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Legal Notice

The information contained in this document is subject to change without notice.

Copyright © 1997, 1998 Agilent Technologies

This document contains information which is protected by copyright. All rights are
reserved. Reproduction, adaptation, or translation without prior written permission
is prohibited, except as allowed under the copyright laws.

Product Warranty

Agilent Technologies warrant Agilent Technologies hardware, accessories and
supplies against defects in materials and workmanship for the period of one year
from the warranty start date specified below. If Agilent Technologies receive
notice of such defects during the warranty period, Agilent Technologies will, at
its option, either repair or replace products which prove to be defective.
Replacement products may be either new or like-new.

Warranty service of this product will be performed at Agilent Technologies.
Buyer shall prepay shipping charges to Agilent Technologies and Agilent
Technologies shall pay shipping charges to return the product to Buyer.
However, Buyer shall pay all shipping charges, duties, and taxes for products
returned to Agilent Technologies from another country.

Agilent Technologies do not warrant that the operation of Agilent Technologies
products will be uninterrupted or error free. If Agilent is unable, within a
reasonable time, to repair or replace any product to a condition as warranted,
customer will be entitled to a refund of the purchase price upon prompt return of
the product.

The Agilent Technologies products may contain remanufactured parts
equivalent to new in performance or may have been subject to incidental use.

The warranty period begins on the date of delivery or on the date of installation
if installed by Agilent Technologies. If customer schedules or delays Agilent
Technologies installation more than 30 days after delivery, warranty begins on
the 31st day from delivery.

Warranty does not apply to defects resulting from (a) improper or inadequate
maintenance or calibration, (b) software, interfacing, parts or supplies not
supplied by Agilent Technologies, (c) unauthorized modification or misuse, (d)
operation outside of the published environmental specifications for the product,
or (e) improper site preparation or maintenance.
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To the extent allowed by local law, the above warranties are exclusive and no
other warranty or condition, whether written or oral, is expressed or implied and
Agilent Technologies specifically disclaim any implied warranties or conditions
of merchantability, satisfactory quality, and fitness for a particular purpose.

Agilent Technologies will be liable for damage to tangible property per incident
up to the greater of $300,000 or the actual amount paid for the product that is the
subject of the claim, and for damages for bodily injury or death, to the extent
that all such damages are determined by a court of competent jurisdiction to
have been directly caused by a defective Agilent Technologies product.

To the extent allowed by local law, the remedies in this warranty statement are
customer’s sole and exclusive remedies. Expect as indicated above, in no event
will Agilent Technologies or its suppliers be liable for loss of date or for direct,
special, incidental, consequential (including lost profit or date), or other damage,
whether based in contract, tort, or otherwise.

For consumer transactions in Australia and New Zealand: the warranty terms
contained in this statement, except to the extent lawfully permitted, do not
exclude, restrict or modify and are in addition to the mandatory statutory rights
applicable to the sale of this product to you.

e Assistance

Product maintenance agreements and other customer assistance agreements are
available for Agilent Technologies products.

For any assistance, contact your nearest Agilent Technologies Sales Office.
* Certification

Agilent Technologies Inc. certifies that this product met its published
specifications at the time of shipment from the factory. Agilent further certifies
that its calibration measurements are traceable to the National Institute of
Standards and Technology (NIST), to the extent allowed by the Institute’s
calibration facility, and to the calibration facilities of other International
Standards Organization members.
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In This Manual

This manual provides information about VXlIplug&play driver for Agilent
4155B/4156B. This manual also introduces two sample application programs using
HP VEE and the VXIplug&play driver for the 4155B/4156B.

Installation

This chapter describes hardware and software requirements to use
the 4155B/4156B VXlplug&play driver, and how to install the driver.

Driver Functions

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

Programming Examples Using HP VEE

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

Sample Application Programs For HP VEE

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

Installation

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

+  “Software Requirements”

+ “Hardware Requirements with HP VEE”

+ “Installing 4155B/4156B Driver”

The hardware required depends on the operating system and programming language
used. This manual provides hardware requirements when using the driver with

HP VEE software. When using the driver with a programming language other than
HP VEE, refer to the appropriate programming manual.
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NOTE

NOTE

Installation
Software Requirements

Software Requirements

The following software is required to use the VXIplug&play driver for the
4155B/4156B. You can select one from Windows NT and Windows 95. You can
also select the most comfortable programming language to develop and run
programs.

*  Operating System
*  Windows NT revision 3.51 or later
*  Windows 95
+ 32-bit VISA 1/O Library
1/O Library for GPIB Interface Card, or equivalent

* Programming Environment

+ HP VEE
*  Microsoft Visual Basic
*  Microsoft Visual C++
» Borland C/C++
* LabView
+ LabWindows
*  VXlplug&play Driver Disk (furnished with the 4155B/4156B)

*  4155B/4156B Plug&Play Driver Disk
» E5250A Plug&Play Driver Disk

If you use the sample application programs, stored in the VEE Sample Program
Disk furnished with the 4155B/4156B, HP VEE must be version 4.0 or later.

See Chapter 4. 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. PCS version 2.50 supports Windows
95 and Windows 3.1.

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

Hardware Requirements with HP VEE

Hardware Requirements with HP VEE

The following hardware is required to use HP VEE and the VXIplug&play drivers.

¢ Controller

* 486/66 with Coprocessor (minimum recommendation)

*  586(Pentium)/90 or better is recommended.

*  Memory

» For Windows 95: 16 Mbyte. 24 Mbyte or more is recommended.

* For Windows NT: 24 Mbyte. 32 Mbyte or more is recommended.

+ Hard disk (minimum disk space)

* 20 Mbytes for HP VEE version 4.0
» 2 Mbytes for 4155B/4156B driver
* 1 Mbyte for E5250A driver

* Graphics

1024 x 768. 1280 x 1024 is recommended.
« |EEE 488 Interface card

Agilent 82341C GPIB Interface Card, or equivalent.
+ CD-ROM drive

A CD-ROM drive will be required to install the software needed to use the
VXlplug&play driver.

« Flexible disk drive

A 3.5 inch flexible disk drive is required to install the drivers.

1-4
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Installation
Installing 4155B/4156B Driver

Installing 4155B/4156B Driver

The installation flow for the VXIplug&play driver is shown below. If you have
already installed the IEEE 488 interface card, VISA 1/O library, and programming
software on your PC, skip steps 1 through 4.

1.

Install the IEEE 488 interface card into your PC.

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

Install VISA 1/0 library.
Follow the instructions in the I/O library’s setup program.
Configure and check the IEEE 488 interface.

See the 1/O library manual. If you use the HP I/O Library, also see “To
Configure the Interface using HP I/O Library” on page 1-6.

Install the programming software.

Follow the setup program instructions.

Install the VXIplug&play driver.

See “To Install the Driver” on page 1-7.
Register the driver in the programming software.

See the programming software manual. If you are using HP VEE, also see
“Programming Basics” in Chapter 3.
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Figure 1-1

Installation
Installing 4155B/4156B Driver

To Configure the Interface using HP 1/O Library

After installing the IEEE 488 interface card and the HP 1/O Library, configure the

interface. The procedure shown below is the easiest way to configure the interface.
First, execute I_O Config in the HP I_O Libraries folder. The I/O Config window is
displayed. See Figure 1-1.

1.

Click Auto Add.

If the interface card is installed properly, I O Config automatically detects the
hardware configuration. The default names for SICL and VISA are assigned and
listed, as shown in the Configured Interface list.

Click hpib7 GPIBO.

Click Edit to display the Configuration dialog box for the interface card.

If you find any conflicts in the dialog box, such as IRQ line, you may need to
change them manually. Normally you can exit without modifying the default

setup.

4. Click OK to exit. Reboot your PC to configure the interface.

To Configure the Interface using HP 1/O Library

Ele Dptions Help

This utility configures 140 interfaces. [t must be run whenever a new 10 interface is

Interface Configuration Application - 1/0 Config

installed in the computer or when changes need ta be made to an existing /0 interface.

To configure a new interface, zelect it in the Available Interface Types list and click on
Configure. Ta edit a previously configured interface. select it

list and click on Edit

- Awailable Interface Types

SICL Name

in the Configured Interfaces

~ Configured Interfaces
VISA Name

Yl Command Module

Edit

ASALT
ASHL2

Remove |

EETEEy —

. 2
oK

Help 3

NOTE

HP §2340/82341 Configuration [X]

Huestions? Press the Help button below.
Recommended default values are shown,

BaseAddiess [0
SICL Intertace Name: [T
VISA Inteiface Name: [GFIBD =]

Logical Lnit |7—:|
IR Line: |
Bus Address |21—j

¥ System Controller

o+
Cancel
Help
Defaults

Edit /154 Config

VISA Name is used by the VXIplug&play drivers to access the interface.
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Installation
Installing 4155B/4156B Driver

To Install the Driver

1. Insert the 4155B/4156B Plug&Play Driver Disk into the flexible disk drive
connected to your PC.

2. Execute the 4156B.EXE program stored on the diskette. The program
automatically installs the driver in the following directory.

For Windows NT: \Vxipnp\Winnt\Hp4156b
For Windows 95: \Vxipnp\Win95\Hp4156b

Following files are installed in the directory.

hp4156b.bas
hp4156b.c
hp4156b.def
hp4156b.fp
hp4156b.GID
hp4156b.h
hp4156b.hlp
readme.txt
DelsL1.isu

3. Ifyou are also installing the driver for the E5250A, do the following.

a.

Insert the E5250A Plug&Play Driver Disk into the flexible disk drive
connected to your PC.

Execute the E5S250A.EXE program stored on the diskette. The program
automatically installs the driver in the following directory.

*  For Windows NT: \Vxipnp\Winnt\Hpe5250a
*  For Windows 95: \Vxipnp\Win95\Hpe5250a

Following files are installed in the directory.
* hpe5250a.bas

*  hpe5250a.c

* hpe5250a.def

* hpe5250a.fp

*  hpe5250a.GID

*  hpe5250a.h

*  hpe5250a.hlp

* readme.txt

* DelsLl.isu
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Installation
Installing 4155B/4156B Driver
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Driver Functions

This section explains all the driver finctions available for Agilent 41555B/4156B
and Agilent ES250A.

e “Driver Functions for the 4155B/4156B”
e “Driver Functions for the E5250A”

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

Driver Functions for the 4155B/4156B

Table 2-1 lists all the functions for the 4155B/4156B. 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 4155B/4156B Driver Function Lists

Category Function

Miscellaneous |hp4156b _init
hp4156b_close
hp4156b_reset
hp4156b_self test
hp4156b_error query

Description

Initializes the 4155B/4156B.

Closes the connection with the 4155B/4156B.
Executes the 4155B/4156B reset.

Executes the 4155B/4156B self-test.

Queries the 4155B/4156B for error code/message.

hp4155b_error_message

Queries for the driver errors.

hp4156b_revision_query

Queries for the 4155B/4156B 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.

hpd156b_del

Sends the Device Clear.

hp4156b_esr Q

Queries the ESR status.

hp4156b_readStatusByte Q

Reads the 4155B/4156B status byte.

hp4156b_opc_Q

Checks the 4155B/4156B operation completion status.

Primitive hp4156b_startMeasure Starts a measurement.

Mea51'1r ement  |hpd156b 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 4155B/4156B calibration

Zero Offset
Cancel

hp4156b_offsetCancel

Sets the zero offset cancel.

hp4156b_execOffsetCancel

Executes the zero offset cancel.
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Driver Functions

Category Function Description
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 |hp4156b_spotMeas Executes a high speed spot measurement.

Execution 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.

Sampling hp4156b_setSample Sets the timing parameters.

Measurements  |hp4156b_addSampleSynclv Sets the dc source.

hp4156b_addSampleSyncPulse |Sets the pulse source.
hp4156b_sample
hp4156b_clearSampleSync

Executes a sampling measurement.

Clears the source setup.

Stress Force hp4156b_setStress
hp4156b_addStressSynclv
hp4156b_addStressSyncPulse
hp4156b_stress

hp4156b_clearStressSync

Sets the timing parameters.
Sets the dc stress source.
Sets the pulse stress source.

Forces stress.
Clears the source setup.

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



Driver Functions

Category Function Description
Passthrough hp4156b_cmd Sends a command.
Functions

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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hp4156b_abortMeasure

hp4156b_abortMeasure

This function aborts the 4155B/4156B’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 the constant current source or constant voltage source used
for the sampling measurements, and sets the parameters. 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 Output mode. 1 (current output, only for SMU) or 2 (voltage
output).

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

ranging). See below.
For current output:  1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.

base Base value. -1.0 to 1.0 A for current output, -200.0 V to 200.0 V
for voltage output.
bias Bias value. -1.0 to 1.0 A for current output, -200.0 V to 200.0 V

for voltage output.

comp Compliance value. -200.0 V to 200.0 V for voltage compliance,
-1.0 to 1.0 A for current compliance.
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hp4156b_addSampleSyncPulse

This function specifies the pulse source (PGU) used for the sampling measurements,
and sets the parameters. 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 generator unit.
27 (PGU1) or 28 (PGU2)

base Pulse base value. -40.0 to 40.0 V.

peak Pulse peak value. -40.0 to 40.0 V.

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

period Pulse period. 1E-6 to 10.0 seconds.

width Pulse width. 1E-6 to 9.99 seconds.

delay Pulse delay time. 0.0 to 10.0 seconds.

rise Pulse leading time. 0.1E-6 to 10E-3 seconds.

fall Pulse trailling time. 0.1E-6 to 10E-3 seconds.
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hp4156b_addStressSynclv

This function specifies the DC stress source, and sets the parameters. You can use
maximum 4 stress sources at once by using the hp4156b_addStressSynclv and/or
hp4156b_addStressSyncPulse functions.

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.
1to 6 (SMU1 to SMU6), 21 (VSU1), 22 (VSU2), 27 (PGU1),
or 28 (PGU2)

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

range Output range. 0 (auto ranging) or positive value (limited auto
ranging). See below.
For current output:  1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.

base Base value. -1.0 to 1.0 A for current output, -200.0 V to 200.0 V
for voltage output.

stress Stress value. -1.0 to 1.0 A for current output, -200.0 V to 200.0
V for voltage output.

comp Compliance value. -200.0 V to 200.0 V for voltage compliance,
-1.0 to 1.0 A for current compliance.
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hp4156b_addStressSyncPulse

This function specifies the pulse stress source (PGU), and sets the parameters. You
can use maximum 4 stress sources at once by using the hp4156b_addStressSynclv
and/or hp4156b_addStressSyncPulse functions. See “hp4156b_stress” on page 41
for the setting of width and delay.

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 generator unit.
27 (PGU1) or 28 (PGU2)
base Stress pulse base value. -40.0 to 40.0 V.
stress Stress pulse peak value. -40.0 to 40.0 V.
width Pulse width. 1E-6 to 9.99 seconds.
delay Pulse delay time. 0.0 to 10.0 seconds.
rise Pulse leading time. 0.1E-6 to 10E-3 seconds.
fall Pulse trailling time. 0.1E-6 to 10E-3 seconds.

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).
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hp4156b_clearSampleSync

hp4156b_clearSampleSync

This function clears the settings of the constant voltage/current source defined by
the hp4156b_addSampleSynclv function, and the settings of the pulse source
defined by the hp4156b_addSampleSyncPulse function.

ViStatus VI _FUNC hp4156b_clearSampleSync(ViSession vi);

vi Instrument handle returned from hp4156b_init( ).

hp4156b_clearStressSync

This function clears the settings of the stress sources 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( ).

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).
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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).
value Parameter for command. -2147483647 to 2147483647.
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hp4156b_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 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).

1 to 2147483647.
result[ | Response from instrument.

count Count of valid items in result[ .

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.
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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);

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[ .

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.
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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.

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

Parameters 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 reals. You specify the cmd_str
and size parameters, and get result[ | and count.

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

Parameters 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[ .
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hp4156b_cmdReal64_Q

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.

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( ).
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hp4156b_error_message

This function translates the error return value 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 return value from the driver function.
message] | Error message string. This is limited to 256 characters.

hp4156b_error_query

This function returns the error numbers and corresponding error messages in the
error queue of a instrument. See User s Guide: Measurement and Analysis 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
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( ).
error_number Instrument’s error code.

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

ViStatus VI _FUNC hp4156b_errorQueryDetect(ViSession vi,
ViBoolean errorQueryDetect);

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.

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

vi Instrument handle returned from hp4156b_init( ).
pErrDetect Error checking enable (VI _TRUE) or disable (VI_FALSE).
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hp4156b_esr Q

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

ViStatus VI _FUNC hp4156b_esr_Q(ViSession vi, ViChar VI FAR errstr[ ] );

vi Instrument handle returned from hp4156b_init( ).
errstr| | Response from instrument.
Bit Value Message
1 “ESR_OPC”
2 “ESR _RQL”
4 “ESR QYE”
8 “ESR _DDE”
16 “ESR_EXE”
32 “ESR_CME”
64 “ESR_URQ”
128 “ESR_PON”

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. Numeric number.
0: No error (calibration succeed).
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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 (SMUI to SMU6), 23 (VMU1), or 24 (VMU?2).

range Measurement range to measure the zero offset data

0 (10 pA range for SMU), 1 (100 pA range for SMU),
2 (1 nA range for SMU), or 3 (0.2 V range for VMU).
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hp4156b_force

This function specifies the dc current source (SMU) or dc voltage source (SMU,
VSU, or PGU), and forces the output immediately. To stop the output, use the
hp4156b_force function with 0 (zero) output.

ViStatus VI _FUNC hp4156b_force(ViSession vi, Vilnt32 channel, Vilnt32 mode,
ViReal64 range, ViReal64 value, ViReal64 comp, Vilnt32 polarity);

vi

channel

mode

range

value

comp

polarity

Instrument handle returned from hp4156b_init( ).
Channel number of the source unit.

1to 6 (SMU1 to SMUG6), 21 (VSU1), 22 (VSU2), 27 (PGU1),
or 28 (PGU2)

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

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

For current output:  1E-11to 1.0 A, or 0.

For voltage output: 2.0 to 200.0 V, or 0.

Output value. -1.0 to 1.0 A for current output, -200.0 to 200.0 V
for SMU voltage output, -40 to 40 V for PGU dc voltage output,
-20 to 20 V for VSU output.

Compliance value (only for SMU). -200.0 V to 200.0 V for
voltage compliance, -1.0 to 1.0 A for current compliance.

Compliance polarity (only for SMU). 0 (auto) or 1 (manual).
If you select 1, polarity is set to the same polarity as comp value
you enterd.
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hp4156b_forcePulse

This function specifies the pulse source (PGU) settings and forces the voltage 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

channel

count

base
peak
width
period
delay
rise

fall

Instrument handle returned from hp4156b_init( ).
Channel number of the pulse generator unit.
27 (PGU1) or 28 (PGU2)

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

Pulse base value. -40.0 to 40.0 V.

Pulse peak value. -40.0 to 40.0 V.

Pulse width. 1E-6 to 9.99 seconds.

Pulse period. 1E-6 to 10.0 seconds.

Pulse delay time. 0.0 to 10.0 seconds.

Pulse leading time. 0.1E-6 to 10E-3 seconds.
Pulse trailling time. 0.1E-6 to 10E-3 seconds.
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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.

If the hp4156b _init function encounters an error, then the value of the vi output
parameter will be VI NULL.

Syntax ViStatus VI _FUNC hp4156b_init(ViRsrc InstrDesc, ViBoolean id_query,
ViBoolean do_reset, ViPSession vi);

Parameters 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 measured value and the measurement status.

The array size of all arrays should be the same together. Then the order of the array
data is important. For example, the measurement setup for the unit specified by
channel[ 1] must be entered into mode[1] and range[1]. And the measured data and
status data of the units specified by channel[ 1] will be returned by value[1] and
status[ 1], respectively.

Syntax ViStatus VI _FUNC hp4156b_measureM(ViSession vi, Vilnt32 channel[ ],
Vilnt32 mode] ], ViReal64 range[ |, ViReal64 value[ |, Vilnt32 status| ] );
Parameters vi Instrument handle returned from hp4156b_init( ).
channel] ] Channel number of the measurement unit. Enter 0 (zero) at the

end of the unit definition for channel[ ]. For example, if you use
two units, the first and second elements of channel[ ] must
specify the units, and the third element must be 0.

1 to 6 (SMU1 to SMU6), 23 (VMU1), or 24 (VMU2).
mode][ ] Measurement mode.
1 (current measurement) or 2 (voltage measurement).

range] | Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

value[ ] Measurement data.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).
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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.

Syntax ViStatus VI _FUNC hp4156b_measureP(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPReal64 value, ViPInt32 status);

Parameters vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the measurement unit.

1to 6 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).

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

range Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11t0o 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

value Measurement data.

status Measurement status. 0 (no error), or 1 to 255 (error status).

hp4156b_offsetCancel

This function enables or disables the zero offset cancel function.

Syntax ViStatus VI FUNC hp4156b_offsetCancel(ViSession vi, Vilnt32 channel,
Vilnt32 state);
Parameters vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the unit to set the offset cancel function.
1 to 6 (SMUI to SMU6), 23 (VMU1), or 24 (VMU?2).
state 0 (Function OFF), or 1 (Function ON).
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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( ).

result VI_TRUE (Operation complete), or
VI_FALSE (Operation is pending).

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. 0 (not end of data), or 1 (end of data).
data_type Data type of the value. 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), or

15 (Stress status data).

value Measurement data or source setup data.
status Measurement status or source status.
channel Channel number of the unit for measurement or output.

1 to 6 (SMUI1 to SMUG6), 21 (VSU1), 22 (VSU2), 23 (VMU1),
24 (VMU?2), 27 (PGU1) or 28 (PGU2).
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hp4156b_readStatusByte Q

This function returns the contents of the status byte register.

ViStatus VI _FUNC hp4156b_readStatusByte Q(ViSession vi,
ViPInt16 statusByte);

vi Instrument handle returned from hp4156b_init( ).

statusByte The contents of the status byte are returned in this parameter.

hp4156b_recoverOutput

This function returns the unit to the settings that are stored by the
hp4156b_zeroOutput function, and clears the stored unit 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( ).
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hp4156b_revision_query

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

Syntax ViStatus VI FUNC hp4156b_revision_query(ViSession vi,
ViChar VI _FAR driver rev[ ], ViChar VI FAR instr _rev[ ]);

Parameters vi Instrument handle returned from hp4156b_init( ).
driver rev][ | Instrument driver revision. This is limited to 256 characters.
instr_rev][ | Instrument firmware revision. 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 using the
hp4156b_setSample function. The synchronous dc sources used with the sampling
measurement units are defined by using the hp4156b_addSampleSynclv function.
And the synchronous pulsed sources used with the sampling measurement units are
defined by using the hp4156b_addSampleSyncPulse function.

ViStatus VI _FUNC hp4156b_sample(ViSession vi, Vilnt32 channell ],
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 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).

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

range] | Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

point Number of measurement points. 1 to 10001.

index] | Measurement data index.

value[ ] Measurement data.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).
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The array size of the parameters should be as shown below.

Vilnt32 channel[N]

Vilnt32 mode[N]

ViReal64 range[N]

Vilnt32 point

Vilnt32 index[M]

ViReal64 value[M][N]

ViReal64 status|M][N]

where,

N: Number of channels used for the measurements plus 1, or more.

M: Number of sweep points ('point’ parameter value of hp4156b_setSample
function), or more.

For the parameter definition, the order of the array data is important. For example,
the measurement setup for the unit specified by channel[1] must be entered into
mode[1] and range[1]. And measurement data and status data of the unit specified
by channel[1] will be returned by value[M][1] and status[M][1], respectively.

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.

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. 0: No error.

test_ message[ | Self-test status message. This is limited to 256 characters.
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hp4156b_setFilter

This function sets the output filter of the specified channel.

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 0 (Filter OFF) or 1 (Filter 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. 80E-6 to 10.16E-3 for table=1, or

16.7E-3 to 2.0 for table=3. Ignore this parameter for table=2.

average Number of samples for averaging. 1 to 1023, or 0. If you do not
want to change the value from previous value, enter 0.
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hp4156b_setlv

This function specifies the sweep source channel for the staircase sweep measure-
ments and the staircase sweep with pulsed bias measurements, and sets the parame-
ters. 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);
vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the sweep source.

1to 6 (SMUI to SMU6), 21 (VSU1), or 22 (VSU2).

mode Output mode. 1 (single linear), 2 (single log), 3 (double linear),
or 4 (double log). Use positive value for voltage output, use
negative value for current output (only for SMU).

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

For current output: ~ 1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.

start Sweep start value. -1.0 to 1.0 A, or -200.0 to 200.0 V.

stop Sweep stop value. -1.0 to 1.0 A, or -200.0 to 200.0 V.

point Number of sweep steps. 1 to 1001.

hold Hold time. 0 to 655.35 seconds.

delay Delay time. 0 to 65.535 seconds.

s_delay Step delay time. 0 to 1.0 second.

comp Compliance value. -200.0 V to 200.0 V for voltage compliance,

-1.0 to 1.0 A for current compliance.

p_comp Power compliance. 1.0 to 20.0.
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hp4156b_setPbias

This function specifies the pulse output channel for the pulsed spot measurements
and the staircase sweep with pulsed bias measurements, and sets the parameters.

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);

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 output, only for SMU), or
2 (voltage output).

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

For current output:  1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.

base Pulse base value. -1.0 to 1.0 A, or -200.0 to 200.0 V.

peak Pulse peak value. -1.0 to 1.0A, or -200.0 to 200.0 V.

width Pulse width. 0.5E-3 to 100E-3 seconds.

period Pulse period. S5E-3 to 1.0 seconds.

hold Hold time. 0.0 to 655.35 seconds.

comp Compliance value. -200.0 V to 200.0 V for voltage compliance,

-1.0 to 1.0 A for current compliance.
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hp4156b_setPguR

This function sets the PGU output impedance.

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

Parameters vi Instrument handle returned from hp4156b_init( ).
channel Channel number of PGU.

27 (PGU1) or 28 (PGU2).
state PGU output impedance.

0 (approx. 0 ohm low impedance) or 1 (50 ohm).
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hp4156b_setPiv

This function specifies the pulsed sweep source channel for the pulsed sweep
measurements, and sets the parameters.

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);

vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the pulse sweep source.
1 to 6 (SMUI to SMU6), 21 (VSU1), or 22 (VSU2).
mode Output mode. 1 (single linear), 2 (single log), 3 (double linear),
or 4 (double log). Use positive value for voltage output, use
negative value for current output (only for SMU).
range Output range. 0 (auto ranging) or positive value (limited auto
ranging). See below.
For current output:  1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.
base Pulse sweep base value. -1.0 to 1.0 A, or -200.0 to 200.0 V.
start Pulse sweep start value. -1.0 to 1.0A, or -200.0 to 200.0 V.
stop Pulse sweep stop value. -1.0 to 1.0A, or -200.0 to 200.0 V.
point Number of sweep steps. 1 to 1001.
hold Hold time. 0.0 to 655.35 seconds.
width Pulse width. 0.5E-3 to 100E-3 seconds.
period Pulse period. S5E-3 to 1.0 seconds.
comp Compliance value. -200.0 V to 200.0 V for voltage compliance,
-1.0 to 1.0 A for current compliance.
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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 Instrument handle returned from hp4156b_init( ).
hold Hold time. -30E-3 to 655.35 seconds.

interval Sampling interval. 60E-6 to 65.534 seconds.
point Number of sampling points. 1 to 10001.

hp4156b_setStress

This function sets the timing parameters of the stress. See “hp4156b_stress” on
page 41 for the setting of period parameter.

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

vi Instrument handle returned from hp4156b_init( ).

hold Hold time. 0 to 655.35 seconds.

mode Stress mode. 1 (pulse count mode) or 2 (duration mode).
duration Number of pulse count (1 to 65535) for mode=1, or

Duration time (500E-6 to 655.0 seconds) for mode=2.
period Pulse period. 2E-6 to 10.0 seconds.
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hp4156b_setSweepSync

This function specifies the synchronous sweep source channel for the staircase
sweep measurements, the pulsed sweep measurements and the staricase sweep with
pulsed bias measurements, and sets the parameters. Synchronous sweep source is
used for the staircase sweep.

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( ).

channel Channel number of the sweep source.

1to 6 (SMU1 to SMU6), 21 (VSU1), or 22 (VSU2).

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

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

For current output:  1E-11to 1.0 A, or 0.
For voltage output: 2.0 to 200.0 V, or 0.

start Sweep start value. -1.0 to 1.0 A, or -200.0 to 200.0 V.
stop Sweep stop value. -1.0 to 1.0 A, or -200.0 to 200.0 V.
comp Compliance value. -200.0 V to 200.0 V for voltage compliance,

-1.0 to 1.0 A for current compliance.

p_comp Power compliance. 1.0 to 20.0.
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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( ).
channel Channel number of the unit.

1to 6 (SMUT to SMU6), 21 (VSU1), 22 (VSU2), 23 (VMUI1),
24 (VMU2), 26 (GNDU), 27 (PGU1) or 28 (PGU2).

state Output switch setting.
0 (output switch OFF) or 1 (output switch ON).

hp4156b_setVm

This function sets the VMU measurement mode.
ViStatus VI FUNC hp4156b_setVm(ViSession vi, Vilnt32 mode);

vi Instrument handle returned from hp4156b_init( ).
mode VMU measurement mode.

1 (grounded mode) or 2 (differential mode).
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hp4156b_spotMeas

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

Syntax ViStatus VI _FUNC hp4156b_spotMeas(ViSession vi, Vilnt32 channel,
Vilnt32 mode, ViReal64 range, ViPReal64 value, ViPInt32 status);

Parameters vi Instrument handle returned from hp4156b_init( ).
channel Channel number of the measurement unit.

1to 6 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).
mode Measurement mode.

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

range Measurement range.

0 (auto ranging), positive value (limited auto ranging), or
negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

value Measurement data.

status Measurement status. 0 (no error), or 1 to 255 (error status).
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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 4155B/4156B output buffer in the measurement order. If you
want to abort the measurement, use the hp4156b_abortMeasure function.

The array size of all arrays should be the same together. Then the order of the array
data is important. For example, the measurement setup for the unit specified by
channel[ 1] must be entered into mode[1] and range[1].

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

vi Instrument handle returned from hp4156b_init( ).

meas_type 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] ] Channel number of the measurement unit. Enter 0 (zero) at the
end of the unit definition for channel[ ]. For example, if you use
two units, the first and second elements of channel[ ] must
specify the units, and the third element must be 0.

1 to 6 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).

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

range] | Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

source Source data output mode.

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

Syntax ViStatus VI _FUNC hp4156b_stopMode(ViSession vi, Vilnt32 occ_stop,
Vilnt32 tcc_stop, Vilnt32 ovf stop, Vilnt32 osc_stop, Vilnt32 last mode);

Parameters 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).
osc_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 hp4156b_addStressSyncPulse functions.

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

vi Instrument handle returned from hp4156b_init( ).
status Stress output status. 0 (no error), or 1 to 255 (error status).
The following parameters must be set within the range shown in the following table.

The period is a parameter of hp4156b_setStress function. And width and delay are
parameters of hp4156b_addStressSyncPulse function.

period width delay
2E-6 to 100E-6 sec 1E-6 to 99.9E-6 sec 0 to 100E-6 sec
100E-6 to 1E-3 sec 1E-6 to 999E-6 sec 0 to 1E-3 sec
1E-3 to 10E-3 sec 10E-6 to 9.99E-3 sec 0 to 10E-3 sec

10E-3 to 100E-3 sec 100E-6 to 99.9E-3 sec 0 to 100E-3 sec

100E-3 to 1.0 sec 1E-3 to 999E-3 sec 0to 1.0 sec

1.0 to 10.0 sec 10E-3 t0 9.99 sec 0 to 10.0 sec
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hp4156b_sweeplv

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

Before executing this function, set the sweep source setup by using the
hp4156b_setlv function. If you want to use the synchronous sweep source, execute
the hp4156b_setSweepSync function.

The array size of source, value and status should be the same together, and it must be
greater than or equal to the number of sweep points defined by the hp4156b_setlv
function (‘point’ parameter).

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 measurement, only for SMU) or
2 (voltage measurement).

range Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

point Number of measurement points. 1 to 1001.

source] | Sweep source setup data.

value[ ] Measurement data.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).
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hp4156b_sweepMiv

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

Before executing this function, set the sweep source setup by using the
hp4156b_setlv function. If you want to use the synchronous sweep source, execute
the hp4156b_setSweepSync function.

Syntax ViStatus VI _FUNC hp4156b_sweepMiv(ViSession vi, Vilnt32 channel] ],
Vilnt32 mode[ ], ViReal64 range[ |, ViPInt32 point, ViReal64 source] |,
ViReal64 value[ ], Vilnt32 status| | );

Parameters vi Instrument handle returned from hp4156b_init( ).

channel] ] Channel number of the measurement unit. Enter 0 (zero) at the
end of the unit definition for channel[ ]. For example, if you use
two units, the first and second elements of channel[ ] must
specify the units, and the third element must be 0.

1 to 6 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).

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

range] | Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11t0o 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

point Number of measurement points. 1 to 1001.

source] | Sweep source setup data.

value[ ] Measurement data. Two dimentional array.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).

Two dimensional array.
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The array size of the parameters should be as shown below.

Vilnt32 channel[N]

Vilnt32 mode[N]

ViReal64 range[N]

Vilnt32 point

ViReal64 source[M]

ViReal64 value[M][N]

ViReal64 status|M][N]

where,

N: Number of channels used for the measurements plus 1, or more.

M: Number of sweep points ('point’ parameter value of hp4156b_setlv function),
or more.

For the parameter definition, the order of the array data is important. For example,
the measurement setup for the unit specified by channel[1] must be entered into
mode[1] and range[1]. And measurement data and status data of the unit specified
by channel[1] will be returned by value[M][1] and status[M][1], respectively.
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hp4156b_sweepPbias

This function executes a staircase sweep with pulsed bias measurement by the
specified channel, and returns the number of measurement points, sweep source
data, measurement data, and the measurement status. Before executing this function,
set the sweep source setup and pulsed bias setup by using the hp4156b_setlv
function and the hp4156b_setPbias function. If you want to use the synchronous
sweep source, execute the hp4156b_setSweepSync function.

The array size of source, value and status should be the same together, and it must be
greater than or equal to the number of sweep points defined by the hp4156b_setlv
function (‘point’ parameter).

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 (SMUT to SMUG6), 23 (VMU1), or 24 (VMU2).

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

range Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

point Number of measurement points. 1 to 1001.

source] | Sweep source setup data.

value[ ] Measurement data.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).
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hp4156b_sweepPiv

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

Array size of source, value and status should be the same together, and it must be
greater than or equal to the number of sweep points defined by the hp4156b_setPiv
function (‘point” parameter).

Before executing this function, set the pulsed sweep source setup by using the
hp4156b_setPiv function. If you want to use the synchronous sweep source,
execute the hp4156b_setSweepSync function.

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 SMUG6), 23 (VMU1), or 24 (VMU2).

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

range Measurement range. 0 (auto ranging), positive value (limited
auto ranging), or negative value (fixed range). See below.

For current measurement: -1E-11to-1.0 A, 1E-11to 1.0 A,
or 0.

For voltage measurement: -2.0 to -200.0 V, 2.0 to 200.0 V
(-0.2 and 0.2 are available for
VMU in differential mode), or 0.

point Number of measurement points. 1 to 1001.

source] | Sweep source setup data.

value[ ] Measurement data.

status[ ] Measurement status. 0 (no error), or 1 to 255 (error status).
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hp4156b_timeQOut

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 1/0 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 unit), 1 to 6 (SMU1 to SMUG6), 21 (VSU1), 22 (VSU2),
27 (PGU1), or 28 (PGU2).
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Driver Functions for the ES250A

Table 2-2 lists all the functions for the ES250A. 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 2-2 E5250A Driver Function Lists
Category Function Description

Miscellaneous  |hpe5250a_init Initializes the ES250A.
hpe5250a_close Closes the connection with the E5250A.
hpe5250a_reset Executes the ES250A reset.
hpe5250a_self test Executes the ES250A self-test.
hpe5250a_error_query Queries for the E5250A 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 ES250A 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.

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.
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Category

Function

Description

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.
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.
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.
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hpe5250a_biasChanList_Q

This function will query the instrument for the bias status for the channels given in
the 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.

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.
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.
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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 E5252A 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.

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

hpe5250a_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).
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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[ ]);

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.
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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.

Syntax ViStatus VI _FUNC hpe5250a_closeList(ViSession vi,
Vilnt32 VI FAR closechan_list[ | );

Parameters vi Instrument handle returned from hpe5250a_init( ).

closechan listf ]  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.
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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.

ViStatus VI FUNC hpe5250a_closeList Q(ViSession vi,
Vilnt32_ VI FAR closechan list[ |, Vilnt32 VI FAR close_status| ] );
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).

hpeS250a_cmd

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

ViStatus _VI_FUNC hpe5250a_cmd(ViSession vi, ViString cmd_str);

vi Instrument handle returned from hpe5250a_init( ).

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

ViStatus VI _FUNC hpe5250a_cmdData_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_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.
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hpe5250a_cmdIntl6Arr_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).

1 to 2147483647.
result[ | Response from instrument.

count Count of valid items in result[ .

hpe5250a_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 hpe5250a_cmdInt16_Q(ViSession vi, ViString cmd_str,
ViPInt16 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_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).

1 to 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.
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hpeS250a_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 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 reals. 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).

1 to 2147483647.
result[ | Response from instrument.

count Count of valid items in result[ .
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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.

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.
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hpe5250a_compenC

This function compensates capacitance/conductance data measured by using Agi-
lent 4284A 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 1,
ViReal64 len_usrcoax_h, ViReal64 len usrcoax |, ViReal64 raw_c,
ViReal64 raw_g, ViPReal64 compen_c, ViPReal64 compen_g);

vi

frequency
len hptrx
len_usrtrx_h

len_usrtrx 1

len usrcoax_h

len usrcoax 1

raw_c
raw g
compen ¢

compen_g

Instrument handle returned from hpe5250a_init( ).
Measurement frequency. 1E3 to 1E6 Hz.
Agilent 16494 A triaxial cable. 1.5 or 3.0 m.

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

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

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

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

Capacitance value (in F) measured by the 4284A.
Conductance value (in S) measured by the 4284A.
Capacitance compensation result (in F).

Conductance compensation result (in S).
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hpe5250a_connRuleSeq

The function sets connection rule and connection sequence for the specified card.
Syntax ViStatus VI FUNC hpe5250a_connRuleSeq(ViSession vi,

Vilnt16 cardno_ruleseq, Vilnt16 rule, Vilntl6 sequence);

Parameters 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.

rule Connection rule. 0 (free route) or 1 (single route).
sequence Connection sequence. 0, 1, or 2. See below.

0 (no sequence)

1 (break before make)

2 (make before break)
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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

coupleport_cardno

portl

port3

port5

port7

port9

Instrument handle returned from hpe5250a_init( ).

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 port by the input ports 1 and 2.
0 (disable) or 1 (enable).

Couple port by the input ports 3 and 4.
0 (disable) or 1 (enable).

Couple port by the input ports 5 and 6.
0 (disable) or 1 (enable).

Couple port by the input ports 7 and 8.
0 (disable) or 1 (enable).

Couple port by the input ports 9 and 10.
0 (disable) or 1 (enable).
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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( ).

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( ).
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hpeS250a_error_message

This function translates the error return value from an instrument driver function to
a readable 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
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.
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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.

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

Parameters 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.

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

Parameters vi Instrument handle returned from hpe5250a_init( ).
pErrDetect Error checking enable (VI_TRUE) or disable (VI _FALSE).
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hpe5250a_esr_Q

This function returns the contents of the ESR register. The driver returns the
equivalent messages (see Parameters).

ViStatus VI _FUNC hpe5250a_esr_Q(ViSession vi, ViChar VI _FAR errstr[ ] );

vi Instrument handle returned from hpe5250a_init( ).
errstr] | Response from instrument.
Bit Value Message
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”
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).
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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.

Syntax ViStatus VI _FUNC hpe5250a_init(ViRsrc InstrDesc, ViBoolean id_query,
ViBoolean do_reset, ViPSession vi);

Parameters 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).

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

hpe5250a_opc_Q

This function does the *OPC? common command.

Syntax ViStatus VI FUNC hpe5250a_opc_Q(ViSession vi, ViPBoolean result);
Parameters vi Instrument handle returned from hpe5250a_init( ).
result VI_TRUE (Operation complete), or

VI _FALSE (Operation is pending).
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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( ).

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.
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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.

ViStatus VI FUNC hpe5250a_openList Q(ViSession vi,
Vilnt32_ VI FAR openchan _list[ ], Vilnt32 VI FAR open_status[ ] );
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.

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

vi Instrument handle returned from hpe5250a_init( ).

statusByte The contents of the status byte are returned in this parameter.
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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.
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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
DATAOS and 06, and/or DATA07 and 08 corresponding to your cables. To measure
and change the compensation data, refer to Agilent ES250A User s Guide. To get
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 DATAO5, 06,07 or 08

#

REVISION A.03.00

# R [ohm] L [H] C [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

DATA02 231. 41E-3 450. 00E-9 178. 85E-12 # Card Path High
DATAO3 177. 56E-3 390. 00E-9 135. 45E-12 # Card Path Low

DATAO4 100. 70E-3 400. 00E-9 80. 00E-12 # Triax Cable [/m]
DATAO5 100. 70E-3 400. 00E-9 80. 00E-12 # User Triax Cbl H [/m]
DATAO6 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]
DATAO8 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
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hpe5250a_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, 1, 2, 3,4, 5, 6, or 7. See below.

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)

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, Vilnt16 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.
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Programming Examples Using HP VEE

This chapter describes how to create measurement programs using HP VEE and the
VXlplug&play driver for Agilent 4155B/4156B, 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 HP VEE”

«  “Basic Objects to Control the Instrument”

“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 HP VEE”
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Registrating the Driver on HP VEE

To use the VXIplug&play driver on HP VEE, register the driver as described below
and as shown in Figure 3-1 on page 3-5.

1.
2.

10.
I1.

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 HP 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 3-1 sets
"HP4156B".

Enter the GPIB address for the device in the Address field. The example shown
in Figure 3-1 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
4155B/4156B 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 4155B/4156B.
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Figure 3-1 Registering the Driver on HP VEE
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Basic Objects to Control the Instrument

You can create programs using HP 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 3-2.

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 HP VEE program.
Figure 3-2 Basic Objects of HP VEE
B HP VEE - Rmeas B E3

Eile Edit Yiew Debug Flow Device |/0 Data Display window Help

Olsl@ls| »lol=]z|=]s] dslm=8] ol s odl@l (B o

LB main
o

To/From HP4 1568
setawitch(instrHancle, fpd 1560 CH ALL, hpd 1560 FLAG ON)

hipd 166_force(instrHandle, hpd 1660_CH_SMUT, hpd156b_WF_MODE, 0, value, 0.1, hy | value
hipa 156 _force(instrHandle, hpd 1660_CH_SMU2, hpd 1560 VF_MODE, 0,0,0.1, hpd 1§
hipa156_spotMeas(instrHandie, ipd1560_CH_SMU1, hpa 1565_IM_MODE, 0, value, stz

hip4 156_zeraDutput{instrHandle, hpd 1568_CH_ALL)

1ipd 156_setSwitch(instrHandle, ipd1565_CH_ALL, hpd1565_FLAG_OFF)

status 1

—|Alphahiumeriz | =

2m

Ready WEEE| | FROE [MaDI
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The To/From HP4156B object, in Figure 3-2, defines the following transactions
(functions of the plug&play driver) to measure the current flow to a resistor.

hp4156b_setSwitch  This function controls the 4155B/4156B 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 4155B/4156B 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

gl HP VEE [_[5]x]
Fle Edi View Debug Flow Device 10 Dala Display Mindow Help

[ Instrument List rc

.1 My configuration = s
W Hp-p7 -
B9 dmm(hp34401a@MNOT LIYE) i Delete

= dvm(hp3478a@NOT LIYED Edit.
= fgenthp2225h@(NOT KIVE)) e
B funcgenthp331 20a@MNOT LIVE))

=] HP41568(@717)  Get Device

SEB(EF17)
N HP4284A(@T12) Direct lio

2 HPESZG0AM@®T14)

[
= 03cope(npS4B00@MNOT LIVE) AR B 4
B scapethps4504a@MNOT LIVE) e BiET
W seriala = -
L it 12 ™| | || “omponent Drver
Save Config cancel | Help |
Ready VEE S |ERECE | MOD
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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 3-4 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 3-5 on page 3-9.

To Define Transactions

) HP VEE [_[2]x]
Fie Edt Yiew Debug Flow Device 10 Dala Diglay Window Help

== = R e s s Y e e e S e

"=

=] To/From HP4 1568 =y

Select a Function Panel

:@ Output Switch Setup

i@l Output Filter Setup

(I8 Integration Time Setup

HiE MU Measurement Mode Selection
L@l PGU Output Impedance Setup
- Source Setup

e ol
N

pplying de e
(i Applying Pulse (PGU output)
il Disabling Output

il Recovering Output

(T Sweep Source Setup

Hi#l Pulsed Bias Source Setup
HA#l Pulzed Swean Snurce Satin [l

This function specifies the dc current source (SHU) or dc
voltage source [SMU, VSU, or PGU), and forces the output
inmediately. To stop the output, use the hpdlSeh_force

function with 0 (zero) output.

3 OK Cancel

Ready YEEE | FEOFE | 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 3-5 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 3-5 To Set Input Parameters
Fil HP VEE [_[=]x]

Fle Edt Yiew Debug Flow Device /) Dala Display Window Help

1= == R I e s e e = T Y B = e e e e = N |

Untitled
e
Edit Function Panel for hp4156k_force()
Panel I Parameters
channel mode range
CURRENT QUTPUT - P =
! ’ =
VOLTAGE OUTPUT —
polarity
comp AUTO -
10m i
MANUAL —
N Errar
R
#H0
i}
hp4156b_force(insttHandle, hpa1560_CH_SMU1, hpa1 56b_YF_MODE, 0, 0,10m,
hpé156h_POL_AUTO)
oK NOP Cance| Help
Ready YEEZ | 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 3-6 shows
the Help message for the comp entry field.

Figure 3-6 Help Function
EalHP VEE [_[=]x]
Fie Edit “iew Debug Flow Device /D Data Digplay Window Help
OlEE FoeaEE SEEEE] 6] mls] sl=E] mE E
B Wain
L
i | Help for contral comp
Compliance value (only for SMU).
If the input cowp value iz out of the following range, coup
parameter and polarity parameter are ignored.
R
For current compliance: -1.0 & to 1.0 &
_I Farameters
Data Type: ViRealfd
Input/Output: IN
Values: fode range
Hane Value T OUTPLT - i =
hpdlS6h_SMUY MIN  -200.0 E QUTPUT—
hp4l56h SMUY MAX  200.0
polarity
G AUTO -
[10m i
MANUAL -
. . | ) Error
Click right button — 7| i I
0
hpd1564_forcedinsttHandle, hpd 15680 _CH_SMU1, hpd1560_VF_MODE, 0, 0, 10m,
hpd15B_POL_AUTC)
oK NOP Cancel Help
Ready YEEZ] | 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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Programming Examples Using HP VEE
Programming Basics

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 3-7.

Figure 3-7 To Use Input Variables
Eal HP VEE mEER
Fie Edt Miew Debug Flow Device 10 Data Digplay Window Help
] == = e s e e T P e Y e = A A e o e s N el
Uniiled ol
“BEm
= To/From HP41568 =
Edit Function Panel for hp4156h_force()
Panel T
Farameter Type: <% Constant < Variable g/
MName: |hpd156b_YWF_MODE I_CreatEW
Crang
Parameter Type @ Constant < Variable
Name: [0 I™ Create Input Terminal
ParametarF: natam@
T~
@m::alue ) (= Cregte Input Terminaf
comp
Parameter Type @ Constant < Variable
Mame: [10m I Create Input Terminal
paolarity
Farameter Type: <% Constant < Variable
Mame: |hp4156h_POL_AUTO I Create Input Terminal | _|
Ready YEE S | FROR | 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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Programming Examples Using HP VEE
Programming Basics

To create output terminals in the To/From object

Figure 3-8 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 3-8 To Create Output Terminals

File Edt View Debug Flow Device /O Data Digplay Window Help
= = O e 2 e Y e e = i S el
[® unites | | HEE

B
- To/From HP41568 |
1
Parameter Type: <% Constant < ‘Vvariahle Iﬂ
Mame: hpd156h_CH_SMU1 ™ Create Input Terminal
Parameter Type: <4 Constant < Variable
Narne: [hp41568_yM_MODE I~ Create Input Terminal
rang
Parameter Type % Constant < Variahle
Nare: |0 ™ Create Input Terminal
2 U
\\ Parameter Type: < Constant ¢ Variable
Wame™ fralue [X Create Output Terminal
Parameter Type: < Constant ¢ Vvariahle
Mame,, fstatus [% Create Output Terminal | _|
0K MNOP Cancel Help
3 |
4
Ready WEES) | FROR| [ MOD

3-12 Agilent 4155B/4156B VXIplug&play Driver User’s Guide, Edition 4



NOTE

Figure 3-9

Programming Examples Using HP VEE
Programming Basics

To display/connect the Data object

In Figure 3-9, 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 3-9, 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

Eal HP VEE - Rmeas |_[O] x]
File Edit “iew Debug Flow Device |/0 Data Display Window Help
il =21 = 1 S - s 2 = Y = P eV e e [= e
RMEAS vee
LB main
~[Real=
2
To/From HP4 1568 =
hpd 156h setSwitch(instrHandle, hpd 156 CH ALL hpd156h FLAG ON)
hpd156h_force(instrHandle, hpd156b_CH_SMU1, hpd41560_WF_MODE, 0, value, 0.1, hy | value
np4156b_farce(instrHandle, hpd1560_CH_SMU2, hpd1560_YF_MODE, 0, 0, 0.1, hpd 1§
hpd156h_spotMeasiinstrHandle, hpd156b_CH_SMU1, hpd1536b_IM_MODE, 0, value, st:
hp4 1560_zero0utput(instrandie, hpd 1560_CH_ALL)
hpa 1560 _setSwitch{instrHandle, hpd156h_CH_ALL hpd188h_FLAG_QOFF)
status I
- AlphaN-umer\c 4
2m
Ready WEES! | FROE | MOD 4
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Figure 3-10

Programming Examples Using HP VEE
Programming Basics

Debugging Your Program

You may encounter problems when creating programs to control the 4155B/4156B.
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 HP VEE, the 4155B/4156B control mode is controlled by the
hp4156b_init function, which is automatically called and executed by HP VEE
when the program first runs after loading.

However, if you press any PAGE CONTROL key or LOCAL softkey on the
4155B/4156B 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 3-10. The command recovers
the effective control mode for the plug&play driver.

To Enter the US Command

hp41580_force(instrHandie, hpd 15980 CH_SMUT, hpd1560_F_MODE, 0, va

hp41580_force(instrHandie, hp4 1560 CH_SMUZ, hpd 1560_vF_MODE, 0, 0,
[—Avalie || oy 580 spotMeas(instrtandle, npd 1560 CH_SMUT, hpd 1560 IM_MODE, C

hp41580_zero0utputiinstrHandle, hpd 1960_CH_ALL)

o4 1550 setSwitchrinstrHandie, npd 1560 CH ALL, hnd1560 FLAG OFF) | ctaus

=l Farmua 4| C|aonatumeric] -

A
[_' H BrA Result +—

Start

= To/From HP4 1568 &

hi4156b crd(instrHandle, "Us"

Ready

YEEZ! | EREE | MOD
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Programming Examples Using HP VEE
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 3-11) and if an error occurs in the function
call, HP VEE stops the program execution and displays an error dialog box. You
must then enter the hp4156b_error query function (see 2 of Figure 3-11). 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.

Figure 3-11 To Use the hp4156b_error_query Function

£ HP VEE - Rmeas [_[=]x]
Fle Ect View Debug Flow Device /0 Data Display Window Help
= =1 e = s e = s = A Y = A A = A e RS =
RMEAS vee B Main MEIE
L& wain

=5 —|Alphatlumeric | | —|Alphatlumeric | |

2 r ] ’/‘ ]

—
= To/From HP41568 Ir]

hpd156h_errorQueryDetect(instrHandle, WI_TRUE)
hpd156b_setSwitch(instrdandle, hpd 1560 CH _ALL, hi
hpd 156 forcelinstrdandle, hpd 1560 CH SmMU1, 560
hpd156h_farce(instrtHandle, hpd 156h_CH_SMUZ, hp4156b VF MODE, 0,
hp41560_spotMeastinstriandle, npd 1560_CH_SMU1, hpd T560_IM_MODE, 0
hp41560_zero0utputtinstrHandle, hpd 1560_CH_ALL)
hpd156h_setSwitch(instrHandle, hpd156h_CH_ALL, hpd156h_FLAG_OFF) | status i—

— value

=l Fomua 4] japhanumene]s
A
] o A Result —

Start

= To/Fram HP4 1568 =]

BITOF_number -
=l Alphalumeric =

error_message "Unit sw must be ON before command execution.”

1 objects selected

WEES] | EROE | MOD!
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Programming Basics

Restrictions When Using the Driver with HP VEE

When using HP VEE and any of the following functions for Agilent 4155B/4156B
and Agilent ES250A, certain restrictions will apply.

Invalid functions in the VEE program
*  hp4156b init, hpe5250a _init

HP VEE calls and executes these functions automatically when the program first
runs after loading. These functions cannot be called in a program using HP VEE.

* hp4156b_close, hpe5250a_close

HP VEE calls and executes these functions automatically when you close the
program or HP VEE. These functions cannot be called in a program using
HP 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 HP VEE, because HP 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 HP 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

——
High-Speed Spot Measurements
To make high-speed spot measurements, use the following functions.
Table 3-1 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

Figure 3-12

A program example is shown in Figure 3-13 on page 3-18. This program measures
MOSFET drain current. The measurement setup is shown in Figure 3-12.

Device Connection and Source Setup for Example Program

Drain
Gate
‘ Substrate channel: SMU2
mode: I measure
value: Id
Source range: 0.12
status: status
channel: SMU3 channel: SMU1 channel: SMU4 channel: SMU2
——mode: V output mode : V output mode : V output mode: V output
T wvalue: 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
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High-Speed Spot Measurements

Figure 3-13 Program Example of High-Speed Spot Measurement

Eil HP VEE - Hspot [_[&]x]
File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

R >|--|-|a|“|=?| B e = Y e Y el

HSPOT.vee
LB Main
= v = _
b = To/From HP4156E B
- '_L hpa156b_setswitch(instrHandle, hpd 1560_CH_ALL, hpd 1560_FLAG_ON)
= Vs || hpa156b_force(instrHandle, hpd 156b_CH_SMU1, hpd156b_VF_MODE, 2, Vs, 0.1, hpd i
=l vg |« hp4156h_forcefinstrHandle, hpd 156 _CH_SMU3, hpd 156b_F_MODE, 20, Vg, 10m, h
g hp4156b_forcefinstrHandle, hpa 1560_CH_SMU4, hpd 1560_vF_MODE, 2, Vsub, 0.1, h
= T v hp4156h_forcefinstrHandle, hpd 156 _CH_SMUZ, hpd 156b_F_MODE, 20, Vd, 0.1, hi
- hp4156b_spotMeas(instrHancdle, hpd T565_CH_SMUZ2, hpa T56b_IM_MODE, 0.1, 1d, sta
—| Wsub |« hpa156h_zeroOutputinstrHandle, hpd1560_CH_ALL) status _ t—
Wsub hpLHSGb opc_Q(instrHandle, Completed)
n = hp4156b_setSwitch(instrHandle, hpd 1560 CH_ALL, hpd 156 FLAG OFF
~ v A'_J_' vd Complete I
2 -
[
—| Drain Eurrent -
41.93m
= Staius [ =
0
Ready VEE 2| [PROE [MED
Table 3-2 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 3-3 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 3-15 on page 3-20. This program measures
bipolar transistor collector current and base current. The example uses the User
object of the HP VEE. See Figure 3-16 on page 3-21. The measurement setup is
shown in Figure 3-14.

Figure 3-14 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: b A ) range: AUTO
range:  AUTO status: IcStatus
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: 2V range: 2V
comp : 0.1A comp : 0.1A comp : 0.1A
polarity: AUTO polarity: AUTO polarity: AUTO
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Figure 3-15

Eil HP VEE - Mspot

Programming Examples Using HP VEE
Multi-Channel Spot Measurements

Program Example of Multi-Channel Spot Measurement

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

[_[5]]

][ = 1 T N e O =1 P N =k
& hain
BB Main —~
L@ setarrayFara o e s - To/From HP41568 =
,»7 hpd156b_setSwitchiinstrtHandle, hp4 156h_CH_ALL, hpd1 5=
0.8 — 1 channel | | hpd186b_setintegiinstrHandle, hpd156h_INTEG_TEBL_MED channel |1
- hpd 1560_setFilter(instrHancle, hpd1560_CH_ALL, hpd 156
] made hgéﬂEGbeUrce(msEtrHand\e, hpafseb_cﬁ_srﬁw hpzﬁﬁb_ mode |
1 _range hp4156b_force(instriandle, hpd156b_CH_SMUZ, hp4156h, range  |{
—— value hp41356h_force(instrHandle, hpd156b_CH_SMUI, hpd156h, MeasPaint |1
l—— status hpd156b_measureM(instrHandle, channel, mode, range, va value
Ve hpd156b_zeroOutputiinstrHandle, hpd4156h_CH_ALL) SeiE
hpd 1560 _setSwitch(instriandle, hp4 156 CH AL, hpd 15
. C 1
- = Get Yalues = _
SetArayParal | S — lcotatus | =
—— EW[U] Type I - l—i 0
1 Ary MumDims I - Get Values = o
Arvi3 467 | DimSizes 1 SubAry = e ]
R o] el 40.04m
= I Ay MumDims |1 =
B0 AR(3.4:6,7] DimSizes 1
—] Get Values = . TotSze S iEStatls |2
SubAry 0
ry(1] Tope |1 — -
— Ay NumDims [t B et values [-] = 4 [-]
Ary[3.4.67] DimSizes 1 Subsry  — 0.3074m
e ] TotSize |1 far1] Type 1 =
- ~—Ary MumbDims 1
e A3 46,7 DimSizes I
TotSize |1
N — —
Ready WEES] | EREE [ e
Table 3-4 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 3-16

Eil HP VEE - Mspot

SetArrayPara User Object

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Programming Examples Using HP VEE
Multi-Channel Spot Measurements

[_[5]]

] =31 = 1 R I - o O Y T P Y e [l
B SetArrayPara
EF Mairi —|Channels| -
SethrrayPara IQ— = el ]
—[chi |4 = A I NumDims [T =] —
|1— L A W!Resulﬂ—\ — \WITM lueftais|
SE D:m SiEZe
— %
—|ch1Range| |
-\cmmmela\‘t o
! —|chzrange| | ch
—|Ch2mode| «| P
—
| it e
[T
—| Allot Integer |= mode
MumDims | 1 =] _J [D-] .
init vaiue =] | 0 AT s
|~ Dim Size 1 D;m : | Array +—|
= Alloc Real =
Murn Dims | 1 =] a[D-]=b| - | range |
|Init value =] | o J [M_J_
~— Dim Size 1 D%m ; M—
1| »
Ready yﬁlﬁlﬁ
Table 3-5 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[ ],
Alloclnteger 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 3-6 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 3-18 on page 3-23. This program measures
MOSFET 1d-Vd characteristics. The measurement setup is shown in Figure 3-17.

Figure 3-17 Device Connection and Source Setup for Example Program
Drain
channel: SMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: vd
‘ Substrate value: a
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 / point: MeasPoint
range: 20V range: 2V range: 2V hold: Osec
comp : 10mA comp : 0.1A comp: 0.1A delay: Osec
polarity: AUTO polarity: AUTO polarity: AUTO s_delay: Osec
comp : 0.1A
v v v v p_comp: 0.5wW
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Figure 3-18 Program Example of Staircase Sweep Measurement

Eil HP VEE - Sweep [_[&]x]
File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Gl =1 o o e e 1 VR e B e N e S el
ain

5 It

SWEEP.vee
L _ _ -
Main =T ET - TofFrom HP4 1568 || =l statusCode ||
0 | = fipa 1560_setinteg(instrHandle, Np41560_INTEG_TEAl | wasspaint f g? g
= 5 npa186b_setFilter(instriandle, hpd 1560_CH_ALL,
- t hp41868_setSwitch(instrHandle, hp4156b CH_ALL 020
= r Vsuh hp41868_force(instrHandle, hp416960_CH_SMU1, h vd 0% 0
VeStat | | Mpd156b_force(instrHandle, hpd 156b_CH_SMUS, h
3 Vastop | | P9 1560_Torce(nsirHandle, hp4 1560_CH_SKU4, h T -
= Hoaopory | | NP41865_setiviinstrHandle, hp4 1565 _CH_SMU, ry 5.0
v 1o i MeasPoint | | 111560 sweephvinstrHandle, hpd 1560 CH_SMUZ 06 0
— W hp4186h_zeroOutput(instrHandle, hp4 1560 CH_AL status 070
0 — np4186b_ope_Q(instrHandle, Completed) .
- |4 staus | L0pd1860_seiSwichinsirHandie, npd 1580 CH ALL= | gompieted | o
~| vStart | = - 100
0 — =
- =] Il Curve Ir]
— | vdstop | «
3 —
—|Meas Pairts| = #Data
[11 =
= Alloc Real I~
Hum Difms [
[nitvane =] [ 0 <] [+]
Dirn Size 1 5 Array — o [ 5
Dim e
Auto Scale vl 0.8/
1 11 [ |
- ¥ 0.958 v 12.32m
Ready VE= 3 [FR0F [MoD
Table 3-7 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 3-8 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 3-20 on page 3-25. This program measures
MOSFET Id-Vg characteristics. The measurement setup is shown in Figure 3-19.

Figure 3-19 Device Connection and Source Setup for Example Program
Drain
channel: sSMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: Vg
Substrate value: 1d
status: status
Source A channel: SMU2
mode: V output
range: 20V
channel: sSMU3 channel: sMU1 channel: sMU4 sEart.:: X\;start
— mode: V output |mode: V output mode: V output — s C‘)p" MS Dg int
[ range: 20V value: Vs value: Vsub 7 Eoizt Oeas oin
start: Vstart range: 2v range: 2v dol C. Osec
stop: Vstop comp : 0.1A comp: 0.1A Edallﬁ ) Osec
comp: 0.1A polarity: AUTO polarity: AUTO s_delay: OS?;
comp: .
: 1w
Vi vV vV \/ pcomps  0.5w
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Figure 3-20

Eil HP VEE - Ssweep

Programming Exampl

es Using HP VEE

Synchronous Sweep Measurements

Program Example of Synchronous Sweep Measurement

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

[_[5]]

Gl =1 o o e e 1 VR e B e N e S el
ain

il
L@ Main - —
= = To/From HP4 1565 =] || Status cote | <]
0o o
T hp41860_setinteg(instrHandle, hpa1560_INTEG_TEL,
b = hpa 1860_setFiterfinstrHandle, hpa 1560_CH_AL hp | MeasPaint |g oo
- e hpa156b_setSwitchiinstrHandle, hp41560_CH_ALL, h 0z 0
— weuh |« Wsub nhp4156b_force(instrHandle, hpd 1560_CH_SMLU1, hp 03 0
= — MeasPoint | | hpd156b_force(instrHandle, hpd 1560 CH_SMUA4, hpa Ve a0
o [ hp41860_seth(instrHandle, hpd1560h_CH_SMU2, hpd
- i |3 hpa 1860_setSweepSynclinstrHandie, npd1860_CH_S 1d 0z 0
= 06: 0
SIS | | saue || 1560 sero0putnsr-ar e, npe 1550, CHALL) | =
i vetart | | Npa1860_opc_QinstrHandle, Completed) =tz 5 @
- sio hpd 1560 setSwitchiinstrHandle, hpa1580 CH ALL, h
- H Caompleted 1 09:0
—| Wstop |« 1000
i} = ! -
= = \U-Vg-Curve =
—|Meas Points| «
lﬂi XData
Alloc Real =
Num Dims 1 hd B
[ initvawe  =][ D 4 [+]
Dim Size 1 3 Array Id ] [ 5]
i 1= ,\/7 0.5/
g = Auto Scale g
- ¥ 0.9985 y:4.3m
Ready YEES| | FREE [ MOD:
Table 3-9 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 Id-Vg curve.
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Multi-Channel Sweep Measurements

To make multi-channel sweep measurements, use the following functions.

Table 3-10 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

hp4156b_setlv channel,mode,range,start,stop,point,hold,delay,

s_delay,comp,p _comp

Sweep Source Setup

hp4156b_sweepMiv channel[ ],mode[ ],range[ ],point,source[ |,

value[ ], status[ ]

Executes measurement

channel

Disables output hp4156b_zeroOutput

A program example is shown in Figure 3-22 on page 3-27. This program measures
bipolar transistor Ic, Ib-Vbe characteristics. The example uses the User Object of the
HP VEE. See Figure 3-23 on page 3-28 and Figure 3-24 on page 3-29. The
measurement setup is shown in Figure 3-21.

Figure 3-21 Device Connection and Source Setup for Example Program
Collector
Base
X channel: SMU1
channel: sSMU2 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 ztar%: Xstart channel: SMU1
mode : V output gp.' stop . mode : V output
] point: MeasPoint
value: ov hold: 0sec value: ov
range: 2v 7 dela. . 0sec range: 2v
comp: 0.1A s de{é . Osec comp: 0.1A
polarity: AUTO o ¥i o polarity: AUTO
v Ve Y
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Program Example of Multi-Channel Sweep Measurement

[_[5]]

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Gl =1 - e e 1 R e B e N e S el

MSWEEP vee
BB Main
': GetheasData

SettrrayPara

= To/From HP4 1568 I

—| wesStart | Vstart hpd1560_setSwitch(instrHandle, hpd156b_CH_ALL, hpd1

Wstop hp414560_setinteg(instrHandie, hpd 1560_INTEG_TBL_ME | channsl |g
o MeasPoint | | NP41360_setFilter(instrHandle, hpa 1960_CH_ALL, hpd15 | moda
hp4156b_force(instrHandle, hpd1560_CH_SMU1, hpd 156

A channe| range 1

hpd 156b_force(instrHandle, hpd 1560_CH_SMUZ, hpd 156

— VES-IDE A —1__mode hpa156h_setivinstrHandie, hpa 1560_CH_SMU3, hpd 156 | MeasPaint §
e ———  range hp41560_sweepMiv(instrHandle, channel, mode, range, v | source
0.8 i source hpd156b_zeroOutput(instrHandle, hpa156b_CH_ALL) value

P hp41560 setSwitchiinstriandle, hpa156h CH ALL, hpd1 status
—|Meas Points| + —{__status = ’_]

P

= Ic, bV Curve =]
[ s945m~
abs(xji xData e o
GetMeasData b——
B T
— SetArrayPara — |
E— M ABS(\/DE) 0.1f
¥ 016 Y. 3.009p
Ready yﬁlﬁlﬁ
Table 3-11 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
File Edt ‘iew Debug Flow Device |/0

SetArrayPara User Object

Data Digplay ‘window Help

[_[5]]

1= =1 = e e e 1 Y By e e e i S =il
MSWEEPvee | B SetarrayPara
o3 am —|Channgls| = Alloc Real =
GeteasData l—
SetArrayPara 2 Nurn Dims 1
Init Value = 0
= ch1 [« =] A+ = — Dim Size 1 e 1 source
1 A | [+t Result [k D;m 52'119
—| ch2 |« _1—
2 —| Allo Real T
—|chiRange| - | - MumDims | 2 -l
—|Chimode| «| o Dim Size 1 ‘| nitvaue |0 _J—4 value/status
! Dim Size Artay
—|Ch2Range| - | - b b1
—|Ch2mode] «| i ‘—— Dimsize 2 | 2 5
1
MeasPoints |j _|a D__b ) h
—|_|[ I= 1=k
B Alloc Integer E |
Num Dims | 1 =] -
|init walue =] © _J a[0)=h o
[— Dim Size 1 o Array [— al1]=h mode
i Size
1 8
—| Alloc Real =
Num Bims | 1 =] —@I_, -
|Init value =] | O J a[ll=h range
“— Dim Size 1 z AITEY b
im ’_5m=_
1 3

Ready yﬁlﬁlﬁ
Table 3-12 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+1 Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode, range,
Alloclnteger 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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Figure 3-24
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Programming Examples Using HP VEE
Multi-Channel Sweep Measurements

[_[5]]

NlEE@ = 2]E]E] LB ] @] wm]m] ] [E e
[® MSWEEPyvee | B GethveasData
BB Main —~
GetheasData =l Get Values =
SettrrayPara Subry b
ry(*, 0] Tepe I lcStatus
Ary MumDims 1
eg Anfade;] | DimSzes | Get Valuzs =
ToiSize |1
status - _ SubAry
EW[ 1] Type |1
Ay MHumDims I
IbStatus
e Ary(3 4:6,%] DimSizes 1 4
TotSize |1
- ahsix r
= ¥ | |abs(x) Result F——
= Get Values =] = k|
SubAry
v, 0] Type
Ary MumDims |8 - _
£q Ary(34:67] | DimSizes —I—IJa [ 2 [=0abst z
TotSize | % a/h Result — x | |abs(x) Resultb———
value = Get Values =]
SubAry
P 1] Type |0 = " =
e NumDims ¥ | |abs(x) Result F——
B0 Ary(3 46,7 DimSizes 1 o Ib
TotSize |0

Reaty [VEET] [FRoF [MoD]
Table 3-13 Program Explanation
Object Title Menu Explanation
GetValues Data-AccessArray-GetValues Gets data from array (value[ ],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 3-14 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 3-26 on page 3-31. This program measures
MOSFET drain current. The measurement setup is shown in Figure 3-25.

Figure 3-25 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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Program Example of Pulsed Spot Measurement

[_[5]]

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

AlzEE RS D E 2] el =a] b | [E ]
PSPOTvee H[hal
LB Main
SR _
T = To/From HPA1568 [
- L vs | [ Np41560_setSwitch{instrHandle, hpd1560_CH_ALL, hpd1560_FLAG _ON)
~ hp41560_setFilter(instrHancle, hpd 1560 CH_ALL, hp41660_FLAG_OFF) T
=W i hp41560_force(instrHandie, hpd 1560 CH_SMU1, hpd 1560 WF_MADE, 2, Vs, 0.1, hpe
B\ vg || 04158 forcedinstriandie, npd 1580 CH_SMUS, hpd 158 VF_MODE, 20, v, 10m, ¢
= hp41560_force(instrHandie, hpd 1560 CH_SMU4, hpd 1560 WF_MODE, 2, Vsuly, 0.1,
- hp41560_setPhias(instrHandle, hpd 1560 CH_SMU2, hpd1560 VF_MODE, 20, 0, Vd, stalus
— weub |« vaup| | P4156b_measureP(instrHandie, hpd 158b_CH_SMU2, hpd 1565_IM_MODE, 0, 1d, stat
hp41560_zeroOutputinstrHandle, hpd1560_CH_ALL)
0 hp41560_ope_QrinstrHandle, Completed)
= vd hpd 156k setSwitchiinstrHandle, hp4156h CH ALL, hpd156h FLAG QOFF Completed 1
= Wi "
,57 =
- [
— | Drain EUTTEHT -
42.4m
~|  staus |4
0
Ready YEES| | FREE [ MOD:
Table 3-15 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.

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 3-28 on page 3-33. This program measures

bipolar transistor collector current and base current. The measurement setup is
shown in Figure 3-27.

Figure 3-27 Device Connection and Source Setup for Example Program
1:PV command parameters
Collector 2:PT command parameters
Base
. channel: SMUL
channel: SMU2 Emitter mode: I measure
mode:r ] Tesewre [channel: SMU3 value:  Ic
: : : AUTO
@) range: AUTO mode : ) V pulse @) range
range: AUTO
1 base: ov
channel: SMU2 pulse: -0.8V channel: SMU1
mode : V output Lcomp : 0.1A mode: V output
value: ov hold: Osec value: ov
range: 2V width: Smsec range: AUTO
comp: 0.1A 2 period: 10msec comp : 0.1A
polarity: AUTO t_delay: Osec polarity: AUTO
v v l[priority: P width v
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Figure 3-28

Programming Examples Using HP VEE

Multi-Channel Pulsed Spot Measurements

Program Example of Multi-Channel Pulsed Spot Measurement

EilHP VEE - Mpspot E S
Fie Edt View Debug Flow Device /0 Data Display Wirdow Help
e = = = S o Y = R = = R T = N e N S ==
1 Main |_[5]x]
@ wan —|channels| « - To/From HP4156E =
S VR P e el e o
hpd156h_setFilter(instrHandle, hpd 1560_CH_ALL, hpd 1560h_FLA
hpd1560_force(instrHandle, hpd 1560 CH_SMUT, hpd1560_YF_N
o || sag g P
hp41560_cmd(instrHandle, "PY 3,0,0-0.8,.1"
hp415GbistartMeasure(mstrHanu\e hp4156b Mi_PSPOT, chant
- range | | hP41860_zeroOutput(instrHandle, hpd 156b_CH _ALL)
hpd1560_setSwitch(instrHandle, hpd 1560_CH_ALL, hpd1560_FL =
- Fmr Count| «
—|Ch2mode « ll‘r 1
fi I ~|chiRange] - ;]
o = TofFram HP4 1568 -
_.h_MSED readDat: walue
= Alloc Integer =]
MumDims | 1 =]
D gae 1 [init value =[] 0 | —|shift Register | «
— im Size &
wam ’_SJSZL ) iu;r;r;(
=1 Alloc Real =]
NumDims | 1 =]
— |init value =] | 0 —
— Dim Size § | Array |
o
Ready [VEE S [FROF [MoD)
Table 3-17 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][ ],
Chl1Range,Ch2Range range[ ] of hp4156b_startMeasure.
A+l Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode,
Alloclnteger 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 3-18 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 3-30 on page 3-35. This program measures
MOSFET 1d-Vd characteristics. The measurement setup is shown in Figure 3-29.

Figure 3-29 Device Connection and Source Setup for Example Program
Drain
channel: SMU2
mode : I measure
range: 0.1A
Gate point: MeasPoint
source: vd
‘ Substrate value: 1d
status: status
Source channel: SMU2
mode: V pulse
range: 20V
channel: SMU3 channel: SMU1 channel: SMU4 base:. o
———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 polntj_. MeasPoint
comp : 10mA comp : 0.1A comp : 0.1A héld' . Osec
polarity: AUTO polarity: AUTO polarity: AUTO Wldt_:h' L0msec
period: 20msec
v v v comp : 0.1A
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Figure 3-30 Program Example of Pulsed Sweep Measurement

Eil HP VEE - Psweep [_[&]x]
File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Gl =1 - e e 1 R e B e e S el

PSWEEP vee
LB Main - — To/From HP41568 =
A =
hpd 1560_setinteg(instrHandie, npd 1560 _INTEG_TEA —| Status cade |«
W It Paint
[0 — = hpd 1560_setFilter(instrHandle, hpd 1560_CH_ALL, e
= 9 hpd 1560_setSwitch(instrHancle, hp4156h_CH_ALL b @
- Wsuh hp41560_force(nstrHandle, hp41560_CH_SMUT, h W
- £ vistart | | hpd156h_force(instrHandle, hpd41560_CH_SMU3, h 020
R I— hp4 1560_torce(instrHancle, hpd1560_CH_SMU4, 1 T 03 0
= ] P2 | hpd4158h_setPiv(instrHand2, hpd 1560 CH.SMUZ, | 04: 0
- MeasPaint | | 041560 sweepP iv(instrHandie, hp4 1560 CH_SML g
=] wsub [«] v hpd1560_zeroOutput(instrHandle, hpd 1560 _CH_AL status
i hp4156h_ope_Q(instrHandlz, Completed) 08-0
0 = |4 statys | |hp4156D setSwitchiinsirHandle hg4 1580 CH ALL= | compisted | | | 07: 0
- — 08: 0
=| voiStart ||« 03 0
T f 10:0
N = e-vd Curve B
—[ vastop | «
] —
—|Meas Paints | « AData
T
-] Allot Real =
Mum Dims 1 hd
[ mitvawe =][ 0 [+]
Dim Size 1 3 Array — [o | ]
Dim ize
Auto Scale v 0.5/
1 1 ETEER
= % 2512 v 9m
Ready YEES| | FREE [ MOD:
Table 3-19 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 3-20 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 3-32 on page 3-37. This program measures
bipolar transistor Ic, Ib-Vbe characteristics. The example uses the User Function of
the HP VEE. See Figure 3-33 on page 3-38. The measurement setup is shown in

Figure 3-31.
Figure 3-31 Device Connection and Source Setup for Example Program
1:PWV command parameters
Collector 2:PT command parameters
Base
En?itter channel: SMU1
chanr.xel o sMu2 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: SMUL
mode: V output step: MeasPoints mode: V output
value: ov Lcomp 0.1 value: ov
range: v 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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Program Example of Multi-Channel Pulsed Sweep Measurement

[_[5]]

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Gl =3 = 1= O - = -1 10 - Y i e | el
MPSWP vee Main
Main -
{3 Local User = To/From HP4 1568 =
LB setinput - hpd156b_setSwitchiinstrHandle, hp4156h_CH_ALL, hpd156h_FLAG_OM*
shannel | | hpd 1560_setinteg(instrbandie, hpd 1560 INTEG_TEL_SHORT, 800, T) channel 1
Call Setinput hpd 1560 _setFiiterfinstrHandle, hpd 1560_CH_ALL, hpd1568_FLAG_OFF
made | | p4158b_force(instrHandle, hp4156b_CH_SMUT, hpd1565_VF_MCDE, (
hpd 1560 _torce(instrHandie, hpd 1560 CH_SMUZ, hpd 1560_F_MODE, ©
hpd 1560_cmdrinstrHandle, "B 0,.005,.01,0,17 mode 8
range hpd156h_cmd(instrHandle, W)
hpd 1560 _startiveasure(instrHancle, hpd1560_t_PSWEEP, channgl, m
ey || NP4 1860 _zeroCutputiinstriandle, ipd 1560_CH_ALL) el
= Vbeatar‘t 5 hpd156h setSwitchiinstrHandle, hp4156h CH ALL, hpd156h FLAG OF" 4
J—UD =
—[eStop| «
FD 8 -
= For Count =| B 1=
| MeasPaints| < ’—U 5
21 (— HData ! ﬂBmF‘JDg
—| TosFrom HP4 1568 = [
e b
- — o ’T
—|  TofFromnbPaises |«
walue 0.10|g ] I
[ ToF :Hpmssa I=] 0 | o
= ofFrom = — b Auta Scale ABS(Vhe) 0.1/
hpd156h_readDatz_| value I—|AB§(A)I—' 4
- ¥ 0.68 v, 1.618m
I R | -
Ready YEE S| | FROE | MOD:
Table 3-21 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 | 1/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 3-33 SetInput User Function
&1 HP VEE - Mpswp
File Edit View Debug Flow Device 1/0 Data Display ‘windaw Help
Dz@lal el >R8] Llwlelm@] ] ] lelw] o E s
[ Setinput
Main
(3 Local Userf
—|Channels|
LB setnput O - =l oc Integer
: hﬁ‘m D‘\rrtwsgl 1 x|  Ghanrels |
Start ~[ cht 4] o |init value || 0
h— im Size o -
o Fres
2 th
= Alloc Real
—~|ChiMode| «
um Dims | |
! — |::wit Vg\uej |1 i
—|Ch2Muode | « Dirn ,_SLZL
a[D-]zh
~|Ch1Range| o
ST Pl D s
P 3,100, o ~|ch2Range| - range
—] Text = LEI—LA_E i
3 i -
A4B
MaasPoints S -
1 A+B _ —
_| Text |4‘ A+B
0.1 _ImA:B'/‘
4 »
Ready ’ﬁw’m
Table 3-22 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+l Device-Formula Calculates A+1 to allocate array.
AllocReal, Data-AllocateArray-Real Allocates array for channel, mode, range,
Alloclnteger 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

Staircase Sweep with Pulsed Bias Measurements

For staircase sweep with pulsed bias measurements, use the following functions.

Table 3-23

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 3-35 on page 3-40. This program measures
bipolar transistor Ic-Vc characteristics. The measurement setup is shown in

Figure 3-34.

Figure 3-34

Device Connection and Source Setup for Example Program

Collector
Base channel: SMU1
mode: I measure
. value: Ic
Emitter @range: AUTO
<Ei1> channel: sMUL
de: \% tput
channel: SMU2 T:n:e' Zogu i
: v L .
mode pulse start: Vcstart
range: 2v channel: SMU3 T stop: VcStop
basef ov mode: V output point: MeasPoints
peak: Vb range: 2v hold: Osec
width: 0.5msec value: Ve delay: Osec
period: Smsec comp : 0.1A s _delay: OSEC
hold: Osec polarity: AUTO Cgmp. 0.1A
:;7 comp: 50mA ) . .
\/ p_comp: 1w
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Figure 3-35 Program Example of Staircase Sweep with Pulsed Bias Measurement
gi} HP VEE - Pbswp HEE
File Edit “iew Debug Flow Device |/0 Data Digplay ‘window Help
il == = S e e = s i == T = N S R = A N SN =)
PBSWP vee B Main
L -
ain E = To/From HP4 1566 B e —
be 9 hp41560_setinteg(instrHandle, hpd 1 21
L = hpd 156k _setFilterinsttandle, hpd1 | MeasPoints (— | -
= hpd156h_setSwitch(instrHandle, hpd
= ve [= vestart || NP4156b_setPhias(instrHandie, hnd 1 .
hpa1860_force(instrHandle, hpd 196t = atus 4
0 Vestop hp41560_opc_QfinstrHandle, Compl gl 00 0 -
- hp41560_seth(instrHandle, hpd 156k 01 0
= S z MeasPoints | | hpd 1560 _sweepPhias(instrHandle, h
SR B hp4 14966 _zeroQutputfinstrHandle, h e 12
o Ve npd 156 setSwitch(instrHandle, hod 03: 0
| i
= veStap | | L shtis status 08 0 |
E ) .
= leVe Curve =
~|Meas Points| +
21
- \_\H KData
- Aloc Real I~
Murmn Dims 1 hd
Init Yalue hd a
Cim Size 1 Array =
Dim Size < [+]
I o [ 3
! 2 Autn Scale we 05/
- X 1507 y: 15m
Ready - YEES] [FROE |[MOD
Table 3-24 Program Explanation
Object Title Menu Explanation
VcStart, VcStop Data-Constant-Real Enters input parameters of hp4156b_force
Vb,Ve,MeasPoints | Data-Constant-Integer hp4156b_setPbias, and hp4156b_setlv.
To/From HP4156B | 1/O-InstrumentManager- Plug&play | Executes measurement.
AllocReal Data-AllocateArray-Real Allocates array for V[ ],Ic[ ],status[ ] of
hp4156b_sweepPbias.
MeasPoints Display-AlphaNumeric Displays number of measurement points.
Status Display-AlphaNumeric Displays status[ .
Ic-Vc Curve Display-XvsYPlot Plots Ic-Vc curve.
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Sampling Measurements

To make sampling measurements, use the following functions.

Table 3-25

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 3-37. This program measures resistance. The
example uses the User function of the HP VEE. See Figure 3-38 on page 3-43 and
Figure 3-39 on page 3-44. The measurement setup is shown in Figure 3-36.

Figure 3-36

mode :
range:
value: R2

channel :MeasCh2

channel: SMU3

mode : V output mode : V output
range: AUTO range: 2V

base: ov value: ov

bias: Bias comp : 0.1A
comp : 0.1A \/ polarity: AUTO

range:

base: ov
bias: Bias
comp : 0.1A

Device Connection and Source Setup for Example Program

channel :MeasCh2
MeasMode
MeasRange

channel:MeasChl
mode : MeasMode
range: MeasRange
value: RI1

channel :MeasChl
V output
AUTO
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Figure 3-37

gil HP VEE - Samp

Programming Examples Using HP VEE
Sampling Measurements

Program Example of Sampling Measurement

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

[_[5]]

][ = 1 T N e = O =1 N e [
SAMP vee
Tnac”;\ - = ToiF ram HP4 1568 7]
B cetData 30m Interval hpd 156b_setinteg(instrHandle, hpd 186b_ | ool
B Setarray = MeasChl hpd156b_setFilter{instrHandle, hpd156h_
—~| Bias |~ | MeasCh? hpd156h_setSwitch(instrHandle, hpd 1568 | mode o
hpd156b_set5 le(instrHandle, O, Int:
- Eh‘?:iel hgzﬂEﬁh:?;d;;ﬂrlfp?e(g;nrcl\?(\ﬂn;rHang\:,r\ = |
- —————— hp4156b_addSampleSynchiinstrHandle,
|=|MeasChi ]| rode hgzﬂ5Gh:fnrcE(ms‘irHayr;d\E,(hpmSGh_CF point
hpd136h, lefinstrHandle, ch 1,
[— || odigt skttt el S
= Mea;Ch2 = | value hp4156h_setSwitchiinstrHandle, hp4 156k vale
2 ~—— tleasPoints
- — status Stalus
—|MeasMode | + =
,17 — - [
- Call GetData | R-ime =
—|MeasRange| « ,— .
b - R
XData
0.5/
_ R1
— — A;EI:
E:' Call Sethrray — m R2
o=
4 »
- MeasF—‘nmts - A?E 0
lmui R2 Auto Scale Time 0.5/
- 2.5 v 3046
| v -
Ready YEES| | FREE [ MOD:
Table 3-26 Program Explanation
Object Title Menu Explanation
Interval,Bias Data-Constant-Integer: Enters input parameters of
B 2 b
MeasCh1,MeasCh2 | Data-Constant-Real hp4156b_force, hp4156b_setSample,
MeasMode, hp4156b_addSampleSyncly,
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 3-38

gil HP VEE - Samp

SetArray User Function

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

Programming Examples Using HP VEE
Sampling Measurements

[_[5]]

][ = 1= T N e e =g T il e [
SAMP vee A
Main
i | énca\ UserF & | =l Alloc Real =]
GetData MumDims | 1 =] ch
B sataray | nitvaue =] 0O
o N Array
i ——— W
Mode1
Mode
Range1
Range
cha |
Allot Integer [=
hurm Dims 1 = -
Init Value = 1] M
T | Dim Size 1 Dim Size Array
a(1)=b 1 100
J walug
Rangel | - Alloc Real =]
Mum Dims | 2 =]
| Initvaue | 0O
Dimn Size 1 \ Dim Size Array I
1 100 status
MeasPoints [ 9 if
1| »
Ready VEE 3/ [PROF [MOD
Table 3-27 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 3-39

gil HP VEE - Samp

Programming Examples Using HP VEE

Sampling Measurements

GetData User Function

File Edt Yiew Debug Flow Device |/0 Data Digplay indow Help

[_[5]]

==

o N e e 3y s Y e = A W e N 5 k|

SAMP vee [ GetData
Main
o EE;&DSE‘: B Get Values =
SubAry
[ Setarray hryl*‘ ] e :_\L =
Ary NumDims |8
l—< eg Ary[3 416, DimSizes 1
value TotSize
B = Get values =]
SubAry
B ol e
S— V] NumDims status1
eg A3 4.6 Dim8izes 1
TotSize
— Get Values =
SubAry
", 1] Type ] W
Ay NumDims [i
20 AN[3416,7] DimSizes 1 QRQ
TotSize |0
status =l Get Values =]
SubAry
AT L
Ary MumbDims 1
20 AR(3.4:6,7 Dim8izes |1 %
TotSize |1
Ll »
Ready YEE S| | FROE | MOD:
Table 3-28 Program Explanation
Object Title Menu Explanation
GetValues Data-AccessArray-GetValues Gets data from array (value[ ],status] ]).
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Stress Force

For stress force, use the following functions.

Table 3-29

Functions for Stress Force

Description

Function

Parameters

Output Switch Setup

hp4156b_setSwitch

channel,state

PGU output impedance
setup

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

A program example is shown in Figure 3-41 on page 3-46. This program forces dc
stress and pulse stress to the DUTs (device under test). The measurement setup is
shown in Figure 3-40.

Figure 3-40

channel:SMU1

E:

mode: V output = — channel: SMU2
range: 20V mode: V output
base: ov range: 2V
stress: DCVstress value: Vsub
comp: 0.1a comp : 0.1Aa
polarity: AUTO

Vv

Device Connection and Source Setup for Example Program

z

channel:PGU1

mode: V pulse
base: ov
stress: Pulsestress
width: width

Ji) delay: delay
rise: rise
fall: fall
hold: hold
mode: Pulse count
Count: Count

\V Period: Period
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Programming Examples Using HP VEE
Stress Force

Figure 3-41 Program Example of Stress Force
&2 HP VEE - Suess HE]ES
File Edt View Debug Flow Device |/0 Data Display “indow Help
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— hpd156b_force{instrHandle, hpd156h_CH_SMI
o - E;ﬁ:; hEMSEb:setStlt'esstinStrHandI'?a, hold, hp4 156 ot |
e 2 hp4 156h_addStressSyncivinstrHandle, hpd 15 2
= count_| | — 1 DCVstress | | hpa156h_addStressSyncPulselinstrHandle, hp
1000 | ~—— Pulsestress | | hp41596k_stress{instrHandle, status)
- width hp4 156k _error_guery(instrHandle, error_numt | aper number
—| period [ - T hp4156h_ope_CinstrHandle, opc) =
hp4196h_clearStressSynclinstrHandle
D1 rise hpimSEb_setSwitchiinSS{rHéndle,hﬁmi)ab H
= fall error_message
—|DCYstress| «
0 -
- Pulseitress - f
10 -
= = staus 4]
= wicth |« 54
Fom -
= —| ErrarCode | «
—| delay |« 0
30m — = -
= = Errorhessage =
[ =R - "No error"
m — -
- f;l\ -
1m —
Ready YEE 3| | EROE [ MOD
Table 3-30 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 for HP VEE

This chapter explains how to use the sample application programs stored on the
HP VEE Sample Program Disk furnished with Agilent 4155B/4156B. 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 HP 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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Sample Application Programs for HP VEE
Introduction

Introduction

This section introduces the sample application programs for HP VEE that are
furnished with the 4155B/4156B, and covers the following sections:

+ “HP VEE Sample Program Disk”

*  “What are Sample Programs?”

HP VEE Sample Program Disk

The HP VEE Sample Program Disk stores sample application programs using
HP VEE and VXIplug&play drivers for the 4155B/4156B and the ES250A. The
sample programs can control the 4155B/4156B, 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.

e 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 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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Sample Application Programs for HP VEE
Introduction

What are Sample Programs?

The Sample Program Disk stores two program files, samplel.vee and sample2.vee.
Both programs control the 4155B/4156B, E5250A low leakage switch mainframe,
and Cascade Summit series semi-auto prober, and do the following:

1. Probe two MOSFETSs on a die

2. Measure 1d-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 4-1.

Table 4-1 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 4-1

Sample Application Programs for HP 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 4-1.

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+1)

(Vg_extract, Id target)

(Vg(n),Id(n))

Vg
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NOTE

NOTE

Sample Application Programs for HP VEE
Introduction

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 E5250A. 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.

¢ 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 (4155B/4156B only)

Select this mode if you use the 4155B/4156B only. The test device is a single
MOSFET, as the 4155B/4156B has four SMUs to connect and measure a
4-terminal device simultaneously. A test fixture or manual prober is required to
connect the device.

¢ Online mode with E5250A

Select this mode if you use the 4155B/4156B 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 4155B/4156B and the Cascade Microtech
Summit series semi-auto prober. The test device is a single MOSFET, as the
4155B/4156B has four SMUs to connect and measure a 4-terminal device
simultaneously.

* Online mode, fully automatic

Select this mode if you use the 4155B/4156B, E5250A, 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 4-2 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 4-2 Measurement Connection and Source Setup
4155/4156 IN E5250A
SMU1 1
SMU2 2
SMU3 3
SMU4 4
)
112 |3 14 |5 |7 |9 |23
OouT
0.5V
«
| [0.5v S| G| D G| D| s
to L L
3.0V |0V |0V rd W
\VARRVARRVARV 508 B
SUB
Devicel Device?2
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 4-2, OUT 1 to 9 indicates output port 1 to 9 of the matrix card installed in
slot 1 of the ES250A; OUT 23 indicates output port 11 of the card installed in slot 2
of the ES250A.
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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.

vtha.txt Vth data file. If 5 dies are tested, 5 data are included. For the file
name, nis 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: Y-index of the die position.

Figure 4-3 Example of Data Files Created by Sample Programs
dlvgidb55.txt
info.txt (5,5) Device 1 Vg-Id Data
Vi v Id [A] Id sStatus
Data Save Directory for HP4155B/4156B Sample Program :4'%%:8% ggg%:%g 8
Mon 15/Jun/1998 14:14:30 _3.25E-01 7.06E-15 0
Comment -2.38E-01 6.06E-15 0
-1.50E-01 6.00E-15 0
-6.25E-02 6.00E-15 0
2.50E-02 506E-15 0
1.13E-01 6.89E-15 0
2.00E-01 2.87E-14 0
2.88E-01 4.61E-13 0
3.75E-01 9.17E-12 0
4468]2—81 %2615—]68 8
5.50E-01 .91E-
vthl.txt
Device 1 Vth Table /\/
X Index Y Index "Vth [V]"
5 7 9.21E-01
7 5 9.19E-01
7.32E-01 .
3 2 3355701 d2vgid55. txt
5 3 9.22E-01
(5,5) Device 2 Vg-Id Data
Vg [V] Id [A Id Status
-5.00E-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 "vVth [V]" 2.50E-02 6.00E-15 0
5 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

HP VEE (version 4.0 or later) and the VXIplug&play drivers for the
4155B/4156B 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. (PCS version 2.50 supports Windows 95 only).

HP VEE Sample Program Disk
Agilent 4155B or 4156B 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, to connect the test devices.

Connection Cables
Four triaxial cables are required to connect the 4155B/4156B and ES250A.

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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Installation

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 HP 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 4-4 Installing Sample Programs

L SampleProg <——— yorking Directory
samplel.vee
sample2.vee

sample.ppd
readme. txt

data <—————— subdirectory

4-10 Agilent 4155B/4156B VXIplug&play Driver User’s Guide, Edition 4



Sample Application Programs for HP VEE
Using sample1.vee

Using samplel.vee
This section covers the following topics.

*  “Program Execution Flow”
+  “Panel Display”

*  “To Execute samplel.vee”

NOTE 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 HP VEE Sample Program Disk is an example only.
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Figure 4-5

g} HP VEE - Samplel

Sample Application Programs for HP VEE
Using sample1.vee

Program Execution Flow

The execution flow of the samplel.vee program is shown in Figure 4-5 and

Table 4-2.

Execution Flow of samplel.vee

IH[=] B
File Edit “iew Debug Flow Device |/0 Data Digplay ‘Window Help
o= =1 e s = Y s O
HP4155B141568 Sample P L= = LG B E
=B Main -
_ Device 1 Yo-ld Graph HAM Configuration
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X Init Prober
— HW Configuration _I
B Init Ingtrument Init Insfrument I
B Init Prober - ! ¥ Indexd— Init & wid
y i P B —
B Resetinstrument _1|_' Init G_1st meas Y Indexd———1 Init G yick
B ResetProber
[} Save Infa File Gato xt Die | _
B[ Show Resul Until Break BrETI Shiow Resultl
Reset Instrument | .
- Device 1 Wth Measurement 1 -
RESEL PT’DUEI’I E Device 1 %g-1d Graph
Device 2 Vth Measurement b————
1 Device 2 ¥og-Id Graph
————————1
Update G_1st_meas|
Marranty Disclaimer
Thiz enample is provided as an illustration "oz is", and Hewlett-Packard
Company makes no warranty of any kind with regard to thiz example.
4 | »
Ready SRR O
4-12
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Table 4-2 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 Id-Vg measurement result graphs of Device 1 and 2. See
Device2 Vg-Id Graph Figure 4-6.
13 | Show Result Displays Vth value and wafer map. See Figure 4-6. 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 4-6.

Vth Displays Vth value of device 1 and 2. The data is in volts.

Vg-1d Graph Displays Id-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 4-6 Panel Display of samplel.vee

% HF VEE - Samplel [H[=] E3
File  Edit “iew Debug Flow Device 1/0 Dats Digplay ‘window Help

] == = I e v i = = =t e T R = A N e A e S N =
HP41558/41568 Sample i | hain

&8 Main Marranty Disclsimer ~| Device 1vg-1d Grapn |
B Deveo 1 via orapn| || RSREISREES SR e 1om
B Device 1 Vth Measur: Id
[ Device 2 Vo-Id Graph —| Save Directory | —| Load PFDFile | Iog
- Device 2 Vth Measure [ata [fample FFD -
—E Goto Next Die g
HE Hvw Configuration = HIndex =1 v index |
—E InitInstrurment [& [3 StaEf 0
BB Init Proker = Show Besult 1 -
HE Resetinstrument
| B ResstPraber —| DevivthMmin | |=| Devivth | =| Dev1wvih max | -05 3
&-[@ Save Infa File i) m W 0.5/
=B showResut
pwhesy —| Devz¥tnmMin | |=| Devavwth | —| Dev2vih Max | U272 S47Em
0.8 1 = Device 2 Yo-ld Graph
10m
X Index id
log
vorld
W Index 5ta£}> 0
1t
-0.5 3
v 0.5
3 1.272 Y. 3.479n
‘ 3
Ready WEE 3 | EROE | MOD /ﬂ
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NOTE

Table 4-3

Sample Application Programs for HP VEE
Using sample1.vee

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 4155B/4156B. Select
NOT SYSTEM CONTROLLER in the 4/55B/4156B is field.

Run HP VEE. If this is the first time using HP VEE and VXIplug&play drivers
for the 4155B/4156B and E5250A, register the drivers at this time. See
“Programming Basic” in Chapter 3.

Open the samplel.vee program.

Display the program (Figure 4-5) 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 4-3.

H/W Configuration Object Check Button Setup

Execution Mode 4155/56B Es250A | Semi-Auto
Prober
Online, standalone check
Online, with E5250A check check
Online, with prober check check
Online, fully automatic check check check
Offline

Agilent 4155B/4156B VXIplug&play Driver User’s Guide, Edition 4 4-15



NOTE

Sample Application Programs for HP VEE
Using sample1.vee

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:\lotl\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 4-6) 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 HP 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 4-7

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 4-8.

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 4-7

Figure 4-8

Sample Application Programs for HP VEE
Using sample1.vee

Running samplel.vee with Cascade Microtech Prober Control Software (1)
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Running samplel.vee with Cascade Microtech Prober Control Software (2)
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Figure 4-9

NOTE

NOTE

NOTE

Sample Application Programs for HP 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 HP 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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NOTE

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 HP VEE Sample Program Disk is an example only.
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Program Execution Flow

The execution flow of the sample2.vee program is shown in Figure 4-10 and
Table 4-4.

Figure 4-10 Execution Flow of sample2.vee
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Table 4-4 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 4-11. Devl Vth and
Dev2 Vth show Vth value, and the field below shows wafer map.
15 | Update G 1st meas Sets G_1st_meas variable to 0.
16 | Reset Instrument Resets the instruments.
17 | Reset Prober Resets the prober.

View Vg-1d Graph

Displays 1d-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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Figure 4-11

Sample Application Programs for HP VEE
Using sample2.vee

Panel Display

The sample2.vee program displays the following data and graph. See Figure 4-11.

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 Id-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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Table 4-5

Sample Application Programs for HP VEE
Using sample2.vee

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 4155B/4156B. Then
select NOT SYSTEM CONTROLLER in the 4755B/4156B is field.

Run HP VEE. If this is the first time using HP VEE and VXIplug&play drivers
for the 4155B/4156B and E5250A, register the drivers at this time. See
“Programming Basic” in Chapter 3.

Open the sample2.vee program.

Display the program (Figure 4-10) 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 4-5.

H/W Configuration Object Check Button Setup

Execution Mode 4155/56B 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 HP 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 4-12

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 4-13.

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 4-13

Sample Application Programs for HP VEE
Using sample2.vee

Running sample2.vee with Cascade Microtech Prober Control Software (1)
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Running sample2.vee with Cascade Microtech Prober Control Software (2)
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Figure 4-14

NOTE

NOTE

NOTE

Sample Application Programs for HP VEE
Using sample2.vee

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 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 sample2.vee

2 HP VEE - Sample2

e Edk Vew Depug DisplayWindow Help

= EES o T T e S A =

HP41556/41568 Sample P1
Save Director y Load PPD File
RIS ﬂata? samp\e PPD
‘ curremx Index cunentv Index

Show. Raault

0
Devi Vin Min Devi vih Devi Vi Max 08152
s 0.8152 [t vih

Dev2 Vin Min Dev2 Vth Dev2 Vth Max x08153 y.3
0] 0.8152 I

View Vi Histograrm
iata2ivth2 bt =

10

) SAMPLE.PPD

Hoiz. 14580 um SIOP MOTION

Vet 14480 um

Align ldx 4 6803 y. 77.27n
ubsite. 0

System Enor Log Clear 72221 [F0r oD

9. Repeat step 2 through 8 for all Wafers to be tested.

10. To stop the program, click the stop button on the HP 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

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”

“To Add a Measurement Parameter”
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Figure 4-15

Sample Application Programs for HP VEE
Customizing Sample Programs

To Change an GPIB Address

You can change the GPIB address of the 4155B/4156B and E5250A by using the HP
VEE Instrument Manager.

1. Select the I/O-InstrumentManager menu from the HP VEE menu bar. The
Instrument Manager dialog box is displayed.

2. Select the instrument (Example: HP4156B) from the Instrument Manager dialog
box, and then click Edit. The Device Configuration dialog box is displayed.

3. Enter the new address in the Address field. For example, enter “717”.

4. Click Advanced I/0 Config. The Advanced Device Configuration dialog box is
displayed.

5. Select the Plug&play Driver Tab, and then enter the new address in the Address
field. For example, enter “GPIB0::17::INSTR”.

6. Click OK in the Advanced Device Configuration dialog box.
7. Click OK in the Device Configuration dialog box.

8. Click Save Config in the Instrument Manager dialog box to register the new
address.

To Change an GPIB Address
1

File Edit View Debug]| I/O | Data Display Win% Help
[EEEE o

[] Untitled

LD Main

[i[m] [ [Instrument Manager
VBN Advanced I/0
Bus I/0 Monitor

Instrument Manager
— Instrument List.

_ Configuration.

My configuration

HP-

-180
hp8720c(@(NOT LIVE))

HP-1B7

Add

Delete

< Edit

dmm(hp34401a@(NOT LIVE)) [ Refresh ]
scope(hp54504a@(NOT LIVE)) - Get Device
HP4156B(hp4156b@(710))
Serial9 Plug&play Driver
serial(@(NOT LIVE)) > Panel Driver
Component Driver|
» ‘ Save Config ‘ ‘ Cancel ‘ ‘ Help ‘

Advanced Device Configuration

CITJCTIET] B
MEE

Device Configuration

6—»[o< ] [Cancel] [T |

General Plug&piay Driver | Panel Driver Name 41563
Plug8play Driver Name: [ “HP4156B  [v] Interface P8
Parameter to ini() call ————————— Address(eq714) 77
Address (eg GPIB-VXI:12:INSTR){ GPIBO:A7-INSTR 5

= Perform Identification Query Gateway, This host
K Perform Reset C
d d 1/O Config
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Figure 4-16

Sample Application Programs for HP VEE
Customizing Sample Programs

To Change the Vth Measurement Setup

You can change the 4155B/4156B source setup and the E5250A switching setup by
editing the Device 1 (or 2) Vth Measurement object. See Figure 4-16.

1. Open the samplel.vee or sample2.vee program.

2. Double click Device 1 (or 2) Vth Measurement in the HP 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 4155B/4156B 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
&1 HP VEE - Sample? [ To=]
1 File  Edit iew Debug Flow Dewvice |/0 Data Digplay Window Help

D@ e alEE] Olee)E @] el e ]

HP41558/4156B Sample P | 2] Device 1 vth Measurement

BB Main ~| Device ID String 4
S T — 3

2 2 evice 2 vih Measuy
& Goto Nexd Die
HE Hw Configuration =] \/ /Weasuren;e)n‘f \/\
LB it instrument /| Drain Pin ~/ Gate Pin - Source Pin —//Substrate Pin
B Init Prober I3 Jé \ ] /41
"B Reset Instrument —| Drain MU ch ||/~ Gate Smuch —|Source SMU Ch| [ —|Substrate SMU Ch
—B ResetProber T R \ B B
B Save Info File
5[ Show Result —| Drain Voltage | | —| Gate Start Voltage || \— Source Voltage/| \-|Substrate Valtag
B view virld Graph = [os ) gl
BB View Vth Histogram N It\ D\
\| Gate Stop voltagy
3
—| I Threshald — |Sweep Paints
5 Hiu ] —— 6
Ready WEE Z | EROE | M@ /ﬁl
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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 HP VEE program explorer.
Figure 4-17 To Remove a Test Device (1)
EHP VEE - Sample21 [_[5]x]
D@ > [>E]E snlaEE] sk o] s S ]
[=EEan BEE]
&8 wain
Device 1 Vin ~
Goto Next Di =] View vth Histogram =
r""\"c‘””"”” % L “iew Vin Histogram
\311 Prober "—r it —
3. Open Resat Instru S —
Save DTrE:tuw o Nt G data dir
Save Info File
Init Frober | I —
Init Instrument % 04 0.75
_TintG 15t meas Get G ik f—_Currenti ndex_ | . 577\/1»1 <o gl
Get G yieb—1 Current Index_ | £ = t
Until Break | Device 1 \/th-MeasurEmem = View Vg Grapn L
= View vg-Id Graph
Reset Instrument | _IShDW Resul [pata/o2vgiat ot e |
Reset Praber | 1o
1o [A]
2 Connéor Update G_1st_meas| (ke o
vagld
Harramy Dicolaimer ‘l 1"
Companymakesho warrarty of anykind with regard to this exanple. -1 3
Vo V] 0.5
: R ¥ 1 v 2.836n
Ready == e e
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Customizing Sample Programs

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-If/Then/Else object, and enter A, then connect the lines:

» Dbetween If Vth Pass and If/Then/Else A terminal

» Dbetween If/Then/Else Then terminal and P

» Dbetween If/Then/Else Else terminal and F1

Double click the JCT object, and delete the input terminals C and D.

Figure 4-18

gil HP VEE - Sample21

To Remove a Test Device (2)

File Edt View Debug Flow Device |/0 Data Digplay ‘indow Help
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Customizing Sample Programs

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 HP 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 4-19 To Remove a Source Output (1)

£ HP VEE - Sample2 [CIEL=]
File Edt Wiew Debug Flow Devics 1/0 Data Display Window Help
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—[@ ResetInstrument Cunma-ct e meas_point
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.
©'—aeasuremen
Sweep Points b1
— ) | ldvec |
Post-Setup
Id_stat
. _l_
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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 4-20 To Remove a Source OQutput (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 4-22.

5. Open the If/Then/Else object, and add the t3 input terminal.

Figure 4-21 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:

» Dbetween Vth3 terminal and Dev3 Vth object
» Dbetween Vth3 terminal and the data input terminal of If Vth Pass object
» Dbetween 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 4-22.

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 4-22.

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 4-22.

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 4-22 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 4-23 To Add a Test Device (3)
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NOTE

Figure 4-24

Sample Application Programs for HP VEE
Customizing Sample Programs

The modification example shown above changes the meaning of the wafer map
result display as shown below.

P
Fl
P2
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 (Oftline) 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 N E5250A
SMU1 1
SMU2 2
SMU3 3
SMU4 4

0.5V ouT

J3.0v s| 6| D G| D| s
ov |ov el e

Devicel Device2

Cascade Summit series semi-auto prober
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To Add the Measurement Function and Dummy Data

L.
2.

Open the Measurement object using the HP VEE program explorer.

Create the Vg_spot input terminal in the Measurement object as shown in
Figure 4-25.

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
a. channel : Use gate ch variable.
b. mode : VOLTAGE OUTPUT
c. range:0
d. value : Use Vg variable, and create Vg input terminal.
e. comp: Ilm
f. polarity : AUTO
» hp4156b_spotMeas function
a. channel : Use drain_ch variable.
b. mode : CURRENT MEASUREMENT
c. range:0
d. value : Use spot_id variable, and create spot_id output terminal.
e. status : Use spot_id s variable, and create spot_id_s output terminal.

Connect the line between the Vg_spot input terminal and the Vg input terminal
of the Meas 4155 object.

Add two Flow-Junction (JCT) objects.
Create the spot_id and spot_id_s output terminals in the Measurement object.

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.

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 4-25 To Add the Measurement Function and Dummy Data
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To Set the Id Measurement Source

1. Open the Vth Measurement object program display, and change the title to
Vth/Id Measurement.

2. 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.

3. Connect the line between the Vg_spot object and the Vg_spot terminal of the
Measurement object.

4. 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.

To Set the Id Measurement Source

[_[5]x]

R = == e N = e s e =1 s B Y Y e N P A A e S N =

T [ Save th Table

B gavexvdataie

[Sni d rement
Calculate Vih
Connect Pin
Disconnect Pin
Measuramert
LB meas 4155 (¢

HP41558/4156B8 Sample Prog|

Main i _
E—}W I Thigshold |

B EEI it surement

Drain Stu chi—' _ | wh |

- I —
Drain Pin — 1

——IFarmulal
— -
A

- meas_point
Connect F'inl

Gate Start Voltage_ |

Drain altage | ‘

Post-Setup - . i
Pre-Setup Gate Stop Voltage P -
—
B[ Device 2 Wth Measurerm| - ——1 Calculate Wth WVo_vec
Source Voltage -, Pre-Setup —

e[ Goto Next Die

@ HAY Configuration Substrat Yoltage |

B Init Instrument

BB Init Prober L

Id_vec
@ Reset Instument - | g
@ Reset Prober GatesiueH— - -
- easUremment—

B[ Save Infa File Gate Pinf

& Show Result _

@ Wiew Vo-ld Graph Sweep Points 1d_stat
BB View Vih Histogram Source SMu Chli | 4

Global -
£ slovals Source Fin - %\/
:I 3
5 Post-Sety | spot_id |
Subistrat SMU Chf—— B
Substfate Pin
|=|vg_spat -] Disconnect Pin | TS
2 E

4 I »

Reay YEE 3 [FROF [MOD]

4-40 Agilent 4155B/4156B VXIplug&play Driver User’s Guide, Edition 4



Figure 4-27

Sample Application Programs for HP VEE
Customizing Sample Programs

To Save Measurement Data

L.

A

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¢h in the Title entry field to /d.
Enter Id [A] into the Vth Label entry field.

To Save Measurement Data
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To Modify the Show Result and Main Panel Displays
Open the Show Result object program display.

Add the Display-Alphanumeric object, and set the title to Dev1 Id.
Create the spot_id input terminal.

Connect the line between the spot_id terminal and the Dev1 Id object.

wok LN

Click the Dev 1d 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.

Figure 4-28 To Modify Show Result and Main Panel
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