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SAFETY PRECAUTIONS

The following safety precautions should be observed before using Model 236 /237 Source Measure Units.

The Model 236/237 Source Measure Unit is intended for use by qualified personnel who recognize shock hazards and
are familiar with the safety precautions required to avoid possible injury. Read over the operator’s manual carefully
before using the instrument.

Exercise extreme caution when a shock hazard is present. Lethal voltages may be present on the test fixture or the Source
Measure Unit connector jacks. The American National Standards Institute (ANSI) states that a shock hazard exists when
voltage levels greater than 30V RMS or 42.4V peak are present. A good safety practice is to expect that hazardous voltage
is present in any unknown circuit before measuring,.

Inspect the connecting cables, test leads, and jumpers for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the Source Measure Unit, test fixture, test cables or any other instruments while
power is applied to the circuit under test. Turn off all power and discharge any capacitors before connecting or discon-
necting cables or jumpers. Also, keep the test fixture lid closed while power is applied to the device under test. Safe op-
eration requires the use of the lid interlock.

Do not touch any object which could provide a current path to the common side of the circuit under test or power line
(earth) ground. Always make measurements with dry hands while standing on a dry, insulated surface capable of with-
standing the voltage being measured.

Do not exceed the maximum signal levels of the test fixture, as shown on the rear panel and as defined in the specifica-
tions and operation section of the instruction manual.

Connect the @ screw of the test fixture to safety earth ground using #18 AWG or larger wire (supplied accessory).

Instrumentation and accessories should not be connected to humans.

The é symbol on a Model 237 indicates that 1000V or more may be present on the terminals. Refer to the Model 236 /237
Operator’s Manuals for detailed operation information.

When a Model 236/237 is programmed for remote sensing, hazardous voltage may be present on the SENSE and OUT-
PUT terminals when the unit is in operate regardless of the programmed voltage or current. To avoid a possible shock
hazard, always turn off all power before connecting or disconnecting cables to the Source Measure Unit or the associated
test fixture.



PREFACE

This Applications Manual is intended to demonstrate a number of key applications for the Models 236 and 237 Source
Measure Units. Typical applications covered in this manual include: diode forward characteristics, common-emitter and
common-source characteristics, current gain, threshold tests, and Gummel plots. Additional applications include using
Source Measure Units with other instruments such as voltage sources, current source, and electrometers. Finally, several
switching system examples are included to demonstrate how to increase the versatility of a Source Measure Unit test
system.

Each application includes an example program written in Hewlett-Packard BASIC 4.0 to demonstrate programming
principles, and all applications are intended to run on Hewlett-Packard Series 200 and 300 computers. The programs can
be converted to run on IBM PC and compatible computers using Microsoft QuickBASIC, as outlined in Appendix A.

Before using these applications, you should become thoroughly familiar with the operation of your Model 236 or 237
Source Measure Unit. Refer to the Model 236/237 Operator’s Manual, supplied with the instrument, for detailed infor-
mation on operation.



PROGRAM SYNOPSIS

A brief description of each example program in this manual is given below. Programs 1, 2, 3, 8, and 23 require
only one Model 236 or 237 to operate. The remainder of the programs require two or more Source Measure
Units, or one Source Measure Unit and at least one additional instrument such as a voltage source, current
source, scanner, or switching matrix.

Program 1: Resistor Voltage Coefficient Test Program. This program requires only one Source Measure
Unit, and it is intended to test the voltage coefficient of resistors. User-programmed voltage test values are
used, and the current through the resistor under test is measured by the Source Measure Unit. The resistance
and values and voltage coefficient are computed by the program. (pp. 2-2 to 2-7)

Program 2: Capacitor Leakage Test Program. Program 2 allows you to test leakage current values of capaci-
tors using a single Source Measure Unit. User-input test voltage and delay values are used, and the program
displays both leakage current and leakage resistance. (pp. 2-8 to 2-11)

Program 3: Diode Characterization. Program 3 determines the variability of forward voltage, Vr, as the for-
ward current, I, is varied across a certain range. Once test data are compiled, a plot of Vr vs. Iris generated on
the computer CRT. (pp. 2-12 to 2-16)

Program 4: Common-emitter Characteristics. This program performs standard common-emitter character-
istic tests of a typical small-signal NPN bipolar transistor. Two Model 236 or 237 Source Measure Units are
required to run the program, with one unit sweeping Is, and the second unit sweeping Vcz and measuring Ic.
A total of five I values are used, and, at the conclusion of the test, a plot of all five Ic vs. Vg curves is gener-
ated. (pp. 3-3 to 3-7)

Program 5: Gummel Plot. Program 5 provides a Gummel plot of an NPN bipolar transistor with log(Is, Ic)
plotted vs. V. Two Model 236 or 237 Source Measure Units are required; the first unit sweeps Vgz and meas-
ures I, and the second unit sources Vg and measures Ic. (pp. 3-8 to 3-12)

Programs 6A and 6B: Dc Current Gain. Programs 6A and 6B allows dc current gain testing of an NPN tran-
sistor using two Model 236 or 237 Source Measure Units. One Source Measure Unit provides the base current,
I, and the second unit sources V¢ and measures Ic. Program 6A automatically sets the base current to the
correct value based on user-input target Ic. Program 6B demonstrates a high-speed current gain test method
using special characteristics of the Models 236 and 237. (pp. 3-13 to 3-20)

Program 7: Differential Current Gain. This program allows you to enter two incremental base current val-
ues to determine the differential current gain of NPN bipolar transistors. The result approximates the ac cur-
rent gain of the devices. One unit supplies the base current, and the second unit sources Vce and measures Ic
at each base current value. (pp. 3-21 to 3-23)

Program 8: Transistor Leakage Current. Using one Source Measure Unit, Program 8 measures the leakage
current, Iceo, as the reverse bias voltage, Vcgo is varied. The program generates an Icgo vs. Vcro plot after data
are collected. (pp. 3-24 to 3-28)



Program 9: Common-Source Characteristics. This program uses two Source Measure Units to generate FET
common-source characteristics. The first Source Measure Unit is used to sweep Vgs, and the second unit is
used to sweep Vps and measure Ip. Curves at five different Vs values are generated by the program. (pp. 4-2
to 4-7)

Program 10: Transconductance vs. Gate Voltage. Program 10 generates a plot of g, vs. Vs for a typical FET.
Transconductance is computed from small, incremental changes in Vgs and the resulting changes in Ip. Two
Model 236 or 237 Source Measure Units are required to use this program. (pp. 4-8 to 4-12)

Program 11: Transconductance vs. Drain Current. This program generates a plot of Vs vs. Ip for an FET.
Again, gs is computed from incremental Vs and Ip values, and two Source Measure Units are required.
(pp. 4-13 to 4-16)

Programs 12A and 12B: Threshold Voltage. Program 12A allows you to determine the threshold voltage of a
typical FET at aspecified drain current value. Two Source Measure Units are required for the program which
includes an iterative search for target Ip. Program 12B demonstrates the self-bias threshold test, which is
much faster, and showcases some special capabilities of the Models 236 and 237. (pp. 4-17 to 4-24)

Program 13: Substrate Current vs. Gate Voltage. Three Source Measure Units are required for Program 12,
which generates a plot of substrate current, Iss, vs. gate voltage, Vgs. One unit sweeps Vs, the second unit
sources Vps, and the third unit sources Vs and measures Isg. (pp. 5-4 to 5-8)

Program 14: Common-source Characteristics with Source Measure Unit Substrate Bias. Program 14 adds
substrate-bias programming for a third Source Measure Unit to a common-source characteristic test pro-
gram. The program generates a plot of Ip vs. Vps at five Vs values. (pp. 5-9 to 5-14)

Program 15: Common-source Characteristics with Voltage Source Substrate Bias. Program 15 uses a
Model 230 Voltage Source to provide substrate bias for the device under test. Two Model 236 or 237 Source
Measure Units are also required to run the program, which generates Ip vs. Vps curves at five different Vs
values. (pp. 5-15 to 5-19)

Program 16: Common-emitter Characteristics with Voltage Source Substrate Bias. Program 16 uses a
Model 230 Voltage Source to provide substrate bias when measuring common-emitter characteristics. Two
Source Measure Units are required in addition to the voltage source to run this program, which generates Ic
vs. Ve curves at five Ig values. (pp. 5-20 to 5-24)

Program 17: Common-emitter Characteristics using Current Source. Program 17 is one of several programs
that demonstrate techniques for using a Source Measure Unit with other instruments. In this instance, a
Model 220 Current Source is used to sweep the base current under program control, while a Model 236 or 237
Source Measure Unit is required to sweep Vce and measure Ic. The program generates Ic vs. Vg curves at five
different Iy values. (pp. 6-1 to 6-6)

Program 18: Common-source Characteristics using Electrometer. This program utilizes a Model 617 Elec-
trometer to sweep Vps under program control and to measure Ip. A Source Measure Unit is necessary to
sweep Vs, and the program generates Ip vs. Vps curves at five Vgs values. (pp. 67 to 6-12)



Program 19: Power Transistor Testing. Program 19 demonstrates using a Model 228A Voltage/Current
Source in conjunction with a Source Measure Unit to test power transistor current gain. The Source Measure
Unit is used to provide base current, while the Model 228A Voltage/Current Source is used to source Vcg and
to measure Ic. (pp. 6-13 to 6-18)

Program 20: D¢ Current Gain with Scanning. Program 20 demonstrates using a Model 705 Scanner to test a
number of DUTs with one test system. Two Model 7058 Low Current Scanner Cards and two Source Measure
Units are also required for the program, which can test the current gain of up to ten transistors. (pp. 7-1 to 7-7)

Program 21: Resistivity Test Program. Program 21 demonstrates techniques for determining the resistivity
of devices. In addition to a Model 236 or 237 Source Measure Unit, the program also requires a Model 705
Scanner equipped with aModel 7152 Low Current Matrix Card. Following measurement, the program auto-
matically calculates and displays resistivity values. (pp.7-7 to 7-14)

Program 22: Using a Switching Matrix to Test Transconductance. This program uses a Model 707 Switching
Matrix and a Model 7072 Semiconductor Matrix Card to demonstrate programming principles associated
with matrix operation. In addition to the switching matrix, two Model 236 or 237 Source Measure Units are
required for the program, which tests for and calculates the transconductance of one of three selected DUTs.
(pp. 7-14 to 7-23)

Program 23: Binary Transfer Diode Characterization Program. Program 23 tests the forward characteristics
of typical diodes using one Model 236 or 237 Source Measure Unit. The program demonstrates how to opti-
mize measurement speed by using the binary data format to speed up IEEE-488 bus data transmission. Once
data are taken, the program generates a V¢ vs. Ir plot on the computer CRT. (pp. 8-3 to 8-9)

Program 24: Binary Transfer Common-emitter Program. This program shows binary transfer methods as
applied to common-emitter characteristic testing. Two Model 236 or 237 Source Measure Units are required
by the program, with one unit sweeping I, and the second unit sweeping Vce and measuring Ic. The program
generates Ic vs. Vg plots for five I values after device testing is complete. (pp. 8-10 to 8-15)

Program 25: Self-bias Threshold Tests with Plotting and Binary Transfer. This program demonstrates tech-
niques for plotting Vr vs. Ip using the self-bias method for threshold measurement. (pp. 8-16 to 8-22)

Program 26: Log Sweep Threshold Test with Plotting: Program 26 performs essentially the same type of test
as Program 25 with modifications to generate and plot a log sweep for a wider range of test currents.
(pp- 8-16 to 8-23)

IBM-PC/QuickBASIC Programs (Appendix A)

Program A-1: Diode Characterization. Program A-1 determines the variability of forward voltage, Vg, as the
forward current, I, is varied across a certain range. Once test data are compiled, a plot of Ve vs. Iris generated
on the computer CRT.

Program A-2: Transistor Leakage Current: Using one Source Measure Unit, Program A-2 measures the leak-
age current, Iceo, as the reverse bias voltage, Vczo is varied. The program generates an Iceo vs. Vcro plot after
data are collected.



Program A-3: Common-Emitter Characteristics. This program performs standard common-emitter charac-
teristic tests of a typical small-signal NPN bipolar transistor. Two Model 236 or 237 Source Measure Units are
required to run the program, with one unit sweeping Is, and the second unit sweeping Vce and measuring Ic.
A total of five I values are used, and, at the conclusion of the test, a plot of all five Ic vs. Vg curves is gener-
ated.

Program A-4: Common-Source Characteristics. This program uses two Source Measure Units to generate
FET common-source characteristics. The first Source Measure Unit is used to sweep Vgg, and the second unit
is used to sweep Vps and measure Ip. Curves at five different Vs values are generated by the program.

Program A-5: Log Sweep Threshold Test with Plotting. Program A-5 performs the self-bias threshold test
and plots a log sweep of the results.

Program A-6: Gummel Plot. Program A-6 provides a Gummel plot of an NPN bipolar transistor with log (I,
L) plotted vs. Vge. Two Model 236 or 237 Source Measure Units are required; the first unit sweeps Vie and
measures I3, and the second unit sources Vcg and measures Ic.



HOW TO USE THIS MANUAL

Outlines the overall system configuration and computer
software required to run the example programs in this

manual.

SECTION 1

General Information

Describes typical test procedures for two-terminal devices
such as high-megohm resistors, diodes, and capacitors.

SECTION 2

Two-terminal Device Tests

Details typical bipolar transistor tests such as common-emitter
characteristics and Gummel plots.

SECTION 3

Bipolar Transistor Tests

Covers typical FET tests such as common-source characteris-
tics and transconductance tests.

SECTION 4
FET Tests

Describes using a Source Measure Unit or separate voltage
source to provide substrate bias for semiconductor tests.

SECTION 5

Using Substrate Bias

Discusses using Source Measure Units with other types of in-
struments such as current sources and electrometers.

SECTION 6

Using Source Measure Units
with Other Instruments

Outlines methods to add scanner and matrix switching capa-
bilities to a Source Measure Unit test system to increase sys-
tem versatility.

SECTION 7
Adding Switching Capabilities to a
Source Measure Unit Test System

Describes ways to maximize data throughput in a Source
Measure Unit test system by using such features as binary
data transfer.

SECTION 8

Optimizing Measurement Speed
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SECTION 1

General Information

1.1 INTRODUCTION

The following paragraphs discuss the overall hardware
and software configuration of the system necessary to
run the example applications programs in this manual.

1.2 HARDWARE CONFIGURATION

1.2.1  System Configuration

Figure 1-1 shows the overall hardware configuration of a
typical Source Measure Unit test system. The various
components in the system perform the following func-
tions:

Model 236/237 Source Measure Units: Each Model
236/237 Source Measure Unit can source voltage and si-
multaneously measure current, or source current and si-
multaneously measure voltage. One unit is necessary to
run two-terminal device tests, while two units are re-
quired to run the bipolar transistor and FET tests. If pro-
grammable substrate bias is required, a third Source
Measure Unit or a programmable voltage source will be
necessary.

Model 8006 Test Fixture: The test fixture is the interface
between the DUT (device under test). The Model 8006 in-
cludes sockets for axial-component, TO package, and
24-pin DIP package devices.

Computer: A Hewlett-Packard 9000 Series 200 or 300
computer equipped with an HP-IB interface controls the
test system. An HP BASIC language processor card, in-
stalled in an IBM-PC, AT or compatible computer, can
also be used.

Connecting Cables: Model 7078-TRX-3 triax cables are
recommended for making connections between the
Source Measure Units and the test fixture. In addition,
IEEE-488 cables will be necessary to connect the Source
Measure Units to the IEEE-488 (HP-IB) bus of the com-

puter. Shielded IEEE-488 cables such as the Model 7007
are recommended for this application.

1.2.2 Remote/Local Sensing Considera-

tions

In order to simplify test connections, most applications in
this manual use local sensing for the Source Measure
Units. Local sensing requires connecting only two cables
between the Source Measure Units and the test fixture
(OUTPUT HI and OUTPUT LO). Also, the appropriate
jumpers between the test fixture signal panel and the
component test module must be installed.

To optimize accuracy, you should use remote sensing in
any of the applications (remote sensing is recommended
for optimum accuracy with currents above ImA). To use
remote sensing, connect SENSE HI and SENSE LO to the
test fixture, and add the necessary jumpers to the DUT.
With this configuration, SENSE HI appears on the center
conductor of the corresponding triax cable, and SENSE
LO appears on the center conductor of the OUTPUT/
SENSE LO triax cable. See Section 2 of the Model 236/237
Operator’s Manual for complete details on test connec-
tions.

WARNING

When a Model 236/237 is programmed for re-
mote sensing, hazardous voltage may be pre-
sent on the SENSE and OUTPUT terminals
when the unit is in operate regardless of the
programmed voltage or current. To avoid a
possible shock hazard, always turn off all
power before connecting or disconnecting
cables to the Source Measure Unit or the as-
sociated test fixture.

In addition to the different connecting scheme, you must
modify the corresponding program by changing the
“O0X” command string (local sensing) to “OIX” (local
sensing). For example, the command string,

OUTPUT 716; “O0X” ! Local sensing

1-1
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r = |
- |-
| DUT I
- [
7078-TRX Banana b ! Banana 7078-TRX
Triax Plug N Plug Triax
Cable Patch ~ 8006 TestFixture p.q, Cable
Cord Cord
Model 236/237 Model 236/237
ﬂ IEEE-488 Bus
Computer
(HP 9000
Series 200/300)
Notes :
1. One unit required for
2-terminal tests.
2. Three units required for substrate bias with
3-terminal devices.
Figure 1-1.  Typical System Configuration for Applications
should be changed to: 1.3.2 Example Programs
. Y1 X . Table 1-1 summarizes the example programs included in
OUTPUT716; “O1X ! Remote sensing this manual. Note that recommended devices are also
summarized in this table. Program modification will
probably be required for devices with different charac-
teristics.
13 SOFTWARE CONFIGURATION
Keep in mind that these example programs are presented
1.3.1 Programming Language only as examples, and they may not suit your particular

All the programming examples in this manual are writ-
ten in Hewlett-Packard BASIC 4.0 (upward-compatible
versions such as BASIC 5.0 or 5.1 can also be used). This
programming language was chosen for these examples
for tworeasons: (1) its easy-to-understand syntax, and (2)
its versatility in controlling the IEEE-488 bus. In addition
to BASIC, you must have the proper binaries (including
graphics binaries) loaded into the computer. See the com-
puter documentation for complete details.

1-2

applications. Also, a limited amount of error checking is
incorporated into the programs, so care should be taken
not to damage any device being tested. However, hope-
fully many of these example programs will serve as a
base or model toward other more complex, applications-
specific programs.

WARNING
Modifying the example programs to allow
voltages greater than +42V may create a
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shock hazard. Connect interlock circuits be-

fore use, and connect the ﬁxture@ screw to

safety earth ground using #18 AWG mini-
mum wire before using the programs.

Those who wish to run these programs but do not want to
bother typing them in may obtain a diskette from the

Keithley Instruments, Inc. Applications Department.

1.3.3  Graphics Routines

Graphics routines incorporated into many of the pro-
grams will plot simple graphs on the computer screen.
You can modify the program to generate hard copy
graphs on an HPGL plotter instead by changing the
PLOTTER IS CRT, “INTERNAL” statement to read
PLOTTER IS 705,"HPGL”. Those with a bit-mapped
graphics compatible printer can also dump graphics
plots to the printer by using the DUMP GRAPHICS com-
mand, or use the corresponding computer key on those
keyboards so equipped.

Table 1-1. Example Program Summary

Program # { Description Recommended Device* Paragraph
1 Voltage coefficient 10G£2-100GQ 24
2 Capacitor leakage 0.01-1pF 2.5
3 Diode VF vs.d 1N4148 26
4+ Icvs. Ve @I 2N5089 NPN 3.4
5% Gummel plot 2N5089 NPN 3.5
6A/6B | Dc current gain 2N5089 NPN 3.6
7 Differential gain 2N5089 NPN 3.6
8** Transistor Icro 2N3904 NPN 3.7
g Ipvs. Vbs @ Vs 2N4392 JFET 44
10 | gt vs. Vs 2N4392 JFET 4.5
11 ges vs. Io 2N4392 JFET 45
12A/12B** | Threshold voltage, VT User defined 4.6
13 Iss vs. Vos TG-51 54
14 Unit substrate bias User defined 54
15 V source substrate bias (FET) User defined 5.5
16 V source bias (bipolar) User defined 5.5
17 Unit/current source 2N5089 NPN 6.2
18 Unit/electrometer 2N4392 JFET 6.3
19 Power transistors MJE240 64
20 Scanner/Unit, multiple DUTs 2N5089 NPN 72
21 Resistivity using matrix User defined 7.3
22 Unit/matrix switching system User defined 74
23 Diode Test, Binary Transfer 1N4148 8.3
24 Common-emitter, Binary Transfer 25089 84
25 Self-bias threshold with plotting Enhancement/depletion FET 8.5
26 Log sweep threshold with plotting | Enhancement/depletion FET 8.5

* Devices recommended for use with example programs as written. Program modification may be required for
use with DUTs having different characteristics.
** IBM-PC/QuickBASIC versions of these programs are discussed in Appendix A.
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1.3.4  Factory Initialization

As written, the example programs assume that each
Source Measure Unit is configured for factory initializa-
tion parameters. To ensure that these programs run
properly, it may be necessary to return each Source Meas-
ure Unit to the factory initialized conditions. To do so
from the front panel, use the MENU button to SELECT
FACTORY INIT. You can also modify each program to
send a “JOX” command to each instrument at run time.
This command should be placed immediately after the
instrument is placed in remote, but before the unit is pro-
grammed for any other operating modes. An initializa-
tion command should be sent separately to each instru-
ment. An example of a partial listing is shown below.

30 REMOTE716
35  OUTPUT 716;“J0X"

I Put Unit #1 in remote
! Return Unit #1 to fac-

tory init.
40 OUTPUT 716;"F0,0X” 1 Source V, DC mode.
100 REMOTE717 ! Put Unit #2 in remote.
105 OUTPUT 717;”J0X” ! Return Unit #2 to fac-
tory init.
!Source I, sweep mode.

110 OUTPUT 717;“F1,1X”

1.3.5 General Programming

Considerations

The following paragraphs outline a number of factors to
consider when using the example programs or when
writing your own programs to perform various tests.

Ranging

When using autoranging measure with sweeps, it is bet-
ter to program a sweep that will result in down-range
changes because upranging causes the instrument to first
go into compliance and then work its way down. Pro-
gramming sweeps in this manner will result in faster
sweeps, all other factors being equal. Some types of tests,
however, may be subject to hysteresis and should be pro-
grammed to go only in one direction.

For a similar reason, the measurement range of a Source
Measure Unit that is used only as a source should be pro-
grammed for a suitable fixed range to avoid autoranging
that could slow down the overall measurement.

14

One-shot Triggering

When a Model 236/237 is in a one-shot trigger mode, it
will not return to the bias value after a sweep until it re-
ceives another trigger stimulus. Most of the example pro-
grams do not include this trigger, so you might wish to
add a line to the programs to do so. For example, if a unit
is programmed for trigger on GET, the following typical
programming line could be added to return the instru-
ment to the bias condition:

455 TRIGGER 716

Line Cycle Integration

Many examples program the units for line cycle integra-
tion using the “S2” command, which assumes that the in-
strument is being used on a 60Hz power line frequency.
Those who are using the units on 50Hz should change
any “S2” commands to “S3”, which will correctly pro-
gram the instrument for 50Hz line cycle integration.

When Is My Sweep Finished?

The best way to determine when a sweep is done is to
program the instrument to generate an SRQ on sweep
done, and then wait for the SRQ to occur. This is the
method used by most of the example programs in this
manual. Instead of using this method, you could also
simply test the sweep done bit in the status byte by re-
peatedly serial polling the unit, as in the code fragment
example below.

200 5=SPOLL (716) ! Serial poll unit.
210 IF NOT BIT(S,1) THEN 200 ! Sweep done?

Note also that it is not necessary to wait for the sweep to
finish before you begin requesting data. Simply begin
asking for data immediately after triggering the sweep;
each bit of data will be sent when it becomes available
(Program 5, in fact, demonstrates this technique). Note,
however, that you may run into a bus timeout error, de-
pending on the programmed delay time and the control-
ler you are using.

How Big is My Sweep?

In order to make each example program as simple as pos-
sible, the sweep size and thus the data arrays are fixed. In
a practical test program, however, you probably will
want the capability of automatically sizing your sweeps.
This can be done with the help of the U8 command,
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which returns the number of source points in the sweep.
The returned value could then be used to dimension any
arrays and to size loop counters. The example code frag-
ment below shows how to obtain the sweep size status
word from the instrument.

300 OUTPUT 716;“U8X” ! Request status
word.

310 ENTER 716;A$ !Input status word.

320 N=VAL(A$[4, 7]) ! Convert to nu-
meric.

Bias Value Programming with Sweeps

The bias value appears at the output both prior to and af-
ter a sweep. In order to ensure that your DUT is properly
biased before and after a sweep, you may wish to add a
bias voltage programming command to certain pro-
grams. For example, assume that you wish to add a OV
bias programming command to one of the programs. The
following syntax would be used:
120  OUTPUT 716;“B0,0,0X” ! Program OV bias,
autorange, 0 delay
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Two-terminal Device Tests

2.1 [INTRODUCTION

Two-terminal device tests discussed in this section in-
clude: voltage coefficient tests on resistors, leakage tests
on capacitors, and diode characterization.

2.2 INSTRUMENT CONNECTIONS

Figure 2-1 shows the instrument connections for two-ter-
minal device tests. Note that only one Source Measure
Unit is required for these applications. Model
7078-TRX-3 triax cables are used to make triax connec-
tions, while banana plug patch cords can be used for
binding post connections.

WARNING
Lethal voltages may be present when the test
fixture lid is open. To avoid a possible shock
hazard, the safety interlock circuit must be
connected before use as shown in Figure 2-1.

Also, connect the test fixture @screw to

safety earth ground using #18 AWG wire
minimum before use. Turn off all power be-
fore connecting or disconnecting wires or ca-
bles.

NOTES

1. Remote sensing connections are recommended for
optimum accuracy. See paragraph 1.2.1 for details.

2. If measurement noise is a problem, or for critical,
low-level applications, use shielded cable for all sig-
nal connections.

3. When using the Model 8002A, place the Picoam-
meter/Source-Measure switch in the Source-Meas-
ure position.

2.3 JUMPER INSTALLATION

In order to complete connections to the device under test,
Model 8006 Test Fixture jumpers must be installed, as
shown in Figure 2-2. Note that local sensing is used in
these applications, so one set of jumpers to the device
socket is necessary.

24 VOLTAGE COEFFICIENT TESTS OF
RESISTORS

Resistors often show a change in resistance with applied
voltage with high-megohm resistors (>10°Q) showing
the most pronounced effects. This change in resistance
can be characterized as the voltage coefficient. The fol-
lowing paragraphs discuss voltage coefficient tests using
a Model 236 /237 Source Measure Unit.

24.1 Test Configuration

The test configuration for voltage coefficient measure-
ments is shown in Figure 2-3. The Source Measure Unit
sources the voltage across the resistor under test, and the
picoammeter section measures the resulting current
through the resistor.

21
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Figure 2-1.

Banana Plug Patch Cord

Model 8006 Test Fixture é

236-ILC-3 Interlock Cable

NOTE : Connect output LO to Model 236/237 Unit
chassis using link.

A. Model 8006 Test Fixture

Connect LO to chassis
236-1LC-3 Interlock Cable
236/237 Source Measure Unit /

o]
IITNRLAAY I

o | Nz
/ 7 Interlock
Output Banana Plug Patch Coard M
Output LO 7078-TRX Triax Cable e ﬁ?}gﬁ’::eﬁ

WARNING : Connect interlock X R
circuit before use. Note : Set fixture switch for

source measure operation
WARNING : Connect fixture @ screw

to safety earth ground using #18 AWG
minimum wire before use.

B. Model 8002A Test Fixture Connections

Instrument Connections for Two-terminal Device Tests

2-2
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Figure2-2.  Jumper Installation for Two-terminal Device Tests
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24.2 Voltage Coefficient Calculations

Two different current readings at two different voltage
values are required to calculate the voltage coefficient.
Two resistance readings, R; and R;, are then obtained,
and the voltage coefficient in %/V can then be calculated
as follows:

100(Rz-Ry)
Voltage Coefficient (% /V) = R (v, - V1)

Where: R; = resistance calculated with first applied

voltage (V1).
R, = resistance calculated with second applied
voltage (V).

For example, assume that the following values are ob-
tained:

R;=1.01x10"°Q

R,=1.x107°Q
(V,- V=10V

The voltage coefficient is:

100 (1 x 108) _
Voltage Coefficient (% /V) = 751010 (10) =0.1% /V

2.4.3 Measurement Considerations

A couple of points should be noted when using this pro-
cedure to determine the voltage coefficient of high-
megohm resistors. Keep in mind that any leakage resis-
tance in the test system will degrade the accuracy of your
measurements. To avoid such problems, use only a high-
quality test fixture such as the Model 8002A or 8006. Also,
make certain that the test fixture sockets are kept clean
and free of contamination.

In addition, there is an upper limit on the resistance value
that can be measured using this test configuration. For
one thing, the test fixture has a finite (although very high)
path isolation value. Secondly, the maximum resistance
is determined by the test voltage and current-measure-
mentresolution of the test instrument. Finally, the instru-
ment has a typical output impedance of 10°Q.To maxi-
mize measurement accuracy with a given resistor, use
the highest test voltages possible.

2.4.4 Example Program 1: Voltage

Coefficient Test

Program 1 below demonstrates programming tech-
niques for voltage coefficient tests. Follow the steps be-
low to use the test program.

1. With the power off, connect the Model 236 to the
IEEE-488 interface of the computer.

2. Connect the test fixture to the Source Measure Unit
using appropriate cables (see Figure 2-1).

3. Turn on the Model 236, and allow the unit to warm
up for two hours for rated accuracy. Make sure the
primary address of the unit is set to 16.

4. Turn on the computer, and boot up BASIC.

Resistor Under

Output HI

236
Source (I)
Measure

Unit
Source V, I:V:I
Measure |

R=Vi

Qutput LO

Test
r- 8002A
I 1 or
: §R: 8006
Ll Tgst
Fixture

Figure 2-3.  Voltage Coefficient Test Configuration
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5. Enter the lines below into the computer.

6. Install the resistor being tested in the appropriate ax-
ial component socket of the test fixture, then close
the test fixture lid.

7. RUN the program, then enter the required values
when prompted to do so. You will be prompted to
input two voltage values and a delay value. The twc
voltage values are the test voltages, and the delay
value is the time between source on and measure.

8. The computer will then program the unit and meas-
ure the currents through the resistor. The calculated
voltage coefficient and two resistance values will
then be displayed on the CRT. If the unit is over com-
pliance, or if the test fixture lid is open, an error mes-
sage will be displayed.

245 Typical Program 1 Results

The actual voltage coefficient you obtain using the pro-
gram will, of course, depend on the resistor being tested.
Typical voltage coefficient obtained for a 10GQ resistor
(Keithley part number R-319-10G) was about 8ppm/V
(.008%/V).

246 Program 1 Description

For the following description, refer to the program below
and the program flowchart, which is shown in Figure 2-4.

At the start of the program, a device clear is sent to the
Source Measure Unit to return the unit to default state
(line 20), and the unit is then placed in remote (line 30).
After the screen is cleared (line 40), the Source Measure
Unit is programmed as follows (lines 50-90):

Source V, dc mode
Local sense, trigger on GET
100mA compliance, autorange measure

Data format to output measure data only with no pre-
fix

¢ Line cycle integration, 32 reading filter (to minimize
noise)

Input Test
Voltages

¥

Program
Voltage

Trigger Unit
and Place

in Operate

Read
Currents

Calculate
Voltage
Coefficients

Figure 2-4.  Program 1 Flowchart
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After the unit is setup, the operator is then prompted to
input the two test voltage values and the delay value
(lines 90-150). Note that the voltage inputs are tested to
verify that they are within the required 100V limits. After
these inputs, the unit is programmed for the first source
value (line 150), and the operator is then prompted to
close the test fixture (line 160).

Once the operator signals to continue, the unit trigger is
armed, and the unit is placed into operate (line 190). The
status byte is then requested and checked to determine if
the lid interlock is open (lines 210-250). If so, a message is
displayed, and the program halts.

2-6

The unit is then triggered (lines 270). After the pro-
grammed delay period (line 280), the status byte is re-
quested, and bit 7 of the status byte is checked (line 300)
to determine if the unit is over compliance. If so, the pro-
gram loops back to allow the operator to input different
voltage source values.

Assuming that all goes well, a current reading is then re-
quested from the unit (line 350), and the second voltage is
programmed (line 360). The second current reading is
then obtained (line 370), and the resistance values and
voltage coefficient are then calculated and displayed
(lines 390-440).
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18
20

-
S

30
4@
50
B0
70
8@
30
100
110
20
130
140
150
169
170
180
19@
200
210
220
230
240
241
243
244
250
260
270
280
290
300
310
32@
330
340
350
360
370
38@
390
420
410
420
430
440
450

REM RESISTOR VOLTAGE COEFFICIENT
CLEAR 7

DIM Err$i501

REMOTE 716

QUTPUT KBD;CHR$(255);CHR$(75);
QUTPUT 716;"FO ,BX"

QUTPUT 716;"00T1,0,0,8X"

QUTPUT 716;5"L1@RE-3,0X"

QUTPUT 7165764 .,2,8X"

OUTRUT 7165 "S2PSM1Z28,0X"

TEST PROGRAM REV. 1.3 (Program 1)

|
]
!
1
i
|
i
|

INPUT "Enter voltage V1 (@-1086)" ,VU1

IF ABS(VU1)>100 THEN 108
INPUT "Enter voltage V2", V2
IF ABS(VZ)»100 THEN 120

!
1

!

Clear 236

Dimension error string

Put 236 in remote

Clear screen

Source V, DC mode

Local sense, trigger on BGET

100mA compliance, autorange measure
Qutput measure,no prefix,DC

Line cycle, 32 reading filter ,SRQ
I Input first voltage

Check U1l limits

Input second voltage

Check V2 limits

INPUT "Enter source-measure delay (0-655000msec)” ,Dly ! Input delay

OUTPUT 716;"B";V1;",0,";D1ly;"X"

g

Program source and delay

PRINT "“Close test fixture lid then press CONT to begin test”

PAUSE

QUTPUT 7185 "R1Z@X"

QUTPUT 71635 "NIX"

WAIT .1

Stat=SPOLL(716)

IF BIT(Stat,5) THEN

PRINT "236/237 error"

BEEP

WAIT 2

OQUTPUT 71685 "UIX"

ENTER 7163Errs

STOP

END IF

TRIGGER 7186

WAIT Dly/ 1000+
Stat=SPOLL(718)

IF BIT(Stat ,7) THEN

FRINT "236 over compliance”
BEEP

GOTO 100

END IF

ENTER 71611

QUTPUT 716;"B":V23",0,"sDly;s"X"
ENTER 716;12

QUTPUT 716; "N@x"

R1=U1/1t

R2=V2/1I2
Coaff=100%(R2-R1)/{(R1%({V2-U1))
PRINT “COEFFICIENT=";Coeff;"%/U"
PRINT "RESISTANCE R1=";Ri
PRINT "RESISTANCE RZ=";R2
END

!
!
!
l
!

Arm trigoer ,suppress off
Turn on 238 output

Wait 0.1sec

Serial poll 236

Check for 236 error

Wait for error to clear
Request Ul word to clear error
Input error word

Trigger 236

Wait

Serial poll 236

Check for over compliance

Get first current reading
Program VZ Uoltage

Get second current reading
Turn off 236 ocutput

Compute R1

Compute RZ

Compute voltage coefficient
Display voltage coefficient
Display resistance values
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2.5 CAPACITOR LEAKAGE TEST

One important parameter associated with capacitors is
leakage current. Once the leakage current is known, the
insulation resistance can be easily calculated. The
amount of leakage current in a capacitor depends both on
the type of dielectric as well as the applied voltage. Witha
test voltage of 100V, for example, ceramic dielectric ca-
pacitors have typical leakage currents in the nA to pA
range, while polystyrene and polyester dielectric capaci-
tors exhibit a much lower leakage current--typically in
the fA (10-°A) range

2.5.1 Test Configuration

Figure 2-5 shows the test configuration for the capacitor
leakage test. The Model 236/237 Source Measure Unit
sources the test voltage across the capacitor, and it meas-
ures the resulting leakage current through the device.
Theresistor, R, is included for current limiting, and italso
helps to reduce noise. A typical value for R is IMQ, al-
though that value can be decreased for larger capacitor
values. Note, however, that values under 10kQ are not
recommended.

2.5.2 Leakage Resistance Calculations

Once the leakage current is known, the leakage resistance
can easily be calculated from the applied voltage and
leakage current value as follows:

R=V/I

For example, assume that you measured a leakage cur-
rent of 25nA with a test voltage of 100V. The leakage re-
sistance is simply:

R =100/25nA = 4G Q (4x 10°Q)

25.3 Measurement Considerations

After the voltage is applied to the capacitor, the device
must be allowed to charge fully before the current meas-
urement can be made. Otherwise, an erroneous current,
with a much higher value, will be measured. The time pe-
riod during which the capacitor charges is often termed
the “soak” time. A typical soak time is seven time con-
stants, or 7RC, which would allow settling to less than
0.1% of final value. For example, if Ris IMQ, and Cis 1uF,
the recommended soak time is seven seconds. With small
leakage currents (<1nA), it may be necessary to use a
fixed measurement range instead of autoranging.

254 Example Test Program 2:

Capacitor Leakage Test

Program 2 below performs the capacitor leakage test de-
scribed above. Follow the steps below to run the test us-
ing this program.

236

Output HI
Source
Measure

®

Source V, \Y
Measure |

Output LO o

=171 :
J P Capacitor under

I
8002A | ¢ I test
or I |
8006 : :
-_reSt I R I Resistor R required to
Fixture L _! limit current and

reduce noise. (Typical
value : 1MQ, minimun

Figure 2-5.  Test Configuration for Capacitor Leakage Test

~

value : 10kQ
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WARNING
Hazardous voltage may be present on the ca-
pacitor leads after running this test. Dis-
charge the capacitor before removing it from

the test fixture.

1. With the power off, connect the Model 236 to the
IEEE-488 interface of the computer.

2. Connect the test fixture to the Source Measure Unit
using appropriate cables (see Figure 2-1).

3. Turn on the Model 236, and allow the unit to warm

up for two hours for rated accuracy. Make sure the

primary address of the unit is set to 16.

Turn on the computer, and boot up BASIC.

Enter the lines below into the computer.

Discharge and install the capacitor being tested

along with the series resistor in the appropriate axial

component sockets of the test fixture. Install the nec-

essary jumpers, then close the test fixture lid.

oo

NOTE
The capacitor should be fully discharged be-
fore running the test.

7. RUN the program, then enter the required values
when prompted to do so. You will be prompted to
input the test voltage and soak time values. When
entering the soak time, choose a value of at least 7RC
to allow settling to within 0.1% of final value. At very
low currents (<500fA), a longer settling time may be
required to compensate for dielectric absorption, es-
pecially at high voltages.

8. The computer will then program the unit and then
wait the programmed soak time as a delay time for
settling. After settling, any offset current will be sup-
pressed, and the Model 236 will be programmed for
the test voltage value. After the soak time has
passed, the computer will measure the leakage cur-
rent, and then display the leakage current and calcu-
late and display the leakage resistance. If the unit is
over compliance, or if the test fixture lid is open, an
error message will be displayed.

2,55 Typical Program 2 Results

As pointed out earlier, the exact value of leakage current
will depend on the capacitor value as well as the dielec-
tric. A typical value obtained for a IuF aluminum electro-
lytic capacitor was about 80nA at 25V.

2.5.6 Program 2 Description

Refer to the program listing below and the flowchart in
Figure 2-6 for the following program description,

After the unit is cleared and placed in remote (lines 20
and 30), the unit is programmed as follows (lines 50-90):

Source V, dc mode

Local sense, trigger on GET, continuous

10mA compliance, autorange measure

Measure only data format, no prefix, dc data

Line cycle integration, 32-reading filter (to minimize
noise)

After initial setup of the Model 236, the operator is then
prompted to input the desired test voltage (line 100) and
the voltage limit is checked (line 110). Next, the desired
settling/soak time is requested, and the operator is
prompted for a signal to begin the test (lines 120-140); and
the output is programmed to 0V (line 150). After the op-
erator signal, the trigger is armed, and the unit is placed
in operate (lines 160 and 170). The status byte is then re-
quested after a 0.1sec delay period (lines 180 and 190),
and the byte is checked to see if the test fixture lid is open
(lines 200-240). If the lid is open, a message to that effect is
displayed, and the program halts.

The unit is then triggered (line 250), and the computer
then waits the programmed delay time to allow the cir-
cuit to settle (line 260). Suppress is then enabled to zero
out any offset current in the test system (line 280). The
computer then programs the test voltage and then waits
the programmed soak time to allow the capacitor to
charge fully (lines 290 and 300). Once the soak time has
elapsed, the status byte is obtained, and a check for an
over-compliance condition is made (lines 350-360). If an
over-compliance condition is noted (flagged by status
byte bit 7), the program loops back to allow the operator
to input a new voltage value.

If no errors occur, a current reading is requested from the
unit (line 380), and the current and calculated leakage re-
sistance are then displayed (lines 400 and 410).

2-9
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Input Test
Voltage

v

Input Soak
Time

Arm Unit
and Place
in Operate

Trigger
Unit

Read Unit
Status
Byte

Read
Leakage
Current

Display
Current and
Resistance

Figure 2-6.  Program 2 Flowchart
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REM CAPACITOR LEAKAGE TEST PROGRAM REV. 1.3 (Program 2)

DIM Errs$[501 I Dimension error string

CLEAR 7 I Clear 2386

REMOTE 716 I Put 236 in remote

QUTPUT KBD;CHR$(255);CHRS(75); I Clear screen

QUTPUT 71B3"F0 ,0X" ! Source V, DC mode

QUTRUT 716;"0071,2,0,0X" I Local sense, trigger on GET
QUTPUT 716;5"L10QE-3,0X" I 10mA compliance, autorange measure
OQUTPUT 716;"64,2,8X" ! Qutput measure,no prefix,DC
QUTPUT 71B5"52P5M128,0X" ! Line cycle, 32 reading filter ,5RQ
INPUT “"Enter test voltage (8-100)",V | Input test voltage

IF ABS(VU)>10@ THEN 100 I Check V limits

INPUT "Enter settling and soak time (seconds)” ,W | Input time

PRINT "Close test fixture lid then press CONT to begin test”

PAUSE

QUTRPUT 716; "B ,0 ,2X" ! Program 0V

QUTPUT 7163 "R1Z0OX" I Arm trigger ,suppress off
QUTRUT 716; "NIX" ' Turn on 236 output

WAIT .1 I Wait @.1sec
Stat=SPOLL(716) I Serial poll 236

IF BIT(Stat ,5) THEN | Check for 236 error

BEEP

PRINT "236/237 error”

WAIT 2 I Wait for error to clear
QUTPUT 716;"UTX" I Request Ul word to clear error
ENTER 7165;5Err$ b Input error word

STOP

END IF

TRIGGER 716 i Trigger 236

PRINT "Waiting";W;"seconds for settling time”

WAIT W

QUTPUT 7185 Z1X" ! Enable suppress

WAIT 2 I Wait for suppress

FRINT "Waiting":iW;"seconds for soak time"

QUTPUT 71B3"B"3Us",8,0X" ! Program DC voltage

WAIT W+t I Wait soak time
Stat=5POLL(718) I Serial poll 2368

IF BIT(Stat ,7) THEN I Check for over compliance
PRINT "236 over compliance.”

BEEP

60TO 100

END IF

ENTER 716351 b Get 236 current reading
QUTPUT 7185 "N@X" t Turn off 236 output

PRINT "lLeakage current=";Il ! Display leakage current
PRINT “Leakage resistance=";VU/1 | Display leakage resistance
END

2-11
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2.6 DIODE CHARACTERIZATION

The Model 236 is an ideal instrument to characterize di-
odes because it can source a current through the device,
and measure the resulting forward voltage drop, Vg,
across the device. The following paragraphs discuss the
test configuration and give a sample test program for
such tests.

2.6.1 Test Configuration

Figure 2-7 shows the test configuration for the diode
characterization test. The Model 236 is used to source the
forward current, Ir, through the diode under test, and it
also measures the forward voltage, V¥, across the device.
Ir is swept across the desired range of values, and VE is
measured at each current. Note that the same general
configuration could be used to measure leakage current
by reversing the diode, sourcing voltage, and measuring
the leakage current.

2.6.2 Measurement Considerations

Since the voltages being measured will be fairly small
(=0.6V), remote sensing can be used to minimize the ef-
fects of voltage drops across the test connections and in
the test fixture. To use remote sensing with the Model
8006 install both sets of jumpers to the axial Kelvin socket
to be used for the diode being tested, and modify the test
program accordingly.

2.6.3 Example Program 3: Diode

Characterization

Program 3 below demonstrates the basic programming
techniques for running the diode characterization test.
Follow the steps below to use this program.

1. With the power off, connect the Model 236 to the
IEEE-488 interface of the computer.

2. Connect the test fixture to the unit using appropriate
triax cables (see Figure 2-1).

3. Turn on the Model 236, and allow the unit to warm
up for two hours for rated accuracy. Make sure the
primary address of the unit is set to 16.

4. Turn on the computer, and boot up BASIC.

Enter the lines below into the computer.

Install a small-signal silicon diode such as a IN914 or

1N4148 in the appropriate axial socket of the test fix-

ture. Be certain that the jumpers are properly in-

stalled, then close the test fixture lid.

7. RUN the program in the usual manner. The com-
puter will program the Source Measure Unit and run
the diode test using currents between OpA and
100pA in 1pA increments using a fixed delay of
10msec.

8. Once the sweep has been completed, you will be
prompted to press CONT to generate a plot of the
data. A simple Vr vs. Ir plot will then be displayed on
the computer CRT.

9. To return to BASIC from the graph, press CONT.

o o

Figure 2-7. Diode Characterization Test Configuration

Output HI
236
Source . ——
Measure Diode I |
Unit under ~a L1
Sweep | test | AV4 .
Fo
Measure Vg !_ _:—l_‘—l
8002A
Output LO _ or
‘17 8006
Test
Fixture
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2.6.4 Typical Program 3 Results

Figure 2-8 shows typical results obtained using example
Program 3. These results are for a 1IN914 silicon diode.

DIODE FORWARD CHARACTERISTICS

.485 | ]

.361
.3186 -////,
.271

.228
.181
. 135
.0908
.945

2.200 . . : ) .
@.QE+Q 2.@E-5 4.QE-5_6.BE-5 B8.BE-S5 1.BE-4
Iif

vE

Figure 2-8.  Example Diode Test Program Plot

2.6.5 Program 3 Description

For the following description, refer to the program listing
and the flowchart shown in Figure 2-9.

Initially, the OPTION BASE statement is used to declare
that all array subscripts begin with 1 rather than 0 (line
20), and the reading array is then dimensioned for 101
points with two readings each (line 30). Next, the unit is
cleared and placed in remote (lines 40 and 50), and the in-
strument is initialized as follows (lines 70-160):

Source I, sweep mode

Local sense, continuous trigger on GET

10V compliance, autorange measure

Source and measure data format with no prefix and
sweep data output

e SRQ on sweep done

Suppress on (nulls offsets)

Istart: OuA

Istop: 100pA

Istep: IHA

After setup, the sweep is then programmed (line 170),
and the operator is prompted to signal the start of the test
(lines 180 and 190). Following the operator signal, the
trigger is armed (line 200), and the unit is placed into op-
erate and triggered (lines 210 and 220). Following the

Read
Source
Current

Read
Measured

Min/Max
Voltage

Figure 2-9.

Program 3 Flowchart
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trigger, the program enters a loop where it continuously
checks the SRQ line on the bus to determine when the
sweep is finished (lines 240 and 250).

When the unit finishes the sweep, it sets the SRQ line
true, and the program falls out of the loop. The status byte
is then read (line 260) to clear the SRQ, and the unit is
placed in standby (line 270). Next, all 101 data points are
requested from the computer (lines 280-300). Here, the
source value, which is the forward current, is placed in
element (I,1) of the reading array, and the measured volt-
age is placed in element (I,2) of the reading array. The
minimum and maximum measured voltage values are
then found (lines 310-360); these values are used to scale
the Y axis of the plot.

The graphics routines are located in lines 410-670 of the
program. Most of these are self-explanatory, but a few of
them require comment. Note that the soft clip limits are
defined by the VIEWPORT statement (line 500), while
the X,Y scaling is performed by the WINDOW statement
(line 510). Note that X axis scaling is determined by the
programmed start and stop currents (Istart and Istop),
while the Y axis limits (Ymin and Ymax) are the values
determined from the minimum and maximum measured
voltages. Finally, plotting is performed by the PLOT
statement (line 560), which plots the entire reading array
with one statement, and the axes are numbered (lines
570-670).

2.6.6 Modifying Program 3

As written, the program sets up the Source Measure Unit
tostep the current from OpA to 100uA in THA increments.
For other values, you can simply change the Istart, Istop,
and Istep values in lines 130-150 to the required values, or
(better yet), incorporate INPUT statements to allow op-
erator input of those values. It may also be necessary to
change the source range value from 6 (100pA range) to
accommodate different current parameters.

If you choose values that result in a sweep length other
than 101 points, additional modifications to the program
will be necessary. The DIM statement declaration (line
30) and loop counter values (lines 280 and 330) must
agree with the number of points in the sweep.

2-14

2.6.7 Using Log Sweeps

With some devices, it may be desirable to use a log sweep
because of the wide range of currents necessary to per-
form the test. Program 3, for example, can be modified for
alog sweep of the diode current by changing the Q1 com-
mand in line 170 to Q2 with appropriate parameters. For
example, assume that you wish to sweep from 1pA to
100mA using a log sweep, the program lines would be
modified as follows:

130 Istart=1E-6

140 Istop=100E-3

150 Points=1

170 OUTPUT 716;7Q2,”;
Istart;”,”Istop;",”;
Points;”,9,”;Dly,;“X"

! Define 1pA start current
! Define 100mA stop current
! Select 10 points per decade

Note that thestart and stop currents are programmed just
as before, although with a much wider range than would
be practical with a linear sweep. With log sweep, how-
ever, the Points parameter, which defines the number of
points per decade, replaces the Istep parameter that is
used with the linear sweep. The source range is also
changed to a value of 9 (100mA range).

2.6.8 Using Pulsed Sweeps

In some cases, it may be desirable to use a pulsed sweep
to avoid device self-heating that could affect the test re-
sults. For example, Program 3 can be modified to use a
staircase pulse sweep by substituting the Q4 command
for the Q1 command along the correct parameters. For ex-
ample, assume that you wish to step the current from
OuA to 100pA at T0pA increments with an on time of
10msec, and an off time of 90msec. The following lines
would be added or substituted:

! Define 10msec on time.
! Define 90msec off time.

160 ton=10

165 torr=90

170 OUTPUT 716;“Q4,”;
Istart;”,”;Istop;”,”;
Istep;”,0,” ston;tors;
IIXII

The main difference between programming the standard
staircase and pulsed staircase sweep is that on time and
off time are substituted for the delay time.
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10

0
5

3@
49
5Q
6@
70

REM DIODE CHARACTERIZATION TEST
OPTION EASE 1 ]
DIM Reading(1@1t .27

!
CLEAR 7 ]
REMOTE 7186
QUTPUT KEBD;CHR$(255);CHR$(75); !
QUTPUT 71B:"F1 1X"
QUTPUT 716-"O@|1 ,0,2 ,0X" !
OQUTPUT 71B;"L1@,0X" !
QUTPUT 716365 ,2 ,1X"
QUTPUT 71635"M2 X" }
QUTRUT 716:;"B@,0 ,8X" .
QUTPUT 778'"21%' ¢
istart=0 !
Istop=1.0E-4
Istep=1.0E-G t
Diy= }
QUTPUT 7165"Q1,"sIstart;” ,"iIstops”

PROGRAM REV.

,“ilstep;

1.3 (Program 3)
First array subscript is |
Dimension reading array (101
Clear 238

Put 238 in remote

Clear screen

Scource I, sweep mode

Local sense, trigger on GET
10V compliance, autorange measure
Source ,measure ,no prefix,sweep data
SRQ on sweep done

Program © bias value

Enable suppress

Define QuA start current

Define 100@uA stop current

Define TuR step current

Define 1@msec delay value
"L,0,"3D1lys X" 1 Program sweep

pts.)

Wait to continue
frm trigger

Turn on 236 output

PRINT "Close lid, press CONT to begin”
PAUSE i
QUTPUT 71653 "RIX" !
QUTRUT 7183 "NIX"

TRIGGER 716 !

PRINT "Waiting for sweep to end"
STATUS 7,7:S5tat
IF NOT BIT(Stat,
5tat=SPOLL(718)

1@) THEN 240

QUTPUT 7165 "N@X"
FOR I=t
ENTER 716;3;Reading(I,1),Reading(I 2)!

NEXT I
Ymin=MAXREAL

Ymax=—-MAXREAL
FOR I=1 70 1@1

|
|
i
|
TO 101 g
|
|
|

Trigger 236 to start sweep
Get IEEE-488 bus status

Wait for S5RQ on sweep done

Serial poll 236 to clear SRQ

Turn off 236 output

Loop for all readings

Get 236 current and voltage readings
Loop back for next reading

Find minimum and maximum voltage

IF Readingf{I,2)<Ymin THEN Ymin=Reading(I  2)

IF Reading(I,2)>Ymax
NEXT I

FRINT "Press CONT to display graph’
PRINT
PAUSE
OQUTPUT KBD;CHR$(255);CHR$(75);
GINIT

FLOTTER IS CRT
GRAPHICS ON
MOVE 36,95
LABEL "DIODE FORWARD CHARACTERISTICS”
MOVE 70,10 !
LABEL "“If"

MOVE 5,53 !
LABEL "Uf"
VIEWPORT 30,120

!
{
, " INTERNAL" !
!
!

,20,85 |

THEN Ymax=Reading(I,2)

“Press CONT while in graph to return to BASIC®

Clear CRT
Initialize graphics
Define plot to CRT
Turn on graphics
Title graph

Label X axis
Label Y axis

Define soft clip limits

2-15
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510
520
53¢
540
550
5690
570
580
530
6520
B1G@
620
830
640
650
660
870
680
590
700
710

WINDOW Istart,Istop,Ymin, K Ymax
X1=(Istop-Istart)/10
Yi=(Ymax—-Ymin)/10@

GRID X1+2 Y1+2 Istart , Ymin
AXES X1,Y1 ,Istart Ymin

PLOT Reading(*)

CSIZE 4

LORG B

CLIP OFF

!
|
|
|
I
!
!
!
|

FOR I=Istart TO Istop+.@lxlstep STEP

MOVE I ,Ymin-(Y1/4)
LABEL USING "“#,D.DESZ";1
NEXT I

FOR I=Ymin TO Ymax+.@1*Y! STEP VI

MOVE Istart-(1.3*X1 ), I+(.3%Y1)
LABEL USING "#,MDD.DDD";I

NEXT I

PAUSE

QUTPUT KBD;CHR$(ZR5);CHR®(75);
GRAPHICS OFF

END

o

Scale graph

Compute X axis increment
Compute Y axis increment
Draw grid

Add some tick marks

Plot data

Define character size
Center characters

Turn off soft clipping
2#X1 | Number X axis

Number Y axis

Turn off alpha display
Turn of f graphics display

2-16




SECTION 3

Bipolar Transistor Tests

3.1 INTRODUCTION

Bipolar transistor tests discussed in this section include:
tests to generate common-emitter characteristic curves,
Gummel plot, current gain, and transistor leakage tests.

3.2 INSTRUMENT CONNECTIONS

Figure 3-1 shows the instrument connections for the bi-
polar transistor tests outlined in this section. Two Model
236/237 Source Measure Units are required for the tests
(except for the leakage current test, which requires only

one Source Measure Unit). In addition, the Model 8006
test fixture is recommended to make connections to the
transistor under test.

Model 7078-TRX-3 triax cables are recommended to
make instrument-to-test fixture connections. In addition,
the safety interlock connecting cables must be connected
as shown.

WARNING
Lethal voltages may be exposed when the
test fixture lid is open. To avoid a possible

236 Source Measure Unit #1

WARNING : Connect interlock
circuits as shown before use.

— S WARNING : Connect @ screw
to safety earth ground using #18
AWG minimum wire before use.

NOTE : Connect LO to chassis with
link on Unit #1 only (Remove for ™
fast current test only).
Banana Plug Patch Cord
7017_3-Tnx
riax -ILC-3
Cable 7°§;b|3e§° AN x lntzee;lsock cable
236 Source
i C-3 Saf
Measure Unit #2 261103 Safety
7078-TRX
Triax Banana Plug Patch Cord
Cable
=@ £ BEIT 8OO
® 060 @ @
—d - & - P ]
@ @
1
Model 8006 Test Fixture é
Figure 3-1.  Instrument Connections for Transistor Tests
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shock hazard, the safety interlock circuit
must be connected as shown in Figure 3-1

before use. Connect fixture @screw to
safety earth ground using #18 AWG mini-
mum wire before use. Turn off all power be-

fore connecting or disconnecting wires or ca-
bles.

Two final connections that must be made are the Source
Measure Unit trigger connections. Connect the TRIGGER
OUT jack of Unit #1 to the TRIGGER IN jack of Unit #2,
and connect the TRIGGER OUT jack of Unit #2 to the
TRIGGER IN jack of Unit #1. Use standard BNC-to-BNC
cables such as the Model 7051 to make these connections.

NOTES

1. Remote sensing connections are recommended for
optimum accuracy. See paragraph 1.2.2 for details.

2. If measurement noise is a problem, or for critical,
low-level applications, use shielded cable for all sig-
nal connections.

3. Most of the transistor test programs use external
triggering. If the trigger jacks are not connected as
shown, the programs will not function properly.

3.3 JUMPER INSTALLATION FOR
TRANSISTOR TESTS

Figure 3-2 shows jumper installation for the transistor
tests. The DUT itself should be placed in the appropriate
four-terminal TO package socket, and the jumper con-
nections should be made between the instrument panel
jacks and the jacks on the component panel. Note that lo-
cal sensing is used for most applications, so jumpers
should be connected as shown.

Standard Jumper
Guarded Jumper
( 8006 COMPONENT TEST FIXTURE )
BINDING POST l BNC 1 " BNC 2 '
1 2 3 @ 4 @ ;@ m@ @ SHELL, scnw.@ @ SHELL
O [ie\e]e |Fo @@ e 000 (6@ 6
11 ; 4 13 SHIELD 1 7 8 9 1 10 bl 1
0\0[6 J:o @ ¢ ‘:@_g_@ I:@_,g_@
WAFRNING : USER SUPPLIED LETHAL VOLTAGES MAY BE PRESENT WHILE LID IS OPEN. SAFE OPERATION REQUIRES USE OF LID INTERLOGK
( >N )
-o@ =AF):I=KAELVIN CUPS mécs sgz — =AX}AL KELVIN CLIPS -o(-:)e:
1 E]Io o [II 2 MODULE 3 oEo o[lofl 4
© L) S @ swew |@ L i) @
O SENSE 20mm (0.8in.} SPACING SENSE SENSE 30mm (t.2n.) SPACING S)BE‘ o
o® » / @@  ©@p 6 0" © |
® @ Lt (OH HONON NOBENON 1®
o O
L DUAL IN-UINE PACKAGE J J
\_ \I/ KEITHLEY 8005.GTM
> J
Transistor Under Test
Figure 3-2.  Jumper Installation for Transistor Tests
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3.4 COMMON-EMITTER
CHARACTERISTICS

Common-emitter characteristics are probably the most
familiar type of curves generated for bipolar transistors.
Test data used to generate these curves is obtained by
sweeping the base current, I, across the desired range of
values at specific increments. At each base current value,
the collector-emitter voltage, Vcg, is swept across the de-
sired range, again at specific increments. At each Ve
value, the collector current, Ic, is measured.

Once the data are collected, a plot of Ic vs. V¢ is gener-
ated for each value of I5. The result is a family of curves
that shows how Ic varies with Vcz at specific Iy values.

3.4.1 Test Configuration

Figure 3-3 shows the test configuration for the common-
emitter characteristic tests. Unit #1 sweeps Is across the
desired range, and Unit #2 sweeps Vce and measures Ic.
Note that an NPN transistor is shown as part of the test
configuration. A small-signal NPN transistor with an ap-
proximate current gain of 500 (such as a 2N5089) is rec-
ommended for use with the test program below. Other
similar transistors such as a 2N3904 may also be used, but
the program may require modification.

3.4.2 Measurement Considerations

A fixed delay period of 100msec, which is included in the
program, may not be sufficient for testing some devices.
Also, it may be necessary to change the programmed cur-
rent values to optimize the tests for a particular device.

3.4.3 Program 4: Common-emitter

Characteristics

Program 4 below can be used to run common-emitter
characteristic tests on small-signal NPN transistors. In
order to run the program, follow the steps below.

1. With the power off, connect both Model 236 Source
Measure Units to the IEEE-488 interface of the com-
puter.

2. Connect the test fixture to both units using appropri-
ate cables (see Figure 3-1).

3. Turn on both Model 236 Source Measure Units, and
allow the units to warm up for two hours for rated
accuracy. Make sure the primary address of Unit #1
is set to 16 and that the primary address of Unit #2 is
set to 17.

4. Turn on the computer, and boot up BASIC.

5. Enter the lines below into the computer.

6. Install a small-signal NPN silicon transistor such as
a 2N5089 in the appropriate transistor socket of the
test fixture. Be certain that the jumpers are properly
installed, then close the test fixture lid.

Transistor

-l

Under Test

Unit #1
Sweep Ip

|
| I Unit #2
Ve | Sweep Vce
V Measure [

<

8006 Test
Fixture

Figure 3-3.  Test Configuration for Common-emitter Tests

v
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7. RUN the program in the usual manner. The com-
puter will program both units and run the common-
emitter characteristic test on the device. The base
current will be swept between 10pA and 50pA in
10p.A increments, and the value of Vg will be swept
between 0V and 10V in 0.1V increments. A fixed de-
lay of 100msecis also incorporated into the program.

8. Once the sweeps have been completed, you will be
prompted to press CONT to generate a plot of the
data. A simple Ic vs. Vcg plot will then be displayed
on the computer CRT, with separate curves for each
Is value.

9. To return to BASIC from the graph, press CONT.

3.4.4 Typical Program 4 Results

Figure 3-4 shows typical results generated by example
Program 4. A 2N5089 NPN silicon transistor was used to
generate these test results.

COMMON EMITTER CHARACTERISTICS
2.9e-g2
2.7e-82 | T ]
2.4E-82 ] ——
2. 1E-22 ~[_———————‘—""'—'_—
1.8E-82
Ie 1.5E-@2 -(”""
1.2E-82
8.8E-03
5.9E-03
2.96-83
0.2E+28 .
@ 1 2 3 4 5 6 ? 8 8 1@
Vce
Figure 3-4.  Example Plot from Test Program 4

3.4.5 Program 4 Description

For the following program description, refer to the pro-
gram listing below and the flowchart shown in
Figure 3-5.

Initially, the reading array is dimensioned (line 30) as a
three-element array that will hold five sweeps of 101
points each, with two readings for each point. Next, both
units are returned to default conditions by a DCL com-
mand (line 40), and Unit #1, which sweeps I, is set up as
follows (lines 70-160):

e Source I, sweep mode

34

Setup
Reading

Setup
Unit #2

Arm Units
Place in
Operate

Trigger
Sweep

Get Bus
Status

Read
Sweep Data
From Unit #2

Compute
Min/Max
"Current

Figure 3-5.

Program 4 Flowchart
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¢ 1V compliance, 1.1V range

¢ Local sense

Trigger on GET, one step per trigger, output trigger at
end of delay

Start Iy current: 10pA

Stop Is current: S50pA

Step Iy current: 10uA

Delay: 100msec

Staircase sweep (limits determined by start, stop, and
step current)

Following Unit #1 setup, Unit #2, which sweeps Vcg and
measures Ic, is programmed as follows (lines 180-290):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure

Source measure data format with no prefix, sweep
data

SRQ on sweep done

Trigger on external, one sweep per trigger

Line cycle integration (to reduce noise)

Suppress on (to null offsets)

Start Vg voltage: OV

Stop Ve voltage: 10V

Step V¢ voltage: 0.1V

Staircase sweep (limits determined by start, stop, and
step voltage)

Once the two units are ready to go, both triggers are
armed and the units are placed into operate (lines 330 and
340). The main programming loop is then entered to gen-
erate the five I curve sweeps (line 350).

One of the key demonstrations of this test program is the
subordinate-sweep configuration. To initiate each I
curve sweep, Unit #1 is triggered over the bus by the
IEEE GET command (line 370). This trigger causes Unit
#1 to output the next programmed I current step. Fol-
lowing the programmed delay period, Unit #1 outputs a
trigger pulse, which triggers Unit #2 to begin its sweep
through all programmed Vcz values. At each Vg value,

Unit #2 measures Ic, and stores the data until the sweep is
done.

In order to synchronize the program with each sweep,
the program enters a loop to wait for Unit #2 to generate
an SRQ (lines 380 and 390) when it has finished a sweep.
Once each sweep has finished, Unit #2 is serial polled to
clear the SRQ line (line 400), and the data are read into the
reading array (line 420). Array element (I,],1) stores
source (Veg) information, and array element (I],2) stores
measured data (Ic) information. Once all the data pertain-
ing to the present sweep areread, the program loops back
to generate the next sweep at the subsequent Iz value
(line 440).

In order to properly scale the plot, the maximum and
minimum Ic values must be determined. This operation
is performed in lines 500-570 of the program. Next, the
data are plotted (lines 590-930). Note that the X axis of the
graph is scaled by the Vstart and Vstop parameters (line
690), while the the Y axis is scaled by the maximum and
minimum IC values. Plotting is performed on the reading
data (lines 740-790); note that the plot array (PLOT (¥))
statement cannot be used in this situation because of the
three-element array used to store reading data.

3.46 Modifying the Program

As written, the sweep limits and increments are set to
fixed values. For I, the start, stop, and step values are
10p.A, 50uA, and 10pA respectively, and the start, stop,
and step V¢ values are 0V, 10V, and 0.1V respectively.
Again, you can modify the program as required, or in-
clude INPUT statements to allow operator input of these
parameters. For sweep lengths other than 101 points, ad-
ditional modifications such as array dimension and loop
counter must also be made.

You can also speed up the sweep process by shortening
the delay parameter (line 150) or changing the integration
period (line 250). Doing so, however, may result in inac-
curate readings or unacceptable noise levels.
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12 REM COMMON EMITTER CHARACTERISTIC TEST PROGRAM REV. 1.3 (Program 4)

2 OPTION BASE 1 | First array subscript is !

30 DIM Reading(b,101,2) ! Dimension reading array (5 swps,10! pts)
40 CLEAR 7 t Clear both Units

50 QUTPUT KBD;CHR$(255);CHR$(75); | Clear screen

60 REM »*%%%x Unit 1 setup (sweeps D) **¥ k¥ x %k kXXX XXX REXE R AR LR ¥

70 REMOTE 7186 I Put Unit 1 in remote

8@ QUTPUT 716s5"F1,1X"
90 OUTPUT 7165 L1 ,1X"
100 QUTPUT 7185 "0@X" Local sense

119 OQUTPUT 716571 ,1,2 ,0X" GET trigger cvycle,out trig end of delay

I Source I, sweep mode

!

!

!
115 QUTPUT 7165 "B0,0 ,0X" | Program @ bias value

|

!

}

]

1V compliance, 1.1V range

120 Istart=1.0E-5 Define 10uA start Ib current

150 Istop=5.8E-5 Define SQuA stop Ib current

140 Istep=1.0E-5 Define 10 uA step Ib current

150 Dly=100 I Define 10@msec Unit delay

16@  QUTRUT 7163701 ,"5Istart;" ,"sIstops”,"sIstep:” ,0,"sDly;"X" | Pgm suwp

170 REM *+xxx Unit 2 setup (sweeps VUce, measures Ic) *#xx¥exxxxtxrsxx
180 REMOTE 717 I Put Unit 2 in remote

190 QUTPUT 7175"F@,1X"

200 QUTPUT 717;"00X"

210 QUTPUT 7173 "L100E-3,8X"
220 QUTPUT 717;"65,2,1X"

23 QUTPUT 7175 "M2 X" SRQ on sweep done

240 QUTPUT 717:"T3,0,0 ,0X" Trigger on external ,continuous

I Source UV, sweep mode

!

|

|

I

|
250 QUTPUT 717;5"82X" I Line cycle integration

i

:

|

!

|

Local sensing
100mA compliance ,autorange measure
Source ,measure no prefix,sweep data

255 QUTPUT 717;"B0@ .8 ,eX" Program @ bias value

260 QUTRUT 7175 Z21X" Enable suppress

270 Ustart=0 Define BY start VUce

280 Ustop=10 Define 1@V stop Vce

290 Ustiep=.1 | Define @.14 step VUce

300 QUTPUT 7175"Q1 ,"sVUstart;" [ "3VUstops” ,"3VUsteps;” .8, 01y X" | Pgm sup
310 PRINT "Close lid, press CONT to begin test®

320 PAUSE

330 QUTPUT 7163 "RINIX" b oArm Unit 1 trigger,turn on output
340 OUTPUT 7173 "RINIX" ' Arm Unit 2 trigger, turn on output
350 FOR I=t TO 5 I Loop for five Ib curves

366 PRINT "Generating sweep”;l

370 TRIGGER 71B ! Trigger Unit 1

380 STATUS 7,7;3;5tat | Get ITEEE-488 bus status

350 IF NOT BIT(Stat,1Q) THEN 380 I Wait for Unit 2 SRQ on sweep done

409 Stat=SPOLL{717) l Serial poll Unit 2 to clear SRQ

419 FOR J=1 TO 181 I Loop for all 101 readings

420 ENTER 7173Reading(1,J,1) Reading(I ], 2} Get Uce and Ic data from Unit 2

430 NEXT J b Loop back for next reading
440 NEXT I ! Loop back for next Ib value
450 QUTPUT 7165 "NOQX" ' Turn of f Unit 1 output
450 QUTPRUT 717;"N@X" I Turn off Unit 2 output

479 PRINT "Press CONT to display graph”

480 PRINT "Press CONT while in graph to return to BASIC®

4390 PAUSE

500 Ymin=MAXREAL ! Find minimum and maximum Ic value

3-6
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510
520
530
540
550
560
570
580
539
500
610
6529
530
6540
65@
656@
679
6580
6390
700
710
729
730
740
750
760
770
780
730
800
21@
820
852
g40
850
360
870
389
890
322
91@
520
930
340

Ymax=-MAXREAL

FOR I=1 T0 5

FOR J=1 TO 101

IF Reading(I,J,2)<¥min THEN Ymin=Reading(I,J,2

2)
IF Reading(I,J,2)*Ymax THEN Ymax=Reading(Il,J,2)

NEXT J

NEXT I

QUTPUT KBD;CHR$(255);CHR$(75); Clear screen

GINIT Initialize graphics

i
!
PLOTTER IS CRT,"INTERNAL" I Define plot 1o CRT
GRAFHICS ON I Turn on graphics

MOVE 20,85 I Title graph
LABEL "COMMON EMITTER CHARACTERISTICS®

MOVE 70,10 I Label X axis
LABEL "“Vce"

MOVE ©,53 I Label Y axis
LABEL "Ic”

VIEWFORT 30,120 ,29 ,85 I Define soft clip limits
WINDOW Ustart ,Ustop,Ymin,Ymax | Scale graph
Yi={Ymax—-Ymin)/10 I Compute Y axis increment
X1={(Ystop-Vstart)/10 I Compute X axis increment
GRID 2#X1 ,Z2+Y1 Ustart ,Ymin ' Draw grid

AXES X1 ,Y1 Ustart,Ymin I Add some tick marks

FOR I=1 TO 5 I' Loop for all five curves

FCR J=1 TO 1@1 b Loop for all 101 points per curve
PLOT Reading(I,J,t) ,Reading(I,J,2) ! Plot point

NEXT J ' Plot next point

FENUP I Raise pen

NEXT 1 ' Plot next curve

CSIZE 4 I Define character size
LORG & I Center characters
CLIP QFF ' Turn off soft clip

FOR I=Ustari TO Ustop+.@1xX1 STEP X1 | Number X axis
MOVE I ,Ymin-(Y1/4)

LABEL USING "# ,K";I

NEXT 1

FOR I=Ymin TO Ymax+.@1*Yt STEP Yi | Number Y axis
MOUE Ustart—{1.3=X1),I+{.3%Y1)

LABEL USING "# MD.DE";I

NEXT 1

FAUSE

CUTPUT KBD;CHR$(255);CHR$(75); | Clear alpha screen
GRAPHICS OFF I Clear graphics screen
END
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3.5 GUMMEL PLOT

A Gummel plot is often used to determine current gain
variations of a transistor. Data for a Gummel plot is ob-
tained by sweeping the base-emitter voltage, Vg, across
thedesired range of values at specific increments. At each
Vge value, both the base current, I, and collector current,
Ic, are measured.

Once the data are taken, a plot of both Iz and I¢ vs. Vgg is
generated. Because of the large differences in magnitude
between Isand Ic, the Y axis is usually plotted logarithmi-
cally.

3.5.1 Test Configuration

Figure 3-6 shows the test configuration for Gummel plot
tests. Unit #1 is used to sweep Ve across the desired
range, and it also measures Is. Unit #2 sets Vg to the de-
sired fixed value, and it also measures Ic.

3.5.2 Measurement Considerations

As written, the range of Vg test values is from 0.7V to OV
in -0.01V increments. It may be necessary, however, to
change these limits for best results with your particular
device. See paragraph 3.5.6 for information. Note that the

formance. Also, low currents will be measured so take
the usual low-current precautions.

3.5.3 Program 5: Gummel Plot

Program 5 demonstrates the basic programming tech-
niques for generating a Gummel plot. Follow the steps
below to run this program.

1. With the power off, connect both Model 236 Source
Measure Units to the IEEE-488 interface of the com-
puter.

2. Connect the test fixture to both units using appropri-
ate triax cables (see Figure 3-1).

3. Turn on both Model 236 Source Measure Units, and

allow the units to warm up for two hours for rated

accuracy. Make sure the primary address of Unit #1

is set to 16 and that the primary address of Unit #2 is

set to 17.

Turn on the computer, and boot up BASIC.

Enter the lines below into the computer.

Install a small-signal NPN silicon transistor such asa

2N5089 in the appropriate transistor socket of the

test fixture. Be certain that the jumpers are properly

installed, then close the test fixture lid.

7. RUN the program in the usual manner. The com-
puter will program both units and run the test on the
device. The base-emitter voltage will be swept be-
tween 0.7V and 0V in—0.01V increments, and both I
and Ic will be measured at each Ve value. Note thata
fixed collector-emitter voltage of 10V is used for the

AR

plotis doneinreverse order to optimize autoranging per- tests.
Transistor
Under Test ~lc
r \: T = 7 Output HI
g —= ! rl; x | I Unit #2
I 1‘\": Vee | Source Vce
Output HI | Ve J | Vv Measure Ic
— Eé_. [
Unit #1 I 8006 Test Output LO
Sweep Vpe Fixture
Measure Ig Y
Output LO
v
Figure 3-6.  Gummel Plot Test Configuration
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8. Once the sweep has been completed, you will be
prompted to press CONT to generate a plot of the
data. A simple Is and Ic vs. Ve plot will then be dis-
played on the computer CRT, with separate logarith-
mic curves for Ig and Ic.

9. To return to BASIC from the graph, press CONT.

3.5.4 Typical Program 5 Results

Figure 3-7 displays a typical Gummel plot as generated
by example Program 5. Again, the transistor used for this
example was a 2N5089 NPN silicon transistor.

Ib,Ic VS. Vbe

19!
182
187
1@ ~*
185
10 -8
I 19 7
10 -8
1@ -8
1@—12

19—11
18—12 /
1913 I
1914 ]
7] .1 .2 .3 .4 .5 .6 .7

Figure 3-7.  Example Plot from Test Program 5

3.5.5 Program 5 Description

Refer to the Program 5 listing below and the flowchart
shown in Figure 3-8 for the following description.

Initially, the data array is set up (lines 20 and 30), and
both Source Measure Units are returned to their default
conditions (line 40). Next, Unit #1, which sweeps Vsz and
measures Iz, is set up as follows (lines 70-180):

Source V, sweep mode

1mA compliance, autorange measure

Local sensing

Source and measure data format, no prefix, output
sweep data

External trigger, trigger starts measurement phase,
output trigger end of delay

Line cycle integration

Start Ve voltage: 0.7V

Stop Vie voltage: 0V

Step Ve voltage: — 0.01V

¢ Staircase sweep (number of points determined by
start, stop, and step voltages)
¢ 10msec delay

Arm Units
Tumon
Outputs

Trigger
Sweep

Figure 3-8.  Program 5 Flowchart



SECTION 3
Bipolar Transistor Tests

Unit #2, which measures I, is programmed in the follow-
ing manner (lines 200-290):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure

Measure data only, no prefix, sweep data

Trigger on external, trigger starts source phase, output

trigger on end of measurement

Line cycle integration

¢ 10msec delay

¢ Constant sweep (number of points programmed to
71), V=10V

e 10V bias voltage

Following unit setup, both unit triggers are armed, and
the instruments are placed into the operate mode (lines
320 and 330).

Note that synchronized sweeps are used in this program,
with Unit #1 triggering Unit #2 and vice versa. Since both
Source Measure Units are programmed for the external
trigger mode, the only way to trigger the test is to use the
immediate trigger command, HOX (line 350). Once trig-
gered, Unit #1 sets Vg to the required value, and it then
triggers Unit #2 at the end of the delay period. Unit #2
then sets Vg and measures Ic at Is. At the end of its meas-
urement, Unit #2 triggers the next Unit #1 measurement,
and the cycle repeats.

3-10

While sweep is being performed, a nested loop is entered
to read the data from both units into the reading array
(lines 360-390). Note that Iz and Ve data from Unit #1 are
placed into reading array elements (I,1) and I,2) respec-
tively, while Ic data from Unit #2 is placed into reading
array element (I,3).

Next, the thebase 101log of both Is and Ic data is calculated
(lines 440-490). At the same time, an arbitrary noise floor
of 0.01pA is defined to eliminate offsets and noise in the
final readings (lines 450-460). As pointed out earlier,
these data are usually plotted logarithmically because of
the wide differences between Iy and Ic. Finally, the maxi-
mum Ic and minimum Iy values are found in order to
scale the Y axis of the graph (lines 510-560), and the clos-
est even power of 10 for both maximum and minimum
values are then set (lines 570 and 580). The results are
then plotted in the usual manner (lines 600-1000).

3.5.6 Modifying the Program

If desired, you can modify the program for different
sweeps by modifying the start, stop, and step currents to
the required values (or add INPUT statements for run-
time operator inputs). For sweep lengths other than 71,
additional modifications such as array dimensioning and
loop counters must also be included.

The fixed 10V V¢ value can also be modified, if required.
Simply change the value declaration in the program, or
add an INPUT statement for run-time operator input.
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12

20

30

49

=1

=10

70

80

50

100
110
12@
1350
135
140
158
160
170
180
190
200
218
220
230
240
250
26@
270
289
290
300
210
32

3350
342
350
360
370
380
350
400
410
420
450
440
450
460
470
480
430
500
510

REM GUMMEL PLOT TEST PROGRAM REV. 1.3 (Program 5)

OFTION BASE 1
OIM Reading(71,3)

CLEAR 7

OUTPUT KBD;CHRE(Z255);CHRS(75);
REM **+%+% Unit 1 setup (sweeps
REMOTE 716

OUTPUT 71B:"F@,1X"
QUTPUT 7183 "L1E-3,0X"
OUTPUT 718;"00X"
QUTPUT 71B3"65,2,1X"
OUTPUT 7163"T3,4,2,0X"
OUTPUT 715;"S220X"
QUTPUT 715:"B0,0,0X"

Ustart=.7
Vstop=0
Ustaep=-.01
Diy=10

I First array subscript is |

! Dimension reading array (71 pts)

I Clear both Units

' Clear screen

Ube, measures [h) * ¥ rers s st x et s e rex%xs
' Put Unit 1 in remote

I Source V, sweep mode

I Im& compliance ,autorange measure

I Local sense

I Source ,measure no prefix,sweep data

I Ext trigger,out trig end of delay

b Line cycle integration,suppress off

' Program @ bias value
i Define 0.7V start Ube voltage
I Define @V stop Ube voltage
I Define -0.81V step Vbe voltage
I Define 1@msec Unit delay

QUTPUT 7163"Q1,";VUstart;”,"sVUstop;” ,"Vstep;" ,0,"Dly;"X" } Program sweep
REM #x%xx Unit 2 setup (sources Uce, measures o) ***xssxssrxssssxrxs

REMOTE 717

QUTPUT 7173"FQ,1X"

QUTRUT 717;"08BX"

QUTFUT 7175 "L10Q0E-3,0X"
QUTRUT 717;"64,2 ,1X"
QUTPUT 71753"T3,1,4,0X"
Uce=10

QUTRUT 717;5"S2Z@X"

QUTPUT 7173"B"3Vces; " ,0,0X"

P Put Unit 2 in remote

i Source V, sweep mode

! Local sensing

P 10@mA compliance,autorange measure

I Measure,no prefix, sweep data

I External trigger, out trig end of meas
I Define 1@V constant VUce

I Line cycle integration,suppress off

I Set bias value to Vce

QUTPUT 717:"Q0@,"sVce;",0,"sDlys " ,71X" | Program constant sweep ,7! points
PRINT “Close lid, press CONT to hegin fest"

PAUSE

QUTPUT 7163 "RINITX"
QUTPUT 7173"RINIX"

PRINT "Generating sweep"”
QUTPUT 7165 "HBX"

FOR I=t TQO 71

P Arm Unit 1 trigger ,turn on output
I fArm Unit 2 trigger,turn on output

I Trigger Unit 1 to start sweep
I Loop for all 7t readings

ENTER 716;3Reading(I,1) ,Reading(I,2)! Get VUbe and Ib data from Unit 1

ENTER 717;Reading(1,3)
NEXT I

QUTPUT 716;"NOX"
OUTPUT 717;"NDX"

I Get Ic data from Unit 2

' Loop back for next readings
b Turn off Unit 1 output

b Turn off Unit 2 ocutput

PRINT "Press CONT to display graph”
PRINT “Press CONT while in graph to return to BASIC”

FOR I=t TO 71

b Take LOG values of Ib and Ic

IF Reading(I ,2)<1.E~14 THEN Reading(I.,2)=1.E~14 | Set Ib noise floor
IF Reading(I,3)<1.E-14 THEN Reading(I,3)=1.E-14 | Set Ic noise floor

Reading(1I ,2)=L6T(Reading(I ,2))
Reading(I,3)=L6T(Reading(I1,3))
NEXT I

PAUSE

Ymin=MAXREAL

t Take common log of Ib
I Take common log of Ic
! Loop back for next data point

b Find minimum Ib and maximum Ic value
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520
530
54@
550
560
570
580
530
600
510
620
B30
540
6550
660
B70
582
696
70
710
720
730
740
750
760
770
780
730
800
810
820
830
840
850
860
870
880
890
500
910
920
3930
940
350
960
970
3980
930
1000
1810

Ymax=-MAXREAL

FOR I=1 TO 71 !
IF Reading{I ,2})<¥min THEN Ymin=Re
IF Reading(I,3)*Ymax THEN Ymax=Re
NEXT I {
Ymax=INT(¥Ymawx )+1 !
Ymin=INT{Ymin) f
QUTPUT KBD;CHR®$(Z255);CHR$(75); |
GINIT !
PLOTTER IS CRT,"INTERNAL" !
GRAPHICS ON !
MOVE 55,90 '
LABEL "Ib,Ic VUS. VUhe"

MOVE 70,10 !
LABEL "“VUbe"

MOVE 0,53 f
LABEL "I

VIEWPORT 30,120 ,20,85 !
WINDOW VUstop,Ustart ,Ymin, Ymax |
Yi=1 !
YZ2=Ymin

Y3=ABS((Ymax-Ymin)/12) !
X1=(VUstart-Ustop)/7 !
GRID X1 ,Y1 ,Ustop,Ymin !
FOR I=71 TO 1| STEP -1 !
PLOT Reading(I,!),Reading(I,2) !
NEXT I !
PENUP

FOR I=71 TO t STEP -1 !
PLOT Reading{(I 1) Reading(Il,3) |
NEXT I !
CSIZE 4 !
LORG B

CLIP OFF !
FOR I=VUstop TO Vstart+.81xX1 STEP
MOVE I,Ymin-(Y3/4)

LABEL USING "# K"

NEXT I

FOR I=Ymin TO Ymax+.@1+Y1 STEP Y!
MOVE VUstop-(.85+*X1),I+(.3%Y3)
CSIZE 4.5

LABEL "10@"

MOVE Vstop-{(.5*X1) , I+(.35*Y3)
CSIZE 3

LABEL USING "# ,K";I

NEXT I

PAUSE

QUTPUT KBD;CHR$(255);CHR$(75);5 |
GRAPHICS OFF !
END

71 points
Check ¥Ymin against Ih

Loop for all
ading(I . 2) |

adingtI,3}) 1 Check Ymax against Ic
Loop back for next point

Scale Ymax to even power of 10
Scale Ymin to even pouwer of 10

Clear screen
Initialize graphics
Define plot to CRT
Turn on graphics
Title graph

Label X awxis
Label Y axis

Define soft clip limits

Scale graph

Define Y axis scaling increment

Define Y axis label value increment

Define Y awxis label spacing increment

Compute X axis increment

Draw grid

Loop for all

Flot Ib point

Plot next Ib point

Raise pen

Loop for all 71

Plot Ic point
Plot next Ic point

Define character size
Center characters

Turn off soft clipping
X1 ! Number X axis

71 points

points

b Number Y axis

Clear alpha screen.
Clear graphics screen
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3.6 CURRENT GAIN

The following paragraphs discuss two methods for de-
termining dc current gain, as well as ways to measure ac
current gain.

3.6.1 Gain Calculations

The common-emitter dc current gain of a bipolar transis-
tor is simply the ratio of the dc collector current to the dc
base current of the device.. The dc current gain is calcu-
lated as follows:

-]

I
—] -t
% A

Where: B = current gain
Ic = dc collector current

Iz = dc base current

Often the differential or ac current gain is used instead of
the dc value because it more closely approximates the
performance of the transistor under small-signal ac con-
ditions. In order to determine the differential current
gain, two values of collector current (Ic; and Ic) at two
differentbase currents (Is; and Is,) are measured. The cur-
rent gain is then calculated as follows:

Al
Bac =+
Alg
Where: B.c = ac current gain
Ale = IerIen
AIB = IBZ'IBI

Test for both dc and ac current gain are generally done at
one specific value of Vcz. Ac current gain tests should be
performed with as small a Al as possible so that the de-
vice remains in the linear region of the curve.

3.6.2 Test Configuration for Search

Method

Figure 3-9 shows the test configuration for the search
method of dc current gain tests and ac gain tests. Unit #1
is used to supply Is: and Is.. Unit #2 sources Vcg, and it
also measures the collector currents Ic; and Ics.

3.6.3 Measurement Considerations

When entering the test base currents, take care not to en-
ter values that will saturate the device. The approximate
base current value can be determined by dividing the de-
sired collector current value by the typical current gain
for the transistor being tested.

-l
—_— = Output HI
~ 1 P
Iz — | /[; <\ | I Unit #2
I N Vee | Source Voe
Output HI | \_, / l Vv Measure |
Unit #1 - — 0 — =
Setlg 8006 Test Output LO
for Fixture
Desired
Ic
Output LO
A4
Figure 3-9.  Test Configuration for Current Gain Tests Using Search Method
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3.6.4 Program 6A: Dc Current Gain

Using Search Method

Use Program 6A to perform dc current gain tests on bipo-
lar transistors. Proceed as follows:

1. With the power off, connect both Model 236 Source
Measure Units to the IEEE-488 bus of the computer.

2. Connect the test fixture to both units using appropri-
ate triax cables (see Figure 3-1 for details on test con-
nections).

3. Turn onboth Source Measure Units, and allow them

to warm up for at least two hours for rated accuracy.

Be sure that the primary address of Unit #1 is set to

16, and that the primary address of Unit #2 is set to

17.

Turn on the computer, then boot up BASIC.

Enter the lines below into the computer

Install a small-signal NPN silicon transistor such asa

2N5089 in the desire test fixture socket. Install the re-

quired jumpers, then close the test fixture lid.

7. RUN the program, and follow the prompts on the
screen. You will be prompted to enter the desired
maximum and minimum base current values for the
Ic search as well as the target collector current value,
and the desired value of Vce. When entering the base
currents, keep the approximate current gain of the
device in mind so as not to saturate the device. Also,
enter a sufficient base current range to allow a suc-
cessful search.

8. Once the parameters are entered, the units will be
programmed accordingly, and the collector current
of the device will be measured. The program will
perform an iterative search to determine the closest
match to the target Ic (within £5%). The dc current
gain of the device at specific Is and Ic values will then
be displayed on the computer CRT. If the search is
unsuccessful, rerun the program with a more appro-
priate set of base current values.

AR

3.6.5 Typical Program 6A Results

A typical current gain for a 2N5089 would be about 500.
Note however, that the current gain of the device could
be as low as 300 or as high as 800.

3.6.6 Program 6A Description

For the following description, refer to the flowchart
shown in Figure 3-10 and the Program 6A listing shown
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below.

Initially, the iteration variables are defined (lines 20 and
30), and both units are returned to default conditions
(line 40). Unit #1, which sources I, is set up as follows
(lines 70-120):

Source I, dc mode

1V compliance, 1.1V range

Local sense

GET trigger, continuous

Dc current mode, value determined by user-input Is
value

The user is then prompted to enter the minimum and
maximum I values, as well as the target Ic.

Following Unit #1 setup, Unit #2, which sources Vceand
measures Ic, is configured as follows (lines 180-250):

Source V, dc mode

Local sense

100mA compliance, autorange measure

Source only data format, no prefix, dc data output
Trigger on GET, continuous

Dc voltage, value determined by user-input Vg value
Two-second delay

Once the operator signals to continue the program (lines
260 and 270), both Source Measure Unit triggers are
armed and the units are placed into operate (lines 280 and
290). Next, the units are triggered (lines 310-320), and the
iteration counter is incremented and tested against the
programmed limit (lines 330 and 340). If the number of it-
erations has been exceeded, amessage to that effect is dis-
played, and the program halts.

Assuming that the number of iterations has not been ex-
ceeded, Unit #1 is programmed with the base current
value (line 390), and, after a two-second delay (line 410),
the status byte is obtained from Unit #2 (line 420). Bit 7 in
the status byte is then checked (lines 410-450) to see if it is
set. If so, Unit #2 is over compliance, the operator is then
notified, and the program is halted.

Assuming no error, the value of I is requested (line 470),
and the value is checked against the target (lines 480-570)
to see if it is within +5%. If no match is found, a new I
value is computed, and the program loops back to per-
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form the test again at the new value. Finally, both units
are placed into standby (lines 580 and 590), and the dc
current gain is calculated and displayed (line 600).

3.6.7 Modifying Program 6A

Enter Ig,
Target Ic
_ For demonstration purposes, the Ic target match toler-
e ance is set to £5%. You can, of course, change this toler-
ance as required. Similarly, the iteration limit is set to 20.
Unit #2 Again, this value can be adjusted for greater or fewer it-

erations as necessary. Note that it may be necessary to in-
crease the number of iterations if the target range is re-
duced.

T

Trigger
Units

3.6.8 Configuration for Fast Current
Gain Tests

Figure 3-11 shows the test configuration for an alternate
method of current gain tests - one that is much faster
Program than the search method discussed previously. Unit #1 is
used to supply Vcg, and it also measures Ig. Unit #2
sources the emitter current, Ig, rather than the collector
current, Ic. Since we are sourcing emitter current instead
of collector current, the current gain calculations must be
modified as follows:

WARNING
When a Model 236/237 is programmed for re-
mote sensing, hazardous voltage may be pre-
sent on the SENSE and OUTPUT terminals
when the unit is in operate regardless of the
programmed voltage or current. To avoid a

C te [
“New ; possible shock hazard, always turn off all
s power before connecting or disconnecting
i cables to the Source Measure Unit or the as-
sociated test fixture.
Display
Current
Gain
NOTE

Because of the connection convention used, Ig
and Vce must be programmed for opposite
) polarity than normal. With an NPN transistor,
Figure 3-10. Program 6 A Flowchart for example, both V¢r and Ig must be negative.
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10 REM SEARCH METHOD DC CURRENT GAIN TEST PROGRAM REV. 1.3 (Program B6A)

2 Iterations=2 ! Define number of iterations
30 N=0 I Iteration counter

40 CLEAR 7 t Clear both Units

5@ QUTPUT KBD;CHR$(255);CHR$(75); | Clear screen

B@ REM *x%%% Unit 1 setup (sources ID) * % s s s rrxrsexsiart e re e X enens
70 REMOTE 716 P Put Unit 1 in remote

80 QUTPUT 7165 "F1,0X" I Source I, DC mode

90 QUTPUT 7185 "L1,1X" ' 1V compliance, 1.1V range

100 QUTPUT 716;"00Z@X" ! Local sense,suppress off

119 QUTPUT 716;"T1,0,0,0X" I GET trigger ,continuous

120 Dly=2000 I Define Z2sec Unit delay

130 INPUT "Enter maximum base current®”,Ibl! | Input max search Ib
140 INPUT "Enter minimum base current”,Ib2 ! Input min search Ib
150 Ib=(Ib1-Ib2)/2+1bZ ! Compute start Ib

160 INPUT "Enter target Ic value",Itarget | Input target Ic

170 REM *xxx%x Unit 2 setup (sources VUce, measures Ic) **xsxxxxxrxrxss

180 REMOTE 717 P Put Unit 2 in remote

190 QUTPUT 7175 "FQ ,@X" I Source V, DC mode

200 OUTPUT 717;"00M128,0X" ! Local sensing,SRQ.

210 QUTPUT 717;"L1BRBE-3,8X" I 120mA compliance,autorange measure

220 QUTPUT 7173"64,2,870X" I Measure ,no prefix,DC data,suppress off
23 QUTRUT 717:"T1,0,0,0X" I Trigger on GET ,continuous

240 INPUT "Enter VUce" ,Vce I Input Uce

250 QUTPUT 7173"B"3Vce;" ,0,"3Dly;"X" | Program DC,autorange ,delay

260 PRINT "Close lid, press CONT to begin test”

270 PAUSE
280 OQUTPUT 7165 "RINIX" ' Arm Unit 1 irigger,turn on output
290 QUTPUT 717;"RINIX" I Arm Unit 2 trigger,turn on output

500 PRINT "Measuring...®
310 TRIGGER 716
320 TRIGGER 717

Trigger Unit 1
Trigger Unit 2

330 N=N+1 Increment iteration counter
540 IF N>Iterations THEN Check for maximum iterations
350 BEEP

360 PRINT "More than";Ilterations;"iterations”

370 STOP

380 END IF
390  OUTPUT 715:;"B";Ib;",0,":Dly;"X" | Program Ib

400 WAIT Dly/1000+1 I Wait for settling

410 Stat=SPOLL(717) I Serial poll Unit 2

420 IF BIT(&Stat,7) THEN I Check for over compliance
430 BEEP

440 PRINT "Unit 2 is over current compliance"

450 STOP

450 END IF

470 ENTER 717;51c I Get Ic reading from Unit 2
480 IF Ic>1.@5+*#1target THEN I Check for Ic » target

430 Ibi=Ib
502 Ib=Ib-(Ib-Ib2)/10@
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510 60TO 330
520 END IF
530 IF Ic<.95*Itarget THEN ! Check for Ic ¢ target
5409 ib2=1Ib
550 Ib=Ib+{Ibi-Ib)/10
560 GOTO 330
570 END IF
580 QUTPUT 7163 "N@X" I Turn of f Unit 1 output
590 QUTPUT 7175 "N@X" ' Turn of f Unit 2 output
600 PRINT "Current gain (@ Ib=";Ibj"Iec="3;Ic;"):";Ic/Ib | Display current gain
610 END
Sense
LO Output LO
Unit #1 \ l
Sources * ©
Vee, I
Measure Ig
—_——1—— Output LO
Sense Output HI r l
HI I \ |
NOTE : Do not [ Unit #2
chassis ground the Ig = | | I Sources Ig
DUT emitter for this
test (Remove link | |
between LO and I___.__._I
ground of Unit #1). 8006 Test Output HI
Fixture
le
Figure 3-11. Test Configuration for Fast Current Gain Tests
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3.6.9 Program 6B: Dc Current Gain
Using Fast Method

Use Program 6B below to demonstrate the fast method of
measuring current gain of bipolar transistors. Proceed as
follows:

1. With the power off, connect both Model 236 Source
Measure Units to the IEEE-488 bus of the computer.

2. Connect the test fixture to both units using appropri-
ate triax cables (see Figure 3-1 and Figure 3-11 for de-
tails on instrument and test fixture connections).
Note that OUTPUT HI of Unit #1 is connected to the
base of the DUT, while SENSE HI of Unit #1 is con-
nected to the emitter.

3. Turn on both Source Measure Units, and allow them
to warm up for at least two hours for rated accuracy.
Be sure that the primary address of Unit #1 is set to
16, and that the primary address of Unit #2 is set to
17.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines below into the computer

6. Installa small-signal NPN silicon transistor suchasa
2N3904 or 2N5089 in the desired test fixture socket.
Install the required jumpers (use Figure 3-11 as a
guide), then close the test fixture lid.

7. RUN the program as usual. The emitter current will
be swept between ITmA and 10mA at ImA incre-
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ments. At each I value, the base current will be
measured by Unit #1.

. After the parameters are measured, the computer

will request the test data from the units, and the
emitter current and gain values will be displayed on
the computer CRT. Note that the program reverses
the polarity of the emitter currents in order to dis-
play true polarity.

3.6.10 Program 6B Description

For the following description, refer to the flowchart
shown in Figure 3-12 and the Program 6B listing shown
below.

Initially, both units are returned to default conditions
(line 20). Unit #1, which sources Ve and measures Ig, is
set up as follows (lines 50-130):

Source V, sweep mode

1mA compliance, autorange measure

Remote sense

External trigger, source phase start, output trigger end
of measure

Measure only data format, no prefix or suffix, sweep
data

10msec delay

¢ Constant sweep mode, Vg = —10V, constant sweep

with 10 points.
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Arm Units,
Place in
Operate

Trigger
Unit #2

Get
Bus
Status

Compute,
Display

Following Unit #1 setup, Unit #2, which sources I, is
configured as follows (lines 150 -260):

Source 1, sweep mode

Local sense

11V compliance, 11V range

Source only data format, no prefix, sweep data output
External trigger, start source phase, trigger out end of
delay

SRQ on sweep done

Start current: ~ImA

Stop current: -10mA

Step current: -ImA

10msec delay

Staircase sweep mode

Once the operator signals to continue the program (lines
270 and 280), both Source Measure Unit triggers are
armed and the units are placed into operate (lines 290 and
300). Next, Unit #2 is triggered to start the sweep (line
310), and the program enters a loop to wait for SRQ on
sweep done (lines 330 and 340).

When the SRQ occurs, Unit #2 is serial polled in order to
clear the SRQ (line 340), and both units are placed into
standby (lines 350 and 360). The I and It values are re-
quested (lines 410 and 420), and the current gain for each
set of values is computed and displayed (line 430).

3.6.11 Modifying Program 6B

As written, the range of emitter current values is between
~ImA and -10mA at -ImA increments. You can, of
course, modify these values as required. Additional pro-
gram modifications may be required if these parameters
are changed. You could also add graphing capabilities to
the program to plot current gain as a function of collector
current by modifying the plotting routines from one of
the other applications programs in this manual.

3-19



SECTION 3
Bipolar Transistor Tests

10
20

~d O1 U & G M)
LS I oo B S T R S

S w0
(S S B

EVINE GN N % T 0 B S T S I 0 6 T SN B AV I A B e

REM HIGH-SPEED DC CURRENT GAIN TEST PROGRAM REV. 1.3 (Program BB}

CLEAR 7 t Clear both Units

QUTPUT KBD;CHR$(255);CHR$(75)s | Clear screen

REM #xx+x Unit 1 setup (sources VUce, measures Ih) #x*xxssxxssxss
REMOTE 716 Put Unit 1 in remote

|
QUTPUT 716;"FO,1X" b Source V, sweep mode
QUTPUT 7163 "L1E-3,0X" b ImA compliance, autorange measure
QUTPUT 7165 "01Z0X" I Remote sense,suppress off
QUTRUT 716373 ,1 .4 ,0X" I External trigger, out trig end of meas
QUTPUT 7165"64 ,2 ,1X" ! Measure only,no prefix,sweep data
QUTPUT 716:"B0 ,0 ,0X" } Program @ bias value
Vce=-10@ I Define —10V Uce
Diy=19 I Define 1@msec delav
QUTPUT 716;"Q2,"sVcey" ,0,"iDlys" ,1@X" | Program fixed sweep, 10 points
REM #»xx% Unit 2 setup (Sources Ie) s st s r e xrafx e X a et rrtesus
REMOTE 717 ' Put Unit 2 in remote
QUTPUT 7175 "F1 IX" I Source I, sweep mode
QUTPUT 717;"0QZaX" I Local sensing,supprass off
QUTRUT 7175 L11 ,2X" ' 11V compliance, 11V range
QUTPUT 717;"G1 2 1X" I Source,no prefix,sweep data
QUTPUT 7175"T3,1,2,0X" I External trigger, out trig end of delay
QUTPUT 717;5"M2 X" I SRQ on sweep done
GUTPUT 717;"B0Q,0 ,0X" b Program © bias value
Istart=-1.E~3 I Define —1mA start Ie current
Istop=-1.0E-2 I Define —-10mA stop Ie current
!
|

Istep=~-1.E~3 Define ~1mA step le current
Dly=10 ! Define 1@msec delay

QUTPUT 7175;"Q1,"sIstart;",";Istops","sIstep;" ,0,";Dly;"X"
FRINT "Close lid, press CONT to begin test”

PAUSE

OUTPUT 7163 "RINIX"
QUTPUT 7175 "RINIX"
QUTRUT 717;"HBX" Trigger Unit 2 to start sweep
STATUS 7 ,7:Stat Get bus status

' Arm Unit 1 trigger,turn on output

|

|

!
IF NOT BIT(Stat,1@) THEN 32@ I Wait for SRQ

!

i

{

Arm Unit 2 trigger ,turn on output
-

Stat=SPOLL(717) Serial poll Unit 2 to clear SRQ
QUTPUT 716; "N@OBX" Turn of f Unit 1 output,local sense
QUTPUT 717; "N@X" Turn off Unit 2 output

PRINT "Ie" ,"GAIN"

PRINT "—mommmm e m e e '

PRINT

FOR I=1 TQ 1@

ENTER 716351b I Get base current from Unit 1
ENTER 71751e I Get emitter current from Unit 2
PRINT -Ie,(-Ie-Ib)/Ib I Compute/display gain

NEXT I

END
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3.6.12 Program 7: Ac Current Gain

NOTE
For the sake of simplicity, this program does Setup
not include the iterative search algorithm in- Unit #1
cluded in Program 6A. To test at a specific Ic
value, first use Program 6A to determine the
base current at that target value, and enter I5
values slightly above and below when
prompted to do so in Program 7.

1. With the power off, connect both Model 236 Source Ig Value
Measure Units to the IEEE-488 bus of the computer.

2. Connect the test fixture to both units using appropri-
ate triax cables (see Figure 3-1 and Figure 3-9 for de-
tails on test connections).

3. Turn onboth Source Measure Units, and allow them
to warm up for at least two hours for rated accuracy.
Be sure that the primary address of Unit #1 is set to Progam oo
16, and that the primary address of Unit #2 is set to
17.

4. Turn on the computer, then boot up BASIC. Arm and
5. Enter the lines below into the computer Trigger
6. Install a small-signal NPN silicon transistor in the

desired test fixture socket. Install the required jump-

ers, then close the test fixture lid. Get Unit #2
7. RUN the program, and follow the prompts on the 533:;’5

screen. You will be prompted to enter two base cur-
rent values and then the desired value of Vce. When
entering the base current, keep the the two values as
close together as possible so that the device remains
in its linear operating region. A change in I of about
20% from one value to another would be a good

starting point.

8. Once the parameters are entered, the units will be i"‘v';'{:;
programmed accordingly, and both the collector From Unit #2
currents of the device (one at each base current
value) will be measured. The ac current gain of the Frogram
device will then be displayed on the computer CRT. Second

Ig Value

3.6.13 Typical Program 7 Restults Get Second

I Value

The differential current gain obtained for a given sample
of a2N5089 NPN transistor would typically be about the
same as the dc current gain-about 500. Again, values
could range from a low of 300--to a high of 800 or so.

Display
Current
Gain

3.6.14 Program 7 Description

For the following description, refer to the flowchart
shown in Figure 3-13 and the Program 7 listing shown
below. Figure 3-13. Program 7 Flowchart
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After both units are returned to default conditions (line
20), Unit #1 is set up as follows (lines 50-120):

Source I, dc mode

1V compliance, 1.1V range

Local sense

GET trigger, continuous

Dc current mode, Iy values determined by user input

Following Unit #1 setup, Unit #2 is configured as follows
(lines 140-200):

Source V, dc mode

Local sense

100mA compliance

Source only data format, no prefix, dc data output
Trigger on GET, continuous

Two-second source-measure delay

Dc voltage, value determined by user-input Vg value

Once the operator signals to continue the program (lines
230 and 240), both Source Measure Unit triggers are
armed and the units are placed into operate (lines 250 and
260). Next, the units are triggered (lines 280 and 290), and
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the status byte is obtained from Unit #2 (line 310). Bit 7 in
the status byte is then checked (lines 320-350) to see if it is
set. If so, Unit #2 is over compliance, the operator is then
notified, and the program is halted.

Assuming no error, the value of Ic: is requested (line 370),
and Unit #1 is programmed with the second base current
value, I, (line 380). The second collector current, I, is
then requested from the unit (line 400), and Al and Alc
are then computed (lines 410 and 420). Both units are
placed into standby (lines 430 and 440), and, finally, the
differential current gain is calculated and displayed (line
450).

3.6.15 Modifying Program 7

As with the dc current gain, ac current gain is often tested
at specific values of Ic. Again, a search algorithm similar
to the one in Program 6A could be added to the program.
Such an algorithm would allow you to enter the desired
collector current values, and it would then perform an it-
erative search to automatically determine the two correct
base current values that would result in the desired col-
lector currents.
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1@

30

40

5@

60

70

8@

=10

100
112
128
130
140
150
160
170
180
180
200
210
22

230
240
250
260
270
280
290
300
310
320
330
340
350
360
37@
380
390
400
410
420
430
4409
450
460

REM DIFFERENTIAL CURRENT GAIN TEST PROGRAM REV. 1.3 (Program 7)

CLEAR 7 I Clear both Units

CUTPUT KBD;CHR$(255):CHRS(75); | Clear screen

REM #*x%x% Unit | setup (sources Th) #Er kX4 %X XA E R AR IR XL XX R RR X X ¥
REMOTE 716 Put Unit 1 in remote

QUTPUT 7165 L1 ,1X" 1V compliance, 1.1V range

|
QUTPUT 71B;"F1 ,0X" I Socurce I, DC mode
!
QUTRPUT 7165 "0@X" I Local sense

QUTPUT 716:;"T1,0,0,0X" I GET trigger ,continuous

INPUT "Enter first base current” ,Ibl | Input first base current
INPUT "Enter second base current" ,IbZ! Input second base current
QUTPUT 716;"B";Ibts",@,0Xx" ! Program DC value, autorange, delay

REM s#xx+ Unit 2 setup (sources Uce, measures Ic) **#rsxsxxsrxrex
REMOTE 717 b Put Unit 2 in remote

QUTPUT 717:"F@,0X" ! Source VU, DC mode

QUTPUT 717;"00M128,0Z08X" I Local sensing,SRQ,suppress off
QUTPUT 7173 "L100QE-3,0X" I 190@mA compliance,autorange measure
QUTPUT 717;"G4 ,2 ,BX" | Measure,no prefix,DC data

QUTPUT 717;"T1,0,0 ,0X" I Trigger on GET ,continuous
Dly=2000 I Define Zsec Unit 2 delay

INPUT "Enter VUce" ,VUce I Input Vce

QUTPUT 717;"B"3Vce; " ,0,"iDly;"X" | Program DC,autorange,delay
PRINT "Close lid, press CONT {to begin test”

PAUSE

QUTPUT 7165 "RINIX" I Arm Unit 1 trigger,turn on output
OUTPUT 717; "RINIX" ' Arm Unit 2 trigger,turn on output
PRINT “Measuring...”

TRIGGER 716 Trigger Unit 1

TRIGGER 717 Trigger Unit 2

WAIT Dly/1000+1
Stat=5P0OLL(717)
IF BIT(Stat,7) THEN

Settling time
Serial poll Unit 2
Check for over compliance

BEEP

PRINT "Unit is over current compliance"

STOP

END IF

ENTER 717;51cl | Get first Ic reading from Unit 2

QUTPUT 718;"B";Ib2:",8,";Dly;"X" | Program Unit 1 for second Ib value
WAIT 2 I Wait two second for settling

ENTER 71731c?2 I Get second Ic reading from Unit 2
Delta_ib=ABS(IkZ-Ib1) I Compute delta Ib
Delta_ic=ABS(IcZ2-Ict) ! Compute delta Ic

QUTPUT 7165 "N@X" I Turn off Unit 1 output

QUTPUT 717; "N@X" ' Turn off Unit 2 output

PRINT "Differential current gain=";Delta_ic/Delta_ib ! Display gain
END
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3.7 TRANSISTOR LEAKAGE CURRENT

Leakage currents, such as Icso (collector-base, emitter
open) and Icgo (collector-emitter, base open) can be tested
using a single Source Measure Unit. The following para-
graphs discuss Ico tests and also include an example pro-
gram for making such tests.

3.7.1 Test Configuration

Figure 3-14 shows the basic test configuration for per-
forming Icgo tests. Note that only one Source Measure
Unit is required to make such tests. The Source Measure
Unit sources the collector-emitter voltage, Vceo, and the
instrument also measures Icgo. Often, Vero is swept
across the desired range of values, and the resulting Iczo
values are plotted against Vcgo, as is the case with the ex-
ample program included in this section.

The base of the transistor should be left open. The same
general circuit configuration can be used to measure Icso;
connect the Source Measure Unit between the collector
and base, and leave the emitter open instead.

Breakdown tests can also be performed using the same
Icro circuit setup. In this case, the Source Measure Unit is
used to sourcel and measured the breakdown voltage, V,
in order to better control device power at breakdown.

3.7.2 Program 8: Iceo Test

Use Program 8 below to run Icgo tests on bipolar transis-
tors. Follow the steps below to run the program.

1. With the power off, connect the Model 236 Source
Measure Unit to the IEEE-488 interface of the com-
puter.

2. Connect the test fixture to the Source Measure Unit
using appropriate triax cables (see Figure 2-1 for de-
tails on single-unit connections).

3. Turn on the Model 236 Source Measure Unit, and al-

low the unit to warm up for two hours for rated accu-

racy. Make sure the primary address of the unit is set

to 16.

Turn on the computer, and boot up BASIC.

Enter the lines below into the computer.

Install a small-signal NPN silicon transistor such asa

2N3904 in the appropriate transistor socket of the

test fixture. Be certain that the jumpers are properly
installed to collector and emitter only (the base ter-
minal should be left open), then close the test fixture

lid.

7. RUN the program in the usual manner. The com-
puter will program the unit and run the test on the
device. Vceo will be swept between 0V and 10V in
0.1V increments, and Icgo will be measured at each
Veeo value. A fixed delay of 100msec is also incorpo-
rated into the program. Because of the low current
levels involved, line-cycle integration is used to re-
duce noise levels.

8. Once the sweep has been completed, you will be
prompted to press CONT to generate a plot of the

o

- ICEO

Output HI

I Model 236
Source Veeo
v Measure Iceo

Output LO

Transistor

Under Test
r\§ 1.
| \ |
| VCEO|
I / l
— —— — =d
Leave 8006 Test
Base Fixture
Open

A4

Figure 3-14. Configuration for Iczo Tests
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data. A simple Iceo vs. Vero plot will then be dis-
played on the computer CRT.
9. To return to BASIC from the graph, press CONT.

3.7.3 Typical Program 8 Results

Figure 3-15 shows an example Icro vs. Vcro plot gener-
ated by Program 8. The device used for this example was
a 2N3904 NPN transistor.

Iceo VS. Vceo
L1E-1
L7E-11 |
.3E-11
.9E-11 ¢
.4E-11
.BE-11 t ////’//
.BE-11
L2E-11
.2E-12
.1e-12 }
. OE+00

@ & O = = N NN W W

] 1 2 3 4 1 3} 7 8 9 10
Vceo

Figure 3-15. Example Program 8 Plot

3.7.4 Program 8 Description

Refer to Figure 3-16 and the listing below for the follow-
ing description.

At the start of the program, the array is set up to handle
101 data points with two values for each point (lines 20
and 30). After being cleared (line 40), the Source Measure
Unit, which sweeps Vcgo and measures Icro, is set up as
follows:

Source V, sweep mode
Local sense, trigger on GET, continuous
10mA compliance, autorange measure

Source and measure data format, no prefix, sweep
data

SRQ on sweep done

Line cycle integration

Suppress on (to null offset current)
Start Vceo voltage: 0V

¢ Stop Vcro voltage: 10V
¢ Step Vo voltage: 0.1V
¢ Staircase sweep mode

Get Vgeo and
IceQ From

Plot
ceovs VCEO

Figure 3-16. Program 8 Flowchart
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After the start signal from the operator (lines 190 and
200), the trigger is armed (line 210) and the unit is placed
into operate (line 220). Next, the unit is triggered to begin
the sweep (line 230), and the program enters a loop wait-
ing for the unit to generate an SRQ on sweep done (lines
250-260).

When the sweep is done, the unit generates the SRQ, the
program falls through the loop, and it then serial polls the
unit to clear the SRQ (line 270). The unit is placed in
standby (line 280), and the program enters a loop to re-
quest sweep data from the instrument (lines 290-310).
Note that Vcgo values are placed into elements (I,1), and
Icro values are stored in elements (,2) of the reading ar-

ray.

The maximum and minimum Icgo values are then deter-
mined (lines 340-370, and the data is then graphed on the
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computer CRT (lines 420-670). A simple plot, scaled to
maximum and minimum Icgo and Vero values is gener-
ated on the computer CRT.

3.7.5 Modifying Program 8

For different sweep values, simply modify the Vstart,
Vstop, and Vstep values and source range parameter as
appropriate. As an alternative, you can add INPUT state-
ments with appropriate error checking to allow operator
input of these parameters.

In order to speed up the test procedure, you may wish to
use a faster integration period. Simply change the com-
mand string in line 120 as appropriate. Note, however,
that changing this parameter may result in unacceptable
reading noise.
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10

20

30

40

5@

g2

70

80

=17

120
110
120
125
130
140
150
160
170
180
190
209
21@
220
230
249
250
260
270
280
290
300
310
32

350
340
350
360
27e
3280
39e
400
410
420
430
440
450
480
470
480
450
509

REM BIPOLAR TRANSISTOR LEAKAGE TEST PROGRAM REV. 1.3 (Program 8)
OPTION BASE 1 } First array subscript is |1
DIM Reading(1@1.,2) I Dimension reading array (101 pts.)
CLEAR 7 I Clear 236
REMOTE 718 b Put 236 in remote
QUTPUT KBD;CHR$(255);CHR$(75); i Clear screen
QUTRUT 71B:"FQ ,1X" I Source U, sweep mode
QUTPUT 718B;"00T1,0,0,08X" i Local sense, trigger on GET
QUTPUT 7183 "L1@E-3,0X" I 1@mA compliance, autorange measure
QUTPUT 716;"65,2,1X" I Source ,measure ,no prefix , sweep data
QUTPUT 71B;"M2 X" I S5RQ on sweep done
QUTPUT 716;"82X" I Line cycle integration
QUTRUT 7165"B@ ,0 ,0X" | Program @ bias value
QUTPUT 71B3"Z1X" | Enable suppress
i
i
]
!

Ustart=0 Define BV start voltage

Ustop=10 Define 10V stop voltage

Ustep=.1 Define 8.1V step voltage

Dly=1020 ! Define 1@0msec delay value

QUTPUT 716;"Q1,"3VUstarts” ,"5VUstops”,"sVsteps" ,8,"s0ly;"X" |  Program sweep
PRINT "Close lid, press CONT to begin®

FAUSE I Wait to continue

QUTPUT 7165"RIX" b Arm trigger

QUTPUT 71683 "N1X" b Turn on 236 output

TRIGGER 716 i Trigger 236

PRINT "Waiting for sweep to end"
STATUS 7,7;5tat I Get IEEE-488 bus status

IF NOT BIT(Stat,1@) THEN 250 I Wait for SRQ on sweep done
Stat=5SPOLL(716) ! Serial poll 236 to clear SR
QUTPUT 7183 "N@X" I Turn off 236 output

FOR I=1 TO 1@1 I Loop for all readings

ENTER 716;3;Reading(1I,1),Reading(l ,2)! Get VUceo and Iceo values from Unit
NEXT 1 ! Loop back for next reading
Ymin=MAXREAL I Find minimum and maximum Iceo
Ymax=-MAXREAL

FOR I=1 70 101

IF Reading(I ,Z2)<Ymin THEN Ymin=Reading(I,2)

IF Reading(I,2)>Ymax THEN Ymax=Reading(I,62)

NEXT I

PRINT "Press CONT to display graph”

PRINT "Press CONT while in graph to return to BASIC"

PAUSE
QUTPUT KBD;CHR$(255);CHR$(75); Clear screen
GINIT Initialize graphics

!
!
PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
GRAPHICS ON I Turn on graphics

|

MOVE 5@, 5@ Title graph
LABEL "Iceo V5. Uceo"

MOVE 7@ ,1@ ' Label X axis
LABEL "VUceo"

MOVE 5,53 I Label Y axis
LABEL "I"
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510
520
530
54@
550
560
570
580
530
520
610
620
630
6540
6550
560
6570
680
630
700
710
720

VIEWPORT 30,120 ,20,85 |
WINDOW VUstart , Ustop,Ymin,Ymax !
Y1=({Ymax-Ymin)/ 10 ]
X1=(VUstop-Vstart)/10 !
GRID 2#X1 ,2#Y1 VUstart , Ymin ]
AXES X1 ,Y1 Ustart,Ymin !
PLOT Reading(*) }
CSIZE 4 ]
LORG & ]
CLIP OFF |
FOR I=VUstart TO Ustop+.@1*X1 STEP X!
MOVE I,Ymin—-{(Y1/4)

LABEL USING "% ,K"31

NEXT I

FOR I=Ymin TO Ymax+.@1*Y1 STEP Y1 !
MOVE VUstart-(1.3+X1) I+(.3%Y1)
LABEL USING "# MD.DE"s1I

NEXT I

PAUSE

QUTPUT KBD;CHR$(Z55);CHRE(7S); !
GRAPHICS OFF !
END

Define soft clip limits
Scale graph

Compute Y axis increment
Compute X axis increment
Draw grid

Add some tick marks

Plot data

Define character size
Center characters

Turn off soft clipping

I Number X axis

Number Y axis

Clear alpha screen
Clear graphics screen
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4.1 INTRODUCTION

FET tests discussed in this section include: tests to gener-
ate common-source characteristic curves, and transcon-
ductance tests. Example programs for each of these appli-
cations are also included.

42 INSTRUMENT CONNECTIONS

Figure 4-1 shows the instrument connections for the FET
tests outlined in this section. Note that these connections
are essentially identical to the connections used for the bi-
polar transistor tests discussed in Section 3. Two Model
236/237 Source Measure Units are required for the tests,

and, once again, the Model 8006 test fixture is recom-
mended for connections to the FET under test.

A Model 7078-TRX-3 triax cables are recommended to
make instrument-to-test fixture connections. In addition,
the safety interlock connecting cable must be connected
as shown.

WARNING
Lethal voltages may be exposed when the
test fixture lid is open. To avoid a possible
shock hazard, the safety interlock circuit
must be connected as shown in Figure 4-1be-

fore use. Connect the fixture(‘:L-')screw to

safety earth ground using #18 AWG mini-
mum wire before use. Turn off all power be-

236 Source Measure Unit #1

NOTE : Connect Output LO to
chassis with link on Unit #1 only ~
(Remove link for self-bias threshold
test only).

-]

=03
0o

7078-TRX
Triax
Cable

WARNING : Connect interlock

236-ILC-3 circuits as shown before use.

Interlock cable

==& 0-05 ¢
236 Source
MeasureUnit #2 236-ILC-3 Safety
Intedock Cable
707§-TRX
CT :bal: Banana Plug Patch Cord
® = P WARNING Com:ject.@ to
':-© _'512_' - ,’ O @ .‘ iavtf(t;y ;ﬁﬁ?mﬂf %refel?gr: ugeA
©)—-© ©)
® o @ o
Do e .
i
Model 8006 Test Fixture é

Figure4-1. Instrument Connections for FET Tests
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fore connecting or disconnecting wires or ca-
bles

Two final connections that must be made are the unit
trigger connections. Connect the TRIGGER OUT jack of
Unit #1 to the TRIGGER IN jack of Unit #2, and connect
the TRIGGER OUT jack of Unit #2 to the TRIGGER IN
jack of Unit #1. Use standard BNC-to-BNC cables such as
the Model 7051 to make these connections.

NOTES

1. Remote sensing connections are recommended for
optimum accuracy. See paragraph 1.2.2 for details.

2. If measurement noise is a problem, or for critical,
low-level applications, use shielded cable for all sig-
nal connections.

3. The FET test programs use external triggering. If the
trigger jacks are not connected as shown, the pro-

4.3 JUMPER INSTALLATION FOR FET
TESTS

Figure 4-2 shows jumper installation for the transistor
tests. The FET itself should be placed in the appropriate
four-terminal TO package socket, and the jumper con-
nections should be made between the instrument panel
jacks and the jacks on the component panel. Note that lo-
cal sensing is used for most applications, so jumpers
should be connected as shown.

44 COMMON-SOURCE
CHARACTERISTICS

One of the more common FET tests involving family of
curves are common-source characteristics. Such tests are
very similar to the common-emitter characteristic tests
outlined earlier except, of course, for the fact that an FET

grams will not function properly. rather than a bipolar transistor is involved.
Standard Jumper
Guarded Jumper
(" 8006 COMPONENT TEST FIXTURE )
BINDING POST | BNC1 " BNC2 l
1 @ 2 3 4 @ ;@ m@ @-u.l. .ﬂuu.@ @ BHELL
o|fpolefege| 4 f[eve|eve)|o
‘o olo JEo g ¢ " lLtesoe iese
k WARNING : USER SUPPUED VOLTAGES MAY BE PRESENT WHILE UD IS OPEN. SAFE OPERATION REQUIRES USE OF LID INTERLOCK J
~
)
méu 8 w@m AXIALKELVINCLH:_S= — -o-@m
(:) MODULE é ofMlo o@o’é
O SENSE SHIELD BINSE 0mm (1.2} SPACING — sEnse ) o
0  ©0® 090 |
' '©® © B’'e e’ *".e
: 4 5 5© ©= 4 5 [ 7@ @‘ 5 6 7 8 ’©
(OO @00 ®© 0006
Q
o 2 [T 2222328 O
T e %o omow o on
\ D‘UAL IN-LINE PACI::\GE — mcﬁ ) J

,l
FET Under Test

Figure 4-2.  Jumper Installation for FET Tests

4-2



SECTION 4
FET Tests

FET I
Under Test =D
I—\: T 77 Output HI
| \ | I Unit #2
/\ N | Sv\s;eeps
! 1\&/ DS»
Output HI | Vas / | \Yj Me?sures
D
Unit #1 I -—-" = Output LO
Sweeps 8006 Test
Fixture
Vas y
Output LO
Y
Figure 4-3.  Test Configuration for Common-source Tests

Test data for common-source characteristics are obtained
by sweeping the gate-source voltage, Vs, across the de-
sired range of values at specific increments. At each Vgs
value, the drain-source voltage, Vps is swept through the
required range, once again at the desired increments. At
each Vps value, the drain current, Ip, is measured. Plots
made from this data show Ip vs. Vps with one curve for
each value of Vgs.

441  Test Configuration

Figure 4-3 shows the test configuration for the common-
source tests. Unit #1 sweeps Vs, while Unit #2 sweeps
Vps, and the instrument also measures Ip. For this pro-
gramming example, a small-signal, N-channel JEET such
as a 2N4392 is recommended.

442 Program 9: Common-source

Characteristics

Program 9 below outlines general programming tech-
niques for measuring common-source characteristics.
Follow the steps outlined below to use this program.

. With the power off, connect both Source Measure

Units to the IEEE-488 bus of the computer.

. Connect both Source Measure Units to the test fix-

ture using suitable triax cables (see Figure 4-1 for de-
tails on test connections).

. Turn onboth units, and allow them to warm up forat

least two hours for rated accuracy. Verify that the
primary address of Unit #1 is set to 16; the primary
address of Unit #2 should be set to 17.

. Turn on the computer, then boot up BASIC.
. Enter the lines from Program 9 below into the com-

puter.

. Place a small-signal N-channel JFET such as a

2N4392 in the appropriate transistor socket. Install
the correct jumpers, then close the test fixture lid.

. RUN the program in the usual fashion. The com-

puter will step through Vs values between -2V and
0V using 0.5V steps. At each Vgs step, Vps will be
stepped between 0V and 10V at 0.1V increments. At
each increment, Ip will be measured. Once data are
collected, a plot of I vs. Vs for each Vs value will be
displayed.

. To return to BASIC from the graph, press CONT.
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4.4.3 Typical Program 9 Resulits

Figure 4-4 shows a typical plot generated by example
Program 9. A 2N4392 N-channel JFET was used to gener-
ate these curves.

COMMON SOURCE CHARACTERISTICS

.6E-02

.3E-@2 | ///””—
. 1E-@2

.8E-B2 | ///
.6E-82

.3E-@2 | /C///
PE-B2

.BE-83 ///
2E-03

.6E-83
. DE+00Q

Id

@ N U N = = e e RN

] 1 2 3 4 € 7 8 8 1@

S
Vds

Figure 4-4.  Example Plot Generated by Program 9

4.44 Program 9 Description

For the following description, refer to the Program 9 list-
ing and the flowchart shown in Figure 4-5.

Initially, the array is set up for five sweeps of 101 data
points each (lines 20 and 30), and the units are returned to
default conditions (line 40). Next, Unit #1, which sweeps
Vs, is programmed as follows (lines 70-160):

Source V, sweep mode

1mA compliance, ImA range

Local sense

GET trigger, one trigger per point, output trigger end
of delay

Start Vs voltage: -2V

Stop Vs voltage: OV

Step Vgs voltage: 0.5V

Delay: 100msec

Staircase sweep

Following Unit #1 setup, Unit #2, which sweeps Vps and
measures Ip, is configured as follows (lines 180-300):

e Source V, sweep mode

e Local sensing
¢ 100mA compliance, autorange measure

4-4

Satup
Unit #1

Arm Units

Get Bus
Status

Getlp,
Vpg From
From Unit #2

Plot
Ib vs Vps

Figure 4-5.  Program 9 Flowchart
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® Source, measure data format, no prefix, sweep data
output

SRQ on sweep done

External trigger, continuous

Start Vps voltage: OV

Stop Vps voltage: 10V

Step Vps voltage: 0.1V

Suppress enabled

Line cycle integration

Staircase sweep

Following setup of both units, the operator is prompted
to begin the test (lines 310 and 320), and both units are
armed and placed into operate (lines 330 and 340). Next,
the program enters a loop to perform Ip vs. Vps sweeps,
one sweep for each value of Vs (line 330).

Program 9 uses subordinate-sweep triggering to se-
quence through the sweeps. At the start of the main pro-
gram loop, Unit #1 is GET triggered (line 370), at which
point it sets its output to the current Vgs voltage step in
the sweep list. At the end of the programmed delay pe-
riod, Unit #1 outputs a trigger pulse that triggers Unit #2
viaits external trigger input. Once triggered, Unit #2 goes
through its sweep list of Vs values, measuring and stor-
ing Ip along the way. Since suppress is enabled, the first
reading of each sweep (at Vps = 0V) will be stored as the
suppress value, nulling any offset.

While the sweep is being processed, the program enters a
loop that waits for an SRQ to occur (lines 380 and 390). Af-

ter Unit #2 finishes its sweep, it generates the SRQ, and
the program falls out of the loop and requests data from
Unit #2 (lines 410-430). Note that Vps data are placed into
array elements (L],1), and measured Ip data are placed
into array elements (L ],2). Once data input has been com-
pleted, the program loops back to perform the next
sweep (line 440). After all five sweeps are completed,
both Source Measure Units are placed into standby (lines
450 and 460).

Next, an array search is performed to determine the
maximum and minimum measured values of Ip (lines
500-570). Finally, the data are plotted with Ip along the Y
axis, and Vps along the X axis. Note that the graph is
scaled according to the maximum and minimum Vps val-
ues (X axis), and the maximum and minimum Ip values
(Y axis).

44.5 Modifying Program 9

For other Vs values, simply modify the Vgstart, Vgstop,
and Vgstep variables as required (or use INPUT state-
ments). For values that result in more or less than five
sweeps, additional modifications to array size and corre-
sponding loop counters must also be made.

Similarly, Vps can be swept over a different range by
changing the Vdstart, Vdstop, and Vdstep variables to
the desired values (or, again add INPUT statements). The
same general considerations regarding program modifi-
cations for array size and loop counter values also apply.
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20 OPTION BASE 1 First array subscript is 1
30 ODIM Reading(5,1@1 .29 t Dimension reading array (5 swps,i@! pts)
4@ CLEAR 7 i Clear both Units

1@ REM COMMON SOURCE CHARACTERISTIC TEST PROGRAM REV. 1.3 (Program §)
i
i

5@ QUTPUT KBD;CHR$(Z55);CHR${(75); | Clear screen
E@ REM ##### Unit | setup (sweeps Ugs ) # 5% ras ¥ r¥xd 464X ERXRREXER

70 REMOTE 7158
2@ OUTPUT 7163"F@,1X"
=1 QUTPUT 7165 "LIE~3,7X" ImA compliance, ImA range
100 QUTPUT 716 "0@X" Local sense

I Put Unit 1t in remote

!
)
]

110 QUTRUT 718571 ,1.,2,8K" I BET trigger cycle,out trig end of delay

|
}
!
|
|

Source V, sweep mode

115 QUTPUT 716 "B ,0 ,0X" Program @ bias voltage

120 Ygstart=-2 Define -2V start VUgs voltage

130 Vastop=0 Define BV stop VUgs voltage

149 Ugstep=.5 Define ©.5V step Vgs voltage

150 Diy=i@0 I Define 1@0msec Unit delay

160 QUTPUT 7165"0Q1,"sVgstart;” ,"iVUgstops ", "sVgsteps" ,8,"sDlys"X" | Pom swp
170 REM #x#x% [nit 2 setup (sweeps VUds, measures Id) **ssxsrxxxexxxs

180 REMOTE 717 ' Put Unit 2 in remote

190 QUTPUT 717:"F@,1X" I Source U, sweep mode
200 QUTPUT 717;"0@X" I Local sensing

210 QUTPUT 7175:"L1@BE~3 ,8X" I 1@@mA compliance ,autorange measure
220 QUTPUT 717;"65,2 ,1X" I Source,measure no prefix sweep data
230 QUTPUT 717;"M2Z X" I SRQ on sweep done
249 QUTPUT 717:;"732,0,0 ,8X" I Trigger on external ,continuous
245 QUTPUT 717;"B0,0 ,0X" ! Program @ bias value
250 OQUTPUT 7175 "Z1X" I Enable suppress

269 QUTRUT 717;"82X" 'iine cycle integration
279 Vdstart=0 I Define @Y start VUds
280 Udstop=10 I Define 10V stop Vds
296 Vdstep=.1 I Define @.1Y step Uds

300 QUTPUT 717;"Q1,"sVUdstart;","sVdstop; " ,"sVdsteps " ,@,";Dly;"X" | Pgm swp
318 PRINT "Close lid, press CONT to begin test”

320 PAUSE

330 QUTPUT 7163 "RINTX" ! Arm Unit 1 trigger . turn on output

340 QUTPUT 7173"RINIX" E Arm Unit 2 trigger, turn on output
350 FOR I=1 TO 5 I Loop for five VYgs curves

3560 PRINT "Generating sweep';I

370 TRIGGER 718 I Trigger Unit 1

380 STATUS 7,7:Stat I Get IEEE~-488 bus siatus

330 IF NOT BIT(Stat,i@) THEN 380 I Wait for Unit 2 SRQ on sweep done

490 Stat=SPOLL({717) I Serial poll Unit 2 to clear SRQ

41@ FOR J=t TO 101 I Loop for all 101 readings

420 ENTER 7173;Reading(I,J,1) ,Reading(I,J,2)! Get Uds and Id data from Unit 2

430 NEXT J I Loop back for next reading
449 NEXT I I Loop back for next VUgs value
450 OQUTPUT 716; "Ngx" I Turn off Unit 1 output

I

460 QUTRUT 71735 "N@X" Turn off Unit 2 output

470 PRINT "Press CONT to display graph”

480 PRINT “Press CONT while in graph to return to BASIC®

4390 PAUSE

500 Ymin=MAXREAL I Find minimum and maximum Id value
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510
520
530
540
550
560
57@
58@
590
6500
610
620
630
640
55@
6560
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
300
910
920
830
8409

Ymax=—MAXREAL

FOR I=1 70 5

FOR J=1 TO 1@

IF Reading(I,J,2)<Ymin THEN Ymin=Reading(I,6J

2y
IF Reading(l,J,2)*Ymax THEN Ymax=Reading(I,6J,2)

NEXT J
NEXT I
QUTPUT KBD;CHR$(Z255);CHR$( 753 Clear screen

PLOTTER IS CRT,"INTERNAL" Define plot to CRT

|
GINIT I Initialize graphics
I
GRAPHICS ON I Turn on graphics

MOVE 29,35 I Title graph

LABEL "COMMON SOURCE CHARACTERISTICS™

MOVE 70,10 I Label X axis

LABEL "VUds"

MOVE @ .53 I Label Y axis

LABEL "Id"

VIEWPORT 30,120 ,20,85 I Define soft clip limits

WINDOW VUdstart ,Vdstop,Ymin,Ymax | Scale graph
Yi={Ymax-Ymin)/10 I Compute Y axis increment
Xi=(Vdstop-VUdstart }/10 I Compute X axis increment
GRID Z#X1 . 2+#Y1 Udstart ,Ymin ! Draw grid

AXES X1 ,Y1 ,Udstart ,Ymin | Add some tick marks

FOR I=1 TO 5 I Loop for all five curves
FOR J=1 TO 101 I Loop for all 1@1 points per curve
PLOT Reading(I,J,1),Reading(I,J,2) ! Plot point

NEXT J I Plot next point

PENUP ! Raise pen

NEXT I I Plot next curve

CSIZE 4 I Define character size
LORG & I Center characters

CLIP OFF b Turn off soft clip

FOR I=Udstart TO Udstop+.01xX1 STEP X1 | Number X axis
MOVE I ,Ymin-(Y1/4)

LABEL USING "# ,K"3I

NEXT I

FOR I=Ymin TO Ymax+.@1*Y! STEP Y1 | Number Y axis

MOVE VUdstart~(1.3+X1) ,I+(.3%Y1)

LABEL USING "# ,MD.DE";I

NEXT I

PAUSE

QUTPUT KBD;CHR$(255);CHR$(75); | Clear alpha screen
GRAPHICS OFF I Clear graphics screen
END
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45 TRANSCONDUCTANCE TESTS

The forward transconductance, gz, of an FET is usually
measured at a specific frequency (for example 1kHz).
Such a test can be simulated with dc values by using as
small an incremental change in dc parameters as possi-
ble. For example, assume that we source two gate-source
voltages, Vs and Vesy, and measure two resulting drain
currents, Ip; and Ip,. The forward transconductance can
then be approximated as follows:

Al
85~

Where: g = forward transconductance (S)
Alp =TIpy — Iy
AVgs = Vas2 ~ Vasi

Two common plots involving gz include gg vs. Vgs and g
vs. Ip. The programming examples included in this sec-
tion demonstrate how to generate gg vs. Vgs and gg vs. I
plots.

4.5.1 Test Configuration

Figure 4-6 shows the general test configuration for
transconductance tests. Unit #1 sweeps Vgs, while Unit
#2 sources Vps and also measures Ip. gg values are com-
puted from incremental changes in Ipand Vps. Note thata

small-signal N-channel JFET such as a 2N4392 is recom-
mended for use with the example program below.

4.5.2 Program 10: Transconductance

vs. Gate Voltage Test

Use Program 10 below to generate a typical g vs. Vs
plot.

1. With the power off, connect both Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect both Source Measure Units to the test fix-
ture using suitable cables (see Figure 4-1 for details
on test connections).

3. Turn on both Source Measure Units, and allow them
to warm up for at least two hours for rated accuracy.
Verify that the primary address of Unit #1 is set to 16;
the primary address of Unit #2 should be set to 17.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 10 below into the com-

uter.

6. lglace a small-signal N-channel JFET such as a
2N4392 in the appropriate transistor socket. Install
the correct jumpers, then close the test fixture lid.

7. RUN the program in the usual fashion. The com-
puter will step through Vs values between -2V and
0V using 0.1V steps. At each increment, Ip will be
measured using a fixed 10V Vpg value is used for the
test. Once data are collected, a plot of gz vs. Vgsis dis-
played on the computer CRT.

8. To return to BASIC from the graph, press CONT.

FET
Under Test =~
I_\: - =1 Output HI
| \ | I Unit #2
E) v Sources
[ pd| Vps,
Output HI | /\Il:k/ J | Vv Melasures
D
R
Sweeps 8006 Test
vV, Fixture
GS v
Output LO
A4
Figure 4-6.  Test Configuration for Transconductance Tests
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4.5.3 Typical Program 10 Results

Figure 4-7 shows a typical gs vs. Vgs plot as generated by
the example program. Again, a 2N4392 N-channel JFET
was used for the example plot.

Gfs VS. Vgs

.8E-82
.7E-02 |
.SE-82
.4E-82 |
.3£-@2
.2E-g2 |
.BE-02
.2E-23 |
.9E-83
.7e-03 |

Gfs

Arm Units

N O N D = = = = e e

Get Bus

.SE-03 : . . . .
—2.8 -1.8 -1.2 -.8 -4 -a.9 Status

Figure 4-7.  Program 10 Example Plot

4.5.4 Program 10 Description

Refer to the program listing below and the flowchart in
Figure 4-8 for the following description of Program 10.

Initially, the data arrays are defined (lines 20-40) to hold
20 or 21 reading points. Note that two arrays are used in
this program. The reading array will hold data obtained
from the test instruments, while the plot array will hold
computed g and Vs values to be plotted. After the in-
struments are returned to default conditions (line 50),
Unit #1, which sweeps Vs, is programmed as follows
(lines 80-190):

Source V, sweep mode
1mA compliance, ImA range

Plot
Local sense gisvsVas |

Source only data format, no prefix, sweep data output
External trigger, one trigger per step, output trigger on
end of measurement

SRQ on sweep done
Start Vgs voltage: 2V
Stop Vs voltage: 0V Figure 4-8.  Program 10 Flowchart
Step Vgs voltage: 0.1V

Delay: 100msec

Staircase sweep
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Unit #2, which sources Vps and measures Ip, is then con-
figured in the following manner (lines 200-300):

Source V, sweep mode

Local sense

100mA compliance, autorange measure

Measure only data format, no prefix, sweep data out
External trigger, trigger source, output trigger on end
of measurement

Line cycle integration

¢ Delay: 100msec

e Constant sweep, 10V constant Vps value, 21 points

After operator signal (lines 310 and 320), both units are
armed and placed into operate (lines 330 and 340). Unit
#1 is then triggered to start the sweep by using the imme-
diate trigger command (line 360). Once Unit #1 is trig-
gered, it sets Vgs to the programmed value, and it then
triggers Unit #2 at the end of the measurement (using ex-
ternal triggering). Unit #2 then sets Vps to the pro-
grammed value. Following the delay, Unit #2 measures
Ip and it then triggers Unit #1 to go on to the next Vgs
value. The process repeats until all points in the sweep
have been taken.

4-10

While the sweep is being performed, the program waits
in a loop for Unit #2 to generate an SRQ on sweep done
(lines 370 and 380). Once the SRQ occurs, the data are
read into the reading array (lines 400-430), and the Source
Measure Units are placed into standby (lines 440 and
450). Note that the Vgs values are placed into array ele-
ments (I,1), and the I values are stored in array elements
1,2).

Next, we encounter the part of the program where the
transconductance values are calculated (lines 500-550).
First, the Vs values are simply transferred from the (I,1)
elements of the reading array to the (I,1) elements of the
plot array (line 510). Next, AVgs values are computed by
subtracting the (I,1) values from the (I+1,1) values (line
520), and Alp values are similarly computed by subtract-
ing (I+1,2) values from (I,2) values (line 530). Finally, each
transconductance value is computed from Alp and AVes
and stored in the corresponding element of the plot array
(line 540).

The maximum and minimum transconductance values
are then determined for Y axis scaling (lines 560-610), and
the data are plotted with g along the Y axis and Vgsalong
the X axis (lines 630-920).
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REM TRANSCONDUCTANCE-GATE VOLTAGE TEST PROGRAM REV. 1.3 (Program 1@)
OPTION BASE 1 | First array subscript is |

DIM Reading(21,2) Dimension reading array (21 points)
DIM Plot_array(20,2) Dimension plot array (20 points)

CLEAR 7 Clear both Units
QUTPUT KBD;CHR$(255);CHR3(75); Clear screen
REM #+%%x Unit 1 setup (sweeps UQs ) * ¥ f ¥k x kX ks i fe X rf e X e 26 %%

OUTPUT 71B;s"F@,iX" Source VUV, sweep mode

QUTPUT 71B;"LI1E-3,7X" ImA compliance,1mA range

QUTRPUT 7165 "00X" Local sense

QUTPUT 71B3"6G1,2,1" Output source,no prefix,sweep data
QUTRUT 7165"T3,1,4 ,0X" External trigger,cut trig end of measure
QUTPUT 71&;"M2,X" SRQ on sweep done

i
!
!
I
v
REMOTE 716 I Put Unit 1 in remote
!
{
!
!
!
{
QUTPUT 716:;"B@,0,0X" ! Program @ bias value
|
!
!
I

Vgstart=-2 Define -2V start VUgs voltage
Ugstop=0 Define @V stop VUgs voltage
Ugstep=.1 Define 8.1V step Vgs voliage
Dly=100 Define 100@msec Uniti delay

QUTPUT 716;"Q1,"sVgstarts” ,";Ugstop;”,";VUgsteps” ,@,";Dly;"X" { Pgm suwp
REM ##%#%x Unit 2 setup (sources Uds, measures Id) *x#xxxsxtxsxxxxs
REMOTE 717 t Put Unit 2 in remote

QUTRUT 717;"FO@ ,1X" I Source UV, sweep mode

QUTPUT 717;"08X" I Local sensing

QUTPUT 717:"L10QOE-3,8X" I 12@mA compliance,autorange measure
QUTPUT 7173"G4 ,2,1X" I Measure,no prefix,sweep data

QUTPUT 717:"T3,1,4,0X" I Trig ext,start source,cut end of meas
OUTPUT 7173 "82Z6X" ! Line cycle integration,suppress off
QUTPUT 717:"B@,0,0X" ! Preogram @ bias value

Uds=10 I Define 10V VUds

Diy=108@ I 1@0@msec Unit 2 delay

QUTPUT 717;"Q0,";Vds;",0,"s0ly;" ., 21X" | Constant sweep,21 points

PRINT “Close lid, press CONT to begin test”

PAUSE

QUTPUT 7165 "RINTX" I Arm Unit 1 trigger,turn on output
QUTPUT 7175 "RINIX" I Arm Unit 2 trigger, turn on output
PRINT “Generating sweep"

QUTPUT 71865 "H@X" Trigger Unit 1 to start sweep
STATUS 7,735tat Get IEEE-488 bus status

IF NOT BIT(Stat,1@) THEN 370 Wait for Unit 1 5SRO on sweep done

|

|

!

Stat=SPOLL(718) I Serial poll Unit 1 to clear SRQ
FOR I=1 TO 21 t Loop for all 21 readings
ENTER 71B;Reading(I,1) I Get VUgs data from Unit |
ENTER 717;3;Reading(I,2) I Get Id data from Unit 2
NEXT I | Loop back for next data point
QUTPUT 7165 "N@X" b Turn off Unit | output

QUTPUT 717; "N@X" I Turn off Unit 2 output

PRINT “Press CONT to display graph”
PRINT "Press CONT while in graph to return to BASIC”

PAUSE
REM COMPUTE TRANSCONDUCTANCE AND STORE IN PLOT ARRAY
FOR I=1 TO 20 I Ltoop for all gfs points
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510 Plot_array(I,1)=Reading(I, 1) I Store VUgs in plot array
L20 Delta_vgs=ABS(Reading(I+1 ,1)-Reading(I,1)) ! Compute delta VUgs
530 Delta_id=ABS(Reading(I+! 2)-Reading(l,2)) | Compute delta Id
546 Plot_array(l ,2)=Delta_id/Delta_vgs I Compute gfs
550 NEXT I I Loop back for next point
560 Ymin=MAXREAL I Find minimum and maximum gfs value
570 Ymax=—MAXREAL
580 FOR I=1 TO 20
530 IF Plot_array(I ,2)<¥Ymin THEN Ymin=Plot_array(I,62)
Ba@ IF Plot_array{(l ,2)*Ymax THEN Ymax=Plot_array(I,2)
610 NEXT I
620 QUTPUT KBD;CHR${ZE55);CHR$(75); | Clear screen
E30 GINIT I Initialize graphics
640 PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
650 GRAPHICS ON ! Turn on graphics
66@ MOUE B2 ,39@ ' Title graph
870 LABEL “Gfs VUS. Ugs”
680¢ MOVE 70,10 I Label X axis
590 LABEL "VUgs"
Ta9 MOVE @ ,53 b Label Y axis
710 LABEL "Gfs"
720 VIEWFORT 3@ ,120,20,85 | Define soft clip limits
7250 WINDOW VUgstart Ugstop,Ymin,Ymax | Scale graph
740 Yi=(Ymax-Ymin)/ 10 I Compute Y axis increment
750 X1=(Ygstop-VUgstart)/10 I Compute X axis increment
760 GRID 2#X1 ,2+Y1 ,VUgstart Ymin ! Draw grid
770 AXES X1,Y1 ,VUgstart,Ymin I Add some tick marks
789 PLOT Plot_array{x) I Flot array
790 CSIZE 4 I Define character size
$500 LORG & I Center characters
310 CLIFP OFF ' Turn off soft clipping
82O FOR I=Ugstart TO Ugstop+.081xX1t STEP 2Z*X1 | Number X axis
830 MOVE I ,Ymin—-(Yi1/4)
849 LABEL USING "# MD.D";I
850 NEXT 1
869 FOR I=Ymin 70 Ymax+.@1=%Yl STEP Y1 | Number Y axis
870 MOVE Vgstart-(1.3%X1) I+ .3%Y1)
§80 LABEL USING "#,0.DE";I
850 NEXT I
300 FAUSE
910 QUTPUT KBO;CHR$(255);CHR8{(75); | Clear alpha screen
929 GRAPHICS OFF t Clear graphics screen
952 END
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45.5 Program 11: Transconductance

vs. Drain Current Test
UseProgram 11 below to generate a typical Ip vs. Vgs plot.

1. With the power off, connect both Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect both Source Measure Units to the test fix-
ture using suitable triax cables (see Figure 4-1 for de-
tails on test connections).

3. Turnonbothunits,and allow them to warm up for at
least two hours for rated accuracy. Verify that the
primary address of Unit #1 is set to 16; the primary
address of Unit #2 should be set to 17.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 11 below into the com-
puter.

6. Place a small-signal N-channel JFET such as a
2N4392 in the appropriate transistor socket. Install
the correct jumpers, then close the test fixture lid.

7. RUN the program in the usual fashion. The com-
puter will step through Vgs values between -2V and
0V using 0.1V steps. At each increment, Ip will be
measured using a fixed 10V Vps value is used for the
test. Once data are collected, a plot of g vs. Ipis dis-
played on the computer CRT.

8. To return to BASIC from the graph, press CONT.

456 Typical Program 11 Results

Figure 4-9 shows a typical gs vs. Ip plot as generated by
the example program. Again, a 2N4392 N-channel JFET
was used for the example plot.

Gfs VS. Id
.8E-@2
.7E-82 | ’///,,ff
.5E-@2
.4E-@2 |
.3E-@2
.2E-@2 |

.BE-B2
.2e-03 | ////
.BE-23

.7E-@3 H

.5E-@3 : . : : .
7.5E-@4 S.8E-03 1.@E-82 1.SE-B2 2.0E-02 2.5E-02
Id

Gfs

DN O O B m s re e = e e

Figure 4-9. Program 11 Example Plot

4.5.7 Program 11 Description

Refer to the program listing below and the flowchart in
Figure 4-10 for the following description of Program 11.

Initially, the data arrays are defined (lines 20-40) to hold
20 or 21 reading points. Once again, two arrays are used
in this program. The reading array will hold data ob-
tained from the test instruments, while the plot array will
hold computed g and Ip values to be plotted. After the
instruments are returned to default conditions (line 50),
Unit #1, which sweeps Vgs, is programmed as follows
(lines 80-190):

Source V, sweep mode

1mA compliance, ImA range

Local sense

Source only data format, no prefix, sweep data output
External trigger, one trigger per step, output trigger on
end of measurement

SRQ on sweep done

Start Vs voltage: -2V

Stop Vs voltage: OV

Step Vgs voltage: 0.1V

Delay: 100msec

Staircase sweep

e o o o o

Unit #2, which sources Vps and measures Ip, is then con-
figured in the following manner (lines 200-300):

Source V, sweep mode

Local sense

100mA compliance, autorange measure

Source and measure data format, no prefix, sweep

data output

o External trigger, trigger source, output trigger on end
of measurement

¢ Delay: 100msec

o Constant sweep, 10V constant Vps value, 21 points

After operator signal (lines 310 and 320), both units are
armed and placed into operate (lines 330 and 340). Unit
#1 is then triggered to start the sweep by using the imme-
diate trigger command (line 360). Once Unit #1 is trig-
gered, it sets Vs to the programmed value, and it then
triggers Unit #2 (using external triggering). Unit #2 then
sets Vps to the programmed value. Following the pre-
scribed delay period, Unit #2 measures Ip and it then trig-
gers Unit #1 to go on to the next Vgs value. The process
repeats until all points in the sweep have been taken.
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While the sweep is being performed, the program waits
in a loop for Unit #2 to generate an SRQ on sweep done
(lines 370 and 380). Once the SRQ occurs, the data are
read into the reading array (lines 400-430), and the Source
Measure Units are placed into standby (lines 440 and
450). Note that the Vgs values are placed into array ele-
ments (I,1), and the Ip values are stored in array elements
2.

Next, we encounter the part of the program where the
transconductance values are calculated (lines 500-550).
First, the Ip values are simply transferred from the (I,1)
elements of the reading array to the (I,1) elements of the
plot array (line 510). Next, AVgs values are computed by
subtracting the (I,1) values from the (I+1,1) values (line
520), and Alp values are similarly computed by subtract-
ing (I+1,2) values from (I,2) values (line 530). Finally, each
transconductance value is computed from Alp and AVes
and stored in the corresponding element of the plot array
(line 540).

The maximum and minimum transconductance values
are then determined for Y axis scaling (lines 560-610), and
the maximum and minimum Ip values are also computed
(lines 620-670). Finally, data are plotted with gs along the
Y axis and Ip along the X axis (lines 710-980).

4-14
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REM TRANSCONDUCTANCE-DRAIN CURRENT TEST PROGRAM REV. 1.3 (Program 11}

OPTION BASE 1
OIM Reading(21,2?
DIM Flot_array(2@.,2)

3

CLEAR 7
QUTPUT KBUO:;CHR$(255);CHR$(75);
REM *#%xx Unit 1 setup {(sweeps

REMOTE 718

QUTPUT 7163"FQ ,1X"
OUTPUT 7183 "L1E-3,7X"
CUTPUT 716;"0@x"
QUTRUT 7165"61,2,1"
QUTPUT 7165"T3,1,4,0X"
OUTPUT 71&;"M2 X"
QUTPUT 716;"BG,0,0X"

Ugstart=-2 Define -2V start Ugs veltage

Ugstop=0 Define OV stop Uns voltage

Ugstep=.1 Define .1V step VUgs voltage

Diy=100 I Define 19@msec Unit delay

QUTPUT 716;"Qt,":Vgstart;",";Vgstop:","sVUgstep; " ,0,"iDBly;"X" | Pogm suwp

!

!
!
!
!
Y
!
!
!
!
{
!
f
I
!
f
!
!

First array subscript is 1
Dimension reading array (21! points)
Dimension plot array (20 points)
Clear both Units

Clear screen

S ) ¥EREEFRFRXX AR ERRRX LR R AR

Put Unit 1 in remote

Source V, sweep mode

imA compliance, 1mA range

Local sense

Output source,no prefix,sweep data

External trigger ,out trig end of measure

SRQ on sweep done

“Program @ bias value

REM #*%x% Unit 2 setup (sources Uds, measures [d) *x*sxsssxxxxrsxx

REMOTE 717

DUTPUT 717;"F0,1X"
OUTPUT 717;"00X"

OUTPUT 717:"L100E-3,0X"
QUTPUT 717;°64,2,1X"
QUTPUT 717:"T3,1,4 ,0X"
OUTPUT 717;"S270X"
OUTPUT 717;"B0,0,0X"
Dly=100

Uds=10

DUTPUT 717308 ,"5;Vds:" ,8,";Dly;s"

PRINT “Close lid, press CONT to
PAUSE

QUTPUT 7183 "RINIX"

QUTPUT 717;"RINIX"

PRINT "Generating sweep"
QUTPUT 7165 "HBX"

STATUS 7,7:3Stat

IF NOT BIT(Stat,1@) THEN 370
Stat=SPOLL(7186)

FOR I=1 TO 21

ENTER 716;Reading(I 1)

ENTER 717;Reading(I,Z)

NEXT I

QUTPUT 718B; "N@X"

QUTPUT 717;"N@OX"

PRINT "Press CONT to display graph”

!
!
!
!
!
!
!
!
!
!
}

!
I
!
!
!
!
!
!
!
]

Put Unit 2 in remote

Source VU, sweep mode

Local sensing

100mA compliance ,autorange measure
Measure ,no prefix,sweep data

Trig ext ,start source,out end of meas
Line cycle integration,suppress off
Program @ bias value

100msec Unit 2 delay

Define 10V Uds

,21X" | Constant sweep,2! points
begin test"
Arm Unit 1 trigger ,turn on output

Arm Unit 2 trigger, turn on output

Trigger Unit 1 to start sweep

Get IEEE-488 bus status

Wait for Unit 1 SRQ on sweep done
Serial poll Unit t to clear SRQ
Loop for all 21 readings

Get VUgs data from Unit !

Get Id data from Unit 2

Loop back for next data point
Turn of f Unit 1 output

Turn off Unit Z output

PRINT “Press CONT while in graph to return to BASIC"

PAUSE

REM COMPUTE TRANSCONDUCTANCE AND STORE IN PLOT ARRAY

FOR I=1 T0 20

Loop for all gfs points
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510 Plot_array(l,1)=Reading(I 2) ! Store Id in plot array
520 Delta_vgs=ABS{Reading(I+1 1 )~-Reading(I 1)) ! Compute delta VUgs
530 Delta_id=ABS(Reading(I+! ,2 )~-Reading(l1,2)) | Compute delta Id

540 Plot _array(l 2)=Delta_id/Delta_vgs I Compute gfs
550 NEXT I I Loop back for next point
560 Ymin=MAXREAL ' Find minimum and maximum gfs value

570 Ymax=-MAXREAL

580 FOR I=1 TO 20

530 IF Plot_array(l,2)<¥min THEN Ymin=Plot_array(I 2}
ayul] IF Plot_array(I,2):Ymax THEN Ymax=Ploi_array{(I.2)
610 NEXT 1

620 Xmin=MAXREAL P Find minimum and maximum Id value
E30 Xmax=-MAXREAL

6549 FOR I=1! TO 2@

652 IF Plot_array(I,1)<Xmin THEN Xmin=Plot_array(I 1)
EEQ IF Plot_arrav(I ,1)>Xmax THEN Xmax=Plot_array(I ., t)
670 NEXT I

630 OQUTPUT KBD;CHR$(255);CHR®(75%; | Clear screen

590 GINIT ! Initialize graphics
700 PLOTTER IS CRT,"INTERNAL" t Define plot to CRT
710 GRAPHICS ON I Turn on graphics
720 MOVE €0 ,380 I Title graph

730 LABEL "Gfs VS. Id"

740 MOVE 70,10@ I Label X axis
758 LABEL "Id"
760 MOVE @ ,53 I Label Y axis

7T LABEL "Gfs"

780 VIEWPORT 30,120 ,20 .85

730 WINDOW Xmin,Xmax ,Ymin,Ymax
800 Yi=(Ymax—-Ymin)/10

810 X1=(Xmax—-Xmin)/10

820 GRID 2#X1 ,2%Y1 Xmin,Ymin
830 AXES X1,Y1 Xmin,Ymin Add some tick marks
8§40 PLOT Plot_array(»*) Plot array

! Define soft clip limits

}

|

i

!

}

!
850 CSIZE 4 I Define character size

|

i

2

Scale graph

Compute Y axis increment
Compute X axis increment
Draw grid

860 LORG & ! Center characters
870 CLIP OFF I Turn off soft clipping
880 FOR I=Xmin TO Xmax+.@1*X1 STEP Z=Xi I Number X axis

850 MOVE I,Ymin-(Y1/4)

900 LABEL USING "# ,MD.DE";I

310 NEXT 1

920 FOR I=Ymin TO Ymax+.21=Y! STEP Y1 ! Number Y axis
950 MOVE Xmin—(1.3%X1) I+(.3%Y1)

940 LABEL USING "# ,D.DE";I

950 NEXT I

960 PAUSE

870 QUTPUT KBD;CHR$(255);CHR$(75); | Clear alpha screen
980 GRAPHICS OFF I Clear graphics screen
39302 END
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46 THRESHOLD TESTS

The threshold voltage, V7, is a critical parameter for FET
characterization as well as process control. Basically,
there are a number of methods for determining Vr in-
cluding several transconductance methods, the two
point extrapolated V1 method, as well as the Vr @ Ip
search method. In this paragraph, we will discuss the Ip
search method for finding Vr along with a self-biasing
method that takes advantage of the special capabilities of
the Models 236 and 237.

4.6.1 Search Method Test Configuration

Figure 4-11 shows the general test configuration for the
search method threshold voltage tests. Unit #1 sources
Vgs, while Unit #2 sources Vps and also measures Ip. An
iterative search process is included in the program to al-
low you to enter a target Ip value.

4.6.2 Program 12A: Threshold Voltage

Tests Using Search Method

Use Program 12A below to perform the Vr test using the
search for target Ip method.

1. With the power off, connect both Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect both units to the test fixture using suitable
triax cables (see Figure 4-1 for details on test connec-
tions).

3. Turnonboth units, and allow them to warm up forat
least two hours for rated accuracy. Verify that the
primary address of Unit #1 is set to 16; the primary
address of Unit #2 should be set to 17.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 12 below into the com-
puter.

6. Place the desired N-channel FET in the appropriate
transistor socket. Install the correct jumpers, then
close the test fixture lid.

7. RUN the program in the usual fashion. The com-
puter will prompt you to enter two Vgs values which
correspond to the Vgs variation range. Also, type in
the desired fixed value for Vps when prompted to do
so. Finally, enter the target Ip value at which Vris to
be determined, and continue the program when
ready to begin the test (typical Ip = 100pA).

8. The program will then step through the search proc-
ess and attempt to match the drain current to the tar-
get value to within 5% by varying Vgs. If more than
20iterations are necessary, or if Unit #2 is found tobe
over compliance, you will be notified of that fact,and
the program will halt.

9. If the search is successful, the value of Vgs which re-
sulted in the target Ip value will then be displayed.
This Vs value is V. If the search is unsuccessful, re-
run the program and choose a more appropriate set
of Vs values.

4.6.3 Program 12A Description

Refer to the program listing below and the flowchart in
Figure 4-12 for the following description of Program 12A.

FET
Under Test

- lp

Y\

D) | D | o
] I Unit #2
I Vbs | Sources
| ,\I/\\\, [ V Vbs,
| GS l Measures
| . s d R Io
Unit #1 8006 Test
Sets Vas Fixture
for Target Ip \Y;

A4
Figure 4-11. Test Configuration for Search Method Threshold Tests
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Enter

Vps,
Target ID

Trigger
Units

Program
Vas

Place Units
in
Standby

Display
VT

Figure 4-12.
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Program 12 A Flowchart

Initially, the instruments are returned to default condi-
tions (line 20), and the iteration variables are defined
(lines 30 and 40). Next, Unit #1, which sources Vs, is pro-
grammed as follows (lines 70-110):

Source V, dc mode

1mA compliance, ImA range
Local sense

Trigger on GET, continuous
Delay: 1sec

Next, the range of Vgs values is entered, the the start
value for Vgs is computed (lines 130-150). Unit #2, which
sources Vps and measures Ip, is then configured in the fol-
lowing manner (lines 170-260):

Source V, dc mode

Local sense

100mA compliance, autorange measure

Measure only data format, no prefix, dc data output
Trigger on GET, continuous

Line cycle integration

Bias value determined by user input

The desired Vps and Ip values are then entered (lines 240
and 250), and, after operator signal (lines 270 and 280),
both Source Measure Units are armed and placed into op-
erate (lines 290 and 300) and finally triggered (lines 320
and 330). The iteration counter is then incremented and
then checked against the maximum number of allow it-
erations (lines 340 and 350). If the iterative search exceeds
the allowed limit, a message to that effect is displayed,
and the program halts.

Assuming the number of iterations has not exceeded the
allowed limit, Unit #1 is programmed with the presently-
computed value of Vs (line 400). After a one-second de-
lay, Unit #2 is serial polled and its status byte is checked
to determine whether or not the unit is over current com-
pliance (lines 420 and 430). If so, an error message is dis-
played, and the program halts.

The program then requests a drain current reading (Ip)
from Unit #2 (line 480), and then checks to see if the drain
current value is close to the target Ip value (lines 490-580).
If the Ip value is not within the required range (x5%), the
program computes a new Vgs value and then loops back
to perform the test loop again. Finally, both units are
placed into standby (lines 590 and 600), and the Vr value
at the actual Ip is displayed (line 610).
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4.6.4 Modifying Program 12A

As written, the program sets the number of iterations to
search for target Ip to 20 (line 30). You can change this
variable to perform the iterative search as many times as
is necessary. Similarly, the allowed range for the I target

search is £5%. Again, you can change this tolerance range
as tight as necessary by modifying the limits in lines 490
and 540. Note that reducing the target range will prob-
ably require an increase in the number of iterations as
well.
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10 REM SEARCH METHOD THRESHOLD VOLTAGE TEST PROGRAM REV. 1.3 (Program 12A)
20 CLEAR 7 ! Clear both Units

30 Iterations=20 I Define maximum search iterations
40 N=@ I Set iteration counter

50 QUTPUT KBD;CHR$(255);CHR$(75); | Clear screen

650 REM *#%%% Unit 1 setup (sources UQs) # ¥ ¥ s i it s i nsxt t e s snsases
70 REMOTE 718 I Put Unit 1 in remote

8@ OUTPUT 71835 "F0 ,0X" I Source Y, DC mode

517 QUTPUT 716;"LI1E-3,7X" I 1mA compliance, 'mA range

12@ QUTPUT 7186; "0@X" t Local sense

110 QUTPUT 716:"T1,0,0,0X" I GET trigger ,continuous

120 Dly=10800 I Define 1 sec Unit delay

130 INPUT "Enter more positive VUgs",VUgsi | Input greater Ugs

149 INPUT "Enter more negative Ugs" ,Ugs2 ! Input lesser Ugs

159 Ugs=(Vgs1-VUgs2)/2+Vgs? I Compute start Ugs

160 REM *x%%% Unit 2 setup {(sources Uds, measures Id) **x*xxxxixxxesx
172 REMOTE 717 I Put Unit 2 in remote

180 QUTPUT 7175 "F@ ,0X" I Source V, DC mode

190 QUTPUT 717;"0BM128,8X" I Local sensing,SRQ

200 QUTPUT 717;"L100E-2 ,@X" b 10@0mA compliance ,autcorange measure
210 QUTRUT 717;"64,2,0X" I' Measure ,no prefix ,DC data

22 QUTPUT 717;"5278X" I Line cycle integration,suppress off
230 QUTRUT 717:;"T1,0,2,0X" I Trigger on GET ,continuous

240 INPUT “Enter Uds" ,hUds I Input VUds

250 INPUT "Enter target Id",Itarget ! Input target Id for search

268 QUTRUT 7173"B"3VUdss: " ,@,";Dly:"X" | Program DC,autorange,delay

270 PRINT "Close lid, press CONT to begin test®

282 PAUSE

290 DUTPUT 716 "RINIX" I Arm Unit 1 irigger,turn on output
300 QUTPUT 7175 "RINIX" boArm Unit 2 trigger,turn on output
310 PRINT "Measuring..."”

32 TRIGGER 716 I Trigger Unit |1

320 TRIGGER 717 I Trigger Un:it 2

34Q N=N+1 I Increment iteration counter

350 IF NrIterations THEN I Check for maximum iterations

260 BEEP

570 FRINT "More than"s;Iterations;”"iterations”

388 STOR

390 END IF

400 QUTPUT 716:5"B":Vgs:" ,0,";DRly:"X" | Program Unit 1 Ugs value

419 WAIT Dly/1000+1 P Wait for settling

420 Stat=SPOLL(717) I Serial polil Unit 2

430 IF BiT(5tat ,7) THEN I Check for over compliarice

440 BEEP

459 PRINT "Unit 2 is aver curtrent compliance”

460 STOP

470 END IF

480 ENTER 717;1d I Get Id reading from Unit 2

430 IF Id»1.05+Itarget THEN I Check for Id > target

520 Vgsl=lgs
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510 Vgs=Vgs—(VUgs-Vgs2 )/20
520 6070 340
530 END IF

559 UgsZ=VUgs
560 Vgs=Vgs+(Vgs1-VUgs /20
570 GOTC 340

540 IF Id<.95+*Itarget THEN i Check for Id < target

580 END IF

530 OQUTPUT 716 "NOX" ! Turn off Unit 1 output

500 QUTPUT 717 "NOX" I Turn off Unit 2 output

610 PRINT "Ut="3;VUgs;"V @ Id=";Id | Display threshold veoltage

620 END
4.6.5 Self-bias Threshold Test These values will result in proper biasing of

Configuration

Figure 4-13 shows the general test configuration for the
self-bias method of threshold voltage tests. Unit #1
sources the drain current (assumed to be the same as the
source current), and it also measures the threshold volt-
age, V1. Unit #2 sources Vps. This arrangement allows
very rapid threshold voltage measurement (milliseconds
per reading) at very low currents, and it can be used with
both enhancement-mode and depletion-mode FETs.
Note that the high-impedance sensing circuits and the
floating capabilities of the Models 236/237 are key char-
acteristics thatallow this special configuration to be used.

WARNING

When a Model 236/237 is programmed forre-
mote sensing, hazardous voltage may be pre-
sent on the SENSE and OUTPUT terminals
when the unit is in operate regardless of the
programmed voltage or current. To avoid a
possible shock hazard, always turn off
power before connecting or disconnecting
cables to the Source Measure Unit or the as-
sociated test fixture.

NOTE
Both Vs and Ip must be programmed with re-
versed polarity because of the connection con-
figuration used. For example, for an N-chan-
nel FET, both Vps and Ip must be negative.

the DUT. Also, the sign of the measured Vr
value will be reversed.

46.6 Self-bias Method Measurement

Considerations

There is a limit as to the maximum voltage that can ap-
pear between the sense and source leads of each Source
Measure Unit. For that reason, the maximum threshold
voltage that can be measured with this method is defined
as follows:

Vamax=12-10 (V_DS)
VFrs

Where: Vyax = maximum threshold voltage
Vs = Vpssourced by Unit 2
Vs = full scale voltage of Unit 2

For example, if Vps has a value of 5V with the unit on the
11V measurement range, the maximum voltage is:

Vmax = 12-10(5/11) =745V

From this relationship, it can be seen that the voltage
range of Unit #2 should be set as high as possible.

4-21



SECTION 4
FET Tests

FET
Under Test
P\_\_ T 71 Sense
| D | Lo | OutputLO
o2 |
| |
| \, : Unit #2
| s | v Sources - Vps
] "8006 Test
NOTE : Do not Fixture Sense | Qutput HI
connect DUT source Hi
to chassis ground for
this test (Remove link
between LO and Output HI
chassis of Unit #1).
I Unit #1
Sources Ip (= Ig)
VvV Measures V1
Output LO
Figure 4-13. Test Configuration for Self-Bias Threshold Tests

4.6.7 Program 12B: Self-bias Threshold
Voltage Tests

Use Program 12B below to perform the self-bias thresh-
old voltage test.

1. With the power off, connect both Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect both units to the test fixture with suitable
triax cables using Figure 4-13 as a guide. Note that re-
mote sensing connections are used for Unit #2, and
that both OUTPUT LO and SENSE LO of Unit #2 are
connected to the drain of the device under test. With
this configuration, it will be necessary to program
negative Vps and Ip values in order to properly bias
the DUT.

3. Turnonboth units,and allow them to warm up for at
least two hours for rated accuracy. Verify that the
primary address of Unit #1 is set to 16; the primary
address of Unit #2 should be set to 17.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 12B below into the
computer.

6. Place the desired N-channel (enhancement-mode or
depletion-mode) FET in the appropriate transistor

4-22

socket. Install the correct jumpers (using Figure 4-13
as a guide), then close the test fixture lid.

. RUN the program in the usual fashion. The com-

puter will program Unit #1 to step through Ip current
values between —10uA and —100pA at —10pA incre-
ments, using a Omsec user delay for maximum speed
and a fixed Vps value of -10V.

. After data are collected, the computer will display

the Vr values at the 10 tested Ip currents on the com-
puter CRT. Both Ip and Vr values will be sign-ad-
justed for correct displayed polarity.

4.6.8 Program 12B Description

Refer to the program listing below and the flowchart in
Figure 4-14 for the following description of Program 12B.

Initially, the instruments are returned to default condi-
tions (line 20). Next, Unit #1, which sources Ip and meas-
ures Vr, is programmed as follows (lines 50-170):

Source I, sweep mode

10V compliance, 11V range
Local sense

Trigger on GET, continuous
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Source, measure data, no prefix or suffix, sweep data
SRQ on sweep done

Fastest integration rate, filter off

Start ID current: —-10pA

Stop ID current: —-100uA

Step ID current: ~10pA

Delay: Omsec

Next, Unit #2, which sources Vps is then configured in the
following manner (lines 190-250):

Source V, DC mode

Remote sensing

100mA compliance, 100mA range
Trigger on GET, continuous
=10V fixed Vps value

After operator signal (lines 260 and 270), both Source
Measure Units are armed and placed into operate (lines
280 and 290) and triggered (lines 300 and 310). The pro-
gram then enters a loop to wait for Unit #1 to generate an
SRQ (lines 320 and 330). After the SRQ, Unit #1 is serial
polled to clear the SRQ (line 340), and both units are
placed into standby (lines 350 and 360). The ten Vr values
are then read from Unit #1 and displayed on the com-
puter CRT (lines 380-430). Note that both Ipand Vr values
are corrected for proper polarity.

4.6.9 Modifying Program 12B

As written, the program tests for threshold voltages at 10
values of Ip between —10pA and —100pA at —10pA incre-
ments (as pointed out previously, the programmed drain
currents must be negative with an N-channel device be-
cause of the test configuration used). These values can be
changed to the required values simply by modifying the
corresponding variables in the program. Also, plotting
routines from another program could be adapted and
added to generate a plot of Vr vs. Ip. Paragraph 8.5 dem-
onstrates Vr vs. Ip plotting.

Trigger
Units

Get
Bus
Status

Place
Units in
Standby

Display
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10 REM SELF BIAS THRESHOLD VOLTAGE TEST PROGRAM REV. 1.3 (Program 12B)
2 CLEAR 7 I Clear both Units
30 QUTPUT KBD;CHR$(255);CHR$(75); | Clear screen
4@ REM #*%%x Unit 1 setup (sources -Id, measures —-Ut) *¥xxsxxaxexsexs
50 REMOTE 716 I Put Unit 1 in remote
6@ QUTPUT 716;"F1 ,1X" I Source I, sweep mode
70 QUTPUT 7165"L1@ ,2X" I 10V compliance, 11V range
80 QUTPUT 716:;"0BZ0X" t Local sense,suppress off
90 QUTPUT 7163771 .,8.0 ,0X" I GET trigger,continuous
100 QUTPUT 71635"65,2,1X" I Source data,no prefix,sweep data
110 QUTPRUT 71B5"M2 ,X" I 5RQ on sweep done
120 QUTPUT 7165 "SOPBX" I Fast integration, filter off
125 QUTPUT 7163"B@,0,8X" i Program @ bias value
138 Istart=-1.0E-5 I Define ~10QuA start current
140 Istop=-1.00E-4 I Define -100uA stop current
150 Istep=-1.0E-5 I Define ~10QuA step current
160 Dly=0 I Define @ sec Unit delay
170 QUTPUT 716;3"Q1,"sIstart;:","s1lstops;”, "slstep;”,0,":Dly;"X" | Pgm swp
180 REM #*#xx Unit 2 setup (sources -Uds) ¥ # ¥t s s s i et x e xneses
190 REMOTE 717 I Put Unit 2 in remote
200 QUTPUT 717;"F0 ,0X" I Source V, DC mode
210 QUTPUT 7175 01X" ! Remote sensing
22 QUTPUT 7175 "L10BGE-3,9X" I 10@mA compliance,1@®mA range
230 QUTPUT 717:;"T7T1,0,0,8X" | Get trigger, continuous
240 Uds=-18 I Define -10V Vds value
250 QUTPUT 717 ;"B";Vds;",3,";Dly;"X" ! Program DC, 110V range,delay
260 PRINT "Close lid, press CONT to begin test”
270 PAUSE
280 QUTPUT 718 "RINIX" I Arm Unit 1 trigger,turn on output
290 QUTPUT 7173 "RINTX" I Arm Unit 2 trigger ,turn on output
300 TRIGGER 717 I Trigger Unit 2
310 TRIGGER 716 I Trigger Unit 1
32@ STATUS 7,7;5tat ! Get bus status
330 IF NOT BIT(Stat,18) THEN 32 I Wait for SRQ
540 Stat=SPOLL(716) | Serial poll Unit 1 to clear SRQ
350 OUTPUT 7165 "N@X" I Turn of f Unit 1 output
36@ QUTPUT 717;"N@Q@X" I Turn off Unit 2 output,local sense
370 PRINT
580 PRINT "Id","Ut"
290 PRINT "=-=——-—mmmmm oo "
400 FOR I=1 TO 10 | Loop for all 10 readings
410 ENTER 716;1d,Vt I Get reading
420 PRINT -Id,-Ut I Print reading, adjust signs
430 NEXT I
449 END
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5.1 [INTRODUCTION

Thus far in this manual, we have concentrated on per-
forming tests on devices that do not require substrate
bias. Since many devices, especially those in complex
packages, do require some form of substrate bias, our dis-
cussion would not be complete without discussing meth-
ods for applying and programming substrate bias.

In the following paragraphs, we will discuss two meth-
ods of applying substrate bias: (1) adding an additional
Model 236/237 Source Measure Unit, and (2) using a
Model 230 Programmable Voltage Source

5.2 SUBSTRATE BIAS INSTRUMENT
CONNECTIONS

WARNING
Interlock circuits must be connected before

use. Connect fixture to safety earth
ground using #18 AWG minimum wire be-
fore use. Turn off all power before connect-
ing or disconnecting wires or cables.

5.21 Source Measure Unit Substrate

Bias Connections

Figure 5-11 shows test connections when using an addi-
tional Source Measure Unit to apply substrate bias. Unit
#1 and Unit #2 perform the same functions as outlined
earlier in this section, and Unit #3 is used to apply sub-
strate bias. Once again, the Model 8006 Component Test
Fixture is recommended for test connections, along with
Model 7078-TRX-3 triax cables. Note that the connecting
cables to Unit #3 assume that local sensing will be used
even though that may not be the situation in many cases.

5.2.2 Voltage Source Substrate Bias

Connections

Figure 5-2 shows bias connections using a Model 230 Pro-
grammable Voltage Source for substrate bias connec-
tions. The two Source Measure Units are connected to the
Model 8006 test fixture using Model 7078-TRX-3 triax ca-
bles just as before. The Model 230 Voltage Source is con-
nected to two of the binding posts on the test fixture us-
ing banana plug patch cords. Note that remote sensing is
not used in this application; remote sensing could be
added by connecting the sense terminals of the voltage
source to the two remaining binding posts on the test fix-
ture.

NOTES

1. Remote sensing connections are recommended for
optimum accuracy. See paragraph 1.2.2 for details.

2. If measurement noise is a problem, or for critical,
low-level applications, use shielded cable for all sig-
nal connections.

5.3 SUBSTRATE BIAS JUMPER
CONNECTIONS

If you are using the Model 8006 test fixture, you must in-
stall appropriate jumpers to complete bias connections
(jumpers must also be installed for remaining device con-
nections as outlined earlier in this manual). The exact
jumper configuration will, of course, depend on the type
of device packages you intend to use for the program-
ming examples in this section.

5.4 SOURCE MEASURE UNIT
SUBSTRATE BIASING

The following paragraphs discuss using a Model 236 /237
Source Measure Unit to provide substrate biasing. In the
first example, the substrate current, Isg, is measured as the
gate-source voltage, Vgs is swept across the desired
range. A plot of Is vs. Vs is generated by the program. In
the second example, the third Source Measure Unit pro-
vides substrate bias for common-source characteristic
tests.
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NOTE : Connect Output LO to
chassis with fink on Unit#1 only. ™

236-1LC-3 Interiock cable

236 Source Measure Unit #1

7078-TRX
Triax
Cable

236-1LC-3 Safety
Interlock cable

M0 &7 S =C3- Mg

o}
m
i

> 000

) ® =
= @005 @9 OO
7078-TRX
Cable

236-1L.C-3 Safety

Interlock Cable

236 Source
Measure Unit #2

Banana Plug Patch Cord

Figure 5-1.

NOTE : Fixture connections are
typical and do not apply to any
specific jumper configuration.

WARNING : Interlock circuits must
be connected as shown before use.

WARNING : Connect &) to safety
earth ground usin g#18AWG
minimum wire befor

7078-TRX

Triax
Cable

L IEIE

2 OO0 0.8, BE

| B

)] 56%5?::?0

236 Source Measure Unit #3

NOTE : Local Sensing Shown

Source Measure Unit Substrate Bias Connections
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NOTE : Connect Output LO to

236 Source Measure Unit #1

chassis with link on Unit #1 only.\

— O

f13°

[+]

e
-y

=0 [
= [

236-ILC-3
Interlock cable
7078-TRX
Triax
Cable

e | 206
Unit #2

236 Source Measure

0] & & =0 Do

@O0, 9.9 TO7 [EsE

7078-TRX
Triax
Cable

236-1L.C-3 Safety
Interiock Cable

Note : Fixture connections are typical

and do not apply to any specific jumper
configuration.

[ Banana Plug Patch Cords

WARNING : Interlock circuits must
be connected as shown before use.

WARNING : Connect @ to safety
earth ground using #18 AWG
minimum wire before use.

Figure 5-2.  Voltage Source Substrate

230 Voltage Source
(Provides Substrate Bias)

Bias Connections

6
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5.4.1 Program 13 Test Configuration

Figure 5-3 shows the test configuration for Program 13
listed below. Unit #1 is used to sweep Vs, while Unit #2
sources Vps. Unit #3 applies a user-defined substrate
bias, Vsp, to the device under test, and it also measures the
substrate current, Igg.

5.4.2 Example Program 13: Substrate

Current vs. Gate-source Voltage

Program 13 below demonstrates methods to generate an
Iss vs. Vgs plot. Follow the steps below to use this pro-

gram.

1. With the power off, connect all three Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect all three units to the test fixture using suit-
able triax cables. See Figure 5-1 for details on test
connections.

NOTE
The external trigger jacks of Unit #1 and Unit
#3 must be connected together instead of Unit
#1 and Unit #2 as shown. Connect the TRIG-
GER OUT jack of Unit #1 to the TRIGGER IN

jack of Unit #3, and connect the TRIGGER
OUT jack of Unit #3 to the TRIGGER IN jack of
Unit #1.

3. Turn on all three units, and allow them to warm up

for at least two hours for rated accuracy. Verify that

the primary address of Unit #1 is set to 16, the pri-
mary address of Unit #2 should be set to 17, and the

primary address of Unit #3 is set to 18.

Turn on the computer, then boot up BASIC.

Enter the lines from Program 13 below into the com-

puter.

6. Place a P-channel, enhancement-mode FET with
substrate terminal in the appropriate test fixture
socket (Keithley part number TG-51). Install the cor-
rect jumpers (including substrate bias connections),
then close the test fixture lid.

7. RUN the program in the usual fashion. Enter the de-
sired value of substrate bias voltage when prompted
to do so. With a P-channel device, the voltage should
be positive.

8. The computer will then step through Vgs values be-
tween 0V and -10V using -1V steps. Ateach step, the
substrate current, Iss, will be measured. After data
are collected, a plot of Isp vs. Vs will be generated.

9. To return to BASIC from the graph, press CONT.

ok

FET
Under Test ~—1Ip
Output HI
I_ — 7] 8006 Test
[ Fixture Unit #2
| &\ I Sources
| ™M\ E V, | Output HI Vs,
Output HI |V, Gsk’/ DS | \Y Melasures
I M I I D
Unit #1 I - 1" Output LO
Sweeps
Ves v
Y
Output LO| ynit #3
Output LO Sources Vsg,
Measures Igg
AV
Figure 5-3.  Program 13 Test Configuration

5-4



SECTION 5
Using Substrate Bias

5.4.3 Typical Program 13 Results e 100mA compliance, 100mA range
e GET trigger, continuous

Figure 54 shows a typical plot generated by example ¢ Fixed Vps voltage: -10V

Program 13. This plot was made using a Keithley TG-51

MOSFET.

Ish VS. Vgs

.4E-11
L3E-11
L1E-11
.BE-11
7E-12

.3E-12 | /
.BE-12
.BE-12 } /

3E-12 Program

.9E-12 S / Vs

.0E-13 . R————

Isb

D o W s DN D = e e e

’ Vgs

Figure 5-4.  Program 13 Example Plot

5.4.4 Program 13 Description

Trigger
Units

For the description below, refer to the flowchart in
Figure 5-5 and the Program 13 listing.

Initially, the reading array is defined for 11 points (line
40). After all three Source Measure Units are returned to
default conditions (line 50), Unit #1, which sweeps Vs, is
configured as follows (lines 80-180):

Input
e Source V, sweep mode \</GISJSB
e 1uA compliance, 1A range auee
e Local sense
[ ]

External trigger, one trigger per source cycle, output
trigger at end of delay

Source only data format, no prefix, sweep data

SRQ on sweep done

Start Vs voltage: OV

Stop Vgs voltage: 10V

Step Vgs voltage: -1V

Delay: 10sec

Staircase sweep

Next, Unit #2, which sources Vps, is set up to operate in Fi 3 P 13 Flowchart
the following manner (lines 200-260): igure 55. rogram otbenar
e Source V,dc mode

¢ Local sensing
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Finally, Unit #3, which sources Vg and measures Igg, is
programmed as follows (lines 280-370):

Source V, sweep mode

Local sensing

1pA compliance, autorange measure

External trigger, output trigger at end of each meas-

urement

¢ Line cycle integration, maximum filtering (32 read-
ings)

¢ Constant sweep, 11 points, user programmed voltage

value

After the operator signal to begin, (lines 380 and 390), all
three Source Measure Units are armed and placed into
operate (lines 400-420). Unit #2 is then triggered (line
430), and Unit #1 is triggered with the HOX command
(line 440) to initiate the sweep.

When Unit #1 is triggered, it sets Vs to the present value
in its sweep list. At the end of the programmed delay pe-
riod, Unit #1 triggers Unit #3 to take a current (Isz) meas-
urement via the external trigger jacks. After Unit #3
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measures Isg, it externally triggers Unit #1 to go to the
next point in the sweep, and the process repeats.

Meanwhile, the program waits in aloop for Unit #3 to fin-
ish its sweep (lines 450 and 460), as indicated by an SRQ.
When Unit #3 finishes each sweep, it generates the SRQ,
and the program falls out of the loop. The sweep data are
then transmitted to the computer (lines 480-510), with
Vs placed into array elements (I,1), and Igs values stored
in array elements (I,2).

Next, all three units are placed in standby (lines 520-540),
and, after operator signal to continue (lines 550-560), the
maximum and minimum Iz values are determined (lines
580-630). Finally, the data are plotted (lines 650-940), with
Iss along the Y axis, and Vps along the X axis.

5.4.5 Modifying Program 13

For different sweeps, the Vgstart, Vgstop, and Vgstep
values can be changes as required. For different sweep
lengths, array size and loop counter values must be ad-
justed accordingly. You can also change the Vps value, if
desired, by modifying that parameter accordingly.
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REM SUBSTRATE CURRENT VS.

GATE VOLTAGE TEST PROGRAM

REV. 1.3 (Program 13

REM SUBSTRATE BIAS AND MEASUREMENT BY SOURCE MEASURE UNIT

OPTION BASE 1

DIM Reading(11,2)

GLEAR 7

QUTPUT KBD:CHRB(ZB5);CHRE(75);
REM *xx*x Unit 1 setup (sweeps

REMOTE 71B

QUTPUT 7165"F0Q,1X"
QUTPUT 716 "L1E-B,4X"
QUTPUY 716;"00X"
QUTPUT 71B5"T3,1,2,0X"

I First array subscript is 1
I Dimension reading array (11
Clear instruments
Clear screen

points)

t
I

UQS :) IR EREEREEEREEESEEEEEEEREREJREEERSEXE:]
b Put Unit | in remote
! Source VU, sweep mode
' 1ufd compliance, 1uA range
I Local sense
|
i
!
|
I
|
t
{

External trigger ,out trig end of delay

QUTRUT 71836t 2 ,1X" Source data,no prefix, sweep data
QUTPUT 71B35"M2,X" SRO on sweep done

QUTPUT 716:;"B0@ ,0,8X" Program @ bias value

Vgstart=0 Define QU start Ugs voltage
Ugstop=-12 Define —-10V stop Vgs veliage
Ugstep=-1 Define -1V step Ugs voltage
Dily=12000 [ Define 1@sec Unit delay

QUTRUT 716301 ,":Vgstart; " ,";Vgstop:” ,"iVUgsteps " ,@,"sDlys "X | Pgm swp
REM #*xxx Unit 2 setup (sources UdS) #***# e ¥4 ¥# X6 R XXX EX XX XXX RS
REMOTE 717 Put Unit Z in remote

QUTPUT 7173"F@.,@X" Source Y, DC mode

QUTPUT 7175"00X"

OUTPUT 717;"L10RE-3,9X"
QUTPUT 717:"7T1.,0,8,08X"
Vds=-10

OUTPUT 717;"B";VUds; " ,@,0X"

|
|
t Local sensing

I 100mA compliance, 100mA range
I Trigger on GET ,continuous

I Define -10V Vds

! Program VUds

REM *#%%+%xxx Unit 3 Setup (sources Usb measures Ish) ®xxssresrtxsxsrrxs

REMOTE 718

QUTRUT 718;"F@,1X"

QUTPUT 718;"00Z0X"

OQUTPUT 718;"L1E-B,0X"
QUTPUT 718;"T3,1,4.,0X"
QUTRUT 718;"64,2,1X"

OUTPUT 71835 "82P5X"

QUTPUT 7183"B0,0,0X"

INPUT "Enter substrate bias

{(>@)" ,Usub!
QUTPUT 7185"Q0,"3;Vsubs",8,"sDlys" 11X |

I Put Unit
I Source V,
I Leocal sensing,suppress off

P 1uf compliance,autorange measure

i Trigger on ext, out trig end of meas
|

|

|

3 in remote
sweep mode

Measure data,no prefix, swesp data
Line cycle integration,max filtering
Frogram @ bias value

Input desired substrate bias

Program substrate bias

PRINT “Close lid, press CONT to begin test"

PAUSE

QUTPUT 716; "RINIX"
QUTPUT 7175 "RINIX"
QUTPUT 718;"RINIX"
TRIGGER 717

QUTRUT 7163 "HB@X"
STATUS 7,7;5tat

IF NOT BIT(Stat,1@) THEN 45@
Stat=SPOLL(716)

FOR I=t T0O 1!

ENTER 7163Reading(I,1)
ENTER 718;Reading(1,2)

Arm Unit 1
Arm Unit 2
Arm Unit 3 trigger,turn on output
Trigger Unit 2
Trigger Unit 1

! trigger,turn on output
!
!
|
!
I Bet bus status
I
{
I
|
I

trigger ,turn on output

to start sweep
Wait for SRQ

Serial poll Unit 1 to clear SRQ
Loop for all 11 readings

Get Vgs data from Unit 2

Get Isb data from Unit 3
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51@ NEXT I I Loop back for next Vgs value
520 QUTRPUT 7165 "N@X" U Turn off Unit 1 output

520 QUTPUT 717;"N@X" I Turn off Unit 2 output

540 OUTPUT 718; "N@X" U Turn of f Unit 3 output

550 PRINT "Press CONT to display graph”
569 PRINT "Press CONT while in graph to return to BASIC"

570 PAUSE

580 Ymin=MAXREAL b Find minimum and maximum Isb value
590 Ymax=-MAXREAL

520 FOR I=1 TO 11

E1@ IF Reading(I,2)<Ymin THEN Ymin=Reading(I,2)

620 IF Reading(I,2)>*Ymax THEN Ymax=Reading(I,Z)

B30 NEXT I

540 QUTPUT KBD;CHR$(255);CHR®(75); | Clear screen

650 GINIT I Initialize graphics

51514, PLOTTER IS CRT,"INTERNAL" I Define plot to CRT

B70 GRAPHICS ON I Turn on graphics

680 MOVE 55,99 i Title graph

630 LABEL "Isb V8. VUgs"

700 MOVE 70,10 I Label X axis

710 LABEL "Ugs"

720 MOVE 0,53 | Label Y axis

730 LABEL "Isb"

740 VIEWRORT 50,120 ,20,85 I Define soft clip limits

750 WINDOW VUgstart Ugstop,Ymin,Ymax | Scale graph

760 Yi=(Ymax~-Ymin)/ 12 I Compute Y awxis increment
770 X1=(Vgstop~VUgstart )/ 10 I Compute X axis increment
780 GRID 2*X1 ,2*Y1 Ugstart Ymin I Draw grid

790 AXES XT1,Y1  VUgstart,Ymin ! Add some tick marks

800 PLOT Reading(*) I Plot reading array

810 CSIZE 4 I Define character size
220 LORG & I Center characters

830 CLIP OFF ! Turn off soft clipping
2840 FOR I=Ugstart TO Ugstop+.@1=X1 STEP 2xX1 | Number X axis
850 MOVE I.,Ymin-(Y1/4)

860 LABEL USING "# MDD.D";I

87@ NEXT I

880 FOR I=Ymin TO Ymax+.@1+Y1 STEP Y1 | Number Y axis

8350 MOVE VUgstart-(1.3*X1) I+, 32%Y1)

900 LABEL USING "# MD.DE";I

910 NEXT I

9z PAUSE

850 QUTPUT KBD;CHR$(255);CHR$(75); | Clear alpha screen
940 GRAPHICS OFF I Clear graphics screen
950 END




SECTION 5
Using Substrate Bias

5.4.6

Program 14 Test Configuration

Figure 5-6 shows the test configuration for Program 14
listed below. Unit #1 is used to sweep Vs, while Unit #2
sweeps Vps and measures Ip. Unit #3 applies a user-de-
fined substrate bias to the device under test. Common
source characteristics are generated by data taken when
the program is run.

5.4.7

Example Program 14: Common-
source Characteristics with
Source Measure Unit Substrate
Bias

Program 14 below demonstrates common-source charac-
teristic test programming with substrate bias. Follow the
steps below to use this program.

mary address of Unit #2 is at 17, and the primary ad-
dress of Unit #3 is set to 18.

. Turn on the computer, then boot up BASIC.
. Enter the lines from Program 14 below into the com-

puter.

. Place a packaged device containing N-channel, de-

pletion-mode FETs in the appropriate test fixture
socket (the devices should have characteristics simi-
lar to the 2N4392 JFET used for other examples in
this section). Install the correct jumpers (including
substrate bias connections), then close the test fix-
ture lid.

. RUN the program in the usual fashion. Enter the de-

sired value of substrate bias when prompted to do
so.

. The unit will then step through Vgs values between

—2V and 0V using 0.5V steps. At each step, Vps will be
stepped between 0V and 10V at 0.1V increments. At
each increment, Ip will be measured. Once data are
collected, a plot of Ip vs. Vpps for each Vs value will be

1. With the power off, connect all three Source Measure displayed.
Units to the IEEE-488 bus of the computer. . To return to BASIC from the graph, press CONT.
2. Connect all three units to the test fixture using suit-
able triax cables (see Figure 5-1 for details on test .
connections). 5.4.8 Typical Program 14 Results
3. Turn on all three units, and allow them to warm up
for at least two hours for rated accuracy. Verify that Figure 5-7 shows a typical plot generated by example
the primary address of Unit #1 is set to 16, the pri- Program 14.
FET -
Under Test D
- Output Hi
l_ 3\‘ 7] 8006 Test e
I | Fixture Unit #2
| @\ | I Sweeps
BN Vos | Output HI Vbs,
Output HI | VGSK/QS I \' Melasures
I l I P
Unit #1 I == Output LO
Sweeps Vv
Ves \Vj
Output LO| Unit #3
Output LO Sources Substrate
Bias
A\
Figure 5-6.  Program 14 Test Configuration
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236 BIAS COMMON SOURCE CHARACTERISTICS

3.1E-02
2.8E-02 | ////”—-
2.56-02
2.26-@2 | ]
1.96-82
Id //
1.5£-02
1.2E-82
S.3E-@3 //
6.2E-23
3.1E-83
0.PE+QD - . L
%] 1 2 3 4 S 6 ? 8 3 1@
Vds
Figure 5-7.  Program 14 Example Plot
5.4.9 Program 14 Description

For the description below, refer to the flowchart in
Figure 5-8 and the Program 14 listing.

Initially, the reading array is defined for five sweeps with
101 points each (lines 30 and 40). After all three Source
Measure Units are returned to default conditions (line
50), Unit #1, which sweeps Vgs, is configured as follows
(lines 80-170):

Source V, sweep mode

1mA compliance, ImA range

Local sense

Get trigger, one trigger per source cycle, output trigger
at end of delay

Start Vgs voltage: -2V

Stop Vs voltage: OV

Step Vs voltage: 0.5V

Delay: 100msec

Staircase sweep

Next, Unit #2, which sweeps Vps and measures Ip, is set
up to operate in the following manner (lines 200-310):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure
Source and measure data format, no prefix, sweep
data

SRQ on sweep done

External trigger, continuous

Line cycle integration

Suppress enabled

Start Vs voltage: OV

Stop Vps voltage: 10V
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¢ Step Vps voltage: 0.1V
¢ Delay: 100msec
¢ Staircase sweep

Finally, Unit #3, which provides substrate bias, is pro-
grammed as follows (lines 330-390):

Source V, dc mode

Local sensing

10mA compliance, autorange measure
Trigger on GET, continuous

Dc output, voltage determined by user input

After the operator signal to begin, (lines 400 and 410), all
three Source Measure Units are armed and placed into
operate (lines 420-440). Unit #3 is then triggered (line
450), and the program enters the main program loop to
perform five Ip vs. Vps sweeps, one for each of five Vgs
values (line 460).

Unit #1 is GET triggered to initiate each sweep, at which
point it sets Vs to the present value in its sweep list. At
the end of the programmed delay period, Unit #1 triggers
Unit #2 to begin its sweep via the external trigger jacks.
Unit #2 then cycles through its sweep list, setting Vps to
the required values, and measuring Ip at each step along
the way.

Meanwhile, the program waits in a loop for Unit #2 to fin-
ish its sweep (lines 490 and 500), as indicated by an SRQ.
When Unit #2 finishes each sweep, it generates the SRQ,
and the program falls through the loop. The sweep data
are then transmitted to the computer (lines 520-540), with
Vps placed into array elements (1],1), and Ip values stored
in array elements (1,],2). The program then loops back for
the next sweep until all five sweeps have been performed
(line 550).

Next, all three units are placed in standby (lines 560-580),
and, after operator signal to continue (lines 570-580), the
maximum and minimum I values are determined (lines
620-690). Finally, the data are plotted (lines 710-1050),
with Ip along the Y axis, and Vps along the X axis.

5.4.10 Modifying Program 14

For different sweeps, the Vgstart, Vgstop, Vgstep,
Vdstart, Vdstop, and Vdstep values can be changed as re-
quired. For different sweep lengths, array size and loop
counter values must be adjusted accordingly.
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Setup
Unit #1

Input
Substrate
Bias

Program
Unit #3

Trigger
Unit #3

Trigger
Sweep

Get Bus
Status

Get Vps.lp
Data
From Unit #2

Figure 5-8.  Program 14 Flowchart
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1@ REM COMMON SOQOURCE CHARACTERISTIC TEST PROGRAM REVU. 1.3 {(Program 14)
20 REM INCLUDES SUBSTRATE BIAS PROGRAMMING FOR Unit 3
30 OPTION BASE | I First array subscript is 1
40 DIM Reading(5,1@1 . 2) I Dimension reading array (5 swps,100 pts)
50 CLEAR 7 I Clear instruments
1514] QUTPUT KBD:;CHR$(255);CHR$(75); | Clear screen
70 REM **%%x Unit 1 setup (sweeps UgS) *¥# X ks x kXXX XX XXX XX R XA R XXX
g0 REMOTE 716 I Put Unit 1 in remote
92 QUTPUT 71B;"F@ ,1X" I Source V, sweep mode
100 OQUTPUT 716 "LIE~-3,7X" I 1mA compliance, 1mA range
110 OQUTPUT 716;"0@X" I Local sense
120 QUTPUT 71B:5"T1,1,2.8X" ' GET trigger cycle,out trig end of delay
125 QUTPUT 716;"B@ ,0 ,0X" I Program @ bias value
130 \\gstart=-2 b Define -2V start VUgs voltage
140 Ugstop=0 t Define @V stop VUgs voltage
150 Vgstep=.5 I Define @.5V step VUgs voltage
16@ Dly=100 I Define 10@msec Uniti delay
170 OUTPUT 716;"Q1,";Vastart;” ,";Vgstop:",";Vgstep; " ,0,"sD1ly;"X" | Pgm swp
180 REM **xxx Unit 2 setup (sweeps VYds, measures Id) *xxxrxxsxdxxexx
190 REMOTE 717 I Put Unit 2 in remote
200 QUTPUT 7173"FB ,1X" I Source V, sweep mode
210 QUTPUT 7175 "00X" I Local sensing
220 QUTRUT 717;"L10BE-3 ,0X" I 10@mA compliance,autorange measure
258 QUTPUT 717;"65,2 ,1X" I Source ,measure,no prefix,sweep data
240 QUTRUT 7175"M2 X" ! SKRGQ on sweep done
250 QUTPUT 717;"T3,0,0,8X" I Trigger on external ,continuous
269 QUTPUT 717;"82X" I Line cycle integration
265 QUTPUT 717;"B@ .0 ,0X" I Program @ bias value
270 QUTPUT 7173 Z21X" I Enable suppress
28@ Vdstart=2 I Define @Y start Uds
29 Udstop=19 I Define 10V stop Vds
300 Udstep=.1 I Define 0.1V step Vds
310 QUTPUT 7175°Qt ,";Vdstarts","sVdstops","sVdsteps” ,@," DLy "X" | Pgm swp
32€ REM ***xx#x+ Unit 3 Setup (provides substrate hias) *x*xxssexsxrtrxrx
330 REMOTE 718 I Put Unit 3 in remote
34@ QUTPUT 7183 "FQ ,08X" I Source U, BC mode
350 QUTPUT 718;"0@X" I Local sensing
369 QUTPUT 718;"L1E-3,7X" E imA compliance, 1mA range
370 GUTPUT 718371 ,0,02,0X" I Trigger on GET, continucus
380 INPUT “Enter substrate bias” ,Usub! Input desired substrate bhias voltage
5398 QUTPUT 71835 "B"sVUsub:" ,0.0X" I Program substrate bias
492 FRINT "Close lid, press CONT fto begin test”
410 PAUSE
420 QUTPUT 716 "RINIX" I Arm Unit t frigger,turn on output
430 OUTPUT 717 "RINIX" I Arm Unit 2 trigger, turn on output
440 QUTPUT 7183 "RINTX" P Arm Unit 3 trigger, turn on output
458 TRIGGER 718 I Trigger Unit 3
460 FOR I=1 7O & b Loop for five Ugs curves
470 PRINT “Generating sweep':l
430 TRIGGER 716 I Trigger Unit 1 to start sweep
43@ STATUS 7,7;5tat I Get IEEE-488 bus status
508 IF NOT BIT{Stat ,10) THEN 430 I Wait for Unit 2 SRQ on sweep done
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519 Stat=SPOLL(717) I Serial poll Unit 2 to clear SRG
520 FOR J=t TO 121 ! Loop for all 101 readings
550 ENTER 717:Reading(I,J,1),Reading(I,J,2) | Get reading data from Unit 2
54@ NEXT J I Loop back for next reading
L5 NEXT 1 I Loop back for next VUgs value
568 QUTPUT 716:"NOX" i Turn off Unit 1 output
579 GUTRUT 717;"NOX" P Turn of f Unit 2 output
580 QUTRUT 7185 "N@x" b Turn of f Unit 3 output
550 PRINT "Press CONT 1o display graph"
o310 PRINT "Press CONT while in graph to reiurn tc BASIC®
B1Q PAUSE
BZ0 Ymin=MAXREAL P Find minimum and maximum Id value
630 Ymax=-MAXREAL
E40 FOR I=1 70 5
E59 FOR J=1 TO 101
BER®@ IF Reading(I,J,2)<Ymin THEN Ymin=Reading(1,J,2)
678 IF Reading(I,J,2)*Ymax THEN Ymax=Reading(I,6J,2)
580 NEXT J
6590 NEXT I
700 QUTPUT KBD;CHR$(Z255);CHR$(75); | Clear screen
710 GINIT t Initialize graphics
720 PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
730 GRAFHICS ON I Turn on graphics
74@ MOVE 19,30 i Title graph
758 LABEL "236 BIAS COMMON SQURCE CHARACTERISTICS®
760 MOVE 70,19 I Label X axis
770 LABEL "Vds"
780 MOVE @ ,53 ! Label Y awxis
730 LABEL "Id”
800 VIEWFORT 30,120 ,20,85 I Define soft clip limits
510 WINDOW Vdstart Vdstop,Ymin,Ymax | Scale graph
320 Yi=(Ymax-Ymin )/ 1@ I Compute Y axis increment
839 Xi=(VUdstop-VUdstart)/10 [ Compute X axis increment
249 GRID Z#X1,2+Y! Udstart ,Ymin I Draw grid
850 AXES X1,Y1 ,Udstart ,Ymin I Add some tick marks
860 FOR I=1 TO 5 b Loop for all five curves
870 FOR J=1 70 101 I Loop for all 181 points per curve
580 PLOT Reading(I,J,1) Reading(I,J,2) ! Plot point
890 NEXT J !' Plot next point
900 PENUP
910 NEXT I I Plot next curve
320 CSIZE 4 I Define character size
9350 LORG & I Center characters
940 CLIP OFF ' Turn off soft clipping
950 FOR I=VUdstart TO Vdstop+.01%X1 STEP X1 | Number X axis
960 MOVE I,Ymin-(¥1/4)
870 LABEL USING "# ,K";I
930 NEXT I
930 FOR I=Ymin TO Ymax+.@1=*Y1 STEP Y! | Number Y axis
1000 MOVE VUdstart-{1.3*X1) I+(.3%Y1)
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1010
1620
1038
1040
1050
1260

LABEL USING "# ,MD.DE";1

NEXT I

FAUSE

QUTPUT KBD;CHR$(255);CHR$(75); |
GRAPHICS OFF !
END

Clear alpha screen
Clear graphics screen

5.5 VOLTAGE SOURCE SUBSTRATE
BIASING

The following paragraphs discuss using a Model 230 Pro-
grammable Voltage Source to bias the substrate. Once
again, the example programs included in this paragraph
are modified versions of the common-source and com-
mon-emitter characteristic test programs presented ear-
lier in this manual.

5.5.1

Figure 5-9 shows the test configuration for Program 15
listed below. Unit #1 is used to sweep Vgs. Unit #2
sweeps Vps, and the instrument also measures Ip. The
Model 230 Voltage Source applies a substrate bias (de-

Program 15 Test Configuration

fined by the user) to the device under test.

Figure 5-9.  Program 15 Test Configuration

FET ]
Under Test =D
—_] Output HI
I “] 8006 Test
| | Fixture Unit #2
I | \ | I Sweeps
AN Vi | HI Vps,
Output HI | VGs\"QS | Vv Melasures
| ~—> | P
_____ -
Unit #1 I = [v] Output LO
Sweeps
Vas \V/
LO| 230 Voltage Source
Output LO Sources Substrate
Bias
A4
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5.5.2 Example Program 15: Common-

source Characteristics with
Voltage Source Substrate Bias

Program 15 below demonstrates common-source charac-
teristic test programming with substrate bias applied by
a separate voltage source. Proceed as outlined below.

1. With the power off, connect both Source Measure
Units and the voltage source to the IEEE-488 bus of
the computer.

2. Connect both units to the test fixture using suitable
triax cables. Also, connect the voltage source output
to the binding posts (or use BNC connections for
shielding). See Figure 5-2 for details on test connec-
tions.

3. Turn on all three instruments, and allow them to
warm up for at least two hours for rated accuracy.
Verify that the primary address of Unit #1 is setto 16,
the primary address of Unit #2 is set to 17, and that
the primary address of the voltage sourceis set to 13.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 15 below into the com-
puter.

6. Place a device containing an N-channel, depletion-
mode FET in the appropriate test fixture socket (FET
characteristics should be similar to those of the
2N4392 JFET used for other examples in this section).
Install the correct jumpers (including substrate bias
connections), then close the test fixture lid.

7. RUN the program in the usual fashion. Enter the de-
sired value of substrate bias when prompted to do
so.

8. The computer will then step through Vs values be-
tween -2V and OV using 0.5V steps. At each step, Vps
will be stepped between 0V and 10V at 0.1V incre-
ments. At each increment, Ip will be measured. Once
data are collected, a plot of Ip vs. Vps for each Vs
value will be displayed.

9. To return to BASIC from the graph, press CONT.

5.5.3 Typical Program 15 Results

A typical plot generated by Program 15 is shown in
Figure 5-10.

5.5.4 Program 15 Description
For the description below, refer to the flowchart in
Figure 5-11 and the Program 15 listing also shown below.

First, the reading array is defined for five sweeps with
101 points each (lines 30 and 40). After all three instru-

230 BIAS COMMON SOURCE CHARRCTERISTICS
.2E-02
.eE-22 | ///"’——
.SE-02
.2E-02
9E-82

.6E-02 } /é////

3E-82

.SE-B3 ///

3E-83

.2E-@3

.GE+28
?

Id

® W O W = = e NN W

2 3 q 5 6 ? 8 ] 10
Vds

Figure 5-10. Program 15 Example Plot

ments are returned to default conditions (line 50), Unit
#1, which sweeps Vs, is configured as follows (lines
80-170):

Source V, sweep mode

1mA compliance, ImA range

Local sense

Get trigger, one trigger per source cycle, output trigger
at end of delay

Start Vgs voltage: -2V

Stop Vs voltage: 0V

Step Vs voltage: 0.5V

Delay: 100msec

Staircase sweep

Next, Unit #2, which sweeps Vps and measures Ip, is set
up to operate in the following manner (lines 190-310):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure
Source and measure data format, no prefix, sweep
data

SRQ on sweep done

External trigger, continuous

Line cycle integration

Suppress enabled

Start Vps voltage: OV

Stop Vps voltage: 10V

Step Vps voltage: 0.1V

Delay: 100msec

Staircase sweep
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Setup
Unit #1

Setup
Unit #2

Input
Substrate
Bias

Program
Voltage
Source

Get Bus
Status

Get Vps.Ip
Data
From Unit #2

Figure 5-11. Program 15 Flowchart
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Finally, the Model 230 Voltage Source, which provides
substrate bias, is programmed with the user-input sub-
strate bias voltage (lines 330-350).

After the operator signal to begin, (lines 360 and 370),
both Source Measure Units are armed and placed into op-
erate (lines 380 and 390). The voltage source output is
turned on (line 400), and the program enters the main
program loop to perform five Ip vs. Vps sweeps, one for
each of five Vg values (line 410).

Unit #1 is GET triggered to initiate each sweep, at which
point it sets Vgs to the present value in its sweep list. At
the end of the programmed delay period, Unit #1 triggers
Unit #2 to begin its sweep via the external trigger jacks.
Unit #2 then cycles through its sweep list, setting Vps to
the required values, and measuring I, at each step along
the way.

At the same time, the program waits in a loop for Unit #2
to finish its sweep (lines 440 and 450), as indicated by an

SRQ. When Unit #2 finishes each sweep, it generates the
SRQ, and the program falls through the loop. The sweep
data are then transmitted to the computer (lines 470-490),
with Vps placed into array elements (L],1), and Ip values
stored in array elements (I,],2). The program then loops
back for the next sweep until all five sweeps have been
performed (line 500).

Next, both units and the voltage source are placed in
standby (lines 510-530), and, after operator signal to con-
tinue (lines 540 and 550), the maximum and minimum Ip
values are determined (lines 70-640). Finally, the data are
plotted (lines 660-1000), with Ip along the Y axis, and Vps
along the X axis.

5.5.5 Modifying Program 15

For different sweeps, the Vgstart, Vgstop, Vgstep,
Vdstart, Vdstop, and Vdstep values can be changed as re-
quired. For different sweep lengths, array size and loop
counter values must be adjusted accordingly.
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10 REM COMMON SOURCE CHARACTERISTIC TEST PROGRAM REV. 1.3 (Program 15)
2 REM INCLUDES SUBSTRATE BIAS PROGRAMMING FOR 230 VOLTAGE SOURCE
30 QOPTION BASE 1 I First array subscript is 1
49 DIM Reading(5,101,2) I Dimension reading array (5 swps,101 pts)
50 CLEARR 7 I Clear instruments
60 QUTPUT KBD:CHR$(255);CHR$(75); | Clear screen
7@ REM **%%% Unit | setup (sweeps Ugs) #Ex ¥ # k¢ ¢ # XXX F XXX R E X R R XXX %
8@ REMOTE 716 ' Put Unit 1 in remote
3¢ QUTPUT 71653 "F@ ,1X" I Source V, sweep mode
100 QUTPUT 71B3"L1E~-3,7X" i ImA compliance, ImA range
11@ QUTPUT 71B5"0@X" | Local sense
120 QUTPUT 716;"T1,1,2,0X" I GET trigger cycle,out trig end of delay
125 QUTRUT 716:"B@,0,0X" I Program @ bias value
150 Ugstart=-2 I Define -2V start Vgs voltage
140 Ugstop=0 I Define OV stop VUgs voltage
150 Ugstep=.5 I Define ©.5V step VUgs voltage
16@ Dly=100 ! Define 1@8Bmsec Unit delay
170 QUTPUT 718;5"Q1t ,"sVUgstart;" ,";VUgstop;","3Vgsteps " ,0," DLy "X" | Pgm swp
180 REM ##*xx Unit 2 setup (sweeps Vgs, measures Id) sxxsxsrsxsrexsxrx
190 REMOTE 717 I Put Unit 2 in remote
200 QUTRUT 717:"F@ ,1X" b Source U, sweep mode
210 QUTPUT 717;5"0@X" I Local sensing
22 QUTPUT 7175 "L1BBE-3 ,0X" I 100mA compliance ,autorange measure
238 QUTPUT 7173"G5,2,1X" | Source,measurs,no prefix,sweep data
240 QUTPUT 7175 "M2 X" I 5RQ on sweep done
250 QUTPUT 717:"T3,0,0,8X" { Trigger on external ,continuous
260 QUTRUT 717;"82X" I Line cycle integration
265 QUTPUT 717:"B@,@ ,@X" i Program © bias value
270 QUTPUT 2173 Z1X" t Enable suppress
280 Udstart=0 I Define QU start Uds
290 Vdstop=12 I Define 10V stop VUds
300 Udstep=.1 I Define .1V step Vds
310 QUTPUT 717;5"Q1,"sVUdstart:;" ,"iVdstops;","1Vdsteps” ,@,";Dly;"X" | Pgm swp
32 REM #*%#xx%% 7230 voltage source setup (provides substrate biag) *#¥xxxxs
3320 REMOTE 713 b Put 2380 in remote
548 INPUT “Enter substrate tias" ,Usub! Input desired substrate bias voltage
350 CQUTPUT 7133"VU"3VUsubs"X" ! Program substrate bias
360 PRINT "“Close lid, press CONT to begin test”
370 PAUSE
330 QUTPRUT 7163 "RINIX" I Arm Unit 1 trigger, turn on output
390 QUTPUT 7175 "RINIX" I Arm Unit 2 trigger, turn on output
400 QUTPUT 7135 "FIX" I' Turn on 230 output
410 FOR I=1 70 5 I Loop for five VUgs curves
420 PRINT "Generating sweep";l
439 TRIGGER 718 I Trigger Unit 1 to start sweep
44¢ STATUS 7.,7:5tat | Get IEEE-488 bus status
450 IF NOT BIT(Stat,1@) THEN 44@ I Wait for Unit 2 SRQ on sweep done
460 Stat=5POLL(717) ! Serial poll Unit 2 to clear SRQ
479 FOR J=1 70 101 I Loop for all 181 readings
489 ENTER 717:Reading¢(l.,J,1),Reading(l,J,2) | Get reading data from Unit 2
499 NEXT J I Loop back for next reading
5¢0 NEXT I I Loop back for next VUgs value
510 QUTPUT 7183; "N@X" [ Turn off Unit 1 output
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QUTPUT 717; "N@X" b Turn of f Unit 2 output
QUTPUT 7135 "F@X" ' Jurn off 230 output
PRINT "Press CONT to display graph”

PRINT "Press CONT while in graph to return to BASIC®
PAUSE

Ymin=MAXREAL I Find minimum and maximum Id value
Ymax=—-MAXREAL

FOR I=1 TO &

FOR J=1 TO 1@t

IF Reading(I,J,2)<Ymirn THEN Ymin=Reading(I,J,2)

IF Reading(1l,J,2)*Ymax THEN Ymax=Reading(I,6J,2)

NEXT J

NEXT I

QUTPUT KBD;CHR$(255);CHR$(75); ! Clear screen

GINIT ! Initialize graphics
FLOTTER IS5 CRT,"INTERNAL" ! Define plot to CRT
GRAFPHICS ON I Turn on graphics
MOVE 10,50 I Title graph

LABEL "230 BIAS COMMON SOURCE CHARACTERISTICS®

MOVE 70,10 I Label X axis

LABEL "Uds"

MOVE @,53 I Label Y axis

LABEL "Id"

VIEWPORT 30,126 ,20,85 I Define soft clip limits

WINDOW VUdstart Vdstop,Ymin,¥Ymax ! Scale graph

YIi=(Ymax-Ymin)/10 I Compute Y axis increment
X1=(Udstop-Vdstart )}/ 1@ I Compute X axis increment

GRID 2#X1 ,2*Y1 VUdstart ,Ymin t Draw grid

AXES X1 ,Y!1 ,Udstart ,¥Ymin I Add some tick marks

FOR I=1t TO 5 I Logp for all five curves

FOR J=1 TO0 101 I Loop for all 101 points per curve
FLOT Reading(I,J,1) ,Reading(I,J,2) | Plot point

NEXT I I Plot next point

FEMNUR

NEXT 1 I Plot next curve

CSIZE 4 I Define character size
LORG B I Center characters

CLIF OFF ' Turn off soft clipping
FOR I=Udstart TO Udstop+.@1#X1 STEP X1! Number X axis

MOVE T ,Ymin—-(Y1/4)

LABEL USING "# ,K":l

NEXT I

FOR I=Ymin TO Ymax+.01*Y1 STEP Y1 | Number Y awis
MOVE VUdstart-(1.3%xX1 1} I+{(.3%Y1)

LABEL USING "# MD.DE";I

NEXT 1

FAUSE

QUTPUT KBD;CHRB(IZSS):CHR$(75); | Clear alpha screen
BRAFHICS OFF ! Clear graphics screen
END
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5.5.6 Program 16 Test Configuration

Figure 5-12 shows the test configuration for Program 16
listed below. Unit #1 is used to sweep Is, while Unit #2
sweeps Vceand measures Ic. The voltage source appliesa
user-programmed substrate bias to the device under test.

5.5.7 Example Program 16: Common-

emitter Characteristics with
Voltage Source Substrate Bias

Program 16 below demonstrates common-emitter char-
acteristic test programming with substrate bias. Proceed
as follows:

1. With the power off, connect both Source Measure
Units and the voltage source to the IEEE-488 bus of
the computer.

2. Connect both units to the test fixture using suitable
triax cables, and connect the voltage source to the
binding posts_using patch cords (or use coax cable
and BNC connections for shielding). See Figure 5-2
for details on test connections.

3. Turn on all three instruments, and allow them to
warm up for at least two hours for rated accuracy.
Verify that the primary address of Unit #1 issetto 16,

the primary address of Unit #2 is set to 17, and the

primary address of the Model 230 Voltage Source is

set to 13.

Turn on the computer, then boot up BASIC.

Enter the lines from Program 16 below into the com-

puter.

6. Place a device containing an NPN bipolar transistor
in the appropriate test fixture socket (the device
should have characteristics similar to a 2N3904 or
2N5089, which are used for other examples in this
section). Install the correct jumpers (including sub-
strate bias connections), then close the test fixture
lid.

7. RUN the program in the usual fashion. Enter the de-
sired value of substrate bias when prompted to do
SO.

8. The computer will then step through Is values be-
tween 10pA and 50pA using 10uA steps. At each
step, Vce will be stepped between 0V and 10V at 0.1V
increments. At each increment, Ic will be measured.
Once data are collected, a plot of Ic vs. V¢ for each Is
value will be displayed.

9. To return to BASIC from the graph, press CONT.

e

5.5.8 Typical Program 16 Results

Figure 5-13 shows a typical plot generated by example
Program 16.

Transistor |
Under Test —~ c
X" T— 7] Output HI
I I
lg— | m\ | I Unit #2
Sweep Ve
l B/ Vee |
Output HI | k,/y | V Measure |
L4l
Unit #1 8096 Test Output LO
Sweep I Fixture | H|
v
LO
Output LO| 230 Voltage Source
Sources
Substrate Bias
A4
Figure 5-12. Program 16 Test Configuration
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Figure 5-13. Example Plot Generated by Program 16

5.5.9 Program 16 Description

For the description below, refer to the flowchart in
Figure 5-14 as well as the Program 16 listing below.

Initially, the reading array is defined for five sweeps with
101 points each (lines 30 and 40). After all three instru-
ments are returned to default conditions (line 50), Unit
#1, which sweeps Is, is configured as follows (lines
80-170):

Source I, sweep mode

1V compliance, 1.1V range

Local sense

Get trigger, one trigger per source cycle, output trigger
at end of delay

Start Iy current: 10uA

Stop I current: 50uA

Step Is current: 10pA

Delay: 100msec

Staircase sweep

Next, Unit #2, which sweeps V¢ and measures I, is set
up to operate in the following manner (lines 190-310):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure

Source and measure data format, no prefix, sweep
data

SRQ on sweep done

¢ External trigger, continuous

e Line cycle integration

Suppress enabled
Start Vce voltage: OV
Stop Vg voltage: 10V
Step Ve voltage: 0.1V
Delay: 100msec
Staircase sweep

Finally, the voltage source, which provides substrate
bias, is programmed with the user-input voltage value
(lines 320-350).

After the operator signal to begin, (lines 360 and 370),
both Source Measure Units are armed and placed into op-
erate (lines 380 and 390). The voltage source s placed into
operate (line 400), and the program enters the main pro-
gram loop to perform five Ic vs. Vce sweeps, one for each
of five Ig values (line 410).

Unit #1 is GET triggered to initiate each sweep (line 430),
at which point it sets Ip to the present value in its sweep
list. At the end of the programmed delay period, Unit #1
triggers Unit #2 to begin its sweep via the external trigger
jacks. Unit #2 then cycles through its sweep list, setting
Ve to the required values, and measuring Ic at each step
along the way.

At the same time, the program waits in a loop for Unit #2
to finish its sweep (lines 440 and 450), as indicated by an
SRQ. When Unit #2 finishes each sweep, it generates the
SRQ, and the program falls through the loop. The sweep
data are then transmitted to the computer (lines 470-490),
with Vg values placed into array elements (I,],1), and Ic
values stored in array elements (1,J,2). The program then
loops back for the next sweep until all five sweeps have
been performed (line 500).

Next, both units and the voltage source are placed in
standby (lines 510-530), and, after operator signal to con-
tinue (lines 540-560), the maximum and minimum Ic val-
ues are determined (lines 570-640). Finally, the data are
plotted (lines 660-1000), with Ic along the Y axis, and Ve
along the X axis.

5.5.10 Modifying Program 16

For different sweeps, the Istart, Istop, Istep, Vstart,
Vstop, and Vstep values can be changed as required. For
different sweep lengths, array size and loop counter val-
ues must be adjusted accordingly.
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Setup
Unit #1

Setup
Unit #2

Input
Substrate
Bias

Program
Voltage
Source

Get Bus
Status

Get Ic,VcE
Data
From Unit #2

Figure 5-14. Program 16 Flowchart
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el

W -0 O if] 3 G P2 P -
IS SIS SR

REM COMMON EMITTER CHARACTERISTIC TEST PROGRAM REV. 1.3 (Frogram 186)

REM INCLUDES SUBSTRATE BIAS PROGRAMMING FOR 230 VOLTAGE SOURCE

OPTICN BASE 1 | First array subscript is |

OIM Reading(5,121,2) I Dimension reading array (5 swps,!@ipts)
CLEAR 7 I Clear instruments
!

OUTPUT KBD;CHR$(255);CHREC(75); Clear screen

REM *%xxx Unit 1 setup (sweeps B ) #2 %X ¥ FXXXEXRFXXEEREHFREEEEX
REMOTE 716 Put Unit 1 in remote

OUTPUT 7igs F1 X" Source 1, sweep mode

OQUTPUT 71Bs"L1,

QUTPUT 71R:"0@X" Local sense

QUTPUT 7165"T1,1,2,0X" GET trigger cvcle,out trig end of delay
QUTPUT 7163 "B92,0,8X" Program 0 bias value

Istart=1,0E-% Define 1@uA start Ib current
Istop=5.0E~-% Define 50uf stop Ib current

I
!
!
X" I 1V compliance, 1.1V range
|
{
i
!
i
Istep=1.0E-5 | Define 1Quf step Ib current
i

Oly=100 | Define 1@@msec Unit delay

QUTPUT 7165701 ,"sletart;” "slstops”,"sIstep:;",8,":Dlys"X" | Program sweep
REM x»xxx Unit 2 setup (sweeps VYce, measures [c) # ¥t sxerrrsses

REMOTE 717 I Put Unit 2 in remote

QUTPUT 71737"F0 1K
QUTPUT 717;"00X"

Source V, sweep mode
lLocal sensing

QUTRUT 7175 "L180BE~-Z ,0X" 100mA compliance ,autorange measure
QUTPUT 7173"65,2,1X" Source ,measure ,no prefix,sweep data
QUTPUT 7 SRQ on sweep done

OuTPUT 3 "52XY Line cycle integration
QUTPUT 717:"B0,2 ,0X" Program @ bias value

1
1
1
1
173" "M2 X"
1
1
1
QUTRUT 717" Z21X" Enable suppress

f
!
!
I
!
QUTPUT 7173"7T3,0,0,8X" I Trigger on external
717 |
!
!
!
!
!

Ustart=0 Define OV start Uce
Ustop=10 Define 10V stop VYce
Ustep=.1 Define 0.1V step Yce

QUTPUT 71737"Q1 ,"sUstart;" ,"sUstopy” ,"sUsteps;” ,80,";0ly;"X" 1 Program sweep

?

REM #xxxxx 230 voltage source setup (provides subistrate bias) *xxxxerxxxxx

REMOTE 713 b Put 230 in remote

INPUT "Enter substrate bias” ,Vsub! Input desirsed substrate bias voltage
QUTPRUT 713;"VU";VUsuby " X" I Program 23@ with substrate bias

FRINT "Close lid, press CONT to begin test”

PAUSE

QUTPUT 71B;"RINIX" ' Arm Unit 1 trigger,turn on output
QUTPUT 7175 "RINIX" I Arm Unit 2 trigger, turn on output
QUTPUT 7135"FIX” I' Turn on 23@ output

FOR I=1 T0 & I Loop for five Ib curves

PRINT "Generating sweep”;l

TRIGGER 716 I Trigger Unit to start sweep

STATUS 7,7;55tat I Get IEEE-488 bus status

IF NOT BIT(Stat ,1@) THEN 440 I Wait for Unit 2 SRQ on sweep done
Stat=SPOLL{717) I Serial poll Unit 2 to clear SRQ
FOR J=1 TO @1 ! Loop for all 101 readings

ENTER 717;Reading(I,J,1),Reading(1,J,2)! Get reading data from Unit 2

NEXT J I Loop back for next reading
NEXT I ! Loop back for next Ib value
QUTPUT 7163 "N@X" ' Turn off Unit 1 output
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520 QUTPUT 7175 "N@X" b Turn off Unit Z output
530 QUTPUT 713" "FOX" ' Turn off 230 output

540 PRINT "Press CONT to display graph"”
550 PRINT "Press CONT while in graph to return to BASIC"
58¢ FAUSE
572 Ymin=MAXREAL b Find minimum and maximum Ic value
580 Ymax=~MAXREAL
530 FOR I=1 TO 5§
600 FOR J=1 TO 1&1
B2 IF Reading(I,J,2)<Ymin THEN Ymin=Reading(I,J,2)
E20 IF Reading{I,J,2)*Ymax THEN Ymax=Reading(Il,J,2)
630 NEXT J
640 NEXT I
658 QUTPUT KBD;CHR$(255):;CHRE(75);
E6Q GINIT
670 FLOTTER 15 CRT,"INTERNAL"
660 GRAPHICS ON
630 MOVE 10,90
700 LABEL “23@ BIAS COMMON EMITTER
710 MOVE 72,10
720 LABEL "Vce"
730 MOVE @ ,53 I Label Y axis
749 LABEL "Ic”
750 VIEWPORT 30@,12@,20,85 !
760 WINDOW VUstart Ustop,Ymin,Ymax | Scale graph
770 Yi=(Ymax-Ymin)/10 I Compute Y axis increment
780 X1={(Ustop-Vstart /10 I Compute X axis increment
!
]
|
I

Clear screen
Initialize graphics
Define plot to CRT
Turn on graphics
Title graph
HARACTERISTICS”
Label X axis

P T

Define soft clip limits

790 GRID 2#*X1 ,2%#Y1 ,Vstart ,Ymin Draw grid

800 AXES X1,Y1 Ustart ,Ymin Add tick marks

810 FOR I=1 70 § Loop for all five curves

820 FOR J=1 TO 1@} [ Loop for all 1@1 points per curve
8350 PLOT Reading(I,J,!),Reading(Il,J,2) ! Plot point

840 NEXT J ! Plot next point

850 PENUP

860 NEXT I b Plot next curve

870 C51ZE 4 | Define character size
880 LORG B I Center characters

890 CLIP OFF ' Turn off soft clipping

900 FOR I=VUstart TO VUstop+.@81*X1 STEP X1 | Number X axis
310 MOVE I,Ymin~(Y1/4)

920 LABEL USING “# ,K";1

950 NEXT I

949 FOR I=Ymin 7O Ymax+.B1x*Y1 STEP Y1 | Number Y axis
850 MOVE VUstart-(1.3*X1) ,I+(.3%Y1)

960 LABEL USING "# MD.DE";I

870 NEXT I

980 PAUSE

590 QUTPUT KBD;CHR$(255);CHR$(75); | Clear alpha screen
1000 GRAPHICS OFF I Clear graphics screen
1010 END
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SECTION 6
Using Source Measure Units with
Other Instruments

6.1 INTRODUCTION

An all-Source Measure Unit test system is preferable for
many applications, because of the versatility of the in-
struments. In some cases however, it may be desirable to
replace one of the Source Measure Units with a current
source, voltage source, or electrometer, either because
those instruments are readily available, or because they
have capabilities not available in the Source Measure
Unit. In the following paragraphs three such possible ap-
plications are discussed: (1) using a Model 220 Current
Source in conjunction with an Source Measure Unit to
test common-emitter characteristics, (2) using a Model
617 Electrometer along with a Source Measure Unit to
perform common-source tests, and (3) using a Source
Measure Unit with a Model 228A Voltage/Current
Source to test power transistor current gain.

6.2 USING A SOURCE MEASURE UNIT
WITH A CURRENT SOURCE

A current source can be substituted for a Source Measure
Unit when testing for common-emitter characteristics, as

shown in Figure 6-1. Here, a Model 220 Current Source is
used to supply the base current, Is, with the Is sweep per-
formed under program control, while the Source Meas-
ure Unit sweeps Vce and measures Ic just as before.

6.2.1 Test Connections

Figure 6-2 shows the test connections for the common-
emitter tests using the current source and Source Meas-
ure Unit. Model 7078-TRX triax cables are used to make
connections between the instruments and test fixture.
Note, however, that a Model 6172 2-slot male to 3-lug fe-
male triax adapter will be necessary to connect the 3-slot
triax cable to the Model 220, which is equipped with a
2-lug triax input connector.

WARNING
Connect interlock circuits before use. Con-

nect the fixture @ screw to safety earth

ground using #18 AWG minimum wire be-
fore use. Turn off all power before connect-
ing or disconnecting wires or cables.

Transistor
Under Test

-lc

%
5

<\ l I

— Qutput HI
T

Figure 6-1.

lg — 236 Unit
I M Ve Sweep VcE,
k’ J v Measure I
HI | |
220 Current -——1 -
Source [I] 8006 Test
(Sweep I under Fixture
program control)
LO
A4

Test Configuration Using Current Source and Source Measure Unit
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6172 Adapter

Connect to
220 Guard

220 Current Source

220
Output 6167 Adapter  Adapter

6172 2078 TRX
Cable

rforb-

Banana Plug

Guarded Connections

7078-TRX Triax Cable

Banana Plug Patch Cord

Model 8006 Test Fixture

<@ P B p@

®
go@ ll@@.

PO o=@ @ ©.

7078-TRX Triax Cable —»]

236-ILC-3 Interlock Cable

U mi ooty

|=

WARNING : Connect@to
safety earth ground using #18
AWG minimum wire before use.

WARNING : Connect interlock g

NOTE : Connect OUTPUT LO

circuits before use.

Model 236/237 Source Measure Unit

Figure 6-2.  Test Connections for Current Source and Source Measure Unit

to chassis using link.

6.2.2 Measurement Considerations 2.

As shown in Figure 6-2, the unguarded configuration for
current source connections is used. For very critical
measurements, use a Model 6167 Guarded Adapter. The
Model 6167 connects directly to the OUTPUT jack on the
Model 220 Current Source, and it includes a switch for se-
lection of guarded and unguarded operation. See the in- 5
set of Figure 6-2 for guarded connections.

6.2.3 Program 17: Common-emitter

Characteristics Using Current 7.

Source and Source Measure Unit

Program 17 below can be used to run common-emitter
characteristic tests on small-signal NPN transistors using
a current source and Source Measure Unit. In order to run
the program, follow the steps below.

1. With the power off, connect both the Model 220 Cur-

rent Source and the Model 236 Source Measure Unit 8.

to the IEEE-488 interface of the computer.

6-2

Connect the test fixture to the unit and current
source using appropriate triax cables (see
Figure 6-2).

Turn on both instruments, and allow them to warm
up for two hours for rated accuracy. Make sure the
primary address of the Model 236 is set to 16 and that
the primary address of the Model 220 is set to 12.
Turn on the computer, and boot up BASIC.

. Enter the lines below into the computer.
6. Install asmall-signal NPN silicon transistor suchasa

2N3904 or 2N5089 in the appropriate transistor
socket of the test fixture. Be certain that the jumpers
are properly installed, then close the test fixture lid.
RUN the program in the usual manner. The com-
puter will program both instruments and run the
common-emitter characteristic test on the device.
The base current will be stepped under program
control between 10pA and 50pA in 10pA increments,
and the value of Vg will be swept between 0V and
10V in 0.1V increments. A fixed reading delay for the
Source Measure Unit of 100msecis also incorporated
into the program. A fixed delay of 100msec after each
programmed Ip value is also included.

Once the sweeps have been completed, you will be
prompted to press CONT to generate a plot of the
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data. A simple Ic vs. Ve plot will then be displayed
on the computer CRT, with separate curves for each
I value.

9. To return to BASIC from the graph, press CONT.

6.2.4 Typical Program 17 Results

Figure 6-3 shows typical results generated by example
Program 17. A 2N3904 NPN transistor was used to gener-
ate these test results.

COMMON EMITTER CHARARCTERISTICS
1.42E-82 —
1.28e-a@2| F”//
1.14E-82 E—
9.94E-23} — T
8.52E-93

Ic
7.10e-03
S.68E-03
4.26E-93 f
2.84E-@3
1.42€-83
8.82E+80 . . . .
2 1 2 3 4 s s 7 8 3 18
Vce
Figure 6-3.  Example Plot from Test Program 17

6.2.5 Program 17 Description

For the following program description, refer to the pro-
gram listing below and the flowchart shown in
Figure 6-4.

Initially, the reading array is dimensioned (line 40) as a
three-element array that will hold five sweeps of 101
points each, with two readings for each point. Next, both
instruments are returned to default conditions by a DCL
command (line 50), and the Model 236, which sweeps Vcg
and measures I, is programmed as follows (lines 80-210):

Source V, sweep mode

Local sensing

100mA compliance, autorange measure

Source measure data format with no prefix, sweep
data

SRQ on sweep done

¢ Trigger on GET, one sweep per trigger

e Line cycle integration

Compute
Min/Max
Ic

Figure 6-4.  Program 17 Flowchart
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Suppress enabled
Start Ve voltage: OV
Stop V¢ voltage: 10V
Step V¢ voltage: 0.1V
Delay: 100msec

Staircase sweep (limits determined by start, stop, and
step voltage)

Following Model 236 setup, the Model 220 current source
is programmed with a 10V compliance value (line 230),
and the start, stop, and step current values are defined as
10uA, 50uA, and 10pA respectively (lines 240-260).

Once the two instruments are ready, the Model 236 trig-
ger is armed and the units are placed into operate (lines
290 and 300). After the array index value is declared (line
310), the main programming loop is then entered to gen-
erate the five Iy curve sweeps (line 320). At the beginning
of the main loop, the base current is programmed (line
340), and, after a 100msec delay, the unit is triggered to
begin its sweep (line 360). In order to synchronize the
program with each sweep, the program enters a loop to
wait for the unit to generate an SRQ (lines 370 and 380)
when it has finished a sweep. Once each sweep has fin-
ished, the unit is serial polled to-clear the SRQ line (line
390), and the data are read into the reading array (line

64

400). Array element (K,J,1) stores source (Vcg) informa-
tion, and array element (K,J,2) stores measured data (Ic)
information. Once all the data pertaining to the present
sweep are read, the program increments the array index
(line 430), and loops back to program the current source
for the next sweep at the subsequent I value (line 440).

In order to properly scale the plot, the maximum and
minimum Ic values must be determined. This operation
is performed in lines 500-570 of the program. Next, the
data are plotted (lines 590-930). Note that the X axis of the
graph is scaled by the Vstart and Vstop parameters (line
690), while the the Y axis is scaled by the maximum and
minimum Ic values.

6.2.6 Modifying Program 17

As written, the sweep limits and increments are set to
fixed values. For I, the start, stop, ahd step values are
10uA, 50pA, and 10pA respectively, and the start, stop,
and step V¢ values are 0V, 10V, and 0.1V respectively.
Again, you can modify the program as required, or in-
clude INPUT statements to allow operator input of these
parameters. For sweep lengths other than 101 points, ad-
ditional modifications such as array dimension and loop
counter must also be made.
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1@

30
4@
50
6@
7
80
3@
100
110
120
130
140
150
155
160
170
180
190
200
210

22

230
240
250
260
270
280
230
300
310
32

330
340
350
360
370
;8@
230
400
410
AZ@
430
440
450
450
470
480
4390
500

REM COMMON EMITTER CHARACTERISTIC TEST PROGRAM REV. 1.3 (Program 17)
REM USING 220 CURRENT SOURCE TO SWEEP BASE CURRENT
OPTION BASE 1 I First array subscript is |
DIM Reading(5,101,2) I Dimension reading array (5 swps,i@! pts)
CLEAR 7 I Clear Unit and current source
QUTPUT KBD;CHR$(Z55);CHR$(75); | Clear screen
REM #*%*+ 236 setup (sweeps Uce, measures Ic) s*xsxxxxxsxxsxxxx
REMOTE 718 I Put 236 in remote
QUTRPUT 7163 F@ ,tX" I Source V, sweep mode
QUTPUT 716;"00X" I Local sensing
QUTPUT 7165 "L100QE-3,0X" I 108mA compliance,autorange measure
QUTRUT 716;"65,2,1X" I Source ,measure no prefix,sweep data
QUTPUT 71635 "M2 X" I 5RQ on sweep done
OQUTPUT 7163"T1,0.,@,0X" I Trigger on GET,continuous
OUTPUT 7163 "S82X" I Line cycle integration
OUTPUT 716;"B0,0 ,0X" i Program @ bias value
QUTPUT 7163 Z1X" | Enable suppress

!

i

}

i

Ustart=0 Define @V start Uce
Ustop=10@ Define 10V stop Vce
Ustep=.1 Define B.1V step VUce
Diy=100 1@0msec Unit delay

QUTPUT 716;"Q1,"sVUstart;” ,"sUstops”,"1Vsteps ™ ,0,";D1ly;"X" | Program sweep
REM *xx*xx 2720 setup (sweeps Ib under program control) s*¥xxxxxx«
QUTPUT 7125 "U1BX" I Program 10V compliance
Istart=1.0E-5 ! Define 19QufA start current
Istop=5.0E-§ I Define SOuA stop current
|

Istep=1.0E-5 Define 1QuA step current

PRINT "Close lid, press CONT to begin test"

PAUSE

QUTPUT 7163 "RINTX" b Arm 236 trigger ,turn on output
QUTRUT 7123 "F1X" I Turn on 220 output

K=1 I Define array index

FOR I=Istart TO Istop STEP Istep ! Loop for all Ib curves

PRINT "Generating sweep with";I;"current”

OQUTFUT 71253 I"5I;"x" I Program 220 currant

WATT .1 b Wait 1@0msec for setiling

TRIGGER 718 I Trigger 236 to start sweep

STATUS 7.,7;55tat I Get IEEE-488 bus status

IF NOT BIT(Stat,1@) THEN 370 I Wait for 236 SRQ on sweep done
Stat=SPOLL(718) I Serial poll Z3B to clear SRQ

FOR J=1 70 101 ' Loop for a1l 181 readings

ENTER 71B6:;Reading(K,J 1) Reading(K ,J.2}! Get VUce and Ic data from 236
NEXT J I Loop back for next reading

K=K+1 I Increment array index

NEXT I I Loop back for next Ib value
QUTPUT 7165 "NOX" P Turn off 236 output

QUTRUT 7123 F@X" ' Turn off 220 output

PRINT “Press CONT to display graph”

PRINT “Press CONT while in graph to return to BASIC"

PAUSE

Ymin=MAXREAL P Find minimum and maximum Ic value

6-5
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510 Ymax=-MAXREAL

520 FOR I=1 T0 5

530 FOR J=t 70O 121

549 IF Reading(I,J,2)<Ymin THEN Ymin=Readinng(I,6J,2)
552 IF Reading(I,J,2)*Ymax THEN Ymax=Reading(I.J,2)
5692 NEXT J

57¢ NEXT I

580 QUTPUT KBD;CHR$(Z55);CHR$(75); | Clear screen

598 GINIT I Initialize graphics

23514 PLOTTER IS CRT,"INTERNAL" ! Define plot to CRT

618 GRAPHICS ON I Turn on graphics

620 MOVE 3@ ,95% I Title graph

E30 LABEL "COMMON EMITTER CHARACTERISTICS'

640 MOVE 70,10 I Label X axis

550 LABEL “"Vce”

660 MOVE @ ,53 I Label Y axis

8790 LABEL "Ic”

680 VIEWPORT 202,120 ,20,85 I Define soft clip limits

530 WINDOW Vstart ,Ustop,Ymin,¥Ymax | Scale graph

70 Yi1=(Ymax—Ymin)/ 1@ ' Compute Y axis increment

710 Xi=(Ustop-Vstart)/ 10

72 BRID Z*X1 ,2#Y1 Ustart Ymin I Draw grid

750 AXES X1 ,Y1 Ustart ,Ymin ! Add some tick marks

740 FOR I=1 T0 5 I Loop for all five curves
|

750 FOR J=1 70 10t Loop for all 101 points per curve
7B@ PLOT Reading(I,J,1) ,Reading(I,J,2) | Plot point

770 NEXT J I Plot next point
780 PENUP
790 NEXT I Flot next curve

81@ LORG B Center character
20 CLIF OFF Turn off soft clipping
@ FOR I=Ustart TO Ustop+.@1*Ustep STEP X1 | Number X axis

]
820 CSIZE 4 | Define character size
!
2 !
49 MOVE I,Ymin-(Y1/4)

850 LABEL USING "# ,K";:I

860 NEXT I

870 FOR I=Ymin TO Ymax+.@1+Y1 STEP Y1 | Number Y axis

88@ MOVE VUstart-(1.3#X1 ), I+(.3%Y1)

850 LABEL USING "# MD.DDE":1

926 NEXT 1

910 PAUSE

320 DUTPUT KEBD;CHR$(255);CHR$(75): | Turn off alpha display
950 GRAPHICS OFF I Turn of f graphics display
949 END
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6.3 USING AN ELECTROMETER WITH A
SOURCE MEASURE UNIT

A Model 617 Electrometer/Source can be used in place of
a Source Measure Unit for many tests including com-
mon-source tests on FETs. The voltage source section can
be used to supply the necessary Vps voltages, while the
electrometer section can be used to measure the source
current.

The following paragraphs discuss the overall test con-
figuration, test connections, and also list a sample pro-
gram for making such tests with these instruments.

WARNING
There are no provisions for using a safety in-
terlock with the Model 617 Electrometer/
Source. To avoid a possible shock hazard, al-
ways leave the test fixture lid closed when
hazardous voltages are present. Also connect

the test ﬁxture@screw to safety earth
ground using #18 AWG minimum wire be-
fore use. Turn off all power before connect-
ing or disconnecting wires or cables.

6.3.1 Test Configuration

Figure 6-5 shows the test configuration for the common-
source tests using one Source Measure Unit and the elec-
trometer/source. The unit sweeps Vgs, while the voltage

source of the Model 617 sweeps Vps, and the electrometer
section measures Ip. For this programming example, a
small-signal, N-channel JFET such as a 2N4392 is recom-
mended.

6.3.2 Test Connections

Figure 6-6 shows the test connections for the common-
source tests using the electrometer/source and Source
Measure Unit. Model 7078-TRX triax cables are used to
make connections between the instruments and test fix-
ture. Again, aModel 6172 2-slot male to 3-lug female triax
adapter will be necessary to connect the 3-slot triax cable
to the Model 617, which is equipped with a 2-lug triax in-
put connector. Finally, connect the voltage source LO
jack to one of the binding posts on the test fixture, and
connect voltage source HI to the COM jack on the rear
panel of the Model 617.

6.3.3 Measurement Considerations

The maximum output current of the voltage source in the
Model 617 is 2mA. Thus, tests should obviously be lim-
ited to 2mA or less. The Model 617 will not be damaged
by attempting to source larger currents because it is cur-
rent limited, but any test results will be affected by the
current limitation. Note that there are no provisions in
the test program for flagging over compliance. If an over-
compliance condition occurs (as indicated on the front
panel), it will be necessary to change the Vs test parame-
ters to reduce the test current.

FET [
Under Test =0
Input
— HI
m\ (T |
| \ | Electrometer
v Electrometer @) Sweeps
Output I \\’ bS | _ Tcom | \F/’Ds under
HI vV, / rogram
li?l? l (ié | HI Control,
Sweeps I _— e — = Source |:V Melasures
Vos 8006 Test | o b
Fixture
Under \Y;
Program
Control
Output
LO
A4
Figure 6-5.  Test Configuration for Common Source Test Using Source Measure Unit and Electrometer/Source
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Figure 6-6.

6172 Adapter . 617 Electrometer/Source

INPUT (0]

Connect Hl to COM as shown

7078-TRX Triax Cable

7 Banana Plug Patch Cord

WARNING : Connect @ to

7o A safety earth ground usin:
WARNING : Connect interlock @ @ @ #1at}\lwe mignimum wireg
circuits before use. 1= 1 - - before use.
O0|© © @
== i
Model 8006 Test Fixture
7078-TRX Triax Cable

236-ILC-3 Interlock Cable

NOTE : Connect OUTPUT LO

to chassis using link. Model 236/237 Source Measure Unit

Test Connections for Common Source Test Using a Source Measure Unit and Electrometer/Source

6.3.4 Program 18: Common-source

Characteristics Using Source
Measure Unit and Electrometer/
Source

Program 18 below outlines general programming tech-
niques for measuring common-source characteristics us-
ing a Source Measure Unit to sweep Vgs, and an elec-
trometer/source tosweep Vps and measure Ip. Follow the
steps outlined below to use this program.

o
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With the power off, connect the Model 236 and the
Model 617 to the IEEE-488 bus of the computer.
Connect the unit and electrometer to the test fixture
using suitable triax cables (see Figure 6-6 for details
on test connections).

Turn on both instruments, and allow them to warm
up for at least two hours for rated accuracy. Verify
that the primary address of the Source Measure Unit
is set to 16; the primary address of the Model 617
Electrometer/Source should be set to 27.

Turn on the computer, then boot up BASIC.

Enter the lines from Program 18 below into the com-
puter.

6. Place a small-signal N-channel JFET such as a
2N4392 in the appropriate transistor socket. Install
the correct jumpers, then close the test fixture lid.

7. RUN the program in the usual fashion. The com-
puter will step through Vgs values between -2V and
-1.9V using 0.025V steps. At each step, Vps will be
programmed between 0V and 10V at 1V increments.
At each increment, Ip will be measured. Once data
are collected, a plot of Ip vs. Vps for each Vgs value
will be displayed.

NOTE
It may be necessary to change the Vgstart,
Vgstop, and Vgstep parameters in the pro-
gram to keep a Model 617 over-compliance
condition from occurring (>2mA).

8. To return to BASIC from the graph, press CONT.

6.3.5 Typical Program 18 Results

Figure 6-7 shows a typical plot generated by example
Program 18. A 2N4392 N-channel JFET was used to gen-
erate these curves.



SECTION 6

Using Source Measure Units with Other Instruments

COMMON SOURCE CHRRACTERISTICS
1.3E-23
1.2E-03 |
//
1.1E-@3
8.2E-04 | / ///
/
1q 8rOE0 ——
§.7E-24 } / j/
5.4E-84
4.1E-94
2.8€-04 /////
1.5€-24
2.3E-05 '
5] 1 2 3 4 S € 7 8 s 1e
Vds
Figure 6-7.  Example Plot Generated by Program 18

6.3.6 Program 18 Description

For the following description, refer to the Program 18 list-
ing and the flowchart shown in Figure 6-8.

Initially, the array is set up for five sweeps of 11 data
points each (lines 30 and 40), and both instruments are re-
turned to default conditions (line 50). Next, the Model
236, which sweeps Vs, is programmed as follows (lines
80-160):

e SourceV, dcmode

¢ 1mA compliance, ImA range
e Local sense

o GET trigger

Delay: 100msec

In addition, the start, stop, and step Vs voltages are de-
fined as -2V, -1.9V, and 0.025V respectively (lines
130-150) for later programming as part of each Vs pro-
gram Jloop.

Following Model 236 setup, the Model 617, which
sweeps Vps and measures Ip, is configured as follows
(lines 180-210):

* Amps function, 2mA range
e Zero correct on
e Data format without prefix

617 Zero
Check

Program
236 Vgs
Voltage

Program
617 :
VDS Voltage |

Input
617 Ip
Reading

All
Points in

Compute
Mir/Max
ID

Figure 6-8.

Program 18 Flowchart
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Also, the start, stop, and step Vps voltage values are de-
fined as OV, 10V, and 1V respectively (lines 220-240).

Following setup of both instruments, the operator is
prompted to begin the test (lines 250 and 260), and the
Model 236 is armed and placed into operate (line 270).
Next, zero check on the Model 617 is turned off, and the
unit is placed into operate (lines 280 and 290). The pro-
gram then enters a loop to perform Ip vs. Vps sweeps, one
sweep for each value of Vgs (line 310).

At the start of each loop, the Model 236 is programmed
with the present Vs value (line 320), and the unit is trig-
gered (line 340). The program then enters the second,
nested loop (line 360) to sweep through all Vps values. At
the start of this loop, the Model 617 voltage source is pro-
grammed with the present Vps value (line 370). After a
two-second delay (line 380), the program then requests
the current data point from the electrometer (line 390),
and then takes the absolute value of the current reading.
Note that Vps data from the array index counter are
placed into array elements (K,L,1), and measured Ip data
are placed into array elements (K,L,2). After each data
point has been input, the program loops back to perform
the next point (line 430). Once all points in the current
sweep have been completed, the program loops back to
generate the next sweep (line 450). After all five sweeps
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are completed, both instruments are placed into standby,
and zero check on the Model 617 is enabled (lines 460 and
470).

Next, an array search is performed to determine the
maximum and minimum measured values of Ip (lines
510-580). Finally, the data are plotted with Ip along the Y
axis, and Vps along the X axis (lines 600-940). Note that
the graph is scaled according to the maximum and mini-
mum Vps values (X axis), and the maximum and mini-
mum Ip values (Y axis).

6.3.7 Modifying Program 18

For other Vs values, simply modify the Vgstart, Vgstop,
and Vgstep variables as required (or use INPUT state-
ments). For values that result in more or less than five
sweeps, additional modifications to array size and corre-
sponding loop counters must also be made.

Similarly, Vps can be swept over a different range by
changing the Vdstart, Vdstop, and Vdstep variables to
the desired values (or, again add INPUT statements). The
same general considerations regarding program modifi-
cations for array size and loop counter values also apply.
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410
420
430
440
450
480
470
480
490
500

REM COMMON
REM USES 617 EL
OPTIGN BASE 1
DIM Reading{5,11,2)

CLEAR 7

OUTPUT KBD;CHRS{255);CHR$(75);
REM #»xx+ 7236 setup (sweeps Vgs
REMOTE 718

QUTPUT 71863 "F@ ,0X"

QUTRUT 7 6,“ TE~3,7X"

CUTPUT 7 “0xX"

OuUTPUT 7 5," ,0.,0,8x"

QUTRYUT B:;"B0O,0, @K
Vgstart=-2.0

Ugstop=-1.9

Vostep=.025

Dly=100
REM **%%%
REMOTE 727
QUTPUT 72753 "FIXRIGX"
QUTPUT 727:"Z71x"
QUTPUT 7275"GIX"
Udstart=0
Udstop=10

Udstep=1

PRINT "Close lid,
FAUSE

QUTPUT 718;"RINIX"
QUTPUT 727;"COX"
QUTRUT 7273"01X"

1k
|
71

b17 setup

K=1

FOR I=VUgstart TO VUgstop STEP VUgstep !
QUTPUT 71685"B";13",0,"5DLly;"X"

FRINT "Generating sweep with

TRIGGER 716
L=1

FOR J=VUdstart T0O Udstop STEP VUdstep !

QUTPUT 727;
WAIT 2
ENTER 7273Reading(K,L,2)

VIS PRV

Reading(K ,L ,2)=ABS(Reading({k L ,2))!

Reading(K ,L 1
L=L+1

NEXT J

K=K+1

NEXT I

QUTPUT 7273"00XC1X"
QUTPUT 71635 "N@X"

y=J

PRINT “Press CONT to display graph”
PRINT "Press CONT while in graph to return to BASIC"

PAUSE

S0URCE CHARACTERISTIC TEST
ECTROMETER TO SOURCE DRAIN UOLTAGE ,MEASURE DRAIN CURRENT

i

I
!
!
)

|
[
[
|
|
|
|
|
1
[

{sweeps VUds

|
[
]
|
i
i
!

press CONT to begin test”

|
!
!

";I;"U"

!
!

!
!

!

!

}
!
|
i
I

PROGRAM REV. 1.3 (Program 18)
First array subscript is |
Qimension reading array (5 swps,it
Clear Unit and current source

Clear screen
FRERXFHEAEFXEFLEREEEERSEEREFNN

pts)

Put 236 in remote

Source V, DC mode

ImA compliance, ImA range
Local sense

GET trigger

Program @ bias value

Define -2V start Vgs voltage
Define -1V stop VUgs voltage
Define 0.025V step Vgs voltage
Define 10@msec Unit delay
measures Id: ZmA maximum! ) *x*xx
Put 817 in remote

Amps, ZmA range

Zero correct instrument
Reading without prefix

Define BV start Uds
Define 10V stop Vds
Define 1V step \Uds

Arm 236 trigger ,turn on output
Turn off 517 zero check
Turn on B17 voltage source

Loop for all VUgs curves
Program 238 for VUgs voltage value

Trigger 236 Unit

Declare array index counter
Loop for all VUds values
Program 617 voltage

Wait 2 sec settling time

Get Id data from B17

Take absolute value

Put VUds value in array

Loop back for next reading

Increment array index

Loop back for next VUgs value

Turn off B17 output ,enable zero check

Turn off 236 output
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519 Ymin=MAXREAL

5Za@ Ymax=-MAXREAL

53@ FOR I=t 7O &

549 FOR J=t TO 11

559 IF Reading(I,J,2)Y<Ymin THEN Ymin=
569 IF Reading(I,J,2>Ymax THEN Ymax=
570 NEXT J

580 NEXT I

530 QUTPUT KBD;CHR$(255);CHR®(75); |
600 GINIT |
612 FLOTTER IS CRT,"INTERNAL" !
B2@ GRAPHICS ON !
630 MOVE 20,95 !
540 LABEL "COMMON SQURCE CHARACTERIST
650 MOVE 70,10

6560 LABEL "Vds"

B70 MOVE 3,53

580 LABEL "Id"

6590 VIEWPORT 30,120 ,20,85 !
700 WINDOW VYdstart Udstop,Ymin, Ymax |
710 ¥Yi=(Ymax-Ymin)/ 1@ |
720 X1=(Udstop-Vdstart /10 '
730 GRID 2*X1 ,2#%Y1 Udstart ,Ymin I
740 AXES X1,Y1 ,VUdstart ,Ymin ]
75@¢ FOR I=t T0 5§ !
760 FOR J=1 T0O 11 !
770 PLOT Reading(I,J,!),Reading(l,J,?
780 NEXT J ]
790 PENUP

300 NEXT I I
810 CSIZE 4 ]
820 LORG B !
830 CLIP OFF 1
840 FOR I=VUdstart TO VUdstop+.01%X1 ST
850 MOVE I.,Ymin-(Y1/4)

869 LABEL USING "¥ ,K";I

870 NEXT I

880 FOR I=Ymin TO Ymax+.@1x*Y1 STEP Y!
8390 MOVE VUdstart—-(1.3%X1) I+(.3*Y1)
800 LABEL USING "# MD.DE";I

810 NEXT I

920 PAUSE

850 OQUTPUT KBD;CHR$(255);CHRS(75); |
940 GRAPHICS OFF |
950 END

Find minimum and maximum Id value

Reading(I,J,2)
Reading(I,J,2)

Clear screen
Initialize graphics
Define plot to CRT
Turn on graphics
Title graph

ICcs"
Label X axis

Label Y axis

Define soft clip limits
Scale graph

Compute Y axis increment
Compute X axis increment

Draw grid

Add some tick marks

Loop for all five curves
Loop for all 11 points per curve
) 1 Plot point

Plot next peoint

Plot next curve
Define character size
Center characters
Turn off soft clip

EP Xt I Number X axis

I Number Y axis

Clear alpha screen
Clear graphics screen
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6.4 POWER TRANSISTOR TESTING

The power levels required for power transistor testing
are often above the capabilities of a Model 236 or 237
Source Measure Unit. In such cases, a Model 228A Volt-
age/Current Source can be used in place of a Source
Measure Unit. The Model 228A can provide a maximum
of 101V at 1.01A (or 10.1V maximum at 10.1A), for a
power level approximately ten times that of the Models
236 and 237.

The same general tests that are run on small-signal tran-
sistors can also be run on power transistors. Typical ex-
amples include current gain tests and common-emitter
characteristics. In this paragraph, we will demonstrate
current gain tests on power transistors.

6.4.1 Test Configuration

Figure 6-9 shows the general configuration for current
gain tests of high-power transistors. The Model 236
Source Measure Unit sources the base current, and the
Model 228A Voltage /Current Source supplies Vcg, and it
also measures Ic. The current gain, B, is computed from
the Ic and Ig values.

6.4.2 Test Connections

Figure 6-10 shows the test connections for the power
transistor current gain tests using the Source Measure
Unit and voltage/current source. Model 7078-TRX triax

cables are used to make connections between the unit
and user-supplied fixture (assuming that the test fixture
is equipped with triax connectors). Model 228A connec-
tions can be made by wiring the quick disconnect connec-
tor directly to the user supplied test fixture; binding posts
or screw terminals should be adequate for this applica-
tion. Be sure to use wiring appropriate for the current and
voltage levels involved (101V insulation, 1.01A current-

carrying capability).

WARNING

Hazardous voltages may be present at the
test fixture. Since the Model 228A does not
have provisions for using an interlock cir-
cuit, be especially careful when using this
test configuration. Always be certain to close
the test fixture lid before applying power to
the circuit under test. Connect fixture chassis
to safety earth ground using #18AWG mini-
mum wire before use. Turn off all power be-
fore connecting or disconnecting wires or ca-
bles.

NOTE
The leads on many power transistors are too
large for the transistor sockets on the Model
8006 test fixture. For that reason, and because
of the power levels involved, the use of a
Model 8006 Test Fixture for power transistor
testing is not recommended.

Power
Transistor
g —
Output
HI
236
Source
Measure
Unit
Setlg
for
Desired
lc Output
LO

Test Fixture
(User supplied)

- lc
+
I 228A Voltage/
Current Source
Y, Source Vce
Measure | o

Figure 6-9.

A%

Test Configuration Using Voltage/Current Source and Source Measure Unit
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236 Source Measure Unit

e

WARNING : Test fixture must
be equipped with a lid for safety.

WARNING : Connect fixture chassis to
safety earth ground using #18 AWG
minimum wire before use.

®

L]
[l

©®0 0
. @&,

Output Ouput
NOTE : Connect OUTPUT LO
7°4§i;TxRX Hi Lo to chassis link.
Binding
/ Posts
o 7
Triax 7
Lo
o /x? ?
Binding Q
Post . [
User Test Fixture
Out -
Out + Quick Disconnect Board
ﬂl"]mllm“ ﬂ / == ﬂwﬂmﬂm

i

228A Voltage/Current Source

Note : Local sense connections shown

Figure 6-10. Test Connections for Voltage/Current Source and Source Measure Unit

6.4.3 Measurement Considerations

This test configuration is intended for testing power tran-
sistors. Because of the higher offset currents that may be
present, this setup should not be used for making critical,
low-current measurements. Use the test configuration
discussed in Section 3 for current-gain tests using lower
current values.

6.4.4 Program 19: Power Transistor

Current Gain

Program 19 below can be used to test current gain of
power transistors using a Model 236 Source Measure
Unit and a Model 228A Voltage/Current Source. As out-
lined previously, the maximum power level that can be
supplied by the Model 228A is approximately 100W.

In order to run the program, follow the steps below.
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With the power off, connect both the Model 228A
Voltage/Current Source and the Model 236 Source
Measure Unit to the IEEE-488 interface of the com-
puter.

Connect the test fixture to the Source Measure Unit
and voltage/current source using appropriate ca-
bles and wires (see Figure 6-10).

Turn on both instruments, and allow the units to
warm up for rated accuracy. The Model 236 requires
two hours warm-up, and the Model 228A requires 10
minutes warm-up. Make sure the primary address of
the Model 236 is set to 16 and that the primary ad-
dress of the Model 228A is set to 11.

Turn on the computer, and boot up BASIC.

Enter the lines below into the computer.

Install an NPN power transistor such as an MJE240
in the appropriate transistor socket of the test fixture,
then close the test fixture lid.

RUN the program in the usual manner. The com-
puter will prompt you to type in the the minimum
and maximum I search values, the target value for
I, and the Vg value for the test. Keep in mind the ap-
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proximate current gain as well as the 100mA Source
Measure Unit current limitation when entering the
base current value.

8. Oncetheinstruments are programmed, the program
will search for the optimum I value to perform the
test at an Ic value to within 5% of the target, and dis-
play the current gain of the device. If the number of
iterations has been exceeded, or if the Model 228A is
found to be over compliance, a message will be dis-
played. If the number of iterations are exceeded, try
running the program again with a closer range of Is
values.

6.4.5 Typical Program 19 Results

A typical power transistor current gain is lower than for
small-signal devices. For the recommended transistor
used in this test, a typical current gain would be about 25,
but that will vary somewhat depending on the test pa-
rameters.

6.4.6 Program 19 Description

For the following program description, refer to the pro-
gram listing below and the flowchart shown in
Figure 6-11.

Initially, the reading array is dimensioned (line 30), and
the iteration variables are defined (lines 40 and 50). Both
instruments are returned to default conditions by a DCL
command (line 60), and the Model 236, which sources Iz,
is programmed as follows (lines 90-130):

Source I, dc mode

Local sensing

1V compliance, 1.1V range

Source data format with no prefix, dc data
Trigger on GET

The minimum and maximum Is values, and the target Ic
values are then entered (lines 140-170), and the Model
228A voltage current source, which sources Ve and
measures Ic, is programmed for the volts/amps data for-
mat with prefix (line 200), 1A current compliance (line
210), and the unit is programmed to output the Vg volt-
age value (line 230).

Next, the programmed voltage is checked for a hazard-
ous level, and an appropriate warning is displayed if the

Input Ig
Program
236

Input Vg,
Program 228A |

Trigger 236

Getlc
Reading
From 228A

Compute and
Display
Current Gain

Figure 6-11. Program 19 Flowchart

voltage will exceed 30V (lines 240-270). The user is then
prompted to close the test fixture lid and begin the test
(lines 280 and 290).

Once the two instruments are programmed, the Source
Measure Unit trigger is armed and the units are placed
into operate (lines 300 and 310). The Source Measure Unit
is triggered (line 330), and, the iteration counter is incre-
mented and checked to see if the maximum number of it-
erations has been exceeded. If so, a message is displayed,
and the program halts.
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The Model 236 is then programmed with the present
value of Iy (line 410), and, after the programmed delay pe-
riod (line 420), the reading string is obtained from the in-
strument (line 430), and the string is then checked to see if
an over-compliance condition has occurred (lines
440-490). If an over-compliance condition is found, a
message to that effect is displayed, the instruments are
cleared, and the program halts.

The string is then converted to a numeric (line 500), and
thelc value is checked against the target (lines 510-600). If
the Ic value is not within +5% of the target, the program
calculates a new I value and then loops back to run the
test again. Once the target is reached, the Models 228A
and 236 are placed into standby (lines 610 and 620, and
the current gain is calculated and displayed (line 630).
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6.4.7 Modifying Program 19

The current limit of the Model 228A is set to 1A by the
program. This current value will allow you to use volt-
ages up to 101V. If larger currents (up to 10.1A) are re-
quired, modify line 210 of the program accordingly. Note
however, that for currents above 1.014, the output volt-
age of the Model 228A is limited to 10.01V.

The tolerance for the I target search is set to +5%, but this
value can be changed to a tighter value, if desired. Note,
however, that it will probably be necessary to increase
the number of iterations if the target range is decreased.
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380
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492
410
420
430
440
450
462
479
48@
4930
509

REM POWER TRANSISTOR CURRENT GAIN TEST PROGRAM REV.

REM USES 236 SOURCE MEASURE UNIT
DIM Reading®l 1001 i
Iterations=20 ]
N=0@ [
CLEAR 7 ]
QUTPUT KBD;CHR$(Z255);CHR$(75); |
REM »**xxx 256 setup (sources Ib)

REMOTE 716 f
QUTPUT 716;5"F1,0X" !
QUTPUT 7165 L1 ,1X" f
OUTPUT 715;"00x" !
QUTPUT 7165"T1,0,0,0X" !

|

OUTPUT 716:;"B0,0 ,0X"

INPUT "Enter maximum base current” ,Ibl |
INPUT “"Enter minimum base current”,IibZ !

Ib=(Ibt-Ib2}/2+1b2 ]
INPUT “Enter target Ic” , Itarget!
REM #xx%% Z28A setup
REMOTE 711 !
QUTPUT 711;"64X" i
QUTRUT 7113 "T1X" !
INPUT "Enter Uce" ,VUce f
QUTRUT 7115"U"3Uces"X" !
IF ABS(VUce»»30 THEN !
PRINT "Hazardous voltage will be
BEEP

END IF

PRINT "Close test fiwxture lid, press

PAUSE
QUTPUT 7165 "RINIX" !
QUTPUT 7115 Fix” !
PRINT “"Measuring..."

TRIGGER 718 !
N=N+1 !
IF N:Iterations THEN !
CLEAR 7

BEEP
PRINT
STOP
END IF
QUTPUT 7165"B":1bs",@,0X"

WAIT 1

ENTER 711;Reading®

IF Reading®{1,13="0" THEN

CLEAR 7

BEEP

PRINT "228A is over compliance"
STOP

END IF
Iec=VAL(Reading®$(1

,281) j

1.3 (Program
AND 228~ VOLTAGE/CURRENT SOURCE
Dimension reading string

Define number of iterations
Iteration counter

Clear 238 and 228A source

Clear screen
[EEEESEEEERER A SRS EEEREEE R EE XX
Put 236 in remote

Source I, DC mode

1V compliance, 1.1V range

Local sense

GET trigger ,continuous

Program & bias value

ITnput maximum Ib value
Input minimum Ib value
Compute start Ib value

Input target Ic value

(sources Uce, measures Ic) *xxxtsrxetsirrss

Puti 228A in remote

Select volts, amps data format
1A compliance

Input VUce

Program 228A voltage value
Check for dangerous voltage
applied to device during test”

TCONT™

Arm 2368 trigger ,turn on output
Turn on 228A output

Trigger 236
Increment iteration counter
Check for maximum iterations

"Iterations exceeded";lterations

Frogram 236 current value
Wait one second settling time
Het reading from 2284

Check for over compliance

Convert string to numeric

19)
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510
520
530
54@
550
560
570
580
530
500
6510
529
630
640

IF Ic»t.@5+Itarget THEN
ibt=Ib
Ib=Ib~-{Ib-1Ib2)/10

GOTO 340

END IF

IF Ic<.85+*Itarget THEN
Ib2=1b
Ib=Ib+{(Ibi-Ib)/10

GOTO 340

END IF

QUTPUT 71B; "N@X"

QUTPUT 7113 "F@X"

FRINT "Current gain=";Ic/Ib
END

Check for Ic » target

Check for Ic < target

Turn off 236 output
Turn off 2Z28A output
Display current gain
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SECTION 7
Adding Switching Capabilities to a Source
Measure Unit Test System

7.1 INTRODUCTION

Adding switching equipment to a Source Measure Unit
test system can greatly enhance the capabilities of such a
system. Two examples of how switching can increase
versatility are (1) using a scanner to switch multiple
DUTs, and (2) using a matrix card to allow switching
flexibility to any node in the system. Each of these general
switching configurations is discussed in the following

paragraphs.

For the sake of brevity, many aspects of using a switching
system have not been included here. For more detailed
information on switching, request the Switching Hand-
book, which is available from Keithley Instruments, Inc.
Contact your Keithley representative or the factory for
more information.

7.2 SCANNER SWITCHING OF MULTIPLE
DUTS

The following paragraphs discuss methods for switching
multiple DUTs to a single set of Source Measure Units in
atestsystem using a scanner. For this application, we will
assume that dc current gain tests on 10 transistors in a
given test fixture are to be performed.

7.2.1  System Configuration

Figure 7-1 shows the overall system configuration for the
scanner/Source Measure Unit switching system. In addi-
tion to the Source Measure Units, which perform the
stimulus and measurement, the system includes a Model
705 Scanner with two Model 7058 Low Current Scanner
Cards to add the switching functions. For this application
with the equipment shown, a total of 10 DUTs can be
tested on an automated basis.

The test fixture could be custom-built, or several Model
8006 test fixtures could be used.

7.2.2 Test Configuration

Figure 7-2 shows the test configuration for this applica-
tion. The equipment configuration is similar to that used
for the current gain tests discussed earlier in this section
except for addition of switching circuits. Note that single-
pole switching on the base and collector circuits is used in
order to minimize switching complexity. Keep in mind
this configuration precludes the use of remote sensing; if
remote sensing is required, two additional poles of
switching for each DUT will be necessary.

7.2.3 Equipment Connections

Figure 7-3 shows the equipment connections for the mul-
tiple-device current gain tests. For the sake of simplicity,
only one set of connections for asingle devicelocated ina
Model 8006 test fixture are shown. In order to test multi-
ple devices, additional test fixtures are required, or you
could use your own custom-built design to house all ten
devices in a single fixture. Note that Model 6172 2-slot
male to 3-lug female adapters will be necessary to con-
nect the 3-slot triax cables to the scanner card jacks, which
are equipped with 2-lug female triax connectors.

WARNING
Connect interlock circuits before use. Con-

nect fixture @ to safety earth ground using
#18 AWG minimum wire before use. If a cus-
tom fixture is used, it must be totally en-
closed for safety, and the fixture chassis
must be connected to safety earth ground us-
ing #18 AWG minimum wire before use.
Turn off all power before connecting or dis-
connecting wires or cables

7.2.4 Measurement Considerations

Adding switching to any test system brings the added
consideration of how such switching will affect the meas-
urements. For low currents, the offset current of the card
can become a consideration because such offsets can af-
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Source Measure Unit Test System
Test Fixture
(Custom or Multiple 8006)
DUTs
Q7N
1 10
N N N N /] N N N
Substitute Model 7054 or
/_ 7154 Card for High-Voltage
l\ switching with Model 237
70s8 | 7058
N Card { Card Ve
236 Unit#1 |  ———o—— N 236 Unit #2
ﬁ 705 Scanner Ic /T
MIEEE-488 Bus
Computer
Figure 7-1.  Scanner/Source Measure Unit System Configuration

Unit #1
Source Ig

Figure 7-2.

Scanner Card 1
Contacts

Mo

Card
|BI-> Qutput I E

Test Fixture

Mours |

DUT1

Scanner Card 2
Contacts

1

10

ard

[ . | output -
L ]
| ‘ | I

(o o Qutput
L. %] s
Output
HI I Unit #2
Sources Vce
: v Measures I¢
Qutput
LO
Output
LO

Scanner[Source Measure Unit Test Configuration
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236 Source Measure Unit #1

J0aaLaReoy

e T 3

Banana Plug Patch Cord

7078-TRX Triax Cable 6172 NOTE : Connect OUTPUT LO to
To other Adapters chassis using link
Test Fixtures
ETETET
WA\ A7 7078-TRX Triax Cable
7058 Cards A1 :
[OYuYV) y = = 2= ° =
g@ B BEHIT 9000OC
705 Scanner ) ® ©
_—t-— wi= e =-—
l I © © e e e
i
1l 7078-TRX Triax Cable | | Model 8006 Test Fixture (—é
To other
Test Fixtures @
: WARNING : Connect & to safety
7078-TRX Triax Cable
236-ILC-3 Interlock Cable earth ground using #18 AW
minimum wire before use.

soonoanouonum & & =3- M
.”.Jm ”@”3, =2 (I

WARNING : Connect interlock
circuits before use

236-1LC-3 Interlock Cable

236 Source Measure Unit #2

Note : Connections for local sensing shown

Figure 7-3.

Scanner/Source Measure Unit Test Connections

Banana plug patch cord

fect measurement accuracy. The Model 7058 card used
for this application has a specified offset current of 1pA
which should not be a factor in most cases; however, for
currents below InA, the offset current could affect the ac-
curacy of your measurements. Note that guard is carried
through on the inner shield to minimize these effects.

Similarly, the effects of switching can result in errors if
sufficient time is not allowed for the circuit to settle be-
fore measurements. While such effects are particularly
pronounced for high-impedance circuits, they can alsobe
seen in lower-impedance circuits, although usually to a
lesser degree. To allow the circuit to settle to less than 1%
of final value, the settling time should be at least 5RC,
where R and C are the effective circuit resistance and ca-

pacitance respectively. Allow a settling time of 7RC for
settling to within 0.1% of final value.

The path isolation of the card can also come into play
when testing high-impedance circuits. The path isolation
resistance effectively forms a voltage divider with the re-
sistance of the DUT. In general, path isolation resistance
should be at least 100 to 1000 times the source resistance
so as to have minimal effect on the measurements.

Be sure to remove the channel jumpers to avoid shorting
the source. Also, for high-voltage switching with aModel
237, substitute a Model 7054 or 7154 High-voltage Scan-
ner Card.
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7.2.5 Program 20: Dc Current Gain of
Multiple DUTs

Use Program 20 below to perform dc current gain tests on
10 bipolar transistors. Proceed as follows:

1. With the power off, connect both Model 236 Source
Measure Units and the Model 705 Scanner to the
IEEE~488 bus of the computer.

2. Connect the test fixture(s) and both Source Measure
Units to the two scanner cards using appropriate
triax cables (see Figure 7-3 for details on test connec-
tions). With the scanner power still off, install both
Model 7058 Scanner Cards in the scanner after mak-
ing test connections.

3. Turn on both Source Measure Units, and allow them

to warm up for at least two hours for rated accuracy.

Be sure that the primary address of Unit #1 is set to

16, and that the primary address of Unit #2 is set to

17. Also turn on the Model 705 Scanner, and verify

that its primary address is set to 18.

Turn on the computer, then boot up BASIC.

Enter the lines below into the computer

Install 10 small-signal silicon transistors to be tested

in the desired test fixture sockets (transistors should

have characteristics similar to a 2N3904 or 2N5089).

Install the required jumpers for all devices, then

close the test fixture lid.

7. RUN the program, and follow the prompts on the
screen. You will be prompted to enter 10 base current
values (one for each of the 10 devices) and then the
desired value of Vce. When entering the base cur-
rents, keep the approximate current gains of the de-
vices in mind so as not to saturate them. Note that no
iterative search algorithm is included in this exam-
ple program for the sake of simplicity.

8. Once the parameters are entered, the instruments
will be programmed accordingly, and the collector
current of each device will be measured. The dc cur-
rent gain of each device will then be displayed on the
computer CRT after all transistors are tested.

o U1

7.2.6 Typical Program 20 Results

A typical current gain for a 2N5089 would be about 500.
Note however, that the current gain of the device could
be as low as 300 or as high as 900.

7.2.7 Program 20 Description

For the following description, refer to the flowchart
shown in Figure 7-4 and the Program 20 listing shown
below.

7-4

Figure 7-4.  Program 20 Flowchart
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After both units and the scanner are returned to default
conditions (line 20), two storage arrays for Is and Ic val-
ues are defined (line 40). Next, Unit #1, which sources Ig,
is set up as follows (lines 60-100):

Source I, dc mode

1V compliance, 1.1V range
Local sense

GET trigger, continuous

Following Unit #1 setup, Unit #2, which sources Vcg and
measures I, is configured as follows (lines 130-210):

Source V, dc mode

Local sense

10mA compliance, autorange measure

Source only data format, no prefix, dc data output
Trigger on GET, continuous

Line cycle integration

Dc voltage, value determined by user-input Vcg value

Next, the scanner is placed in the one-pole mode (line
230), and a program loop allows the operator to input all
10 Iy values for the test (lines 240-270). Once the operator
signals to continue the program (lines 280 and 290), both
Source Measure Unit triggers are armed and the units are
placed into operate (lines 300 and 310). Next, the units are
triggered (lines 330 and 340), and the program enters the
main loop to test all 10 devices (line 350).

Atthestart of theloop, Unit #1 is programmed with the I
current value, and the the scanner channels for the pre-
sent device are closed (lines 370 and 380). After a one-sec-
ond delay, the status byte is then obtained from Unit #2
(line 400), and bit 7 in the status byte is then checked
(lines 410-440) to see if it is set. If so, Unit #2 is over com-
pliance, the operator is then notified, and the program is
halted.

Assuming no error, the value of I¢ for the current device
is requested and placed into the Ic array (line 460), and
the scanner channels are then opened (lines 470 and 480).
The program then loops back to test the next device (line
490).

After all 10 devices are tested, both Source Measure Units
are placed into standby (lines 500 and 510), and the dc
current gain for each of the 10 devices is calculated and
displayed (lines 520-540).

7.2.8 Modifying Program 20

As written, the program assumes that 10 devices are to be
tested, each with a different Iy current value. For a differ-
ent number of devices, simply modify the loop counter
values as required. To test all devices with the same value
of Iy, change the program to input only one Iy value, and
program Unit #1 with that value alone.
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10 REM DC CURRENT GAIN WITH SCANMING TEST PROGRAM REV. 1.3 (Program 20)

29 CLEAR 7 I Clear becth Units and scanner

30 QUTFUT KBD;CHRE(Z55);CHR$(75); | Clear screen

4@ DIM Ib(1@) ,Ic(1@) I Dimension Ib and Ic storage arrays
Y] REM ***%% Unit 1 setup (sources Ih) ##srx s s exa r e s xratratreessys

=12 REMOTE 718 P Put Unit 1 in remote
7R QUTRUT 7165"F1,0X" I Source I, DC mode
8@ QUTPUT 718" L1, 1X" 1Y compliance, 1.1V range
E10] QUTPUT 7165 "0@X" I Local sense
192 QUTRUT 7165371 .,@,0,6X" i GET trigger .,continuous
e Dly=120 I Define 10@msec Unit delay
120 REM #*#x% Unit 2 setup (sources Vce, measures Ic) **¥xsxxsxxxxxxx
130 REMOTE 717 Put Urit 2 in remote
143 QUTPUT 717:7"F@ ,0X" Source V, DC mode
150 QUTPUT 717;"00M128 ,0X" Local sensing,S5R0O

v

i
I
1 |
16@ OQUTPUT 2173 "L10OE-3,0X" b 1@0mA compliance ,autorange measure
17 QUTPUT 7173764 2 ,0X" I Measure ,no prefix ,DC data
1&@ QUTPUT 717:"71,0,0,0X" I Trigger on GET ,continuocus
190 QUTPUT 717;3"SZ2728X" b lline cycle integration,suppress off
200 INPUT "Enter Uce” Vce I Input Vce
210 QUTPUT 717:"B"iVce;" ,@,":01lys"X" | Program DC,autorange,delay
22 REMOTE 718 b Put 705 scanner in remote
230 QUTPUT 7185 "A1X" i Select 1-pole mode
240 FOR I=1 70 10 I Loop for all 18 Ib values
259 DISP "Enter device";Il;"current”"; | Prompt for Ib value
260 INPUT Ib(I) I Input Ib value
270 NEXT 1 I Loop back for next Ib value
280 PRINT "Close lid(s), press CONT to begin test"
299 PAUSE
309 OQUTFUT 7183 "RINIX" I Arm Unit 1 irigger ,turn on output
310 QUTPRUT 7173 "RINIX" I Arm Unit 2 trigger,turn on output
320 PRINT “"Measuring...”
330 TRIGGER 718 b Trigger Unit |
348 TRIGGER 717 I Trigger Unit 2
359 FOR I=1 70 10 b Loop to test all 10 devices

360 QUTPUT 7165"B":Ib<I);" ,@2,";Dlys"X" | Program Unit 1 with Ib value
370 QUTPUT 718;3"C "I X" I Close scanner channel I
380 QUTRUT 718;"C"sI+10;"X" I Close scanner channel I+10
390 WAIT Dly/1000+1 F Wait for settling

! il

I

Serial poll Unit 2
Check for over compliance

400 Stat=SPOLL(717)

410 IF BIT(Stat,7) THEN
420 BEEP

430 PRINT "Unit is over current compliance on device #";1
449 STOP

459 END IF

450 ENTER 71731c(I)

470 QUTPUT 7183 "N";I;"X"
480 QUTPUT 718;"N";I+10;"X"
490 NEXT 1

Get Ic reading from Unit 2

Open scanner channel I
Open scanner channel I+10
Loop back to test next device

7-6



SECTION 7
Adding Switching Capabilities fo a
Source Measure Unit Test System

500 QUTRUT 7165 "NBX" b Turn off Unit 1 ocutput

510 OQUTPUT 7173 "N@X" ' Turn off Unit 2 output

520 FOR I=1 TO 10 ' Loop for all 19 current gains

530 PRINT “Device #";I:"current gain=":Ic(I)/Ib{I) | Display current gain
54¢ NEXT 1 t Loop back and display next gain

5509 END

7.3 RESISTIVITY TESTING USING
MATRIX SWITCHING IN A SOURCE
MEASURE UNIT TEST SYSTEM

One example that demonstrates matrix switching bene-
fits is resistivity tests on semiconductors. The following
paragraphs discuss such resistivity tests using a Source
Measure Unit/matrix switching system.

7.3.1  System Configuration

Figure 7-5 shows a typical system configuration for per-
forming resistivity tests using a Source Measure Unit. In
addition to the Source Measure Unit, the system includes
a Model 705 Scanner, Model 7152 Low Current Matrix
Card, and a Model 8006 test fixture to house the device
under test.

With the test configuration shown in Figure 7-5, only one
4-terminal sample can be tested at any given time. How-
ever, additional Model 7152 cards can expand columns or
rows, allowing more than one sample to be tested by a
single test procedure.

7.3.2 Test Configuration

Figure 7-6 shows a typical resistivity test configuration
for a single leg measurement of one sample. Here, the
current source of the Source Measure Unit sources a cur-
rent between two terminals of the sample, while the volt-
meter section of the unit measures the voltage across two
of the opposite terminals. Generally, eight such measure-
ments are made, as shown in Figure 7-7.
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Measures V

Figure 7-6.  Resistivity Test Configuration

236 Source Measure Unit
[
Output | Sense
Lo HO | HI PR —
o) o | 0 o)
M 2 " 1 [« 5
f |1
[ I
I | Computer
| | 2 |EEE-488
Bus
| |
I I
3
| |
| |
} |4
Test Fixture I 7152 Low Current Matrix Card l
705 Scanner
Figure7-5.  System Configuration for Resistivity Tests
QOutput HI [—\:)——;E I_ _______ —l
I Sense I l l 1 |
| | | |
I Sense I | | |
LO Output | | | |
| O o—o 4 Sample >2, |
I | I I
I | I 3 I
I | I |
00— i |
236 Unit —— ——————
Sources |, 7152 Card 8006 Test Fixture

Note : One measurement leg shown
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Figure7-7. Measurements for Resistivity Tests
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7.3.3 Resistivity Calculations

Resistivity is calculated from the voltage measurements
as follows:

11331 f ,to(V ,+ V-V ,-V,)
GA= I

_ LIBLfptg(V V-V - V)
I

O

Where: ©A and 6B are the resistivities in Q-cm

ts is the sample thickness in cm

Vi through Vs are the voltages measured by the
Model 236

Iis the current sourced by the Model 236 in am-
peres

fa and fp are geometrical factors based on sam-
ple symmetry (fa = fs = 1 for perfect symmetry)

Once cA and oB are known, the average resistivity,
6AVG, can be computed as follows:

_0a+0p
CAVG™ >

7.3.4 Test Connections

Figure 7-8 shows the test connections for the resistivity
tests. The Model 8006 test fixture should be connected di-
rectly to the ROW IN or ROW OUT jacks on the Model
7152 Low Current Matrix Card using an optional Model
7152-TRX-10 cable assembly. Connect the Model 236 to
the COL IN or COL OUT jacks of the matrix card, again
using aModel 7152-TRX-10 cable assembly. For the OUT-
PUT HI, SENSE HI, and SENSE LO jacks, you can simply
connect the triax cables to the corresponding jacks. For
the OUTPUT LO connection, however, it will be neces-
sary to use BNC/banana (Pomona Model 1899) and 3-lug
female triax to male BNC (Pomona Model 5299) adapters.

WARNING
When aModel 236/237 is programmed for re-
mote sensing, hazardous voltage may be pre-
sent on the SENSE and OUTPUT terminals
when the unit is in operate regardless of the
programmed voltage or current. To avoid a
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possible shock hazard, always turn off all
power before connecting or disconnecting
cables to the Source Measure Unit or the as-
sociated test fixture. Connect interlock cir-

cuits before use. Connect fixture@ screw to
safety earth ground using #18 AWG mini-
mum wire before use.

7.3.5 Measurement Considerations

The same general considerations discussed in paragraph
7.2 for the scanner card also apply to matrix card meas-
urements. The offset current (<1pA for the Model 7152)
comes into play for very low current measurements. The
required settling time depends on the impedance levels
involved (should be >5RC), and the path isolation can af-
fect the accuracy of high-impedance measurements.

NOTE

In this application, the sense and source leads
are connected to separate points on the DUT,
which will result in a potential between OUT-
PUT HI and SENSE HI, and OUTPUT LO and
SENSE LO. Note that the maximum voltage
between the OUTPUT and SENSE leads is
limited (see specifications). Reduce test cur-
rent if necessary to keep the voltages below
specified limits.

7.3.6 Program 21: Resistivity Tests

Using a Switching Matrix and
Source Measure Unit

Program 21 demonstrates programming techniques for
controlling a switching matrix and Source Measure Unit
to perform resistivity tests. The basic procedure for using
this program is as follows:

1. With the power off, connect the Model 236 Source
Measure Unit and the Model 705 Scanner to the
IEEE-488 bus of the computer. Also, install the
Model 7152 Card in slot 1 of the Model 707 main-
frame.

2. Connect the test fixture and the Source Measure Unit
to the matrix card using the specified triax cables (see
Figure 7-8 and the discussion above for details on
test connections).

3. TurnontheModel 236, and allow it to warm up for at
least two hours for rated accuracy. Be sure that the
primary address of the Source Measure Unit is set to
16. Also, turn on the Model 705, and make certain
that its primary address is set to 17.
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8006 Test Fixture
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236 Source Measure Unit

l—— 236-[LC-3 Interlock cable

Note : Remote sensing connections
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Triax Cable

BNC/Banana Triax/ BNC

Figure 7-8.  Test Connections for Resistivity Tests

using #18 AWG minimum wire before use.

WARNING : Connect interlock
circuits before use.

. Turn on the computer, then boot up BASIC.

. Enter the lines below into the computer

. Connect the sample to be tested to the appropriate
socket terminals on the test fixture, and also install
the necessary test fixture jumpers. Use the general
configuration shown in Figure 7-6 as a guide to test
connections. Close the test fixture lid after making
connections.

. RUN the program, and follow the prompts on the
screen. You will be prompted to enter the desired
sample current value and then the sample thickness,
which should be entered in centimeters. When enter-

ing the current, keep the approximate DUT resis-
tance values in mind so as not to create an over volt-
age compliance condition. Also, you must not ex-
ceed the maximum voltage between output and
sense leads of the Source Measure Unit.

Once the parameters are entered, the test will begin.
The program will program the Source Measure Unit,
and then begin the tests by closing crosspoints. A to-
tal of eight measurements will be taken and stored in
an array.

Once the testing has been completed, the resistivity
values will be calculated and displayed.
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7.3.7 Program 21 Description

Refer to the Program 21 listing below and the flowchart
shown in Figure 7-9 for the following description.

Atthe start of the program, both the Source Measure Unit
and the scanner are returned to default conditions (line
20), and the reading array and command string are
dimensioned (line 40). Next, the Model 236, which
sources the test current and measures the sample voltage,
is programmed as follows (lines 60-120):

Source I, dc mode

10V compliance, autorange measure

Remote sensing

Measure only data format with no prefix, dc data out-
put

e Continuous trigger on GET

e Line cycle integration

The Model 705 is then placed in remote (line 140), and the
scanner is placed into matrix mode (line 150). Next, the
operator is prompted to input the desired test current, at
which point the Source Measure Unit is programmed
with the current value (lines 160 and 170). The operator is
then prompted for the sample thickness (line 180), and
the program waits for the operator’s signal to begin (lines
190 and 200).

Once the operator starts the test, the Model 236 is armed
(line 210), and the unit is then triggered (line 220). The
program then enters a loop (line 230) to test the sample
with a total of eight readings. As part of each loop, the
Model 705 command string is read from the DATA state-
ments at the end of the program (line 240), the unit is then
programmed to close the desired crosspoints (line 250),
and the Model 236 is placed in operate. After a two-sec-
ond delay for settling (line 270), a voltage reading is re-
quested from the Model 236 and placed into an array (line
280). The Model 236 is placed in standby, and the
crosspoints are then opened by reading the next com-
mand string (line 300) and then programming the Model
705 accordingly (line 310). The program then loops back
for the next measurement (line 320).

Finally, the program computes both 64 and o5 (lines 340
and 350), and it then calculates and displays the average
resistivity, Gavc (line 370). Note that the Model 705 com-
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mand strings are located in DATA statements at the end

of the program (lines 400-550)

Enter Test
Current and
Thickness

Arm and
Trigger Unit

Close
Crosspoint

Get Voltage
Reading
from Unit

Open
Crosspoints

Calculate and
Display
Resistivities

Figure 7-9.

Program 21 Flowchart
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When the Model 236/237 is in remote sens-

CAUTION before placing the Model 236/237 in operate,
and place the unit in standby before opening

ing, the output voltage will float up to maxi- relays..
mum if the sense leads are open and the unit
is in operate. To avoid possible switch card
damage, always close the appropriate relays

10
20

40

50

60

70

80

30

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
270
380

REM RESISTIVITY TEST PROGRAM REV 1.3 (Program 21)

CLEAR 7 I Clear Unit and scanner

QUTPUT KBD;CHR$(255);CHR$(75); | Clear screen

DIM V(8),Cmdsl25] I Dimension reading array,command string
REM #xxxxx 230 setup (sources I ,measures U) #xt st s srxrxeaxxirretrrs
REMOTE 718 I Put 236 in remote

OUTPUT 71&;5"F1 ,8X" i Source I, DC mode

QUTPUT 71B;"L10,0X" I 10V compliance, autorange measure
QUTPUT 716;"01X" I Remote sense

QUTPUT 716:"6G4 ,2 ,0X" I Measure data,no prefix ,DC data
QUTPUT 7165"T1,0,0,8X" I Continuous trigger on GET

QUTPUT 7163 ”S”Z@X" I Line cycle integration,suppress off
REM **x#%% 705 scanner setup (switches devices) *Ex®xx¥ridrexrxssxs
REMOTE 717 I Put 705 in remote

OUTPUT 7175 "AOBX" I Select matrix mode

INPUT "Enter test current”,Iltest I Input desired test current
QUTPUT 716;5"B"sItest:” ,0,1000X" I Program 236 test current
INPUT "Enter sample thickness (cm)" ,Ts ! Input sample thickness
PRINT "Close lid, press CONT to begin”

PAUSE

QUTPUT 71635 "RIX" ' Arm 236,

TRIGGER 716 I Trigger 236

FOR I=t1 TO 8 I Loop for all eight measurements
READ Cmd$ I Read 705 command string

QUTRUT 717;Cmd% I Close crosspoints

QUTPUT 716 "NIX" I Put 236 in operate

WAIT 2 | Wait two seconds for settling
ENTER 716;U(I) ! Get voltage reading from 236
QUTPUT 7165 "N@DBX" b Put 236 in standby,local sense
READ Cmd$ t Read 705 command stiring

QUTPRUT 717:Cmd$ ! Open crosspoints

NEXT 1 I Loop back for nexi reading

QUTRUT 71635 "N@X" I Put 236 in standby
Pa=(1.1331#Ts*(U(2)+U(4)-U(1)-U(3)3)/Itest | Compute Pa
Ph=(1,1331*Ts*{(U(B)+U(8)-U(5)-U(7)))/Itest ! Compute Pb

PRINT "Pa=";Pa I Display Pa

PRINT "Pb=";3;Pb I Display Pb

PRINT "Device average resistivity=";(PatPb)/2 ! Display resistivity
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420 DATA "CO1:2C02:1C03:23C04:4X"
410 DATA "NOT:ZNO2:1N@Q3:3ND4:4X"
420 DATA "CRZ2:2C01:1C03:3C04:4X"
430 DATA “NQZ:2N@1:1NOQ3:3NQ4:4X"
440 DATA "CRZ2:2C01:3C04:4C04:1X"
450 DATA "NQZ:2N@1:3NQ4:4N@4:1X"
460 DATA "COZ2:3CR1:2C03:4CB4:1X"
47@ DATA "NQZ2:3N@1:2N@3: 4NQ4:1X"
480 DATA "CQZ2:3C01:4C03:1C@4:2X"
430 DATA "N@Z:3NQ1:4N@3: IN@4:2X"
500 DATA "C0Z:4C01:3C03:1C004:2X"
518 DATA "N@Z:4NO1:3N@3:IN@4:Z2X"
520 DATA "CQZ:4C01:1C03:2C04:3X"
530 DATA "NBZ:4NO1:1N@3:2NQ4:3X"
54@ DATA "CO2:1C01:4C03:2C04:35X"
550 DATA "NOZ:1NOQ1:4NOQ3:2ND4:3X"
560 END

330 REM DATA STATEMENTS CONTAINING 7@5 COMMAND STRINGS

74 SOURCE MEASURE UNIT MATRIX
SWITCHING SYSTEM

The small matrix switching system discussed in the last
paragraph has adequate capabilities for many applica-
tions. However, many applications call for a larger
switching matrix. In the following paragraphs, we will
discuss using Source Measure Units with a Model 7072
Semiconductor Matrix Card and a Model 707.

7.41  System Configuration

Figure 7-10 shows a typical configuration for the Source
Measure Unit/matrix switching system. In addition to
two Source Measure Units, the system also includes a
Model 590 CV Analyzer, which can perform CV (capaci-
tance-voltage) tests on semiconductors at 100kHz or
1IMHz. Resulting CV curves can yield important infor-
mation about semiconductors such as doping profile and
depletion depth.
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NOTE
Only Model 236 Units #1 and #2 are used for
the applications example in this section in or-
der to keep the program as simple as possible.

Switching for the system is performed by a Model 7072
Semiconductor Matrix Card installed within a Model 707
Switching Matrix. Each card is organized as an 8 x 12 ma-
trix as shown.

The system can easily be expanded by adding more ma-
trix cards in the mainframe. A total of six matrix cards can
be installed in one mainframe, with easy internal row ex-
pansion (adding more columns to the matrix). For exam-
ple, six cards would result in an 8 x 72 matrix, yielding
72-pin test capability with only one mainframe.

The test fixture used in this system is a Model 8007 Semi-
conductor Test Fixture, although a Model 8006 Test Fix-
ture could be used as well. The Model 8007 is intended
primarily for use with the Model 7072 card, and it in-
cludes 24-pin and 48-pin DIP sockets. The unit has 72-pin
test capabilities, allowing it to support up to six Model
7072 cards.
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8007 Test Fixture
#1 2
D # b #3 5
G G G G =Gate
DUTs S = Source
S [ s D = Drain
Su Su Su Sub = Substrate
OHI
23681 K=
——OL0
owourent { 1° e
ow-Current
Rows I | 236#2 K—
B oLO
I I
I c ! HI
I I 23643 K—
| o | oLo
General-Purpose I I
Rows
| E I OHl 58
| | or other
| F i oLo nstrument
I I
I G —O Output
CV Rows
! =
I H HO Input
I 590 CV Analyzer
___________ 1
1 2 3 4586 7 8 91011 12
7072 Matrix Card &
707 Switching Matrix
‘V'
Computer
Figure 7-10. Source Measure Unit/CV System Configuration
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7.4.2 Test Connections

Figure 7-11 details the test connections for the example in
this paragraph. Note that local sensing is used for both
Source Measure Units. The Source Measure Units are
connected to the matrix card using Model 7078-TRX triax
cables and insulated wire (LO to LO). Note that adapters
must be used to connect the triax cable to the OUTPUT
LO banana jack of Unit #2, as shown in Figure 7-12.

If suitable adapters are available, you could use banana
plug patch cords for LO instead of triax cables.

WARNING
Connect interlock circuits before use. Con-
nect the fixture @ screw to safety earth

ground using #18 AWG minimum wire be-
fore use. Turn off all power before connect-
ing or disconnecting wires or cables.

The Model 8007 test fixture is connected to the matrix
card using the Model 8007-MTC-3 Mass-Terminated Ca-
ble Assembly. A Model 8006 can be used instead; connec-
tions to Model 8006 triax connectors can be made using
Model 7078-TRX triax cables.

7.4.3 Test Configuration

Figure 7-13 shows the test configuration for example Pro-
gram 22 included in this paragraph. The test to be per-
formed is a g vs. Vgs test on three FET devices. Unit #1
sweeps Vs, and Unit #2 sources Vps and measures Ip.
Note that the Model 590 CV Analyzer and Source Meas-
ure Unit #3 shown in Figure 7-11 are not used in this ex-
amplein order to keep the program as simple as possible.

Refer to Section 4 for a complete description of how
transconductance is computed.

NOTE : Connect OUTPUT LO to
chassis on unit #1 only.
236-ILC-3 Interlock Cable
236 Source ' :
Measure uuumumumau@r 592 -O- 000 7072 Matrix
Unit #1 K o] - == (00
(Vas) 2l S & : i
L L 7078 TRX Ceble 1:g Interioch to Unit merodke.
Adapter - 236-ILC-3 Interlock Cable (-2 bef g
Insulated wire —s- P&=1—BNC Cables (7051) :’ o= orevee
236 Source e
Measure | [|JI0NOL0000000NNN el -3 (0o 0 o] [{|| { [npurOutput Connector
Unit #2 - % o0 o = [ oi—l iy
Y/ P —
( DS’ID)Adapter— 7 o’ e 0332000/0
- 8 +
(See Fig. 7-12) 7078-TRX Cables ‘o 0: / Model 8007
o & Test Fixture
o
G
-]
"o °:
® Model 8007-MTC-3 Mass-
Terminated Triax Cable
assembly
WARNING : Connect @ to
safety earth ground using #18 AWG
minimum wire before use.
Figure 7-11. Connections for Example Program 22
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236
Rear Panel
/ Output LO
T / Jack
Banana/BNC  3-Lug TriaxyBNC  3-Slot Triax Cable
(Pomona 1894) (Pomona 5299) (Keithley 7078-TRX)
Figure 7-12. Connecting Triax Cables for OUTPUT LO Using Adapters
FET I
g D

Under Test B4 (DUT #1)
B8 (DUT #2)

A1 (DUT #1) N |z 1 Output |  B12 (DUT #3)

AS (DUT #2) | HI
A9 (DUT #3) /\ .
Q | /] E_ | Unit #2
Output | T Q_/ Vps | St:/urces
HI | Vas DS»
| — y I \Yj Measures

l

N I —— e —— D

Unit #1 8007 Test
Sweeps Fi Output
ixture LO
Ves v
D2 (DUT #1)
® e (DUT #2)
Output D10 (DUT #3)
LO
A4
® = 7072 Crosspoints closed (See Figure 7-10)
Crosspoint depends on DUT (# in parentheses)
Figure 7-13. Program 22 Test Configuration
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74.4 Measurement Considerations
Note that not all rows in the Model 7072 have the same
capabilities: rows A and B are low-current rows (<IpA
offset), rows C-F are general-purpose rows (<20pA off-
set), and rows G and H are designated as CV rows.

Similarly, not all rows have the same path isolation speci-
fications. Rows A and B have the highest path isolation
(>10Q), while rows C through H have a path isolation
that is an order of magnitude lower (>10'2Q).

745 Example Program 22:

Transconductance Test Using
Switching Matrix

Use Program 22 below to generate a typical gg vs. Vgs plot
for one of three FET devices as controlled by the switch-
ing matrix.

1. With the power off, connect both Source Measure
Units and the switching mainframe to the IEEE-488
bus of the computer. Also install the Model 7072 card
in slot 1 of the switching matrix.

2. Connect the units and the test fixture to the matrix
card using suitable triax cables (see Figure 7-11 and
Figure 7-13 for details on test connections and sys-
tem configuration).

3. Turn on both Source Measure Units, and allow them
to warm up for at least two hours for rated accuracy.
Verify that the primary address of Unit #1 issetto 16
and that the primary address of Unit #2 is set to 17.
Also turn on the Model 707 and verify that its pri-
mary address is set to 18.

4. Turn on the computer, then boot up BASIC.

5. Enter the lines from Program 22 below into the com-
puter.

6. Placethedevicetobetested in the desired test fixture
socket, then close the test fixture lid (the device
should have characteristics similar to the 2N4392
used for other examples in this section).

7. RUN the program in the usual fashion, then choose
the device to test when prompted to do so (1-3).

8. Continue the program to test all three devices. For
the selected DUT, the program will step through Vs
values between -2V and 0V using 0.1V steps. Ateach
increment, Ip will be measured using a fixed 10V Vps
value. Once data are collected, a plot of gg vs. Vgs for
the selected device will be displayed on the com-
puter CRT. To test the remaining two devices, rerun
the program.

9. Toreturn to BASIC from the graph of the DUT, press
CONT.
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7.4.6 Typical Program 22 Results

Figure 7-14 shows a typical gg vs. Vgs plot as generated
by the example program.

Gfs VS. Vgs FOR DUT# 3
.8E-82
.6E-@2 T
.S5E-@2
.4E-B2
.3E-82
2E-@2 |
.QE-02
.2E-03 ////
SE-@3
.7E-83 t

.5€-83 - . . - .
-2.0  -1.8  -l1.2 -.8 -4 -8.8

Gfs

U O N B e = s s e e e

Figure 7-14. Program 22 Example Plot

7.4.7 Program 22 Description

Refer to the program listing below and the flowchart in
Figure 7-15 for the following description of Program 22.

Initially, the data arrays are defined (lines 30-50) to hold
20 or 21 reading points. Note that two arrays are used in
this program. The reading array will hold data obtained
from the test instruments, while the plot array will hold
computed gi and Vs values to be plotted. Next, the com-
mand string is dimensioned (line 60).

After the instruments are returned to default conditions
(line 70), Unit #1, which sweeps Vs, is programmed as
follows (lines 100-210):

Source V, sweep mode

1mA compliance, ImA range

Local sense

Source only data format, no prefix, sweep data output
External trigger, one trigger per step, output trigger on
end of measurement

SRQ on sweep done

Start Vgs voltage: -2V

Stop Vs voltage: 0V

Step Vs voltage: 0.1V

Delay: 100msec

Staircase sweep
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Setup

Unit #1

Compute
gfs

Close
Crosspoints

Trigger
Sweep

Get Bus
Status

Open
Crosspoints

Figure 7-15. Program 22 Flowchart
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Unit #2, which sources Vps and measures Ip, is then con-
figured in the following manner (lines 220-320):

Source V, sweep mode

Local sense

100mA compliance, autorange measure

Measure only data format, no prefix, sweep data out-

put

o External trigger, trigger source, output trigger on end
of measurement

e Line cycle integration

¢ Constant sweep, 10V constant Vps value, 21 points

Finally, the Model 707 is placed into remote and reset to
ensure that all crosspoints are open (lines 340 and 350),
and the DUT to be tested is selected (lines 360-440).

After operator signal (lines 450 and 460), both Source
Measure Units are armed and placed into operate (lines
470-480), and the Model 707 is programmed to close the
desired crosspoints (line 500). After a one-second delay
for settling (line 510), Unit #2 is then triggered to start the
sweep by using the immediate trigger command (line
520). Once Unit #2 is triggered, it sets Vps to the pro-
grammed value, and it then triggers Unit #1 (using exter-
nal triggering). Unit #1 then sets Vs to the present value
in its sweep list. Following the prescribed delay period,
Unit #2 measures Ip and then goes on to the next point in
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the sweep. The process repeats until all points in the
sweep have been taken.

While the sweep is being performed, the program waits
in a loop for Unit #2 to generate an SRQ on sweep done
(lines 530 and 540). Once the SRQ occurs, the data are
read into the reading array (lines 560-590), and the Model
707 is programmed to open the presently-closed
crosspoints (line 600). The Source Measure Units are then
placed into standby (lines 610-620).

Next, we encounter the part of the program where the
transconductance values are calculated (lines 670-720).
First, the Vs values are simply transferred from the (I,1)
elements of the reading array to the (I,1) elements of the
plot array (line 680). Next, AVgs values are computed by
subtracting the (I,1) values from the (I+1,1) values (line
690), and Alp values are similarly computed by subtract-
ing (I,2) values from (I+1,2) values (line 700). Finally, each
transconductance value is computed from Alp and AVes
and stored in the corresponding element of the plot array
(line 710).

The maximum and minimum transconductance values
are then determined for Y axis scaling (lines 750-780), and
the data are plotted with gi along the Y axis and Vgsalong
the X axis (lines 800-1110).
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10 REM TRANSCONDUCTANCE-GATE VUOLTAGE TEST PROGRAM REV. 1.3 (Program 22
2 REM INCLUDBES CONTROL OF 707 SWITCHING MATRIX

30 OPTION BASE 1 I First array subscript is 1

4@ OIM Reading(21,2) Dimension reading array (21! pts)
50 DIM Plot_array(20,2) Dimension plot array (20 pts)

b@ DIM Cmd3[251] Dimension command string

7 CLEAR 7 Clear both Units
20 QUTPUT KBD;CHR$(Z255);CHR$(75); Clear screen

100 REMOTE 716 Put Unit 1 in remcte
110 QUTPUT 7163 "FO ,1X" Source V, sweep mode
120 QUTPUT 7185 "L1E-3,7X" ImA compliance, 1mA range
130 QUTPUT 7163 "00X" Local sense
14@ QUTPUT 718653761 .,2,1° Qutput source,no prefix,sweep data
150 QUTPUT 71B:"T3,1,4,0X" External trigger ,out trig end of measure
160 QUTPUT 7165 "M2 X" SRQ on sweep done
1685 QUTPUT 718;"B0@,8 ,2X" Program @ bias value
170 Ugstart=-2.0 Define -2V start Ugs voltage
180 Vgstop=@ Define OV stop VUgs voltage
190 Vgstep=.1 Define 0.1V step VUgs voltage
200 Dly=1020 I Define 1@@msec Unit delay
210 QUTPUT 7165"Qt,";Vgstart;" ,";Vgstops",";Vgstep:",0,"iBly:"X" | Pgm swp
22 REM **+%x Unit 2 setup (sources Vds, measures Id) #xxsxxsxxxxsxtx
230 REMOTE 717 I Put Unit 2 in remote
249 QUTRUT 717:"F@ 1X" b Source VU, sweep mode
250 QUTPUT 717;"00X" I Local sensing
260 QUTPUT 717;"L1RBE-3,0X" I 100mA compliance ,autorange measure
i
{
!
I

!
|
!
|
!
10 REM »x*xx Unit 1 setup (sweeps Ugs ) #¥ ks ¥ ks r kA rea kN k@ AR AR AN NES
!
!
!
|
!
!
!
t
!
!
!
!

270 QUTPUT 717:;"G4,2,1X" Measure ,no prefix,sweep data

280 QUTPUT 7173"T3,1,4,0X" Trig exi,start source,ocut end of meas
290 CUTPUT 717:"S2ZI@X" Line cycle integration,suppress off
285 QUTRUT 717;"BG,0,0X" Program @ bias value

380 Diy=100

310 Vds=10 I Define 10V VUds

320 QUTPUT 717:"Q@,";Vds; " ,0,":Dlys" ,21X" | Constant sweep,2! points
330 REM *xxxxx 707 setup (switches DUTS) *# e ¥k a s ke a ke e e rasinss
340 REMOTE 718 I Put 707 in remote

350 QUTPUT 718;"REX" I Reset 707

360 INPUT "Select DUT to test (1-3)",Dut ! Select DUT to test
378 SELECT Dut

380 CASE 1

380 Cmd®="A1 ,B4,D2"

4100 CASE 2

410 Cmd$="A%,88,06"

420 CASE 3

430 Cmd$="A9 ,B12,010"

440 END SELECT

450 PRINT "Close lid, press CONT to begin test”

450 PAUSE

470 QUTPUT 71B; "RINIX" I Arm Unit 1 trigger,turn on output
480 QUTPUT 717;"RINIX" I Arm Unit 2 trigger ,turn on output
490 PRINT "Generating sweep...”

500 QUTPUT 718;"C";Cmds; "X" I Close crosspoints
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510 WAIT

520 QUTPUT 716; "HBX"

530 STATUS 7,7:S5tat

549 IF NOT BIT(Stat,1@) THEN 530
550 Stat=SPOLL(716) Serial poll Unit 1 to clear SRO
560 FOR I=1 TO 21 Loop for all Z1 readings

I Wait one second for settling

!

}

!

!

i
570 ENTER 716;Reading(I,1) I Get VUgs data from Unit 1

i

|

i

|

|

Trigger Umit 1 to start sweep
Get IEEE-488 bus status
Wait for SRG on sweep done

580 ENTER 717;Reading(I,2) Get Id data from Unit 2

530 NEXT I Loop back for next data point
B20 OQUTRPUT 7183"N";Cmds; "X" Open crosspoints

619 QUTRUT 7165 "NOX" Turn off Unit 1 output

E20 QUTPUT 7175 "N@X" ' Turn off Unit 2 output

E30 PRINT "Press CONT to display graph of selected DUT"

6540 PRINT “Press CONT while in graph to return to BASIC®

650 PAUSE

660 REM COMPUTE TRANSCONDUCTANCE AND STORE IN PLOT ARRAY

670 FOR I=1 TO 20 ' Loop for all gfs points

680 Plot_array(I,1)=Reading(l,1) I Store VUgs in plot array

6306 Delta_vgs=ABS(Reading(I+! 1)-Reading(I,1)) | Compute delta VUgs
700 Delta_id=ABS(Reading{I+! 2 )~-Reading(I.,2)) | Compute delta Id

710 Plot_array(I,2)=Delta_id/Delta_vgs I Compute gfs
720 NEXT I I Loop back for next point
730 Ymin=MAXREAL b Find minimum and maximum gfs value

740 Ymax=-MAXREAL

750 FOR I=1 TO 20

760 IF Plot_array(I,2)<Ymin THEN Ymin=Plot_array(I  2)
770 IF Plot_array(l,2)»Ymax THEN Ymax=Ploi_array(l 2)
780 NEXT I

790 QUTPUT KBD;CHR$(255);CHR$(75); Clear screen

i
800 GINIT I Initialize graphics
810 PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
820 GRAPHICS ON ! Turn on graphics
830 MOVE 40,90 I Title graph

840 LABEL "6fs VS. Ugs FOR DUT#";Dut
g85e¢  MOVE 70,10 !
860 LABEL "Vgs™

Label X axis

870  MOVE 0,53 | Label Y axis
880 LABEL "Gfs"
890 VIEWPORT 30,120,20,85 | Define soft clip limits

900 WINDOW VUgstart ,Vgstop,Ymin,Ymax | Scale graph
g1@ YI=(Ymax-Ymin)/10 I Compute Y axis increment
920 X1=(VUgstop-VUgstart)/10 I Compute X axis increment
350 GRID 2#X1,2+Y1 ,Ugstart , Ymin ! Draw grid

940 AXES X1,Y1 ,VUgstart,Ymin ! Add some tick marks

950 FOR I=1 TO 20 I Plot data

960 PLOT Plot_array(I,1),Plot_array(I,2) ! Plot point

970 NEXT 1

580 CSIZE 4 { Define character size
8990 LORG B ! Center characters
1000 CLIP OFF b Turn off soft clipping
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1010
1020
1030
1040
1859
1069
1079
1080
109¢
1100
111e
1120

FOR I=VUgstart TO Ugstop+.01+*X!
MOVE I ,¥Ymin—-(Y1/4)

LABEL USING "# MD.D";5I

NEXT I

FOR I=Ymin TO Ymax+.@1x*Yl STEP
MOVE Vgstart-(1.3%X1) ,I1+(.3*Y1)
|.ABEL USING "#.,D.DE";1

NEXT 1

PAUSE

QUTPUT KBD;CHR$(255);CHRS(75);
GRAPHICS OFF

END

STEP

Y1

2*X1 | Number X axis

4 Number Y axis

Clear alpha screen
Clear graphics screen
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Optimizing Measurement Speed

8.1 INTRODUCTION

Often, the speed of a measurement is of primary impor-
tance, especially where a large number of points or
sweeps are involved. There are anumber of factors which
can affect the overall speed of any tests you make using a
Source Measure Unit test system. In the following para-
graphs, we will discuss the most important speed-related
factors and give several example programs that demon-
strate programming techniques for optimizing measure-
ment speed.

8.2 FACTORS AFFECTING
MEASUREMENT SPEED

The most important factors that will have an effect on
overall speed are: integration rate, points per sweep, fil-
tering, delay period, autoranging, and data format. Each
of these factors is briefly discussed below.

8.2.1 Integration Rate

For fastest measurements, choose the SO rate, which will
result in the shortest integration period. Note, however,
that resolution will be 4-1/2 digits, and noise will in-
crease in comparison to the longer integration periods.

8.2.2 Points Per Sweep

The number of points per sweep will affect both the ac-
tual measurement time, as well as length of time it takes
to process and transmit the sweep data over the [EEE-488
bus. For maximum throughput, program the unit for as
few points per sweep as possible, while still fulfilling the
test requirements.

8.2.3 Filtering

Adding filtering with the P command will increase meas-
urement time because of the increased number of conver-

sions averaged per reading. Some compromise between
the amount of tolerable noise and measurement speed

may be in order. If filtering is required to minimize noise,
choose the minimum number of averaged conversions
possible.

8.2.4 Delay Period

The programmed delay period between source and
measurement will also affect the measurement speed.
Note, however, that the delay period must be sufficiently
long for the test circuit to settle, or inaccurate measure-
ments will result. One way to determine the optimum de-
lay period is to gradually decrease the delay from some
arbitrarily-long value until a change in measurement val-
ues is noted. Increase the delay slightly from this point
until the change is no longer present.

8.2.5 Autoranging

Autoranging will slow down a sweep in many cases be-
cause of the finite time period it takes for the instrument
to change ranges during a sweep. For that reason, you
should choose an appropriate manual range for both
source and measure if measurement speed is of primary
importance. Obviously, you must select a range that is
high enough to handle the largest value to be sourced or
measured. Also, some degradation in accuracy and reso-
lution may occur when manual ranging is used.

8.2.6  Data Format

The data format affects the speed of data transfer over the
IEEE-488 bus. The binary data format results in faster
transmission than the ASCII data format because fewer
bytes must be transmitted, and because less data process-
ing is on the part of the instrument is required. For that
reason, you should use the binary data format whenever
possible if speed is of primary importance.

Figure 8-1 shows the HP binary data format used by the
Model 236/237. The initial two bytes contain the count of
the total bytes being sent, not including terminators. The
repeated structure includes bytes forsource, delay, meas-
ure, and time stamp values. Note that the data format
should be programmed to eliminate those bytes not re-
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quired for your particular application. In the example
programs in this section, for example, only source and
measure are required, so the instrument is programmed
not to send delay and time values.

With the applications programs in this section, these bi-
nary values are placed into specific BASIC variables.

These variables are also shown in Figure 8-1. Finally,
note that the terminator bytes should be suppressed
when using the binary data format by using the Y4 com-
mand. The controller should normally be programmed to
terminate the input using some other method such as
END or possibly by using the byte count information.

HP Binary Data Format

Count : number of bytes in message
not including terminators.

Source and Measure values are

Basic
Variables
count msb
N
count Isb
repeated structure
Sr source resolution
Shi source value msb
Smid | source value
Sio | source value Isb
Not Used delay value msb

sent in 2's complement notation

delay value Isb

Mr measure status resolution

Mhi measure value msb

Delay and Time stamp values are

Mmid | measure value

positive integers.

Mlo measure value Isb

(time reserved)

Not Used | | lime value msb

time value

time value Isb

end of repeated structure

Not Used selected terminator |

selected terminator |

Figure 8-1.  Binary Data Format




SECTION 8
Optimizing Measurement Speed

Source Resolution

0 Normal
1 Overflow
— Compliance Flag

0 - Not in Compliance
1 - In Compliance

Binary Data Format (Cont.)

Resolution ID V source | Source
0 10uv 10fa
1 100uv 100fa
2 1mv 1pa
3 10mv 10 pa
4 100mv 100 pa
5 (invalid) 1na
6 (invalid) 10na
7 (invalid) 100na
8 (invalid) 1ua
9 (invalid) 10ua

Measurement Status and Resolution

B7 B6 B5 B4 B3 B2 Bt BO

0 V measure

0 Suppress off
1 Suppress on

Same as Source Resolution

8.2.7 Controller Speed Considerations

The controller speed will affect key areas of overall test
performance such as the data transfer itself or any num-
ber-crunching operations required. The HP controllers
used for these applications examples use either DMA or
fast-handshake transfer methods (when using TRANS-
FER), which should result in a substantial improvement
in speed. However, because of the use of the interpretive
BASIC language, the full speed increase potential may
not be realized because of the relatively inefficient bi-
nary-to-decimal conversion process. However, those
with compiled languages such as compiled BASIC or C
should be able to take full advantage of increase in speed
due to binary transfer.

8.3 DIODE TEST USING BINARY DATA
FORMAT

Program 23 below demonstrates the basic techniques for
using binary data transfer. This program is essentially the
same as the diode test program (Program 3) presented in
paragraph 2.6, with modifications to perform binary data
transfer.

8.3.1 Test Configuration

Figure 8-2 shows the test configuration for the diode
characterization test. The Model 236 is used to source the
forward current, I, through the diode under test, and it
also measures the forward voltage, Vg, across the device.

8-3
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236 Unit
Sweep I,

Figure 8-2.

Measure Vg

Diode Characterization Test Configuration

Diode I~ —<—3|—|_
under ~ha | Vv
test | N | VF
I el

8006

Test

Fixture

Banana Plug Patch Cord

Model 8006 Test Fixture

7078-TRX Triax Cabie —|

236-ILC-3 Interlock Cable

®

WARNING : Connect interlock
circuits before using.

— &= wamNNG: Comost O
Ul __U_ﬂﬂ_ﬂﬂ”_ﬂjﬂﬂ ﬂlﬂ ” ”” @ _ a2 = AWG minimum wire before use
-G08, B53ie—

to chassis using link

Figure 8-3.

NOTE : Connect OUTPUT LO

Model 236/237 Source Measure Unit
Program 23 Test Connections

Ir is swept across the desired range of values, and Vr is

measured at each current.

8.3.2 Test Connections

8.3.

3 Example Program 23: Diode
Characterization Using Binary

Transfer

Program 23 below demonstrates the basic programming
techniques for running the diode characterization test
with binary transfer.

Figure 8-3 shows test connections for Program 23.

WARNING

Follow the steps below to use this program.

1.

Connect interlock circuits before use. Con-

nect the fi

2.

screw to safety earth
ground using #18 AWG minimum wire be-

3.

fore use. Turn off all power before connect-
ing or disconnecting wires or cables.

8-4

With the power off, connect the Model 236 to the
IEEE-488 interface of the computer.

Connect the test fixture to the Source Measure Unit
using appropriate cables (see Figure 8-33).

Turn on the Model 236, and allow the unit to warm
up for two hours for rated accuracy. Make sure the
primary address of the unit is set to 16.
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4. Turn on the computer, and boot up BASIC.

5. Enter the lines below into the computer.

6. Installa small-signalsilicon diode suchasa1N914 or
1N4148 in the appropriate axial socket of the test fix-
ture. Be certain that the jumpers are properly in-
stalled, then close the test fixture lid.

7. RUN the program in the usual manner. Enter the de-
sired delay period when prompted to do so. Keep in
mind that the delay period should be long enough to
allow the device to settle properly before each meas-
urement.

8. The computer will program the unit and run the di-
ode test using currents between OuA and 100pA in
14A increments. Trigger

9. Once the sweep has been completed, you will be Unit
prompted to press CONT to generate a plot of the
data. A simple Vg vs. Ir plot will then be displayed on
the computer CRT.

10. To return to BASIC from the graph, press CONT.

8.3.4 Typical Program 23 Results

Figure 8-4 shows typical results obtained using example T:rarztfer
Program 3. These results are for a 1N4148 silicon diode. Data

BINARY TRANSFER DIODE TEST

424 } ///
.37?
.339 / Input Source
.283 and
VF 235 Measure
.188
. 141 Convert
.834 to
pa? | Decimal
¢.200 . ! . . .
0.9E+@ 2.€E-5 4.BE~5 6.BE-5 B.QE-5 1.BE-4
If
Figure 8-4. Example Program 23 Plot

8.3.5 Program 23 Description

For the following description, refer to the program listing
and the flowchart shown in Figure 8-5.

Initially, the OPTION BASE statement is used to declare
that all array subscripts begin with 1 rather than 0 (line
20), and the reading array is then dimensioned for 101
points with two readings each (line 30). The I/O path Figure 8-5.  Program 23 Flowchart
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name is then assigned to address 716 (line 40), and the
transfer buffer is declared (line 50). Next, the Source
Measure Unit is cleared and placed in remote (lines 60
and 70), and the unit is initialized as follows (lines
90-160):

Source I, sweep mode

Local sense, continuous trigger on GET
1V compliance, 1.1V range

Source and measure binary data format, one sweep
per talk

SRQ on sweep done

Suppress enabled

Terminator off

Shortest integration period

Filter off

Start current: OpA

Stop current: 100uA

Step current: IHA

After setup, the operator is prompted to input the desired
delay (line 190), and sweep is then programmed using
the 100pA source range (line 200). The operator is then
prompted to signal the start of the test (lines 210 and 220).
Following the operator signal, the trigger is armed (line
230), and the unit is placed into operate and triggered
(lines 240 and 250). Following the trigger, the program
enters a loop where it repeatedly checks the SRQ line on
the bus to determine when the sweep is finished (lines
270 and 280).

When the unit finishes the sweep, it sets the SRQ line
true, and the program falls out of theloop. The status byte
is then read (line 290) to clear the SRQ, and the unit is
placed in standby (line 300).

At this point, high-speed data transfer is performed by
using the TRANSFER statement (line 310). Note that we
are using the END and WAIT options with the TRANS-
FER statement. The END option dictates termination on
EOI, while the WAIT option suspends program execu-
tion until transfer is complete. After statement execution,
all bytes of the sweep data reside in the @Buf buffer of the
computer.

The first two bytes requested after transfer are the byte
count bytes, which are placed into variable N with the aid
of the “W” image statement (line 320). Although this pro-
gram does not use the byte count, the bytes still must be
read from the buffer in order to update the buffer point-

8-6

ers. In many cases, you may find these bytes useful in de-
termining how many bytes to input from the Source
Measure Unit.

Next a loop is entered (line 330) to input and process all
data bytes into the proper arrays. First, eight bytes are
placed into variables using the appropriate image for
byte values (line 340). These variables are defined as fol-
lows:

Sr (Source Resolution): This variable holds information
on the the source resolution.

Shi (Source High): This variable contains the most-sig-
nificant byte of the source value.

Smid (Source Middle Byte): This variable corresponds
to the middle byte value of the source.

Slo (Source Low): This variable holds the least signifi-
cant byte of the source value.

Mr (Measure Resolution): This variable contains the
measurement resolution, compliance flag, and overflow
information.

Mhi (Measure High): This variable includes the most-
significant byte of the measure value.

Mmid (Measure middle value): This variable holds the
middle byte of the measure value.

Milo (Measure Low): This variable contains the least-sig-
nificant byte of the measure value.

The important part of the binary-to-decimal conversion
process in located in lines 340-390. First, the measure and
source value high bytes are checked to see if they are
negative, by testing bit 7 of the respective high bytes
(lines 350 and 360). If either byte is negative, it is sign ex-
tended to properly convert negative values. Although
there should be no negative values in this application, itis
possible that some small negative offset or noise could
occur.

Next, the measure resolution byte is masked so that its
value represents only the resolution (line 370). The meas-
ure data is converted from binary to decimal (line 380),
and the source value is converted using the same method
(line 390).

After conversion, the source value, which is the forward
current, is located in element (I,1) of the reading array,
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and the measured voltage is in element (1,2) of the read- used to scale the Y axis of the plot. Plotting is performed
ing array. The minimum and maximum measured volt- (lines 510-800), with Vralong the Y axis, and Iralong the X
age values are then found (lines 410-460); these values are axis.
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10

20

50

40

50

6@

70

8@

30

100
11e
120
130
140
150
155
160
170
180
190
200
210
220
240
250
260
270
280
290
300
310
32

330
340
350
360
370
380
290
400
410
420
4350
449
459
469
4779
480
430
500

REM BINARY TRANSFER DIODE CHARACTERIZATION PROGRAM REV. 1.3 (Program 23)
OPTION BASE 1 ! First array subscript is |

DIM Reading(1@1,2) ! Dimension reading array
ASSIGN @D236 TO 716 | Assign I/0 path to 2386
ASSIGN @Buf TO BUFFER [302001 I Assign I/0 path to BUFFER
CLEAR 7 I Clear 2368

REMOTE 716 ' Put 236 in remote

OUTPUT KBD;CHR${(255);CHR$(75)3; I Clear screen

QUTPUT 71B5"F1 ,1X" I Source I, sweep mode
OQUTPUT 71650071 ,0.,0,0X" I Local sense, trigger on GET
QUTPUT 7163"L1T,1X" b 1Y compliance, 1.1V range
QUTPUT 7165"65,3 ,2X" I Source,measure ,binary data

QUTPUT 7185 "M2 ,X" I SRO on sweep done

QUTRPUT 7185 "Z1X" | Enable suppress

QUTPUT 7165"Y450F0X" I Terminator off,fast rate,filter off
QUTPUT 715:"B@,0,8X" I Program @ bias value

Istart=0 I Define QuA start current
Istop=1.00BE-4 I Define 1@QGuA stop current
Istep=1.0E-6 I Define 1ufA step current

INPUT "Enter delay (msec)" ,Dly b Input delay value

QUTPUT 7165"Q1 ,"sIstart;” ,"5Istop;" ,"sIlsteps” ,0,":D1ly;"X" |  Program sueep
PRINT "Close lid, press CONT to begin”

PAUSE I Wait to continue

QUTPUT 71B3"RIX" Arm trigger

!
QUTPUT 71635 "NIX" I Turn on 236 output
TRIGGER 716 I Trigger 236 to start sweep
PRINT "Waiting for sweep to end”
STATUS 7,7:5tat ! Get IEEE-488 bus status
IF NOT BIT(S5tat ,t®) THEN 270 I Wait for SRO on sweep done
Stat=SPOLL{718) I Serial poll 236 to clear SRO
QUTPUT 7165 "N@X" P Turn of f 236 output
TRANSFER @D226 TO @BuUf;END ,WAIT I Transfer from 238 to computer
ENTER @Buf USING "% ,W";sN I Input reading count
FOR I=1 70 101 I Loop for all readings
ENTER ®Buf USING "%.B,B,B.,B,B,B,B,B"35r,5hi Smid,5lc Mr Mhi Mmid,Mlo
IF BIT(Mhi,7) THEN Mhi=BINEOR(Mhi ,-258) | Sign extend measure high byte
IF BIT(Shi,7) THEN Shi=BINEQOR(Shi ,-256) | Sign extend source high byte
Mr=EINAND(Mr 15} I Mask off range bits
Reading(1,2)=(65536*Mhi+256*Mmid+Mlo)*1 . E-5+1@"Mr | Convert measure
Reading(I,1)=(65556+5hi1+256*5mid+510)*1.E-14+12"5r | Convert source
NEXT 1 ' Loop back for next reading
Ymin=MAXREAL I Find minimum and maximum voltage
Ymax=~-MAXREAL
FOR I=1 TO 101
IF Reading(I,2)<¥min THEN Ymin=Reading(l,2)
IF Reading(l 2 )xYmax THEN Ymax=Reading(I,2)
NEXT I
PRINT "Press CONT to display graph”
PRINT "Press CONT while in graph to return to BASIC®
PAUSE
QUTPUT KBD;CHR$(Z55);CHRS(75); b Clear CRT
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510
920
530
540
559
560
570
580
530
=30t
5102
620
B30
6549
5@
660
B70
6£8@
530
700
710
720
730
749
750
760
770
780
730
808
g1e

GINIT

PLOTTER IS CRT,"INTERNAL"
GRAPHICS ON

MOVE 30,35

LABEL "BINARY TRANSFER DIODE TEST®
MOVE 70 1@

LAREL "If"

MOVE @,53

LABEL "Uf"

VIEWFORT 30 ,120,20,85%

WINDOW Istart Istop,Ymin,Ymax
Xi=(Istop-Istart)/ 10
Yi=(Ymax-Ymin)/10

GRID X1+2 . Y1%2 Istart,Ymin
AXES X1,Y1  Istart Ymin

FLOT Reading(*)

CSIZE 4

LORG B

CLIP OFF

FOR I=Istart TO Istop+.@1*Istep STEP

MOVE I ,Ymin—(Y1/4)

LABEL USING "#,D.DESZ";I

NEXT I

FOR I=Ymin TO Ymax+.01*Y1 STEP Y
MOUVE Istart-C1.3«X1) I+(.3%Y1)
LABEL USING "# ,MDD.ODD";I

NEXT 1

FALSE

OUTPUT KBD;CHR$(Z55):;CHR$(75);
GRAPHICS OFF

END

i
i
[
n
|
i
[
|
|

!

Initialize graphics
Define plot to CRT
Turn on graphics
Title graph

Label X axis
Label Y axis

Define soft clip limits
Scale graph

Compute X axis increment
Compute Y axis increment
Draw grid

Add some tick marks

Flot data

Define character size
Center characters

Turn off soft clipping
2#*X1 | Number X axis

Number Y axis

Turn off alpha display
Turn off graphics display
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8.4 COMMON-EMITTER CHARACTER-
ISTICS USING BINARY DATA
TRANSFER

Program 24 shown below is essentially the same program
as discussed in Section 3 (Program 4) with modifications
necessary to use binary data transfer. The following para-
graphs give an overview of this program and how to run
it.

8.4.1  Test Configuration

Figure 8-6 shows the test configuration for the common-
emitter characteristic tests. Unit #1 sweeps Is across the
desired range, and Unit #2 sweeps Vg and measures Ic.
Note that an NPN transistor is shown as part of the test
configuration. A small-signal NPN transistor with an ap-
proximate current gain of 500 (2N5089) is recommended
for use with the test program below.

8.4.2 Test Connections

Figure 8-7 shows the test connections for Program 24.

WARNING
Connect interlock circuit before use. Con-

nect fixture @ screw to safety earth ground

using #18 AWG minimum wire before use.
Turn off all power before connecting or dis-
connecting wires or cables.

8.4.3 Measurement Considerations

The selected delay period should be sufficiently long to
allow the device to completely settle before each meas-
urement. Also, it may be necessary to change the pro-
grammed current values to optimize the tests for a par-
ticular device.

8.4.4 Program 24: Common-emitter
Characteristics Using Binary

Transfer

Program 24 below can be used to run common-emitter
characteristic tests on small-signal NPN transistors using
binary transfer to read data.

In order to run the program, follow the steps below.

1. With the power off, connect both Model 236 Source
Measure Units to the IEEE-488 interface of the com-
puter.

2. Connect the test fixture to both Source Measure
Units using appropriate triax cables (see Figure 8-7).

3. Turn on both Model 236 Source Measure Units, and
allow the units to warm up for two hours for rated

Transistor |
Under Test = ¢
— X_. +— Output HI
I l
I —— | F|/\ | I Unit #2
I N VCE l Sweep Vce
Output HI | L y | V Measure |
L1 __
Unit #1 8006 Test Output LO
Sweep I Fixture
Output LO
A\
Figure 8-6.  Test Configuration for Common-emitter Tests
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NOTE : Connect OUTPUT LO 236 Source Measure Unit #1

to chassis using link on Unit <

#1only A

Banana Plug Patch Cord
7o;q-mx .
Tiax -ILC- WARNING : C interlock
Cable 7°g;blBe’:C N x lngﬁncl:'r( caable circuits before l?sr::sd et
9.9
236 Source
Measure Unit #2 236-ILC-3 Safety
Interlock Cable
7o_7rq-TRx
c ; I;: Banana Plug Patch Cord
=@ @ BEas pOO
@ e 00 e 0@
D 0 O mo= _ @ @.m
Model 8006 Test Fixture @
WARNING : Connect @ to
safety earth ground using #18
Figure 8-8.  Program 24 Test Connections AWG minimur wire before use.

accuracy. Make sure the primary address of Unit #1 8.4.5 Typical Program 24 Resulits
is set to 16 and that the primary address of Unit #2 is

set to 17. Figure 8-9 shows typical results generated by example

‘51' E‘;{;iﬁ;ﬁ:zﬁg&;ﬁgi& 0::7’; up li‘:‘rsm' Program 4. A 2N5089 NPN silicon transistor was used to
. w m .
6. Install a small-signal NPN silicon trl:;nsistor suchasa generate these test results.
2N5089 in the appropriate transistor socket of the
test :ﬁthre}-lBe Cfrtailil that thﬁe;jumpﬁ(ris are properly BINARY TRANSFER COMMON EMITTER TEST
installed, then close the test fixture lid.
7. RUN the program in the usual manner, and type in 2.68E-02 —
the desired delay period when prompted to do so. 2.416-22} |
The computer will program both Source Measure 2. 15E-22 K”
Units and run the common-emitter characteristic 1.88E-22 | r————-//
test on the device. The base current will be swept be- 1.61E-82 —
tween 10pA and 50pA in 10pA increments, and the Ie | 3402 ("'_
value of Vg will be swept between 0V and 10V in 1.07E-82
0.1V increments. 8.05E-03
8. Once the sweeps have been completed, you will be 5.36E-23
prompted to press CONT to generate a plot of the 2.50e-03f
data. A simple Ic vs. Vcz plot will then be displayed 0.g0E+0a— . . . '
on the computer CRT, with separate curves for each et 2 3 4 3ce s 7 &8 s 10
Is value.
9. To return to BASIC from the graph, press CONT. Figure 8-9.  Example Plot for Test Program 24
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8.4.6 Program 24 Description

For the following program description, refer to the pro-
gram listing below and the flowchart shown in
Figure 8-9.

Initially, the reading array is dimensioned (line 30) as a
three-element array that will hold five sweeps of 101
points each, with two readings for each point. The I/O
path and transfer buffers are then assigned (lines 40 and
50), and, both Source Measure Units are returned to de-
fault conditions by a DCL command (line 60). Unit #1,
which sweeps I, is set up as follows (lines 90-180):

Source I, sweep mode

1V compliance, 1.1V range

Local sense

Trigger on GET, one step per trigger, output trigger at
end of delay

Start Is current: 10pA

Stop Is current: 50pA

Step I current: 10uA

Delay: user-programmed

Staircase sweep (limits determined by start, stop, and
step current)

Following Unit #1 setup, Unit #2, which sweeps Vcg and
measures L, is programmed as follows (lines 200-320):

Source V, sweep mode

Local sensing

100mA compliance, 100mA range

Source measure binary data format, complete sweep
per talk

SRQ on sweep done

Suppress enabled

Terminator off

Fastest integration rate

Filter off

Trigger on external, one sweep per trigger

Start Vce voltage: 0V

Stop Ve voltage: 10V

Step Vcx voltage: 0.1V

Staircase sweep (limits determined by start, stop, and
step voltage)

Once the two units are ready to go, both unit triggers are
armed and the units are placed into operate (lines 350 and

8-12

Trigger
Unit #1

Transfer
Sweep
Data

Input Source |:
and :
Measure

Figure 8-9.

Program 24 Flowchart
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360). The main programming loop is then entered to gen-
erate the five Is curve sweeps (line 370).

To initiate each Iy curve sweep, Unit #1 is triggered over
the bus by the IEEE GET command (line 390). This trigger
causes Unit #1 to output the next programmed Is current
step. Following the programmed delay period, Unit #1
outputs a trigger pulse, which triggers Unit #2 tobegin its
sweep through all programmed V¢g values. At each Vg
value, Unit #2 measures I, and stores the data until the
sweep is done.

In order to synchronize the program with each sweep,
the program enters a loop to wait for Unit #2 to generate
an SRQ (lines 400 and 410) when it has finished a sweep.
Once each sweep has finished, Unit #2 is serial polled to
clear the SRQ line (line 420).

At this point, the high-speed data transfer is performed
by using the TRANSFER statement (line 430), again using
the END and WAIT options with the TRANSFER state-
ment. The first two bytes requested after transfer are the
byte count bytes, which are placed into variable N with
the aid of the “W” image statement (line 430). Once again,
these bytes are not used by the program, but they still
must be read from the buffer in order to update the buffer
pointers.

Next a loop is entered (line 450) to input and process all
data bytes into the proper arrays. First, eight bytes are
placed into variables using the appropriate image for
byte values (line 460). These variables are defined as fol-
lows:

Sr (Source Resolution): This variable contains informa-
tion on the the source resolution.

Shi (Source High): This variable contains the most-sig-
nificant byte of the source value.

Smid (Source Middle): This variable contains the middle
byte of the source value.

Slo (Source Low): This variable holds the least signifi-
cant byte of the source value.

Mr (Measure Resolution): This variable contains the
measurement resolution, compliance flag, and overflow
information.

Mhi (Measure High): This variable holds the most-sig-
nificant byte of the measure value.

Mmid (Measure Middle Value): This variable contains
the middle byte of the measure value.

Mlo (Measure Low): This variable contains the least-sig-
nificant byte of the measure value.

After the information is transferred to the respective vari-
ables, bit 7 of Mhi and 5hi are checked to determine if the
values are negative. If so, the respective bytes are sign ex-
tended to convert to negative (lines 480 and 490). We are
assuming that any negative values are the result of offsets
or noise because all normal measured values are as-
sumed to be positive.

The measure and source values are then converted to
decimal (lines 500-510). After conversion, the source
value is located in element (I,1) of the reading array, and
the measured current is in element (I,2) of the reading ar-
ray. The minimum and maximum measured collector
current values are then found (lines 590-690), and data
are then plotted (lines 680-1020).
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REM BINARY TRANSFER COMMON EMITTER PROGRAM REV. 1.3 (Program 24)

OPTION BASE 1 t First array subscript is |

DIM Reading(5,1@1,2) Dimension reading array (5 swps,181 pis)
ASSIGN BDZ3E TO 717 Assign I/0 path to Unit 2

ASSIGN @Buf TO BUFFER [25601 Assign I/0 path to BUFFER

CLEAR 7 Clear both Units

QUTPUT KBR;CHR$(255);CHR$(75); Clear screen

REMOTE 718 Put Unit 1 in remote
QUTPUT 71B65"F1 1X" Source 1, sweep mode
QUTRUT 71Bs"L1T ,1X" 1V compliance, 1.1V range

Local sense

GET trigger cvele,out trig end of delay
Program © bias value

Define 10uA start Ib current

QUTPUT 7165 "00X"
OQUTPUT 71&3"T1,1,2,0X"
QUTPUT 716:"B6G,0,0X"
Istart=1.0E-5

!
!
|
f
!
REM #x%xx Unit | setup (sweeps Ih) #* ¥ s x s s ¥ s # 6 ¥ 04X XXX L XX XX
!
!
!
1
!
|
!
|
!
1

Istop=5.0E-5 Define 50uA stop Ib current

Istep=1.0E-5 Define 1QuA step Ib current

INPUT "Enter delay (msec)"” ,Dly Input delay for both Units

QUTPUT 716;"Qt,"iIstart;" ,"sIstops;”,"1Isteps;" ,0,"sDly;"X" ! Program sweep
REM #+xx% Unit 2 setup (sweeps Uce, measures Ic) #xixarrxsrdrrss

REMOTE 717 I Put Unit 2 in remote

QUTPUT T717;"F@,1X"
QUTPUT 717;"0@X"

QUTPRUT 717;"L1QBE-3,9X"
QUTPUT 7173;"65,3,2X"
QUTPUT 7173"M2 X" SRO on sweep done
QUTPUT 717;"B0 ,0 ,0X" Program @ bias value

I Source U, sweep mode

!

|

1

!

!
OUTPUT 717;"Z1X" | Enable suppress

!

i

|

|

)

Local sensing
10@mA compliance,10®mA range
Source ,measure ,binary,sweep data

QUTPUT 717;"7T3,0,0 ,0X" Trigger on external
QUTPUT 7173 "Y450PBX" Terminator off ,fastest rate,no filtering

Ustari=0 Define @V start Uce

Ustop=1@ Define 18V stop VUce

Ustep=.1 | Define @.1V step Vce

QUTPUT 717:"Q1,"sVUstart;" ,"sVUstops”,"sVUsteps” ,8,";D1vs"X" | Program sueep
PRINT "Close lid, press CONT io begin test®

PAUSE

QUTPUT 7163 "RINIX" I Arm Unit 1| trigger ,turn on output
QUTPUT 7175 "RINIX" b Arm Unit 2 trigger, turn on output
FOR I=1 TO 5 I Loop for five Ib curves

PRINT "Generating sweep”;l

TRIGGER 716 Trigger Unit to start sweep

!
STATUS 7.,7;5tat | Get IEEE-488 bus status
IF NOT BIT(Stat ,1@) THEN 400 I Wait for Unit 2 SRO on sweep done
|

Stat=SPOLL(717) I Serial poll Unit 2 to clear SRQ
TRANSFER @D236 TO @Buf;END ,WAIT ! Transfer from Unit 2 to computer

ENTER @Buf USING "% ,W";N I Bet count info

FOR J=1 TO 191 ! Loop for all 10t readings

ENTER @Buf USING “%,B,B,B,B,B.B,B,B":;5r,Shi,Smid,Slo,Mr Mhi Mmid,Mlo
Mr=BINAND(Mr ,15) I Mask off range bits )

IF BIT(Mhi,7) THEN Mhi=BINEOR(Mhi ,-256) | Sign extend measure high byte

IF BIT(Shi,7) THEN Shi=BINEOR(Shi,-256) ! Sign extend source high byte
Reading(1,J,2)=(B5536*Mhi+256+*Mmid+Mlo)#1 . E-14%1@"Mr | Convert measure
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510
520
530
549
55@
569
57@
580
5390
6500
610
620
630
6540
655@
660
670
580
690
700
e
720
730
740
750
76@
770
780
730
800
810
820
830
840
850
g86@
870
g8@
890
500
310
920
8930
940
950
960
376
589
390
1000
1210
1020
1030

Reading(1,J,1)=(65536*5hi+256+5mi
NEXT J !

NEXT I !

QUTPUT 716; "N@X" !

OQUTPUT 71735 "N@X" !

PRINT "Press CONT to display grap
PRINT "Press CONT while in graph

PAUSE

¥Ymin=MAXREAL !

Ymax=-MAXREAL

FOR I=1 TO 5

FOR J=t TO 1@1

IF Reading(I,J,2)<Ymin THEN Ymin=
IF Reading(I,J,2)>Ymax THEN Ymax=
NEXT J

NEXT I

QUTPUT KBD:;CHR$(255);CHR®(75); |

GINIT |

PLOTTER IS5 CRT,"INTERNAL" i

GRAPHICS ON

MOVE 10,85 I

LABEL "BINARY TRANSFER COMMON EM

MOVE 702,18 !

LABEL "Uce"

MOVE @,53 |

LABEL “Ic”

VIEWPORT 30,1208,20,85 !

WINDOW VUstart ,Ustop,Ymin,Ymax !

Yi=(Ymax-Ymin}/ 1@ !

X1=(VUstop-VUstart)/10

GRID Z2+X1,2*Y1 Ustart ,Ymin ]

AXES X1.,Y1 ,Ustart,Ymin !

FOR I=t TO & !

FOR J=t T0O 101 |

PLOT Reading(I,J,!),Reading(I,J,2
NEXT J !

PENUP

NEXT I 1

CSIZE 4 !

LORG B !

CLIP OFF {

d+Slo)+*} .E-5%#18"5r1 Convert source value
Loop back for next reading

Loop back for next Ib value

Turn off Unit 1 output

Turn. of f Unit 2 output

R

to return to BASIC"

Find minimum and maximum Ic value

Reading(I ,J,2)
Reading(I,J,2)

Clear screen
Initialize graphics
Define plot to CRT
Turn on graphics
Title graph

TTER TEST"

Label X axis

Label Y axis

Define soft clip limits
Scale graph
Compute Y axis increment

Draw grid

Add some tick marks

Loop for all five curves

Loop for all 101 points per curve
} I Plot point

Plot next point

Plot next curve
Define character size
Center character
Turn off soft clipping

FOR I=VUstart TO Ustopt+.01*Ustep STEP X1 | Number X axis

MOVE I.,Ymin-(Y1/4)

LABEL USING "#,K"3I

NEXT I

FOR I=Ymin TO Ymax+.81xY1 STEP Yi

MOVE VUstart-(1.3*X1) , I+{.3*%Y1)
LABEL USING "#,MD.DDE";1

NEXT 1

PAUSE

QUTPUT KBD;CHR$(Z255);CHRS(75); !
GRAPHICS OFF !
END

I Number Y axis

Turn off alpha display
Turn off graphics display
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8.5 SELF-BIAS THRESHOLD TEST WITH
PLOTTING AND BINARY TRANSFER

The following paragraphs discuss the self-bias threshold
test with added Vr vs. Ip plotting and binary transfer for
maximum speed.

8.5.1 Self-bias Threshold Test Configu-

ration

Figure 8-10 shows the general test configuration for the
self-bias method of threshold voltage tests. Unit #1
sources the drain current, which is assumed to be the
same as the source current, and it also measures the
threshold voltage, Vr. Unit #2 sources Vps. This arrange-
ment allows very rapid threshold voltage measurement
(milliseconds per reading) at very low currents, and it can
be used with both enhancement-mode and depletion-
mode FETs. Note that the high-impedance sensing cir-
cuits and the floating capabilities of the Models 236/237
are key characteristics that allow this special configura-

WARNING

When a Model 236/237 is programmed for re-
mote sensing, hazardous voltage may be pre-
sent on the SENSE and OUTPUT terminals
when the unit is in operate regardless of the
programmed voltage or current. To avoid a
possible shock hazard, always turn off all
power before connecting or disconnecting
cables to the Source Measure Unit or the as-
sociated test fixture.

NOTE
Both Vps and Ip must be programmed with re-
versed polarity because of the connection con-
figuration used. For example, for an N-chan-
nel FET, both Vps and Ip must be negative.
These values will result in proper biasing of
the DUT. Also, the sign of the measured Vr

tion to be used. value will be reversed.
FET
Under Test
« | | Sense

| D | LO Output LO

| Gﬁé |

NGV .

| | Unit #2

| S | \ Sources - Vps

T _8053 Test
NOTE : Do not Fixture Sense | QOutput HI
connect DUT source HI
to chassis ground for
this test (Remove link
between LO and Output HI
chassis of Unit #1).

I Unit #1
Sources Ip (= Ig)
V] Measures V1
Output LO

Figure 8-10. Test Configuration for Self-Bias Threshold Tests
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8.5.2 Self-bias Method Measurement

Considerations

There is a limit as to the maximum voltage that can ap-
pear between the sense and source leads of each Source
Measure Unit. For that reason, the maximum threshold
voltage that can be measured with this method is defined
as follows:

Vatax = 12-10 (E)
VEs

Where  Vmax = maximum threshold voltage

Vps = Unit 2 Vps value
Vs = full scale voltage range of Unit #2

For example, if Vps has a value of 5V with the unit on the
11V measurement range, the maximum voltage is:

Vmax = 12-10(5/11) =7.45V

From this relationship, it can be seen that the voltage
range of Unit #2 should be set as high as possible.

8.5.3 Program 25: Self-bias Threshold

Voltage Tests with Plotting and
Binary Data Transfer

Use Program 25 below to perform the self-bias threshold
voltage test.

1. With the power off, connect both Source Measure
Units to the IEEE-488 bus of the computer.

2. Connect both units to the test fixture with suitable
triax cables using Figure 8-10 as a guide (refer to
Figure 8-7 for physical test connections. Note that re-
mote sensing connections are used for Unit #2, and
that both OUTPUT LO and SENSE LO of Unit #2 are
connected to the drain of the device under test. With
this configuration, it will be necessary to program
negative Vpg and Ip values in order to properly bias
the DUT.

3. Turnonbothunits, and allow them to warmup for at
least two hours for rated accuracy. Verify that the
primary address of Unit #1 is set to 16; the primary
address of Unit #2 should be set to 17.

4. Turn on the computer, then boot up BASIC.

5. Enter thelines from Program 25 below into the com-

uter.

6. lglace the desired N-channel (enhancement-mode or
depletion-mode) FET in the appropriate transistor
socket. Install the correct jumpers (using Figure 8-10
as a guide), then close the test fixture lid.

7. RUN the program in the usual fashion. The com-
puter will program Unit #1 to step through Ip current
values between —1pA and —100pA at —1pA incre-
ments, using a Omsec user delay for maximum speed
and a fixed Vps value of -10V.

8. After data are collected, the computer will display a
graph of Vr vs. Ip, with both Vr and Ip sign adjusted
for correct polarity.

8.5.4 Typical Program 25 Results

Figure 8-11 shows a typical plot generated by Program
25. The FET used for this example was a 2N4392 N-chan-
nel JFET.

vVt VS. Id

-3.445
-3.494
-3.542
-3.581
-3.640
-3.688 t+

~3.737
-3.786 -///
-3.834
-3.883 /

-3.931 . . . . .
1.@E-6 2.1E-5 4.1E-5_6.BE-5 B.@E-5 1.BE-4
Id

VvVt

Figure 8-11. Typical Program 25 Results

8.5.5 Program 25 Description

Refer to the program listing below and the flowchart in
Figure 8-12 for the following description of Program 25.

Initially, the data arrays and I/O paths are set up (lines
30-60), and then instruments are returned to default con-
ditions (line 70). Next, Unit #1, which sources Ip and
measures Vr, is programmed as follows (lines 100-220):

Source I, sweep mode

10V compliance, 11V range
Local sense

Trigger on GET, continuous
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Speed

Get Bus
Status

Fast
Transfer
Data

Figure 8-12. Program 25 Flowchart

SRQ on sweep done

Start Ip current: -1pA

8-18

Source, measure data, no prefix or suffix, binary data
Terminator off, fastest integration rate, filter off

Stop Ip current: —-100uA

e Step Ip current: ~1pA
¢ Delay: Omsec

Next, Unit #2, which sources Vpsis then configured in the
following manner (lines 240):

Source V, dc mode

Remote sensing

100mA compliance, 100mA range
Trigger on GET, continuous

—10V fixed Vps value

After operator signal (lines 310 and 320), both Source
Measure Units are armed and placed into operate (lines
330 and 340) and triggered (lines 350 and 360). The pro-
gram then enters a loop to wait for Unit #1 to generate an
SRQ (lines 370 and 370. After the SRQ, Unit #1 is serial
polled to clear the SRQ (line 390), and both units are
placed into standby (lines 400 and 410).

Unit #1 data is then transferred to the computer buffer
(line 420), and the byte count is read from the buffer to
update the buffer pointer (line 430). Next, the main input
and conversion loop are set up (lines 440-510). Initially,
all eight bytes of a reading are read from the buffer into
BASIC variables (line 450), and the source and measure
values are check to see if they are negative (lines 460 and
470). If so, the corresponding byte is sign extended to
properly convert to a negative value. After this conver-
sion, the measure resolution byte is masked to recover
the resolution bits (line 480), and the source and measure
values are converted to decimal and, at the same time,
sign adjusted for correct polarity (lines 490 and 500).

After conversion, the maximum and minimum Vt values
are determined (lines 520-570), and data is plotted as
usual (lines 610-910).

8.5.6 Modifying Program 25

As written, the program tests for threshold voltages at
100 values of of Ip between ~1pA and —100pA at—1UA in-
crements (as pointed out previously, the programmed
drain currents must be negative with an N-channel de-
vice because of the test configuration used). These values
can be changed to the required values simply by modify-
ing the corresponding variables in the program.

8.5.7  Self-bias Threshold Test Using
Log Sweep

Often, the required sweep range is too large for a linear
sweep. In such cases, a log sweep can be used. Program
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26 is a modified version of Program 25 which will gener-
ate a plot of Vr vs. Ip using a range of Ip between 1nA and vt vS, Id
100pA with 10 points per decade. Aside from the changes
required to accommodate a log sweep, the other impor- T3.445
tant changes include the use of line cycle integration as
well as a 200msec delay period because of the low cur- “3.811
rents involved. Figure 8-13 shows an example plot gener-
ated by this program. vy 7R
-3.942
-4.108
e 10 g7 18’ 1e” e
Figure 8-13. Program 26 Example Plot
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300

REM SELF BIAS THRESHOLD VOLTAGE

TEST PROGRAM REV. 1.3 (Program 25)

REM INCLUDES BINARY TRANSFER AND PLOTTING OF VUit VS. Id

OPTION BASE t

DIM Reading(106,2)

ASSIGN @8D238 TO 716

ASSIGN @eBuf TO BUFFER [30001
CLEAR 7

QUTPUT KBD;CHR$(255);CHR$(75);
REM *x»xx Unit 1 setup (sources

| First array subscript is 1

! Dimension reading array

I Assign I/0 path to 2368

! Assign I/0 path to BUFFER

I Clear both Units

I Clear screen

~1d, measures Ut ) R EEEEEEEEREE RS

REMOTE 716 I Put Unit 1 in remote

QUTPUT 718s5"F1 ,1X" | Source I, sweep mode

QUTPUT 71B;"L1@,2X" I 10V compliance, 11V range

QUTPUT 7163"0BZ0X" | Local sense,suppress off

QUTPUT 716;"T1,0,0,0X" | GET trigger ,continuous

QUTPUT 71B:;"65,3,2X" | Source ,measure ,binary data

QUTPUT 71B3"M2 X" | SRQ on sweep done

QUTPUT 7165"Y45@P0OX" | Terminator off ,fast rate,filter off
QUTPUT 716:;"B0@,0,0X" | Program @ bias value
Istart=-1.0E-6 I Define —-1ufA start current
Istop=-1.00E-4 { Define —-1@@QuA stop current
Istep=~1.0E-6 I Define -1uA step current

Dly=0 | Define @ sec Unit delay

QUTPUT 7163"Q1 ,";5Istart;","sIstops” ,"sIstep;" ,8,";Dly;"X" | Pgm suwp
REM ##%%% Unit 2 setup (sources —Uds) ¥+ rkx i xxsefdxstixaieriensss
REMOTE 717 Put Unit 2 in remote

QUTPUT 717;"F@,0X"
QUTPUT 717;"01X"

QUTPUT 717;"L1@@E-3,3X"
QUTPUT 7175;"71.,8.,@,0X"
Uds=-10@

QUTPUT 717 ;"B";Vds;",3,";Dly;"X" !

i

} Source V, DC mode

I Remote sensing

I 100mA compliance,1@BmA range
I Get trigger, continuous

I Define —1@V Uds value

Program DC, 110V range,delay

PRINT "Close lid, press CONT to begin test”

PAUSE

QUTRPUT 71B;"RINIX"

QUTPUT 7173 "RINIX"

TRIGGER 717

TRIGGER 716

STATUS 7,7:51at

IF NOT BIT(Stat,1@) THEN 370
Stat=5POLL(718)

QUTPUT 7165 "NOX"

QUTPUT 717;"N@OBX"

Arm Unit 1 trigger,turn on output

trigger,turn on cutput
Trigger Unit 2
Trigger Unit 1

!
|
!
i
I Get bus status
|
]
!
]

"

Arm Unit 2

Wait for SRQ
Serial poll Unit 1
Turn off Unit 1
Turn off Unit 2

to clear SRQ
output
output ,local sense

TRANSFER @®DZ236 TO @Buf;END,WAIT | Fast transfer data to computer

ENTER @Buf USING "% ,W";iN
FOR I=1 TO 100
ENTER @Buf USING "%,8,B.,B,B.B.B

IF BIT(Mhi,7) THEN Mhi=BINEQOR(Mhi ,-256) !
IF BIT(Shi,7) THEN Shi=BINEOR(S5hi ,-256) !

Mr=BINAND(Mr ,15)

Reading(I,2)=-(B5536*Mhi+256+Mmid+Mlo)*1 . E-G*10"Mr |

{ Input reading count

I Loop for all readings

,B,B"35r ,5hi ,Smid,S51lo ,Mr Mhi Mmid Mlo
Sign extend measure high byte
sign extend source high byte
I Mask off range bits

Convert measure

Reading(I,1)=-(B5536*5hi+256+Smid+Slo)*1.E-14%10"Sr | Convert source

8-20




SECTION 8

Optimizing Measurement Speed

510
520
530
540
550
56@
57@
580
530
600
61@
EZ0
530
640
6550
660
670
580
690
700
710
720
730
740
750
760
770
780
7390
800
810
820
830
840
850
860
870
880
830
300
910
520

NEXT 1 b Loop back for next reading
Ymin=MAXREAL P Find minimum and maximum Ut
Ymax=~MAXREAL

FOR I=1 TO 1082

IF Reading(I,2)<Ymin THEN Ymin=Reading(I,2?

IF Reading(I,2)»Ymax THEN Ymax=Reading(I,Z)

NEXT 1

PRINT "Press CONT to display graph”

PRINT "Press CONT while in graph to return to BASIC"®

FAUSE

QUTPUT KBD;CHR$(255);CHR$(75); Clear CRT
GINIT Initialize graphics

!
!
PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
GRAPHICS ON I' Turn on graphics

!

MOVE 55,395 Title graph

LABEL "Vt Vs, Id”

MOVE 70,10 I Label X axis

LABEL "Id"

MOVE 0,53 I Label Y axis

LABEL "yt

VIEWPORT 30,120,20,85 I Define soft clip limits

WINDOW -Istart ,-Istop,Ymin,¥max | Scale graph
Xl=(Istart-Istop)/1@ I Compute X axis increment
Yi={Ymax-Ymin)/10 I Compute Y axis increment
GRID X1+2 Y1+#2 -Istart.Ymin I Draw grid
AXES X1,Y1 ,~Istart ,Ymin ! Add some tick marks

|

!

|

PLOT Reading(*) Plot data

C5IZE 4 Define character size

LORG & | Center characters

CLIP OFF I Turn off soft clipping

FOR I=-Istart TO -Istop+.@1*(-Istep) STEP 2#X} I Number X axis

MOVE I,Ymin-(Y1/4)

LABEL USING "# ,D.DESZ";I

NEXT 1

FOR I=Ymin TO Ymax+.01+*Y1 STEP Y1 | number Y axis
MOVE -Istart—(1.3%X1),I+(.3%Y1)

LABEL USING "# ,MDD.DDD";I

NEXT I

PAUSE

QUTPUT KBD;CHR$(255);CHR3(75); | Turn off alpha display
GRARHICS OFF I Turn off graphics display
END
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10

2
30
40
50
6@
70
80
30
100
110
120
130
140
150
16@
170
175
180
190
200
210
220
23
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
39@
400
410
420
430
440
450
460
470
480
490
500

REM LOG SWEEP SELF BIAS THRESHOLD VOLTAGE PROGRAM REV. 1.3 (Program 26)
REM INCLUDES BINARY TRANSFER AND PLOTTING OF Ut US. Id
OPTION BASE 1 I First array subscript is |
DIM Reading(51,2 I Dimension reading array
ASSIGN @DZ236 TO 7186 I Assign I/0 path to 236
ASSIGN @Buf TO BUFFER [36001 ! Assign I1/0 path to BUFFER
i
i

CLEAR 7 Clear both Units

QUTPUT KBD;CHR$(255);CHR$(75); Clear screen

REM »*xx+¢ Unit 1 setup (sources —-Id, measures —Ul) **xxsrxsrrxrxsx
REMOTE 7186 Put Unit 1 in remote

QUTPUT 716;3"F1,1X"
QUTPUT 716;"Lt@,2X"
QUTPUT 716;5"00Z0X"

I
I Source I, sweep mode
' 10V compliance, 11V range
! Local sense,suppress off
QUTPUT 7163"7T1.,@,8,8X" I GET trigger ,continuous
QUTPUT 716;5"65,3 ,2X" I Source,measure ,binary data
OQUTPUT 718;"M2 X" I SR on sweep done
QUTPUT 7165 "Y482P0OX" I Terminator off ,line cycle,filter off
OUTPUT 716;"B0,@ ,0X" ! Program @ bias value
Istart=-1.0E-9 I Define —-1nA start current
Istop=-1.00E-4 I Define —10QuA stop current
}
!

Points=1 19 points per decade
Dly=200 Define 200@0msec Unit delay

QUTPUT 71B6:"Q2,"sIstart;” ,"sIlstops”,";Points;" ,0,"sD1lys;"X" | Pgm LOG suwp
REM #*2xx%x Unit 2 setup (sSources —UdsS) * st i s s r b xc e ¥ ek E kN ¥ %%

REMOTE 717 Put Unit 2 in remote
OUTPUT 717;"F@,0X" Source YV, DC mode

QUTPUT 717;"L10Q@E~-3 ,3X" 100mA compliance,1@@mA range

I
!
QUTPUT 7175"01X" I Remote sensing
I
CUTPUT 7175:"T1,0,0,0X" | Get trigger, continuous

Uds=-1@ I Define -1QV Vds value

QUTPUT 717 ;"B";Vds;",3,";Dly;"X" ! Program DC, 110V range,delay
PRINT “Close lid, press CONT to begin test®

PAUSE

GUTPUT 71683 "RINIX"
QUTPUT 7173 "RINIX"
TRIGGER 717 Trigger Unit 2
TRIGGER 716 Trigger Unit 1

b Arm Unit 1 trigger ,turn on output

|

!

|
STATUS 7,7;5tat } Get bus status

!

{

!

!

~

Arm Unit 2 trigger,turn on output

-

IF NOT BIT(Stat,19) THEN 37@ Wait for SRQ

Stat=SPOLL(716) Serial poll Unit 1t to clear SRQ
QUTPUT 7165 "N@x" Turn off Unit 1 output

OUTPUT 7175 "N@OOX" U Turn off Unit 2 output,local sense
TRANSFER @D236 TO @Buf;END,WAIT | Fast transfer data to computer

ENTER @Buf USING "% ,W"sN I Input reading count

FOR I=1 TO &1 I Loop for all readings

ENTER €Buf USING "%,B,B,8,B,B,B,B,B":5r ,Shi ,5mid,S5lo ,Mr ,Mhi Mmid,Mlo
IF BIT(Mhi,7) THEN Mhi=BINEOR(Mhi ,-256) ! Sign extend measure high byte
IF BIT(Shi,7) THEN Shi=BINEOR(Shi,-256) ! sign extend source high byte
Mr=BINAND(Mr ,15) | Mask off range bits

Reading(I ,2)=-(65535*Mhi+256*Mmid+Mlo)*1 . E-5*%1@"Mr | Convert measure
Reading(I,1)=—-(E65536#5hi+256*Smid+Slo)*1,E-14%10"5r | Convert source
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510
520
530
540
558
560
570
580
590
600
519
520
6530
640
659
660
670
680
6390
700
710
720
730
740
750
760
770
780
790
800
81@
820
830
840
850
g6@
87@
880
898
300
51@
920
930
942
350
969
570
58@
3s@
1000

NEXT I I Loop back for next reading
Ymin=MAXREAL I Find minimum and maximum Ut
Ymax=-MAXREAL

FOR I=1 TO 51

IF Reading(I,2)<Ymin THEN Ymin=Reading(I,2}

IF Reading(I,2)>Ymax THEN Ymax=Reading(I,2)

NEXT I

FOR I=t TO 51 ! Find LOG of source data
Reading(I,1)=LGT(Reading(I, 1)}

NEXT I

Xmin=L6T{ABS(Istart)) I Find LOG of min X axis value
Xmax=LGT({ABS(Istop ) t Find LOG of max X axis value

PRINT "Press CONT to display graph”
PRINT "Press CONT while in graph to return to BASIC®
PAUSE

QUTPUT KBD;CHR$(255);CHRS(75); Clear CRT
GINIT Initialize graphics

!
|
PLOTTER IS CRT,"INTERNAL" I Define plot to CRT
GRAPHICS ON I Turn on graphics

!

MOVE 55,35 Title graph
LABEL "Vt Vv§. Id"

MOVE 70,10 I Label X anis
LABEL "Id”

MOVE @,53 | Label Y axis
LABEL "Vt"

VIEWPORT 30,120,290 ,85

WINDOW Xmin Xmax,Ymin,h Ymax
X1={Xmax=Xmin}/10 Compute X awxis increment
Y1=(Ymax-Ymin)/10 Compute Y axis increment

I Define soft clip limits

f

!

!
GRID X1*2 Y1*2 Xmin,¥Ymin ! Draw grid

|

!

I

Scale graph

PLOT Reading(*) Plot data

LORG & Center characters

CLIP OFF ' Turn off sofi clipping
FOR I=Xmin TO Xmax+.@1*(X1) S5TEP Z*X1 | Number X axis
CSIZE 4.5

MOVE I,Ymin-(Y1/3)

LABEL "1@"

CSIZE 3

MOVE I+.5%X1 Ymin—(Y1/8)

ILABEL USING "# ,K";I

NEXT 1

CSIZE 4

FOR I=Ymin TO Ymax+.21*Y1 STEP 2+Y1 | number Y axis
MOVE Xmin—-(1.3%X1) I+{.2*Yi)

LABEL USING "# ,MDD.DDD";I

NEXT I

PAUSE

QUTRUT KBD;CHR$(255);CHR$E(75); t Turn off alpha display
GRAPHICS OFF I Turn off graphics display
END




APPENDIX A
Converting Applications Programs to

QuickBASIC for IBM-PC Computers

INTRODUCTION

This appendix contains information on converting the
applications programs in this manual to Microsoft
QuickBASIC for use with IBM-PC AT and compatible
computers.. Example programs are also included to
demonstrate the process.

Computer Hardware Requirements
The following computer hardware is recommended:

o IBM-PC AT or compatible computer.

¢ EGA graphics adapter and monitor.

¢ IOtech Personald88, CEC PC-488, or National Instru-
ments PC-II or PC-IIA IEEE-488 interface for the com-
puter.

Computer Software Requirements
The following software is necessary:

o MS-DOS or PC-DOS version 3.30 or later.

* Microsoft QuickBASIC BASIC compiler, version 4.0 or
later.

o Capital Equipment Corp. CEC-GRAPH graphics soft-
ware, version 1.7 or later.

o IOtech Driver488IEEE-488 bus driver, Rev.2.3 or later.

Hardware/Software Installation

Make sure the [IEEE-488 interface and Driver488 software
driver are installed per manufacturer’s recommenda-
tions. The board base I/O address, DMA and interrupt
status, and board clock frequency must agree with the
corresponding driver software settings.

Compiling and Linking Procedure

Follow the general procedure below to make an executa-
ble program from a program source listing.

1. Copy the CEC-GRAPH GRAPHQB.OB] and
GRPKG.OB]J files to your QuickBASIC working
diskette or subdirectory.

2. Enter the QuickBASIC editor, and type in the desired
program.

3. After checking for errors, save the source listing un-
der a convenient filename, then exit the editor.

4. Compile the program by typing in the following:

BC Filename <Enter>

Here, Filename is the name of the file assigned in step 3.
Fix any errors that occur, and recompile if necessary.

5. Link the files to make an executable by typing in the
following:

LINK Filename GRAPHQB GRPKG <Enter>

Be sure to specify the BCOM library at the .LIB prompt if
you wish to make a stand-alone executable. Note that
you should not include GRAPHQB and GRPKG in the
name list for programs that do not include plotting rou-
tines.

6. After linking, the program is ready to run. From the
DOS prompt, simply type in the name of the pro-

gram.

Running in the QuickBASIC Environment

Instead of separately compiling and linking, you can also
run a program while in the QuickBASIC environment. To
do so, you must add a DECLARE SUB statement for each
CEC-GRAPH CALL used in the program, for example:

DECLARE SUB GRAPHXY
DECLARE SUB SCREENMODE
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Declarations should be added at the front of each pro-
gram as appropriate.

In addition, youmust also load the GRAPHQB.LIB mod-
ule when entering the editor as follows:

QB /L GRAPHQB <Enter>

You can then type in or load your program as usual.

Press shift F5 while in the editor to run a program.

Example Programs

The sample listings on the following pages are the trans-
lated versions of six example programs throughout this

A-2

manual. The programs and reference areas of the manual
are:

Program A-1, Diode Characterization: paragraph 2.6.
Program A-2, Iceo Measurement: paragraph 3.7.
Program A-3, Common-emitter Test: paragraph 3.4.
Program A-4, Common-source Test: paragraph 4.4.
Program A-5, Self-bias Threshold Test: paragraph 8.5.
Program A-6, Gummel Plot: paragraph 3.5.

Example Plots

Figure A-1 through Figure A-6 show the example plots
from the QuickBASIC example programs in this appen-
dix. Figure A-1 was generated using an HPGL plotter,
while Figure A-2 through Figure A-6 are printer graphics
dumps generated with the aid of the DOS GRAPHICS
command. In order to use GRAPHICS.COM, you should
modify the corresponding program for SCREENMODE 6
and SCREEN 2 in order to support CGA graphics.
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* DIODE CHARACTERIZATION PROGRAM, QUICKBASIC VERSION REV. 1.3 (Program A-1)
OPEN "\DEV\AIEEEOUT" FOR OUTPUT AS #1 ' Open IEEE-488 output path.

OPEN "\DEV\IEEEIN" FOR INPUT AS #2 ' Open IEEE-488 input path.

IOCTL #1, "BREAK" ' Reset interface.

PRINT #1, "RESET" ' Warm start interface

PRINT #1, "CLEAR" * Send device clear.

PRINT #1, "REMOTE 16" ' Put 236 in remote.

CLS ' Clear CRT.

OPTION BASE 1

DIM RX(101), RY(101) ' Dimension reading arrays.
PRINT #1, "OUTPUT 16;F1,1X" ' Source I, sweep mode.

PRINT #1, "OUTPUT 16;00T1,0,0,0X" ' Local sense, trigger on GET.
PRINT #1i, "OUTPUT 1l6;L1,1X" ' 1V compliance, 1.1V range.
PRINT #1, "OUTPUT 16;G5,2,1X" !

PRINT #1, "OUTPUT 16;M2,X" '
PRINT #1, "OUTPUT 16;B0,0,0X" '

SRQ on sweep done.
Program 0 bias value.

PRINT #1, "OUTPUT 16;Z1X" ' Enable suppress

Istart = 0: Istop = .0001: Istep = .000001 ' Define current parameters.
Delay = 10 ' Define 10msec delay.

PRINT #1, "OUTPUT 16;Q1,"; Istart; ","; Istop; ","; Istep; ",0,"; Delay; "X"
PRINT "Close lid, press any key to begin."”

DO WHILE INKEYS = "": LOOP ' Wait for keypress.

PRINT #1, "OUTPUT 16;RINIX" ' Arm sweep, turn on 236 output.
PRINT #1, "TRIGGER lé6" ' Trigger sweep.

WaitForSRQ: PRINT #1, "STATUS" ' Get bus status.

INPUT #2, STS ' Input status string.

IF MID$(STS, 11, 2) = "SO" THEN GOTO WaxtForSRQ ' Wait for SRQ.

PRINT #1, "SPOLL 16" Serial poll 236 to clear SRQ.

INPUT #2, SB

PRINT #1, "OUTPUT 16;NOX"

FOR I = 1 TO 101

PRINT #1, "ENTER 16"

INPUT #2, RX(I1), RY(I)

NEXT 1

CLOSE 1: CLOSE 2

PRINT "Press key to display graph."
PRINT "Press key while in graph to end program.”

Turn off 236 output.

Loop for all 101 readings.

Address 236 to talk.

Input current and voltage readings.
Loop back for next reading.

Close I/0 files.

- 4 e e e -

DO WHILE INKEYS$S = "": LOOP ' Wait for keypress.

title$ = "DIODE TEST PROGRAM PLOT" ' Plot data

CALL SCREENMODE(16)

SCREEN 9

CALL GRAPHXY(SEG RX(1), SEG RY(1)», 101, 1, "If", 1, "Vf", titles$, 1, 0, 2)
DO WHILE INKEYS$ = "". LOOP

END

Source,measure,no prefix,sweep data.
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'*BIPOLAR TRANSISTOR LEAKAGE TEST, QUICKBASIC VERSION. REV. 1.3 (Program A-2)
OPEN "\DEV\IEEEOUT" FOR OUTPUT AS #1 ' Open [EEE-488 output path.

OPEN "\DEV\IEEEIN" FOR INPUT AS #2 ' Open IEEE-488 input path.

IOCTL #1, "BREAK" ' Reset interface.

PRINT #1, "RESET" ' Warm start interface

PRINT #1, "CLEAR" ' Send device clear.

PRINT #1, "REMOTE 16" ' Put unit in remote.

CLS ' Clear CRT.

OPTION BASE 1

DIM RX(101), RY(101)

PRINT #1, "OUTPUT 16;FO0,1X"

PRINT #1, "OUTPUT 16;00T1,0,0,0X"
PRINT #1, "OUTPUT 16;L1E-3,0X" 1mA compliance,autorange measure.
PRINT #1, "OUTPUT 16;G5,2,1X" Source, measure, no prefix, sweep.

' Dimension reading arrays.
PRINT #1, "OUTPUT 16;M2,X" ' SRQ on sweep done.
t

Source V, sweep mode.
Local sense, trigger on GET.

PRINT #1, "OUTPUT 16;S2X" Line cycle integration.

PRINT #1, "OUTPUT 16;B0,0,0X" Program O bias value.

PRINT #1, "OUTPUT 16;Z1X" Enable suppress.

Vstart = 0: Vstop = 10: Vstep = .1 Define voltage sweep parameters.

Delay = 100 Define 100msec delay.

PRINT #1, "OUTPUT 16;Ql,"; Vstart; ","; Vstop; ","; Vstep; ",0,"; Delay; "X"
PRINT "Close lid, press any key to begin."

DO WHILE INKEYS$S = "": LOOP ' Wait for keypress.

PRINT #1, "OUTPUT 16;RIN1X" ' Arm sweep, turn on 236 output.
PRINT #1, "TRIGGER 16" ' Trigger sweep.

WaitForSRQ: PRINT #1, "STATUS" ' Get bus status.

INPUT #2, STS ' Input status string.

IF MID$(STS, 11, 2) = "SO" THEN GOTO WaitForSRQ ' Wait for SRQ.

PRINT #1, "SPOLL 16" ' Serial poll 236 to clear SRQ.

INPUT #2, SB
PRINT #1, "OUTPUT 16 ;NOX" ' Turn off 236 output.

FOR I = 1 TO 101 ' Loop for all 101 readings.

PRINT #1, "ENTER lé" ' Address 236 to talk.

INPUT #2, RX(I), RY(I) ' Input voltage and current readings.
NEXT I ' Loop back for next reading.

CLOSE 1: CLOSE 2 ' Close 1/0 files.

PRINT "Press key to display graph."

PRINT "Press key while in graph to end program."

DO WHILE INKEYS = "": LOOP ' Wait for keypress.

title$ = "Iceo vs. Vceo": xaxis$ = "Vceo": yaxis$ = "Iceo"' Plot data

X% = 1: Y% = 1: SYMBOLZ = 0: NUM% = 101: PEN.NUM% = 2: LIN% = 1: MODE% = 16
CALL GRID(1)

CALL SCREENMODE(MODE% )

SCREEN 9

CALL GRAPHXY(SEG RX(1), SEG RY(1), NUM%Z, X%, xaxis$, Y%, yaxis$, title$, LIN%, SYMBOL
%, PEN.NUM%)

DO WHILE INKEY$ = "": LOOP

END
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' COMMON-EMITTER TEST PROGRAM, QUICKBASIC
OPEN "\DEV\IEEEOUT" FOR OUTPUT AS #1
OPEN "\DEV\IEEEIN" FOR INPUT AS #2

TOCTL #1, "BREAK"

PRINT #1, "RESET"

PRINT #1, "CLEAR"

PRINT #1, "REMOTE 16,17"

CLS

OPTION BASE 1

DIM R(5, 101, 2>, RX(101), RY(10l)

VERSION. REV. 1.3 (Program A-3)
' Open IEEE-488 output path.

' Open IEEE-488 input path.

' Reset interface.

' Warm start interface

' Send device clear.

' Put units in remote.

' Clear CRT.

' Dimension reading arrays.

REM Xk K Kk kK Kk Unit 1 SETUP (Sweeps Ib) KKK KK KKK KKK KK KK KKK KK KK kK Kk kX K

PRINT #1, "OUTPUT 16;F1,1X"

PRINT #1, "OUTPUT 16;L1,1X"

PRINT #1, "OUTPUT 16;00X"

PRINT #1, "OUTPUT 16;T1,1,2,0X"

PRINT #1, "OUTPUT 16;B0,0,0X"

Istart = .00001: Istop = .00005: Istep =
Delay = 100

PRINT #1, "OUTPUT 16;Ql,"; Istart; ",";

' Source I, sweep mode.
' 1V compliance, 1.1V range.
' Local sense
' Qutput trigger on end of delay.
' Program 0 bias value

.00001 * Define sweep parameters.
' 100msec delay.

Istop; ","; Istep; ",0,"; Delay; "X"

REM x*xxxxxxxxx(Jnjt 2 SETUP (Sweeps Vce, measures [c) XXXXXXXXXXRXXKXKXXX

PRINT #1, "OUTPUT 17;FO0,1X"
PRINT #1, "OUTPUT 17;00X"

PRINT #1, "OUTPUT 17;L100E-3,0X"
PRINT #1, "OUTPUT 17;G5,2,1X"
PRINT #1, "OUTPUT 17;T3,0,0,0X"
PRINT #1, "OUTPUT 17;M2,X"
PRINT #1, "OUTPUT 17;B0O,0,0X"

PRINT #1, "OUTPUT 17;Z1X"
Vstart = 0: Vstop = 10: Vstep = .1
PRINT #1, "OUTPUT 17;Ql1,"; Vstart; ",";

Vstop; ","; Vstep;

' Source V, sweep mode.
' Local sensing.

1
' Source,measure,no prefix.

' Trigger on external.

' SRQ on sweep done.

' Program O bias value

' Enable suppress

Define sweep parameters.

",0, n; Delay; ey

t

PRINT "Close lid, press any key to begin"

DO WHILE INKEY$ = "": LOOP
PRINT #1, "OUTPUT 16;RIN1X"
PRINT #1, "OUTPUT 17;RIN1X"
FOR 1 =1 TO 5

PRINT "Generating sweep”; 1
PRINT #1, "TRIGGER 16"
WaitForSRQ: PRINT #1, "STATUS"
INPUT #2, ST$
IF MIDS(STS,
PRINT #1, "SPOLL 17"
INPUT #2, SB

FOR J = 1 TO 101

PRINT #1, "ENTER 17"

INPUT #2, R(I, J, 1), R(I, J, 2)
NEXT J

NEXT I

PRINT #1, "OUTPUT 16;NOX"

PRINT #1, "OUTPUT 17;NOX"

CLOSE 1: CLOSE 2
PRINT "Press any key to display graph."

' Arm Unit 1, turn on output.

' Arm Unit 2, turn on output.
' Loop for all 5 sweeps.

Trigger Unit 1.
Get bus status.

11, 2} = "S0" THEN GOTO WaitForSRQ ' Wait for SRQ.

' Serial poll Unit 2 to clear SRQ.

Loop for all 101 readings.
Address Unit 2 to talk.

Get Vce and Ic data from Unit 2.
Loop back for next reading.
Loop back for next sweep.

Turn off Unit 1 output.

Turn off Unit 2 output.

Close 1/0 files.

w * * @ @ + - =

PRINT "Press any key while in graph to end program."

DO WHILE INKEY$ = "": LOOP

100mA compliance, autorange measure.
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Ymin = 1E+32: Ymax = -1E+32 ' Find maximum and minimum Ic.
FORI =1TO 5

FOR J = 1 TO 101

IF R(I, J, 2) < Ymin THEN Ymin = R(I, J, 2)

IF R¢I, J, 2) > Ymax THEN Ymax = R{(I, J, 2)

NEXT J, 1

title$ "COMMON-EMITTER CHARACTERISTICS" ' Plot data.

xaxis$ "Jce": yaxis$ = "Ic"

X% = 1: Y% = 1: SYMBOL% = O: NUM%Z = 101: PEN.NUM%Z = 2: LIN% = 1: mode% = 16
CALL SCREENMODE(mode%)

SCREEN 9

fmin = 0!: Xmax = 10!

CALL SCALE(¥Xmin, Ymin, Xmax, Ymax)

FORI =1T0 S5 ' Loop for all five curves.

FOR J = 1 TO 101 '

RX(J) = R(I, J, 1): RY{(J) = R(I, J, 2) ' Transfer readings to plot arrays.
NEXT J ' Loop back for next data point.

IF I =2 THEN X% = 0: Y. =0 ' No axes after first curve.

CALL GRAPHXY(SEG RX(1), SEG RY(1), NUM%, X%, xaxis$, Y%, yaxis$, title$, LIN%, SYMBOL
%, PEN.NUMZ)

NEXT 1 ' Loop back for next curve.

DO WHILE INKEYS = "": LOOP

END
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' COMMON-SQURCE TEST PROGRAM, QUICKBASIC VERSION. REV.
OPEN "\DEV\IEEEOUT" FOR OUTPUT AS #1

OPEN "\DEV\IEEEIN” FOR INPUT AS #2

16,177

RX(101), RY(101)

t

t
t
1
1]
*
t

1.3 (Program A—4)
Open IEEE-488 output path.
Open IEEE-488 input path.
Reset interface.

Warm start interface

Send device clear.

Put units in remote.

Clear CRT.

Dimension reading arrays.

REM %K X K X Kk X UNIT 1 SETUP (Sweeps Vgs) KK kK ok K ke Kk 3k kK e gk ke ke ke Kk Xk kK X Kk X

IOCTL #1, "BREAK"
PRINT #1, "RESET"
PRINT #1, "CLEAR"
PRINT #1, "REMOTE
CLS

OPTION BASE 1

DIM R(5, 101, 2),
PRINT #1, "OUTPUT
PRINT #1, "OUTPUT
PRINT #1, "OUTPUT
PRINT #1, "OUTPUT
Vgstart =

Delay = 10

PRINT #1, "OUTPUT 16;Q1,";
REM xxxxxxxxxxNIT 2 SETUP (Sweeps Vds, measures

16;F0,1X"
16;L1E-3,7X"
16;00Ti,1,2,0X"
16;B0,0,0X"

~-2: Vgstop = 0: Vgstep =

.5

Vgstart;

P

LUNEE 2
b 9

1
t

]

1
L)
t
L]
1

1)
1)

t
L
1]
1]
A
1
t
*
1
\J

t

Source V, sweep mode.

1mA compliance, lmA range.

Local sense, out trig end of delay.
Program O bias.

Define sweep parameters.

10msec delay.

Vgstop; ","; Vgstep; ",0,"; Delay;
Id) KKK K KK KKK KK KK KKK KK

"X"
Source V, sweep mode.

Local sensing.

100mA compliance, autorange measure.
Source,measure,no prefix.
SRQ, trigger on external.
Program 0 bias.

Enable suppress

Define sweep parameters.
Vdstop; ","; Vdstep; ",0,";

Delay; "X"

Arm Unit 1, turn on output.
Arm Unit 2, turn on output.
Loop for all 5 sweeps.

Trigger Unit 1.
Get bus status.

11, 2) = "S0" THEN GOTO WaitForSRQ ' Wait for SRQ.

Serial poll Unit 2 to clear SRQ.

Loop for all 101 readings.
Address Unit 2 to talk.

Get Vce and Ic data from Unit 2.
Loop back for next reading.
Loop back for next sweep.

Turn off Unit 1 output.

Turn off Unit 2 output.

Close I/0 files.

Find maximum and minimum Id.

PRINT #1, "OUTPUT 17;FO0,1X"

PRINT #1, "OUTPUT 17;00X"

PRINT #1, "OUTPUT 17;L100E-3,0X"

PRINT #1, "OUTPUT 17;G5,2,1X"

PRINT #1, "OUTPUT 17;M2,T3,0,0,0X"
PRINT #1, "OUTPUT 17;B0,0,0X"

PRINT #1, "OUTPUT 17;Z1X"

Vdstart = 0: Vdstop = 10: Vdstep = .1
PRINT #1, "OUTPUT 17;Ql1,"; Vdstart; ",";
PRINT "Close lid, press any key to begin"
DO WHILE INKEY$ = "": LOOP

PRINT #1, "OUTPUT 16;RIN1X"

PRINT #1, "OUTPUT 17;RIN1X"

FOR I =1TOS

PRINT "Generating sweep"; 1

PRINT #1, "TRIGGER 16"

WaitForSRQ: PRINT #1, "STATUS"

INPUT #2, STS

IF MIDS(STS,

PRINT #1, "SPOLL 17"

INPUT #2, SB

FOR J = 1 TO 101

PRINT #1, "ENTER 17"

INPUT #2, R(I, J, 1), R(I, J, 2}

NEXT J

NEXT I

PRINT #1, "OUTPUT 16;NOX"

PRINT #1, "OUTPUT 17;NOX"

CLOSE 1: CLOSE 2

PRINT "Press any key to display graph."
PRINT "Press any key while in graph to end program."”
DO WHILE INKEY$ = "": LOOP

Ymin = 1E+32: Ymax = —1E+32

FOR I =1 TO 5
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FOR J = 1 TO 101

IF R(I, J, 2) < Ymin THEN Ymin
IF R(I, J, 2) > Ymax THEN Ymax
NEXT J, I

X¥min = 0!': Xmax = 10!

CALL SCALE(Xmin, Ymin, Xmax, Ymax)

titles = "COMMON-SOURCE CHARACTERISTICS" ' Plot data.

xaxis$ = "Vds": yaxis$ = "Id"

X% = 1: Y% = 1: SYMBOL% = O: NUM%Z = 101: PEN.NUM% = 2: LIN%Z = 1: MODE% = 16
CALL SCREENMODE (MODE%)

R(I, J, 2)
R(I, J, 2)

SCREEN 9

FOR I =1 T0O 5 ' Loop for all five curves.

FOR J =1 TO 101

RX(J) = R(I, J, 1): RY(J) = R(I, J, 2) ' Transfer readings to plot arrays.
NEXT J ' Loop back for next data point.

IF I = 2 THEN X2 = 0: Y% =0 ' Axes on first curve only.

CALL GRAPHXY(SEG RX(1}), SEG RY(1), NUMZ%, X%, xaxis$, Y%, yaxis$, title$, LIN%, SYMBOL
%, PEN.NUM%)

NEXT 1 ' Loop back for next curve.

DO WHILE INKEY$ = "": LOOP

END
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'LOG SWEEP SELF BIAS THRESHOLD VOLTAGE,

OPEN "\DEVAIEEEOUT" FOR OUTPUT AS #1
OPEN "\DEV\IEEEIN" FOR INPUT AS #2
IOCTL #1, "BREAK"

PRINT #1, "RESET"

PRINT #1, "CLEAR"

PRINT #1, "REMOTE 16,17"

CLS

OPTION BASE 1

DIM RX(51), RY(51)

QUICKBASIC VER. REV. 1.3 (Pgm. A-5)
' Open IEEE-488 output path.

' Open IEEE-488 input path.

' Reset interface.

' Yarm start interface

' Send device clear.

' Put units in remote.

* Clear CRT.

' Dimension reading arrays.

REM *xxxxxxx {Jnjt ] SETUP (Sources -Id, measures =Vt ) XXXXKXXXXKXK KK KKK XX KK X

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
Istart = —-1E-09:
Delay = 200

PRINT #1,

"OQUTPUT 16;F1,1X"
"QUTPUT 16;L10,2X"
"OUTPUT 16;00T1,0,0,0X"
"OUTPUT 16;B0,0,0X"
"OUTPUT 16;G5,2,1X"
"OQUTPUT 16;3S2P0X"
"QUTPUT 16;B0,0,0X"
"OUTPUT 16;M2,0Z0X"
Istop = —.0001:

Points

"OUTPUT 16;Q2,™; Istart; ",";

Source I, sweep mode.

10V compliance,11V range.

Local sense, out trig end of delay.
Program 0 bias value.

Line cycle integration,filter off.
Program 0 bias value.

SRQ on sweep done,suppress off.

= 1' Define sweep parameters.

' Define 200msec delay.

Istop; ","; Points; ",0,"; Delay; "X"

. ° % e e - -

REM ***X*X’(***Unit 2 SETUP (sources ...Vds) XKk ok sk ok kK kK Ok sk Kk sk ok kK Rk e ek kK ok kX Xk Xk

PRINT #1, "OUTPUT 17;F0,0X"
PRINT #1, "OUTPUT 17;01X"

PRINT #1, "OUTPUT 17;L100E-3,9X"
PRINT #1, "OUTPOT 17,;T1,0,0,0X"
Vds = -10

PRINT #1,"OUTPUT 17;B";

Vds; ",3,"; Delay;

' Source V, DC mode.

' Remote sensing.

' 100mA compliance, 100mA range.

' Trigger on GET.

' Define —10V Vds value.

"X" ' Program DC, 110V range,delay

PRINT "Close lid, press any key to begin"

DO WHILE INKEY$ = "": LOOP
PRINT #1, "OUTPUT 16;RIN1X"
PRINT #1, "OUTPUT 17;RINIX"
PRINT #1, "TRIGGER 17"
PRINT #1, "TRIGGER 16"

WaitForSRQ: PRINT #1,
INPUT #2, STS$
IF MID$(STS, 11,
PRINT #1, "SPOLL 16"

INPUT #2, SB

FOR I =1 TO 51

PRINT #1, "ENTER 16"

INPUT #2, RX(1), RY(I)

RX(I) = ABS(RX(I)): RY(I) = —-RY(I)
NEXT 1
PRINT #1,
PRINT #1,
CLOSE 1:

"STATUS"

"OUTPUT 16;NOX"
"OUTPUT 17;NOOOX"
CLOSE 2

PRINT "Press any key to display graph.”

' Arm Unit 1, turn on output.
Arm Unit 2, turn on output.
Trigger Unit 2.
Trigger Unit 1.
Get bus status.

*
'
'
*

2) = "SO" THEN GOTO Wa1tForSRQ ' Wait for SRQ.

Serial poll Unit 1 to clear SRQ.

Loop for all 51 readings.

Address Unit 1 to talk.

Get -Id and -Vt data from Unit 1.
Sign adjust Id and Vt.

Loop back for next reading.

Turn off Unit 1 output.

Turn off Unit 2 output,local sense.
Close 1/0 files.

P L

PRINT "Press any key while in graph to end program."

DO WHILE INKEYS = "": LOOP
title$ = "Vt vs. Id"
xaxis$ = "Id": yaxis$ = "Vt

' Plot data.

Source,measure,no prefix,sweep data.
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X% = 1: Y% = 1: SYMBOL% = 0: NUM% = 51: PEN.NUM% = 2: LIN% = 1: mode% = 16

CALL GRID(1) ' Enable grid.

CALL LOGAXIS(1, 0) ' Log axis on X axis only.
CALL SCREENMODE{mode%)

SCREEN 9

CALL GRAPHXY(SEG RX(1), SEG RY(1), NUM%, X%, xaxis$, Y%, yaxis$, title$, LIN%, SYMBOL
%, PEN.NUMZ)

DO WHILE INKEY$ = "": LOOP

END
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*GUMMEL PLOT TEST PROGRAM, QUICKBASIC VERSION REV. 1.3 (Program A-6)
OPEN "\DEV\IEEEQUT" FOR OUTPUT AS #1 ' Open [EEE-488 output path.
OPEN "\DEV\IEEEIN"™ FOR INPUT AS #2 ' Open IEEE-488 input path.
IOCTL #1, "BREAK" ' Reset interface.

PRINT #1, "RESET" ' Warm start interface
PRINT #1, "CLEAR" ' Send device clear.

PRINT #1, "REMOTE 16,17" ' Put units in remote.

CLS Clear CRT.

OPTION BASE 1

DIM R(71, 3), RX(71), RY(71) ' Dimension reading arrays.

REM KKK K K K UNIT 1 SETUP (Sweeps Vbe, measures Ib) X ¢ I Kk K e KK K K K K KK KKK K KK K KKK
PRINT #1, "OUTPUT 16;FO0,1X" ' Source V, sweep mode.

PRINT #1, "OUTPUT 16;L1E-3,0%"
PRINT #1, "OUTPUT 16;00T3,4,2,0X"
PRINT #1, "OUTPUT 16;G5,2,1X"
PRINT #1, "OUTPUT 16;32Z0X"

PRINT #1, "OUTPUT 16;B0,0,0X"
Vstart = .7: Vstop = 0!: Vstep = -.01 Define sweep parameters.

Delay = 10 10msec delay.

PRINT #1, "OUTPUT 16;Ql,"; Vstart; ","; Vstop; ","; Vstep; ",0,"; Delay; "X"
REM xxxxxxxxxxUNIT 2 SETUP (Sources Vce, measures Jc) XXXXXXXXXXXXXXXKXXX
PRINT #1, "OUTPUT 17;F0,1X" Source V, sweep mode.

PRINT #1, "OUTPUT 17;00X" Local sensing.

PRINT #1, "OUTPUT 17;L100E-3,0X" 100mA compliance, autorange measure.
PRINT #1, "OUTPUT 17;G4,2,1X" Measure,no prefix.

PRINT #1, "OUTPUT 17;T3,1,4,0X" Trigger on external.

PRINT #1, "OUTPUT 17;BO,0,0X" Program 0 bias value.

PRINT #1, "OUTPUT 17;S2Z0X" Line cycle integration, suppress off.
Vce = 10 Define 10V constant Vce.

PRINT #1, "OUTPUT 17;Q0,"; Vce; ",0,"; Delay; ",71X" ' Program sweep.

PRINT "Close lid, press any key to begin"

DO WHILE INKEY$ = "": LOOP
PRINT #1, "OUTPUT 16;RINIX"
PRINT #1, "OUTPUT 17;RINIX"
PRINT #1, "OUTPUT 16;HOX"

FOR I = 71 TO 1 STEP -1

PRINT #1, "ENTER 16"

INPUOT #2, R(I, 1), RCI, 2)
PRINT #1, "ENTER 17"

INPUT #2, R(I, 3)

IF R(I, 2) < 1E-14 THEN R(I, 2)
IF R(I, 3) < 1E~14 THEN R(I, 3)
NEXT I

PRINT #1, "OUTPUT 16;NOX"

PRINT #1, "OUTPUT 17;NOX"

CLOSE 1: CLOSE 2

PRINT "Press any key to display graph."

PRINT "Press any key while in graph to end program."

ImA compliance,autorange measure.
Local sense, ext trig end of delay.
Source,measure,no prefix,sweep data.
Line cycle integration,suppress off.
Program O bias value.

- * @ @ @ ° -

- * 4 = - 2w - -

Arm Unit 1, turn on output.
Arm Unit 2, turn on output.
Trigger Unit 1.

Loop for all 71 readings.
Address Unit 1 to talk.
Input Vbe and Ib from Unit 1.
Address Unit 2 to talk.
Input Ic from Unit 2.

Set Ib noise floor.

Set Ic noise floor.

Loop for next readings.

Put Unit 1 in standby.

Put Unit 2 in standby.
Close 1/0 files.

1E-14
1E-14

+ * ® @@ e % e ® e w - e - -

DO WHILE INKEYS = "": LOOP

Ymin = 1E+32: Ymax = —-1E+32 ' Find maximum Ic and minimum Ib.
FORI =1 TO 71

IF R(I, 2) < Ymin THEN Ymin = R(I, 2)

IF R(I, 3) > Ymax THEN Ymax = R(I, 3)

A-11



APPENDIX A
Converting Applications Programs to QuickBASIC

NEXT 1

Xmin = Vstop: Xmax = Vstart

CALL LOGAXIS(0, 1) ' Log on Y axis only.
CALL SCALE(Xmin, Ymin, Xmax, Ymax) ' Scale graph.

title$ = "Ib, Ic vs. Vbe™ ' Plot data.

xaxis$ = "Vbe": yaxiss = "Ib & Ic"
X% = 1: Y% = 1: SYMBOL% = 0: NUM% = 71: PEN.NUM% = 2: LIN% = 1: MODE% = 16
CALL SCREENMODE(MODE%>

SCREEN 9

FOR I =2 TO 3 ' Loop for Ib and Ic curves.

FOR J =1 TO 71 !

RX(J) = R(J, 1) RY(J) = R(J, D) ' Transfer readings to plot arrays.

NEXT J Loop back for next data point.

IF I = 3 THEN X% = 0: Y% = 0 ' Axes on first curve only.

CALL GRAPHXY(SEG RX(1), SEG RY(1), NUM%, X%, xaxis$, Y%, yaxis$, title$, LIN%, SYMBOL
%, PEN.NUM%)

NEXT I ' Loop back for next curve.

DO WHILE INKEY$ = "": LOOP

END

x10°-1) DIODE TEST PROGRAM PLOT
8. 00

7. G0

6. 00

S. 00

4.00]

VF

3. 00

2. 00

1. 00

0. 00

0. 00 0. 20 0. 40 0. 60 0. 80 1.00
If (x10"-4

Figure A-1. Example Test Plot Using HPGL Plotter (from Program A-1)
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(x1@*-10)
3,98
3,88
2,30
2,001

1,36
1,68

8.58.
6.80-

D O e

Iceo vs, Uceo

] ! | { 1

|
8.0 2.8 4.8 6.0 8.0  10.0
Uceo

Figure A-2. Icro Test Plot Using Graphics Dump to Printer (from Program A-2)
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(x1@4-2) COMMON-EMITTER CHARACTERISTICS

2,981 _

o

¢

2,087/ "

I 1.50. r_
o

9.8 2.8 4.8 6.8 8.0 18,8
Uce

Figure A-3. Common-emitter Characteristic Plot Using Graphics Dump to Printer (from Program A-3)
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(x182-2)

31%'
2,38

[ 2.00
d
1,58
1.68-
6.58.

COMMON-SOURCE CHARACTERISTICS

2.0

1 ] |

6.0 8.0 1.0
Vds

Figure A-4. Common -source Characteristic Plot Using Graphics Dump to Printer (from Program A-4)
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Ut vs, Id

-2.30

a
1<

-2.49

-2.30 L]
U

-2.60 1

-2,78 s

-2 1 83 .?.d"

1E-9 1E-§ 1E-7 " 1E-6 1E-3

Figure A-5. Threshold Test Plot Using Graphics Dump to Printer (from Program A-5)
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Ib, Ic vs. Ube

152 e
154

1E-67

{553
¢ 1E-18-
15-12
1E_14 : | i i ] ] ]

6@ 1.00 2.0 3,00 486 5.0 .00
Ube (x164-1)

Figure A-6. Gummel Plot Using Graphics Dump to Printer (from Program A-6)
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INDEX

Autoranging,

BINARY DATA TRANSFER[8-10 |
Bias Value[1-5]

Binary Data Format

Binary Transfer
Breakdown tests,
binary-to-decimal conversion

C

CAPACITOR LEAKAGE/2-8]
CEC-GRAPH/A-1]

CON-EI\/ﬂ'I'I'ER CHARACTERISTICS,
3-3

COMMON-SOURCE CHARACTERISTICS,

Common-source Characteristics
Compilin

Computer Hardwar
Computer Software

Controller Speed
CURRENT GAIN,|3-13 |
CURRENT SOURCE,[6-1 |

Current Gain

D

Data Format

Dc Current Gain

Dc Current Gain of Multiple DUTs
Delay Pen'od,

DIODE CHARACTERIZATION,
DIODE TEST,[8-3 |

DMA,[8-3]

DUMP GRAPHICS|1-3 |

E

ELECTROMETER,
Electrometer/ Source

END option[3-6 |

Equipment Connections,ﬂ
Example Program Summary,

Example Programs

F

Factory Initialization| 14 |
Fast Current Gain,

FET Tests| 41 |
Filtering
fast-handshake transfer

G

Gain Calculations, m
Graphics Routines, 1-3 |
GUMMEL PLOT)3-8 |

g [£8]

H
HPGL plotter

IBM-PC Computers,
Icgo Test
INPUT statements,

INSTRUMENT CONNECTIONS2-1]3-1]41]

Instrument Connections for Transistor Tests,

Integration Rate
IOTech Driver48s,

immediate trigger

iterative search algorithm,

J

JUMPER CONNECTIONS[5-1 |
JUMPER INSTALLATION,

JUMPER INSTALLATION FOR FET TESTS,

JUMPER INSTALLATION FOR TRANSIS-
TOR TESTS[3-2 |

L

Leakage Resistance[2-8 |
Line Cycle Integration)1-4 |
Linking,

Log Sweeps,

Low Current,

MATRIX SWITCHING|7-7 |
MATRIX SWITCHING SYSTEM,[7-14 |
Measurement Considerations

measurement noise

)

One-shot Triggering
Optimizing Measurement Speed

PLOT statement

POWER TRANSISTOR TESTING,

Points Per Sweep
Power Transistor Current Gain
PROGRAM SYNOPSIS/1 |

Programming Language, [-Z ]

Pulsed Sweeps,

QuickBASIC, [A-1 |



R

Ranging[1-4]

RESISTIVITY TESTING/7-7]
Remote/Local Sensing,
Resistivity Calculations] 7-10]
remote sensing,

S

SAFETY PRECAUTIONS[0 |
SCANNER SWITCHING,[7-1|
SELF-BIAS THRESHOLD TEST[ 8-16 |
Search Method,

Self-bias Method,

Self-bias Threshold Voltage Tests, [£-22 |
SOFTWARE CONFIGURATION]1-2 |

SOURCE MEASURE UNIT SUBSTRATE BI-
ASING/5-1]

SUBSTRATE BIAS INSTRUMENT CONNEC-
TIONS,5-1|

Substrate Bias

Substrate Current vs. Gate-source Voltage

Switching Capabilities| 7-1 |
Switching Matrix[7-10 |
System Conﬁguration
soak time
subordinate—swee

synchronized sweeps

T

THRESHOLD TESTS,[4-17]

Threshold Voltage Tests Using Search
Method

TRANSCONDUCTANCE TESTS[4:8 |

TRANSFER statement] 8-6|

TRANSISTOR LEAKAGE CURRENT,

TRIGGER IN jack/4-2 |
TRIGGER OUT jack[4-2]

Transconductance Test Using Switching Ma-
i,

Transconductance vs. Drain Current
Transconductance vs. Gate Voltage

\'}

VIEWPORT statement,m
VOLTAGE COEFFICIENT], 2-1 |

VOLTAGE SOURCE SUBSTRATE BIASING,
Voltage Source Substrate Bias

WAIT options

WINDOW statement
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