°A).  There-
fore, any leakage current generated by
changing test lead connection, test fixture
or unknown current source, increases the er-
ror of the measurement on the 107'%A range.
To avoid this condition, do a ZERO offset
after the I-C DISPLAY has settled {allow more
than five minutes).

Figure 3-6.pA Meter Section Operating Instructions (when FUNCTION is set to I) (sheet 1 of 2)
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Section III
Figure 3-6

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

known.
Note

The display value of a measurement on the
107!2A range may be unstable immediately af-
ter connecting unknown current source because
of the leakage currents 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 ((8) ) keys.

(11) The pA Meter of 4140A will automatically display measured value of un-

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

LOW /A \HIGH
I INPUT connector
\A)

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




Section 111
Paragraphs 3-27 to 3-32

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 VB). Significantly, one of
the programmable DC voltage sources (VA) can
operate, not only as a programmable DC volt-
age source, but also as a unique staircase
(., /) or accurate ramp ( / , /\) 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-V function,
accurate C-V measurements 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
programmable voltage sources. These instruc-
tions should be read even if only an I-V or
C-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 Section Display.

3-30. An LED display and thirteen LED lamps
provide visual data outputs of output voit-
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 47140A

decimal number with decimal point. If the
input parameter value exceeds its limit value
an overflow annunciation ( O0-F ) appears. If
the 4140A is swept at incorrect parameter
settings, an illegal annunciation (ILLE)
appears. VA, VB lamps indicate voltage value
if the VS DISPLAY is VA or Vg. Unit indica-
tor lamps indicate unit of VS DISPLAY. VA
QUTPUT lamp is 1it when the VS section is op-
erating. CURRENT LIMIT lamps indicate output
current limit of VA or VB. If output current
goes to limit value, this lamp flashes. The
display for the VS section displays the fol-
lowing values in like manner (to those des-
cribed above):

Qutput Voltage ........... 0.00V ~+100.0V
Operating Parameters
START V/STOP V/ ==(DC) . 0.00V~+£10.00V

STEP V veeerenenernennons 0.01v~ 10.00V
HOLD TIME ..e.vieeeenennnnne 0.0s ~,1999s
STEP DELAY TIME ......... 0.00s ~100.0s
dv/dt (Ramp Rate) ... 0.001V/s ~1.00V/s

CURRENT LIMIT ....... 107*A, 1073A, 1072A
3-31. VS Section Output Modes.

3-32. The VS section of the 4140A provides
two voltage sources, VA (programmable DC
Voltage Source/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 Sec’ion Output Modes. o
') Mode Description
\J Vs Simple ramp wave. Output voltage changes continuously

(dV/dt) from start voltage to stop voltage.

Double ramp wave.
(dv/dt) from start voltage to stop voltage.
/L sively, output voltage is returned to start voltage at
same ramp rate (dV/dt).

Output voltage changes continuously
Succes-

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

OQutput voltage changes step-

Double staircase wave.
A by-step from start voltage to stop voltage.

sively, output voltage is returned to start voltage by
same step voltage.

Qutput voltage changes step-
Succes-~

= DC voltage is outputted.

OFF Vp is not operating.

vB

= DC voltage is outputted.

OFF VB is not operating.




Model 4140A

3-33. VS Section Operating Parameters.

3-34. The VS section of the 4140A provides
eight operating parameters as given in Table
3-4, Values of these parameters can be in-

Section III
Paragraphs 3-33 to 3-36

3-35. Voltage Output and Display of VS.

3-36. The 4140A VS section outputs a voltage
and provides for its display by one of the
following methods depending on the VS output

putted by the following procedures: mode:
(1) Press desired PARAMETER key. Note
(2) Set desired value with DATA keys. VS
DISPLAY displays setting value. When the VS section is operating

(3) Input displays parameter value with
ENTER key. Displayed parameter value
is flashed.

(when V QUTPUT lamp is 1it), no con-
trols or operating parameters can be
changed as noted in Table 3-5.

Note (1) bC (=):
) ) The vp DC voltage, whose value is set
With Option 101 HP-IB Interface, pa- with the Vo  (PARAMETER) key, is out-

rameter values can be set via HP-IB

putted from the Vo OUTPUT connector
(refer to paragraph 3-83).

with the SET(==) key. Outputted volt-
age value is displayed on the VS DIS-
play. Vp can be cancelled and set to
OV with RESET (==) key.

Note

If setting parameter value exceeds
the setting limit in Table 3-4, VS

DISPLAY displays ( } and this
value is not inputted.
Table 3-4. VS Section Operating Parameters.
Parameter Description Setting Limits
Vo = DC Voltage. 10V range:
: -10.00V ~+10.00V
START V Start voltage of staircase or ramp wave.
100V range:
STOP V Stop voltage of staircase or ramp wave. -100.0V~ +100.0V
STEP V* Step voltage of staircase or ramp wave. -10.00V ~+10.00V
HOLD TIME Hold time for start and stop voltages of 0.0s 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.
VB = DC Voltage. 10V range:
-10.00V v+10.00V
100V range:
-100.0V ~ +100.0V

* 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.

e
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Table 3-5

(2) Staircase Wave (., /™ ):

The Vp 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,
auto sweep and manual sweep:

(:) Auto Sweep:

The Vp output voltage is swept auto-
matically according to the set operat-
ing parameters when the AUTO START key
is pushed. The relation between out-
put voltage and its display is 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 VA output sweep is
completed, Va is automatically set to
OV. The Vp output sweep can be can-
celled and set to OV at the halfway
point with ABORT key.

Manual Sweep:

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

parameters (except for HOLD TIME/ STEP

DELAY TIME)  in this mode using Step
Down (@) and Step Up (@) keys.
Outputted voltage is displayed on VS
DISPLAY.

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

Table 3-5.

(3)

Model 4140A

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

Note

The VA output voltage can be set
to START V and initially held at
this voltage with the PAUSE key.
After the desired "wait" time, Vp
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 vp is set to OFF). But
when VB is set to ==, both vap and

VB sources are outputting voltages
at the same time. Vg output volt-
age can be monitored with Vg
key.

Inhibition of Controls and Operating Parameters

(When VS Section is Operating).

Controls Operating Parameters
VS Sweep Mode N R T I P T T o e
FUNCTION[INTEG. TIME [VAI VB | | O (OO0 OG0 Mo 0|
AUTO, == (DC) X X X x| x?P x| x]xfx)xtxftx]x
MANUAL ( PAUSE) X VA x [ x|OlO| x| x|O|lOjO|O|O

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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ol 3rd I
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Figure 3-7

Relationship between Qutput Voltage and Display for " (Single Staircase Wave).

VAIV)
STOP V

MO

START v

STEP  HOLD

RANGING
TIME DELAY TIME
TIME

VS DISPLAY
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'STEP DELAY TIME
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L I
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TIME TIME
I1st |2 415(6]718(9 1314115[16[17]18 201 21th
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Figure 3-8.

Relationship between Output Voltage and Display for ™ (Double Staircase Wave).
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Figures 3-9 and 3-10
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va{Vv}

STOP V

START V

VS DISPLAY

_—HOLD TIME

HOLD

TIME

|
!
|
|
[
1
|
|
|
|
|
i

1st (START v)| 2nd

3rd

7th | 8th

9th
{STOP V)

ov

Figure 3-9.

Relationship between Output Voltage and Display for / (Single Ramp Wave).

VA :HOLD TIME
STOP V 6th)
o ___b5th 7th
STEP V
At 8th
o ____________________________ e e e . . —————— e
3rd 9th ;
|
|
2nd 10th }
| !
Ist | 1th !
START V - — ¢ 1= T it —m—— == dt. 11 1
| \
- | T
It(s)
l \HOLD TIME i \ \HQD TIME :
|
1 ' ! i
i !
VS DISPLAY Ist  (START V)| 2nd 3rd 4th Bthi6thisTor vi| 7th 8th \ 9th \ 10th {1 1th(START V)\ov

Figure 3-10. Relationship between Output Voltage and Display for /\ (Double Ramp Wave).

3-18



Section III
Paragraphs 3-37 to 3-42

Model 4140A

3

3-37. Output Voltage Range.

3-38. The VS section of the 4140A provides
two output voltage ranges: an x1 range
(0.00V ~ 10.00V at the 0.01V step) and an x10
range (0.0V ~ 100.0V in 0.1V steps). Range
changing is done automatically by the follow-
ing methods (depending on VS output mode):

(1) DC = (VA and Vp):

Qutput voltage range is individually
selected depending on the value of the
parameter (VA ==or VB =). x1 range
js selected when Vj = (Vg ==) is 0.00V

~ 10,00V, x10 range is selected when
va = (vg=) is =100.0V~-10.1V or
+10.1V ~+100.0V.

(2) Staircase Wave (", /™ ):

Qutput voltage range changes automat-
ically from x1 range to x10 range or
from x10 range to x1 range at 10.00V.
If STEP V is set to 0.01V resolution,
step voltage value is raised automat-
ically to 0.1V resolution on x10 range.

Note

When output voltage range is
changed from x1 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

/ x 10 range

Figure 3-11. Output Voltage Range of
Staircase Wave.

(3) Ramp Wave ( /, /\):

Qutput voltage range selected depends
on parameter values (START V and STOP
V). x1 range is selected with abso-
lute values of STARTV and STOP V
up to 10 volts. x10 range is select-
ed when absolute values of START V
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 to the
pA Meter section for I-V/C-V measurements.
I-V/C-V measurements are chiefly 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 (Vp and VB) has a current Timiter to
avoid damage to the DUT by excessive current.
The individual current 1limiters can be set
for the current limit value (107*A, 1073A or
1072A),  If the output current goes to the
Timit value, an LED lamp on the front panel
flashes and its voltage source (VA or Vp)
outputs current only at this maximum value.
Qutput voltage value of the VS DISPLAY is
then invalid.

3-41, VS Section 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.

B e s
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Figure 3-12

T o P o e L ——

s EER- | .UTT1 wrlc
==

=gy B8 A
0 +©® HEG | @O

BNC (male) - BNC (male) cable
ya .
// 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.: 16053-65003)) to V OUTPUT connectors
of 4140A.

(3) Turn 4140A 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 4140A is set automatically as follows:

FUNCTION vveereeveossonsoonnsconnsonsssssossscssaansssovsess I
17 S R d
17 S S L LR E TR OFF
PARAMETER tvuveveecvososoonnoononascnnnns all parameters are 0
VA CURRENT LIMIT tvvrriiruiernenennsernrcrnentonsnnenenes 107*A
VB CURRENT LIMIT 4uvuiurenvnnnnrnacuonnceconnnsnannsnncnns 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):

== VA= .
s - START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
Va s NG START V, STOP V, STEP V, HOLD TIME, dV/dt.
(8) Input value for VB == when VB will also be used.
(9) 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).

3-20




Section III

Model 4140A ;
Figure 3-12

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

oooooooooooooooooooooooooooooooooooooooooooooooooooo

AULO SWEEP vrvevenerasronsonasnssscssssensnoasessensons
ManuUATl SWEEP vevervenonneonnnsossocsononcnscsanssnncscy e

()
(11) During the time that VS section is outputting voltage, the V QUTPUT lamp
is 1it.
Note

VS 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 VB sources
are outputting voltages at the same time. VB output voltage
can be monitored with VB = key.

The equivalent circuit of the VS (Voltage Source) section in the 4140A

is shown below:
‘—__@ va OUTPUT connector
;Té Va

J‘ _E$§§.Va
‘——_@ ve OUTPUT connector

WARNING

100V MAX MAY EXIST ON THE CENTER CONDUCTOR OF BNC (FEMALE)
CONNECTORS OF VA AND V.

(12) If VA 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

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

Figure 3-12. VS Section Operating Instructions (when FUNCTION is set to 1) (sheet 2 of 2).
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3-43. I1-V MEASUREMENT

3-44. The Model 4140A 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
(, /) or ramp (_/, /\ ) 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 refer to paragraphs 3-27 thru
3-42.

3-45. I-V Measurement Data Output.

3-46. Measurement timing is automatically
synchronized between the pA Meter section and
the VS section 1in I-V measurements to 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 (., #):

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
I-V measurement and its data output (to
the I1-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
I-V, the invalid data annun-
ciation(cmem=m3)is displayed
on the I.C DISPLAY.

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

Qutput voltage of the ramp wave changes
continuously at a specific ramp rate
(dv/dt) so that digital integratior
(for each voltage step) is done wusing
the raw current measurement data before
and after VA goes to its step voltage
(in equal periods above and below the
step voltage as fixed by the integra.
tion time). Therefore, the relationshij
between the I-V measurement and it
data output (to the I-C DISPLAY and V:
DISPLAY) for a ramp wave will be a
shown in Figures 3-15 and 3-16.

Note

When raw current measurement
data for digital integration
is short, an invalid data an-
nunciation (Eycaoma) is dis-
played on the I-C DISPLAY.
This annunciation always ap-
pears just after changing
FUNCTION or after a para-
meter(s) is 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 1is set to LONG,
this annunciation is also ap-
pears at several step voltage
just after START V.
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Figures 3-13 and 3-14
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Figure 3-13. Relationship between I-V Measurement and Displays for s~ (Single Staircase Wave).
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Figure 3-14. Relationship between I-V Measurement and Displays for #"u (Double Staircase Wave).
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Figure 3-16. Relationship between I-V Measurement and Displays for /\_ (Double Ramp Wave).
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Paragraphs 3-47 and 3-48

3-47. I-V Measurement Operating Instructions.

3-48. Operating instructions for taking an I-
V measurement are given in Figure 3-17.

16055A Test Fixture

7

160534 5 eesm M ololees ] ©
Test Leads , 86 [T} |10 Oeea |
5 @ ©od| B 5"6{@6‘9’ oll 8
PROCEDURE :

(1) Turn 4140A OFF,

(2) Connect 16055A Test Fixture to I INPUT and V OUTPUT connectors of the
47140A with 16053A Test Leads.

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

3-25

[ i A S —";




NI

Section II1
Figure 3-17

Model 4140A

16055A Test Fixture

part numbers of accessories).

16055A LOW LEAD CONNECTION select switch as follows:

o Vp, VB :
A LOW  HIGH GND

(A —O-+outr
[ |

or

Ve

o GND :

LOW  HIGH Va or Ve

==
Q Or--out
L -4

CAUTION

FOR SAFETY, THE 16055A SETS
VOLTAGE SOURCES (VA, VB AND
EXTERNAL) ARE SET TO OFF BY
A MICRO-SWITCH WHEN HOOD IS
OPENED (AS ILLUSTRATED IN
FIGURE AT RIGHT).  MICRO- o
SWITCH CONTACTS ARE LOW RE-

SISTANCE CONTACTS. HOWEVER,

The 16055A can be used for stable pA current measurements of general de-
vices with the electrostatic/light-shielded hood. DUT can be connected
easily with alligator-clips or with the T0-5 type sockets which are
furnished accessories of the 16055A (refer to Table 1-4 for photos and

LOW Tead connection of pA Meter section 1in the 4140A 1is selected with

THIS RESISTANCE

WITH TIME.  TO CLEAN CON-
TACT, DRIVE A CURRENT OF

INCREASES

WARNING

DO NOT USE 16055A WITH HP MODEL 16054A CONNECTION SELECTOR.

A HAZARDOUS VOLTAGE MAY EXIST ON LOW LEAD TERMINAL EVEN IF

16055A LOW LEAD CONNECTION SELECT SWITCH IS SET TO GND POSI-

u: TION WHEN 16054A LOW LEAD SELECT SWITCH IS SET TO Vp OR VB
POSTTION.

|
0.1 T0 1A THROUGH CONTACT. Va O —oT o __ow
OPEN AND CLOSE  CONTACTS '
ONCE OR TWICE. THE HEAT AND Ve o oto —ove
ARCING WILL CLEAN CONTACTS. |
EXT BIAS O Jrc —O0 EXT BIAS
INPUT OUPUT

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

(5) The 4140A is automatically set as follows:

FUNCTION v vteteieeereneeeneennenncannnnanns I
I RANGE vvvvvvenrieerrreereeaneanesanns AUTO
INTEG TIME ©vtrrriittiiieeieernnnanann INT
A ettt ettt ettt aaan r
L A OFF
PARAMETER ....cvveivnnn. all parameters are 0
T ZERO OFFSET tvvevrrinerneeeeeenerenees 0 fA
C ZERD OFFSET 4uvieeeeereenonnanneanenns 0 pF
VA CURRENT LIMIT tiveivnnerronnnnnenenne 10747
VB CURRENT LIMIT ©vririrnneneneoeennn 107*A

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

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

(8) Connect nothing to 16055A (Open).

(9) When using the 107%A measurement range, set I:C DISPLAY to 0.00x10 A with
ZERO 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):

o > £ START vV, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
/s /\ START V, STOP V, STEP V, HOLD TIME, dV/dt.

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

(15) Select current 1imit values of VA and VB with CURRENT LIMIT Select keys
keys (refer to paragraph 3-39).

(16) Select Low lead connection of PA Meter-section in the 4140A with 16055A
LOW LEAD CONNECTION Select switch depending on kind of measurement.

Figure 3-17. 1I-V Function Operating Instructions (sheet 3 of 4).
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(17) Connect DUT to 16055A with alligator clips or TO-5 socket depending on

kind of measurement.
(18) Start C-V measurement with following keys for each VA setting (refer to

fer to paragraph 3-35):

sssss

Auto Sweep .......... 0O

uuuuuuuuuu

Manual Sweep ........ B

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

1. I-V Characteristic Measurement of FET:

TT@)I
"1 ]

2. Breakdown Voltage Measurement of Diode:

(A)—
_Lw
VA

:

3. Threshold Voltage Measurement of FET:

va /r 7[ Ve

3-28

Figure 3-17. I-V Function Operating Instructions (sheet 4 of 4).
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3-49. C-V MEASUREMENT.

3-50. The Model 4140A can automatically syn-
chronize measurement timing between the pA
Meter section and the VS (Voltage Source)
section to make Quasi-Static C-V character-
jstics measurements when the FUNCTION is set
to C-V. Accurate C-V. measurements, using the
precise ramp (_/ , /\.) waves and the high
stability pA Meter with its 107!5A max. .re-
solution, can be made by taking advantage of
the instruments' variable digital integration
(moving average method) described in para-
graph 3-18.  The capacitance value is calcu-
lated from the following formula:

C-V measurement operations are described in
paragraphs 3-49 thru 3-60. For basic oper-
ational instructions of the pA Meter section,
refer to paragraphs 3-12 thru 3-26 and for
operation of the VS section refer to para-
graphs 3-27 and 3-42.

3-51. C-V Measurement Data Qutput

3-52. C-V measurements measurement timing is
automatically synchronized between the pA Me-
ter and the accurate ramp wave ( /", N\_) 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) is
done wusing the raw current measurement data
before and after VA goes to its step voltage
(in equal periods above and below the step
voltage as fixed by the integration time).
Therefore, the relationship 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 integration is short, an
invalid data annunciation ()
is displayed on the 1I-C DISPLAY.
This annunciation always appears just
after changing FUNCTION, after a pa-
rameter(s) is changed, or at the
START V. If the STEP V is 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

Section III
Paragraphs 3-49 to 3-54

step voltages just after START V. In
a C-V measurement, 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 3-22). In an
I-C DISPLAY, the lesser significant
digit data 1is represented by a small
zero figure (M ) to differentiate it
from 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 1pF 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 (ml)
annunciation as in I or I-V measurements. I[f
the calculated capacitance value is over 1900
pF, the I-C DISPLAY displays an ( (NI )
annunciation. If the calculated capacitance
value in percent is over 199.9% when the [-C
DISPLAY is set to percent display, the I-C
DISPLAY displays an ( m) annunciation.
The relationship between 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 4140A for C-V measurement (re-
fer to Figure 3-23).

(2) Set FUNCTION 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
VA cveieiienannenns ra

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

(5) Make a I-V measurement.

(6) Set current measurement range to maxi-
mum range for an I-V measurement.
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Figures 3-18 to 3-19

Vaty) . 4 l N\
HOLD TIME
stoPvfrmr—m—m———————
b
dav
START V {—— % f 1 dt
|
i\ ]
! | He)
I woro TiMe |
1C DISPLAY INVALID (=== |y | 2nd | 3rd | 4th | Sth | 6th
|
VS DISPLAY START V 1st 2nd 3rd 4th Bth 6th

Figure 3-18. Relationship between C-V Measurement and Displays for _/ (Single Ramp Wave).

ValVv)
iHOLD TIME
STOP V fpme————— — — — — — o — —— — — —— — — —
o Ath 5th

- STEP V
’ f o 3rd 6th
3 obn -l N\
P
i 2nd 7th
i
I
i
o Ist | 8th

. I
I

hh<ﬂ INTEG TIME +
o START Vv f-— 1 t dt —— dt
D FF—Y—A | ;17__ﬁ4
;‘j<‘- | |
o ' Npoto Timve | { t(s)
R ! | HOLD TIME
1-C DISPLAY YN SR st | 2nd 3rd 4th Sth | 6th | 7th | 8th
I
! |
VS DISPLAY START V Tst 2nd 3rd 4th 5th 6th 7th 8th

Figure 3-19. Relationship between C-V Measurement and Displays for ,\_(Double Ramp Wave).
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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 Calculated Capacitance Value and Current Measurement Range.
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(7)
(8)

Set FUNCTION to C-V.

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

VA teiieiiiiinnnnns Va

C measurement
unit indicator .... pF

If calculated capacitance value is to
be displayed in percent, set displayed
value of I+C DISPLAY to percent change
with Percent key.

Select desired VA output mode with VA
Mode Select Key.

Start C-V measurement with AUTO START
key.

Note

These procedures are the most effec-
tive methods for setting up the most

suitable current measurement range
for C-V measurement. However, this
method may take a relatively long

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

The accuracy of the 4140A C-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 equation). 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 Offset
3-56. In a C-V measurement, the 4140A 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 error 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 0 pF when the 4140A is turned
.to ON. When the ZERO offset key is pushed,
the value of the I-C DISPLAY adds to the zero
offset value.
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1900
N ik‘\ ™
1000 A N\ —
S 10°%2—
Ny
N N
|O-I0A w\
190 N AN AN
N N
1000 N A
107 HTINCT
AN
- N
w
Qa
-~ N
\
() \
10.0 A
Io-IZA AN
1.0
0.l
0.00I 0.0! 0.l I
dv/dt (V/s)
Figure 3-21. Suitable Current Ranges for

C-V Measurements,

Note

With Option 101 HP-IB Interface, a
zero offset can also be done by
remote program code "7" via the HP-IB,
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Section III
Paragraphs 3-57 to 3-60

Table 3-6. C-V Measurement Accuracy.

Output |Capacitance| Current dv/dt (v/s)
Voltage [Measurement|Measurement
Range (V)|Range (pF) | Range (A) | 0.001 ~ 0.01 0.01 ~ 0.1 0.1 ~ 1
L R Az § 88
100.0 10 7 s e e
10 1 (gl
| w0 | e 017D avge)
1000 10 T (2. 243760y aT)
10 ((5.2+5:00)+ 505
10 [usedmhge
I (228998 Fip)
100.0 10 =TT CRE R
o 10 (5.2 G5 BT
w | T ((0'7’%\?93%)'d\}_3dt)
1000 10 T (2. 2470 vy )
10 4(52+%ﬁ%%%%ﬁ%7)
10 NERD B

Note 1. =(% of reading + counts) at 23°C#5°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 leads contributes

additional error.

3-57. C-V Measurement in.Percent

3-58. The C-V measurement of the 4140A can
be displayed as percent change VS Cox (the
reference capacitance value). Display range
in percent is 0.0%™V89.9% in 0.1% steps. Cox
is the capacitance of an oxide film of MIS
construction. Percent change VS Cox 1is the
most suitable display method for normalizing
and analyzing C-V characteristics of MIS con-
struction. The Setting Tlimit for Cox is 0.0
pF~189.9pF in 0.1pF steps and 190pF~1900pF in
1pF steps.

Note
With Option 101 HP-IB Interface, the

Cox value can be set via the HP-IB
(refer to paragraph 3-83).

Note

If setting of Cox value exceeds the
setting limit described above, the VS
DISPLAY displays an annunciation
(IMBNE ) and the Cox value selected
is not inputted.

3-59, C-V Measurement Operating Instructions.

3-60. Operating instructions for a C-V mea-
surement are given in Figure 3-23.
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Figure 3-22
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Figure 3-22.
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Figure 3-22
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Figure 3-22.

C-V Measurement

Accuracy (Sheet 2 of 4).
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Figure 3-22. C-V Measurement Accuracy (Sheet 3 of 4).
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Figure 3-22. C-V Measurement Accuracy (Sheet 4 of 4).
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16053A Test Fixture

?

16053A
Test Leads

[o

PROCEDURE :

(1)
(2)

(6)

Turn 4140A OFF.

Connect 16055A Test Fixture to I INPUT and V QUTPUT connectors of the
4140A with 16053A Test Lead.

Turn 4140A 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 sat-
isfy all Table 1-1 specifications.

The 4140A is set automatically as follows:

FUNCTION titiireerieeneneerennnnennanans I
I RANGE . .iiiiiiiiiinrinrnnnnnnnnennens AUTO
INTEG TIME ... .iiiriiiiiiiiennneeennnns INT
VA teiitienentoteesretaceceeaenncannanns o
VB teeerinieteresonsotsaacesacncnnnnsnan OFF
PARAMETER ............. all parameters are 0
I ZERO OFFSET tiviitinenennennennnennns OfA
€ ZERO OFFSET t.iiirieiinrnnrnnnnnnnanns OpF
VA CURRENT LIMIT tivivireernrennnnnnnns 107*A
VB CURRENT LIMIT .ivvvrininrrnnnnanenss 107*A

Confirm that the I-C Data Output Trigger lamp is flashing.

3-38
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Figure 3-23

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 C-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 V, STEP V, HOLD
TIME and dV/dt) (refer to paragraph 3-33).

When calculated capacitance value 1is 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 1imit values of VA and Vg with CURRENT LIMIT Select keys
(refer to paragraph 3-39).

Select 1low lead connection of pA Meter section in the 4140A with 16055A
LOW 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 ZERO offset key (refer to paragraph 3-55).
Note
Any residual capacitance which exists on test
leads or test fixture increases the error of the
C-V measurement. To avoid this condition, do a
ZERO offset under the same conditions as for an
actual measurement,

When calculated capacitance value 1is to be displayed in percent, set
displayed value of I-C DISPLAY to percent change with percent key.

Connect DUT to 16055A with alligator clips or TO0-5 socket depending on
kind 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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Connections for Quasi-Static C-V characteristic measurement are given below:
MOS Diode: ‘
(A)—
_l; A\
VA }
MOS FET:

L—*f@l
i ]

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

3-62. If control keys parameters are set in-
correctly or when the measured current value
exceeds the upper range limit, the 4140A
displays one of the annunciations given in
Table 3-7. If one of these annunciations is
displayed, follow the correction procedures
described in Table 3-7. In addition, if one
of the DC voltage sources, VA or VB, exceeds
its current limit, its CURRENT LIMIT Tamp
will flash.

Table 3-7.

Section III
Paragraphs 3-61 and 3-62

4140A Annunciations (Sheet 1 of 2).

(D1I-C DISPLAY Annunciations

Annunciations Indicated Condition and CORRECTION PROCEDURE
Control Settings
0-F Indicated Condition:

Measured current value ex-
ceeds upper range limint.

Control Settings:

(1) FUNCTION ... I or I-V
I RANGE ...... MANUAL
(2) FUNCTION ........ c-v
I RANGE ...... MANUAL
(3) I RANGE ........ AUTO

(1-1) Sets I RANGE to AUTO.

(1-2) If a range "poll1" is being done,
set maximum range for auto 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 paragraph
3-53.

(3-1) Change measurement condition.

Indicated Condition:

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

Change measurement condition (ex.set

dvV/dt to lower value).

Indicated Condition:

Calculated capacitance val-
ue 1in percent exceeds its
upper 1imit (199.9%).

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

Model 4140A

(:)VS DISPLAY Annunciations

Annunciations Indicated Condition

Correction Procedure

7 -of Setting parameter value ex-
ceeds its upper limit.

~d

Reset parameter value. Refer to Table

3-4.

VA is swept when parameters
are set incorrectly.

Reset parameter values. Refer to Table

3-4,
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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 in the following paragraphs.
However , option installation information 1is
provided in Section II.

3-65. OPTION 001 ANALOG OUTPUT

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 in Tables 3-8
and 3-9. When a 4140A equipped Option 001
is connected to an X-Y Recorder (e.g. HP Mod-
el 7047A) , the system can be used to trace
I-V/C-V curves. The procedures for using the
4140A with Option 001 and an X-Y Recorder are
given in Figure 3-24.

3-67. Control Capabilities for Option 001
Analog Output.

3-68. The 4140A 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 III
Paragraphs 3-63 to 3-68

(1) Control of pen position of the X-Y Re-
corder.

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

Note

With Option 101, control of the pen
position can be done by remote con-
trol via the HP-IB. Refer to para-
graphs 3-69 thru 3-98 for more spe-
cific 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 lift can be
done automatically by outputted TTL sig-
nals from the PEN LIFT connector on rear
of the 4140A. Outputted TTL signal is
set to High (PEN UP) when V OUTPUT lamp
is 1it, and set to Low (PEN DOWN) when V
QUTPUT Tamp is not 1it.

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

Function Value of I-C DISPLAY Analog Output Data (V)| Resolution
I 0 ~ 1900 0.000 +~£9.500 5mV/count
0.0 ~ 190.0 0.0000 0.9500 500uV/count

‘ 191 ~ 1900 0.955 v 9.500 5mV/count

% 0.0 ~ 199.9 0.000 v 9.995 5mV/count

Table 3-9. Analog Output Data at VA OUTPUT Connector.

Outputted Vp Voltage (V) Analog Output Data (V)| Resolution
0.00 ~ +10.00 0.000 ~ £1.000 TmV/count
£10.1 ~ £100.0 +1.01 ~ £10.00 10mV/count
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(3) Low-pass filter for reducing noise on
Analog Output data.

If the outputted analog data

includes

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

are
provided

strong curves,
in the Option 001 Analog Output

the low-pass filters

Model 4140A

circuitry, can be used to reduce the
noise. I-V/C-V curves are traced more
smoothly. The filters apply to both Vp
and I/C OUTPUT data. Filter rise time can
be changed with FILTER TIME CONST select
switch on rear panel of 4140A.

(Upper Right)

V).

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

DISPLAY (+5V).

EQUIPMENT:

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

LL Lesser voltage (START V or STOP|I-V: -5V (Voltage at minus full
(Lower Left)|V). scale).
C-v: ov.
ZERO ov. ov.
To Va OUTPUT Connector e — I
|ToI.C QUTPUT Connector
q]l
© «© 58] C 00

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

BNC (male) - dual banana plug cable

HP 7047A etc.
HP 11001A (2ea).

Figure 3-24.
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Figure 3-24
. PROCEDURE :

(1) Turn 4140A and X-Y Recorder OFF.

(2) Connect I/C OUTPUT 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.

(3) When X-Y Recorder is provided pen 1ift TTL controls, connect PEN LIFT con-
nector on rear panel of 4140A to X-Y Recorder connector.

(4) Connect test leads or fixture (ex. 16053A Test Lead) to 4140A.
(5) Turn 4140A and X-Y Recorder ON,

(6) Set front panel controls and parameters. Refer to Figure 3-17 for I-V
measurement or Figure 3-23 for C-V maeasurement.

Note

- The 4140A HOLD TIME parameter should be set after considering the
relationship between the pen position as the 4140A starts 1its
sweep measurement and the slewing speed/accleration of the X-Y
Recorder.

(7) Place chart paper on recording platen.
(8) Install disposable pen in X-Y Recorder.
‘ (9) Adjust zero position of X-Y Recorder.
Note

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

(10) 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 control keys, LL (Lower Left) and UR (Upper
Right).

(11) Connect DUT to test leads or mounting fixture connected to 4140A.

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

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

(14) Lift X-Y Recorder pen from the chart paper when measurement is complete
and X-Y Recorder stops. If X-Y Recorder is provided pen 1ift TTL controls,
pen is raised automatically when measurement is complete {(when V OUTPUT
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 system.

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. 101 may be
connected into an HP-IB bus configuration
with or without a controller (e.g. with or
without a 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:

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

LISTEN: The 4140A is set to be listener.

TALK: The 4140A is set to be talker.

REMOTE: The 4140A 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 de-
pressed. This function can not be used when
the 4140A is set to 1local lockout status by
controller.

3-77. HP-IB Control Switch.

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

(1) Bit 1~ 5: The HP-IB address is estab-
lished 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 instrument capabilities which
are:

0: Addressable
1: Talk Only

Note

The 4140A Opt. 101 is set at the fac-
tory as given in Figure 3-25.

~—— TALK ONLY

L | e[—= |-ADDRESSABLE

| =3 |~FvTA
B=— | as
—=3 | -
 — R
——=a | -
=] | A1-AoDRESS
| 0

—FMTB

bit 1~ 5: 17

bit 6: Format A(comma).

bit 7: Addressable

Figure 3-25. HP-IB Control Switch.
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3-79, HP-IB Interface Capabilities of 4140A
Opt. 101.
3-80. The interface of a device connected to

the HP-IB is specified by the interface func-
tions built 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 listed in Table 3-12.

Table 3-11.

Section III
Paragraphs 3-79 to 3-82

HP-1B Interface Capabilities.

Remote program codes for the 4140A Opt.

Code Interface Function*

(HP-1IB Capabilities)

SH1** | Source Handshake.

AH1 Acceptor Handshake.

T5 Talker (basic talker, serial poll,
talk only mode, unaddress to talk
if addressed to listen).

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

SR1 Service Request.

RL1 Remote/Local (with local lockout).

DC1 Device Clear.

DT1 Device Trigger.

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

transmit messages over the bus.

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

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 F4
RANGE HOLD RAQ When FUNCTION is set to F1 (I), F2 (I-V
. or F4 (HSI), RAI is automatically set,
AUTO RA1*
1072 RO2
1073 RO3
107" RO4
10°° RO5
10°° RO6
1077 RO7
1078 RO8
107° RO9
10710 R10

3-4;
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Table 3-12
Table 3-12. Remote Program Code (sheet 2 of 3).
Control | Program Code Description
107! R11
1072 R12
INTEGRATION | SHORT 11
TIME
MEDIUM 12
LONG 13*
I TRIGGER INT T1* These codes are used only to set and not
MODE for triggering. When FUNCTION is set to
EXT T2 F1 (I) or F4 (HSI), T1 is automatically
set.
HOLD/MAN T3
C% Enable pF Co When FUNCTION is set to F3 (C-V), CO is
automatically set.
% C1
SWEEP D W1 W4 is used when 4140A is set to AUTO
CONTROL s SWEEP Mode.
MANUAL W2 W2, W5 and W6 are used when 4140A is set
to MANUAL SWEEP Mode.
PAUSE W3
RESTART W4
© W5
) Weé
0, W7
VA MODE va Al When FUNCTION is set to F1 (I), F2 (I-V)
or F4 (HSI), A3 is automatically set.
"\ A2
e A3* When FUNCTION is set to F3 (C-V), Al is
automatically set.
AN A4
—_ A5
OFF A6
VB MODE == B1
OFF B2*
VA T LIMIT T00uA L1*
TmA L2
10mA L3

}-48




Model 4140A

Section III
Table 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 SO*
ON S1
SRQ MASK OFF DO* These program codes are used to control
bits 1 thru 3 of SRQ Status Byte as fol-
ON (1) D1 Tows:
ON (2) D2 Bit 1: DATA READY
Bit 2: CURRENT LIMITER
ON (1, 2) D3 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 (1, 3) D5
ON (2, 3) D6
ON (A11) D7
TRIGGER E
KEY STATUS K
RECORDER LL XL
ZERO XZ
UR XR

* : power ON
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3-83. Parameter Setting 3-85. Data OQutput

3-84. A 4140A Opt. 101 can be set to nine pa- 3-86. Data outputted by the Model 4140A Opt. ‘
rameters (refer to Table 3-13) by remote pro- 101 consists of:
gramming as follows:

(1) I-C Measurement Value and VA Output

XXZNNNN.NNX € D Voltage.
M- @ () @
(2) Setting Parameter Output.

(1) Program Code for Parameter Setting

(refer to Table 3-13). (3) Key Status.
(2) Setting Value (numeric or space). (4) Service Request Status Byte.
(3) Delimiter: ; (semi-colon) In the following several paragraphs, each
, (comma) output data form is described.
N

(4) Terminator

Table 3-13. Program Code
for Parameter Setting.

Parameter Program Code | Setting Value
VA == (V) PA -10.00 ~ 10.00
-100.0 ~ 100.0
START V (V) PS -10.00 ~ 10.00
-100.0 ~ 100.0
STOP V (V) PP -10.00 ~ 10.00
-100.0 ~ 100.0
STEP V (V) PE -10.00 ~ 10.00
HOLD/TIME (s) PH 0.1 ~ 1999
dv/dt (V/s) PV -1.000 ~ 1.000
Cox (pF) PC 0.1~ 1999
STEP DELAY PD 0.01 ~ 100.0
TIME (s)
VB = (V) PB -10.00 ~ 10.00
-100.0 ~ 100.0
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3-87. I-:C Measurement Value and Vp Output
Voltage
3-88. Two output formats are possible with

the 4140A Opt. 101:
a. Format A

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

_XX=N.NNNE-NN,A=NNN. NN CR P
(1X2X3) (@) (5X6) (1) (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 1length) 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:

XX+N NNNE NN qu_gjz
(2
A NNN NN®_®
(7)

(6) (7

Q

(1) Space
(2) Data Status

N ... Normal Data

0 ... Over Flow

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

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

(3) I and € Measurement Functions

-

... Current Measurement

C ... Capacitance Measurement (pF
Display)

% ... Capacitance

Display)

Measurement (%

(4) Value of I-C Measurement

(5) Comma

Section III
Paragraphs 3-87 to 3-92

(6) Symbol of Va Output Voltage

(7) Value of Vp Output Voltage

(8) Data Terminator
3-89, Parameter Output
3-90. Nine parameters can be set in the 4140A
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

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

]_))(_()_( NNNN3 NNN, ME

(1) Space

(2) Program codes for 4140A parameter

(

(4

)
)
3) Setting value of 4140A parameter
) Parameter terminator

)

(5) Data Terminator

3-91. Key Status Data

3-92. This data is outputted from 4140A when
the program code "K" is used (refer to Figure

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

(1)(2) (3) (4)(8)(6)(7)(8)(9)(10)(11)(12) (13)
(1) Space
F1 ~F4: FUNCTION

ROZ2 ~R12: RANGE

—
w

RAO, RA1,

——
~

IT~1I3: INTEGRATION TIME

T1 ~T3: T TRIGGER MODE
CO~C1: C% Enable
Va MODE

B1, B2: VB MODE
L1 ~L3: va I LIMIT

MI ~M3: yg T LIMIT

—
pu—
—_

S0, S1:

)
)
)
)
)
(6)
(7) Al ~A6:
(8)
)
)
) SELF TEST
)

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,

I-V and C-V functions but also has a High
3-94. The 4140A Opt. 101 sends RQS (Request Speed I (HSI) function . This facilitates

Service) signal whenever bit 1 thru 4 or 6 is high speed data output of the current meas-

set., Figure 3-26 shows the Status Byte make- urement. This function can be set only by

up of 4140A. remote program code (F4), and can not be set
Bit 8 7 6 5 4 3 2 1

Information 0 o/1 { 0/1 y O/1 | O/1 O/1 | O/1 | O/1

Signal bit 7 (RQS signal) establishes whether or not service request exists.
Signal bits 1 thru 5 identify the character of the service request states.
Service request states of the 4140A are

(1) Bit 1: If Data Ready is set to ON, this state is set when measurement
data is provided.

(2) Bit 2: When CURRENT LIMIT 1is operating (when LED lamp on front panel is
1it), this state is set.

(3) Bit 3: When SELF TEST or Auto-Sweep Measurement is completed, this state
is set.

Note

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

(4) Bit 4: (:)When the 4140A receives an erroneous remote program code , this
state is set.

If the 4140A receives an illegal program when DC Voltage Source
is operating (when V OUTPUT lamp on front panel is 1it) , this
state is set.

When parameter is set to a value over its setting limit (when VS
DISPLAY on front panel displays "0-F"), this state is set.

If VA is swept when parameters are not set correctly (when VS
DISPLAY on front panel displays "ILLE"), this state is set.

(5) Bit 6: If Self Test is faulty, this state is set.

Signal bit 5 1is independent of bit 7 (RQS Signal). When DC Voltage Source is
operating (when V OUTPUT lamp on front panel is 1it), this state is set.

Figure 3-26. Status Bytes of the 4140A.
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by front panel controls. When 4140A is set Table 3-14. Accuracy and Data Output

Section III
Figure 3-27

to HSI function, I-C DISPLAY on front panel Interval in HSI Function.

displays "H-I". The 4140A Option 107 outputs

current measurement data via HP-IB as in Fig- 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 -9
(refer to paragraph 3-18). This permits an 1071071 (0.5+6 )
4140A Option 101 1in its HSI function to out- 10

put data at higher speed than in its general 10 (2+6)

I+

I function. Accuracy and data output inter- 10(8.3)**

I+

-11
vals for the HSI function are shown in Table 10 (5+20)

3-T14. Sample program for HSI function using Z12
a HP Desktop Computer 9825A/9835A is given in 10

1+

(5+25)

2.5

Fiqure 3-32.

humidity.
** at 50(60)Hz line frequency.

* +(% of reading + counts) at 23°C+5°

Cc,270

HSI(HIGH SPEED I) FUNCTION

Program code "F4" for the 4140A Option 101 establishes not only the HSI (High
Speed I) function, but also starts data output from 4140A Option 101.  When
4T40A receives "F4" from controller, the 4140A output is zero. Next, the 4140A
Option 101 sends an invalid byte (32 in decimal, space in ASCII) as the first
byte. Beginning with the second byte, 4140A current measurement data in binary
code is transmitted. Each transmission of current measurement data is made up
of three bytes, which are:

*kkkkkkk kkkkkkkk *kkkkkkk *kkkkkkk *kkkkkkk

(1 (2) (3) (4) (5)

(1) Space: Invalid data (00100000).
(2) Range: Range of the first measurement. 2(00000010) ~12(00001100).

(3), (4) Counts: Counts of the first measurement. -1900(1111100010010011) ~
1900(0000011101101100). This data is made up of two bytes
(sixteen bits) and sent in 2'S complement.

(5) Range: Range of the second measurement. Subsequently, each measurement
data transmission is made up of three bytes sent in same format as
in (2) thru (4) above.

Note

When 4T40A Option 101 is set to HSI function, 4140A does not
send data terminator (e.g. C® P ) and does not set EOI (End
or Identify) 1ine 1in the HP-IB to "1". Therefore, 4140A is
sending current measurement data during the time the 4140A is
set to HSI 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.

3-53



Section III
Paragraphs 3-97 and 3-98

3-97. Programming Guide for 4140A
3-98. Sample programs for HP Model 9825A/
9835A Desktop Computer are provided in Fig-
ures 3-28 thru 3-32. These programs are
listed in Table 3-15.
Note
Specific information for HP-IB pro-
gramming with the 9825A or 9835A are
provided 1in the 9825A or 9835A 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-IB Interface.

2. 98034A HP-IB Interface Card.

3. 9825A Desktop Computer with

98210A String-Advanced Pro-
gramming ROM.

98213A General I/0 Extended
I/0 ROM.

or
9835A Desktop Computer with
98332A General I/0 ROM,
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Table 3-15. Sample Program Using HP 9825A
or 9835A Calculators.
No.| Fiqure Description

1 3-28 Remote control of pA section
and data output when 4140A
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-V function.

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

5 3-32 Remote control and data pro-
cessing when 4140A is set to
High Speed 1 (HSI) function.
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Section III
Figure 3-28

Sampie Program 1

Description:

This program enables remote control of pA section

program when 4140A is set to I function.

which are:

and provides a data output

The program has three capabilities

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

9825A Program:

0: f1t3

1: wrt717,"F1RA1I3T3"

(Wey 3) (4
2: wrt717,"E"
(5)
¢ red717,A,B
: dspA,B;prtA,B
: end

[S2 N = F5]

9835A Program:

10:
20:

Select code of 98034A.
Address code of 4140A.

FLOAT3
OUTPUT717;"FIRATI3T3"

(Mm@ @) (4)

: QUTPUT717;"E"

(5)

+ ENTER717;A,B
: DISP A,B

: PRINT A,B

: END

Program codes for pA section of the 4140A (refer to Table 3-12).

(1)
(2)
§3g Sets 4140A to I function.
4
(5)

This T1ine means the as same as following program:

9825A: trg717
9835A: TRIGGER717

By using string variables,

9825A Program:

complete output information from the 4140A Opt. 101
is stored by the following program:

9835A Program:

0: dimA$(30] 10: DIMA$[30]
1: wrt717,"FIRATI3T3" 20: OUTPUT717;"FI1RATI3T3"
2: wrt717,"t" 30: OUTPUT717;"E"
3: red717,A$ 40: ENTER717;A$
4: dspA$;prtA$ 50: DISP A$
5: end 60: PRINT A$
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 4140A is set to I function. The program has three capabilities which

are:

(1) Control of the VS section of 4140A via HP-IB.
(2) Auto sweep of the VS section of 4140A via HP-IB.
(3) Parameter output from the 4140A via HP-IB.

9825A Program:

0:
1:

2:

o O

dimA$[30]
wrt717,"F1A4B1L2M3"
M @
wrt717,"PS-10,PT10,P 3PD.5,PB-50"
(3) (4) (3) (4)(3)(4)(3)(4) (3) (8) (3)

ETNPH2;P
4

: wrt717,"PS"

(5)

: red717,A%

(5)

: dSpA$ s pY‘tA$
Cwrt717,"W1"

(6)

: end

9835A Program:

: DIMA$[30]
: OUTPUT717;"F1A4B1L2M3"

m (2)

: OUTPUT717;"PS-10; PT]O PEINPHZ; PD 5 PB 50"

T(3) () (30 (@) (3)(8)(3)(4) ( (3)

: QUTPUT717;"PS"

(5)

: ENTER717;A$

(5)

: DISP A$
: PRINT A$
: QUTPUT717;"uW1"

(6)

: END

Sets 4140A 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 terminators for the 4140A.

Statements on lines 3 and 4 (or 40 and 50) are used to output setting
value of the parameter for 4140A. These statements should be contin-
uously programmed,

Statement for making AUTO START of V SWEEP.
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Figure 3-30

Sample Program 3.

Description:

This program enables remote control and provides a data output program when
4140A is set to I-V or C-V function. The program has three capabilities which
are:

(1) Control of I-V or C-V measurement of the 4140A via HP-IB.
(2) Auto sweep of I-V or C-V measurement of the 4140A via HP-IB.
(3) Data output from the 4140A via HP-IB.

9825A Program:

0: dim A$[100,30]
(1)
1: wrt 717,"F3RATI2ATBIL2M3"
2: wrt 717,"PS-1,1;PT1.1,PE.INPH1;PV1,PB-50"
3: wrt 717,"W1"
4: 1-»1
5: red 717,A$[1]
6: if AS[1,2,2]="L";1+1~I;jmp -1
(2)

7: for J=1 to I
8: prt A$[J]

9: next J
0: end

9835A Program:

10: DIM A$(100)[30]
)
20: OUTPUT 717;"F3RA1I2A1B1L2M3"
30: OUTPUT 717;"PS-1.1;PT1.1,PE.INPH1;PV1,PB-50"
40: OQUTPUT 717;"uW1"
50: 10
60: I=T+1
70: ENTER 717;A$(I)
80: IF A$(I)[2,2]#"L" THEN 60
(2)
90: FOR J=1 TO I
100: PRINT AS(J)
110: NEXT J
120: END

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

(2) When the 4740A 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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Sample 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 I RANGE is set to "RA1 (AUTO)", key setting informa-
tion for the I RANGE using "K" s "RA1". Therefore, the I
RANGE should be set to "RAO (MANUAL)" for recognizing true I
measuring range.

9825A Program: 9835A Program:
0: dim A$[30] 10: DIM A$[30]
1: wrt 717,"K" 20: OUTPUT 7173"K"
2: red 717,A$ 30: ENTER 717;A$
3: dsp A$;prt A$ 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 programmed.
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are:

(

9825A

set to HSI (High Speed I) function.

0:
1:
2:

Sample Program 5.
Description:
This program enables remote control and is a data output program when 4140A is

This program has three capabilities which

(1) Control of the 4140A HSI function via HP-IB.
) High speed 1/0 control between 4140A and controller 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 I/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 1/0 programming with the 9825A or
9835A is provided in the 9825A or 9835A programming manuals.

Program:

ent "Number ? ",N
(M
buf "4140A",3N+1,3
(2)
wrt 717,"F4"
(3)

: tfr 717,"4140A",3N+1

(4)

: rdb("4140A" )>S

(5)
: fmt 1,f6.3,c2,f2.0,cl
: for I=1 to N
7: rdb("4140A")>R

(6)

: rdb("4140A")>H

(7)

: rdb("4140A" )-L

(8)

: ior(shf(H,-8),L)>C

(9)

: wrt 16.1,C/1000,"E-",R,"A"
: next [
: end

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

10:
20:

30:
40:
50:
60:
70:
80:
90:
100:
110:
120:
130:

140:
150:

Program:

OPTION BASE 1
INPUT "Number ? ",N

(1)
pIM A$[1000]
@)
OUTPUT 717;"F4"
3
ENTER 717 BFHS 3*N+1 NO FORMAT;A$

T4
S=NUM(A$[1,1])
(5)

IMAGE D.DDD,AA,DD
FOR I=1 TO N
R=NUM(A$[3*(1I-1)+2,3*(I-1)+2])
(6)
H=NUM(AS[3*(1-1)+3,3*(I-1)+3])
(7
L=NUM(AS$[3*(I-1)+4,3*(1-1)+4])
(8)
C=BINIOR(SHIFT(H,-8),L)

(9)
PRINT USING 80;C/1000,"E-",R
NEXT I
END

(1) N: Number of data sent.
(2) 9825A: Sets name (4140A), size (3N+1) and type (high speed read/write

buffer) of the buffer for high speed I1/0.

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

Sets 4140A to HSI.

Sends measurement data from 4140A to controller.

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

H: High byte of count of first measurement.
L: Low byte of count of first measurement.

(3)
(4)
(5)
EG; R: Range of first measurement.
7
(8)
(9)

C: 16 data count bits make up H and C.

3-60
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Section IV
Paragraphs 4-1 to 4-10

SECTION IV
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. A11 tests can be performed
without access to the interior of the instru-
ment. A simpler operational test is included
in section III 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 1its specified performance after
troubleshooting 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

AlTow a 60 minute warm up and stabi-
lization period before conducting any
performance test.

4-3. EQUIPMENT REQUIRED

4-4, Equipment required for performance
tests is listed 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 NBS, PTB, LNE, NRC,
JEMIC or equivalent standards group;
or they should be directly calibrated
by an authorized calibration organi-
zation such as NBS. The calibration
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 lists all
tested specifications and their acceptable
Timits. 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 using the following
performance tests at least every six months.

4-9. AUTO SETTING MODES

4-10. The 4140A provides thirteen auto set-
ting modes as given in Table 4-2 for perform-
ance tests and adjustments. To set any one
of these modes, proceed as follows:

(1) Press "@J, (1)" to set 41408 to Self
Test mode.

(2) Press "@9" and select and press de-
sired control key from Table 4-2 to set
the mode.

(3) To cangg] any of the above modes, press

] m rest )
? E] '
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Section IV Model
Table 4-1
Table 4-1. Recommended Performance Test Equipment.
Equipment Critical Specifications Recommended Model
DC Voltmeter Voltage range: 100mY to 1000V f.s. HP 3455A
Sensitivity: 1uV min.
Accuracy : 0.001%
Input impedance: >10MQ
Remote Control: via HP-IB
Test Leads Triaxial (Male) - Triaxial (Male) HP 16053A
Cable (Tea)
BNC (Male) - BNC (Male) Cable (2ea)
Test Cable BNC (Male) - Dual Banana Plug Cable HP 11001A
Adapter BNC T Type Adapter HP Part No.: 1250-0781

BNC (Female) - Banana Plug Adapter

BNC (Male) - Triaxial (Female)

HP 10111A (2ea)
TROMPETER

Adapter AD-BJ77-E3-PL20
Decade Resistor | Range: 10%Q~107Q GR1433H
Accuracy: 0.01%
Standard Range: 10°Q~ 10130 KEITHLEY 5155
Resistors Accuracy: *0.2%
Desktop for HP-IB Controller HP 9835A with 98332A
Computer

HP-IB Interface
Card with Cable

Cable Length: approximately 2m

HP 98034A

HP-IB 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

}-2
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Table 4-2
Table 4-2. Auto Setting Modes for Performance Tests and Adjustments.
Mode* | Control key Description
S-1 w Both vp and VB output 0.00V. With Option 001, both I/C
O OUTPUT and VA OUTPUT on the rear panel output 0.000v.
S-2 " Both VA and Vg output -0.01V. With Option 001 both I/C
0O QUTPUT and Vp OUTPUT output -0.001V.

S-3 Both VA and VB output -10.00V. With Option 001, both I/C
OUTPUT and VA OUTPUT output -1.000V.

S-4 (s Both VA and VB output +10.00V. With Option 001, both I/C
QUTPUT and vp OUTPUT output +1.000V.

S-5 ) Both Vp and Vg output 0.0V. With Option 001, both I/C
OUTPUT and VA OUTPUT output 0.00V.

S-6 ae Both VA and Vg output -100.0V. With Option 001, both I/C

O OQUTPUT and Vp OUTPUT output -10.00V.
S-7 o Both Vp and VB output +100.0V. With Option 001, both I/C
. D QUTPUT and Vp OUTPUT output +10.00V.
S-A vt v Both ZERO and HOLD (pA Meter section control signals) are
. set to High.

S-H ﬁﬁ ZERO is set to Low and HOLD is set to High.

S-0 («J ZERO is set to High 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 Tow level signal approximately 400~ 500 microsec-
onds apart.

S-P e The pA Meter section is set to measurement mode with in-

() ternal trigger and auto range. Both VA and VB output
+1,800V. With Option 001, both I/C OUTPUT and Va OUTPUT
output +1.800V.

* Mode name is displayed in I-C DISPLAY when its mode is set.
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PERFORMANCE TESTS

Model 4140A

4-11. VOLTAGE OUTPUT ACCURACY TEST.

4-12. This test verifies DC Voltage Source output voltages for all ranges.

o
e ; O oo oD OooboDooDo
o) BE6E
. . S cooonooo g g
oy D08 DoooDOoDOo|OoOOOOOn
0 «® lal6]o]
1 — S—"F—
\
\\A BNC (male) - dual banana plug cable
Figure 4-1. Voltage Output Accuracy Test Setup.
EQUIPMENT:
UM teieitractearsosecseasnssnrsarsnnans HP 3455A
BNC (Male) - Dual Banana Plug Cable ..... HP 11001A
PROCEDURE:
1. Connect BNC (Male) - dual banana plug cable between 4140A vp OUTPUT

connector and DVM (see Figure 4-1).

Set DVM controls as follows:

FUNCTION ..ceiiiieniiniennnnncannnn DCV
RANGE .. c.viieiirrernnennonnonnoans AUTO
HIGH RESOLUTION ..ivvevieenenannnnas OFF

AUTO CAL tivvuvevninenencnnnnnananns ON

GUARD uvvrivennveanieanccooannanns ON
TRIGGER tvvveieinroceneroanosoonaas INTERNAL

FUNCTION vuveveeneeeeeiraconnonnnns I

VA revevonneeenneonnnssnnnannesans = (DC)
VB vveverenennnnnneneeneneaanannens = (DC)
CURRENT LIMIT (VA and VB) ceeeevenns 10mA

Set PARAMETER (=) to a voltage in Table 4-3.

Press SET (=) key and read display output of DVM,

Press RESET (=) key.

Repeat steps 4 thru 6 and confirm that Table 4-3 is satisfied (change

output voltage as appropriate).

Connect BNC (male) - dual banana plug cable between 4140A Vg OUTPUT

and DVM.

Repeat steps 4 thru 7.
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PERFORMANCE TESTS

Section IV
Table 4-3

TEST LIMIT:

Table 4-3. Output Voltage Accuracy Test.

Voltage Setting (V)

Test Limits (V)

+100
+10
+1

0

-1
-10
-100

+99.80 ~ +100.20
49,982 ~ +10.018
+0.9883 ~ +1.0117
-0.011 ~ +0.011
-1.0117 ~ -0.9883
-10.018 ~ -9.982

-100.20 ~ -99.80

4-5



Section IV
Paragraphs 4-13 and 4-14

PERFORMANCE TESTS

Model 4140A

4-13. CURRENT MEASUREMENT ACCURACY TEST

4-14. This test verifies pA Meter measurement currents for all ranges.

Note
This test uses DC Voltage Source of 4140A. Therefore, Voltage
Output Accuracy Test in paragraph 4-11 should be done before
this test.
DVM

;: (l = O e o o o0 oopoOooao
s C Dd3@®h3|__ t
§ tloom LG | 0 cooooa OQU
o o A oo
i | P e - booDDOD|OOO0OO0OO0
o +©® HEKO 5Ee65 o 5
— 7 ~—1_ 7
| BNC T type adapter
«—BNC (male) - BNC (male) cable BNC (male) - dual banana plug cable
< —triaxial (male) - triaxial (male) cab]e

ROV

L-BNC (female) - banana plug adapter
BNC (ma]e) - triaxial (female) adapter

Decade Resistor

Figure 4-2.

Current Measurement Accuracy Test Setup (1072A~ 1077A Ranges).

DVM

QO o o ¢ oD

ooooooo

onooonoo

ocooooooO oo
olgo

oooooago

©
i
T——BNC T type adapter

~~—

BNC (male) - dual banana plug cable

Standard
Resistor

,<—BNC (male) - BNC (male) cable

—triaxial (male) - triaxial (male) cable

—BNC (male) - triaxial (female) adapter

Figure 4-3.

EQUIPMENT:

Current Accuracy Test Setup (107%A~ 107'2A Ranges).

Decade Resistor

GR1433H

Standard Resistors
BNC T Type Adapter

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

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

KEITHLEY 5155
HP Parts No: 1250-0781
HP 10111A (2ea)

TROMPETER AD-BJ77-E3-PL20
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PERFORMANCE TESTS

‘ Triaxial Cable wuuevveeeeseeseennneeennns Part of HP 16053A (HP Part No.:
16053-65002)
BNC {(Male) - BNC (Male) Cable ........... Part of HP 16053A (HP Part No.:
. 16053-65003)
BNC (Male) - Dual Banana Plug Cable ..... HP 11001A
PROCEDURE :
1. Connect 4140A, DVM and Standard Resistor as shown in Figure 4-2 or 4-3
2., Set the DVM as follows:
FUNCTION ©iiiinininennnnrenenenanns DCV
RANGE . ivviiriiiieietiennnnnnnnnens AUTO
HIGH RESOLUTION .vvvrvevnrinnnnnnns OFF
AUTO CAL vuviirienneiinnenrennnnnns ON
GUARD +iitiieiiieireneneennnnnnanns ON
TRIGGER vvvvveiiierennnenennnnnens INTERNAL
3. Set the 4140A as follows:
FUNCTION itiiiininiernnnonnnnnens I
I RANGE ..oivriiiiiiiiinenrennannnns AUTO
INTEG TIME .ivrtniiiiirinrinrnnnnns LONG
I DATA OUTPUT TRIGGER ............. INT
A ittt ittt = (DC)

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

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 Qutput Standard Resistor (§) Test Limit
Measurement Range Voltage (V)
1072 102
1073 103
107" v 10* S.C.V.* %7counts
10°° 10°
107° 10°
1077 107
107° 10°
107° 101°
1070 Tov 10} S.C.V.* 22counts
10 1; 102 S.C.V.* #53counts
‘ 10 1012 S.C.V.* 58counts

*S.C.V. (Supplied Current Value) = (Standard Resistor Value)/(Measured Voltage

of DVM)
4-7
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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.
TR T 0 v oot
Decade Resistor (GR1433H) 5 o T
ecade Resistor - '
etk
o G]:@@ ;FP:/ i .
S © ‘?"
triaxial (male) - triaxial (male) cable /
/
BNC(male) - BNC (male) cable A
L__BNC (female) - dual banana plug adapter
BNC (male) - triaxial (female) adapter

Figure 4-4, Current Limit Test Setup.

EQUIPMENT:
Decade ReSTStOr weiveeeereecneccceonannens GR1433H
BNC (Female) - Banana Plug Adapter ...... HP 10111A (2ea)

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

Triaxial (Male) - Triaxial (Male) Cable . Part of HP 16053A (HP Parts No.:
16053-65002)

BNC (Male) - BNC (Male) Cable .....cven.. Part of HP 16053A (HP Parts No.:
16053-65003)

PROCEDURE :

1. Connect Decade Resistor between Va OUTPUT and I INPUT connectors of
4140A as shown in Figure 4-4.

2. Set 4140A as follows:

FUNCTION ©uiveeennennsovocnncncnnons I
1 AUTO
INTEG TIME +iveeeriinninnnnaesacnss LONG

I DATA OQUTPUT TRIGGER ......0een... INT

VA tevrencnncasasensnnnesasnnsanens = (DC)
VB vveeveennrencaacsannensannnsanns == (DC)

4-8
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Set CURRENT LIMIT to a current from Table 4-5.

Set PARAMETER (=) to a voltage from Table 4-5.

) key and read display output of I C DISPLAY.

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 VB OUTPUT and I INPUT connectors.

3.

4.

5. Push SET (

6. Push RESET (==) key.
7.

8.

9. Repeat steps 3 thru 7.

TEST LIMIT:

Table 4-5. Current Limit Test.

Current Limit (A)

Setting V Output Voltage (V)

Test Limit (A)

1072 +0.9 x 1072 41,1 x 1072
1073 +10 +0.9 x 1073v 41,1 x 107°
107 +0.9 x 107*~ +1.1 x 107"
1072 -1.1 x 1072~ -0.9 x 1072
1073 -10 -1.1 x 1073+ -0.9 x 1073
107" -1.1 x 107*~ -0.9 x 10"

4-9
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Model 4140A

4-17. RAMP WAVE START VOLTAGE ACCURACY TEST.

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

DVM
0O o o o o 0O DDDDDUD
oonooooag orlo
olgo
ooooooaon
N

BNC (male) - dual banana plug cable

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

EQUIPMENT:

DVM titieenennesnnsasansencsssannasnanses
BNC - Dual Banana Plug Cable ....ecvvuen.

PROCEDURE :

1.

connector and DVM (see Figure 4-5).
Set DVM controls as follows:

FUNCTION .ivieriennenernanecnnnnnnn
RANGE ..viviniienrinonnonacannsnnes
HIGH RESOLUTION .....ccvvvviivaansn

Set VA parameter as follows:

START V it iiiienennanneecsnnaanas
STOP V iiviiiiieiiiieeiarisennnenes
STEP V iteiiiiiiiiienanenannnneens
HOLD TIME .ovieininieneneninnnnnnnn
dV/dt ot it

HP 3455A
HP T1001A

a voltage from Table 4-6
a voltage from Table 4-6
0.1V

Connect BNC (male) - dual banana plug cable between 4140A VA OUTPUT
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PERFORMANCE TESTS

sssss

‘ 5. Press "D " key and read display output of DVM.
6. Press "()" key.

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

TEST LIMIT:

Table 4-6. RAMP WAVE START VOLTAGE ACCURACY TEST.
Start Voltage (V) | Stop Voltage (V) Test Limit (V)
0.00 -0.02~ +0.02
+10.00 +5.00 +9.98~ +10.02
-10.00 -10.02~ -9.98

0.0 -0.2~n +0.2

+10.0 +9.8%+10.2

-10.0 +50.0 -10.2~+-9.8
+100.0 +99,8+100.2
-100.0 -100.2~+-99.8
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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 3455A DVM and HP 59308A Timing Generator,
Therefore, the HP-IB Interface Test
be done before this test.

etc.).
in paragraph 4-23 should

HP 10631D

. ‘BN | Ty
Hlc) ‘ N -/ E5E
HP 59308A ol

@) sl leloe
° o Lprera, ; b
=g GO |

v o
°

rc)
ces @

onoo

L//’ HP 98034A

HP 10631D
BNC (male) - BNC (male) cable | HP 3455A

O ¢ o o o D

BBEEERA:

opooooan

ocnoooaa ojolo
[e]{e. o]

ocooopooolOoO0O0oOon0aano

ARmmAamn mAnn

HP 9835A

BNC (male) -
dual banana plug cable

—
Figure 4-6. Ramp Rate Accuracy Test Setup.

EQUIPMENT:

Desktop CoOmputer ....cceeeeeecannccnenees HP 9835A

General I/O ROM ...eveeinnceesnnconnoennes HP 98332A

HP-IB Interface Card with Cable ......... HP 98034A

HP-IB Cable ..veveviecnsoconsannonsnaaens HP 10631D (2ea)

DVM (with HP-IB Interface capability) ... HP 3455A

Timing Generator

(with HP-IB Interface capability) ..... HP 59308A

BNC (Male) - BNC (Male) Cable ...........

BNC (Male) - Dual Banana Plug Cable ..... HP 11001A
PROCEDURE:

Part of HP 16053A (HP Part No.:

16053-65003)

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

2. Install Option 101 HP-IB Interface in 4140A.
lation in Section II.

Refer to Option Instal-
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4. 1Install 98332A ROM in 9835A ROM slot.

Section IV
Paragraph 4-20

PERFORMANCE TESTS

Connect 98034A HP-IB Interface Card with Cable between 9835A I/0 slot
and 4140A rear panel HP-IB connector as shown in Figure 4-6.

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).
3455A: 00110 (6 in binary code).
59308A: 10000 (16 in binary code).

7. Connect 4140A, 3455A and 59308A with 10631D HP-IB cables as shown in
Figure 4-6.

8. Connct BNC (male) - BNC (male) cable between 59308A OUTPUT connector
and 3455A EXT TRIGGER INPUT connector as shown in Figure 4-6.

9. Turn 4140A, 9835A, 3455A and 59308A 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-
tions and Operator Responses and confirm that Table 4-8 is satisfied.

[PROGRAMMING]
10 ! 4140A RAMP RATE ACCURACY TEST "40RAMP" (21MAY79)
8 EATHAD s accomr tesr uana 0 s oo e ppodram codes
%0 REwOTE 7 PRIy from 9835A to 3455A.
50 ABORTIO 7
60 CLEAR 717
70 IMAGE 2D.6D,"V/s"” (110) Transfers remote program codes
1] IMAGE "PS",D,";PT",4D,";PE",.D,";PH",D,";PV",D,3D
90 WAL 2000 ’ from 9835A to 59308A.

100 OUTPUT 706;"F1T2M3A0H1"
110 OUTPUT 716;"PLOOE4R"

120 OUTPUT 717;"FLRALI3T3A1B2L3M3" (120) Transfers remote program codes

igg g:?l from 9835A to 4140A.
150 q=3
150 ooreur 708sra" (130) Sets START V to OV.
180 IF I=1 THEN T=10
190 IF I=2 ==
200 15 1oa poEN ETo (140) Sets STEP V to 0.1V.
jég :S I=41THEN T=-100
< "‘OR K=1 TO 4
230 v=10" (1-K) (150) Sets HOLD TIME to 3s.
240 IF K=2 THEN OUTPUT 706;"R2"
250 PRINT USING 80;5,T,E,H,V
260 PAUSE (180) (210) Sets STOP V.
270 OUTPUT 717 USING 80;S,T,E,H,V
200 wainsog0 | Y
200 WAIT 5000 (230) Sets dv/dt (Ramp Rate).
g;o ENTER 706 ;A(J)
0 IF J<1 35 1
330 i Ug;‘gg 70?A(J)'A(J"1) (270) Transfers operating parameters

340

PRINT LIN(1)

from 9835A to 4140A.

350 NEXT J
360 OUTPUT 717;"wW2"
oy NEXT K (310) Transfers output data from 3455A
TI
390 OUTPUT 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.

N.NNNNNNV/S

Controller Instruction CRT Area Operator Response
RAMP RATE ACCURACY TEST jﬁ
PSO; PT 10; PE.1; PS3; PV1.000 Print STOP v 10V, dv/dt

Press |[CONTINUE].

Confirm that Table 4-8 is satisfied

Table 4-8).

The above two steps are repeated

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

END

Print

TEST LIMIT:

Table 4-8.

Ramp Rate

Accuracy Test.

STOP V (V)

dv/dt (v/s)

Test Limit (V/S)

+10

+0.99799~ +]

.00201
+0.09979 +0.
+0,00997 . +0.

+0.000988~ +0.

10021
01003
001012

-10

-1.00201 ~ -0,
-0.10021~ -0.
-0.01003~ -0.
-0.001012~ -0.

99799
09979
00997
000988

+100

+0.99792 +1

.00208
+0.00990~ +0.
+0,00990 +0.

+0,000918~ +0.
-1.00208 -0.

10028
01010
001082
99792

-100

-0.10028 -0.
-0.01010v -0.
-0.001082~ -0.

09972
00990
000918
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‘ 4-21. 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

v oumur

DVM

.‘. .‘ ..‘
; i
—

.
.
( o/
o e, o A oy e
o
) 3
LA, " “
[p— . o

O e oo oD goooooo

v s ORIV O

Qo0ooDooaag

0ODO0ODDOoOO|DOOOOQO

N7

Figure 4-8. Analog Output Accuracy Test Setup.

‘ EQUIPMENT:

DM i it i i ittt ettt et et e HP 3455A
BNC (Male) - Dual Banana Plug Cable ..... HP 11001A
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).

Set the DVM controls as follows:

FUNCTION . o.eiiiiiiiiiiiiiiieennns DCV
RANGE ...ieiiiiiiiiiiiiiiiinnennns AUTO
HIGH RESOLUTION ....cvvvveninnnnnnn OFF

AUTO CAL ..iiiiiiiiiiiiiii i ON

GUARD vttt iiiiiinieienennns ON
TRIGGER ...vvvvuiiiiiiiiiiiiiiennenn INTERNAL

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

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

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

Repeat step 5 and confirm that the Table 4-9 is satisfied (change auto
setting mode as appropriate).
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7. Press "@J, (1) " to cancel auto setting mode.

8. Connect BNC (male) - dual banana plug cable between the 4140A Option
001 I/C QUTPUT connector on rear panel and DUM.

9. Repeat steps 4 thru 7.
TEST LIMITS:

Table 4-9. Analog Output Accuracy Test.

Auto Setting Mode | Control Key | Analog Output Setting (V)| Test Limit (V)
5-1 0 0.000 ~0.020 v +0.020
§-2 D -0.001 -0.021 4 +0.019
5-3 -1.000 -1.025~ -0,975
5-4 +1.000 +0.975 % +1.025
$-5 ® 0.00 -0.02~ +0.02
$-6 CJ -10.00 -10.07~-9.93
5-7 0 +10.00 +9.931+10.07
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4-23. HP-IB INTERFACE TEST (OPTION 101 ONLY)

4-24. This test verifies that the Option 101 HP-IB 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.

98034A Il 9835A
(———Lh
[ S
\ ]
Figure 4-9. HP-IB Interface Test Setup.
EQUIPMENT:
Desktop Computer ....coviceveeernnennnnens HP 9835A
General I/O ROM ..iiviiinineniiinnnnnnnnn HP 98332A
HP-IB Interface Card with cable ....... .. HP 98034A
PROCEDURE :
1. Turn power switches of both the 4140A and 9835A to OFF.
2. Connect 98034A HP-IB Interface Card with cable between 9835A I1/0 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 VS OUTPUT connectors.
7. Turn 4140A 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-

11.

cord with Tables 4-10 through 4-14 Controller Instructions and Opera-
tor Responses for each test program.

Perform steps 9 thru 11 with respect to individual test programs and
verify that 4140A and 9835A correctly communicate through the HP-IB
interface.

4-17
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TEST PROGRM 1
[PURPOSE ]

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

(1) Remote/Local Capability
(2; Local Lockout
(3
(4) Listen Address Disabled
[PROGRAMMING ]
10 1 4140A REMOTE/LOCAL TEST(20MAR79)
20 DIM AS(1])
30 A=0

49 STATUS 717;8

50 PRINT "REMOTE/LOCAL TEST";LIN(1l)

60 REMOTE 7

74 OUTPUT 717;"FL"

30 INPUT “LISTEN=1,TALK=0,REMOTE=1",6A$
90 IF A$="N" THEN A=1

100 LOCAL 7

110 INPUT "LISTEN=1,TALK=0,REMOTE=0",AS
120 IF A$="N" THEN A=l

130 ABORTIO 7

140 INPUT "LISTEN=0,TALK=0,REMOTE=0",AS$
150 IF AS="N" THEN A=l

160 REMOTE 717

170 INPUT "LISTEN=0,TALK=0,REMOTE=1",AS
180 IF A$="N" THEN A=l

190 LOCAL LOCKOUT 7

200 LOCAL 717

210 INPUT "LISTEN=0,TALK=0,REMOTE=0",AS$
220 IF A$="N" THEN A=l

230 OUTPUT 717;"T1"

240 INPUT "LISTEN=1,TALK=0,REMOTE=1",A$
250 IF AS="N" THEN A=l

260 IF A=1 THEN 290

270 PRINT "REMOTE/LOCAL TEST PASS";LIN(1)
280 GOTO 300

290 PRINT "REMOTE/LOCAL TEST FAIL";LIN(l)
300 A=0

310 PRINT "LISTEN/TALK TEST";LIN(1)

320 ENTER 717;A,8

330 INPUT "LISTEN=0,TALK=1,REMOTE=1",A$
340 IF AS="N" THEN A=l

350 OUTPUT 717;"T1*

360 INPUT "LISTEN=1,TALK=0,REMOTE=1",A$
370 IF A$="W" THEN A=l

380 IF A=1 THEN 410

390 PRINT "LISTEN/TALK TEST PASS";LIN(1)
400 GOTO 420

410 PRINT "LISTEN/TALK TEST FAIL";LIN(1)
420 PRINT "END";LIN(1)

430 ABORTIO 7

440 END

(40)
(60)

(70)
(100)

(130)

Talk Address Disabled by Listen Address

Clears 4140A 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
controlled by data message.
Addresses 9835A to talk and 4140A to
listen.

Sets REN to "0". Removes all de-
vices (Interface Select Code 7) from
local 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
9835A (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 to manual
control for future parameter modifi-
cations (REN remains at "1").
Returns to the status of Step 190.
Disables listen address by talk ad-
dress.

Disables talk address by listen ad-
dress.

Figure 4-10. HP-IB Interface Test Program 1 Using 9835A.
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Table 4-10. Controller Instructions and Operator Responses for Test Program 1.

Controller Instruction CRT Area Operator Response

REMOTE/LOCAL TEST Print

LISTEN = 1, TALK = 0, REMOTE

il
—

If 4140A HP-IB Status Indicators
and Controller Instruction are

LISTEN = 1, TALK = 0, REMOTE = 0 same, press "[Y], [CONTINUE]" for
each step. If not, press "IN,
LISTEN = 0, TALK = 0, REMOTE = 0 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
outputted. _
LISTEN/TALK TEST Print

1]
—

‘ LISTEN = 0, TALK = 1, REMOTE If 4140A HP-IB Status Indicators
Display and Controller Instruction are
LISTEN = 1, TALK = 0, REMOTE same, press " Y], (CONTINUE|" for

each step. If not, press "[N],
CONTINUE]|".

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

I
1]

I
—)

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

END Print
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100
110
120
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240
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270
280
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300
310
3290
330
340
350
360
370
380
390
490
410
420
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460
470
480
490
500
510
520
530

TEST PROGRAM 2
[PURPOSE]
This test verifies that 4140A Opt. 101 has following capabilities:

(1) Listener
(2) Device Clear

[PROGRAMMING]

t 4140A LISTENER TEST(15MRY79)
oIt ¥$(2),RS[3],18(2),78(2],C802},A8(2],BS(2],L8{2],M$(2],58(2],U$(1],X$(50

PRINT "LISTENER TEST";LIN(1)
REMOTE 7

ABORTIO 7 (330) Transfers remote program codes from
;N§U¥ :gUNCTION ? (F1 thru F4)",F$ 9835A to 4140A.

RINT F ag . .

T (FS=+¥1") OR (FS="F4") THEN Fl=1 (410) Initializes device-dependent func-
1¥ F$="F2" THEN F2=1 tions to a predefined state.

IF F$="F3" THEN F3=1

NPT “1 RANGE ? (RAO,RAL,RO2 thru R12)",RS (510) Transfers outputted data from 4140A
PRINT RS to 9835A.

INPUT "INTEG TIME ? (Il thru I3)",IS

PRINT 1%

IF Fl=1 THEN INPUT "I DATA OUTPUT TRIGGER ? (Tl thru T3)",T$
IF Fl=1 THEN PRINT T$

1P F3=) THEN INPUT "pF or § ? (CO or Cl1)",CS$

IF ¥3=1 THEN PRINT C$

It Fl=1 THEN INPUT "VA FUNCTION ? (Al thru A6)",AS
I¥ F2=1 THEN INPUT "VA FUNCTION ? (Al thru A4)",AS$
IF F3=1 THEN INPUT "VA FUNCTION ? (Al or A2)",A$
PRINT AS

INPUT "VB FUNCTION ? (Bl or B2)",BS

PRINT B$

INPUT “VA CURRENT LIMIT ? (L1 thru L3)",LS

PRINT LS

INPUT "VB CURRENT LIMIT ? (Ml thru M3)",M$

PRINT M$

INPUT “"CONTROL MASK ? (DO or D7)",DS$

PRINT D$

INPUT "SELF TEST ? (S0 or S1)",S$

PRINT §$

oufrPUT 717;FS,R$,1$,T$,C$,A$,8%,L%,M$,D5,5$

GOSUB K

INPUT "Is Key status true ? (Y or N)*,U$

IF Us="n" THEN 390

PRINT “"LISTENER TEST PASS";LIN(1)
GOTO 400

PRINT "LISTENER TEST FAIL";LIN(1l)
PRINT "DEVICE CLEAR TEST";LIN(1l)
CLEAR 717

GOSUB K

INPUT "Is key status true ? (Y or N)",U$
IF U$S="N" THEN 470
PRINT "DEVICE CLEAR TEST PASS";LIN(1l)
GOTO 480 .
PRINT "DEVICE CLEAR TEST FAIL";LIN(1l)
PRINT "END";LIN(1)
END
K: OUTPUT 717;"K"
ENTER 717:X$
PRINT X$;LIN(1)
RETURN

4-20

Figure 4-11. HP-IB Interface Test Program 2 Using 9835A.
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Table 4-11. Controller Instructions and Operator Responses for Test Program 2.
Controller Instruction CRT Area Operator Response
LISTENER TEST Print
FUNCTION? (F1 thru F4) Display Input HP-IB program code in each
3 Print step (see Table 3-12).
I RANGE? (RAO, RAl, RO2 thru R12)| Display Example: F3, R10, I2, C1, A2, B1,
R10 Print L2, M3, D2, SO
- F3 tiiiennnectaoancennnnnns c-v
INTEG TIME? (I1 thry I3) Display RIO oo, 10107
12 Print 12 i i MED
1 DATA OUTPUT TRIGGER? (T1 thru | Display Ol e &
* A2 i e N\
13) BT oononone —
T* Print L2 it it 10‘3A
P : L P 107*A
PF or %2 (CO or CT)** Display D2 .. See Table 3-xx
CYx*x Print S0 i e e OFF
? *
Va FUNCTION? (A1 thru A6) * This step is only done when
VA FUNCTION? (A1 thru A4)** Display FUNCTION is set to I or HSI
- (High Speed I 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? (B1 or B2) Display FUNCTION is set to C-V.
B1 Print
VA CURRENT LIMIT? (L1 thru L3) Display
L2 Print
Vg CURRENT LIMIT? (M1 thru M3) Display
M3 Print
CONTROL MASK? (DO or D7) Display
D2 Print
SELF TEST? (SO or S1) Display
SO Print
F3R10I2T1CTA2B1L2M3D2S0 Print This is the key status data of
4140A when it accepts input remote
program codes from controller.
Is key status true? (Y or N) Display If input remote codes and output-
ted key status data are same
LISTENER TEST PASS Print pY‘eSS || R @__T LE n‘ If’not,
LISTENER TEST FAIL press v[N], [CONTINUE}".
DEVICE CLEAK TEST
FIRATI3T1COA3B2L1M1DOSO Print This is the key status data of
4140A 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

DIVICE CLEAR TEST FAIL

Print

initial control settings

( FIRATI3T1COA3B2LIMIDOSO)are same,
press n[y], [CONTINUE]". If not,
press "[N], [CONTINUE]".

END

Print

4-21
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TEST PROGRAM 3
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230
240
250
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270
2890
290
300
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3290
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490

[PURPOSE]

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

(1) Talker
(2) Device Trigger

[ PROGRAMMING]

! 4140A TALKER TEST (20MAR79)

PRINT "TALKER TEST";LIN(1)

PRINT "DATA OUTPUT TEST"

DIM A$[30],8$[30],C${30],FS$[1]

STATUS 717;C

LOCAL 7

FLOAT 5

REMOTE 7

ABORTIO 7

CLEAR 717

OUTPUT 717;"F1I11T3A5"

OUTPUT 717; "PA-10"

OUTPUT 717;"W1lE"

ENTER 717;:A,B

PRINT A,B;LIN(1)

INPUT "Is output data true.? (Y or N)",F$
IF FS="N" THEN 200

PRINT “"DATA OUTPUT TEST PASS";LIN(1l)

GOTO 210

PRINT "DATA OUTPUT TEST FAIL";LIN(1l)
PRINT "COMPLETE DATA QUTPUT TEST"

QUTPUT 717;"E"

ENTER 717;:AS$

PRINT A$;LIN(1)

INPUT "Is output data true ? (Y or N)",F$
IF F$="N" THEN 290

PRINT "COMPLETE DATA OUTPUT TEST";LIN(1l)
GOTO 300

PRINT "COMPLETE DATA OUTPUT TEST PASS";LIN(1)
PRINT "DEVICE TRIGGER TEST"

PTRIGGER 717

ENTER 717;8$

PRINT BS$;LIN(1l)

INPUT "Is output data true ? (Y or N)",F$
IF F$="N" THEN 380

PRINT "DEVICE TRIGGER TEST PASS";LIN(l)
GOTO 390

PRINT "DEVICE TRIGGER TEST FAILY;LIN(1l)
PRINT "PARAMETER OUTPUT TEST"

QUTPUT 717;"PA"

ENTER 717;C$

PRINT C$;LIN(L1)

INPUT "Is output data true.? (Y or N)",F$
IF F$="N" THEN 470

PRINT "PARAMETER OUTPUT TEST PASS";LIN(1)
GOTO 480

PRINT "PARAMETER OUTPUT TEST FAIL";LIN(]l)
PRINT “"END"

END

(310) Causes 4140A to simultaneously ini-
tiate a device - dependent action.

4-22

Figure 4-12. HP-IB Interface Test Program 3 Using 9835A.
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Table 4-12. Controller Instructions and Operator Responses for Test Program 3.
Controller Instruction CRT Area Operator Response
TALKER TEST Print
DATA OUTPUT TEST Print
*N.NNNE-NN Print
*NNN. NN
Is output data true? (Y or N) Display If outputted data and values of
I.C DISPLAY and VS DISPLAY are
DATA OUTPUT TEST PASS same, press "[Y], [CONTINUE]". If
Print not, press “[N], [CONTINUE]".
DATA OUTPUT TEST FAIL
COMPLETE DATA OUTPUT TEST Print
XX=N.NNNE-NN,A=NNN.NN Print
Is output data true? (Y or N) Display
COMPLETE DATA OUTPUT TEST PASS If outputted data is true, press
Print "[Y], [CONTINUE]". If not, press
COMPLETE DATA OUTPUT TEST FAIL “[N]. [CONTINUE]".
DEVICE TRIGGER TEST Print
XX£N,NNNE-NN,A£NNN. NN Print
Is output data true? (Y or N) Display If outputted data is true, press
"[Y], [CONTINUE]". 1If not, press
DEVICE TRIGGER TEST PASS "[N], [CONTINUE]".
Print
DEVICE TRIGGER TEST FAIL
PARAMETER QUTPUT TEST Print
XXENNNN. NNN Print
Is output data true? (Y or N) Display If outputted data is true, press
"(Y], [CONTINUE]". If not, press
PARAMETER OUTPUT TEST PASS "[N], [CONTINUE]".
Print
PARAMETER OUTPUT TEST FAIL
END Print

4-23
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TEST PROGRAM 4

[ PURPOSE]

This test program verifiés that 4140A Opt. 101 has following capabilities:

(1) Service Request
(2) Serial Poll

[ PROGRAMMING]
10 ! 4140A SRQ TEST(15MAY79)
20 PRINT “SRQ TEST";LIN(1)
30 FIXED 0
40 ON INT #7 GOSUB Srg
50 REMOYTE 7
60 ABORTIO 7
70 CLEAR 717
80 STALUS 717;A
90 A=0
100 PRINT "DATA READY"
110 OUTPUT 717;"T3D7E"
120 GOSUB Loop
130 A=0
140 PRINT “"SELF TEST END"
150 OUTPUT 717;"sS1"
160 OUTPUT 717;"SO"
170 GOSUB Loop
180 A=0
190 PRINT "SYNTAX ERROR"
200 OUTPUT 717;"DOSOI5"
210 GOSUB Loop
220 A=0
230 PRINT "PARAMETER OVER FLOW ERROR"
240 OUTPUT 717;"PA1000;"
250 GOSUB Loop
260 A=0
270 PRINT "ILLEGAL ERROR"
230 OUTPUT 717;"wWl"
290 GOsSUB 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
J6uv IF BIT(A,3)=1 THEN 380
370 GOTO Loop
380 PRINT A;LIN(1})
390 RETURN
400 Srq: STATUS 717;A
410 [r BIT(A,6)=1 THEN 430
420 PRINT "OTHER DEVICE SRQ";LIN(1)
430 RETURN

(40) Designates label (SRQ) for service
routing to be performed when an in-
strument is set by a device on se-
lect code 7 bus line.

(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 bus line,

4-24

Figure 4-13. HP-IB Interface Test Program 4 Using 9835A .
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Table 4-13. Controller Instructions and Operator Responses for Test Program 4.

72

END

| should be

Controller Instruction CRT Area Operator Response
SRQ TEST
DATA READY Outputted SRQ Status Byte data
should be 65 (=01000001).
65
SELF TEST END Outputted SRQ Status Byte data
should be 68 (=01000100).
68 .
SYNTAX ERROR Outputted SRQ Status Byte data
Print should be 72 (=010010000).
72
PARAMETER OVER FLOW ERROR Qutputted SRQ Status Byte data
should be 72 (=010010000).
72
ILLEGAL ERROR Qutputted SRQ Status Byte data

72 (=01001000).

4-25
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TEST PROGRAM 5

[ PURPOSE]
This test verifies 4140A HP-IB Control Switch has
ties:

(1) Address
(2) Output Format B

[ PROGRAMMING]
10 \ 4140A HP-IB CONTROL SWITCH TEST(15MAY79)
20 PRINT “HP-IB CONTROL SWITCH TEST";LIN(1l)
3u  DIM A$(7),B$(1),C$[30]),D8[30])
40  PRINT "ADDRESS TEST"
50  L=0
60 FOR I=1 TO 6
70 IF I=1 THEN A=700
80 IF I=1 THEN A$="0000000"
90 IF I=2 THEN A=701
100 IF I=2 THEN A$="0000001"
110 IF I=3 THEN A=702
120 IF I=3 THEN A$="0000010"
130 IF I=4 THEN A=704
140 IF I=4 THEN A$="0000100"
150 IF I=5 THEN A=708
160 IF I=5 THEN A$="0001000"
170 IF I=6 THEN A=716
180 IF I=6 THEN AS$="0010000"
190 DISP "Turn off 4140A"
200 BEEP
210 PAUSE
220 DISP "Set HP-IB control switch to ",A$
230 BEEP
240 PAUSE
250 DISP "Turn on 4140A"
260 BEEP
270 PAUSE
280 WAIT 1000
290 OUTPUT A;"Il1"
300 INPUT "LISTEN=1,TALK=0,REMOTE=1",B$
310 IF B$="N" THEN L=1
320 ENTER Aj;M,N
330 INPUT "LISTEN=0,TALK=1,REMOTE=1",B$
340 IF B$="NY THEN L=l
350 NEXT I
360 IF L=1 THEN 390
370 PRINT "ADDRESS TEST PASS";LIN(1)
380 GOTO 400
390 PRINT “ADDRESS TEST FAIL";LIN(1)
400 PRINT "OUTPUT DATA FORMAT B TEST"
410 DISP "Turn off 4140A"
420 BEEP
430 PAUSE
440 DISP "Set HP-IB control switch to 0110001"
450 BEEP
460 PAUSE
470 DISP "Turn on 4140A"
480 BEEP
490 PAUSE
500 WAIT 1000
510 ENTER 717;C$,D$
520 PRINT C$
530 PRINT D$
540 INPUT "Is output data true ? (Y or N)",B$
550 IF B$="N" THEN 580
560 PRINT "OUTPUT DATA FORMAT B TEST PASS";LIN(1)
570 GOTO 620
550 PRINT "OUTPUT DATA FORMAT B TEST FAIL";LIN(1)
590 DISP "Turn off 4140A"
600 BEEP
610 PAUSE
620 DISP "Set HP-1B control switch to 0010001"
530 BEEP
640 PAUSE
650 PRINT "END"
660 END

the following capabili-

4-26

Figure 4-14. HP-IB Interface Test Program 5 Using 9835A.
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Table 4-14, Controller Instructions and Operator Responses for Test Program 5.

Controller Instrction CRT Area Operator Response
HP-IB CONTROL SWITCH TEST Print
ADDRESS TEST Print
. Turn off 4140A Turn the 4140A OFF and press
" ICONTINUE]"
Set HP-IB control switch to Set HP-IB Control Switch to
0000000 “0000000" and press " [CONTINUE]".
Display
Turn on 4140A Turn the 4140A ON and Press
" |CONTINUE| "
LISTEN = 1, TALK = 0, REMOTE = 1 If 4140A HP-1B Status Indicators
and Controller Instruction are
LISTEN = 0, TALK = 1, REMOTE = 1 same, press "[Y], [CONTINU [ﬁ]in
each step. If not, press "N,
CONTINUE]".

The above five steps are repeated five more times (for each of the following
addresses):

(1) 0000001
(2) 0000010
(3) 0000100
(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.
OUTPUT DATA FORMAT B TEST Print
Turn off 4140A Turn the 47140A OFF and press .
" [CONTINUE]".
Set HP-IB control switch to Display Set HP-IB Control switch to
0110001 "0110001" and press " [CONTINUE|".
Turn on 4140A Turn the 4140A ON and press
" [CONTINUE] " .
XXN.NNN-NN Print
A+NNN. NN
Is output data true? (Y or N) Display If outputted data is true, press
"y, INUE]". If not, press
OUTPUT DATA FORMAT B TEST PASS “[N], [CONTINUE]".
Print
QUTPUT DATA FORMAT B TEST FAIL
———
Turn off 4140A Turn_the 4140A OFF and press
" [CONTINUEL ".
Display
Set HP-IB Control switch to Set HP-IB Control Switch to
0010001 "0010001" and press " (CONTINUE] ".
END

4-27
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PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 4140A
pA METER/DC VOLTAGE SOURCE Date
Serial No.
Results
Paragraph TEST -
Number Minimum Actual Maximum
4-11 VOLTAGE OUTPUT ACCURACY TEST
Voltage Setting
+100V +99.80V +100.20V
+10V +9,982V +10.018V
+1V 0.9883V +1.0117v
ov -0.011v 0.011V
-1V -1.0117V -9,883V
-1ov -10.018V -9.982v
-100V -100.20V -99.80V
4-13. CURRENT MEASUREMENT ACCURACY
TEST
Current Measurement Range
Setting
10-2A { S.C.V. -7counts S.C.V. +7counts
1073A | S.C.V. -7counts S.C.V. +7counts
107*A | S.C.V. -7counts S.C.V. +7counts
107°A [ S.C.V. -7counts S.C.V. +7counts
107°A | S.C.V. -7counts S.C.V. +7counts
1077A | S.C.V. -7counts S.C.V. +7counts
10°%A | S.C.V. -7counts S.C.V. +7counts
107°A | S.C.V. -7counts S.C.V. +7counts
107*°A | S.C.V.-22counts S.C.V.+22counts
10~'*A | S.C.V.-53counts S.C.V.+53counts
107*2A | S.C.V.-58counts S.C.V.+58counts
4-15 CURRENT LIMIT TEST
Current Limit Setting
+1072A +0.9x1072A +1.1x1072A
+1073A +0.9x1073A +1.1x107 %A
+107*A | +0.9x107"A +1.1x107%A
-1072A -1.1x1072A -0.9x1072A
-1073A ] -1.1x1073%A -0.9x1073A
-107"A -1.1x107"A -0.9x107"*A
4-17 RAMP WAVE START VOLTAGE
ACCURACY TEST
Start Voltage Setting
0.00V -0.02v +0.02V
+10.00V +9,98V +10.02V
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PERFORMANCE TEST RECORD

Paragraph Results
Number TEST . . -
Minimum Actual Maximum
4-17 RAMP WAVE START VOLTAGE
ACCURACY TEST (Continued)
-10.00v -10.02v -9.98v
0.0V -0.2v +0.2V
+10.0V +9.8V +10.2V
-10.0v -10.2v -9.8V
+100.0V +99.8V +100.2V
-100.0V -100.2v -99.8V
4-19 RAMP RATE ACCURACY TEST
dvV/dt Setting
STOP V = +10V 1V/s +0.99799V/s +1.00201V/s
0.1V/s +0.09979V/s +0.10021V/s
0.01V/s +0.00997V/s +0.01003V/s
0.001v/s | +0.000998V/s +0.001012V/s
STOP V = -10V 1W/s -1.00201V/s -0.99799V/s
0.1V/s -0.10021V/s -0.09979V/s
0.01V/s -0.01003V/s -0.00997V/s
0.001V/s | -0.001012V/s -0.000988V/s
STOP V = +100V 1W/s +0.99792V/s +1.00208V/s
0.1V/s +0.09972V/s +0.10028V/s
0.01V/s +0.00990V/s +0.01010V/s
0.001v/s | +0.000918V/s +0.001082V/s
STOP vV = =100V 1V/s -1.00208V/s -0.99792V/s
0.1V/s 0.10028V/s -0.09972V/s
0.01V/s -0.01010V/s -0.00990V/s
0.001V/s | -0.001082V/s -0.000918Y/s
4-21 ANALOG QUTPUT ACCURACY TEST

(OPTION 001 ONLY)
Analog Qutput Setting

0.000V
-0.001V
-1.000V
+1.000V

0.00V
-10.00V
+10.00V

-0.020v
-0.021v
-1.025V
+0.975Y

-0.02V
-10.07v

+9.93V

+0.020V
+0,019V
-0.975V
-0.975V
+0.002V

-9.93v
+10.07V
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SERVICE

4140A-5
N OTE

HP MODEL 4140A pA METER/DC VOLTAGE SQURCE
Serials: 1917J00270 and below

REMEDY FOR MULFUNCTION OF KEY CONTROLS

OBJECTIVE

This service note describes a modification to the Digital
Section of the Model 4140A pA Meter/DC Voltage Source. The
modification applies only to 4140A units that exhibit the
symptoms described below and should be handled on a
Warranty Always basis.

SYMPTOM AND CAUSE

Model 4140A pA Meter/DC Voltage Source with serial numbers
1917400270 and below may temporarily fail to accept input
from the keyboard when the A4 1/0 Control Board (HP Part
No.: 04140-66504) is installed with extender board

(22 pin x 2, HP Part No.: 5060-4025). This is coused

by noise in the reset signal (RST) from the A3 MPU board
by extending the signal line with the extender board.

To remedy this, A4U28 is changed from the LS type IC
(SN74LSTON, HP Part No.: 1820-1202) to the standard

type IC (SN7410N, HP Part No.: 1820-0068) which has
better noise immunity. See Figure A.

IMPLEMENTATION
(1) Remove all power from the instrument.

(2) Completely loosen the top cover retaining screw located
at the rear of the instrument and 1ift off top cover.

Note

If the instrument is not equipped with
Option 001, Analog Output, skip steps

AH/hm/WA 3 and 4.

For more information, call your local HP Sales Office or East (201) 265-5000 - Midwest {312) 677-0400 - South (404) 436-6181 - West (213) 877-1282
Or, write: Hewlett-Packard, 1501 Page Mil Road, Palo Alto, California 94304. in Europe, 1217 Meyrin-Geneva. In Far East, Hachioji, Tokyo

Supersedes:

None
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(3) Remove Analog Output Assembly mounting screws (2ea)
located on the rear panel.

(4) Remove the Analog Output Assembly by sliding it out
of the unit from the rear.

(5) Remove the three screws that secure the board support
mounting plate and remove the plate.

(6) Remove the A4 board.

(7) Change the A4U28 from the SN74LST1ON (HP Part No.:
1820-1202) to the SN7410N (HP Part No.: 1820-0068).
See Figure B.

Note
The modification takes about 30 minutes.

Note

No performance checks or adjustments are
required after modification.
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