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In This Manual

This manual provides information about the 4155/4156 VXIplug&play driver. This
manual also explains two sample application programs using the Agilent VEE and the
driver.

+ Installation

This chapter describes system requirements to use the 4155/4156 VXIplug&play
driver, and how to install the driver.

* Driver Functions

This chapter lists the all driver functions for the Agilent 4155/4156 and the Agilent
E5250A Low Leakage Switch Mainframe.

*  Programming Examples for Visual Basic Users

This chapter describes how to create measurement program using Microsoft
Visual Basic, and provides programming examples.

*  Programming Examples for Visual Basic .NET Users

This chapter describes how to create measurement program using Microsoft
Visual Basic .NET, and provides programming examples.

*  Programming Examples for C++ Users

This chapter describes how to create measurement program using Microsoft
Visual C++, and provides programming examples.

*  Programming Examples for VEE Users

This chapter describes how to create measurement program using Agilent VEE,
and provides programming examples.

+ Sample Application Programs

This chapter provides how to install, execute, and modify the sample application
programs stored in the Agilent VEE Sample Program Disk furnished with the
4155/4156.

Microsoft, Windows, Windows NT, Visual Basic, and Visual C++ are registered trademarks of Microsoft
Corporation. Borland and C++Builder are trademarks or registered trademarks of Borland Software
Corporation. LabWindows and LabVIEW are registered trademarks of National Instruments Corporation.
Prober Control Software (PCS) is a product of Cascade Michrotech, Inc.
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Installation

This chapter explains the environment requirements and installation of the
VXlplug&play driver for Agilent 4155/4156.

» “System Requirements”

» “Installing VXIplug&play Driver”
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System Requirements

NOTE

NOTE

System Requirements
The following system environments are required.
* Operating System

Microsoft Windows XP Professional, Windows 2000, Windows NT 4.0,
Windows 98, or Windows 95. It must be supported by the application
development environment.

» Application Development Environment (or programming environment)

Microsoft Visual Basic, Microsoft Visual C++, Borland C++Builder, National
Instruments LabWindows or LabVIEW, or Agilent VEE.

» Agilent T&M Programmers Toolkit for Visual Studio .NET
Agilent W1140A or equivalent. Needed for Visual Basic .NET users.
* GPIB (IEEE 488) Interface and 32-bit VISA I/O Library

Agilent 82357A USB/GPIB interface, ES810A LAN/GPIB gateway, 82350B
GPIB interface, or equivalent. These models include Agilent VISA and SICL
/O libraries.

* Computer and peripherals

Required specifications depend on the application development environment.
See manual of the software. The flexible disk drive (FDD) is required to install
the VXIplug&play driver. The CD-ROM drive is required to install the software
needed to use driver.

*  Minimum disk space

2 MB for 4155/4156 driver

1 MB for E5250A driver
If you use the sample application programs, stored in the VEE Sample Program
Disk furnished with the 4155/4156, VEE software must be version 4.0 or later.
See Chapter 7. Also, if you use the Cascade Microtech Summit series semi-auto

prober, confirm the operating system supported by the prober control software
(PCS) supplied from Cascade Microtech, Inc.

The E5250A Plug&Play Driver Disk stores the VXIplug&play driver for Agilent
ES5250A. This driver is required to use the sample application programs.
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Installing VXIplug&play Driver

The installation flow is shown below. If you have already installed the GPIB
interface card, VISA I/O library, and programming software on your PC, skip steps
1 through 4.

l.

Install the GPIB interface card into your PC.

See the interface card manual. Note the model number of the interface card, as
you may need it when you configure the interface (in step 3).

Install VISA I/O library.

Follow the instructions in the I/O library’s setup program.
Configure and check the GPIB interface.

See the 1/O library manual.

Install the programming software.

Follow the setup program instructions.

If you use Microsoft Visual Basic .NET, install the Agilent T&M Programmers
Toolkit.

Install the VXIplug&play driver as shown below.

a. Insert the 4155/4156 Plug&Play Driver Disk into FDD of your PC.

b. Execute SETUP.EXE stored on the diskette. The program automatically
installs the following files in the folder \VxXipnp\Winxx\Hp4156b.

* hp4156b.bas
* hp4l156b.c

*  hp4l156b.def
*  hp4l156b.fp

*  hp4156b.GID

*  hp4156b.h
*  hp4156b.hlp
e readme.txt

e DelsL1.isu
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7. Ifyou are also installing the driver for the E5250A, do the following.

a. Insert the E5250A Plug&Play Driver Disk into FDD of your PC.

b. Execute SETUP.EXE stored on the diskette. The program automatically
installs the folloiwng files in the folder \Vxipnp\Winxx\Hpe5250a.

hpe5250a.bas
hpe5250a.c
hpe5250a.def
hpe5250a.fp
hpe5250a.GID
hpe5250a.h
hpe5250a.hlp
readme.txt

DelsL1.isu

Winxx will be Winnt for Windows XP, Windows 2000, and Windows NT, or Win95

for others.
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Driver Function Reference

This section explains all the driver functions available for Agilent 41555/4156 and
Agilent E5250A.

e “4155/4156 Driver Functions”
e “E5250A Driver Functions”

NOTE For additional information on each function. refer to the on-line help for the
VXlIplug&play drivers, or open the hp4156b.hlp or hpe5250a.hlp file in the folder
the driver is installed. See “Installing VXIplug&play Driver” on page 1-4.
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4155/4156 Driver Functions

This section provides the reference information of the Agilent 4155/4156
VXlplug&play driver functions.

Function List

Table 2-1 lists all the functions for the 4155/4156. You will see a brief description of
the functions in the table.

For the description, syntax and parameters of the function, refer to the reference
section following this table. The driver functions in the reference section will appear
in the alphabetical order.

Table 2-1 4155/4156 Driver Function List
Category Function Description

Miscellaneous |hp4156b_init Initializes the 4155/4156.
hp4156b_close Closes the connection with the 4155/4156.
hp4156b_reset Executes the 4155/4156 reset.
hp4156b_self test Executes the 4155/4156 self-test.
hp4156b_error_query Queries the 4155/4156 for error code/message.
hp4156b_error message Queries for the driver errors.
hp4156b_revision_query Queries for the 4155/4156 firmware/driver revisions.
hp4156b_timeOut Sets the timeout.
hp4156b _timeOut Q Queries for the timeout setting.

hp4156b_errorQueryDetect Sets the automatic error checking.

hp4156b_errorQueryDetect Q |[Queries for the automatic error checking setting.

hp4156b_dcl Sends the Device Clear.

hp4156b_esr Q Queries the ESR status.
hp4156b_readStatusByte Q Reads the 4155/4156 status byte.

hp4156b_opc Q Checks the 4155/4156 operation completion status.
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Category Function Description
Primitive hp4156b_startMeasure Starts a measurement.
Measgrement hp4156b_readData Reads a measurement result.
Functions

hp4156b_stopMode Sets the measurement completion mode.
hp4156b_abortMeasure Aborts output or measurement.
Calibration hp4156b_autoCal Sets the auto calibration mode
hp4156b_execCal Executes the 4155/4156 calibration
Zero Offset hp4156b_offsetCancel Sets the zero offset cancel.
Cancel hp4156b_execOffsetCancel Executes the zero offset cancel.
Measurement |hp4156b_setSwitch Sets the output switch.
Unit Setup

hp4156b_setFilter

Sets the output filter.

hp4156b_setinteg

Sets the integration time.

hp4156b_setVm

Sets the VMU measurement mode.

hp4156b_setPguR

Sets the PGU output impedance.

Source Setup

hp4156b_force

Applies a dc current or voltage.

hp4156b_forcePulse

Applies a pulse by using PGU.

hp4156b_zeroOutput

Disables output.

hp4156b_recoverOutput

Recovers output.

hp4156b_setlv

Sets the sweep source.

hp4156b_setPbias

Sets the pulsed bias source.

hp4156b_setPiv

Sets the pulsed sweep source.

hp4156b_setSweepSync

Sets the synchronous sweep source.

Measurement
Execution

hp4156b_spotMeas

Executes a high speed spot measurement.

hp4156b_measureM

Executes a multi-channel spot measurement.

hp4156b_sweeplv

Executes a one channel sweep measurement.

hp4156b_sweepMiv

Executes a multi-channel sweep measurement.

hp4156b_measureP

Executes a pulsed spot measurement.

hp4156b_sweepPiv

Executes a pulsed sweep measurement.

hp4156b_sweepPbias

Executes a sweep measurement with pulsed bias.
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Category Function Description
Sampling hp4156b_setSample Sets the timing parameters.
Measurements

hp4156b_addSampleSynclv

Sets the dc source.

hp4156b_addSampleSyncPulse

Sets the pulse source.

hp4156b_sample

Executes a sampling measurement.

hp4156b_clearSampleSync

Clears the source setup.

Stress Force

hp4156b_setStress

Sets the timing parameters.

hp4156b_addStressSynclv

Sets the dc stress source.

hp4156b_addStressSyncPulse

Sets the pulse stress source.

hp4156b_stress

Forces stress.

hp4156b_clearStressSync

Clears the source setup.

Passthrough
Functions

hp4156b_cmd

Sends a command.

h4156b_cmdInt

Sends a command with an integer parameter.

hp4156b_cmdReal

Sends a command with a real parameter.

hp4156b_cmdData Q

Sends a command to read any data.

hp4156b_cmdString_Q

Sends a command to read string response.

hp4156b_cmdIntl6 Q

Sends a command to read 16 bit integer response.

hp4156b_cmdInt16Arr Q

Sends a command to read 16 bit integer array response.

hp4156b_cmdInt32_Q

Sends a command to read 32 bit integer response.

hp4156b_cmdInt32Arr Q

Sends a command to read 32 bit integer array response.

hp4156b_cmdReal64 Q

Sends a command to read 64 bit real response.

hp4156b_cmdReal64Arr Q

Sends a command to read 64 bit real array response.
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Parameters
The parameters used by several functions are explained in this section.

+ “range value and ranging mode”

*  “VSU output voltage, resolution, and compliance”

*  “SMU output voltage, resolution, and compliance by range”
*  “SMU/VMU measurement voltage and resolution by range”
*  “SMU output current, resolution, and compliance by range”
*  “SMU measurement current and resolution by range”

*  “PGU output voltage, resolution, and compliance by range”
*  “PGU pulse period, pulse width, and delay time”

+  “PGU leading transition time and trailing transition time”

NOTE Macros
Some functions can use macros to set the parameter values. For details of functions
and macros, refer to the help file (hp4156b.hlp) in the directory that the driver is
installed.
Table 2-2 range value and ranging mode
Voltage or ) a Ranging mode used for
current Available range values output/measurement
both range =0 Auto ranging °
voltage 0 <range < 0.2V (for VMU in differential mode) 0.2 V limited auto ranging ©

0<range< 2V 2 V limited auto ranging °
2V <range< 20V 20 V limited auto ranging °
20V <range< 40V 40 V limited auto ranging °
40 V <range< 100 V 100 V limited auto ranging €
100 V <range < 200 V (for HPSMU) 200 V limited auto ranging ©
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Voltage or . a Ranging mode used for
current Available range values output/measurement
current 0 <range < 10 pA (for HRSMU)

10 pA limited auto ranging ©

10 pA < range < 100 pA (for HRSMU)

100 pA limited auto ranging ©

100 pA <range < 1 nA

1 nA limited auto ranging °

1 nA <range < 10 nA

10 nA limited auto ranging ©

10 nA <range < 100 nA

100 nA limited auto ranging ©

100 nA <range< 1 pA

1 pA limited auto ranging ©

1 HA <range < 10 pA

10 pA limited auto ranging ©

10 pA <range < 100 pA

100 pA limited auto ranging ©

100 pA <range < 1 mA

1 mA limited auto ranging ©

I mA <range < 10 mA

10 mA limited auto ranging ©

10 mA <range < 100 mA

100 mA limited auto ranging ©

100 mA <range < 1 A (for HPSMU)

1 A limited auto ranging ©

a. Negative range values are available for the functions used to start or execute measurements. The
negative values set the ranging mode to the fix, not the limited auto.

b. SMU uses the optimum range to force/measure voltage or current.

¢. SMU uses the optimum range to force/measure voltage or current. Then, the SMU never uses
the range less than the specified range.

Table 2-3

VSU output voltage, resolution, and compliance

Output range
(actually used)

Output voltage ?

Setting resolution

comp value b

20V

0<[VI<20V

I mV +100 mA

a. Parameter name may be base, bias, peak, stress, value, start, stop, and so on.

b. Set any value (e.g. 0.1) though the compliance is always 100 mA.
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Table 2-4 SMU output voltage, resolution, and compliance by range
. Maximum comp value b
Output range a Setting
(actually used) Output voltage resolution HRSMU/ HPSMU
MPSMU
2V 0<|VI£2V 100 uVv +100 mA +1000 mA
20V 0<|V[£20V 1 mV +100 mA +1000 mA
40V 0<|V[£20V 2mV +100 mA +1000 mA
20V<|VI<40V +50 mA +500 mA
100 V 0< V|20V SmV +100 mA +1000 mA
20V <|V|< 40V +50 mA +500 mA
40 V<|V|< 100V +20 mA +125 mA
200 V 0< V|20V 10 mV - +1000 mA
20V <|V|< 40V - +500 mA
40 V<|V|< 100V - +125 mA
100 V <|V|< 200V - +50 mA

a. Parameter name may be base, bias, peak, stress, value, start, stop, and so on.

b. This column shows the maximum value of the current compliance.

Table 2-5 SMU/VMU measurement voltage and resolution by range
Measurement resolution
Mears:rll';nent Measurement Integration time High speed ?
(actually used) voltage IPLCor | 640 usto 80 s to sampling
longer 1.92 ms 560 us measurement
0.2 V (for VMU in 0<|V|£02V 02 pv 2 uv 20 uv 200 uv
differential mode)
2V 0<|V|£22V 2 uv 20 uv 200 uv 2mV
(2 V for VMU)
20V 0<|VIg£22V 20 uv 200 uv 2mV 20 mV
(20 V for VMU)
40V 0< V|44V 40 uv 400 pVv 4 mV 40 mV
100 V 0< VI 100V 100 pv I mV 10 mV 100 mV
(110 V for HPSMU)
200 V (for HPSMU) 0< |VI<200V 200 vV 2 mV 20 mV 200 mV

a. This column is applied to the sampling measurement that initial interval is set to 480 us or

shorter.
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Table 2-6 SMU output current, resolution, and compliance by range
Output range . Setting P Maximum comp value ©
(actually used) Output current resolution
HRSMU | MPSMU | HPSMU
10 pA (for HRSMU) 0< |II< 10 pA 10 fA +100 V - -
100 pA (for HRSMU) 0< [I| < 100 pA 10 fA +100 V - -
1 nA 0< £ 1nA 100 fA +100 V +100 V +200 V
10 nA 0< |I]< 10nA 1 pA +100 V +100 V +200 V
100 nA 0< |I| < 100 nA 10 pA +100 V +100 V +200 V
1 pA 0< < 1pA 100 pA +100 V +100 V +200 V
10 pA 0< I £ 10pA 1 nA +100 V +100 V +200 V
100 pA 0< I < 100 pA 10 nA +100 V +100 V +200 V
1 mA 0< £ 1mA 100 nA +100 V +100 V +200 V
10 mA 0< I £ 10mA 1 uA +100 V +100 V +200 V
100 mA 0< |l < 20mA 10 pA +100 V +100 V +200 V
20 mA <|I| £ 50 mA +40V +40V +200 V
50 mA <|I] £ 100 mA +20V +20V +100 V
1 A (for HPSMU) 0< |l < 50mA 100 pA - - +200 V
50 mA <|I| £ 125 mA - - +100 V
125 mA <|I| £ 500 mA - - +40 V
S00mA<|[[<£TA - - +20V

a. Parameter name may be base, bias, peak, stress, value, start, stop, and so on.

b. Minimum resolution is range x SE-5. However, the setting accuracy is not guaranteed for the
resolution less than the value shown in the table.

c. This column shows the maximum value of the voltage compliance.
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Table 2-7 SMU measurement current and resolution by range
Measurement resolution
Measurement range Measurement Integration time Hich 48
(actually used) current IPLC 640 ps 80 us o ;imsppl:::g
or to 560 s measurement
longer 1.92 ms
10 pA (for HRSMU) 0< I < 10.5pA 1fA 1fA 1fA 10 fA
100 pA (for HRSMU) 0< |1 115pA 1 fA 1 fA 10 fA 100 fA
1 nA 0< |1 1.15nA 10 fA 10 fA 100 fA 1 pA
10 nA 0< I < 11.5nA 10 fA 100 fA 1 pA 10 pA
100 nA 0< || < 115nA 100 fA 1 pA 10 pA 100 pA
1 pA 0< Il < 115 pA 1 pA 10 pA 100 pA 1 nA
10 A 0< | < 1.5 pA 10 pA 100 pA 1 nA 10 nA
100 pA 0< I < 115 pA 100 pA I nA 10 nA 100 nA
1 mA 0< I 1.15mA I nA 10 nA 100 nA 1 pA
10 mA 0< |l < 11.5mA 10 nA 100 nA 1 pA 10 A
100 mA 0< I < 100 mA 100 nA 1 pA 10 pA 100 pA
(115 mA for HPSMU)
1 A (for HPSMU) 0<I<1A 1 pA 10 pA 100 pA 1 mA

a. This column is applied to the sampling measurement that initial interval is set to 480 s or

shorter.
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Table 2-9

Table 2-10

Driver Function Reference

PGU output voltage, resolution, and compliance by range

Parameters

Output range a Setting b

(actually used) Output voltage resolution comp value
20V 0<|vVig20V 4 mV +100 mA
40V 0<|VI£40V 8§ mV +100 mA

a. Parameter name may be base, bias, peak, stress, value, start, stop, and

SO on.

b. Set any value (e.g. 0.1) though the compliance is always 100 mA.

PGU pulse period, pulse width, and delay time

period value width value delay value * Resolution
2.0 pus to 100.0 ps 1.0 ps t0 99.9 us 0 to 100.0 ps 0.1 ps
100 ps to 1000 ps 1 us to 999 ps 0 to 1000 ps 1 us
1.00 ms to 10.00 ms 0.01 ms to 9.99 ms 0 to 10.00 ms 10 ps
10.0 ms to 100.0 ms 0.1 ms to 99.9 ms 0 to 100.0 ms 100 ps
100 ms to 1000 ms I ms to 999 ms 0 to 1000 ms 1 ms
1.00 s to 10.00 s 0.01 st09.99 s 0to 10.00 s 10 ms
a. The value must be 0 < delay < period value.
PGU leading transition time and trailing transition time
Leading trzfnsition time Trailing transition time Resolution
(rise) (fall)

100 ns to 1000 ns 100 ns to 1000 ns I ns
0.50 ps to 10.00 pus 0.50 pus to 10.00 ps 10 ns
5.0 ps to 100.0 ps 5.0 ps to 100.0 ps 100 ns

50 ps to 1000 ps 50 ps to 1000 ps 1 us
0.5 ms to 10.00 ms 0.5 ms to 10.00 ms 10 ps
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Driver Function Reference
Status Code

Status Code

After measurement is performed, the Agilent 4155/4156 returns a status code to
notify you if the measurement has been completed successfully. The status code will
be returned with the measurement data by the following functions that perform
measurement. Available status values are listed in Table 2-11.

*  “hp4156b_spotMeas”

*  “hp4156b_measureM”

*  “hp4156b measureP”

*  “hp4156b_sweeplv”

*  “hp4156b_sweepMiv”

*  “hp4156b_sweepPiv”

*  “hp4156b _sweepPbias”
*  “hp4156b sample”

*  “hp4156b_stress”

*  “hp4156b readData”

Status Values

Value Description
0 No error.
1 A/D converter overflowed.
2 One or more channels are oscillating.
4 Another channel reached its compliance setting.
8 This channel reached its compliance setting.
16 PGU reached its compliance setting.
32 The sweep measurement was stopped by the stop function.
64 Invalid data was returned.
128 EOD (End of Data).

NOTE

If multiple status conditions are found, sum of the status values is returned. For
example, if an A/D converter overflow occurred, and an SMU was oscillating
during the measurements, the returned value is 3 (=1+2).
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hp4156b_abortMeasure

hp4156b_abortMeasure

This function aborts the 4155/4156’s present operation, such as the measurement
executed by the hp4156b_startMeasure function, the pulse output by the
hp4156b_forcePulse function, the stress force by the hp4156b_stress function, and
so on.

ViStatus VI _FUNC hp4156b_abortMeasure(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).

hp4156b_addSampleSynclv

This function specifies dc voltage/current source and sets the parameters. The dc
source is used for the sampling measurements. Source output starts at the beginning
of the sampling measurement (beginning of the hold time), and stops at the end of
the last sampling measurement point.

Sampling measurement channels are defined by the hp4156b_sample function, and
sampling measurement timing is defined by the hp4156b_setSample function.

ViStatus VI FUNC hp4156b_addSampleSynclv(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViReal64 base, ViReal64 bias, ViReal64 comp);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the source unit. 1 to 6 (SMU1 to SMU6),
21 (VSU1), 22 (VSU2), 27 (PGU1), or 28 (PGU2).

mode Source output mode. 1 (current, only for SMU) or 2 (voltage).

range Output ranging mode. 0 (auto) or positive value (limited auto).

base Source output value before measurement trigger (in A or V).

bias Source output value after measurement trigger (in A or V).

comp Compliance value (in V or A). It must be voltage for the current

source, or current for the voltage source.

range, base, bias, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.
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hp4156b_addSampleSyncPulse

hp4156b_addSampleSyncPulse

This function specifies pulse voltage source and sets the parameters. The pulse
source is used for the sampling measurements. Pulse outputs start at the beginning
of the sampling measurement (beginning of the hold time), and stop at the end of the
last sampling measurement point or stop at the last pulse if it comes earlier than the
last sampling measurement point.

Sampling measurement channels are defined by the hp4156b_sample function, and
sampling measurement timing is defined by the hp4156b_setSample function.

If you want to let the pulse output synchronize with the sampling measurement
timing, you should define carefully both the hp4156b_addSampleSyncPulse timing
parameters (count, period, width, delay, rise and fall) and the hp4156b_setSample
timing parameters.

ViStatus VI _FUNC hp4156b_addSampleSyncPulse(ViSession vi, Vilnt32 channel,
ViReal64 base, ViReal64 peak, Vilnt32 count, ViReal64 period, ViReal64 width,
ViReal64 delay, ViReal64 rise, ViReal64 fall);

vi Instrument handle returned from hp4156b _init( ).

channel Channel number of the pulse source. 27 (PGU1) or 28 (PGU2).
base Pulse base value (in V). See Table 2-8.

peak Pulse peak value (in V). See Table 2-8.

count Pulse count (number of pulses, 1 to 65535) or 0 (pulse output

free run mode).

period Pulse period (in seconds). See Table 2-9.

width Pulse width (in seconds). See Table 2-9.

delay Pulse delay time (in seconds). See Table 2-9.

rise Pulse leading transition time (in seconds). See Table 2-10.
fall Pulse trailing transition time (in seconds). See Table 2-10.

hp4156b_addStressSynclv

This function specifies dc stress source and sets the parameters. Up to 4 stress
sources can be used at once. Use this function and/or hp4156b_addStressSyncPulse
to set the stress sources.
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hp4156b_addStressSyncPulse

ViStatus VI FUNC hp4156b_addStressSynclv(ViSession vi, Vilnt32 source,
Vilnt32 channel, Vilnt32 mode, ViReal64 range, ViReal64 base, ViReal64 stress,
ViReal64 comp);

vi Instrument handle returned from hp4156b_init( ).

source Reference number of the stress source. 1, 2, 3, or 4.

channel Channel number of the stress source. 1 to 6 (SMU1 to SMU6),
21 (VSU1), 22 (VSU2), 27 (PGU1), or 28 (PGU2).

mode Source output mode. 1 (current, only for SMU) or 2 (voltage).

range Output ranging mode. 0 (auto) or positive value (limited auto).

base Source output value before stress start trigger (in A or V).

stress Source output value after stress start trigger (in A or V).

comp Compliance value (in V or A). It must be voltage for the current

source, or current for the voltage source.

range, base, stress, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

hp4156b_addStressSyncPulse

This function specifies pulse stress source and sets the parameters. Up to 4 stress
sources can be used at once. Use this function and/or hp4156b_addStressSynclv to
set the stress sources.

ViStatus VI FUNC hp4156b_addStressSyncPulse(ViSession vi, Vilnt32 source,
Vilnt32 channel, ViReal64 base, ViReal64 stress, ViReal64 width, ViReal64 delay,
ViReal64 rise, ViReal64 fall);

vi Instrument handle returned from hp4156b _init( ).

source Reference number of the stress source. 1, 2, 3, or 4.

channel Channel number of the pulse source. 27 (PGU1) or 28 (PGU2)
base Stress pulse base value (in V). See Table 2-8.

stress Stress pulse peak value (in V). See Table 2-8.

width Pulse width (in seconds). See Table 2-9.
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hp4156b_autoCal

delay Pulse delay time (in seconds). See Table 2-9.
rise Pulse leading transition time (in seconds). See Table 2-10.
fall Pulse trailing transition time (in seconds). See Table 2-10.

hp4156b_autoCal

This function enables or disables the auto calibration function.
ViStatus VI FUNC hp4156b_autoCal(ViSession vi, Vilnt32 state);
vi Instrument handle returned from hp4156b_init( ).

state Auto calibration mode. 0 (off) or 1 (on).

hp4156b_clearSampleSync

This function clears the channel setup defined by the hp4156b_addSampleSynclv
function and the hp4156b_addSampleSyncPulse function.

ViStatus VI FUNC hp4156b_clearSampleSync(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).

hp4156b_clearStressSync

This function clears the channel setup defined by the hp4156b_addStressSynclv
function and the hp4156b_addStressSyncPulse function.

ViStatus VI FUNC hp4156b_clearStressSync(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).

hp4156b_close

This function terminates the software connection to the instrument and deallocates
system resources. It is generally a good programming habit to close the instrument
handle when the program is done using the instrument.

ViStatus VI _FUNC hp4156b_close(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).
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hp4156b_cmd

hp4156b_cmd

This function passes the cmd_str string to the instrument. Must be a NULL
terminated C string.

ViStatus VI _FUNC hp4156b_cmd(ViSession vi, ViString cmd_str);

vi Instrument handle returned from hp4156b_init( ).

cmd_str Instrument command (cannot exceed 256 bytes in length).

ViSession vi;
ViStatus ret;
ret = hp4l56b cmd(vi, "AB"); /* sends the AB command */

hp4156b_cmdData_Q

This function passes the cmd_str string to the instrument. This entry point will wait
for a response which may be any data. You specify the cmd_str and size parameters,
and get result[ .

ViStatus VI FUNC hp4156b_cmdData_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViChar _VI FAR result[ ]);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Length of result in bytes. 2 to 32767.

result[ ] Response from instrument.

hp4156b_cmdInt

This function passes the cmd_str string to the instrument. This entry point passes the
string in cmd_str followed by a space and then the integer in value. Note that either
an Int16 or 32 can be passed as the Int16 will be promoted.

ViStatus VI FUNC hp4156b_cmdInt(ViSession vi, ViString cmd_str,
Vilnt32 value);

vi Instrument handle returned from hp4156b_init( ).

cmd_str Instrument command (cannot exceed 256 bytes in length).
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hp4156b_cmdInt16Arr_Q

value Parameter for command. -2147483647 to 2147483647.

hp4156b_cmdIntl16Arr Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 16 bit integers. You specify the cmd_str
and size parameters, and get result[ ] and count.

ViStatus VI FUNC hp4156b_cmdInt16Arr_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, Vilnt16 VI _FAR result| ], ViPInt32 count);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ | (number of items in the array).

1t0 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ]. Returned data.

hp4156b_cmdInt16_Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 16 bit integer.

ViStatus VI FUNC hp4156b_cmdInt16_Q(ViSession vi, ViString cmd_str,
ViPInt16 result);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
result Response from instrument.

hp4156b_cmdInt32Arr Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 32 bit integers. You specify the cmd_str
and size parameters, and get result[ ] and count.

ViStatus VI FUNC hp4156b_cmdInt32Arr_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, Vilnt32 VI _FAR result| ], ViPInt32 count);
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hp4156b_cmdInt32_Q

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ | (number of items in the array).

1to 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ]. Returned data.

hp4156b_cmdInt32_Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 32 bit integer.

ViStatus VI FUNC hp4156b_cmdInt32_ Q(ViSession vi, ViString cmd_str,
ViPInt32 result);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
result Response from instrument.

hp4156b_cmdReal

This function passes the cmd_str string to the instrument. This entry point passes the
string in cmd_str followed by a space and then the real in value. Note that either an
Real32 or 64 can be passed as the Real32 will be promoted.

ViStatus VI FUNC hp4156b_cmdReal(ViSession vi, ViString cmd_str,
ViReal64 value);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
value Parameter for command. -1E+300 to 1E+300.

hp4156b_cmdReal64Arr _Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 64 bit real. You specify the cmd_str and
size parameters, and get result[ ] and count.
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hp4156b_cmdReal64_Q

ViStatus VI FUNC hp4156b_cmdReal64Arr Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViReal64 VI FAR result| ], ViPInt32 count);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ ] (number of items in the array).

1 to 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ]. Returned data.

hp4156b_cmdReal64 Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 64 bit real.

ViStatus VI FUNC hp4156b_cmdReal64 Q(ViSession vi, ViString cmd_str,
ViPReal64 result);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
result Response from instrument.

hp4156b_cmdString Q

This function passes the cmd_str string to the instrument. This entry point will wait
for a response which must be a string (character data). You specify the cmd_str and
size parameters, and get result| ].

ViStatus VI FUNC hp4156b_cmdString_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViChar VI FAR result[ ]);

vi Instrument handle returned from hp4156b_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Length of result in bytes. 2 to 32767.

result[ ] Response from instrument.
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hp4156b_dcl

hp4156b_dcl

This function sends a device clear (DCL) to the instrument.

A device clear will abort the present operation and enable the instrument to accept a
new command or query. This is particularly useful in situations where it is not
possible to determine the instrument state. In this case, it is customary to send a
device clear before issuing a new instrument driver function. The device clear
ensures that the instrument will be able to begin processing the new commands.

ViStatus VI _FUNC hp4156b_dcl(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).

hp4156b_error_message

This function translates the error code from an instrument driver function to a
readable string.

ViStatus VI FUNC hp4156b_error_message(ViSession vi, ViStatus error_number,
ViChar VI FAR message][ ]);

vi Instrument handle returned from hp4156b_init( ).

error_number Error code from the driver function.

message][ | Error message string. Returned data. This is limited to 256
characters.

hp4156b_error_query

This function returns the error codes and corresponding error messages in the error
queue of an instrument. See If You Have a Problem manual for a listing of the
instrument error codes and messages.

Instrument errors may occur when you places the instrument in a bad state such as
sending an invalid sequence of coupled commands. Instrument errors can be
detected by polling. Automatic polling can be accomplished by using the
hp4156b_errorQueryDetect function.

ViStatus VI FUNC hp4156b_error query(ViSession vi, ViPInt32 error number,
ViChar VI FAR error_message| ]);

vi Instrument handle returned from hp4156b_init( ).
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hp4156b_errorQueryDetect

error_number Instrument’s error code. Returned data.

error_message[ |  Instrument’s error message. Returned data. Up to 256
characters.

hp4156b_errorQueryDetect

This function enables or disables automatic instrument error checking.

If automatic error checking is enabled then the driver will query the instrument for
an error at the end of each function call.

Syntax ViStatus VI FUNC hp4156b_errorQueryDetect(ViSession vi,
ViBoolean errorQueryDetect);

Parameters vi Instrument handle returned from hp4156b_init( ).
errorQueryDetect Error checking enable (VI_TRUE) or disable (VI _FALSE).

hp4156b_errorQueryDetect_Q

This function indicates if automatic instrument error detection is enabled or

disabled.

Syntax ViStatus VI FUNC hp4156b_errorQueryDetect Q(ViSession vi,
ViPBoolean pErrDetect);

Parameters vi Instrument handle returned from hp4156b_init( ).
pErrDetect Error checking enable (VI_TRUE) or disable (VI_FALSE).

Returned data.

hp4156b_esr_Q

This function returns the contents of the ESR register. The driver returns the
equivalent messages.

Syntax ViStatus VI FUNC hp4156b_esr_Q(ViSession vi, ViChar VI FAR errstr[ ]);
Parameters vi Instrument handle returned from hp4156b_init( ).
errstr| | Response from instrument. 1 (ESR_OPC), 2 (ESR_RQL),

4 (ESR_QYE), 8 (ESR_DDE), 16 (ESR_EXE),
32 (ESR_CME), 64 (ESR_URQ), or 128 (ESR_PON).
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hp4156b_execCal

hp4156b_execCal

This function executes the calibration and returns the calibration result. The
parameter “result” returns the calibration result.

ViStatus VI FUNC hp4156b_execCal(ViSession vi, ViPInt32 result);

vi Instrument handle returned from hp4156b_init( ).

result Calibration result. Returned data. Numeric number.
0: No error (calibration succeed).

hp4156b_execOffsetCancel
This function measures the zero offset data, and sets the zero offset function to on.

The parameter ‘channel’ specifies the measurement channel (SMU or VMU)).
If you define SMU for ‘channel’, the SMU must be set to the voltage force mode by
using the hp4156b_force function, before executing this function.

If you define VMU for ‘channel’, the VMU must be set to the differential voltage
measurement mode by using the hp4156b_setVm function, before executing this
function.

ViStatus VI _FUNC hp4156b_execOffsetCancel(ViSession vi, Vilnt32 channel,
Vilnt32 range);
vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the unit to measure the zero offset data. 1 to
6 (SMU1 to SMU6), 23 (VMU1), or 24 (VMU?2).

range Measurement range to measure the zero offset data. 0, 1, 2, or 3.
0: 10 pA range for SMU
1: 100 pA range for SMU
2: 1 nA range for SMU
3: 0.2 V range for VMU

hp4156b_force

This function specifies dc current/voltage source and forces the specified output
immediately. To stop the output, use the hp4156b_force function with zero output.
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ViStatus VI _FUNC hp4156b_force(ViSession vi, Vilnt32 channel, Vilnt32 mode,
ViReal64 range, ViReal64 value, ViReal64 comp, Vilnt32 polarity);

range, value, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the source unit. 1 to 6 (SMU1 to SMU6), 21
(VSU1), 22 (VSU2), 27 (PGU1), or 28 (PGU2).

mode Source output mode. 1 (current, only for SMU) or 2 (voltage).

range Output ranging mode. 0 (auto) or positive value (limited auto).

value Source output value (in A or V).

comp Compliance value (in V or A). It must be voltage for the current

source, or current for the voltage source.
polarity Compliance polarity (only for SMU). 0 (auto) or 1 (manual).

If polarity=0, the compliance polarity is automatically set to the
same polarity as value, regardless of the specified comp
polarity. The compliance polarity is positive if value=0.

If polarity=1, the specified comp polarity is kept.

hp4156b_forcePulse

This function specifies pulse voltage source and forces the specified pulse
immediately. To stop the pulse output, use hp4156b_abortMeasure function.

ViStatus VI _FUNC hp4156b_forcePulse(ViSession vi, Vilnt32 channel,
Vilnt32 count, ViReal64 base, ViReal64 peak, ViReal64 width, ViReal64 period,
ViReal64 delay, ViReal64 rise, ViReal64 fall);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the pulse source. 27 (PGU1) or 28 (PGU2).

count Pulse count (number of pulses, 1 to 65535) or 0 (pulse output
free run mode).

base Pulse base value (in V). See Table 2-8.

peak Pulse peak value (in V). See Table 2-8.
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hp4156b_init
width Pulse width (in seconds). See Table 2-9.
period Pulse period (in seconds). See Table 2-9.
delay Pulse delay time (in seconds). See Table 2-9.
rise Pulse leading transition time (in seconds). See Table 2-10.
fall Pulse trailing transition time (in seconds). See Table 2-10.

Pulse Count and Pulse Period

Pulse count (count) and pulse period (period) settings are effective for both PGU1
and PGU2. If you use a PGU as a pulse source set by this function and another PGU
as a stress source set by the hp4156b_setStress function, check the setting of these
parameters. The parameter values must be the same as shown below.

hp4156b_forcePulse’s count = hp4156b_setStress’s duration (pulse count)
hp4156b_forcePulse’s period = hp4156b_setStress’s period

hp4156b_init

This function initializes the software connection to the instrument and optionally
verifies that instrument is in the system. In addition, it may perform any necessary
actions to place the instrument in its reset state.

This function is not required for the Visual Basic .NET and Agilent VEE
environments.

If the hp4156b_init function encounters an error, then the value of the vi output
parameter will be VI NULL.

ViStatus VI FUNC hp4156b_init(ViRsrc InstrDesc, ViBoolean id_query,
ViBoolean do_reset, ViPSession vi);
InstrDesc Instrument description. Examples; GPIBO::1::INSTR.

id_query VI_TRUE (to perform system verification), or
VI _FALSE (do not perform system verification).

do_reset VI_TRUE (to perform reset operation), or
VI_FALSE (do not perform reset operation).

vi Instrument handle. This is VI NULL if an error occurred
during the init.
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hp4156b_measureM

This function executes a multi channel spot measurement by the specified units, and
returns the measurement result data and the measurement status.

ViStatus VI _FUNC hp4156b_measureM(ViSession vi, Vilnt32 channel[ ],
Vilnt32 mode] ], ViReal64 range[ |, ViReal64 value[ ], Vilnt32 status| ]);
vi Instrument handle returned from hp4156b_init( ).

channel] ] Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU), or 24 (VMU?2).

Enter 0 to the last element of channel[ ]. For example, if you use
two channels, set the array size to 3, specify the channels to the
first and second elements, and enter 0 to the third element.

mode[ ] Measurement mode. 1 (current) or 2 (voltage).

range| ] Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

value[ ] Measurement data. Returned data.
status[ ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.

ViSession vi;
ViStatus ret;

ViReal6d vl = 3; /* output voltage */

ViInt32 vmode = 2; /* voltage output mode */

ViInt32 mch([3]; /* source and measurement channels */
mch[0] = 1; /* SMU1l for the 1lst measurement channel*/
mch[l] = 2; /* SMU2 for the 2nd measurement channel*/
mch[2] = 0;

ret = hp4l56b setSwitch(vi, mch([0], 1);

ret = hp4l56b setSwitch(vi, mch([1], 1);

ret = hp4l56b force(vi, mch[0], vmode, 0, 0, 0.1, 0);

ret = hp4l56b force(vi, mch[l], vmode, 0, vl, 0.1, 0);
ViInt32 mode[2]; /* measurement mode */

mode[0] = 1; /* current measurement for 1lst channel */
mode[1l] = 1; /* current measurement for 2nd channel */
ViReal64 rangel[2]; /* measurement range */

range[0] = 0; /* auto ranging for 1lst channel */
range[1l] = 0; /* auto ranging for 2nd channel */
ViReal64 md[2]; /* measurement value */

ViInt32 st[2]; /* measurement status */

ret = hp4l56b measureM(vi, mch, mode, range, &md[0], &st[0]);
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hp4156b_measureP

This function executes a pulsed spot measurement by the specified channel, and
returns the measured value and the measurement status.

ViStatus VI _FUNC hp4156b_measureP(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPReal64 value, ViPInt32 status);
vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU), or 24 (VMU?2).

mode Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

value Measurement data. Returned data.

status Measurement status. Returned data. For the status value, see
“Status Code” on page 2-12.

hp4156b_offsetCancel

This function enables or disables the zero offset cancel function.

ViStatus VI FUNC hp4156b_offsetCancel(ViSession vi, Vilnt32 channel,
Vilnt32 state);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the unit to set the offset cancel function. 1 to
6 (SMU1 to SMU6), 23 (VMU1), or 24 (VMU?2).

state Function state. 0 (off) or 1 (on).
hp4156b_opc_Q

This function does the *OPC? common command.

ViStatus _VI_FUNC hp4156b_opc_Q(ViSession vi, ViPBoolean result);

vi Instrument handle returned from hp4156b_init( ).
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result *OPC? command execution result. Returned data. VI TRUE
(Operation complete), or VI_FALSE (Operation is pending).

ViSession vi;

ViStatus ret;

ViPBoolean result;

ret = hp4l56b_opc Q(vi,&result);

hp4156b_readData

This function reads and returns the source setup data or the data measured by the
hp4156b_startMeasure function.

ViStatus VI _FUNC hp4156b_readData(ViSession vi, ViPInt32 eod,
ViPInt32 data_type, ViPReal64 value, ViPInt32 status, ViPInt32 channel);

vi Instrument handle returned from hp4156b_init( ).
eod End of data flag. Returned data. 1 (end of data) or 0 (not EOD).
data_type Data type of “value”. Returned data. 0, 1, 3, 8,9, 11, 14, or 15.

0: Voltage setup data

1: Current setup data

3: Time setup data

8: Voltage measurement data
9: Current measurement data
11: Time measurement data
14: Sampling index data

15: Stress status data

value Measurement data or source setup data. Returned data.

status Measurement status or source status. Returned data. For the
status value, see “Status Code” on page 2-12.

channel Channel number of the unit for measurement or output.
Returned data. 1 to 6 (SMU1 to SMUG6), 21 (VSU1), 22
(VSU2), 23 (VMU1), 24 (VMU?2), 27 (PGU1), or 28 (PGU2).

hp4156b_readStatusByte Q

This function returns the contents of the status byte register.
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ViStatus VI _FUNC hp4156b_readStatusByte Q(ViSession vi,

ViPInt16 statusByte);
vi Instrument handle returned from hp4156b_init( ).
statusByte Contents of the status byte. Returned data.

hp4156b_recoverOutput

This function returns the specified channel to the settings that are stored by the
hp4156b_zeroOutput function, and clears the stored settings.

ViStatus VI FUNC hp4156b_recoverOutput(ViSession vi, Vilnt32 channel);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the unit to return the settings. 1 to 6 (SMU1
to SMU6), 21 (VSU1), 22 (VSU2), 27 (PGU1), or 28 (PGU2).

hp4156b_reset

This function places the instrument in a default state. Before issuing this function, it
may be necessary to send a device clear to ensure that the instrument can execute a
reset. A device clear can be issued by invoking hp4156b_dcl function.

ViStatus VI _FUNC hp4156b_reset(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).
hp4156b_revision_query

This function returns the driver revision and the instrument firmware revision.

ViStatus VI FUNC hp4156b_revision query(ViSession vi,
ViChar VI _FAR driver_rev[ ], ViChar VI FAR instr_rev[ ]);

vi Instrument handle returned from hp4156b_init( ).

driver_rev[ | Instrument driver revision. Returned data. This is limited to 256
characters.

instr_rev[ ] Instrument firmware revision. Returned data. This is limited to

256 characters.
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hp4156b_sample

This function executes a sampling measurement by the specified channels, and
returns the number of measurement points, measurement data index, measurement
data, and the measurement status.

Before executing this function, set the sampling timing by the hp4156b_setSample
function. The synchronous dc sources used with the sampling measurement units are
defined by the hp4156b_addSampleSynclv function. And the synchronous pulsed
sources used with the sampling measurement units are defined by the
hp4156b_addSampleSyncPulse function.

ViStatus VI _FUNC hp4156b_sample(ViSession vi, Vilnt32 channel] ],
Vilnt32 mode][ ], ViReal64 range[ ], ViPInt32 point, Vilnt32 index][ ],
ViReal64 value][ ], Vilnt32 status] ]);

vi Instrument handle returned from hp4156b_init( ).

channel] ] Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU1), or 24 (VMU2).

Enter 0 to the last element of channel[ ]. For example, if you use
two channels, set the array size to 3, specify the channels to the
first and second elements, and enter O to the third element.

mode] ] Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range| ] Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

point Number of measurement points. Returned data.

index[ ] Measurement data index. Returned data.

value[ ] Measurement data. Returned data.

status[ ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.

hp4156b_self test

This function causes the instrument to perform a self-test and returns the result of
that self-test. This is used to verify that an instrument is operating properly. A failure
may indicate a potential hardware problem.
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ViStatus VI _FUNC hp4156b_self test(ViSession vi, ViPInt16 test result,
ViChar_ VI FAR test message[ ]);
vi Instrument handle returned from hp4156b_init( ).

test_result Numeric result from self-test operation. Returned data. If no
error is detected, 0 is returned.

test_message| | Self-test status message. Returned data. This is limited to 256
characters.

hp4156b_setFilter

This function sets the output filter of the specified SMU.

ViStatus VI FUNC hp4156b_setFilter(ViSession vi, Vilnt32 channel,
Vilnt32 state);

vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the unit. 1 (SMU1), 2, 3, 4, 5, or 6 (SMU6).
state SMU filter state. 0 (off) or 1 (on).

hp4156b_setInteg

This function sets the integration time and sets the number of samples that are taken
and averaged for the measurement.

ViStatus VI _FUNC hp4156b_setInteg(ViSession vi, Vilnt32 table, ViReal64 time,
Vilnt32 average);

vi Instrument handle returned from hp4156b_init( ).
table Integration time table. 1 (short), 2 (medium), or 3 (long).
time Integration time (in seconds).

For table=1: 80 ps to 10.16 ms.
For table=2: Any value is ok (e.g. 1). The value will be ignored.
For table=3: 16.7 ms to 2.0 s

average Number of samples for averaging, 1 to 1023. Or enter 0 to use
the last setting.
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hp4156b_setlv

This function specifies staircase sweep source and sets the parameters. The sweep
source is used for the staircase sweep measurements and the staircase sweep with
pulsed bias measurements.

For the staircase sweep with pulsed bias measurements, the sweep output
synchronizes with the pulse output by the hp4156b_setPbias function.

ViStatus VI _FUNC hp4156b_setlv(ViSession vi, Vilnt32 channel, Vilnt32 mode,
ViReal64 range, ViReal64 start, ViReal64 stop, Vilnt32 point, ViReal64 hold,
ViReal64 delay, ViReal64 s_delay, ViReal64 comp, ViReal64 p_comp);

range, start, stop, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the sweep source. 1 to 6 (SMU1 to SMU6),
21 (VSU1), or 22 (VSU2).

mode Output mode. 1, 2, 3, 4, -1, -2, -3, or -4. For the log sweep
mode, start and stop must be the same polarity.

1: Voltage-Single-Linear sweep

2: Voltage-Single-Log sweep

3: Voltage-Double-Linear sweep

4: Voltage-Double-Log sweep

-1: Current-Single-Linear sweep (only for SMU)
-2: Current-Single-Log sweep (only for SMU)

-3: Current-Double-Linear sweep (only for SMU)
-4: Current-Double-Log sweep (only for SMU)

range Output ranging mode. 0 (auto) or positive value (limited auto).
start Sweep start value (in A or V).

stop Sweep stop value (in A or V).

point Number of sweep steps. 1 to 1001.

hold Hold time. 0 to 655.35 seconds, in 0.01 seconds resolution.
delay Delay time. 0 to 65.535 seconds, in 0.0001 seconds resolution.
s_delay Step delay time. 0 to 1.0 seconds, in 0.0001 seconds resolution.

2-32 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Syntax

NOTE

Parameters

Driver Function Reference
hp4156b_setPbias

comp Compliance value (in V or A). It must be voltage for the current
sweep source, or current for the voltage sweep source.
Compliance polarity is automatically set to the same polarity as
the output value, regardless of the specified comp polarity. The
compliance polarity is positive if the output value is 0.

p_comp Power compliance. Available values are listed below. If you
enter the other value, the power compliance is not set.

0.001 to 2.0 VA (for 4155/4156 and MPSMU in 41501)
0.001 to 14.0 VA (for HPSMU in 41501)
Setting resolution: 0.001 VA

hp4156b_setPbias

This function specifies pulse source and sets the parameters. The pulse source is
used for the pulsed spot measurements and the staircase sweep with pulsed bias
measurements.

Filter of the pulse source must be set to off by using the hp4156b_setFilter function.
For the staircase sweep with pulsed bias measurements, the pulse output

synchronizes with the staircase sweep output by the hp4156b_setlv function.

ViStatus VI FUNC hp4156b_setPbias(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViReal64 base, ViReal64 peak, ViReal64 width,
ViReal64 period, ViReal64 hold, ViReal64 comp);

range, base, peak, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the pulse source. 1 to 6 (SMU1 to SMU6),
21 (VSU1), or 22 (VSU2).

mode Pulse output mode. 1 (current, only for SMU) or 2 (voltage).
For the current output, base and peak must be the same polarity.

range Output ranging mode. 0 (auto) or positive value (limited auto).

base Pulse base value (in A or V).

peak Pulse peak value (in A or V).
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width Pulse width (in seconds). 0.5 ms to 0.1 s. 0.1 ms resolution.

period Pulse period (in seconds). 5 ms to 1.0 s. 0.1 ms resolution.
The value must be width + 4 ms or more.

hold Hold time (in seconds). 0.0 to 655.35 s. 0.01 s resolution.

comp Compliance value (in V or A). It must be voltage for the current
source, or current for the voltage source. Compliance polarity is
automatically set to the same polarity as the output value,
regardless of the specified comp polarity. The compliance
polarity is positive if the output value is 0.

For mode= 1, if base or peak is within 10 pA and not 0, comp
must be 2 V or less.

For mode= 2, the minimum comp value must be as shown in
Table 2-12.

Minimum Compliance Value for Voltage Pulse Output

Voltage pulse ? comp (current compliance)

0<|Vp-pl<2V |comp| > 2 nA

2V <|[Vp-p| <20V | |comp| > |Vp-p|x1.111x10E~6 —2.22x10E~6

20 V <|Vp-p| |comp| > 20 LA

a. |Vp-pl is the voltage from the pulse base value to the pulse peak value.

hp4156b_setPguR

This function sets the PGU output impedance.

ViStatus VI FUNC hp4156b_setPguR(ViSession vi, Vilnt32 channel,
Vilnt32 state);

vi Instrument handle returned from hp4156b_init( ).
channel Channel number of PGU. 27 (PGU1) or 28 (PGU2).
state Status. 0 (approx. 0 ohm low impedance) or 1 (50 ohm).
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hp4156b_setPiv

This function specifies pulsed sweep source and sets the parameters. The pulsed
sweep source is used for the pulsed sweep measurements.

Filter of the pulse source must be set to off by using the hp4156b_setFilter function.

ViStatus VI _FUNC hp4156b_setPiv(ViSession vi, Vilnt32 channel, Vilnt32 mode,
ViReal64 range, ViReal64 base, ViReal64 start, ViReal64 stop, Vilnt32 point,
ViReal64 hold, ViReal64 width, ViReal64 period, ViReal64 comp);

range, base, start, stop, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

Vi

channel

mode

range
base
start
stop
point
hold
width

period

Instrument handle returned from hp4156b_init( ).

Channel number of the pulse sweep source. 1 to 6 (SMU1 to
SMU6), 21 (VSU1), or 22 (VSU2).

Output mode. 1, 2, 3,4, -1, -2, -3, or -4. For the current mode or
log sweep mode, base, start, and stop must be the same polarity.

1: Voltage-Single-Linear sweep

2: Voltage-Single-Log sweep

3: Voltage-Double-Linear sweep

4: Voltage-Double-Log sweep

-1: Current-Single-Linear sweep (only for SMU)
-2: Current-Single-Log sweep (only for SMU)

-3: Current-Double-Linear sweep (only for SMU)
-4: Current-Double-Log sweep (only for SMU)

Output ranging mode. 0 (auto) or positive value (limited auto).
Pulse sweep base value (in A or V).

Pulse sweep start value (in A or V).

Pulse sweep stop value (in A or V).

Number of sweep steps. 1 to 1001.

Hold time (in seconds). 0.0 to 655.35 s. 0.01 s resolution.
Pulse width (in seconds). 0.5 ms to 0.1 s. 0.1 ms resolution.

Pulse period (in seconds). 5 ms to 1.0 s. 0.1 ms resolution. The
value must be width + 4 ms or more.
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comp

Compliance value (in V or A). It must be voltage for the current
source, or current for the voltage source. Compliance polarity is
automatically set to the same polarity as the output value,
regardless of the specified comp polarity. The compliance
polarity is positive if the output value is 0.

For the current output, if base, start, or stop is within 10 pA and
not 0, comp must be 2 V or less.

For the voltage output, the minimum comp value must be as
shown in Table 2-12.

hp4156b_setSample

This function specifies the measurement timing of the sampling measurements. The
sampling measurement units are defined by the hp4156b_sample function.

ViStatus VI FUNC hp4156b_setSample(ViSession vi, ViReal64 hold,
ViReal64 interval, Vilnt32 point);

vi
hold

interval

point

Instrument handle returned from hp4156b_init( ).
Hold time (in seconds). -30 ms to 655.35 s. 100 s resolution.

Sampling interval (in seconds). 60 ps to 480 ps (20 ps
resolution), 480 ps to 1 s (80 ps resolution), or 1 s to 65.534 s
(2 ms resolution).

Number of sampling points. 1 to 10001.

hp4156b_setStress

This function sets the timing parameters of the stress.

ViStatus VI _FUNC hp4156b_setStress(ViSession vi, ViReal64 hold,
Vilnt32 mode, ViReal64 duration, ViReal64 period);

Vi
hold
mode

duration

Instrument handle returned from hp4156b_init( ).

Hold time (in seconds). 0 to 655.35 s.

Stress mode. 1 (pulse count mode) or 2 (duration mode).
Meaning of this parameter depends on the mode setting:

If mode=1, this is the number of pulse count. 1 to 65535.
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If mode=2, this is the stress time (in seconds). 500 ps to 655.0 s.
period Pulse period (in seconds). 2 ps to 10.0 s. Only for pulse stress.

The period value must match the width and delay values of the
hp4156b_addStressSyncPulse function. See Table 2-9.

For mode=1, if you set the automatic abort function by using the
hp4156b_stopMode function, the pulse output must be more
than 10 seconds (duration x period> 10 s).

Pulse Count and Pulse Period

Pulse count (duration) and pulse period (period) settings are effective for both
PGU1 and PGU2. If you use a PGU as a stress source set by this function and
another PGU as a pulse source set by the hp4156b_forcePulse function, check the
setting of these parameters. The parameter values must be the same as shown below.

hp4156b_setStress’s duration (pulse count) = hp4156b_forcePulse’s count
hp4156b_setStress’s period = hp4156b_forcePulse’s period

hp4156b_setSweepSync

This function specifies synchronous sweep source and sets the parameters. The
synchronous sweep source will be the additional staircase sweep source for the
staircase sweep measurements, the pulsed sweep measurements, or the staircase
sweep with pulsed bias measurements. The hp4156b_setlv or hp4156b_setPiv
function must be executed before this function.

For the staircase sweep measurements, the output synchronizes with the staircase
sweep output by the hp4156b_setlv function.

For the pulsed sweep measurements, the output synchronizes with the pulsed sweep
output by the hp4156b_setPiv function.

For the staircase sweep with pulsed bias measurements, the output synchronizes the
staircase sweep output by the hp4156b_setlv function and the pulse output by the
hp4156b_setPbias function.

ViStatus VI FUNC hp4156b_setSweepSync(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViReal64 start, ViReal64 stop, ViReal64 comp,
ViReal64 p_comp);

vi Instrument handle returned from hp4156b _init( ).
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channel

mode

range
start
stop

comp

p_comp

Channel number of the sweep source. 1 to 6 (SMU1 to SMU6),
21 (VSU1), or 22 (VSU2).

Source output mode. 1 (current, only for SMU) or 2 (voltage).

Set 1 if the hp4156b_setlv or hp4156b_setPiv function sets the
current output mode. Or, set 2 if the function sets the voltage
output mode.

Output ranging mode. 0 (auto) or positive value (limited auto).
Sweep start value (in A or V).
Sweep stop value (in A or V).

Compliance value (in V or A). It must be voltage for the current
sweep source, or current for the voltage sweep source.
Compliance polarity is automatically set to the same polarity as
the output value, regardless of the specified comp polarity. The
compliance polarity is positive if the output value is 0.

Power compliance. Available values are listed below. If you
enter the other value, the power compliance is not set.

0.001 to 2.0 VA (for 4155/4156 and MPSMU in 41501)
0.001 to 14.0 VA (for HPSMU in 41501)
Setting resolution: 0.001 VA

range, start, stop, comp parameters

Available values depend on the unit. See “Parameters” on page 2-6.

Sweep type, linear or log, is set by the hp4156b_setlv or hp4156b_setPiv function.
If the function sets the log sweep, start and stop must be the same polarity.

hp4156b_setSwitch

This function sets the output switch of the specified channel.

ViStatus VI FUNC hp4156b_setSwitch(ViSession vi, Vilnt32 channel,

Vilnt32 state);

Vi

Instrument handle returned from hp4156b_init( ).
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channel Channel number of the unit. 0 (all channels), 1 to 6 (SMU1 to
SMU6), 21 (VSU1), 22 (VSU2), 23 (VMU1), 24 (VMU2), 26
(GNDU), 27 (PGU1) or 28 (PGU2).

state Output switch setting. 0 (off) or 1 (on).

hp4156b_setVm

This function sets VMU1 and VMU?2 to the normal mode that can use two VMU s
individually or the differential voltage measurement mode that uses two VMUs to
measure voltage between two terminals.

ViStatus VI FUNC hp4156b_setVm(ViSession vi, Vilnt32 mode);

vi Instrument handle returned from hp4156b_init( ).

mode Measurement mode. 1 (normal) or 2 (differential).

hp4156b_spotMeas

This function executes a high speed spot measurement by the specified channel, and
returns the measured value and the measurement status.

ViStatus VI _FUNC hp4156b_spotMeas(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPReal64 value, ViPInt32 status);
vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU), or 24 (VMU?2).

mode Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

value Measurement data. Returned data.

status Measurement status. Returned data. For the status value, see
“Status Code” on page 2-12.
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hp4156b_startMeasure

This function starts the specified measurement by the specified channels. You can
read the measured data by using the hp4156b_readData function. The measurement
data is entered to the 4155/4156 output buffer in the measurement order. If you want
to abort the measurement, use the hp4156b_abortMeasure function.

ViStatus VI _FUNC hp4156b_startMeasure(ViSession vi, Vilnt32 meas_type,
Vilnt32 channell ], Vilnt32 mode[ ], ViReal64 range][ ], Vilnt32 source);

Vi

meas_type

channel] ]

mode[ ]

range| ]

source

ViSession vi;
ViStatus ret;
ViInt32 mch[3];

mch[0] = 1;
mch[l] = 2;
mch[2] = 0;

ret
ret
ret

ViInt32 om

ViRealb64
ViRealo4
ViRealb64
ViRealo4
ViRealo4
ViRealb64
ViRealo4

or
vl
v2
tw
tp
th
ic

hp4l56b setSwitch(vi, mch[0], ;
hp4l56b_setSwitch(vi, mch[1l], 1);
hpd4l56b setFilter(vi, mch[0], ;

0

QOO OO~

Instrument handle returned from hp4156b_init( ).

Measurement type. 1 (multi spot), 2 (staircase sweep),
3 (pulse spot), 4 (pulse sweep), 5 (sweep with pulsed bias),
10 (sampling), or 11 (stress force).

Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU1), or 24 (VMU2).

Enter 0 to the last element of channel[ ]. For example, if you use
two channels, set the array size to 3, specify the channels to the
first and second elements, and enter O to the third element.

Measurement mode. 1 (current, only for SMU) or 2 (voltage).

Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

Source data output mode. 0 (measurement data output without
source data) or 1 (measurement data output with source data).

/* channel */
/* SMUl for the 1lst measurement channel*/
/* SMU2 for the 2nd measurement channel*/

0)

/* output mode: voltage */

; /* output range: auto */
; /* base voltage */

.5; /* peak voltage */

001; /* width */

01; /* period */

; /* hold time */

.01; /* current compliance */

ret= hp4l156b setPbias(vi, mch[0], om, or, vl, v2, tw, tp, th, ic);
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ret= hp4156b force(vi, mch[l], om, or, vl, ic, 0);

ViInt32 type = 3; /* pulsed spot measurement */

ViInt32 mode[2]; /* measurement mode */

ViReal64 range[2]; /* measurement range */

mode[0] = 1; /* current for 1lst measurement channel */
mode[1l] = 1; /* current for 2nd measurement channel */
range[0] = 0O; /* auto for 1lst measurement channel */
range[l] = O; * auto for 2nd measurement channel */
ret = hp4l56b_startMeasure(vi, type, mch, mode, range, 0);
ViInt32 eod; /* eod */

ViInt32 dtype; /* data type */

ViReal64 md; /* measurement value */

ViInt32 st; /* measurement status */

ViInt32 ch; /* channel */

ret = hp4l56b readData(vi, &eod, &dtype, &md, &st, &ch);
printf ("Il = $9.6f mA \n", md * 1000);
ret = hp4l56b readData(vi, &eod, &dtype, &md, &st, &ch);
printf ("I2 = ¢9.6f mA \n", md * 1000);

hp4156b_stopMode

This function specifies the stop condition which enables the automatic abort
function for the sweep measurement, sampling measurement, or stress force. Also
this function specifies the sweep source output of the measurement unit after the
sweep measurement is aborted.

ViStatus VI FUNC hp4156b_stopMode(ViSession vi, Vilnt32 occ_stop,
Vilnt32 tcc_stop, Vilnt32 ovf stop, Vilnt32 osc_stop, Vilnt32 last_ mode);
vi Instrument handle returned from hp4156b_init( ).
occ_stop Automatic abort function by compliance of another unit.

0 (disables this abort mode) or 1 (enables this abort mode).
tcc_stop Automatic abort function by compliance of this unit.

0 (disables this abort mode) or 1 (enables this abort mode).
ovf stop Automatic abort function by overflow of AD converter.

0 (disables this abort mode) or 1 (enables this abort mode).
0sc_stop Automatic abort function by oscillation of unit(s).

0 (disables this abort mode) or 1 (enables this abort mode).
last mode Source output value after abort condition.

1 (returns to start value), or 2 (keeps the value when aborted).
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hp4156b_stress

This function forces the stress defined by the hp4156b_setStress,
hp4156b_addStressSynclv, and/or hp4156b_addStressSyncPulse functions.

ViStatus VI _FUNC hp4156b_stress(ViSession vi, ViPInt32 status);

vi Instrument handle returned from hp4156b_init( ).

status Stress output status. Returned data. For the status value, see
“Status Code” on page 2-12.

hp4156b_sweeplv

This function executes a staircase sweep measurement by the specified channel, and
returns the number of measurement steps, sweep source data, measurement data and
the measurement status.

Before executing this function, execute the hp4156b_setlv function to set the sweep
source. Also, execute the hp4156b_setSweepSync function to set the synchronous
sweep source.

ViStatus VI FUNC hp4156b_sweeplv(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPInt32 point, ViReal64 source| ],
ViReal64 value][ ], Vilnt32 status] ]);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the measurement unit. 1 to 6 (SMU1 to
SMUG6), 23 (VMU1), or 24 (VMU2).

mode Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

point Number of measurement steps. Returned data.

source] | Sweep source setup data. Returned data.

value[ ] Measurement data. Returned data.

status| ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.
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ViStatus ret;

Driver Function Reference
hp4156b_sweepMiv

ViInt32 sch = 1; /* SMUl for sweep channel */
ViInt32 mch = 2; /* SMU2 for measurement channel */
ViInt32 sm = 1; /* sweep mode: voltage-single-linear */
ViInt32 om = 2; /* output mode: voltage */
ViReal64 or = 0; /* output range: auto */

ViReal6d v1 = 0; /* start voltage */

ViReal64 v2 = 1.5; /* stop voltage */

ViInt32 pts = 11; /* point */

ViReal64 th = 0.01; /* hold time */

ViReal64 td = 0.001; /* delay time */

ViReal64 ts = 0.001; /* step delay time */

ViReal64 icomp = 0.1; /* current compliance */

ViReal64 pcomp = 0.2; /* power compliance */

ViInt32 mm = 1; /* measurement mode: current */
ViReal64 mr = 0; /* measurement range: auto */
ViInt32 mpts; /* number of measurement steps */
ViReal64 sc[l /* source data */

1
ViReal6d4d md[11

1
1; /* measurement data */
ViInt32 st([11];

/* status */

ret = hp4l56b setSwitch(vi, sch, 1);

ret = hp4156b_setSwitch(vi, mch, 1);
ret = hp4l56b force(vi, mch, om, or, vl, icomp, 0);
ret = hp4l56b setIv(vi, sch, sm, or, vl, v2, pts, th, td, ts,

icomp, pcomp);
ret = hp4l56b sweepIv(vi, mch, mm, mr, &mpts, &sc[0], &md[O],
&st[01);

For the above example, the array variables sc[], md[], and st[] will contain the
following data.

sc[n]: Sweep source setup data (voltage).

md[n]: Measurement data (current).

st[n]: Status for the md[n] data.

where, n = 0 to 10 (integer).

hp4156b_sweepMiv

This function executes a multi channel staircase sweep measurement by the
specified channels, and returns the number of measurement steps, sweep source
data, measurement data and the measurement status.

Before executing this function, execute the hp4156b_setlv function to set the sweep
source. Also, execute the hp4156b_setSweepSync function to set the synchronous
sweep source.
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ViStatus VI _FUNC hp4156b_sweepMiv(ViSession vi, Vilnt32 channel] ],
Vilnt32 mode] ], ViReal64 range[ |, ViPInt32 point, ViReal64 source] ],
ViReal64 value[ ], Vilnt32 status| ]);

vi Instrument handle returned from hp4156b_init( ).

channel] ] Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU), or 24 (VMU?2).

Enter 0 to the last element of channel[ ]. For example, if you use
two channels, set the array size to 3, specify the channels to the
first and second elements, and enter 0 to the third element.

mode[ ] Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range| | Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

point Number of measurement steps. Returned data.

source] | Sweep source setup data. Returned data.

value[ ] Measurement data. Returned data.

status| ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.

ViSession vi;
ViStatus ret;

ViReal64 th 0.01; /* hold time */
ViReal64 td 0.001; /* delay time */
ViReal64 ts = 0.001; /* step delay time */

ViInt32 mch([3]; /* measurement channels */
mch[0] = 1;

mch[l] = 2;

mch[2] = 0;

ret = hp4l56b_setSwitch(vi, mch[0], 1);

ret = hp4l56b_setSwitch(vi, mch[1l], 1);

ViInt32 om = 2; /* output mode: voltage */
ViInt32 sm = 1; /* sweep mode: voltage-single-linear mode */
ViReal64 or = 0; /* output range: auto */
ViReal64 v1 = 0; * start voltage */
ViReal64 v2 = 1.5; /* stop voltage */

ViInt32 pts = 11; /* point */

ViReal64 icomp = 0.1; /* current compliance */
ViReal64 pcomp = 0.2; /* power compliance */
ret = hp4l56b force(vi, mch[0], om, or, vl, icomp, 0);

ret = hp4l56b setIv(vi, mch[1l], sm, or, vl, v2, pts, th, td, ts,
icomp, pcomp);

ViInt32 mm[2]; /* measurement mode */
ViReal64 mr([2]; /* measurement range */
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mm[0] = 1; /* current mode for mch[0] */
mm[1l] = 1; /* current mode for mch[1l] */
mr[0] = 0; /* auto range for mch[0] */

mr[l] = 0; /* auto range for mch[1l] */
ViInt32 mpts; /* number of measurement steps */
ViReal64 sc[1l1l]: /* source data */

ViReal64 md[22]; /* measurement data */

ViInt32 st[22]; /* status */

ret = hp4l56b sweepMiv(vi, mch, mm, mr, &mpts, &sc[0], &md[O0],
&st[01);

For the above example, the array variables sc[], md[], and st[] will contain the
following data.

sc[n]: Sweep source setup data (voltage).

md[2*n]: Data (current) measured by the mch[0] channel.

md[2*n+1]: Data (current) measured by the mch[1] channel.

st[2*n]: Status for the md[2*n] data.

st[2*n+1]: Status for the md[2*n+1] data.

where, n = 0 to 10 (integer).

hp4156b_sweepPbias

This function executes a staircase sweep with pulsed bias measurement by the
specified channel, and returns the number of measurement steps, sweep source data,
measurement data, and the measurement status.

Before executing this function, execute the hp4156b_setlv function and the
hp4156b_setPbias function to set the staircase sweep source and the pulsed bias
source respectively. Also, execute the hp4156b_setSweepSync function to set the
synchronous sweep source.

ViStatus VI _FUNC hp4156b_sweepPbias(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPInt32 point, ViReal64 source] ],
ViReal64 value[ ], Vilnt32 status] ]);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU1), or 24 (VMU2).

mode Measurement mode. 1 (current, only for SMU) or 2 (voltage).
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range Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

point Number of measurement steps. Returned data.

source| | Sweep source setup data. Returned data.

value[ ] Measurement data. Returned data.

status ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.

Example ViSession vi;
Vistatus ret;
ViInt32 pch = 1; /* SMUl for pulse source channel */
ret = hp4l56b_setSwitch(vi, pch, 1);
ret hp4l56b setFilter(vi, pch, 0);

ViInt32 om = 2 /* output mode: voltage */

ViReal64 or = 0; /* output range: auto */

ViReal64 th = 0; /* hold time */

ViReal64 tw = 0.001; /* pulse width */

ViReal64 tp = 0.01; /* pulse period */

ViReal6d v1 = 0; /* pulse base voltage */

ViReal64 v2 = 1.5; /* pulse peak voltage */

ViReal64 ic = 0.05; /* pulse source current compliance */

ret = hp4l56b_setPbias(vi, pch, om, or, vl, v2, tw, tp, th, ic);

ViInt32 sch = 2; /* SMU2 for sweep source channel */
ViInt32 sm = 1 /* sweep mode: voltage-single-linear */
ViInt32 pts 1; /* number of sweep steps */

ViRealo64 td
ViRealb64 ts
ViRealo6d sl

/* delay time */

/* step delay time */

/* sweep start voltage */

ViReal64 s2 = /* sweep stop voltage */

ViReal64 icomp 0.1; /* sweep source current compliance */
ViReal64 pcomp = 0.5; /* sweep source power compliance */
ret = hp4l56b setSwitch(vi, sch, 1);

ret = hp4l56b_setIv(vi, sch, sm, or, sl, s2, pts, th, td, ts,
icomp, pcomp);

o
WO OO~

|l Se e ~e S

ViInt32 mm = 1; /* measurement mode: current */

ViReal64 mr = 0; /* measurement range: auto */

ViInt32 mpts; /* number of measurement steps */
ViReal64 sc[1l1l]; /* source data */

ViReal64 md[11]; /* measurement data */

ViInt32 st[1l1]; /* status */

ret = hp4l56b sweepPbias(vi, sch, mm, mr, &mpts, &sc[0], &md[O0],
&st[0]);

For the above example, the array variables sc[], md[], and st[] will contain the
following data.

sc[n]: Sweep source setup data (voltage).
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md[n]: Measurement data (current).
st[n]: Status for the md[n] data.

where, n = 0 to 10 (integer).

hp4156b_sweepPiv

This function executes a pulsed sweep measurement by the specified channel, and
returns the number of measurement steps, sweep source data, measurement value
and the measurement status.

Before executing this function, execute the hp4156b_setPiv function to set the
pulsed sweep source. Also, execute the hp4156b_setSweepSync function to set the
synchronous sweep source.

ViStatus_ VI_FUNC hp4156b_sweepPiv(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPInt32 point, ViReal64 source| ],
ViReal64 value][ ], Vilnt32 status] ]);

vi Instrument handle returned from hp4156b_init( ).

channel Channel number of the measurement unit. 1 to 6 (SMU1 to
SMU6), 23 (VMU1), or 24 (VMU?2).

mode Measurement mode. 1 (current, only for SMU) or 2 (voltage).

range Measurement ranging mode. 0 (auto), positive value (limited
auto), or negative value (fixed range). For the available values,
see Table 2-2 and Table 2-5 or Table 2-7.

point Number of measurement steps. Returned data.

source][ | Sweep source setup data. Returned data.

value[ ] Measurement data. Returned data.

status| ] Measurement status. Returned data. For the status value, see

“Status Code” on page 2-12.

ViSession vi;

ViStatus ret;

ViInt32 pch = 1; /* SMUl for pulse sweep source */
ret = hp4l56b_setSwitch(vi, pch, 1);

ret hp4l56b setFilter(vi, pch, 0);

ViInt32 sm = 1
ViReal64 or
ViRealo6d vO
ViReal64 vl

/* sweep mode: voltage-single-linear mode */
/* output range: auto */

/* pulse base voltage */

/* pulse sweep start voltage */

o
OO O~
~e Ne .
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ViReal64 v2 10; /* pulse sweep stop voltage */
ViInt32 pts 11; /* number of sweep steps */
ViReal64 th 0; /* hold time */

ViReal64 tw 0.001; /* pulse width */

ViReal64 tp 0.01; /* pulse period */

ViReal64 ic = 0.05; /* sweep source current compliance */

ret = hp4l56b_setPiv(vi, pch, sm, or, v0, vl, v2, pts, th, tw, tp,
ic);

ViInt32 mm = 1; /* measurement mode: current */

ViReal64 mr = 0; /* measurement range: auto */
ViInt32 mpts; /* number of measurement steps */
ViReal64 sc[1ll1l]; /* source data */

ViReal64 md[11]; /* measurement data */

ViInt32 st[11]; /* status */

ret = hp4l56b sweepPiv(vi, pch, mm, mr, &mpts, &sc[0], &md[O0],
&st[01);

For the above example, the array variables sc[], md[], and st[] will contain the
following data.

sc[n]: Sweep source setup data (voltage).

md[n]: Measurement data (current).

st[n]: Status for the md[n] data.

where, n = 0 to 10 (integer).
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hp4156b_timeOut

This function sets a minimum timeout value for driver I/O transactions in
milliseconds. The default timeout period is 5 seconds.

ViStatus VI _FUNC hp4156b_timeOut(ViSession vi, Vilnt32 timeOut);

vi Instrument handle returned from hp4156b_init( ).
timeOut I/0 timeout value for all functions in the driver. in milliseconds.
0to 2147483647.

hp4156b_timeOut Q

This function returns the timeout value for driver I/O transactions in milliseconds.

ViStatus_VI_FUNC hp4156b_timeOut_Q(ViSession vi, ViPInt32 pTimeOut);

vi Instrument handle returned from hp4156b_init( ).
pTimeOut Minimum timeout period that the driver can be set to, in
milliseconds.

hp4156b_zeroOutput

This function stores the measurement setup of the units, and sets the units to 0 V
output. To recover the setup, execute hp4156b_recoverOutput function.

ViStatus VI _FUNC hp4156b_zetoOutput(ViSession vi, Vilnt32 channel);

vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the unit to set to the zero output.

0 (all channels), 1 to 6 (SMU1 to SMU6), 21 (VSU1), 22
(VSU2), 27 (PGU1), or 28 (PGU2).
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ES250A Driver Functions

This section provides the reference information of the Agilent E5250A
VXlplug&play driver functions.

Function List

Table 2-13 lists all the functions for the E5250A. You will see a brief description of
the functions in the table.

For the description, syntax and parameters of the function, refer to the reference
section following this table. The driver functions in the reference section will appear
in the alphabetical order.

Table 2-13 E5250A Driver Function List
Category Function Description

Miscellaneous  |hpe5250a_init Initializes the ES250A.
hpe5250a_close Closes the connection with the ES250A.
hpe5250a reset Executes the ES250A reset.
hpe5250a_self test Executes the E5250A self-test.
hpe5250a_error _query Queries for the ES250A error code/message.
hpe5250a_error message Queries for the driver error.
hpe5250a_revision query Queries for the ES250A firmware/driver revisions.
hpe5250a_timeOut Sets the timeout.
hpe5250a timeOut Q Queries for the timeout setting.

hpe5250a_errorQueryDetect  |Sets the automatic error checking.

hpe5250a_errorQueryDetect Q [Queries for the automatic error checking setting.

hpe5250a_dcl Sends the Device Clear.

hpe5250a esr Q Queries for the ESR status.

hpe5250a_readStatusByte Q  |Reads the E5S250A status byte.

hpe5250a opc Q Checks the E5250A operation completion status.
Mode Control hpe5250a_func Sets the configuration mode.

hpe5250a_connRuleSeq Sets the connection rule/sequence.
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Bias Mode hpe5250a_biasPort Selects the input bias port.
hpe5250 biasChanCard Selects the card for bias mode.
hpe5250 biasChanList Selects the channel list for bias mode.
hpe5250a_biasState Sets the bias port state.
hpe5250a_biasChanList Q Queries for the bias channel list.
Couple Port hpe5250a_couplePort Selects the couple port.

hpe5250a_coupleState

Sets the couple port state.

Route Control

hpe5250a_closeList

Closes the channel list.

hpe5250a_openList

Opens the channel list.

hpe5250a_openCard

Opens all output on the card.

hpe5250a_closeList Q

hpe5250a_openList Q

Queries for the channel list status.

hpe5250a_closeCard Q

Queries for the closed channel list on the card.

C/G hpe5250a_CompenC Executes the C/G compensation.

Compensation hpe5250a_selectCompenFile |Selects the compensation data file.

Diagnostics hpe5250a_testExec Q Executes the relay/front-panel/controller test.
hpe5250a_testClear Clears the test result.

Passthrough hpe5250a cmd Sends a command.

Functions

hpe5250a_cmdint

Sends a command with an integer parameter.

hpe5250a_cmdReal

Sends a command with a real parameter.

hpe5250a_cmdData Q

Sends a command to read any data.

hpe5250a_cmdString Q

Sends a command to read string response.

hpe5250a_cmdIntl6 Q

Sends a command to read 16 bit integer response.

hpe5250a_cmdInt16Arr Q

Sends a command to read 16 bit integer array response.

hpe5250a_cmdInt32 Q

Sends a command to read 32 bit integer response.

hpe5250a_cmdInt32Arr Q

Sends a command to read 32 bit integer array response.

hpe5250a_cmdReal64 Q

Sends a command to read 64 bit real response.

hpe5250a_cmdReal64Arr Q

Sends a command to read 64 bit real array response.
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hpe5250a_biasChanCard

This function will enable or disable bias on all the output ports of the specified card.

ViStatus VI FUNC hpe5250a_biasChanCard(ViSession vi,
Vilnt16 disable_enable, Vilnt16 bias_cardno);

vi Instrument handle returned from hpe5250a_init( ).

disable enable Bias status. 0 (sets bias enabled card) or 1 (sets bias disabled
card).

bias_cardno Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5

(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.

hpe5250a_biasChanList

This function will enable or disable bias on all the output ports specified by the
biaschan_list.

The parameter ’biaschan_list’ is an array of integers with each integer representing
one channel. The last number of the ’biaschan_list’ should be “0”(numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

ViStatus VI FUNC hpe5250a_biasChanList(ViSession vi,
Vilnt16 biaschan_disen, Vilnt32 VI FAR biaschan_list[ ]);

vi Instrument handle returned from hpe5250a_init( ).

biaschan_disen Bias status. 0 (sets bias enabled port) or 1 (sets bias disabled
port).

biaschan_list[ ] Channel numbers. 5 digits integer. ABCDE. where A: card
number, BC: input port number, DE: output port number.
Top zero(s) can be ignored. For example, if A=0, BC=01, and
DE=01, channel number should be 101 instead of 00101.

hpe5250a_biasChanList_Q

This function will query the instrument for the bias status for the channels given in
the list.
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The parameter ’biaschan_list’ is an array of integers with each integer representing
one channel. The last number of the ’biaschan_list’ should be “0” (numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

The ’bias_status’ parameter is an array of integers containing the return values of
the query. The ’bias_status’ array returned will correspond one to one with
’biaschan_list’ parameter.

ViStatus VI _FUNC hpe5250a_biasChanList Q(ViSession vi, Vilnt16 bias_disen,
Vilnt32 VI FAR biaschan_list[ ], Vilnt32 VI FAR bias_status| ]);

vi Instrument handle returned from hpe5250a_init( ).

bias_disen Bias status for the query. 0 (confirms if the port is the bias
enabled) or 1 (confirms if the port is the bias disabled).

biaschan_list[ ] Channel numbers to know the bias status. 5 digits integer.
ABCDE. where A: card number, BC: input port number, DE:
output port number. Top zero(s) can be ignored. For example, if
A=0, BC=01, and DE=01, channel number should be 101
instead of 00101.

bias_status] | Bias status of the channels given in the biaschan_list. Returned
value depends on the setting of bias_disen as shown below:

when bias_disen=0, 0 means bias disabled, 1 means enabled.

when bias disen=1, 0 means bias enabled, 1 means disabled.

hpe5250a_biasPort

This function will select which input port is the bias port on the specified card. For
each card, you can specify the same or different Bias Port. This function applies
only to the E5S252A card.

ViStatus _VI_FUNC hpe5250a_biasPort(ViSession vi, Vilnt16 biasport_cardno,
Vilnt16 bias_port);

vi Instrument handle returned from hpe5250a_init( ).

biasport cardno  Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.
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hpe5250a_biasState

bias_port Input port number to be set to the bias port. 1 to 10 (input port 1
to input port 10).

hpeS5250a_biasState

This function controls the bias mode for the specified card. When Bias Mode is on,
the input Bias Port is connected to all bias enabled output ports that are not
connected to any other input ports. Bias disabled output ports are never connected to
the input Bias Port when Bias Mode is on.

ViStatus VI _FUNC hpe5250a_biasState(ViSession vi, Vilnt16 biasstate cardno,
Vilnt16 state);
vi Instrument handle returned from hpe5250a_init( ).

biasstate cardno  Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.

state Bias mode. 0 (off) or 1 (on).

hpeS250a_close

This function terminates the software connection to the instrument and deallocates
system resources. It is generally a good programming habit to close the instrument
handle when the program is done using the instrument.

ViStatus VI _FUNC hpe5250a_close(ViSession vi);

vi Instrument handle returned from hpe5250a_init( ).

hpe5250a_closeCard_Q

This function will query the card for the channels closed of the specified card.

The parameter ’closechan_list’ contains the channel numbers returned by the
instrument. This will be an array of integers terminated by ’zero’ to identify the end
of the list. Array of enough length should be passed to the function.

ViStatus VI _FUNC hpe5250a_closeCard_Q(ViSession vi, Vilnt16 close_card,
Vilnt32 VI FAR closechan_list[ ]);
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vi Instrument handle returned from hpe5250a_init( ).

close card Card number. 1 (card 1), 2 (card 2), 3 (card 3), or 4 (card 4) in
the normal configuration mode, or 0 (all card in the automatic
configuration mode). For the configuration mode, see
hpe5250a_func.

closechan_list[ ]  Channels closed of the specified card.

hpe5250a_closeList

This function will connect the input ports to the output ports specified by the
channel list.

The parameter ’closechan_list’ is an array of integers with each integer representing
one channel. The last number of the ’closechan_list” should be “0” (numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

ViStatus VI FUNC hpe5250a_closeList(ViSession vi,
Vilnt32 VI FAR closechan _list[ ]);

vi Instrument handle returned from hpe5250a_init( ).

closechan list[]  Channel numbers to connect. 5 digits integer. ABCDE. where
A: card number, BC: input port number, DE: output port
number. Top zero(s) can be ignored. For example, if A=0,
BC=01, and DE=01, channel number should be 101 instead of
00101.

hpe5250a_closeList_Q

This function will query the instrument for the channels closed given in the
"closechan_list’.

The parameter ’closechan_list’ is an array of integers with each integer representing
one channel. The last number of the *closechan_list’ should be “0” (numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

The ’close_status’ parameter is an array of integers containing the return values of
the query. The ’close_status’ array returned will correspond one to one with
"closechan_list’” parameter.
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Syntax ViStatus VI FUNC hpe5250a_closeList Q(ViSession vi,
Vilnt32_ VI FAR closechan_list[ |, Vilnt32 VI FAR close_status| ]);

Parameters vi Instrument handle returned from hpe5250a_init( ).

closechan_list[ ]  Channel numbers to know the close status. 5 digits integer.
ABCDE. where A: card number, BC: input port number, DE:
output port number. Top zero(s) can be ignored. For example, if
A=0, BC=01, and DE=01, channel number should be 101
instead of 00101.

close_status| ] Status of the channels given in the closechan_list.
0 (opened) or 1 (closed).

hpe5250a_cmd

This function passes the cmd_str string to the instrument. Must be a NULL
terminated C string.

Syntax ViStatus VI _FUNC hpe5250a_cmd(ViSession vi, ViString cmd_str);
Parameters vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).

hpe5250a_cmdData_Q

This function passes the cmd_str string to the instrument. This entry point will wait
for a response which may be any data. You specify the cmd_str and size parameters,
and get result[ .

Syntax ViStatus VI FUNC hpe5250a cmdData Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViChar VI FAR result[ ]);

Parameters vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Length of result in bytes. 2 to 32767.
result[ ] Response from instrument.
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hpeS250a_cmdInt

This function passes the cmd_str string to the instrument. This entry point passes the
string in cmd_str followed by a space and then the integer in value. Note that either
an Int16 or 32 can be passed as the Int16 will be promoted.

ViStatus VI _FUNC hpe5250a_cmdInt(ViSession vi, ViString cmd_str,
Vilnt32 value);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
value Parameter for command. -2147483647 to 2147483647.

hpe5250a_cmdInt16Arr_Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 16 bit integers. You specify the cmd_str
and size parameters, and get result[ ] and count.

ViStatus VI FUNC hpe5250a_cmdInt16Arr_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, Vilnt16 VI _FAR result| ], ViPInt32 count);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ | (number of items in the array).

1to 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ].

hpe5250a_cmdIntl6_Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 16 bit integer.

ViStatus VI FUNC hpe5250a_cmdInt16_Q(ViSession vi, ViString cmd_str,
ViPInt16 result);

vi Instrument handle returned from hpe5250a_init( ).
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hpe5250a_cmdInt32Arr_Q

cmd_str Instrument command (cannot exceed 256 bytes in length).

result Response from instrument.

hpe5250a_cmdInt32Arr_Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 32 bit integers. You specify the cmd_str
and size parameters, and get result[ ] and count.

ViStatus VI _FUNC hpe5250a_cmdInt32Arr_Q(ViSession vi, ViString cmd_str,
Vilnt32 size, Vilnt32 VI _FAR result| ], ViPInt32 count);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ | (number of items in the array).

1to 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ].

hpe5250a_cmdInt32 Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 32 bit integer.

ViStatus VI _FUNC hpe5250a_cmdInt32 Q(ViSession vi, ViString cmd_str,
ViPInt32 result);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
result Response from instrument.

hpe5250a_cmdReal

This function passes the cmd_str string to the instrument. This entry point passes the
string in cmd_str followed by a space and then the real in value. Note that either an
Real32 or 64 can be passed as the Real32 will be promoted.

2-58 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Syntax

Parameters

Syntax

Parameters

Syntax

Parameters

Driver Function Reference
hpe5250a_cmdReal64Arr_ Q

ViStatus VI _FUNC hpe5250a_cmdReal(ViSession vi, ViString cmd_str,
ViReal64 value);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
value Parameter for command. -1E+300 to 1E+300.

hpe5250a_cmdReal64Arr_Q

This function passes the cmd_str string to the instrument. This command expects a
response that is a definite arbitrary block of 64 bit real. You specify the cmd_str and
size parameters, and get result[ ] and count.

ViStatus VI FUNC hpe5250a_cmdReal64Arr Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViReal64 VI FAR result| ], ViPInt32 count);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Size of result[ | (number of items in the array).

1to 2147483647.
result[ ] Response from instrument.

count Count of valid items in result[ ].

hpe5250a_cmdReal64_Q

This function passes the cmd_str string to the instrument. This command expects a
response that can be returned as a 64 bit real.

ViStatus VI _FUNC hpe5250a_cmdReal64 Q(ViSession vi, ViString cmd_str,
ViPReal64 result);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
result Response from instrument.
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hpe5250a_cmdString_Q

This function passes the cmd_str string to the instrument. This entry point will wait
for a response which must be a string (character data). You specify the cmd_str and
size parameters, and get result| ].

ViStatus VI FUNC hpe5250a_cmdString_ Q(ViSession vi, ViString cmd_str,
Vilnt32 size, ViChar VI FAR result[ ]);

vi Instrument handle returned from hpe5250a_init( ).
cmd_str Instrument command (cannot exceed 256 bytes in length).
size Length of result in bytes. 2 to 32767.

result[ ] Response from instrument.

hpe5250a_compenC

This function compensates capacitance/conductance data measured by using Agi-
lent 4284 A C meter, and returns compensation results. If you change the compensa-
tion data, create the compensation data file, and specify the data file using
hpe5250a_selectCompenFile function before executing this function.

ViStatus VI FUNC hpe5250a compenC(ViSession vi,ViReal64 frequency,
ViReal64 len hptrx, ViReal64 len usrtrx h, ViReal64 len usrtrx |,
ViReal64 len_usrcoax_h, ViReal64 len_usrcoax |, ViReal64 raw_c,
ViReal64 raw_g, ViPReal64 compen_c, ViPReal64 compen_g);

vi Instrument handle returned from hpe5250a_init( ).

frequency Measurement frequency. 1E3 to 1E6 Hz.

len hptrx Agilent 16494 A triaxial cable. 1.5 or 3.0 m.

len usrtrx h Triaxial cable length (in m) between connector plate and DUT

high terminal. If you do not use triaxial cable, enter 0 (zero).

len usrtrx 1 Triaxial cable length (in m) between connector plate and DUT
low terminal. If you do not use triaxial cable, enter 0 (zero).

len usrcoax h Coaxial cable length (in m) between connector plate and DUT
high terminal. If you do not use coaxial cable, enter 0 (zero).

len usrcoax 1 Coaxial cable length (in m) between connector plate and DUT
low terminal. If you do not use coaxial cable, enter 0 (zero).
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raw_c Capacitance value (in F) measured by the 4284A.
raw_g Conductance value (in S) measured by the 4284A.
compen_c Capacitance compensation result (in F).
compen_g Conductance compensation result (in S).

Sub Main()

Di m Ag5250 As Hpe5250a = New Hpe5250a(" GPlI BO: : 22:: I NSTR", True,
True)

Ag5250. Reset ()

Ag5250. Ti meCut (60000)

Dimcloselist() As Integer = {40101, 40202, 40303, 0}
"path: inl-outl, in2-out2, in3-out3 of card4

Ag5250. Func( Hpe5250a. Channel Confi gEnum Nor mal Confi gur ati on)
Ag5250. ConnRul eSeq(0, 1, 1)

Ag5250. C oseli st (cl osel i st)

Dimfreq As Double = 1000000 " measurenent frequency: 1 (Miz)
Dimc_len As Double = 3 " 16494A cabl e | engt h: 3 (m
Dimtri_h As Double = 0 " H side triax cable length in m
Dimtri_| As Double =0 " LOside triax cable length in m
Dimco_h As Double = 0 " H side coax cable length in m
Dimco_| As Double =0 " LO side coax cable length in m
Dimcr As Double = 0.0000000001 ' C value by 4284A: 100 (pF)
Dimgr As Doubl e = 0. 0005 " G value by 4284A: 0.5 (nB)
Dimcc As Doubl e

Di m gc As Doubl e

Ag5250. ConpenC(freq, c_len, tri_h, tri_l, co_h, co_l, cr, gr, cc,
gc)

Dimresult As String = "C =" & cc * 1000000000000.0 & " (pF)"

result =result & Chr(10) & "G =" & gc * 1000 & " (mB)" & Chr(10)
Consol e. Wi telLine(result)

Ag5250. C ose()
End Sub

hpe5250a_connRuleSeq

The function sets connection rule and connection sequence for the specified card.

ViStatus VI _FUNC hpe5250a_connRuleSeq(ViSession vi,
Vilnt16 cardno_ruleseq, Vilnt16 rule, Vilnt16 sequence);

vi Instrument handle returned from hpe5250a_init( ).

cardno_ruleseq Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.
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rule Connection rule. 0 (free route) or 1 (single route).
sequence Connection sequence. 0 (no sequence), 1 (break before make),
or 2 (make before break)

hpe5250a_couplePort

This function sets the couple ports which are used for making kelvin connections on
the specified card. The specified input port number will be coupled with the next
input port and two output ports. For each card, you may setup the same or different
couple ports. This command overwrites the previous couple port setting for the card.
This command applies only to the E5252A card.

The couple port mode is controlled by the hpe5250a_coupleState function.

ViStatus VI FUNC hpe5250a_couplePort(ViSession vi,
Vilnt16 coupleport_cardno, Vilnt16 portl, Vilnt16 port3, Vilnt16 port5,
Vilnt16 port7, Vilnt16 port9);

vi Instrument handle returned from hpe5250a_init( ).

coupleport_cardno Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.

portl Couple port by the input ports 1 and 2. 0 (disable) or 1 (enable).
port3 Couple port by the input ports 3 and 4. 0 (disable) or 1 (enable).
port5 Couple port by the input ports 5 and 6. 0 (disable) or 1 (enable).
port7 Couple port by the input ports 7 and 8. 0 (disable) or 1 (enable).
port9 Couple port by the input ports 9 and 10.

0 (disable) or 1 (enable).

hpe5250a_coupleState

This function controls the couple port mode for the specified card. This function
applies only to the E5252A card.

ViStatus VI FUNC hpe5250a_coupleState(ViSession vi,
Vilnt16 couplestate cardno, Vilnt16 couple_state);

vi Instrument handle returned from hpe5250a_init( ).

2-62 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Syntax

Parameters

Syntax

Parameters

Driver Function Reference
hpe5250a_dcl

couplestate _cardno Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.

couple_state Couple port mode. 0 (off) or 1 (on).

hpe5250a_dcl

This function sends a device clear (DCL) to the instrument.

A device clear will abort the present operation and enable the instrument to accept a
new command or query.

This is particularly useful in situations where it is not possible to determine the
instrument state. In this case, it is customary to send a device clear before issuing a
new instrument driver function. The device clear ensures that the instrument will be
able to begin processing the new commands.

ViStatus VI FUNC hpe5250a_dcl(ViSession vi);

vi Instrument handle returned from hpe5250a_init( ).

hpeS250a_error_message

This function translates the error return value from an instrument driver function to
areadable string.

ViStatus VI _FUNC hpe5250a_error message(ViSession vi, ViStatus
error_number, ViChar VI _FAR message][ |);

vi Instrument handle returned from hpe5250a_init( ).
error_number Error return value from the driver function.
message][ | Error message string. This is limited to 256 characters.

hpe5250a_error_query

This function returns the error numbers and corresponding error messages in the
error queue of a instrument. See Agilent ES250A User s Guide for a listing of the
instrument error numbers and messages.

Instrument errors may occur when you places the instrument in a bad state such as
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sending an invalid sequence of coupled commands. Instrument errors can be
detected by polling. Automatic polling can be accomplished by using the
hpe5250a_errorQueryDetect function.

ViStatus VI FUNC hpe5250a_error query(ViSession vi, ViPInt32 error number,
ViChar VI FAR error_message| ]);

vi Instrument handle returned from hpe5250a_init( ).
error number Instrument’s error code.

error_message[ |  Instrument’s error message. This is limited to 256 characters.

hpe5250a_errorQueryDetect

This function enables or disables automatic instrument error checking.

If automatic error checking is enabled then the driver will query the instrument for
an error at the end of each function call.

ViStatus VI _FUNC hpe5250a_errorQueryDetect(ViSession vi,
ViBoolean errorQueryDetect);

vi Instrument handle returned from hpe5250a_init( ).

errorQueryDetect  Error checking enable (VI_TRUE) or disable (VI_FALSE).

hpe5250a_errorQueryDetect_Q

This function indicates if automatic instrument error detection is enabled or
disabled.

ViStatus _VI_FUNC hpe5250a_errorQueryDetect Q(ViSession vi,
ViPBoolean pErrDetect);

vi Instrument handle returned from hpe5250a_init( ).

pErrDetect Error checking enable (VI_TRUE) or disable (VI_FALSE).

hpe5250a_esr Q

This function returns the contents of the ESR register. The driver returns the
equivalent messages.

2-64 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Syntax

Parameters

Syntax

Parameters

Syntax

Parameters

Driver Function Reference
hpe5250a_func

ViStatus VI FUNC hpe5250a_esr Q(ViSession vi, ViChar VI _FAR errstr][ ]);

vi Instrument handle returned from hpe5250a_init( ).
errstr] | Response from instrument. 1, 2, 4, 8, 16, 32, 64, 128 or others.

1 (ESR_OPC), 2 (ESR_RQL), 4 (ESR_QYE_ERROR),
8 (ESR_DEVICE DEPENDENT ERROR),

16 (ESR_EXECUTION ERROR),

32 (ESR_COMMAND ERROR),

64 (ESR_URQ), 128 (ESR_PON), or

others (ESR_MULTI_EVENT).

hpe5250a_func

This function is used to set the channel configuration to the auto configuration mode
or the normal configuration mode.

ViStatus VI _FUNC hpe5250a_func(ViSession vi, Vilnt16 channel config);

vi Instrument handle returned from hpe5250a_init( ).

channel config Configuration mode. 0 (auto) or 1 (normal).

hpe5250a_init

This function initializes the software connection to the instrument and optionally
verifies that instrument is in the system. In addition, it may perform any necessary
actions to place the instrument in its reset state.

If the hpe5250a_init function encounters an error, then the value of the vi output
parameter will be VI NULL.

ViStatus VI _FUNC hpe5250a_init(ViRsrc InstrDesc, ViBoolean id_query,
ViBoolean do_reset, ViPSession vi);
InstrDesc Instrument description. Examples; GPIBO::1::INSTR.

id_query VI_TRUE (to perform In-System Verification), or
VI _FALSE (do not perform In-System Verification).

do reset VI_TRUE (to perform reset operation), or
VI _FALSE (do not perform reset operation).

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 2-65



Syntax

Parameters

Syntax

Parameters

Syntax

Parameters

Driver Function Reference
hpe5250a_opc_Q

vi Instrument handle. This is VI NULL if an error occurred
during the init.

hpe5250a_opc_Q

This function does the *OPC? common command.
ViStatus VI FUNC hpe5250a_opc_Q(ViSession vi, ViPBoolean result);

vi Instrument handle returned from hpe5250a_init( ).

result VI_TRUE (Operation complete), or
VI _FALSE (Operation is pending).

hpe5250a_openCard

This function will disconnect all input ports from all output ports for the specified
card. Then if bias mode is on, connects the input bias port to all bias enabled output
ports.

ViStatus VI _FUNC hpe5250a_openCard(ViSession vi, Vilnt16 open_cardno);

vi Instrument handle returned from hpe5250a_init( ).

open_cardno Card number. 1 (card 1), 2 (card 2), 3 (card 3), 4 (card 4), or 5
(all card) in the normal configuration mode, or 0 (all card in the
automatic configuration mode). For the configuration mode, see
hpe5250a_func.

hpe5250a_openList

This function will disconnect the input ports from the output ports specified by the
channel list.

The parameter ’openchan_list’ is an array of integers with each integer representing
one channel. The last number of the >openchan_list’ should be “0” (numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

ViStatus VI _FUNC hpe5250a_openList(ViSession vi,
Vilnt32 VI FAR openchan_list[ ]);

vi Instrument handle returned from hpe5250a_init( ).
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openchan listf ]  Channel numbers to disconnect. 5 digits integer. ABCDE.
where A: card number, BC: input port number, DE: output port
number. Top zero(s) can be ignored. For example, if A=0,
BC=01, and DE=01, channel number should be 101 instead of
00101.

hpe5250a_openList Q

This function will query the instrument for the channels open given in the
’openchan_list’.

The parameter ’openchan_list’ is an array of integers with each integer representing
one channel. The last number of the openchan_list’ should be “0” (numeric zero) to
identify the end of the list. The maximum number of channels that can be specified
by the list is 100.

The ’open_status’ parameter is an array of integers containing the return values of
the query. The *open_status’ array returned will correspond one to one with
’openchan_list” parameter.

Syntax ViStatus VI FUNC hpe5250a_openList Q(ViSession vi,
Vilnt32 VI FAR openchan_list[ ], Vilnt32 VI FAR open_status] ]);

Parameters vi Instrument handle returned from hpe5250a_init( ).

openchan listf ]  Channel numbers to know the open status. 5 digits integer.
ABCDE. where A: card number, BC: input port number, DE:
output port number. Top zero(s) can be ignored. For example, if
A=0, BC=01, and DE=01, channel number should be 101
instead of 00101.

open_status| ] Status of the channels given in the openchan_list.
1 (opened) or 0 (closed).

hpe5250a_readStatusByte Q

This function returns the contents of the status byte register.

Syntax ViStatus VI _FUNC hpe5250a_readStatusByte Q(ViSession vi,
ViPInt16 statusByte);

Parameters vi Instrument handle returned from hpe5250a_init( ).
statusByte The contents of the status byte are returned in this parameter.
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hpe5250a_reset

hpeS250a_reset

This function places the instrument in a default state. Before issuing this function, it
may be necessary to send a device clear to ensure that the instrument can execute a
reset. A device clear can be issued by invoking hpe5250a_dcl function.

ViStatus VI _FUNC hpe5250a_reset(ViSession vi);

vi Instrument handle returned from hpe5250a_init( ).

hpe5250a_revision_query

This function returns the driver revision and the instrument firmware revision.

ViStatus VI FUNC hpe5250a_revision_query(ViSession vi,
ViChar_VI _FAR driver rev[ ], ViChar VI FAR instr_rev[ ]);

vi Instrument handle returned from hpe5250a_init( ).
driver_rev[ ] Instrument driver revision. This is limited to 256 characters.
instr_rev[ ] Instrument firmware revision. This is limited to 256 characters.

hpe5250a_selectCompenFile

This function specifies capacitance/conductance compensation data file used to
compensate C/G by using hpe5250a_compenC.

ViStatus VI FUNC hpe5250a_selectCompenFile(ViSession vi,
ViString file name);

vi Instrument handle returned from hpe5250a_init( ).

file name Compensation data file name. Use absolute path. If the value is
NULL string, the default data is used.

If you change the compensation data, copy the default data shown below, and
modify the data for your measurement cable. You will need to change the data for
DATAO0S and 06, and/or DATAO07 and 08 corresponding to your cables. To measure
and change the compensation data, refer to Agilent ES250A User s Guide. To get
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the R, L, and C value, measure R, L, and C of the cable using the 4284 A, and divide
them by cable length (in m). Compensation data must be the value for 1 m length.
Do not change the data format in the file.

# E5250A C Compensation coefficient data table
#

# CAUTION : Do not add or delete “"REVISION” line and “DATAxx” line.
# Change the value for R,L,C of DATA05, 06, 07 or 08.

#

REVISION A.03.00

# R [ohm] L [H] G [F]

DATA00 74. 65E-3 140. 00E-9 58. 44E-12 # Frame Path 1

DATAO1 75. 41E-3 90. 00E-9 67. 13E-12 # Frame Path 2

DATAO02 231. 41E-3 450. 00E-9 178. 85E-12 # Card Path High
DATAO03 177. 56E-3 390. 00E-9 135. 45E-12 # Card Path Low

DATA04 100. 70E-3 400. 00E-9 80. 00E-12 # Triax Cable [/m]
DATA05 100. 70E-3 400. 00E-9 80. 00E-12 # User Triax Cbl H [/m]
DATAO06 100. 70E-3 400. 00E-9 80. 00E-12 # User Triax Cbl L [/m]
DATAO7 114. 00E-3 544. 00E-9 130. 00E-12 # User Coax Cbl H [/m]
DATA08 114. 00E-3 544. 00E-9 130. 00E-12 # User Coax Cbl L [/m]
DATA09 0. 00E-3 0. 00E-9 1. 20E-12 # Stray Capacitance

# END of Data

hpeS5250a_self test

This function causes the instrument to perform a self-test and returns the result of
that self-test. This is used to verify that an instrument is operating properly. A failure
may indicate a potential hardware problem.

ViStatus VI _FUNC hpe5250a_self test(ViSession vi, ViPInt16 test result,
ViChar VI FAR test message[ ]);

vi Instrument handle returned from hpe5250a_init( ).
test_result Numeric result from self-test operation. 0: No error.
test_ message| | Self-test status message. This is limited to 256 characters.

hpe5250a_testClear

This function clears the test result for the specified relay card or the front panel or
the controller.

ViStatus VI FUNC hpe5250a_testClear(ViSession vi, Vilnt16 framecard clear);

vi Instrument handle returned from hpe5250a_init( ).

framecard clear  Test result to be cleared. 0 (test result of all test), 1 (card 1 relay
test result), 2 (card 2 relay test result), 3 (card 3 relay test
result), 4 (card 4 relay test result), 5 (relay test result of all
card), 6 (front panel test result), or 7 (controller test result).
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hpe5250a_testExec_Q

This function executes the controller test, the front panel test, or the relay test for the
specified card. You must attach the relay test adapter before executing the relay test.
The Front Panel test requires the key to be pressed within 10 seconds else the test
will fail.

ViStatus VI FUNC hpe5250a_testExec Q(ViSession vi, Vilntl6 framecard exec,
ViPInt16 exec_result);
vi Instrument handle returned from hpe5250a_init( ).

framecard exec  Test to be executed. 1 (card 1 relay test) to 4 (card 4 relay test),
5 (relay test for all card), 6 (front panel test), or 7 (controller
test).

exec_result Test result. 0: No error.

hpe5250a_timeOut

This function sets a minimum timeout value for driver I/O transactions in
milliseconds. The default timeout period is 2 seconds.

ViStatus_ VI_FUNC hpe5250a_timeOut(ViSession vi, Vilnt32 timeOut);

vi Instrument handle returned from hpe5250a_init( ).
timeOut I/0 timeout value for all functions in the driver. in milliseconds.
0t02147483647.

hpe5250a_timeOut_Q

This function returns the timeout value for driver I/O transactions in milliseconds.

ViStatus VI_FUNC hpe5250a_timeOut_Q(ViSession vi, ViPInt32 pTimeOut);

vi Instrument handle returned from hpe5250a_init( ).
pTimeOut Minimum timeout period that the driver can be set to, in
milliseconds.

2-70 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Programming Examples for
Visual Basic Users




NOTE

Programming Examples for Visual Basic Users

This chapter describes how to create measurement programs using the Agilent
4155/4156 and the 4155/4156 VXlplug&play driver, and provides programming
examples using Microsoft Visual Basic. This chapter contains the following
sections:

*  “Programming Basics”

* “High-Speed Spot Measurements”

*  “Multi-Channel Spot Measurements”

+ “Staircase Sweep Measurements”

+  “Synchronous Sweep Measurements”

*  “Multi-Channel Sweep Measurements”

*  “Pulsed Spot Measurements”

*  “Multi-Channel Pulsed Spot Measurements”

*  “Pulsed Sweep Measurements”

*  “Multi-Channel Pulsed Sweep Measurements”
+ “Staircase Sweep with Pulsed Bias Measurements”
+  “Sampling Measurements”

e “Stress Force”

About Program Code

Programming examples are provided as subprograms that can be run with the
project template shown in Table 3-1. The subprograms include the code to perform
measurement, to display the measurement data, or to store the data. To execute the
program, insert the subprograms instead of the perform_meas subprogram in the
template.
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NOTE

Programming Examples for Visual Basic Users
Programming Basics

Programming Basics

This section provides the basic information for programming using the Agilent
4155/4156 VXlplug&play driver.

*  “To Create Your Project Template”

*  “To Create Measurement Program”

To Create Your Project Template

This section explains how to create a project template using Microsoft Visual Basic.
Before starting programming, create your project template, and keep it as your
reference. It will remove the conventional task in the future programming.

Connect instrument (e.g. Agilent 4155/4156) to computer via GPIB.
Launch Visual Basic and create a new project.

Import the following file to the project.

* hp4l156b.bas (e.g. \Program Files\VISA\winnt\include\hp4156b.bas)
» visa32.bas (e.g. \Program Files\VISA\winnt\include\visa32.bas)
Open a form (e.g. Form1) in the project.

Enter a program code as template. See Table 3-1 for example. The example code is
written in Visual Basic 6.0.

Save the project as your template (e.g. \test\imy_temp).

To Start Program

If you create the measurement program by modifying the example code shown in
Table 3-1, the program can be run by clicking the Run button on the Visual Basic
main window. After that, a message box will appear. Then click OK to continue.
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Table 3-1

Programming Examples for Visual Basic Users
Programming Basics

Example Template Program Code for Visual Basic 6.0

Sub Main()
"Starting the

ret = hp4l56b

MsgBox msg,

End If
End
End If

ret
ret
ret
msg

hp4156b

"check err vi,

Dim vi As Long

Dim ret As Long

Dim msg As String

Dim err msg As String * 256

If ((vi = VI_NULL) Or (ret < VI_SUCCESS)) Then
msg = "Initialization failure." & Chr(10) & Chr(10) & "Status Code: " & ret

If (vi <> VI NULL) Then
ret = hp4l56b error message(vi, ret, err msq)
msg = "Error: " & ret & Chr(10) & Chr(10) & err msg
MsgBox msg, vbOKOnly, ""

hp4156b_ timeOut (vi, 60000) "sets time out to 60 sec
hpd4156b errorQueryDetect(vi, VI TRUE) "enables error detection
"Click OK to start measurement."

MsgBox msg, vbOKOnly, "" "displays message box

perform meas vi, ret "calls perform meas subprogram 25
"ret = hp4l56b cmd(vi, "aa") "sends an invalid command

it

session ER b e b b e b e e e I b e I e I e e b i b b e e I b e b b b e b e

init ("GPIB::17::INSTR", VI _TRUE, VI TRUE, vi) "7

vbOKOnly, ""

r17

reset (vi) "resets 4155/4156 719

ret "checks check err subprogram operation

Line

Description

Beginning of the Main subprogram.

3to6

Declares variables used in this program.

Establishes the software connection with the Agilent 4155/4156. The above example is
for the Agilent 4155/4156 on the GPIB address 17. Confirm the GPIB address of your
4155/4156, and set the address correctly instead of “17”.

8to 17

Checks the status returned by the hp4156b _init function. If an error status is returned,
displays a message box to show the error message, and stops the program execution.

19 to 23

Resets the Agilent 4155/4156, sets the driver I/O time out to 60 seconds, and enables
the automatic instrument error checking. Also opens a message box to confirm start of
measurement.

25

Calls the perform_meas subprogram (line 38).

26 to 27

Should be deleted or commented out before executing the program. The lines are just
used to check the operation of the check err subprogram.
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’Closing the SESSiOn ER i i e b i e b b b e b I e b e I e I e e I b b e b S S e e i

ret = hp4l156b close(vi) 30
check err vi, ret
msg = "Click OK to stop the program."
MsgBox msg, VvbOKOnly, ""
End Sub
o 36
Sub perform meas(vi As Long, ret As Long)
"insert program code
End Sub
o 41
Sub check err(vi As Long, ret As Long)
Dim inst _err As Long
Dim err message As String * 250
Dim msg As String
Dim retStatus As Long
If VI SUCCESS > ret Then
If (hp4156b INSTR_ERROR DETECTED = ret) Then
retStatus = hp4l56b error query(vi, inst err, err message)
msg = "Instrument Error: " & inst err & Chr(10) & Chr(l0) & err message
MsgBox msg, vbOKOnly, ""
Else
retStatus = hp4l56b error message(vi, ret, err message)
msg = "Driver Error: " & ret & Chr(l0) & Chr(10) & err message
MsgBox msg, vbOKOnly, ""
End If
End If
End Sub
Line Description
30 Disables the software connection with the Agilent 4155/4156.
31 Calls the check err subprogram to check if an error status is returned for the line 30.
32033 Opens a message box to confirm end of program.
35 End of the Main subprogram.
38 to 40 This is just the declaration of the perform _meas subprogram. Complete the subprogram
that controls the 4155/4156, performs measurement, and displays/saves the results.
41 to last Checks if the passed “ret” value indicates normal status, and returns to the line that
called this subprogram. If the value indicates an instrument error status or a device error
status, a message box will be displayed to show the error message.
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To Create Measurement Program

Create the measurement program as shown below. The following procedure needs
your project template. If the procedure does not fit your programming environment,
arrange it to suit your environment.

Step 1. Plan the automatic measurements. Then decide the following items:
* Measurement devices
Discrete, packaged, on-wafer, and so on.
» Parameters/characteristics to be measured
hgg, Vth, sheet resistance, and so on.
* Measurement method
Spot measurement, staircase sweep measurement, and so on.
Step 2. Make a copy of your project template (e.g. \test\imy temp to \test\dev_a\my_temp).
Step 3. Rename the copy (e.g. \test\dev_a\my temp to \test\dev_a\spot id).
Step 4. Launch Visual Basic.
Step 5. Open the project (e.g. \test\dev_a\spot_id).

Step 6. Open the form that contains the template code as shown in Table 3-1. On the code
window, complete the perform meas subprogram. Then use the Agilent 4155/4156
VXlplugd&play driver functions:

*  hp4156b_setSwitch to enable/disable the source/measurement channels
*  hp4156b_force, hp4156b_setlv, etc. to set source outputs
*  hp4156b_spotMeas, hp4156b_sweeply, etc. to perform measurements
*  hp4156b_zeroOutput to disable source outputs
Step 7. Insert the code to display, store, or calculate data into the subprogram.

Step 8. Save the project (e.g. \test\dev_a\spot _id).
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High-Speed Spot Measurements

High-Speed Spot Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform high speed spot measurement (spot_meas), and
display measurement result data (display data). This example measures MOSFET

drain current.

High-Speed Spot Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim pins(4) As Long ’SMU port numbers r3
pins(0) =1 ’SMU1l: drain
pins(1l) = 2 'SMU2: gate
pins(2) = 3 ’SMU3: source
pins(3) = 4 "SMU4: substrate
ret = hp4l56b_setSwitch(vi, pins(3), 1) 9
ret = hp4l56b_setSwitch(vi, pins(2), 1)
ret = hp4l56b_setSwitch(vi, pins(1l), 1)
ret = hp4l56b_setSwitch(vi, pins(0), 1)
check err vi, ret r13
spot_meas vi, ret, pins() ’15
ret = hp4156b setSwitch(vi, hp4l56b CH ALL, 0) 117
check err vi, ret
End Sub r20
Line Description
1 Beginning of the perform meas subprogram.
3to7 Declares variables, and defines the value.
9to 12 Enables measurement channels.
15 Calls the spot_meas subprogram (next page) to perform spot
measurement.
17 Disables measurement channels.
13 and 18 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.
20 End of the perform_meas subprogram.
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Sub spot meas(vi As Long, ret As Long, pins() As Long) "1

Dim vd As Double "3
Dim vg As Double

Dim idcomp As Double

Dim igcomp As Double

Dim meas As Double

Dim status As Long

vd = 0.
idcomp
vg = 0.
igcomp

o

ol

0.01 r12
ret hp4l56b force(vi, pins
ret hp4156b_force(vi, pins
ret hp4l56b force(vi, pins
ret hp4156b_force(vi, pins
check err vi, ret

), hp4l56b VF MODE,
), hp4156b_ VF_MODE,
), hp4l56b VF MODE,
), hp4156b_ VF_MODE,

0, 0.05, 0) r14
0, 0.05, 0)

vg, igcomp, O0)

vd, idcomp, O0) r17

NN OO

ret = hp4l56b_spotMeas(vi, pins(0), hp4l56b_ IM MODE, 0, meas, status) 20
check err vi, ret
ret = hp4l56b_zeroOutput (vi, hp4156b CH ALL) r22
check err vi, ret

display data meas, status, vi, ret, pins()
End Sub

Line Description

1 Beginning of the spot_meas subprogram.

3to 12 Declares variables, and defines the value.

14 to 17 Applies voltage to device.

20 Performs the high speed spot measurement.

22 Sets the specified port to the zero output state.

18, 21, and 23 Calls the check_err subprogram (shown in Table 3-1) to check if an error status is
returned for the previous line.

25 Calls the display data subprogram (next page) to display measurement data.

26 End of the spot_meas subprogram.
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Sub display data(meas As Double, status As Long, vi As Long, ret
As Long, pins() As Long)
Dim title As String '3
Dim value As String
Dim rbx As Integer
title = "Spot Measurement Result" "6
If status = 0 Then '8
value = "Id = " & meas * 1000 & " (mA)" & Chr(10) & Chr(10)
value = value & "Do you want to perform measurement again?"
rbx = MsgBox (value, vbYesNo + vbQuestion, title)
If rbx = vbYes Then
spot _meas vi, ret, pins()
End If
Else
value = "Status error. Code = " & status
MsgBox value, vbOKOnly, title
End If r18
End Sub
Line Description
1 Beginning of the display_ data subprogram.
3to6 Declares variables, and defines the value.
8to 18 Displays measurement data on a message box if the
measurement status is normal. If Yes is clicked on the message
box, performs the spot_meas subprogram again. If No is
clicked, returns to the perform meas subprogram.
Or displays error message on a message box if the status is
abnormal.
20 End of the display data subprogram.
Measurement Id = 4.0565 (mAa)

Result Example

Do you want to perform measurement again?
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Multi-Channel Spot Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform multi channel spot measurement (mspot_meas),
and display measurement result data (display_data). This example measures bipolar
transistor collector current and base current.

Multi-Channel Spot Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim pins(3) As Long ’SMU port numbers r3
pins(0) =1 "SMUl: emitter
pins(1l) = 2 "SMU2: base
pins(2) = 4 "SMU4: collector
ret = hp4l56b_setSwitch(vi, pins(2), 1) ’8
ret = hp4l56b_setSwitch(vi, pins(1l), 1)
ret = hp4l56b_setSwitch(vi, pins(0), 1)
check err vi, ret r11
mspot meas vi, ret, pins() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) ’15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the mspot_meas subprogram (next page) to perform multi
channel spot measurement.
15 Disables measurement channels.
11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.
18 End of the perform meas subprogram.
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Sub mspot meas(vi As Long, ret As Long, pins() As Long) r1
Dim vc As Double r3
Dim vb As Double
Dim ve As Double
Dim iccomp As Double
Dim ibcomp As Double
Dim iecomp As Double
ve = 0
iecomp = 0.1
vb = 0.7
ibcomp = 0.01
ve = 3
iccomp = 0.1
Dim mch(3) As Long r1l6
mch (0) = pins (2) "collector
mch(l) = pins (1) "base
mch (2) = 0
Dim mode (2) As Long
mode (0) = 1 ’current measurement
mode (1) = 1 ’current measurement
Dim range (2) As Double
range (0) = 0 ’auto range
range(l) = 0 "auto range
Dim md(2) As Double 27
Dim st (2) As Long
ret = hp4l56b force(vi, pins(0), hp4l56b VF MODE, 0, ve, iecomp, O0) 30
ret = hp4l56b_ force(vi, pins(l), hp4l56b VF MODE, 0, vb, ibcomp, O0)
ret = hp4l56b_ force(vi, pins(2), hp4l56b VF MODE, 0, vc, iccomp, O0)
ret = hp4l56b measureM(vi, mch(0), mode(0), range(0), md(0), st(0))
check err vi, ret
ret = hp4l56b_zeroOutput(vi, hp4l156b CH ALL) '36
display data md(), st(), vi, ret, pins()
End Sub

Line Description

1 Beginning of the mspot_meas subprogram.

3to28 Declares variables used in the subprogram, and defines the value.

30 to 35 Applies voltage to device, and performs the multi channel spot measurement. After
that, calls the check err subprogram (shown in Table 3-1) to check if an error status
is returned for the previous line.

36 Sets the specified port to the zero output state.
37 Calls the display data subprogram (next page) to display measurement data.
38 End of the mspot_meas subprogram.
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Sub display data(md() As Double, st() As Long, vi As Long, ret As Long, pins() As
Long) "1

Dim title As String "3
Dim value As String
Dim rbx As Integer

title = "Spot Measurement Result" "6
If st(0) = 0 Then '8
value = "Ic = " & md(0) * 1000 & " (mA)"
If st(l) = 0 Then
value = value & Chr(10) & Chr(10) & "Ib =" & md(1l) * 1000 & " (mA)"
value = value & Chr(10) & Chr(10) & "hfe = " & md(0) / md(1l)
value = value & Chr(10) & Chr(10) & "Do you want to perform measurement

again?"
rbx = MsgBox (value, vbYesNo + vbQuestion, title)
If rbx = vbYes Then
mspot meas vi, ret, pins()

End If
Else
value = "Base channel status error. Code = " & st(l)
MsgBox value, vbOKOnly, title
End If
Else
value = "Collector channel status error. Code = " & st (0)
MsgBox value, vbOKOnly, title
End If 125
End Sub
Line Description
1 Beginning of the display data subprogram.
3t06 Declares variables, and defines the value.
8 to 25 Displays measurement data on a message box if the measurement status is normal.
If Yes is clicked on the message box, performs the mspot_meas subprogram again.
If No is clicked, returns to the perform_meas subprogram.
Or displays error message on a message box if the status is abnormal.
26 End of the display_data subprogram.
Measurement Ic = 3.808 (mA)
Result Example
Ib = 0.01883 (mA)

hfe = 202.230483271375

Do you want to perform measurement again?
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Staircase Sweep Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform staircase sweep measurement (sweep_meas),
and save measurement result data into a file (save_data). This example measures
MOSFET 1d-Vd characteristics.

Staircase Sweep Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(4) As Long 'SMU port numbers r3
m(0) =1 "SMU1l: drain
m(l) = 2 "SMU2: gate
m(2) =3 ’SMU3: source
m(3) = 4 "SMU4: substrate
ret = hp4l56b_setSwitch(vi, m(3), 1) 9
ret = hp4l56b_setSwitch(vi, m(2), 1)
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)
check err vi, ret r13
sweep meas vi, ret, m() r15
ret = hp4156b setSwitch(vi, hp4l56b CH ALL, 0) 117
check err vi, ret
End Sub 20
Line Description
1 Beginning of the perform meas subprogram.
3to7 Declares variables, and defines the value.
9to 12 Enables measurement channels.
15 Calls the sweep meas subprogram (next page) to perform
staircase sweep measurement.
17 Disables measurement channels.
13 and 18 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.
20 End of the perform_meas subprogram.
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Sub sweep meas(vi As Long, ret As Long, m() As Long) "1
Dim vdl As Double "3
Dim vd2 As Double
Dim idcomp As Double
Dim vgl As Double
Dim vg2 As Double
Dim igcomp As Double
Dim hold As Double
Dim delay As Double
Dim s_delay As Double
Dim p_ comp As Double
Dim nopl As Long
Dim nop2 As Long
vdl = 0

vd2 = 3

idcomp = 0.05

vgl =1

vg2 = 3

igcomp = 0.01

hold = 0

delay = 0

s delay = 0

p_comp = 0

nopl = 11

nop2 = 3

Dim i As Integer
Dim j As Integer
Dim n As Long

n = nopl * nop2 730
Dim msg As String

Dim rep As Long 733
Dim sc () As Double ’'primary sweep output data

Dim md () As Double ’sweep measurement data

Dim st () As Long ’status data at each step

Dim dvg () As Double ’'secondary sweep output data
ReDim Preserve sc(n) As Double

ReDim Preserve md(n) As Double

ReDim Preserve st (n) As Long

ReDim Preserve dvg(nop2) As Double 141

ret = hp4l56b force(vi, m(3), hp4l56b VF MODE, 0, 0, 0.05, 0)
ret = hp4l56b force(vi, m(2), hp4l56b VF MODE, 0, 0, 0.05, 0)
Line Description
1 Beginning of the sweep meas subprogram.
3to0 30 Declares variables, and defines the value.
33to 41 Declares variables used to keep source data, measurement data
and status data. Also defines array size.
43 to 44 Applies voltage to device.
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Dim d _vg As Double " secondary sweep step value (delta) 46
If nop2 = 1 Then

d vg =0
Else

d vg = (vg2 - vgl) / (nop2 - 1)
End If
Dim vg As Double " secondary sweep source output
vg = vgl 754
i=20 "array counter for sweeplv returned data 56
For j = 1 To nop2 "array counter for secondary sweep output data

dvg(j - 1) = vg

ret = hp4l56b force(vi, m(l), hp4l56b VF MODE, 0, vg, igcomp, O0)

ret = hp4l56b_setIv(vi, m(0), hp4l56b_SWP VF SGLLIN, 0, wvdl, vd2, nopl, hold,
delay, s delay, idcomp, p_ comp)

ret = hp4l56b_sweepIv(vi, m(0), hp4l56b IM MODE, O, rep, sc(i), md(i), st(i))

check err vi, ret

vg = vg + d vg

If rep = nopl Then ' 64
i =1 + nopl
Else
msg = rep & " measurement steps were returned. It must be " & nopl & "
steps. "

MsgBox msg, VvbOKOnly, ""
ret = hp4l56b zeroOutput(vi, hpd4l56b CH ALL)
GoTo Bottom_ sub
End If
Next j 72

ret = hp4l56b_zeroOutput (vi, hp4156b CH ALL)
save_data nopl, nop2, dvg(), md(), st(), sc(), vi, ret, m() r75

Bottom sub:

End Sub
Line Description
46 to 54 Declares variables, and defines the value. They are used for the secondary sweep
source, d_vg is the step value and vg is the output value.
56 to 72 Performs the staircase sweep measurement (MOSFET 1d-Vd characteristics).
59 to 62 Applies voltage to device, and sets the voltage sweep source. And performs the
staircase sweep measurement. After that, calls the check err subprogram (shown in
Table 3-1) to check if an error status is returned for the previous line.
64 to0 71 Displays a message box to notify error, disables the source outputs, and stops the
program execution if the number of returned data is not equal to the nop1 value.
75 Calls the save data subprogram (next page) to save measurement data.
78 End of the sweep_meas subprogram.
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Sub save data(nopl As Long, nop2 As Long, dvg() As Double, md() As Double, st () As
Long, sc() As Double, vi As Long, ret As Long, m() As Long)
Dim i As Integer "array counter for primary sweep "3
Dim j As Integer "array counter for secondary sweep
Dim val As String "data to be saved to a file
val = "vg (V), vd (V), Id (mA), Status"
For j = 1 To nop2 "8
For i = nopl * (j - 1) To nopl * j - 1
val = val & Chr(13) & Chr(10) & dvg(j - 1) & "," & sc(i) & "," & md(i) *
1000 & "," & st(i)
Next i
Next j 112
Dim fname As String "data file name r14
Dim fnum As Integer "file number
fname = "C:\Agilent\dataldatal.txt"
fnum = 1
"saves data into the file specified by fname
Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val
Close fnum 22
"displays data on a MsgBox
Dim title As String r25
Dim rbx As Integer
title = "Sweep Measurement Result"
val = val & Chr(10) & Chr(10) & "Data save completed."
val = val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"
rbx = MsgBox (val, vbYesNo, title)
If rbx = vbYes Then
sweep meas vi, ret, m() ’'returns to sweep meas if Yes is clicked.
End If "33
End Sub
Line Description
1 Beginning of the save data subprogram.
3t06 Declares variables, and defines the value.
8to 12 Creates data to be saved and displayed on a message box.
14 to 22 Saves measurement data into a file (C:\Agilent\data\datal.txt, CSV file).
25t0 33 Displays measurement data on a message box. If Yes is clicked on the message box,
performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
35 End of the save_data subprogram.
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Measurement

g (V), vd (Vv), Id (mA), Status
Result Example '

,0,-0.00011721,0
,0.3,3.1915,0
,0.6,5.8795,0
,0.9,8.1215,0
,1.2,10.004,0
;1.5,11.64,0
,1.8,13.09,0
,2.1,14.385,0
,2.4,15.57,0
,2.7,16.63,0
,3,17.6,0
,0,-0.000117215,0
,0.3,4.178,0
,0.6,7.9075,0
,0.9,11.193,0
,1.2,14.035,0
;,1.5,16.49,0
,1.8,18.59,0
,2.1,20.44,0
,2.4,22.095,0
,2.7,23.575,0
;1 3,24.94,0
,0,0.00050875,0
,0.3,5.0385,0
,0.6,9.6655,0
,0.9,13.88,0
,1.2,17.65,0
;,1.5,21.005,0
,1.8,23.935,0
,2.1,26.515,0
,2.4,28.775,0
,2.7,30.77,0
,3,32.575,0

WWWWUWWWWWWWNNNNNNNNNNNNNNRRRRRRRRRRRES

Data save completed.

Do you want to perform measurement again-?
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Programming Examples for Visual Basic Users
Synchronous Sweep Measurements

Synchronous Sweep Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform staircase sweep measurement (sweep_meas),
and save measurement result data into a file (save_data). This example measures
MOSFET Id-Vg characteristics. The subprogram uses the synchronous sweep
source.

Synchronous Sweep Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(4) As Long 'SMU port numbers r3
m(0) =1 "SMU1l: drain
m(l) = 2 "SMU2: gate
m(2) =3 ’SMU3: source
m(3) = 4 "SMU4: substrate
ret = hp4l56b_setSwitch(vi, m(3), 1) 9
ret = hp4l56b_setSwitch(vi, m(2), 1)
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)
check err vi, ret r13
sweep meas vi, ret, m() r15
ret = hp4156b setSwitch(vi, hp4l56b CH ALL, 0) 117
check err vi, ret
End Sub r20

Line Description

1 Beginning of the perform meas subprogram.
3to7 Declares variables, and defines the value.
9to 12 Enables measurement channels.
15 Calls the sweep meas subprogram (next page) to perform

staircase sweep measurement.

17 Disables measurement channels.

13 and 18 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

20 End of the perform_meas subprogram.
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Sub sweep meas(vi As Long, ret As Long, m() As Long) "1
Dim vpril As Double "3
Dim vpri2 As Double
Dim vsynl As Double
Dim vsyn2 As Double
Dim vconl As Double
Dim vcon2 As Double

Dim ilcomp As Double
Dim iZ2comp As Double
Dim hold As Double
Dim delay As Double
Dim s delay As Double
Dim plcomp As Double
Dim p2comp As Double
Dim nop As Long

vpril = 0
vpri2 = 3
ilcomp = 0.01
vsynl = 0
vsyn2 = 3
i2comp =
hold = 0
delay = 0
s _delay =
plcomp =
p2comp =

nop = 11 29

0.05

0

Dim rep As Long r31
Dim sc () As Double ’'primary sweep output data

Dim md () As Double ’sweep measurement data

Dim st () As Long ’status data at each step

ReDim Preserve sc(nop) As Double
ReDim Preserve md(nop) As Double

ReDim Preserve st (nop) As Long 38
Line Description
1 Beginning of the sweep meas subprogram.
3t029 Declares variables, and defines the value.
31to 38 Declares variables used to keep source data, measurement data
and status data. Also defines array size.
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ret = hp4l56b_
ret = hp4l56b_
ret = hp4l56b_

hp4156b VF MODE, 0, vconl, 0.05, 0)

force(vi, m(3), -
force(vi, m(2), hp4l56b VF MODE, 0, vcon2, 0.05, 0)

setIv(vi, m(1l)

delay, s_delay, ilcomp, plcomp)

check err vi,

ret =_hp4156b_setSweepSync(vi, m(0), hp4l56b VF MODE, 0, vsynl, vsyn2, i2comp,

P2comp)
check err vi,

ret

ret

740

hp4l156b SWP VF SGLLIN, 0, vpril, vpri2, nop, hold,

ret = hp4l156b sweepIv(vi, m(0), hp4l56b IM MODE, 0, rep, sc(0), md(0), st(0)) ’47
check err vi, ret
ret = hp4156b_zeroOutput (vi, hp4l56b CH ALL) 50
Dim msg As String
If rep = nop Then 53
save_data nop, md(), st(), sc(), vi, ret, m()
Else
msg = rep & " measurement steps were returned. It must be " & nop & " steps. "
MsgBox msg, VvbOKOnly, ""
End If 158
End Sub 60
Line Description
40 to 41 Applies voltage to device.
42 Sets the primary sweep source.
44 Sets the synchronous sweep source.
47 Performs the staircase sweep measurement.
50 Sets the specified port to the zero output state.
43,45, and 48 Calls the check err subprogram (shown in Table 3-1) to check if an error status is
returned for the previous line.
53to 58 Calls the save_data subprogram to save measurement data. Or, displays a message
box if the number of returned data is not equal to the nop value.
60 End of the sweep meas subprogram.
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Sub save data(nop As Long, md() As Double, st() As Long, sc() As Double, vi As

Long, ret As Long, m() As Long) 1
Dim i As Integer ’array counter for primary sweep "3
Dim val As String "data to be saved to a file

val = "Vg (V), Id (mA), Status"

For i = 0 To nop - 1 r7

val = val & Chr(13) & Chr(10) & sc(i) & "," & md(i) * 1000 & "," & st(i)
Next i

Dim fname As String "data file name r11
Dim fnum As Integer "file number

fname = "C:\Agilent\data\data2.txt"

fnum = 1

"saves data into the file specified by fname

Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val

Close fnum

"displays data on a MsgBox

Dim title As String 122
Dim rbx As Integer

title = "Sweep Measurement Result"

val = val & Chr(10) & Chr(10) & "Data save completed."

val = val & Chr(10) & Chr(l10) & "Do you want to perform measurement again?"

rbx = MsgBox (val, vbYesNo, title)
If rbx = vbYes Then

sweep meas vi, ret, m() "returns to sweep meas if Yes is clicked.
End If 730
End Sub
Line Description
1 Beginning of the save data subprogram.
3to05 Declares variables, and defines the value.
7to9 Creates data to be saved and displayed on a message box.

11to 19 Saves measurement data into a file (C:\Agilent\data\data2.txt, CSV file).

22 to 30 Displays measurement data on a message box. If Yes is clicked on the message
box, performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.

32 End of the save_ data subprogram.
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Measurement Vg (V), Id (mA), Status
ResultExample 0,-0.000098485,0
0.3,2.338,0

0.6,4.9295,0
0.9,7.7645,0
1.2,10.8095,0
1.5,14.05,0
1.8,17.465,0
2.1,21.045,0
2.4,24.755,0
2
3,

Data save completed.

Do you want to perform measurement again?
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Multi-Channel Sweep Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform multi channel sweep measurement
(sweep_meas), and save measurement result data into a file (save data). This
example measures bipolar transistor Ic-Vb and Ib-Vb characteristics.

Table 3-6 Multi-Channel Sweep Measurement Example
Sub perform meas(vi As Long, ret As Long) "1
Dim m(3) As Long 'SMU port numbers r3
m(0) = 2 "SMU2: base
m(l) = 4 "SMU4: collector
m(2) =1 "SMUl: emitter
ret = hp4l56b_setSwitch(vi, m(2), 1) ’8
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)

check err vi, ret

sweep meas vi, ret, m() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) ’15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the sweep_meas subprogram (next page) to perform multi

channel sweep measurement.

15 Disables measurement channels.

11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

18 End of the perform meas subprogram.
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Sub sweep meas(vi As Long, ret As Long, m() As Long) "1
Dim vc As Double "3
Dim ve As Double
Dim vbl As Double
Dim vb2 As Double

Dim iccomp As Double
Dim ibcomp As Double
Dim iecomp As Double

Dim hold As Double
Dim delay As Double
Dim s _delay As Double
Dim pcomp As Double
Dim nop As Long
Dim n As Long
ve = 3
iccomp = 0.1
ve = 0
iecomp = 0.1
vbl = 0.3
vb2 = 0.8
ibcomp = 0.001
hold = 0
delay = 0
s delay = 0
pcomp = 0
nop = 11
n = nop *2
Dim mch (3) As Long
Dim mode (2) As Long
Dim range (2) As Double
mch (0) = m(0) "base
mch(l) = m(1l) "collector
mch(2) = 0
mode (0) = 1 "current measurement
mode (1) = 1 ’current measurement
range (0) = -0.001 4 1 mA range fixed
range (1) = -0.1 7100 mA range fixed
Dim rep As Long
Dim sc{() As Double ’'primary sweep output data
Dim md () As Double 'sweep measurement data
Dim st () As Long "status data at each step
ReDim Preserve sc(nop) As Double
ReDim Preserve md(n) As Double
ReDim Preserve st (n) As Long 46

Line Description

1 Beginning of the sweep meas subprogram.
3 to 46 Declares variables used in this subprogram, and defines the
value.
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ret = hp4l156b_setInteg(vi, hp4l56b INTEG TBL SHORT, 0.0001, 2) 48
check err vi, ret

ret = hp4l56b_force(vi, m(2), hp4l56b_ VF MODE, 0, ve, iecomp, O0) r51
ret = hp4l56b force(vi, m(l), hp4l56b VF MODE, 0, vc, iccomp, O0)

ret = hp4l56b
s _delay, ibcomp, pcomp)

check err vi,

ret = hp4l156b_sweepMiv(vi, mch(0), mode(0), range(0), rep, sc(0), md(0), st(0))

setIv(vi, m(0), hp4156b_SWP:VF_SGLLIN, 0, vbl, vb2, nop, hold, delay,

ret

check err vi, ret
ret = hp4156b_zeroOutput (vi, hp4156b CH ALL) 59
Dim msg As String
If rep = nop Then "62
save_data nop, md(), st(), sc(), vi, ret, m()
Else
msg = rep & " measurement steps were returned. It must be " & nop & " steps."
MsgBox msg, VvbOKOnly, ""
End If 167
End Sub 169
Line Description
48 Sets the A/D converter integration time.
51to 52 Applies voltage to device.
53 Sets the staircase sweep source.
56 Performs multi channel sweep measurement.
59 Sets the specified port to the zero output state.
49, 54, and 57 Calls the check err subprogram (shown in Table 3-1) to check if an error status is
returned for the previous line.
62 to 67 Calls the save_data subprogram to save measurement data. Or, displays a message
box if the number of returned data is not equal to the nop value.
69 End of the sweep meas subprogram.
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Sub save data(nop As Long, md() As Double, st() As Long, sc() As Double, vi As

Long, ret As Long, m() As Long) "1
Dim i As Integer "array counter for primary sweep "3
Dim val As String "data to be saved to a file

val = "Vb (V), Ib (mA), Ic (mA), Status b, Status_c"

For i = 0 To nop - 1 "7
val = val & Chr(13) & Chr(10) & sc(i) & "," & md(2 * i) * 1000 & ","

val = val & md(2 * i + 1) * 1000 & "," & st(2 * i) & "," & st(2 * 1 + 1)

Next i

Dim fname As String "data file name r12
Dim fnum As Integer 'file number

fname = "C:\Agilent\datal\data3.txt"

fnum = 1

"saves data into the file specified by fname

Open fname For Output Access Write Lock Read Write As fnum 18
Print #fnum, val

Close fnum

’displays data on a MsgBox
Dim title As String 23
Dim rbx As Integer
title = "Sweep Measurement Result"
val = val & Chr(10) & Chr(l10) & "Data save completed."
val val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"
rbx = MsgBox(val, vbYesNo, title)
If rbx = vbYes Then
sweep _meas vi, ret, m()

End If 731
End Sub
Line Description
1 Beginning of the save data subprogram.
3t05 Declares variables, and defines the value.
7to 10 Creates data to be saved and displayed on a message box.
12t0 20 Saves measurement data into a file (C:\Agilent\data\data3.txt, CSV file).
23to 31 Displays measurement data on a message box. If Yes is clicked on the message box,
performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
33 End of the save_ data subprogram.
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Measurement
Result Example

Vb (V), Ib (mA), Ic (mA), Status b, Status c
0.3,0,-0.005,0,0
0.35,0,-0.005,0,0
0.4,0,-0.005,0,0
0.45,0,-0.005,0,0
0.5,0,0,0,0
0.55,0.0001,0.015,0,0
0.6,0.0005,0.085,0,0
0.65,0.00305,0.605,0,0
0.7,0.01915,3.89,0,0
0.75,0.09975,19.625,0,0
0.8,0.34745,59.38,0,0

Data save completed.

Do you want to perform measurement again?
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Pulsed Spot Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform pulsed spot measurement (spot_meas), and
display measurement result data (display data). This example measures MOSFET

drain current.

Pulsed Spot Measurement Example

Dim pins (4

pins (0)

)
1
2
3
4

hp4156b

ret
check err vi,

spot_meas vi,

check err vi,

End Sub

As Long

Sub perform meas(vi As Long,

"SMU1:
"SMU2 :
"SMU3:
' SMU4 :

hp4156b_setSwitch(vi,
hp4156b setSwitch

vi,

(
(
setSwitch (vi,
(

hp4156b_setSwitch(vi,

ret

ret, pins{()

ret = hp4l56b_setSwitch(vi,

ret

"SMU port numbers r3

ret As Long) "1

drain
gate
source
substrate

'9

r13
15

hpd4156b CH ALL, 0) 117

’20

Line

Description

1

Beginning of the perform meas subprogram.

3to7

Declares variables, and defines the value.

9to 12

Enables measurement channels.

15

Calls the spot_meas subprogram (next page) to perform pulsed
spot measurement.

17

Disables measurement channels.

13 and 18

Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

20

End of the perform_meas subprogram.
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Sub spot meas(vi As Long, ret As Long, pins() As Long) "1
Dim vd As Double ’3
Dim vg As Double
Dim idcomp As Double
Dim igcomp As Double
Dim base As Double
Dim width As Double
Dim period As Double
Dim hold As Double
vd = 0.5
idcomp = 0.05
vg = 0.5
igcomp = 0.01
base = 0
width = 0.001
period = 0.01
hold = 0.1
Dim meas As Double
Dim status As Long 720
ret = hp4l56b_setFilter(vi, pins(1l), hp4l156b FLAG OFF) r22
ret = hp4l56b setPbias(vi, pins(1l), hp4l56b VF MODE, 2, base, vg, width, period,
hold, igcomp)
ret = hp4l56b force(vi, pins(3), hp4l56b VF MODE, 0, 0, 0.05, 0)
ret = hp4l56b force(vi, pins(2), hp4l56b VF MODE, 0, 0, 0.05, 0)
ret = hp4l56b force(vi, pins(0), hp4l56b VF MODE, 2, vd, idcomp, O0)
ret = hp4l56b measureP(vi, pins(0), hp4l56b IM MODE, 0, meas, status) 127
check err vi, ret
ret = hp4l56b_zeroOutput (vi, hp4156b CH ALL) 30
display data meas, status, vi, ret, pins()
End Sub
Line Description
1 Beginning of the spot_meas subprogram.
3t020 Declares variables used in this subprogram, and defines the value.
22 to 23 Sets the SMU filter off for the pulsed bias channel, and set the pulsed bias source.
24 to0 26 Applies voltage to device.
27 to 28 Performs the pulsed spot measurement, and calls the check err subprogram (shown
in Table 3-1) to check if an error status is returned for the previous line.
30 Sets the specified port to the zero output state.
31 Calls the display data subprogram (next page) to display measurement data.
32 End of the spot_meas subprogram.
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Sub display data(meas As Double, status As Long, vi As Long, ret As
Long, pins() As Long) r1
Dim title As String '3
Dim value As String
Dim rbx As Integer
title = "Spot Measurement Result" ’6
If status = 0 Then '8
value = "Id = " & meas * 1000 & " (mA)" & Chr(10) & Chr(10)
value = value & "Do you want to perform measurement again?"
rbx = MsgBox (value, vbYesNo + vbQuestion, title)
If rbx = vbYes Then
spot_meas vi, ret, pins()
End If
Else
value = "Status error. Code = " & status
MsgBox value, vbOKOnly, title
End If ’18
End Sub
Line Description
1 Beginning of the display data subprogram.
3t06 Declares variables, and defines the value.
8t0 18 Displays measurement data on a message box if the measurement
status is normal. If Yes is clicked on the message box, performs the
spot_meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
Or displays error message on a message box if the status is
abnormal.
20 End of the display data subprogram.
Measurement Id = 4.075 (mA)

Result Example ]
Do you want to perform measurement again-?
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Multi-Channel Pulsed Spot Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform multi channel pulsed spot measurement
(mspot_meas), and display measurement result data (display_data). This example
measures bipolar transistor collector current and base current.

Table 3-8 Multi-Channel Pulsed Spot Measurement Example
Sub perform meas(vi As Long, ret As Long) "1
Dim pins(3) As Long ’SMU port numbers r3
pins(0) =1 "SMUl: emitter
pins(1l) = 2 "SMU2: base
pins(2) = 4 "SMU4: collector
ret = hp4l56b_setSwitch(vi, pins(2), 1) ’8
ret = hp4l56b_setSwitch(vi, pins(1l), 1)
ret = hp4l56b_setSwitch(vi, pins(0), 1)
check err vi, ret r11
mspot meas vi, ret, pins() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) ’15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the mspot_meas subprogram (next page) to perform multi

channel pulsed spot measurement.

15 Disables measurement channels.

11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

18 End of the perform meas subprogram.
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Sub mspot_meas(vi As Long, ret As Long, pins() As Long)

Dim vc As Double '3
Dim vb As Double

Dim iccomp As Double

Dim ibcomp As Double

ve =0

vb =0

iccomp = 0.1

ibcomp = 0.1

Dim mch(3) As Long

mch (0) = pins(2) "collector

mch (1) = pins(1) "base

mch(2) = 0

Dim mode (2) As Long

mode (0) =1 'current measurement

mode (1) =1 ’current measurement

Dim range (2) As Double

range(0) = 0 "auto range

range(l) = 0 "auto range

Dim eod As Long

Dim dtype As Long

Dim mdata As Double

Dim stat As Long

Dim ch As Long

Dim md(2) As Double

Dim st (2) As Long 27
ret = hpdl56b setFilter(vi, pins(0), hp4l56b FLAG OFF) 29
ret = hp4156b cmd(vi, "PT 0,0.005,0.01,0,1") ’sets pulse timing parameters

ret = hp4l156b cmd(vi, "PV 1,0,0,-0.8,0.1") "sets pulse voltage source

ret = hp4156b force(vi, pins(1l), hp4l56b VF MODE, 0, vb, ibcomp, O0) 32
ret = hpd4l56b force(vi, pins(2), hp4l56b VF MODE, 0, vc, iccomp, O0)

ret = hp4156b startMeasure (vi, hp4l56b MM PSPOT, mch(0), mode(0), range(0), hpdl56b FLAG OFF)
check err vi, ret

ret = hp4156b zeroOutput (vi, hp4l56b CH ALL) "37
ret = hp4156b readData(vi, eod, dtype, mdata, stat, ch)
md (0) = mdata
st (0) = stat
ret = hp4l56b readData(vi, eod, dtype, mdata, stat, ch)
md (1) = mdata
st (1) = stat
display data md(), st(), vi, ret, pins()
End Sub r45
Line Description
1 Beginning of the mspot_meas subprogram.
3t027 Declares variables used in this subprogram, and defines the value.
29to 31 Sets the SMU filter off for the pulsed bias channel, and set the pulsed bias source.
32to 35 Applies voltage to device, and performs multi channel pulsed spot measurement.

After that, calls the check err subprogram (shown in Table 3-1) to check if an error
status is returned for the previous line.

37t0 43 Sets all channels to zero output state, and read the measurement result data.
44 Calls the display data subprogram (next page) to display measurement data.
45 End of the mspot_meas subprogram.
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Sub display data(md() As Double, st() As Long, vi As Long, ret As Long, pins() As Long)

Dim title As String '3
Dim value As String
Dim rbx As Integer

title = "Spot Measurement Result"
If st(0) = 0 Then '8
value = "Ic = " & md(0) * 1000 & " (mA)" & Chr(10) & Chr(10)
If st(l) = 0 Then
value = value & "Ib = " & md(1l) * 1000 & " (mA)" & Chr(l10) & Chr(10)
value = value & "hfe = " & md(0)/md(1l) & Chr(10) & Chr(10)
value = value & "Do you want to perform measurement again?"

rbx = MsgBox (value, vbYesNo + vbQuestion, title)
If rbx = vbYes Then
mspot_meas vi, ret, pins()

End If
Else
value = "Base channel status error. Code = " & st(l)
MsgBox value, vbOKOnly, title
End If
Else
value = "Collector channel status error. Code = " & st(0)
MsgBox value, vbOKOnly, title
End If
End Sub 126
Line Description
1 Beginning of the display data subprogram.
3t06 Declares variables, and defines the value.
8 to 25 Displays measurement data on a message box if the measurement status is normal.
If Yes is clicked on the message box, performs the mspot_meas subprogram again.
If No is clicked, returns to the perform_meas subprogram.
Or displays error message on a message box if the status is abnormal.
26 End of the display_data subprogram.
Measurement Tc = 42.1918 (mA)

Result Example
Tb = 0.321449 (mA)

hfe = 131.255035791059

Do you want to perform measurement again?

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 3-33



Table 3-9

Programming Examples for Visual Basic Users
Pulsed Sweep Measurements

Pulsed Sweep Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform pulsed sweep measurement (sweep_meas), and
save measurement result data into a file (save_data). This example measures bipolar
transistor Ic-Vc¢ characteristics.

Pulsed Sweep Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(3) As Long 'SMU port numbers 3
m(0) = 4 "SMU4: collector
m(l) = 2 "SMU2: base
m(2) =1 "SMUl: emitter
ret = hp4l56b_setSwitch(vi, m(2), 1) "8
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)
check err vi, ret
sweep meas vi, ret, m() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) r15
check err vi, ret
End Sub 18
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the sweep_meas subprogram (next page) to perform
pulsed sweep measurement.
15 Disables measurement channels.

11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if

an error status is returned for the previous line.

18 End of the perform meas subprogram.
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Sub sweep meas(vi As Long, ret As Long, m() As Long) "1
Dim vcl As Double "3
Dim vc2 As Double

Dim iccomp As Double

Dim ibl As Double

Dim ib2 As Double

Dim vbcomp As Double

Dim hold As Double

Dim width As Double

Dim period As Double

Dim base As Double

Dim nopl As Long

Dim nop2 As Long

vel = 0

vc2 = 3

iccomp = 0.05

ibl = 0.00005 7 50 uA
ib2 = 0.00015 7150 uA
vbcomp = 5

hold = 0.1

width = 0.001

Dim i As Integer
Dim j As Integer
Dim n As Long

n = nopl * nop2

Dim rep As Long

Dim sc () As Double ’'primary sweep output data

Dim md () As Double ’sweep measurement data

Dim st () As Long "status data at each step

Dim dib () As Double ’secondary sweep output data
ReDim Preserve sc(n) As Double

ReDim Preserve md(n) As Double

ReDim Preserve st(n) As Long

ReDim Preserve dib(nop2) As Double

ret = hp4l56b_setFilter(vi, m(0), hp4l56b_ FLAG OFF) 41
ret = hp4l56b setInteg(vi, hp4l56b INTEG TBL SHORT, 0.0001, 2)

ret = hp4156b force(vi, m(2), hp4l56b VF MODE, 0, 0, 0.05, 0)

Line Description
1 Beginning of the sweep meas subprogram.
3to039 Declares variables used in this subprogram, and defines the value.
41 Sets the SMU filter off for the pulse output channel.
42 Sets the A/D converter integration time.
43 Applies voltage to device.
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Dim d_ib As Double ’secondary sweep step value (delta) "45
If nop2 = 1 Then

d ib =0
Else

d ib = (ib2 - ibl) / (nop2 - 1)
End If
Dim ibo As Double ’secondary sweep source output
ibo = ibl 53
Dim msg As String
i=0 "array counter for sweeplv returned data
For j = 1 To nop2

dib(j - 1) = ibo

ret = hp4l56b force(vi, m(1l), hp4l56b IF MODE, 0, ibo, vbcomp, O0) 59

ret = hp4l56b setPiv(vi, m(0), hp4l56b SWP VF SGLLIN, 0, base, vcl, vc2, nopl,
hold, width, period, iccomp)

ret = hp4l56b sweepPiv(vi, m(0), hp4l56b IM MODE, 0, rep, sc(i), md(i), st(i))

check err vi, ret

ibo = ibo + d ib

If rep = nopl Then 164
i =1 + nopl
Else

" v

msg = rep & " measurement steps were returned. It must be
MsgBox msg, VvbOKOnly, ""

ret = hp4l56b zeroOutput(vi, hpd4l56b CH ALL)

GoTo Bottom sub

& nopl & " steps."'

End If
Next j "2
ret = hp4156b_zeroOutput (vi, hp4l56b CH ALL) "4
save_data nopl, nop2, md(), st(), sc(), dib(), vi, ret, m()
Bottom sub:
End Sub "
Line Description
45 to 53 Declares variables, and defines the value. They are used for the secondary sweep
source, d_ib is the step value and ibo is the output value.
59 to 62 Applies current to device, sets the pulsed sweep voltage source, and performs the
pulsed sweep measurement. After that, calls the check err subprogram (shown in
Table 3-1) to check if an error status is returned for the previous line.
64to 71 Disables the channels and stops the program execution if the number of returned
data is not equal to the nop1 value.
74 Sets the specified port to the zero output state.
75 Calls the save data subprogram (next page) to save measurement data.
77 End of the sweep meas subprogram.

3-36 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



Programming Examples for Visual Basic Users
Pulsed Sweep Measurements

Sub save data(nopl As Long, nop2 As Long, md() As Double, st() As Long, sc() As

Double, dib () As Double, vi As Long, ret As Long, m() As Long) "1

Dim i As Integer "array counter for sweepPiv returned data "3

Dim j As Integer "array counter for secondary sweep output data

Dim val As String ’data to be saved to a file

val = "Ib (uA), Vc (V), Ic (mA), Status"

For j 1 To nop2 '8
For = nopl * (j - 1) To nopl * j -1

i
val = val & Chr(13) & Chr(10) & dib(j - 1) * 1000000# & "," & sc(i) & "," &
*

md (1) 1000 & "," & st(d)
Next i
Next j
Dim fname As String "data file name r14
Dim fnum As Integer ’file number
fname = "C:\Agilent\data\data4.txt"
fnum = 1

Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val
Close fnum

Dim title As String r22
Dim rbx As Integer
title = "Pulsed Sweep Measurement Result"

val = val & Chr(10) & Chr(10) & "Data save completed."
val val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"
rbx = MsgBox (val, vbYesNo, title)
If rbx = vbYes Then
sweep meas vi, ret, m()

End If
End Sub r32
Line Description
1 Beginning of the save data subprogram.
3t06 Declares variables, and defines the value.
81012 Creates data to be saved and displayed on a message box.

14 t0 20 Saves measurement data into a file (C:\Agilent\data\data4.txt, CSV file).

22 t0 30 Displays measurement data on a message box. If Yes is clicked on the message
box, performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.

32 End of the save data subprogram.
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Measurement Ib (uA), Ve (V), Ic (mA), Status

Result Example 50,0,-0.05,0
50,0.3,8.965,0
50,0.6,9.705,0
50,0.9,9.735,0
50,1.2,9.765,0
50,1.5,9.805,0
50,1.8,9.83,0
50,2.1,9.835,0
50,2.4,9.85,0
50,2.7,9.9,0

50,3,9.915,0
100,0,-0.1,0
100,0.3,15.725,0
100,0.6,18.115,0
100,0.9,18.715,0
100,1.2,18.84,0
100,1.5,18.925,0
100,1.8,19.015,0
100,2.1,19.045,0
100,2.4,19.12,0
100,2.7,19.175,0
100,3,19.215,0
150,0,-0.15,0
150,0.3,21.065,0
150,0.6,24.54,0
150,0.9,26.47,0
150,1.2,27.19,0
150,1.5,27.405,0
150,1.8,27.605,0
150,2.1,27.71,0
150,2.4,27.795,0
150,2.7,27.885,0
150,3,27.955,0

Data save completed.

Do you want to perform measurement again-?
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Multi-Channel Pulsed Sweep Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform multi channel pulsed sweep measurement
(sweep_meas), and save measurement result data into a file (save data). This
example measures bipolar transistor Ic-Vb and Ib-Vb characteristics.

Table 3-10 Multi-Channel Pulsed Sweep Measurement Example
Sub perform meas(vi As Long, ret As Long) "1
Dim m(3) As Long 'SMU port numbers r3
m(0) =1 "SMUl: emitter
m(l) = 2 "SMU2: base
m(2) = 4 "SMU4: collector
ret = hp4l56b_setSwitch(vi, m(0), 1) ’8
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(2), 1)

check err vi, ret

sweep meas vi, ret, m() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) ’15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the sweep_meas subprogram (next page) to perform multi

channel pulsed sweep measurement.

15 Disables measurement channels.

11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

18 End of the perform meas subprogram.
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Sub sweep meas(vi As Long, ret As Long, m() As Long) "1
Dim vc As Double r3
Dim vb As Double

Dim iccomp As Double

Dim ibcomp As Double

Dim nop As Long

ve = 0

vb = 0

iccomp = 0.1

ibcomp = 0.1

nop = 11

Dim mch(3) As Long

Dim mode (2) As Long

Dim range(2) As Double

mch(0) = m(2) "measurement channel: collector
mch(l) = m(l) 'measurement channel: base

mch(2) = 0

mode (0) = 1 ’current measurement mode

mode (1) = 1 ’current measurement mode

range (0) = 0 ’auto range

range(l) = 0 "auto range

Dim rep As Long

Dim sc () As Double ’primary sweep output data
Dim mdl () As Double 'sweep measurement data
Dim md2 () As Double 'sweep measurement data

ReDim Preserve sc(nop) As Double
ReDim Preserve mdl (nop) As Double
ReDim Preserve md2 (nop) As Double

Dim eod As Long
Dim dtype As Long
Dim mdata As Double
Dim stat As Long
Dim ch As Long "34
Line Description
1 Beginning of the sweep meas subprogram.
3to 34 Declares variables used in this subprogram, and defines the

value.
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ret = hp4l156b_setInteg(vi, hp4l56b INTEG TBL SHORT, 0.0001, 2) 36
ret = hp4l56b_setFilter(vi, m(0), hp4l56b FLAG OFF)
ret = hp4156b_cmd(vi, "PT 0,0.005,0.01,0,1") "sets pulse timing parameters
ret = hp4l56b _cmd(vi, "PWV 1,1,0,0,0,-0.8,11,0.1,0") ’'sets pulsed sweep source
check err vi, ret 40
ret = hp4l56b_force(vi, m(l), hp4l56b_VF MODE, 0, vb, ibcomp, O0) 42
ret = hp4l56b_force(vi, m(2), hp4l56b VF MODE, 0, vc, iccomp, O0)
ret = hp4l56b startMeasure(vi, hp4l56b MM PSWEEP, mch(0), mode(0), range(O0),
hp4156b FLAG_ON) o
check err vi, ret
ret = hp4l56b zeroOutput (vi, hp4l56b CH ALL) r47
Dim i As Integer -
For i = 1 To nop

ret = hp4l56b readData(vi, eod, dtype, mdata, stat, ch)

mdl (i) = mdata ’ Data measured by mch(0) = collector

ret = hp4l56b readData(vi, eod, dtype, mdata, stat, ch)

md2 (i) = mdata ’ Data measured by mch(l) = base

ret = hp4l56b_readData(vi, eod, dtype, mdata, stat, ch)

sc(i) = mdata ’ Pulsed sweep source output data
Next 1
save_data nop, m(), sc(), mdl(), md2(), vi, ret
End Sub 59

Line Description
36 to 40 Sets the A/D converter integration time, sets the SMU filter off for the pulsed

sweep source, sets the pulse timing parameters, and sets the pulsed sweep source.
After that, calls the check err subprogram (shown in Table 3-1) to check if an error
status is returned for the previous line.

42 to 45 Applies voltage to device, and performs multi channel pulsed sweep measurement.
After that, calls the check err subprogram (shown in Table 3-1) to check if an error
status is returned for the previous line.

47 to 56 Sets all channels to zero output state, and reads the measurement result data.
58 Calls the save data subprogram to save measurement data.
59 End of the sweep meas subprogram.
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Sub save data(nop As Long, m() As Long, sc() As Double, mdl() As Double, md2() As Double,

vi As Long, ret As Long) "1
Dim i As Integer ’array counter for primary sweep '2
Dim val As String ’data to be saved to a file
val = "Ve (V), Ic (mA), Ib (mA)"
For i = 1 To nop

val = val & Chr(13) & Chr(l0) & sc(i) & "," & mdl(i) * 1000 & "," & md2(i) * 1000
Next i
Dim fname As String "data file name '8
Dim fnum As Integer "file number
fname = "C:\Agilent\data\datab.txt"
fnum = 1

Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val
Close fnum
Dim title As String "15
Dim rbx As Integer
title = "Pulsed Sweep Measurement Result"
val = val & Chr(10) & Chr(10) & "Data save completed."
val val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"
rbx MsgBox (val, vbYesNo, title)
If rbx = vbYes Then
sweep_meas vi, ret, m()

End If
End Sub 24
Line Description
1 Beginning of the save data subprogram.
2to7 Declares variables, and creates data to be saved and displayed on a message box.
8to 14 Saves measurement data into a file (C:\Agilent\data\data5.txt, CSV file).
15t0 23 Displays measurement data on a message box. If Yes is clicked on the message box,
performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
24 End of the save_ data subprogram.
Measurement b (V), Ib (mA), Ic (mA), Status b, Status c

V.
Result Example 0.3,0,-0.005,0,0
0.35,0,-0.005,0,0
0.4,0,-0.005,0,0
0.45,0,-0.005,0,0
0.5,0,0,0,0
0.55,0.0001,0.015,0,0
0.6,0.0005,0.085,0,0
0.65,0.00305,0.605,0,0
0.7,0.01915,3.89,0,0
0.75,0.09975,19.625,0,0
0.8,0.34745,59.38,0,0

Data save completed.

Do you want to perform measurement again?
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Staircase Sweep with Pulsed Bias Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform staircase sweep with pulsed bias measurement
(sweep_meas), and save measurement result data into a file (save data). This
example measures MOSFET 1d-Vd characteristics.

Staircase Sweep with Pulsed Bias Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(4) As Long 'SMU port numbers r3
m(0) =1 "SMU1l: drain
m(l) = 2 "SMU2: gate
m(2) =3 ’SMU3: source
m(3) = 4 "SMU4: substrate
ret = hp4l56b_setSwitch(vi, m(3), 1) 9
ret = hp4l56b_setSwitch(vi, m(2), 1)
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)
check err vi, ret
sweep meas vi, ret, m() r15
ret = hp4156b setSwitch(vi, hp4l56b CH ALL, 0) 117
check err vi, ret
End Sub r20

Line Description

1 Beginning of the perform meas subprogram.
3to7 Declares variables, and defines the value.
9to 12 Enables measurement channels.
15 Calls the sweep meas subprogram (next page) to perform

staircase sweep with pulsed bias measurement.

17 Disables measurement channels.

13 and 18 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.

20 End of the perform_meas subprogram.
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Sub sweep_meas (vi As Long, ret As Long, m() As Long) "1
Dim vdl As Double "3
Dim vd2 As Double
Dim idcomp As Double
Dim vgl As Double
Dim vg2 As Double
Dim igcomp As Double
Dim hold As Double
Dim delay As Double
Dim s_delay As Double
Dim p_comp As Double
vdl = 0
vd2 = 3
idcomp = 0.05
vgl =1
vg2 = 3
igcomp = 0.01
hold = 0
delay = 0
s_delay = 0
p_comp = 0
Dim nopl As Long
Dim nop2 As Long
nopl = 11
nop2 = 3 27
Dim i As Integer
Dim j As Integer
Dim n As Long
n = nopl * nop2
Dim msg As String
Dim rep As Long "35
Dim sc () As Double ’primary sweep output data
Dim md () As Double ’'sweep measurement data
Dim st () As Long ’status data at each step
Dim dvg () As Double ’secondary sweep output data
ReDim Preserve sc(n) As Double
ReDim Preserve md(n) As Double
ReDim Preserve st (n) As Long
ReDim Preserve dvg(nop2) As Double r43
ret = hp4156b setFilter(vi, m(1l), hp4156b FLAG OFF) 745
ret = hp4l56b force(vi, m(3), hp4l56b VF MODE, 0, 0, 0.05, 0)
ret = hp4l56b_ force(vi, m(2), hp4l56b VF MODE, 0, 0, 0.05, 0)
Line Description
1 Beginning of the sweep meas subprogram.
3to0 32 Declares variables for source channels, and defines the value.
35t043 Declares variables used to keep source data, measurement data
and status data. Also defines array size.
45 to 47 Sets the SMU filter off for the pulsed bias channel, and applies
voltage to device.
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Dim d vg As Double ’secondary sweep step value (delta) r49
If nop2 = 1 Then
dvg =0
Else
d vg = (vg2 - vgl) / (nop2 - 1)
End If
Dim vg As Double ’secondary sweep source output
vg = vgl

Dim width As Double ’58

Dim period As Double

Dim p_hold As Double

width = 0.001

period 0.01

p_hold 0.1

i=20 "array counter for sweeplv returned data

For j = 1 To nop2 "array counter for secondary sweep output data 765
dvg(j - 1) = vg
ret = hp4156b_setPbias(vi, m(1l), hp4l56b_VF MODE, 0, 0, vg, width, period, p_hold, igcomp)
ret = hp4156b_setIv(vi, m(0), hp4l56b_SWP_VF SGLLIN, 0, vdl, vd2, nopl, hold, delay,

s _delay, idcomp, p_ comp)

" ret = hp4156b sweepPbias(vi, m(0), hp4156b IM MODE, 0, rep, sc(i), md(i), st(i))
check _err vi, ret

vg = vg + d_vg

If rep = nopl Then "73
i =1 + nopl

Else
msg = rep & " measurement steps were returned. It must be " & nopl & " steps."

MsgBox msg, vbOKOnly, ""
ret = hp4l156b_zeroOutput (vi, hp41l56b_CH ALL)
GoTo Bottom sub

End If "80
Next j
ret = hp4156b_zeroOutput (vi, hp4l56b_CH_ALL)
save data nopl, nop2, dvg(), md(), st(), sc(), vi, ret, m()
Bottom sub:
End Sub ’85
Line Description
49 to 56 Declares variables, and defines the value. They are used for the secondary sweep

source, d_vg is the step value and vg is the output value.

67to 70 Sets the pulsed source, sets the voltage sweep source, and performs the staircase
sweep with pulsed bias measurement. After that, calls the check err subprogram
(shown in Table 3-1) to check if an error status is returned for the previous line.

73 to 80 Disables the channels and stops the program execution if the number of returned
data is not equal to the nop1 value.

82to 83 Sets all channels to zero output state, and calls the save data subprogram (next
page) to save measurement data.

85 End of the sweep meas subprogram.
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Sub save data(nopl As Long, nop2 As Long, dvg() As Double, md() As Double, st() As

Long, sc() As Double, vi As Long, ret As Long, m() As Long) "1
Dim i As Integer ’array counter for primary sweep "3
Dim j As Integer "array counter for secondary sweep

Dim val As String "data to be saved to a file

val = "vg (V), vd (V), Id (mA), Status"

For j = 1 To nop?2
For i = nopl * (j - 1) To nopl * j - 1
val = val & Chr(13) & Chr(l0) & dvg(j - 1) & "," & sc(i) & "," & md(i) *
1000 & "," & st(i)

Next i
Next j
Dim fname As String "data file name 13
Dim fnum As Integer ’file number
fname = "C:\Agilent\data\data6.txt"
fnum = 1

Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val
Close fnum

Dim title As String r21
Dim rbx As Integer

title = "Sweep Measurement Result"

val = val & Chr(10) & Chr(10) & "Data save completed."

val = val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"

rbx = MsgBox(val, vbYesNo, title)
If rbx = vbYes Then
sweep meas vi, ret, m()

End If
End Sub 131
Line Description
1 Beginning of the save data subprogram.
3to 11 Declares variables, and creates data to be saved and displayed on a message box.
13to 19 Saves measurement data into a file (C:\Agilent\data\data6.txt, CSV file).
21to 29 Displays measurement data on a message box. If Yes is clicked on the message box,
performs the sweep meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
31 End of the save data subprogram.
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Measurement
Result Example

vd (V), Id (mA), Status

.4,22.185,0
.7,23.67,0
,25.02,0
;0,0
.3,5.07,0
.6,9.73,0
.9,13.965,0
.2,17.76,0
.5,21.115,0
.8,24.07,0
.1,26.64,0
.4,28.91,0
.7,30.925,0
,32.71,0

WWWWUWWWWWWWNNNNNNNNNNNNNNRRRRRRRRRRRES

Data save completed.

Do you want to perform measurement again-?
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Sampling Measurements

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform sampling measurement (sampling_meas), and
save measurement result data into a file (save_data). This example measures current
of a device that has two high terminals and a low terminal, and calculates the

resistance.

Sampling Measurement Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(3) As Long 'SMU port numbers r3
m(0) =1 rSMUl: tl
m(l) = 2 "SMU2: t2
m(2) =3 7SMU3: low
ret = hp4l56b_setSwitch(vi, m(2), 1) 8
ret = hp4l56b_setSwitch(vi, m(1l), 1)
ret = hp4l56b_setSwitch(vi, m(0), 1)
check err vi, ret
sampling meas vi, ret, m() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) r15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the sampling_meas subprogram (next page) to perform
sampling measurement.
15 Disables measurement channels.
11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.
18 End of the perform meas subprogram.
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Sub sampling meas(vi As Long, ret As Long, m() As Long) "1
Dim base As Double r3
Dim bias As Double
Dim icomp As Double
Dim vlout As Double
Dim ilcomp As Double
Dim hold As Double
Dim interval As Double
Dim nop As Long
base = 0

bias = 0.1

icomp = 0.1

vliout = 0

ilcomp = 0.1

hold = 0.1
interval = 0.05

nop = 30

Dim mch (3) As Long
Dim mode (2) As Long
Dim range(2) As Double
Dim n As Long

n = nop * 2

mch (0) = m(0) rotl
mch (1) = m(1l) rot2
mch(2) = 0

mode (0) = 1

mode (1) = 1

range (0) = 0

range (1) = 0

Dim point As Long "33
Dim index () As Long
Dim value () As Double

Dim status() As Long
ReDim Preserve index (nop) As Long

ReDim Preserve value (n) As Double
ReDim Preserve status(n) As Long 39
Line Description
1 Beginning of the sampling_meas subprogram.
3to 31 Declares variables, and defines the value.
33 to 39 Declares variables used to keep index data, measurement data,
and status data. Also defines array size.
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ret = hp4l56b_setFilter(vi, hp4l56b CH ALL, hp4l56b FLAG_ ON) "41
ret = hp4l56b setInteg(vi, hp4156b INTEG TBL SHORT, 0.0001, 2)

ret = hp4l56b_setSample(vi, hold, interval, nop) 44
ret = hp4l56b_addSampleSyncIv(vi, m(0), hp4l56b VF MODE, 0, base, bias, icomp)

ret = hp4l56b_addSampleSyncIv(vi, m(l), hp4l56b VF MODE, 0, base, bias, icomp)

ret = hp4l56b_force(vi, m(2), hp4l56b VF MODE, 0, vlout, ilcomp, O)

ret hp4156b_sample(vi, mch(0), mode(0), range(0), point, index(0), value(O0),

status (0)) 749
check err vi, ret

ret = hp4l56b_clearSampleSync(vi) 52
ret = hp4l56b_zeroOutput (vi, hp4l56b CH ALL)
Dim msg As String ’'55

If point <> nop Then
msg = point & " measurement steps were returned. It must be " & nop & " steps."
MsgBox msg, vbOKOnly, ""

Else
save data vi, ret, nop, index(), bias, value(), status(), m()
End If
End Sub "63
Line Description
41 to 42 Sets the SMU filter on for the all channels, and sets the A/D converter integration
time.
44 to 47 Sets the sampling timing parameters, sets the voltage sources that operate
synchronously with the measurement trigger, and applies voltage to device.
49 t0 50 Performs the sampling measurement. After that, calls the check err subprogram
(shown in Table 3-1) to check if an error status is returned for the previous line.
52to 53 Clears the setting of the voltage sources defined by the hp4156b_addSampleSynclv
function, and sets all channels to zero output state.
55to 61 Calls the save data subprogram (next page) to save the measurement result data.
However, if the number of returned data is not equal to the nop value, the program
disables the source/measurement channels and stops program execution without
saving the measurement data.
63 End of the sampling_meas subprogram.
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Sub save data(vi As Long, ret As Long, nop As Long, index() As Long, bias As
Double, value() As Double, status() As Long, m() As Long) "l

Dim i As Integer '3
Dim datal As Double
Dim data2 As Double
Dim rl As Double
Dim r2 As Double
Dim val As String

val = "Index, Il (mA), R1 (ohm), I2 (mA), R2 (ohm), Status"
For i = 0 To nop - 1

datal = Round(value(2 * i) * 1000, 3)

data?2 = Round(value(2 * i + 1) * 1000, 3)

rl = Round(bias / value(2 * i), 2)
r2 = Round(bias / value(2 * i + 1), 2)
val = val & Chr(13) & Chr(10) & index(i) & "," & datal & "," & rl
val = val & "," & data2 & "," & r2 & "," & status(i)
Next i
Dim fname As String "data file name 20
Dim fnum As Integer "file number
fname = "C:\Agilent\datal\data7.txt"
fnum = 1

Open fname For Output Access Write Lock Read Write As fnum
Print #fnum, val
Close fnum

Dim title As String r28
Dim rbx As Integer
title = "Sampling Measurement Result"

val = val & Chr(10) & Chr(10) & "Data save completed."
val val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"
rbx = MsgBox (val, vbYesNo, title)
If rbx = vbYes Then
sampling meas vi, ret, m()

End If
End Sub 738
Line Description
1 Beginning of the save data subprogram.
3to 18 Declares variables, and creates data to be saved and displayed on a message box.

20 to 26 Saves measurement data into a file (C:\Agilent\data\data7.txt, CSV file).

280 36 Displays measurement data on a message box. If Yes is clicked on the message box,
performs the sampling meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.

38 End of the save_data subprogram.
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Measurement Index, I1 (mA), R1 (ohm), I2 (mA), R2 (ohm), Status
ResultExample 1,11.136,8.98,10.755,9.29,0
2,11.136,8.98,10.759,9.29,0
3,11.147,8.97,10.766,9.28,0
4,11.136,8.98,10.762,9.29,0
5,11.136,8.98,10.759,9.29,0
6,11.147,8.97,10.762,9.29,0
7,11.143,8.97,10.755,9.29,0
8,11.143,8.97,10.769,9.28,0
9,11.136,8.98,10.752,9.31,0
10,11.133,8.98,10.759,9.29,0
11,11.147,8.97,10.752,9.31,0
12,11.136,8.98,10.759,9.29,0
13,11.136,8.98,10.755,9.29,0
14,11.147,8.97,10.766,9.28,0
15,11.141,8.97,10.755,9.29,0
16,11.143,8.97,10.762,9.29,0
17,11.153,8.96,10.762,9.29,0
18,11.147,8.97,10.759,9.29,0
19,11.143,8.97,10.755,9.29,0
20,11.143,8.97,10.755,9.29,0
21,11.141,8.97,10.762,9.29,0
22,11.141,8.97,10.755,9.29,0
23,11.141,8.97,10.759,9.29,0
24,11.136,8.98,10.759,9.29,0
25,11.133,8.98,10.749,9.31,0
26,11.136,8.98,10.762,9.29,0
27,11.136,8.98,10.755,9.29,0
28,11.136,8.98,10.766,9.28,0
29,11.133,8.98,10.755,9.29,0
30,11.147,8.97,10.759,9.29,0

Data save completed.

Do you want to perform measurement again-?
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Stress Force

This section explains example subprograms that enable/disable measurement
channels (perform_meas), perform stress measurement (stress_meas), and display
measurement result data (disp_datal and disp_data2). This example measures
current of a device that has two high terminals and a low terminal.

Stress Force Example

Sub perform meas(vi As Long, ret As Long) "1
Dim m(3) As Long 'SMU port numbers r3
m(0) =1 rSMUl: tl

m(l) = 2 rSMU2: t2

m(2) =3 7SMU3: low

ret = hp4l56b_setSwitch(vi, m(2), 1) ’8
ret = hp4l56b_setSwitch(vi, m(1l), 1)

ret = hp4l56b_setSwitch(vi, m(0), 1)

check err vi, ret

stress meas vi, ret, m() r13
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0) ’15
check err vi, ret
End Sub 718
Line Description
1 Beginning of the perform_meas subprogram.
3t06 Declares variables, and defines the value.
8to 10 Enables measurement channels.
13 Calls the stress_meas subprogram (next page) to perform stress
measurement.
15 Disables measurement channels.
11 and 16 Calls the check err subprogram (shown in Table 3-1) to check if
an error status is returned for the previous line.
18 End of the perform meas subprogram.

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 3-53



Programming Examples for Visual Basic Users
Stress Force

Sub stress meas(vi As Long, ret As Long, m() As Long) "1
Dim range As Double "3
Dim base As Double
Dim stress As Double
Dim bias As Double
Dim icomp As Double
Dim vlout As Double
Dim ilcomp As Double
Dim hold As Double

Dim duration As Double
Dim period As Double
Dim status As Long

Dim md(4) As Double

Dim st (4) As Long

range = 0

base = 0

stress = 2

bias = 0.1

icomp = 0.1

vlout = 0

ilcomp = 0.1

hold = 0

duration = 5

period = 0.01

ret = hp4l56b setFilter(vi, hp4l156b CH ALL, hp4l56b FLAG ON) 28
ret = hp4156b_setInteg(vi, hp4156b INTEG TBL SHORT, 0.0001, 2)

ret = hp4l56b force(vi, m(2), hpd4l56b VF MODE, range, vlout, ilcomp, O0)
ret = hp4l156b force(vi, m(l), hp4l56b VF MODE, range, bias, icomp, O0)
ret = hp4l156b force(vi, m(0), hp4l56b VF MODE, range, bias, icomp, O0)
ret = hp4l56b spotMeas(vi, m(0), hp4l56b IM MODE, range, md(0), st(0))
ret = hp4156b_spotMeas(vi, m(1l), hp4l56b IM MODE, range, md(1l), st(l))

check err vi, ret

ret = hp4l56b zeroOutput (vi, hpd4l56b CH ALL) "37
disp datal vi, ret, m(), md(), st(), stress, duration
Line Description
1 Beginning of the stress_meas subprogram.
31026 Declares variables, and defines the value.
28to 35 Sets the SMU filter on for the all channels, sets the A/D converter

integration time, applies voltage to device, and performs spot
measurement. After that, calls the check err subprogram (shown in
Table 3-1) to check if an error status is returned for the previous line.

37 to 38 Sets all channels to zero output state, and calls the disp_datal
subprogram to display measurement data.
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hp4156b setStress(vi, hold, hp4l56b STT TIME, duration, period) 740
hp4l56b force(vi, m(2), hp4l56b VF MODE, range, vlout, ilcomp, O0)
hp4156b_addStressSyncIv(vi, 1, m(0), 2, range, base, stress, icomp)

hp4l1l56b addStressSyncIv(vi, 2, m(l), 2, range, base, stress, icomp)

ret = hp4156b:stress(vi, status)

check err vi,

ret

ret = hp4l56b_clearStressSync(vi) 47

ret = hp4l56b_force(vi, m(1l), hp4l56b VF MODE, range, bias, icomp, O0) 49
ret = hp4l56b_force(vi, m(0), hp4l56b VF MODE, range, bias, icomp, O0)
ret = hp4l56b_spotMeas(vi, m(0), hp4l56b IM MODE, range, md(2), st(2))
ret = hp4l56b spotMeas(vi, m(1l), hp4l56b IM MODE, range, md(3), st(3))
check err vi, ret
ret = hp4l56b_zeroOutput(vi, hp4l156b CH ALL) 755
disp data2 vi, ret, m(), md(), st(), stress, duration
End Sub 758
Line Description
40 to 45 Sets the stress timing parameters, applies voltage to the device, sets the stress
sources that operate synchronously with the stress trigger, and applies the stress to
the device. After that, calls the check err subprogram (shown in Table 3-1) to check
if an error status is returned for the previous line.
47 Clears the setting of the stress sources defined by the hp4156b_addStressSynclv
function.
49to0 53 Applies voltage to the device, and performs spot measurement. After that, calls the
check_err subprogram (shown in Table 3-1) to check if an error status is returned
for the previous line.
55t0 56 Sets all channels to zero output state, and calls the disp_data2 subprogram to
display measurement data.
58 End of the stress_meas subprogram.
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Sub disp datal(vi As Long, ret As Long, m() As Long, md() As Double, st() As Long,
stress As Double, duration As Double) 'l

Dim title As String '3
Dim val As String
Dim rbx As Integer

title = "Measurement Result"

val = "Data before stress:"

val = val & Chr(13) & Chr(10) & "T1l current = " & md(0) * 1000 & " [mA]"

val = val & ", Status = " & st (0)

val = val & Chr(13) & Chr(10) & "T2 current = " & md(1l) * 1000 & " [mA]"

val = val & ", Status = " & st(1l)

val = val & Chr(10) & Chr(10) & "Do you want to CANCEL stress force?"

val = val & Chr(10) & Chr(10) & "Stress: " & stress & " [V], Duration: " & duration
& " [sec]"

Dim msg As String 715

rbx = MsgBox (val, vbYesNo, title)
If rbx = vbYes Then
ret = hp4l56b close(vi)

msg = "Click OK to stop the program."
MsgBox msg, vbOKOnly, ""
End
End If
End Sub 124
Line Description
1 Beginning of the disp_datal subprogram.
3to 13 Declares variables, and creates data to be displayed on a message box.
15t0 22 Displays the message box. If Yes is clicked, stops the program execution.
24 End of the disp_datal subprogram.
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Sub disp data2(vi As Long, ret As Long, m() As Long, md() As Double, st() As Long,
stress As Double, duration As Double) r1
Dim title As String '3
Dim val As String
Dim rbx As Integer
title = "Measurement Result"
val = "Data before stress:"
val = val & Chr(13) & Chr(10) & "T1l current = " & md(0) * 1000 & " [mA]"
val = val & ", Status = " & st(0)
val = val & Chr(13) & Chr(10) & "T2 current = " & md(1l) * 1000 & " [mA]"
val = val & ", Status = " & st (l)
val = val & Chr(10) & Chr(10) & "Stress: " & stress & " [V], Duration: " & duration
& " [ sec ] "
val = val & Chr(10) & Chr(10) & "Data after stress:"
val = val & Chr(13) & Chr(10) & "T1l current = " & md(2) * 1000 & " [mA]"
val = val & ", Status = " & st(2)
val = val & Chr(13) & Chr(10) & "T2 current = " & md(3) * 1000 & " [mA]"
val = val & ", Status = " & st(3)
val = val & Chr(10) & Chr(10) & "Do you want to perform measurement AGAIN?"
rbx = MsgBox (val, vbYesNo, title) 20
If rbx = vbYes Then
stress meas vi, ret, m()

End If
End Sub 25

Line Description

1 Beginning of the disp_data2 subprogram.
3to 18 Declares variables, and creates data to be displayed on a message box.
20 to 23 Displays the message box. If Yes is clicked, calls the stress_meas subprogram.
25 End of the disp_data2 subprogram.
Measurement Data before stress:

Result Example

Tl current = 11.09860 [mA], Status = 0

T2 current = 10.75880 [mA], Status = 0
Stress: 2 [V], Duration: 5 [sec]

Data after stress:

Tl current = 11.10200 [mA], Status = 0

T2 current = 10.76220 [mA], Status = 0

Do you want to perform measurement AGAIN?
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NOTE

NOTE

Programming Examples for Visual Basic .NET Users

This chapter describes how to create measurement programs using the Agilent
4155/4156 and the 4155/4156 VXlplug&play driver, and provides programming
examples using Microsoft Visual Basic .NET. This chapter contains the following
sections:

*  “Programming Basics”

* “High-Speed Spot Measurements”

*  “Multi-Channel Spot Measurements”

+ “Staircase Sweep Measurements”

+  “Synchronous Sweep Measurements”

*  “Multi-Channel Sweep Measurements”

*  “Pulsed Spot Measurements”

*  “Multi-Channel Pulsed Spot Measurements”

*  “Pulsed Sweep Measurements”

*  “Multi-Channel Pulsed Sweep Measurements”
+ “Staircase Sweep with Pulsed Bias Measurements”
+  “Sampling Measurements”

e “Stress Force”

About Program Code

Programming examples are provided as subprograms that can be run with the
project template shown in Table 4-1. To execute the program, insert the
subprograms instead of the perform meas subprogram in the template.

Driver function name and instrument handle vi

Function name is different from the original name. And you do not need to specify
the instrument handle vi for a function parameter. For example, hp4156b_reset(vi)
must be entered as Agd15x.Reset() if you declare your 4155/4156 as Agd15x.

For the available functions, see the function input aid of the driver. It will appear
when you type the declared instrument name and a period (e.g. Ag415x. ) on the
code window. Also see the parameter input aid to know the parameters needed for
the function. It will appear when you additionally type the function name and
front-parenthesis (e.g. Ag415x.Force ().
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Programming Basics

This section provides the basic information for programming using the Agilent
4155/4156 VXlIplug&play driver.

*  “To Create Your Project Template”

*  “To Create Measurement Program”

To Start Program

If you create the measurement program by modifying the example code shown in
Table 4-1, the program can be run by clicking the Run button on the Visual Basic
main window. After that, a message box will appear. Then click OK to continue.

To Create Your Project Template

This section explains how to create a project template using Microsoft Visual Basic
NET. Before starting programming, create your project template, and keep it as
your reference. It will remove the conventional task in the future programming.

Connect instrument (e.g. Agilent 4155/4156) to computer via GPIB.

Launch Visual Basic .NET and create a new project. The project type must be
Agilent T&M Toolkit Projects.

Follow the Agilent T&M Toolkit New Project Wizard to create the project. Then
select the following libraries to be imported additionally.

+ Agilent. TMFramework.InstrumentDriverInterop
+ Agilent. TMFramework.InstrumentDriverInterop.Design

Click T&M Toolkit > Instrument Explorer to open Agilent Instrument Explorer. On
the explorer, click Find Instrument icon to detect the instrument automatically.

Click T&M Toolkit > Driver Wrapper Wizard to open Agilent Driver Wrapper
Wizard. And follow the wizard to enable your desired VXlIplug&play driver
(e.g. HP4156B - VXIplug&play).

Right-click on the instrument icon (e.g. HP 4156C (:17) icon) in the Agilent
Instrument Explorer, and click on Add Instrument Session to open Agilent
Instrument Session Wizard. And follow the wizard to add the VXIplug&play
session for the instrument (e.g. HP4156C).
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Open a module (e.g. Modulel.vb) in the project.
Enter a program code as template. See Table 4-1 for example.

Save the project as your template (e.g. \testimy_temp).

To Create Measurement Program

Create the measurement program as shown below. The following procedure needs
your project template. If the procedure does not fit your programming environment,
arrange it to suit your environment.

Plan the automatic measurements. Then decide the following items:

* Measurement devices:
Discrete, packaged, on-wafer, and so on.

» Parameters/characteristics to be measured:
hgg, Vth, sheet resistance, and so on.

*  Measurement method:
Spot measurement, staircase sweep measurement, and so on.

Make a copy of your project template (e.g. \testimy_temp to \test\dev_a\my_temp).
Rename the copy (e.g. \test\dev_a\my temp to \test\dev_a\spot _id).

Launch Visual Basic NET.

Open the project (e.g. \test\dev_a\spot_id).

Open the module that contains the template code as shown in Table 4-1. On the code
window, complete the perform_meas subprogram. Then use the Agilent 4155/4156
VXlplug&play driver functions:

* name.SetSwitch to enable/disable the source/measurement channels
* name.Force, Setlv, etc. to set source outputs

* name.SpotMeas, Sweeply, etc. to perform measurements

* name.ZeroOutput to disable source outputs

where, name must be the declared instrument name (e.g. Ag415x).
Insert the code to display, store, or calculate data into the subprogram.

Save the project (e.g. \test\dev_a\spot_id).
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Table 4-1 Example Template Program Code for Visual Basic .NET
Imports Agilent.TMFramework Tl
Imports Agilent.TMFramework.DataAnalysis
Imports Agilent.TMFramework.DataVisualization
Imports Agilent.TMFramework.InstrumentIO
Imports Agilent.TMFramework.InstrumentDriverInterop
Imports Agilent.TMFramework.InstrumentDriverInterop.Design
Imports Agilent.TMFramework.InstrumentDriverInterop.VxipnpWrappers
Module Modulel
Sub Main () 111
Dim Ag415x As Hp4l56b = New Hp41l56b ("GPIBO::17::INSTR", True, True)
Ag41l5x.Reset ()
Ag415x.TimeOut (60000)
MsgBox ("Click OK to start measurement.", vbOKOnly, "")
Console.WriteLine ("Measurement in progress. ." & Chr(10))
perform meas (Ag415x)
Ag415x.SetSwitch (0, 0)
Ag41l5x.Close ()
MsgBox ("Click OK to stop the program.", vbOKOnly, "")
Console.WriteLine ("Measurement completed." & Chr(10))
End Sub 124
Line Description
1to7 These lines are necessary to use the Agilent 4155/4156 VXlplug&play driver.

11 to 24 | Main subprogram establishes the software connection with the Agilent 4155/4156, resets the
4155/4156, sets the driver I/O time out to 60 seconds, opens a message box to confirm the
start of measurement, and pauses program execution until OK is clicked on the message
box. By clicking OK, the program displays a message on the console window and calls the
perform_meas subprogram that is used to perform measurement.

After the measurement, the program disables all channels, disables the software connection

with the 4155/4156, and opens a message box to confirm the end of the program. Finally, the

program displays a message on the console window by clicking OK on the message box.
12 The above example is for the 4155/4156 on the GPIB address 17. Confirm the GPIB address

of your 4155/4156, and set the address correctly instead of “17”.
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Sub perform meas (ByVal Ag4l15x As Hp41l56b) 26
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer =1
Dim nop2 As Integer = 1
Dim data(nop2, nopl) As String
Dim val As String = "enter data header"
Dim fname As String = "C:\enter_ file name.txt"
Dim title As String = "Measurement Result"
Dim msg As String = "No error."
Dim err As Integer = 0
Ag415x.SetSwitch (1, 1) ’this is dummy. 38
! insert measurement program code
Ag415x.ErrorQuery(err, msqg) r41
If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err
Ag415x.ZeroOutput (0) 144
save data(fname, title, val, data, nopl, nop2, Ag415x)

Check_err: "47
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(l10) & msg, vbOKOnly,
ey

End Sub 149
Line Description
26 Beginning of the perform meas subprogram.

27 to 36 Declares variables used in this program template. The values are dummy. You must
change the values to match your program. If you find unnecessary variables, delete
them.

i and j: Variables used to specify the element of the data array.

nopl and nop2: Number of measurement steps. Also used to declare the data array.
data: String data array used to store the measurement result data except for the header.
val: String data variable to store the header (first line) of the measurement result data.
fname: Full path name of the measurement result data file to be saved.

title: Title of the message box used to display the measurement result data.

msg and err: Variables used to display an error message.

38 to 39 The lines are placed as dummy. Remove the lines and insert your program code to
control the instruments and perform measurement.

41 to 42 Checks if the 4155/4156 causes an error, and goes to Check_err if an error is detected.

44 to 45 Applies 0 V from all channels and calls the save data subprogram (lines 51 to 73).

47 to 48 Opens a message box to display error message if an error is detected.

49 End of the perform meas subprogram.
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Sub save data(ByVal fname As String, ByVal title As String, ByVal val As String,
ByVal data(,) As String, ByVal nopl As Integer, ByVal nop2 As Integer, ByVal Ag4l5x
As Hp41l56b) 751

Dim i As Integer 0
Dim j As Integer 0
FileOpen(1l, fname, OpenMode.Output, OpenAccess.Write, OpenShare.LockReadWrite)
Print (1, wval)
For j = 0 To nop2 - 1

For i = 0 To nopl - 1

Print (1, data(j, 1))

Next
Next
FileClose (1)

Dim rbx As Integer
For j = 0 To nop2 - 1

For i = 0 To nopl - 1
val = val & data(j, i)
Next
Next
val = val & Chr(10) & Chr(10) & "Data save completed."
val = val & Chr(10) & Chr(10) & "Do you want to perform measurement again?"

rbx = MsgBox(val, vbYesNo, title)
If rbx = vbYes Then perform meas (Ag415x)

End Sub "73
End Module
Line Description
51to 73 Save data subprogram saves measurement result data into a file specified by the fname

variable and displays the data and a message on a message box. If Yes is clicked on the
message box, calls the perform _meas subprogram again. If No is clicked, returns to the
perform_meas subprogram.
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High-Speed Spot Measurements

This section explains an example subprogram that performs high speed spot
measurement. This example measures MOSFET drain current.

Table 4-2 High-Speed Spot Measurement Example

Sub perform meas (ByVal Ag415x As Hp4156b) 'l
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer 1
Dim nop2 As Integer 1
Dim data(nop2, nopl) As String

Dim val As String = "Id (mA), Status"
Dim fname As String = "C:\Agilent\datal\datal.txt"
Dim title As String = "Spot Measurement Result"
Dim msg As String = "No error."
Dim err As Integer = 0
Dim t () As Integer = {1, 2, 3, 4} r13
Ag415x.SetSwitch(t(3), 1) "SMU4: substrate
Ag415x.SetSwitch(t(2), 1) ’SMU3: source
Ag415x.SetSwitch(t (1), 1) "SMU2: gate
Ag415x.SetSwitch(t(0), 1) ’SMUl: drain
Dim vd As Double = 0.5 719
Dim vg As Double = 0.5
Dim idcomp As Double = 0.05
Dim igcomp As Double = 0.01
Dim meas As Double
Dim status As Integer
Ag415x.Force(t(3), 2, 0, 0, 0.1, 0) "out= 0 V, comp= 0.1 A 26
Ag415x.Force(t(2), 2, 0, 0, 0.1, 0) "out= 0 V, comp= 0.1 A
Ag415x.Force(t(l), 2, 2, vg, igcomp, O0) "out= vg V, comp= igcomp A
Ag415x.Force(t(0), 2, 2, vd, idcomp, O0) "out= vd V, comp= idcomp A
Ag4l1l5x.ErrorQuery(err, msqg)
If err <> 0 Then Ag41l5x.ZeroOutput(0) : GoTo Check err
Line Description

2to 11 Declares variables used in the program template. And sets the proper values.

13to 17 Enables measurement channels.

19 to 24 Declares variables and sets the value.

26 to 31 Applies voltage to device and checks if an error occurred. If an error is detected, forces

0 V and goes to Check_err.
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Ag415x.SpotMeas(t(0), 1, 0, meas, status) "current measurement 33
data(j, i) = Chr(l3) & Chr(l10) & meas * 1000 & ", " & status

Ag415x.ZeroOutput (0) "36
save_data (fname, title, val, data, nopl, nop2, Ag4l5x)
Check err: "39
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
End Sub

Line Description

33to 34 Performs spot measurement. And stores the measured data into the data valiable.

36 to 37 Applies 0 V from the all channels. And transfers the data stored in the data variable to
the save data subprogram (see Table 4-1). And the subprogram will save the data into
the C:\Agilent\data\datal.txt file (CSV) and displays the data on a message box.

39 to 40 Displays a message box to show an error message if the error is detected.

Measurement Id (mA), Status

Result Example

3.91571, O
Data save completed.

Do you want to perform measurement again?
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Multi-Channel Spot Measurements

This section explains an example subprogram that performs multi channel spot
measurement. This example measures bipolar transistor collector current and base

current.
Table 4-3 Multi-Channel Spot Measurement Example
Sub perform meas (ByVal Ag415x As Hp4156b) Tl

Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer 1
Dim nop2 As Integer 1
Dim data(nop2, nopl) As String

Dim val As String = "Ic (mA), Status c, Ib (mA), Status_b, hfe"

Dim fname As String = "C:\Agilent\data\data2.txt"

Dim title As String = "Spot Measurement Result"

Dim msg As String = "No error."

Dim err As Integer = 0

Dim t () As Integer = {1, 2, 3} 713
Ag415x.SetSwitch(t(2), 1) "SMU3: collector

Ag415x.SetSwitch(t (1), 1) ’SMU2: base

Ag415x.SetSwitch(t(0), 1) "SMUl: emitter

Dim vc As Double = 3 718
Dim vb As Double = 0.7

Dim ve As Double = 0

Dim iccomp As Double = 0.1

Dim ibcomp As Double = 0.01

Dim iecomp As Double = 0.1

Dim mch() As Integer = {t(2), t(l), O}

Dim mode() As Integer = {1, 1} "current measurement

Dim range () As Double = {0, 0} "auto range

Dim md(2) As Double

Dim st (2) As Integer

Ag415x.Force(t(0), Hp4l56b.ModeEnum.VoltageOutput, 0, ve, iecomp, O0) ’30

4
Ag415x.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, 0, vb, ibcomp, O0)
Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, vc, iccomp, 0)

Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13to 16 Enables measurement channels.
18 to 28 Declares variables and sets the value.
30to 32 Applies voltage to device.
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Ag41l5x.ErrorQuery(err, msg) 34

If err <> 0 Then Ag415x.ZeroOutput(0): GoTo Check err

Ag415x.MeasureM (mch, mode, range, md, st) r37

data(j, i) = Chr(13) & Chr(10) & md(0) * 1000 & ", " & st(0) & ", "

data(j, i) = data(j, i) & md(l) * 1000 & ", " & st(l) & ", " & md(0) / md(1l)

Ag415x.ZeroOutput (0) 41

save data(fname, title, val, data, nopl, nop2, Ag415x)

Check err: "44
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(l10) & msg, vbOKOnly, "")
End Sub
Line Description

34 to 35 Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.

37 to 39 Performs multi channel spot measurement. And stores the measured data into the data
valiable.

41to 42 Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data2.txt file (CSV) and displays the data on a message box.

44 to 45 Displays a message box to show an error message if the error is detected.

Measurement Ic (mA), Status_c, Ib (mA), Status_ b, hfe
Result Example 3.79141, 0, 0.0187544, 0, 202.161092863541

Data save completed.

Do you want to perform measurement again?

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 4-11



Programming Examples for Visual Basic .NET Users
Staircase Sweep Measurements

Staircase Sweep Measurements

This section explains an example subprogram that performs staircase sweep
measurement. This example measures MOSFET Id-Vd characteristics.

Table 4-4 Staircase Sweep Measurement Example

Sub perform meas (ByVal Ag415x As Hp4156b) "1
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer 1
Dim nop2 As Integer 3
Dim data(nop2, nopl) As String

1

Dim val As String = "Vg (V), vd (V), Id (mA), Status"

Dim fname As String = "C:\Agilent\data\data3.txt"

Dim title As String = "Sweep Measurement Result"

Dim msg As String = "No error."

Dim err As Integer = 0

Dim t() As Integer = {1, 2, 3, 4} 713
Ag415x.SetSwitch(t(3), 1) "SMU4: substrate

Ag415x.SetSwitch(t(2), 1) ’SMU3: source

Ag415x.SetSwitch(t (1), 1) "SMU2: gate

Ag415x.SetSwitch(t(0), 1) "SMUl: drain

Dim vdl As Double = 0 719

Dim vd2 As Double = 3
Dim idcomp As Double = 0.05
Dim vgl As Double =1
Dim vg2 As Double = 3
Dim igcomp As Double = 0.01

Dim vg As Double = vgl secondary sweep output value
Dim d _vg As Double = 0 "secondary sweep step value (delta)
If nop2 <> 1 Then d vg = (vg2 - vgl) / (nop2 - 1)

Dim hold As Double = 0
Dim delay As Double = 0
Dim s delay As Double =
Dim p_comp As Double = 0
Dim rep As Integer = nopl

0

Dim sc(nopl) As Double "primary sweep output data
Dim md(nopl) As Double " sweep measurement data
Dim st (nopl) As Integer "status data at each step 36
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13to 17 Enables measurement channels.
19 to 36 Declares variables and sets the value.
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Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0) 738
Ag415x.Force (t(3), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0)

For j = 0 To nop2 - 1 41

Ag415x.SetIv(t(0), Hpd4l56b.ModeEnum4.SinglelLinearv, 0, vdl, vd2, nopl, hold,
delay, s_delay, idcomp, p_comp)

Ag41l5x.ErrorQuery(err, msg)

If err <> 0 Then Ag415x.ZeroOutput (0) : GoTo Check err

Ag415x.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, 0, vg, igcomp, O0) 46

Ag415x.SweepIv (t(0), Hp4l56b.ModeEnuml.CurrentMeasurement, 0, rep, sc, md, st)

If rep <> nopl Then Ag41l5x.ZeroOutput(0) : GoTo Check err

For i = 0 To nopl - 1 50

data(j, i) = Chr(13) & Chr(10) & vg & "," & sc(i) & "," & md(i) * 1000 & "," &
st (1)

Next 1

vg = vg + d vg

Next j
Ag415x.ZeroOutput (0) '57
save data(fname, title, val, data, nopl, nop2, Ag415x)

Check err: "60
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
If rep <> nopl Then MsgBox ("No. of data: " & rep & " (not " & nopl & ")", vbOKOnly,

nmn )

End Sub
Line Description

38t0 39 | Applies voltage to device.

42 Sets the primary sweep source.

43 to 44 | Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.

46 to 48 | Applies voltage to the device and performs staircase sweep measurement. After that, checks
the number of returned data. If it was not rep=nop1, forces 0 V and goes to Check_err.

50 to 52 | Stores the measured data into the dara valiable.

57to 58 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data3.txt file (CSV) and displays the data on a message box.

60 to 62 | Displays a message box to show an error message if the error is detected.
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Measurement

g (V), vd (Vv), Id (mA), Status
Result Example '

,0,-0.00115744,0
,0.3,3.05372,0
,0.6,5.61719,0
,0.9,7.74477,0
,1.2,9.53146,0
,1.5,11.07517,0
,1.8,12.4335,0
,2.1,13.654,0
,2.4,14.7489,0
,2.699,15.7364,0
,3,16.6246,0
,0,-0.00174059,0
,0.3,4.03733,0
,0.6,7.63927,0
,0.9,10.80673,0
,1.2,13.5329,0
,1.5,15.8655,0
,1.8,17.8811,0
;2.1,19.642,0
,2.4,21.2001,0
,2.699,22.6005,0
;,3,23.8623,0
,0,-0.00185628,0
,0.3,4.89763,0
,0.6,9.39135,0
,0.9,13.4735,0
,1.2,17.1346,0
,1.5,20.3616,0
,1.8,23.1928,0
,2.1,25.6613,0
,2.4,27.8118,0
,2.699,29.7103,0
,3,31.4002,0

Data save completed.

Do you want to perform measurement again-?
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Synchronous Sweep Measurements

This section explains an example subprogram that performs staircase sweep
measurement. This example measures MOSFET Id-Vg characteristics. The
subprogram uses the synchronous sweep source.

Table 4-5 Synchronous Sweep Measurement Example
Sub perform meas (ByVal Ag415x As Hp4156b) "1
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer = 11
Dim nop2 As Integer =1

Dim
Dim
Dim
Dim
Dim
Dim

Dim

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

data (nop2, nopl) As String
val As String = "vg (V), Id (mA), Status"

fname As String
title As String

"C:\Agilent\data\datad.txt"
"Sweep Measurement Result"

msg As String = "No error."
err As Integer = 0

t() As Integer
Ag415x.SetSwitch (t
Ag415x.SetSwitch(t
Ag415x.SetSwitch (t(
Ag415x.SetSwitch (t(

vpril
vpri2
vsynl
vsyn2
vconl
vcon2

ilcomp As Double =
i2comp As Double =
hold As Double = 0
delay As Double = 0
s_delay As Double =
plcomp As Double

As
As
As
As
As
As

2, 3, 4} "13
) "SMU4: substrate

) ' SMU3: source

) "SMU2: gate

) SMUl: drain

(3
(2
1
0

Double
Double
Double
Double
Double
Double

OO WO WOo

Il
o

p2comp As Double = 0
rep As Integer = nopl
sc(nopl)
md (nopl)
st (nopl)

As Double "primary sweep output data
As Double sweep measurement data
As Integer "status data at each step "34

Ag415x.SetIv(t(l), Hp4l56b.ModeEnumd4.SinglelLinearV, 0, vpril, vpri2, nopl, hold, delay,

s_delay, ilcomp, plcomp)
Ag415x.SetSweepSync (t(0), Hp4l56b.ModeEnum.VoltageOutput, 0, vsynl, vsyn2, i2comp,
p2comp)
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 34 Enables measurement channels. And declares variables and sets the value.
36 to 37 Sets the primary sweep source and the synchronous sweep source.
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Ag4l5x.ErrorQuery(err, msg) 738
If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err
Ag4l5x.Force(t(3), Hp4l56b.ModeEnum.VoltageOutput, 0, vconl, 0.05, 0) "41
Ag4l5x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, vcon2, 0.05, 0)
Ag415x.SweepIv(t(0), Hp4l56b.ModeEnuml.CurrentMeasurement, 0, rep, sc, md, st)
If rep <> nopl Then Ag415x.ZeroOutput(0) : GoTo Check err
For i = 0 To nopl - 1 "46
data(j, i) = Chr(13) & Chr(10) & sc(i) & "," & md(i) * 1000 & "," & st(i)
Next 1
Ag41l5x.ZeroOutput (0) 50
save_data(fname, title, val, data, nopl, nop2, Ag4l5x)
Check_err: '53
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
If rep <> nopl Then MsgBox ("No. of data: " & rep & " (not " & nopl & ")", vbOKOnly, "")
End Sub
Line Description
38to 39 | Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.
41to 44 | Applies voltage to device and performs sweep measurement. After that, checks the number
of returned data. If it was not rep=nopl, forces 0 V and goes to Check_err.
46 to 48 | Stores the measured data into the data valiable.
50to 51 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data4.txt file (CSV) and displays the data on a message box.
53to 55 | Displays a message box to show an error message if the error is detected.
Measurement Vg (V), Id (mA), Status

Result Example

WNNNNRFRERPRPRPROOO

~

0,-0.000172985,0
.3,2.25005,0
.6,4.73989,0
.9,7.47392,0
.2,10.
.5,13.
.8,16.
.1,20.
.4,23.
.699,27.7044,0
31.5447,0

42244,0
5558, 0
877,0
3577,0
9656, 0

Data save completed.

Do you

want to perform measurement again?
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Multi-Channel Sweep Measurements

This section explains an example subprogram that performs multi channel sweep
measurement. This example measures bipolar transistor Ic-Vb and Ib-Vb
characteristics.

Multi-Channel Sweep Measurement Example

Sub perform meas (B
Dim i As Integer
Dim j As Integer
Dim nopl As Integ
Dim nop2 As Integ
Dim data (nop2, no
Dim val As String
Dim fname As Stri
Dim title As Stri
Dim msg As String
Dim err As Intege

Dim t() As Intege
Ag415x.SetSwitch(
Ag415x.SetSwitch (
Ag415x.SetSwitch (

Dim vc As Double

Dim ve As Double

Dim vbl As Double
Dim vb2 As Double
Dim iccomp As Dou
Dim ibcomp As Dou
Dim iecomp As Dou
Dim hold As Doubl
Dim delay As Doub
Dim s_delay As Do
Dim pcomp As Doub
Dim mch() As Inte
Dim mode () As Int
Dim range () As Do
Dim rep As Intege
Dim sc(nopl) As D
Dim md (nopl * 2)

Dim st (nopl * 2)

Ag415x.SetInteg (H
Ag415x.SetIv(t(0)
s_delay, ibcomp, p

yVal Ag415x As Hp4l56b) "1
=0

=0

er = 11

er =1

pl) As String

= "Vb (V), Ib (mA), Status b, Ic (mA), Status_c, hfe"
ng "C:\Agilent\data\data5.txt"

ng "Sweep Measurement Result"

= "No error."

o=

r =

r
t(
t(
t(

, 3, 1} "13
1) 'SMUl: emitter

1) ’SMU3: collector

1) ' SMU2: base

o N

= 0.3
= 0.8
ble =
ble =
ble =
e =0
le =0
uble = 0
le =0
ger = {
eger
uble =
r = nop
ouble "primary sweep output data

As Double " sweep measurement data

As Integer "status data at each step '35

t(0), t(l), 0} 'base, collector

{1, 1} ’current measurement
{0

1

.0001, 0.001} ’"limited auto ranging (0.1 mA, 1 mA)

p4l156b.TableEnum. IntegTimeShort, 0.0001, 2)
, Hp41l56b.ModeEnum4.SingleLinearVv, 0, vbl, vb2, nopl, hold, delay,
comp)

Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 35 Enables measurement channels. And declares variables and sets the value.
37to 38 Sets the A/D converter integration time, and sets the primary sweep source.
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Ag4l5x.ErrorQuery(err, msg) 739
If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err
Ag4l5x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, ve, iecomp, 0) 142

Ag4l5x.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, 0, vc, iccomp, 0)
Ag415x.SweepMiv (mch, mode, range, rep, sc, md, st)

If rep <> nopl Then Ag415x.ZeroOutput(0) : GoTo Check err
For i = 0 To nopl - 1 r47
data(j, i) = Chr(13) & Chr(l0) & sc(i) &« ", " & md(2 * i) * 1000 & ", "
data(j, i) = data(j, 1) & st(2 * 1) &« ", " & md(2 * i + 1) * 1000 & ", "
data(j, i) = data(j, i) & st(2 * 1 + 1) & ", " & md(2 * i + 1) / md(2 * 1)
Next 1
Ag415x.ZeroOutput (0) "'53
save_data(fname, title, val, data, nopl, nop2, Ag4l5x)
Check_err: '56
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
If rep <> nopl Then MsgBox ("No. of data: " & rep & " (not " & nopl & ")", vbOKOnly, "")
End Sub
Line Description

39t0 40 | Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.

42 to 45 | Applies voltage to device and performs sweep measurement. After that, checks the number
of returned data. If it was not rep= nop1, forces 0 V and goes to Check_err.

47to 51 | Stores the measured data into the data valiable.

53 to 54 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data5.txt file (CSV) and displays the data on a message box.

56 to 58 | Displays a message box to show an error message if the error is detected.

Measurement
Result Example

Vb (V), Ib (mA), Status b, Ic (mA), Status_c, hfe
0.2999, -3E-06, 0, -6E-06, 0, 2

0.3499, -3E-0e6, 0O, -3.3E-05, 0, 11

0.4, 2.3E-06, 0, -6E-06, 0, -2.60869565217391
0.45, 5.1E-06, 0, 0.00021, 0, 41.1764705882353
0.5, 1.33E-05, O
0 0
0
0
0
0
0

4
0.001864, 0, 140.15037593985
.55, 6.8E-05, 0.012705, 0, 186.838235294118
.6, 0.0004727, 0.087561, 185.235878993019

4

r

0,
.65, 0.00301e, O,
.7, 0.0188088, 0, 3.81314, 0, 202.731700055293
.75, 0.0953332, 0, 18.5294, 194.364607502948
.8, 0.318431, 0, 54.3315, 0, 170.622521048516

’
0,
0.597003, 0, 197.945291777188
’
0,

Data save completed.

Do you want to perform measurement again?
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Pulsed Spot Measurements

This section explains an example subprogram that performs pulsed spot
measurement. This example measures MOSFET drain current.

Pulsed Spot Measurement Example

Sub perform meas (ByVal Ag415x As Hp4l156b) "1
Dim i As Integer = 0
Dim j As Integer = 0

Dim nopl As
Dim nop2 As

Dim data (nop2, nopl) As String

Dim val As String = "Id (mA), Status"

Dim fname As String = "C:\Agilent\dataldata6.txt"

Dim title As String = "Spot Measurement Result"

Dim msg As String = "No error."

Dim err As Integer = 0

Dim t() As Integer = {1, 2, 3, 4} "13
Ag415x.SetSwitch(t(3), 1) ’SMU4: substrate

Ag415x.SetSwitch(t(2), 1) ’SMU3: source

Ag415x.SetSwitch(t (1), 1) ’SMU2: gate

Ag415x.SetSwitch(t(0), 1) ’SMUl: drain

Dim vd As Double = 0.5
Dim vg As Double = 0.5
Dim idcomp As Double = 0.

Dim igcomp As Double = 0.01

Dim base As

Dim width As Double = 0.001
Dim period As Double

Dim hold As
Dim meas As

Dim status As Integer

Ag4l5x.SetFilter
Ag415x.SetPbias(t

hold, igcomp)

Ag4l5x.ErrorQuery(err, msg)

Integer

=1
Integer = 1

Double = 0
= 0.01
Double = 0.1
Double
t(1l), Hp4l56b.StateEnum2.FilterOff) 30
(1), Hp4l56b.ModeEnum5.VoltagePulse, 2, base, vg, width, period,

If err <> 0 Then Ag415x.ZeroOutput (0) : GoTo Check err
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13to0 28 Enables measurement channels. And declares variables and sets the value.
30to 31 Sets the filter off for the pulse output channel and sets the pulse voltage source.
32to0 33 Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.
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Ag41l5x.Force(t(3), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0) 35
Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0)
Ag41l5x.Force(t(0), Hp4l56b.ModeEnum.VoltageOutput, 2, vd, idcomp, O0)
Ag415x.MeasureP(t (0), Hp4l56b.ModeEnuml.CurrentMeasurement, 0, meas, status)
data(j, i) = Chr(13) & Chr(10) & meas * 1000 & ", " & status 740
Ag415x.ZzZeroOutput (0) 142
save data(fname, title, val, data, nopl, nop2, Ag4l5x)
Check _err: "45
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
End Sub
Line Description

35t038 | Applies voltage to device and performs pulsed spot measurement.

40 Stores the measured data into the data valiable.

42t043 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data6.txt file (CSV) and displays the data on a message box.

45t046 | Displays a message box to show an error message if the error is detected.

Measurement Id (mA), Status
Result Example 3.8789, 0

Data save completed.

Do you want to perform measurement again?
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Multi-Channel Pulsed Spot Measurements

This section explains an example subprogram that performs multi channel pulsed
spot measurement. This example measures bipolar transistor collector current and
base current.

Table 4-8 Multi-Channel Pulsed Spot Measurement Example

Sub perform meas (ByVal Ag415x As Hp4156b) "1
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer
Dim nop2 As Integer
Dim data (nop2, nopl) As String

=1
=1

Dim val As String = "Ic (mA), Status c, Ib (mA), Status_ b, hfe"
Dim fname As String = "C:\Agilent\dataldata7.txt"

Dim title As String = "Spot Measurement Result"

Dim msg As String = "No error."

Dim err As Integer = 0

Dim t() As Integer = {1, 2, 3} "13
Ag415x.SetSwitch(t(2), 1) ’SMU3: collector
Ag415x.SetSwitch(t (1), 1) ’SMU2: base
Ag415x.SetSwitch(t(0), 1) ’SMUl: emitter

Dim vc As Double = 0

Dim vb As Double = 0

Dim iccomp As Double = 0.1
Dim ibcomp As Double = 0.1
Dim mch() As Integer = {t(2), t(l), 0} "collector, base
Dim mode () As Integer = {1, 1} "current measurement
Dim range() As Double = {0, 0} "auto range
Dim eod As Integer
Dim dtype As Integer
Dim mdata As Double
Dim stat As Integer
Dim ch As Integer
Dim md(2) As Double
Ag415x.SetFilter(t(0), Hp4l56b.StateEnum2.FilterOff) r32
Ag4l5x.Cmd ("PT 0,0.005,0.01,0,1™) "sets pulse timing parameters
Ag4l5x.Cmd ("PV 1,0,0,-0.8,0.1") "sets pulse voltage source
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 30 Enables measurement channels. And declares variables and sets the value.
32to 34 Sets the filter off for the pulse output channel and sets the pulse voltage source.
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Ag4l5x.ErrorQuery(err, msg) 36
If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err
Ag41l5x.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, 0, vb, ibcomp, O0) 39

Ag41l5x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, vc, iccomp, O0)
Ag41l5x.StartMeasure (Hp4156b.MeasTypeEnum.MmPspot, mch, mode, range,
Hp4156b.SourceEnum.WithoutSourceDataOutput)

Ag41l5x.ReadData (eod, dtype, mdata, stat, ch) "43
md(0) = mdata

data(j, i) = Chr(13) & Chr(10) & mdata * 1000 & ", " & stat

Ag41l5x.ReadData (eod, dtype, mdata, stat, ch)

md(l) = mdata

data(j, i) = data(j, i) & ", " & mdata * 1000 & ", " & stat

data(j, 1) = data(j, i) & ", " & md(0) / md(1l)

Ag415x.zZeroOutput (0) r51
save data(fname, title, val, data, nopl, nop2, Ag4lb5x)
Check _err: 54
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
End Sub

Line Description

36to 37 | Checks if an error occurred. If an error is detected, forces 0 V and goes to Check err.

39to 41 Applies voltage to device and performs multi channel pulsed spot measurement.

43 to0 49 Reads measurement data, and stores the data into the data valiable.

51to 52 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data7.txt file (CSV) and displays the data on a message box.

54 to 55 Displays a message box to show an error message if the error is detected.

Measurement Ic (mA), Status_c, Ib (mA), Status_ b, hfe
Resu|tExamp|e 42.8595, 0, 0.330382, 0, 129.72710377684

Data save completed.

Do you want to perform measurement again?
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Pulsed Sweep Measurements

This section explains an example subprogram that performs pulsed sweep
measurement. This example measures bipolar transistor Ic-Vc characteristics.

Table 4-9 Pulsed Sweep Measurement Example

Sub perform meas (ByVal Ag415x As Hp4156b) 'l
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer
Dim nop2 As Integer
Dim data(nop2, nopl)
Dim val As String =
Dim fname As String =
Dim title As String =
Dim msg As String =
Dim err As Integer

1

1
3
as String
"Ib (uA), Vc (V), Ic (mA), Status"
"C:\Agilent\data\data8.txt"
"Sweep Measurement Result"
"No error."
0

Dim t () r 713
Ag415x.SetSwitch(t
Ag415x.SetSwitch(t
Ag415x.SetSwitch(t
Dim vcl As Double
Dim vc2 As Double =
Dim iccomp As Double = 0.05

Dim ibl As Double = 0.00005 " 50 uA
Dim ib2 As Double = 0.00015 7150 uA
Dim vbcomp As Double = 5
Dim ibo As Double = ibl
Dim d ib As Double

If nop2 <> 1 Then d_ib =

As Intege
emitter
base
collector

) /' SMU1 :
/' SMU2 :
) 7 SMU3:

' secondary sweep output value
"secondary sweep step value (delta)
(ib2 - ibl) / (nop2 - 1)
hold As Double = 0.1
width As Double = 0.001
period As Double = 0.01
base As Double = 0
rep As Integer
sc(nopl) As Double
md (nopl) As Double
st (nopl) As Integer

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

"primary sweep output data

’ sweep measurement data

’status data at each step

36

Ag415x.SetFilter(t(0), Hp4l56b.StateEnum2.FilterOff)

Ag415x.SetInteg (Hp4l56b.TableEnum.IntegTimeShort, 0.0001, 2)
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 34 Enables measurement channels. And declares variables and sets the value.
36 to 37 Sets the filter off for the pulse output channel and sets the A/D converter integration time.
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Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0) 739
Ag41l5x.ErrorQuery(err, msg)

If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err

For j = 0 To nop2 - 1

Ag415x.SetPiv(t(0), Hp4l56b.ModeEnum3.SingleLinearVv, 0, base, vcl, vc2, nopl,
hold, width, period, iccomp) r44
Ag4l5x.ErrorQuery(err, msg)
If err <> 0 Then Ag415x.ZeroOutput (0) : GoTo Check err
Ag415x.Force(t(l), Hp4l56b.ModeEnum.CurrentOutput, 0, ibo, vbcomp, O0) 48
Ag415x.SweepPiv (t (0), Hpd4l56b.ModeEnuml.CurrentMeasurement, 0, rep, sc, md, st)
If rep <> nopl Then Ag41l5x.ZeroOutput(0) : GoTo Check err
For i = 0 To nopl - 1 52
data(j, i) = Chr(13) & Chr(10) & ibo * 1000000 & "," & sc(i)
data(j, i) = data(j, i) & "," & md(i) * 1000 & "," & st (i)
Next 1

ibo = ibo + d_ib

Next j
Ag415x.ZeroOutput (0) 60
save data(fname, title, val, data, nopl, nop2, Ag415x)

Check err: "63
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
If rep <> nopl Then MsgBox ("No. of data: " & rep & " (not " & nopl & ")", vbOKOnly,

iy

End Sub

Line Description
39to 41 Applies voltage to device and checks if an error occurred. If an error is detected, forces 0

V and goes to Check_err.

44 to 46 Sets the pulsed sweep source and checks if an error occurred. If an error is detected, forces
0 V and goes to Check_err.

48 to 50 Applies voltage to the device and performs pulsed sweep measurement. After that, checks
the number of returned data. If it was not rep=nop1, forces 0 V and goes to Check_err.

52to 55 Stores the data into the data valiable.

60to 61 Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data8.txt file (CSV) and displays the data on a message box.

63 to 65 Displays a message box to show an error message if the error is detected.
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Measurement Ib (uA), Ve (V), Ic (mA), Status

Result Example 50,0,-0.0503,0
50,0.3,8.5514,0
50,0.6,9.5932,0
50,0.9,9.7166,0
50,1.2,9.7714,0
50,1.5,9.7919,0
50,1.8,9.8262,0
50,2.1,9.8057,0
50,2.4,9.8673,0
50,2.699,9.881,0

50,3,9.8536,0
100,0,-0.0846,0
100,0.3,15.4259,0
100,0.6,18.0373,0
100,0.9,18.6679,0
100,1.2,18.8804,0
100,1.5,18.9351,0
100,1.8,19.0448,0
100,2.1,19.1202,0
100,2.4,19.1339,0
100,2.699,19.1957,0
100,3,19.2094,0
150,0,-0.1394,0
150,0.3,20.4911,0
150,0.6,24.3156,0
150,0.9,26.1593,0
150,1.2,27.0709,0
150,1.5,27.3793,0
150,1.8,27.6741,0
150,2.1,27.6467,0
150,2.4,27.8659,0
150,2.699,27.9139,0
150,3,27.9824,0

Data save completed.

Do you want to perform measurement again-?
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Multi-Channel Pulsed Sweep Measurements

This section explains an example subprogram that performs multi channel pulsed
sweep measurement. This example measures bipolar transistor Ic-Vb and Ib-Vb

characteristics.
Table 4-10 Multi-Channel Pulsed Sweep Measurement Example
Sub perform meas (ByVal Ag415x As Hp4156b) 'l

Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer 1
Dim nop2 As Integer 3
Dim data(nop2, nopl) as String

1

Dim val As String = "Ic (mA), Status ¢, Ib (mA), Status b, Ve (V)"
Dim fname As String = "C:\Agilent\datal\data9.txt"
Dim title As String = "Sweep Measurement Result"
Dim msg As String = "No error."
Dim err As Integer = 0
Dim t () As Integer = {1, 2, 3} 713
Ag415x.SetSwitch(t(0), 1) ’SMUl: emitter
Ag415x.SetSwitch(t (1), 1) "SMU2: base
Ag415x.SetSwitch(t(2), 1) ’SMU3: collector
Dim vc As Double = 0
Dim vb As Double = 0
Dim iccomp As Double = 0.1
Dim ibcomp As Double = 0.1
Dim mch() As Integer = {t(2), t(l), O} "measurement channels
Dim mode() As Integer = {1, 1} "current measurement mode
Dim range () As Double = {0, 0} "auto ranging
Dim eod As Integer
Dim dtype As Integer
Dim mdata As Double
Dim stat As Integer
Dim ch As Integer
Ag415x.SetFilter(t(0), Hp4l56b.StateEnum2.FilterOff) r31
Ag415x.SetInteg (Hp4l56b.TableEnum.IntegTimeShort, 0.0001, 1)
Ag415x.Cmnd ("PT 0,0.005,0.01,0,1") "sets pulse timing parameters
Ag41l5x.Cmd("PWV 1,1,0,0,0,-0.8,11,0.1,0") "sets pulsed sweep source
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 29 Enables measurement channels. And declares variables and sets the value.

31to 34 Sets the filter off for the pulse output channel and sets the A/D converter integration time.
Also sets the pulse voltage source.
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Ag41l5x.ErrorQuery(err, msg) 36
If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err
Ag415x.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, 0, vb, ibcomp, 0) 738

Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, vc, iccomp, 0)
Ag415x.StartMeasure (Hp4156b.MeasTypeEnum.MmPsweep, mch, mode, range,
Hp4156b.SourceEnum.SourceDataOutput)

For i = 0 To nopl - 1 r42
Ag4l5x.ReadData (eod, dtype, mdata, stat, ch)
data(j, i) = Chr(l3) & Chr(10) & mdata * 1000 & "," & stat ’'t(2)=collector
Ag4l5x.ReadData (eod, dtype, mdata, stat, ch)
data(j, i) = data(j, i) & "," & mdata * 1000 & "," & stat "t (1l)=base
Ag4l5x.ReadData (eod, dtype, mdata, stat, ch)
data(j, i) = data(j, 1) & "," & mdata 't (0)=emitter
Next i
Ag415x.ZeroOutput (0) 51
save data(fname, title, val, data, nopl, nop2, Ag4l5x)
Check_err: 54
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
End Sub
Line Description

36 to 37 Checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.

38 to 40 Applies voltage to device and performs multi channel pulsed sweep measurement.

42 to 49 Stores the data into the data valiable.

51to 52 Applies 0 V from the all channels. And transfers the data stored in the data variable to the

save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data9.txt file (CSV) and displays the data on a message box.

54 to 55 Displays a message box to show an error message if the error is detected.

Measurement
Result Example

Ic (mA), Status _c, Ib (mA), Status b, Ve (V)
-1.21572E-09,0,-3.3938E-10,0,0
7.9188E-10,0,4.3032E-10,0,-0.08
2.9592E-09,0,1.19947E-09,0,-0.16
1.23562E-07,0,9.6629E-09,0,-0.24
1.74463E-06,0,2.70753E-08,0,-0.32
3.76546E-05,0,3.66487E-07,0,-0.4
0.000832422,0,5.73051E-06,0,-0.48
0.0183221,0,0.000107577,0,-0.56
0.400051,0,0.00207699,0,-0.64
7.22489,0,0.0366662,0,-0.72
42.8737,0,0.330252,0,-0.8

Data save completed.

Do you want to perform measurement again?

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 4-27



Programming Examples for Visual Basic .NET Users
Staircase Sweep with Pulsed Bias Measurements

Staircase Sweep with Pulsed Bias Measurements

This section explains an example subprogram that performs staircase sweep with
pulsed bias measurement. This example measures MOSFET 1d-Vd characteristics.

Table 4-11 Staircase Sweep with Pulsed Bias Measurement Example
Sub perform meas (ByVal Ag415x As Hp4156b) "1
Dim i As Integer = 0
Dim j As Integer = 0
Dim nopl As Integer = 11
Dim nop2 As Integer = 3

Dim data(nop2, nopl) As String

Dim val As String = "Vg (V), vd (V), Id (mA), Status"

Dim fname As String = "C:\Agilent\dataldatalO.txt"

Dim title As String = "Sweep Measurement Result"

Dim msg As String = "No error."

Dim err As Integer = 0

Dim t() As Integer = {1, 2, 3, 4} 713
Ag415x.SetSwitch(t(3), 1) "SMU4: substrate

Ag415x.SetSwitch(t(2), 1) ’SMU3: source

Ag415x.SetSwitch(t (1), 1) "SMU2: gate

Ag415x.SetSwitch(t(0), 1) "SMUl: drain

Dim vdl As Double = 0
Dim vd2 As Double = 3
Dim idcomp As Double = 0.05
Dim vgl As Double =1
Dim vg2 As Double = 3
Dim igcomp As Double = 0.01

Dim vg As Double = vgl secondary sweep output value
Dim d _vg As Double = 0 "secondary sweep step value (delta)
If nop2 <> 1 Then d vg = (vg2 - vgl) / (nop2 - 1)

Dim hold As Double = 0

Dim delay As Double = 0
Dim s delay As Double =

0

Dim p_comp As Double = 0
Dim width As Double = 0.001

Dim period As Double
Dim p_hold As Double

01

= 0.
= 0.1

Dim rep As Integer = nopl

Dim sc(nopl) As Double "primary sweep output data
Dim md(nopl) As Double "sweep measurement data
Dim st (nopl) As Integer "status data at each step 39
Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13 to 39 Enables measurement channels. And declares variables and sets the value.
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Ag415x.SetFilter(t(1l), Hpd4lb56b.StateEnum2.FilterOff) 41
Ag415x.Force (t(3), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0)
Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, 0, 0.05, 0)

For j = 0 To nop2 - 1

Ag415x.SetPbias(t (1), Hp4l56b.ModeEnum5.VoltagePulse, 0, 0, vg, width, period,
p_hold, igcomp) "46

Ag415x.SetIv(t(0), Hpd4l56b.ModeEnum4.SinglelLinearv, 0, vdl, vd2, nopl, hold,
delay, s_delay, idcomp, p_comp)

Ag4l5x.ErrorQuery(err, msg)

If err <> 0 Then Ag415x.ZeroOutput (0) : GoTo Check err

Ag415x.SweepPbias (t (0), Hp4l56b.ModeEnuml.CurrentMeasurement, 0, rep, sc, md,
st) 51

If rep <> nopl Then Ag41l5x.ZeroOutput(0) : GoTo Check err

For i = 0 To nopl - 1 54

data(j, i) = Chr(13) & Chr(10) & vg & "," & sc(i) & "," & md(i) * 1000 & "," &
st (1)

Next i

vg = vg + d vg

Next j
Ag415x.ZeroOutput (0) 61
save data(fname, title, val, data, nopl, nop2, Ag415x)

Check err: "64
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(l0) & msg, vbOKOnly, "")
If rep <> nopl Then MsgBox ("No. of data: " & rep & " (not " & nopl & ")", vbOKOnly,

")

End Sub
Line Description

41to 43 | Sets the filter off for the pulse output channel and applies voltage to device.

46 to 49 | Sets the pulse source and the primary sweep source, and checks if an error occurred. If an
error is detected, forces 0 V and goes to Check_err.

51to 52 | Performs sweep measurement. After that, checks the number of returned data. If it was not
rep=nopl, forces 0 V and goes to Check_err.

54 to 56 | Stores the measured data into the dara valiable.

61to 62 | Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save_ data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\data10.txt file (CSV) and displays the data on a message box.

64 to 66 | Displays a message box to show an error message if the error is detected.
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Measurement

g (V), vd (Vv), Id (mA), Status
Result Example '

-0.0003,0
.3,3.0016,0
.6,5.5649,0
.9,7.6691,0
.2,9.4168,0
.5,10.9109,0
.8,12.316,0
.1,13.3578,0
.4,14.6257,0
.699,15.5852,0
,16.6064,0
,—-0.0071,0

.699,21.7194,0
,23.1929,0
,-0.0071,0
.3,4.6945,0
.6,9.122,0
.9,13.1864,0
.2,17.0314,0
.5,19.7592,0
.8,22.6515,0
.1,25.0435,0
.4,26.7638,0
.699,29.615,0
,30.5882,0

Data save completed.

Do you want to perform measurement again-?
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Sampling Measurements
This section explains an example subprogram that performs sampling measurement.
This example measures current of a device that has two high terminals and a low
terminal, and calculates the resistance.
Table 4-12 Sampling Measurement Example
Sub perform meas (ByVal Ag415x As Hp41l56b) "1

Dim i As Integer = 0
Dim j As Integer = 0

Dim nopl As
Dim nop2 As

Integer
Integer

30
1

Dim data (nop2, nopl) As String
Dim val As String = "Index, Il (mA), R1 (ohm), I2 (mA), R2 (ohm), Status"
Dim fname As String = "C:\Agilent\dataldatall.txt"

Dim title As String

"Sampling Measurement Result"

Dim msg As String = "No error."
Dim err As Integer = 0

Dim t() As Integer =
Ag415x.SetSwitch(t (0
Ag415x.SetSwitch (t (1)
Ag415x.SetSwitch(t (2

Dim base As
Dim bias As

Dim icomp As Double
Dim vlout As Double
Dim ilcomp As Double

Dim hold As

Dim interval As Doubl 0

Dim mch() As Integer t(

Dim mode () As Integer = {1
{0
*

Dim range ()

Dim n As Integer = nopl

2, 3} ’13
1) rsMUl: tl

1) rSMU2: t2

1) ’SMU3: low

Double
Double

=0
Double = 0.1
e =
= { t(l), 0}

As Double =

Dim point As Integer
Dim index (nopl) As Integer

Dim wvalue (n)

As Double

Dim status(n) As Integer

Ag415x.SetFilter (Hp4l56b.ChannelEnum4.Al11Smu, Hp4l56b.StateEnum2.FilterOn) 34
Ag415x.SetInteg (Hp4l56b.TableEnum.IntegTimeShort, 0.0001, 2)

Line Description
2to 11 Declares variables used in the program template. And sets the proper values.
13to0 32 Enables measurement channels. And declares variables and sets the value.
34 to 35 Sets the filter on for the all channels and sets the A/D converter integration time.
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Ag415x.SetSample (hold, interval, nopl) r37
Ag415x.AddSampleSyncIv(t(0), Hp4l56b.ModeEnum.VoltageOutput, 0, base, bias,
icomp)

Ag415x.AddSampleSyncIv(t(1l), Hp4l56b.ModeEnum.VoltageOutput, 0, base, bias,
icomp)

Ag41l5x.ErrorQuery(err, msg)

If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err

Ag41l5x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, 0, vlout, ilcomp, O0) 43
Ag415x.Sample (mch, mode, range, point, index, value, status)
Ag4l5x.ClearSampleSync/()

If point <> nopl Then Ag415x.ZeroOutput(0) : GoTo Check err

For i = 0 To nopl - 1 "48

Dim rl As Double = Math.Round(bias / value (2 * 1), 3)

Dim r2 As Double = Math.Round(bias / value(2 * i + 1), 3)

data(j, i) = Chr(13) & Chr(10) & index(i) & "," & value(2 * i) * 1000

data(j, i) = data(j, 1) &« "," & rl & "," & value(2 * i + 1) * 1000

data(j, i) = data(j, i) & "," & r2 & "," & status(i)
Next 1
Ag415x.ZeroOutput (0) 56
save data(fname, title, val, data, nopl, nop2, Ag4lb5x)

Check err: 59
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
If point <> nopl Then MsgBox ("No. of data: " & point & " (not " & nopl & ")",

vbOKOnly, "")

End Sub

Line Description

37to 41 Sets the timing parameters, sets the dc voltage sources for sampling measurement, and
checks if an error occurred. If an error is detected, forces 0 V and goes to Check_err.

43 to 46 Applies voltage to device and performs sampling measurement. After the measurement,
clears the setup of the dc voltage sources for the sampling measurement. And then, checks
if an error occurred. If an error is detected, forces 0 V and goes to Check _err.

48 to 54 Stores the measured data into the data valiable.

56 to 57 Applies 0 V from the all channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 4-1). And the subprogram will save the data into the
C:\Agilent\data\datal1.txt file (CSV) and displays the data on a message box.

59to 61 Displays a message box to show an error message if the error is detected.
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Measurement
Result Example

dex, I1 (mA), R1 (ohm), I2 (mA), R2 (ohm), Status
9.64451,10.369,9.15948,10.918,0
9.64641,10.367,9.16111,10.916,0
9.64641,10.367,9.16003,10.917,0
9.6456,10.367,9.16112,10.916,0
9.64587,10.367,9.1603,10.917,0
9.64668,10.366,9.16057,10.916,0
9.64669,10.366,9.15976,10.917,0
9.64533,10.368,9.16057,10.916,0
9.64506,10.368,9.15976,10.917,0
,9.64614,10.367,9.15894,10.918,0
,9.6456,10.367,9.15976,10.917,0
12,9.6456,10.367,9.16084,10.916,0
13,9.64641,10.367,9.15976,10.917,0
14,9.6456,10.367,9.16112,10.916,0
15,9.64614,10.367,9.15976,10.917,0
16,9.64505,10.368,9.16003,10.917,0
17,9.64587,10.367,9.16003,10.917,0
18,9.64614,10.367,9.1603,10.917,0
19,9.64669,10.366,9.15948,10.918,0
20,9.6456,10.367,9.16003,10.917,0
21,9.64614,10.367,9.15922,10.918,0
22,9.64505,10.368,9.1603,10.917,0
23,9.64614,10.367,9.15895,10.918,0
24,9.64641,10.367,9.1603,10.917,0
25,9.64668,10.366,9.15895,10.918,0
26,9.64533,10.368,9.15976,10.917,0
27,9.6456,10.367,9.15948,10.918,0
28,9.64587,10.367,9.16084,10.916,0
29,9.64587,10.367,9.16003,10.917,0
30,9.64533,10.368,9.16003,10.917,0

Data save completed.

Do you want to perform measurement again-?
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Stress Force
This section explains an example subprogram that performs stress measurement.
This example measures current of a device that has two high terminals and a low
terminal.
Table 4-13 Stress Force Example
Sub perform meas (ByVal Ag415x As Hp4156b) "1

Dim i As Integer = 0

Dim j As Integer = 0

Dim nopl As Integer 2

Dim nop2 As Integer 1

Dim data(nop2, nopl) As String

Dim val As String = "Condition, I1 (mA), Statusl, I2 (mA), Status2"
Dim fname As String "C:\Agilent\data\datal2.txt"

Dim title As String "Stress Test Result:"

Dim msg As String = "No error."

Dim err As Integer = 0

1, 2, 3} 13
1) "SMU1l: t1

1) "SMU2: t2

1) "SMU3: low

Dim t() As Integer = {
Ag415x.SetSwitch(t(0),
Ag415x.SetSwitch(t (1),
Ag415x.SetSwitch(t(2),

Dim range As Double = 0
Dim base As Double = 0
Dim stress As Double = 2
Dim bias As Double = 0.1
Dim icomp As Double =
Dim vlout As Double = 0
Dim ilcomp As Double = 0.1
Dim hold As Double = 0

Dim duration As Double = 5
Dim period As Double = 0.01
Dim status As Integer

Dim md(4) As Double

Dim st (4) As Integer

Ag415x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, range, vlout, ilcomp, O0) 32
Ag41lbx.Force(t(l), Hp4l56b.ModeEnum.VoltageOutput, range, bias, icomp, O0)
Ag41l5x.Force(t(0), Hp4l56b.ModeEnum.VoltageOutput, range, bias, icomp, O0)
Ag41l5x.SpotMeas (t (0), Hp4l56b.ModeEnuml.CurrentMeasurement, range, md(0), st(0))
Ag415x.SpotMeas (t (1), Hp4l56b.ModeEnuml.CurrentMeasurement, range, md(1l), st(l))
Ag415x.ZeroOutput (0)

Line Description

2to 11 | Declares variables used in the program template. And sets the proper values.

13 to 30 | Enables measurement channels. And declares variables and sets the value.

32to 37 | Applies voltage to device, performs spot measurement, and applies 0 V from the all channels.
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data(j, 0) = Chr(13) & Chr(10) & "Before stress, " & md(0) * 1000 & ", " & st(0) 38
data(j, 0) = data(j, 0) & ", " & md(l) * 1000 & ", "™ & st(l)
Ag415x.SetStress (hold, Hp4l56b.ModeEnum6.DurationMode, duration, period) r41

Ag4l5x.Force(t(2), Hp4l56b.ModeEnum.VoltageOutput, range, vlout, ilcomp, 0)
Ag415x.AddStressSyncIv(l, t(0), 2, range, base, stress, icomp)
Ag415x.AddStressSyncIv(2, t(l), 2, range, base, stress, icomp)
Ag41l5x.ErrorQuery(err, msg)

If err <> 0 Then Ag415x.ZeroOutput(0) : GoTo Check err

Ag415x.Stress (status)

Ag415x.ZeroOutput (0)

Ag4l5x.ClearStressSync()

Ag415x.Force (

( Hp4156b.ModeEnum.VoltageOutput, range, vlout, ilcomp, 0) 51

t(2),
Ag4l5x.Force(t(1l), Hp4l56b.ModeEnum.VoltageOutput, range, bias, icomp, O0)
Ag4l5x.Force(t(0), Hp4l56b.ModeEnum.VoltageOutput, range, bias, icomp, O0)
Ag415x.SpotMeas (t(0), Hp4l56b.ModeEnuml.CurrentMeasurement, range, md(2), st(2))
Ag415x.SpotMeas (t (1), Hp4l56b.ModeEnuml.CurrentMeasurement, range, md(3), st(3))
Ag415x.ZeroOutput (0)
data(j, 1) = Chr(13) & Chr(10) & "After stress, " & md(2) * 1000 & ", " & st(2)
data(j, 1) = data(j, 1) & ", " & md(3) * 1000 & ", " & st(3)
save_data(fname, title, val, data, nopl, nop2, Ag4l5x) 60
Check err: "62
If err <> 0 Then MsgBox ("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
End Sub
Line Description
38to 39 Stores the measured data into the data valiable.
41 to 49 Sets the stress timing parameters, applies voltage to the device, sets the dc voltage sources
used for the stress force, and checks if an error occurred. If an error is detected, forces 0 V
and goes to Check_err. And then, applies the stress to the device. After the stress, applies 0
V from the all channels and clears the setup of the dc voltage sources for the stress.
51to 58 Applies voltage to the device, performs spot measurement, applies 0 V from the all
channels, and stores the measured data into the data valiable.

60 Transfers the data stored in the data variable to the save data subprogram (see Table 4-1).
And the subprogram will save the data into the C:\Agilent\data\datal2.txt file (CSV) and
displays the data on a message box.

62 to 63 Displays a message box to show an error message if the error is detected.
Measurement Condition, Il (mA), Statusl, I2 (mA), Status2
Result Examp|e Before stress, 9.80588, 0, 9.27516, O

After stress, 9.80886, 0, 9.3245, 0
Data save completed.

Do you want to perform measurement again?
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NOTE

Programming Examples for C++ Users

This chapter describes how to create measurement programs using the Agilent
4155/4156 and the 4155/4156 VXlplug&play driver, and provides programming
examples using Microsoft Visual C++. This chapter contains the following sections:

*  “Programming Basics”

*  “High-Speed Spot Measurements”

¢ “Multi-Channel Spot Measurements”

+ “Staircase Sweep Measurements”

+  “Synchronous Sweep Measurements”

*  “Multi-Channel Sweep Measurements”

*  “Pulsed Spot Measurements”

*  “Multi-Channel Pulsed Spot Measurements”

*  “Pulsed Sweep Measurements”

*  “Multi-Channel Pulsed Sweep Measurements”
+ “Staircase Sweep with Pulsed Bias Measurements”
+  “Sampling Measurements”

e “Stress Force”

About Program Code

Programming examples are provided as a subprogram that can be run with the
project template shown in Table 5-1. The subprograms include the code to perform
measurement and to display/save the measurement data. To execute the program,
insert the subprogram instead of the perform_meas subprogram in the template.
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Programming Basics

This section provides the basic information for programming using the Agilent
4155/4156 VXlplug&play driver.

*  “To Create Your Project Template”

*  “To Create Measurement Program”

To Create Your Project Template

This section explains how to create a project template in the C language. Before
starting programming, create your project template, and keep it as your reference. It
will remove the conventional task in the future programming.

Connect instrument (e.g. Agilent 4155/4156) to computer via GPIB.

Launch the programming software and create a new project. Then, select the Win32
project or the console application for the new project template selection. They will
simplify the programming. Of course, other project template can be used.

Define the followings to the project properties or the project options. See manual or
on-line help of the programming software for defining them.

1. Additional include file search path:

« directory (e.g. \Program Files\VISA\winnt\include) that stores the
hp4156b.h file and the VISA related include files

2. Additional library search path:

» directory (e.g. \Program Files\VISA\winnt\lib\msc for Microsoft Visual C++
or \Program Files\VISA\winnt\lib\bc for Borland C++Builder) that stores the
hp4156b.1ib file and the VISA related library files

3. Additional project link library:
*  hp4156b.lib

Open a source file (.cpp) in the project, and enter a program code as template. See
Table 5-1 for example. The example uses Microsoft Visual C++.

Save the project as your template (e.g. \test\imy_temp).
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Table 5-1 Example Template Program Code for Visual C++
#include <stdio.h> /* 1 */
#include <stdlib.h>
#include <visa.h>

#include "hp4156b.h"

void check err (ViSession vi, ViStatus ret) { /* 6 */
ViInt32 inst_err;
ViChar err msg[256];
if (VI_SUCCESS > ret) {

if ( hp4156b INSTR _ERROR DETECTED == ret ) {
hp41l56b _error query(vi, &inst err, err msg);
printf ("Instrument Error: %1d\n %s\n", inst_err, err msgqg);
}

else {

hp4l56b error message(vi, ret, err msq);
printf ("Driver Error: %1ld\n %s\n", ret, err msgqg);
}
}
} /* 20 */

void perform meas (ViSession vi, ViStatus ret) ({ /* 22 */
/* insert program code */

}

ViStatus main ( ) /* 26 */
{
ViStatus ret; /* 28 */
ViSession vi;
ViChar err msg[256]; /* 30 */
Line Description
1to4 Required to use the Agilent 4155/4156 VXlIplug&play driver. The header files contain

various necessary information such as function declaration and macro definitions.

You may add the include statements to call another header files that may be needed by
the codes you added. Also, the include statements may be written in a header file that
will be called by the source file (e.g. #include <stdio.h> may be written in the stdafx.h
header file that will be called by the source file).

6to 20 Checks if the passed “ret” value indicates normal status, and returns to the line that
called this subprogram. If the value indicates an instrument error status or a device error
status, the error message will be displayed.

22t024 Complete the perform_meas subprogram to perform measurement.
26 Beginning of the main program.
2810 30 Declares variables used in the main program.
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/* Starting the session */

ret = hpd4l56b _init ("GPIB::17::INSTR", VI TRUE, VI TRUE, &vi); /* 33 */
if ( ( ret < VI SUCCESS ) || ( vi == VI NULL ) ) |

printf("Initialization failure.\n Status code: %d.\n", ret);

if ( vi != VI_NULL ) {

hp4l56b_error message(vi, ret, err msg);
printf ("Error: %$ld\n %s\n", ret, err msg);
}

exit (ret);

} /* 41 */
ret = hpd4l56b reset(vi); /* resets 4155/4156 43 */
ret = hp4156b timeOut(vi, 60000); /* sets 60 second timeout */
ret = hp4l156b_errorQueryDetect (vi, VI _TRUE); /* turns on error detection */
perform meas (vi, ret); /* calls perform meas subprogram 47 */
/* ret = hp4l56b cmd(vi, "aa"); sends an invalid command */
/* check err(vi, ret); checks check err subprogram operation */
/* Closing the session
ret = hp4l156b _close(vi); 52 */
check err(vi, ret);
return VI_SUCCESS; /* 55 %/

}
Line Description
33 Establishes the software connection with the Agilent 4155/4156. The above example is
for the Agilent 4155/4156 on the GPIB address 17. Confirm the GPIB address of your
4155/4156, and set the address correctly instead of “17”.
34 to 41 Checks the status returned by the hp4156b _init function. Displays the error message

and stops the program execution if an error status is returned.

43 to 45 Resets the Agilent 4155/4156, sets the driver I/O time out to 60 seconds, and enables

the automatic instrument error checking.

47 Calls the perform meas subprogram (line 22).

48 to 49 Should be deleted or commented out before executing the program. The lines are just

used to check the operation of the check err subprogram.

52 Disables the software connection with the Agilent 4155/4156.

53 Calls the check_err subprogram to check if an error status is returned for the line 52.

55to 56 End of the main program.
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To Create Measurement Program

Create the measurement program as shown below. The following procedure needs
your project template. If the procedure does not fit your programming environment,
arrange it to suit your environment.

Step 1. Plan the automatic measurements. Then decide the following items:
* Measurement devices
Discrete, packaged, on-wafer, and so on.
» Parameters/characteristics to be measured
hgg, Vth, sheet resistance, and so on.
* Measurement method
Spot measurement, staircase sweep measurement, and so on.
Step 2. Make a copy of your project template (e.g. \test\imy temp to \test\dev_a\my_temp).
Step 3. Rename the copy (e.g. \test\dev_a\my temp to \test\dev_a\spot id).
Step 4. Launch the programming software.
Step 5. Open the project (e.g. \test\dev_a\spot_id).

Step 6. Open the source file that contains the template code as shown in Table 5-1, and
complete the perform meas subprogram. Then use the Agilent 4155/4156
VXlplugd&play driver functions:

*  hp4156b_setSwitch to enable/disable the source/measurement channels
*  hp4156b_force, hp4156b_setlv, etc. to set source outputs
*  hp4156b_spotMeas, hp4156b_sweeply, etc. to perform measurements
*  hp4156b_zeroOutput to disable source outputs
Step 7. Insert the code to display, store, or calculate data into the subprogram.

Step 8. Save the project (e.g. \test\dev_a\spot _id).
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High-Speed Spot Measurements

This section explains an example subprogram that performs high speed spot
measurement. The following subprogram will apply voltage to a MOSFET, measure
drain current, and display the measurement result data.

Table 5-2 High-Speed Spot Measurement Example
void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 drain; /* 3 */

ViInt32 gate;
ViInt32 source;
ViInt32 bulk;

drain = 1; /* SMU1l */

gate = 2; /* SMU2 */

source = 3; /* SMU3 */

bulk = 4; /* SMU4 */ /* 11 */
ret = hpd4l56b setSwitch(vi, drain, 1); /* 13 */
ret = hp4l56b_setSwitch(vi, gate, 1);

ret = hp4l56b_setSwitch(vi, source, 1);

ret = hp4156b setSwitch(vi, bulk, 1);

check err (vi, ret); /* 17 */
ViRealoc4 vd; /* 19 */

ViRealéb4 vg;
ViRealo4 idcomp;
ViRealé64 igcomp;
ViRealéb4 meas;

ViInt32 status;
vd = 1.5;
idcomp = 0.05;
vg = 1.5;
igcomp = 0.01; /* 29 */
Line Description
1 Beginning of the perform meas subprogram.
3to 11 Declares variables, and defines the value.
13to 16 Enables measurement channels.
17 Calls the check_err subprogram (shown in Table 5-1) to check if
an error status is returned for the previous line.
19 to 29 Declares variables, and defines the value.
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ret
ret
ret
ret

hpd4156b force(vi, bulk, hp4l56b VF MODE, 0, 0, 0.1, 0); /* 31 */

hp4l56b_force(vi, source, hp4l56b VF MODE, 0, 0, 0.1, 0)

hp4156b force(vi, gate, hp4l56b VF MODE, 2
(

vg, igcomp, O

’ ) i
hp4156b force(vi, drain, hp4l56b VF MODE, 2, vd, idcomp, 0);

check_err (vi, ret) /* 35 */
ret = hp4l56b spotMeas (vi,drain,hp4156b IM MODE, 0, &meas, &status);

check err (vi, ret); /* 38 */
ret = hp4l56b_zeroOutput (vi, hp4l156b CH ALL); /* 40 */
check err (vi, ret); /* 41 */
printf ("Id = %9.6f mA (at %3.1f V)\n", meas * 1000, vd); /* 43 */
printf("vg = %$3.1f Vv\n", vg);

ret = hp4l56b setSwitch(vi, hp4l56b CH ALL, 0); /* 46 */
check err (vi, ret); /* 47 */

}

Line Description
31to 34 Applies voltage to device.
37 Performs high speed spot measurement for the drain terminal.
40 Sets the specified port to the zero output state.
43 to 44 Displays the measurement result data.
46 Disables all ports.

35,38,41,and 47

Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.

48 End of the perform_meas subprogram.
Measurement Id = 13.441500 mA (at 1.5 V)
Result Example Vg = 1.5V
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Programming Examples for C++ Users
Multi-Channel Spot Measurements

Multi-Channel Spot Measurements

This section explains an example subprogram that performs multi channel spot
measurement. The following subprogram will apply voltage to a bipolar transistor,
measure Ic and Ib, calculate hfe value, and display the measurement result data.

Multi-Channel Spot Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{

ViInt32 emitter; /* 3 */
ViInt32 base;

ViInt32 collector;

emitter = 1; /* SMUl */

base = 2; /* SMU2 */

collector = 4; /* SMU4 */ /* 8 */
ret = hpd4l56b setSwitch(vi, emitter, 1); /* 10 */
ret = hp4l56b_setSwitch(vi, base, 1);

ret = hp4l56b_setSwitch(vi, collector, 1);
check err (vi, ret); /* 13 */
ViReal64 ve; /* 15 */
ViRealo4 vb;
ViRealo4 iccomp;
ViRealo64 ibcomp;
vC = ;
iccomp = 0.1;
vbh = .75
ibcomp = 0.01;
ViInt32 mch[3];
ViInt32 mode[2];
ViRealo4 range[2];
ViReal64 md[2];
ViInt32 st[2]; /* 29 */
Line Description
1 Beginning of the perform meas subprogram.
3to8 Declares variables, and defines the value.
10 to 12 Enables measurement channels.
13 Calls the check_err subprogram (shown in Table 5-1) to check if
an error status is returned for the previous line.
15to 29 Declares variables, and defines the value.
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mch[0] = collector; /* 31 */
mch[l] = base;
mch[2] = 0;
mode[0] = 1;
mode[1l] = 1;
range[0] = O0;
range[l] = O0;
/* 38 */
ret hp4156b force(vi, emitter, hp4l56b VF MODE, 0, 0, 0.1, 0);

= N ( - ]
ret = hp4l56b_ force(vi, base, hp4l56b VF MODE, 0, vb, ibcomp, 0);
= (

ret hp4156b_force(vi, collector, hp4l56b VF MODE, 0, vc, iccomp, 0);

check err (vi, ret) /* 42 */
ret = hp4l56b measureM(vi, mch, mode, range, &md[0], &st[0]);

check err (vi, ret); /* 45 */
ret = hp4l56b_zeroOutput(vi, hp4l56b CH ALL); /* 47 */
check err (vi, ret); /* 48 *x/
printf("Ic = $8.6f mA\n", md[0] * 1000);

printf ("Ib = ¢8.6f mA\n", md[1l] * 1000);

printf("hfe = %$10.6f \n", md[0]/md[1]); /* 52 */
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0); /* 54 */
check err (vi, ret); /* 55 *x/

}

Line Description
31to 37 Defines the value for the variables used for the measurement channel.
39to 41 Applies voltage to device.
44 Performs multi channel spot measurement.
47 Sets the specified port to the zero output state.
50to 52 Displays the measurement result data.
54 Disables all ports.
42,45,48 and 55 | Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
56 End of the perform meas subprogram.
Measurement Ic = 3.846500 mA
Rosult Bxample 12 = 0:01°0 10,12
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Table 5-4

Programming Examples for C++ Users
Staircase Sweep Measurements

Staircase Sweep Measurements

This section explains an example subprogram that performs staircase sweep
measurement. The following subprogram performs I-V measurement and save the
measurement results (MOSFET 1d-Vd characteristics) into a file.

Staircase Sweep Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 drain = 1; /* sMul */ /* 4 */
ViInt32 gate = 2; /* SMU2 */
ViInt32 source = 3; /* SMU3 */
ViInt32 bulk = 4; /* sMU4 */
ViReal64 vd = 3;
ViReal64d vg = 3;
ViReal64 idcomp = 0.05;
ViReal64 igcomp = 0.01;
ViReal64 hold = 0;
ViReal64 delay = 0;
ViReal64 s delay 0;
ViReal64 p_ comp = 0;
ViInt32 nopl = 11;
ViInt32 nop2 = 3;
ViInt32 rep;
ViReal64 sc[33];
ViReal64 md[33];
ViInt32 st[33];
ViReal64 dvg([3];
ViInt32 i = 0;
ViInt32 3
ViInt32 n;
ViChar f namel] "C:\Agilent\data\datal.txt";
ViChar headl[] "Vg (V), vd (V), Id (mA), Status";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar = "\n’; /* 36 */
Line Description
1 Beginning of the perform meas subprogram.
41036 Declares variables, and defines the value.
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for

del

&st

nop

= hp4156b setSwitch(vi, drain, 1); /* 38 */
= hp4156b setSwitch(vi, gate, 1);

= hp4156b_setSwitch(vi, source, 1);

= hp4l56b_setSwitch(vi, bulk, 1);

ck err (vi, ret); /* 42 */

/* 44 */

hp4156b force(vi, bulk, hp4l56b VF MODE, 0, 0, 0.1 ;
hp4l56b force(vi, source, hp4l56b VF MODE, 0, 0, 0.1, 0);

(3 = 0; jJ < nop2; j++){ /* 48 */
dvg(j] = (J + 1) * vg / nop2;
ret = hp4l56b force(vi, gate, hp4l56b VF MODE, 0, dvg[]
ret = hp4l56b setIv(vi, drain, hp4l56b SWP VF SGLLIN, O
ay, s_delay, idcomp, p_comp);
check err (vi, ret);

] ’ igcomp, 0);
, 0, vd, nopl, hold,

ret = hp4l56b sweepIv(vi, drain, hp4l56b IM MODE, 0, &rep, &sc[i], &md[i],
[i1)7

check err (vi, ret);

if ( rep = nopl ) {
i =1 + nopl;
}
else {
printf ("%d measurement steps were returned.\nIt must be %d steps.\n", rep,
1)

ret = hp4l56b zeroOutput(vi, hp4l56b CH ALL);
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0);
check err (vi, ret);

exit (ret);

) /* 67 */
ret = hp4l56b_ zeroOutput (vi, hp4l56b CH ALL); /* 69 */
check err (vi, ret);
Line Description
38to 41 Enables measurement channels.
45 to 46 Applies voltage to device.
48 to 67 Applies dc voltage and sweep voltage, and performs staircase sweep measurement.

After that, disables all ports and stops the program execution if the number of
returned data is not equal to the nopl value.

69 Sets the specified port to the zero output state.

42 and 70 Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
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printf (" Vg

for (j = 0; j < nop2; j++){
n=3j*
for (i = i < n + nopl; i++){
printf (" %4.2f, %4.2f, $9.6f \n", dvg[j], sc[i], md[i] * 1000);
}
} /* 79 */
FILE *stream; /* 81 */

if( ( stream fopen( f name, "w+" )) == NULL ) {
printf( "Data file was not opened\n" );
}
else |
printf( "%s%c", msgl, c );
fprintf( stream, "%$s%c", headl, c );
for (j = 0; § < nop2; J++){
n =3 * nopl;
for (i = n; i < n + nopl; i++){
fprintf( stream, "%4.2f, %4.2f, %9.6f, %d\n", dvg[j]l, sc[i], md[i] * 1000,
stli]);
}
}
printf ( , msg2, c );
}
if( fclose( stream ) ) {
printf( "Data file was not closed\n" );
} /* 100 */
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0); /* 102 */

check err (vi,

}

ret);

vd (V), Id (mA)\n"); /* 72 %/

Line Description
72t0 79 Displays the measurement result data.
81 to 100 Saves the measurement results into a file (C:\Agilent\data\datal.txt, CSV file).
102 Disables all ports.
103 Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
105 End of the perform_meas subprogram.
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Measurement
Result Example

g (V) vd (V), Id (mA) Status
.00, -0.000114,
.30, 3.180000,
.60, 5.850000,
.90, 8.085500,
.20, 9.972000,
.50, 11.625000,
.80, 13.085000,
.10, 14.410000,
.40, 15.595000,
.70, 16.690000,
.00, 17.680000,
.00, -0.000117,
.30, 4.168000,
.60, 7.882000,
.90, 11.150500,
.20, 13.975000,
.425000,
.80, 18.540000,
.10, 20.420000,
.40, 22.080000,
.70, 23.580000,
.00, 24.950000,
.00, -0.000114,
.30, 5.028500,
.60, 9.638000,
.90, 13.825000,
.20, 17.570000,
.50, 20.905000,
.80, 23.830000,
.10, 26.405000,
.40, 28.670000,
.70, 30.695000,
.00, 32.505000,

WWWWUWWWWWWWNNNNNNNNNNNNNNRRRRRRRRRRRES
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Programming Examples for C++ Users
Synchronous Sweep Measurements

Synchronous Sweep Measurements

The following subprogram performs I-V measurement and saves the measurement
results (MOSFET Id-Vg characteristics) into a file. The subprogram uses the
synchronous sweep source set by the hp4156b_setSweepSync function.

Synchronous Sweep Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 drain = 1; /* sSMULl */ /* 3 */
ViInt32 gate = 2; /* sMU2 */
ViInt32 source = 3; /* SMU3 */
ViInt32 bulk = 4; /* SMU4 */
ViRealod vd = 3;
ViReal64d vg = 3;
ViRealo64 idcomp = 0.05;
ViReal64 igcomp = 0.01;
ViReal64 hold = 0;
ViRealo4 delay = 0;
ViReal64 s delay = 0;
ViRealo64 pdcomp = 0;
ViReal64 pgcomp = 0;
ViInt32 nop = 11;
ViInt32 rep;
ViRealod4 sclll];
ViReal64 md[11l];
ViInt32 st[11];
ViInt32 i;
ViChar f name[] = "C:\Agilent\dataldata2.txt";
ViChar headl[] = "Vg (V), Id (mA), Status";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar c ="'\n"; /* 26 */
ret = hp4l56b_setSwitch(vi, drain, 1); /* 27 */
ret = hp41l56b setSwitch(vi, gate, 1);
ret = hp4156b setSwitch(vi, source, 1);
ret = hp4l56b_setSwitch(vi, bulk, 1);
check err (vi, ret); /* 31 */

Line Description

1 Beginning of the perform_meas subprogram.

31026 Declares variables, and defines the value.
27 to 30 Enables measurement channels.
31 Calls the check err subprogram (shown in Table 5-1) to check if
an error status is returned for the previous line.
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ret = hpd4l56b force(vi, bulk, hp4l56b VF MODE, O, 0, 0.1, 0); /* 33 */

ret = hp4l56b_force(vi, source, hp4l56b VF MODE, 0, 0, 0.1, 0);

ret = hp4l56b_setlIv(vi, gate, hp4l56b SWP VF SGLLIN, 0, 0, vg, nop, hold, delay,

s delay, igcomp, pgcomp);

check err (vi, ret); /* 37 */

ret = hp4l56b_setSweepSync(vi, drain, hp4l56b VF MODE, 0, 0, vd, idcomp, pdcomp);

check err (vi, ret);

ret = hp4l56b sweepIv(vi, drain, hp4156b IM MODE, 0, &rep, &sc[0], &md[0], &st[O0]);

check_err (vi, ret); /* 43 */

ret = hp4l56b_zeroOutput (vi, hp4l56b CH ALL); /* 45 */

ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0);

check err (vi, ret); /* 47 */

if ( rep != nop ) { /* 49 */
printf ("%d measurement steps were returned.\nIt must be %d steps.\n", rep, nop);
exit (ret);

} /* 52 */
printf (" Vg (V), Id (mA)\n"); /* 54 */
for (i = 0; 1 < nop; 1++){

printf (" %4.2f, $9.6f \n", sc[i], md[i] * 1000);
} /* 57 */
Line Description
33to 34 Applies voltage to device.
36 Sets the primary sweep source.
39 Sets the synchronous sweep source by using the hp4156b_setSweepSync function.
42 Performs staircase sweep measurement by using the hp4156b_sweeplv function.
45 Sets the specified port to the zero output state.
46 Disables all ports.
37,40, 43, and 47 | Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
49 to 52 Stops the program execution if the number of returned data is not equal to nop.
54 to 57 Displays the measurement result data.
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FILE *stream; /* 59 */
if( ( stream = fopen( f name, "w+" )) == NULL ) {
printf( "Data file was not opened\n" );
}
else {
printf( "%s%c", msgl, c );
fprintf( stream, "%$s%c", headl, c );
for (1 = 0; 1 < nop; i++){
fprintf( stream, "%4.2f, %9.6f, %d\n", sc[i], md[i] * 1000, st[i]);
}
printf( "%s%c", msg2, c );
}
if( fclose( stream ) ) {
printf( "Data file was not closed\n" );
} /* 75 */
}
Line Description
59to 75 Saves the measurement results into a file (C:\Agilent\data\data2.txt, CSV file).
76 End of the perform_meas subprogram.
Measurement Vg (V), Id (mA), Status
Result Example 0.00, 0.004043, O
0.30, 2.330500, O
0.60, 4.904000, O
0.90, 7.723500, O
1.20, 10.753000, O
1.50, 13.975000, O
1.80, 17.385000, O
2.10, 20.955000, O
2.40, 24.660000, O
2.70, 28.500000, O
3.00, 32.450000, O
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Programming Examples for C++ Users
Multi-Channel Sweep Measurements

Multi-Channel Sweep Measurements

This section explains an example subprogram that performs multi channel sweep
measurement. The following subprogram performs I-V measurement and saves the
measurement results (bipolar transistor Ic-Vb and Ib-Vb characteristics) into a file.

Multi-Channel Sweep Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */

ViInt32 emitter = 1; /* SMUl */ /* 3 */

ViInt32 base = 2; /* SMU2 */

ViInt32 collector = 4; /* SMuU4 */

ViRealéb4 vbl = 0.3;

ViReal64 vb2 = 0.8;

ViRealéb4 ve = 3;

ViRealo4 ve = 0;

ViRealéb4 ibcomp = 0.01;

ViRealo64 iccomp = 0.1;

ViRealo4 iecomp = 0.1;

ViRealé64 pcomp = 0;

ViInt32 nop = 11;

ViRealo4 hold = 0;

ViRealo4 delay = 0;

ViReal64 s _delay = 0;

ViRealé64 p_comp = 0;

ViReal64 width = 0.001;

ViRealéb4 period = 0.01;

ViReal64 p_hold = 0.1;

ViInt32 mch[3];

ViInt32 mode[2];

ViRealo4 range[2];

ViInt32 rep;

ViRealo4 sc[11];

ViReal64 md[22];

ViInt32 st[22];

mch[0] = collector;

mch[l] = base;

mch[2] = 0;

mode[0] = 1;

mode[1l] = 1;

range[0] = O;

range[l] = 0; /* 37 */
Line Description

1 Beginning of the perform meas subprogram.

3to 37 Declares variables, and defines the value.
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ret
ret

check err (vi, ret); /* 42 */
ret = hp4l56b force(vi, emitter, hp4l56b VF MODE, 0, ve, iecomp, O0); /* 44 */
ret = hp4l56b_force(vi, collector, hp4l56b VF MODE, 0, vc, iccomp, O0);

ret = hp4l56b _setIv(vi, base, hp4l56b SWP VF SGLLIN, O, vbl, vb2, nop, hold, delay,

s_delay, ibcomp
check err (vi,

ret = hp4l56b_sweepMiv(vi, mch, mode, range, &rep, &scl[0], &md[0], &st[0]);

check err (vi, ret); /* 51 */
ret = hp4l56b zeroOutput (vi, hp4l56b CH ALL); /* 53 */
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0);

check err (vi, ret); /* 55 */
if ( rep != nop ) { /* 57 */

printf ("%d measurement steps were returned.\nIt must be %d steps.\n", rep, nop);

exit (ret);

}

hp4156b_setSwitch(vi, emitter, 1); /* 39 */
hp41l56b_setSwitch(vi, base, 1);
ret = hp4l56b_setSwitch(vi, collector, 1);

’

ret); /* 48 */

pcomp) ;

Line Description
39to 41 Enables measurement channels.
44 to 45 Applies voltage to device.
47 Sets the staircase sweep source.
50 Performs measurement by using the hp4156b_sweepMiv function.
53 Sets the specified port to the zero output state.
54 Disables all ports.

42,48, 51, and 55

Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.

57 to 60

Stops the program execution if the number of returned data is not equal to the nop
value.
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ViInt32 i;
ViInt32 n;
printf (" Vb (V),

/* 67 */

Ic (md), Ib (mA)\n");

for (i = 0; 1 < nop; i++){

printf(" %$4.2f,
}

$11.8f, %11.8f\n", sc[i], md[2*i] * 1000, md[2*i+1] * 1000);

ViChar f name[] = "C:\Agilent\dataldata3.txt"; /* 74 */
ViChar headl[] = "Vb (V), Ic (mA), Ib (mA), hfe, Status c, Status b";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar c = "\n’;
FILE *stream;
if( ( stream = fopen( f name, "w+" )) == NULL ) {
printf( "Data file was not opened\n" );
}
else {
printf( "%s%c", msgl, c );

"o

fprintf ( stream, %s%c", headl, c ):;
for (i = 0; i < nop; i++){

fprintf( stream, "%4.2f, %$11.8f, %11.8f, %12.8f,

$d\n", scli], md[2*i] *

%d,
1000, md[2*i+1] * 1000, md[2*i]/md[2*i+1], st[2*i], st[2*i+1]);

}
printf( "%s%c",

}

msg2, c );

if( fclose( stream ) ){

printf( "Data file was not closed\n" );
}
} /* 96 */
Line Description

67to 72 Displays the measurement result data.

74 to 95 Saves the measurement results into a file (C:\Agilent\data\data3.txt, CSV file).
96 End of the perform meas subprogram.

Measurement mA), hfe, Status c, Status b

Result Example

b (V), Ic (mA), Ib
.00000083, -

.00000557,

.00003837,

v (

0 0 0.00000001, -59.41935484, 0,
0 0 0.00000005, 123.29646018, O,
0 0 0.00000032, 119.64452760, O,
0. 0.00026580, 0.00000190, 140.15291326, O,
0.50, 0.00185550, 0.00001155, 160.64935065, O,
0.55, 0.01274500, 0.00007378, 172.73158501, O,
0 0.08796500, 0.00047225, 186.26786660, O
0 0.60135000, 0.00303550, 198.10574864, O
0 3.84650000, 0.01897000, 202.76752768, O
0 8 0.09735000, 193.06625578, 0
0 5 0.33300000, 167.29729730, O

.79500000,
.71000000,

OO OO OOOOOOOo

~ N S~~~
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Pulsed Spot Measurements

This section explains an example subprogram that performs pulsed spot
measurement. The following subprogram will apply voltage to a MOSFET, measure
drain current, and display the measurement result data.

Pulsed Spot Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 drain; /* 3 */
ViInt32 gate;
ViInt32 source;
ViInt32 bulk;
drain = 1; /* SMULl */
gate = 2; /* SMU2 */
source = 3; /* SMU3 */
bulk = 4; /* SMU4 */
ViRealod vd;
ViReal64d vg;
ViReal64 idcomp;
ViReal64 igcomp;
ViReal64 Dbase;
ViReal64 width;
ViReal64 period;
ViReal64 hold;
ViReal64 meas;
ViInt32 status; /* 21 */
ret = hp4l56b_setSwitch(vi, drain, 1); /* 23 */
ret = hp4l56b setSwitch(vi, gate, 1);
ret = hp4l56b_setSwitch(vi, source, 1);
ret = hpd4l56b setSwitch(vi, bulk, 1);
ret = hp4l56b_setFilter(vi, gate, hp4l156b FLAG OFF);
check err (vi, ret); /* 28 *x/

Line Description

1 Beginning of the perform_meas subprogram.

3to2l Declares variables, and defines the value.
23 t0 27 Enables measurement channels, and sets the filter off for the
SMU used for the pulse source.
28 Calls the check err subprogram (shown in Table 5-1) to check if

an error status is returned for the previous line.
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vd = 1.5; /* 30 */
idcomp = 0.05;
vg = 1.5;
igcomp = 0.01;
base = 0;
width = 0.001;
period = 0.01;
hold = 0.1; /* 37 */
ret = hp4l56b_force(vi, bulk, hp4l56b VF MODE, 0, 0, 0.1, 0);
ret = hp4l56b_force(vi, source, hp4l56b VF MODE, 0, 0, 0.1, 0);
ret = hp4l56b_setPbias(vi, gate, hp4l56b VF MODE, 2, base, vg,
width, period, hold, igcomp);
ret = hp4l56b force(vi, drain, hpd4l56b VF MODE, 2, vd, idcomp, 0);
check err (vi, ret); /* 43 */
ret = hp4l56b _measureP(vi, drain, hp4156b IM MODE, 0, &meas, &status);
check err (vi, ret); /* 46 */
ret = hp4l56b_zeroOutput(vi, hp4l56b CH ALL);
check err (vi, ret); /* 49 x/
printf("Id = %9.6f mA (at %3.1f V)\n", meas * 1000, vd);
printf("Vg = %3.1f vV\n", vg); /* 52 */
ret = hp4l56b setSwitch(vi, hp4l56b CH ALL, 0);
check_err (vi, ret); /* 55 */
}
Line Description
30 to 37 Defines the variable values for the source channels.
39 to 42 Applies voltage to device, and sets the pulsed bias source.
45 Performs pulsed spot measurement.
48 Sets the specified port to the zero output state.
51to 52 Displays the measurement result data.
54 Disables all ports.

43, 46,49 and 55

Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.

56 End of the perform meas subprogram.
Measurement Id = 14.255000 mA (at 1.5 V)
Result Example Vg = 1.5V
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Multi-Channel Pulsed Spot Measurements

Multi-Channel Pulsed Spot Measurements

This section explains an example subprogram that performs multi channel pulsed
spot measurement. The following subprogram will apply voltage to a bipolar
transistor, measure Ic and Ib, and display the measurement result data.

Multi-Channel Pulsed Spot Measurement Example

check err

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{

ViInt32 emitter; /* 3 */
ViInt32 base;

ViInt32 collector;

emitter = 1; /* SMUl */

base = 2; /* SMU2 */

collector = 4; /* SMU4 */

ViRealo4 ve;

ViRealo4 vb;

ViRealb4 iccomp;

ViRealo4 ibcomp;

ve = 0;

vb = 0;

iccomp = 0.1;

ibcomp = 0.1;

ViInt32 mch[3];

ViInt32 mode[2];

ViRealoc4 range[2];

ViRealo4 md[2];

ViInt32 st[2];

ViInt32 eod;

ViInt32 type;

ViRealo4 mdata;

ViInt32 stat;

ViInt32 ch;

ret = hp4l56b setSwitch(vi, emitter, 1); /* 27 */
ret = hpd4l56b setSwitch(vi, base, 1);

ret = hp4l56b setSwitch(vi, collector, 1);

ret = hp4156b setFilter(vi, emitter, hp4l156b FLAG OFF); /* 30 */

(vi, ret);

Line Description
1 Beginning of the perform_meas subprogram.
3t026 Declares variables, and defines the value.
27 to 30 Enables measurement channels, and sets the filter off for the
SMU used for the pulse source.
31 Calls the check_err subprogram (shown in Table 5-1) to check if

an error status is returned for the previous line.
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mch[0] = collector; /* 32 */
mch[l] = base;

mch[2] = 0;

mode [0] = 1;

mode[1l] = 1;

range[0] = O0;

range[l] = O0;

ret = hp4l56b cmd(vi, "PT 0,0.005,0.01,0,1"); /* 39 */
ret = hp4l156b_cmd(vi, "PV 1,0,0,-0.8,0.1");

ret = hp4l56b_ force(vi, base, hp4l56b VF MODE, 0, vb, ibcomp, 0); /* 41 */
ret = hp4l56b force(vi, collector, hp4l56b VF MODE, 0, vc, iccomp, O0);

check err (vi, ret); /* 43 */

ret = hp4l56b startMeasure(vi, hp4l56b MM PSPOT, mch, mode, range,
hp4156b FLAG OFF);

ret = hp4156b_zeroOutput (vi, hp4156b CH ALL); /* 45 */
check err (vi, ret);

ret = hpd4l56b readData(vi, &eod, &type, &mdata, &stat, &ch); /* 47 */
md[0]=mdata;

st[0]=stat;

ret = hp4l56b_readData(vi, &eod, &type, &mdata, &stat, &ch);

md[l]=mdata;

st[1l]=stat;

check err (vi, ret);

printf("Ic = $9.6f mA\n", md[0] * 1000);

printf("Ib = £9.6f mA\n", md[1l] * 1000);

ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0); /* 56 */
check err (vi, ret);

}

Line Description
32 to 38 Defines the value for the variables used for the measurement channel.
39 to 40 Sets the pulse source timing parameters and voltage output parameters.
41 to 42 Applies voltage to device.
44 Performs multi channel pulsed spot measurement.
45 Sets the specified port to the zero output state.
47 to 55 Reads the measurement data, and displays the result.
56 Disables all ports.
43,46, 53 and 57 | Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
58 End of the perform meas subprogram.
Measurement Ic = 43.357000 mA
Ib = 0.336762 mA

Result Example
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Pulsed Sweep Measurements

This section explains an example subprogram that performs pulsed sweep
measurement and saves the measurement results (bipolar transistor Ic-Vc
characteristics) into a file.

Table 5-9 Pulsed Sweep Measurement Example
void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 emitter = 1; /* SMUl */
ViInt32 base = 2; /* SMU2 */
ViInt32 collector = 4; /* SMU4 */
ViReal64d vc = 3;
ViRealo4d ib = 150E-6;
ViReal64 iccomp = 0.05;
ViReal64 vbcomp = 5;
ViReal64 hold = 0.1;
ViRealo4 width = 0.001;
ViReal64 period = 0.01;
ViInt32 nopl = 11;
ViInt32 nop2 = 3;
ViInt32 rep;
ViReal6d4 sc[33];
ViReal64 md[33];
ViInt32 st[33]1;
ViRealo4 dib[3];
ViInt32 i = 0;
ViInt32 3
ViInt32 n;
ViChar f name[] = "C:\Agilent\data\datad.txt";
ViChar headl[] = "Ib (uA), Vc (V), Ic (mA), Status";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar c ='"\n";
ret = hp4l56b setSwitch(vi, emitter, 1); /* 31 */
ret = hp4l56b_setSwitch(vi, base, 1);
ret = hp4l56b setSwitch(vi, collector, 1);
check err (vi, ret); /* 34 */
Line Description
1 Beginning of the perform meas subprogram.
3t029 Declares variables, and defines the value.
31 to 33 Enables measurement channels.
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ret = hp4l56b_setFilter(vi, collector, hp4l56b FLAG OFF);
ret = hp4l56b_force(vi, emitter, hp4l56b VF MODE, 0, 0, 0.1, 0);
for (j = 0; J < nop2; j++){ /* 39 */

dib[j] = (7 + 1) * ib / nop2;
ret = hp4l56b_ force(vi, base, hp4l56b IF MODE, 0, dib[j], vbcomp, 0);
ret = hp4l56b setPiv(vi, collector, hp4l56b_SWP VF SGLLIN, 0, base, 0, vc, nopl,

hold, width, period, iccomp);

check err (vi, ret);

ret = hp4l56b sweepPiv(vi, collector, hp4l56b_IM MODE, 0, &rep, &sc[i], &md[i],

&stlil);

check err (vi, ret);

if ( rep = nopl ) {
i =1 + nopl;
}
else {
printf ("%d measurement steps were returned.\nIt must be %d steps.\n", rep,
nopl) ;

ret = hp4l56b zeroOutput(vi, hp4l56b CH ALL);
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, O0);
check err (vi, ret);

exit (ret);

) /* 58 */
ret = hp4l56b_ zeroOutput (vi, hp4l56b CH ALL); /* 60 */
check err (vi, ret);

Line Description
36 Sets the filter off for the SMU used for the pulse source.
37 Applies voltage to device.
39 to 58 Applies dc current and pulsed sweep voltage, and performs pulsed sweep

measurement. After that, disables all ports and stops the program execution if the
number of returned data is not equal to the nop1 value.

60 Sets the specified port to the zero output state.

34,43, 46, 55, Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
and 61 returned for the previous line.
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printf (" Ib (udA), Vc (V), Ic (mA)\n"); /* 63 */
for (j = 0; j < nop2; j++){

n = 3j * nopl;

for (1 = n; i < n + nopl; i++){

printf (" %5.1f, $4.2f, $9.6f \n", dib[j] * 1E6, sc[i], md[i] * 1000);
}
} /* 70 */

FILE *stream; /* 72 */
if( ( stream = fopen( f name, "w+" )) == NULL ) {

printf( "Data file was not opened\n" );
}
else |
printf( "%s%c", msgl, c );
fprintf( stream, "%$s%c", headl, c );
for (j = 0; j < nop2; j++){
n =3 * nopl;
for (i = n; i < n + nopl; i++){
fprintf( stream, "%5.1f, %4.2f, $9.6f, %d\n", dib[]j] * 1E6, sc[i], md[i] *
1000, str[il);
}
}

printf( "%s%c", msg2, c );
}
if( fclose( stream ) ) {
printf( "Data file was not closed\n" );
} /* 91 */
ret = hpd4l56b setSwitch(vi, hp4l56b CH ALL, 0); /* 93 */

check err (vi, ret);

}

Line Description
63 to 70 Displays the measurement result data.
72 t0 91 Saves the measurement results into a file (C:\Agilent\data\data4.txt, CSV file).
93 Disables all ports.
94 Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
96 End of the perform_meas subprogram.
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.70, 28.285000,
.00, 28.330000,

Measurement Ib (uA), Ve (V), Ic (mA), Status

ResultExample 50.0, 0.00, -0.050000, O
50.0, 0.30, 9.015000, 0
50.0, 0.60, 9.760000, 0
50.0, 0.90, 9.825000, 0
50.0, 1.20, 9.840000, 0
50.0, 1.50, 9.875000, 0
50.0, 1.80, 9.905000, 0
50.0, 2.10, 9.950000, 0
50.0, 2.40, 9.935000, 0
50.0, 2.70, 9.970000, O
50.0, 3.00, 10.010000, 0
100.0, 0.00, -0.095000, 0
100.0, 0.30, 15.765000, 0
100.0, 0.60, 18.245000, 0
100.0, 0.90, 18.910000, 0
100.0, 1.20, 19.030000, O
100.0, 1.50, 19.105000, 0
100.0, 1.80, 19.200000, 0
100.0, 2.10, 19.250000, 0
100.0, 2.40, 19.310000, 0
100.0, 2.70, 19.385000, 0
100.0, 3.00, 19.420000, 0
150.0, 0.00, -0.145000, 0
150.0, 0.30, 21.140000, 0
150.0, 0.60, 24.710000, 0
150.0, 0.90, 26.660000, 0
150.0, 1.20, 27.505000, 0
150.0, 1.50, 27.800000, O
150.0, 1.80, 27.935000, 0
150.0, 2.10, 28.050000, 0
150.0, 2.40, 28.205000, 0
.0, 2 0
.0, 3 0
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Multi-Channel Pulsed Sweep Measurements

This section explains an example subprogram that performs multi channel pulsed
sweep measurement. The following subprogram performs [-V measurement and
saves the measurement results (bipolar transistor Ic-Ve and Ib-Ve characteristics)
into a file.

Multi-Channel Pulsed Sweep Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */

{

ViInt32 emitter = 1; /* SMUl */ /* 3 */

ViInt32 base = 2; /* SMU2 */

ViInt32 collector = 4; /* SMuU4 */

ViReal64 vb = 0;

ViRealéb4 ve = 0;

ViRealé64 ibcomp = 0.1;

ViRealéb4 iccomp = 0.1;

ViInt32 nop = 11;

ViInt32 mch[3];

ViInt32 mode [2];

ViRealo64 range[2];

ViInt32 rep;

ViRealoc4d sc[1l1];

ViRealo4 mdl[117];

ViRealo4 md2[117];

ViInt32 eod;

ViInt32 type;

ViRealo4 mdata;

ViInt32 stat;

ViInt32 ch;

mch[0] = collector;

mch[l] = base;

mch[2] = 0;

mode[0] = 1;

mode[1l] = 1;

range[0] = 0;

range[1l] = 0; /* 33 */
Line Description

1 Beginning of the perform_meas subprogram.

3to033 Declares variables, and defines the value.
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ret = hpd4l56b setSwitch(vi, emitter, 1); /* 35 */
ret = hp4l56b_setSwitch(vi, base, 1);

ret = hp4l56b_setSwitch(vi, collector, 1);

ret = hp4l56b_setFilter(vi, emitter, hp4l56b_FLAG_OFF);

ret = hp4l56b_setInteg(vi, hp4l56b INTEG TBL SHORT, hp4l56b INTEG TIME MIN, 2);
check err (vi, ret); /* 40 */
ret = hp4l56b_cmd(vi, "PT 0,0.005,0.01,0,1"); /* 42 */
ret = hp4l156b cmd(vi, "Pwv 1,1,0,0,0,-0.8,11,0.1,0");

ret = hp4l56b_ force(vi, base, hp4l56b VF MODE, 0, vb, ibcomp, 0); /* 44 */
ret = hp4l56b force(vi, collector, hp4l56b VF MODE, 0, vc, iccomp, O0);

ret = hp4l56b startMeasure(vi, hp4l56b MM PSWEEP, mch, mode, range,

hp4156b FLAG ON) ;
ret); /* 48 */

check err (vi,

ret = hpd4l56b zeroOutput (vi, hp4l56b CH ALL); /* 50 */
ret = hp4l56b setSwitch(vi, hp4l56b CH ALL, 0);

check_err (vi, ret); /* 52 */
ViInt32 i; /* 54 */
for (i = 0; 1 < nop ; i++){
ret = hp4l56b readData(vi, &eod, &type, &mdata, &stat, &ch);
mdl[i] = mdata; /* Data measured by mch[0] = collector */
ret = hp4l56b readData(vi, &eod, &type, &mdata, &stat, &ch);
md2[i] = mdata; /* Data measured by mch[l] = base */
ret = hp4l56b readData(vi, &eod, &type, &mdata, &stat, &ch);
sc[i] = mdata; /* Pulsed sweep source output data */
} /* 62 */
Line Description
35t0 37 Enables measurement channels.
38 Sets the filter off for the SMU used for the pulse source.
39 Sets the A/D converter integration time.
42 t0 43 Sets the pulsed sweep source timing parameters and voltage output parameters.
44 to 45 Applies voltage to device.
47 Performs multi channel pulsed sweep measurement.
50 Sets the specified port to the zero output state.
51 Disables all ports.
40, 48, and 52 Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
54 to 62 Reads measurement data.
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printf (" ve (V), Ic (mA), Ib (mA)\n");

for (i = 0; 1 < nop; i++){
printf (" $5.2f, $11.8f, %11.8f\n", sc[i], mdl[i] * 1000, md2[i] * 1000);
}

ViChar f name[] = "C:\Agilent\data\data5.txt"; /* 74 */
ViChar headl[] = "Ve (V), Ic (mA), Ib (mA)";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar c = "\n’;
FILE *stream;
if( ( stream = fopen( f name, "w+" )) == NULL ) {
printf( "Data file was not opened\n" );
}
else {
printf( "%s%c", msgl, c );
fprintf( stream, "%s%c", headl, c );
for (i = 0; 1 < nop; i++){

fprintf( stream, "%$5.2f, %$11.8f, %11.8f\n", sc[i], mdl[i] * 1000, md2[i] *
1000) ;
}
printf (
}

%s%c", msg2, c );

if( fclose( stream ) ) {

printf( "Data file was not closed\n" );
}
) /* 96 */
Line Description
671072 Displays the measurement result data.
74 t0 95 Saves the measurement results into a file (C:\Agilent\data\data5.txt, CSV file).
96 End of the perform_meas subprogram.
Measurement Ve (V), Ic (mA), Ib (mA)
Result Example 0.00, 0.00000000, ©0.00000000
-0.08, 0.00000000, 0.00000000
-0.16, 0.00000000, 0.00000000
-0.24, 0.00000008, 0.00000000
-0.32, 0.00000169, 0.00000003
-0.40, 0.00003758, 0.00000035
-0.48, 0.00083207, 0.00000569
-0.56, 0.01834160, 0.00010753
-0.64, 0.40003000, 0.00207454
-0.72, 7.24961000, 0.03680280
-0.80, 43.35560000, 0.33661400

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 5-31



Table 5-11

Programming Examples for C++ Users
Staircase Sweep with Pulsed Bias Measurements

Staircase Sweep with Pulsed Bias Measurements

This section explains an example subprogram that performs staircase sweep with
pulsed bias measurement and saves the measurement results (MOSFET Id-Vd
characteristics) into a file.

Staircase Sweep with Pulsed Bias Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 drain = 1; /* SMULl */ /* 4 x/
ViInt32 gate = 2; /* SMU2 */
ViInt32 source = 3; /* SMU3 */
ViInt32 bulk = 4; /* sMU4 */
ViReal64d vd = 3;
ViReal64 vg = 3;
ViReal64 idcomp = 0.05;
ViReal64 igcomp = 0.01;
ViReal64 hold = 0;
ViReal64 delay = 0;
ViReal64 s delay = 0;
ViReal64 p comp = 0;
ViReal64 width = 0.001;
ViReal64 period = 0.01;
ViReal64 p hold = 0.1;
ViInt32 nopl = 11;
ViInt32 nop2 = 3;
ViInt32 = 0;
ViInt32 b
ViInt32 n;
ViInt32 rep;
ViReal6d4 sc[33];
ViReal64 md[33];
ViInt32 st[33];
ViReal64 dvg[3];
ViChar f name[] = "C:\Agilent\datal\data6.txt";
ViChar headl[] = "vg (V), vd (V), Id (mA), Status";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar = "\n’; /* 36 */
Line Description
1 Beginning of the perform meas subprogram.

4t0 36

Declares variables, and defines the value.
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ret = hpd4l56b setSwitch(vi, drain, 1); /* 38 */

ret = hp4l56b_setSwitch(vi, gate, 1);

ret = hp4l56b_setSwitch(vi, source, 1);

ret = hp4l56b_setSwitch(vi, bulk, 1);

check err (vi, ret); /* 42 */

ret = hp4l56b setFilter(vi, gate, hp4l56b FLAG OFF); /* 44 */

ret = hp4l56b_force(vi, bulk, hp4l56b VF MODE, 0, 0, 0.1, 0);

ret = hp4l56b force(vi, source, hp4l56b VF MODE, O, 0, 0.1, 0);

for (j = 0; j < nop2; j++){ /* 48 */
dvg(j] = (J + 1) * vg / nop2;

ret = hp4l56b setPbias(vi, gate, hp4l56b VF MODE, 0, 0, dvg[]j], width, period,
p hold, igcomp); -
T ret = hp4l56b setIv(vi, drain, hp4156b SWP VF SGLLIN, 0, 0, vd, nopl, hold,
delay, s delay, idcomp, p_ comp);

check err (vi, ret);

ret = hp4l56b_sweepPbias (vi, drain, hp4l56b IM MODE, 0, &rep, &scl[i], &md[i],
&st[i]);
check err (vi, ret);

if ( rep = nopl ) {
i =1 + nopl;
}
else {
printf ("%d measurement steps were returned.\nIt must be %d steps.\n", rep,
nopl) ;

ret = hp4156b_zeroOutput (vi, hp4l56b CH ALL);
ret = hp4l56b_setSwitch(vi, hp4l156b CH ALL, 0);
check err (vi, ret);

exit (ret);

} /* 67 */

ret = hpd4l56b zeroOutput (vi, hpd4l56b CH ALL); /* 69 */
check err (vi, ret);

Line Description
38to 41 Enables measurement channels.
44 Sets the filter off for the SMU used for the pulse source.
45 to 46 Applies voltage to device.
48 to 67 Applies pulsed voltage and sweep voltage, and performs staircase sweep

measurement. After that, disables all ports and stops the program execution if the
number of returned data is not equal to the nop1 value.

69 Sets the specified port to the zero output state.

42 and 70 Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
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printf(" vg (V), Vvd (V), Id (mA)\n"); /* 02 %/
for (j = 0; j < nop2; j++){

n = 3j * nopl;

for (1 = n; i < n + nopl; i++){

printf (" %4.2f, %4.2f, $9.6f \n", dvg[j], sc[i], md[i] * 1000);
}
} /* 79 */

FILE *stream; /* 81 */
if( ( stream = fopen( f name, "w+" )) == NULL ) {

printf( "Data file was not opened\n" );
}
else {
printf( "$%$s%c", msgl, c );
fprintf( stream, "%$s%c", headl, c );
for (j = 0; j < nop2; j++){

n =3 * nopl;
for (i = n; i < n + nopl; i++){
fprintf( stream, "%4.2f, %4.2f, %9.6f, %d\n", dvg[j]l, sc[i], md[i] * 1000,
stl[il);
}
}
printf( "%s%c", msg2, c );
}
if( fclose( stream ) ) {
printf( "Data file was not closed\n" );
} /* 100 */
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0); /* 102 */

check err (vi, ret);

}

Line Description
72to 79 Displays the measurement result data.
81 to 100 Saves the measurement results into a file (C:\Agilent\data\data6.txt, CSV file).
102 Disables all ports.
103 Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
105 End of the perform_meas subprogram.
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Measurement
Result Example

Status

Q
E

WWWWUWWWWWWWNNNNNNNNNNNNNNRRRRRRRRRRRES
o
o
~
WNNNNNRPRPRFROOOOWNNNRPRRPRPRPOOOOWNNNREPERPOOOOS
U1
o
~
=
o

), Id (mA)
0.005000,
3.170000,
.60, 5.835000,
8.040000,
9.905000,
.50, 11.530000,
.80, 12.965000,
.10, 14.270000,
.40, 15.425000,
.70, 16.495000,
.00, 17.460000,
.00, 0.005000,
.30, 4.165000,
.60, 7.875000,
.90, 11.135000,
.20, 13.945000,
.370000,
.80, 18.470000,
.10, 20.320000,
.40, 21.950000,
.70, 23.430000,
.00, 24.780000,
.00, 0.000000,
.30, 5.035000,
.60, 9.650000,
.90, 13.835000,
.20, 17.575000,
.50, 20.895000,
.80, 23.810000,
.10, 26.355000,
.40, 28.615000,
.70, 30.615000,
.00, 32.410000,

[cleolooloolololololololololololoololololololololololooNoNoReoNoh]
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Sampling Measurements

This section explains an example subprogram that measures current of a device with
two high terminals and a low terminal, and saves the measurement results data.

Table 5-12 Sampling Measurement Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{
ViInt32 tl = 1; /* sMUl */
ViInt32 t2 = 2; /* SMU2 */
ViInt32 low = 3; /* SMU3 */
ViRealéb4 base = 0;
ViRealo4 bias = 0.1;
ViRealéb4 icomp = 0.1;
ViRealo4 vliout = 0;
ViRealo4 ilcomp = 0.1;
ViRealo64 hold = 0.1;
ViRealo4 interval = 0.05;
ViInt32 nop = 30;
ViInt32 mch[3];
ViInt32 mode [2];
ViRealoc4 range[2];
ViInt32 point;
ViInt32 index[30];
ViRealo64 value[60];
ViInt32 status[60];
mch[0] = tl;
mch[l] = t2;
mch[2] = 0;
mode[0] = 1;
mode[1l] = 1;
range[0] = O;
range[l] = 0; /* 27 */
ret = hp41l56b setSwitch(vi, tl, 1);
ret = hp4156b:setSwitch(vi, t2, 1);
ret = hp4l56b_setSwitch(vi, low, 1);
ret = hpd4l56b setFilter(vi, hp4l56b CH ALL, hp4156b FLAG ON);
ret = hp4l56b_setInteg(vi, hp4l56b INTEG TBL SHORT, 0.0001, 2);

Line Description

1 Beginning of the perform meas subprogram.
3to27 Declares variables, and defines the value.
28 to 30 Enables measurement channels.
31 Sets the filter on for the all SMUs.
32 Sets the A/D converter integration time.
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ret = hpd4l56b_ setSample(vi, hold, interval, nop); /* 34 */
ret = hp4l56b_addSampleSyncIv(vi, tl, hp4l56b VF MODE, 0, base, bias, icomp);
ret = hp4l56b_addSampleSyncIv(vi, t2, hp4l56b VF MODE, 0, base, bias, icomp);
ret = hp4l56b_force(vi, low, hp4l156b VF MODE, 0, vlout, ilcomp, 0);
check err (vi, ret);
ret = hp4l56b_sample(vi, mch, mode, range, &point, &index[0], &value[O],
&status[0]); /* 40 */
check err (vi, ret);
ret = hp4l56b_zeroOutput (vi, hp4l56b CH ALL);
check err (vi, ret);
if ( point != nop ) { /* 46 */
printf ("%d measurement data were returned.\nIt must be %d data.\n", point,
nop) ;
ret = hp4l56b_clearSampleSync(vi);
ret = hp4l56b setSwitch(vi, hp4l56b CH ALL, 0);
check err (vi, ret);
exit (ret);
}
viInt32 i; /* 54 */
ViChar f name[] = "C:\Agilent\dataldata7.txt";
ViChar headl[] = "Index, I1 (mA), Rl (ohm), I2 (mA), R2 (ohm), Status";
ViChar msgl[] = "Saving data...";
ViChar msg2[] = "Data save completed.";
ViChar = "\n’;
Line Description
34 Sets the sampling measurement timing parameters and the number of samples.
35to0 36 Sets the constant voltage sources for the sampling measurement.
37 Applies voltage to the low terminal of the device.
40 Performs the sampling measurement using the channels specified by mch.
43 Sets the specified port to the zero output state.
46 to 52 Clears the sampling source setup information, disables all ports, and stops the
program execution if the number of returned data is not equal to the nop value.
38,41, 44, and 50 | Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
54 to 59 Declares variables, and defines the value.
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printf (" Index,

Rl (ohm), R2 (ohm)\n"); /* 61 */

for (i = 0; 1 < nop; i++){

printf ("
* i+ 1]);
}

FILE *stream;

$2d, $6.3f, $6.3f \n", index[i], bias/value[2 * i], bias/value[2

/* 64 */

/* 66 */

if( ( stream fopen( f name, "w+" )) == NULL ) {
printf( "Data file was not opened\n" );
}
else {
printf( "%s%c", msgl, c );
fprintf ( ream, "%s%c", headl, c );
for (i = i < nop; i++){

fprintf (stream,"%2d,%7.3£,%6.3£,%7.3£,%6.3f, %d\n",index[i],value[2 * i] *
*

[
1000, bias/value[2 * i], value[2 * 1 + 1] * 1000, bias/valuel[2

}

i+ 1], status[i]);

printf( "%s%c", msg2, c );
}
if( fclose( stream ) ){
printf( "Data file was not closed\n" );
} /* 82 */
ret hp4156b clearSampleSync(vi);

hp4156b_setSwitch(vi, hp4l156b CH ALL, 0);
check err (vi,

ret);

Line Description
61to 64 Displays the measurement result data.
66 to 82 Saves the measurement results into a file (C:\Agilent\data\data7.txt, CSV file).
84 Clears the source setup information for the sampling measurement.
85 Disables all ports.
86 Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
87 End of the perform_meas subprogram.
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Measurement Index, I1 (mA), R1 (ohm), I2 (mA), R2 (ohm), Status
Result Example 1, 11.136, 8.980, 10.755, 9.298, 0
2, 11.136, 8.980, 10.759, 9.295, 0
3, 11.147, 8.971, 10.766, 9.289, 0
4, 11.136, 8.980, 10.762, 9.292, O
5, 11.136, 8.980, 10.759, 9.295, 0
6, 11.147, 8.971, 10.762, 9.292, O
7, 11.143, 8.974, 10.755, 9.298, 0
8, 11.143, 8.974, 10.769, 9.286, 0
9, 11.136, 8.980, 10.752, 9.301, O
10, 11.133, 8.982, 10.759, 9.295, 0
11, 11.147, 8.971, 10.752, 9.301, O
12, 11.136, 8.980, 10.759, 9.295, 0
13, 11.136, 8.980, 10.755, 9.298, 0
14, 11.147, 8.971, 10.766, 9.289, 0
15, 11.140, 8.977, 10.755, 9.298, 0
16, 11.143, 8.974, 10.762, 9.292, 0
17, 11.153, 8.966, 10.762, 9.292, 0
18, 11.147, 8.971, 10.759, 9.295, 0
19, 11.143, 8.974, 10.755, 9.298, 0
20, 11.143, 8.974, 10.755, 9.298, 0
21, 11.140, 8.977, 10.762, 9.292, 0
22, 11.140, 8.977, 10.755, 9.298, O
23, 11.140, 8.977, 10.759, 9.295, 0
24, 11.136, 8.980, 10.759, 9.295, 0
25, 11.133, 8.982, 10.749, 9.304, O
26, 11.136, 8.980, 10.762, 9.292, O
27, 11.136, 8.980, 10.755, 9.298, 0
28, 11.136, 8.980, 10.766, 9.289, O
29, 11.133, 8.982, 10.755, 9.298, O
30, 11.147, 8.971, 10.759, 9.295, 0
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Stress Force

This section explains an example subprogram that performs current measurement of
a device with two high terminals and a low terminal, applies stress, performs current
measurement again, and displays the measurement result data.

Stress Force Example

void perform meas (ViSession vi, ViStatus ret) /* 1 */
{

ViInt32 tl = 1; /* sMUl */

ViInt32 t2 = 2; /* SMU2 */

ViInt32 low = 3; /* sSMU3 */

ViRealéb4 range 0.0;

ViRealo4 base = 0.0;

ViRealé64 stress = 2.0;

ViRealo4 bias = 0.1;

ViRealo64 icomp = 0.1;

ViRealo4 vliout = 0;

ViRealo4 ilcomp = 0.1;

ViRealo4 hold = 0.0;

ViRealo4 duration = 5.0;

ViRealéb4 period = 0.01;

ViInt32 status;

ViReal64 md[2];

ViInt32 st[2]; /* 18 */
ret hp4156b _setSwitch(vi, tl1l, 1);

ret
ret
ret

(
hp4156b setSwitch(vi, t2, 1);
hp4156b _setSwitch(vi, low, 1);
hp4156b _setFilter(vi, hp4l56b CH ALL, hp4l56b FLAG ON);

ret = hp4l56b setlInteg(vi, hp4l56b INTEG ~ TBL_SHORT,
hp4156b INTEG TIME MIN, 2);

check err

(v1, ret) ;

Line Description
1 Beginning of the perform_meas subprogram.
3to 18 Declares variables, and defines the value.
20 to 22 Enables measurement channels.
23 Sets the filter on for the all SMUs.
24 Sets the A/D converter integration time.
25 Calls the check_err subprogram (shown in Table 5-1) to check if

an error status is returned for the previous line.
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ret = hpd4l56b force(vi, low, hpd4l56b VF MODE, range, vlout, ilcomp, 0); /* 27 */
ret = hp4l56b_force(vi, tl, hp4l56b VF MODE, range, bias, icomp, O0);

ret = hp4l56b_ force(vi, t2, hp4l56b VF MODE, range, bias, icomp, O0);

ret = hp4l56b_spotMeas(vi,tl, hp4l56b IM MODE, range, &md[0], &st[0]);

ret = hp4l56b_spotMeas(vi,t2, hp4l56b IM MODE, range, &md[1l], &st[l]);

ret = hp4l56b zeroOutput(vi, hp4l56b CH ALL);

check err (vi, ret); -

printf ("Data before stress:\n"); /* 35 */
printf ("T1l current = %8.5f [mA], Status = %d \n", md[0] * 1000, st[0]);

printf ("T2 current = $8.5f [mA], Status = %d \n", md[1l] * 1000, st[l]);

printf ("\n");

ret = hp4l56b_setStress(vi, hold, hp4l56b STT TIME, duration, period); /* 40 */
check err (vi, ret);

ret = hp4l56b force(vi, low, hp4l56b VF MODE, range, vlout, ilcomp, 0);

ret = hp4l56b_addStressSyncIv(vi, 1, tl, 2, range, base, stress, icomp);

check err (vi, ret);

ret

= hp4156b_addStressSyncIv(vi, 2, t2, 2, range, base, stress, icomp);

check err (vi, ret);

printf ("Stress force in progress: $3.1f [V], %3.1f [sec]\n", stress, duration);
printf ("\n");

ret

= hp4156b stress(vi, &status); /* 51 */

check err (vi, ret);

ret = hp4156b clearStressSync(vi);
Line Description
27to0 32 Applies voltage to device, performs spot measurement, and sets the specified port
to the zero output state.
35t0 38 Displays the measurement result data.
40 Sets the stress source timing parameters.
42 Applies voltage to the low terminal of the device.
43 and 45 Sets the stress source outputs.
51 Applies stress to the device.
54 Clears the stress source setup information.
33,41, 44, 46, Calls the check_err subprogram (shown in Table 5-1) to check if an error status is
and 52 returned for the previous line.
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ret = hpd4l56b force(vi, tl, hp4l56b VF MODE, range, bias, icomp, 0); /* 56 */
ret = hp4l56b_force(vi, t2, hp4l56b VF MODE, range, bias, icomp, O0);
ret = hp4l56b_spotMeas(vi,tl, hp4l56b IM MODE, range, &md[0], &st[0]);
ret = hp4l56b_spotMeas(vi,t2, hp4l56b IM MODE, range, &md[1l], &st[l]);
ret = hp4l56b_zeroOutput(vi, hp4l56b CH ALL);
check err (vi, ret);
printf ("Data after stress:\n"); /* 63 */
printf ("T1l current = %8.5f [mA], Status = %d \n", md[0] * 1000, st[0]);
printf ("T2 current = %8.5f [mA], Status = %d \n", md[1] * 1000, st[1l]);
ret = hp4l56b_setSwitch(vi, hp4l56b CH ALL, 0);
check err (vi, ret);
}
Line Description
56 to 60 Applies voltage to device, performs spot measurement, and sets the specified port
to the zero output state.
63 to 65 Displays the measurement result data.
67 Disables all ports.
61 and 68 Calls the check err subprogram (shown in Table 5-1) to check if an error status is
returned for the previous line.
69 End of the perform_meas subprogram.
Measurement Data before stress:
Result Examp|e Tl current = 11.09860 [mA], Status = 0
T2 current = 10.75880 [mA], Status = 0
Stress force in progress: 2.0 [V], 5.0 [sec]
Data after stress:
Tl current = 11.10200 [mA], Status = 0
T2 current = 10.76220 [mA], Status = 0
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This chapter describes how to create measurement programs using the 4155/4156
VXlplug&play driver and Agilent VEE, and provides programming examples. This
chapter contains the following sections:

*  “Programming Basics”

*  “High-Speed Spot Measurements”

*  “Multi-Channel Spot Measurements”

+ “Staircase Sweep Measurements”

+  “Synchronous Sweep Measurements”

*  “Multi-Channel Sweep Measurements”

*  “Pulsed Spot Measurements”

*  “Multi-Channel Pulsed Spot Measurements”

*  “Pulsed Sweep Measurements”

*  “Multi-Channel Pulsed Sweep Measurements”
+ “Staircase Sweep with Pulsed Bias Measurements”
+  “Sampling Measurements”

e “Stress Force”
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Programming Basics

This section covers the following topics.

+  “Registrating the Driver on Agilent VEE”

» “Basic Objects to Control the Instrument”

3

3

.

.

“To display the To/From object”

“To define transactions in the To/From object”
“To set input parameters”

“To use the Help function”

“To use input variables”

“To create output terminals in the To/From object”
“To display/connect the Data object”

“To display/connect the Display object”

* “Debugging Your Program”

+ “Restrictions When Using the Driver with Agilent VEE”
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Registrating the Driver on Agilent VEE

To use the VXIplug&play driver on Agilent VEE, register the driver as described
below and as shown in Figure 6-1 on page 6-5.

1.
2.

10.
11.

Click the I/O menu.

Select Instrument Manager from the I/O menu. The Instrument Manager dialog
box is displayed. The dialog box lists the available devices (instruments). If this
is the first time using Agilent VEE, only off-line (NOT LIVE) devices are
shown in the Instrument List.

Click Add. The Device Configuration dialog box is displayed.

Enter the device name in the Name field. The example shown in Figure 6-1 sets
"HP4156B".

Enter the GPIB address for the device in the Address field. The example shown
in Figure 6-1 sets "717".

Click Advanced I/O Config. The Advanced Device Configuration dialog box is
displayed.

Click the Plug&play Driver tab.

Select HP4156B in the Plug&play Driver Name field to configure the
4155/4156 driver. If the driver is not installed properly, "HP4156B" is not
available in this field. Install the driver properly at this time.

Click OK to close the Advanced Device Configuration dialog box.
Click OK to close the Device Configuration dialog box.

Click Save Config to save the configuration of the drivers. The Instrument
Manager dialog box is closed.

You can now use the VXIplug&play driver for the 4155/4156.
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Figure 6-1 Registering the Driver on Agilent VEE
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Basic Objects to Control the Instrument

You can create programs using Agilent VEE and the VXIplug&play driver, as
shown in the following steps. In this procedure you use only three objects; To/From,
Data, and Display, shown in Figure 6-2.

1. Display the To/From object for the VXIplug&play driver.

2. Define the transactions (functions of the driver) in the To/From object.
3. Set the input parameters for the transaction.
4. (Optional: Use a variable for the input parameter.)
5. Repeat steps 2, 3, and 4 to complete the To/From object.
6. Connect the input terminals of the To/From object to the Data object.
7. Connect the output terminals of the To/From object to the Display object.
8. Complete the Agilent VEE program.
Figure 6-2 Basic Objects of Agilent VEE
& HP VEE - Rmeas [ O] ]
File Edit Wiew Debug Flow Device /0 Data Display ‘window Help
b 1= =1 =1 I I e s e = P e Y R = A e = S N =
RMEAS vee e
LB Main
=[]
2
To/From HP41568 [-]
041560 se hiinstrHandle, hpd15680 CH ALL, hpd1560h FLAG _ON)
hp1560_ trHandle, hp4 1560_CH_SMUT, hpd156b_%F_MODE, 0, valug, 0.1, hp | value
hp4156h_farce(instrHandie, hpa1560_CH_SMU2, hpd1560_vF_MODE, 0,0, 0.1, hpd 15
hp4156h_spotMeas(instrHandle, hpa 1560_CH_SMU1, hpa1560_IM_MODE, 0, valug, stz
hp4156h_zeroOutput(instrHandle, hpd1560_CH_ALL)
hp4156h_setSwitch(instrHandle, hpd1560_CH_ALL, hpd15680h_FLAG_DFF)
status I
= AlghaN-umeric 4
2m
Ready WEE ] | ERAE [MOD //_‘I
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The To/From HP4156B object, in Figure 6-2, defines the following transactions
(functions of the plug&play driver) to measure the current flow to a resistor.

hp4156b_setSwitch ~ This function controls the 4155/4156 output switch.
hp4156b_force This function forces dc voltage or current.
hp4156b_spotMeas  This function executes a spot measurement.

hp4156b_zeroOutput This function disables the 4155/4156 output.

To display the To/From object

You can display the To/From object as shown below.

1. Click I/O menu.

2. Select Instrument Manager to display the Instrument Manager dialog box.
3. Select HP4156B in the Instrument List.

4. Click Plug&play Driver.

The Instrument Manager dialog box is then closed, and the To/From HP4156B
object will be displayed by moving the mouse pointer to the appropriate point, then
clicking the left mouse button.

To Display the To/From Object

g} HP YEE [-[=]x]
Fle Edt View Debug Flow Device /0 Dats Disply ‘window Help

Instrument List Co

(L1 My configuration = Add..
LT 7 4
B dmm(hp34401a@MNOT LIYE) &I

= drmihp3478a@MNOT LIYE) Edit.
= fgenthp23250@MNOT KIVEY) Refresh
B funcgenthp331 20a@NOT LIVED)

=] HP4156B(@T17) Get Device

SEB(@T17)
1 HP4284A(@T12) Direct 0

2 HPESZA0AEDT14)

[
5 03copetipS4B00@MNOT LIVE)) ElUoge|yionivery 4
B seope(hps4504a@MNOT LIVE) e B
W serials =
L covintrmminT i ™| | || component Driver
Save Config cancel | Help |
Ready VEE 3 | FROE | MOD

Agilent 4155C/4156C VXIlplug&play Driver User’s Guide, Edition 4 6-7



Programming Examples for VEE Users

Programming Basics

To define transactions in the To/From object

You can define transactions (functions of plug&play driver) as shown in the

following example.

1. Double click the blue stripe on the To/From object. The Select a Function Panel
dialog box is displayed. The dialog box lists the functions available for the
instrument, and displays the Help message for the selected function.

2. Select the function you want to add to the To/From object. Figure 6-4 selects the
“Applying dc Current/Voltage” function, and displays the Help message for that
function.

3. Click OK. The Select a Function Panel dialog box is closed, and the Edit

Function Panel dialog box is displayed. See Figure 6-5 on page 6-9.

Figure 6-4 To Define Transactions
iz HP VEE HEE
File Edt Yiew Debug Flow Device 1/0 Data Display Window Help
Lol == R I e e e e e T e N e e P W e A e S N ]
@ Unitled | |l _[5]x]|
B
= To/From HP4 1568 [«
Select a Function Panel [x]
[ Dutput Switch Setup -
Output Filter Setup
Integration Time Setup
WML Measurement bode Selection
PGU Output Impedance Setup
-0 Source Setup
Applying de Currentivoltage 2
Applying Pulse (PGU output)
Disabling Output
Recoveting Output
Sweep Source Setup
Pulsed Bias Source Setup
LHiAl Pulead Sween Snurea Satin I~
This fimction specifies the do current source (SMU) or do -
voltage source (SMU, VSU, or PGU), and forces the output
inmediately. To Stop the OULPUE, use the hpalSeb_force
function with U (zero) output. =
3 OK Cancel
Ready [VEE 3 [FROF [MOD
NOTE To add, insert, cut, copy, or paste the transaction, click the right mouse button on the

To/From object, then select Add Trans, Insert Trans, Cut Trans, Copy Trans, or
Paste Trans.
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To set input parameters

You can set the input parameter value using the Edit Function Panel dialog box.
Figure 6-5 sets the following values for the input parameters of the hp4156b_force
function, which forces dc current or voltage.

channel SMU1
mode VOLTAGE OUTPUT

range (output range) 0 (auto range)

value ov
compliance 10 mA
polarity AUTO
Figure 6-5 To Set Input Parameters
Bl HP VEE [_[=]x]

Ele Edi View Detug Flow Devics /0 Data Displap Window Help

it = = 1= O = s e s Y = 2 B e e e e el

Untitied
e
Edit Function Panel for hp4156k_force()
Panel r Parameters
channel mode range
CURRENT QUTPUT— =
ORI -| ! o =
VOLTAGE OUTPUT —
SMUZ
SMU3
SMU4
SMUS polarity
value SMUG eomp AUTO -
o = vsu1 fiom i
WBL2 ARUAL —
PGU1
PGUZ
Error
Wi
#HO
0
hpa156b_force(instrHandle, hp4156h_CH_SMU1, hpa1 56b_%F_MODE, 0, 0, 10m,
hpa156h_FOL_AUTO)
oK MNOP cance| Help
Ready YEE 2 | FROE || MOD:
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To use the Help function

If you need to know the details for each parameter in order to enter the parameter
value, move the mouse pointer to the appropriate entry field, then click the right
mouse button. The context-based Help function will be displayed. Figure 6-6 shows
the Help message for the comp entry field.

Figure 6-6 Help Function
£l HP VEE [_[51x]
File Edit iew Debug Flow Device /D Data Digplay Window Help
OeEE HeaEE SlEEEE] 6l mls] sslE] EE E
@Unﬁﬂed— RIE
L= e
Help for contral carmp
Compliance value (only for SHU).
If the input cowp value iz out of the following range, comp
parameter and polarity parameter are ignored.
R
For current compliance: -1.0 & to 1.0 &
_T Farameters
Data Type: ViRealf4
Input/utput: IN
Values: modz range
Hane Falue [ OUTPUT— i =
hpdl56b_SHITV MIN  -200.0 OUTPUT—
hpdl5eh STV MAX  200.0
polarity
- G AUTO -
— fon i
MANUAL —
g q ml Error
Click right button — | v S
{i]
hpd156h_forcedinstrHandle, hpd156h_CH_SMU1, hpd156k_VF_MODE, 0, 0, 10m,
hpd158h_POL_AUTO)
oK NOP Cancel Help
Ready YEES | FROE [MOD
NOTE To open on-line Help for the plug&play driver, click the right mouse button in the

To/From object, then select “Instrument Help”.
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To use input variables

Most of the Edit Function Panel dialog boxes have two tabs, Panel and Parameters.
To change the value, enter the value in the Panel tab.

If you pass the value from another object, such as Data-Real object, click the
Parameters tab, and use Variable (not Constant). See Figure 6-7.

Figure 6-7 To Use Input Variables
il HP VEE MEE
File Edt Wiew Debug Flow Device /0 Data Digplay Window Help
= = = N e st e e Y e s A S = e S R Tkl
Uniitled 3l
B
= To/From HP4 1568 [«
Edit Function Panel for hp4 156b_force()
Fanel T
Parameter Type: <% Constant < Variable é/
Mame: hp4156b_WF_MODE I_CreamW
~rang
Parameter Type: % Constant < Variable
Name: |0 I™ Create Input Terminal
Paral HEIEHI@
o
ame: fave ) (_ ® Cregtelnput Terminal
~comp
Parameter Type: % Constant < Variable
Mame: [10m I Create Input Terminal
polarit
Parameter Type: <% Constant < Variable
Mame: |hp4156h_POL_AUTO ™ Create Input Terminal | _|
Ready YEES | FROE | MOD
NOTE You can add terminals, after closing the dialog box, by placing the mouse pointer on

the terminal area in the object and pressing Ctrl-A. You can also delete terminals by
placing the mouse pointer on the terminal name you want to delete, and pressing
Ctrl-D.
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To create output terminals in the To/From object

Figure 6-8 shows the Edit Function Panel dialog box of the hp4156b_spotMeas
function. These measurement transactions need the output terminals in the To/From
object. You can create the output terminal as shown in the following example.

1. Click the Parameters tab.

2. Enter the Name (output terminal name) for the output variable value.

3. Enter the Name (output terminal name) for the output variable starus.

4. Click OK. The dialog box is closed, the transaction is added to the To/From

object, and the output terminals are created in the object.

The output terminal will be created with the default name if steps 2 and 3 are

omitted.
Figure 6-8 To Create Output Terminals

Fle Edt Yew Debug Flow Device [0 Dafs Disply Window Help

Dlsl@ls| »li|=|z|5|E] SleldlEb] Bl Ee] bl 5l E e

Bl
- To/From HP41568 = |
Edit Functio r hp. )
1
Parameter Type % Constant < Variahle Iﬂ
MName: |hpd156h_CH_SMU1 ™ Create Input Terminal
ParameterType: 4 Caonstant < Variable
Mame: [np4156k_vM_MODE I™ Create Inaut Tetminal
rang
Parameter Type 4% Constant < Variahle
Narne: [0 ™ Create Input Terminal
2 alu

\\ Parameter Type £ Constant ¢ Variable
Name: fralue [X Create Output Terminal
Parameter Type £ Constant ¢ Variahle
Name;, [status [% Create Output Terminal | _|

oK MNOP Cancel Help
3 |
4
Ready YEES) | FROFR | MOD
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NOTE

Figure 6-9

Programming Examples for VEE Users
Programming Basics

To display/connect the Data object

In Figure 6-9, the Data-Real object is used to pass the input parameter value to the
value input variable of the hp4156b_force transaction.

You can display the Data-Real object by clicking the Data menu, selecting Constant,
and then selecting Real. To pass the value, connect the output terminal of the
Data-Real object to the input terminal of the To/From HP4156B object.

Confirm the data type of the input variable. The data type of the Data object must be
the same as the data type for the input parameter.

To display/connect the Display object

In Figure 6-9, the Display-AlphaNumeric object is used to display the measurement
data (result output variable) from the hp4156b_spotMeas transaction.

You can display the Display-AlphaNumeric object by clicking the Display menu,
and selecting AlphaNumeric. To display the value, connect the output terminal of
the To/From HP4156B object to the input terminal of the Display-AlphaNumeric
object.

To Connect Input/Output Terminals

gl HP VEE - Rmeas [_ O] x]
File Edit “iew Debug Flow [Device |/0 Data Digplay Window Help
olelelal  »luls [zl slele] sl @l el B e
RMEAS vee
LB main
~[Real=
2
TofFrom HP4 1568 2
hpd 1560 setSwitch(instrHandle, hpd156h CH ALL, hpd156h FLAG ON)
hpd156h_force(instrHandle, hpd156h_CH_SMU, hpd156b_vF_MODE, 0, value, 0.1, hy | walue
npd1560_force(instrHandle, hpd1560_CH_SMU2, hpd1586h_YF_MODE, 0, 0, 0.1, hpd 15
hpd156h_spotMeas(instrHandle, hpd156b_CH_SMU1, hpd156b_IM_MODE, 0, value, stz
hpd 1560_zera0utput(instrHandie, hpd1560_CH_ALL)
hpa186h_setSwitch(instrHandlie, hpd156h_CH_ALL, hpd186h_FLAG_OFF)
status |
- A\phaN-umer\c -
2m
Ready WEES! | RROE [MOD " 4
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Figure 6-10

Programming Examples for VEE Users
Programming Basics

Debugging Your Program

You may encounter problems when creating programs to control the 4155/4156. In
the program development or debugging phase, insert the following transactions
(functions of the driver) in the To/From object. Do not forget to remove the
functions after completing the program. These functions will cause increased
program execution time.

* hp4156b_cmd(instrHandle,”US”)
*  hp4156b_errorQueryDetect

To recover control mode

When using Agilent VEE, the 4155/4156 control mode is controlled by the
hp4156b_init function, which is automatically called and executed by Agilent VEE
when the program first runs after loading.

However, if you press any PAGE CONTROL key or LOCAL softkey on the
4155/4156 front panel after program execution, the control mode is changed. Also,
if an unexpected I/O error has occurred, you may need to do a hardware reset which
changes the control mode. Once the control mode is changed, the program cannot
run without reloading it.

To recover the control mode without reloading the program, enter the US command
using the hp4156b_cmd function as shown in Figure 6-10. The command recovers
the effective control mode for the plug&play driver.

To Enter the US Command

nhp4146b_force(instrHandle, hpd 1580_CH_SMU1, hpd 1560_VF_MOCE, 0, va
nhp4146b_force(instrHandle, hpd 1580_CH_SMU2, hpd 1560_VF_MODE, 0, 0,

[ ¥alue || oo 1560 _spotheas(instrHandie, npd 166 CH_SMUT, hpd TSEE_IM_MODE, ©
hp41456b_zero0utputiinstrHandie, hpa1560_CH_ALL)
np41560_setSwitchiinstrHandle, hpd 156 CH_ALL, hpd 1560 FLAG OFF] | stalus

=l Formua 4| Cjaghatumerc] -

A
[_| B BiA Result =—

Start

—] Ta/Fram HP41568 =

hpd156b cmd{instrHandle, "USs"

Ready

YEES | ERGE | MOD
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Figure 6-11

Programming Examples for VEE Users
Programming Basics

To check for instrument error

The hp4156b_errorQueryDetect function enables or disables automatic instrument
error checking. If automatic error checking is enabled, the driver will query the
instrument for an error at the end of each function call.

If this function is enabled (1 of Figure 6-11) and if an error occurs in the function
call, Agilent VEE stops the program execution and displays an error dialog box. You
must then enter the hp4156b_error_query function (see 2 of Figure 6-11). The
hp4156b_error query function returns the instrument error code and error message.

In this example, an error occurred in the hp4156b_force function call. The cause of
the error was an improper parameter setting for the hp4156b_setSwitch function.

To Use the hp4156b_error_query Function

B2 HP VEE - Rmeas T
Fle Edt View Debug Flow Device /0 Dala Display Window Help
] == = T I e = s e A R e R Y R = R I = el
RMEAS vee
L main

—|Real| = —|Alphahumeric | «| | =|Alphahumeric | « |

ZJ r ) ’/‘ ]

 ——
= To/From HP4 1568 Ir|

hpd156h_errorQueryDetect(instrHandle, VI_TRUE)
hp4156b_setSwitch(instrHandle, hpd 156k CH ALL, b
hpd156h forcelinstrdandle, hpd156kb CH ShU1, 560 _*
hpd15eh_farce(instrtHandle, hpd 156h_CH_SMUZ, hp4156b VF MODE, 0,
hp41560_spotteastinstriandle, npd 1560_CH_SMU1, hpd T560_IM_MODE, 0
hp41560_zero0utputiingtrHandle, hpd 1560_CH_ALL)
hpd156h_setSwitchiinstrHandle, hpd 156h_CH_ALL, hpd156h_FLAG_OFF) | status [i—'

[— walue

=l Formuia <) aphaiumene ]| -
A
] o A Result —1

Start

= TofFrom HP4 1568 B

BITOF_humber -
= Alphalumeric =]

error_message "Unit sw must be ON before command execution.”

1 objects selected

WEES | ERGE | MOD
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Restrictions When Using the Driver with Agilent VEE

When using Agilent VEE and any of the following functions for Agilent 4155/4156
and Agilent ES250A, certain restrictions will apply.

Invalid functions in the VEE program
«  hp4156b_init, hpe5250a_init

Agilent VEE calls and executes these functions automatically when the program
first runs after loading. These functions cannot be called in a program using
Agilent VEE.

*  hp4156b_close, hpe5250a_close

Agilent VEE calls and executes these functions automatically when you close
the program or Agilent VEE. These functions cannot be called in a program
using Agilent VEE.

*  hp4156b_error_message, hpe5250a_error message

These functions receive the error status of the plug&play driver function, and
returns the error message. However, these functions are invalid in a program
using Agilent VEE, because Agilent VEE does not pass the error status to the
function.

Invalid use of the NULL pointer

The measurement functions listed below allow you to use the NULL pointer to
restrict the number of parameters returned from the function. However, the NULL
pointer is not available for Agilent VEE programming.

*  hp4156b_spotMeas

*  hp4156b_sweeplv

*  hp4156b_sweepMiv

*  hp4156b_sweepPiv

*  hp4156b_sweepPbias
*  hp4156b_measureM
*  hp4156b_measureP

*  hp4156b_sample

*  hp4156b_readData
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——
High-Speed Spot Measurements
To make high-speed spot measurements, use the following functions.
Table 6-1 Functions for High-Speed Spot Measurements
Description Function Parameters
Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state
Integration Time Setup hp4156b_setinteg table,time,average
Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity
Executes measurement hp4156b_spotMeas channel,mode,range,value,status
Disables output hp4156b_zeroOutput | channel
A program example is shown in Figure 6-13 on page 6-18. This program measures
MOSFET drain current. The measurement setup is shown in Figure 6-12.
Figure 6-12 Device Connection and Source Setup for Example Program
Drain
Gate
‘ Substrate channel: SMU2
mode : I measure
value: Id
Source range: 0.1A
status: status
channel: SMU3 channel: SMUL channel: SMU4 channel: SMU2
——mode: V output mode : V output mode: V output mode : V output
T value: Vg value: Vs value: Vsub value: vd
range: 20V range: 2V range: 2V range: 20V
comp : 10mA comp : 0.1A comp : 0.1A comp @ 0.1A
polarity: AUTO polarity: AUTO polarity: AUTO polarity: AUTO
Vv V V
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Figure 6-13

Eil HP VEE - Hspot
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Program Example of High-Speed Spot Measurement

[_[51x]
Device 1O Dats Digplay Window Help

NECC S

o i = o Y = A R S e e N |

fain

HSPOTvee
L& main
s )
§ = To/From HP4 1568 I
- j_. o 1560_setswitchinstrtandle, npd 1660_CH_ALL, hpd156k_FLAG_ON)
™ ¥ || hpd1560_tfarce(instrHandle, hpd1860h_CH_SMU1, hpd 1560_vF_MODE, 2, Vs, 0.1, hpd N
= Vg |- hpd 1560 _torce(instrHandie, hpd 1560 CH_SMU3, hpd 1560_VF_MODE, 20, vy, 10m, h
B hpd 1560 _torce(instrHandie, hpd 1560 CH_SMUA, ipd 1 560_VF_MODE, 2, vsul, 0.1, h
- '_\—| Wy hpd156b_force(instrdandle, hpd1566b_CH_SMUZ, hpd1960_vF_MODE, 20, vd, 0.1, h
- hp41560_spotMeas(instrHandle, hp4 T66I_CH_SMU2, hpd 1566 IM_MODE, 0.1, 1d, sta
=] wsub [« hpd156h_zeroQutput(instrHandle, hpd 1560 CH_ALL) status  +—
P veub | | hpd1560_opc_QginstrHandle, Completed)
0 _ '_I_| hpd156h setSwitchiinstrHandle, hpd 1560 CH ALL, hpd156h FLAG OFF
= vd AJ_' v Complats I
5 -
I
~ | Drain Current| =
41.93m
= Sta-tus -
0
Ready WEESE] | EREE | MG
Table 6-2 Program Explanation
Object Title Menu Explanation
Vs, Vg, Vsub,Vd Data-Constant-Real Enters input parameters of
hp4156b_force.
To/From HP4156B | 1/O-InstrumentManager-Plug&play | Executes measurement.
Drain Current Display-AlphaNumeric Displays Id. (hp4156b_spotMeas value
parameter)
Status Display-AlphaNumeric Displays status. (hp4156b_spotMeas
status parameter)
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—
Multi-Channel Spot Measurements
To make multi-channel spot measurements, use the following functions.
Table 6-3 Functions for Multi-Channel Spot Measurements
Description Function Parameters
Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state
Integration Time Setup hp4156b_setinteg table,time,average
Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity
Executes measurement hp4156b_measureM channel[ ],mode[ ],range[ ],value[ ],status[ ]
Disables output hp4156b_zeroOutput | channel
A program example is shown in Figure 6-15 on page 6-20. This program measures
bipolar transistor collector current and base current. The example uses the User
object of the Agilent VEE. See Figure 6-16 on page 6-21. The measurement setup is
shown in Figure 6-14.
Figure 6-14 Device Connection and Source Setup for Example Program
Collector
Base
X channel: SMU1
channel: SMU2 Emitter mode: I measure
mode: I measure value: Ic
value: Ib .
(A S ()
status: IbStatus
channel: SMU2 channel: SMU3 channel: SMU1
mode: V output ——— mode: V output mode: V output
value: ov T value: Vbe value: ov
range: 2V range: AY range: 2V
comp : 0.1A comp : 0.1A comp : 0.1A
polarity: AUTO polarity: AUTO polarity: AUTO
V vV V

Agilent 4155C/4156C VXIlplug&play Driver User’s Guide, Edition 4 6-19



Programming Examples for VEE Users
Multi-Channel Spot Measurements

Figure 6-15 Program Example of Multi-Channel Spot Measurement

Eil HP VEE - Mspat
File Edt Yiew Debug Flow Device |0 Data Display Windaw Help
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fos —{ thannel | | hpa 1560 setintegrinstrHandle, hpd 1560_INTEG_TEL_MED || channel It
- hpd 1660 _setFilter{instrHandle, hpd1560_cH_ALL, hpd 1561
T 1M | ynaseh_torcetinstrHandle, hpd1560_CH_SHUT, hpd15an, modz_}
1_range | | npa 1560 torce(instrHandle, hpd1560_CH_SMU2, hpd 1560, ST
—1 value | | hp4 1560 forcefinstrHandle, hpd1560_CH_SMU3, hp4 158t | | MeasPoint
4§ celus | | Pp4156b_measurem(instrHandle, channel, mode, range, va D
Voe | | P4156b_zero0utpLt(instrHandle, hpd1565_CH_ALL) —
hpd 1560 setSwitch{instrHandle, hpd1560 CH ALL, hpd15 —
. C !
) = Get Values = _
SetArayParal | Subiry —| lcStatus |«
[ | 0] e | i 4 0
— Ary NumDims [§ = Get Values [4] =
Ary[3 4.6 | DimSizes Bubary = le -
COAMBAET | e | o] Twe | 40.04m
- Ay MNumDims 1 =
eg A3 46, DimSizes |1
= Get Values = - Totsze | =Gt
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EW“] Type 1 - -
— Ary MumbDims I = Get Values = = 1o [«]
E0 Ary[3 46,7 | DimSizes | supay — 0.3074m
B ] TotSize [0 EWU] Type |1 -
= — Ay MNumDims 1
BO A3 467 DimSizes I
TotSize I
N -
Ready =l e
Table 6-4 Program Explanation
Object Title Menu Explanation
Vbe Data-Constant-Real Enters input parameters of
hp4156b_force.
To/From HP4156B | 1/O-InstrumentManager-Plug&play | Executes measurement.
GetValues Data-AccessArray-GetValues Gets data from Array (value[ ], status[ ]).
IcStatus,Ic, Display-AlphaNumeric Displays measurement data/status.
IbStatus,Ib (hp4156b_measureM output parameters)
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Figure 6-16
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SetArrayPara User Object

5] x]

File Edt isw Debug Flow Deviee /0 Data Display Window Help

Ol@ls]  wloj=nIS]e] Dlel] ] sl @A) lela] ] E s

MSPOT.vee

B SetArrayPara

E‘— Main —|Channels| =
SetArrayPara h = T =
—lcht [<] = A 1| MumDims [ 1 =]
,1— L 2 W Rt Dim Size 1 ’Wl ’T Array M
S — = D;m Sge
2 - T —[chiRange] - -
—|Chimode] « o -
L - - Ch?l?:ange r ch
—|ChZMode | « ,gi —
1 _ I»l =
‘ ::@I_'a[w_]:b
- L
= Allot Integer = mode
Mum Oims | 1 x| ~
Intvaiue x| | 0 _J Gl )
[— Dim Size 1 Array
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Ready ,ﬁwm
Table 6-5 Program Explanation
Object Title Menu Explanation
Channels,Ch1,Ch2, Data-Constant-Integer Enters data to allocate array, and array
Ch1Mode,Ch2Mode, Data-Constant-Real element for channel[ ], mode[ ], range][ ]
ChlRange,Ch2Range of hp4156b_measureM.
A+1 Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel[ ], mode] ],
AllocInteger Data-AllocateArray-Integer range[ ] of hp4156b_measureM.
a[0]=b, a[1]=b Data-AccessArray-SetValues Sets data of array (array element).
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Staircase Sweep Measurements

To make staircase sweep measurements, use the following functions.

Table 6-6 Functions for Staircase Sweep Measurements
Description Function Parameters

Output Switch Setup hp4156b_setSwitch channel,state

Output Filter Setup hp4156b_setFilter channel,state

Integration Time Setup hp4156b_setinteg table,time,average

Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity

Sweep Source Setup hp4156b_setlv channel,mode,range,start,stop,point,hold,delay,
s_delay,comp,p_comp

Executes measurement hp4156b_sweeplv channel,mode,range,point,source[ ],value[ ],
status| ]

Disables output hp4156b_zeroOutput | channel

A program example is shown in Figure 6-18 on page 6-23. This program measures
MOSFET 1d-Vd characteristics. The measurement setup is shown in Figure 6-17.

Figure 6-17 Device Connection and Source Setup for Example Program
Drain
channel: SMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: vd
Substrate value: 14
status: status
Source A ) channel: SMU2
mode : V output
range: 20V
channel: SMU3 channel: SMU1 channel: SMU4 ) start: vdstart
———mode: V output mode : V output mode : V output — st?p. vdStop .
T value: Vg value: Vs value: Vsub T Eoi;t zﬁeasPolnt
range: 20V range: 2V range: 2V dol 3 i Osec
comp : 10mA comp : 0.1A comp : 0.1A eda{' i Osec
polarity: AUTO polarity: AUTO polarity: AUTO s_celay: OS?;
comp : .
; ; ; ; v v p_comp: 0.5W
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Figure 6-18
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Program Example of Staircase Sweep Measurement
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vdStart hp4156b_force(instrdandle, hpa1560_CH_SMUS, h 5
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—| WdStop | <
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11 8
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Murm Dims 1 h
[ mitvawe  =][ 0 4| [+]
Dim Size 1 o Array Id [o [ 4]
Dim 2 — w | os
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- ® 0.938 y: 12.32m
Ready YEE 3 | EREE| [ MOD
Table 6-7 Program Explanation
Object Title Menu Explanation
Vs, Vg, Vsub Data-Constant-Real Enters input parameters of hp4156b_force,
VdStart,VdStop Data-Constant-Integer hp4156b_setlv, and hp4156b_sweeplv.
MeasPoints
To/From HP4156B | 1/O-InstrumentManager- Plug&play | Executes measurement.
AllocReal Data-AllocateArray-Real Allocates array for Vd[ ],Id[ ],status| | of
hp4156b_sweeplv.
Status Code Display-AlphaNumeric Displays status] ].
Id-Vd Curve Display-XvsYPlot Plots Id-Vd curve.
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Synchronous Sweep Measurements

To make synchronous sweep measurements, use the following function with the
functions shown in “Staircase Sweep Measurements” on page 22, or “Pulsed Sweep
Measurements” on page 34.

The hp4156b_setSweepSync function must be placed after the hp4156b_setlv
function or the hp4156b_setPiv function in the To/From object.

Table 6-8 Function for Synchronous Sweep Measurements

Description Function Parameters

Synchronous Source Setup | hp4156b_setSweepSync | channel,mode,range,start,stop,comp, p_comp

A program example is shown in Figure 6-20 on page 6-25. This program measures
MOSFET Id-Vg characteristics. The measurement setup is shown in Figure 6-19.

Figure 6-19 Device Connection and Source Setup for Example Program
Drain
channel: SMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: Vg
Substrate value: 14
status: status
Source A channel: SMU2
mode: V output
range: 20V
channel: SMU3 channel: SMU1l channel: SMU4 star!.:: vstart
f#mode: V output |mode: V output mode: V output — St(,)p" Vstop .
[ range: 20V value: Vs value: Vsub — Eoizt P(;[easPolnt
start: Vstart range: 2V range: 2V dol . Osec
stop: Vstop comp: 0.1A comp: 0.1A € ai/' X Osec
comp: 0.1A polarity: AUTO polarity: AUTO s_delay: OS?;
comp:  1W comp: .
AV vV vV \/ p_comp:  0.5w
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Figure 6-20
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Program Example of Synchronous Sweep Measurement
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Table 6-9 Program Explanation
Object Title Menu Explanation
Vs, Vsub Data-Constant-Real Enters input parameters of hp4156b_force,
Vstart, Vstop Data-Constant-Integer hp4156b_setlv, and
MeasPoints hp4156b_setSweepSync.
To/From HP4156B | 1/O-InstrumentManager- Plug&play | Executes measurement.
AllocReal Data-AllocateArray-Real Allocates array for Vg[ 1,Id[ ],status| | of
hp4156b_sweeplv.
Status Code Display-AlphaNumeric Displays status] ].
Id-Vg Curve Display-XvsYPlot Plots 1d-Vg curve.
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Multi-Channel Sweep Measurements

To make multi-channel sweep measurements, use the following functions.

Table 6-10 Functions for Multi-Channel Sweep Measurements
Description Function Parameters
Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state
Integration Time Setup hp4156b_setinteg table,time,average

Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity

Sweep Source Setup hp4156b_setlv channel,mode,range,start,stop,point,hold,delay,

s_delay,comp,p_comp

Executes measurement hp4156b_sweepMiv channel[ ],mode[ ],range[ ],point,source| ],

value[ ], status| ]

channel

Disables output hp4156b_zeroOutput

A program example is shown in Figure 6-22 on page 6-27. This program measures
bipolar transistor Ic, Ib-Vbe characteristics. The example uses the User Object of the
Agilent VEE. See Figure 6-23 on page 6-28 and Figure 6-24 on page 6-29. The
measurement setup is shown in Figure 6-21.

Figure 6-21 Device Connection and Source Setup for Example Program
Collector
Base
. channel: SMU1
channel: SMU2 Emitter mode : I measure
mode: I measure value: Tc
A value: Ib channel: SMU3 A range: AUTO
range: AUTO mode: V output status:  IcStatus
status: IbStatus range: 2V
channel: SMU2 Start:  Vstart channel: SMUL
Stop: Vstop
mode: V output . . mode : V output
point: MeasPoint
value: ov value: ov
~ hold: Osec
range: 2V range: 2V
delay: Osec
comp : 0.1A comp: 0.1A
larity: AUTO s_delay: Osec olarity: AUTO
potarity: comp: 0.1A P ¥:
\/ \/ p_comp: iw \ /
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Figure 6-22 Program Example of Multi-Channel Sweep Measurement

Eil HP VEE - Msweep [_ [&]x]
File Edt Wiew Debug Flow Device /0 Dats Display Window Help

] 2= 1 N - = e T . VR -+ N T e el
MSWEEP vee Mzl
E-B) Main

t GetMeasData

SetérrayPars ~| To/From HP41568 =

—| vestart | = Vstart hpd 156b_setSwitch(instrHandle, hpd156b_CH_ALL, hpd1
Wstop hp4156b_setinteg(instrtHandle, hpd156b_INTEG_TBL_ME | channel |I
o MeasPoint | | P4 1560_setFilter{instrHandle, hpd136h_CH_ALL, hp415 moda 1

= h | hp4156h_force(instrHandle, hpd156b_CH_SMU1, hp4 156
| ShAmEL |\ naqs6n forcefinstrHandle, hpd1560_CH_SMUZ, hpd 156

range |1

[=vestop =] —__mude || hnd1560" sethinstrHandle, hpd156b_GH_SMUS, hpd 156 | MeasPoint |
’.7 —— A range hpd156h_sweeptiv(instrHandle, channel, mode, range, v | source
0.8 — 4 zours hp4136h_zeroOutput(instrHandle, hpd 156k _CH_ALL) valus

= hpd 1560 _setSwitchiinstriandle, hpd15eb CH ALL, hpd1

= value status
~|Meas Points| + e = 7
21
= I¢, I-Vhe Curve =]
39.43m 2
aBs(jiH Data c -
Ic
GetheasData ——— /
o [ ==
1 SetArrayParab— |
e Alto Scale ABS(VDE 0.1/
% 0.16 v, 3.0090
Ready ’ﬁ’w,m
Table 6-11 Program Explanation
Object Title Menu Explanation
VeStart, VeStop Data-Constant-Real Enters input parameters of hp4156b_setlv
MeasPoints Data-Constant-Integer and hp4156b_sweepMiv.

To/From HP4156B | 1/O-InstrumentManager-Plug&play | Executes measurement.

abs(x) Device-Formula Calculates absolute value of Vbe (source).

Ic,Ib-Vbe Curve Display-XvsYPlot Plots Ic-Vbe and Ib-Vbe curves.
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Eil HP VEE - Msweep

SetArrayPara User Object

File Edt Wiew Debug Flow Deviee 1O Data Digplay Window Help

[_[=]]

==

o i = o Y = A R S e e N |

r.

a

MSWEEP.vee
= Main —[Channels| = = Alloc Real I
- E— L
= CHW = L—‘l A:1 = — Dim Size 1 Imt_value = ’ Array hﬂ%
[ a | o Result [t D;m 52'113
e J; Alloe real =
- 0C Fea Fi
2 - — Chm-ange r WumDims | 2 =]
—[ChiMoge]= i bimsize 1 | | jnvaiie | D '_J—‘M
. = - CHQR:EH E| <4 ng SQ‘ZWE Ay
—[ch2mode| «| T — Dim Size 2 5 5
1 - kl = -
MeasPoints JE— ch
- 1
- Allos Integer =
Mum Dims | 1 =] = _
|—1 Dim Size 1 It vaue =|| o array [— el al1]=b mode
Dim Size
1 3
~ Alloc Real = )
\INnLiltmvgllumesﬂ‘ \1 Dﬂ - I'@I* - ange |
“— Dim Size 1 Array i
Dim Size
1 8
Ready - ’ﬁ’w,m
Table 6-12 Program Explanation
Object Title Menu Explanation
Channels,Ch1,Ch2, Data-Constant-Integer Enters data to allocate array, and array
Ch1Mode,Ch2Mode, Data-Constant-Real element for channel[ ], mode[ ], range[ ] of
ChlRange,Ch2Range hp4156b_sweepMiv.
A+l Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode, range,
AllocInteger Data-AllocateArray-Integer source,value,status of hp4156b_sweepMiv.

a[0]=b, a[1]=b

Data-AccessArray-SetValues

Sets data of array (array element).
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GetMeasData User Object

[_[=]]

File Edt Wiew Debug Flow Deviee 1O Dats Digplay Window Help

] 1= =1 = I I v =1 e e T R = A e A s S N =
BB Main —
GetMeasData = Get valugs =
SetArrayPara Subary [t—
LA_W[*- [1] Tyos |\ IcEtatus
Ary MumDims 1
e Ary[3 467 DimsSizes |1 _l Get \/-aIuES \4\
TotSize |1 Subiry
Elills W Type 1
Ary MumDims I L
B A3 A6 DimSizes I %
TotSize
= abs(x z
- abs(x) | Resutb——
=l Get values =] L - = k|
SubAry
fary™. 0] Type 1
Ay HumbDims 1 - -
By A3 467 | Dimdizes |t |/ = =l absp 4]
TotSize |8 Z At Result — = | [abs(x) Resultb—— L ep
value = Get Values =]
SubAry
Bl e = abs(x -
Ay MurnDims 1 b
£ Ary[3 46,7 | DimSizes | 1A S(X)_ Result ]
TatSize 1
Reary REEE) [ER o0 e
Table 6-13 Program Explanation
Object Title Menu Explanation
GetValues Data-AccessArray-GetValues Gets data from array (valuel ],status] ]).
Ic/Ib Device-Formula Calculates a/b to get hFE value.
abs(x) Device-Formula Calculates absolute value of Ic,Ib,hFE.
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Pulsed Spot Measurements

To make pulsed spot measurements, use the following functions.

Table 6-14 Functions for Pulsed Spot Measurements
Description Function Parameters
Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state (pulse channel must be set to OFF)
Integration Time Setup hp4156b_setinteg table,time,average
Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity
Forces pulse bias hp4156b_setPbias channel,mode,range,base,peak,width,period,
hold,compliance
Executes measurement hp4156b_measureP channel,mode,range,value,status
Disables output hp4156b_zeroOutput | channel

A program example is shown in Figure 6-26 on page 6-31. This program measures
MOSFET drain current. The measurement setup is shown in Figure 6-25.

Figure 6-25 Device Connection and Source Setup for Example Program
Drain
Gate
channel: SMU2
‘ Substrate mode : I measure
value: Id
range: 0.1A
Source

status: status

channel: SMU2

channel: SMU3 channel: SMU1 channel: sMU4 mode : V pulse
——mode: V output |mode: V output mode : V output range: 20v
T value: Vg value: Vs value: Vsub base: ov
range: 20V range: 2v range: 2v peak: vd
comp: 10mA comp: 0.12 comp: 0.12 width: 1l0msec
polarity: AUTO polarity: AUTO polarity: AUTO period: 20msec
hold: Osec
v v v v comp : 0.1A
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Figure 6-26 Program Example of Pulsed Spot Measurement

Eil HP VEE - Pspat [_ [&]x]
File Edt Wiew Debug Flow Device /0 Dats Display Window Help

=== 1 = = s e Y R = A A A e S N =

» |

PSPOTvee EllL
L& main
G )
= To/From HP4 1565 =
- Fl_. v | [ Np41560_setSwitch{instrHandle, hp41560_CH_ALL, hpd1560_FLAG ON)
= hp41560_setFilter(instrHancle, hpd 1560 CH_ALL, hpd1660_FLAG_OFF) 7
= v d hp41560_force(nstrHandle, hpd1560_CH_SMU1, hpd 1560 WF_MODE, 2, s, 0.1, hpe
E - vg || 04198 forcedinstriandle, npd 1580 CH_SMUS, hpd 1980 vF_MODE, 20, Vg, 10m, t
= np41560_forceinstrHandle, pd1580_CH_SMU4, hpd 1860 WF_MODE, 2, Wsul, 0.1,
- hpd156h_setPhias(instrHandle, hpd 1560_CH_SMU2, hpd1560b_vF_MODE, 20, 0, vd, status
—[ veub |« veup | | NP41860_measUreP(nstrHandle, hp41560_CH_SMU2, hp4156a_IM_WMODE, 0, Id, stal
hp41560_zeroOutputiinstrHandle, hpd1566_CH ALL)
o hp41560_opc_QfinstrHandle, Completed)
= vd hpd 1560 setSwitchiinstrHandle, hpd 196k CH ALL, hpd156h FLAG OFF Completed |1
—_ R¥0s| *
— =
- |
—| Drain EUT’T’EHI -
42 4m
I status =
0
Ready WEE 3 | EREE | MOD
Table 6-15 Program Explanation
Object Title Menu Explanation
Vs,Vg,Vsub,Vd Data-Constant-Real Enters input parameters of

hp4156b_force, and hp4156b_setPbias.

To/From HP4156B | 1/O-InstrumentManager-Plug&play Executes measurement.

Drain Current Display-AlphaNumeric Displays Id (hp4156b_measureP value
parameter).
Status Display-AlphaNumeric Displays status (hp4156b _measureP

status parameter).
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Multi-Channel Pulsed Spot Measurements

To make multi-channel pulsed spot measurements, use the following functions.

Table 6-16 Functions for Multi-Channel Pulsed Spot Measurements
Description Function Parameters
Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state (pulse channel must be set to OFF)

Integration Time Setup

hp4156b_setinteg

table,time,average

Forces dc bias

hp4156b_force

channel,mode,range,value,compliance,polarity

Sends Command String

hp4156b_cmd

command (PT and PV commands are sent)

Executes measurement

hp4156b_startMeasure

meas_type,channel[ ],mode[ ],range[ ],source

Disables output

hp4156b_zeroOutput

channel

Reads measurement data

hp4156b _readData

eod,data_type,value,status,channel

A program example is shown in Figure 6-28 on page 6-33. This program measures
bipolar transistor collector current and base current. The measurement setup is
shown in Figure 6-27.

Figure 6-27

Device Connection and Source Setup for Example Program

1:PV command parameters

2:PT command parameters

SMU1
I measure

channel:
mode:

®

V

Collector
Base
channel: SMU2 Emitter
mode : I measure r
channel:
value: Ib
mode :
range: AUTO
1 range:
base:
channel: SMU2 pulse:
mode : V output J‘W? Lcomp :
value: ov hold:
range: 2v width:
comp : 0.1A 2|period:
polarity: AUTO t_delay:
v [priority:

SMU3

V pulse
AUTO

ov
-0.8V
0.1A
Osec
Smsec
10msec
Osec

P width

value:
/\ range:

channel:
mode :
value:
range:
comp :
polarity:

V

Ic
AUTO

SMUL

V output
ov

AUTO
0.1A
AUTO
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Program Example of Multi-Channel Pulsed Spot Measurement

%2 HP VEE - Mpspat _
File Edt “iew Debug Flow Device 1/0 Data Display Window Help

olslals| vln|x[m[Els] lelei] sl @l ol g Eel

B hain !E"!

LR main

—|Channels| « =l

To/Fram HP41568

.

ATl

hp4
hp4

mode

hpd1560_setSwitch(instrHandle, hpd 156b_CH_ALL, hpd156h_FL~
channel | | hn4 1560 setinteg(instrHandle, hpd1560_INTEG_TBL_SHORT, 80
hp4156h_setFilter(instrHandle, hpd156h_CH, ALL hpa158h_f FLA
hpd1560_force(instriandle, hpd156b_CH_SMU1T, hpd1560_WF_M
56h_force(instrHandle, hpd 156b_CH_SMU2, hpd156b_WF_v
56h_cmd(instrHandle, "PT 0,.005,.01 D1
hp41560_cmd(instrHandle, "Fv 3,0,0,-08,.1")
hp4156h_startveasureinstrHandle, hpmseu MM_PSPOT, chant
range | | hPp41860_zeroOutput(instrHandle, hpd156b_CH _ALL)
hp41560_setSwitch(instrHand|e, hp4156b_CH_ALL, hp4136b_FL x

= FDrCDunt -
]

fi | ’ —|chiRange] «
lD— = TU/Frum{-{FW.‘:GFJ—A_]
_.h_MEED readDat: value
= Alloc Integer =
MumDims | 1 =]
|init value =| ] 0 —|shift Register| «
f— Dim Size 1 = | Aray | ——
D!‘m ’_S%L Dta 1 Prev
=] Alloc Real =
T
'—1 Dim Size 1 | Ay |
D\1m ’_SLB‘ZL
Ready [VEE7 [ERoE [MoD)
Table 6-17 Program Explanation
Object Title Menu Explanation
Channels,Ch1,Ch2, Data-Constant-Integer Enters data to allocate array, and array
Ch1Mode,Ch2Mode, | Data-Constant-Real element for channel[ ], mode[ ],
ChlRange,Ch2Range range[ ] of hp4156b_startMeasure.
A+1 Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode,
AllocInteger Data-AllocateArray-Integer range of hp4156b_startMeasure.

a[0]=b, a[1]=b

Data-AccessArray-SetValues

Sets data of array (array element).

For Count Flow-Repeat-ForCount Repeats next action for specified count.
To/From HP4156B I/O-InstrumentManager-Plug&play | Executes measurement or reads data.
Shift Register Device-ShiftRegister Outputs last data and 1 prev data.

Ic, Ib Display-AlphaNumeric Displays Ic and Ib.
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Pulsed Sweep Measurements

To make pulsed sweep measurements, use the following functions.

Table 6-18 Functions for Pulsed Sweep Measurements
Description Function Parameters

Output Switch Setup hp4156b_setSwitch channel,state

Output Filter Setup hp4156b_setFilter channel,state (pulse channel must be set to OFF)

Integration Time Setup hp4156b_setinteg table,time,average

Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity

Sweep Source Setup hp4156b_setPiv channel,mode,range,base,start,stop,point,hold,
width,period,compliance

Executes measurement hp4156b_sweepPiv channel,mode,range,point,source[ ],value[ ],
status| ]

Disables output hp4156b_zeroOutput | channel

A program example is shown in Figure 6-30 on page 6-35. This program measures
MOSFET 1d-Vd characteristics. The measurement setup is shown in Figure 6-29.

Figure 6-29 Device Connection and Source Setup for Example Program
Drain
channel: SMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: vd
‘ Substrate value: Td
status: status
Source channel: SMU2
mode: V pulse
range: 20V
channel: SMU3 channel: SMUL channel: SMU4 base: ov
———mode: V output mode: V output mode: V output start: vdstart
T value: Vg value: Vs value: Vsub st<:.>p: VdStOp,
range: 20V range: 2V range: 2V point: MeasPoint
comp : 10mA comp: 0.1A comp : 0.1A h(_)ld: Osec
polarity: AUTO polarity: AUTO polarity: AUTO WIth: 10msec
period: 20msec
v v v comp: 0.1A
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Figure 6-30 Program Example of Pulsed Sweep Measurement

Eil HP VEE - Psweep [_ [&]x]
File Edt Wiew Debug Flow Device /0 Dats Display Window Help
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PSWEEP vee
L@ main - ~ TofFrom HP4 1568
= s [« =
hipd 1665_setinteg(instrHandie, hpd 1560 INTEG_TEA —[ Status cade | =
W (1] Paint
0 - 2 hpd 1665_setFitter(instrHandls, hpd156b_CH_ALL, |
= bl hpd 1665_setSwitch(instrHandie, hpa1560_CH_ALL i
= ¥sub || hpa1860_force(instrHandle, hpd1565_CH_SMUT, h :
= W = vigtart | | hp41560_forcefinstrHandle, hpd 156b_CH_SMUS, h 020
R I—= hp41660_forcefinstrHande, hpa1560_CH_SMU4, 1 03 0
= °E | 1560 _setPiv(instrHandle, hpd 1560 CH_SMUZ, | 0d: 0
- (Y MeasPoint || oo4 1560~ sweepPiv(insitHandle, hpd 1580 CH_SML g
[=] wsub [«] — v hpa1560_zeroOutput(instrHandle, hpa156b_CH_AL status I]Ei. .
H hp41660_ope_Q(instrHandle, Completed)
0 . L4 stats | |0pd1860-setSwichinsirHandle, hp4 1560 CHALL=  gomoieted | | | (070
- 08: 0
—[ vdstart [« 09: 0
P i 10:0
_ —] Id-vd Curve &
—| vaiStop [«
SDm
5] —
—|Meas Paints| < HData
11 |—]~
= i
-] Alloc Real =
Murn Dims 1 hd [
[ intvale ][ 0 [»]
Dim Size 1 a Array — d |D g
Dim ize
Autn Scale v 0.8/
1 11 [EIIEEEE)
= ¥ 2612 v 9m
Ready WEE 3 | EREE | MOD
Table 6-19 Program Explanation
Object Title Menu Explanation
Vs, Vg, Vsub Data-Constant-Real Enters input parameters of hp4156b_force,
VdStart,VdStop Data-Constant-Integer hp4156b_setPiv, and hp4156b_sweepPiv.

MeasPoints

To/From HP4156B | 1/O-InstrumentManager- Plug&play | Executes measurement.

AllocReal Data-AllocateArray-Real Allocates array for Vd[ ],Id[ ],status| | of
hp4156b_sweeplv.

Status Code Display-AlphaNumeric Displays status] ].

Id-Vd Curve Display-XvsYPlot Plots Id-Vd curve.
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Multi-Channel Pulsed Sweep Measurements

To make multi-channel pulsed sweep measurements, use the following functions.

Table 6-20 Functions for Multi-Channel Pulsed Sweep Measurements
Description Function Parameters

Output Switch Setup hp4156b_setSwitch channel,state
Output Filter Setup hp4156b_setFilter channel,state (pulse channel must be set to OFF)
Integration Time Setup hp4156b_setinteg table,time,average
Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity
Sends Command String hp4156b _cmd command (PT and PWV commands are sent)
Executes measurement hp4156b_startMeasure | meas_type,channel[ |,mode[ ],range[ ],source
Disables output hp4156b_zeroOutput channel
Reads measurement data | hp4156b_readData eod,data_type,value,status,channel

A program example is shown in Figure 6-32 on page 6-37. This program measures
bipolar transistor Ic, Ib-Vbe characteristics. The example uses the User Function of
the Agilent VEE. See Figure 6-33 on page 6-38. The measurement setup is shown in

Figure 6-31.
Figure 6-31 Device Connection and Source Setup for Example Program
1:PWV command parameters
Collector 2:PT command parameters
Base
En?itter channel: SMU1
cham:.el :osMuz channel: SMU3 mode : I measure
mode.. I measure mode: v pulse value: Ic
A value: ;bT 1|range: AUTO A ) range: AUTO
range: UTo base: ov
start: VbeStart
channel: SMU2 stop: VbeStop channel: SMU1
mode: V output step: MeasPoints mode: V output
value: ov Lcomp: 0.1a value: ov
range: 2V hold: Osec range: AUTO
comp: 0.1A width: Smsec comp: 0.1A
polarity: AUTO 2|period: 1l0msec polarity: AUTO
t_delay: Osec
v v [priority: P width v
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Figure 6-32

Eil HP VEE - Mpswp
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Program Example of Multi-Channel Pulsed Sweep Measurement

File Edt Wiew Debug Flow Deviee 1O Dats Digplay Window Help

[_[=]]

=== .

I O e R Y it e el

MPSWP vee
Main -
(2 Local UserF = To/From HP4 1568 =
LB setinput _ hpd156b_setSwitchiinstrbandle, hpd156h_CH_ALL, hpd156h_FLAG_ON=
channel | | hp41560_setinteginstrHandle, hpd 156k INTEG_TEL_SHORT, 80u, 0) channel |1
Call Setinput hpd156b_setFiter(instrHandle, hpd1560_CH_ALL, hpd156h_FLAG_OFF
made | | P4158b_torce(instrHandle, ha4156k_CH_SMU, hpd 1560_VF_MODE, T
np41560_torce(instrHandle, pd1560_CH_SMU2, hpd 1560 VF_MODE, ©
hp41560_cmd(instrHandle, "PT 0,.005,.01,0,1") made |f
range hpd156b_cmd(instrHandle, PW)
hp41560_startMeasurefinstrHandle, hpd 1568 M_PSWEEP, channel, m
Py || NP4 158b_teroOumut(instrHandie, hpd1565_CH_ALL) el
—vneétan = hpd 1560 setSwitchiinstriandle, hpd158h CH ALL, hnd 1560 FLAG OF'| 4
—‘—'—‘D — T —
—|voestap| 4
foe -
- For Count =l et =]
—[MeasPoints | -
21
= To/From HP4 1568 [=]
e 1
—[  TofFrombPaises 4|
: T = B [ 08
- To/From HP4 1568 4 L b | suoscae| | ABS(vbe) | 0w
value [—iABS(A e S|
= = % 0.68 w. 1.618m
T S | =
Ready WEE 2] | FREE | MOD
Table 6-21 Program Explanation
Object Title Menu Explanation
VbeStart,VbeStop | Data-Constant-Real Enters PWV command parameters.
MeasPoints Data-Constant-Integer
For Count Flow-Repeat-ForCount Repeats next action for specified count.
To/From HP4156B | I/O-InstrumentManager-Plug&play | Executes measurement, or reads data.
ABS(A) Device-Formula Calculates absolute value of Vbe (source).
Ic,Ib-Vbe Display-XvsYPlot Plots Ic-Vbe and Ib-Vbe curves.
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Figure 6-33 SetInput User Function
# HP VEE - Mpswp HE S
File Edi View Debug Flow Device /0 Data Display ‘window Help
azlElal  w|u|E B2 LlmldlR]®] )] ] bl ) E ]
[® WPsWPvee | & Setinput
Main
[0 Local User F =
~|Channels| « -
LB setnput — —- Alloc Integer
’ = Hum D\msg | 1 =]  Channels |
Start = [init vaie x| | 0
“— Dim Size 1 i Sge
- 1
=|ehon|= -
2 = - th
—[ChiMode] = = Nu:'”[;:::a“ —a 1|
! = [Init value =| | 0
- Chy\_mde = Dim Size 1 D\1m Rg“ Array
Stop T 1 = ’1 - mode
J/ﬂl*t
~|chiRange| = -
~ Text B b U
PVWS‘1'U‘U'_ i IA-E i = ChZR‘aﬂgE 4 range
- Text z 2 - o
! i |A_+Eh4 . )
= A+B
WeasPoints S -
1 A+B _ —
= T;xt 5 A+Bh 4
0.1 } A:EI/‘
4 » -
Ready ’ﬁw’m
Table 6-22 Program Explanation
Object Title Menu Explanation
Channels,Ch1,Ch2, Data-Constant-Integer Enters data to allocate array, and array
Ch1Mode,Ch2Mode, Data-Constant-Real element for channel[ ], mode[ |, range[ ] of
ChlRange,Ch2Range hp4156b_startMeasure.
A+1 Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode, range,
AllocInteger Data-AllocateArray-Integer of hp4156b_startMeasure.
a[0]=b, a[1]=b Data-AccessArray-SetValues | Sets data of array (array element).
Text Data-Constant-Text Enters PWV command parameters.
A+B Device-Formula Calculates A+B to create PWV command.
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Staircase Sweep with Pulsed Bias Measurements

For staircase sweep with pulsed bias measurements, use the following functions.

Table 6-23 Functions for Staircase Sweep with Pulsed Bias Measurements
Description Function Parameters

Output Switch Setup hp4156b_setSwitch channel,state

Output Filter Setup hp4156b_setFilter channel,state (pulse channel must be set to OFF)

Integration Time Setup hp4156b_setinteg table,time,average

Forces dc bias hp4156b_force channel,mode,range,value,compliance,polarity

Forces pulse bias hp4156b_setPbias channel,mode,range,base,peak,width,period,
hold,compliance

Sweep Source Setup hp4156b_setlv channel,mode,range,start,stop,point,hold,delay,
s_delay,comp,p_comp

Executes measurement hp4156b_sweepPbias | channel,mode,range,point,source[ ],value[ ],
status| ]

Disables output hp4156b_zeroOutput | channel

A program example is shown in Figure 6-35 on page 6-40. This program measures
bipolar transistor Ic-Vc characteristics. The measurement setup is shown in

Figure 6-34.
Figure 6-34 Device Connection and Source Setup for Example Program
Collector
Base channel: SMUl
mode: I measure
Emitt value: Ic
ml er @range: AUTO
@ channel: sSMU1
channel: SMU2 22:;;. Zo\olutput
mode: V pulse T start: Vestart
range: 2v channel: SMU3 T stop: VeStop
base: ov mode : V output oin';' MeasPoints
peak: Vb range: 2v Eold'. Osec
width: 0.5msec value: Ve dela&' Osec
period: Smsec comp: 0.1A s del:a . 0SEC
hold: Osec polarity: AUTO c;mp' v 0.1A
v comp: 50mA v v p_comp: 1w
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Figure 6-35 Program Example of Staircase Sweep with Pulsed Bias Measurement
Eil HP VEE - Pbswp HEE
File Edit View Debug Flow Device 10 Data Display Window Help
R ] == = T I e e = et e T e = A R e A S S R
PBSWP vee & Main
L@ Main - = —————————  ——————————————————
= |2 =] To/From HP41568 [« —| Meas Paints |«
I D hpa1560_setinteq(insrHandle, ipa | 21
1.8 - o hpa1560_setFilter(instrHandle, hpa1 | MeasPaints — -
- hp41560_setSwitch(instrHandle, hpd
=[ wve [ vestart || hP41560_setPhias(instrHandle, hpd 1 —
hp41560_force(instrHandle, hpd 1561 = atus |«
o VeStap hp41560_opc_QinstrHandle, Compl i 00 o -
- hpa1560_setivinstrHandle, hpd 1561 01 0
= ot " MeasPaints | | hp41560_sweepPhias(instrHandle, h
| vestart 4| [ hpa186b_zeroOutput(instrHandle, hp It g; g
0 — Ve hp4a1560h setSwitch(instrdandle, hpa
- 04: 0
- — I
(= ¥estop | 4] : status EZ g
’37 1 status _ . i
= Ic=ve Curve []
= MeasT:'mntS -
21
H\—| KData
Alloc Real B
Mum Dims 1 hd
Init Value hd o
Dim 8ize 1 Array
Dirn Size 4 [+]
o — I [o [ 3
1 Ao seae|—— oo
- ¥ 1507 v 15m
Ready B YEES | FROR | MOD
Table 6-24 Program Explanation
Object Title Menu Explanation
VcStart, VeStop Data-Constant-Real Enters input parameters of hp4156b_force
Vb,Ve,MeasPoints | Data-Constant-Integer hp4156b_setPbias, and hp4156b_setlv.
To/From HP4156B | I/O-InstrumentManager- Plug&play | Executes measurement.
AllocReal Data-AllocateArray-Real Allocates array for Vc[ ],Ic[ ],status| | of
hp4156b_sweepPbias.
MeasPoints Display-AlphaNumeric Displays number of measurement points.
Status Display-AlphaNumeric Displays status| ].
Ic-Ve Curve Display-XvsYPlot Plots Ic-Vc curve.
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Sampling Measurements

To make sampling measurements, use the following functions.

Table 6-25

Functions for Sampling Measurements

Description

Function

Parameters

Output Switch Setup

hp4156b_setSwitch

channel,state

Output Filter Setup

hp4156b_setFilter

channel,state

Integration Time Setup

hp4156b_setinteg

table,time,average

Forces dc bias

hp4156b_force

channel,mode,range,value,
compliance,polarity

Sampling timing setup

hp4156b_setSample

hold,interval,point

Sampling dc source setup

hp4156b_addSampleSynclv

channel,mode,range,base,bias,
compliance

Sampling pulse source setup

hp4156b_addSampleSyncPulse

channel,base,peak,count,period,
width,delay,rise,fall

Executes measurement

hp4156b_sample

channel[ ],mode[ ],range[ ],point,
index| ],value[ ],status] ]

Clears sampling source setup

hp4156b_clearSampleSync

Disables output

hp4156b_zeroOutput

channel

A program example is shown in Figure 6-37. This program measures resistance. The
example uses the User function of the Agilent VEE. See Figure 6-38 on page 6-43
and Figure 6-39 on page 6-44. The measurement setup is shown in Figure 6-36.

Figure 6-36

mode :
range:
value: R2

channel :MeasCh2
V output

mode :
range: AUTO
base: ov

bias: Bias
comp : 0.1A

\/ polarity:

Device Connection and Source Setup for Example Program

channel:MeasCh2
MeasMode
MeasRange

channel:MeasChl
mode : MeasMode
: MeasRange
value: RI1

channel:MeasChl
mode : V output
range: AUTO
base: ov

bias: Bias
comp : 0.1A

Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4 6-41



Programming Examples for VEE Users
Sampling Measurements

Figure 6-37 Program Example of Sampling Measurement

Eil HP VEE - Samp [_ [&]x]

File Edt Wiew Debug Flow Deviee 1O Data Digplay Window Help

] 1= =1 = I I v =1 e e T R = A e A s S N =

SAMP vee
Main ~[ Interval | = - To/From HP4 1568 =]
23 Local User Ful
B Geinata 30m Interval hpd 1560 _setinteg(instriandle, pd 1560_ | 000y
B somnay = MeasCh1_| | hpd1560_setFiter(instrHancle, hpd1568_
e = | Waascha | | Np41560_setswitch(nstrHandle, hpa156E  moda |t
: hpd 1560_setSample(instriandie, 0, Inter:
01 :"as | patsen_sacsamplesyncnsrhancie, | range
= 4 __channe hpd 1560 _addSampleSynch(instrHandle,
| —|MeasChi | mode | | hpd 1560 force(instrhandle, hp415et_ | point i
JE— hpd1560_sample(instrHandie, channel,
! - T::j: hpd 196_clearsampleSync(instriandie) | index
- ! o= | Iba1seD setswich(nstrHanle o418t
2 ——— MeasPuints =
- —A status el
—|MeasMode | « =
’17 — - pW | =
= Call GetData = R-time =
—|MeasRange | «
= easFange ,— =
- R
HData 0.5
_ R
— = A;E|: —
[ 1call Setarray N R1 R2
=
4 »
~|MeasPaints |« AFE 0 =
fon R2 | Auto Scale Time 0.5/
- X325 v 3.046
4 » -
Ready WEE 3 | EREE | MOD
Table 6-26 Program Explanation
Object Title Menu Explanation
Interval,Bias, Data-Constant-Integer, Enters input parameters of
MeasCh1,MeasCh2 | Data-Constant-Real hp4156b_force, hp4156b_setSample,
MeasMode, hp4156b_addSampleSynclv,
MeasRange, hp4156b_addSampleSyncPulse,
MeasPoints hp4156b_sample

To/From HP4156B | 1/O-InstrumentManager-Plug&play Executes measurement.

A*B Device-Formula Calculates A*B to get Time value (X).
A/B Device-Formula Calculates A/B to get R1, R2 value (Y).
R-time Display-XvsYPlot Plots R-t curves.
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Figure 6-38

Eil HP VEE - Samp

SetArray User Function

File Edt Wiew Debug Flow Deviee 1O Dats Digplay Window Help

Programming Examples for VEE Users
Sampling Measurements

[_[=]]

alla@  lu]sw]=E
; ay

| O|mlml=@] sl mla] el o= m e

SAMP vee
Main
@ éuca\ UserF i | — Allat Real =
GetData MumDims | 1 x|
t@ Setarray | Initwalue =|| 0 .
Array
Dim Size
Model -
Mode
Range1
Range
S Alloc integer =
Murn Dims 1 hd
Initvalue =] [ 0 S
Dim Size 1 ) Array
Mode2 | - Dirm Size
a(1)=h 1 100
B walue
F - Alloc Real =
Num Dims | 2 =]
Initvaue | 0O
~4| Dim Size 1 Dim ?gﬂe Array ctatus
MeasPaints 2 ’f
R | =
Ready VEE 2 [FROE [MoD
Table 6-27 Program Explanation
Object Title Menu Explanation
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode, range,
AllocInteger Data-AllocateArray-Integer index,value,status of hp4156b_sample.
a[0]=b, a[1]=b Data-AccessArray-SetValues Sets data of array (array element).
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Figure 6-39 GetData User Function

Eil HP VEE - Samp

File Edt Wiew Debug Flow Deviee 1O Data Digplay Window Help

alzlglEl >

[_[=]]

1 = = s e Y R = A A A e S N =

[ GetData
Main
a Igc;LllJ[?;raF = Get Values =
SubAry
B Setaray AT — :_1 =
Ay MNumDims 1
eg A3 467 DimSizes 1
e TotSize 1
- = Get Values [=]
SubAry
faryF 0] Type 1
——— iy Numbims [§ | status? |
eg An3 467 DimSizes 1
TaotSize 1
= Get Values =
SubAry
fary=, 1] Type 1 W
— Ay NumDims 1
BO A3 467 DimSizes 1 L
TotSize 0
— Get Values =]
status
SubAry
P 1] Type 1
Ary MumDims |8 -
B0 Ary(3 46,7 DimSizes |1 %
TotSize |
‘ 3
Ready [VEE 3 [FROE [MOD.
Table 6-28 Program Explanation
Object Title Menu Explanation
GetValues Data-AccessArray-GetValues Gets data from array (valuel ],status] ]).
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Programming Examples for VEE Users
Stress Force

Stress Force

For stress force, use the following functions.

Functions for Stress Force

Description

Function

Parameters

Output Switch Setup

hp4156b_setSwitch

channel,state

setup

PGU output impedance

hp4156b_setPguR

channel,state

Forces dc bias

hp4156b_force

channel,mode,range,value,compliance,
polarity

Stress timing setup

hp4156b_setStress

hold,mode,duration,period

dc stress setup

hp4156b_addStressSynclv

source,channel,mode,range,base,stress,
compliance

Pulse stress setup

hp4156b_addStressSyncPulse

source,channel,base,stress,width,delay,

rise,fall
Forces stress hp4156b_stress status
Clears stress source setup | hp4156b_clearStressSync
Disables output hp4156b_zeroOutput channel

Figure 6-40

channel:
mode:
range:
base:
stress:
comp:

A program example is shown in Figure 6-41 on page 6-46. This program forces dc
stress and pulse stress to the DUTs (device under test). The measurement setup is
shown in Figure 6-40.

Device Connection and Source Setup for Example Program

SMU1

V output
20V

ov
DCVstress
0.1A

v

E:

channel:
mode:
range:
value:
comp:
polarity:

channel:PGU1

mode: V pulse
base: ov
stress: Pulsestress
width: width
SMU2 Ji) delay: delay
V output rise: rise
v fall: fall
Vsub hold: hold
0.1A mode: Pulse count
AUTO Count: Count
\/ Period: Period
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Figure 6-41 Program Example of Stress Force
2 HP VEE - Suess [_[=]x]
File Edit Wiew Debug Flow Device 1/0 Data Display ‘Window Help
] 1= =1 = T s et = et R R = 2 e e A e S N =
B Main |_[=]x]
L& main -
=1 vsup 4] = TofFrom HP41568 B
0 M — hpd1560_errorQuenyDetect{instriandle, VI_TF =
= su hp4156h_setSwitch(instrHandle, hpd156h_CH_ status —
jﬂl;lJ,—u hald hpa156h_setPguRtinstrHandle, hpd 1560 CH_
R i hpa1560_force(instrHandle, hpd 1560 CH_ S
0 = c:::; hpd1560_setStress(instrHandle, hold, hpd 156t ane |
e p hp41580_addStressSynciinstrtandle, npd 15 p
= count |« — 4 DC¥stess | | hpg156h_addStressSyncPulserinstriandle, hp
1000 | ~——1 Pulsestress | | hpd156h_stress(instrHandle, status)
- width hp41580_errar_query(instrHandlz, erar_numt | apor_pumaer
—| period |« Ty hpd156b_opc_QfinstrHandle, ope)
hpd156h_clearStressSynciinstrHandle)
0.1 fise hﬁmsab setSWitchiinﬁtrHandle‘ hﬁmssn H
= fall BITOI_mMessage
—|DCWstress | «
i B T
—Pulsestress| = ‘
10 L _
- —| Status [«
= width [« 64
50m + -
= —| ErrorCode |+
= delay = 0
30m — = -
- = Erroriviessage =
—=|  rise kd - "No error"
1m — -
=IOt =
1m —
Ready WEEE | EEGE | MOD
Table 6-30 Program Explanation
Object Title Menu Explanation
Vsub,hold,Count, Data-Constant-Real Enters input parameters of
period,DCVstress, Data-Constant-Integer hp4156b_force, hp4156b_setStress,
Pulsestress,width, hp4156b_addStressSynclv,
delay,rise,fall hp4156b_addStressSyncPulse,
hp4156b_stress.
To/From HP4156B I/O-InstrumentManager-Plug&play | Forces dc stress and pulse stress.
Status,ErrorCode, Display-AlphaNumeric Displays measurement status, error code,
ErrorMessage error message. Ignore status code 64
which is meaningless as response of
hp4156b_stress.
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CAUTION

NOTE

Sample Application Programs Using VEE

This chapter explains how to use the sample application programs stored on the
Agilent VEE Sample Program Disk furnished with Agilent 4155/4156. This chapter
consists of the following sections:

*  “Introduction”

*  “Installation”

+  “Using samplel.vee”

+  “Using sample2.vee”

*  “Customizing Sample Programs”

The program and setup files stored on the Sample Program Disk are examples only,
and may need to be customized for your specific application. Agilent Technologies

is not responsible for any damage that may occur from the use of these sample
programs.

Copy the Agilent VEE Sample Program Disk, and keep the original disk as a
backup. To store a program after modifying it, use a file name that is different than
the original program name.
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Introduction

This section introduces the sample application programs for Agilent VEE that are
furnished with the 4155/4156, and covers the following sections:

+ “Agilent VEE Sample Program Disk”

*  “What are Sample Programs?”

Agilent VEE Sample Program Disk

The Agilent VEE Sample Program Disk stores sample application programs using
Agilent VEE and VXIplug&play drivers for the 4155/4156 and the ES250A. The

sample programs can control the 4155/4156, Agilent ES250A low leakage switch
mainframe, and the Summit series semi-auto prober from Cascade Microtech, Inc.

The following files are stored on the disk.

* readme.txt

This is a text file with a brief introduction of the sample programs, installation
information, and so on.

+ samplel.vee and sample2.vee

These are program files that are executable on Agilent VEE (HP VEE version
4.0 or later). Refer to “What are Sample Programs?”.

+ sample.ppd

This file is an example of data used to control the Summit series semi-auto
prober from Cascade Microtech, Inc. The *.ppd files will be created and used by
the prober control software (PCS) furnished with the prober or supplied from
Cascade Microtech, Inc. The sample application programs require the *.ppd file
and PCS to control the prober.
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What are Sample Programs?

The Sample Program Disk stores two program files, samplel.vee and sample2.vee.
Both programs control the 4155/4156, ES250A low leakage switch mainframe, and
Cascade Summit series semi-auto prober, and do the following:

1. Probe two MOSFETSs on a die

2. Measure Id-Vg characteristics of two MOSFETs

3. Extract the threshold voltage (Vth value) for two MOSFETs
4. Store the measured data into files, and display the results

The differences between the two programs are the probing control and the display,
as shown in Table 7-1.

Table 7-1 Differences Between samplel.vee and sample2.vee
samplel.vee sample2.vee
Probing Control | Step-by-step Measurement. Sequential Measurement.

Probes the die where you specified Probes sequentially for the dies defined
the die position (x-y index) defined in the *.ppd file.
in the *.ppd file.

Display Vth value, Vth value,
Vth pass/fail status on Wafer Map, Vth pass/fail status on Wafer Map,
X-Y (Vg-1d) Graph of device 1, Histogram of Vth value,
X-Y (Vg-1d) Graph of device 2 X-Y (Vg-1d) Graph of the specified
device
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Figure 7-1

Sample Application Programs Using VEE
Introduction

Definition of Vth

The threshold voltage (Vth) is extracted by a linear interpolation using two
measurement points, which are the nearest from the targeted point for both higher
and lower directions. The targeted point (Vg_extract,Id_target) is an ideal point,
which indicates the Id_target value on the line through the two measurement points
on the Id-Vg curve. See Figure 7-1.

Definition of Vth

Definition of Vth
If Id(n)<>Id _target, Vth=Vg extract

If Id(n)=Id_target, Vth=Vg(n)

Id

(Vg (n+1),Id(n+l))

(Vg_extract, Id target)

(Vg (n),Id(n))

Vg
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Execution Mode

The samplel.vee and sample2.vee programs have five execution modes, as
described below. The default is Offline mode.

If you do not use the Cascade Summit series semi-auto prober, use samplel.vee with
Online mode, standalone, or with the ES250A. The sample2.vee program is used for
sequential test, using the semi-auto prober. The test results for sample2.vee will be
meaningless in the Online mode without the prober.

e Offline mode

Select this mode if you do not use an instrument. After program execution, the
demo (dummy) data is returned as the test result.

*  Online mode, standalone (4155/4156 only)

Select this mode if you use the 4155/4156 only. The test device is a single
MOSFET, as the 4155/4156 has four SMUs to connect and measure a 4-terminal
device simultaneously. A test fixture or manual prober is required to connect the
device.

e Online mode with E5250A

Select this mode if you use the 4155/4156 and E5250A.. A test fixture or manual
prober is required to connect the devices.

*  Online mode with semi-auto prober

Select this mode if you use the 4155/4156 and the Cascade Microtech Summit
series semi-auto prober. The test device is a single MOSFET, as the 4155/4156
has four SMUs to connect and measure a 4-terminal device simultaneously.

* Online mode, fully automatic
Select this mode if you use the 4155/4156, E5S250A, and the Cascade Summit

series semi-auto prober.

The sample programs require that the ES250A be installed with two E5252A matrix
cards. They must be installed in slots 1 and 2 of the E5250A mainframe.
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Measurement Connection and Source Setup

Figure 7-2 shows the measurement connection for instruments, the prober and
devices. This setup is for the fully automatic Online mode. For other modes, ignore
the equipment not used. This figure also shows the default source setup.

Figure 7-2 Measurement Connection and Source Setup
4155/4156 IN E5250A
SMU1 1
SMU2 2
SMU3 3
SMU4 4
®)
112 (3 14 |57 |9 |23
OouUT
0.5
"4
1 /]o.sv S| G| D G| D| S
to 1 1
3.0v |0V |0V — W
VAR VAR VARV Sue soB
Devicel Device2
Cascade Summit series semi-auto prober
NOTE To avoid misconnection, pay close attention to the die (devicel and device2) and the
pin assignment of the probe card, if used.
NOTE In Figure 7-2, OUT 1 to 9 indicates output port 1 to 9 of the matrix card installed in
slot 1 of the E5250A; OUT 23 indicates output port 11 of the card installed in slot 2

of the E5250A.
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Measurement Data Files
The sample programs create three types of data files, as shown below.
info.txt Information file. Title, date, and comment are included.

vthn.txt Vth data file. If 5 dies are tested, 5 data are included. For the file
name, 7 is 1 or 2 (1 for devicel, 2 for device2).

dnvgidxy.txt Row measurement data file of Id-Vg curve. If 5 dies are tested,

the program creates 10 data files (5 files/device). The file names
n, x, and y indicate the following:

n: 1 or 2 (1 for devicel, 2 for device2).
x: X-index of the die position.

»: Y-index of the die position.

Figure 7-3 Example of Data Files Created by Sample Programs
dlvgid55.txt
info.txt (5,5[) Device 1 Vg-Id Data
g [V 1d [A] Id Status
Data Save Directory for HP4155B/4156B Sample Program :i?gE:g} gggg:}g 8
Mon 15/Jun/1998 14:14:30 —3.25E-01 7.06E-15 0
ey dmen
-6.25E-02 6.00E-15 0
2.50E-02 5.06E-15 0
113E-01 6.89E-15 0
2.00E-01 2.87E-14 0
2.88E-01 461E-13 0
3.75E-01 917E-12 0
553801 28 8
vthl.txt i '
Device 1 Vth Table ., . /\/
X Index Y Index Vth [V]
5 7 9.21E-01
7 : s
§ g gggg—gl d2vgid55.txt
’ (5'58 Device 2 Vg-Id Data
Vg [V Id [A] Id Status
£ 00E-01 9.00E-15 0
-4.13E-01 8.00E-15 0
vth2.txt -3.25E-01 8.00E-15 0
-2.38E-01 8.00E-15 0
-1.50E-01 7.00E-15 0
Device 2 Vth Table . . —-6.25E-02 6.00E-15 0
X Index Y Index Vth [V] 2.50E-02 6.00E-15 0
7 9.10E-01 1.13E-01 6.00E-15 0
7 5 9.19E-01 2.00E-01 5.00E-15 0
5 5 9.06E-01 2.88E-01 6.99E-15 0
3 5 9.22E-01 3.75E-01 2.99E-14 0
5 3 9.09E-01 4.63E-01 4.85E-13 0
5.50E-01 9.67E-12 0
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Installation

This section explains the equipment and accessories required to use the sample
programs, and how to install the programs.

Required Equipment and Accessories

1.

PC (AT-compatible) for Windows

Agilent VEE (HP VEE version 4.0 or later) and the VXIplug&play drivers for
the 4155/4156 and E5250A must be installed in your PC and ready for use. See
Chapter 1.

A 3.5 inch flexible disk drive must be connected to your PC to install the sample
programs.

If you use the Cascade Microtech Summit series semi-auto prober, the prober
control software (PCS) supplied by Cascade Microtech, Inc. must be installed in
your PC and the prober must be connected to your PC via Cascade’s interface.
For the interface, and the operating system supported by the PCS, contact
Cascade Microtech, Inc.

Agilent VEE Sample Program Disk
Agilent 4155 or 4156 Semiconductor Parameter Analyzer
Agilent ES250A Low Leakage Switch Mainframe

Two E5252A matrix cards are required and must be installed in slot 1 and 2 of
the E5250A.

Cascade Microtech Summit Series Semi-Auto Prober

If you do not use the semi-auto prober, prepare the manual prober or test fixture,
such as Agilent 16442A/B, to connect the test devices.

Connection Cables
Four triaxial cables are required to connect the 4155/4156 and E5250A.

Eight triaxial cables are required to connect the ES250A and the prober or test
fixture. You will also need coaxial cables, probe card, manipulators, or wire to
connect the test devices.

Two GPIB cables are required to connect the instruments and the PC.
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Installing the Sample Programs

1. Make a working directory where you can install and execute the sample
programs, using Windows Explorer.

2. Create a subdirectory in the working directory. The subdirectory will be used to
save the measurement data files.

3. Insert the Agilent VEE Sample Program Disk into the flexible disk drive
connected to your PC.

4. Copy all of the files on the disk to the working directory.

Figure 7-4 Installing Sample Programs

L SampleProg <——— Working Directory
samplel.vee
sample2.vee

sample.ppd
readme. txt

data <————————— Subdirectory
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Using samplel.vee

This section covers the following topics.

*  “Program Execution Flow”

* “Panel Display”

*  “To Execute samplel.vee”

For the wafer test using the Summit series semi-auto prober from Cascade

Microtech, Inc., create your own probe plan file (*.ppd). The sample.ppd file stored
on the Agilent VEE Sample Program Disk is an example only.
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Program Execution Flow

The execution flow of the samplel.vee program is shown in Figure 7-5 and
Table 7-2.

Figure 7-5 Execution Flow of samplel.vee
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Table 7-2 Execution Flow of samplel.vee
Object Explanation
1 | H/W Configuration Defines execution mode. Set the mode before running samplel.vee.
2 | Save Directory, Defines name of the subdirectory to save the measurement result
Init G data dir data. See “Installing the Sample Programs” on page 10.
3 Save Info File Defines and saves the information file (info.txt) which contains title,

date, and comments for the subdirectory. You can enter comments.
See “Measurement Data Files” on page 8.

4 | Init Prober Initializes Cascade Summit series semi-auto prober, if used.
5 Init Instrument Initializes instrument, if used.
6 1, Init G 1st meas Sets G_1st_meas value. If G_1st_meas=1, header lines are written in
vth1.txt and vth2.txt. See “Measurement Data Files” on page 8.
7 | Until Break Repeats the following sequence until a break occurs.
8 | Start Measurement Triggers the start of the measurement.
9 X Index, Init G xidx, Defines X and Y index of the die tested. The index must be defined in
Y Index, Init G yidx the *.ppd file used.
10 | Goto Next Die, Break Probes the die specified by the X-Y index. Breaks if X index < 0.
11 | Devicel Vth Measurement | Executes Id-Vg measurement, extracts Vth, and saves measurement
Device2 Vth Measurement | results. See “Measurement Data Files” on page 8.
12 | Devicel Vg-Id Graph Displays 1d-Vg measurement result graphs of Device 1 and 2. See
Device2 Vg-1d Graph Figure 7-6.
13 | Show Result Displays Vth value and wafer map. See Figure 7-6. Devl Vth and
Dev2 Vth show Vth value, and the field below shows wafer map.
14 | Update G 1st meas Sets G_1st_meas variable to 0.
15 | Reset Instrument Resets the instruments.
16 | Reset Prober Resets the prober.
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Panel Display

The samplel.vee program displays the following data and graph. See Figure 7-6.

Vth Displays Vth value of device 1 and 2. The data is in volts.

Vg-1d Graph Displays 1d-Vg curve of device 1 and 2.

X, Y Index Displays wafer map of Vth value using the following
characters.

Both device 1 and 2 test data are within the allowable range.
F1: Device 1 test data is out of the allowable range.
F2: Device 2 test data is out of the allowable range.
F3: Both device 1 and 2 test data are out of the allowable range.

The allowable range is specified by Dev1(2) Vth Min and
Dev1(2) Vth Max input fields. Min field sets the lower limit,
and Max field sets the upper limit.

Figure 7-6 Panel Display of samplel.vee

£ HP VEE - Samplel M= B
File  Edit ‘“iew Debug Flow Device |/0 Data Display Window Help

] =21 = = = s Y s
HP41558/41568 Sample Pi| (2] Main

2@ Main Warranty Disclaimer

= Device 1 %o-Id Graph |

Deviza 1 v orapn (0
Device 1 ¥th Measure 14
Device 2 ¥g-ld Graph —| Save Directory | —| Load PFDFie |
Device 2 vth Measure [Hata Fample PPD e
Goto Next Die o
Hw Configuration | Hindex =] Y Index |
Init Instrument [ [3 5taE)> 1}
Init Prober — Show Result [ "
Reset Instrument
Reset Frober —| Deviwthmin | — Devlvth | =] Dewlwin Max | -0.5 3
Save Infa File 06 | . g 0.5/

Show Result w1272 v, 3.479n

=| DevZwthMin | | =| Dev2wih | | =| Devzwih Max |
0.8 ! = Device 2 Yo-ld Graph
% Index Id
log
vg-Id
>
¥ Index staE) o
1
-0.5 3
Vg 0.5¢
¥ 1272y 3479n
Al DI
Ready VEES [FROF [MOD] /|

7-14 Agilent 4155C/4156C VXIplug&play Driver User’s Guide, Edition 4



NOTE

Table 7-3

Sample Application Programs Using VEE
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To Execute samplel.vee

Before executing the samplel.vee program, do the following.

If you execute samplel.vee in Offline mode, skip steps 1 through 5.

1.
2.

Connect GPIB cables between your PC and the instruments being used.

Confirm that the semi-auto prober is connected to your PC via Cascade’s
interface, or connect the prober to your PC, if used.

Connect the measurement cables between the instruments and the prober or test
fixture being used. See “Measurement Connection and Source Setup” on page 7.

Turn on the instruments and the semi-auto prober being used, if applicable.

Display the SYSTEM: MISCELLANEOUS screen on the 4155/4156. Select
NOT SYSTEM CONTROLLER in the 4155C/4156C is field.

Run Agilent VEE. If this is the first time using Agilent VEE and VXIplug&play
drivers for the 4155/4156 and E5250A, register the drivers at this time. See
“Programming Basics” on page6-3.

Open the samplel.vee program.

Display the program (Figure 7-5) and double click the H/W Configuration
object. The panel of this object is displayed.

On the panel, select the check button of the instruments being used and the
semi-auto prober, if used. See Table 7-3.

H/W Configuration Object Check Button Setup

Execution Mode 4155/56 Es250A | Semi-Auto
Prober
Online, standalone check
Online, with E5250A check check
Online, with prober check check
Online, fully automatic check check check
Offline
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To execute the samplel.vee program, do the following.

If you execute samplel.vee in Offline mode, skip steps 3, 5, and 6.

1.

Create a directory (Example: C:\lotI\test]\data) to be used to save the
measurement data. To create a directory, use Windows Explorer. See “Installing
the Sample Programs” on page 10.

Display the panel (Figure 7-6) and enter the following input fields.

Save Directory Enter the name of the directory to save measurement data.
Enter only the name if the directory is under the current
directory which this program is stored, or enter the entire
path to specify another directory, such as C:\lotl\test1\data.

Load PPD File Enter the file name of the probe plan data file (*.ppd) for
the Cascade Microtech Prober Control Software. Ignore
this field if you do not use the semi-auto prober.

Devl Vth Min/Max Enter the allowable range of device 1 Vth value. Min field
sets the lower limit, Max field sets the upper limit.

Dev2 Vth Min/Max Enter the allowable range of device 2 Vth value. Min field
sets the lower limit, Max field sets the upper limit.

Connect the device.

If you use the semi-auto prober, load a wafer on the prober, and keep the platen
handle up.

If you do not use the semi-auto prober, connect devices (two MOSFETSs) to a test
fixture, or load a wafer on a manual prober and probe a die tested.

Click the run button on the Agilent VEE menu bar. If you use the semi-auto
prober, the Wait the DDE Server setup dialog box is displayed, and the Cascade
Microtech prober control software is called. See Figure 7-7

If you do not use the semi-auto prober, skip steps 5 and 6.

Click Continue. A window for the prober control software is displayed as shown
in Figure 7-8.

This example shows the SAMPLE.PPD window of the prober control software.
The title of the window will be the file name you entered in the Load PPD File
input field in step 2.

Move the wafer to align the probes over the probe plan alignment position, then
click OK in the ALIGN PROBES dialog box.
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Figure 7-8

Sample Application Programs Using VEE

Using samplei.vee
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Sample Application Programs Using VEE
Using sample1.vee

7. Enter the X-Y index of the die to be tested in the X Index and Y Index input
fields. Only the index defined in the *ppd file is effective for this test.

8. Click Start Measurement. The program executes the Id-Vg measurement,
extracts Vth value, displays the results, and stores the data into files. The
program then waits for your input.

Execution Example of samplel.vee
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9. Repeat steps 7 and 8 for all dies to be tested.
10. To stop the program, click the stop button on the Agilent VEE menu bar.

In Offline mode, the program returns the dummy data instead of the raw
measurement data in step 8.

A wafer map is also displayed in the Cascade Microtech Prober Control Software
* ppd window. This window indicates results by using the following color scheme.

Green: Both device 1 and 2 test data are within the allowable range.
Yellow: Device 1 test data is out of the allowable range.
Magenta: ~ Device 2 test data is out of the allowable range.

Red: Both device 1 and 2 test data are out of the allowable range.

To exit the Cascade Microtech prober control software, select the File-Exit menu of
the Cascade Microtech DDE Server window, then click Yes in the Halt Cascade
DDE Server dialog box.
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Using sample2.vee

This section covers the following topics.

*  “Program Execution Flow”

* “Panel Display”

*  “To Execute sample2.vee”

For the wafer test using the Summit series semi-auto prober from Cascade

Microtech, Inc., create your probe plan file (*.ppd). The sample.ppd file stored on
the Agilent VEE Sample Program Disk is an example only.
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Using sample2.vee

Program Execution Flow

The execution flow of the sample2.vee program is shown in Figure 7-10 and

Table 7-4.

Figure 7-10 Execution Flow of sample2.vee
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Table 7-4 Execution Flow of sample2.vee
Object Explanation
1 | Until Break Repeats the following sequence until a break occurs.
2 | Start Measurement Triggers the start of the wafer test.
3 | H/W Configuration Defines execution mode. Set the mode before running sample2.vee.
4 | Save Directory, Defines name of the subdirectory to save measurement result data.
Init G data dir See “Installing the Sample Programs” on page 10.
6 | Save Info File Defines and saves the information file (info.txt) which contains title,
date, and comments for the subdirectory. You can enter comments.
See “Measurement Data Files” on page 8.
7 | Init Prober Initializes Cascade Summit series semi-auto prober, if used.
8 Init Instrument Initializes instruments, if used.
9 1, Init G 1st meas Sets G_1st_meas value. If G_1st_meas=1, the prober sets the first die
to probe, and header lines are written in vth1.txt and vth2.txt.
See “Measurement Data Files” on page 8.
10 | Goto Next Die, Break Probes the die to test. The die and probing sequence depend on the
* ppd file used. Breaks if the test was completed for all die.
11 | Get G xidx, Get G yidx Gets and displays the X-Y index of the die now tested.
Current X, Y Index
13 | Devicel Vth Measurement | Executes Id-Vg measurement, extracts Vth, and saves measurement
Device2 Vth Measurement | results. See “Measurement Data Files” on page 8.
14 | Show Result Displays Vth value and wafer map. See Figure 7-11. Devl Vth and
Dev2 Vth show Vth value, and the field below shows wafer map.
15 | Update G Ist meas Sets G_Ist_meas variable to 0.
16 | Reset Instrument Resets the instruments.
17 | Reset Prober Resets the prober.

View Vg-Id Graph

Displays Id-Vg curve of the device you select.

View Vth Histogram

Displays histogram for Vth of the device you select (device 1 or
device 2).
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Panel Display

The sample2.vee program displays the following data and graph. See Figure 7-11.

Vth

Histogram

Vg-Id Graph

X, Y Index

Displays Vth value of device 1 and 2. The data is in volts.

Displays histogram of Vth value for the device selected. Enter
the file name, then click View to display the histogram.

Displays 1d-Vg curve for the device selected. Enter the file
name, then click View to display the graph.

Displays wafer map of Vth value using the following
characters.

.. Both device 1 and 2 test data are within the allowable range.
F1: Device 1 test data is out of the allowable range.
F2: Device 2 test data is out of the allowable range.
F3: Both device 1 and 2 test data are out of the allowable range.

The allowable range is specified by Dev1(2) Vth Min and
Dev1(2) Vth Max input fields. Min field sets the lower limit,
and Max field sets the upper limit.

Panel Display of sample2.vee
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To Execute sample2.vee

Before executing the sample2.vee program, do the following.

If you execute sample2.vee in Offline mode, skip steps 1 through 5.

1.
2.

Connect the GPIB cables between your PC and the instruments being used.

Confirm that the semi-auto prober is connected to your PC via Cascade’s
interface, or connect the prober to your PC, if used.

Connect the measurement cables between the instruments and the prober or test
fixture used. See “Measurement Connection and Source Setup” on page 7.

Turn on the instruments and the semi-auto prober being used, if applicable.

Display the SYSTEM: MISCELLANEOUS screen on the 4155/4156. Then
select NOT SYSTEM CONTROLLER in the 4155C/4156C is field.

Run Agilent VEE. If this is the first time using Agilent VEE and VXIplug&play
drivers for the 4155/4156 and E5250A, register the drivers at this time. See
“Programming Basics” on page6-3.

Open the sample2.vee program.

Display the program (Figure 7-10) and double click the H/W Configuration
object. The panel for the object is displayed.

On the panel, select the check button of the instruments and the semi-auto prober
being used, if applicable. See Table 7-5.

H/W Configuration Object Check Button Setup

Execution Mode 4155/56 Es250A | Semi-Auto
Prober
Online, standalone check
Online, with E5250A check check
Online, with prober check check
Online, fully automatic check check check
Offline
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To execute the sample2.vee program, do the following.

If you execute sample2.vee in Offline mode, skip steps 4, 6, and 7.

1.
2.

Click the run button on the Agilent VEE menu bar.

Create a directory (Example: C:\lotl\test]\data) to save the measurement data.
To create a directory, use Windows Explorer. See “Installing the Sample
Programs” on page 10.

Enter the following input fields.

Save Directory Enter the name of the directory to save measurement data.
Enter only the name if the directory is under the current
directory where this program is stored, or enter the entire
path to specify a different directory, such as
C:\lot1\test1\data.

Load PPD File Enter the file name of the probe plan data (*.ppd) file for
Cascade Microtech Prober Control Software. Ignore this
field if the semi-auto prober is not used.

Devl Vth Min/Max Enter the allowable range of Vth value for device 1. Min
field sets the lower limit, Max field sets the upper limit.

Dev2 Vth Min/Max Enter the allowable range of Vth value for device 2. Min
field sets the lower limit, Max field sets the upper limit.

Connect the device.

If you use the semi-auto prober, load a wafer on the prober, and keep the platen
handle up.

If you do not use the semi-auto prober, connect devices (two MOSFETSs) to a test
fixture, or load a wafer on a manual prober and probe a die tested.

Click Start Measurement. If you use the semi-auto prober, the Wait the DDE
Server setup dialog box is displayed, and the Cascade Microtech prober control
software is called. See Figure 7-12

If you do not use the semi-auto prober, skip steps 6 and 7.

Click Continue. A window of the prober control software is displayed as shown
in Figure 7-13.

This example shows the SAMPLE.PPD window of the prober control software.
The title of the window will be the file name you entered in the Load PPD File
input field in step 3.
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Figure 7-12 Running sample2.vee with Cascade Microtech Prober Control Software (1)
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7. Move the wafer to align the probes over the probe plan alignment position, then
click OK in the ALIGN PROBES dialog box.

8. Wait until wafer test is completed. The program executes the I1d-Vg
measurement, extracts Vth value, displays the results, and stores the data into
files. The program then waits for your input.

Executlon Example of sample2.vee
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9. Repeat step 2 through 8 for all Wafers to be tested
10. To stop the program, click the stop button on the Agilent VEE menu bar.

In Offline mode, the program returns the dummy data instead of the raw
measurement data in step 8.

A wafer map is also displayed in the Cascade Microtech Prober Control Software
* ppd window. The window indicates the results by using the following color
scheme.

Green: Both device 1 and 2 test data are within the allowable range.
Yellow: Device 1 test data is out of the allowable range.
Magenta:  Device 2 test data is out of the allowable range.

Red: Both device 1 and 2 test data are out of the allowable range.

To exit the Cascade Microtech Prober Control Software, select the File-Exit menu of
the Cascade Microtech DDE Server window. Then click Yes in the Halt Cascade
DDE Server dialog box.
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Customizing Sample Programs

This section offers examples of modifications to the samplel.vee and sample2.vee
programs:

* “To Change an GPIB Address”

*  “To Change the Vth Measurement Setup”
*  “To Remove a Test Device”

*  “To Remove a Source Output”

*  “To Add a Test Device”

e “To Add a Measurement Parameter”
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Figure 7-15

Sample Application Programs Using VEE
Customizing Sample Programs

To Change an GPIB Address

You can change the GPIB address of the 4155/4156 and E5250A by using the
Agilent VEE Instrument Manager.

1.

Select the I/O-InstrumentManager menu from the Agilent VEE menu bar. The
Instrument Manager dialog box is displayed.

Select the instrument (Example: HP4156B) from the Instrument Manager dialog
box, and then click Edit. The Device Configuration dialog box is displayed.

Enter the new address in the Address field. For example, enter “717”.

Click Advanced I/O Config. The Advanced Device Configuration dialog box is
displayed.

Select the Plug&play Driver Tab, and then enter the new address in the Address
field. For example, enter “GPIB0::17::INSTR”.

Click OK in the Advanced Device Configuration dialog box.
Click OK in the Device Configuration dialog box.

Click Save Config in the Instrument Manager dialog box to register the new
address.

To Change an GPIB Address

1
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Figure 7-16

Sample Application Programs Using VEE
Customizing Sample Programs

To Change the Vth Measurement Setup

You can change the 4155/4156 source setup and the E5250A switching setup by
editing the Device 1 (or 2) Vth Measurement object. See Figure 7-16.

1.

Open the samplel.vee or sample2.vee program.

2. Double click Device 1 (or 2) Vth Measurement in the Agilent VEE program
explorer. The Device 1 (or 2) Vth Measurement object is displayed.

3. Change the Device ID for MOSFET if needed, using a string format.

4. Change the setup for all terminals for MOSFET.
Pin E5250A output channel number; 1 to 24 are available.
SMU Ch 4155/4156 SMU number; 1 to 4 are available.
Voltage SMU output voltage (in volts).
Start,Stop Voltage SMU output voltage for Vg sweep (in volts).

5. Change the target Id for extracting Vth. See “Definition of Vth” on page 5.

6. Change the number of measurement points in a sweep; 2 to 256 are available.

Vth Measurement Panel Display
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NOTE If you want to change other source setup parameters, such as compliance, you will
need to change the setup of the To/From object, by doing the following.

1. Display the program for the Device 1 (or 2) Vth Measurement object.
2. Open the Vth Measurement object, and display the program.

3. Open the Pre-Setup object, and then open the Setup4155 object.

4. Double click hp4156b_force and display the Edit Function Panel.
5

Change the setup value on the panel.

To Remove a Test Device

If your test die includes only one MOSFET, modify the program as shown below.
This example modifies sample2.vee, and removes objects for device 2.

1. Cut the Device 2 Vth Measurement object from the Main program display.

2. Connect the control line between the Device 1 Vth Measurement object and the
Update G 1st meas object.

3. Open the Show Result object using the Agilent VEE program explorer.

Figure 7-17 To Remove a Test Device (1)
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Display the Show Result object program, and cut the following seven objects.

Dev2 Vth, Dev2 Vth Min, Dev2 Vth Max, If Vth Pass (for device2)

If/Then/Else
F2, F3

Delete the input terminal Vth2.

Add the Flow-1f/Then/Else object, and enter A, then connect the lines:

between If Vth Pass and If/Then/Else A terminal

between If/Then/Else Then terminal and P

between If/Then/Else Else terminal and F1

7. Double click the JCT object, and delete the input terminals C and D.

Figure 7-18
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To Remove a Test Device (2)
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To Remove a Source Output

If the number of terminals for your device is less than four, modify the program as
shown below. This example modifies sample2.vee, and removes objects for the
substrate terminal of device 1 (the example does not modify the objects for

device 2).

1. Open the Vth Measurement object using the Agilent VEE program explorer.
2. Display the program, and cut the following three objects.
*  Substrate SMU Ch
* Substrate Pin
» Substrate Voltage
3. Open the Formula object, and delete the sub_ch and sub_pin input terminals.
4. Change the formula, defined in the Formula object, as shown below.
[drain_ch*100+drain_pin, gate ch*100+gate pin, source ch*100+source pin, 0]
Figure 7-19 To Remove a Source Output (1)
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5. Open the Pre-Setup object, and delete the sub_ch and Vsub input terminals.
6. Open the Setup 4155 object, and delete the sub_ch and Vsub input terminals.

7. Delete the hp4156b_force(instrHandle,sub_ch,.....) function from the Setup
4155 object.

Figure 7-20 To Remove a Source Output (2)
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To Add a Test Device

If your test die includes three MOSFETSs, modify the program as shown below. This
example modifies sample2.vee, and adds the Vth measurement and display objects
for the third MOSFET.

1. Copy and paste the Device 2 Vth Measurement object on the Main program
display, and change the title to Device 3 Vth Measurement.

2. Change the measurement setup, Device ID String, pin, voltage, and so on, for
the third device on the panel display of the Device 3 Vth Measurement object.
See “To Change the Vth Measurement Setup” on page 29.

3. Cut the line between the Device 2 Vth Measurement object and Update G 1st
meas object, then connect the lines as shown below.

¢ between Device 2 Vth Measurement and Device 3 Vth Measurement
* between Device 3 Vth Measurement and Update G 1st meas

4. Open the Show Result object program display, and add the Vth3 input terminal.
See Figure 7-22.

5. Open the If/Then/Else object, and add the t3 input terminal.

Figure 7-21 To Add a Test Device (1)
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6. Copy and paste the following four objects, and change title Dev2 to Dev3.
¢ Dev2 Vth Min, Dev2 Vth Max, Dev2 Vth, and If Vth Pass

7. Connect the lines shown below:

* between Vth3 terminal and Dev3 Vth object
* between Vth3 terminal and the data input terminal of If Vth Pass object
* between If Vth Pass and t3 input terminal of If/Then/Else object

8. Change the definition of the If/Then/Else object as shown in Figure 7-22.

9. Copy and paste P, F1, F2 and F3 objects, and change the title and entry to F4, F5,
F6, and F7, respectively.

10. Cut the line between Else and F3, and connect lines for F3, F4, F5, F6, and F7 as
shown in Figure 7-22.

11. Open the JCT object, create an additional four input terminals, and connect the
lines for E, F, G, and H as shown in Figure 7-22.

12. Open the Dev3 Vth, Dev3 Vth Min, and Dev3 Vth Max objects, and select them.
Then click the Add to Panel button. The objects are added to the Show Result
panel display. Adjust the position and size of the objects.

Figure 7-22 To Add a Test Device (2)
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13. Open the Main program display, and connect the line between the Vth terminal
of the Dev3 Vth Measurement object and the Vth3 terminal of the Show Result
object.

14. Click the right mouse button on the Show Result object, and select the Restore
menu. The Show Result object panel display is restored on the Main program
display.

15. Select the restored Show Result object, and click the Add to Panel button. The
object is added to the Main panel display. Delete the old Show Result object, and
adjust the position and size of the new Show Result object.

Figure 7-23 To Add a Test Device (3)
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NOTE

Figure 7-24

Sample Application Programs Using VEE
Customizing Sample Programs

The modification example shown above changes the meaning of the wafer map
result display as shown below.

P
Fl1
F2
F3
F4
Fs
F6
F7

Test results of all devices are within the allowable range.
Device 1 test result is out of the allowable range.

Device 2 test result is out of the allowable range.

Device 3 test result is out of the allowable range.

Test results of device 1 and 2 are out of the allowable range.
Test results of device 2 and 3 are out of the allowable range.
Test results of device 1 and 3 are out of the allowable range.

Test results of all devices are out of the allowable range.

To Add a Measurement Parameter

If you want to add a measurement parameter, such as drain current Id, modify the
program as shown below. This example modifies sample2.vee for device 1 only
(this example does not modify the objects for device 2).

Adds the measurement function to the Measurement object.

Adds the object to set the dummy data to the Meas 4155 (Offline) object.

Adds the object to set the measurement source to the Vth Measurement object.
Adds the object to save the measured data to the Device | Measurement object.

Modifies the Show Result object and the Main panel display.

Id Measurement Setup

4155/4156 IN E5250A
SMU1 1
SMU2 2
SMU3 3
SMU4 4

0.5V ouT

“Ta.ov s| G| D G| | s
ov oV e fi

Devicel Device2

Cascade Summit
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To Add the Measurement Function and Dummy Data

1. Open the Measurement object using the Agilent VEE program explorer.

2. Create the Vg_spot input terminal in the Measurement object as shown in
Figure 7-25.

3. Open the Meas 4155 object, and add the following three functions. Then set the
parameters shown using the Edit Function Panel of each function.

*  hp4156b opc_Q function
*  hp4156b_force function
channel : Use gate ch variable.

a
b. mode : VOLTAGE OUTPUT

i34

range : 0
d. value : Use Vg variable, and create Vg input terminal.
e. comp: lm
f. polarity : AUTO
*  hp4156b_spotMeas function
channel : Use drain_ch variable.
b. mode : CURRENT MEASUREMENT
c. range:0
d. wvalue : Use spot_id variable, and create spot_id output terminal.
e. status : Use spot_id_s variable, and create spot_id_s output terminal.

4. Connect the line between the Vg_spot input terminal and the Vg input terminal
of the Meas 4155 object.

5. Add two Flow-Junction (JCT) objects.
6. Create the spot_id and spot_id_s output terminals in the Measurement object.

7. Connect the lines from the spot_id terminal of the Meas 4155 object to the
spot_id terminal of the Measurement object via the JCT object.

Then connect the lines from the spot_id_s terminal of the Meas 4155 object to
the spot_id_s terminal of the Measurement object via the JCT object.

8. Open the Meas 4155 (Offline) object.
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9. Add the Data-Constant-Real and Data-Constant-Integer objects, and set the title
to spot_id and spot_id_s, respectively. Then enter “1u” to the entry field of the
spot_id object.

10. Create the spot_id and spot_id_s output terminals in the Meas 4155 (Offline)
object.

11. Connect the line between the spot_id object and the spot_id terminal.
Then connect the line between the spot_id_s object and the spot_id_s terminal.

12. Connect the line between the spot_id terminal of the Meas 4155 (Offline) object
and the JCT object connected to the spot_id terminal.

Then connect the line between the spot_id s terminal of the Meas 4155 (Offline)
object and the JCT object connected to the spot_id_s terminal.
Figure 7-25 To Add the Measurement Function and Dummy Data
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B HP VEE - Sample2

File  Edit

Sample Application Programs Using VEE
Customizing Sample Programs

To Set the Id Measurement Source

L.

To Set the Id Measurement Source

Wiew Debug Flow Device |/0 Dala

Display Window Help

Open the Vth Measurement object program display, and change the title to
Vth/Id Measurement.

Add the Data-Constant-Real object, set the title to Vg_spot, and enter any value
for gate voltage in volts. This example enters 3.

Connect the line between the Vg_spot object and the Vg_spot terminal of the
Measurement object.

Create the spot_id and spot_id_s output terminals in Vth/Id Measurement object.

Then connect lines between the spot_id terminal of the Measurement object and
the spot_id output terminal, and between the spot_id_s terminal of the
Measurement object and the spot_id s output terminal.
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To Save Measurement Data

L.

© x» =2

Open the Device 1 Vth Measurement object program display, and change the
title to Device 1 Measurement.

Create the spot_id and spot_id_s output terminals.

Connect the lines between the spot_id terminal of the Vth/Id Measurement
object and the spot_id output terminal, and between the spot_id_s terminal of the
Vth/Id Measurement object and the spot_id s output terminal.

Copy and paste Save Vth Table, and change the title to Save Id Table.

Connect the lines between the Device Id String object and the devIdStr terminal
of the Save Id Table object, and between the spot_id terminal of the Vth/Id
Measurement object and the Vth terminal of the Save Id Table object.

Open the Save Id Table object panel display.

Change the characters V¢h in the File Name entry field to /d.
Change the characters V¢4 in the Title entry field to /d.
Enter Id [A] into the Vth Label entry field.

To Save Measurement Data
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Figure 7-28

Sample Application Programs Using VEE
Customizing Sample Programs

To Modify the Show Result and Main Panel Displays

Open the Show Result object program display.

2. Add the Display-Alphanumeric object, and set the title to Dev1 Id.

3. Create the spot_id input terminal.

4. Connect the line between the spot_id terminal and the Dev1 Id object.

5. Click the Dev Id object, then click the Add to Panel button. The Dev Id object is
added to the panel display of the Show Result object. Adjust the position and
size of the object.

6. Open the Main program display, and connect the line between the Show Result
object spot_id terminal and the Device 1 Measurement object spot_id terminal.

7. Click the right mouse button on the Show Result object, and select Restore
menu. The restored Show Result object is displayed.

8. Click the restored Show Result object, and click the Add to Panel button. The

object is added to the Main panel display. Delete the old Show Result object
from the panel, and adjust the position and size of the new Show Result object.

To Modify Show Result and Main Panel

Add to Panel button 8
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