Semiconductor Parameter Analyzer

Valuetronics Internatznal, Inc.
1-B00-BE2-5258
MASTER COPY

- Programmer’s Guide

www.valuetronics.com


https://www.valuetronics.com/

@ Cogyright Hewlett-Packard
Company 1993, 1994

Al Rights Reservad.

Reprodustion, adaptation, or
translation without prior written
permission & prohibited, except as
allowed under the copyright laws.

Printing Histery

HP Fart Number

(1415590110

First editior, February 1994
Second edition, Decerster 1884

Printad in Japan

MS-D0S® is US. registered
trademark of Microsoft
Corporation.

lotus 323 s US. registered
trademark of fotes Development
Corparation.

PageMaker is & trademark of
Aldus Corporation.

Produet Warranty

This Hewdett-Packard product is warranted against
defects in material and workmanship far a period of
one year from date of shipment. During the warranty
period, Hewlett-Packard will, at its option, either repair
or replace products which prove to be defective.

for warranty service or repair, this product must be
returned to a service facility designated by
Hewlett-Packard. Buyer shall prapay shipping charges
te Hewlott-Packard and Hewlett-Packard shall pay
shipping cherges 1o return the product to Buyer.
However, Buyer sha¥ pay elf shipping charges, duties,
and taxes for preducts returned 1o Hewlett-Packard
from another country,

Hewiett-Packard warrants that its scfware snd
firmware designeted by Hewiet-Packard for use with
an instrument will execute its programming
instructions when propsrly installed on that instrumant.
Hewlett-Packard does nut warrant that the operation
of the instrument, or software, or firmware will be
urinterrupted or error free,

Limitation of Warranty

The foragoing warranty shall not apply to defects
resulting frem improper or inadaquate maintenancs by
Buyer, Buyer-suppied software or interfacing,
unauthorized modifications or misuse, operetion sutside
of the envircament specifications for the products, or
improper site preparation or maintanance.

No other warranty is expressed or impfiad.
Hewlett-Packard specifically disclaims the impliad
warrarties of merchantability and fitness for a
particuiar purpase,

Exclusive Remedies

The remedies proviced harein are the Buyer's sole and
axclusive remadies. Hewlatt-Packard shall not be liahle
for any direct, indirect, special, mcidental, or
consequential damages, whether based on contract,
tort, or eny other legal theory.

Assistance

Product maintenance agresments and other castomer

_ assistance agresments are available for

Hewletr-Packard products.

For any assistancs, contact your nearest
Hewlett-Packard Sales Office,

Certification

Hawiett-Packerd Company certifies that this product
met its published specifications at the time of shinment
ffrem the factary]. Hewlets-Packard further certifies
that fts cafibration measurements are tracesble 1o the
National Institute of Standards and Technology
(NIST], 1o the extent allowed by the Institute's
calibration facility, and to the calibration facilities of
ather International Standards Orgenization members.

Yokogawe-Hewlett-Packard, Lté.
81, Tekakura-Cho, Hachioji-Shi,
Tokys, 182 Japan

www.valuetronics.com




Programming Overview

The HP 4155A/56A can be fully controlled from an external computer or

by using built-in HP Instrument BASIC (IBASIC) controller. IBASIC is a
programming envirenment that allows full control of HP 4155A/56A without
using an external computer,

To fully control the HP 4155A/56A, you execute programs that contain SCPI
corimands. SCPI means Standard Commands for Programmable Instrments.
SCPI is the default program language of the HP 4155A/56A, and can control
all functions of the HP 4155A/56A. These programs can be run from IBASIC
or an external computer.

The HP 4155A/56A has two command modes:

s HP 4155/56 command mode is the default mode of HP 4155A/56A.
You use this mode in all cases, except when directly running an HP
4145A/B program. In this mode, you can use a program that contains SCPI
commands, which allow you to control all functions of the HP 4155A/56A .
s HP 4145 symtax command mode, which allows you to execute HP 4145A/B
programs on the HP 4155A/56A directly with little or no modification. In
this command mode, you cannot control all functions of HP 4155A/56A.

iv
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M
How to Migrate HP 4145A/B Programs '

HP 41454/ Auto Sequence Program (ASP) programs ren o the HP 4145A/B buiit-in pragramming
environment and allow esic control of HP 4146A/B without using an external computer. To run the
ASP programs on the HP 4156A/56A, you do one of the following and execute the program in the AF
4155/56 command mode;

« Create a program that performs the same operatiens as the desired ASP program by using the
IBASIC editor typing aid softkeys to enter commands that correspond to each ASP command. This
program can run on IBASIC only, nor on an externat computer. Refer to “Creating ASP-like IBASIC
Programs” in Chapter 1 for details.

o Create & program using SCP! commands that performs same operstions as the desired ASP
program. This program cen run on IBASIC or on an external computer. Refer to "Programming
Example for HP 4145 Users” in Chapter 4 for details.

HP 41454/8 HP-IB programs tun on sn external computer and allow 7/ control of the HP 4145A/8. To
run these programs on the HP 4155A/58A, do one of the following:

e Directly run the HP 4145A/8 program on the HP 4156A/56A with little or no medification. You
must run this program in the AP 4745 syntax command made from 1BASIC or an external
computer. Refer ta Chapter & for details, '

» Create a progrsm using SCP! commands that performs same operations as the HP 4145A/B
pragram. You must run this program in HP 4155/56 command mode frem IBASIC or an externat
computer.

www.valuetronics.com




In This Manual

This manual describes how to control the HP 4155A/4156A by using HP-IB
commands from an external computer or built-in HP nstrument BASIC.

This manual consists of the following chapters:

s [Jsing HP Instrument BASIC

Reference: HP Instrument BASIC

Getting Started on Programiming the HP 4155A/4156A

HP 4155A/4156A SCPI Programming

Running HP 4145A/B Program Directly on HP 4155A/4156A
Sample Application Programs

» Manual Changes Depending on ROM Version

Refer to the HP 4155A/4156A HP-IB Command Reference for detailed syntax
of each command.

See the HP 4155A/4156A User's Thsk Guide and User’s chtzonary Keference
for information about HP 4155A/4156A itself.

Text Conventions.
The following text conventions are used in this manual:

Represents a key physically located on HP 4155A/4156A.
Represents a softkey that appears on screen of
HP 4155A/4156A.

Screen Text Represents text displayed on HP 4155A/4156A.

Italic Refers to a related document, or is used for emphasis.

vi
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Using HP Instrument BASIC

HP Instrument BASIC (IBASIC) is a system controller built into your

HP 4155A/4156A. By using IBASIC, you can run a program to control
the HP 4155A/4156A and other instruments (connected via interfaces of
HP 4155A/4156A) without using an external computer.

IBASIC is a subset of HP BASIC. Programs created by IBASIC can run on an
HP BASIC controller with lLittle or no modification.

This chapter consists of the following ten sections.

The following six sections provide step-by-step instructions to operate
IBASIC by using examples. You can learn the basics of IBASIC programming
and operations. If you are not familiar with IBASIC, we recommend to read
through these sections first.

¢ Before Operating TBASIC

o Creating and Executing a Simple IBASIC Program

+ Modifying Program by using Editor Functions

Saving and Getting a Program

¢ Surnmary of Softkeys and Keyboard Operations for Editor
e Other Basic Features of IBASIC

The following three sections are a task oriented reference for IBASIC. You can
quickly find the desired IBASIC task.

¢ IBASIC Basic Operation Tasks
o IBASIC Editor Tasks
s Control from External Computer

The following section introduces how to easily create a program by using the
typing aid softkeys in the IBASIC editor. This method of creating a program
is similar to using the ASP environment on the HP 4145A/B semiconductor
parameter analyzer. :

o Creating ASP-like IBASIC Programs

1-2
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Before Operating IBASIC

HP 4155A/4156A provides the following three screen modes for operating

IBASIC.

“All IBASIC”
screen

“IBASIC Status”
screen

“All Instrument”
SCreen

Entire screen induding softkeys is used for IBASIC, so no
instrument page is displayed.

You can execute programs, but no instrument page
appears in this mode.

Softkeys and bottom two lines are used for IBASIC. Rest
of screen is for instrument page.

In this mode, you can start the IBASIC editor. The
displayed softkeys are for IBASIC operation. You can
execute IBASIC commands interactively. Characters you
type are displayed at the bottom of the screen.

‘This is regular instrument screen and the default display
mode at power on. Entire screen is for instrument page,
and all softkeys are for interactive use of instrument. In
this mode, you cannot use the IBASIC editor. Only the
front-panel keys of IBASIC key group and (Cui)+(T) (Run)
and (Ce)+(B) (Pause) on external keyboard are available
to execute or pause program for HP Instrument BASIC
from this screen mode.

For details about HP Instrument BASIC screens, refer to “IBASIC Screen” in

Chapter 2.

www.valuetronics.com
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Using HP Instrument BASIC
Befors Operating IBASIC

To Switch Screen Mode

To switch the screen mode, repeat the following operation until the desired
screen is displayed.

Front Panel 1. Press of IBASIC key group.
External Keyboard 1. Press (CuD)+(S).

This operation toggles screen display as follows:

> All instrument == |-BASIC status s All [~-BASIC -—’

POROG3 1020

1-4
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Using HP Instrument BASIC
Before Operating IBASIC

To Use the Help Function

By using the built-in help function of the HP 4155A/4156A, vou can easily get
information (name, syntax, and description) about prograrmrming cormmands,
and can enter the desired command into the program without typing.

To start the help function for the programming cornmands, press key
while you are in the IBASIC editor.

In the help function, the programming commands are divided into the
following three categories, which you can access by secondary softkeys.

Softkey Categery
IBASIC commends.

SCPt commands speciic for HP 4155441564, These are the help commands
gssociated with the instrument setup pages that begin with :PAGE.

Standerd SCPI commands.

The upper part of the help screen displays a list of the command names. The
lower part displays a description of the selected (by field pointer) corraand.

www.valuetronics.com



Using HP Instrument BASIC
Before Operating IBASIC

To Move the Field Pointer.
To move the field pointer, refer to the following table:

Retary knob or Basically, you move the field painter by using the rotary knab or amrow keys.
Arow keys

PAGE CONTROL keys Field pointer moves to first PAGE IMAGE command that is associated with the
. pressed key.
PAGE CONTROL keys ere (Chan), (Meas), (Display ). (Graph/List),

(Stress), and (System).
MEASUREMENT keys Feld pointer maves to %he PAGE IMAGE command that s aseociated with the
pressed key. MEASUREMENT keys are (bingle) (Repeat), and (Append)
{Get), Field pointer moves 1o the esscciated SCP! commant.
Alphabieticat keys Meld peinter moves to next command thet has a keyword that begins with same

letter as the pressed key.

I you are in the PAGE IMAGE command category, search is only within the
instrument page groyp of the cumently selected command.

To Search for a Command.
To search for a command:

I. Press secondary softkey.

2. Type in command string that you want to search for, then press

To Enter a Command into the Editor.
The command specified by the field pointer is displayed on the entry line. If
YOUu press , the command is entered into the editor.

If command specified by the field pointer is a PAGE IMAGE or SCPI command,
first select the secondary softkey. The entry line becomes
CUTPUT @Hp418x; "command", where command is command specified by
field pointer. Then, press (Enter).

OUTPUT @Ep415x; "command" is entered into the editor,

1-6
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Creating and Executing a Simple IBASIC Pro-
gram |

In this section, let’s try to create and execute a simple program.

Before creating a program in the IBASIC editor, first change the screen display
raode to IBASIC Status screen mode or All IBASIC screen mode by pressing
IBASIC (Dispiay) key as described in “To Switch Screen Mode®. In following
sections, the All IBASIC screen display mode is used.

Step 1. Editing

Select
10

econdary softkey or type EDIT, then press (Enter).

W
To start the editor at a specific program line or label
Type EDIT finemum or EDIT fabel.

For example, if you type EDIT 30, the curser appears at line 30. If you do nat specify 2 line
namber or label, the cursor will appear at fine 10.

The following program prints the nwmbers from 1 to 10. Type as follows:
10 FOR I=1 TO 10

20 PRINT L
30 NEXT I
40  END

1-7
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Using HP instrument BASIC
Creating and Executing a Simple IBASIC Program

Always Insert Mode .
Editor is always in insert mode, and cammor be changed to overwrite mode If you mistyped, use

to mave back a character, o mave cursor using arrow key (€), then use ta

delete & charactar. Then type correct characters.

Program End

In IBASIC, END must be at end of main program. In above example, line 40 is the fast line of the
nrageem.

1-8
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Using HP Instrument BASIC
Creating and Executing a Simple IBASIC Program

Step 2. Exitirig from Editor

Seleet primary softkey to exit from the editor.

Step 3. Executing Program

Th execute the program, press of the IBASIC key group, select
primary softkey, or type RUN and press (Enter). The following should be
displayed on the screen:

I an error message appears

If an esror message appears, you probably mistyped. The error message indicates the tine number
where the error oecwrs. Yau need to medify the line,

1-9
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Modifying Program by using Editor Functions

In this section, you can learn the following editor functions:
Inserting lines

Deleting a line

Renumbering

Inserting characters

Recalling deleted line

Indenting

AT T - T

Changing line numbers

1-10
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Using HP Instrument BASIC
Modifying Pregram by using Editer Functions

Step 1. Inserting Lines

Type EDIT 20, then press (Enter). Cursor appears at line 20.
10 FOR I=1 TO 10

20 PRINT I
30 WEXT I
46 END
Select Or press to insert a line above line 20.
10 FOR I=1 TG 10
11
20 PRINT I
30 NEXT I
40  END

' Type as follows:

10 FOR I=1 TG 10
11 PRIRT I"2

12

20 PRINT I
30 NEXT I
40 END

I~2 means the second power of [. The above program increments I from 1 to
10, and displays second power of I and I for each step.

Select to exit editor, then press to execute the program. The
following is displayed:

R R -3 CI P

81

100
10

1-11
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Using HP Instrument BASIC
Modifying Program by using Editor Functions

Step 2. Deleting a Line

Type EDIT 20 to start editor at line 20.

10 FOR I=1 TO 10
11 PRINT 1I-2

20 PRINT I
30 WEXT I
40  END

- or press (Shift)+(Belete) to delete line 20. The

result is as follows:

10 FOR I=1 TO 10
1t  PRINT I-2

30 NEXT I

40  Ewp

The above program increments I from 1 to 10, and displays the second
power of [ at each step.

If you exit editor and execute the program, the following is displayed:

1
4

9
81
100

1-12
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Using HP iastrument BASIC
Modifying Program by using Editor Functions

Step 3. Renumbering

In above example, line numbers are
line number increment to 10, select
be changed as follows:

10 FOR I=1 TO 10

20 PRINT I°2

30 NBXT I
40 END

al increments. To change the
softkey. Line numbers will

If you use the i
first line is 10

If you desire other numbering, you need to exit the editor, and use the
REN corarnand. For example, if you want first line number to be 100 and
increment to be 20, type as follows:

REN 100, 20

= softkey, the renumbering is always as follows:
crement is 10.
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Using HP Instrument BASIC
Madifying Program by using Editor Functions

Step 4. Inserting Characters

Type EDIT 20, then press (Epter).

10
20
30
40

FUR I=1 TO 10
PRINT I"2
REXT I

ERD

Move the cursor by using (3) key.

10
20
30
40

FOR I=1 TO 10
PRINT I"2
NEXT I~

END

Ther type I, as follows:

10
20
30

40

Above program increments I from I to 10, and displays I and the second
power of I on one line at each step. Exit editor, then execute the program.

FOR I=1 TO 10
PRINT I, I-2
NEXTI ™
END

The following is displayed:

1
2
3

9
i0

1

4

9
81
100
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Using HP Instrument BASIC
Medifying Program by using Editor Functions

Step 5. Recalling Deleted Line

To restore the most recently deleted line, press front-panel key.

Step 6. Indenting

to indent the line. Indenting makes

Move to desired line, then select
the program flow easier to understand.

10 FOR I=f TO 10

20 PRINT I,172
30 NEXT I
40  END
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Saving and Getting a Program

The created program can be saved to a diskette. So, yvou can get the saved
program from the diskette, then execute it.

In this section, you can learn the following file operation tasks:
1. Saving a Program

2. Listing Contents of Diskette

3. Clearing a Program

4. Getting a Program

1-16
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Saving and Getting a Program

Step 1. Saving a Program

Insert a diskette into the built-in drive. Then, type SAVE "filename", then
press (Enter). For this example, we will type SAVE "PROG1™.

Step 2. Listing Contents of Diskette

Type CAT to list contents of the diskette.
If you are using an MS-DOS format diskette, the display is similar to the
following example:

DIRECTORY : \:INTERNAL,4
LABEL: HP4156

FORMAT: DOS
AVAILABLE SPACE : 5692
FILE NUM REC MODIFIED
FILE NAME TYPE RECS LEXN DATE TIME PERMISSION
PROG1 bgs 65 1 27=Jun-94 14:30 RW-R¥-RN¥-

Fiter

You can also check the contents of the diskette by using the filer {SYSTEM: FILER page} of the HP
A155A/416BA. But you cannot save and get the IBASIC programs by using the filer.
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Using HF Instrumant BASIE
Saving and Getting a Program

Step 3. Clearing a Program

To clear the program, enter the editor, then selec :

selec econdary softkey.

10 COM @Hp415x
20 ASSIGN eHp4iSx TO 800
30 !

9990 EWp

COM @Hp415x and ASSIGN @Hp415x TO 800 are used to control the HP
4155A/4156A. For details, please refer to “Step 1. Getting the Setup File and
Making a Measurement” in Chapter 3, and refer to “Subprograms and COM
Blocks”,

Step 4. Getting a Program

Type GET "PROG1", then press (Enter). When the LED turns off, enter the
editor if you want to display the program.
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Summary of Softkeys and Keyboard Operations
for Editor

Front-panel keys

herow keys (4, IAR)T) Move the cursor

Delete character

Recall Recall most recently delstad fine
External Keyheard

Exit editor

t0 Primary softkays

Shift )+ 0 Secondary softkeys
FD Toggle scresn mods
1l Clear to end

Insert line

Defete character &t cursor
(Shift)+(Delete) Delete line
Beginning of line

End End of fine
(Page Up) or (Page Down) Scral pages

Primary Softkeys

Deiete character before curser
Insert line

Delete line

Renumber the lines

Indent the §ine

Clear pragram

Exit editor
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Other Basic Features of IBASIC

This section describes the following:
¢ Branching/Repeating
¢ Subprograms and COM Blocks

1-20
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Using HP Instrument BASIC
Other Basic Features of IBASIC

Branching/Repeating

Table 1-1. Branch and Repeat Keywords of IBASIC

IBASIC Keyword Function

FOR, NEXT Repest specified number of times.

I¥ THEN, ELSE, END IF|Branch.

WHILE, END WHILE Repeat until specified condition s fake.

REPEAT, UNTIL Repsat until specified condition is zrue.

Following program tests 1000 devices, and judges them pass or fail.

coM Data(1:1000)
DIM Id{i:1000)
EXECUTE ("GETSETUP ’SAMPL.MES’'")
FOR I=1 TO 1000
EXECUTE (“SINGLE')
"EXECUTE (“READDATAVAR 'Id’")
IF 1d(I)<1E~-6 THEN
PRINT "FAIL LOWER®
Data(I)=1
ELSE
IF ¥4(I)>tE~4 THEN
PRINT "FAIL HIGHER"
Dataf{l)=2 -
ELSE
PRINT “PASS"
Data(I)=0
ERD IF
END IF
KEXT I
CALL Save_data
END
1
SUB Save_data
COM Data(*)
CREATE "data_file",1
ASSIGN @File TD "data_file';FORMAT ORE
DUTPUT @File;Data(*)
ASSIGN Q@File TO *
SUBEND
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Other Basic Features of IBASIC

Subprograms and COM Blocks

One of the most powerful constructs available is the subprogram. A
subprogram has its own “context” or state that is distinct from the
main program and all other subprograms. There are several benefits of
subprograms.

The subprogram allows you to take advantage of the “top-down design”
method of programming.

You can remove all subtasks from the overall logic flow of the main
program.

You can debug the program by testing each subprogram independently.
The subprograms can be used to reduce the overall size of the program.

Libraries of commonly used subprograms can be assembled for widespread
use,

Refer to the example program in the previous section. Line 180 calls a
subprogram to store data into a DOS file.

166 END IF

170 NEXT ¥

180 GALL Save_data

190 END

200 1

210 SUB Save_data

220 COM Data{*)

230 CREATE "data_file",1
240 ASSIGN @File To “data_file";FORMAT ON
250 QUTPUT @File;Dataf(*)
260 ASSYIGN @File TO *
270 SUBEND
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Using HP Instryment BASIC
Other Basic Features of IBASIC

COM Blocks.
COM blocks are used by the subprogram to communicate with the raain
program or with other subprograms.

If you create subprograms and want to use coramon variables between main
program and subprograms, you should use COM blocks.

Refer to the above example.

In the main program, line 1 declares that the Data array will be a COM array.
Then, the main program assigns values to this array. Line 220 specifies that
the subprogram Save_data will also use the Data array. So, Data array of
main program can be operated on in the Save_data subprogram.
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IBASIC Basic Operation Tasks

This section describes the following basic operations to use HP Instrurnent
BASIC. '

¢ Executing HP Instrument BASIC commands
s Executing program
e Listing files

¢ Retrieving program

Saving program

1-24
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Using HP Instrument BASIC
IBASIC Basic Operation Tasks

To Execute HP Instrument BASIC Commands

1. Confirm your HP 4155A/4156A is in the following status:

e a program is not executing.

e another command is not executing.

o Editor is not running.

e the screen is “All IBASIC” screen or “IBASIC Status” screen. For “All

Instrument” screen, and front-panel keys and (Cul)+(U)
(Run) and (Cii)+(F) (Pause) on external keyboard are available.

2. Type in commands by using front-panel keys in the ENTRY key group or
external keyboard.

3. Press front-panel key or key on external keyboard.

To Execute Program

Front Panel 1. Press front-panel key in the IBASIC key group.
External Keyboard 1. Press (Cu)+{U) on external keyboard.
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Using HP Instrumant BASIC
iBASIC Basic Operation Tasks

To List Files

1. Confirm your HP 4155A/4156A is in the following status:

e the screen is “All IBASIC” screen.
& 3 program is nof executing.

o another command is not executing.
s Editor is not running.

2. Insert a 8.5 inch diskette (that contains the files you want to list) into the
© built-in diskette drive.

secondary softkey, then press front-panel key.
The file names on diskette are listed on the screen.
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|BASIC Basic Operation Tasks

To Retrieve Program

1. Confirm your HP 4155A/4156A is in the following status:

» the screen is “All IBASIC” screen or “IBASIC Status” screen.
s 3 program is not executing.

e another command is not executing.

« Editor is not running.

2. Imsert the 3.5 inch diskette (that contains the program you want to
retrieve) into the built-in diskette drive.

3. Select secondary softkey.

4. Type in file name to be retrieved. Typed name is inserted after first ".
5. Press front-panel key, or key on external keyboard.

External disk drive

An external disk drive cannat be connested to HP 4155A/4158A. For using a disk drive connested to
external controfler, see “Controf from External Computer”.
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Using HP Instrument BASIC
IBASIC Basic Operation Tasks

To Save Program

1. Confirm your HP 4155A/4156A is in the following status:

¢ the screen is “All IBASIC” screen or “IBASIC Status” screen.
¢ a program is not executing.

s another command is not executing.

s Editor is not running.

2. Insert a 8.5 inch diskette into the built-in diskette drive,
3. Select

4. Type in name of file to which you want to save program.

I the file already exists on the diskett
to overwrite an existing file, select

cannot be used. If you want
econdary softkey instead of

secondary softkey in the previous step.

5. Press front-panel key or key on the external keyboard.

Externsl disk drive

An external disk drive cannot be connected to HP 4155A/41584. For using 2 disk drive comnected to
external. controller, see “Controf from External Computer”.
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IBASIC Editor Tasks

This section describes the following tasks to use built-in editor of HP

Instrument, BASIC.

Starting the editor

Quitting the editor

Moving the cursor

Inserting characters

Deleting character

Inserting line

Deleting line

Screiiing pages

Recalling most recently deleted line

www.valuetronics.com
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Using HP Instrument BASIC
IBASIC Editor Tasks

To Start the Editor

1. Confirm the screen is “Al IBASIC” screen or “IBASIC Status® screen,
2. Select : 'secondary softkey,

3. Press front-panel key or key on the external keyboard.

If you want to start the editor to edit a specific program line, type in the
line number or label of the program line, then press front-panel key.
The editor starts, and cursor is displayed on specified line,

4. If a program is loaded into the HP 4155A/4156A, the program is displayed.

If no program is loaded, 10 is automatically displayed and rest of screen is
empty.

If you start the editor from the “IBASIC Status” screen, the screen switches to
“All IBASIC” screen, and the editor starts.

To Quit the Editor

L. Selec

If you started the editor from the “IBASIC Status” screen, the screen returns
from “All IBASIC” screen to the “IBASIC Status® screen after you quit the
editor. .

primary softkey.
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Using HP Instrument BASIC

IBASIE Editor Tasks
To Move the Cursor
To move the cursor, use the following keys.
Direstian Front-panel Keyboard
Up (40 of MARKER/CURSOR group @)
Rotate ratary knob counter-clockwise
Down (D) of MARKERICURSOR group ®
Rotate rotary knob clockwise
Right of ENTRY group )]
of MARKERICURSCR group CaD+®
taft of ENTRY group @
of MARKER/CURSOR group (Cu}+(B)
Beginning of Line | (FAST)+(<=) of MARKER/CURSOR group
D@
frd of ne | (FAST)+(5) of MARKERICURSOR yroup | (B
(Shift)-(3)

To Insert Characters

1. Move the cursor to character you want to insert before.

2. Characters you type will be automatically inserted.

3. After you insert characters, you must select the key to enter the line
with inserted ch_a:acters into the program.

Editor is always in insert mode, and cannot be changed to overwrite mode.

www.valuetronics.com
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To Delete Character

1. Move the cursor to character you want to delete.
2. Press key according to the following table:

Front-panel ! Keyhoard
of ENTRY graup l

3. After you delete characters, you must select the key to enter the
line with deleted characters into the program.

To Insert Line

1. Move the cursor to the line that you want to insert a new line before.
2. Press key or softkey according to following table:

Front-panel ! Keyboard
primary soitkey +(Insert)
@n-+@

3. After you type in a new line, you must select the key to enter the
new line into the program:.
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IBASIC Editor Tesks

To Delete Line

1. Move the cursor to line you want to delete.
9. Press key or softkey according to the following table:

Front-panel ‘ Keyboard
primary softkey | (Shift)+(Delete)
ER-+D)

To Scroll Pages

To scroll the editor by one-half screen, use the following keys:

Direction ! ¥mnt-panel! Keyhoard

b fna |EREOD
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IBASIC Editor Tasks

To Recall Most Recently Deleted Line

To display the line most recently deleted line, use the following keys.

Front-panel ] Keyhoard
{Recalll) ‘ (Shift)+(Page Up)

If you want to enter the line into the program, you must select the key.
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Control from External Computer

This section describes how to control the HP 4155A/4156A from a pfogram
that is running on an external computer:

o Downloading a program to HP 4155A/4156A.
« Uploading a program from HP 4155A/4156A.
» Controlling execution of a HP 41556A/4156A program.

Before executing a program on external computer to control HP
4155A/4156A, do as follows:

1. Set the “HP 41554/41564 is” field on the SYSTEM: MISCELLANEOQUS
page to NOT SYSTEM CONTROLLER.

9 Connect an HP-IB cable from the external computer to the HP-II3 connector
on rear panel of HP 4156A/4156A.
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Using HP Instrument BASIC
Gantro! from External Cemputer

To Download a Program to HP 4155A/4156A

To download a program from the external computer to HP 4155A/4156A, you
need to use the :PROGram[:SELected]:DEFine command.

Example ‘ The following is an example of an HP BASIC program {running on external
computer) that reads an HP Instrument BASIC program file (from a disk drive
connected to external cormputer) and downloads it to HP 4156A.

10
20
30
40
5O
60
70
80
90
100
110
120
130
140

150

160
170
1sc
190
200
210
220

UPTION BASE 1
'

DIM Line$[1024]

4

ASSIGN QHp4156 TO 7i7
!

OUTPUT @Hp4156; "PROG: DEL: ALLY
File name$="prog"
ASSIGN @File TO File_name$
OUTPUT @Hp4156;"PROG:DEF #ov
OX ERROR GDTO Done
Loop

Lmeszﬂi!

ENTER @File;Line$

‘OUTPUT QHp4156;Line$
END LOOP

Done: ¢

OFF ERROR ‘
OUTPUT @Hp4156;Lined
OUTPUT @Hp4156;" " END
ASSIGN @File TD *
END

! Clears program in HP 41564

! Opens file and assigns data path
! Sends header to 41564

! Reads ome program line
! Downloads line to HP 41564
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Control from External Computer

Line Humbker Description
50 assigns /0 path to controf HP 4150A/4156A,
8 deletes existing HP Instrument BASIC program in HP 4155A/4156A.
80 name of fie {in Gisk drive of external camputer] that cantains desired HP
Instrument BASIC program
80 opens file and assigns data path
108 #0 indicates that en indefinite length of parameters {program lines} wil

be downloadad
110t 180 reads program lines from the file snd downloads them untd EOF
26 doses fle.

1-37

www.valuetronics.com




Using HP Instrument BASIC
Control from External Computer

To Upload a Program from HP 4155A/4156A

To upload a program from the HP 4155A/4156A to external computer, you
need to use the :PROGram[:SELected]:DEFine? command.

Example The following is an example of an HP BASIC program (running on external
computer) that uploads an HP Instrument BASIC program from HP 4156A and
stores the program on a disk drive that is connected to external computer.

10

20

30

40

5O

60

70

80

30

100
110
120
130
i40
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340

OPTION BASE i

[}

DI¥ Num_dig${2]
IKTEGER Byte

!

ASSIGN QHp4156 TOD 717
!

OUTPUT QHp4156;" : PROG: DEF7"

ENTER @Hpd156 USING "%,24";Num_dig$
PRINT Num_dig$

]

éyte“VAL(Num_dig$E2])
|

ALLUCATE Data_byt$[Byte]
H
FOR I=1 TO Byte
ENTER @Hp4156 USING "#,4";Data_byt$[I;1] ! Enter length of program
BEXT I
!
D=VAL(Data_byt$)
PRINT D
ALLOCATE Prog$lD]
PRINTER IS CRT;WIDTE D
ENTER @Hp4156 USING "~K";Prog$ ! Enter the program into Prog$

'PRINT Prog$

ENTER @Hp4156;B$
PRINT B$
i

CREATE "prog",1

ASSIGN @File TOD "prog";FURMAT ON
OUTPUT @File;Prog$

ASSIGN @File TD #

t

END
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Gontrel from External Computer

Line Numher Description
f0 Assigns 15 path 1o centrol HP 4150A/4156A,
80 Sends ‘PROGram[:SEiscted]:DFFne? guery commend.
a0 fteads first two characters of respanse. These two bytes indicate how

meny bytes are usad to specify length of program,

180 to 180 Reads the bytes that specdy length of program.

200 Calulates leagth: of program.

220 Allosates string varigbles for program,
240 Reads program.

280 Reads terminator.

280 Creates fla “prog”

300 Assigns Y0 path 1o "prog”

319 Stores program into “prag” fite,

320 Closes file.
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To Control State of HP 4155A/4156A Program

:PROGram[:SELected]:STATe cormmand from external computer can control
HP Instrument BASIC program in the HP 4155A/4156A as follows:

Example o To run the program:

GUTPUT @ip4155;":PROGram[:SELected] : STATe RUE"
s To continue the program:

OUTPUT @Hp4156;" :PROGraml:SELected] :STATe CONT™
¢ To stop the program:

{IUTPUT @Hp4155;":PROGrami:SELected] : STATe STOP"
¢ To pause the program:

OUTPUT @Hp4155;":PROGram[:SELected] :STATe PAUSE"
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Creating ASP-like IBASIC Programs

In the IBASIC editor of the HP 4155A/4156A, there are several typing aid
softkeys that allow you to easily create a program.

When you press the softkey, the corresponding IBASIC command is entered
into the program, so you do not have to type it, but you may need fo type in
SOIMEe parameters.

For HP 4145A/B users, this environment is very familiar because it is similar
to the Auto Sequence Program (ASP) programming environment of the HP
4145A/B. For most of the HP 4145 ASP commands, the IBASIC editor has a
softkey to enter a corresponding IBASIC command.

These programs can run in IBASIC only, not on an external computer.

Step 1. Creating Programs by using the Typing Aid
Softkeys

In the IBASIC editor, you can easily create programs that perform the same
operations as a desired HP 4145 ASP program by using the typing aid
s. These are secondary softkeys. To display more softkeys, select

For the ASP program shown below, let’s create the corresponding IBASIC

program:
! ASP Program: Corresponding IBASIC Program:
!
1 GET P ICBVEE 10 EXECUTE ("GETSETUP ’ICBVBE.PRO'')
2 SIHGLE 20 EXECUTE ("SINGLE™)
3 SAVE D BVL 30 EXECUTE ("SAVEDATA ’BV1.DAT®"}

40 END

1. Select the
¢  EXECUTE (“GETSETUP ")

secondary softkey. The following appears:
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Creating ASP-like IBASIC Programs

You need to specify a filename in this command.

At bottom of screen, enter fileName[,msus] is displayed, where msus
means the mass storage unit specifier. You can specify ,DISK or ,MEMORY.
Default is ,DISK.

2. Type a setup file name.
10 EXECUTE ("GEYSETUP ’ICBVBE.PRO’")

File name must be in single quotations (* ). Then press (Enter).

3. Select’

10 EXECUTE (“GETSETUP ’ICBVBE.PRO’')
20 EXECUTE ("SINGLE")
30

4. Select

10 EXECUTE (“GETSETUP ’ICBVBE.PRD’")
20 EXECUTE ("SINGLE")
30 EXECUTE ("'SAVEDATA ")

. Specify file name to which you want, to save the measurement setup and
result data.

10 EXECUTE ("GETSETUP ’ICBVBE.PRO’")
20 EXECUTE ("SINGLE")

30 EXECUTE ("SAVEDATA ’BV1.DAT’")
40 ERD

Finally, type END as above.

M

Setup File

In EXECUTE ("GETSETUP "), you can specify a . PRO or . MES file:

o .PRO files are seiup files created by the HP 41458, The HP 4155A/4756A can read .PRO files.
o . MES filss are sstup fles created by the HP 41554741584,

In EXECUTE (""SAVEDATA "}, you spacify a . DAT file, which s a file for storing the setup
and measurement result date.
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Step 2. Executing the Program

To execute the program, exit editor, then press (Run).

The HP 4155A/4156A gets the setup file from the diskette, performs
measurement, then saves setup and results to specified file on the diskette.
However, in All IBASIC mode, no graphics results are displayed. To display
results graphically, the display mode must be All Instrument mode or IBASIC
Status mode.

To execute the program and display the results graphically, change the
display mode to All Instrument or IBASIC Status mode, then press (Run).

Step 3. Creating a Longer Program

In the program below, the left side is an ASP program example from the HP
4145B manual.

The right side shows a program that was created by using the typing aid
softkeys to enter the ASP-like comumands (of the HP 4155A/41564A) that
correspond to the original ASP commands. These softkeys allow you to easily
create a program that runs on the HP 4155A/4156A and performs the same
operations as the original ASP program.

1 GET P ICBVBE 10  EXECUTE (“GETSETUP *ICBVBE.PRO’")

2  SINGLE 20  EXEGUTE ("SINGLE"}

3 WAIT 3 30 WAIT 3 .

4 GET P HFE1L 40  EXECUTE ("GETSETUP ’HFE1.PRO’")

5  SINGLE 50  EXECUTE ("SINGLE")

6 WAIT 3 60  WAIT 3

7 GET P VCESAT 70 EXECUTE (“GETSETUP °VCESAT.PROD’'")

8  SINGLE 80 EXECUTE (“SINGLE")

g WAIT 3 9¢  WAIT 3

10 GET P COLR 100  EXECUTE ("GETSETUP ’COLR.PRO’")

11 SINGLE 110 EXECUTE ("SINGLE")

12  WAIT 3 120 WAIT 3

13  PAUSE 130  PAUSE

i4 GET P NPN1 140 EXECUTE (“GETSETUP ’NPN1.PRD’™)
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15
16
17
18
19
20
21
22

SINGLE

PAUSE

PLOT  100,100,7000,7000
GET P BV

SINGLE
PLOT
PAUSE
SINGLE
CPLOT 100,100,7000,7000

100,100, 7000,7000

160
160
170
180
190
200
210
220
230
240

EXECUTE
PAUSE
EXECUTE
EXECUTE
EXECUTE
EXECUTE
PAUSE
EXECUTE
EXECUTE
END

m

Print/Plot

EXECUTE ("PRINTPLOT") printsiplots the information of the present instrument page, nat the
IBASIC screen. If present page is GRAPH/LIST GRAPHICS page, the graph is printed/ptotted.

EXECUTE (“CURVEPLOT") changes t¢ the GRAPH/LIST GRAPHICS page, ther prints/plots the
gragh.

You need to set the desired settings on the SYSTEM: PRINT/PLOT SETUP page before EXECUTE
("PRINTPLOT") and EXECUTE ("CURVEPLOT™) are perfarmed.

("SINGLE")

("PRINTPLOT")
(*GETSETUP ’BV.PRO’*)
("SINGLE™")
("PRIKTPLOT'")

("SINGLE™)
("CURVEPLOT")
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Prograinming Tips

This section describes features and tips of IBASIC programs in relation to
ASP programs. Some examples use an example measurement setup file
named “VTH.MES”. Before executing these examples, you need to save setup
data to a file named “VTH.MES” on the diskette. For an example setup, see
“Example Application Setup for Vth Measurement” in Chapter 3.

File Name Variables.
Ym_i can specify a string variable for the file name in

Filename$="DATAL.DAT"
EXECUTE (“SAVEDATA Filename$")

This feature allows you to create a more simple program as follows.

Examole ASP Program Foliowing ASP program gets a setup file, makes measurements, and saves
results to following files: VTH1, VTHZ, ... VTH10. Program is 21 lines.

GET P VTH
SINGLE
SAVE D VTH1
SINGLE
SAVE D VTH2
SINGLE
_ SAVE D VTH3

Oy U d L N e

21 SAVE D VTHIO

Corresponding [BASIC The following HP Instrument BASIC (IBASIC) program does the same
Program. operation as the above ASP program. The program is simplified by using a
filename variable Filename$ and the FOR NEXT keyword.

10 EXECUTE (“"GETSETUP °*VTH.PRO’")
20 FOR I=1 TO 10

30 EXECUTE ("SINGLE")

40 Filename$="VIH"EVAL$ (1)&" .DAT"
50 EXECUTE ("SAVEDATA Filename$")
80 KEXT 1

In line 40, the Filename$ is defined. For example, Filename$="VTHL.DAT"
when I=1. So, the 21-line ASP program can be converted to a 6-line IBASIC
program.
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Reading HP 4155/56 Data to IBASIC Variables

You can transfer read-out function values or data variabie values (output data,
measurement data, and user function values) from the HP 4155/56 to HP
Instrument BASIC (IBASIC) variables.

Transferring Multiple Data.
You can transfer multiple data (such as sweep measurement data) to an array
variable of IBASIC by using EXECUTE ("READDATAVAR ") as follows:

EXECUTE ("READDATAVAR *ID’,Id_data")

The above example transfers the drain current data ID of a SWeep
measurement to the array variable previously defined as Id_data,

Following example program gets VTH .MES setup file, performs measurement,
then transfers ID data to an array. In this example, the array Id_data is
defined in line 10, and it has elements 1 to 51.

10 DIM Id_data(1:51)

20  EXECUTE ("GETSETUP PVTH.OMES 2 1)

30 EXECUTE ("SINGLE™)

40 EXECUTE (“READDATAVAR *ID? ,Id_data™)
50 FOR I=1 TO 51

60 PRINT “Id(";I;”)=";Idmdata(I);"A“
70 NEXT I

80 END

Result with example measurement data is as follows:

Id( 1)= 0.00031 A
Id( 2)= 0.00282 A
Id( 3)= 0.00514 A
Id( 4)= 0.01017 4

Td( 51)= 0.08274 &

Transferring a Single Data.

In the following example, a single data is to transferred to a variahle, For
example, VTH is a single data point calculated by a user function that was
defined by the user,

EXECUTE ("READDATAVAR ’VTH’,Vthdata")
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In following example, EXECUTE ("READDATAVAR") is used to transfer the VTH
value to the IBASIC variable Vthdata. And for example, VTH.MES is a setup
file that includes auto analysis setup to extract a threshold voltage VTH.

10 EXECUTE (“GETSETUP °*VTH.MES’")

20 EXECUTE (“SINGLE")

30 EXECUTE ("READDATAVAR *VTH?,Vthdata")
40  PRINT "Vthdata =";Vthdata;"V"

50 END

Result will be for example:

Vthdata = 1.2345 V
You can also specify a read out function as the item to be transferred:
EXECUTE ("READDATAVAR *@MX’ ,Vthdata")

@MX is the read out function that reads X-axis value of point where marker is
located.

Auto Scaling

Auto scaling can be done by using the following:
EXECUTE (“AUTGSCALE")

In the following example, the image dumps will be scaled for best fit to the
printer or plotter even if the measurement results vary greatly.

10 - EXECUTE ("GETSETUP ’VTH.MES®")
i1 FOR I=1 TO 100

20 EXECUTE ("SINGLE™)

30 EXECUTE ("AUTOSCALE")
40 EXECUTE ("PRINTPLOT*)
41 HEXT I

50 END
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HP 4145 ASP and HP 4155A/4156A Corresponding
Keywords

Following shows HF 4145A/B’s ASP keywords and corresponding HP
4155A/4156A keywords. In IBASIC editor, there are typing aid softkeys to
help you quickly enter the related HP 4155A/4156A keyword, which must be
used in the EXECUTE( ) directive:

Table 1-2. Corresponding HP 4145 ASP and HP 4156A/4156A Keywords

4145A/B | 4155A/4156A Functien Remark
GET P | GETSETUP Gets setup .MES or .PRO file

SINGLE | SINGLE Initiates sirgle measurement

SAVE D [SAVEDATA  TSaves detz to .DAT fie

PLOT PRINTPLOT Prints/plots present instrument page,
CPLOT | CURVEPLOT Primts/plots measurement graph.

PRINT | PRINTPLOT Prints/plots present instrument paga

PAUSE Use BASIC keyword PAUSE
WAIT Usa BASIE keyword WAIT
PAGE Set in the Prirt/Plot setp

STANGBY Seis Standby status on or off

STRESS Intiates stress force

AUTOSCALE Scales dump for best fit,
REAGDATAVAR | Gets data variable from 4155A/564
DEFUSERVAR | Defines user variable

For WAIT and PAUSE of HP 4145’s ASP, there are no related typing aid
softkeys. You type in the IBASIC keywords (WAIT and PAUSE).

For more information about IBASIC Keywords, use help functions deseribed in
the next chapter or refer to the HP Instrument BASIC Users Handbook.
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This chapter provides following reference information for HP Instrument
BASIC:

« IBASIC Screen

Front-panel keys

External Kevboard

Softkeys for Operating IBASIC

Softkeys for [BASIC Editor

HP 4155A/4156A Specific IBASIC Commands
Available /O Resources

ASP-like Commands

L]
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IBASIC Screen

HP 4155A/4156A provides the following three screen modes for operating

IBASIC.
“ All IBASIC” Fntire screen including softkeys is used for IBASIC, so no
screen instrument page is displayed.

You can execute programs, buf no instrument page
appears in this mode.

“IBASIC Status” Softkeys and bottom two lines are used for IBASIC. Rest
screen of screen is for instrument page.

In this mode, you can start the IBASIC editor. The
displayed softkeys are for IBASIC operation. You can
execute IBASIC commands interactively. Characters you
type are displayed at the bottom of the screen.

«All Instrument”  .This is regular instrument screen and the defauit display

screen mode at power on. Entire screen is for instrument page,
and all softkeys are for interactive use of instrument. In
this mode, you cannot use the IBASIC editor. Only the
front-panel keys of IBASIC key group and (Cu}+(U) (Run)
and (Cer)+(F) (Pause) on external keyboard are available
to execute or pause program for IBASIC from this screen
mode.

front-panel key or (Cu)+(G) (or (F3)) on external keyboard are used to
toggle the screen display mode as shown in the foliowing figure:

- All instrument = |~BASIC status —= All |~BASIC ——

PGOR003 12020
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All IBASIC Screen

HP Instrument BASIC
Output Area

Blye Key & Gresn Key
Shift Status

L]

|

NN

Execution Status

LT

. LR L T Command Entry Line vessauy L)
s 3ystem Message & Display Line"*="s

ut?

PGO2G01 120%80

Figure 2-1. Al IBASIC Screen

For the “All IBASIC” screen, the entire screen including softkeys is used for

IBASIC. The following describes each part of this screen:

IBASIC Output Area CRT output commands of IBASIC (such as PRINT and
OUTPUT 1;) display characters in this area. This area has 24 lines and 60
columns,

Command Entry Ling IBASIC command you type is displayed on this line. The length of this line is

60 characters.

System Message and For displaying IBASIC error messages and other s

Display Line and INPUT cormmands of IBASIC.
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Blue Key & Gresn Key This field displays the shift status of ENTRY front-panel keys. The shift status
Shift Status is controlled by using the blue and green front-panel keys:

The following statuses are displayed:
e Non-shift status: B, b, or G is not displayed. You can enter numeric vakues.

» Uppercase shift status: B is displayed, G is not displayed. You can enter
uppercase alphabet characters.

« Lowercase shift status: b is displayed. G is not displayed. You can enter
lowercase alphabet characters.

« Non- alphanumenc status: G is displayved. You can enter one
non-alphanumeric character. 5o, you must press green key before entering
each alphanumeric character.

Basically, you can change between these states as follows:

¢ To'toggle between non-shift and shift status: press blue key,

e To toggle between uppercase and lowercase shift status: press green key,
then blue key.

« To enter one non-alphanumeric character: press green key, then character.

Execution Status This field displays the execution status of IBASIC:

Idle TBASIC program is stopped. IBASIC commands can be
executed.

Run [BASIC program or corumand is being executed.

Pause IBASIC program is paused.

Input? IBASIC program is waiting for input frorn front-panel keys or
external keyboard.

Edit IBASIC editor is running.
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IBASIC Status Screen

Instrument Function Area

Blue Key & Greeh Key

Shift St\ Execution Status

B Command Entry Line s .h. I .

~a v System Message & Display Linesuass » BG Inhut?

LTI O

PGO2002 120x80

BN

]

Figure 2-2. IBASIC Status Screen

For the “IBASIC Status” screen, the two bottom lines are used to display the
status of IBASIC. These two lines are the same as in “All IBASIC” screen.
Refer to *All IBASIC Screen”. Also, the softkeys are for IBASIC.

The other part of the screen is the normal 4155A/4156A screen. This
Is useful if you want to view a graph of the measurement results while
executing IBASIC program,
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Keys for IBASIC

This section provides information about the following keys for IBASIC:
¢ Front-panel Keys

s Primary Softkeys

» Secondary Softkeys

s External Keyboard Keys

www.valuetronics.com




Refgrence: HP Instrument BASIC
Keys for IBASIC

Front-panel Keys for IBASIC

PAGE CONTROL key group « In “IBASIC Status” screen:
Changes to “All Instrument” screen and displays the specified page.
s In “All IBASIC” screen:
All front-panel keys in this group are ignored.

MARKER/CURSOR key s In “IBASIC Status” screen:

group When you operate MARKER/CURSOR front-panel keys, the screen changes
to “All Instrument” screen and function of operated key is executed.

In all IBASIC screen:

Rotary Knob o When the editor is ranning, the rotary knob moves the
cursor vertically in the edit grea.
o When the editor is not running, the rotary knob scrolis
the IBASIC output area,

O o When the editor is running, these keys move the cursor
vertically.
o1 When the editor is not running, these keys scroll the
IBASIC output area.

(=), Moves the cursor horizontally on the IBASIC Editor or
Command Entry line,

If you hold down the key, the arrow keys move the cursor faster,
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MEASUREMENT key group e In “IBASIC Status® screen:

d

- 3

Repeat),(Append]

96

Stress

Short 3,

(Mediur), (Long)

Changes the displayed page to GRAPH/LIST:
GRAPHICS or GRAPH/LIST: LIST page and executes
the measurement,

Toggles the operation state of the standby channels
petween the standby state and the idle state.

Stops the measurement or stress forcing.

Changes the displayed page to the STRESS: STRESS
FORCE page and starts to force stress.

Changes the measurement integration tirme.

e In “All IBASIC” screen:

Toggles the operation state of the standby channels
between the standby state and the idle state.

Stops the measurement or stress forcing.

Other front-panel keys in this group are ignored.

{BASIC key group The following front-panel keys of IBASIC key group are available to control
IBASIC in any display mode, '

Executes IBASIC program that is loaded into internal
memory of HP 4155A/4156A. '

Pauses progr ion until CONT cornmand is
executed or rimary softkey is pressed. If the
program is modified while paused, RUN cormmand must
be used to restart program execution.

Toggles the display mode in the following sequence.

o Al INStrument s

I-BASIC status —wss All I-BASIC e

Patrziod 12ne0
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Kays fer IBASIC

ENTRY key group. (Recall []

G, @)

s When the editor is running, this key displays the last
deleted line. To enter this displayed line as part of the
program, press front-panel key.

» When the editor is not running, this key cycles through
the 10 commands that were most recently entered on the
Command Entry line.

» When the editor is running, this key is same as (Recall ).

s When the editor is not running, this key is same as
(Recall [}, but cycles through commands in opposite order.

These keys are ignored.

Other front-panel keys in ENTRY group are available to enter characters
on: the Command Entry line or Editor. For the usage of the blue and green
front-panel keys to enter characters, see “All IBASIC Screen”.

Other Keys

Displays information about IBASIC. And can be used o
select and enter SCPI and IBASIC commands into Editor or
Coramand Entry line.

If present screen is “All IBASIC”, dumps “All IBASIC” screen
image to the printer or plotter.

If present screen is “IBASIC Status”, prints/plots instrument
part of screen.
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Primary Softkeys in Idle, Pause, Run, or Input? exe-
cution status

This section describes the primary softkeys that are displayed during the
Idle, Pause, Run, or Input? execution status.

Refer to “Primary Softkeys in EQit execution status” for primary softkeys that
are displayed when the editor is running.

1. Executes the paused program line of paused program or the first program
line of stopped (idle) program.

2. Displays next program line on system message line of the screen.

3. Pauses program again.

Starts execution of paused program from paused program line.

Starts program execution immediately from first program line,

Pauses program execution immediately. And displays line at which execution
was paused.

Stops program execution after current line executes.

Stops /0 operation of program.

Stops program execution immediately.
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Secondary Softkeys in Idle or Pausé execution status

This section describes the secondary softkeys that are displayed during the
Idle or Pause execution status

For the secondary softkeys that are displayed during the Run or Input?
status, refer to “Secondary Softkeys in Run or Input? execution status’,

For the secondary softkeys that are displayed when the editor is running,
refer to “Secondary Softkeys in Edit execution status”

Clears the Command Entry line, and types in CAT .
To lList file names on the disk, press (Enter).

1. Clears the Command Entry line.
2. Types in SAVE ¥ ",
3. Positions the cursor after first ",

To save program to diskette, type name of file to which you want to save
program, then press (Enter). :

If file already exists on diskette, program will not be saved,

1. Clears the Command Entry line.
2. Types in RE-SAVE % "
3. Positions the cursor after first ",

To save program to diskette, type name of file to which you want to save
program, then press (Enter).

If file already exists on diskette, file will be overwritten, so previous data in
file is lost.
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1. Clears the Command Entry line.
2. Types in GET * "
3. Positions the cursor after first .

To get a program from diskette, type name of file to get, then press (Enter).

1. Clears the Command Entry line.

2. Types in PURGE " b,

3. Positions the cursor after first *'.

To delete a file from diskette, type in the file name to be deleted, then press

)

Clears the Command Entry line and types in EDIT. To start the editor, press
front-panel key.

Clears the Command Entry line and types in REN,

To re-nurber lines of a program, type in appropriate parameters, then press
(Enter). For more details about REN coramand, refer to the HP Instrument
BASIC User’s Handbook.

Secondary Softkeys in Run or Input? execution status

When the execution status is Run or Input?, user-defined softkeys, which
are defined by using 0N KEY command in the program, are displayed in the
secondary softkey area.
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Primary Softkeys in Edit execution status

This section describes the primary softkeys that are displayed when the
IBASIC editor is running (Edit execution status is displayed).

Deletes the character before the cursor.

Inserts a Jine between the cursor line and the previous line.

Deletes the cursor line.

Changes the program line numbers so that first line is 10 and line number
increment is 10. '

Indents so that all program lines begin at the same position.

Clears the program and all variables not in COM. Before clearing,
secondary softkeys are displayed for confirmation.

Exits the editor,
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Secondary Softkeys in Edit execution status

This section describes the secondary softkeys that are displayed when the
IBASIC editor is running (Edit execution status is displayed).

These softkeys help you enter program commands. For commands that
require you to type in some parameters, these softkeys display the command.
You must enter the parameters, then you must press key to enter the
command into the program. For commands that do not have parameters, the
commands are entered directly into the program. Commands are entered at
the cursor line.

For the EXECUTE command, refer to “EXECUTE” for details.

For secondary softkeys that are displayed during Idle or Pause execution
status, refer to “Secondary Softkeys in Idle or Pause execution status "

For secondary softkeys that are displayed during Run or Input? execution
status, refer to “Secondary Softkeys in Run or Input? execution status”.

In Edit execution status, there are three pages of secondary softkeys. To
move to next page, press

1. Displays the following program line for loading a setup file:
EXECUTE("GETSETUP “) |

9. Positions cursor at second double quotes. You enter the file name to be
loaded, then select key.

Enters the following program line for triggering a single measurement:
EXECUTE("SINGLE")

1. Displays the following program line for changing the operation state of the
standby chanmnels:

EXECUTE("STANDBY ")

9 Positions the cursor at the second double quote. You-enter ON or OFF, then
select key.
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Enters the following program line for triggering stress force:
EXECUTE("STRESS")

Enters the following program line for autoscaling:
EXECUTE("AUTUSCALE"™)

1. Displays the following program line for saving measurement data to a file:
EXECUTE("SAVEDATA ")

2. Positions the cursor at the second double quote. You enter file name to
which you want to save measurement data, then select key.

1. Displays the following program line for reading the values of an HP
4155A/4156A data variable, then storing the values into an IBASIC
program variable:

EXECUTE("READDATAVAR ,")

2. Positions the cursor at the comma. You enter names of HP 4155A/4156A
data variable and IBASIC program variable, then select key.

1. Displays the following program line for defining a user variable:
EXECUTE("DEFUSERVAR ,,,")

2. Positions the cursor at the first comma. You enter the user variable name,
number of data, name of IBASIC program variable that contains desired
data, and user variable unit, then select (Enter) key.

Enters following program line for printing/plotting the instrument window:
EXECUTE("PRINTPLOT™)

Enters following program line for printing/plotting a graphics plot of
measurement results:

EXECUTE ("CURVEPLOT")
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1. Displays the following program line for outputting a command to the HP
4155A/4156A.:

OUTPUT ©Hp415x;""

2 Positions the cursor at the second double quotes. You enter desired
command, then select key.

1. Displays the following program line for entering data from the HP
4155A/4156A:

ENTER @Hp415x;

9 Positions the cursor after the semicolon. You enter desired variabie, then
select key.

Enters the following program line for pausing a program:
PAUSE

1. Displays the following program line for displaying a message:
DISP "

2. Positions the cursor at the second double quotes. You enter the message
that you want to display, then select key.

1. Displays the following program line for assigning keyboard input to
program variable:

INPUT “*,

2. Positions the cursor at the second double quote. Enter string that you
want to be displayed on CRT, and name of variable in which you want to
store keyboard input, then select key.

1. Displays the following program lines for conditional branching:

IF THER
ELSE
END IF

9. Positions the cursor before THEN. Fill in as desired, then select key.
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1. Displays the following program lines for defining a loop:

WHILE
END WHILE

2. Positions the cursor after WHILE. Fill in as desired, then select key.

1. Displays the following program lines for defining a loop:

FOR = TO STEP
NEXT

2. Positions the cursor at =. Fill in as desired, then select key.
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External Keyboard

You can connect an external keyboard to the HP 4155A/4166A and use to
enter text.

Also, you can use the keyboard for other tasks as described in this chapter.
In this section, the notation “(KeyA)+(KeyB)” means to hold down and

press (KeyB}-
(Esc Exits the editor
through Primary softkeys  Corresponds to the primary softkeys.
Shift J+ Secondary Corresponds to the secondary softkeys.

thraugh softkeys

Screen mode Toggles the screen mode as follows:

e All instrument === |~BASIC status = All |-BASIC =

BORLT 1IN0

Same as (Gu)+{(G)-
F11 Clear to end Deletes characters from cursor to end of line.
Sarae as + (Delete)
(Shift)+(F11) Clear line When editor is running, same as (Fi1).

When editor is not running, deletes characters on the
Command Entry line.
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F12 Clear display Clears the display for IBASIC. When the editor is running,
~ exits from the editor, and clears the display for IBASIC.
(Print Screen} Clear 1/0 Stops 1/0 operation of program.
Stop Stops program execution after executing the current line.
Same as (i) + (Fame).

{Sh;ft)+[s§ro|§ fock} Reset

Pause

Same as (CeD)+(E).

(D) + (Pae) Stop
Same as (Scroll Lock ).

Insert

Same as (Aid)+(D).
D) (D) Insert

Delete
(Shift)+(Delete) Delete line

Same as (At} +(D).

Stops program execution fmmediately.

Pauses program execution until CONT is executed or

rimary softkey is pressed, If the program
is modified while paused, RUN must be used to restart
program execution.

Stops program execution after executing the current line,

When the editor is running, opens a new line before the
current line.

When the editor is not running, inserts text at the cursor
(press again to end insert mode).

Same as (insert).
Deletes character at the cursor,

When the editor is running, deletes the current line.
When the editor is not running, deletes character at
cursor.
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Hays for IBASIC
+(Delete) Clear to end Deletes characters from cursor to end of line.
Same as (F11).
Beginning of line Moves the cursor to beginning of the line.
Same as (Shift)+{4)-
(Shift )+ (Home) Page move When the editor is running, same as (Page Up). Also, same
| as (shift) +(&).
When the editor is not running, jumps to the top of the
IBASIC output area. Also, same as (Shift)+{¥)-
End End of line Moves cursor to end of line.
Sarne as Shi)+().

(Shift) +{End) Page move When the editor is running, same as (Page Down). Also,
same as (Shr)+(¥).

When the editor is not running, jumps to the bottom of
the IBASIC output area. Same as (Shift)+(4).

Page move ‘ When the editor is running, moves the cursor one-half
display page toward the beginning of the program. Same
as (§he) + (Hae). Same s SR+
When the editor is not running, moves display down one
page.

(Shift)+(Page Up) Recall When the editor is running, displays last deleted line. To

enter line into program, press (Enter).

When the editor is not running, cycles through the
10 commands that were most recently entered on the
Command Entry line.
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Keys for IBASIC

Page move

(Shift)+(Page Down) Recall backward

When the editor is running, moves the cursor one-half
display page toward the end of the program. Same as
G +(End). Same as (i) + ).

When the editor is not running, moves display up one
page.

When the editor is running, same as (Shift) +(Fage Up).
When the editor is not running, cycles through the

10 commands that were most recently entered on the
Command Entry line in reverse order of (Shitt) +(Fags Up).

When the editor is running, moves cursor up one line,
When the editor is not running, display on the IBASIC
output area moves one line toward the end.

When the editor is running, same as (Page Up). Also, same

as (S +(Home).
When the editor is not running, jumps to the bottom of

the IBASIC output area. Same as (Skift)+(End).

When the editor is running, same as (Shift) +(Fags Up).
When the editor is not running, same as

(Shift )+(Page Down]).

When the editor is running, cursor moves down one line.
When editor is not running, display on IBASIC output
areg moves one line toward beginning,

When the editor is running, same as (Fage Down). Also,
same as (Shitt) +(End).
When the editor is not running, Jumps to the top of the

IBASIC output area. Same as (Shift)+([Homs).

Same as (S0 + (Fage Up).

i) Previous line
+(a) Page move
A Recall backward
(v} : Next line
(Shift)+(3) Page move
(A)+(¥) Recall
2-22
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Keys for IBASIC

©® Move cursor Moves the cursor one character in indicated direction.
s+ Beginning of line  Moves the cursor to beginning of line.
Same as (Home}.
(smr)+() End of line Moves the cursor to end of line.
Same as (End).
Backspace When the editor is running, deletes the character before
CUTSOL.

When the editor is not running, deletes the character
before cursor (if mode is insert mode). If mode is not
insert move, moves cursor to left by one cursor.

@An+(e) Delete line When the editor is running, deletes the current line.
When the editor is not running, deletes the character at
the cursor.

Same as (Shift)+(Delete).

A+ Insert line When the editor is running, opens a new line before the

current line.

When the editor is not running, inserts text at the cursor
(press again to end insert mode).

Same as (insert).
(&)+(©) | Run Executes the program.
C)+(F) Pause Pauses program execution until CONT is executed or
e primary softkey is pressed. If the program
ed while paused, RUN must be used to restart
program execution.
Same as (Pause).
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Keys for IBASIC

(Cr)+(G) Screen mode Toggles the screen mode as follows:

= All instrument = |-BASIC status —a All [~BAS|C

PIORO0T 220

Same as (F9)
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HP 4155A/4156A Specific IBASIC Keywords

The following keywords are not standard [BASIC keywords, or are standard
keywords, but with a difference. These keywords are specific to HP

4155A/4156A.

EXECUTE Not standard IBASIC keyword. Refer to “ASP-like
Commands” for details.

ON XEY Standard IBASIC keyword, except the range of key selector is
ito 7.

1 to 7 of key selector corresponds to secondary softkeys 1 to
7, respectively.

PEN ' Standard IBASIC keyword, except the range of pen selector
is 7. The following table shows the corresponding color for
each pen selector.

pen selector

Color

i
2
3
4
5
&
7

color defined for Foreground on SYSTEM: COLCR SETUP page

caler defined for Y1 Axis on SYSTEM: COLOR SETUP page.

color dafined for Y2 Axis on SYSTEM: CCLOR SETUP page.

color defined for Marker/Cursor/Line on SYSTEM: COLOR SETUP page.
color defined for Active Mkr/Cst/lne on SYSTEM: COLOR SETUP page
color defined for Advisory on SYSTEM: COLOR SETUP gﬁage.

color defined for Tike on SYSTEM: CCLOR SETUP page.

www.valuetronics.com
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HP 4155A/4156A Specific IBASIC Keywords

The following IBASIC keywords are not implementéd in HP 4155A/4156A°s
Instrument BASIC,

ALPHA ON/OFF
AREA

CLIP
CONTROL
DUMP
EDGE

FILL
FRAME
GESCAPE
GLOAD
GRAPHICS
GRID
GSTORE
LINE TYPE
PLOTTER IS
POLYGON
POLYLINE
RATIO
RECTANGLE
SET PEN
SHOW
STATUS
VIEWPORT
WINDOW
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Available I/0 Resources for IBASIC

This section provides information about available 1/0 resources for IBASIC of

HP 4155A/4156A.

The following /O resources are available for IBASIC.

+ CRT Display

e External keyboard and front-panel keyboard

e HP-IB Interface on rear panel

e Internal pseudo HP-IB Interface (to control HP 4155A/4156A itself)

e Serial Interface

e Built-in Disk Drive (no select code)
Table 2-1 shows available /O interfaces and their select codes.

Table 2-1. Available 10 Interfaces and Select Cade

Select Code luterface
1 CRT
Vi Externat and front-panel keyboard
7 HP-IB Interface on reer panel
il Internal pseudo HP-IB imterface
8 Serial Interface

www.valuetronics.com
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Reference: HP instrument BASIC
Avaiiahle 10 Resources for IBASIC

CRT Display

IBASIC can display text or graphics on the CRT display of the HP
415BA/4156A,

Text display. '
Text can be displayed in the IBASIC output area of “All IBASIC” screen.

Graphics display.
In “All IBASIC” screen, you can display a graphical plot,

The x and y coordinate values are as follows:
» lower left corner of screen: (0,0)
» upper right corner of screen: (545,400).

HP-IB Interfaces

¢ Internal pseudo HP-IB

By using select code 8, you can control HP 4155A/4156A via internal
pseudo HP-IB interface. The HP-IB address of HP 4155A/4156A has no
meaning, so you can use any address (0 through 30).

¢ HP-IB on rear panel
You can access HP-IB interface on rear panel by using select code 7.
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Availahie /0 Resources for IBASIC

Serial Interface

You can access serial interface on rear panel by using select code 9.

M
Receiving data

To receive data from serial interface successiully, be sure to do the fallowing:

o tse ASSIGN IBASIC commard to open /D path. Refer to the follawing example:

ASSIGN @Serial TO 9
ENTER @Serial;A$

Do rat use ENTER 9; A$ because every time it is executed, the /0 path is opened, which may
£ause errors.

e if you receive multiple lines of data (such as by a loop of ENTER statements), make sure ng other
operation of statement atours between receptions. It may cause an ovarrun error. If overrun ervor
is caused, use a stower baud rate for receiving.
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Available 1/0 Besources fur IBASIC

Built-in Diskette Drive

If you specify optional volume specifier when accessing the built-in diskette
drive, the volume specifier must be “:INTERNAL,4”.

Available diskettes.
You can use the following types of 3.5 inch diskettes:

o 2HD 1.44 MB
s 2DD 720 KB

Diskette must be formatted as LIF or the following DOS format:

¢ 80 tracks/side

® 18 sectors/track (2HD)
9 sectors/track (2DD)

s 512 bytes/sector
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ASP-like Commands

EXECUTE is an IBASIC keyword for executing function directives, which
aliow you to easily create simple programs in a way similar to creating Auto
Sequence Programs (ASP) on the HP 4145A/B Semiconductor Parameter
Analyzer.

Compatibility Consideration

EXECUTE is not a standard |BASIC or HP BASIC keyword. So, if you use this keyward in your
program, it will Aoz execute on another [BASIC or HP BASIC system.

EXECUTE

Keyhoard Executable Yes
Programmable Yes
ImanIF ... THEN ... Yes
This keyword can execute the function directives that are described on the
following pages.
Syntax EXECUTE (“directive_keyword | ,parameter]")
- directive Some directives require parameters. There must be one or more spaces

between divective_keyword and parameter.

The following pages describe the directives that can be used in the EXECUTE
cornrnand.
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Reference; HP Instrument BASIC
ASP-like Commands

GET SETUP Directive
This directive loads the specified HP 4155A/4156A setup file,

Directive syntax GETSETUP file_name [ ,DISK|MEMORY|

Directive parameter

Parameter ' Type f Explasation
file_.name string name of setup file with extension LMES or ST8) 1o be loaded. You
must encloss the nama with single quotes of double-doshie guotes,
DISK character idefault} loads setup cata from internal disketts.
MEMORY charactar loads setup data from internal memary,
Exampla EXECUTE("GETSETUP 'SWEEP.MES’ ")

EXECUTE("GETSETUP ""SWEEP.MES""")
EXECUTE("GETSETUP File$,DISK")
EXECUTE(“GETSETUP ’MEM1i.MES’,MEMORY")

SINGLE Directive

This directive executes measurement,

Directive syntax SINGLE
Examale EXECUTE("SINGLE")
2-32
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ASP-like Commands

STANDBY dire_ctive

This directive changes STBY ON channels to standby state or idle state.

Directive syntax STANDBY ON}OFF

{lirectiva parameter

Parameter ] Type I
CN character
OFF character
Example EXECUTE("STANDBY ON®Y

EXECUTE("STANDBY OFF")

changes STBY ON chasnsls from idle siete to standby state.
changes STBY 0K channels from standby state to idle state,

STRESS Directive

This directive forces stress.

Direstive syntax STRESS

Example EXECUTE("STRESS")

www.valuetronics.com
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ASP-like Commands

AUTO-SCALE Directive

This directive changes page to GRAPH/LIST: GRAPHICS and executes
auto-scaling function.

Dirsctive syntax AUTOSCALE

Examplg EXECUTE("AUTOSCALE")

SAVE DATA Directive

This directive stores measurement data file to internal diskette or internal

Memory.

Directive syntax SAVEDATA file.name | ,DISK|MEMORY |
Directive parameter

Parameter [ Type ! Explanatica

file..name string name of measurement date fie with extension |.DAT! to be stored. You

must enclase the name with single quotes or douhle-double quotes.
[31SK character {dafault] stores measurement data to internal disketts,

MEMORY character stores msasurement data to fnternal memory.

Example EXECUTE ("SAVEDATA ’SWEEP.DAT’™)

EXECUTE("SAVEDATA ""SWEEP.DAT""")
EXECUTE("SAVEDATA File$,DISK")
EXECUTE("SAVEDATA ’MEM1.DAT’ ,MEMORY")
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ASP.like Commands

READ DATA VARIABLE Directive

This directive gets values of specified HP 4155A/4156A data variable, and
stores the values in an IBASIC variable.

Directive syntax READDATAVAR daia_variable_name,ibasic_variable.name)

Directive parameter
Parameter Type l Explanation

data. variable_name string name of the date variable of HP 415BA/4156A. You must enclose the
name with single quotes or double-double quotes. Name is case sensitive.

ibasic_variable _name string | name of numeric variable or numeric array of IBASIC program.
thasic_variable_nare is not case sensitive,

Example EXECUTE(“READDATAVAR °*V1°,V%)

EXECUTE("READDATAVAR ""ViU"",v")
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BASIC

DEFINE USER VARIABLE Directive

This directive defines an HP 4155A/4156A user variabi'e, and transfers values
from an IBASIC variable to the user variable.

Direstive syntax

DEFUSERVAR user.variable_name, no_of -points , ibasic_variable_name

[ umit]
Birective parameter
Parameter Type Explanation
user_variable..rame string user variable name that you went to define. You must enclose the neme
with single quates or double-double quotes.
no_of_poits numeric | number of data fer the user variabie
ibasiz_varishie..name string name of numeric varieble or numeric array of IBASIC progrem. The data
in this varighle will be transferred to tha user variable '
unit string unit of user variable. You must enclose the unit with singfe quotes or
double-double quetes.
Example EXECUTE("DEFUSERVAR ’U_var’, 101 ,VEh, Vo)
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PRINT/PLOT Directive

This directive prints/plots the information of the present instrument page,
not the IBASIC screen. If present page is GRAPH/LIST: GRAPHICS page, the
graph is printed/plotted. '

Diractive syniax PRINTPLOT

Example EXECUTE("PRINTPLOT")

CURVE PLOT Directive

This directive changes to GRAPH/LIST: GRAPHICS page, then prints/plots the

graph.
Direstive syntax CURVEPLOT
Fxamgle EXECUTE("CURVEPLOT")
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Getting Started on Programming the HP
41556A/4156A

This chapter provides step-by-step tutorials for programming to control the
HP 4155A/4156A along with prograrmming exarmples.

This chapter consists of the following sections:
e Creating a Simple Measurement Program
This section introduces how to create a measurement program.
e Programming for Data Extraction
This section provides the programming tutorials for data extraction.
e Complete Example Program for Vth Measurement

This section shows complete example program based on the parts described
in the other sections.

« Example Application Setup for Vth Measurement

This section describes an example application setup that you should save
to the file named VTH.MES on diskette before executing program examples
(that use VTH.MES) described in this chapter.

In addition to this chapter, Chapter 6 provides some application examples
which are helpful to increase your understanding.

3-2
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Creating a Simple Measurement Program

This section introduces how to create a measurement program.

A simple measurement program created by using built-in IBASIC controiier
is provided as an example and you learn step-by-step how 1o create a
measurement prograri.

This section consists of the following:

L

Getting a setup file and making a measurement

2. Changing the sweep setup parameters
3.
4
5

Changing the display setup parameters

. Saving the measurement results to a diskette

. Printing the measurement results

3-3
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Getting Started on Programming the HP 4155A/A158A
Creating a Simple Measurement Program

Before Creating a Program

This section assumes that you have already saved a measurement setup file
for Vth meagsurement to diskette,

Before starting this section, prepare the diskette and save the measurement
setup (described in “Exaraple Application Setup for Vih Measurement”) to the.
file named “VTH.MES” on the diskette. :

Step 1. Gettingthe Setup File and Making a Measure-
ment

In this step, you can create a progr&xfx to get a setup file from the diskette and
execute a measurement.

1. Press IBASIC key until screen display mode is All IBASIC mode.
2. Select oftkey, then press key to start the IBASIC editor

3. If there is an existing program, save it if Necessary,
4. Delete existing program and assign /O path to control HP 4155A/56A .

Type SCRATCH, then (Enter). Or selec
the program.

rimary softkey to delete

Existing program is deleted and the following program lines are entered
antomatically. These lines are for assigning HP 4155A/56A control L/O
path.

10 COM @Hp415x
20 ASSIGH @Hp4ibx TO 800
30 ¢

9990 Bup

www.valuetronics.com




Getting Started on Programening the HP 4105A/4156A
Creating a Simple Measurement Program

Line number Descriptien
10 Declares COM so that subpregrams can actess the 1/0 path {that is assigned in line 20} for
contrelling the HP 4155A/5BA, Refer to the HP Instrument BASIC Users Hanabook for detais.
y.i Assigns the /0 path for comtrolling the HP 4155A/BA . BOO means builtin 1BASIC
' controller.

W
To ASSIGN 10 path

o Built-in 1BASIC controtler

Specify select code 8. For the HP-IB address, you can use any number betwsen 0 to 31, Refer to
the fallewing example:

10 ASSIGE @Hp41B5 TG 800
e HP BASIC on an external computer

Specify the select code of the external computer. And specify the HP-IB gddrass that you entered
inte the HP-IB ADDRESS field on the SYSTEM: MISCELLANESUS page. in the following exemple,
the select code of the external computer is 7 and HP-IB address of HP 415BA%BA is 17:

10 ASSIGN @Hp415B TO 717

5. Select secondary softkey.

The following characters are automatically entered:
30 OUTPUT @Hpd1bx;""

Do not press yet.

6. Use the help function to find the cornmand for getting a setup file:
a. Press (Help).
b. Press (Get).
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Creating a Simple Measurement Program

The cursor in help window automatically jumps to the command
(:MMEM:LOAD:STAT) for getting a setup file.

7. Press to insert the command into the program line.
Now line 30 is as follows:
30 OUTPUT @Hp415x;' :MMEM:LOAD:STAT"
8. Type in the command parameters as in following example:
30 OUTPUT @Hp4d5x;":MMEM:LOAD:STAT 0, VTH.MES®, 'DISK’"

Parameter Bescription

0 Ne meaning {dummy parametert,

'VTH.MES” | Fie neme tc be loadsd,

PISK? Source mass storags is diskette.

Then press (Enter]. Then select the softkey.

secondary softkey.
40 OUTPUT @Hpa1bx;"" '

10. Press (Help), then press (Single), (Append), or (Repeat) to find the command
for executing a measurement.

Execution Key Command
(Single] PAGE:SCON:MEAS:SING
(Append) | :PAGE:SCON:MEAS:APP
© | :PAGE:SCON:MEAS:REP

11. Press to insert the found command into the program line.

10 COM @Hpdibx
20 ASSIGN QHp415x TO 800
30 QUTPUT @Hp416x;' :MMEM:LOAD:STAT 0, VTH.MES’, 'DISK’"
40 OUTPUT @Hp41bx;':PAGE:SCON:MEAS:SINGY
9990 END

Then press
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Getting Started on Programming the HP 41G5A/4158A
Creating a Simple Measurement Program

12. Press to exit from the editor.
Now you have created a measurement program.
To execute the program, do as follows:

1. Press IBASIC key until screen display mode is All Instrument or
TBASIC Status mode. This allows you fo monitor the measurement on
GRAPH/LIST: GRAPHICS page.

2. Press front-panel key. The measurement program is executed.

W
Contrelling from External Computer
Yau must do a5 follows before controlling HP 4155A/4156A from an external computer:

1. Cennect the HP-B interface of external computer to HP-IB interface on rear panel of HP
4155A/4166A.

2. Set the HP 4155A/564 is field on the SYSTEM: MISCELLANEQUS page to NOT SYSTEM
CONTRGLLER.

3. Enter the HP-IB address of your HP 4155A/4156A into the HP~IB ADDRESS field.

3-7
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Getting Started on Programming the HP 4155A/4156A
Creating a Simple Measurement Pragram

Step 2. Changing the Sweep Setup Parameters

Modify measurement program created in previous step so that you can enter
new sweep start and stop values while program is running:

1. Press IBASIC key until the screen display mode is All IRASIC
mode,

2. Selec

softkey, then press key io start the IBASIC editor

3. Insert program lines that allow you to enter the sweep start and stop
values from the keyboard during program running.
a. Move the cursor to program line 30.
D. Select Insert 1in s primary softkey.
c. Type the following program lines:

21}

22 INPUT "Sweep Start (V)7 Start_v
23 INPUT "Sweep Stop (V)7",S8top_v
24 1

4. If you do not know the SCPI commands for changing the sweep start and
stop parameters, do as follows:

a. Press IBASIC key until screen display mode is All Instrument
mode,

b. Press to change to MEASURE: SWEEP SETUP page.
¢. Move the field pointer to the parameter that you want to change.

d. Press key. The corresponding command is displayed at the
bottom of the help window:

Command Description
"PAGE:MEAS:SWENVAR1:STAR | VART sweep start
‘PAGE:MEAS:SWE:VART:STOP | VART sweep stop

You need to remember the commands, so that you can enter them in
the nexf st

€. Select the ;

softkey.
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Getting Started on Programming the HP 4155A/4156A
Creating a Simple Measurement Program

5. Press IBASIC key until screen display mode is All IBASIC mode.
Then, do the following to insert the program lines for changing the sweep
start and stop values.

a. Move the cursor to the program line 40.
b. Select Tnsert line primary softkey.

¢ :
d

> Select the | oftkey.

. Type in the SCP! command. Or you can use the heip function to enter
the command. For the help function, see “To Use the Help Function”
in Chapter 1.

After you finish, the program lines should look as follows:

31 OUTPUT @Hp415x;":PAGE:MEAS:SWE:VAR1:STARY ;Start_v
32 QUTPUT @Hp4lbx;*:PAGE:MEAS:SWE:VAR1:STOP";5top_v

Now the program is as follows:

10 COM @Hp4ibx

20 ASSIGN @Hp4ibx TD 80C

21 ¢
22 INPUT "Sweep Start (V)7",Start.v
23 INPUT "Sweep Stop (V)7",Stop.v
24 1
30 OUTPUT @Hp4ibx;":MMEM:LOAD:STAT 0, VIE.MES’,’DISK’"
31 DUTPUT @Hp4l1bx;":PAGE:MEAS:SWE:VARL:STAR";Start_v
32 DUTPUT @Hp4i15x ;" :PAGE:MEAS:SWE:VARL:STOP";Stop_v
40 OUTPUT @Hp415x;':PAGE:SCON:MEAS:SING"

9930 END

6. Select ; to exit from the editor.

7. Press IBASIC key until screen display mode is IBASIC Status
mode.

8. Press to execute the program.

9. Sweep Start (V)7 is displayed on the display line. Enter the desired
sweep start voltage.

10. Sweep Stop (V)7 is displayed on the display line. Enter the desired
sweep stop voltage.

3-9
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Getting Started on Programming the HP 4155A/4158A
Creating a Simple Measurement Program

Step 3. Changing the Display Setup Parameters

In this step, change X-axis range of display setup parameters to match the
sweep start and stop values.

1. Press IBASIC key until screen display mode is All IBASIC mode.

softkey, then press key to start the IBASIC editor

3. If you do not know the SCPI commands for changing the X-axis
parameters, do as follows:

a.

b.

. Select the

Press IBASIC key until screen display mode is All Instrurent
mode,

Press PAGE CONTROL key to change to DISPLAY: DISPLAY
SETUP page.

Move the field pointer to the parameter that you want to change.
Press key. The corresponding commands are dispiayed at the
bottom of the help window, You need to remeraber the commands, so
that you can enter them in the next step,

Command Description

:PAGE:DISP-SET:BRAPXCMIN | minimum value of X-axis
‘PAGE:THSP:SET-GRAPX:MAX | maximum valus of Xaxis

softkey.
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Getting Started on Programming the HP 4155A/4158A
Creating a Simple Measurement ngram

4. Press IBASIC key untii screen display mode is All IBASIC mode.
Then, do the following to insert the program lines for changing the X-axis
display parameters:

a. Move the cursor to tl}e program line 40,

b. Select . primary softkey.

c :

d

- Select the 0 H softkey.

. Type in thé 3CP1 éoﬁunénd. Or yvou can use the help function to enter
the command. For the help function, see “To Use the Help Function” in
Chapter 1. After you finish, the program lines should look as follows:

33 QUTPUT @Hp4i5x;":PAGE:DISP:SET:GRAP:X:MIN';Start v
34 OUTPUT @Hp41bx;":PAGE:DISP:SET:GRAP:X:MAX";Stop.v

Now the program is as follows:

10 COM @Hp41bx

20 ASSIGK @Hp41ibx TO 800

21 1

22 INPUT "Sweep Start (V)}7",Start_ v

23 INPUT "Sweep Stop (V)7",Stop.v

24

30 DUTPUT @Hp415x;' :MMEM:LOAD:STAT 0, VIH.MES’, 'DISK*"
31 OUTPUT @Hp415x{':PAGE:MEAS:SWE:VARL:STAR";Start v
32 QUTPUT @Hp415x;":PAGE:MEAS:SWE:VARL:STOP";Stop.v
33 QUTPUT @Hp415x;":PAGE:DISP:SET:GRAP:X:MIN";Start v
34 OYTPUT @Hp415x;':PAGE:DISP:SET:GRAP:X:MAX";Stop v
40 UUTPUT @Hp415x;":PAGE:3CON:MEAS:SING!

99390 END

to exit from the editor.

6. Press IBASIC key until screen mode is IBASIC Status mode.
7. Press to execute the program. ‘

8. Enter the desired sweep start and stop values as prompted. The minimum
and maximmm X-axis values of the graph will be the same as these entered
values.
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Creating a Simple Measurement Program

Step 4. Saving All Measurement Results to a Diskette.

In this step, add program lines that save the setup data and measurement
results to the diskette,

1.

W

S:)'!

Press IBASIC key until screen display mode is All IBASIC mode.
Select softkey, then press key to start the IBASIC editor

Move the cursor to program line 9990.

Select primary softkey.

Insert the following program lines, which wait until the measurement, is
completed.

50 OUTPUT @Hp4i5x;"s0PCT?"
80 ENTER €Hp415x;Complete

When measurement is completed, HP 4155A/56A returmns 1 to the
Complete variable.

. Insert, the following program line, which saves the measurement setup and

results to a file named VTH.DAT:
70 OUTPUT @Hp415x;" :MMEM:STOR{TRAC DEF, ’VTH.DAT "

Now the program is as follows:

10 COM e€Hp4ibx
20 ASSIGH eHp4iS5x TD 80G
211
22 INPUT "Sweep Stari (V7" ,8tart_v
23 INPUT "Sweep Stop (V)?“,Stop~v
24 t
30 OUTPUT @Hp4iBx;" :MMEM:LOAD:STAT 0, VTH.MES’, DISK "
31 QUTPUT @Hp415x;“:PAGE:MEAS:SWE:VARI:STAR“;Start“v
32 BUTPUT @Hp415x;”:PAGE:MERS:SWE:VARi:STﬂP”;Stop“v
33 OUTPUT @Hpéin;“:?AGE:DIS?:SET:GHAP:X:MIN“;Startmv
34 gUTPUT @Hp41$x;“:PAGE:DISP:SET:GRA?:X:MAX“;Stop_v
4¢ OUTPOT @Hp415x; " :PAGE : SCON :MEAS : STNG™
50 OUTPUT @Hpdibx;"*BPC7"
60 ENTER @Hp415x;Complete
70 OUTPUT @Hp415x;':MMEM:STOR:TRAC DEF, *VTH.DAT
9990 END

to exif from the editor.
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Getting Started on Programming the HP 4155A/4158A
Creating a Simple Measurement Program

8. Press IBASIC key until screen display mode changes to IBASIC
Status mode.

9. Press to execute the program.

The measurement setup and results are automatically saved to the diskette
after measurement is performed.
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Creating a Simple Measurement Program

Step 5. Printing the Measurement Results

W

Printing from IBASIC

If you use built-in IBASIC controller to control HP A18BAA1B8A, you do not need to prepare hefore

controlling HP 4155A/41564 because builein 1BASIC costrolier is always connected to HP 4156A/41584
via internal HP-B. ‘

However, to grint/plet from built-in iBASIC controlier, set "HP 41584/564 is” field on the
SYSTEM: MISCELLANEOUS page to SYSTEM CONTROLLER.

In this step, add program lines that print the measurement, results.

1. Press key until screen display mode is All IBASIC mode.

2. Select EBIT softkey, then press key to start the IBASIC editor
3. Move the cursor to the program line 70.

4. Select line

> primary softkey,

5. Insert the following program lines, which print z screen dump of the
results:

61 OUTPUT @Hp415x; ' :HCOP: SDUM™
62 DISP "Printing"

63 OUTPUT @Hp4i5x;"'#0PCT™

64 ENTER @Hp415x;Complete

65 DISP "Dope!

:HCOP immediately initiates the plot or print according to the current
setup. After printing is finished, HP 4155A/56A returns 1 to the Complete
variable, then “Done” is displayed on the screen.

Now the program is as follows:
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31
32
33
34
40
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60
61
62
63
64
65
Y
9930

Getting Started on Programming the HP 4155A/4155A
Creating a Simple Measurement Program

COM @Hp415x
ASSIGN QHp4l5x TO 800
13

INPUT "Sweep Start (V)7",Stars.v

IKPUT "Sweep Stop (V)7,Stop.v

]

OUTPUT @Hp41dx;" :MMEM:LOAD:STAT G, VTH.MES’, 'DISK*"
DUTPYT QHp415%;':PAGE:MEAS:SWE:VAR1:STAR";Start v
UUTPUT @Hp41bx;':PAGE:MEAS:SWE:VARL:STOP";Step v
OuTPUT @Hp%in;“:PAGE:DISP:SET:GRAP:X:MIN";StaIt“v
QUTPUT @Hpéle;”:PAGE:DISP:SET:GRAP:K:MAX“;Stap_v
OUTPUT @Hp415x;*:PAGE:SCON:MEAS: STRG"

OUTPUT @Hp4dibx;"+0PCT"

ERNTER @Hp415x;Complete

OUTPUT @Hp415x;":HCOP:SDUM"

DISP "Printing"

OUTPUT @Hp4ibx;**0PCT"

ENTER @Hp415x;Compliete

DISP "Done"

DUTPUT @Hp4i5x;":MMEM:STOR:TRAC DEF, VIH.DAT™
END

www.valuetronics.com
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Programming for Data Extraction

This section provides the following programming tuforials for data extraction:
¢ Reading HP 4155/56 setup data
¢ Reading values of data variables (measurement results)

+ Transferring data into a file

Reading HP 4155/56 Setup Data

To read setup data from HP 4155/56 into an IBASIC variable, use the query
form of the corresponding setting command. To make the query form of a
command, simply add a question mark (?) to the end of the command.

Refer to the following program lines of example program:

60
70
80
20
100
110
-120
130

Line 66

Line 70

OUTPUT QHp415x;":PAGE:MEAS: SWE:VAR1 :STAR?"
ENTER @Hp415x;Vd_start .
OUTPUT @Hp415x;":PAGE:MEAS:SWE:VAR::STOR?"
ENTER @Hp415x;Vd_stop

OUTPUT @Hp415x;":DISP:ALL BASY

CLEAR SCREEN

PRINT TABXY(1,1);"Vd START=";Vd_start:" (V)"
PRINT TABXY(1,2);"Vd sTOP ='":¥d stop; " (W)

This query comrand tells the HP 4155A/56A to put the
VARI start value in its output buffer.

:PAGE:MEAS:SWE:VAR1:STAR is the command for setting
the VAR1 start value. By adding 7, the command becomes
the query command for reading the VAR] start value.

This gets the start value from the output buffer, then enters
it in the Vd_start variable,

Line 80 to 90  These lines tell the HP 4155A/56 to put VAR stop value in

its output buffer, then the value is entered into the Vd_ stop
variable. ‘
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Programming for Data Extraction

Reading HP 4155/56 Measurement Data

To read read-out function values or data variable values {output data,
measurement data, and user function values) from HP 4155/566 to IBASIC
variables, use the :DATA? coramand.

Refer to the following program lines in the example program:

410 DUTPUT @Hp415x;" :PAGE: SCON:MEAS: SING"
420 OUTPUT @Hp415x;"*BPCT"
430 ENTER @Hp41ibx;Complete
440 OUTPUT @Hp4iBx;":DATA? *VTH"
450 ENTER @Hp415x;Vth
Line 410 Execute single measurement.

Line 420 to 430 Wait for measurement completion.

Line 440 Send :DATA? guery command to read the result value of
user function “VTH”.
Line 450 Store the result value into VEh variable,

0
NOTE

Be. aware that data variable names, such as user functions and user variables, are case sensitve. For
gxample, 1f you set up user funstion name VTH on the CHANNEL: USER FUNCTION DEFINITION page,
then 1o read it, you must use :DATA? 'VTH', not :DATAT Vb,
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Transferring Specific HP 4155/56 Data to a File

To transfer data from the HP 4155A/56A to a file, do as follows:
1. Create a data fle.
You can create three types of data files: DOS, LIF ASCI, or BDAT as

follows:
CREATE "data_file",1 ! Creates a DOS f£ile.
CREATE ASCII "ascii_file", 100 { Creates a LIF ASCII fi]e.
CREATE BDAT "binary_file", 100 ! Creates a BDAT file.

DOS files are compatible with MS-DOS, which are easy to transfer to PCs
and other computers,

LIF ASCII files are compatible with HP computers that support this file
type, so this type is best is you are transferring files among HP computers
that support this file type.

BDAT (binary data) files provide more flexibility (can specify both number
of records and record length) and faster transfer rate. But BDAT files
cannot be interchanged with as many other systems.

The first parameter of each statement specifies the file name to create,

The second parameter specifies number of records to allocate for the file as
Tollows:

DOS Second parameter specifies how many records are to
be initially allocated for the file. A DOS file system
automatically allocates additional space for the file as new
data is written to it, so you can always specify 1 for this
parameter.

LIF ASCI Second parameter specifies total number of records to
allocate for the file, so you must specify a sufficient
number of records. The length of one record is 256 bytes.

For example, the following staterment would create a file
with 100 records (each record is 256 bytes):

CREATE ASCITI "File", 100
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460 | OUTPUT @File;Vih
630 UNTIL Stop$="8" DR Stop$="s"

The above program repeats appending Vth variable value to a DOS file in
ASCI format,

In addition to numeric data, array data and string data can be stored to a
file as in following examples:

e Array data:
1 . DIM Vth(1:100)

340 INPUT "Enter file name to store data",File$
360 CREATE File$,1
360, ASSIGN @File TO File$;FORMAT ON

390 FOR I=1 TO 100

440 OUTPUT @Hp415x;'":DATAT *VTH’"
450 ENTER Q@Hp41ibx;Vth{I}
460 NEXT I

470, OUTPUT @File;Vth(«)

« String data:

16 DIM Data$f10](1:100)

20 CREATE "DATAFILE",1

30 ASSIGN @File T "DATAFILE®;FORMAT ON
40 FOR I=1 TO 100

50 Data$ (I)="ABC"

60 NEXT ¥

70, OUTPUT @File;Data$(+)

4. Close the I/O path.

To close an /O path to a file, ASSIGN the path name to an * {asterisk) as in
the following example:

340 INPUT "Enter file name to store data",File$
350 CREATE File$,1

380 , ASSIGN @File TD File$;FORMAT ON

460 | OUTPUT @File;Vih

590  ASSIGN @File TO *

_In this program, line 590 closes the I/O path that was opened by line 360.
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BDAT Second parameter specifies total number of records to
allocate for the file, so you must specify a sufficient
number of records. You can specify a record length by
using an optional third pararmeter (default length is 256

bytes).

For example, the following statement creates a file with 7
records (each record is 128 bytes):

CREATE BDAT "B_file",7,128

The following statement creates a file with 7 records
(each record is 256 bytes):

CREATE BDAT "B_file",7
2. Open an I/O path for transferring data into the file.

To open an I/O path to the file, assign an I/0 path name to the ile by using
an ASSIGN staterent as in the following example:

340 INPUT "Enter file name to store data”,File$
350 CREATE File$,1
360 ASSTGR @File TO File$;FORMAT ON

Line 350 creates a DOS file, then line 360 opens an /O path to the file.
For DOS and BDAT files, ASSIGN statement can also specify the following:

FORMAT ON ASCI data representations are used. Specify
this if you need to transport data between
IBASIC and other machines.

FORMAT OFF IRASIC internal data representations are used.
Specify this if you need a faster transfer rate
and space efficiency.

3. Store data into the file.

To store data into a file, use OUTPUT and ENTER statements as in the
following examples:

340 INPUT "Enter file name to store data",File$
350 CREATE File$,1
360 _ ASSIGHN @File T0 File$;FORMAT ON

350 _ REPEAT

440 OUTPUT @Hp415x;":DATAT *VTH'"
450 ENTER QHip415x;Vih
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Complete Example Program for Vth Measure-
ment

The example program shown below uses the measurement setup file
described in “Example Application Setup for Vth Measurement”. This is a
complete example program based on the parts described in the previous
sections.

10 COM @Hp415x

20 ASSIGN @Hp416x TO 800

30 QUTPUT @Hp41bx;":MMEM:LOAD:STAT O,’VTH.MES’,’DISK’"
] .

40 !
50 ! Read and Disp. Measurement Conditions
60 OUTPUT @Hp415x;":PAGE:MEAS:SWE:VARL:STARYY

70 ENTER @Hp4iBx;Vd_start

80 QUTPUT @Hp415x;" :PAGE:MEAS:SWE:VAR1:STOPY" -
90 ENTER ¢Hp415x;Vd_stop

100 OUTPUT @Hp4ibx;":DISP:ALL BAS"

110 CLEAR SCREEN

120 PRINT TABXY(1,1);'Vd START=";Vd_start;" (V)"
130 PRINT TABXY(1,2);"Vd STOP =";Vd_stop;"(V}"

140 !

150 ! Parameter Change
160 Change$="n"

170 Change: ¢

180 INPUT "Change these parameters? (y/n default=n)",Change$
190 SELECT Change$
200 CASE HY” ,“Y"

210 T§PUT "New Vd START (V)7",Vd_start

220 TNPUT "Hew Vd STOP (V)7",Vd_stop

230 QUTPUT QHp&in;“:PAGE:HEAS:SHE:VARi:STAR”;Vd"start
240 (UTPUT OHp415x;":PAGE:MEAS:SHE:VARi:STD #.Vd_stop
250 PRINT TABXY(:,1);"Vd START=";Vd_start;" (V) "
260 PRINT TABXY(1,2):"Vd STOP=";Vd_stop;" (V) "
270 CASE "N","n¥

280 GOTD Store_file

280 CGASE ELSE

300 GOTO Change

310 EXND SELECT

320 i

330 Store_file: H

340 INPUT "Enter file name to store data",File$
350 CREATE File$,1

360 ASSIGE @File TO File$;FURMAT ON

370 §
380 Ko, of_data=0
390 REPEAT
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400 OUTPUT @Hp415x;'":DISP:ALL BST"
410 QOUTPUT @Hp415x;":PAGE:SCON:MEAS: STNG™
420 QUTPUT @Hpd15x;"+0PC?"
430 ERTER @Hp415x;Complete
440 OUTPUT @Hp415x;":DATA? *VTH "
450 ENTER @Hp41bx;Vth
460 OUTPUT @File;Vth
470 No_of _data=No_of_data+1
480 OUTPUT @Hp416x;' :DISP:ALL BASICH
490 PRINT TABXY(1,10);"Last measured Vth =M Yeh; (V) "
500 PRINT TABXY(1,11);"Total number of die tested=";Ko_of_data
510 Stop.query:INPUT "Continue to next die or Stop test? (c/s)", Stop$
520 SELECT Stop$
530 CASE "¢, "ev
540 DISP "Move to the next die, then press [Continme}"
550 PAUSE
560 DISp "t
570 CASE "g", ug"
580 PRINT TABXY(l 24} ;"Test Stopped!!"
530 ASSIGN €File TO =*
600 CASE ELSE
610 GOTO Stop, query
620 END SELECT
630  UNTIL Stop$="S" OR Stop$="s"
640 ERD
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Example Application Setup for Vth Measure-
ment

.This section describes an example application setup that you should save to
the file named VTH.MES on diskette before executing program examples (that
use VTH.MES) described previously in this chapter.

A frequently used method of measuring Vth is to synchronously sweep the
exact same voltage to gate and drain, and measure the characteristics in the
saturation region.

The theoretical value of drain current in the saturation region is calculated as
follows:

Id = 8+ (Vg — Vih)?

Where 3 is the gain factor, which is —1/2 # (ue,e W/L) ¥ to5. Therefore, if you
take the square root of both sides of the equation:

VId = +/B%(Vg - Vth)

/Id is proportional to Vg, and the slope is v/B. At the point where v/ Id is
equal 0, Vth is equal to Vg. So, to know Vik, we need to find that point.

The measurement conditions are as follows:
e Channel Definition ’

Measuremem Mode | Sweep

UNIT | VNAME | INAME | MODE | FCTN
SMUT | Vd td v VARY'
SMU2 | Vg la v VAR?
SMU3 | Vs s COMMON | CONST
ShU4 | Vsb ish v CONST

3-23

www.valuetronics.com




Getting Started on Programming the HP 4155A/4158A
Example Application Setup for Vth Measurement

s Sweep Setup

VAR1
UNIT SMuz
NAME Vg

SWEEP MODE | Single
LINILOG LINEAR

START 0.0000 ¥
stop 5000V
STEP 106.0 mv

NOOF STEP |51
COMPLIANCE | 1000 mA
POWER COMP | 0FF

VARY'
UNET SMUT
NAME Vd
OFFSET 0.0880 v
RATIO 1.000
COMPLIANCE | 100.00 mA
POWER COMP | OFF
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CONSTANT
UNIT Smu4
NAME Vsb
MODE v

SOURGE g.ooo0 v
COMPLIANCE | 100.0¢ mA

By this setup, Id-Vg characteristics can be measured. On the CHANNELS:
USER FUNCTION DEFINITION page shown in the following table, we defined
the square root of Id (SQRTI), and the differential coefficient (GRAD) of
SQRTIA versus Vg.

Also, we defined VTH and BETA by using Read Out Functions. VTH is @L1X
(X-intercept of line 1) and BETA is @L 1G°2 (slope of line 1 to second power).
Line 1 is drawn according to DISPLAY: ANALYSIS SETUP page, which is

described later.
NAME | UNIT | DEFINITION
SORTI SORTHG
GRAD BIFFISGRTH Vgl
VIH |V feLiXx
BETA ale?

As shown in the following tables, we set the DISPLAY: DISPLAY SETUP page
to plot two curves: SQRTIA versus Vg, and GRAD versus Vg. And VTH and
BETA will be displayed in the data variables display area.
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X-axis | Y1-axis | Y2-axis
NAME | Vg SORTHd | GRAD

SCALE | LINEAR | LINEAR 1 LINEAR
MM |0V s 0
MAX |5V (200m [80m

GRID | LINE PARAMETER | DATA VARIABLES
ON |ON VTH
BETA

The auto analysis functions are defined on DISPLAY: ANALYSIS SETUP page
as shown below. A tangent line (line 1) is drawn to “SQRTId versus Vg’
curve (Y1) at point where GRAD is maximum. VTH is the X-intercept of this
line. Also, the marker is moved to point where GRAD is maximum,

*LINE1: [TANGENT] line on [Y1] at a point where
[GRAD] = [MAX(GRAD)]

If you execute a single measurement, the two curves are drawn. Right after
the measurement, a tangent line is drawn as specified in DISPLAY: ANALYSIS
SETUP page, and resulting VTH and BETA values are displayed.
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HP 4155A/4156A SCPI Programming

Standard Commands for Programmable Instruments (SCPI) is a universal
programming language for electronic test and measurement. mstruments, and
based on IEEE 488.1 and [FEE488.2.

This chapter describes how to create programs that contain SCPI commands
to control the HP 4155A/56A. These programs can be run from an external
computer or from the built-in HP Instrument BASIC (IBASIC) controller.

This chapter explains the following programming tasks along with
programming examples: :

e SCPI Programming Basics
o Measurement Setup

» Measurement Execution
e File Operation

s Data Transfer

Print/Plot Operation
Other Programming Tips
¢ Example for HP 4145 Users

If you are not familiar with HP 4155A/4156A programming, Chapter 3
provides step-by-step tutorials for programming and helps yvou to understand
quickly.

In addition to this chapter, “Example Application Setup for Vth
Measurement” in Chapter 3 provides some application examples which are
helpful to increase your understanding.
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SCPI Programming Basics

This section provides the following basic tasks to control and program the HP

4155A/4166A:

e Preparation before controlling the HP 4155A/66A via HP-1B
e SCPI Command Hierarchy
« To control HP 4155A/4156A by HP BASIC programming
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Preparation before Controlling the HP 4155A/56A via,
HP-IB

SCPI programs to control the HP 4155A/4156A via HP-IB can be run from
an external computer or from the built-in HP Instrument BASIC (IBASIC)
controller.

To run these programs, the HP 4155A/56A must be set to HP 4155A/56A
command mode, which is the default mode.

The HP 4155A/56A has two command modes: HP 4155A/56A command mode
(defauit) and HP 4145 syntax command mode.

You use the HP 4145 syntax command mode if you need to execute HP
4145A/B programs on the HP 4155A/56A. For information about this, refer to
Chapter 5.

Controlling from External Computer.
You must do as follows before controlling HP 4155A/4156A from an external
computer:

1. Connect the HP-IB interface of external computer to HP-IB interface on
rear panel of HP 4155A/4156A.

2. Set the HP 41554/564 is field on the SYSTEM: MISCELLANEOQUS page to
NOT SYSTEM CONTROLLER,

3. Enter the HP-IB address of your HP 4155A/4156A into the HP-IB ADDRESS
field.

Controlling from built-in IBASIC controller.

If you use built-in IBASIC controlier to control HP 4155A/4156A, you do not
need to prepare before controlling HP 4155A/4156A because built-in IBASIC
controller is always connected to HP 4155A/4156A via internal HP-IB.

However, to print/plot from built-in IBASIC controlier, set “HP 41554/564
is” field on the SYSTEM: MISCELLANEOUS page to SYSTEM CONTROLLER.
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SCPI Command Hierarchy

SCPI commands use a hierarchical structure for subsystem commands similar
to the file system.

For example, in :PAGE :MEASURE : SWEEP command, the hierarchy is as

follows:

PAGE raot
MEASURE sub-level 1
SWEEP sub-evel 2

The colon at the beginning of the command means root.
The colons between two command keywords means moving down to a lower
level.

W
Using a Semicolon to Reduce Typing
A semicolon enables two commands to be sent on the same line.

For example, : PAGE :MEAS : VAR1:START O;STOP 5 s the same as the fallowing two
gommands:

:PAGE:MEAS:VAR1:START O
:PAGE:MEAS:VARL:3TOP 5

So, using a semicolon reduces typing and simplifies the program.

A cemmand terminator {such as a <newline>! resets the path to reot.
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To Control HP 4155A/56A by HP BASIC Programming

1. Assign I/O path for controlling HP 4155A/4156A,
Use ASSIGN command to assign /O path:
s Bailt-in IBASIC

Specify select code 8. For the HP-IB address, you can use any nurnber
between 0 to 31. Refer to the following example;

10 ASBIGN @Hp4155 TO 800
+ HP BASIC on an external computer

Specify the select code of the external computer, And specify the HP-IB
address that you entered into the HP-IB ADDRESS field on the SYSTEM:
MISCELLANEOUS page. In the following example, the select code of the
external computer is 7 and HP-IB address of HP 4155A/56A is 17

1G ASSIGN @Hp4i5s TO 717
2. Use OUTPUT command to send commands to HP 4155A/56A.
3. Use ENTER command to get query response from HP 4155A/56A
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Example The following is the example program to control HP 4155A/4156A:
10 DIM I3(1:501)
20 t
30 ASSIGN @Hp4155 TO 717
40 !
50 QUTPUT @Hp4155;"*RST"
60 H
T0 OUTPUT @Hp4155;":MMEM:LOAD:3TAT O, 'SWP . MES?,*DISK’"
80 !
80 QUTFUT @Hp41b5;" :PAGE:SCON:SING"
100  OUTPUT @Hp4155;"*JpC?"
110  ENTER QHp4155;Complete
120 ! :
130  OUTPUT @Hp4155;"FORM:DATA ASCH
140 QUTPUT @Hp4155;":DATAY I3’ "
150 ENTER @Hp4155;13(*)
160 B
170 END
Line Number Deseription
30 Assigns /0 path to control HP 4155A/4158A,
58 Resets HP 4155A/4158A by sending #RST command.
70 [oads measursment setup datz from diskette file SWP . MES.
80t 110 Executes measurement

130 10 150  Geis the measurement data

www.valuetronics.com
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Programming: Measurement Setup

To set up a measurement, you can use SCPI commands to set the setup pages
of HP 4155A/4156A the same way that you can by interactive operation.

Basically, there are the following three ways to set up a measurement via
SCPI programming:
~ o Load the measurement setup data from diskette or internal Memory.

Load the measurement setup data by SCPI programming. The data
was previously defined and stored to a diskette file or internal memory
interactively or by SCPI programming.

s Load the measurement setup data, then change some of the settings.

Load the measurement setup data from diskette or internal memory, then
change desired settings by SCPI programming.

e Set all settings.
Set all settings for measurement setup by SCPI programming.
This section describes the following tasks:
» To set or change sefup data values.
» To read setup data values

To load previously defined measurement setup data, refer to “Programming:
Fite Operation”.
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Programming: Measurement Setup

To Set or Change HP 4155/56 Setup Data Values

1. Send :PAGE subsystem cormmands that correspond to the setup data
values that you want to change or set.

There is a command subsystem for each setup page as shown in Table 4-1.
Each command subsystem has commands for setting the setup data of the
corresponding setup page. '

Tahle 4-1. :PAGE Subsystem Commands for Measurement Setup

Setup Page

Command Subsystem

CHANNELS: CHANNEL DERNITICN
CHANNELS: USER FUNCTIGN DERN(TION
CHANNELS: USER VARIABLE BEFINITICN

MEASURE: SWEEP SETUP
MEASURE: SAMPLING SETUP
MEASURE: PGU SETUP
MEASURE: MEASURE SETUP
MEASURE: OUTPUT SEQUENCE
DiSPLAY: DISPLA SETUP
DISPLAY: ANALYSIS SETUP
STRESS: CHANNEL DEFINITION
STRESS: STRESS SETUP

‘PAGE:CHANneisT:COEFinition]
“PAGE-CH ANnels:UFUNetion
:PAGE:CHANnsls:UVARiable
:PAGE:MEASure[:SWEep]
‘PAGE:MEASure:SAMPling
‘PAGE:MEASure:PGUSetup
:PAGE:MEASure:MSETup
:PAGE:MEASure:0SEGuence
:PAGE:DISPiay[:SEFup]
‘PAGE:DISPlay-ANAlysis
:PAGE:STRess:[CDERNtion]
:PAGE:STRess:SETup
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HP 4155A/4156A SCPI Programming
Programming: Maasurement Setup

Example To load measurement setup data, then change the sweep start and stop
vaiues:
10 ASSIGN @Hp4155 TO 800
20 !
30  OUTPUT @Hp4155;":MMEM:LOAD:STAT 0, ’SWP.MES®, DISK’"
40 !

50 Swp_start=1

60 Swp_stop=10

70 ! '

80 OUTPUT @Hp4155;":PAGE:MEAS:VAR1:STAR";Swp start
80 OUTPUT @Hp4156;":PAGE:MEAS:VAR1:STOP";Swp_stop

100 § :
110 EED
tine Namher Description
10  Assigns 40 path to control HP 4155A4156A.
Ej6 loads measurement setup data from diskette file SWP . MES,
a0 Changes stert velua of VAR,
1] Changes step value of VAR,
4-10
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HP 4158A/4168A SCP! Programming
Programming: Measurement Setup

To Read HP 4155/566 Setup Data Values

To read setup data from HP 4155/56 into an IBASIC variable, do as follows:

1. Send :PAGE subsystem query command that corresponds to setup data
that you want to read.

Example To 1oad measurement setup data, then read the sweep start and stop values:
10 ASSIGN @Hp4155 TO 717 '
20 !
30  OUTPUT @Hp4165;":MMEM:LOAD:STAT 0, ’SWP.MES’,’DISK’"
40 |

50 OUTPUT @Hp4155;":PAGE:MEAS: VAR1:STAR?"
60 ENTER @Hp41ib5;Swp_start
70 OUTPUT @Hp4156;":PAGE:MEAS:VAR1:STOPT!
80 ENTER @Hp4155;Swp stop

1

90 !
100  PRINT “Sweep-start='";Swp.start,"Sweep-stop=";Swp_stop
110 !
120 END
Line Number Description
1 Assigns 10 patk 1o contrel HP 4155A/4156A. _
30 logds measurement setup data from diskette file SWP . MES.

50 10 B0 Reads start value of VAR,
76 10 80 Reads stop velue of VARY.
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R )
Programming: Measurement Execution

To execute a measurement, your can use :PAGE:SCONtrol subsystem
commands.

This section describes the following tasks:

¢ To execute a sweep or sampling measurement
s To force stress

» To start the knob sweep function

e To control standby units

4-12
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HP 4155A/4158A SCPI Programming
Pragramming: Measurement Execution

To Execute a Sweep or Sampling Measurement

1. Send :PAGE:SCONtrol[:MEASurement] :SINGle command to HP
415BA/41506A.

s If you would like to repeat measurements, send
.PAGE:SCONtrol[:MEASurement] :REPeat command instead
of :PAGE: SCONtroi[:MEASurement]:SINGle command.

o If you would like to append reeasurement, send
:PAGE : SCONtrol[:MEASurement] : APPend command instead
of :PAGE:SCONtrol[:MEASurement]:SINGle command.

Example Exampie 1.
To execute a sweep or sampling measurement after loading the measurement
setup data:

10 ASSIGH QHp415s TG 717
20
30 GUT?UT @Hp4155; " : MMEM: LOAD: STAT 0,°SWP.MES’"
40 OUTPUT @Hp4155; " :PAGE:SCON:SING"
. '

50 i
60 END
Line Number Description
i Assigns 110 path to conwol HP 4135A/4156A,
30 koads messuremant setizp deta from diskette file SWP . MES.
40 Executes measurement.
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HP 415bA/4156A SCP: Programming
Programmiing: Measurement Execution

Example 2.
To load two measurement setups from diskette and store them into internal
memory, then execute the measurements sequentially:

10 ASSIGN QHp4158 TO 717

20

30 GUTPUT OHp4155; " :MMEM:LOAD: STAT 0, MEAS].MES?, PDISKM
40 OUTPUT @Hp4iB5;":MMEM:STOR:STAT O, MEM1.MES®, 'MEMORY’"
50 QUTPUT @Hp4155; " :MMEM:LOAD:STAT 0, *MEAS2. HES’ 'DESK*M
60 DUTPUT QHp41B5; " :MMEM: STOR: STAT O, MEMZ2.MES’, ’HEHURY’"

70
80 FUR I=] TO 5
0 DUTPUT @Hp4155;" :MMEM:LOAD:STAT 0, *MEM1.MES’, *MEMORY ™

100 QUTPUT @Hp4155;" :PAGE:SCON:SING"
110 OUTPUT @Hp4155;"«0PCT"
120 ENTER @Hp4155;Complete

130 DISP "Analyze manually then press [Continue]"®
140 PAUSE
150 '

160 OUTPUT 0Hp4155;" :MMEM:LOAD:STAT 0, *MEM2.MES’, *MEMORY "
170 OUTPUT QHp4155;" :PAGE:SCON: SING"

180 OUTPUT @Hp4155; ''*0PC?H

190 ENTER QHp4155;Complete

200 DISP "Analyze manually and then press [Continue]"

216 PAUSE

229 !

230 IF I<5 THEN

240 DISP "Move to the next TEG and then press [Continme]l"

250 PAUSE

260 END IF

270 !

280 HNEXT I

280

300 END

Line Number Description
10 Assigns if0 path to centrol HP 4155A/4158A.

30 10 60 loads two measursment setups from disketts, then stores them mto
internal mamary.

80 1¢ 120 Executes first measurement, then weits for measuremsnt completion.

160 to 188 Fxecutes second measurement, then waits for measurement completien.
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HP 4155A/41E6A SCP! Programming
Programming: Measurement Execution

To Force Stress

1 Send :PAGE:SCONtrol:STRess[:STARt] command to HP 4155A/41506A.

Example Example 1.
To force stress after loading the stress setup data:

10 ASSIGE @Hp4155 TO T1i¥

20 ¢

30 QUTPUT @Hp4155;" :MMEM:LOAD:STAT O, *STRS.STR"

40 OUTPUT @Hp4155;":PAGE: SCON:STR"

50 1

80 END

Line Number Description

10 Assigns 0 path 1o contrel HP 4185A/A156A.
30 ipads stress setup data frem diskette file STRS . STR.
48 Executes strass forcing.
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HP 4155A/4156A SCPI Programming
Programminy: Measurement Execation

Example 2.
To force stress, then execute sweep measurement;:

10 ASSIGN @Hp4155 TO 717
20 !

30 OUTPUT @Hp4156;":MMEM:LOAD:STAT 0, 'STRS.STR’"
40 OUTPUT @Hp4155;":PAGE:SCON:STR"

5O OUTPUT @Hp4155;"*0PC?"

60 ENTER @Hp4155;Complete

70 !

80 OUTPUT @Hp4156;":MMEM:LDAD:STAT 0, ?SWP MES ™"
90 GUTPUT @Hp4155;":PAGE: SCON:SING

100 ¢
116  END
Line Number Description
10 Assigns 0 path 16 contre! HP 41G5A/41584,
38 Ipads stress setup data from diskette e STRS. STH.
40 Executes stress forcing.

53 to B0 Waits until stress forcing is complated.
Bg loads measurement sstup date from disketie file SWP . MES.

§0 Executes sweep measurement,
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HP 41554/4166A SCP! Programming
Programming: Measurement Execution

To Start the Knob Sweep Function

1. Send :PAGE:SCONtrol:KSWeep[:STARt] command

Example To start the knob sweep function:
10  ASSIGN @Hp4ibs TO 717
20 H .

30 OUTPUT @Hp4155;" :MMEN:LOAD:STAT 0, ’MEM1.MES’, "MEMORY "
40 OUTPUT @Hp4155;":PAGE:SCON:KSW"
i

50
60 END
Line Number Deseription
10 Assigns 40 path 1o contrel HP 4155A/4158A,
Kil ioads sweep setup date from internal memory file MEM1.
40 Starts knob sweep function.
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HP 4156A/4156A SCPI Programming
Programming: Measurement Execution

To Control Standby Units

To change the standby units from the idle state to the standby state;
1. Send :PAGE:SCONtrol:STANdby ON.

You cannot change which units are standby units after you execute this
corunand. Standby units are units for which STBY is set to ON in the

CHANNELS: CHANNELS DEFINITION page. _
To change the standby units from the standby state to the idle state.
1. Send :PAGE:SCONtrol:STANdby OFF to stop standby units.

Example To set standby units to standby state (so standby value will be output before
and after measurements), then after final measurement, change standby units

to idle state;

i¢
20
30
40
50
60
70
80
20
100
110
120
130
140
150
i60

ASSIGN @Hp41BE TO 717
3

OUTPUT CHp4155;" :MMEM:LOAD:STAT 0, ’SWP1.MES’, *DISK*"
OUTPUT QHp4155;":PAGE:SCON:STAN ON®

OUTPUT @Hp4155;":PAGE:SCON:SING”

OUTPUT @Hp41565; "#0PC7"

ENTER @Hp4155;Complete

OUTPUT @Hp4155;* :MMEM:STOR: TRAC DEF, MEAS1.DAT?, *DISK’*
!

OUTPUT @Hp4155;" :MMEM:LOAD:STAT O, *SWP2.MES’, *DISK’"
OUTPUT @Hp4155;" :PAGE :SCON :SING"

OQUTPUT @Hp4155;"+0PC?"

ENTER @Hp4155;Complete

QUTPUT @Hp4155;":PAGE:SCON:STAN OFF"

OUTPUT QHp4155;" :MMEM:STOR:TRAC DEF, *MEAS2.DAT’, °DISK*"
END
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Line Number

HP 4155A/4158K SCPI Programming
Pregramming: Measurement Exscution

Description

10
30
48

50
60 0 70

80
100

118
120 1o 130

140
150

Assigns /G path to contrel HP 4100A/4156A.
leads messurement setup data from diskette fie SWP1 . MES.

The standby units specified in setup dete start 1o output the standby
velue.

Executes measuremant.

Waits for completion of measurement. After measursment, standby units
putput the standby value,

Storas messurement data onto a diskette.

loads another measurament setup date from diskette file SWP2.MES.
This setup date cannot changs which units are the standby units.

Exscutes measuremant.

Waits for completion of maasurement. After measurement, standby units
putput the standby vakue.

Standby units stop standby output and change 1o idle state.

Stores maeasuremant data onto a diskette

www.valuetronics.com
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Programming: File Operation

This section describes how to use SCPI commands to move data to and from
the internal memory or diskette memory of HP 4155A/4156A.

This section covers the following basic file operations:

 To store setup data to diskette or internal memory

» To store measurement data to diskette or internal memory

¢ To load setup data from diskette or internal memory

¢ To load measurement data from diskette or internal memory

4-20
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HP 41654/4156A SCFl Programming
Programming: File Operation

To Store Setup Data to Diskette or Internal Memory

1. Send :MMEMory:STORe:STATe command to HP 4155A/4156A.

a. Specify the first parameter to be 0. This parameter has no meaning for
HP 4155A/4156A, but is necessary for SCPI compatibility.

b. Specify the second parameter:
o For diskette:

File name with extension: .MES for measurement sefup data or
.STR for stress setup data.

» For internal memory:

Internal memory name (MEM1, MEM2, MEM3, or MEM4) with extension:
.MES for measurement setup data or .STR for stress setup data.

¢. Specify the third parameter:
o For diskette (default): DISK
s For internal memory: MEMORY

Example To store measurement setup data to a diskette file:
10 !
20 ASSIGN @Hp41bb TO 717
3¢ !
40 QUTPUT @Hp4155;" :MHEM:STOR:STAT O, *SWP.MES’,’DISK’™
50 f
60 END
Line Number Deseription
20 Assigas |/0 path to contrel HF 4185A/4156A.
40 Steres measurement setup dats to diskette file SWP . MES.
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HP 4155AM1584 SCPI Programming
Programming: Fiie Operation

To Store Measurement Data to Diskette or Internal
Memory

1. Send :MMEMory :STORe:TRACe command to HP 4155A/4156A.

a. Specify the first parameter to be DEFault. This parameter has no
meaning for HP 4155A/4156A, but is necessary for SCPI compatibility.

b. Specify the second parameter:
» For diskette:
File name with extension .DAT
o For internal memory:

Internal memory name (MEM1, MEM2, MEM3, or MEM4) with extension
.DAT,

¢. Specify the third parameter:
o For diskette (default): DISK
« For internal memory: MEMORY

Example To store measurement data to a diskette file:
10 ¢
20 ASSIGN @Hp4i55 To 717
30 !
40 OUTPUT @Hp415S5;":MMEM:STOR:TRAC DEF, *SWP.DAT® , DISK™
50 !
60 END
Line Number Descripticn
28 Assigns J/C path ta control HP 4155A/4158A.
40 Stores measurement data 1o diskette fiz SWP.DAT.
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HP 4186A/4156A SCP! Programming
Programming: File Operation

To Load Setup Data from Diskette or Internal Memory

1. Send :MMEMory:LOAD:STATe command to HP 41556A/4156A.

a. Specify the first parameter to be 0. This parameter has no meaning for
HP 4155A/4156A, but is necessary for SCPI compatibility.

b. Specify the second parameter:
s From diskette:

File name with extension: .MES for measurement setup data or
.STR for stress setup data.

e From internal memory:

Internal memory name (MEM1, MEM2  MEM3, or MEM4) with extension:
.MES for measurement setup data or .STR for stress setup data.

¢. Specify the third parameter:
o From diskette (default): DISK
¢ From internal memory: MEMGRY

Example To load measurement setup data from a diskette file:
10 H
20 ASSIGE @Hpd4ibs TO 717
30 !
40 OUTPUT @Hp4155;":MMEM:LOAD:STAT O, 'SWP.MES?, *DISK'"
50 !
&0 ERD
Line Numher Deseription
20 Assigns 1/0 path to control HP 4155A/4136A.
a0 lozds meestrement setup dats from diskette file SWP.MES.
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HP 4155A/4156A SCPI Pragramming
Programming: File Operation

To Load Measurement Data from Diskette or Internal
Memory

1. Send :MMEMory:LOAD:TRACe command to HP 4155A/4156A.

a.

b.

Specify the first parameter to be DEFault. This file has no meaning for
HP 4155A/4156A, but is necessary for SCPI compatibility.

Specify the second parameter:
e From diskette:

File name with extension .DAT
e From internal memory:

Internal memory name (MEM1, MEM2, MEM3, or MEM4) with extension
.DAT.

Specify the third parameter:
» From diskette (default): DISK
« From internal memory: MEMORY

Examgle To load measurement data from a diskette file:
i0 H
26 ASSIGN @Hp4155 TD 717
30 !
40 OUTPUT @Hp4155;* :MMEM:LOAD: TRAC DEF, ’SWP.DAT’, *DISK "
50 !
60 END
Line Numker Deseription
20 Assigns /G path to control HP 4155A/4156A.
40 loads measurement dete from diskette fls SWP.DAT.
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Programming: Data Transfer

This section describes the data transfer between a program and HP
4155A/41566A.

The following programming tasks are described in this section:
o To read measurement data from HP 4155A/4156A
o To transfer data to HP 4155A/4156A
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HP 4155A/41564 SCP! Programming
Programming: Data Transfer

To Read HP 4155/56 Measurement Data

1. Send :DATA? query command to get data variable values {output data,
measurement data, user function values) or read-out function values from
HP 4155/56 to IBASIC variables.

Example ' Example 1.
To get measurement data, then store it in g data array:

10 DIM I3(1:501)
!

20

30 ASSIGH @Hp4i55 TO 717

40 H

50 OUTPUT @Hp4155;":FORM:DATA ASG™
60 !

70 OUTPUT @Hp4155;":DATA? *I37"
80  ENTER QHp4155;I3(*)
|

90 !
100 END
Line Number Deseription
3 Assigns |/0 path ta contro} HP 4155A/41564.
50 Specifies ASCI! data transfer format.
7010 88 Gets the values of data varisble I3.
Example 2.

To get slope of LINE1 for Y2 axis curve on GRAPH/LIST: GRAPHICS page:

10 ASSIGN €Hp41b5 TO 717
20 1

30 OUTPUT @Hp41b5;":DATAT 'QL1G2*™
40 ENTER @Hp4155;5lope

50 !

60 PRINT Slope

T0 EKD

Line Number Description

10 Assigns IfG path to control HP 4155A4/4156A.
300 40 Gets slope of LINET for Y2 axis curve on GRAPH/LIST GRAPHICS page.
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HP 4155A/4166A SCPI Programming
Programming: Data Transfer

To Transfer Data to HP 4155A/4156A (Using User
Variable)

To transfer a user variable to HP 41556A/4156A, use DATA|TRACe subsystem
commands. A user variable consists of a name, unit, and numeric data.

Transferred user variable data can be used like other data variables in HP
4155A/4156A. You can perform calculations betweern measurement results
and transferred data, plot transferred data on GRAPH/LIST: GRAPHICS page,
or list transferred data on GRAPH/LIST: LIST page.

To transfer numeric data to the HP 4155A/4156A:
1. Define the data transfer format by using :FORMat[:DATA] comumand.

e For ASCH data transfer format, send :FORM ASC.
¢ For REAL 84-bit Jength data transfer format, send ‘:FGRM REAL,64.
e For REAL 32-bit length data transfer format, send :FCRM REAL, 32,

9. For REAL data transfer format, define byte order by using
‘FORMat:BORDer command.

» For normal order, send :FORM:BORD NORM.
o For swapped order, send +FORM:BORD SWAP.

3. Define name of the user variable, unit (optional), and number of numeric
data by using the :PAGE:CHANnels:UVARiable:DEFine command.

‘You ean also define these parameters by using the :DATA:DEFine and
‘DATA UNIT command.

If user variable is already defined, you do not have to perform this step.
4. Transfer data by using :DATA|:TRACe:[.DATA] command.
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HP £15BA/4158A SCPI Programming
Programming: Data Transfer

Example Example 1.
To transfer data array by using ASCH data transfer format:

10 DIM Uvari(1:5)
)

20 1

30 ASSIGN ¢Hp4iBS TO 717
40 !

50 Urari(i)=1.0

60 Uvari(2)=1.1

70 Uvari(3)=1.2

80 Uvarl{4)=1.3

20 Urar1(5)=1.4

e !
110 OUTPUT QHp4155;":FORM:DATA ASCH
120 OUTPUT QHp4155;":PAGE:CHAN:UVAR:DEF *UVAR1’,’V?,5"
130 OUTPUT @Hp4155;":TRAC *UVARL’," ;Uvari(*)
]

140 H
150 END
Line Number Descripfion
30 Assigns |0 path to control HP 4155A/4156A,
110 Specifies ASCH data transfer format,
120 fefines user variahls,
130 Transters user variable,
4-28
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DUTPUT QHp4155;"
OUTPUT @Hpd155;"
QUTPUT @Hp&155;"
OUTPUT @Hpa155;"
OUTPUT @Form.off;Uvarl(=),END

HP 4155A/4166A SCP! Prograrmming
Programming: Data Transfer

array by using REAL 64-bit data transfer format:

DIM Uvari{i;101)

ASSIGN @Hp41556 TO 717
ASSIGN @Form_off TO 717;FORMAT OFF

Uvarl(I)=SERT(I)

:FORM REAL, 64"

:FORM: BORD NORM"
:PAGE:CHAN:UVAR:DEF 'UVARL’,’’,101"
+TRAC ’UVARL’ ,#0";

Deseription

Assigns 10 path 1o control HP 4159A/4156A.
Assigns |/0 path to transfer dats.
Specifies REAL 64 bit data wansfer format,

Defines & user variable.

Example 2.
To transfer data
10
20 INTEGER I
30 1
40
50
60 1
70 FOR I=1 TO 101
80
90  NEXT I
160 ¢
110
120
130
140
150
160 !

170 ERD
Line Number
40
50
110 1c 123
130
140 1o 150

Transfers user variable.

www.valuetronics.com
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HP 4158A/4156A SCP! Programming
Programming: Data Transfer

Example 3.
To transfer data, then display plot of transferred data and measurement
results:

10 DIM Uvari(1:101)

20 '

30 ASSIGN @Hp4i5E TO 717

40 !

50 FOR I=1 TG 101

60 Uvar1 (I)=SGRT(I)

76 KEXT I

80 !

80 GUTPUT @Hp4155;' :MMEM:LOAD:STAT 0, SWP,MES’"
100  OUTPUT @Hp4155;' :PAGE:SCON:SING"

110 OUTPUT @Hp4155; "*(PC?"

120  ENTER @Hp4155;Complete

130 !

140  OUTPUT @Hp41BG;":FORM ASC"

150  OUTPUT @Hp4155;":DATA:DEF ’UVAR1’, 101"

160  UUTPUT @Hp4155;":DATA:UNIT *UVARI’, V"

170 OUTPUT @Hp415S;":DATA UVARL?,";Uvari(s)

180 |

130  DUTPUT @Hp41B5;":PAGE:DISP:GRAP:Y2:NAME *UVARL ™
200  OUTPUT @Hp41E5;":PAGE:GLISY

210 END
Line Nambar Description
30 Assigns |/0 path to control HP 4155A/M4 1664,
a toads measurement setup data from diskette file SWP . MES.
108 Executes measurement.

106 to 120 Waits for measurement complation,

140 Spacifies ASCI! data transfer farmat,
188 Defings user variable.

160 Defines unit of user variabie,

170 ~Transfers user variable.

18 Sets user variahle to Y2 axis of graph.

200 Displays GRAPH/LIST: GRAPHICS page.
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Programming: Print/Plot Operation

For the print/plot operation, you can use :HCOpy subsystem commands.

This section describes the following tasks:
e To output setup data to printer/plotter

« To output graphics resuit data to printer/plotter

e To output list result data to printer/plotter
¢ To dump screen image to printer/plotter

o To save hardcopy image to diskette

Before performing above tasks, the following print or plot settings must be set

interactively or by remote commands.

We recommend that you save the following settings in a file, then load it

before printing or plotting.
¢ Interface information

Interface Sefting Parameter Command

HP-B | printer address ' SYST:COMM:GPIB:RDEV:ABDR

Serigl | baud rate {racepticn) SYST.COMM:SER:-BAUD
parity scheme [recaption] SYSTLOMM:SER:PAR
stop bits {reception] SYST:COMM:SER:SBIT
software pacing scheme [reception] | :SYST.COMM:SER:PACE
haud rats {transmission] SYSTLOMM:SERTRAN:-BAUD
parity scheme {transmission} SYST-COMM:SER:TRAN:PAR
stap bits {transmission] :SYST.COMM:SER TRAN:SBIY
software pacing scheme (transmission] | :SYST.COMM:SER:TRAN:PACE

www.valuetronics.com
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HP 418BA/4166A SCP! Programming
Programming: Print/Plot Oparation

e Printer information

s Output Items

Setting Parameter| Command
celor ar not HCOP:BEV.COL
contral language ‘HCOP;DEV:LANG
resalution [PCL :HCOP:DEV-AES
destination HCGP:DEST

Item Cominsind

Title of the print or plot out

User defined eamment for page group
Present date and time of she builtin clock
Page number of the print or plot out

liser defined commant for print or plat out
Graphics plot surve

Frame and grid

Marker, cursor, and dats variable coordinata
fields, and fine parametars {gradionts and
intercapts}

Names, units, and scafe of the graph axis

_& For built-in IBASIC only

To print from built-in IBASIC, set “HP 4155A/564 is” field on the SYSTEM:

-HCOPITEM:ANN:STAT
:HCGP:ITEM:ANNZ:STAF
HCOP{TEM:TDST.STAY
HCOP:ITEM:PNUM STAT
HCOP-TEM:LAB:STAT
HCOP:ITEM:TRAC:STAT
HCGP:ITEM:TRAC:GRATSTAT
HCOP:ITEM:TEXTSTAT

HCOPITEM:TEXT2.STAT

MISCELLANEOUS page to SYSTEM CONTROLLER.
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HP 4155A/4156A SCPI Programming
Programming: Print/Plot Gperation

To Output Setup Data to Printer/Plotter

i. If you want to output print/plot conument, énter comment by using
HCOPy: ITEM:LABel: TEXT command.

2. Specify the range of setup data to print/plot by sending :HCOPy:0PAGe
cornmand.

« T pn‘nt/plot present page setup data, send : HCOPy : 0PAGe CURRent
o To print/plot present page group setup data, send :HCOPy:0PAGe GROup
¢ To print/plot ail setup data, send :HCOPy:0PAGe ALL

3. Display the page that you want to print/plot by using the appropriate

cormmand:

Page Command
CHANNELS: CHANNEL DEFINITION PAGE:CHAN
CHANNELS: USER FUNCTION DEFINITION | :PAGE:CHAN:UFUN
CHANNELS: USER VARIABLE DEFINITION | :PAGE:CHAN:UVAR
MEASURE: SWEEP SETUP ‘PAGE:MEAS
MEASURE: SAMPLING SETUP ‘PAGE:MEAS:SAMP
MEASURE: PGU SETUP :PAGE:MEAS:PGUS
MEASURE; MEASURE SETUP ‘PAGE:MEAS:MSET
MEASURE: QUTPUT SEQUENCE ‘PAGE:MEAS:0SEQ
DISPLAY: DISPLAY SETUP ‘PAGE:DISP
DISPLAY: ANALYSIS SETUP ‘PAGE:DISP:ANAL
STRESS: CHANNEL DEFINITION “PAGE:STR
STRESS: STRESS SETUP ‘PAGE:STR:SET
STRESS: STRESS FORCE -PAGE:STR:FORC
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HP 415bA/4168A SCPi Programming
Programming: Print/Plot Gperatien

If you print/plot from built-in IBASIC, change display mode to All
Instrurnent or IBASIC Status by sending :DISPlay{:WINDow]: ALLocation
command.

4. Print/plot the setup data by sending :HCOPy command,

I you print/plot from an external computer, pass Active Controller
capability to HP 4155A/4156A after sending : HCOPy command because HP
4155A/4156A requires Active Controller capability to print.

Refer to the following example,

Example The foliowing two examples load a sweep setup file, then print setup data of
the MEASURE: SWEEP SETUP page:
Example 1.
From an external computer:
10 ASSIGN @Hp4155 TO 717
20 CONTROL 7,3;21
30 '
40 OUTPUT @Hp4155; "+RST"
50 OUTPUT @Hp4165;“+PCB 21"
60 f
70 QUTPUT @Hp4155;" :MMEM:LOAD :STAT O, 'S5¥P.MES? Y
80 OUTPUT QHp4155;" 1HCOP : ITEM ;PNUM:STAT OFF"
90 OUTPUT @Hp4155;":HCOP :ITEM:LAB: TEXT ’This is an example’!
100 DUTPUT @Hp4155;":HCOP:DEST RDEV"
110 OUTPUT $Hp4155;":HCOP:0PAG CURR"
120 !
130  QUTPUT @Hp4155;":PAGE:MEASY
140 !
150 OUTPUT @Hp4155;°:HOOP"
160 REPEAT
170 OUTPUT @Hp4i55;“+ESR7*
180 ENTER @Hp4155;Event_status
190 UNTIL BIT(Event_status,1)
200 !
210 PASS CONTROL @OHp4155
220 DIsp "Printing"
230  REPEAT
240 . STATUS 7,6;Hpib_status
250 UNTIL BIT(Mpib_status,6)
260  DISP "Done®
270 END
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Line Number

HP 41B6A/41664 SCPI Programming
Programming: Print/Plet Operation

Description

10
2%

40

50

10

80

80

100
116 10 130

150 10 180

20

236 1o 250

Assigns U0 path 10 cantrol HP 4155A/4168A from externai computer.

Sets the HP-I8 address of external computer, This will be necessary to
return Active Controller capabllity from HP 4155A/4156A back 1o the
external computer.

Resets HP 415BA/4158A

Specifies to pass Active Controller capability back @ external computer
after printing is completed.

lpads messurement setup data from diskette fie SWP . MES.

Specifies 10 net print the page number,

Defines a priat/plot comment,

Selects MP-I8 interface. ¥ seris] interface, change the parameter to "SER".

Spacifies 1o print/plot the setup date of the MEASURE: SWEEP SETUP
page.

Sends print command and wafts for Active Controffer request from HP
AESATA158A.

Passes Active Controfler capabifity to HF 4155A/4158A, then HP
A155A/4156A starts printing.

Waits unti} printing is complete.
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HF 4155A/4156A SCPI Programming
Programming: Print/Plot Operation

Example 2.

From built-in IBASIC:
10 ASSIGN @Hp4155 TO 800
20 ! '
30 OUTPUT @Hp4155; "+RST"
40 !

50 OUTPUT @Hp4155; " :MMEM:LOAD:STAT 0, ’SWP.MES’, *DISK "
60 OUTPUT @Hp4155;" :HCOP:ITEM:PNUM:STAT OFF"
70 OUTPUT @Hp4155;":HCOP:ITEM:LAB:TEXT ’This is an example’"
80 OUTPUT @Hp4155;":HCOP:DEST RDEVY
20 OUTPUT @Hp41565;" :HCOP:0PAG CURR"
!

110 OUTPUT @hp4155;":DISP:ALL INST!
110 QUTPUT @Hp4155;":PAGE:MEAS"
1

130 OUTPUT €Hp4155;":HCOP"
140  DISP "Printing"

150  OUTPUT @Hp4ibh; " +OpC7"
160  ENTER @Hp4155;Complete
170 DISP "Done"

180 H

180 END

Line Number Description
Hi| Assigns 0 path te control HP 4155A/41584A from buitein 1BASIC.
Kl Resets HP 4155A/41564
50 loads measurement setun data from diskette file SWP . MES,
B0 Specifies to not print the page numbar,
fie Defines & print/plot comment.
80 Selects HP-1B interface. If seriat intrface, change the parameter to "SER”,

8010 110 Specifies to printiplot the setep date of the MEASURE: SWEEP SETUP
page.

130 Starts printing.

150 and 160 Weits untl printing is completa
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HP 4155A/4186A SEPI Programming
Pregramming: Print{Plot Operation

To Output Graphics Result Data to Printer/Plotter

1. ¥ you want to output print/plot comment, enter comment by using
:HCOPy:ITEM:LABel: TEXT command.

2. Display GRAPH/LIST: GRAPHICS page by using :PAGE: GLISt:[:GRAPhics)
comrnand.

If you print/piot from built-in IBASIC, change display mode
to All Instrument or IBASIC Status display mode by sending
:DISPlayl:WINDow}: ALLocation command.

3. Execute print/plot by using :HCOPy command.

If you print/plot from an external computer, pass Active Controller
capability to HP 4155A/41564A after sending :HCOPy command because HP
4155A/4156A requires Active Controller capability to print.

Refer to the following example.

Example The following two examples load a sweep setup file, execute measurement,
then print measurement results of GRAPH/LIST: GRAPHICS page:

Example 1.
From an external computer:

10 ASSIGN eHp4155 TO 717
20 CONTROL 7,3;21
30 !
40 QUTPUT @Hp4155;"#RST"
50 QUTPUT QHp4155;"+PCB 21"
60 1
70 OUTPUT @Hp4155; " :MMEM: LOAD:STAT 0, ’SWP.MES’"
80 !
80 DUTPUT QHp4155;" :PAGE: SCON:SING"
100  OUTPUT @Hp41B5;"*0PC?"
116  ENTER @Hp41b5;Complete
§

120 ]

130 OUTPUT @Hp4155;':HCOP:DEST RDEV"
140 H

150  OUTPUT @Hp4165;":PAGE:GLIS"

160 !

170  OQUTPUT @Hp41b5;":HCOP"

180  REPEAT

190 OUTPUT @Hp4155;"+ESR7?"
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HP 4156A/415EA SCPI Programming
Programming: Print/Plet Operation

200 ENTER ®Hp4156;Event_status
210  UNTIL BIT(Event_status,1)
220 !

230  PASS CONTROL @Hp4155

240  DISP "Printing"

250  REPEAT

260 STATUS 7,6;Hpib_status

270  UNTIL BIT(Hpib_status,6)

280 DISP "Done"

290 EWND
Line Number Description

10 Assigns i/0 path to control HP 4155A/41564 frem external computer,

28 Sets the HP-IB address of external computer, This will be RECEssary o
return Active Controller capability fom HP 4155A/2158A beck to the
external computer.

40 Resets HP 4155A/4156A

Gl Specifies to pass Active Controller capability back to extarnal computer
after printing is completed.

70 Loatls measurement sewp date from diskette file SWP . MES,

90t %10 Execates measurement and waits nti compieted.
130 Selects HP-1B interface. If serial interface, change the parameter te "SER”,
150 Changes page to GRAPH/LIST. GRAPHICS page.

810 210 Sends print commend and waits for Active Controller request from HP
416504156A.

230 Passes Active Controfler capability 10 HP A1E5A/A158A, then HP
4135A/415BA starts printing,

250 0 270 Waits until printing is complete,
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HP 4165A/4156A SCP! Programming
Programming: Print/Plat Gperation

Example 2.
From built-in IBASIC:

106 ASSIGN @Hp4155 TO 800

20 t

30 OUTPUT @Hp41E85;"'+RST"

40 1

50 OUTPUT @Hp4155;" :MMEM:LOAD: STAT 0,’5WP . MES’ ™

60 H

T0 GUTPUT @Hp&lSS;“:PAGE:SCGN:SIHG"

80 OUTPUT @Hp4155;"*0PCT"

90 ENTER @Hp4155;Complete

100 ! :

110 OUTPUT QHp%iSS;”:HCO?:DEST RDEV"

120 1

130 OUTPUT @hp41bb;':DISP:ALL INST"

140  OUTPUT @Hp4155;":PAGE:GLIS"

150 1

160  OUTPUT &Hp4155;”:HCG?“

170 DISP "Printing"

180 QUTPUT @Hp4155;"*BPC?“

190 ENTER QHp4155;Complete

200 DISP "Done"

210  END

Line Number Deseription
10 Assigns 0 path to contral HP 4155A/4158A from bultt-in IBASIC.
3 Resets HP 4155A/4156A
50 Inads measurement setup data from diskette fis SWP . MES.

78 10 90 Executes measurement and weits untl complete.

1 Seiects HPB interface. !f serial intarface, change the parameter to "SER”.

130 te 140 Chenges page to GRAPH/LIST: GRAPHICS page.

160 o 190 Starts printing and waits yntil completior.
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HP 4155A/4156A SCPI Programming
Programming: Print/Plot Operation

To Output List Results Data to Printer/Plotter

L. Specify the range of measurement resuits to output by using
:HCOPy:LINDex command.

2. If you want to output print/plot comment, enter comment by using
‘HCOPy:ITEM:LABel: TEXT command.

3. Display GRAPH/LIST: GRAPHICS page by using :PAGE: GLISt;LIST
command.

If you print/plot from built-in IBASIC, change display mode
to All Instrument or IBASIC Status display mode by sending
:DISPlay[:WINDow): ALLocation command.

4. Execute print/plot by using :HCOPy command.

- If you print/plot from an external computer, pass Active Controller
capability t¢ HP 4155A/4156A after sending :HCOPy command because HP
4155A/4156A requires Active Controller capability to print.

Refer to the following example.

Example The following two examples load a sweep setup file, execute measurement,
then print measurement results of GRAPH/LIST: LIST page:

Example 1.
From an external computer:

10 ASSIGN €Hp4156 TO 717

20 CONTROL 7,3;21

30 H

40 OQUTPUT @Hp4155; "*RST"

50 QUTPUT @Hp4155;"»PCB 21

60 4

70 OUTPUT @Hp4185;":MMEM: LOAD:STAT 0, *SWP.MES’™

80 H

90 QUTPUT @Hp4155;":PAGE:SCON:SING"

100 OQUTPUT @Hp41i55;"*0PCY"

110 ENTER @Hp4155;Complete

120 !

130  OUTPUT @Hp4155;":HCOP:LIND MAX"

140 ¢

150  QUTPUT @Hp4155;":PAGE:GLIS:LIST"
160 ¢
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170
is¢
190
200
210
220 !
230
240
280
260
270
280

290 END

Line Number

HE 4155A/4156A SCP Programming
Programming: Print/Piat Operaticn

OUTPUT @Hp4155;":HCOP"
REPEAT
OUTPUT @Hp41b5;"*ESRT"
ENTER @Hp4155;Event_status
UNTIL BIT(Event_status,1)

PASS CUNTROL @Hp4i556
DISP "Printing"
REPEAT

STATUS 7,6;Hpib_status
UNTIL BIT(Hpib_status,6)
DISP "Done"

Description

1C
2

L]
58

10
8¢ 15 110
130
150
178 w0 210

23

250 and 270

Assigns 1/0 path to conteel HP 4155A/4156A from external computer.

Sets the HP-B address of external computer. This will be nscessary to
rawrn Active Controller capahility from HP 4158A/4156A back w the
external camputer,

Resets HP 4155A/4156A

Specifies 1o pass Active Controller capehiity hack o external computer
after printing is completed.

loeds measurement setup data fram diskette file SWP . MES.
Executss measurement and weits until completed.

Sets the range of list results to be outpur.

Changes page te GRAPH/LIST: LIST page.

Sends print command and waits for Active Controlter request from HP
4155A/4156A. ’

Passes Active Controller capability 1o HF 415EA/4156A, then HP
4155A/4356A starts printing.

Waits until completion of printing.
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HP 4105A/4156A SCPI Pregrammirg
Pregramming: Print/Plot Operation

Example 2.
From built-in IBASIC:
10 ASSIGH @Hp4i55 TN 800
20 !
30 OUTPUT @Hp4155;"+RST"
40 !
50  OUTPUT @Hp4155;":MMEM:LOAD:STAT O, ’SWP.MES’"
60 !

70 OUTPUT @€Hp4155;":PAGE :SCON: SING"
80 OUTPUT @Hp41565;"*0PCT"
80 ENTER €Hp4155;Complete

160 H
110 OUIPUT @Hp4155;'":HCOP:LIND MaX"
120 ¢

130  OUTPUT @Hp4155;":DISP:ALL INST"
140  OUTPUT @Hp4155;":PAGE:GLIS:LIST"
150 !

160  OUTPUT @Hp4155;" :HCOP™

170  DISP "Printing"

180  QUTPUT QHp4155;"+QPC?TH

190  ENTER @Hp4155;Complete

200  DISP "Done'

210 ° E¥D
Lire Number Deseription
10 Assigns /0 path to control HP 4165A/4T5BA from builtin IBASIC.
3 Resets HP 4155A/4156A
50 inads measurement setup data from diskette file SWP ., MES.

7010 90 Exacutes messurement and waits until completion,
110 Sets the range of kst results to be owtput,

13 10 140 Changes page to GRAPH/LIST LIST page.

180 w0 180 Starws printing and waits until completion.
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HP 4155A/41584 SCP| Programming
Pregramming: Print/Plot Operation

To Dump Screen Image to Printer/Plotter

1. Display the page to be dumped.

2. Execute print/plot by using :HCOPy:SDUMp command.

If you print/plot from an external computer, pass Active Controller
capability to HP 4155A/4156A after sending :HCOPy : SDUMp command
because HP 4155A/4156A requires Active Controller capability to print.

Refer to the following example.

Fxample The following two examples load a sweep setup file, execute measurerent,
display GRAPH/LIST: GRAPHICS page, then dump screen image of
GRAPH/LIST: GRAPHICS page to printer/plotter:

Example 1,
From an external cornputer:

10
20
30
40
50
60
70
80
20
100
110
120
130
140
150
i60
170
180
190
200
210
220
230
240
250
260

ASSIGN @Hp41bb TO 717
CONTROL 7.3;21

!

DUTPUT @Hp4155;"*RST"
DUTPUT @Hp4155;"#PCB 21"
i

OUTPUT @Hp4155;" :MMEM:LOAD:STAT 0, °SWP.MES™"
1

" OUTPUT €Hp4156;":PAGE:SCON:SING"

OUTPUT @Hp4155;"+0PC?"
ENTER @Hp4155;Complete

QUTPUT @Hp4155;":HCOP:DEST RDEV"
1

QUTPUT @Hp4155;" :PAGE:GLIS"

1

OUTPUT @Ep4155;": HCOP;SDUM"
REPEAT
QUTPUT @Hp4155;'"'*ESRT"
ENTER @Hp4155;Event_status
UNTIL BIT(¥vent_status,1)
[}
PASS CONTROL @Hp4iss
PISP *"Printing"
REPEAT
STATUS 7,6;Hpib_status
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HP 4156A/4156A SCPI Programming
Programming: Print/Plot Operation

270  UNTIL BIT{(Hpib_status,6)
280 DISP "Done

290 END
Line Number Description

B Assigns /O path to control HP 4155A/4156A from external eomputar,

0 Sets the HP-IB address of external computer. This wil be RECcessary 10
return Activa Controller capability from HP 4155A/4156A hack to ths
computer,

4 Resets HP 415541584

50 Specifies t¢ pass Active Contraller capability back to external cOmputar
after printing is completed,

78 lpads measurement sewp dats from diskette fle SWP . MES.

90t 110 Exscutes measurement and waits sntil completad,
130 Selects HP-B interface. K serial inerface, changs the paremeter to “SER™.
150 Changes page to GRAPKILIST: GRAPHICS page.

701t 210 Sends screen dump command and waits for Active Controdler requast
from HP 41554/4155A.

230 Passes Active Controller capability 1o HP 41554/4158A, then HP
41BEA/41BBA starts printing.

250 and 270 Waits until printing i complete.
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HP 4155A/4156A SCP! Programming
Programming: Print/Plot Operation

Exampie 2.
From built-in IBASIC:

10 ASSIGN @Hp4155 TO 80C

20 ¢

30 OUTPUT @Hp4155;"#RST"

40 !

50 JUTPUT &HpAISS;":mEH:LEMD:STAT 0,7 SWP . MES?H

60 i

70 JUTPUT @Hp4155:”:PAGE:SCON:SIENG"

80  OUTPUT @Hp4155;"*QPC?"

a0 ENTER €Hp4155;Complete

100 !

110 DUTPUT GHinSS;“:DISP:ALL INST"

120  OUTPUT HpéiSS;“:PAGE:GLIS“

130 j

140 BUTPUT @Ep4155;"_:HCUP:Si}UH"

1650 OUTPUT @Hp4156;"+0PC?"

160 ENTER 0Hp41i55;Complete

17¢ END

Lire Number Dascription
10 Assigns /0 path tw control HP 4155A/4158A from builein 1BASIC.
30 Resets HP 4150A/4155A,
88 {pads meassrement setap date from diskette fle SWP . MES,

701w 88 Exscutes measurement and waits untl completion.
118w 12 Displays GRAPH/LIST: GRAPHICS page.
140 to 160 Starts printing and waits until completion.
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HP 4155A/4156A SCPI Pragramming
Programming: Print/Plot Bperation

To Save Hardcopy Image to Diskette

1. To set print/plot destination to diskette file, send ‘HCOPy:DESTination
command with MMEMory parameter.

2. Specify the file name by using :MMEMory:NAME command.
3. Execute the print/plot operation. Refer to print/plot tasks described

previously.

Example To load sweep setup file, execute measurement, and then saves a hardcopy
image of the measurement results of GRAPH/LIST: GRAPHICS page {0 a
diskette:

10 ASSIGN @Hp41E5 TD 717

20 !

30  OUTPUT @Hp4155;"*RST"

40 !

50  OUTPUT @Hp4155;":MMEM:LOAD:STAT 0, *SWP.MES’™
60 !

70 OUTPUT QHp41b656;":PAGE:SCON:SINGY
80 OUTPUT @Hp41B5; "*0OpCT"

80 ENTER @Hp4155;Complete

100 _
110 OUTPUT €Hp4155;":HCOP:DEST MMEM"
120  OUTPUT @Hp4155;":MMEM:NAME *TEST1"
130 4

140 OUTPUT @Hp4155;":PAGE:GLIS"

160 ¢

160  OUTPUT &Hp4155;":HCOP"

170 QUTPUT @Hp41B5; "*(pgrn

180  ENTER @Hp4155;Complete

190 END
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HF 4155A/41564 SCP! Programming
Programming: Print/Plot Operation

tine Number Bescription
10 Assigns 110 path to contrel HP 4155A/4156A.
30 Resets HP A1564/4158A
50 lnads measurament setup data from diskette file SWP . MES.
78 10 90 Expcutes measurement and waits until completion,
110 Specifies the destination to be diskstte, '
120 Specifias the diskette e name.

148 Displays GRAPH/LIST. GRAPHICS page.
160 10 186 Starts printing and waits unté completion,
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Other Programming Tips

This section provides the -advanced programming techniques and useful tips:

* Speed Inprovement
¢ Auto-loading of Files

Disabling Instrument Screen Update to Improve Speed

Most of the commands that control and set the HP 415bA/B56A will also
update the instrument screen.

For example, :PAGE:CHAN:MODE command changes the measurement,
mode. This command also changes the instrument screen to the CHANNELS:
CHANNEL DEFINITION page and updates the MEASUREMENT MODE field
setting.

This instrument screen update is useful for confirming the settings that were
changed by the commands, but it takes time.

You can enable or disable this time consuming instrument screen update as

follows:

:DISP OFF Instrument screen is not updated
:DISP ON Instrument screen is updated
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HP 4166A/4158A SCPI Programming
Other Programming Tips

Auto-loading of Files

The HP 4155A/56A can automatically load files when it is turned on.

INIT fites for Initial Settings.

If any setup files named INIT.MES, INIT.STR, INIT.CST, or INIT.DAT
are on the diskette (in the built-in drive) when the HP 4155A/56A is turned
on, the HP 4155A/56A automatically loads these setup files to be the inifial
settings.

This function saves you the trouble of getting application files every time you
turn on the HP 4155A/56A.

INITMES and INIT.DAT files

TNIT.MES and INIT.DAT both contain measurement setup data. |f both these files exist on
the diskette, the HP 41B5A/58A gets INIT.DAT, not INIT . MES.

MEMmno Files.

If any files named MEMno.DAT, MEMzo MES, or MEMnro.5TR are on the diskette
in the drive, the files are automatically loaded from diskette to internal
mermory when HP 4155A/56A is turned on. Where MEMzo means MEM1, MEK2,
MEM3, or MEM4, which correspond to the four internal memory areas.

Tf the same internal memory is specified by multiple files (for example,
MEM1 .MES and MEM1.DAT), the priority is as follows:

1. DAT
2. MES
3. STR

IBASIC Program File to Auto-execute,

Tf an IBASIC program is stored in a file named “AUTOST” on the diskette in
the built-in drive, the program is automatically loaded and started when you
turn on the HP 4156A/56A. ‘
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Programming Example for HP 4145 Users

This section shows a programming example with SCPI commands that
performs the same operations as the desired HP 4145 ASP program.

Built-in IBASIC can execute ASP-like commands for controfling the HP
4155A/4156A. Refer to “Creating ASP-like IBASIC Programs” in Chapter 1 on
programring this cominands.

Following program is the simplest example of creating an HP BASIC program
(with SCPI commands) that performs the same operations as the desired HP
4145 ASP program. The ASP program gets a setup file named “VTH” from
the diskette, makes a single measurement, then saves measurement to a file

named “VTHI.
_ 1 ASSIGN QHp415x TO 800
1 GETP VTH 10 OUTPUT @Hp415x;*:MMEM:LOAD:STAT O, 'VTH.PRO"
2 SINGLE 20 OUTPUT @Hp415x;":PAGE:SCON:SING"
30 DUTPUT @Hp415x;"'*+0PCTH
40 ENTER @Hp415x;Complete
3 BAVED VTH: 50 OUTPUT @Hp415x;":MMEM:STOR:TRAC DEF, *VTH1.DAT'"

60 END
The above HP BASIC program (with SCPI cormmands) does as follows:

» Line 1 assigns a path named @Hp415x to 800, which is the select
code/HP-IB address to use if this is an IBASIC program running in the
HP 4155A/56A. If this program will run on an external computer, use
the select code of the HP-IB interface and the HP-IB address of the HP
4155A/4156A instead,

e Line 10 gets a measurement setup file named “VTH.MES”. So, you need
to save setup data to a file named “VTH.MES” on the diskette before
executing this program. For an example setup, see ‘Example Application
Setup for Vth Measurement” in Chapter 3.

e Line 20 performs a single measurement.

¢ Line 50 saves measurement setup and result data to a file narned
VTH1.DAT.

For built-in help function, which makes it easier to enter the desired SCPI
comimand, see the “To Use the Help Function” in Chapter 1.
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HP 415bA/4158A SCFl Programming
Programming Example for HP 4145 Users

Following shows HP 4145A/B’s ASP keywords and corresponding SCPIL
cornmands of HP 4155A/4156A:

Table 4-2. Corresponding HP 4145 ASP and HP 4155A/66A SCPI Commands

414BA[B | SCPI Commands Furction Remark

GET P. MMEM:IDASTAT | Gots setup . MES or .PRO iile

SINGLE | :PAGE:SCON:SING | initiates singls measurement

SAVE D | MMEM:STOR:TRAC | Saves data to . DAT file

ploOY ‘HCOP Prints/plots present instrument page.

EROT HCOPITEM:TRAC | Prims/piots messurement graph.

PRINT :HCOP Prints/plots pressnt instrument page.

PALISE Use BASIC keyword PAUSE
WAIT Uise BASIC keyword WAIT
PAGE Set in the Print/Plot setup
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Running HP 4145A/B
Program Directly on HP
4155A/4156A
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Running HP 4145A/B Program Directly on
HP 4155A/4156A

This chapter describes how to directly run an HP 4]45A/B HP-IB program
(non-ASP program) on the HP 4155A/4156A with little or no modification. To
run these programs directly, you need to use the HP 4145 syniax command
tode of the HP 4155A/4156A .

M
To Enter into HP 4145 Syntax Command Mode ‘
When HP 4165A/4158A is turned on, HP 4155A/41564 is always in HP 4755A/4156A cemmand mode.
To enter into HP 4145 syntax command mede:
o Frem #ront-paned

Set COMMAND SET field on the SYSTEM: MISCELLANEGUS page to HP4145,
& From remote control

Send “:SYSTem:LANGuage COMPatibility’ command to HP 4155A/4156A.

Usually, you can run these programs with no modification, But sometimes
small modifications are required due to the following, which are described in
this chapter:

s Non-supported commands
s Consideration about Differences
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Non-supported Commands

The following HP 4145A/B commands are not supported in HP 4145B syntax

comimand mode:
GLO
 GLL.
GL2
MX
SH
SV S
GT S
DM3
DM4
AS1
452
AS53

Disables HP-GL _
Enables HP-GL overlay graphics
Enables HP-GL stand-alone graphics
Matrix

Schmoo

Save ASP file

Get ASP file

Display mode Matrix

Display mode Schmoo

Auto Sequence Program Start
Auto Sequence Program Continue
Auto Sequence Program Stop

If you have HP 4145A/B programs that include any of the above commands,
they will not work with the HP 4155A/4156A. Piease refer to Chapter 2 in
HP-IB Command Reference of HP 4155A/4156A for details,
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p o ]
Considerations about Differences

Spot Measurement

HP 4145A/B can execute a spot measurement by setting both start and stop
of the sweep to the same value, but the HP 4155A/4156A executes the
measurement twice even if you set both start and stop of the sweep o the
same value.

Sweep Steps in Logarithmic Step Mode

Calculation algorithm for primary sweep steps in logarithmic step mode is
slightly different between HP 4155A/4156A and HP 4145A/B, so step values
and number of steps may be different between HP 4155A/4156A and HP
4145A/B.
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Running HP 4145A/B Program Disectly on HP 415bA/4156A
Censiderations about Differences

Terminator

If you run your program on an external controller, use <CR>+<LF> as
the command terminator if you execute serial polling to read a status of HP
4156A/4156A in your program.

It you use only <CR> or <LF> as command terminator, HP 4185A/4156A
may respond with incorrect status.

This is due to the differences of reading and parsing commands between HpP
4145A/8 and HP 4155A/4156A.

The following example and explanation gives a better understanding of this.

10 OUTPUT 0Hp4ibx;'"MEL"
20 REPEAT

30 Status=SPOLL(@Hp415x)
40 UNTIL BIT(Status,0)

line numberl Description
18 triggers measurament and clears the date ready bit {bitl] of status register.
260 40 waits until the data ready bit of status register is set 1o L.

¢« When the Terminator is only <CR>
r HP 4145A/B
At line 10:

1. HP 4145A/8B starts reading data with RFD line set to false (data bus is
halted) after each byte.

In this example:
¥ = bus halted = F = bus halted = 1 = bus halted

2. After receiving 1, HP 4145A/B recognizes valid command MEL, then
executes MEL.

At this time, the program is paused because the controller is trying to
send <CR>, which is a terminator, but HP 4145A/B has halted data
bus and does not receive <CR>.

www.valuetronics.com




Funning HP 4148A/B Program Directly on HP 4155A/4158A
Considerations about Differences

3. After HP 4145A/B triggers measurement and clears status bitl, HP
4145A/B reads <CR>, then the program proceeds to next step (line
20). '
The program reads the correct status at line 30.
- HP 4155A/4156A
1. At line 10:

a. HP 4155A/4156A starts and continues reading data until reading a
terminator.

In this example, HP 4155A/4156A reads ME1<CR>, then halts data
bus, : '

b. HP 4155A/4156A starts executing “ME1”. At the same time, the
external controller can proceed to the next line, because all data of
this line has transferred, then program continues.

2. At line 30, controller can read status of HP 4155A/4156A even if RFD
line is false. RFD holdoff is not effective for serial polling.

However, the clearing of the status register bit by line 10 may not
have been completed yet, so line 30 may get the incorrect status.

o When the Terminator is <CR> +<LF>
The example program for HP 4155A/4156A performs as follows:

1. HP 4155A/4156A starts and continues reading data until reading a
terminator.

In this example, HP 4155A/4156A reads ME1<CR>, then halts data bus.
2. HP 4155A/4156A executes “MEL”.

At this time, the program is paused because the controller is trying to
send <LF>, which is part of the terminator, but HP 4155A/4156A has
halted data bus and does not receive <LF>.

3. After HP 4155A/4156A triggers measurement and clears the status bitl,
HP 4155A/4156A reads <LF>, then the programm proceeds to next step
(line 20).

The program reads the correct status af line 30.

5-6

www.valuetronics.com




Sample Application
Programs

www.valuetronics.com




Sample Application Programs

This chapter describes some sample application programs and setup files,
which will be helpful for creating your own applications.

All programs and setup files described in this chapter are stored on a DOS
formatted 3.5-inch diskette that is provided with your HP 4155A/41564, You
should copy this diskette to a diskette that you will use as your working
diskette. The 3.5-inch diskette includes eight programs. This chapter provides
only the following three examples.

¢ Flash EEPROM Test
» TDDB
o Electromigration

See Sample Application Programs’ Guide Book if you want to use the
other programs on the 3.5-inch diskette. All programs are written in HP
Instrument BASIC and ready to run in HP 4155A/4156A’s HP Instrument
BASIC environment,

CAUTION These programs are only examples, so you may need to modify these
programs and setup files for your own application before executing. If these
example programs damage your devices;- Hewlett-Packard is NOT LIABLE for

the damage.

You can modify setup files by remote programming or interactively by
front-panel keys,

6-2
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Flash EEPROM Test

This program forces write and erase pulses, then measures Vth shift.

Program NOR.TEST

Satup files ROMVTE.MES, RORWHTSTR,
NORERS.STR, NANWRT.STR,
NANERS.MES

This program uses NORWRT.STR and NORERS.STR stress setup files for write
and erase pulses. These setup files are for NOR type flash EEPROM.

To use this program for NAND type flash EEPROM, please modify as follows
to use NANWRT.STR and NANERS.STR stress setup files:

s Modify the following two lines:

1990 Wrt_file$="NORWRT.STR" | Write Stress Setup File Name

2000 Ers_file$="NORERS.STR" ! Erase Stress Setup File Name
as follows:

1990 Wrt_file$="NANWRT.STR" ! Write Stress Setup File Name

2000 Ers_file$="NANERS.STR" ! Erase Stress Setup File Name

6-3
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Sample Application Programs
Flash EEPROM Test

- Program Overview

Device connections for NOR and NAND type flash EEPROM are different.

Device Connection for NOR type flash EEPROM.

As shown in Figure 6-1, one HP 16440A SMU/Pulse Generator Selector is
used to switch units for forcing write pulse and erase pulse, and measuring
Vih.

3 [D—j
Selector 1 { il Setector 1

e
CH2 )—Fl CHy
paut § SMIF  SMup 4 i3 Frauz

e
v YARRvARY.

Figure 6-1. Device Connection (NOR Type}

PRISOUS S5l

The following table shows the selector's state for each phase:

Table 6-1. Selector's State in Each Phase

Selector Write Erase Vth Measure
Channel

CH1 [Drain} PGU PGl OPEN Smy
CH2 [Gatel PGU PG SMU

6-4
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Sample Application Programs
Fiash EEPROM Test

Device Connection for NAND type flash EEPROM.

As shown in Figure 6-2, two HP 16440A SMU/Pulse Generator Selectors are
used to switch units for forcing write pulse and erase puise, and measuring
Vih.

0

G !"JSub
:
r2

|

Seiector 1 E S Setector 2| Setecior 1

ey seecta CHa CHt
s pgutl swyg Poug SMUs Q.. SMueg g
=g Fo F 2
TS T =

Figure 6.2, Device Connection (NAND Type)

pgOSE04 100E0

Table 6-2 shows the selector’s state for each phase:

Table 6-2. Selector's State in Each Phase

Selector Write Erase Vith Measure .
Channel
CH1 {Drain] PGU PGU SMY
CH2 {Gatel PGU PGl SMu

CH3 (Sourced PGy PGU SMu

CH4 [Substrate! PGU PGU Smu

6-5
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Sa.mple Application Programs
Flash EEPROM Test

Main Program.
The following is the main program:

1860 /7170777777717 7 Main /////////////////////////////////////////////
1570 CALL Init_hp4155
1680 0¥ INTR 8 CALL Err_check
1580 ENABLE INTR 8;2
1600 1
1610 CALL Test_setting
1620 CALL Get_file
1630 ¢
1640 Str num=1
1650 FOR I=1 TU Meas_points
1660 CALL Stress_loop(I)
1670 IF Meas_str_pum{I)>4500 THEN CALL Calibration
1689 i
1690 OUTPUT QHp4155; " :MMEM:LOAD:STAT 0, MEM2.8TR’ , "MEMORY *1
1700 gUTPUT @Hp4155;" :MMEM:LOAD:STAT 0, *MEM1.MES? , "MEMDRY * "
1710 CALL Vth_meas ("Write",I)
1720 !
1730 BUTPUT @Hp4156;" :MMEM:LOAD: STAT 0, MEM3.STR’, "MEMORY *"
1740 CALL Vth_meas("Erase",I)
1750 !
1760 CALL Trans_data(I)
1770 CALL Stress_graph(D)
1780 ! '
1790 IF Vth_w({I)<.1 OR Vih_e(I)<.1 THEN
1800 PRINT " $#% The Device is broken. Test Aborted #t#"
1810 PRINT " Final Stress Times : ";Str_num
1820 CGALL Final_session
1830 - 85T0P
1840 END I¥
1850 Str_num=Str_num+l
1860 NEXIT I
1870 !
1880 CALL Final_session
iBgg !
1900 ERD
6-6
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Line

Sample Agplication Programs
Flash EEPROM Test

Bescription

1570

1580 and 1580
1818

1620

1680
1660
1680 and 1700

1718
1730
1740
1780
1776
1860

initinfizes HP 4155041564,

enables the Service Requsst "Enabie” Register for Commang, Execution,
Device-dependent, and Query emors 0 generate service requests.

enables service reguest from HP 4155A/56A to interrupt program.

defines names of measurement setup files for Vth measuremant and
stress setup files for write stress and erase stress, and other stress setup.

foads measuremant setup file for Vih messurement and stress setup files
for write and erase into internal memories.

Meas_points s specified in subprogram “Test._setting”.
forces write and erase puises. Refer to “Stress_loop” for datails.

inads reasurement setup file for Vth measurement ant stress setup fite
for write pulse from internal memories.

forces last write pulss, then measures Vih. Refer tv "Vth.meas”.
loads stress setup file Tor erase pulse frem an imternal memary.
forces fast erase puise, then measures Vih. Feler to "Vith_meas”.
transfars measurement 7asults iVth shiftst to HP 41554/4156A. |
dispiays measursment results.

stores measurement rasults onte the diskette

www.valuetronics.com

6-7




Sample Application Programs
Flash EEPROM Test

Strass_oop

Subprogram “Stress_loop” to force write and erase stress is shown below:

2610 Stress_loop:SU8 Stress, loop(INTEGER 1)

2620 ChM GHp4155,8Form, off,Start_time, End_time
2630 COR fReas_info/ iNTEGER Keas_points,REAL Str.Str_nem,Neas_str_num(s)
2640 INTEGER K
2650 REAL Str_ead
2660 !
2879 QUTPUT QHDPALSE " STATINEAS : EVENTY
2630 ENTER @Hp413E;K .
2630 AUTPUT @Bp4155; " iSTAT:AZAS: ENAE 267"
2700 H
2710 BUTPUT SHp42B6;": PAGE:SCOK:STAK Dy
720 Str_endeleas, str naml|y=1
2730 FiiR Strastr_nem T9 $tr ead
2740 DISP VALS(SEr); /" ;VALS (Neas _str_num(i})
2780 OUTPUT @MpAIBE; "HMEN:LIAD:STAT 0.’HEEZ',’NEHDRY’;:PAGE:SCDN:S?R;*HAi"
< AT60 UUTPUT @Hpas55; " KNEN:LOAD:STAT O, *MENZ’  THERORY®; : PAGE:SCON:STR™
2770 BUTPUT 2Hpd155;"*GPCTH
2780 ENTER @Hpd1Bs;4
2750 NEXT Str
2800 i
28190 Str, num=Str
2820 OUTPUT @Hp4dBE; " : PAGE:SCONSTAN DEg™
2830 OUTRUT QRpAASE; I STAT  HEAS  ENAR O
2840 SUBENRD
Line
2670 and 2680 clears the Measurement/Stress Status “Fvent” ragister,
2690 enables Bt 0 IA/D Overfiow), 1 (Dscilation Status), 3 [Compliance
Statust, and B [PGU Status) of enabls mask for the Measurement/Stress
Status "Event” register.
2710 ehables standby state so that state does sot becoma idls betwesn write

273 v 2790
Vih measurement.

28726 tisables standby state.
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Sample Application Programs

Flash EEPROM Test
Vth..meas Subprogram “Vth_meas” to force last write and erase pulses, then measure
Vih: :
2860 Vth_meas:SUB Veh meas (Str_type$, INTEGER 1)
2870 COH &Hph156,0Form_ off, Start time End_time
2880 COH JMeas.iwnfo/ INTEGER Meams_peints,REAL Str,Str tum,Meas str nym{+)
2880 LBK [Keas_dataf Vih wi*),Voh _e(*}
2300 THTEGER X
2910
2920 DUTPUT eHpsdBE; " : PAGE:ISCONISTR;+)PCT"
2930 ENTER SHp4lBB;A
28940 DISP Str_type$;" Times = “RVAL${Str_num)
2950
2960 QUTPYT @Hp4155;" " :PAGE:CHANICONK *Flash ROW Vih Reas. @pStr types$d'" Times = UAVALS (Str num)at Y
2978 QUTPUT ARp41BE;" 1 PAGE I GLISY
2580 HUYPUT dHpdiB5;":DISP ON"
2399 DUTPUT QHp41b5 ;' PAGE:SCOR:SIRG;=0PCT™
3000 ENTER @Hp4aiB5;A
3010 DUTPUT QHp4a1BE;'"1DISP OFEY
5020 BUTPYT AHp4LEG ;" :STAT:MEAS:EVENT
3630 ENTER 4Ep41BB;K
A040 DUTPUT &HpAL1SE;" 1 TRACT *Vid»™
3050 SELECT Str_types
3060 CASE “Write"
3070 ENTER @Hp418B;VEh, w(l)
3086 PRINT USING "#,4X,DESZ,10X,$0.00D";Str, sem, Vih w(i)
3080 CASE “Hrase®
3100 ENTER @p4i56;veh_e(l)
3110 PRINT USING "10X,SD.B0B,YX,SD. DOE":vek. e{1) ,VEh w(id~VEh (i}
3120 END SELECT
35130 SUBEND
Line Description
2880 and 3000 executes Vth measurement end walts until completion.
3040 gets meesurement resuft.

6.9
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Sample Application Programs
Flash EEPROM Test

Program Customization

This section describes how to customize program for your own application.

Subprogram “Test_setting®.
In this subprogram, you may need to customize the following;

« Name of setup files.

If you want to use your own measurement or stress setup ﬁles,' store the
files on diskette, then modify the file names on the following lines:

o Measurement setup file name for Vih measurement.

1980 Vth. file$="ROMVTH.MES" : Vth HMeasurement Setup File Name
D Stress setup file name for write pulse.

1990 Wrt_£ile3="NORWRT.STR" ! Write Stress Setup File Name

= Stress setup file name for erase pulse.

2000 Ers_file$="NORERS.STR" ! Erase Stress Setup File Name
e File name for saving measurement results.

Following two lines create following file name for saving measurement
results: #me.DAT. To change this file narne, modify these lines:

2019 Save Tile$=TINES(TIMEDATE) ! File Kame for saving measirement resglts
2020 Save.Tile¥=Save Tile§[1,2]hSave.fite§[4,51h5ave Ti1e$[7,T]a" . BAT"

» Number of times to repeat measurement (FOR loop of Main Program)
Following line specifies how many times to measure Vth during stress.

2030 Heas_ points=ié ! Number of times to repeat Measurement

¢ Stress pulse count data.

For example, if Meas_points=4, a total of ten write/erase pulses are
forced, and Vth is measured after Ist, 2nd, 5th, and 10th pulse.

2060 Str_aum: ! t stress Pulse Count data
2070 DATA i, 2, -3
2080 DATA 10, 20, B0

. 2090 DATA 160, 200G, 500

2100 DATA 1600, 2000, 5000
2110 BATA 10000, 20000, 50000
2120 BATA 100000, 200000, 500000
W30 JATA 1000000

6-10
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Sarmple Application Programs
Fiash EEPROM Test

Measurement setup file for Vth measurement (for NOR type).
Measurement setup for Vth measurement is stored in “ROMVTH.MES” file on
provided diskette. As described previously, if you use your own setup file
with a different file name, change line 2000.

In the ROMVTH MES file, the following is set up. You can modify these
settings in the ROMVTH. MES file or your own file:

+ (Gate voltage sweep setup.

Start voltage  Stop voltage  Sweep step Compliance

gV 8V e mv 1 nA

SMUT is gate voltage source as shown in Figure 6-1 and Figure 6-2.
¢ Constant source setup.

Units Output Compliance
SMU2 (Scurce] oy 100 A
SMU3 (Drain) 160 mV 2 uh

SMU4 {Substrate)} av I ph

s Analysis function for Vth extraction.

In this example, Vth is extracted by moving marker to the point where Id is
1 pA, then reading the voltage at that point. Refer to the following user
function and auto-analysis setup:

User Funetion Definition

Name Unit Definition
Vth v @mx
Analysis Setup
Setup ; Definition
Marker =1 ph
Interpolate oM

6-11
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Sample Ap;}libaziun Pragrams
Flash EEPROM Test

Stress setup file for write pulse of NOR type.

. Stress setup for write pulse of NOR type is stored in “NORWRT.STR” file on
provided diskette. As described previously, if you use your own setup file
with a different file name, change line 2010. :

In the NORWRT.STR file, the following is set up. You can modify these
settings in the NORWRT.STR file or your own file:

s PGUs
Unit Period Width  Delay Peak Base leading  Trailing !mpedance
Time Value Value Time Time
PGU1T (Gata) 1.03 ms 02ms &0s 14V gV T us 1 ous 80 shm
PGUZ Drain) 18ms MWus 7V 0V 1 us 1 us 5% ohm
e Constant source setup
Unit I Source Compliance
SMU2 (Saurce) ov 100 mA
SMU4 (Substrate) gy 100 mA

Stress setup file for erase pulse of NOR type,

Stress setup for erase pulse is stored on “NORERS, STR” file on provided
diskette. As described previously, if you use your own setup file with a
different file name, change line 2020.

In the NORERS.STR file, the following is set up. You can modify these settings
in the NORERS.STR file or your own file:

s Constant source setup

Unit Ssurce Compliance
SMU2 (Seurce)! ny 100 mA
SMU4 (Substrate) oy 180 mA

1 Erase pulse sourss

= Frase pulse width
Pulse width of erase pulse is specified as stress DURATION and set to 20ms.

6-12
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Sample Applicatien Programs
Flash EEPROM Test

Stress setup file for write pulse of NAND type.

Stress setup for write pulse of NAND type is stored in “NANWRT.STR” file
on provided diskette. As described previously, you must change line 2010 to
“NANWRT.STR” or your own custom file name.

In the NANWRT.STR file, the following is set up. You can modify these
seftings in the NANWRT.STR file or your own file:

e PGlUs

Unit Period Width  Delay Peak Base teading  Trailing Impedance

Time Valae Value Time Time

PGU1 (Gate} ! Mips M0ps  00s WY oV 10 ps Wus 50 ohm

Unit I Sourge impedance

PGU2* ! GV 58 ohm

1 Connected 1o drain, source, and substrate, and set to
canstant Source

.Stress setup file for erase pulse of NAND type.

Stress setup for erase pulse of NAND type is stored in “NANERS.STR” file on
provided diskette. As described previously, you must change line 2020 to
“NANERS.STR” or your own Custom file name. ‘

In the NANERS.STR file, the following is set up. You can raodify these settings
in the NANERS.STR file or your own file:

o PGUs

Unit Period  Width Defay Peak Base Leading Trailing Iimpedance

Time Value Value Time Time

psuz! l 502 ms 500 ms 0.0s oV ov 16 ps 10 ps 50 ohm

1 econnectad 1o drain, source, and substrate.

it l Svurce impedance

peut! l gV 50 ahm

1 Connected to gate, and set to conastant source

6-13
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- Sample Application Programs
Flash EEPROM Test

Program Listing

1600 ¢

1010 =

3020 I» FlIE: ROR_TEST

1030 ix DESCRIPTIDN: Program for NOR-FLASH RDN Stress Test.
1040 i

1080 4 AUTHOR: . Yokobk lwasaki , YHP

1060 !x CREATED: 12/21/1993

1070 !x MGDIF{ED: 01/25/1994

1680 !x PRODUCT: HPA1EEA , KP41E6A

1090 ! REVISIGN: Rev.4.01.02

1100 ix

1110 I (c) Copyright 1994, Hewlett-Packard Co,
1120 s At rights reserved,

1130 %

1140 !

1150 !¥ Customer shail have the personai, non-

1180 s traesferable rights to use, copy or mod ity

3170 !x this SANPLE PROGRAN Tor Custemer’s internat
4180 ¥ operations. Customer shatl use the SAMPLE

1190 !x PROGRAN soiely and exclusively for its own

1200 !% purpose and shail net ticense, |ease, market
1210 i+ or distribute the SAMPLE PROGRAN or moditicatios
1229 ix or any part thereot.

1230 !x

1240 !'%  HP shai! net be liable Tor the quality,

1250 ix performance or behavior of the SAMPLE PROGHAN.
1260 !x HP especially discialms that the operation of
1270 !x the SAMPLE PROGRAN shall be eninterrupted or
i280 !x error frea. This SAMPLE PROGRAN is provided
1290 % AS 1S,

1369 ix

1310 b+ HP DISCLAINS THE IKPLIED WARRANTIES OF

1320 !+ MERCHANTABILITY AND FITNESS FOR A PARTICULAR
1330 ! PURPESE.

1340 ix

1380 !+ HP shall not be llable tor ary infringement
1360 !x of any patent, trademark, copyright or other
137C !+ proprietary rights by the SAMPLE PREGRAK or
1380 ¥ its use. HP does not warramt that the SANPLE
1350 tx PRUGRAR is free from infrisgements or such

1400 = rights of third parties. However, HP wili pet
1410 = knowingly infringe or deliver a software that
1420 !* infringes the patent, trademark, copyright or
1430 [x other proprietary right of a third party.

1440 ix

1450 1
1460 Start TimesTIMEDATE

1470 ASSIGHN ¢HpdiSs TO £00

1480 ASSIGN @Form_off TO B00; FURNAT BFF

1450 DA GHpd188,eForm, off ,Start_time,End_time

1500 C@M /Fiie_name/ Vth_fiie3[12J,Wrtnf%Ie$[123,Ers,fi$e$[123,save_fi§e$[12}
161G CGM /Meas_infe/ INTEGER Heas points,REAL Str,5tr num, keas_stronem(1:65)
1520  CDM /fHeas_data/ Vth_w{1:B8) ,¥th_e(1:55)

1530 COM fErr/ Err_aum{1:6),Err message${1:6){50]
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Sample Applicatian Programs

Flash EEPROM Test
1580 INTEGER !
1550 !
1860 YAAALAHIEIIEEIEE Raim JHBEHEEETEITEET R R LT TEE LT
1570 <CALL Init, hp4iss
1580 QN INTR & CALL Err_check
159C ENABLE INTR 8;2
1806 !
1610 CALL Test_setting
1620 CALL Get Tiie
1630 !
3640 Str_numsi
1660 FOR i=1 1) Heas_points
1660 CALL Stress,loep{i}
1879 1F Xeas_sTr_nem{1)>4500 THER CALL Catibratien
16890 !
1s9¢ WPt GHpA1EE; " KMEN:LOADISTAT O, REN2.5YRY, THEHDRY"
170¢ BUTPUT QHp4155;¢ NMEN:LBAD:STAT 0, NEN1.RES’, *NENDRY "
1710 CALL Vik_meas("Write",!)
1720 !
1730 DUTPUT aHpa155; " NHER;LDADISTAT ¢, 'HEN3.STR*, 'MENDRY'Y
1740 CALL Vih,meas("Erase",!)
1750 H
1760 CALL Trans data(i)
1770 CALL Stress graph(i)
1780 !
179¢ 1¥ veh_w(l)<.1 B8R Vtk_e(i)<.1 THEN
1800 PRINY $3# The Device is brokes, Yest Aborted #34Y
1810 PRINT ¥ Final Stress Times . ";Str_pum
1820 CALL Final_session
1830 STOP
1840 END IF
is89 Str_numsStr nemel
1860 REXT |
187G @
4880 CALL Final_session
1880 !
1800 EKD
1910 ¢
1920 WPHEEIIIIEEEE see (HEEEREETEREE I EEEET L EREREEEEE LT
1930 Test setting:SUB Test, setting
1949 COK /Fite_pame/ Vi3 filef Wre filef,Frs Tile§, Save Tile$
1980 CBH /Meas_info/ INTEGER Neas_points,REAL Str,Str.num,Meas, str_num{x)
1360 CON JMeas_dataf Veb w{+),voh e(*)
1970 ! .
1980 VEb £ile$="RONVTE HES" ! Vth Measyrement Setep File Name
1590 Wre f i iede MIRWRT .STRY ! Write Stress Setep Fiie Name
2000 £rs,fiies="NORERS, STR" ! Erase Stress Setup Filte Name
2010 Save,?ite$=1IKES{TINEDATE) { Fiie Name Tor saving measprement resylts
2020 Save, file$=Save_file§[1,2]&Save_Tile$[4,6]hSave Tile§[7, 718" . DATY
203¢ Meas, points=16 ! Number of Limes to repeat Reasurement
2040 REDIR Meas_ str_num(d:Neas points)
2060 REDIN Vid, w(i:Meas_points),Vth_e{l:Meas_points)
2060 Str_mum: ! i Stress Puise Court data
2070 BATA i, 2, 3
2080 BATA 10, 20, BC
2090 DATA 10¢, 200, 500G
2500 DATA 1006, 2000, 5000
2110 DATA 10000, 20008, BOGOO
2120 DATA 100000, 200008, 500000
2130 DATA 1000000
2140 RESTARE St aum
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Sampla Application Programs

Flash EEPROM Test
2150 READ Meas.str_nymi*)
2160 SUBEND
21706 !
218C Iait hps1BE:SUE init.hpaibs
2189 CON GHp4155,0Form_off,Staft“time,ﬁnd,time
2200 H
2210 CLEAR SCREEN
2220 CLEAR @Ep41EE
2230 BUTPUT @Hp4155;"*%RST"
2240 AUTPUT QHp4155; CLSY
2280 QUTPUT @HpALES;" :STAT:PRES"
260 GUTPUT #HpA15E; “+ESE 60;%SRE 34 %BRCTT
2270 ENTER @Hp415E5;A
2280 OUTPYUT @Hp41B5:7:DISPIWIND:ALL RST"
2290 BUTPIT Hp41BE;":DISP OFF"
2300 PRINY €<¢ Flash ROK Stress Test »»p
2310 PRINT "Stress Times  Vih Write i Vb Brase [V} Diff [VIv
2320 SUBERD
2330 !
2340 Get file:5UB Get Tile
2350 COM 2KpA41B5, aForm, 0FF,Start_time,End_time
2360 COR fPile name/ Veh file$, Wrefites, Ers_t4led,5ave_tiles
2370 !
2380 DUTPYT GHpdzB5;'*:MMEN:COPY '"&VthﬂfiIe$é“’,‘DISK’,‘HENl.HES’,’HENﬂRY’”
2390 OUTPUT QHpdl68;* (MMEN:COPY ’“!Hrtmfile$&“’,’DISK’,'HEH2.STR’,’REQORY‘"
2400 DUTPUT @Hp4dBs; " (RHEN:CORY ‘"&Efs_fileS&“’,’D!SK',’HEHS.STR’,’REﬁORY‘“
2410 SUBEWD
2820
2430 Calibration:SUB Calibration
2440 COE er4;SE,ﬂForm_off,start_time,Ené_time
2450 !
2460 GUTPUT €Hp41B5;':PAGE;SYSTICDI
2470 CUTPUT QHp43BS; " :DISP ON*
2430 QUTPUT BHp41BS " (CALIALLTY
24499 ENTER @Hp4155;4
2BG0 SELECT A
2510 CASE 0
2520 GUTPUT. @Hp4dBS ;" : PAGE: GL IS
2830 GUTPUT @Hp4155;":D1SP DFEY
2540 CASE ELSE
2550 PRINT * #EE Calibration FAIL ,Test Aborted i
2BEE CALL Finafl, session
2879 STOP
2880 £ND SELECT
2590  SUBEND
2600 !
25610 Stress_loop:SUE Stress.loop(INTEGER 1)
2620 CoN er4255,lFarm_off,start,time,End,time
2630 CBH fReas, isfof [NTEGER ¥eas, poihts,REAL Str,Str_num, Neas, str_num(s)
2640 INTEGER K
2650 REAL Str,end
*660 !
2670 GUTPUT aHpd185;7:STAT: HEAS: EVENT™
2630 ENTER QHpd158;K
2630 BUYPUT QHpd1BE; " :STAT:MEAS 1ENAR 267%
2700 !
27106 BUTPUT $EpsiBB;":PAGE:SCONISTAN 0N
2720 Str end=Heas_str zom{i)-1
2730 FBR Str=Str_nem TD Str_end
2740 DiSP VALF(SLr) /" ; VAL (Reas_str_nem(1))
2750 SUTPUT GHp41E5:“HHER:LDAD:STAT O, 'MERZ'  'MERORY? | PAGE : SCON : STRy#WA 19
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Sample Application Pregrams
Flash EEPROM Test

2760 QUTPUT SHpa155; HAEN: LOAD:STAT 0, *HERS®, *NEKDRY ; : PAGE!SCON:STR"
2776 CUTPUT SHpa155; " +(PCT"

2780 ENTER dHpA1B6;A

2730 KEXY Str

2800 !

2810 Str_oram=Str

2820 DUTPYUT @Hp4158;" :PAGE:SCON:STAN OFF

2830 GUTPYUT SHp4iSE;":STATIREAS:ERAE ¢

2840 SUBEND

*8E0 !

286G Vth_meas:SUB Vik_meas(Str_type$, INTEGER 1}

2870 COM GHP4155,ﬂForm-off,Start‘time,End_time .

2880 COK fMeas_infof INTEGER Meas_points,REAL Str,Str num,deas_str_nsm{x)
28390 oM fReas data/ VER W(x),Veh el+)

2990 IRTEGER K

2910 i

2920 GUTPUT &Hp4i55;" :PAGE:SCORSTR;»0PCTH

2930 ENTER @Hps13S5;A

2946 DISP Strotype$;” Times = “VAL§(Str_num)

295C ¢ .
2960 BUTPUT 4Hpa155;" PAGE; CHAN;COMH *Flash ROM Vehk Heas. e ASEr _typeS&" Times = "LVALS(Str_num)e»?™
2870 BUTPUT 4Hp4155;™": PAGE:GLIS"

2980 d¥TPUT @Hpd1B5;™:DISP QN

2990 QUTPUT GHp4156;" :PAGE:SCOHISING;»0PCT"

30G0 ENTER QRp£155;A

3010 GUTPUT @Kpa155;=;BISP BFF

3020 AETPUT QHp41EE; " :STAT MEAS: EVENT"

3030 ENTER @Hp4155;K .

304G GUTPUT @Hpa1BH;"STRACT? *VTR*"

3050 SELECT Str.type$

3660 CASE "wWrite”

3070 ENTER QHpai88;VeR w(l)

3080 PRINT USING “#,4X,DESZ,$0X,SD.00D";Str_num,Veh w{l)

3069 CASE “Erase”

3100 ENTER QHp41B5;Vth_e{l)

3110 PRINT USING “10X,SD.0DD,7X,S0.DDE*;Ver_e (1), ViR w(i)=vEh _e{l)

3120 ENB SELECT

3130 SUBEND

3140 !

3150 Traas dzta:3U8 Tress_data(INTEGER i)

3160 ClN 4HpALES, GForm_oTT,Start_time,End, time
3iTo COM [Meas_into/ INTEGER News_points,REAL Str,Str_num,Meas stronum(+)
3180 COE /Heas_data/ veh_w{x),Vith_e(s)

31990 !

3200 REDIN Meas_str_num(il:1),Veh w1}, Vehoeliti)
3210 DUTPET 4Hp4165 "1 TRACIDEL: ALLY

3220 DUTPUT QHp431BE;":TRAC: DEF 'STress’ ,MEVALE(1)
3230 BUTPYUT ®HP43SS5;" 1 TRACIDEF 'VERWRT? ,"RVALS(I)
3240 GUTPUT &Ep4155;" : TRAC:DEF PYLhERS?  UEVALS (L)
3250 DUTPUT @Hp4166;" 1 TRAC;UNIT 'Stress’, 'Times'"
3280 DUTPUT QHpALEE; " ITRACIURIT *VEhWRT', 'y>"
3270 QUTPYT @Hp&155; " TRACIURIT *VERERS®, V"
3280 !

3290 OYTPYT @Hp41B5;'*:FCRH:DATA REAL,64"

3300 QUTPYT GHp4155;" : FORM:BURD NORH"

3310 GUTPYT REP41E5;"':TRAC 'Stress’, #0";

3330 SUTBUT @Form, o Neas str num(x},END

3330 GUTPUT ®Hp&1B5;™:TRAC 'VEWWRT’ $0";

3349 QUTPUT &Ferm_off;Vek w(=),END

3360 QUTPUT aHp4LBS;" I TRAC *VLhERS',#0";

3360 BUTPET QForm_off;Veh e{*),ELD
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Sample Agplication Programs

Flash EEPROM Test
3370 GUTPUT QHp4185;'*;FORN:DATA ASCIiY
asa0 REDIN Heas_str”ﬂum{i:ﬂeas_paints),Vth‘w(lzkeas,points),Vth_e(i:Keas_pointﬁ
3390 SUBERD
3400 1
32410 Stress_graphiSUB Stress_graph(INTEGER 1)
3420 LON AHp4i55, QFarm_ofF,Starc time,End time
3430 CON [Heas_iafe/ INTEGER Meas_points,REAL Str,Str_num,Keas_str_ num(*)
3440 !
3450 GUTPUT ¢Hp4a155;":PAGE: CHAR:COMN *Flask ROK vth SRiTt{Stress="EVALY (Neas_str pamd 1)) &™) 0
3469 GUTPUT @Hp4155;': PAGE: CHAN ; UFUN: BEF BT, WY, CVERWRT-VERERS 2
3470
3480 DUTPUT SHpA1BE;" 1 PAGE:D ISP GRAP X NANE 'Stress’™
3490 DUTPYT SHPA1BE;":PAGE:D ISP :GRAP: YL NAKE *YLhWRT ™
3800 PUTPUT 2HpsiBE; " IPAGEIDISP GRAP:IYZ INANE *VERERS "
3810 OUTPUT ¢Hp4165;":PAGE: DiSP:GRAP:X:SCAL LOG"
3520 QUTPUT GHpALES;":PAGE:DISPIGRAPIN:NIN 1%
3830 OUTPUT @HpALB5;*:PAGE:DISPIGRAP: X INAX THVALY (MAX (Heas stronam(Heas_poirts),2))
3840 BUTPUT @HpaiB5;* :PAGEIDISPIGRAP: YL 1SCAL LINY
3580 GUTPUT ®Hp41SE;":PAGE:DISP:GRAP:IYI:EIN O
114 GUTPUT QHp4155;":PAGE:DISP:GRAP:Y1:HAX T
aBio DUTPUT @Hp4155;' 1 PAGE:DISPIGRAPIY2:SCAL LIN"
asa0 DUTPUT @Hp41B5;"1PAGE:DISPIGRAPIYZ:HIR o~
3590 OUTPUT @Hp21B5;": PAGE:DISPIGRAP: Y2 NAX 7%
3600 ¢
3510 SUTPUT @Hp41BE;":PAGE:DISPIDVARI DEL *VTH'™
3620 OUTPUT @HpAI55;" PAGEIDISPIDVAR *Diff '™
3630 K
3eag GUTPUT #HpaiB5;":PAGE:DISH ANAL:LINEL:NGDE [)5"
3659 GUTPUT SHp4156;':PAGE:BISPIANAL: L INED: NBDE [i5"
3660 DUTPUT EHp4155;"  PAGE: BISPIANALI BARK: IS
3670
3680 DUFPUT @HpA1E5;: " PAGE:GLIS: INT DFpY
3690 BUTPUT SHp81E5;":PAGELGLISILINE OFF"
3700 - DETPUT #Hps155;":PAGE:GLISIMARK DN
arie OUTPUT @Hp4155;":PAGE: GLISINARK:DIR:X HAX'
3720 !
373¢ CUTPUT @HpP4LES;":DISP ON;:DISP OFFH
3746 SUBEAD
a7Eo 1
3760 Final_session:SUR Final,session
3770 Com QHpL1E5, &Form off,Start _time, fnd_time
3780 CON [File.name/ Vth Tile§,Wre file§,Ers.Files,Save_files
3730 CCN /Heas_info/ INTEGER Meas_peoints,REAL Str,Str_ndm, Keas_str num(+)
2800 CoM fErrf Erroaum{*) Err_messagesd (+)
3810 !
3820 IF Str_pum-t=Neas stronum(Neas points) THEN
kR Save,filed="D"'kSave File$
3248 st
3850 PRINT “Finat Stress Times : '“;Str_nem-1
3860 ELSE
3370 Save Tilef="F4Save_Tile$
3880 END |F
3890 ¢
3900 PRINT "Save Data Fiie Kame : “';Save_tile$
3910 PRINT "Test Duration : ";
39206 Ead. timesTIREDATE
3336 PRINTY DA?E$(Start_tim=);",";T?HE$(Start_time};“ ~ “;DATE$(ERd,time};“,";Tl!E$(End_tim&)
3940 !
3950 DISABLE INTR &
3960 BUTPUT aHpAd8E;  :AKEN:STOR: TRAC BEF, "'hSave file$g'? , rpIsK 0
3870 GUTPUT QHpALES; “*EpCTY
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Samgle Application Programs

Flash EEPROM Test

3980 ENTER @Hp41ES;A

3950 AGTPUT @HpalSh;* :SYST:ERRT!

4000 ERTER QHp4285;Err_num(l),Err message${1)

4950 1 Erronum{1)<>0 THEN PRINT "#88 " Err_sum(l);Err_message$(1);" #34
4920 i

4930 QUTPUT @Hp4165;"1DISPIALL INST"

4040 DUTPUT @Hp4iG5;"1PAGEIGLIS"

4650 OUTPUT @Hp41E5;':DISP ON"

4060 SUBEND

4C70 ¢

AC80 Err_checkiSUB Err_check

4090 CON @Hp41E5,eForm off,Start_time,End_time

4100 COM JErrd Err_num{+),Err_message$(+)

4119 INTEGER 1,4

4120 !

4138 =0

4140 REPEAT

41B6C [EIL >4

4160 BUTPUT @Hp41E8;":SYSTIERRT"

4170 ENTER @Hp4155;Ery_num(1), Err_message$(i)

4130 UNTIL Erronum{]}s0

4190 !

#200 {F {=1 THEM

4210 CAlL Meas_stat_check

4220 £LSE

4230 FOR J=1 TG -1

4240 PRINT “"##% ERROR Gocurred B#E:";Err num{d};Err_messaged{.l)
4259 biSPE '$#k ERROR Occurred 88" Err aum(J);Err_message$(J)
4260 HEXT 3

427¢ CAlLL Heas stat_check

4280 PRINT ' ==z Test Aberted ===

4290 CALL Finai_session

4300 stop

4310 END |F

4320 SUBEND

4330 ¢

4340 Meas, stat_check:SUB Meas_stal.check

4350 COM GHp4155,eForm, of f,Start time, End time

4360 CGH /Heas_infoe/ INTEGER Keas points,REAL Str,Str_nem,Mezs_str_num{*)
4370 INTEGER K

4380 H

4396 BUTPUT @Hp41BS ;" STAT:NEAS:EVENT"

/400 ENTER @Ep£1B5;K

4410

4420 IF K0 THEN
. 4430 PRINT "### Abnormzi Stress Status Event Decurred BEE:™;K
4440 PRINT ¢ at Stress Number = ";Str;"'[Times]"

#4580 PRIKT * zzz Test Aborted s=="

4469 CALL Figsl.sessios

4470 5709

£480 ERD IF

449G SUBEND
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Time Dependent Dielectric Breakdown (TDDB)

This setup forces a constant voltage to the gate until the gate oxide
breakdowns or a maximum time Hmit is reached, then calculates the total
forced electric charge.

|

Pregram none
Setup file TODBMES
Application Overview
P
i
MU SMi4
v s

ppOBU0Z BNl

Figure 6-3. Device Connection

The measurement flow is as follows:

1. Forces a constant voltage to the gate.

2. Measures gate current by sampling measurement,.

3. If gate current exceeds specified threshold, measurerment is stopped.

4. Calculates total electric charge that was forced by using a user function
with definition IN‘I‘EG(Ig, @TIME).
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Sample Application Programs
Time Dependent Bielectric Breakdown (TDDB)

Customization

Measurement setup file is stored in “TDDB.MES” file on provided diskette. In
the TDDB.MES file, the following is set up. You can modify these settings

in the TDDB.MES file or your own file, then use the setup for your own
application.

¢ Constant source setup

Units s Output Compliance
SMU1 [Gate) ay 1.80% pA
SMU4 (Substrate) gV 100 phA
s Sampling Parameters
Mede Initial interval No. of samples . Total samp. time
Thirned-out 100 ms 1001 989.2 5

» Stop Condition

This setup is used to judge the oxide breakdowrn. If gate current exceeds
the specified threshold, measurement is stopped.

Enable Delay Threshold

200 ms 1 uh
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Electromigration

This setup forces a constant cwrrent to the DUT (metal), measures
tire-to-failure of DUT, then calculates the total forced electric charge.

|

Pragram aone
Setup file EM.MES
Application Overview
DUT
AN
Lt SMU4
/““3
v v

BTEO0S G0E0

Figure 6-4. Davice Connection

The measurement flow is as follows:

1. Forces constant current.

2. Monitors DUT voltage by sampling measurement,

3. If the DUT voltage reaches specified threshold, the forcing stops.

4. Calculates total electric charge that was forced by using a user function
with definition INTEG(Idutl, @TIME).

6-22

www.valuetronics.com




Samgle Agplication Programs
Electromigration

Customization

Measurement setup file is stored in “EM.MES” file oni provided diskette. In
the EM.MES fite, the following is set up. You can modify these seftings in the
EM.MES file or your own file, then use the setup for your own application.

+ Constant source setup

Units I Qutput Compliance
SM l 50 mA 20062 v
« Sampling Parameters
Mode Initial interval No. of samples Total samp. time
Linear 1s 10001 AuTot

1 lnitial interval = No. of samples

s Stop Condition

If the DUT voltage exceeds the specified threshold, measurement is
stopped.

Enabie Delay Threshold

20 ms ViR
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Sample Application Programs
Electramigration
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Manual Changes Depending on ROM Ver-
sion

HP 4155A/4156A may vary slightly, depending on the version of the
ROM based firmware. The information in this manual applies to an HP
4155A/41566A with the following ROM version.

Manual Applies to this BOM Varsion

ROM | ROM Version
HOSTC 8187

ROM version

To canfirm your ROM version, check the SOFTWARE REVISION field an the SYSTEM:
CONFIGURATION paga.

This chapter contains information for customizing this manual so that it is
correct for the HP 4155A/4156A that you are using.

To customize this manual for your HP 41565A/4 156A, refer to the following

table, and make the manual changes depending on the ROM version of your
HP 4155A/56A. -

Manual Changes by ROM version

ROM version | Make Magual Changes
{HOSTC)
0168 1
0181 1
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Change 1

Add the following section to Chapter 5.

Timing Considerations

You may need timing considerations for synchronizing measurements with
external instruments.

Following example program controls a DMM with the HP 4155A/4156A.
Measurement, cireuit is shown below:

AN —

SMUT | DMM oMUZ

o <

The HP 4155A/4156A has an HP-IB I/O buffer and can receive commands
before executing previous command. So the executien order of HP
4155A/4156A and DMM is different from the order in the program.

In the following example, the HP 34b8A receives a measurement trigger
command right after the HP 4155A/4156A receives a force voltage trigger.
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Manual Changes Depending on ROM Version
Changﬂ

But due to the HP-IB /O buffer, the voltage measurernent is made by HP
3458A before HP 4155A/4156A forces voltage.

10 ASSIGN 9Hp#1BEx TG 717

20 ASSIGK 4Hp34ES TC 722

30 H

40 DIM Moe data$[17]

5G DI Dim, _data$fi00]

&0 !

79 GUTPYUY QHp346E; "RESET

B0 BUTPUY QHp34B3;"TARN KOLD"

20 OUTPUT aHpa4sa; Doy 1M

106 BUTPUT AHPIALE;HNPLE 1=

130 QUTPUT €Hp3458;"“AZERD OFF"
i

Reset DKM

Suspead reading

DC voitage 10 V range
iateg WPLCm1

Aute Zero off

330 JUTPUT eEpaISK;YSH
140 BUTPUT allpdibx;"IT1 CAG BCY
1850 Foree, v=1.5
160  DUTPUT ¥Hp41Bx;"'DV1, 1, ¥iForce_v;*, R0E=3" ! SHUL Torces 1.5 ¥
17C QUTPUT QHpaiSx;"DBV2, 1, ¢, 208-3" SKU2 forces O V

1

Eser mode
- integ Short, Cal off, buffer ciear

130 OQUTPUT @Hp34E8;'"fARN SGL"
200  ENTER @Hp32ES;Dme_data$
1

YV meas trigger to DEH

220 QUTPUT @HpadBx;"Ti1"
230 ENTER QHp415x;Moee data$
240 !

25¢ PRINT Dmm. data$

260 PRIKT Hoe, datel

f meas trigger to 4155/56

aro H
280 QUTPUT eHpsidx;"dvi; Dvae ! Reset SHU1 & SKUZ
290 END

Following is an example of test result: “

-3.870640468E-04
NAI-1.256700E-010

DMM should measure about 1.5 V, but does not because DMM measures
‘before SMU1 forces voltage.

You can insert a WAIT command before sending trigger command to the DMM
(HP 3458A). In this example, 0.1 sec should be sufficient. So, you can insert
the following in the above program:

181  WAIT .1 ! <<< Modified

Or maybe the following is a better way to modify the program. The
measurement order is changed. First, SMU measures current, and controller
enters data from HP 4155A/4156A. Then, the measurement trigger is sent to
the DMM.
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Manual Changes Depanding on ROM Versien

Change 1
10 ASS1GN $Hpdibx T& 717
20 ASSIGK @Hp34B3 TH 722
390 i
A0 BIN Mos_data$[i?]
50 DIk Dmn,datad[100]
50 H
¥0 SUTPUT eHp34ES; 'RESET"
80 SUTPUT EHp34ES; " TARR BOLD!
30 DUTPUT @Hp34B8;*CV 10%
100  QUTPUT EHp3458;"NPLL 1%
110 OUTPUT @Hp3458;"“AZERG OFF”
120 t
139  DUTPUT 4Hp41bx;"us™
140  QUTPUT @Hpdlbx;"iTi CAQ BCY
i8¢ Force,v=1l.B
160  DUTPUT QHpaiBx;*DVi, 1, '";Force.v;”, 20E-3"
170 BUTPUT SHp41SK;IVZ, 1, 0, 20837
180 !
380 OUTPYY aHpsidk;™TIL"
200  ENTER @Hpa1Bx;Hee_data$
250 %
226 SUTPUT @Hp3dB8;"'TARN S5Gi" ! << Charged order of measuremert
23¢  ENTER @Hp3458;Dmm.data$
o ! ‘
260  PRINT Dmm.data$
260  PRINT Koe.data$
270 @
280  QUTPUT SHp4iSx;"DV1; Dv2"
290  END
The test result should be similar to following exarple:
1.499301638E+00
NAT+7.150000E-011
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Manual Changes Depending on ROM Versien
Change 1

Data Length Considerations

When one of the following commands is sent from a controller to the HP
4155A/4156A in the HP 4145 symtax command mode, the HP 4155A/4156A
outputs data to the controller

DO Data output request in the system mode

TI Current measurement trigger and data output request in the user
mode

TV Voltage measurement trigger and data output reguest in the user mode
D Identification output

Different Data Length in System Mode. _

The following program is equivalent to saraple program 1 listed in Section
3 of HP 4145B manual. This program is an example of data output in the
system mode. This program controls instrument to measure the 1C-vC
characteristics of a bipolar transistor, then returns IC data to the controller

i ASSIGN @Hp4iSx TG 717

20 DIk A$[1260]

20 DUTPUT @HpaLBx;“IT: TAL DRG BCY

40 DUTPUT @HpdiBx;“DE CH1, *VE*, 18, 3, 3; CR2, Va7, i, 2, 2; CHB, VO, tice, 3, 1; CHaw
50 QUTPUT QRpAibx;"'VSL; VS2;VHi; VN2"

50 SUTPUT QHpalSx;"s$ VRL, ©, %, .08, BOE-3; IP 10E-5, 10E~5, 4, 3¢
70 BUTPUT Hpa1sx;"SH DK1: XN *VC*, 1, G, X} YA LY, 1, 8, 10g-an
&t RUTPUT dHp4iEx;"'RD MEL"

a0 A=SPOLL(@HpS1EX)

100 IF BIT{A,0)=0 THEN 99

110 DETPUT eHpassx; DD 7iCHn

120 ENTER @Hpaibx;A$

130 PFRIKT A$

1490 EnD

You must execute this program in the HP 4145 syntax command mode of
the HP 4155A/4156A. The following will be displayed on the controller's
screen. (Or you can display on HP 4155A/4156A°s screen by changing the
select code/HP-IB address assigned in line 10 to 800, which will execute the
program using built-in IBASIC of the HP 4155A/4156A.) As you can see, the
length of data string A$ is to short, so not all the data is displayed.

N—G.SSSQOOE-OOG,N-5.92ZGDOE-GOT,N+S.Os?QOOE—GOS,NO3.772100E*004,
Nii.1068905—003,K+1.6425005-003,M%1,8249005—003,”%1.879?00Ew003,
N*l.880800E~003,N+1.383060E-003,ﬂ+1.8846005-003,#*1.8857065»003,
N#i.886900E~003,N+1.887900£~003,N+1.888900£~003,N*1.8898002-003,
N#l1SQOBOBE»DOS,N+1.891700E“003,N+1.8926902*003,&*1.8930005-003,
N+1.8938005*903,Hw}.996500E-065,N*1.6850ﬂ0€«006,#+1.4261005"004,
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Manuat Changes Depending on ROM Version
Change 1

N+8 . 321900E~004 , N+2. 290100E~003, N+3 . 298500E~003 , N+3, 636200E=003,
Ne3. 7232005003, N+3, T44200E-003, N+3, 75060CE-003, N+3, TEIGO0E~003,
7E630DE~003, N+3, 7E8900E~003, K43, T61A00E~003, H+3, 763700E-003,
767T0CE-003, K+3, 769600E-003 , N+3, 7716002003,
775300E-003,N-2. 994400E-0056 , N+5.370400E-008,

Ne3,
N+3
H*3.
H+2
K45,
K+5
NG,
Wb,
K+t
N+6.

. 329300E~004 ,N+1

. 76B400E~C03, H+3.

TTI400E-003, N3,

A3B400E~003, N+5.

.E8430CE-003, K45,

BOSE0BE~003,N+E,
618500E~C03, He5.

034500E«Q05 , Ne3,

3965008~

301 200E-C03, ¥+3 . 434400003, ¥+4, 893700E-003,

B343005-003, H+5 . §71000E003, H+E  E8RTOCE-CD3,
B93600E-003, H+5 . 597 VOCE-093 , N+E, 601500£-003,
608800E~003, N+5 . £12400E-003, H45,.615200E~003,
621600E-003, K+5, 624300E-003,K=3, 9921 00E~005,
293800E~004 ,N+1 . T72600E=003, N+4 . 517500E-003,

This is because the length of data output from the HP 4155A/4156A and HP
4145B is different as follows:

HP 41458 data output format in system mode:

KNI NNNESNN, X+RY  HNRESHN, ...

KRN

NNME+NR[crE[if]

Each data consists of 13 characters (induding a comma) except for the last
data, which consists of 12 characters. :

HP 4155A/4156A data output format in system mode of 4145 syntax
command mode:

XN . NENHSNE#NNN, Xoll  ARNARNEAENN, XN NARNNNESRNN, ...

K4k NENNNRE+NNK

Each data consists of 16 characters (including a commay), except for the last
data, which consists of 15 characters.

X

+

N

Data status

+ or —

Numeric character

In this example, number of data points is 21x4=84 (21 Varl steps and 4 Var2
steps). So, length of data string A$ should be at least 1343 (16 char x 84
points - 1). Please modify line 20 as follows:

0.

y-9,
[L:
N+1.
L
el
N+l
et
K3,
N+3,
Ne3,
K+3,

GIN ASE1343}

S84TOOE066,N-5.
1671608003, ¥+1
379800E-003, N+1.
386500E~003, Hel
890600E-903, N+4,
293T00E0O3, Nrd .
323300E004, N+32,
F22600£-003, K+3.
TEE100£-003, K43
765100E-003, M43,
773200E-003, 42,

! é<¢ Modified 16 X B4 » & = 1343

The result display is as follows (all data is displayed):

$233Q0E-007 N+6 .

L BE2400F-003, N+t

S82TCOE-003,N+1.

.88TH00E-003, N+l

891200E~003, N+1.
996500E-008, N+l .
290400E~003, Ned,
T43600E-G03, N+3.

LTES40CE-003,N+3.

TETE00E=003,K+3.

0881G0E=00B,N+3,
L870300E-003,
§34200E-003, Nl
383700E-003,K+1,
$32300E~003, N41.
678600E-006,0+1.
29B6008=003, N+3.
749900E~003, N+ 3,

525100E-003, N+i

T6110CE-GOI, H43

TT2600E-004,

835200003,
$89T00E=003,
$93100E=003,
426100E4004,
634900E-003,
753400E~003,

. 763100£~003,
TEYBOOE-003, a3,

771400E-903,

TTE000E=003, ¥m2, 594400£~005, K45, 3618005006,
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Manual Changes Depending on ROM Versien
Change 1

N+2,329700E-BO4,Ni2.391800£—BO3,N*3.4348005*003,N+4.3937005-003,
H+5.394QODE-DO3,N*S.5339002*903,ﬂ+5.570600E—003,N+5.5821005-003,
N#5.588300E-003,N+5.593000E—003,R+5.5974DGE»003,N%5.6011OGE-003,
N+5.6052005-003,H*S.608200E~003,H+5.6119ODE*003,H#B.S:#SOOE-OO&,
N+5‘617800£-003,N+§.EQQSOOE«OOS,N+5.6240002*003,N~3.991500£-005,
N*i.0145065-005,N+3.295400E“OB4.N+1,7730005-003,Né4.5184002-003,
N+S.3957005~GO3,N#T.6763002-003,HiT‘288700E-033,N¢7.354300E-003,
N+7.3765005*003,M+7.387800§—003,Nt7.395800E-063,ﬁ*7.¢021006-003,
N+7.4081OOE—003,N+?.413600£~003,N¢T.418890E~003,N+7‘4235005-903,
ﬁ+7.428000E~003,ﬁ+7.432600E-003,K47.43?200E0003,N07.440800E-003
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Manuz! Changes Depending on ROM Versien
Change 1

Different Data Length in User Mode.

The following program is equivalent to sample program 2 listed in Section 3
of the HP 4145B manual. This prograrm is an example of data output in the

user mode.
10 ASSIGN @Hpdibx TO 717
20 DIM A$[14]
30 OUTPUT @QHp415x;"Us"
40 OUTPUT @Hp41bx;"IT1 CAQ BC*®
50 Force, v=1.5
60 OUTPUT @Hp415x;'DV1, 1, ";Force v;", 20E-3"
7¢ . OUTPUT @Hp416x;"DV2, 1, 0, 20E-3"
80 OUTPUT @Hp4ibx;"TIL"
90 ENTER @Hp415x;4%
100 PRINT A$
1i0 OUTPUT @Hp415x;"DV1; bya"
120  END

This program displays the following for example. As you can see, the length
of data string A$ is too short, so not all the data is displayed.

NAT+4.3000008~

This is because the length of data output from the HP 41554/4156A and HP
41458 is different as follows:

HP 41458 data output format in user mode (14 characters):
XAX+NN . NNNE+NE cr] [1£]

HP 4155A/4 1564 dato output format in user mode of 4145 syntax command
mode (17 characters):

XXX+N . NNHNRNE+RNN [cx] [11]

X

+

N

Data status
+ or —

Numeric character

So, you need to change line 20 as follows:

20

DIM A$17] ! <<< Modified

The test result will be as follows:
NAI+4.300000E~013
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Manual Changes Dapending on ROM Version
Change 1

TV and {0 Commands

For “TV" ¢ammand, the data length s 14 characters for HP 4145, and 17 characters for HP
4150A/4156A. For “ID” command, the data length is 16 characters for HP 4145 and 47 characters
for HP 4158A/4156A. So, if these commands are used, you need to change the data string length
accordingly

7-10
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Index

A Al IBASIC
screen. See screen modes
All Instrument
sereen. See screen modes
ANALYSIS SETUP
Vth measurerment example, 3-26 -
append
SCPI command for append measurement, 4-15
application
sample pregrams. See sample programs
array data
transferring to file, See file
ABCH
data transfer, 3-19, 4-27, 4-28
file type. See LIF
ASP programs
converting HP 4146 ASP program to IBASIC, iv, 1-41-44
converting HP 41456 ASP program to SCPI, iv, 4.50
corresponding IBASIC directives, 1-48, 2.31-37
corresponding SCPI cormands, 4-51
ASSIGN
IBASIC keyword, 3-19, 4-6
auto
execute file at power on. See AUTOST
loading of files at power on, 4-4¢
scaling for image dumps, 1-47
sequence programs. See ASP programs
AUTOSCALE directive, 1-47, 1-48, 2-34
AUTOST
aute execule file at power on, 4-49

B Basic

HP BASIC. See HP BASIC

IBASIC. See TBASIC
BDAT

file type. See binary
binary

file type, 3-19
Blue key

shift status. See shift status
branching

IBASIC. See IBASIC

Index-2
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breakdown
TDDB sample test program. See TDDB
huilt-in IBASIC controlier, iv, 1-2, 3-b, 4-2, 4-4
EP-IB. See HP-IB
select code. See HP-IB
byte
length for transfer. See REAL
order transfer format. See REAL

. carriage return (CR)
terminator. See terminator
carrier
hot irtjection sarnple test program. See hot carrier injection
case sensitive
variable names, 3-17
CAT
IBASIC lsting command, 1-17
IBASIC softkey, 1-26
changing
manuai depending or: ROM version, 7-2
setup data values. See measurerment program
CHANNEL DEFINITION
example setup for Vth, 3-23
clearing
TBASIC program, See IBASIC editor
closing
1/0 path for data transfer. See I/O
cades
select. See HP-IB
COM blocks
IBASIC. See IBASIC
cormrnands
help function. See help function
HP 4145 ASP. See ASP programs
HP 4145 commands not supported, 5-3
HP 4145 syntax command mode, iv, 4-4, 5-2, 7-6
HP 4155/56 command mode, iv, 4-4, 5-2
IBASIC keywords, See IBASIC
SCPL. See SCPI
terminator. See terminator
computer
external. See external controiler
controller
external. See external controller
converiing )
HP 4145 programs to HP 4155/66. See HP 41456
CPLOT
ASP keyword, 1-48, 4-51

Index-3
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CR
terminator. See terminator
CREATE
IBASIC keyword, 3-18
creating
HP 4145 ASP-like program. See ASP prograrms
measurementt program. See measurement prograrm
CRT display
HP 4155/56, 2-28
select code, 2-27
cursor
IBASIC editor, See IBASIC editor
CURVEPLOT directive, 1-44, 1-48, 2-37

D data
array. See array data
ASCII. See ASCIH
extraction. Ses transferring
internal HP 4155/56, 3-1%
length considerations for previous ROM versions, 7-6
numeric. Seg numeric data
string. See string data
transfer. See transferring
DATA? query command, 3-17, 4-26
data variables
names are case sensitive, 3-17
transferring from HP 4155/56 to IBASIC variables, 1-46, 3-17, 4-26
DAT suffix, See file types
irective, 1-48, 2-36

editor softkey, 1-12, 1-33
deleting -

characters. See IBASIC editor

Iines. See IBASIC editor
dielectric

TDDE sample test program. See TDDB
differences

between ROM versions, 7-2

HP 4145 and HP 4155/56 programs, 5-2
direct

execution of HP 4145 program. See HP 4145
directives

IBASIC. See [BASIC
disk drive

built-in, 2-27, 2-30

external controller drive, 1-36, 1-38

external HP 4155/56 drive, 1-27
diskette, 2-30

Index-4
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listing contents. See listing
loading results from. See measurement program
loading setup data from. Sege measurernent program
saving hardcopy image to diskette. See printing
saving program to, See [BASIC
saving results to. See measurement program
saving setup data to. See measurement program !
DISP command, 4-48 '
display ‘
changing setup parameters from program, 3-10
CRT. See CRT
disabling update to improve speed. See speed
key
IBASIC key group, 1-4, 2-3
DISPLAY SETUP
Vth measurement example, 3-26
DOS
diskette format, 2-30
file, 3-18
downloading
program to HP 416BA/4156A. See external controller
drive
disk. See disk drive
dumping
screen. See printing

E Edit. See execution status

IBASIC softkey, 1-7, 1-30
editor
IBASIC. See IBASIC editor
EEPROM
flash sample test program. See flash EEPROM test
electromigration :
sample program, 6-22
RLEE
IBASIC keyword, 1-21
END
IBASIC keyword. See IBASIC

editor softkey, 1-8, 1-11, 1-30
END IF

IBASIC keyword, 1-21
END WHILE

IBASIC keyword, 1-21
ENTER

IBASIC keyword, 3-18, 4-6, 4-26
error messages
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IBASIC. See IBASIC
example
application programs. See sample programs
EXECUTE keyword, 1-48, 2-15, 2-25, 2.51
converting ASP to IBASIC program, 1-41
executing
HP 4145 program directly. See HP 4145
IBASIC cornmand. See IBASIC
IBASIC program. See IBASIC
measurement from program. See measurement program
execution status {JBASIC), 2-5
Edit, 2-5, 2-14, 2-15
Idle, 2-3, 2-11, 2-12
Input?, 2-5, 2-11, 2-13
Pause, 2-5, 2-11, 2.12
~ BRun, 2-5, 2-11, 2-13
exiting
IBASIC editor. See IBASIC editor
external
controfier. See external controller
disk drive. See disk drive
instruments. See external instruments
keyboard. See keyboard
external controller, iv, 1-85
- controlling HP 4155/566 from external program, 3-7, 4-4
controliing state of IBASIC program in HP 4155A/41564, 1-40
downioading IBASIC program to HP 4155A/4156A, 1-36
HP-IB. Sse HP-IB
select codes. See HP-IB
terminator caution for running HP 4145 program directly, 5-56
uploading IBASIC program from HP 4156A/41564, 1-38
external instruments
timing considerations for previous ROM version, 7-3
extraction
data from HP 4155/56 to IBASIC variable. See transferring

F file
binary type. See binary
creating from program, 3-18
DOS type. See DOS
LiF type. See LIF
saving hardeopy image to. See printing
saving HP 4155/56 data to diskette. See measurement program
transferring array data to, 3-20
transferring nurnerie data o, 3-20
transferring string data to, 3-20
types. See file types
Filer, 1-17
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file types
ASCIL. See ASCII
BDAT. Sze binary
binary. See binary
DAT, 1-42, 4-49, 4-61
DOS. See DOS
LIF. Sege LIF
MES, 1-42, 4-48, 4-51
PRO, 1-42, 4.51
STR, 4-49
flash EEPROM test
saraple program, 6-3
FOR
IBASIC keyword, 1-21
forcing
stress. Seg measurement program
FORMAT
gata transfer format for user variable, 4-27
IBASIC keyword, 3-19
front-panel
editor keys. See IBASIC editor
IBASIC keys. See IBASIC
select code, 2-27
functions
user. See user function data

"IRASIC softkay, 1-27
GET P

ASP keyword, 1-48, 4-61
GETSETUP directive, 1-41, 1-48, 2-32
getting

HP 4155/66 data to IBASIC variable, See transferring

IBASIC program. See IBASIC

setup fle. See setup data
graphics

printing result data. See printing
Green key

shift status. See shift status

www.valuetronics.com
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B hardeopy. See printing

HCOP systern commands, 4-32

heip function
IBABIC commands, 1-5
8CPI commands, -5
using to create program, 3.5

key, 1-5, 3-5

HP 4145
cormnrnands not supported on HP 4155/56, 5-2
converting ASP nrograms to IBASIC. See ASP programs
converting HP-IB programs o SCPI, iv
differences from HP 4155/56 programs, 5-2
previous ROM version considerations, 7-8
running programs directly on HP 4155/56, iv, 5.2
syntax command mode. See commands

HP 41B5/56
command mode. See commands
differences from HP 4145 programs, 5-2
previous ROM version consideraticns, 7-2

HP BASIC, 1-2, 8-5

HE-IB
address, 3-5, 4-6
internal pseude Interface, 2-27, 2-28, 4.4
printer address, 4-31
select code, 2-27, 2-28, 3-5, 4-4, 4.6

HP Instrurnent BASIC. See IBASIC

I IBASIC, iv. See also measurement program.
branching, 1-21
built-in controller. See built-in IBASIC controller
COM blocks, 1-22, 3.5
controlling from external computer. See externsal controller
corresponding ASP keywords. See ASP programs
creating a file. See Ble
creating measuremnent program. See measurement program
directives, 2-31..37
editor. See IBASIC editor
END staternent, 1-8
error messages, 2-4
execuiing commands, 1-25
executing programs, 1-9, 1-25
front-panel keys, 2-8
getting a program, 1-18
help function. See help function
HP-IB. See HP-IB
1/0 resources. See I/O
keyboard keys, 2-19-24
keywords, 1-21, 2-25
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keywords (non-standard in HP 4155/56), 2-25
keywords (not allowed in HP 4155/56), 2-26
printing results. See printing
relation to HP BASIC, 1-2
repeating, 1-21
saving program to diskette, 1.17, 1-28
SCPI cormmands. See SCPI cormmands
screen modes. See screen modes
select codes. See HP-IB
softkeys, 2-6, 2-11-18
status. See execution status
subprograms, 1-22
IBASIC editor, 1-10-20, 1-29-34
clearing a program, 1-18
creating HP 4145 ASP-like programs. See ASP progrars
creating measurernent program. See measurement program
deleting characters, 1-32
deleting fnes, 1-12, 1-33
exiting, 1-9, 1.30
front-panel keys, 1-19, 1-31
getting a program. See IBASIC
help function. See help function
indenting fines, 1-15
inserting characters, 1-14, 1-31
iserting lines, 1-11, 1-32
insert mode, -8
keyboard keys, 1-19, 2-18-24
moving cursor, 1-31
overwrite mocde, 1-8
recalling deleted line, 1-15, 1-34
relation to screen mode, 1-3, 2-3
renumbering lines, 1-13
saving a program. See IBASIC
serolling pages, 1-33
softkeys, 1-19, 2-14-18
specifying start Jabel, 1-7
‘specifying start inenumber, 1-7
starting, 1-7, 1-30
status. See execution status
typing aid (ASP-like) softkeys, [-41
IBASIC Status
screerl. See screen modes
Idle. See execution status
IEEE
488.1, 4-2
488.2, 4.2
F
IBASIC keyword, 1-21
improving

www.valuetronics.com
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speed by disabling screen update, 4-48

softkey, 1-15

indenting

line. See IBASIC editor
INTY

auto loading fles for initial setup, 4-49
initial

auto setup file at power on. See INIT
injection

hot carrier test. See hot carrier injection
INPUT

IBASIC keyword, 3-19
Input?. See execution status
insert
characters. See IBASIC editor
IBASIC editor mode. See IBASIC editor
lines, See IBASIC editor

, I-11, 1-32
instrurment
All Instrument screen. See screen modes
BASIC. Ses IBASIC
interface
HP-IB, See HP-IB
internal pseudo. Sge HP-IB
1/0 resources. See /0
serial. See¢ serial
internal
controller. See built-in IBASIC controlter
data representation. See data
memory. Seg memory
pseudo interface. See HP-IB
/0
assigning path for controlling HP 4155/56, 3-8
ciosing path for data transfer to file, 3-20
IBASIC resources, 2-27--30
opening path for data transfer to file, 3-19

K keyboard

editor keys. See IBASIC editor
IBASIC keys. See IBASIC
select code, 2-27

keys
front-panel. See front-panel

keywords
corresponding IBASIC and ASP keywords, See ASP programs
nen-standard in HP 4155/56. See IBASIC
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not allowed in HP 4155/56. See IBASIC
knob sweep
starting. See measurement program

1. label
starting IBASIC editor. See IBASIC editor
length
byte. See REAL

data length considerations for previous ROM versions, 7-6
LF i

termyinator. See terminator
LIF

diskette format, 2-30

fite, 3-18
line feed (LF)

terminator, See ferminator
finenumber .

starting IBASIC editor, See IBASIC editor
Iist

contents of diskette, 1-17, 1-26

printing list result dasa. See printing
loading

results from diskette. See measurement program

results from internal memory. See measurement program

setup data from diskette. See rneasurement program

setup data from internal mernory. Seg measurement program
logarithmmic

sweep caution when running HP 4145 program directly, 54

M manual

changes depending on ROM version, 7-2
measurement program. See IBASIC

before creating, 3-4
changing setup data values, 3-8, §-10, 4-8, 4.9
controlling standby units, 4-18
corresponding ASP keywords. See ASP programs
creating, 1-7, 3-4
creating a file, 3-18
displaying plot of sransferred data, 4-30
executing roeasurement, 3-6, 4-13
foreing stress, 4-16
HP-1B. See HP-IB
1/0. See 1/Q
loading results from diskette, 4-24
ioading results from internal memory, 4-24
loading setup data from diskette, 3-4, 4.23
loading setup data from internal memory, 4-23
making measurement, 3-4
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printing results. See printing -
reading measurernent data from HP 4155/56, 1-46, 3-17, 4-26
reading setup data from HP 4155/56, 3-16, 4.8, 4-11
saving results (ail) to diskette, 3-12, 4-22
saving results (specific) to disketts, 3-18
saving results to internal memory, 4-22
saving setup data fo diskette, 4-21
saving setup data to internal merory, 4-21
8CPI commands. See SCPI commands
select codes. See HP-1R
setting sefup data values, 4-9
starting kmob sweep, 4-17
transferring user variable data to HP 4155/56, 4-27
“using help function to create. See help function
Vth measurement example. See Vth
waiting for measurerent completion. See waiting
measurement results
loading from diskette, 4-24
lcading from internal memory, 4-24
reading from HP 4155/56 to IBASIC variable, 1-46, 3-17, 4-26
saving (all) to diskette, 3-12, 4-22
saving {specific) to diskette, 3-18
saving to internal memory, 4-22
MEM
initial auto setup fils for internal memory, 4-49
TReInoTy
auto loading of setup file at power on. See MEM
loading results from. See measurement program-
loading setup data from. See measurement program
saving results to. See measurement program
saving setup data to. See measurement program,
MES suffix. See file types
migrating
electromigration sample test program. See electromigration
HP 41456 programs to HP 4155/56. See HP 4145
modes
command. See commands
screen. See screen modes
moving
IBASIC cursor. See IBASIC editor
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N NAND

flash EEPROM sample test program. See flash EEPROM test
NEXT

TRASIC keyword, 1-21
NOR

flash EEPROM sample test program. See flash EEPROM test
numeric data

transferring to file. See file

() ONKEY

IBASIC keyword, 2-13, 2-25
opening

1/0 path for data transfer. Seg I/O
order

byte. See REAL
QUTPUT

IBASIC keyword, 3-19, 4-6, 4-26
overwrite

existing file, 1-28

IBASIC editor mode. See IBASIC editor

P PAGE
ASP keyword, 1-48, 4-51
setup. See setup pages
subsystern commands relation to SCPI commands, See SCPI comynands
parameters
changing HP 4155/56 setup data. See measurement program
reading HP 4155/566 setup data to IBASIC variable, See measurement program
setting HP 4155/56 setup data. See measurement program
path
1/0. Se2 /O
Pause. Ses execution status
PAUSE
ASP keyword, 1-48, 4-51
BASIC keyword, 1-48
PEN
IBASIC keyword, 2-25
PLOT
ASP keyword, 1-48, 4-51
plotting. See printing
poliing
serjal. See serial polling
power on
auto loading setup data. See INIT
auto loading setup file into memory. See MEM
starting auto execute file. Seg AUTOST
previous
ROM version considerations, 7-2
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PRINT
ASP keyword, 1-48, 4-51
printing
from built-in IBASIC, 4-4, 4-32
graphics result daia, 4-37
HP-IB address. See HP-IB
list result data, 4-40
measurement results, 3-14
saving image to diskette file, 4-46
SCPL corenands. See SCPI commands
screen durmnp, 4-48
setting items by SCP! commands, 4-32
setup data, 4-33
PRINTPLOT direciive, 1-44, 1-47, 1.48, 2.37
program
measurement. See measurerment program
sample applications. See sample programs
programming commands
help function. See help function
PRO suffix. Sez fiie types

{J query
DATA?, Ses DATA? query command
using commands in program, 3-16
quitting
IBASIC editor. See IBASIC editor

R ramp

veltage sample test program. See voltage ramp

READDATAVAR directive, 1-46, 1-48, 2-35

reading
HP 4155/66 measurement data to IBASIC. See measurement program
HP 4155/56 setup data to IBASIC. See measurement program

read out function data

- transferring from HP 4155/56 to IBASIC variables, 1-46, 3-17, 4-26
using for Vih measurement, 3-25

REAL
byte length, 4-27
byie order, 4-27
data transfer, 4-27, 4-29

recailing
deleted line, See IBASIC editor

key, 1.15, 1-34

REN
IBASIC remumbering command, 1-13, 2-15
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renumbering
lines. See IBASIC editor
REN command. See REN
REPEAT
IBASIC keyword, 1-21
repeating
IBASIC. See IBASIC
mmand for repéat measurement, 4-13

IBASIC softkey, 1-28
Tesources
HP-IB. Ses HP-IB
1/0. See 1/0
resuits
measurement. Sse measurement results
ratrieving
HP 4155/56 data to IBASIC variable. See transferring
IBASIC program. Sze IBASIC
revisions
differences between ROM versions, 7-2
RFD
holdoff not effective for HP 4145 program, 5-6
ROM
changing manuai for previous ROM versions, 7-2
difference between ROM versions, 7-2
version of this manual, 7-2
RS-232-C. See serial interface
Run. See execution status
key
IBASIC key group, 1-9, 1-26
running. See executing

§ sample programs
electromigration. See electromigration
flash REPROM test, See flash EEPROM test
hot carrier injection. See hot carrier injection
TDDB. See TDDB
voltage ramp. See voltage ramp
WVih. Sse Vth
sampling
executing by SCPI cornmand, 4-13°

SiC softkey, 1-28
SAVE D

ASP keyword, 1-48, 4-b1
SAVEDATA divective, 1-41, 1-48, 2-34
saving

IBASIC program. See IBASIC
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measurement results (all) to diskette. See measurement program
measuremnent results (specific) to diskette, See measurement program
measurement results to internal memory. See measurement program
setup data to diskette. See measurement program
setup data to internal memory. See measurement program
scaling
auto. Ses auto scaling
SCPI cormmands, iv, 4-3-51
append measurement, 4-13
before using, 4-4
changing setup data values, 3-8, 3-10, 4-9
corrmand hierarchy, 4-4
controlling standby units, 4-18
corresponding HP 4145 ASP cotraands, 4-51
disabling screen update to improve speed, 4-48
execuling measurement, 3-8, 4-13
forcing stress, 4-15
help function. See help function
loading measurement data from diskette, 4-24
loading measurerent data from internal memory, 4-24
loading setup data from diskette, 3-4, 4-23
Ioading setup data from internal memory, 4-23
printing graphics result data, 4-37
printing list result data, 4-40
printing screen dump, 3-14, 4-43
printing setup data, 4-33
print/plot operation, 4-31-47
reading measurement data from HP 4155/58, 3-17, 4-26
reading setup data values, 3-16, 4-11
relation to HP 4155/56 setup pages, 4-8
repeat measurement, 4-13
saving hardcopy image to diskette, 4-46
saving measurement data (all) to diskette, 8-12, 4.22
saving measurement data (specific) to diskette, 3-18
saving measurement data to internal memory, 4-22
saving setup data to diskette, 4-21
saving setup data to internal memory, 4-21
single measurement, 4-13
starting knob sweep function, 4-17
transferring user variable data to HP 4155/56, 4-27
two commands on same line, 4.4
ing semicolen to reduce typing, 4-4

eaitor softkey, 1-18

screen
disabling update to mprove speed, 4-48
dump. See printing

screen modes, 2-5-6
Al IBASIC, 1-3, 2.3, 2-4
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auto load setup file at power on. See auto
IBASIC editor. See IBASIC editor
statemenis
IBASIC keywords. See IBASIC
status
IBASIC execution. See execution status
IBASIC Status screern. See screer: modes
ineorrect when running HP 4145 program directly, 5-5
key shift, See shift status
step
sweep caution when running HP 4145 program directly, 5-4
storing. See saving
STRESS
directive, 1-48, 2-33
forcing. See measurement program
string data
transferring to flle. See file
subprograms
COM blocks. See IBASIC
IBASIC. See IBASIC
swapped
byte order, See REAL
sweep
cautlon when running HP 4145 program directly, 5.4
executing by SCPI command, 4-13
knob. See knob sweep
SWEEP SETUP
Vth measurement example, 3-24
syntax
HP 4145 syntax command mode, See commands
SYSTEM:FILER page, 1-17

T TDDB
sampie program, 6-20
terminator
caution for running HP 4145 program directly, 5-5
THEN
IBASIC keyword, 1-21
throughput
improving. See speed
time dependent dielectric breakdown. See TDDB
tining
considerations for previous ROM versions, 7-3
transferring. Ses measurement prograrn
HP 4155/66 data to a file, 3-12, 3-18, 4-22
HP 4155/56 data to IBASIC variables, 1-46, 3-17, 4-26
user variable data to HP 4155/66, See measurement program
typing-aid (ASP-like) softkeys. See IBASIC editor
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All Ingtrument, 1-8, 2-8
for executing IBASIC commands, 1-26
IBASIC Status, 1-3, 2-3, 2-6
switching, 1-4, 2-3
serolling
pages, See IBASIC editor
select codes
HP-IB. See HP-IB
sernicolon
using to execute two SCPI commands, 4-4
serial interface, 2-29
printer settings, 4-31
select code, 2.27, 2-28
serial polling
daution for running HP 4145 program directly, 5-5
set
command set, See cormands
setup data
. auto loading at power on. Sge INIT _
loading from diskette. See measurement program
loading from internal memory. Seg measurement program
printing. See printing
saving to diskette, See measurement program
saving to internal memory. Ses measurement program
Vth measurement example, 3-23
setup pages
changing settings from program. Sge measuremnent prograrm
printing. See printing
relation to SCPI cormmmands. See SCPI commands
shiff status
Blue key, 2-b
Green key, 2-5
SINGLE
ASP keyword, 1-48, 4-51
directive, i-41, 1-48, 2.32
SCPI command for single measurement, 4-13
softkeys .
editor. See IBASIC editor
BASIC, See IBASIC
IBASIC (ASP-like) typing aids. See IBASIC editor
speed
improving by disabling screen update. Sgeg screen
spol measurement
HP 4145 and HP 4155/56 difference, b-4
STANDBY
controlling standby units. See measurement prograrm.
directive, 1-48, 2.33
starting
auto execute file at power on. See AUTOST

Index-17

www.valuetronics.com




TJ UNTIL

IBASIC keyword, 1-21

update
disabling to improve speed. See screen

user function data
names are case sensitive, 3-17
transferring from HP 4155/56 to IBASIC variables, 1-46, 3-17, 4-26
Vih measurement exampie, 3-2b

user variables ’
names are case sensitive, 3-17
transferring to HP 4155/56. See measurement prograw

YV variables

case sensitive, 3-17

data. See data variables

user, See user variables

user functions. See user function data
versions

differences between ROM versions, 7-2
voltage

threshold sample test program. See Vth
Vth

example measurement program, 3-21

example setup, 3-23

W OWAIT ’

ASP keyword, 1-48, 4.51
BASIC keyword, 1-48

waiting
for measurement completion in program, 3-12, 3-17
for printing to complete, 3-14

WHILE

IBASIC keﬁord, i-21
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