About this Manual

We've added this manual to the Agilent website in an effort to help you support
your product. This manual is the best copy we could find; it may be incomplete
or contain dated information. If we find a more recent copy in the future, we will
add it to the Agilent website.

Support for Your Product

Agilent no longer sells this product. Our service centers may be able

to perform calibration and repair if necessary, but no other support from
Agilent is available. You will find any other available product information on the
Agilent Test & Measurement website, www.tm.agilent.com.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that
Hewlett-Packard's former test and measurement, semiconductor products and
chemical analysis businesses are now part of Agilent Technologies. We have
made no changes to this manual copy. In other documentation, to reduce
potential confusion, the only change to product numbers and names has been in
the company name prefix: where a product number/name was HP XXXX the
current name/number is now Agilent XXXX. For example, model number
HP8648A is now model number Agilent 8648A.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of op-
eration, service, and repair of this instrument. Failure to comply with these pre-
cautions or with specific warnings given elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Hewlett-
Packard Company assumes no liability for the customer's failure to comply with
these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to
an electrical ground. The instrument is equipped with a three-conductor ac power
cable. The power cable must either be plugged into an approved three-contact
electrical outlet or used with a three-contact to two-contact adapter with the
grounding wire (green) firmly connected to an electrical ground (safety ground) at
the power outlet. The power jack and the mating plug of the power cable meet
International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Op-
eration of any electrical instrument in such an environment constitutes a definite
safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement
and internal adjustments must be made by qualified maintenance personnel. Do not
replace components with power cable connected. Under certain conditions, dan-
gerous voltages may exist even with the power cable removed. To avoid injuries,
always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment unless another person, capable of
rendering first aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the instrument. Return the in-
strument to a Hewlett-Packard Sales and Service Office for service and repair to
ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instru-
ment. Use extreme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.

A
"

WARNING
CAUTION

Note

Instruction manual symbol: the product will be marked with
this symbol when it is necessary for the user to refer to the
instruction manual in order to protect against damage to the
instrument.

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electri-
cal shock in case of a fault. Used with field wiring terminals
to indicate the terminal which must be connected to ground
before operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for
a signal common, as well as providing protection against elec-
trical shock in case of fault. A terminal marked with this
symbol must be connected to ground in the manner described
in the installation (operating) manual, and before operating the
equipment.

Frame or chassis terminal. A connection to the frame (chas-
sis) of the equipment which normally includes all exposed metal
structures.

Alternating current (power line).
Direct current (power line).
Alternating or direct current (power line).

A WARNING denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly
performed or adhered to, could result in injury or death to
personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which, if
not correctly performed or adhered to, could result in damage
to or destruction of part or all of the product.

A Note denotes important information. It calls attention to a
procedure, practice, condition or the like, which is essential to
highlight.




CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifica-
tions at the time of shipment from the factory. Hewlett-Packard further certifies
that its calibration measurements are traceable to the United States National Bu-
reau of Standards, to the extent allowed by the Bureau's calibration facility, and to
the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material
and workmanship for a period of one year from date of shipment, except that in
the case of certain components listed in Section 1 of this manual, the warranty
shall be for the specified period. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be
defective.

For warranty service or repair, this product must be returned to a service faecility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HP from another
country.

HP warrants that its software and firmware designated by HP for use with an in-
strument will execute its programming instructions when properly installed on that
instrument. HP does not warrant that the operation of the instrument, or soft-
ware, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environment specifications for the
product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS-
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR
A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are
available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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Section 1
Paragraphs 1-6 to 1-13

mable DC voltage sources (VA) can operate not
only as a programmable DC voltage source, but
also as a unique staircase (", s™) and
accurate ramp ( /, /\.) generator. The DC
Voltage Source has an output range of #100V
in 100mV steps or *10V in 10mV 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
programmable DC voltage source (Vp and VB)
has a current limiter to avoid damaging the
DUT by excessive current.

1-6. A key capability of the 4140B s its

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 100mV resolution (from -10V to +10V at
10mV resolution). The hold/step delay time
can also easily be set depending upon the
characteristics of the material being tested.
A1l these capabilities are featured in the HP
41408 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 1in addition to 1 minute value measure-
ments for insulation resistances (resistance
values of approximately 0.52°10%7Q can be
calculated from the I-V measured values) can
be made easily, quickly, and efficiently with
the 4140B. With the 4140B 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 4140B measures capaci-
tance value by the following formula:

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

This is possible with the 4140B because both
the desired setting of the ramp voltage and
the capacitance measurement are completely
synchronized, and the calculated capacitance
value (0.0 ~1999pF) or percent change (0.0% v
199.9%) VS Cox (the capacitance of oxide
film) and the appropriate ramp voltage value
are simultaneously displayed.

1-2

Model 4140B

1-7. The 4140B employs certain particular
functions which make the best use of the in-
telligence capability of its microprocessor.
For example, its zero offset current capabil-
ity cancels leakage current of test leads and
fixtures, and its zero offset capacitance ca-
pability cancels stray capacitances of test
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 4140B automat-
ically when the 41408 is turned to ON or the
SELF TEST front panel key is pushed. The
measurement parameters of the 4140B (v =,
VB =,START V, STOP Vv, STEP V, HOLD TIME, dv/
dt, STEP DELAY TIME and Cox) are stored in
the 4140B memory and can be used repeatedly.

1-8. The 4140B provides Analog Output which
can be used to output analog data to an X-Y
Recorder and to trace I-V/C-V curves. The
4140B also provides HP-IB Interface for re-
mote control and data output via the HP-IB.
In addition, four unique accessories are
available for making a wide range of univer-
sal measurements.

1-9. SPECIFICATIONS

1-10. Complete specifications of the Model
41408 pA Meter/DC Voltage Source are given in
Table 1-1. These specifications are the per-
formance standards or 1limits against which
the instrument 1is 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 47408 pA Meter/DC
Voltage Source is shipped from the factory,
it meets the specifications listed in Table
1-1.

1-11. SAFETY CONSIDERATIONS

1-12,, The Model 41408 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,
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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: XXXXJIXXXX 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) listed 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

Section I
Paragraphs 1-14 to 1-18

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.

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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Model 4140B

Table 1-1

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

Measurement Functions: I-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)

: 100V, function generator/programmable source
: +100V, programmable DC voltage source

Function VA VB
[-v S, M, S, N
C-v VAN —
I R A A

Voltage Sweep: Auto (pause available)/Manual

Warm-up Time: 21 hour

GENERAL

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

Power: 100/120/220V+10%, 240Y-10%+5%, 48Hz ~ 66Hz, max. 135VA with any option.
Dimensions: 426mmW x 177mmH x 498mmD

Weight: Approx. 14.4kg
Accessory Furnished: 16053A Test Leads (1 set), 16055A Test Fixture.

1-4
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Section 1
Table 1-1

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

CURRENT MEASUREMENT
Display: 3-1/2 digit, 99.9% overrange.

+0.00Tx107 ?A ~ £1.999x107%A, 11 ranges, auto/manual range
selection,

Measurement Range:

Measurement Accuracy/Integration Time:

Range (A) Measurement Integration Time(ms)**
Accuracy* SHORT | MED LONG
10724,107° [ £ (0.5 +2)
20 80 320
10710 t(2+2)
10-11 +(5+3) 80 | 320 | 1280
10712 | +(5+38) 160 | 640 | 2560

* x(% of rdg + counts), 23°C + 5°C, <70% humidity, integration time...LONG,
filter...ON.

** at 50Hz line frequency (x 5/6 at 60Hz operation).
*** 7ero offset is performed.

Voltage Burden: =<10uV at full scale.

Internal Electromotive Force: <100uV at 23°C * 5°C.
Maximum Input:
+2V at 1072 ~ 1073 A range.

+30V at 107* ~ 107° A range.
+120V at 107% ~ 10712A range.

Hi-Lo (peak value):

Lo-Guard: 200V,

Zero Offset: Cancels leakage current of test leads/fixtures.

Offset Ranges: 0 ~ =100fA.

Trigger: INT/EXT or MAN.

High Speed I Data Output:
vals.

Qutputs current measurement data with max. 4ms inter-
(Refer to reference data for accuracy).
1250-1906).

Input Terminal: Triaxial BNC (HP Part No.:

1-5




Section 1 Model 4140B

Table 1-1

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

DC VOLTAGE SOURCE (VA AND VB)
Output Mode:

VA & S, /N, ==, OFF
Vg: = , OFF

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

Max. Current Capacity: 10mA.

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

Start/Stop/DC Voltage: 0 ~ £10.00V in 0.01V steps,0 ~ +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: at (23°C + 5°C)

Output Voltage ( # , /M, = ):
£10V:  £(0.07% + 11mV).
+100V: +(0.09% + 110mV).

Accuracy of Ramp Voltage* : 1o~
Ramp Rate: £(0.2% + 10,V/s) - 0~* x START Voltage (V)

HOLD TIME (s) + 2s

10™* 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 } 0.01 x START Voltage (V)
TLEe e RAMP RATE (V/s)’ ~ RAMP RATE (V/s) x (HOLD TIME (s) + 2s

) %

£{0.2% + 0.003V/s } 0.01 x START Voltage (V)
=1Y.c% T pAMP RATE (V/s)” = RAMP RATE (V/s) x (HOLD TIME (s) + 2s

) %
- - if absolute setting value for START or STOP voltage >10V,

* : 1. Temperature Change: < 3.6°C/hour.
2. Time after start of ramp>2s.

1-6



Model 4140B Section I

Table 1-1

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

Start Stop Voltage (only for / , /\.): =20mV
(x200mV ... > 10V of absolute setting value for START or STOP voltage),

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

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

Current Limit: T107“A, 107%A or 1072A+10%.

Qutput Terminals: .BNC, L-GND,

C-V MEASUREMENT
Calculation Equation ...... C(F) = measured current value (A)/ramp rate (V/s)
Measurement Range: 0.0pF ~ 199.9pF, 200pF ~ 1999pF, 2 ranges of Auto range.

% 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: O0.1pF ~ 199.9pF, 200pF ~ 1999pF.

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.

1-7




Section I
Table 1-1

Table 1-1.

Model 41408

Specifications(Sheet 5 of 7).

Analog Output:

Output Data:

OTHER

VA, I and C

Output Voltage:

Output Data

Output Voltage (Resolution)

VA

+10,1V ~ =100V

=10V 0 ~ £1,000V (TmV/count)
+1,01 ~ 10,00V (10mV/count)

I Full Scale

+5Y (5mV/count)

C Full Scale

100% (% Display)

100pF
1000pF

0.5V (0.5mV/count)
5V (5mV/count)
5V (5mV/count)

Accuracy:

Low Pass Filter:

Pen Lift Output:

Recorder Scale Qutput:

+(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

v

HP-IB Interface:

Interface Functions:

Remotely Controllable Functions:

IEEE 488-1975, ANSI. STANDARD MC 1.1

SHT AHT T5 L4 SR1 RL1 DC1 DTI

Measurement Function, Current Range, Lower

Limit of Auto Mode, Integration Time, I Trig, Filter, Voltage Sweep Con-
trol, Current Limit, Voltage of Va/VB, Setting Times and Self Test.

Data OQutput:

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

Setting Value of Cox and,
Front Panel Key Status.




Model 4140B Section I
Table 1-1

Table 1-1. Specifications{Sheet 6 of 7).

OPTIONS
Option 907: Front Handle Kit (5061-9690).
Option 908: Rack Flange Kit (5061-9678).
Option 909: Rack and Handle Kit (5061-9684),
Option 910: Extra Manual.

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

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 Tong.
Useful for connecting user designed prober station/measurement
fixture.

16054A: Connection Selectors

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

I
@
X
[y
o
=
o]
b
_,!;

et

16055A: Test Fixture for General Device Measurements (furnished with the 4140B)
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 1072A range).

1-9
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Table 1-1.

Specifications(Sheet 7 of 7).

Model 4140B

Other Accessories/Recommended Stock Parts:

Descriptions HP Model/Part Number
HP-IB Cable 0.5m 108330
Tm 10833A
Zm 108338
4m 10833C
Triaxial Connector Female 1250-1906
1250-1413

ROD, BRASS

CONNECTOR-RF
Male {
ROD, BRASS

16053-24001
16053-24002

CONNECTOR-RF

BNC Connector Female NUT
WASHER

SOLDER LUG
Male

1250-0083
2950-0001
2190-0016
0360-1190

1250-0408

16055A Accessories
Connection Plate with Alligator Clip

Connection Plate with TO-5 Socket (10pins)

Alligator Clips (10ea)

Connection Leads for T0-5 Socket (10ea)
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 Tm)

16053-61002

BNC-BNC Cable (approx Im)

16053-61003

Connection Plate for the 16053A

16053-61001
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Table 1-2. General Information (Sheet 1 of 3).

CURRENT MEASUREMENT
Typical Response time: 0 ~ 90%, FILTER...OFF.

Measurement Response Time Measurement Response Time
Range (A) C<2pF [ C=2nF Range (A) C<2pF [ C=2nF
-2 -5
1077 ~ 10 <1ms 10710, 10711| <50ms | <200ms
107% , 1077 <3ms
-12 <
107, 107° <15ms 10 <600ms

"C" = capacitance value of test leads/fixtures.
When FILTER is ON, add 60ms (at 50Hz) or 50ms (at 60Hz).

Common Mode Rejection Ratio: =2120dB (<2 counts).

Current Measurement Accuracy*:

I RANGE (A) | FILTER SHOR%NTEGRﬁEé?SMTIME O 1 Data oot
1072 ~ 10-9 ON £(0.5+3) | £(0.5+2) | £(0.5+2)
OFF £(0.5+4) | £(0.5+3) | £(0.5+2) +(0.5+6)
103 ON £(0.5+3) | *(0.5+3) | +(0.5+2)
OFF +(0.5+10)| #(0.5+7) | £(0.5+3) +(0.5+10)
1g-10 ON t(2+4) £(2+3) | £(2+2)
OFF +(2+10) +(2+7) +(2+3) +(2+10)
Jg-11 ON +(5+10) +(5+4) +(5+3)
OFF +(5+30) t(5+15) | £(5+10) +(5+100)
10-12%n ON £(5+20) | #(5+10) | £(5+8)
OFF +(5+30) +(5+15) | £(5+10) +(5+100)
* +(% of reading + counts) at 23°C + 5°C, <70% humidity.
** Zero offset is performed.

Minimum Data Output Trigger Cycle:

Va c-V I-v
Tl Y 25ms
VAR AN 50ms
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Table 1-2.

General Information (Sheet 2 of 3).

Model 41408

I Data Output Trigger:

TRIGGER I Function High Speed I Data Output
INT. approx. 200ms approx. 10ms*
EXT.** . . 2

XT 2Integration Time fms
MAN , *** + 3ms

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

** Triggered when the Togic signal (2>1Tus) goes to "O"
(short or <1009 of resistance) from "1".
*** Triggered by HOLD/MAN. key.
Current Measurement Ranging Time (ms):
3:25; Optimum Range (A)
(A) |10 * {107 (107" |10 (107|107 [107®|107° 1070 107 [ 10712
-2

10 340 | 960 | 1300 [ 1920 | 2260 | 3080 | 3420 | 4940 | 5280 | 7760
]0‘3 20

340 620 | 960 [ 1580 [ 1920 {2740 | 3080 | 4600 | 4940 | 7420
1074 320 | 300

640 | 620 340 | 960 | 1300 | 2120 | 2460 | 3980 | 4320 | 6800
1075 340 | 320 20

660 | 640 | 340 620 | 960 | 1780 | 2120 | 3640 | 3980 | 6460
10°°6 640 | 620 | 320 | 300

960 | 940 | 640 | 620 340 | 1760 | 1500 | 3020 { 3360 | 5840
1077 660 | 640 | 340 | 320 20

980 | 960 | 660 | 640 | 340 820 { 1160 | 2680 | 3020 | 5500
10-° 960 | 940 | 640 | 620 | 320 | 300

1280 | 1260 { 960 | 940 | 640 620 340 | 1860 | 2200 | 4680
10-° 980 | 960 | 660 | 640 | 340} 320 20

1300 | 1280 | 980 | 960 | 660 | 640 | 340 1520 | 1860 | 4340
10-10 1480 | 1460 [ 1160 (1740 | 840 | 820 | 520 | 500

1800 {1780 | 1480 (1460 | 1160 | 1140 | 840 | 820 340 | 2820
10-11 [ 1500 [ 1480 | 1180 | 1160 | 860 | 840 | 540 | 520 20

1820 | 1800 | 1500 (1480 | 1180 [ 1160 | 860 | 840 | 1300 2480
10-12 2700 | 2680 | 2380 | 2360 | 2060 | 2040 {1740 | 1720 | 1220 | 1200

3020 | 3000 | 2700 | 2680 | 2380 | 2360 | 2060 | 2040 | 2500 | 3760
Each value is the ranging time from the start range to the optimum range.
ATl values are in milliseconds. Times to the right of the diagonal line
are downward ranging times. Times to the left of the diagonal line are
upward ranging times (the upper values are ranging times when the internal
current measurement circuit is saturated, and the lower values are when it
isn't saturated).
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Table 1-2. General Information (Sheet 3 of 3).

DC VOLTAGE SOURCE
Output Resistance: < 1Q.

Output Inpedance: < 10 at 10Hz, < 1002 at 100Hz.

Program Speed (<" , s™u, = ): Approx. 2.5ms(1V/ms threugh rate)
Ranging: approx. 20ms.
1-19. OPTIONS. 1-27. ACCESSORIES AVAILABLE.
1-20. Available Options for the Model 4740B 1-28. For convenience and ease of measurement,
are listed in Table 1-3. four styles of accessories are available.
Photos and descriptions of accessories are
Table 1-3. Available Options. given in Table 1-4 and application ranges of
accessories are given in Table 1-5.
Option Description
907 Front Handle Kit /A WARNING
908 Rack Flange Kit
909 Rack Flange and Front Handle Kit DO NOT USE 16055A TEST FIXTURE WITH
910 Extra Manual 16054A CONNECTION SELECTOR. HAZARD-
QUS VOLTAGE MAY EXIST ON LOW LEAD
TERMINAL EVEN IF 16055A LOW LEAD
1-21. Option 907, 908 or 909. CONNECTION SELECT SWITCH IS SET TO
GND POSITION WHEN 16054A LOW LEAD
1-22. Option 907, 908 or 909 provides the me- CONNECTION SELECT SWITCH IS SET TO
chanical parts neccessary for rack mounting. va OR vg POSITION.
Installation procedures for these options are
detailed in Section II, Table 1-5. Application Ranges of Accessories.
1-23. Option 910 Extra Manual.
Model Current Range In Combination
1-24. Option 910, Extra Manual, provides an
extra copy of the Operating and Service 16053A ? o ° ? °
Manual. A11 ranges:
16054A 107124 ~1072A | & !
1-25. ACCESSORIES SUPPLIED.
16055A o +
1-26. Figure 1-1 shows the HP Model 4140B pA
Meter/DC Voltage Source, Model 16053A Test 16056A | 107%A range Lo
Lead, Model 16055A Test Fixture and power

cord (HP Part No. 8120-1378). The 16053A,
the 16055A and the power cord are furnished
accessories.









Model 41408

Section II
Paragraphs 2-1 to 2-9

SECTION 11
INSTALLATION

2-1. INTRODUCTION

2-2. This section provides installation in-
structions for the Model 4140B pA Meter/DC
Voltage Source and its accessories. This
section also includes information for initial
inspection and damage claims, preparations
for using the 4140B 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 4140B 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 4140B requires a power source of
100, 120, 220Vac +10%, or 240Vac +5% -10%,48Hz
~ 66Hz  single phase.  Power consumption is
less than 135VA,

2-8. Line Voltage and Fuse 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
A|-0ov~ -4 -loov~ =|PA
220V~ 220V~ J
=240V~ — Y| =240V ~ —
120V~ ’] — 20V~ —J
120V OPERATION 240V OPERATION
~100V~ - -100V~ =
J—220v~ -[ J-220v~
=240V~ — »] =240V~ ~
120V~ 120V~ —j

FUSE SELECTION

Operating Fuse Fuse
voltage ratings Part No.
100V 1.25A
120V STow Blow | 211070305
220V 0.6A
240V STow Blow | 2110-0016

Figure 2-1. Line Voltage and Fuse Selection.

2-1
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Section II
Figure 2-2
OPTION 900 United Kingdom OPTION 901 Australia/New Zealand
Earth
\ / / Earth
) «¢———— Neutral
- — Neutral
Line

Line

Plug : BS1363A, 250V
Cable : HP 8120-1351

Plug: NZSS 198/AS C112, 250V
Cable : HP 8120-1369

OPTION 902 European Continent

Earth

Earth

\ Neutral

Plug : CEE-VII, 250V
Cable : HP 8120-1689

OPTION 903 U.S./Canada
/ Earth
Neutral / \ Line

Plug: NEMA 5-15P, 125V, 15A
Cable : HP 8120-1378

OPTION 905* Any country

Line

Neutral Earth

Plug: CEE 22-VI, 250V
Cable : HP 8120-1396

OPTION 906 Switzerland

\ Neutral
=
/ Earth

Line

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

OPTION 912 Denmark

Neutral

Plug: DHCR 107, 220V
Cable : HP 8120-2956

* Plug option 905 is frequently used for
interconnecting system components and
peripherals.

NOTE: Each option number includes a
'family' of cords and connectors of
various  materials and plug body

configurations (straight, 90 ° ete.)

2-2

Figure 2-2. Power Cables Supplied
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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.

To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong
adapter (HP Part No. 1251-8196) and connect
the green grounding tab on the adapter to
power line ground.

instrument 1is equipped with a
When connected to an

Section II
Paragraphs 2-10 to 2-13

CAUTION

THE MAINS PLUG MUST BE PLUGGED
INTO A SOCKET OUTLET PROVIDED
WITH A PROTECTIVE EARTH CONTACT.
THE PROTECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN

EXTENSION  CORD  (POWER  CABLE)
WITHOUT PROTECTIVE CONDUCTOR
(GROUNDING).
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 at temperatures from 0°C to 40°C,

Option Kit Part Number Parts Included Part Number Q'ty Remarks
907 Handle Kit Front Handle 5060-9900 2
5061-9690 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
5061-9678 #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
5061-9684 #8-32 x 3/8 Screw 2510-0194 8 15.875mm

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

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

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

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.

When rack mounting (3 and 4 above), re-
move all four feet.

Figure 2-3.

Rack Mount Kit.

2-3
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2-14, Humidity. The instrument may be oper-
ated in environments with humidities up to
70% at 40°C. However, the instrument should
be protected from temperature extremes which
cause condensation within the instrument.
2-15. Installation Instructions.

2-16. The HP Model 4140B can be operated on
the bench or in a rack mount. The 41408 1is
ready for bench operation as shipped from the
factory. For bench operation, a two-leg in-
strument stand is used. For use, the instru-
ment stands are designed to be pulled towards
the front of instrument.

2-17. Installation of Options 907,

908 and 909.
2-18. The 4140B can be installed in a rack
and be operated as a component of a measure-

ment system. Rack mounting information for
the 41408 is presented in Figure 2-3.

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

in environments within the following limits:

Temperature -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.

..............

2-4
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2-22. Packaging.

2-23. Original Packaging. Containers and
materials identical to those used 1in factory
packaging are available through Hewlett-
Packard offices. If the instrument is being
returned to Hewlett-Packard for servicing,
attach a tag indicating the type of service
required, return address, model number, and
full serial number. Also, mark the container
FRAGILE to 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
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 Tayer of shock-absorbing material
70 to 100mm (3 to 4 dinches) thick
around all sides of the instrument to
provide firm cushioning and to prevent
shifting 1inside 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,
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Section III
Paragraphs 3-1 to 3-7

SECTION 11I
OPERATION

3-1. INTRODUCTION.

3-2. This section provides the operating in-
structions for acquainting the user with the
Model 41408 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 should be carefully ob-
served.

WARNING

BEFORE THE INSTRUMENT IS SWITCHED ON,
ALL PROTECTIVE EARTH TERMINALS,  EX-
TENSION CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO 1IT 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,
THE LINE VOLTAGE SWITCH ON THE REAR
PANEL MUST BE SET FOR THE VOLTAGE OF
THE POWER SOURCE OR DAMAGE TO THE IN-
STRUMENT 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.

Other detailed information for panel displays
and controls 1is covered starting in paragraph
3-5.

3-5. SELF TEST.

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

(1) A Program Memory Test
(2) pA Meter Test
(3) A Display Test

These tests are automatically performed each
time the LINE button 1is pushed to turn the
instrument on, In additjon, these tests are
enabled when SELF TEST key is pushed. Under
this Tlatter condition, the tests are per-
formed repeatedly while SELF TEST lamp is 1it.
These tests can also be enabled by a remote
program via the HP-IB,

(1) Program Memory Test.

During the Self Test mode, the instru-
ment checks the internal program memo-
ry. If an abnormality is detected, the
instrument displays one of nine errcr
messages (E-1 v E-9). Seven of the
error messages (E-1 v E-7) indicate an
abnormality in the ROM (Read Only Memo-
ry) and the other two error messages
(E-8 or E-9) indicate an abnormality in
the RAM (Random Access Memory). Suffix
numbers are the same as those for ROM
or RAM,

(2) pA Meter Test.

This test verifies basic operation of
the instruments pA Meter section. If
an abnormality is detected, the instru-
ment will display an error message
(E-P) on the I-C DISPLAY.

(3) Display Test.

During the Self Test mode, all front
panel indicator Tamps and all segments
of numeric and character displays are
illuminated. When the instrument is
turned on, the current setting of the
HP-IB address switches 1is displayed on
the I.C DISPLAY for approximately 1
second.

3-7. When 4740B is set to Self Test mode by
the SELF TEST key, the 4140B has an addition-
al Self Test function (a Control Key Test).
If each control key is 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
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Turns instrument
on and readies instrument for measure-
ment.,

HP-IB Status Indicator and LOCAL Key:
LED lamps for SRQ, LISTEN, TALK, and
REMOTE indicate status of interface be-
tween the 4140B and HP-IB controller.

LOCAL key enables front panel control
instead of remote control from HP-IB
line. Refer to paragraphs 3-71 thru
3-100.

ZERO Offset Key: This key is used to
compensate for pA Meter offset errors.

Current or capacitance value on 1I-C
display is stored when button is
pressed. — The stored offset value is

subtracted from subsequent measurement
values. Refer to the paragraph 3-23.

Trigger Lamp: Turns on in synchroniza-
tion with measurement or data output
on I-C DISPLAY When FUNCTION is
set to I and I TRIG is set to INT,
the lamp flashes repeatedly at approxi-
mately 200ms.

®

®

@

®®

I-C Display: Current or capacitance
value, including decimal point and sign,
is displayd as a maximum 3-1/2 digit

decimal number from 0000 to 1999. If
the measurement value exceeds full
count on the selected range, an over-

flow annunciation appears.

Exponential Display for Current Meas-
urement: Current measurement exponent
(-2+-12 1in eleven ranges) 1is display-
ed when FUNCTION(®)is set to I or I-V.

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

(:)15 in percent.

FUNCTION Select Key: These keys select

measurement functions as follows.

I: For independent
as universal pA meter
voltage source.

operations
and DC

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

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

3-2

Figure 3-1.

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

®

I RANGE Select Key: These keys select
the current measurement ranging method.
In AUTO mode (when LED Tlamp 1is 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-
ing is done by pressing adjacent DOWN
(@) or UP (@) ) key. Also, pressing
LIMIT key after pressing the Blue key
(4) sets the lower limit of AUTO mode I
RANGE.  When a lower Timit other than
107'%A is set, the LED lamp will flash.
Refer to paragraph 3-16.

Note

Pressing DOWN (8 ) 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 accordance with the following table
for the various measuring conditions:

Range (A) Integration Time (ms)*
Short Medium Long
1072010719 20(16.7) | 80(66.7) 320(266.7)
107! 80(66.7) ]320(266.7)]1280(1066.7)
10712 160(133.3)[640(533.3)] 2560(2133.3)

Q)

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

FILTER Key: An internal filter for re-
jecting ac noise can be set to ON/OFF
by pressing this key. When the filter
is OFF, LED lamp is flashing.

®

I TRIG Select Key: These keys select
trigger mode for triggering measurement
or 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 vrepeated at 200ms
(approximate) rate.
EXT/MAN: In external/manual trigger
mode, a trigger signal is
provided by not only apply-
ing to EXT TRIGGER input on
rear panel, but also by
pressing this key.

Note

A 4140B can be triggered by
a trigger command (GET),
regardless of mode setting
of I TRIG.

I INPUT Connector: This connector is a
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 1in
measurements which specifically require
use of a guard.

Figure 3-1.

Front Panel Features (sheet 2 of 5).
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Figure 3-1
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@ VA, VB Lamps: These lamps indicate @Um‘t Indicator lamps:  These lamps in-
voltage value of the VS DISPLAY (i)is dicate unit of VS DISPLAY (i) as fol-
Va or VB..  Usually, VA Tlamp is illumi- Tows:
nated. When VA is set to OFF and VB is
set to ON (VS Mode key()), VB lamp is V: Output Voltage, == (VA or VB),
iTluminated. START V, STOP Vv, STEP V.

s: HOLD TIME, STEP DELAY TIME.

VS (Voltage Source) Display: Qutput v/s: dv/dt.
voltage value, including decimal point pF: Cox.
and sign, 1is displayed as a maximum
3-1/2 digit decimal number from 0000 V OUTPUT Lamp: When the DC Voltage
to 1900 (the number of digits change Source is operating, this lamp is 1lit.
depending on instrument control set-
tings). Usually, output voltage Vp CURRENT LIMIT Lamps and Select Keys:
value is displayed. When VA is set to These Tamps indicate output current
OFF and VB is set to ON (VS Mode Key limit of Va or VB. If output current
), output voltage VB value is dis- goes to Timit value, this Tamp flashes.
played. In addition, when ¥V OQUTPUT Select keys select output current Tlim-
lamp is not 1it, this display can be it of VA or VB to 100uA, TmA or 10mA.
used to display parameter values. If
the input parameter value exceeds its
Timit value, and overflow annunciation YV SWEEP AUTO START (SET == ) key: This
appears. If the 4140B is swept at in- key is used to start auto sweep when Vp
correct parameter settings, an illegal is set to-sweep mode and sets DC volt-
annunciator appears, age of VB .  When Vp is set to DC (=)

mode, this key is used to set DC volt-
ages for VA or VgR.

Figure 3-1. Front Panel Features (sheet 3 of 5).
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Figure 3-1
(:) V SWEEP MAN (PAUSE), STEP DOWN ( ©) Note

and STEP UP ( @) Keys: MAN (PAUSE)

key is usually wused to start manual SELF TEST cannot be performed
sweep. When VA is operating in auto whenMis displayed on I C Display.
sweep mode, this key 1is wused as the

auto sweep pause control. The key

can change the sweep from auto (when PARAMETER Select Keys:  These keys are
LED lamp 1is not 1it) to manual mode used to set and wmonitor measurement
(when LED Tamp is 1it) or from manual parameters for DC Voltage Source.
to auto. The STEP DOWN and STEP UP When V OUTPUT Lamp 1's 1it, Parame-
keys are used for manual sweep. ters can not be set. Parameters can be

monitored when these keys are pushed:
(:) V SWEEP ABORT (RESET == ) Key: This
key is used to abort all operations of

the DC Voltage Source. ° Vp Mode
= : DC Voltage (V) of no

(:) ENTER Key: When this key is pushed af- sweep mode.
ter the value of the parameter 1is set START V: Start voltage (V) of
with the PARAMETER select and DATA sweep mode,

keys, the set value is stored in the STOP V: Stop voltage (V) of
4140A. The VS DISPLAY indication sweep mode.

flashes once when this key is pushed. STEP V: Step voltage (V) of
sweep mode.

B]ue Key: Functions in blue letters HOLD TIME: Hold time (s) of start
(Cox, SELF TEST, X-Y RECORDER) are ef- and stop voltages of
fective after this key is pushed. the sweep mode.

dV/dt: Rate of change of ramp

(:)DATA Keys: These keys are used to in- wave voltage.
put parameter values. They are made
up of numeric (0 ~9), decimal and minus Cox: Reference capacitance
keys. value (C oxide) (pF) of

a C-V measurement in

() X-Y RECORDER Control Keys: These keys percent. This key s
are used to control pen position of the effective after Blue
X-Y recorder connected to ANALOG OUTPUT key (4) is pushed.
connectors on rear panel and include:

STEP DELAY
LL: Moves pen position to Tower TIME: Delay time(s) of each
left of sweep area. step of staircase wave,
ZERQ: Sets both outputs to OV.
UR: Moves pen position to upper o VB Mode
right of sweep area. = : DC Voltage (V).

These control keys are effective after
Blue key is pushed.

(:)SELF TEST Key and Lamp: This key is
used to set 4140B to Self Test mode.
Lamp is 1it during Self Test mode oper-
ation. This key is effective after the
Blue key 1's pused. Refer to para-
graph 3-5.

Figure 3-1. Front Panel Features (sheet 4 of 5).
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Figure 3-2
(:) FILTER TIME CONST Select Switch: This (:)PEN LIFT Connector: PEN LIFT control
switch selects filter rise time (OFF, signal for an X-Y recorder connected to
0.22s or 1s) for optimizing analog out- the 4140B, is output from this connec-
put. tor. When Vp OUTPUT and I/C OUTPUT
connectors are outputting analog output
(:) Va OUTPUT Connector: ‘Analog output data, this connector outputs a LOW
data of 4140B Vp OUTPUT is output from level TTL signal (PEN DOWN). At other
this connector 1in accordance with the times, this connector outputs a HIGH
following table: Tevel TTL signal (PEN UP).
(:)HP—IB Control Switch: This switch se-
Va (V) VA OUTPUT (V) RESOLUTION 1ects_HP—IB address, Qata output format,
0.00 %.£10.00 |0.000 ~+1.000 | TmV/count and interface capability. Refer to

paragraph 3-79.

£10.1 ~£100.0{+71.01 ~+10.00 | 10mV/count

(:)HP—IB Connector: An HP-IB cable can be
connected for intercommunication with
other HP-IB devices through the bus
Tine cable.

(:) I/C OUTPUT Connector: Analog output (:)EXT TRIGGER Connector:  This connector
data of 4140B I-C DISPLAY 1is output is used for externally triggering pA
from this connector in accordance with Meter by inputting an external trigger
the following table: signal when FUNCTION dis set to 1.

TRIGGER switch on front panel should be
I DISPLAY | I OUTPUT (V) | RESOLUTION set to EXT. Refer to paragraph 3-21.
0-1999 |0.000~ £9.995 | 5mV/count (®LINE Input Receptacle: AC power cord

is connected to this receptacle and to
AC power line.

(8) VOLTAGE SELECTOR Switch: These switch-

C DISPLAY C oUTPUT (V) RESOLUTION es select the appropriate operating

N power voltage (100, 120, 220V £10% or

0.0~199.9 0.0000 ~0.9995]|500uV/count D40V +5% -101. 48 ~ 66Hz).  Refer to
200~ 1999 1.000 ~9.995 | 5mV/count paragraph 2-8.

FUSE Holder: Instrument power line
fuse 1is installed in this holder. Re-

% DISPLAY % QUTPUT (V) | RESOLUTION fer to paragraph 2-8.

0.0-199.9 0.000+9.995 5mV/count

Figure 3-2. Rear Panel Features (sheet 2 of 2).
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Figure 3-3. Octal Codes of Control Keys.

3-8, INITIAL CONTROL SETTINGS.

3-9. One of the convenient functions which
facilitate ease of operation is the automatic
initial control setting performed after the
instrument is turned on. Initial panel con-
trol functions are automatically set as fol-
Tows:

FUNCTION ¢veveverevavacnasnonannas cee I
I RANGE tuvvieiniivensarcesnnannnnns AUTO
Lower Limit of AUTO Mode ......... 10712A
INTEG TIME tivvrrereenneeeoecanannas LONG
FILTER tiiiiiiieiennenasncnsonsnnsnnes ON
N 2 C ceesesaneans INT
VA Ceerererreenaes e

........ cevesssssesarasssseasassse OFF
PARAMETERS veessesss all parameters are O
SELF TEST veeiieenecsosnncescasannsas OFF
I ZERO OFFSET vevvevnveveevnnonsssnanes O
C ZERO OFFSET .....c... cerenesnanns eeess O

CURRENT LIMIT ..ivvievennnnnncnnaaas 1000A
Additionally, when FUNCTION is changed, panel
control functions are automatically set as in
Table 3-1.

Table 3-1. Automatic Control Settings.

FUNCTION
CONTROLS
I I-v | C-v*
I TRIG INT | OFF | OFF
VA rd & va

* C measurement Unit indicator 1is set to
PA.

3-10. MEASUREMENT FUNCTION.

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

I: For independent operations as a uni-
versal pA Meter and DC Voltage Source.

I-V: I-V characteristics measurement using
Staircase and Ramp wave.

C-V: Quasi-Static C-V  characteristics
measurement using Ramp wave.

The paragraphs that follow give basic infor-
mation on the pA Meter and DC Voltage Source
when FUNCTION is set for I, I-V and C-V meas-
urement.
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3-12. pA (PICO-AMPERE) METER SECTION.

3-13. The pA Meter section operates as an in-
dependent, highly stable universal pA Meter
(107'°A max) when FUNCTION is set to I. When
FUNCTION is set to I-V, accurate current-
voltage measurements can be made with the
staircase or ramp wave of the DC Voltage
Source - the timing between the pA Meter and
DC Voltage Source can be automatically syn-
chronized. When FUNCTION is set to C-V, ac-
curate I-V measurements are made using the
ramp wave, and capacitance is calculated from
the measured current value and the ramp rate
(dv/dt); the result is displayed on the I-C
DISPLAY. Independent operation as a univer-
sal pA Meter is described 1in paragraphs 3-12
thru 3-26. These paragraphs should be read
even if only I-V or C-V measurements are to
be made. Instructions for I-V measurements
are given in paragraphs 3-43 thru 3-48. For
C-V measurements, 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 vresult or the result of
capacitance calculations. The primary dis-
play (I-C DISPLAY) provides a readout of cur-
rent measurement value, calculated capaci-
tance value or the capacitance value as a
percent of the reference value (Cox) as a
maximum 4 digit decimal number with decimal
point. If measurement overflows, an alpha-
betic annunciation (either 0-F, COF or POF)
is displayed (refer to paragraph 3-65). 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
Tamps 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 1.C DISPLAY, the lesser significant digit
data is represented by a small zero (m) fig-
ure to differentiate it from a more signifi-
cant digit which is represented by a large
zero ([ )as shown in Figure 3-3.

Less Significant Zero.

Significant Zero.

Figure 3-4. Less Significant Zero.

Section III
Paragraphs 3-12 to 3-17

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

Measuring Current ....... +0.001 x 107127
21,999 x 107%A,

Calculated Capacitance .. 0.0pF~199.9pF,

200pF ~1999pF.

Capacitance in Percent .. 0.0% ~199,9%.

3-16. Current Measurement Ranges.

3-17. The pA Meter of the 4140B can measure
currents from 107'?A to 107%A in 11 ranges.
Each range allows a 99.9% overrange of the
1000 full scale count (maximum 1999 counts).
The 4140B has two range modes, AUTO and
MANUAL, to select the optimum range for the
various current measurements, When I RANGE
is set to AUTO, an optimum range 1is auto-
matically selected for each measurement. If
the internal measurement circuit is saturated
or the I-C DISPLAY count (refer to paragraph
3-18) exceeds 1999, the measurement range is
automatically changed up. If the I-C DISPLAY
count is Tess than 150, the measurement range
is changed down by the AUTO ranging system.
Also, using the following procedure, a Tower
1imit for AUTO range can be set:

(1) Select the desired lower limit wusing
the DOWN (@ ) or UP ((®)) key.

(2) Press the Blue key and then press AUTO.
This sets the present I RANGE as the
lower Timit of the AUTO range mode.

At lower limit, the measurement range will
not change down even if the I-C DISPLAY count
is less than 150.

Note

When range mode is set to AUTO, the
LED Tlamp in the AUTO key will be
1it, If a Tower 1imit other than
107'2A is set, this LED lamp will
flash,

When the I RANGE is set to MANUAL, the meas-
urement range will not change even if the
measured current changes. If the DOWN ( (g )
or UP (([©®) key is pressed while I RANGE is
set to AUTO, the I RANGE will change to
MANUAL and the measurement range will change
accordingly. If the internal measurement
circuit is saturated when I RANGE is set to
MANUAL , NENIFRI wi11 be displayed on the
I-C DISPLAY, or if the measured value is over
1999 counts, will be displayed on
the I-C DISPLAY. anging times, the time the
instruments takes to change from one range to
another, are given in Table 1-2.

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

3-19. The raw current measurement of the
4140B pA Meter section is made 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 Tline frequency. Thus,
the raw current measurement interval of the
41408 is 10(8.3)ms at 50(60)Hz line frequency
and this measurement continues from the time

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

These raw current measurement data are dig-
itally integrated and this result is output
to the I-C DISPLAY. The number of the raw
current measurement data selected for digital
integration (2 ~ 256) 1is fixed by the INTEG
TIME select key on the front panel. The in-
tegration time of the 4140B pA Meter section
is the product of the number of raw current
measurement data selected for digital inte-
gration and the current measurement interval.
The 4140B has nine integration times as given
in Table 3-2 which are selected by measure-
ment range and unknown condition.

Table 3-2. Current Measurement
Integration Times.
Integration Time (ms)*
Range (A)
Short Medium Long

1072~1077 20(16.7) 80(66.7) 320(266.7)
107 | 80(66.7) [320(266.7) | 1280(1066.7)
107'% |160(133.3)|640(533.3) | 2560(2133.3)

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

3-20. When FUNCTION is set to I and I TRIG is
set to INT, digital integration is made using
raw current measurement data already avail-
able when the I Trigger is received as shown
in Figure 3-5. Therefore, I data output is
completed as soon as the I Trigger 1is re-
ceived. The I Trigger interval requires only

10(8.3)ms which 1is the raw current measure-
ment interval and is not related to integra-
tion time. The relationship between integra-

tion time and the data output when FUNCTION
is set to I-V or C-V is described in para-
graph 3-47 or 3-53.

Model 41408B

Note

When the I TRIG is set to EXT/MAN,
digital integration is made using
the raw current measurement data
after the trigger signal 1is re-
ceived. Therefore, in this case,
the measurement time (from receiv-
ing the trigger signal to output-
ting current measurement data) s
the sum of the integration time and
dat§ processing time (approximately
3ms).

3-21. External Triggering.

3-22. The 4140B pA Meter section can be trig-
gered by an external trigger signal for cur-
rent measurement. To trigger the 4140B
externally, set 4140B front panel controls as
follows:

FUNCTION L.ivviviiinrnnennnnnonas I
I DATA OUTPUT TRIGGER ..... EXT/MAM

The external triggering device should be con-
nected to EXT TRIGGER connector (BNC female
type) on rear panel. The 4140B can be trig-
gered by a TTL level signal that changes from
HIGH (+5V) to LOW (OV). Trigger pulse width
must be greater than Tus. Triggering can
also be done by alternately shorting (or with
resistance Tower than 1002) and opening the
center conductor of the EXT TRIGGER connector
to ground (chassis).

Note

The center conductor of the EXT
TRIGGER connector is normally HIGH

(no input).

Note
Triggering can be also done by
trigger command (GET) or remote
program code "E" via the HP-IB.

Refer to Figure 3-33.
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AC Line o

ANNANANNNNANANNANNANNANANNNNNNNNNANNNN

FA }/ \VAAVAAVIAVAVIAVIAVAVIAVAAVIAVIAVIAVIAVALVILAVIAVAAVAAVIAV VALV
|
[
| oms*
I
| ——
Measurement
Current
o l
T t
T 2
I Data T
Output Trigger®
J Ist Trigger _]2nd Trigger J 3rd Trigger
Tz T2 Te
I«C Display Previous Measurement OQutput Data 1st Trigger Qutput Data 2nd Trigger Output Data 3rd Trigger Output Data
T:: Integration Time (refer to Table 3-2)
T.: approximately 200ms
*: at the 50Hz Tine frequency (8.3ms at the 60Hz).
Figure 3-5. Integration Time and Data Output (When I TRIG is Set to INT).

3-23. Zero Offset for Current Measurement.

3-24, The 4140B has a zero offset function
which can be used to cancel the offset error
of an undesired input current (e.g. leakage
current of test Teads/test fixtures) to mini-
mize measurement error. How to perform zero
offset is described in Figure 3-6. The cur-
rent measurement offset Timit 1is 0 ~ 100fA
and the zero offset function can be used only
at the 107'%A range. If ZERO OFFSET key is
pushed when measurement range is other than
10-'2A, this action 1is ignored. The zero
offset value is set to OfA when the 4140B is
turned ON. When the ZERO offset key is
pushed, the value of the I-C DISPLAY adds to
zero offset value.

Note

The zero offset can also be done by
remote program code "Z" via the
HP-1B.
3-25. pA Meter Operating Instructions (when
FUNCTION is set to I).

3-26. Instructions for operating the pA Meter
of the 4140B (when FUNCTION is set to I) are
given in Figure 3-6.
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triaxial (male) - triaxial (male) cable
To DUT

PROCEDURE :

(1) Turn 4140B OFF.

(2) Connect test lead or test fixture (e.g. triaxial (male) - triaxial
(male) cable of 16053A Test Lead (HP Part No. : 16053-61002)) to INPUT
connector of 4140B

3) Turn 4740B ON.

(4) At turn-on, Self Test of 4140B 1is performed automatically (refer to

paragraph 3-5).

Note

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

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

FUNCTION virisiieeneereneneseooonssosannnns I
I RANGE . ivr e iiiiiereeeneanesanonnnnsees AUTO
Lower Limit of AUTO Mode ............. 107124
INTEG TIME t.vrenrieneeeenoncennssnnncans LONG
T 2 ON
T TRIG tveeeieeeeeeeocroencenanoacnnnasns INT
T ZERO OFFSET vttt iieiinnnseneresannnnnne 0 fA

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

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

(8) Connect nothing to test leads or to test fixture (open).

(9) When using the 10 '?A measurement range, set I-C DISPLAY to 0.00+107'?A
with ZERO offset key (refer to paragraph 3-23).

Note

The measured current at the 107!?A range is
a very small value (107"?A~107'°A).  There-
fore, any Jleakage current generated by
changing test lead connection, test fixture
or unknown current source, increases the er-
ror of the measurement at 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).

3-12
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Figure 3-6

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

(11) The pA Meter of 4140B will automatically display measured value

known.

Note

Specific information on DUT connection is
described in paragraph 3-61,

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 ([®)) keys. Measurement time can also be
reduced by setting the lower Timit of AUTO
mode to prevent changing down to unnecessary
Tower ranges.

Note

When the 4140B is turned ON, an internal

FILTER for rejecting ac noise is set to ON.

As shown in Table 1-2, when this FILTER is ON,
response time and ranging time are 60ms (for
50Hz line frequency) or 50ms ({(at the 60Hz)

longer than when the FILTER is OFF. To re-

duce response time and ranging time, turn the

FILTER OFF.  When the FILTER is OFF, the LED

Tamp of the selected INTEG TIME key will

flash.

of un-

LOW / A\ HIGH
| INPUT connector
&)

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

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

3-28. The VS section of the Model 4140B oper-
ates as two independent programmable voltage
sources: VA and V. One of the programmable
DC voltage sources, Vp , can operate, not
only as a programmable DC voltage source, but
also as a unique staircase ( ., ) or ac-
curate ramp { / , /\.) generator. In addi-
tion, accurate I-V measurements, with the
staircase or ramp waves (the timing of either
of which can be automatically synchronized
between the pA Meter section and the DC Volt-
age Source section), can be done in the I-V
section. In the C-V function, accurate C-V
measurements using the ramp wave and calcu-
lating the capacitance from the current meas-
urement value and ramp rate (dV/dt), can be
done. Paragraphs 3-27 thru 3-42 describe in-
dependent operation as two programmable volt-
age sources. These paragraphs should be read
even if only an I-V or C-V measurement is to
be made. Instructions for I-V measurements
are given in paragraphs 3-43 thru 3-48. For
C-V measurements, paragraphs 3-49 thru 3-60
should be read.

3-29. VS Section Display.

3-30. A numeric display and thirteen indica-
tor lamps provide visual data outputs of out-
put voltages and operating parameters. The
VS DISPLAY provides a readout of output volt-
ages or operating parameters as a maximum 3-1

Model 4140B

/2 digit decimal number with decimal point.
If the input parameter value exceeds its max-
imum Timit value, an overflow annunciation
(0-F) appears. If the 4140B is swept at in-
correct parameter settings, an illegal annun-
ciation (ILLE) appears. Vp, Vg lamps indi-
cate voltage value if the VS DISPLAY is Vp or
V. Unit indicator lamps indicate unit of
measured values. Vp OUTPUT Tamp is 1it when
the VS section is operating.  CURRENT LIMIT
lamps indicate output current Timit of VA or
Vg. If output current goes to Timit value,
this Tamp flashes. The display for the VS
section displays the following values in like
manner (to those described above):

Qutput Voltage ........... 0.00V~+100.0V
Operating Parameters

START V/STOP V/ ==(DC) . 0.00V~+10.,00V

STEP V iiiiieiiieiiennnns 0.01V~ 10.00V
HOLD TIME ..vvieinivvinnnnn, 0.0s A, 1999s
STEP DELAY TIME ......... 0.00s ~100.0s
dv/dt (Ramp Rate) ... 0.001V/s ~1.00V/s

CURRENT LIMIT ....... 107*A, T073A, 1072A
3-31. VS Section Qutput Modes.

3-32. The VS section of the 4140B 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 Section Output Modes.

) Mode

Description

VA Ve Simple ramp wave. Output voltage changes continuously
(dV/dt) from start voltage to stop voltage.

DoubTe ramp wave. Output voltage changes continuously
(dV/dt) from start voltage to stop voltage. Succes-
VAN sively, output voltage is returned to start voltage at
same ramp rate (dV/dt).

Single staircase wave. Output voltage changes step-
< by-step from start voltage to stop voltage.

Double staircase wave. Output voltage changes step-
by-step from start voltage to stop voltage. Succes-
FAY sively, output voltage is returned to start voltage by
same step voltage.

= DC voltage is output.

OFF VA is not operating.

VB

= DC voltage is output.

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

3-34. The VS section
eight operating parameters

put using the following procedure:

(1) Press desired PARAMETER key.

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

(3) Input displays
ENTER key.
is flashed.

Note

Parameter values can be set via HP-
IB (refer to paragraph 3-85).

Note

If setting parameter value exceeds
the setting T1imit 1listed in Table
3-4, VS DISPLAY displays ( )
and this value is not input.

of the 4140B provides
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 4140B VS section
and provides for its display by

outputs a voltage
one of the

following methods depending on the VS output
mode:
Note
VS
When the VS section 1is operating

parameter value with
Displayed parameter value

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

(1) DC (=):
The Vp DC voltage,
with the Vp  (PARAMETER) key,

whose value is set
is out-

put from the Vp OUTPUT connector with

the SET
value
VA can be cancelled
RESET (==) key.

(=) key. Output

Table 3-4. VS Section Operating Parameters.
Parameter Description Setting Limits
VA = 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 rate. 0.001v/s~ 1.000V/s
STEP DELAY Delay time for each voltage of staircase 0.00s~ 100, 0s
TIME wave.
Vg = DC Voltage. 10V range:
-10.00V ~+10.00V
100V range:
-100.0V ~ +100.0V

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

voltage
is displayed on the VS DISPLAY,.
and set to OV with
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(2) Staircase Wave (., M ):

The Vap 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 Vp output sweep is
completed, Vp is automatically set to
ov. The Vp output sweep can be can-
celled and set to OV at the halfway
point with the 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.
Qutput voltage is displayed on VS DIS-
PLAY.

Note

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

changes the

Table 3-5.

(3)

Model 41408

Ramp Wave (_/ , /\.):
The vp output voltage is swept automat-
ically at 1its operating parameters
(START Vv, STOP Vv, STEP V, HOLD TIME and
dV/dt) when the AUTO START key is push-
ed. The relationship between output
voltage and its display 1is given 1in
Figures 3-9 and 3-10. The vp 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
VA is automatically set to OV. The Vp
output sweep can be cancelled and set
to 0V at the halfway point with the
ABORT key.

Note

The VA output voltage can be set
to START V and 1initially 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 yp is set to OFF). But
when VB is set to =, both yp and
VB sources are outputting voltages
at the same time. Vg output volt-
age can be monitored with Vp
key.

Inhibition of Controls and Operating Parameters

(When VS Section 1is Operating).

Controls Operating Parameters
VS Sweep Mode N T T e
FUNCTIONJINTEG. TIME | VA[VB| OO OO 1Ol OO0 | O O
AUTO, == (DC) X A x | x x| x| x| x| x| x| x|x/|x
MANUAL (PAUSE) X A x| x |OlOlx[x|O|]OC|O|O]|O

(O: Can be changed.

x: Can not be changed.

pressing SET (==

A: Can not be changed during ramp wave.

If the changed value is to be used after restarting, press PAUSE after

completed,
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Figure 3-9. Relationship between Qutput Voltage and Display for _/ (Single Ramp Wave).
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3-37. Output Voltage Range.

3-38. The VS section of the 4140B provides

two output voltage ranges: a x1 range
(0.00V~ +10.00V at the 0.01V step) and a x10
range (0.0V~ +100.0V in 0.7V steps). Range

changing is done automatically by the follow-
ing methods (depending on VS output mode):

(1) DC = (VA and VB):

Qutput voltage range is individually
selected depending on the value of the

parameter (Vp== or Vg ==). The xI1
range is selected when Vp = (Vgp=) is
0.00V ~ +10.00V. The x10 range is se-
lected when Vp == (Vg==) 1is -100.0V v
~10.1V or +10.1V ~ +100.0V.
(2) Staircase Wave (", &M ):

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-
jcally 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

Output Voltage Range of
Staircase Wave.

Figure 3-11.

Section III
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(3) Ramp Wave ( /", /\):

Qutput voltage range is selected de-
pending on parameter values (START V
and STOP V). The x1 range is selected
with absolute values of START V and
STOP V up to 10 volts. The x10 range
is selected when absolute values of
START V or STOP V exceeds 10 volts.

3-39. Current Limit.

3-40. The VS section of the 41408 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 generally 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 limiter to
avoid damaging the DUT by excessive current.
The individual current Tlimiters can be set
for the current 1imit value (107*A, 1073A or

107%A). I the output current goes to the
1imit value, an LED lamp on the front panel
flashes and the voltage source (VA or vg)

at this maximum value.
of the VS DISPLAY is

outputs current only
Qutput voltage value
then invalid.

3-41. VS Section Operating Instructions.
3-42. Instructions for operating the VS sec-

tion of the 4140B (when FUNCTION is set to I)
are given in Figure 3-12.
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//1;7’BNC (male) - BNC (male) cable

/ To DUT

PROCEDURE

(1) Turn 41408 OFF.

(2) Connect test leads or test fixture (e.g. BNC (male) - BNC (male) cabies
of 16053A Test Lead (HP Parts No.: 16053-61003)) to V OUTPUT connectors
of 41408B.

(3) Turn 4140B ON.

(4) At turn-on, Self Test of 41408 is performed automatically (refer to
paragraph 3-5).

Note

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

(5) The VS section of 4140B is set automatically as follows:

FUNCTION &t ieeiveennveceoeannessocsntonssasasssnssaacsonsansss I
ittt ittt eeetesatnraenenaotaaatoetanareneaentttosasann -
B v ieeeeeeeeeeaeensesosossocoanstsssssestesoasscaannanans OFF
PARAMETER 4 viiiveeernnenconnsnncsnsannans all parameters are 0
VA CURRENT LIMIT tieiireiineeienreneornucenannaseancanns 107%A
VB CURRENT LIMIT ttiviiiiereeenennnnoannnennnnannnacanes 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):

—_—T:VA_—_-.
5™ : START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
VA 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).
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(10) Start voltage output with following keys for each VA setting (refer to
paragraph 3-35):

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

vvvvv

AUTO SWEED teiteiriitnvreneereenenanennsensensacnnnens
Manual Sweep .........................................MEQW

(]
(11) During the time that VS section is outputting voltage, the V OUTPUT lamp
is Tit.

Note

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

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

is shown below:
——© Va OUTPUT connector
va

J— —El;( VB
—© ve OUTPUT connector

WARNING

+700V 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 (0V) when auto sweep is completed. When VA is set to Manual Sweep
or = , VA and VB can be set to abort condition (OV) with ABORT (RESET
key.

Note

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

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

3-44, The Model 4140B 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 ( /7, /\_) waves can be
made by taking advantage of the variable
digital 1integration (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 1is automatically
synchronized between the pA Meter section and
the VS section in 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 1-C DISPLAY and VS DISPLAY for a
staircase wave will be as shown in
Figures 3-13 and 3-14.

Note

When FUNCTION 1s changed to
I-V, the invalid data annun-
ciation(camrmms)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 1integration
(for each voltage step) is done using
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 relationship
between the I-V measurement and its
data output (to the I-C DISPLAY and VS
DISPLAY) for a ramp wave will be as
32 shown in Figures 3-15 and 3-16.

Model 4140B

Note

When raw current measurement
data for digital integration
is short, an invalid data an-
nunciation (EEmeE) is dis-
played on the 1-C DISPLAY.
This annunciation always ap-
pears  just after changing
FUNCTION or after a para-
meter(s) 1is changed, or at
the START V. If the STEP V is
set to a small value when the
ramprate (dV/dt) is set to a
fast value and the integra-
tion time 1is set to LONG,
this annunciation also ap-
pears at several step voltage
just after START V.

Note

For I-V measurements with
the ramp wave, if I RANGE is
set to AUTO, an optimum
range is automatically
selected for every
measurement at each step.
However, the instrument
requires ranging times
(refer to Table 1-2), so it
is not possible to measure
with exact timing;
therefore, I RANGE must be
set to MANUAL.
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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 = (Single Staircase Wave).
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Figure 3-14. Relationship between I-V Measurement and Displays for ™ (Double Staircase Wave).
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Figures 3-15 and 3-16

Model 41408B

Vaiv)
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START V

HOLD TIME

; t(s)
| WoLp TIME

I-C DISPLAY NIRRT Ist 2nd | 3rd | 4th 5th | 6th
i

VS DISPLAY START V Ist 2nd 3rd 4th 5th 6th

Figure 3-15.

Relationship between I-V Measurement and Displays for _/ (Single Ramp 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

16053A
Test Leads
@) @
PROCEDURE :

(1) Turn 41408 OFF.

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

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

41408

16055A Test Fixture

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
part numbers of accessories).

LOW Tead connection of pA Meter section in the 4140B is selected with
16055A LOW LEAD CONNECTION select switch as follows:

o VA, VB :
LOW HIGH GND
‘E’ ©r--outr
va e——d
or
vs
o GND :
LOW  HIGH Va or VB
r——A
Om® *&U.T:Q—_‘ﬂ |
CAUTION

FOR SAFETY, THE 16055A SETS
VOLTAGE SOURCES (Vp, VB AND

EXTERNAL) TO OFF BY A MICRO- OFF
SWITCH WHEN THE HOOD IS
OPENED (AS ILLUSTRATED IN ON

FIGURE AT RIGHT).  MICRO-
SWITCH CONTACTS ARE LOW RE-
SISTANCE CONTACTS. HOWEVER,
THIS RESISTANCE INCREASES
WITH TIME. TO CLEAN CON-
TACT, DRIVE A CURRENT OF

o

|
t
i
|
|
|
|

|
0.1 T0 1A THROUGH CONTACT. Va O oo o
OPEN AND CLOSE  CONTACTS '
ONCE OR TWICE. THE HEAT AND oo Ao o
ARCING WILL CLEAN CONTACTS. |

EXT BIAS O yfror ——O EXT BIAS
INPUT OUPUT
A\ 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-
TION WHEN 16054A LOW LEAD SELECT SWITCH IS SET TO -VA OR VB
POSITION.

Figure 3-17. 1I-V Function Operating Instructions (sheet 2 of 4).
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Figure 3-17

(3) Turn 4140B ON.

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

Note

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

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

FUNCTION vvvvrnenereneeeneeenoennconsonenes I
I RANGE 4o viievrinneseeesensnnnneaaans AUTO
Lower Limit of AUTO Mode ....vvvevnen. 10712A
INTEG TIME tittienseneneenonnncacennnes LONG
20 2 ON
O 2 T INT
VB titittreererteeteaeeenreaanrrnnanan rd
L OFF
PARAMETER ...cvvevevnnns all parameters are 0
I ZERO OFFSET vitiiiiineerrannennnnanses 0 fA
C ZERD OFFSET vevriinnreesocnenncnnnnes 0 EF
VA CURRENT LIMIT tuiiiiiinieennnnnnnnns 107*A
VB CURRENT LIMIT tuuirvrrinneenneannnnn 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 0,00 x 107*2A
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 5 fm: START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
VaRYVAS 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 Timit 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 1in 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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Figure 3-17

(17) Connect DUT to 16055A with alligator clips or T0-5 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):

Auto Sweep (..vven... Eﬁ
Manual Sweep ........ MES&

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

1. I-V Characteristic Measurement of FET:

ftf@l .
"1 ]

2. Breakdown Voltage Measurement of Diode:

L7
[

3. Threshold Voltage Measurement of FET:

VAF
7

T

Note

Specific information on DUT connection is
described in paragraph 3-61.
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3-49. C-V MEASUREMENT.

3-50. The Model 4140B can automatically syn-
chronize measurement timing between the pA
Meter section and the VS (Voltage Source)
section to make Quasi-Static C-V character-
istics 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'°A 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:

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

C-V measurement operations are described 1in
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 thru 3-42,

3-51. C-V Measurement Data Output

3-52, Timing in C-V measurements is automati-
cally synchronized between the pA Meter
and the accurate ramp wave (. ,./\.) 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-
ital 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 3-20). 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 4140B pro-
vides two measurement ranges, 0.0pFv199.9pF
in 0.1pF steps and 200pFv1999pF in 1pF steps.
Range changing is done automatically. In ad-
dition, a current measurement range, which is
an actual measurement range, is provided as
in I or I-V measurements (refer to paragraph
3-16). If the I-C DISPLAY count is over 1999
counts when the current measurement randge is
held, the I+C DISPLAY displays an (m])
annunciation as in I or I-V measurements. f
the calculated capacitance value is over 1999
pF, the I-C DISPLAY displays an ( [N R )
annunciation, If the calculated capacitance
value in percent is over 199.9% when the I-C
DISPLAY 1s 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 4140B for C-V measurement (re-
fer to Figure 3-23).

(2) Set FUNCTION to I-V.

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

VA viviiiiiennnnne. ra

(4) Set I RANGE to AUTO.

(5) Select desired yp output mode with yp
Mode Select key.

(6) Make an I-V measurement.

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

Vaty) / AN
HOLD TIME

STOP V

START V

1'C DISPLAY INVALID (===} | qgt | 2nd | 3rd | 4th | 5th | 6t

VS DISPLAY START V Ist 2nd 3rd 4th 5th 6th

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

Valv) :HOLD TIME
STOP VI —————————— — — —— — — — — —— —
L 5th
STEP V
| 3rd 6th
ob_ L N
dv dv
2nd 7th
Ist | 8th
|
Hﬂ<:i_LEIEG TIME
START V |-— I T t dt —_— dt -
|
— ' 7
| t
| HOLD TIME {HOLD TIvE (s)
[-C DISPLAY BN ) Ist | 2nd 3rd 4th 5th | 6th | 7th | 8th
| |
|
VS DISPLAY START Vv Ist 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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Figure 3-20

i RANGE : 107% | RANGE : 107
1999 ) 1999
aa)| | N 4(2) a3 | N 4(2) | 4(3) 4(4)
1000 1.000 x 1074 1000
S
AN
N 3(3 :
113, 3(2) ) 307 327 TR
N ‘ - .999 x 107%
200 § N i - 200 1 et i
N a0 a(2) i G |
000 \ te0.100 x 10-% . 401) a(2) 4(3) 1000 x1071%%
N * N
AW N
AW AW
— N N RBEE
o N 301 3(2)] - N 301 3(2) 3(51
C "
° N = N N 0.100 x 10%
N -9, N N
N - 0.010 x (0797 [8) N
100 10.0 S
> =
AN AN
N AN
2 (O I B 9
AN 2(1) 2(2)
N N EEEE
N N 0.010x10™%
0 N#-0.00] x 1072 1.0 N
T
0.001 x 107%
0.1 ol !
0.001 0.0l 0.1 I 0.001 0.01 ] I
dv/dt (V
dv/dt (v/s) /dt (V/s)
! RANGE: 107"A I RANGE : 10724
1999 T 1999 %
4(3) N4 (4) a(4)
10004 : 1000
» TN
F3(2) % 303y~ l3 ) £33 730a)
200 — ' 2 200
a(2) 4(3} a(a) 4(3) 4(4)
100.0 100.0 1
AN “
_ Al 5 N +1.999 x (0MA
w N g ) -
= 30 2T N 3(3) 3(4) c 3(2) 3(3) 3(4)
S T s ;
N il © v
100 1.000 x 107'A oo
e e e e s e S E SRR e < ARl . < oo s s s i
AN
N | BB R : 1.999 x 10724
N ( 2(2) 183 201) 2(2) 2(3) 204
- 0.100 x 1078 i
\ “€-1.000x107%
1.0 N 1.0
) i(2) T T2 31
o eadd EEHHS il
—_-0.010 x 10”''a 0400 x10™%
ol I AN Iﬁi 0.1 N X
0.001 0.0l o.l i 0.001 0.01 o i
0.00! x107"a 000(x10™% 0010 %1072
dv/dt (v/s) dv/dt (v/s)
(Note 1) Accuracies are specified in shaded areas only.
(Note 2) Numerics in each area mean digits of capacitance (current).

Figure 3-20.

Relationship between Calculated Capacitance Value and Current Measurement Range.

3-31



Section III
Paragraphs 3-55 and 3-56

(8) Set FUNCTION to C-V.

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

C measurement
unit indicator .... pF

(10) If calculated capacitance value is to
be displayed in percent, set displayed
value of I1-C DISPLAY to percent change
with Percent key.

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

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

The accuracy of the 4140B C-V measurement is
determined by the accuracy 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 4140B 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 minimize measurement error, the zero off-
set for C-V measurement can be used to cancel
the offset error caused by stray capacitance
in the test leads/test fixture. the method
for doing a zero offset 1is described in Fig-
ure 3-23, Offset Timit for a C-V measurement
is 0.0 ~ 100.0pF. The zero offset value is
set to OpF when the 4140B 1is turned to ON.
When the ZERO offset key is pushed, the value
of the I-C DISPLAY adds to the zero offset
value.

3-32
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1999
1000 9]
N N \\‘ 10" AH
g 107% g
200 b N 8
100.0
NCFI07"A——
a N N\
(9]
10.0
N
107'%A
\N
1.0
N
N,
\\
N
N
0.1
0.00I 0.0l .l |
dv/dt (V/s)
Figure 3-21. Suitable Current Measurement

Ranges for C-V Measurements.

Note

A zero offset can also be done by
remote program code "Z" via the HP-IB.
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Paragraphs 3-57 to 3-60

Table 3-6. C-V Measurement Accuracy.

Qutput |[Capacitance{ Current dv/dt (v/s)
p
Voltage (Measurement{Measurement
Range (V)|Range (pF) | Range (A) [ 0.001 » 0.01 0.01 ~ 0.1 0.1 ~ 1
-0 T 0001, 2
" | - 224 /a1 v /a
-11 —_ 0.001 0.3
100.0 10 7 G2+ q/a Favia)
= 10 107 G2 G0t aar)
- T - 0.001 2
10 T 0T+ gy740 * qvra
-10 —_ . .
1000 10 /ﬁ/_,,f” ¢Uz2+g%£%)+§$%
- ] .03
107 i((5'2+2v921)+gv/dt)
-12 0.001 0.008
10 52+ /a0 )" avian
-0 | e 0.008 2
LU e 224 y7a
-11 - 008 )
100.0 10 - - £((52 g+ qyiay )
=100
—-12 0.008 0.08
10 2+ 9750 0T gvjar
I - 0.008 2
M0 | - 0T+ Vae )+ av/ae
-10 — £((2+ 0008 3, 02
1000 10 - 2+ Widr T aviar
-11 0.008 0.03
10 i((E"ZJ"dV/dt o+ dv/dt )
=12 0.008 0.008
10 824 g4 % dviar

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

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 ervror.

3-57. C-V Measurement in Percent Note

3-58. The C-V measurement of the 4140B can If setting of Cox value exceeds the

be displayed as percent change VS Cox (the setting 1imit described above, the VS
reference capacitance value). Display range DISPLAY displays an annunciation

in percent is 0.0%"199.9% in 0.1% steps. Cox (IWIBE ) and the Cox value selected

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

construction. Percent change VS Cox 1is the

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

struction.  The Setting Timit for Cox is 0.1 3-60. Operating instructions for a C-V mea-

pFN199.9pF in 0.1pF steps and 200pF~1999pF in surement are given in Figure 3-23.
1pF steps.

Note

The Cox value can be set via the
HP-1B (refer to paragraph 3-85).
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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 3-27
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Figure 3-22
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Figure 3-22. C-V Measurement Accuracy (Sheet 4 of 4).
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Figure 3-23

16055A Test Fixture

16053A
Test Leads
O O
PROCEDURE :

(1) Turn 4140B OFF.

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

(3) Turn 41408 ON.

(4) Self Test is performed automatically (refer to paragraph 3-5).

Note

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

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

FUNCTION . vieienernnnneeonononvaansascnns I
I RANGE viviiererenensocsncnnsnannsas AUTO
Lower Limit of AUTO Mode ............ 10 7*2A
INTEG TIME ... ieeeeecnnencncnncacences LONG
FILTER voivviieenracnees erecsesssssannnsen ON
I TRIG veveenernosennconnancasssoacnnnnns INT
VA ..................................... rd
VB tevveciocaeiosaneancnsosassansannnces OFF
PARAMETER .....cv.ivnnn all parameters are 0
I ZERO OFFSET +vvtvereinernnenscncancnns OfA
C ZERD OFFSET .vrvriiiiiinncnnnncnnnns OpF
VA CURRENT LIMIT vuvrirnnenennenannanns 107%A
VB CURRENT LIMIT .iuiviinreeennnnannans 107*A

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

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

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

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

(9) Set FUNCTION to C-V.
(10) VA output mode is automatically set to / .

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

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

(13) When calculated capacitance value 1is to be displayed in percent, input
value for Cox (refer to paragraph 3-57).

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

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

{(16) Select Tlow lead connection of pA Meter section in the 4140B with 16055A
LOW LEAD CONNECTION Select switch (depending on kind of measurement).

(17) Connect nothing to 16055A (Open).
(18) Start C-V measurement with AUTO START key on front panel.
(19) 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 erroy of the
C-V measurement. To avoid this condition, do a
ZERO offset wunder the same conditions as for an

actual measurement.

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

(21) Connect DUT to 16055A with alligator clips or T0-5 socket depending on
kind of measurement.

(22) Start C-V measurement with AUTO START key.

Figure 3-23. C-V Function Operating Instructions (sheet 2 of 3).
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Model 4140B

Connection for Quasi-Static C-V characteristic measurement are given below:

MOS Diode:
(A
_L &)
vA:L

Note

Specific information on DUT connection is
described in paragraph 3-61.

3-40

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

3-62. The 4140B pA Meter/DC Voltage Source
has the following features that make pA cur-
rent measurements reliable and efficient.

(1) Integration times suitable to the cur-
rent measurement range and UNKNOWN con-
ditions can be selected via front panel
controls or HP-IB programming.

(2) AC noise can be reduced by digital in-
tegration (moving average technique)
using the even raw current measurement
data synchronized with the 1ine fre-
quency.

(3) AC noise can also be reduced by the in-
ternal filter circuit.

(4) The 16055A Test Fixture, with electro-
static/Tight-shielded hood, is provided
for measuring general devices.

Section III
Paragraphs 3-61 and 3-62

However, to realize stable low-current meas-
urements at 107°A down to 107'?A, care must
be observed in DUT connection to minimize the
effects of leakage current in the measurement
systsem, external noise, Tlight, etc. Figure
3-24 shows measurement errors caused by leak-
age current i£ and external noisein. The
errors can be reduced by employing a LOW-
guard method where the HIGH terminal (the
center conductor of the I INPUT connector) of
the pA meter is guarded by the LOW terminal
(the inner braid of the I INPUT connector) as
shown in Figure 3-25. The effects of exter-
nally generated noise and 1ight can also be
reduced by measuring the DUT in the electro-
static/1ight-shielded box. Figure 3-26 shows
the connection methods wusing the 16053A +
16055A, 16053A + shielded box, 16053A +
16054A + shielded box. When using the 16053A
+ 16055A, shielding is accomplished using the
hood of the 16055A. Also, LOW lead connec-
tion can be changed easily via the LOW LEAD
CONNECTION switch on the 16055A, refer to
Figure 3-17. Figure 3-27 shows a typical DUT
connection using the 16053A + 16054A +
shielded box. Note the position of the LOW
LEAD CONNECTION switch on the 16054A. The
dotted 1ines show the connection method when
the 16054A is not used.

. N

| |
VA or VB }J'-! ‘/D? %lli.l
|
|
4

Figure 3-24, Effects of Leakage Current and External Noise.

-
VA or VB
7

Va or VB '/JF( D#
@en

- L

Figure 3-25. Effects of the LOW-Guard Method.
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(3) 16053A + 16054A + Shielded Box
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41408
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16053 A E
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LOW |GND

Va

HIGH

:
@

1V} \l

(1) 16053A + 16055A

Section III
Figure 3-26

A

("rva

GND

Vi
LOW LEAD

CONNECTION

(2) 16053A + Shielded Box

Shielded Box

41408B

I INPUT

DUT Connections with Each Accessory..

Shielded Box
Figure 3-26.

Low

3-42



Model 4140B

Section III
Figure 3-27

(a)

Connection:

Measurement Example:
measurement of the insulating materials,
Condensers, etc.

Ungrounded DUT Measurement

High

resistance

VA or vB -
—

Wiring:

FAY

| S o

V
|
g

16054 A Fﬁ, F

I INPUT

_END] Va Ve
moH ||| T T
S 'LOW
L— YaVaVs
Shielded Box

(b)

Measurement
measurement

etc.

Connection:

Example:
of diode,

Grounded DUT Measurement

Breakdown voltage
Quasi-Static
characteristics measurement of MOS diode,

C-v

L H
A
VA or v8 7_‘4
Wiring:
. 41408

: —(H :)—_qL 3 7"!_ Va ikVB :
Ik__:ll INF’L;T_ 'kJVA 1 2
:FJ‘: ¥ ah
et i i i

[N

F_dq 16054 A j Fj¥

|/ —

[+

|
l
1
i
!

16053 A [

!
t
1
|
|
(

Shielded Box

Figure 3-27.

DUT Connection Examples (sheet 1 of 2).
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Measurement Example: I-V
an FET.

Connection:

(c) Three Terminal DUT Measurement

characteris-

tics or threshold voltage measurement of

H A L
ET“‘* A4
VB or Va 7|_ 7’_ Vaor Ve
-
Wiring:
. 41408
: ——H®L—-4; jkVA iLVB :
k"j; | INPL]T_ LJVA HJE_
gy 1k o
3ot 1l
ffl eosaa M

A W & WY A W

Shielded Box

Figure 3-27. DUT Connection Examples
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3-63. DUT Connection Using the Wafer Prober.

3-64. The following rules must be observed
when making pA measurements on wafers at the
prober station with the 4140B.

(1) The entire prober station should be
housed a shielded box (made from Al
plate, etc.) and the outer braids from
the 4140B (both I INPUT and V OQUTPUT)
should be connected to the shielded box
to increase the shieding effect.

(2) The HIGH terminal of the pA Meter,
should be guarded by the LOW terminal,
at a point near the DUT.

(3) The HIGH terminal of the pA Meter on
the wafer at the prober station should
be sufficiently isolated.

Figure 3-28 shows various connection methods
for wafers at the prober station.
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Section III
Figure 3-28

(1-b) Grounded DUT Measurement

Connection:

L ~H
(3

—

Va orve JZ 7,
/._

Wiring:

41408B

(1) Both measurement terminals are on the Wafer Surface.
(1-a) Ungrounded DUT Measurement
Connection:
"R}
o/
VA orvs 7_'1
Wiring:
41408
- T ) ]
: LP_{@_L% iL» Va ;]L_\/H :

I INPUT

16053A

A A} 74 WS & W

L —
| AY
| UV
U V

! —® 71L" Va }_va !

T uﬂ
i

IINPUT

i

va ve
|
i | |
{ . Wafer 1
- Chuck
— Insulotor
— Table
o Shielded Box T Shielded Box
Figure 3-28. DUT Connections on Wafers at the Prober Station (sheet 1 of 2).
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(2-a)

Connection:

Ungrounded DUT Measurement

Va or Vs 7_1 L
Wiring:
o 41408B B
: -—{H :}—qL 3 ;'k_ Va il_ VB :

Wafer —.
Chuck —
Insulator

Table

Shielded Box

(2-b)

(2) One of the measurement terminals is on the Substrate.

Grounded DUT Measurement

Connection:

VA orVse 0

/]

LfA\Hl—n

-t V

Bl

e
o
- i
T
z |
©
[
S
5

i
i

16054A

E 16053A
K]

Va

B & WA & WY & VARG A W
A U & WY & WSS A W

HIGH

UL S SENENSHI, U SN v NN ¥ S

A

Chuck
Insulator

Table

Shielded Box

Fig
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ure 3-28.
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3-65. ANNUNCIATIONS

3-66. If control key parameters are set in-
correctly or when the measured current value
exceeds the wupper range Timit, 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, dits CURRENT LIMIT 1lamp
will flash.

Table 3-7. 4140B Annunciations (Sheet 1 of 2).

(D1-C DISPLAY Annunciations

Annunciations Indicated Condition and CORRECTION PROCEDURE
Control Settings

0-F Indicated Condition:

Measured current value ex-
ceeds upper range Timint.

Control Settings:

(1) FUNCTION ... I or I-V|[(1-1) Set I RANGE to AUTO.
I RANGE ...... MANUAL
(1-2) If a range "hold" measurement is
being made, set maximum range
for auto range measurment as in

step (1-1) above.

(2) FUNCTION ........ C-V{(2-1) Set I RANGE to AUTO.
I RANGE ...... MANUAL
(2-2) If a range "hold" measurement is
being made, refer to paragraph

3-53.

(3) T RANGE ........ AUTO {(3-1) Change measurement condition,

The internal measurement | Perform the same correction procedure
circuit of the pA Meter| used for .

section is saturated.

- M- Indicated Condition: Change measurement condition (ex.set
COF dv/dt to lower value).

Calculated capacitance val-
ue exceeds the upper limit
(1999pF).

m Indicated Condition: Increase the value of Cox.

Calculated capacitance val-
ue 1in percent exceeds its
upper limit (199.9%).
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Table 3-7. 4140B Annunciations (Sheet 2 of 2).

Model 41408

(:)VS DISPLAY Annunciations

Annunciations

Indicated Condition

Correction Procedure

are incorrectly set.

3-4.

o-F Parameter value exceeds up-|Reset parameter value. Refer to Table
per limit, 3-4.
Ll E VA is swept when parameters|Reset parameter values. Refer to Table
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3-67. ANALOG OUTPUT.

3-68. The 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
the 4140B is connected to an X-Y Recorder
(e.g. HP Model 7047A), the system can be used
to trace I-V/C-V curves., The procedures for
using the 4140B and an X-Y Recorder are given
in Figure 3-29.

3-69. Control Capabilities for Analog Output.

3-70. The Analog Output has three capabili-
ties for more easily, quickly and clearly
tracing I-V/C-V curves. These capabilities
are:

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

With control keys LL, ZERQ and UR, the
4140B is able to control the X-Y recorder
pen position as in Table 3-10.

Paragraphs 3

Note

Control of the pen position
done by remote control via the HP-
IB. Refer to paragraphs 3-71 thru
3-100 for more specific information

on the HP-IB.

(2) Control signals

When the X-Y Recorder

Section III
-67 to 3-70

can be

for X-Y Recorder pen-
1ift TTL controls.

pen 1ift TTL controls, pen 1
done automatically by TTL signals output

from the PEN LIFT connector on
This TTL signal is Low

of the 4140B.

is provided with

ift can be

the rear

(PEN DOWN) when V OUTPUT lamp is 1it,
and High (PEN UP) when V OUTPUT lamp is

not Tit.

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

Function Value of I-C DISPLAY Analog Output Data (V)| Resolution
I 0 ~ *£1999 0.000 ~+9.995 5mV/count
0.0 ~ 199.9 0.0000 0.9995 500uV/count

‘ 200 ~ 1999 1.000 ~ 9.995 5mV/count

% 0.0 ~ 199.9 0.000 ~ 9.995 5mV/count

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

Outputted Va Voltage (V)

Analog Qutput 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 Cutput data.

If the analog data output
and the I-V/C-V

siderable noise
are
provided in

strong curves,
the Analog Output circuitry,

includes con-
curves
the low-pass filters

Model 4140B

can be used to reduce the noise. Thus
allowing I-V/C-V curves to be traced more
smoothly.  the filters apply to both Vp
and I/C OUTPUT data. Filter rise time
can be changed with FILTER TIME CONST se-
Tect switch on the rear panel.

(Upper Right)

V).

Table 3-10. X-Y Recorder Pen Position Control,
Key Voltage Output Voltage Qutput
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).

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

To I-C OUTPUT
Connecctor

Son i D ﬁ“"j [
| |0 00heEd o

[sRafolSlo

EQUIPMENT:

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

e

BNC (male) — dual banana plug cable

.......

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

Figure 3-29.
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Figure 3-29

PROCEDURE :
(1) Turn 4140B and X-Y Recorder OFF.

(2) Connect I/C OUTPUT connector on rear panel of 4140B 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 with pen 1ift TTL controls, connect PEN LIFT
connector on rear panel of 4140B to X-Y Recorder connector,

(4) Connect test leads or fixture (ex. 16053A Test Lead) to 4140B.
(5) Turn 4140B 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 4140B HOLD TIME parameter should be set after considering the
relationship between the pen position as the 4140B starts its
sweep measurement and the slewing speed/accleration of the X-Y
Recorder.

(7) Place chart paper on recorder platen.

(8) Install disposable pen in X-Y Recorder.

(9) Adjust zero position of X-Y Recorder.
Note

Voltages output from the Vp and I/C OUTPUT connectors are set
to OV by the ZERO key on 4140B 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 test fixture connected to the 41408B.

(12) Lower X-Y Recorder pen onto chart paper. If X-Y Recorder 1is provided
with pen 1ift TTL controls, pen is lowered automatically when sweep meas-
urement is started (when V OUTPUT lamp is 1it).

(13) Start 4140B I-V or C-V measurement and make 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 with pen 1ift TTL
controls, pen is raised automatically when measurement is complete (when
V OUTPUT lamp is extinguished).

Figure 3-29. Analog Output Operating Instructions (sheet 2 of 2).
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3-71. HP-IB INTERFACE.

3-72. The Model 4140B <can be remotely con-
trolled by means of the HP-IB.  The HP-IB is
a carefully defined instrumentation inter-
facing method that simplifies the integration
of instruments and a calculator, or computer,
into a system.

Note 1

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

Note 2

The 4140B may exhibit the following
phenomena:

Phenomenon -1. The first several
bytes of measurement data are
lost when read after Serial
Polling.

Phenomenon -2. Output measurement
data from the 4140B may include
two or more spaces in the first
part of each data string, though
each data string should have only
one space. Refer to paragraph
3-87 on page 3-56 for data output
format.

Phenomenon -3. After Serial Poll-
ing, or reading measurement data,
the 4140B takes about 10 msec to
change the status byte in the
register in the HP-IB Interface
Adapter (Micro Port), A21U3.

Described below are software solutions
for the above phenomena.

For Phenomenon -2:

1) Be sure a terminator, such as
IICR/LFII, Il;ll’ II’II’ Or. |INII’ fo]‘lows
each remote programming code.

2) When using a very high speed
controller, allow at least 200usec
interval to read the data.

For Phenomenon -3:

Af ter Serial Polling or reading

measurement data, allow at Tleast 10
msec wait time.

3-52
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3-73. Connection to HP-IB.

3-74. A 4140B may be connected into an HP-IB
bus configuration with or without a control-
ler (e.g. with or without an HP
calculator). In an HP-IB system without a
controller, the 4140B can function as a Talk
Only unit (refer to paragraph 3-79).

3-75. HP-IB Status Indicators.

3-76. 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 41408
(refer to paragraph 3-95).

LISTEN: The 4140B is set to be listener.

TALK: The 4140B is set to be talker.

REMOTE: The 4140B is remotely controlled.

Note

When the 4140B s controlled via
the HP-IB, LISTEN lamp may not be
19t by the ‘“remote" command
(REMOTE or rem).

3.77. LOCAL Key.

3-78. 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 cannot be used when
the 4140B is set to local lockout status by
controller.

3-79. HP-1IB Control Switch.

3-80. 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.

(2) Bit 6 (delimiter form bit): This bit

determines delimiter format of output
data as follows:

0: Format A (comma).
1: Format B (carriage return, line
feed).
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(3) Bit 7 (talk only bit): This bit deter-
mines instrument capabilities which are:

0: Addressable
1: Talk Only

Note

The 4140B is set at the factory as
shown in Figure 3-30.

— TALK ONLY

L!e—T= |-ADDRESSABLE

| T3 |-FMTA
/= | as
—= .
— Y
T | e
=r— | a1Jaooress
1 )

—FMTB

bit T~ 5: 17

bit 6: Format A(comma).

bit 7: Addressable

Figure 3-30. HP-IB Control Switch.

Section III
Paragraphs 3-81 to 3-84

3-81. HP-IB Interface Capabilities of 4140B.

3-82. The interface of a device connected to
the HP-IB is specified by the interface func-
tions built into the device. The 4140B has
ejght HP-IB interface functions as given in
Table 3-11.

3-83. Remote Program Code.

3-84. Remote program codes for the 4140B are
listed in Table 3-12.

Table 3-11. HP-IB Interface Capabilities,

Code Interface Function*
(HP~IB Capabilities)

SH1** | Source Handshake.

AH1 Acceptor Handshake.

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

L4 Listener (basic listener,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 3-97.
I-v F2
C-V F3
HSI F4
RANGE HOLD RAO
AUTO RAT*
-2
19 ]’S-YZA RO2 ~ R12
-2
o 107 8%, | Hoz v 2=
RANGE
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Table 3-12
Table 3-12. Remote Program Code (sheet 2 of 3).
Control Program Code Description
INTEGRATION | SHORT I
TIME
MEDIUM 12
LONG 13*
FILTER OFF J0
ON J1 *
I TRIG INT T1* These codes are used only to set and not
for triggering. When FUNCTION is set to
EXT/MAN T2 F1 (I) or F4 (HSI), T1 is automatically
set.
C% Enable pF co When FUNCTION is set to F3 (C-V), CO is
automatically set.
% C1
SWEEP D W1 W4 is used when 41408 is set to AUTO
CONTROL Lt SWEEP Mode.
MANUAL W2 W2, W5 and W6 are used when 4140B is set
to MANUAL SWEEP Mode.
PAUSE W3
RESTART W4
© W5
© W6
9. W7
VA MODE v Al When FUNCTION is set to F1 (I), F2 (I-V)
or F4 (HSI), A3 is automatically set.
VAN A2
~ A3* When FUNCTION is set to F3 (C-V), Al is
automatically set.
S A4
— A5
OFF A6
VB MODE — B1
OFF B2*
VA T LIMIT T00LA L1+
TmA L2
10mA L3
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Table 3-12
Table 3-12. Remote Program Code (sheet 3 of 3).
Control Program Code Description
VB I LIMIT 100uA M1*
TmA M2
10mA M3
ZERO SET z
SELF TEST QFF 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 3-31. 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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3-85, Parameter Setting.

3-86. A 4140B can be set to nine parameters
(refer to Table 3-13) by remote programming
as follows:

XXENNNN.NNX €R P

*
(1) (2) (33 (4

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

(2) Setting Value (numeric or space).
(3) Delimiter: ; (semi-colon)

, (comma)

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 Vv (V) PT -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)

Vg = (V) PB -10.00 ~ 10.00
-100.0 ~ 100.0
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3-87. Data Output.

3-88. Data output by the Model 4140B consists

(1) I-C Measurement Value and Va Output
Voltage.

(2) Setting Parameter Output.
(3) Key Status.
(4) Service Request Status Byte.

In the following several paragraphs, each
output data form is described.

3-89. I-C Measurement Value and Vp Output
Voltage.

3-90. Two output formats are possible with
the 41408:

a. Format A

To output either the I-C measurement
value or yp output voltage in a continu-
ous string, the delimiter form bit (HP-IB
control switch Bit 6) on the rear panel
is set to 0 (see paragraph 3-79). In
this mode, data is output in the follow-
ing format:

_ XXN.NNNE=NN,A=NNN.NN CB P
(1(2X3) (&) (5X8) (1) (8)

Note

The 4140B is set at the factory for
output Format A.

b. Format B

To break the data into two groups (limits
Tine length) for output to certain pe-
ripherals such as the HP Model 5150A
Thermal Printer, the delimiter form bit
on the rear panel is set to 1 (see para-
graph 3-79). A1l data is then output in
the following format:

_ XX=N.NNNE-NN CR (P
(1)(2)3) (4) (8)
A:NNN.NN CR P

(6 ) (8)

)
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(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 C Measurement Functions

—

. Current Measurement

C ... Capacitance Measurement (pF
Display)

% ... Capacitance Measurement (%
Display)

(4) Value of I-C Measurement

—
(82}

Comma

Symbol of Vp Output Voltage

~N O
— e

Value of Va Output Voltage

(8) Data Terminator

Note

The 4140B sets EOI (End or Identi-
fy) line in the HP-IB to "1" when
" " is output.

Each data.
I-v/C-V ....... Only last data.

3-91. Parameter Output.

3-92. Nine parameters can be set in the 4140B
as given in Table 3-13 (refer to paragraph
3-85). Setting values of parameters can be

output in the following format by using their
program codes (refer to Figure 3-34).

_ XX:NNNN. NNN
(3) (4)

(1)(2}

(1
(2

)} Space
) Program cades for 4140B parameter
(3) Setting value of 4140B parameter
)

(4) Data Terminator

Section III
Paragraphs 3-91 to 3-94

3-93. Key Status Data.
3-94, This data is output from the 4140B when
program code "K" s used (refer to Figure

3-36). The data is output in the following
format:

(1)(2) (3) (8)(5)6)7)(8)(9)X10)(11(12)X13)(14) (15)
(1) Space
(2) F1 ~ F4: FUNCTION
(3) RAO, RAT, R0O2 ~ R12: RANGE
(4) 11 ~ 13: INTEGRATION TIME
(5) TT ~ T3: I TRIGGER MODE

(6) CO, C1: C% Enable

(7) A1 ~ A6: Vp MODE

(8) B1, B2: Vg MODE

(9) L1 ~L3: vap I LIMIT
(10) M1 ~ M3: vg I LIMIT
(11) DO ~ D7: SRQ MASK
(12) SO: SELF TEST (OFF)

(13) HO2 ~ H12: LIMIT AUTO RANGE
(14) J0, J1: FILTER

(15) Data Terminator
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Paragraphs 3-95 to 3-98

3-95. Service Request Status Byte.

3-96. The 4140B sends an RQS (Request Service) 3-98. The 4140B has not only I, I-V and C-V

signal whenever one of bits 1 thru 4, 6 or 8 functions but also has a High Speed I
is set. Figure 3-31 shows the Status Byte function.,  This facilitates high speed data
makeup of 4140B. output of the current measurement,

3-97. High Speed I (HSI) Function.

function can be set only by remote program

Model 4140B

Bit 8 7 6 5 4 3 2 1

Information o/r o/t fo/1 0/ ) 0/T 10/T L O/T O/

Signal bit 7 (RQS signal) establishes whether or not a service request exists.

Signal bits 1 thru 4, 6 or 8 identify the character of the service request states.

Service request states of the 4140B are:

(1) Bit 1: 1If Data Ready 1is set to ON, this state 1is 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 4140B receives an erroneous remote program code , this
state is set.

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

When parameter is set to a value over its setting Timit (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

ISPLAY on front panel displays "ILLE"), this state is set.
(%)If the 4140B receives trigger command when the FUNCTION is set
to I-V or C-V, this state is set.

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

(6) Bit 8: (:)Nhen the 4140B receives a trigger signal before the Tast meas-
urement is completed, this state is set.
When the 41408 provides measurement data while the last meas-
urement data is being output, this state is set.

Signal bit 5 is 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.
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Figure 3-32

code (F4), and can not be set by front panel Table 3-14. Accuracy and Data Output

controls. MWhen the 4140B is set to HSI func- Interval in HSI Function.
tion, the I.-C DISPLAY on the front panel dis-
plays "H-I". The 4140B outputs current meas- . Data OQutput Interval (ms)
urement data via HP-IB as in Figure 3-32 when Range (A)|Accuracy
4140B s set to HSI function. This output Internal External
data is the raw current measurement value - -
before it is ?igita]ly integrated (refer to 107, 107°( £(0.5+6 )
paragraph 3-18). This permits the 4140B in _
its HSI function to output data at a higher 107 *(0.5+10)
speed than in its general I function. Accu- —~1o
racy and data output intervals for the HSI 10 = (2+10)
function are shown in Table 3-14. Sampie 107 |, (5+100)
program for HSI function using an HP Desktop 1072 ©

Computer is given in Figure 3-37.

10(8,3)**

v
S

* (% of reading + counts) at 23°C:5°C,< 70
humidity.
** at 50(60)Hz Tine frequency.

HSI(HIGH SPEED I) FUNCTION

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

kkkkkkkk *kkkkkhkk *khkkkkkkk *kkkkkkk *kkkkkkk

() (2) (3) {4) (5)

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

(3), (4) Counts: Counts of the first measurement. Typical -3600 ~ +3800.
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 the same
format as in (2) thru (4) above.

Note

When set to the HSI function, the 4140B does not send a data
terminator (e.g. CR @P)) nor does it set EOI (End or Identi-
fy) 1ine in the HP-IB to "1". Therefore, the 4140B is sending
current measurement data during the time the 4140B is set to
HSI function. If 4140B is set to another function, HSI func
tion is aborted and stops data output. A sample program for
using HSI function is given in Figure 3-37.

Figure 3-32. Data Output Format of the HSI (High Speed I) Function.
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Paragraphs 3-99 and 3-100
3-99. Programming Guide for 41408B.

3-100. Sample Programs for HP Model 9825, HP
9000 Series 200/300 or HP-85 are provided in
Gigure 3-33 thru 3-37. These programs are
listed in Table 3-15.

Note

Controller-specific HP-IB programm-
ing information is given in the
controller's programming manual.

Note

Following equipment 1is required to
run the sample programs:

(1) 41408 pA  Meter/DC Voltage
source

(2) 9825 Desktop Computer

98210A String-
Advanced  Programming

ROM

98213A General I/0 Extended
I/0 ROM

(3) 980348  HP-IB Interface Card

or

(2) HP-85 Personal Computer
00085-15003 1/0 ROM

(3)82937A HP-IB Interface Card

or

(2) HP 9000 Series 200 Model 216/226/236

or

(2) HP 9000 Series 300 Model 310
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Table 3-15.

Model 41408B

Sample Program Using HP 9825,
HP-85 or HP9000 Series 200/300.

No.

Figure

Description

3-33

Remote control of pA section
and data output when 41408
is set to I function.

3-34

Remote control of VS section
and parameter output when
4140B.

3-35

Remote control and data out-
put when 4140B is set to I-V
or C-V function.

3-36

How to use remote program-
ming code "K".

3-37

Remote control and data pro-
cessing when 4140B 1is set to
High Speed I (HSI) function.
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Figure 3-33

Sample Program 1
Description:

This program enables remote control of the pA Meter section and provides a
data output program when the 4140B is set to I function. The program has
three capabilities:

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

9825 Program:

a: flt 3
wrt 717, "F1IRATI3TZ"
(1) (2) (3) [CD)
wrt 717,"E"
5)
red /17,A,B
dsp A,B;prt A,B
end

™

U7 s L

HP-85/HP 9000 Series 200/300 Program:

0 QuUTPUT 717:"F1RA1IZTZ"
e » (4)

30 QUTPUT 7217:"E™
(5)

40 ENTER 717:A,B

50 DISP A,B

&0 PRINT A,B

70 END

[

Figure 3-33. Sample Program 1 (sheet 1 of 2)
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By using string variables,

(1) Select code of HP-IB Interface card.
(?2) Address code of 4140B.

(3) Sets 4140B to I function.
(4)
(5)

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

This line is equivalent to:

9825: trg717
HP-85: TRIGGER717

HP9000 Series 200/300: TRIGGER/17

by the following program:

9825 Program:

U QO P - O

: dim ASL30]

urt 717,"F1RATIZTZ2"
wrt 717,"E"
red 717,A%

: dsp A%;prt A%

end

HP-85/HP9000 Series 200/300 Program:

10
20
20
40
S0
60
70

DIM R$[30]

QUTPUT 717;"F1RATISTZ"
QUTPUT 717;"E"

ENTER 717;A%

DISP A%
PRINT A%
END

complete output information from the 4140B is stored
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Figure 3-34

Sample Program 2.
Description:

This program enables remote control of the VS section and provides parameter
output when the 4140B is set to I function. The program has three capabili-
ties:

(1) Control of the 41408 VS section via HP-IB.
(2) Auto sweep of the 41408 VS section via HP-IB.
(3) Parameter output from the 4140B via HP-IB.

9825 Program:

0: dim AS[30]
wrt 717,"F1A4B1L2M3"
(1) (2)
2: wrt 717,"PS-10;PT10,PEINPHZ;PD.5,PB-50"
(3) 4) 3y (4) 334y (3) ) (3)

3¢ wrt 717,"PS"
(5)

—
..

4: red /717,R%
(5)
5: dsp A%:;prt A%
Gy wrt 717, W1V
(6)
7: end

Figure 3-34 Sample Program 2 (sheet 1 of 2)

3-63



Section III
Figures 3-34 and 3-35

Model 4140B

HP 9000 Series 200/300

10 DIM ASI30]
20 QUTPUT 717 ;"E1A4B1L2M3"
(1) ()
30 QUTPUT 717;3;"PS-103PT10,PEINPHZ2:PD.5,PB-50"
(G1() 3) ) (3 H G B (3

40 gutTPuUT 7217;"PS"

(5
S0 ENTER 717:A8%

()

60 DISP A%
70 PRINT A%
30 OUTPUT 717;"KW1"

(0)
90 END

(1) Sets 4140B to I function.

(2) Program codes for the VS section of the 4140B (refer to Table 3-12).

(3) Program codes for parameter setting of the 4140B (refer to Table 3-13).

(4) Parameter terminators for the 41408.

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

(6) Statement for AUTO START of V SWEEP.

Figure 3-34. Sample Program (sheet 2 of 2)
Sample Program 3,
Description:
This program enables remote control and provides a data output program when

the 4140B is set to I-V or C-V function. The program has three capabilities:

9825 Program:

0:

VU B oMY —

— (000~

0:

twrt 717,"PS-1.1PTHL T PEVINPHT PV ,PB-50"
twrt 717,"HTY

 prt ASLJ]

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

dim A$[100,30)
(1

wrt 717,"F3RATIZATBI1L2M3"

121

red 717,A%$[11]

if ASLI,2,21#"L";I+1+];jmp -1
23

for J=1 to 1

next J
end
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HP 9000 Series 200/300

10 DIM Asl30]1,C0100),V0120)
20 QUTPUT 717; "FIRATIZATBILIMG"

30 QUTPUT 7173 "PS~-1.1 3PT1 1 sPELTNPHTPVLS ,PB-50"
49 QUTRPUT 7175 Wi

50 1=0

@ REPEAT

70 I=I+1

80 ENTER 717:0%

90 CeIdy=UaL(Ast4,131)
1@ VT =UaL(AR016,21 1)
110 PRINT ASL2,21

120 UNTIL As(2,21="L"
130 FOR J=t 70 I

140 PRINT CCJY, V0D

150 NEXT J

160 END

HP-85 Program:

10 DIM ASI301.CC100),VC100)
(2) (2)

20 QUTPUT 717 ;"F3RATI2ATBIL2M3"

30 BUTPUT 717 :"PS-1.1;PT1.1;PE.INPH1;PV.5,PB-50"
40 DUTPUT 717 ;"W1™

50 1=0

60 I=I+1

70 ENTER 717 ; A%

80 C(I)=VAL(A%[4,13D

30 VC(I)=VAL(AS[16,211)

100 1F A$[2,21#"L" THEN 60

(3)

(1) Dimensions a string variable array that is larger than the number of
measurement points.

(2) Dimensions a numeric variable array that is larger than the number of
measurement points.

(3) When the 4140B is set to AUTO SWEEP, the second character of last
data is "L" (refer to paragraph 3-89).

Figure 3-35. Sample Program (sheet 2 of 3)
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The same results can be obtained by using the following program. Lines 1 and
6 (with the 9825), or lines 20 and 80 through 100 (with the HP-85) have been
altered to allow use of the SRQ Status Byte.

9825 Program:
1 wrt 717,"F3RATIZATBILZM3D4"

6: 1f bit(2,rds(717))=0;1+1+1;jmp -1

HP-85 Program:

20 DUTPUT 717 ;“F3RATI2ATBIL2MAD4"

75 A=SPOLLC7T7)

76 D=POS(A%.," ')

80 C(1»=VAL(A%[D-10,D-1D

90 V(I)=VAL(ASID+Z ,LENCAS) 1)
100 IF BIT(A,2)=0 THEN &0

First bit of the 4140B output data (space), Jjust after the SRQ Status Byte is
output to the controller, may be lost. Also, the Status Byte is cleared
within 10ms after it is output to the controller. Therefore, if the Status
Byte is output within 10ms after the last output, the last state may remain.

Figure 3-35. Sample Program (sheet 3 of 3)
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Sample Program 4.

Description:

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" is "RA1". Therefore, the I

RANGE should be set to "RAO (MANUAL)" to recognize the true I
measuring range,

9825 Program:

0: dim A%L301

T wrt 717,"K"
2: red 717,A%

3: dsp AB:prt A%
4: end

HP-85/HP 9000 Series 200/300

10 DIM A$130]
20 BUTPUT 717 ;K"
30 ENTER 717 ; A%

40 DISP A%
50 PRINT A%
60 END

Note

The statements on lines 1 and 2 (or 20 and 30) should be con-
tinuously programmed.
Note

The remote program code "K" can not be used while the self
test is performed. Besides, if "K" is used when the measure-
ment data is provided, this data will be lost.

The remote programming code "K" can be used to recognize 4140B key settings.

Figure 3-36. Sample Program 4
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Sample Program 5.

Description:

This program enables remote control
41408 is set to HSI (High Speed I) function.
ties:

and

is a data output program when

the
This program has three capabili-

(1) Control of the 4140B HSI function via HP-IB. .
(2) High speed I/0 control between the 41408 and controller via HP-IB.
(3) Data processing for the 4140B HSI function via HP-IB.

Note

Data ouptup interval of the HSI function is quite short (4 to

10ms). Therefore, general
HP 9000 Series 200/300,

used.
HSI function.

HP-85:

I/0 programming (9825: wrt, red,
OUTPUT,
Only high speed I/0 programming can be used for the
High speed I/0 programming with

ENTER) can not be

the 9825, HP

9000 Series 200/300 and HP-85 is slightly different A sample

program for HSI is given be

low.

More specific

information

for high speed I/0 programming with the 9825, HP 9000 Series

200/300 or HP-85
200/300, or HP-85 programming

9825 Program:

g:

1

~den =3

jsa)

10:

R
WM —

ent "Number 7" ,N
(1)
buf "4140B",3N+1,3
(2)
wrt 717,"F4"

(3
tfr 717,"4140B",3N+1

)
rdb("4140B")+S

(5)
fmt 1,f6.3,c2,f2.0,cl
for I=1 to N
rdb("4140B")+R
(6)
rdb("4140B")+H
(73

rdb("4140B")>sL

(8}

ior(shf(H,-8),L)+C

(9)

vrt 16.1,C/1000,"E-",R,"A"
next I
end

is provided

manuals.

in the 9825,

HP 9000 Series
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10
20
30
40
50
650
70
80
90
100
110
120
139
140
150
160
170
180
130
200
210

220
HP-85
10
20

-y 1
[N

30

/0
80
30
100

110

HP 9000 Series 200/300

OPTION BASE 1

INPUT "NUMBER" N

PRINT "NUBER" ;N

DIM AS(10@01 BUFFER

ASSIGN @D 'To 717

ASSIGN @A TO BUFFER AS

QUTPUT 717;"F4"

TRANSFER @Dc"T0 @A;COUNT Z*N+1

S=NUM(ASL1 11) W

IMAGE®D.DDD ,AA DD

FOR I=1 TO N
OR=NUMCASI % (I~1 )42 3*(1-1)+21)
CIH=NUMCASL 3% (I~1)+3 3% (1-1)+31)
B L=NUMCABLI*(I~1)+4 ,F%(1~1)+41)
(9C=206%H+
(9)IF C=34767 THEN GOTQ 210
O IF H<128 THEN GOTO 200
() C=C-E5535

D=C/1000

PRINT USING 10@;D,"E-" R

NEXT I

END

Program:

OPTION BASE 1
DISP "Number ";
INPUT N

()
DIM A$(1000]

@
I0OBUFFER A%

)
QUTPUT 717 :"F4"

121

123
.l

(3
TRANSFER 717 10 A%$ FHS ; COUNT 3=N+1

O]

S=NUMA%[1,11)

)
IMAGE D.DDD,AA,DD
FOR I=1 TO N
R=NUM(ASI3=(I-1)+2,3=(I-1)+2])
(6)
H=NUMCASI[3=(I-1>+3,3%(I-1)+31)
(7
L=NUMCAS[3=(I-1)+4,3=(I-1)+41)

(8)

120 C=256*H+L

(9}

IF C=32767 THEN GOTO 140

(91

122 IF H<128 THEN GOTO 130

9]

C=C-65536

9)

Figure 3-37 Sample Program 5 (sheet 2 of 3)
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130
140
150

PRINT USING 70 ; C/1000,"E-",R
NEXT I
END

) N: Number of data sent.

(1
(2) 9825: Sets name (4140B), size (3N+1) and type (high speed read/write

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

HP 9000: Sets name (A$) and size (23N+1) of string variable for high

Series 200/300 speed 1/0.

HP-85: Sets name (A$) and size (=3N+1) of string variable for high

speed 1/0.

(3) Sets 4140B to HSI.

(4) Sends measurement data from 4140B to controller.

(5) Inputs first byte of measurement data from buffer to variable S.
(6) R: Range of first measurement.,

(7) H: High byte of count of first measurement.

(8) L: Low byte of count of first measurement.

(9) C: 16 data count bits make up H and C.
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Figure 3-37. Sample Program (sheet 3 of 3)




	HP 4140B pA Meter / DC Voltage Source
	Table of Contents
	General Information
	Introduction
	Description
	Specifications
	Safety Considerations
	Instruments Covered by Manual
	Options
	Option 907, 908, or 909
	Option 910 Extra Manual

	Accessories Supplied
	Accessories Available

	Installation
	Introduction
	Initial Inspection
	Preparation for Use
	Power Requirements
	Line Voltage and Fuse Selection
	Power Cable
	Operating Environment
	Installation Instructions
	Installation of Options 907, 908, and 909

	Storage and Shipment
	Environment
	Packaging


	Operation
	Introduction
	Panel Features
	Self Test 
	Initial Control Settings
	Measurement Function
	pA (Pico-Ampere) Meter Section
	pA Meter Display
	Current Measurement Ranges
	Integration Time and Data Output
	External Triggering
	Zero Offset for Current Measurement
	pA Meter Operating Instructions

	VS (Voltage Source) Section
	VS Section Display
	VS Section Output Modes
	VS Section Operating Parameters
	Voltage Output and Display of VS
	Output Voltage Range
	Current Limit
	VS Section Operating Instructions

	I-V Measurement
	I-V Measurement Data Output
	I-V Measurement Operating Instructions

	C-V Measurement
	C-V Measurement Data Output
	C-V Measurement Range
	C-V Measurement Zero Offset
	C-V Measurement in Percent
	C-V Measurement Operating Instructions

	DUT Connection 
	DUT Connection Using the Wafer Prober

	Annunciations
	Analog Output
	Control Capabilities for Analog Output

	HP-IB Interface
	Connection to HP-IB
	HP-IB Status Indicators
	Local Key
	HP-IB Control Switch
	HP-IB Interface Capabilities of HP 4140B
	Remote Program Code
	Parameter Setting
	Data Output
	I-C Measurement Value and Va Output Voltage
	Parameter Output
	Key Status Data
	Service Request Status Byte
	High Speed I (HSI) Function
	Programming Guide for HP 4140B




