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ENGLISH: Safety Precautions for the HP 4142B

¢

WARNING
HIGH VOLTAGE SHOCK HAZARD (MAX. 1000 V dc}

The HP 41423A HVU (£1000 V), HP 414204 SMU (£200 V), and HP 41421B SMU ( 4100 V) force
dangerous voltages on the FORCE, GUARD, and SENSE terminais. To prevent an electrical shock,
the following safety precautions must be observed.

» 9 49

Ground the HP 41428 using a three-conductor ac power cable.
Connect the Interlock INTLK) terminal to a switch that turns off when the shielding box access
door is opened.
For HVU, connect the OUTPUT ON/OFF STATUS terminal to a warning indicator.
For HVU, perform the operation tests of the INTLK and OUTPUT ON/OFF STATUS circuits at
least once a day, before using the HP 4142B. :
Before touching the connections of the FORCE, GUARD, and SENSE terminals, turn the HP
41498 off, and discharge any capacitors (if connected).

If you do not turn the HP 4142B off, perform the following four steps:

1) Set the HVU and SMU output switches to off.

2) For HVU, confirm that the warning indicator is not lit.

3) Open the shielding box access door {open the INTLK terminal).

4) Discharge any capacitors, if connecied.
Warn workers around the HP 4142B sbout dangerous conditions.
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GERMAN: SicherheitsmaBnahmes firden HP 41428

WARNUNG

g HOCHSPANNUNGS-BERUHRUNGSGEFAHR {MAX. 1000 VDC)

Bei den Gersten HP 41423A HVU (210600 V), HP 41420A SMU (1200 V) und HP 41421B SMU
(1100 V) gefihrliche spannungen an den FORCE-, GUARD- und SENSE-Klemmen. Um einen
Elektroschock zu vermeiden, sind folgende Sicher-heitsmaBnahmen zu beachten.

¢ ¢ 49

Gerat HP 4142B mit einem Dreileiter-AC-Starkstromkabel erden.
Die Interlock-Klemme (JNTLK) mit einem Schalter ver-binden, der beim {ffnen der
Abschirmiasten-Zugangatiir ausgeschaltet wird.
Bei Gerat HVU die Klemme QUTPUT ON/OFF STATUS mit einer Warnanzeige verbinden.
Bei Gerat HV1] die Funktionsprifungen der Schaltkreise INTLK und OUTPUT ON/OFF
STATUS mindestens einmal tdglick durchfiihren, bevor HP 4142B verwendet wird,
Vor Beriihren der Verbindungen an den FORCE-, GUARD- und SENSE-Kiemmen, Gerdt
HP 41428 ausschalten und (falls angeschlossen), die Kondenaatoren entladen.

Falls HP 4142B nicht ausgeschaltet wird, sind fol-gende vier Schritte durchzufithren:

1} Die Ausgangschalter von HVU und SMU auf AUS stellen.

2} Bei HVU kontrollieren, ob die Warnanzeige nicht leuchiet.

3} Die Zugangstir des abgeschirmten Kasten 8ffnen (die Klemme INTLX &ifnen).

4} Vorhandene Kondensatoren entladen.
Die Arbeitskrafte im Bereich des HP 41428 Gber die be-stehende Gafahr unterrichten.

FRENCH: Consignes de sécurité relatives & I'équipement HP 41428

DANGER D’ELECTROCUTION

g HAUTE TENSION CONTINUE (JUSQU'A 1000 Vc.c.)

Lés instruments HP 41423A HVU (:£1000 V), HP 41420A SMU (1200 V) et HP 414218 SMU
{£100 V) présentent des tensions dangereuses aux bornes “FORCE”, “GUARD” et “SENSE". Pour
éviter tout risque d'électrocution, respecter les consignes suivantes.

¢ ¢ & 44

Mettre & 1a terre I'équipement HP 41428 en utilisant un cible secteur triphasé.
Connecter Iz borne de verrouiliage “INTLE” 3 un commutateur coupant Falimentation lorsque
la porte d'acciés 3 la boite blindée est cuverte.
Pour le module HVU, connecter ia borne “OUTPUT ON/OFF STATUS" 3 une lampe
d'avertissement.
Pour ie module HV, effectuer les essais de fonctionnement des circuits “INTLK” et "QUTPUT
ON/OFF STATUS” au moins une fois par jour, avant d'utiliser I'"équipement HP 41428,
Avant de toucher les connexions des bornes “FORCE” “GUARD"™ et “SENSE”, mettre hors
tension I'équipement HF 4142B et décharger tous les condensateurs éventuellement raccordés.
Au Lieu de mettre Méquipement HP 41428 hors tension, Uon peut procéder de la manidre
suivante:
1) Metire les commutatenrs de sortie des medules HVU et SMU en position d'arrét.
2} Pour le module HVU, s'assurer que la lampe d'avertissement est éteinte.
3} Ouvrir la porte d'aceds 2 1a boite blindée (pour mettre hors eircuit Ja borne “INTLE™.
4) Décharger tous ies condensateurs éventuellement raccordés.
Avertir toute personne travaillant & proximité de I'équipement HP 4142B des dangers que
présente cet éguipement.
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HP-1B COMMAND REFERENCE

Introduction

The first part of this manual discusses the HP.IB command input format and the measure-
ment data format.

The remainder of this manual contains detalled descriptions of each command. The com-
mands are listed in alphabetical order. Each entry (1) defines one HP.IB command, (2}
shows the measurement mode that the command is used in (it i is for measurement), (3)
shows execution conditions (if any exist), (4) shows its syntax, (5) shows its parameters, (6)
shows data output format after cornmand execution (if it is a query command or measure-
ment trigger command), {7} explains special information, and (8) provides examples.

The following conventions are used throughout this manual.
Notation Description

CAPITALS Commands and hardware acronyms in text and program
examples are shown in CAPITAL LETTERS.

itaiics Required parameters, which you must substitute a value or
variable, are shown in standard fralics in text and in syntax
tabtes (not in command exampies).

[ itadics } Optional parameters, which you may subslitute a value, are
shown in sandard italics and are delimited by brackets [ 1.
Most optional parameters have default values assigned, as
fisted in each syntax table.




HP-IB Command Input Format

HP 41428 HP-IB commangs are composed of a header, numeric data, separator, and ter-
minator, as shown in the synlax diagram in the foliowing figure. Spaces are allowed be-
tween the header and numeric data, and before and after each numeric data.

""" ' Separzior

Header Nuseric Dats Temimtor [=—-—3

v

HE-IB Command Synitax Diagram

{1} Headen
The header is the command name and aiways coniains alpha characters. The
case Is ignored. Some command names also contain an asterisk (»} or guestion
mark {?). The following figure shows the syntax diagram for a header.

Alpw Character

\_@_/ {A~Z, a~2) \__@__/

(v
b4

Header Syntax Diagram

{2) Numeric data:
Numeric data are the command parameters. You can enter numeric data directly
after the header or insert spaces between the header and numeric data. Some
parameters requite integer data. The following figure shows the syntax diagram
for numeric data.




1 nieger Data

N

W

) Fixed Point Data 4
Fimating Point Data

Numeric Data Syntax Diagram

The following 3 figures show the syntax diagrams for integer, fixed-point, and floating-point
data, respectively.

Y

@ 1,
\o/ \@ k= ~

Imeger Data Syntax Diagram

Fixed-Point Data Syntax Diagram




i

/-@1 l m.—,n_l_o_;[_mc:r I @ [®& MGIT l——.—l 3
SEEN g

5P D spae
1 1 This should be within 2 digits.

Floating-Point Data Syntax Diagram

{3} Terminator:

The terminator completes the HP-IB command entry and starls command execu-
tion. The following figure shows the terminator syntax diagram.

Terminaztor Syntax Diagram

{4} Separaton
i you enter multipie commands, use semicolons (i) to separate the commands.
Spaces are allowed before and after the semicolons. Command execution starts
when the terminator is received, not when the semicolon is received, You can
input multiple commands of up to a total of 256 characters (including the termina-

for). # you input more than 256 characters, the input buffer overflows, and an
error is indicated.

Use commas {,} to separate numeric daia eniries.

NOTE

Do not include the resel command (+RST) or the abort command (AB) in mullipie
command strings {example: OUTPUT 717;RST;CN". I you do, the other com-
~ mands in the string (CN} are not execuled.




)

Special Terminator:

# a semicolon () is inseried before the terminator, as shown in the following fig-
ure, the preceding commands are not executed uniil the next command line is
input and another terminator is input without a preceding sernicolon. The com-
mand lines are then executed together. .

OO

£

Special Terminator



ASCl Measurement Data Output Format

Measurement data (<m_datas) is stored in the ouiput data buffer in either ASCIH or BINARY
format as specified by the FMT command. The foliowing table lists the ASCI measurement
data output format. Refer to "Rinary Measurement Data Cuiput Format™ for information on
BINARY measurement data output.

ASCl Measurement Datz Quiput Format (1 of 3)

M

)

e

4)

(3}

High Speed Spot, 1ch Pulsed Spot, 2ch Pulsed Spot, and Quasi-pulsed Spot
Measurements

<m_data><erm>
Spot Measurements

<m_data {ch#A}> [<m_data (ch#8)>[. .. ]} <term>
Staircase Sweep Measurements

<bilock (step#1)», <block (step#z)., - ..« <block (step#n)> <terms

<block> = «m_data (ch#A)> [, <m_data {ch#B)> [ .. . ]}f, <s_data>]
Where r is equal 1o the specified number of steps for single-sweep measurements,
and equal to double the specified mumber of steps for double-sweep measure-
ments, uniess the sweep is aborted by the AB command. The number and order

of measurement channels are specified by the MM command. i specified by the

FMT command, sweep source data {<s_data>} is also sent at the end of each
block.

Pulsed Sweep, Staircase Sweep with Pulsed Bias, and Pulsed Sweep with Pulsed
Bias Measurements

<block (step#1)>, <block (Step#2)>, . . ., <block {step#n)> <terms
«<block> = <m_data> {, <s_data»]

Where # and <s_data> are the same as described in (3).

Analog Search Measurements 7

<m_data (search SMU)> [, <m_data (sense SMU)> 1 derms>

it specified by the ASM command, <m_data (sense SMU)> measurements are also
madie.




ASCIl Measurement Data Output Format {2 of 3)

<m_data>/<s_data>:

Measurement {<m_data>} and sweep source (<3_data>} data values are stored in the
output data buffer with headers (1) or without headers (2} as specified by the FMT
command. The default setling is (1).

(1) with headers: <status(ichar)><channel{ichar.)><V/i(1char.)><vaive(i2char)>

(2) Without headers: <value(i2char.)>

<status>
{ichar.}

<channel>
{ichar.)

<V/fl>
{ichar.}

<value>
(t12char.)

for <m_data>:

N: Normal measurement data.

F,.G S8 T.C V. X
An srror occurred during measurements.  For more inforrmation, see
Appendix B, “Measurement Data Status.”

for <s_data>:
W: indicates first or intermediate sweep step
E: indicates final sweep step

Priority: E > W

A: Ch#1 i Ch#11 G Ch#21
B: Ch#2 Jd: Ch#12 R: Ch#22
C: Ch#3 K: Ch#13 8 Ch#28
B Ch#4 L: Ch#14 T. Ch#24
E: Ch#8 W: Ch#15 U: Ch#25
F: Ch#6 N: Ch#16 Vo Ch#26
G: Ch#7 O Ch#17 W: Ch#27
H: Ch#8 P Ch#18 X: Ch#28

For differential measurernents, the HP 41428 shows the unit specified by
the MM or TV command.

V: Voliage data
I Cument data

6 digit decimal point number in engineering format. If <status>is V,
then <value> = 199:999E+8% and is meaningless.

sn.nnnnnEsnna, snnannanEsan or snnn.nnrnEsnn
s sign +of -

n: digit (O to 9)
E: exponent symbol




ASCH Measurement Data Output Format (3 of 3)

~<<term>;

Measurement dala can be terminated (<term>) as follows, as spscified by the FMT
commiand.

(4} <termi> = <CR/LFEQI>
(Each CR/LF requires two bytes.)

2 <term> = <>

Tne defaull selting is (1). f «m_data>/<s_data> = <value>, the terminator is automati-
1 cally set to (1).




Sample Programs

The foliowing are sample programs for ASCH data output format. A description of key pro-
gram lines follows the program list.

¢ Program 1:

10 1 Vce{sat) and Vbe(sal) Measurement using Spot Function
20 1

30 INTEGER B_ch, C_ch

40 DIM A$[31]

50 ASSIGN @Hp4142 TO 717
60 OUTPUT @Hp4142;"sRST"

70 t Emitter: GNDU
80 B ch=3 I Base: Ch#3
80 C_ch=2 ! Coliector: Ch#2
100 1=1.E-3

110 le=1.E-2

120 !}

130 OUTPUT @Hp4142;"CNB_ch, C_ch
140 OUTPUT @Hp4142;"DInB_ch, 0, 15, 2
150 OUTPUT @Hp4142;"DI%C_ch, 0, 1g, 2
160 OUTPUT @Hp4142;"MM™T, C_ch, B_ch
170 QUTPUT @Hpa142;"XE"
180 OUTPUT @Hpa142;"CL"

1

200 ENTER @Hp4142;A%

210 PRINT "Vce(sal)= “A$[4, 151" V)
220 PRINT "Vbe(saty= "AS[2031 VY
230 END

40 Defines the string variable, 45, for storing measurement data.
170 Quiputs a trigger to start the measurement.
200 Enters the measurement data into the string variable, 43,

210.220 Displays the measurement resulis.



e Program 2:

10 lic-Vee Measurement using Staircase Sweep Function
20 1

30 OPTION BASE 1

40 INTEGER B_ch, C_ch, Vc_no_step, Vart

50 REAL ve(101)

60 ASSIGN @Hpa142TO 717

70 QUTPUT @Hp4142,"RST"

80 CUTPUT @Hp4142;"FMT"5 ASCH data with header; terminator {,).
ac ! Emitier: GNDU

100 B_ch=3 ! Base: Ch#3

110 C_ch=2 ! Coflector: Ch#2

120 Vc_start=0

130 Vec_siop=t
140 Vc_no_step=101
- 180 ic_comp=01
160 ib=1.E-5
170 ¢
180 vc_step={Vc_stop-Vc_start)f{Vc_no_step-1)
180 FOR Vari=1 TO V¢_no_step
200  Ve(Varil=Ve_star+{Vari-1}»Ve_step
210 NEXT Vari
220 1
230 QUTPUT @Hp4142,°CN™B_ch, C_c¢h
240 OUTPUT @Hp4142;"WV*C_ch, 1, @, ve_start, Vc_stop, Vo_no_step, lc_comp
250 QUTPUT @Hp4142,"MM™2, C_ch
260 QUTPUT @HP4142;,"RIMC_ch, 18
270 1
280 QUTPUT @Hp4142;"DtB_ch, 0, ib,2
290 QUTPUT @Hp4a142;"XE"
|

310 FOR vari=1 TO V¢_no_step
320 ENTER @Hp4142 USING "#, 83X, 12D, X"ic
3380  PRINT Vc(vart), ic
340 NEXTY van
i

350 i .

3860 QUTPUT @Hp4i42;"CL"

370 END

80 Sets the data output format to ASCH with header and comma () as a
terminator.

280 Qutputs a trigger 1o start a voltage sweep measurement.

310-340 Enters he measurement data into the variable I, and displays reasure-
ment data.

10




Binary Measurement Data Qutput Format

Measurement data can be sent in either ASCH {refer to previous paragraph) or BINARY for-
mat. One measurement data requires 12 bytes {(without header) or 15 bytes (with header) in
ASCH format, and 4 bytes in BINARY {format.

Because BINARY data requires fewer byles, data transter time between the HP 4142B and
the controlier is less for BINARY data than for ASCH data. However, overall transfer and
conversion time is less for ASCH data {for HP 9000 Series 310 computers running HP BASIC
4.0} because the conversion time from measurement data to measurement values is much
tess for ASCH data than for BINARY data, Therefors, ASCIl formal is used for most mea-
surements, and BINARY format is only used when high speed data transfer is required.

Output Format

The following table lists the BINARY data output format.

BINARY Measurement Data Quiput Format {1 of 4)

{1) 'High Speed Spot, ich Pulsed Spot, 2ch Pulsed Spol, and Quasi-puised Spot
Measuremenis

<m__data><term:
(2) Spot Measurements
<mi_datalch#A)>[«<m_datalch#B)| ... Ji<term>
(3) Staircase Sweep Measurements

<block(step# 1}><block(step#2)> ... <blockistep#n)><term>

<block> = <m_data(ch#Ap-[<m_data{ch#8)>{ ... Tli<s_data>]
Where » is equal to the specified mmber of steps for single sweep measurements,
and double the specified nmber of sieps for double sweep measurements, uniess
the sweep is aborted by the AB command. The number and order of measure-
ment channels are specified by the MM command. If specified by the FMT com-
mand, sweep source data (s_data) is also sent at the end of each bilock,

(&) Pulsed Sweep, Staircase Sweep with Pulsed Bias, and Puised Sweep with Pulsed
Bias Measurements

<biock(step#1)><block(step#2)> ... <block(step#n)><term>
<block> = <n_data>[<5_data>]

where n and <s_data> are the same as described in (3).
(5} Analog Search Measurements
<m_data(search SMU)>[<m_data{sense SMU)»]<term>

If specified by the ASM command, <m_data(sense SMU)> measurements are also
made.

LR



BINARY Measurement Data Output Format {2 of 4)

<m_data>/<s_data>:

<m_data>/<s_data> = <Byle1><Byie2><Byle3><Byted>

Byte1

716|514

3j2|1(0}716| 514

9

A Indicates measuremeny data («<m_data>) or sweep source data (<s_data>).
@ sweep source data
1: measurement data

B: Indicates voitage data or current data.
0: voltage data
1: current data

C: Uses range number 1o indicate measuwrerment range (for m_data) or output range

{for s_data).

C {Range Number)

Measurement/Qutput Range

Voltage Range (V)

Current Range {A)

01010 (10) 0.2 —
01011 {11) 2 1E-9
01100 (12) 20 1E-8
0110t (13) 40 1E.7
01110 (14) 100 1E-6
01111 (15) 200 1E-5
10000. {16) 500 1E-4
10001 {(17) 1000 1E-3
10010 (18) - 1E.2
10041 (19) - 1E-1
10100 (20) — 1

10101 (21) — 10

Tre current range can be calculated from the range number using the following

equation.

current range = 10 (Fange number - 20)

12



BINARY Measurement Data Output Format (3 of 4)

D: Number of counts expressed by twos complement (17 bit}, which is used to
calculate the measurement value or sweep source value Dy the following equa-
tions. Full scale is 50000 counts for measurement values, and 20000 counts for
sweaep source values,

measurement value = (number of countsimeasurement range)/S0000

sweep source vaiug = (nufnber of countsjoutput range}/20000

If Bit 0 of Byte 1 is "0", the number of counts is positive and equal to the decimal
value of <Byilel><Byled>.

i Bit O of Byte 1 is “1", the number of counts is negative. Calculate number of
counts by subtracting 65536 from the decimal vaiue of <Byte2><Byled>.

i E is "011", number of counts has no meaning and is set to +68535.
£: indicates status for measurement or sweep source data.

For measurement data:

00O (0  Same as N (Normal measurement data) for ASCIt formatl.
001 (1:  Same as T for ASCH format.

010 (2:  Same as ¢ for ASCH format.

011(3: Same as V for ASCHl format.

100 (4) Sarne as X for ASCIi format.

101 (5% Samne as F for ASCH formal.

110 (6:  Same as G for ASCH format.

111 (7 Same as S for ASCH format.

For sweep source data:

001 (1;  indicates first or intermediate sweep step.
0102 indicates final sweep step.

Priority: 010 > 001

E: Indicates the channel number {Ch#) of the unit that performs the’ measurement
or output the swesp source value.

00001: Chai 01011: Ch#11 10101: Ch#21
00010: Ch#2 01100: Ch#12 10110: Ch#22
00011: Ch#3 01101: Ch#13 10111: Ch#28
00100; Chi#t4 01110: Ch#14 11000: Ch#24
00101: Ch#d 01111: Ch#15 11001: Ch#25
00110: Ch#6 10000: Ch#16 11010: Ch#26
00111: Ch#7 10001 Ch#17 11011: Ch#27
G1000: Ch#8 10010: Ch#18 11100: Ch#28

For differential measurements, the HP 41426 indicates the unit specified by the

MM or TV command.

13




BINARY Measurement Data Output Format {4 of &)

<termy>:

Outout data can be terminated (<term») in the following way, as specified by the |
FMT command. The default setling is (1).

{1) <termn> = <CR/LFEO!>
{Each CR/LF requires two bytes.)

@) <term> =< EQCI>
(An EQI is output at the same time as the last data byle and does not require
any bytes.)

14




Sample Program

The following program shows a sample program for performing high speed spot maasu're-
ments using BINARY data output format. A description of key program lines follows the
program list.

e Program:

| Sampie Program for Binary Daia
1

OPTION BASE 1

DIM Data${20]

ASSIGN @Hp4142 TO 717
OUTPUT @Hp4142;"»RST"
OUTPUT @Hp4142;"FMT" 4
t ‘

B_ch=3

C_ch=2

1

OUTPUT @Hpa142;,"CN";B_ch, C_ch
QUTPUT @Hp4142;"BVB_ch, 0, -3, 1.E.7
OUTPUT @Hpdi42,DVNC_ehn, 0, 30, 1.E-7
QUTPUT @Hp4142;"T1C_ch, 12

OUTPUT @Hp4142,"TI"B_ch, 12

!

OUTPUT @Hp4142;"DINC _ch, 0, 1.E-2, 2
OUTPUT @Hpdi42;"DINE_¢ch, 0, 1.E-3, 2
OUTPUT @Hpa142;7TV".C_ch

OUTPUT @Hp4142;"TV"B_ch

H

OQUTPUT @Hpa142;"D1%C_ch, 0, 1E-3, 70
OUTPUT @Hp4142;"DI"B_ch, 12,0, 2
OUTPUT @Hp4142:"TV"C_ch

f

OUTPUT @Hpd142;"CL"
|

ENTER @Hp4142 USING “#, 20A";Data$

CALL Print_data(Data$)

END

!

SUB Print_data{Data$}

DI AB(5){4]

FOR =1 TO 5
As{l=Data$[1+{-1}=4;4]

NEXT |

CALL Qet_data(A$(1), Value)

PRINT "lcov=  "Value;"[A]"

CaLL Get_datalA${Z), Value)

PRINT "fbev=  "“Value;"[Al"

CALL Get_datalA$(3). Value)

PRINT "Vce{sat)= "Value,"[V}

CALL Get_data(A$(4), Vaiue)

PRINT "Vbe(sat}= “Value;"[V]"

CALL Get_data(A$(5), Value)

PRINT "BVceo= " Value;"jV}

15

1
H

H
!

Emitter: GNDU
Base: Ch#3
Collector; Ch#2

V=3V
Ve=30V
Icev Measurement
Ibev Measurement

ic = 10 mA

b =1mA

Veelsat) Measurement
Vbe{sat) Measurement

e =1mA
lb=0A
BvVceo Measurement



480 SUBEND

490 !

500 SUB QGet_data(Bylet12343, REAL Value, OPTIONAL INTEGER Status)
510 !

520 INTEGER Bytet, Byle2, Byte3, Byted, N, I_v

530 i

540 Bytei=HUM(Byte1234811:1])

550 Byte2=NUM(Byte12345[2;1])

560  Byte3=NUM(Byte12345[3;1]

870 N=pNPAR

S80  IF N=3 THEN Byted=NUM(Byte12345{4;1]

580 1

600  IF BIT(BYTET, 0}=0 THEN ! Positive data
610 Couni=Byte2«256.+Byle3 1 256 =28
620 ELSE ! Negative data
630 Count=-55536.+Byte2+256.+Bytel ! 85536 =.-2716
640 ENDIF

650 !

660 1_va=BiT(Bytel, & ! O:vdata 1:ldata
670 Range no=SHIFT{BINAND(Byte1, 62}, 1) t62: 00111310
680 SELECTI v :

690 CASED ! Vrange

700 SELECT Range_no

710 CASE 11

720 Range=2

730 CASE 12

740 Range=20

750 CASE 13

760 Range=40

770 CASE 14

780 Range=100

790 CASE 15

800 Range=200

810 CASE 16

820 Range=500

830 CASE 17

840 Range=1000

850 END SELECT

860 CASE1 ! {range

870 Range=10"{Range_no-20)

880 END SELECT

830 !

800  Value=Count/50000«Range

810 ¢

820  IF N=3 THEN Status=SHIFT(Byte4, 5}

830 !

940 SUBEND
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70C Sets the data output tormat to BINARY without CR/LF.
90-270 Performs five high speed spot measurements.

290 Enters the five BINARY measurement data {20 bytes) into one siring variable,
Data$ (20 char), as ASCIl characters.
300 Calis subprogram to display each measurement vatue.

330.480 Subprograrn to display each measurement value.

500-940 Subprogram to conver! the measurement data (that was converted to ASCII
characters in line 290) fo the measurement value.

540.580 Converts measurement data from ASCH fo decimal value.

800-640 Cailculates the number of counts. '

660-880 Calculates the range value.

S00 Caiculates the measurement value.

820 Calcuiates the data status #.
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AB

The AB command aborts the present operation and subseguent command execution.

Syntax
AB

Remarks

The AB command aborts the present operation, and sets the HP 41428 as listed In the fol-
lowing table.

Present Operation HP 41428 Setting
Staircase Sweep Measurements Sets specified start voltage oOr current.
ich Pulsed Spot Measursments Sets specified base valrage'ur current.
FPulsed Sweep Measurements Sets speciiied base voltage of ctirremt.
Staircase Sweep with Sets specified starr voliage or current
Pulsed Bias Measurements and base voltage or current.
Analog Search Measurements Sets sense and search SMU

output i 0 V.

2ch Pulsed Spot Measurements Sets specified base volrage of current,
Puised Sweep with Pulsed Bias Sets specified base voltage or currents.
Measurements
Quasi-pulsed Spot Measurements Sets specified srart voltage,
Self-Test Same as set by CL command.
Self-Cafibration Same as set by CL command.
WAIT State Seltings do not change.

(PA or WS command)

Program Execution Settings do not change.
(RU or DO command)
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if you. start an operation that you may want to abort, do not send a command after the
command or cormnmand siring that starts the operation. # you do, the AB command cannot
enter the command input buffer until the intervening command execution starts, thus the
operation cannot be aborted. In this case, use the Device Clear (CLEAR cormmand in HP
BASIC} to end the operation.

If the AB command is inctuded in a command string (example: QUTPUT 717;"ABICNT, the
other commands {CNj} in the string are not executed.

If the HP 4142B receives an AB command during a sweep measurement, only the measure-
meant data obtained before the sweep was aborted is siored in the output data buffer {dum-
my data is not stored).

While the unit performs the measurement for detection in the quasi-pulsed spot measure-
ments, the HP 41428 can not receive any commands. Therefore, your compuler walls to
send commands (including AB) until the unit finishes the measurement.

Exampie Statements

OUTPUT 717; "AB"
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AV

The AlV command specifies the V sense SMU (F source/V monitor mode) and its parameters.
This command aiso clears the AVl command setting.

Measurement Mode

Analog search measurement

Synatax

AV che, outpur current, larget voltage {, V compliance)

Parameters
ch# {integer expressiorn)
Unit ch

HPSMLU 2108
MPSMU 1to 8
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outpul enrrent {UMETIC expression, unit: A)

Uit ouiput current Cutput | Output | V campliance®
Range | Reso. or farget voliage
HPSMU [0 £ {1} £1.15nA 1 nA 50 1A Oto 200 V
115 nA < [If £11.5nA 10nA 1500fA | Dto 2200V
11.5nA < |t £ 115 nA 100 nA | 5pA Oic 2200V
115 nA < |f] £115uA 1 wA 50 pA | 010 2200V
115 A < 1] S 115 uA f0us [ 500pA | Oto $200V
1S5 uA < |1 S 115 UA 100 uA | 5 nA 0o 1200V
115 A < 1] £ 115 mA 1 mA 50 nA 0to 2200V
145 mA < ] S 11.5mA 1WmA [500nA | Oto 2200V
11.5 mA < |1 < 50mA 100 mA {5 uA 0o 2200V
80 mA < {i] €115 mA 100 mA | S uA Gio 2100V
115 mA < |1} £ 1256 mA 1A SouA | Oto 100V
125 mA < ji} < 350 mA 1 50uA | Dto 40V
350 mA < !} £ 700 mA 1 50 wA Oto 220V
T00mA<|I]£1A 1 50 uA Cio*14V

MPSMUJ 0% |l £115nA
115 nA < |l £ 11.5nA

1
10 nA 500fA | Qto 2100V
115 nA < |1} < 115 nA 1
1
1
1

nA S pA Oto 2100V
50 pA Oto 2100V

A
A
A
nA 50 1A 0to x100V
O
00

115 nA < {1] € 195 uA uA

1.15 WA < |1 < $1.5 uA OuA |500pA | Oto 100V
11.5 WA < }1] < 115 UA DOUA [5nA | Oto 2100V
115 BA < |f] < 1.15 mA 1mA |S0nA | Oto#100V
115mA<{l] <115mA | 10mA |500nA | Oto 100V

S5 mA< |l £EOmMA 100 mA | 5 UA Qo {00V
20mA < 1§ € 50mA 100 mA | 5 uA Oto x40V
50 mA < |1] =100 mA 100 mA | 5 pA Dio 220V

1 For smooth feedback operation, set ¥ complience at least 10% higher than rarger
voltage.

The output current parameter sets the sense SMU oulput current, énd this value deter-

mines the | output range of the sense SMU by Auto ranging, as shown in the above
table.

farget voltage (numeric expression, unit V)

For allowable targer voltage values, see "ourput current”. The resolution of rarger voltage
depends on the V compliance as follows.

¥ compliance targel voltuge Resolution
0< |Vis2YV 100 uv
2V<|V| 20V imv
20V<elvisa0v 2mv
A V<V S0V 5mv
100V <V €200V iomyv
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[¥ compliancel {nurmeric expression, unit: V)
For aliowable V compliance values, see “ourpui current”.
Detault:
e If the source unit is set to 1 source mode before the trigger:
Default = the setling before trigger
e If the source unit is set to V source mode before the trigger:
Default = none
V compiiance potarily is automatically set to the same polarity as ow/put currer, regard-
less of the specified V' compliance potarity. If outpit cuwrrent = 0, the V compliance
polarity is positive,
For sense SMU V measurements, V measurement range is automatically set to the
lowest range that includes ¥ compliunce.
Remarks

This command setting is cleared by the AVI command.
Example Statements

OUTPUT 717 AIV1, 1E.5, 5"
QUTPUT 7T17;7AIV3, 2E-6, 3, 10"
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ASM

The ASM command seis the search operation mode, scarch measurement mode, and feedback
integration time for an analog search measurement.

Measurement Mode

Anatog search measurernent

Syntax

ASM search operation mode, search measurement mode §, feedback incegration tine)

e

Parameters

search operation mode (integer expression)

search operation mode Description
1 negative feedback search
2 positive feedback search
3 ramp wave search (greater than target)
4 ramp wave search {less than target)

Initial Setting = 1

search measurement mode {integer expression)

search measurerent mode Description
1 search SMU V measuremnent
2 search SMU | measurement
3 search SMU V and sense SMU V or {* measurement
4 search SMU | and sense SMU V or I'* measurement

* If the sense SMU is in V monitor mode, V measurement is rmade. i the sense SMU
is in | monitor mode, 1 measurement is made.

initiaf Setiing = 1
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{feedback integration time] (numeric expression, Unit s)

Search SMU Feedback integration time Resolution
Cutput Range *
S0E£-6 to 450E-6 50E-6
2V 0.5E-3 to 4.5E-3 0.58-3
5E.3 t0 45E-3 5E.3
50E-3 to 450E-3 50E.3
SE-6 to 45E-6 SE.6
2nv S0E-6 to 450E-6 BOE-6
0.5E-3 1o 4.5E.3 0.5£.3
5E.3 tv 45E-3 5E-3
2.5E-6 10 4.5E.6 0.5E-6
SE-6 0 45E-6 S5E.6
9V 50E-8 0 450E-6 50E-6
0.5.3 to 4.5E-3 " Q.5E-3
5E-3 0 25E-3 5E.3
1E-6 t0 4.5E-6 0.5E-6
5£.5 to 45E.5 5E-6
100V B0E-§ 1o 450E-5 S50E-6
0.5E.3 10 4.5E3 0.58.3
5E-3 1o 10E-3 5E-3
0.5E-6 {o 4.5E-6 0.5E-6
5E.5 to 45E-8 5E-6
200V S50E-6 to 450E.-6 S50E-6
0.5E-3 t0 4.5E-3 0.5E.3
5E-3 —

' The feedbuck integration time aliowed depends on the V outputi range that is auto-
matically set for ithe search SMU. Refer to the ASV commaand descriplion,

Initial Setting = 5E-3

Defauit = previous setting

The feedback integration time parameter has no meaning when the search operation mode
parameler is set {0 3 or 4.

Example Staiements

OUTPUT 717,"ASM2, 1, 5E-4"
QUTPUT 717;,"ASM1, 8"

24



ASV

The ASV command specifies the search SMU and its paramelers for an analog search
measurement.

Measurement Mode

Analog search measurement

Syntax

ASV ch#, search starf voltage, search stop voliuge §, ramp ratel §, 1 compliiance)

FParameters

ch# (integer expression)

Unit o

HPSMU 2tc8
MPSMU 1t08
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search start voltage {numeric expression, Unit: V)
search stop volitage {numeric expression, Unit: V}

Unit ‘ search start voliage* search stop voltage*
HPSMU Oio 2200V Oto £200 V
MPSMU Oto £100 V Oto 2100V

Y | search start voltage - search stop voltage| (= D} must be within the following area.

Greater Vaiue G in
Unit lsearch start voftage| D
and
lsearch stop yoitagel

HPSMU 0sGs2v g1ve
2Vv<Gs20V 1
20V<@ca0 vV 2
V<G00V 5
100V <cG£200V 1W0VvVse

MPSMU 0sGsg2v give
2V<G220V 1vg
20V <@ a0V 2vse
4OV<Gs100V SvgD=

The output range is automatically set to the lowest range that includes search start
voltage, search stop voltage, and | search stop voltage - search start voltage|.

For search SMU V measurernent, measurement range is set to the same range as the

output range.

Dutput searchk start voltage seqrch stop voltage
Range Resolution Resoiution
2v 125 mv 0mv
20V 12.5 mv 100 mv
4V 25 mv 200 mv
100V 2.5 mv 500 mv
200V 125 mv 1V
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framp rate] (numeric expression, Unit: V/s)

Cutput Rasige ramp rae Resoiution
05t05 0.05 /s
2v 551050 05V/s
55 to 500 5V/s
550 to 5000 50 V/s
55 to 50 0.5 V/s
20v 55 to 500 5V/s
£50 to 5000 50 V/is
55500 to S0000 800 V/s
10 to 50 1V/s
55 to 100 5V/s
110 to 500 10 V/s
40V 550 to 1000 S0 V/fs
1100 to 5000 100 Vs
5500 to 10000 500 V/s
11000 to 50000 1000 Vs
§5000 to 100000 5000 Vs
25 to 50 28 V/s
55 t0 250 5V/s
275 to 500 25V/s
100V 550 to 2500 50 V/s
2750 to 5000 250 V/s
5500 to 25000 500 V/s
27500 to 50000 2500 Vs
55000 to 100000 5000 Vs
55 to 500 SV/s
20V 550 to 5000 80 Vs
5500 to 500600 500 V/fs
55000 to 100000 5000 V/s

Default = 500 V/s
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{7 complionce] (numeric expression, Unit: A}

Uit Output Range I compliance*
HPSMU 2V 1 pAto 1A)
20V (V] € 14 W) (1 pAto1A)

20V (iV] >14V)® | (1 DA to 700 mA)

a0V (1 pA to 350 mA)

100 vV (1 pA to 125 mA)

200V +(1 pA to 50 mA)

MPSMU 2v *(1 pA to 100 mA)

20v {1 pA to 100 mA)

a0 v +(1 pA to 50 mA)

100 V +(1 pA 10 20 mA)

T W0 < Hcompliance] < 1 pA, | compliance is set to 1 pA or -1 pA
? For {search start voltage| < 14V and |search siop voliage] < 14 V.
* For |search start voltage| > 14 V or |search siop voltage| > 14 V.,

Defautt:
¢ i the source unitis set 1o V source mode before the trigger:
Detault = the setting betore trigger
¢ if the source unit is set to | source mode before the trigger:
Detault = none

! compiiance polarity is automatically set to the same polarity as search siop voltage,
regardiess of the specified 7 compliance potarity. i search stop voliage = 0, | compiiance
polarity is positive.

For search SMU | measurement, | measurement range is set to the lowest range that
includes I compliance.

Example Statemenis

QUTPUT 717;7ASVS, 0, 15, 50, 1E-5"

QUTPUT T17;"ASV3, 1, 15, 100"
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AT

The AT command sets the kold fime and delay time for an analog search measurement,

fMeasuremeni Mode

Analog search measurement

Syntax

AT hold time, delay lime

Parameters

hold time {(numeric expression, Unit: s}

hold time Resojution

0 to 65.535 1E-3

initial Setting =0

delay time (numeric expression, Unit: s)

delay time Resolution

0 to 65.535 1E-3

initial Setiing =0
Example Statementis

QUTPUT 717;°AT10, 0.27
QUTPUT 717;"ATS, 3E-3°
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AV

The AV command sets the number of samples that are taken (A/D conversion) and averaged
for the measurement. However, the HP 4142B cannot perform averaging when using the
pulse function or when making | measurements using a VS (high speed spot measurement
special function).

Measurement Mode

Spot | Staircase sweep / Analog search ;/ Quasi-pulsed Spot / High speed spot
measurements

Syntax

AV averaging number |, averaging modv)

Parameters

averaging number {umeric expression)
faveraging modvei (integer expression)

averaging averaging mode Description
niermnber
1 to 1023 4 Auto mode:

(number of samples)
= (RMS * Haveraging number)

1 to 1023 1 Manual mode *;
{number of sampies} = averaging number
-1 to -1023 0,1 Power Line Cycle mode:
{meaningless) {number of power line cycies)

= - {averaging niimber}
32 sampies are taken and averaged for each
power line cycle speciied.

RMS {Required minimum samples) is the minimum numbsr of samples required to
assure an accurate HP 41428 measurement. See the following table. In Manual
mode, the actual number of samples taken is equal to the averaging number. There-
fore, to satisty the specification, you must specify an averaging number greater than
or equal to the required minlmum sampies.

initial Setting of averaging number =1
initial Setting of meraging mode =0
Detault of averaging mode = 0
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Unit | BMeasurement | Required Minimum Samples
SMU v 1
i 11025°
HCU v 1
1 1
HYyU v 1
1 1t025°
VM v 1

* See below table, "Required Minimum Samples for SMU Current Measurements.”
* See below table, "Required Minimum Sampies for HVU Current Measurements.”

Required Minimum Samples for SMU Current Measwements

V Output Range*
2v,20v, 40V 100V 200V
f Meas, 1 nA to 10 wA 4 10 25
Range
100 wAio 1 A 1 1 1

* If the SMU is in | source mode, V outpul range is the lowest range that includes ¥
compliance.

Required Minimum Samples for HYU Current Measurements

V Crsiput Range*
160V 200 v 500, 1000 V

100 nA to 10 uA 10 25 25
I Meas.
Range 100 wA 4 & 10

1 mA, 10 mA 1 1 1

* #f the HVU is in | source mode, V output range is the iowest range that includes ¥
compliance.
Example Statements

CUTPUT 717,"AV100, ©°
OUTPUT 717;°AV-10"
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AVl

The AVl command specifies | sense SMU ({V source/! monitor mode) and its parameters for
an analog search measurement, This command also clears the AV command setting.

Measurement Mode

Analog search measurement

Syntax

AV ek, ourpiit voltage, target current [, I compiiancel

Parameters

ch# {integer expression)

tnit ch

HPSMU 2t08 -
MPSMU 1o 8

cutpul voilgge (pummeric expression, Unit: V)

Unit outpurt voliage Output | Outpwt | rarger 1 compliance*
Range ! Reso. current
HPSMU |0 < |Vig2V 2V | 100uv|Oto =1 A (1 pAto 1 A)
2V<Vi <14V 20V |1mv {Oto 1A (ipAto1A)
14V <V £20V 20V | +mv [0to 2700 mA | 2(1 pA to 700 mA)
20V < V] <40V 40V | 2mv 10to 350 mA | %(1 pA to 350 mA)

40V <Vl 2100V 100V S5mv  [Oto =125 mA | (1 pA to 125 mA)}
100V < |V 200V 200 V| 10 mV |Cto 250 mA {1 pA to 50 MA)

MPSMU [0 < |V] <2V 2V {100 uVi0to 100 mA | %(1 pA to 100 mA)
2V<iVi<20V 20V |1mv {0to =100 mA | *{t pA to 100 mA)
20V < V| <40V 40V [2mv |Oto 250 mA | *(1 pA to 50 mA)

AOV<|V] <100V 100VISEmYV [QOto 220 mA {1 pA to 20 mA)

* For smooth feedback operation, set an [ compliance value that is at ieast 10% more
than the sarger current.

i 0O < |7 compliance} <1 pA, the | compliance is set to 1 pA or -1 pA.

The ourpur voliage parameler sets the sense SMU output voltage, and this vatue deter.

mines the V output range of the sense SMU by Auto ranging, as shown in the above
table.
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rarget current (Numeric expression, unit: A}

For atlowabie rorgef current values, see “oulpui voitage™. The resolution of jgrger currens
depends on the I compliance value as foliows.

I compliance target current Resolution

0% i £115nA 50 A
1.15nA < |l £ 115 A 500 A
11.5nA< |1l £115NA 5 pA
115 nA < 1] £ 115 UA 50 pA
115 uA < 1t} £ 1.5 HA 500 pA
115 uA < ] € 115 uA 5 nA
115 A < i1} £ 115 mA 50 nA
115 mA < |if £ 11.5mA 500 nA
115 mA <]l £116mA 5 uA
CHBmA I S1A 50 LA

I compliance] {(numeric expression, unit. A}

For allowable ! compliance values, see "owpul voltage®.

Default:
o If the source unit is set to V source mode before the triggen:
Detault = the setting before trigger
e !f the source unit is set to | source mode before the trigger:
Default = none

1 compliance polarity is automaticaliy set to the same polarity as cutput voltage, regard-
less of the specified I compliance polarity. M cuiput voltage = G, | compliance polarity is
positive.

For sense SMU | measurements, | measurement range is set to the lowest range that
includes I compfiance.

Remarks

This cormnand setling is cleared by the AIV command.
Example Statements

QUTPUT 717;"AVi1, §, 1E-3, 1.15E3"
OQUTPUT 717;°AVI3, 2, 1E-6, 1.15E-6"
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BC

The BC command clears the output data buffer that stores measurement data and query
command response data. This command does not change the measuremaent settings.

Symtax

BC

Example Statements
QUTPUT 7T17;"BC"



BDM

The BOM command spacifies the detection interval, and either voltage or current measure-

ment for quasi-pulsed measurements,

Measurement Mode

Quasi-pulsed measurements

Syntax

BOM derection interval [, V /1 measurement]

Pa’ra:z_&eters

detection interval (numeric expression)

detection interva! Description
¢ Short
i Long

Inftial Setting = 0

V /I measurement {DUmenic expression)

V /1 measurement Bescription
g Voltage measurement of the unit specified by MM.
1 Current measurement of the unit specified by MM.
initial Setting = 0
Example Statements
QUTPUT 717,"BDMO, 17
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BDT

The BDT command specifies the hold nime and delay fime tor quasi-pulsed measurements.

Measurement Mode

Quasi-pulsed measurements

Syntax

BDT hold time, delay time

Parameters

hold rime {numeric expression, Unit: s)

hold time Resclution

0 to 655.35 0.01

nitial Selting = O

delay time (numesic expression, Unit: 5)

delay rime Resolution

C to 6.5535 0.0001

initial Setting = O
Example Statements

OUTPUT 717,"BDTC.1,0.01°
OUTPUT 717;"BDTD,1E-3"
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BDV

The BDV command speciiies the quasi-pulsed source and its paramsters.

Measurement Mode

Quasi-puised measurements

Syntax

BOV ch#, ourput range, stari voltage, stop voltage {, Icompliance]

Parameters

chi (integer expression)

Linit ok
HPSMU 2w8

MPSMU 108
HVU 2t08

output range (integer expression}

Unit output range Description

HPSMU 0,11t015 0:  Auto ranging

MPSMU 0,11t0 14 11: 2V Limited Aulo ranging
HVU 0,14 10 17 12: 20V Limited Auto ranging

13; 40 V Lirmdted Auto ranging
14: 100V Limited Auto ranging
15 200 V Limited Auto ranging
416: 500V Limited Auto ranging
17: 1000 V Limited Auto ranging

For Auto ranging, the cutput range is set to the lowest range that includes start voltage
and srop voliage.

For Limited Auto ranging, the specified unit output is set to the specified range, I this
range includes both the starr voltage and stop voltage values. If not, it is set to the same
range as Auto ranging.
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Unit Ouwtpist |  Output Voitage Ouiput I complionce
Range Reso.

HPSMU | 2V 0g|vVlg2yV 100 v i pAto14)
20 v gVl €14V 1 mv 1 pA to 1 A)

V<]V <20V (1 pA to 700 mA}

a0 v ggvigany 2mv *{1 pA 1o 350 mA}
100V | 6<iVI 100V 5mv {1 pAto 125 mA
200V 0ivic200Vv 10 mv {1 pA to 50 mA)

MPSMU! 2V Dzlviszay 100 uv {1 pA to 100 mA)
20V CiVis2QV 1my (1 pA to 100 mA)
40V 0<iVisdVv 2mv ({1 pA to 50 mA)
00V C<ivi <100V 5mv +(1 pA to 20 mA)

HYU 100 v <Vl 100V 10 mv {1 nA {0 10 mA)
200V DL |Vig200V 20 mv (1 nA to 10 mA)
500 V 05V €500V 50 mv {1 nA to 10 mA)
1000V | 0<iV] <1000V 100 mv {1 nA to 10 mA)

' For SMUs, if O £ {7 compliance] <1 pA', 1 comnpliance is set 01 pA or -1 pA,
For MvUs, if O £ |/ compliance] < 1 nA, t compliance is set 10 1 nA or -1 nA.

start voltage (numeric expression, Unit: V)
stop voliage {(numetic expression, Unit: V)

Uit start puise voltage *
stop pulse voltage*
HPSMU 0o 2200
MPSMU 0to £100
HV) 0 to £1000°

* {starr voltage - stop voltage} must be greater than or equal to 10V,
* -The star! vollage and stop voltage potarity rmust be the same.
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I compliance] (numernic expression, Unit: A)
For allowable 7 compliance values, see "outpul range”.

Detault:

e |f the specified source unit is set to V¥ source mode before the trigger:
Detault = the setling before trigger

» If the specified source unit is set to | source mode before the trigger:
Default = none
The polarity of | compliance is automatically set to the same polarity as the siop vollage,
regarciess of the specified J compliance potarity, W the srop wiliage = O, the 1 com.

pliance polarity is positive for the SMU, and Is the same as the output polarity of the
POL command at the measurement trigger for the HVU.

Remarks

for the HVLU, set the output polarity 1o the same polarity as the starr woltage and stop woltage
before the measurement trigger (command: POL).

Example Statements

OUTPUT 717;"BDV7,0,0,200,1E-3"
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CA

The CA command performs Self-Calibration.

When you exacuis the CA command, the output switches of the specified units are set to
OFF (same conditions as after the CL commang execution).

Execution Conditions

No unit is in the HIGH VOLTAGE state (forcing more than %42 V, or V' compliance set o
more than +42 V).

For the HVU Seif-Calibration, the INTLK terminal is shorled.

Syntax

CA. [slor#]

Parameters

{slor#] {integer expression)

Unit slork Description

HPSMU 28 Use the larger sfor# of the two occupied siots.
MPSMU | 108

HCU 2108 Use the larger slors of the two occupied siots.

HVU 208 Use the larger sfor# of the two occupied slots.
VS/VMU 1ic8 The VS1, V82, VM1, and VM2 are calibrated,
AF) 1108

Pefault = all units from siot#1 to #8.

Mainframe ADC section is always calibrated regardless of sior#.

Example Siatements

OUTPUT 717,"CA"
OUTPUT 7T17;"CA1"



CL

The CL command disables the specified units by setting the output switches to OFF. VMs
do not have an output switch, and thus are not disabled by CL command execution.

Execulion Conditions

No Uit is in the HIGH VOLTAGE state (forcing more than 42 V, or ¥ compliance set to more
than 42 V). tHowever, if you do not specify the o, there are no execution conditions.

Syntax

CL [ch#] [, cht] [, chee] [, ch#] [, ch#] [, cht] [eh#] L o]

Parameters

[ch#1 finteger expression;

Unit ch#
HPSMU 2t08
MPSMU {08

HOU 2icd

HVU 2tc8

V51 108, 111018

vs2 21 to 28

Default = all units that have an output switch

if you specify ch# {up to B can be specified at once), the HF 41 428 sels units to O V in
the specified order.

it you do not specify i, the HP 41428 sets all units to O ¥ in order from high V range
{output range or measurement rangej to iow V range. '
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Hemarks
The CL command sets the specified units to the following conditions:

lkemn SMU/MCUMVUNS
Output Switch OFF
Output Open
Power Consumption ow

This command first sets the following conditions, then sets the output switch to OFF.

itemn SMU HCU Hvy vs
Source Mode W v v -
Quiput Voitage ov av oV ov
Output Polarity - —— + -
V Range 20v 2v 100 v 20V
| Compliance 100 uA 1 WA 100 uA -
§ limit - —— — 100 mA
| Range 100 LA 1 mA 100 uA 100 mA
Filter ON -— ON —

Example Statements

OUTPUT 717;"CL"
OUTPUT 717;"CL11, 2,3, 6"
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CM

The CW command sets Auto-Calibration ON or OFF,

If Auto-Calibration is ON and output switches of all units have been OFF for 30 minutes, the
HP 41428 automatically calibrates afl units every 30 minutes.

Syntax

CM awo calibration

Parameters

auto calibration (integer expression}

ando calibration Description
0 Auto-Calibration OFF
1 Auto-Calibration ON
Initial Setting = 1

Example Statements

QUTPUT 717;"CMO"
OQUTPUT 717,"CM1"




CN

The CN command enables the specified units by selting the output switches to ON.

| WARNING

SETTING THE OUTPUT SWITCH TO ON ENABLES THE UNIT TO FORCE DAN-
GEROUS VOLTAGES.

WHEN THE UNIT IS NOT N USE, SET THE OUTPUT SWITCH TO OFF WHENEVER
POSSIBLE. .

Execution Conditions

No unit is in the HIGH VOLTAGE state (forcing more than 42 V, or ¥ compliance set 1o more
than 42 V).

For the HVL, the INTLK terminal is shorted.

Syntax

CN fehe) [, ch#] [, chr#] [, cint] [, che) [, ched Lehs] [, o)

Parameters

{ch#] (integer expression)

Unit cht:
HPSMU 2t08
MPEMU 108

HCU 2tc 8

HVLU 2t08

V&1 1108, 111018

V82 2ito 28

Default = all units that have an output switch

if you specify ch# {up to B can be specified at once), the HP 41428 sets the output
switches to ON in the specified order. H you do not specity ch#, the HP 41428 sets all
output switches to ON in the order from lower siot# 10 higher slot#.




Remarks

The CN cormmand sets the specified units to the following conditions:

Iters SMU HCU HYU Vs
Output Switch ON ON ON ON
Source Mode v \' v -
Quiput Voltage ov ov ov ov
Output Polarity w—n - + —

Vv Range 20V Y 100V 20V

| Compliance 100 uA 1 1A 100 uA e

1 Bmnit — -— — 100 mA
1 Range 100 uA . 1 mA 100 uA 100 mA
Filter o s * —_—
Power Consumgtion ow 10w i0W 22w

* Does not change.

if the output switch of the specified unit is already set to ON, the CN command does

nothing.

if the output switch of a unit
DZ, and IN) or to measureme!

is OFF, the unit does not respond to selting commands (DV, D,
nt trigger commands (TV, Ti, XE and TRIGGER). However, the

Vs do not have oulput switches, and can be used without this command.

Example Statements

QUTPUT 717:°CN1, 2, 4, 5, 16, 267
QUTPUT 717;"CN11, 2,3, 5"
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i

The Di command forces eurput current from the specified unit.

Execution Conditions

CN command has been executed for the specified unit.
€ { ¥ compliance| > 42 V, the INTLK terminal has been shoried.

Syntax

For SMus:

i cht, auiput range, ontpat current {, V compliancel [, complianee polarity mode]

For HVUs:
Dt ch#, output range, ompur current [, V complianee]

For HVUs, you can send the compliance polarity mode parameter, but it has no meaning.

Parameters _

ch# {integer expression)

Unit chit

HPSMU Zto 8
MPSMU ttoB
HVU 2to8

omiput range (infeger expression)

Unit output range Pescription

HPSMU | O, 1110 20 0:  Auto ranging

MPSMU | 0, 11015 110 1 nA Limited Aute ranging
HvU 0,13{0 18 12: 10 nA Limited Auto ranging

13: 100 nA Limited Auto ranging
14: 1 uA Limited Auto ranging
15: 10 uA Uirnited Aufo ranging
16: 100 uA Limited Auto ranging
17: 1 mA Limited Aulo ranging
18: 10 mA Limited Auto ranging
19: 100 mA Limited Auto ranging
20: 1 A Limited Auto ranging




For Auto ranging, the output range is se! to the lowest range that includes owpur

crrrens.

For Limited Auto ranging, the output range is set to the specified range, if this range
inciudes outpt current. i not, it is set to the same range as Auto ranging.

Unit Quiput  Guiput Current Outpul ¥ compliance®
Range Reso.
No Pulse Used | Pulse Used
HPSMU | 1 nA <t <145 nA 50 tA O to £200V —
10nA  0<ilfS415nA S00fA | Dto*200V | Otoi2Vv
100nA D< i £115nA 5 pA Oto 2200V Qtox2Y
1uA  0< |1 <15uA 50 pA Oto%200V | Oto22V
0uA O< I SHISUA 500 pA Oto 2200V Do 2V
100uA 0< ) S T15UA 5 nA Oto 200V | Oto 200V
{mA OS] €1.15mA 50nA | Qlo£200V | Oto 2200V
10mA O<il £11.5mA 500 nA Gio 1200V Dto +200 V
100 mA O < (] £ 50mA 5 uA Cto 2200V Oto 200 V
50 mA < |1} €115 mA 5 HA Oto 100V | Ofo £100V
1A O< |l £50mA 50 uA Cto 2200V Oto 2200 V
80 mA < |11 £ 125 mA S0 A Oto 2100V Oto 2100V
125mA <1 <350mA | S0uA | Oto%40V Oto 240V
350 mA < {1l £ 700 mA 50 uA Ctox20V Qo 220V
TOOmA << 1A S0uA | Otox14V Oto+14V
MPSMU| 1rA  0<ili €1.45nA 50 tA Oto 100 V —
WnA 0Ll £115nA 500 fA Oto 2100 V Qio¥2V
100nA O0< il S116nA S pA Oto =100 V Gto 2V
1 uA 0< |1 €115 pA 50 pA Oto 2100V Clo 2V
10uA 0L S115uA 500 pA Qo 2100V Oto22V
100 A 0L {1} 115 A 5 nA 0to £100 V 0to 100V
1mA  O< |l £1.15mA 50 nA Oto 2100V | Oto *100V
10mA O0< Hi<1L.E5mA 500 nA Oto 2100V Oto 2100V
100mA Ol £20mA 5 uA Qto 2100V 0to 2400 V
20mA <} £ 50 mA 5 uA Oto £40V Do 240V
50 mA < |i| €100 mA 5uA Qo 220V Oto 220V
HVU 100nA O0< il £ 115DA 50 pA Oto 21000V | Do 21000V
1WA O< il £ 195 WA 500 pA Oto £1000V | Qte 21000V
10uA O S115uA 5nA Ot 21000V | Oto £1000V
100uA 0L 1B UA 50 nA Oto=t00OV | Oto 21000V
1mA 05 [l 5115 mA 500 nA Qio®=1000V | Oto 21000V
10mA O S10mA 5 uA Qo +1000V | Oto 21000V

* |f a pulse source {not including the guasi-puised source} is used and the specified
constant | source performs measurements, the "Puise Used” column applies. 1f the
constant ! source does not perform measurements or no pulse source is used, the
*No Pulse Used” column applies.
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ontput current (NUMETIC expression, Unit A}

Linit enrpul current

HPSMU O to *1
MPSMU | O to $100E-3
HVU 0 to +10E.3°

¥ if the HVU output polarity is positive, ouipar current = 0.
if the HVU output polarily is negative, owrpur currenr < 0.
You can change the HVU output polarity by the POL command.

For output current resolution, see “oumpi! range”.

[V compliance] {numeric expression, Unit V)

For aliowabie ¥ compliance values, see "outpuf range”.

Default:
s If the source unit is set fo 1 source mode:
Default = the previous setling
o If the spurce unit is set {o V source mode:
PDefavit = none

For the SMU, when compliance polariry mede is O (Auto mode), the V compliance polari-
ty is automatically set 1o the same polarity as ourpur current, regardless of the specified
¥V compliance polarity. If owrput current = G, the V compliance poiarity is positive.

When compliance polarity mode is 1 (Manual mode), the specified ¥ compliance polarity
is used.

For the HVU, the V compliance polarity is set to the same as the output polarity.

NOTE

If you set the compiiance polarity mode of the I command 1o Manual, set ¥ com-
pliance (Veomp) as follows. .7 compliance is not set in one of the ways shown
below, the SMU output may be an unwanted oppuosite potarity current {irev), in-
stead of the desired oupur current (iset).

1) If the specified iset is positive or zero, set Vcomp more positive than Vrev,
2} if the specified Iset is negative, set Veomp less positive than Vrev.

Vrev is the voitage that occurs at the SMU output terminal when irev is forced to

the DUT. jirev| = |iset]| + | Al}, where Al is 2% to 10% of the maximum value in
the range that outpuis isel.
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[compliance polarity mode) (integer expression)

tnit compliance polarity mode Description
sSMu 0 Auto mode A
1 Manual mode
Defauli = 0

For an explanation of the two miodes, see "[I complianee]”.
Example Statements

OUTPUT 717D, O, 1E-6, 50, 17
OUTPUT 717;"DI3, 14, 5&.7, 20, 0"
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DO

The DO command executes HP 41428 internal memory programs (up to 8 programs) in the
order you specify.

Execution Conditions

The specified programs have been stored by using the ST and END commands.

Syntax

DO progranet {, prograr] [, programe] [, program#] [, prograrm) [, prograrmit] ], programt]
[, progranm} )

Parameters
progranv {NUMeric: expression)

progrant®: 1 to 99
Exampie Statements

QUTPUT 717,"D0O1, 2, 6, 4, 7, 15, 20, 5°
OUTPUT 717,7D02, 6"
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DV

The DV command forces oupus voliage from the specified unit.

Execution Conditions

CN sommand has been executed for the specified unit.
if lowrput vollage| > 42 Y, the NTLK terminal is shorted.

Syntax
For ShMUs:

DV ch#, urput range, outpit voltage [, 1 complience] [, compliance polarity mode}

For HVUs:

DV ch#, output range, output voliage §, 1 compliance}

For V8s:
DV ch#, outpt range, euiput volfage

For HVUs, you can send the compliance polarity mode parameter, and you can send the I
complianee and compliance polarity mode parameters for V¥Ss, but they have no meaning.

Parameters

chrt (integer exprassion)

Unit ch
HPSMU 2108
MPSMU 1108

HVU 208

V51 108,110 18

vs2 211028
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output range (integer expression)

Linit onl put range Description

HPSMU G, 11 to 15 0 Auto ranging

MPSMU 0, 11 1o 14 11 2 V Limited Auto ranging
HVU 0,14 1017 12: 20 V Limited Auto ranging
VS 0, 12, 18 13: 40 V Limited Auto ranging

14, 100 V Limited Auto ranging
15 200 V Limited Auto ranging
16: 8500V Limited Auto ranging -
17: 1000 V Limited Auto ranging

For Auto ranging, the output range is set to the lowest output range that inciudes owr-
put volfage.

For Limited Aute ranging, the oulput range is set to the specified range, it this range
inctudes onipit volrage, i not, it is set to the same range as Auto ranging.

Unit Cutput | Oulput Voitage Output I compliance *
Range Reso.
No Pulse Used * Puise Used
HPSMU 2V csivisayv 100 uvV {1 pAto1 A) T2 nAto1 A)
2V <V 14y 1mv (31 pAto1 A) 220 A to 1 A)
14VIVIE 20V | 1mV | (1 pA to 700 mA) | {20 LA o 700 mA)
40V [0S IVI<40V | 2mV | 2(1 pAto 350 mA) | £{20 1A to 350 mA)
100V [0S [VI<100V | 5mV | 2(1 pAto 125 mA) | £(20 UA to 125 mA)
200V [0S V] <200V | 10mV | £(1 pAto 50 mA} [ 2{20 A to 50 mA)
MPSMU | 2V oL ivisev 100 uVi (1 pA to 100 mA) | (2 nA to 100 mA)
20V C<ivi<a0V 1mv {1 pa to 100 mA} | (20 uA 1o 100 mA}
AV 0L V<40V 2mv | {1 pAto50 mA) | (20 UA to 50 mA)
100V [0S ViS00V ] SmV | £{1 pAto20 mA} | £(20 UA t0 20 mA
HVU 100V | 0< VI <100V | 10mv | 243 nAto 10 mA) | £(1 nA to 10 mA)
200V |0 IVIS200V | 20mV | 21 nAto 10 mA} | £{1 nA to 10 mA)
B0V 16V <500V {1 S0mv 2 nAto 10 mA) | £(1 nAto 10 mA)
1000V 0 < (V] <1000V | 100 mV] 21 nAto 10 mA} | ({1 nA 10 10 mA)
Vs 20V c<LViga20v 1mv -~ (100 mA)*® -~ {100 maA)?
40V [0SV <40V | 2mv - (20 mA)? — (20 mA)®

i a pulse source {not including the guasi-pulsed source) is used and the specified
constant V source performs measurements, the "Puise Used” column applies. if the
consiant V source does not perform measurements or no pulse source is used, the
"N©O Pulse Used” colurnn applies.

For HVUs, it 0 € |7 compliance} < 1 nA, | compliance is sef 1o 1 nA or -1 nA,

For 8MUs, if 0 £ |7 compiiance} < 1 pA, { compliance is set to 1 pA or -1 pA.

Current Limiter value.

L
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outpi voltage {numeric expression, unit v)

Unit outpur voltage

HPSMU 0 to 260

MPSMU 0 to =100
HVU 010 1000*
VS 0 to =40

3 | the HVU output potarity is posilive, ourpur voliage 2 0.
1 the MVU cutput polarity Is negative, oupur veltage < 0.
You can change the HVU outpul polarity by the POL command.

For ourput voliage resolution, see “oufpul range”.

11 compliance] (numeric expression, Unit: A)
For allowable [ compliance values, see "oulpul range’.

Detfault
s If e source unit is set to V source mode:
Detault = the previous setting
o if the source unit is set to | source mode:
Detauit = none

For the SMU, when compliance polarity mode is "0 (Auto mode), the | compliance

potarity is automnatically set to the same polal

ty as outpui vollage, regardiess of the

specified | compliance poiarity. If ourpur voliage = 0, the | compliance polarity is

positive.

When compliance polarity mode is ™1" {Manual made), the specified / compliance polarity

is used.

For the HVU, the | compliance polarity is set to the same as the output polarity.

fcompliance polarity mode] {integer expression)

Unit compliance polarily mode Description
SMU 0 Auto mode
1 Manuat mode
Default =0

For an explanation of the two modes, see "V compliance].
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Example Statements

OUTPUT 717;"DV1, 0, 20, 1E5, 0"
OUTPUT 717;"Dvas, 12, 10



DZ

The DZ cormmand sets the specified units to Zero Output.

Execution Conditions

CN command has been executed for the specified units.

Syntax

DZ [ch#] §, ch#] [, chte] [, chre] [, che] [, ch] [t |, o)

Parameiers

[eh#] (integer expression}

Uit chi
HPSMU 2108
MPSMU 108

HCU 208

HVU 208

V81 11081110 18

vs2 21t028

Default = all units in which the output switch setling is ON
You can specify up to 8 ch# at once, and the HP 41428 sets units to Zero Cutput in the

specified ordet. If you do not specify o/, the HP 41428 sets all units to Zerp Oulput in
order from high V range (output or measurement range} to low V range.
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Remarks

The DZ command sats the specified units to the foliowing conditions:

ftem sSMU HCU HVU Vs
Qutput Switch ON ON ON ON
Source Mode A Y v ——
Cutput Voltage ov LAY oV oV
Output Polarity — —_ 3 —
V Range : * . *
| Compliance ! 1 A * —
| Range : 1 mA 2 *
Fitter : —— : .

¥ Does not change. .

* 100 1A or less. (For ranges from 1 nA 1o 100 WA, keeps the present range and sels
the range value. For present ranges from 1 mA 1o 1 A, sels 100 1tA at 100 1A range.
The present range is the Houtput range if the unit is in | source mode, or the lowest
range that includes 7 compliance, if the unit is in V source mode.)

When this command executes, the HP 41428 first stores the unit settings (V/! output values,
Vi output ranges, and V/i compliance values). To return the units to the stored sellings,
execute the RZ command. For more information on how {o restore unit settings, refer to
the RZ command in this manual.

Example Statements

OUTPUT 717,7D2"
OUTPUT 717;°DZ11, 21, 8,5,6, 7"
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END

The END command is used with the ST command to store & program in the internal pro-
gram memory of the HP 4142B. See the ST command.




ERC
The ERC command controls the output of the CONTROL connector pins.

Syntax

ERC control mode, controf value |, dry switching)

Parameters

control mode {integer expression)

conirol mode Desceription
1 Module selector (HP 1B087A / MP 16088B) control
2 16 bits external relay control

control value {integer expression)

conirof mode comrol vatie Description
1 D Connects no unit.
1 Connects SMU,
2 Connects HVUL
3 Connegts HCU.
2 0 to 65535
{Cfc 2'%.1) Specify the decimal value of the bits that are
forced Low. Unspecified bits are forced
High.

Inktial Seiting = O ({for both control modes)
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dry switching {integer expression)

control mode dry switching Description
1 0.1 Dry swilching on
2 G Dry swilching on
1 Dry switching off
Detault =0

For dry swiiching on, the HF 41428 automatically sets all outputs of source units to
zero (same as the conditions after DZ command execution), and changes the outpuls
of the CONTHOL connector pins, then retumns all outputs to the condition of the outputs
before receiving the ERC command.

For dry switching off, the HP 4142B changes the outputs of the CONTROL. connector
pins without changing ail the outputs of the source units, For conrrol mode =1, you can
not set the dry switching to off.

Example Statements

QUTPRUT 717;"ERC"1, 1

QUTPUT 717;"ERC™2, 65535, 1
QUTPUT T717;"ERC™2, 2:15+:2°10+22
OUTPUT 717;"ERC"2, 0
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ERR?

The ERR? query command transfers error codes from the HP 41428 error register to the
cutput data buffer (guery buffer).

Syntax
ERR?

Output Data
error codedtl, error code#2, error code#l, error codewd <GRILFAEOI>
error code] 10 #4 = xxx{3 digits), nxxx(4 digits), or nrxxx(5 digits)

Xxx: enor code
» or ar: channel number

For details about error codes, see the appendix titled “Error Messages” in this manual.

Example Statements

10 DIM AS[23]

20 OUTPUT 717ERR?"
30 ENTER 717:A$

40 DISP AS

50 END
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FL

The FL. command seis the filter of specified units to ON or OFF.
When using an SMU or HVU as a pulsed source {not including the quasi-puised source), set
the filter of that unit to OFF {to enable puised outpu) before measurement trigger.

Syntax

FL filter [, chit] 1, che] Lok [, o] [, chrt) [, chie] [, bl §, ch#]

Parameters

filter {integer expression)

filter Description

o Fitter OFF
1 Filter ON
Initial Setting = 1

[eh#] (integer expression)

Uit chr
HPSMU 208
MPSMU 108

HVU 2to 8

Infial Seting = all HPSMUs, MPSMUs, and HVUs.
Detault = all HPSMUSs, MPSMUSs, and HVUs.

Remarks

You can send the FL command to the HCUs and V8s, but it has no meaning.
Exampie Statements

QUTPUT TH7"FL°
QUTPUT 717:"FL1, 1,8,5, 8
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FMT

The FMT command clears the HP 41428 output data buffer and specifies measurement data
output format.

Query command output data is always stored in the gquery buffer in ASCH format, regardiess
of this command.

Syntax

FMT owtpur dara fermar |, outpus data mode}

Parameters

oeulpnt data format (integer expression)

outpus data formar Description
1 ASCH data format with header; terminator (CR/LF~EOW.
2 ASCH data format without header; terminator (CR/LFEQT].
3 Binary data format; terminator (CR/LFEOI.
a4 Binary data format; terminator (~EO).
5 ASCH data format with header; terminator ().

initiat Setting = 1

For details about output data format, refer fo "ASCH Measurement Data Ouiput Format®
or "Binary Measurement Data Output Format” at the beginning of this manual.

fourput data mode] (integer expression)

outpul dota mode Description
1] Source data is not output.
1 Primary sweep source data is output with  sweep measure-
rment data.
2 Secondary sweep source data is output with synchronous
sweep measurement data.

Initial Setting =0
Default = 0

For details about output data format, refer to "ASCH Measurement Data Cutput Format”
of "Binary Measurement Data Qutput Format" at the beginning of this manual.

Example Statements

CUTPUT 717;"FMTY"
OUTPUT 717,"FMT2, 17
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*1DN?

The «IDN? query commang requests the instrument model number and the ROM version
number, and stores the results in the HP 41428 output data buffer (ouery bufter). You cen
then use the controtier to read the ouiput data buffer (ENTER statement in HP BASIC).
Syntax

«IDN?

Output Data

HEWLETT PACKARD,; 41428, 0, ROM version number <CR/LFEO>

Example Statements

10 DIM A$[30}

20 OUTPUT 717;"«IDN?"
30 ENTER 717:A$

40 DISP AS

50 END
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IN

The iN command sets the specified units to Zero OCutput with output range change.

Execution Conditions

i command has been execuled for the specified unit,

Syntax

IN [oh] [, chet] [, chie] |, k) [, o] [, el |, cht] [, o)

Parameters

feh#] (integer expression)

Unit chtt
HPSMU 208
MPSMU 1o

HCU 1o 8

HvU 208

VS1 tto8, 11t 18

vsz2 21 to 28

Detault = all units in which the oulput switch setling is ON.

You can specify up to § ciet at once, and the HP 4142B sets the units to Zero Output in
the specified order. i you do not specify a ch#, the HP 41428 sets all units to Zero
Output in order from high V range (cutput or measurement range) 1o low V range.




Remarks

The IN command sets the specified units to the following conditions, which are same as the
conditions after CN command execution.

Rem SMy HOU HYU Vs
Output Switch ON ON ON ON
Source Mode v .V v -
Output Voltage oV oV ov oV
Qutput Polarity - - : —

V Range 20V 2V 100V 20V

| Compliance 100 pA 1 uA 100 uA —

1 Limit o — —— 100 mA
i Range 100 1A 1 mA 100 wA 100 mA
Fiiter b - ! —_
Power Consumption ow 10w 10w 22 W

* poes not change.
Exampie Siatements

OQUTPUT 717;"IN"
OUTPUT 717;"IN11,21,3, 5,6, 8°
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LOP?

The LOP? query command reguests the operation status of all source units (SMUs, HCUs,
HVUs, and ¥8s) and stores the results in the HP 41428 output-data buffer {query buffer).

Syntax

LOP?

Outpust data
LOP slot] status, stot2 status, ... . slot8 sigtus <CRILFEQI>

When the HP 4142B executes this command, eight status numbers, corresponding from
siots 1 {0 8 respectively, are stored in the output data buffer. You can then use the con.
trotier to read the output data butfer (ENTER siatement in WP BASIC).

Eight status numbers are stored regardiess of the unit configuration, and each number has

two digits. The status numbers indicate whether the units are operating normally, or if there
is a compliance or oscillation problem. The foliowing table lists sfer stams rumber meanings.
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sior Meaning

starus

o0 No SMU/HCUMVU/NS is instalied, of instalied SMUHCUMVUNG

. output switch is OFF.

01 SMUJHCUHVU is in V source mode, and 1 compliance s not
reached.

02 SMUHCU/HVU forces positive current, and V compliance is not
reached.

03 SMUHCU/HVU forces negative current, and V compliance is not
reached.
Both VSs operate comrectly.

10 Both VSs reach the | fimil.

11 SMU/HCLHHVU reaches V compiiance.
Only V51 operates correctly (vS2 reaches the I Hmil).

12 SMU/JHCU/HVU reaches positive current complianca.
Only V52 operates correctly (VS1 has reached the 1 limif).

13 SMU/HCUHVU reaches negative 1 compliance.

20 SMU/HVU is oscillating.

30 The output of the HVU has not settled.

The HPSMU, HCU, and HVU occupies two siots. The status number is returned for the
higher stot#, and 00 is returned for the iower siot#.

Example Statements

10 DIM AS[RS3]

20 QUTPUT 717;"LOFT"

30 ENTER 717:A%
40 DISP AS
§0 END
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*¥LRN?

The «LRN? {isamj query command reguests information about unit settings or HP 41428
command parameter settings, and stores the results in the HP 41428 ouiput data puffer

{query buffer). You can then use the controller to read the output data buffer (ENTER state-
ment in HP BASIC).

Syniax

+LRANT type

Parameters [ Qutput Data Format

type {integer expression)

type Description / Qutput Data Format

0 CQutput switch ON/OFF status:
ON [ch#] [, ch#] ... [ ch#t] <CR/LFEOL>
i no oufput switches are ON, the following is returned.

CL <CR/LF EO!>




type

Descriplion / Dutput Data Format

108

SMU/HCU/HVU source status, or VM operation mode;

1 tp 8 of rvpe correspond to the unit che. The owpul range shows the pres-
ent output range. it does not show the specified ranging mode.

If an SMU is instalied at the specified channel, and the output switch is ON,

- the following is retumed.

DV ch#, aupul range, output voltage, I compliance,
coempliance polarity mode <CR/LFEQi>
or

Dl ch, outpur range, outpul current, V' compliance,
compliance polarity mode <CR/LFEOI>

if an SMU is instalied at the specified channel, and the output switch is OFF,
the foliowing is returned.

CL ch

If an HCU is installed at the specified channel, the following is returned.
CN ch# <CRfLF EOk
cL chO; <CR{LFAEO>

If an HMVU is instalied at the specified channel, the following is returned.

POL. ch#, output polarity;

DV ch#, ouiput range, output voltage, F compliance,
compliance polarity mode <CR/LFEO>
or

POL. ch#, outpu! polarity,

DI i, gutput range, outpur enrrent, ¥ complionce,
compliance polarity mode <CR{LF EQL>

or
CL ch# <CR/LFAEOH

it @ VS/VMU is installed at the specified chanrel, the foliowing is relumed.

The ourput remge shows the output range and does not show the ranging
mode.

{DV VSich#, outpul range, onipul woltage;

ar
CL VSich#)
{DV VS2ch#, ourput range, ouipu! voltage:

or
CL VS2ch#})
VS cirt, VM operation mode <CR/LFAEOD>
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Iype

Description / Cutput format

11 to 18

V81 source status and VM operation mode:

11 to 18 of fype correspond to the unit chts. The owrpuf range shows the
present ouiput range. it doss not show the specified ranging mode.

DV VSichi, outpul range, output voltage,

VM cht; VM operation mode <CR/LFEQI>
or

Cl. VSichs,

VA ch#, VM operation mode <CRJLFAEQI>

211028

V32 source status and VM operation mode:

21 to 28 of 1ype comespond Yo the unit chde. The owpw range shows the
present output range. it does not show the specified ranging mode.

DV VS2ci#, outpul range, ondpiut voltage;

VM cht, VM operation mode <CR{LFEQO!>
or

CL VS2ch#;

VM cist, VM operation mode <CRILFEQI>

30

Fitter ONJOFF status:
Returns fiter ONJOFF status to the following format:

FLO [che) [oh] ... [kl
FL1 [ch#] L] ... [oi#] <CR/LF EOI>

K all fiiters are OFF, returns the following:
FLO <CR/LFEQ>
If afl fiiters are ON, returns the following:

FL1 <CR/LFEO>

31

™, AV, CM, FMT, and MM command settings:

TM irigger mode;

AV averaging mumber, [averaging model;

CM auro calibration;

FMT owipit data format, owtpur data mede

[:MM measiurement mode {ch#] [oi] ... Lohi]} <CRILFAEQI>
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type Bescription / Quiput format
32 Rl and RY command setiings:
(R cint, T measurement range
or
RV ch#, V measuremen( rangc)
{(RI ek, I measuremeny range
ot :
RV cint, ¥V measirement range)l
[GR cirtt, | measurement range;
or
RV ch#, V measurement range;ll
<CR/LF*EQI>
33 WV, Wi, WSV, WS!, Wi, and WT command settings (Stalrcase sweep para-
meter settings):
Wi automatic sweep ahbort furction, oulput after sweep,
WY hold tiene, delay time
[GWV ch#, sweep mode, owipui range, sterl voltage, stop voltage,
number of steps I compliance] [,power compliance}
or
Wi chit, sweep mode, oulput range, start currenl, stop current,
nimmber of steps [,V compliance] [power compliarice])}
[(;WSV ch#, outpia range, starl voltage, stop voltoge
[} complianee] {,power compliance]
or
WS cirtt, oulpuf range, start curren!, Stop curren!
LV compiiance] [,power compliance]l]
<CR/LFEQI>
34

PV, P, PWV, PWI, PT command settings (Puised source parameter
setings):

BT htold time, pulse width, pulse period;
IGBY i, output range, base vollage, pulse voltage .7 compliancel
or
Pt chit, output range, base current, pulse current LV compliancel)]
{(;PWV ch#t, sweep mode, oilpui range, base voltage, start pulse voltage,
stop puise voltage, number of steps [.I cornplianee]
or
PWI o, sweep mode, owpnt range, base curremt, starl puise
current,

‘'stop pulse current, number of steps LV compliancelf}
<CR/LFEQH>
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type Description / Qutput format

35 ASY, AVI, AlV, ABM, AT command settings (Analog search measurement
parameter settings):

ASM search operation mode, search measurement mode
[./eedback integration timel;
AT hold time, delay time
[ASV ch#, search starr voltage, search stop voltage [ramp rate}
[.{ compliancel]
[GAVE ek, output voltage, target current (1 compliancel
Qr
AN ci, outpnt current, target voltege LV compliancel)]
<CR/LFEQI>

36 FDV, PDI, PDM command settings:

PDM [chit)
LPDV chit, ouiput range, base voltage, pulse voltage |, I compliance)}
<CRILFAEOI> -

or
PDM [ci#]
LPDI chat, output range, base current, pulse curreni {, V compliancel]
<CRfLF EOI>

a7 BDV, BOT, BDM command setiings:

BOM detection interval |,V /I measurement];
BDT hold tme, delay time
L8OV che, owput range, stop voltage [J compliance]}

38 ERC command setiing:

ERCA, control value; ERCZ, control value [,dry switching]

Example Staiements

10 DIM AS[100]

20 OUTPUT 717, +LRN?33"
30 ENTER 7178

40 PRINT A$

50 END
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LST?

The LST7 guery command stores a cataiog of interna! memory programs or a specific pro-
gram listing in the output data butier (query bufier of the HP 4142B.

Syntax

Displaying catalog of internal memory programs:

L5877

Listing a specific program:

LST? [programi)

Parameters
[program#} (nUmeric expression)

program#: 1 10 98

Qutput Data
Displaying catalog of internal memory programs {LST?):
member of programs, [progran#), {progrant], .., Iprogram#] <CR/LFEQ
i you do not specify a programi, the HP 41428 returns the tolal number of programs
stored, and all currently used progrant#s.
Listing a specific program (LST? [program#}):
8T program# <CRA.F EOI>

[saved command #1] <CR/LF EOL
[saved commend #2} <CR/LF RG>

[saved .command #n} <CR/LFAEOE-
END <CR/LFEOb>

If you specify prograns, the HP 41428 returns the specified program listing. To read
this listing, set up a loop containing the ENTER command, and continue the loop until
encountering the END command. The commands are read one at a time untii the END
command is encountered.
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Exampie Statements

10 DIM AS[30]

20 OUTPUT 717,"ST3;CN:DV1,0,20,1E-6;T11:CLIEND"
30 OUTPUT 717,"LST?3"

40 LOOP

50 ENTER 717;A$

60  PRINT A$

70 EXIT IF A$="END"

80 END LOOP

S0 END

10 DIM A${30]

20 OUTPUT 717:LST?"
30 ENTER 717:A$

40 DISP AS

50 END
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MM

The MM command sets the measurement mode and measurement units.

Measurement Mode

Spot | Staircase sweep / 1ch puised spot / puised sweep | Staircase sweep with pulsed bias

} Analog search / 2ch puised spot / Puised sweep with puised bias / Cusasi-puised spot
measurements

Syntax
For Spot and Staircase sweep measurements:

MM measurement mode, chi §, o] [, ch#) [, che) {, cime) [, ci#] [, ch#] {, ch]

For 1ch puised spot, Pulsed sweep, Staircase sweep with pulsed bias, 2¢h pulsed spot, and
Puised swesp with pulsed bias measurements:

MM measurement mode, o

For Analog search measurements:
MM measurement mode
For Quasi-pulsed spot measurements:

MM measurement mode §, ci#)

Parameters

measarement mode {integer expression)

measurement mode Description

Spot measurement

Staircase sweep measurement

{ch pulsed spot measurement

Pulsed sweep measurement

Staircase sweep with pulsed bias measurement
Analog search measurement

2ch pulsed spot measurement

Pulsed sweep with pulsed bias measurement
Ouasi-pulsed spot measuremert

oo =L th h b 2N
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[eine] (integer expression)

measirement Number of Unit cint
mode avalable ches
1.2 1to8 HPSMU 20 8
MPShU 108
HCU 208
VM1 108, 111018
VM2 211028
3,4,57.8 1 HPSMU 208
MPSMU 108
HCU 208
VM1 108, 111018
VM2 21 to 28
6 o HPSMU —
MPSMU ——
9 0% to1 HPSMU 20 8
MPSMU 108
HVU 2108

* if you specify oh# for an analog search measurement, an erfor otewrs. For analog
search measurements, specify measurement channeis using the ASM command.

* i you do not specify ch# for quasi-pulsed spot measurement, the measurement is
performed by the unit specified in the BDV command.

When the measurement unit is an SMU, HCU, or HVU, an SMUMCU/HVU set to V
source mode performs an | measurement, even if the output value is 0 V, and an SMU/
HCU/HVL set to | source mode performs a V measurement, even if output value is O A,
However, for the quasi-puised spot measurement, specify either a V measurement or
an t measurement by using the BDM command.

If you specify more than one ci#s in spot or staircase swesp measurements, the mea-
surements are performed in the specified order.

Exampie Statements

OQUTPUT 717;"MM1, 17

OQUTPUT 717:"MM2,1, 3"
OUTPUT 717;"MMB"
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NUB?

The NUB? guery command checks the number of measurement data in the output data
buffer, and stores the resuits in the output data bufter (query bufter). You can then use the
controlier to read the query butfer (ENTER statement in HP BASIC).

Syntax

NuB?

Qutput Data

nimber of measurement daia <CR[LFEQE>

Example Statements
10 QUTPUT 717;°NUBT"
20 ENTER 717:A

30 DISP A
40 END
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¥ OPC?

The HP 4142B stores a "1" in the output data buffer {query bufier} after «OPC command
execution. The «OPC? query command is used to deterrine when the HP 41428 has com-
pleted a measurement or selling operation.

Syntax
~OPC?

Output Bata

1<CR/LFEO

Example Statement

10 QUTPUT T17;°CN”

20  OUTPUT 717;"DI"1,9,1E-10,1
306 OUTPUT 717;"=0PC?"

4C  ENTER 717:A

50  OUTPUT 723,"DCV" | DCV: Measurement commangd of the HP 34574
60 END
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The OS command causes the HP 41428 to send a trigger signal from the rear panel TRIG-

GER QUTPUT terminal.

Syntax

s

Example Statement

OUTPUT 717,708"

os
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PA

The PA command pauses command execution or infernal memory program execution, unti
a trigger (XE command or the trigger which is specified by TM command} is recelved or untii

the specified wair time has elapsed. The trigger only releases the walt status. 1t does not
start the measurement.

Syntax

PA [wail time}

Parameiers

wait time {numeric expression, Unit: s}

wait time Resolution

0to 99,9998 100 us

Defaull =  until a wigger (XE command or the trigger which is specified by TM com-
rrand} is received,

Example Statements

QUTPUT 717."PA"
QUTPUT 717;"PA10"

10 QUTPUT 717;"CN"

20 QUTPUT 717:°DI%1.,018410,1
30  OUTPUT 717,"PA100E-3"

40 OUTPUT 717"Tv1"

50 ENTER 71TA

50 DISPA
70 END
Remarks

¥ you send the PA command after the DV or Di command, the wair fime includes the wait
time of the DV or Di cormmand for the output setting.
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PDI

The PDI command specifies the pulsed | source and its parameters. This command 3aiso
clears the PDV command setting.

For 2¢ch pulsed spot measurements, one pulse channel is set by PV or & cormmand and the
other puise channel is set by POV or PO command.

For pulsed sweep with pulsed bias measurements, the pulse swaep source is set by PWV or
£Wi command, the puise bias is set by PDV or PDI command.

Measurement Mode

2¢h pulsed spot | Pulsed sweep with pulsed bias measurements

Syniax
For Shus

PO\ i, output range, base currenl, pulse current [, ¥V complianee]

For HCUs

PDI ch#, outpui range, base eurrent, pulse current, V compliance

Parametefs
ch# (integer expression)
Unit * ch¥

HPSMU | Zio8
MPSMU | 1t08
HCU 208

1 At least one of the pulse channels (channel set by the PV or P! command and chan-
ne! set by the PDV or PD! command) must be an HCU.

et



outpul range {nteger expression)

Umnit outpul range Description

HPSMU C, 12020 O Auto ranging

MPSMU 6, 121019 12: 10 nA Limited Auto ranging
HCU 0, 17 to 21 13: 100 nA Uimited Auto ranging

14: 1 WA Limited Auto ranging
15: 10 wA Limited Auto ranging
16: 100 uA Limited Auto ranging
17: 1 mA Limited Auto ranging
18: 10 mA Limited Aulo ranging
19: 100 mA Limited Auto ranging
20: 1 A Limited Auto ranging

21 10 A Limited Auto ranging

For Auto ranging, the output range is set 1o the lowest range that Includes base corrent
and pulse currens,

For Limited Auto ranging, the ouiput range is set o the specified range, if this range
includas both the hase cwrrery and pulse curremt vaiues, If not, | is set to the same
range as Auto ranging.
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Unit Ouipsit Outpwt Current Qutput V compliance
Range Reso.
HESMU | 10 nA o<t €115 PA 500 A Oto 2V
100 nA D< il €115 nA 5 pA Stot2V
1 uA 02 £1.15 A 50 pA Qio*2V
10 WA O £115uA 500 pA Cto 2V
100 HA gs il €115 WA SnA Qo 200V
1imA 0< i £1156 mA 50 nA Oto X200V
10 mA O< I £11.5mA 500 nA Oto x200V
100 mA | 0Ll £50mA 5 uA 010 2200V
50mA < 1] €115 mA 5 uA Oto X100V
1A 0<jH £50mA 50 uA 0to +200V
50 mA < |1} £ 125 mA 50 uA Oto 2100V
125 mA < |1} <350 mA | B0 BA 0to x40V
350 mMA < ji] ST00mMA | SO LA Cto 220V
TOOmA< ] <1A 50 UA Oto 214V
MPSMU | 10 nA DSl £11.5nA 500 1A Qin22 V
100 nA o<l £1i5nA 5pA Oto 2V
1 uA D 2115 uA 50 pA Oto22V
10 uA 0 <jif € 115 uA 500 pA Dt 22V
00uA | OS] £ 115 WA S5nA Oto 100V
1 mA o<l £1.15mA 50 nA Oto 100V
10 mA 01 £11.5mMA 500 nA 0to 200V
100mA | 05 |1 £20mA 5 uA 0o 2100V
20mA < i} £ 50 mMA SuA Ot 240V
50 mA < |1} <100 mA 5 uA Oto =20V
HCU 1ma 0Ll £1.15mA 100 nA Do 210V
10 mA 0S| <115 mA 1 HA Oto 210V
100mA | 0< i} £ 115 mA 10 uA Dio 240V
1A 0giils115A 100 uA Dio 10V
10A o< =10A 1 mA Oto 210V

base current (numeric expression, Unit A)
pulse current (DUMBtC expression, Unit: A}

Unit base current* pulse current®
HPSMU 0to £1 D to 21
MPSMU 0O to +100E-3 0 fo £100E-3

HCU 0* 0 to 210

* The pufse current and base current polarity must be the same.

* puring base value outpul, the HCU oufput is 0 V and no current.
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[ compliance} (numeric expression, Unit: V)
For allowable V compliance values, see "output range”.

Detfault:
s If the specified source unit is set to | source mode before the triggen:
Detault = the setting before trigger

e [f the specified source unit is set to V source mode before the trigger:
Default = none

The V compiiance polarity is automatically set to the same polarity as pufse current and
base current, regardless of the specified ¥ compliance polarity. i pulse current = 0 and
base curreni = 0, the V compliance polarity is positive for the S8MU, and is the same as
the previous polarity for the HCUL

For HCUs, the specified V' compliance is set only during puise current outputl. During the

base value output, the output voltage is fixed to 0 V and the | compliance is fixed to
0.1% of the range value in | output range (regardless of pulsed V or | source).

Remarks
This command setiing is cleared by the PDV command.

For SMU puised output, the filter must be OFF before the measurement irigger (command:
FL).

i# you set the HCU to -0 A {0 A at negative output polarity} to foree a negative voltage, set
the HCU to negative output once and perform a dummy measurement before seiting 0 A as

in the following example.
250 OUTPUT 717;"PI"iCh, 0, 0, -1E-7, Compliance
260 OUTPUT 717;"MM";3, Ch;";XE;BC"
270 OUTPUT 717;"PDI*,Ch, 0, 0, G, Compliance
Example Statements

QUTPRUT 717;"PDH,16,3E.5 5E-5,20"
OUTPUT 717;"PDI3,15,1E-7,5E-6,5"
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PDM

when you use two HCUs as pulse sources for the 2ch pulsed spot or pulsed sweep with

puised bias measurement, the POM command specifies the HCU that the pulse width in the
PT command is set.

The pulse width of the other HCU is fixed o about 1 ms, and cannot be spacified.
1f one pulse source is an SMU and the ather pulse source is-an HOU, specify the HOU.

Measurement Mode

2ch pulsed spot / Pulsed sweep with pulsed bias measurements

Syntax

POM [primary pulse o]

Parametiers

[primary pulse ch#] (integer expression}

Unrit primary puise ch#

HCU 208

nital Setting = The unit that is specified by the PDV or PDI command, i the two
pilse sources are HCUs. If not, then the HCU.
Default =  The unit that is specified by the FDV or PDi command, If the two puise
sources are HCUs. i not, then the HCU.

Example Statements

QUTPUT 717;"PDM2"
OUTPUT T17;"PDM"
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PDV

The PDV command specifies the pulsed V source and its parameters. This command also
clears the PDi command setting.

For 2ch pulsed spot measurements, one pulse channel is set by PV or P! command, and the
other pulse channet is set by PDV or PDI command,

For pulsed sweep with pulsed bias measurements, the pulsed sweep source is set by PWV
or PWI command, the pulse bias is set by PDV or PDi command.

Measurement Mode

2ch pulsed spot | Puised sweep with puised bias measurements

Syntax

POV cim, ontput range, base voltage, pulse voltage [, ] compliance]

Parameters

ch# {integer expression)

Uit * ch#

HPSMU 2108
MPSMU 1tc8
HCU 2tc 8

* At least one of the puise channels (channef set by the PV or PI command and chan.
nel set by the PDV or PDI command) must be an HCU.

oid put range (integer expression)

Unit oitpul range Description

HPSMU 0, 11to 15 0:  Aulo ranging

MPSMU ;| 0,11 1o 14 11: 2 V Limited Auto ranging
HCU C, 11,12 12 20 V Limited Auto ranging

13: 40 v Limited Auto ranging
t4: 100 V Limited Auto ranging
160 200 V Limited Auto ranging

For Auto ranging, the oulput range is set {o the lowest range that includes base voltage
and pudse voltage.
For Limited Aute ranging, the output range is set {o the specified range, if this range

includes both the base voltage ang pulse voliage values. If notl, it is set to the same
range as Auto ranging.
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Linit Cusiput Cuinut Yoltage Output I compiiznee®
Range Reso,
HPSMU 2V o< v 2y 100wV 22 nAto1 A)
20v o< IVig14Y 1my 20 uA to 1 A)
1¥V<|V] €20V 1 mv {20 WA to 700 mA)
40 0LV <40V 2myv +(20 uA to 350 mA)
100V 0<IV)]SI0V 5mv 1(20 LA to 125 mA
200V o< ivis200V 10 my *{20 uA 10 50 mA}
MPSMUL 2V o<vi<ay 100 uv {2 nA fo 100 mA)
20V gL ivic20v i mv {20 WA to 100 mA)
a v 0<Vi<40V 2 mv +(20 UA o 50 mA)
100V Q< [Vl 100V 5 mV £(20 uA to 20 mA)
HCU 2v o< ivigay 200 uv (1 UA 1o 10 A)
20V pLIVISIOV 2 mv £($ WA to 10 A)

* For HCUSs, if O € |7 compliance] <1 1A, | compliance is set to 1 1A or -1 1A,

base voltage (numeric expression, Unit V) -
pulse voliage {numeric expression, Unit V) .

Unit base voltage puise voltage
HPSMU 0 to £200 0 to 2200
MPSMU 0 to 2100 G to 2100

HCU 1] Q1o £10

{I complionce] (numeric expression, Unit: A)

For allowable I compliance values, see “omfpuf range’.

Default:

» if the specified source unit is set to V source mode before the triggen
pretault = the setting before trigger

e i the specified source unit is set to | source mode before the frigger:

Default = none

The | compliance polarity is automatically set fo the same polarity as puise voltage,
regardiess of the specified [ compliance polatity. 1F puise volrage = 0, the | compliance

polarity is positive for the SMU, and is the same as the previous polarity for the HCU.

For HCUs, the specified ] compliance is set only during pulse voliage output. During
Base voltage {0 V) output, the | compliance is set to 0.1% of the range vaiue at the low-

@st 1 range that includes 7 compliance, regardiess of specified value.
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Remarks
This command setting is cleared by the PDI command.

For SMU pulsed ocutput, the filler must be OFF before the measurement trigger (command:
FL).

If you set the HCU to -0 V (0 V at nagative output polarity) to force a negative current, set
the HCU to negative output once and perform a dummy measurement before setting 0 V as
in the following example.

250  QUTPUT 717;°PV"Ch, 0, 0, -2E-4, Compliance

2680  QUTPUT 717;"MM™3, Ch;“XE;BC"
270 OUTPUT 717;°PDV"Ch, 0, 0, 0, Compliance

Example Statements

OQUTPUT 717,"PDV1,12,0.5,1E47
QUTPUT 717,°PDV3,12,-3,5,1E-57
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Pl

The Pl command specifies the puised | source and its parameters. This command aiso
clears the PV command setting.

Measurement Mode

ich pulsed spot / Staircase sweep with pulsed bias / 2¢h pulsed spot measurements

Syntax
For SMUs/HVUs:

Pl chit, ourput range, base current, pulse errent |, V compliance]

For HCUs:

Pt chi, ouipu! range, base current, pilse current, ¥ compliance

Parameters

ch# (integer expression)

Measurement Moede Linit ch#
1ch putsed spot, ' HPSMU | 2to B
Staircase sweep with MPSMU | 1108

pulsed bias measurements HCU 28
HVU 2108

HPSMU | 2108

2¢h putsed spot measurement® | MPSMU | 1108
HCU 2io8

* At least one of the puise channeis (channel set by the PV or P! command and chan-
nel set by the PDV or PDI command) must be an HCU.
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oulput range (integer expression)

Unit oulput range PDescription
HPSMU 0,12 to 20 0O:  Auto ranging
MPSMU | 0,12to 19 12: 10 nA Limited Auto ranging
HMCU 0,17 toc 21 13: 100 nA Limited Aute ranging
HVU 0, 130 18 14: 1 pA Limited Auto ranging
15: 10 WA Limited Auto ranging
*8: 100 uA Limited Auto ranging
17 1 mA Limited Auto ranging
18: 10 mA Limited Auto ranging
19: 100 maA Limnited Auto ranging
20: 1 A Limited Auto ranging
21: 10 A Limited Auto ranging

For Auto ranging, the output range is set to the lowest range that includes base curren
and puise current. :

For Limited Auto ranging, the output range is set to the specified range, if this range
inciudes both the hase current and pulse currens values. If not, it is set to the same
range as Autc ranging.
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Unit Gutout Outpust Current Cutput vV compliance
Range Reso.

HPSKMU | 10 nA 0< i £118n0A 500 fA Oto 22V
100 nA 0 1 € 1EnA 5 pA Do 2V
1WA 0l £ LIS uA 50 pA Oto 22V
10 UA 0< (1] £115uA 500 pA Dio22V
100 A 05 i £1SuA 5nA Oto +200V
1 mA 0< 13} £115mA 50 nA 0t 2200V
10 mA 0< il £ 115mA 500 nA Oto *¥20CV
100mA | O£ 1l £30mA 5 uA 0to 200V

50 mA < jI] £115mA SuA Ofo 2100V
1A 0< i £50mA 50 wA Qo 1200V
50 mA < |i} €125 mA 50 WA Oto £100V
125 mA < |1} <350 mA 50 uA Oto 240V
350 mA < |1} £ 700 mA 50 uA Oto*20V
TOOmA < I £ 1A 50 wA Do 14V

MPSMU | 10 nA o<l £1150A 500 fA Otc 2 V
100 nA O< i € H5nA 5pA Qto %2V
1 WA 0< il £1150A 50 pA Glox2 V
10 WA o< il £115uA 500 pA Ctox2 Vv
100 wA 0% it €115uA 5 nA Qto =100V
1 mA 0< {1 £ LI5mMA 50 nA Qo 2100V
10 mA o< <HiEmA 500 nA Oto £100V
100mA | 0 < i} £20mA 5 A Oto 2100V

20 mA < {1} £ 50 mA 5 uA Oto 240V
50 mMA < {I] £100 MA 5 uA Qto 20V

HCU 1 mA O< | £1.15mA 100 nA Oto 20V
10 mA D< | £115mA 1HA Clo 10V
00mA L 0 i) SHEmA 10 uA Qto 210V
1A 0< |11 £118A 100 uA Qo 10V
iCA 0< it £10A 1 mA Oto 10V

HVU 100 nA 0< il £115nA 50 pA Qio 1000V
1 UA 0< i £115UA 500 pA 0to 1000V
10 vA 0SS5 UA SnA Oto 1000 V
100 1A 0< | £115UA 50 nA Cio 1000 Y
1 mA 0< i €146 mA 500 nA Oto #1000V
10 mA D< {1} £10mA S5 uA Oto 1000V
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base currenr {numeric expression, Unit: A)
pulse current {(nUMeric expression, Unit. A}

Unit hase ¢urrent’ pulsc current®
HPSML 0 to #1 0 1o %1
MPSMU | O to *100E3 0 1o =100E-3

MCU 0* Oto 210

HvVU 0 to £10E-3°3 Cto 210E3R®

* The pidse cierrent and base current polarity must be the same.

* During base vaiue output, the HCU output is G V and no current.

* i the ditference of the voltage at the base current and the voltage at the pulse current
exceeds the following values, you cannol perform the correct measurement because
the puise output is not settied to within the maximum pulse width of 50 ms.

Range pulse current Maximum Voltage Difference
10 mA to 10 uA 10 mA to 4 LA about 600 V
1 uA about 190 V
100 nA about 19V
1 WA, 100 nA 1A about 400 V
100 nA about 40 V
10 nA about 4 V

[V compliance] {numeric exprassion, Unit: V)
For allowable V' compliance values, see "oulpuf range.”

Defauit:
¢ If the specified source unit is set to | source mode before the trigger:
Detault = the setting before trigger

s If the specified source unit is set to V source mode before the trigger:
Default = none

The V compliance polarity is automatically set to the same polarity as pulse current and
base current, Tegardiess of the specified V compliance polarity. I pulse current = 0 and
hase current = ©, the V compliance polarity is positive for the SMU, and the same as the
previous pofarity for the HCU, and the same as the output polarity for the HVU.

For HCUs, the specified ¥ compliance is set only during puise currens output. During the

base value output, the output voltage is fixed to 0 V and the | compliance is fixed to
0.1% of the range value in | output range (regardiess of pulsed V or | source).
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Remarks
This command setiing is cleared by the PV cormmand.

For SMU or HVU puised outpui, the filter must be OFF betore the measurement irigger
{command: FL).

For the HVU, set the output polarity to the same polarity as the hase and pulse values before
the rneasurement trigger (commangd: POL).

i you set the HCU to -0 A {0 A at negative output polarity) to force a negative voltage, set
the HCU to negative output once and perform a dummy measurement before setting C A as
in the following exampie.

50 OUTPUT 717;"PINCh, 0, 0, -1E-7, Compliance

260 OUTPUT 717;"MM"3, Chi"XE;BC"

270 OUTPUT 717;"P1":Ch, 0, 0, 0, Compiiance
Exampie Statements

OUTPUT 717;"PI1,16,3E-5,5E-5,20"
OUTPUT 717;"P13,15,1E.7 5E-6,5"
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POL

The POL command changes the HVU output polarity, and sets the output voitage to D V.
the output switch of the unit is set to off, this command also sets the switch to on.

SETTING THE OUTPUT SWITCH TO ON EMABLES THE UNIT TO FORCE DAN-
GEROUS YOLTAGES.

WHEN THE UNIT i$ NOT iN USE, SET THE OUTPUT SWITCH TO OFF WHENEVER
POSSIBLE.

Execution Conditions
The INTLK terminal is shorted.

No other unit is in the HIGH VOLTAGE state (forcing more than 42 V, or ¥/ complianee set to
mora than 42 V).

-Syntax

POL. ch#, output polarity

Parameters

okt (integer expression)

Unit chit

HvU 2108

outpit polariry {integer expression)

polarity Description

3] + polarity
1 - polarity
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Remarks

If the output switch of the unit is set fo on, the oulput polarity of the unit is changed as
follows:

1) Sets the unit to 0 V {same condition as the DZ command execution}.
2) Walts for sither of the following:
& Until the unit continues to measure the cutput voltage of the unit, and the output
voltage becomes less than or equal 1030 V.
« Lintii 500 ms elapse.
3) Setls the output switch to off.
4) Changes the output polarity.
8} Sets the putput switch {0 on.
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PT

The PT command sets hold time, pulse width, and pulse period tor a puised source.

Measurement Mode

ich puised spot / Puised sweep [/ Staircase sweep with pulsed bias / 2eh pulsed spot /
Pulsed sweep with puised bias measuremenis

Syntax
For 1ch putsed spot, 2¢h pulsed spot measurerments:

PT hold time, puise width {, puise period]

For Staircase sweep with puised bias, Pulsed sweep, Pulsed sweep with puised bias
measurements:

PT hold time, pulse widih, pulse period

Parameters

hold time (nurmeric expression, Unit: $)

hold time Resolution
0 10 655.35 0.01
Initial Setting =0
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puise width (numetic expression, Unit: §)

Measurament Pulse pulse width Resolution
fKhode Unit
1ich puised spot, HPSMU 1E.3 to 50E-3 100E-6
Puisad sweep, MPSMU 1E-3 to 50E-3 100E-6
Staircase sweep HvU 1E-3 to 50E-3 100E-6
with pulsed hias ¥S 1E.3 to 50E-3 100E-6
HCU 400E-6 {0 1E3° 100E-6

2ch pulsed spot,
Pulsed swesp with HCU ® 100E-6 to B00E-6* 100E-6
with puised bias

"

B puise period =0, pulse width = {0DE-5§ to TOOE-6.

When one pulsed source is an HCU and the other pulsed source is an SMU, the
pulse width is set to the HOU. The pulse width of the SMU Is automatically fixed to
about 1+ ms. When both pulsed sources are HCUs, the puise width is set to the HCU
that is specified by the PDM command and the pulse widih of the other HCU Is
auiomatically fixed to about 1 ms.

initial Selting = 1E-3
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[puise period} (numeric expression, Unit: s}

Measurement Pulse HCU puise period
Mode Source(s) i setting *
ich pulsed spot, SMU, HVU, or ¥8 - sea below #2
Staircase sweep
with pulised bias, iset <1 A soe below #3
Puised sweep HCU
Iset>1 A seg bolow #4
iset <1 A see below #3
HCU and SMU
Iset> 1A see below #4
2¢ch pulsed spot,
Pulsed sweep with Secondary: iset < 1 A
puised bias Primary: lIset <1A see below #3

HCU and HOU | Secondary: iset €1 A
Primary: iset>1A see below #4

Secondary: Iset > 1 A
Primary: Iset = any see below #5

* if the HCU is V source mode:
iset = | I complianece]
if the HCU is | source mode:
isel = | puise current| or 1Max{start pulse current, stop puise currenf)}
Primary: Specified HCU by PDM command.
Secondary: Not specified HCU by PDM command.

? Max[10E-3, 2« pulse width}] to SCOE-3, 0¢  {pulse duly < 50%)
¥ 10E-3 fo S00E-3, 0°

' Max[10E-3, 100+{puise widrth)] 1o 500E.3, 0% {puise duty £ 1%)
* {00E.-3 to S500E-3 '

[

It you set pulse period = 0, pulse period is not set. The pulse period can only be set to
0 when the measurement mode is 1¢h or 2ch pulsed spot measurement. However,
if you use two HCUs in the 2ch pulsed spot measurement, you cannot set puise
period 16 0.

pulse period Resotulion: 100E-6

Initial Setting = 10E-3

Default = 0
Example Statements

OQUTPUT 717:"PT10.0,0.01,0.2"
QUTPUT 717;"PT5,0.005,0.1"



The PV command specifies the V pulsed source and its parameters. This command also

clears the P command setling.

Measurentent Mode

tch puised spot / Staircase sweep with pulsed bias / 2ch pulsed spot measurements

Syntax

For SMUs/HCUs/HMVUS:

PV

PV ch#, outpul range, base voltage, pulse voltage [, I compliance}

For VSs:

BV ch#, output range, base voliage, pulse voliage

For V55, you can send the J compliance parameter, but it has no meaning.

Parameters

ch# (integer expression}

Measurement Mode Unit ch#

HPSMU 28

1ich pulsed spot / MPSMU 1108

Staircase sweep with HCU 2t08

puised bias measurements HVU 208
V51 1108, 11018

vs2 21 {028

HPSMU 208

2ch pulsed spot measurement® MPSKU ito8

HOU 2108

* At least one of the pulse channels (channel sel by the PV or Pt command and chan-

nel set by the PDV or PDi command) must be the HOU.
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outpui range (integer axpression)

For Auto ranging, the oulpul range is set to the lowest range that inciudes base volrage
angd pudise voltage., )

For Limited Auto ranging, the output range is set to the specified range, if this range
includes both the base volfage and pulse voltage values. i not, it is set to the same
range as Auto ranging.

Unit Outpit | Output Voltage Output I compliance *
Range Reso.

HPEMU | 2V 0civigay 100 uv 2 nAto 1 A)
20V 0L Vi €14V 1 mv 20 uAto 1 A)

14V <Vi<20V Tmv +{20 UA to 70D mA)

40 v 0LiVis40V 2mv {20 HA to 350 mA)
0oV 0V =100V 5mv 220 WA to 125 mA
260 v 0|V s200V 10 mv £20 uA o 50 mA)

MPSMU| 2V o<vVigev 100 uv +(2 nA to 100 mA)
20V ggijvigsa0yv 1imy {20 uA to 100 ma)
v 0LIVIis40YV 2mv {20 HA to 50 mA)
100V 0< IV £100V 5mv +{20 UA 1o 20 mA

HCU 2V 0L |visey 200 uv it uAto 10 A)
20v 02 iVis10V 2my {1 WA to 10 A)

HVU 10V | G VISHO0Y 10 mv 31 nA to 10 ma)
200V G<ivis200V 20 mv {1 nA to 10 mA)
500V [0 {VI <500V 50 mv 1{1 nA to 10 ma)
1000V | 0< Vi <1000V 100mV | {1 nAto 10 mA)

VS 20V Ccivi=saoyv imy - {100 mA)*
40V Civi<40V 2mv —- (20 mA)*?

Y For HCUs, if C < |7 compliance] < 1 UA, | compliance is set fo 1 wA or -1 uA.
For HVUs, it 0 < | compliance} <1 nA, | compliance is set o 1 nA or -1 pA.
T Current Lirniter value,
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unlt ouipiit range Description
HPSMU 0, tito15 O: Auto ranging
MPSMU | C, 111014 11: 2 V Limited Auto ranging O
HCU 0,11, 12 12: 20 V Limited Auto ranging
HvVUu 0, 1410 17 13: 40 V Limited Auto ranging
Vs G, 12,13 14: 100 V Limited Auto ranging
15: 200 V Limited Auto ranging
16: 500 V Limited Auto ranging
17: 1000 V Limited Auto ranging -



base voltage (numeric expression, Unit V)
pulse voltage {numeric expression, Unit: V}

Unit base vollage prise vollage
HPSMU 0 to 200 0 o £200
MPSMU | 0 to 100 0 to 100

HCuU 4] 0o 10

HVU 0 to £1000° 0to £1000°

Vs 0 10 x40 0 to 40

1 The hase voltage and pulse voltage polarity must be the same.
if the difference of the hase voltage and pilse voltage exceeds the following vaiues,
you cannot perform the cotrect measurement because the pulse output is not settied
to within the maximum pulse width of 50 ms.

{ vomplianee Maximum Voltage Diflerence

10 mA LD 4 UA about 600V
TuA about 400 V

100 nA about 40 V

10 nA about4 V

I compliance} {numeric expression, Umit: A)
For allowable I compliance values, see “ontpu! range”,

Default:
s If the specified source unit is set to V source mode before the triggen
Default = the setting before trigger

e |f the specified source unit is set to | source mode before the trigger:
Default = none

For the SMU or HCU, | compliance polarity is automatically set to the same polarity as
pufse voltage, regardiess of the specified / compliance polarity. It pulse voliage = O, the |

compliance polatity is positive for the SMU, and is the same as the previous polarity for
the HCU

For the HVU, | compliance polarity is automatically set to the same polarity as prise
voltage and base voltage, regardiess of the specified 7 compliance polarity.’ W pulse voli-

age = 0 and base voliage = 0, the | compliance polarity is the same as the output polarity
for the HVU.

For HCUs, the specified I compliance is set only duting pulse veltage output. During
base volrage (O V) output, the compliance is set to 0.1% of the range value at the tow-
est | range that incliudes compliance, regardiess of the specified value.
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Remarks
This command sefting is cleared by the Pi command.

For SMU or HVU pulsed output, the filter must be OFF before the measurement trigger
{command: FL).

For the HVU, set the output polarity to the same polarity as the base and pulse vaiues before
the measurament trigger {command: POL).

H you set the HCU to -0 V (0 V at negative ocutput potarity) to foree a negative current, set
the HCU 1o negative output once and perform a dummy measurement before setting O V as
in the following exampile.

250 OUTPUT 717;"PV"Ch, 0, 0, -2E-4, Compliance

260  OQUTPUT 717;"MM"3, Ch;"XE:BC"

270 OUTPUT 717;"PV"iCh, 0, 0, ¢, Compliance
Example Statements

QUTPUT T17,"PV1,12,0,5,1E-4"
QUTPUT 717,"PV3,12,-3,5,1E-5"
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The PW! command specifies the | puised sweep source and its parameters. This command

ciears the PWV cormnmand selting.

Measurement Mode

Puised sweép | Pulsed sweep with pulsed bias measurements

Syntax

For SMUs/HVUs:

PWI ch#, sweep mopde, outpul range, base current, siart pilse current,
stop pulse current, number of steps [, V compiiance)

For HCUSs:

PWI chi, sweep mode, oulpid range, base current, starl puise cirreni,

PWI

stop pulse current, number of steps, V compliance

Parameters

chit (integer expression)

Measurement Mode Unit ol

HPSMU 2{08

Puised sweep measurement | MPSMU 108
RCU 208

HvU 2t08

Putsed sweep with HPSMU 2i08
Pulsed bias measurement* MPSMU) t1to8
HCU 208

1 At ioast one of the pulse channels (channel sef by the PWV or PWI command and
channel set by the PDV or PDI command) must be an HCU.
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sweep mode (inleger expression)

sweep mode

Description

1
3

iinear sweep {single stair)
linear sweep (double stair}

puip range {integer expression)

Unit ouiput range Description

HPSMU 0, 12% 20 0 Auto ranging

MPSMU] 0,121018 12: 10 nA Limited Auto ranging
HCU 0,17 to 21 13: 100 nA Limited Auto ranging
HVU G, 131018 14; 1 uA Limited Auto ranging

15: 10 WA Limited Auto ranging
16: 100 uA Limited Auto ranging
17: 1 maA Limited Auto ranging
18: 10 mA Limited Auto ranging
19: 100 mA Limited Auto ranging
20: 1 A Limited Auto ranging

l 21: 10 A Limited Auto ranging

For Auto ranging, the output range is set to the towest range that inciudes base currens,

star! pulse current, stop prise current.

For Limited Auto ranging, the cutput range is set to the specified range, if this range
incluces base crrrent, start pufse currend, ang stop puise current. if not, it is set to the

same range as Aulo ranging.

During the pulsed sweep, the output range does not change.
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tnit Output Output Current OQutput | V compliance
Range Resc.
HPSMU 110 nA 0< | €£11.5nA S00iA |Qto 2V
100 nA D<€ 1 <115 nA 5 pA Dtoi2V
1 HA < £1150A 50 pA Oto 2V
10 LA C<ill £ 115UA 500pA | Otot2V
100uA {05111 S 115 uA SnA Qto 2200V
1 mA 0 < £195mA 50 nA 0to 1200V
10 mA <l £11.5mA 500 nA | Oto 1200V
100mA | 0 £ {1 £80mA 5 WA Qto 2200 V
50 mA < |1} <115 mA 5 uA Oto£100 V
1A 0< i £50mA 50uA | Oto 2200V
50 mA < [1] £ 125 mA 50un [ Qo 2100V
125 mA < |1} £ 350 mA 50uA | Oto x40V
350 mA < 11| € 700 mA S50uA | Oto 220V
700 mA < [} £ 1A 50uA | Qo xi4V
MPSMU |10 nA 0< it <11.5nA s00fa | Olox2V
100nA |0l £115NA 5 pA Cloi2Vv
1 UA o<l €135 0A 50pA | Otox2V
10 WA 0< i €115 UA 500pA [ Do 2V
1WonA | DS £115UA 5 nA OtoﬂGDV
i mA 0< il £115mA 50nA § Oto:100V
10 mA 0 ] £11.5mA 500nA | Dto*100V
100 mA | O£ |t £20mA 5 uA Oto 2100V
20 mA < {il £ 50 mA 5 uA Oto x40V
50 mA < [i] <100 mA S uA Qtod20V
HCU 1 mA 0< |} £1.15mA 100nA | Clo X100V
10 mA O< il £11.5mA 1 A Qto 10V
HomA | 05 [ S 115mA foua | Qlo=10V
1A O< it £1.15A 100uA ] Oto 210V
10 A 0L 10A 1 mA Otox10V
KVU 100 nA O£ i} £115nA 50 pA Qto 21000V
1uA 05 il €115 0A 500 pA Oto £1000 V
10 WA D<€ 115 A 5 nA Oto 21000V
100uA | 05 Il £ IS UA 50 nA Oto 21000 V
1 mA 0< |1} £1.15mA 500 nA O to 1000 V
10 mA 0<H £10mA 5 uA Oto 21000 V
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base curren! (NUMeric expression, Unit: A)
start puise current (numeric expression, Unit: A)
stop pulse current (NUMEic expression, Unit: A)

Unit base current* start puise current
stop pulse current
HPSMU 0o #1 0o =1
MPSMU 0 to £100E-3 0 to £100E-3
HCU 0* 0t £10
HvU 0 to £10E-3° 0to +10E-3°

* The start puise current, stop pulse currens and hase currenr must be the same polarity.

* During base value output, the HCU output is O V and no current.

® ¥ the difference of voltage at the base current and voitage at the pulse current ex-
ceeds the foliowing value, you cannot perform the correct measurement because the

pulse output is not settled within maximum puise width 50 ms.

Range pulse current Maximum Voltage Difference
10 mA t0 10 BA 10 matoc 4 pA about 600 V
1T HA about 190V
100 nA about 18 V
1 WA, 100 nA 1UA about 400 V
100 nA about 40 ¥
10 nA about 4 v

niemher of steps (NUMeric exprassion)

number of steps: 2 1o 1001°

' The maximum mmber of steps is restricied by the capacity of the output data buffer.
For ASCIH data format, 1023 measurement data can be stored in the output data
buffer. For binary data format, 4095 measurement data can be stored in the output

data buffer.
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[V complianee] {numeric expression, tinit: V)
£or altowable V compliance values, see “owpu! range”.

Defauit
o M the specified source unit ie set to | source mode before the trigger:
Detault = the setiing before trigger

s If the specified source unit is set to V source mode before the trigger:
Default = none

For SMUs and HVUSs, the V compliance polarity is automatically set to the same potarity
as the stari pulse current, stop puise current, and base current, regardiess of the specified
V compliance polarity. ¥ the srart pulse current =, stop currenl = 0, and base currenf = Q,
the V compliance polarity is positive for the SMU, and is the same as the output polarity
for the HVU.

For HCUs, the V compliance polarity is automatically set {o the same polarity as each
step pulse current, regardiess of the specified V/ compliance polarity. If the step current
= 0, the V compliance polarity is same as the previous polarity.

For HCUs, the specified ¥ complionce is set oy during puise ewrrenr output. During
base value output, the output voltage is fixed o O V and the 1 compliance is fixed 10
0.1% aof the range value of ! output range, regardiess of the puised V or | source.

Remarks
This command selting is cleared by the PWV command.

For SMU or HVU pulsed output, the filier must be OFF betore the measurement trigger
{command: FL.).

For the HVU, set the output polarity to the same polarity as the base and pulse values betore
the measurement frigger (command: POL).

Exampie Statements

QUTPUT 717;"PW11,1,0,0,1E-3,1E-1,100"
QUTPUT T17;"PWI3,3,0,1E-7,1E-7,1E-2,50,20"
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PWV

The PWV command specifies the V puised sweep source and its paramelers. This com-
mand also clears the PWI command selting.

Measurement Mode

Putsed sweep / Puised sweep with puised hias measurements

Syntax
For SMus/HCUs/HVUS:

PWV cir, sweep mode, outpur range, hase voltage, start pulse voltage,
stop prlse voltage, number of steps i, 1 compliance]

For VSs:

PWVY ch#, sweep mode, owiput range, base voltage, start pulse voltage,
stop pudse voltage, number of sieps

For V8s, you can send the 7 compliance parameter, but it has no meaning.

Parameters

ch# {integer expression)

Measurement Mode Unit chik
HPSMU 208
: MPSMU 1108
Pulsed sweep measurement HCU 2to8
HVU 208
vs1 108,11 o 18
V52 21 1o 28
Pulsed sweep with HPSML 2tc8
pulsed bias measurement * MPSMU tto8
HCU 2ic8

* Al least ane of the pulse channeis (channel set by the PWV or PWI command and
channel set by the POV or PDI command) must be an HCU.
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:s;veep mode (integer expression)

sweep mode Deseription
1 linear sweep {single stai) o
3 linear sweep (double stain

putpnl range (iNteger expression)

Unit onipu! range Description
HPSMU 0,11 1015 i ¢ Aulo ranging
MPSMU | 0,11 1014 11: 2V Limited Auto ranging
HCU 0, 11,12 12: 20 v Limited Auto ranging
HvU 0, 14 o 17 13: 40 V Limited Auto ranging
Vs 0, 12,13 14: 100 V Limited Auto ranging
15 200 V Limited Auto ranging
18: 500 V Limited Auto ranging
17: 1000 V Limited Auto ranging

For Auto ranging, the output range is set to the lowest range that includes base voltage,
start puise voitage, and siop pulse voltage.
For Limited Auto ranging, the output range is set to the specified range, It this range
inciudes both the base voltage, start pulse voltage and stop pulse voltage values. if not, it
is set to the same range as Auto ranging.

During the pulsed sweep, the cutput range does not change.
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Unit Quitput | Output Yoltage Owiput I compliance *
Range Heso.

HPSMU | 2V 0Livisav 100 uv 2 nAto 1 A}
20V CsivisHayv 1 mv (20 uA to 1 A)

14V |Vl S20V 2(20 uA to 700 ma)

40 v C|ivis40V 2 mv +(20 uA to 350 mA)
100V DIV <100V 5my +{20 uA to 125 mA
200V (0 vi<s200v 10 mv +{20 uA to 50 mA}

MPSMU | 2V og|vVigay 100 uy £{2 nA to 100 ma)
20v oV =20V imv £(20 uA to 100 mA)
40V 0 |Vigaoy 2 mv +{20 WA to 50 mA}
10V |0 VI S100Y 5mv {20 uA to 20 mA

HCU 2y Csivisayv 200 uv (1 pAto 10 A)
20V 0<iViSi0V 2 mv (1 uAto 10 A)

HVU 100V |0V <100V 10 mv (1 nA to 10 mA)
200V [0 Vi<200¥ 20 mv *(1 nA to 10 maA)
500V | D Vi <500V 50 mv (1 nAto 10 mA)
WOV | D[V 1000V 100 mv {1 nA to 10 mA)

Vs 2v Diviseny 1 my — {100 mA}*
40V DIV 240V 2mv - (20 mA}?

1

For HCUs, if 0 < |J compliance| < 1 uh, | compliance is set to 1 WA or -1 WA,

For HVUs, if 0 < 17 compliance| < 1 nA, | compliance is set to 1 nA of -1 nA.
* Current Limiter value.
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base voltage (nurmeric expression, Unit: V)
start puise voifage {nUMeric expression, Unit: V)
stop pulse voliage {numeric expression, Unit: V)

Uit base voltage start pulse voliage
. stop pulsc voltage
HPSMU 0 to 200 0 to 200
MPSMU 0 to 2100 . Dto £100
HCU 0 Oio 210
HVU 0 to £1000* 0 to +1000°
Vs 0 to +40 0o £40

* The start pulse voltage, siop pulse voliage, and base voltage must be the same polarity.

If the difference of the haw woliage and pulse voltage exceeds the foliowing values,

you cannot perform the correct measuremnent because the puise output is not settied
to within the maximum pulse width of 50 ms.

I compliance Maximum Voltage Difference

1QmAf.04uA B Y T2 ]

ADDUL DS ¥

fHA about 400 V
100 nA about 40 V
10 nA about 4 V

number of steps {(PUMeric expression)

number of steps: 2 1o 1001°*

1 The maximum mumber of steps is restricted by the capacity of the output data buifer,
For ASCH data format, 1023 measurement data can be stored in the output data

puffer. For binary data format, 4095 measurement data can be stored in the cutput
data buffer.
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{1 compliance] {numeric expression, Unit: A)
For aflowabie T compliance values, see “ountpur range”.

Defauit:
e If the specified source unit is set to V source mode belore the triggen
Defautt = the setting before trigger

@ if the specified source unit is set to | source mode before the trigger:
Default = none

For SMUs, the | compliance polarity is automatically set to the same polarity as the srar
pulse voltage, regardiess of the specified /7 compliance polarity, If the starr puise voltage =
0, the | compliance polarity is positive.

For HVUs, the | campliance polarity is autoratically set to the same polarity as the siart
pulse volrage, siop pulse voitage, and hase voltage, regardiess of the spacified 7 com-
- pliance polanity. If start pulse voliage = Q, stop puisc voliage = 0, and hase voltage = 0, the
i compliance polarity is the same as the output poiarity,

For HCUs, the | compliance polarity is autornatically set to the same polarity as the step
pulse voltage, regardless of the specified J compliance potarity. If the step puise voltage
= {), the 1 compliance polarity is same as the previous polarity.

For HCUs, the specified 7 compliance is set only during puise voltage output. During

base voltage (O V) outpui, the | compliance is set o 0.1% of range value at the towest |
range that inciudes | compliance, regardiess of the specified value,

Remarks

This command sefling is cleared by the PWI command.

For SMU or HVU puised output, the filter must be OFF before the measurement trigger
{commang: FL}.

For the HVU, set the output polarity to the same polarity as the base and pufse values before
the measurement trigger {command: POL).

Example Statements

QUTPUT 717;"PWV1,1,0,0,50,100,20,1 E-4"
QUTPUT 717;"PWV3,3,14,-2,0,100,100,0.1"
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RCV

The RCV command enables units that tail Self-Test.
# a unit fails Seli-Tes:, the unit is disabled and does not respond 1o any command except

the ROV and «TST? command. The RCV command enables the unit 50 that it can receive
commands again.

This command should only be used tor servicing the HP 4142B. DO NOT use this com-
mand during normal operation,

Syntax

ROV slori

Parameters

slos# {integer expression)

Uit slor Description

HPSMU 208 tise the iarger slor# of the two occupled slots.
MPSMU 108

HCU Z2to8 Use the larger sfor# of the two occupied slofs,
HVU 208 Use the larger sior# of the two occupied slots.
vVS/VMU Ti08 V51, V82, Vi1, and VM2 are enabied.
AFU 1io08
Remarks

1 the HP 41428 fails Sel-Test, contact the Hewlett-Packard Sales and Service Office.

Example Statements

QUTPUT 717;"RCV1"
OUTPUT T17,"RCV3"
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Ri

The RAi command specifies the | measurement ranging mode for all types of measurements,
except analog search measurernents and high speed spot measurements.

The Ri command only specifies the measurement ranging mode or measurement range.
The range changing ocours immmediately affer the trigger (that s, during the measurements).

Measurement Mode

Spot [ Staircase sweep / 1ch pulsed spot / Pulsed sweep [ Staircase sweep with pulsed bias
/ 2ch puised spot / Pulsed sweep with pulsed bias / Quasi-pulsed spoi measurements

Syntax

R ch#, I meastrement range

Parameters

chi# (integer expression)

Unit che
HPSMU 2fo8
MPSMU 108

HCU 2ic8

HVU 2i08

I measuremert range {integer expression)

Unit Measurement Output I measurement range
Mode Range
HPSMU | No Pulse Used All 0, £{11 to 20}
Pulse Used 2v 0, +(11 to 20), -(12 to 20}
20VvVio 200V 0, +{11 to 203, -(16 to0 20)
MPSMU | No Pulse Used All G, #1110 19)
Pulse Used 2V 0. +(11 to 19), -(12 {0 19)
20 Vio 200V 0, +{11 t0 19}, (16 to 19}
HCU Alf All 0, (17 to 21)
vy Al All 0, (13 1o 18)
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Description
I measuremeni
range No Puise Used Pulse Used
Measurement Mode Measurement Mode

0 Auto Compliance
11 1 nA Lid Auto Compliance
12 10 nA Lid Aute Compliance
13 100 nA Lid Auto Compliance
14 1 1A 1td Auto Compliance
15 10 uA tid Auto Compliance
16 100 uA Lid Auto Compliance
17 1 mA Lid Auto Compliance
18 10 mA Lid Auto Compliance
19 100 mA Lid Auto Compiiance
20 1 A Lid Auto Compliance
21 10 A Lid Auto Compliance
-1 1 nA range fixed
-12 10 nA range fixed

~13 100 nA range fixed
~14 1 WA range fixed
-15 10 uA range fixed
-16 100 uA range fixed
-17 1 ma range fixed
-18 10 mA range fixed
-1¢ 100 mA range fixed
-20 1 A range fixed
-24 10 A range fixed

1 auto: Auto ranging, Lid Auto: Limited Auto ranging,
Compliance: Compliance range

Initial Setting = 0

Remarks

For analog search measurements, | measurement range is set to Compliance range.
For high speed spat measurements, | measurement range is set by Ti command.

Example Statements

OUTPUT 717,"RI1,0"
OUTPUT 717;"RI3,-15"
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*RST

The «RST command resets the HP 41428 (mainframe and alf units) to the initiat setiings, but
does not clear program memory and Seli-Calibration data.

Syntax
»RET

Remarks

It this command is included in a command string (example: QUTPUT 717;"«RST;CN", the
other commands {CN} in the string are not executed.

¥ you want to reset units while a sweep measurement is being periormed, you must first
send the AB command, then the «RST command.

Device Clear (CLEAR statement for HP BASIC) resets the HP 41428 more directly than this
command, bypassing the input buffer.

Example Statement

OUTPUT 747;"«RET"
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RU

The RU command sequentialiy executes the HP 41428 internal memory programs.

Syntax

RU srart programi, siop progrant

Execution Conditions

The specified programs have been stored by using ST and END cammands from srart pro-
granvt through stop progranst,

Parameters

sfarr program# (RUMETic expression)
stop progromt (nUMmeric expression)

star! program#®: 110 98
stop progranm': 110 89

* The stop program® must be greater than or equal to the start progrant.
Example Statements

OUTPUT 717;"BU1, 10"
OUTPUT 717;"RUSE"
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RV

The RV command specifies the V measurement ranging mode for all types of VM measure-

ments, except high speed spot measurements.

The RY command ondy specifies the measurement ranging mode or measurement fange.
The range changing occurs immediately afier the trigger (that Is, during the measurements),

Measurement Mode

Spot / Staircase sweep [/ 1ch pulsed spot / Puised sweep / Staircase sweep with pulsed bias

/ 2ch puised spot / Puised sweep with putsed bias measurements

Syntax

BV chst, V measurement range

Parameters

ch# (integer expression)

Unit ch#
VM1 1tc B, 1110 18
VM2 211028

V measurement range (integer expression)

VM operation mode

V measurement range

Grounded mode

0, {11 fo 13)

Differential mode 0, (10, 11)
Cescription
¥ measurement
range No Pulse Used Pulse Used
Measurement Mode Measurement Mode
o Auto ranging 40 V range fixed
10, -10 0.2 V range fixed —
11, 11 2 V range fixed 2 V range fixed
12, 12 20 V range fixed 20 ¥ range fixed
13, 13 40 V range fixed AD V range fixed
Initial Setting = 0
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Remarks

For differential mode, the ranging mode of the VM (Vi1 or VM2) specified by the bt com-
mand is used.

For SMUS/HCUs/HYUSs, the V measurement rangs is set to the Compliance range.
For high speed spol measurements, the V measurement range is set by the TV command.

Example Statements

OUTPUT 717;"RV1.0"
OUTPUT 717,"RV12,11"
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RZ

The RZ command retums the unit 1o the seflings that are stored by the DZ command and
clears the stored unit settings. The DZ command stores the unit settings {(V/i ouiput values,
V/1 output ranges, and Vjl comgliance vaiues}, then sets the unit to Zero Output. The stored
unit settings are cleared by a Device Clear (HP BASIC CLEAR), «RST, RZ, CL, CA, or +TST7.

Execution Conditions

DZ command has been executed for the specified unit, and after that, the RZ, Cl., CA,
=TST?, »RST or Device Clear command is not executed for the specified unit.

DZ command has been executed for the specified HVU, and the putput polarity is set to the
polarity of the DZ command execution.

Syntax

RZ [ch##] [, che] [ ch#} | oie] [, che] [, chie) |, ok} [, o)

Parameters

[eh#] {integer expression)

Unit cirt

HPSMU 2tc8

MPSMU 1t08
HCU 208
HVU 28
VS ito 8 11{0 18
vs2 211028

Defaylt =  alt units that satisfy the conditions described in "Executfion Conditions”.

You can specify up to 8 ¢/ at once using the RZ command, and the HP 41428 returns
the stored unit settings in the specified order. if you do not specify a ch#, the HP
41428 retums the settings in the order that the DZ command stored them.

Example Statements

QUTPUT 717;"R2"
OUTPUT 717;"RZ11,21,3,5,6.7"
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SCR

The SCR command scratches the specified program from the program memory of the HP
41428,

Syntax

SCR [pregram#]

Parameters
[programi} (numeric expression)
prograni: 1 10 99

Default = all ;irograms stored in program memory are scratched.

Example Statements

QUTPUT 717;"SCR2"
QUTPUT 717,"SCRS5"

i



* SRE

The «SRE command removes the mask from each of the specified bits, and masks the bits
that are not specified.

Syntax

=SRE -hif

Parameters
bir (integer expression)
bir: 0 to 63, 128 to 191
Intial Setting = O {All bits masked except Bit 6)

Fo specify bits, use the decimat value ot the bits as follows.

Decimal Value Bit Number | Description
1 Bit G Data Ready
2 Bit 1 Wait
4 Bgit 2 not used
8 Bit3 Interlock Open
16 Bit 4 Set Ready
32 Bit & Etror
— Bit & RQS {You cannot mask this bit.)
128 Bit v Shut Down

For example, to remove the mask from 8it 3, execute «SRES.

To remove the masks from Bit O, Bit 4, and Bit 7 {1 + 16 + 128 = 145), execute
«SRE145,

If &t is O, all bits except Bit 6 are masked.
Exampie Statements

QUTPUT 717;"«SREG"
OQUTPUT 717;"+5RE128"
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¥SRE?

The «SRE? query command requests information about which bits of the status byte are

masked, and stores the resulis in the oulput data buffer {gquery buffer). You can then use FR

the controller to read the output data buffer (ENTER statement in HP BASICHL

Syntax

+SRE?

Qutput Data

masked birs «<CRALFAEO>

The masked bits are represented by the corresponding decimal values.

Decimal Yalee | Bit Number | Descriplion
1 Bit 0 Data Ready
2 Bit 1 Wait
4 8t 2 not used
8 Bit 3 interiock Open
16 Bit 4 Set Ready
32 Bit S Erroy
— Bit 6 RQS (You cannot mask this bit.)
128 Bit7 Shut Down

Fer example, i 25 (1 + 8 + 16 = 25) is refumned, then the masks of Bit 0, Bit 3, and Bit 4
of the status byte are removed.
If masked bits is ©, alf bits are masked,

Exampie Statements

10 QUTPUT 717, «8RE?"
20 ENTER 7T17/A

30 DISPA

40 END
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ST

The ST command is used with the END command to store a program in the internal pro-
gram memory of the MP 4142B.

The ST command indicates the start of the program, and assigns the programs. If the as-
signed program already exists, the HP 41428 deletes the old program, and stores the new
ene. The END command indicates the end of the program. If you forget to include the END
cornmand, the HP 41428 siores commands until program memory is full. Use the DO or
RU command {0 execute stored programs.

Syntax

ST programit; [command,] [commands] ... [mmmand;}. END
or

8T programe<CRLFEQ>

feormmand ]<CR/LFAEOQE>
fcommand}<CR/LF EQI>

[eommand}<CR/LFEQI>
END

Parameters
program# {integer expression)

progranmi: 1 {0 99

fcommand] {characler strings)
Specify commands according to normal syntax—no special syntax necessary.

Below are commands that can and cannot be stored in program memory.

Can be stored in program memory:
AlV, ABM, ASY, AT, AV, AVi, BC, BDM, BDT, BDV, CL, CN, DI, DO, DV, DZ, ERC,
Fi., FMT, 1IN, MM, OS, PA, PDM, PDI, PDV, Pi, POL, PT, PV, PWI, PWY, R, RU,
RV, RZ, Ti, TM, TV, VM, Wi, WM, WS, WS, WSV, WT,WV, XE, +SRE

Cannot be stored in program memory:

AB, CA, CM, END, ERR?, LOP?, LST? NUB?, RCV, ST, UNT?7, WNU?, «IDN?,
«LRN?, «OPC?, +RST, SRE?, »8TB?+T8T?
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Example Statements
QUTPUT 717;"ST1;0V1,0,20,1E-6,0:T11 GEND”

QUTPUT 717,"ST4"

OUTPUT 717;"WI1,1,19.0,0.1,100,40,0.5"
OUTPUT 717:"DV4,0,5,1E-4"

QUTPUT 7T17;"XE™

QUTPUT 717,"END"
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*STB?

The «STB? query command stores the decimal representation of the status byte in the out-
put data buffer {query bufier). You can then use the controfier to read the output data buffer
(ENTER statement in HP BASIC).

Syntax

«STB?

Cutput Data Format
status hyte <CRILFAEQ>

The «5TB command is funziionally identical to the SPOLL cormmand in HP BASIC, The
status byre output data is a decimal number that indicates which bits of the status byte are
ON ("1"}. Bits of the status byle indicate conditions that may require atiention.

This command does not clear the status byte. (The SPOLL command clears the status

byte.)
Pecimal Value Bit Number | Description
1 Bit9 Data Ready
2 8it 1 Wait
4 Bit 2 not used
8 Bit 3 interlock Open
16 Bit 4 Set Ready
32 Bit 5 Error
—— Bit 6 RQGE (You cannot mask this bit.)
128 Bit7 Shut Down

For exampie, if 40 (8 + 32 = 40) is raturned, then Bit 3 and Bit 5 are setto 1.

Exampie Statements

10 QUTPUT 717;"«8TB7"
20 ENTER 717:A

3¢ DISP A

40 END
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Tl

The Ti command is the trigger command for high speed spot | measuremnent.
This command performs a high speed spot | measurement, independent of the source mode
{(V/1 source mode), irigger mode (TM command), and measurement mode (MM command).

Measurement Mode

High speed spot measurements

Execuiion Conditions

CN commang has been executed for the specified unit.

Syntax
For SMUs/HCUs/HVUs:

Ti ch# [, 7 measurement range]

For V&s:
T ek

For VSs, you can send the [ measurement range parameter, but it has no meaning.

Output Data

See "ASCH Measurement Data Output Format® or "Binary Measurement Data Output Format™
at the beginning of this manual.

Parameters

ch# (integer expression)

Unit ch#
HPSMU 218
MPSMU 108

HCU 208

HVU 208

VE1 tio g 11to 18

V82 2iwae
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[} measurement range] (integer expression)

Unkt I measurement range Description
HPSMU g, #(11 to 20) o Auto ranging
MPSMU 0, £(11 {0 19)
HCU 0, £(17 to 21) 11: 1 nA Limited Aute ranging
HVY 0, (13 to 18} 12. 10 nA Limited Auto ranging
13: 100 nA Limited Auto ranging
14: 1 wA Limited Aulo ranging

15 10 uA Limited Auto ranging
16: 100 uA Limited Auto ranging
170 1 mA Limited Auto ranging
18: 10 mA Limited Aufo ranging
18: 100 mA Limited Auto ranging
20 1 A Limiled Auto ranging

21: 10 A Limited Auto ranging

-11: 1 nA range fixed
-12; 10 nA range fixed
-18: 100 nA range fixed
-14; 1 WA range fixed
-15: 10 WA range fixed
-18: 100 WA range fixed
-17: 1 mA range fixed
-18: 10 mA range fixed
-19: 100 mA range fixed
=200 1 Arange fixed
-21: 10 A range fixed

Pefault =  Compliance range, if the specified unit is in V source mode, or same as |
output range, if the specified unit is in | source mode.

If the specified unit is in | source mode, [ measurement range is ignored, and the | mea.
surement range is set to the | outpul rangs.

Remarks

i the TI command is executed for & VS, the | measurement range is determined by the V
cutput range. If the VS oulput range is 20 V, the | measurement range is set o 100 mA. f
the VS output range is 40 V, the | measurement range is set to 20 mA.

Example Statements
OUTPUT 747, TH"

QUTPUT 717,"Ti1,-14"
CUTPUT 71711267
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™

The TM command specifies the rigger mode for afl types of measurernents except high
speed spot measurements, and for wait status release by the PA command.

Measurement Mode

Spot / Staircase sweep / 1¢ch pulsed spot / Pulsed swesp / Staircase sweep with pulsed bias

/ Analog search [ Zch pulsed spot / Puiset sweep with pulsed blas | Quasi-pulsed spot
measurements

Syntax

T frigger mode

Parameters

trigger mode (integer expression)

rigger mode Description

b

XE, HP.IB GET {Group Execute Trigget, TRIGGER command in
HP BASIC) are available.

2 XE is avaitable.

3 XE, External frigger (signal via the TRIGGER INPUT terminal) are
avaitable.

4 XE, MM (Automnatic trigger after the MM command execution) are
avzilable.

Initial Setting = 1

I trigger mode is set to 3 and the measurement is performed by external trigger signal
via TRIGGER INPUT terminal, the HP 41428 outpuls a puise signat via the TRIGGER
OUTPUT terminal on the rear panel.

Example Statements

OQUTPUT 717;7TM1"
OUTPUT 717;"TM3"
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*TST?

The «TST? query command starts the HP 41428 Self-Test, and stores the results in the
output data buffer {query buffer). You can then use the controlier to read the output data
buffer {ENTER command in HP BASIC). _

When you execute the «TST? command, the output swilches of the specified units are set to
OFF (same conditions as afier the CL. command execution).

«TST? command also performs Self-Cafibration.

Execution Conditions

No unit is in the HIGH VOLTAGE state (forcing more than +42 V, or ¥ compliance set to
more than £42 V).

For the HVL Self-Test, the INTLK terminal is shored.

Syntax

| STST? [slor#]

Parameters

[stor] {integer expression)

Unit slors
Mainframe and ali units 0

HPSMU? 2108

MP3MU 108

HCU * 208

HVU*® 28

VS/VML 1to8

AFU 108
Mainframe 9

* To perform Self-Test, you must specify the higher slor# of occupied two siots.

Default =0
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Qutput Data
test results <CRILEAEQL>

The ress resulis are stored in the output data bufier. Use the following tabie to interpret
the results,

rest resulis Description
0 passed
1 Slot 1 unit fafied
2 Silot 2 unit failed
4 Slot 3 unit failed
8 Slot 4 unit failed
16 Siot 5 unit failed
32 Siot 6 unit failed
64 Siot 7 unit failed
128 Slot 8 unit faited
256 Mainframe failed
512 Did not perform . Sali-test on one or more HVUs.
Short the INTLK terminal and perform Self-lest
again,
1024 Di¢ not perform Seff-test on one or more HVUS,

and lost the Self-calibration data of the HVUIS).
Short the INTLK terminal and perform Seff-test
again.

# more than one unit failed, the fest results equal the sum of the numbers correspond-
ing to the failed units.

Rematks

If the HP 41428 fails Self-Test, contact the Hewlett-Packard Sales and Service Office.

Units that failed Self-Test are disabled except for the +TST? command, and can only be
enabled by the RCY command.

Examplie Statements

10 QUTPUT 717,<T8T?"

20 ENTER 717A

30 DISPA
40 END
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TV

The TV command is the trigger command for high speed spot V measurements.
This command performs a V measurement independent of source mode (V/i source mode),
trigger mode (TM command}, and measurement mode (MM command).

Measuvrement Mode

High speed spot measurements

Execution Conditions

CN command has been executed for the specified unit. However, when you specify the VM,
there are no execution conditions.

Syniax
For SMUs/HCUs/HVUs:

TV ch#

For YMs:
TV ch#t [, ¥V measurement range)

For SMUs, MCUs, or HVUSs, you can send the ¥ measirement range pararmeter, but it has no
meaning.

Output Data

See "ASCH Measurement Dafa Output Format™ or "Binary Measurement Data Output Format®
at the beginning of this manual.

Parameaters

ch# {integer expression)

Unit ch#
HPSMU 2to 8
MPSMU 1108

HCU 208

HVL} 2t08

VMt 1108, 11t018

VM2 2ito 28
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[V measurement range] (integer expression)}

V¥i: Dperation Mode V measurement range Description

Grounded mode 0, {11 to 13} o: Auto ranging
Differential mode G, £{10, 11} 10, -10: 0.2 V range fixed
11, -11: 2 V range fixed
12, -12: 20 V range fixed
13, -13:  4QV range fixed

Default = 0

Remarks

For SMUSs/HCUs/HVUS, if the specified unit is in V source mode, the measurement range is
set to the same as the V output range. If the unit is in | source mode, the V measurement
range is set to Compliance range.

Exampie Statements

QUTPUT 717,"TV1"
QUTPUT 717;"TV1,127
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UNT?

The UNT? query command requests the model and revision numbers of all plug-in units

instalied in the HP 41428, and stores the results in the HP 41428 output data buffer (query
buftfer).

Synitax

UNT? {, mode]

Parameters

{madye) (integer expression)

ntode Description
o Request to ali plug-in units,
1 Request to all plug-in units and CONTROL. unit.
Detault = 0

Output Data Format

For mode = G

model# af stoti], revt ar stor#l; modelt¥ at slot#2, rev ot sioi#2: ... : model% ar Slotgs, revit
af slor#8 <CRILFEQI>

For mode = 1:

control unit parts, control unit reve, modelt af slorkl, reve af siorsl ; model# gt slotd2, revi
af slork2; ... | model# ar slord8, rev ar slor#s <CR/LF*EO>

if no unit is installed at a siot, modets = 0, revt = 0, and parm = 0 are stored for that siot.

The HPSMU, HCU, and HVU occupy two siots, and the model and revision number data are
stored corresponding to the larger siot number.

Exarmple:

For mode = O:

0,0; HP41420A.3; HP41421B,3; HP41425A,0; 0.0; 0,0; 0,0; 0,0<CR/LFEDI>
For mode = 1:

04142.61011,0; 0.0; HP41420A,3; HP414218,3; HP41425A.0; 0,0; 0.0; 0,0; 0,0<CR/LFEQI>
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Example Statements

10
20
30
4D
S0

DIM AS[B7]

OUTPUT 717;"UNT?"
ENTER 717:A%

DISP AS

END
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VM

The Vi command sets the V measurement operation mode for the specified V.
Unit
VM

Syntax

VM cirie, VM operation mode

Parameiters

ch¥ (integer expression)

VM slot# chit

1, 11, 0or 21
2,12, 6r 22
8,13, or 23
4, 14, 0r 24
5,15, 0r 25
6, 16, or 26
7,17, 01 27
8, 18, or 28

0~ DD W R -

VM operation mode {integer expression}

VM operation mode Description
i Grounded measurement
2 Differential measurermnent

Example Statements

QUTPUT 717;"vimt, 1"
OQUTPUT 717;"¥M5.2"
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Wi

The Wi command specifies the | staircase sweep source and its parameters. This command
also clears the WV, WSV, and WS! command settings.

Measurement Mode

Staircase sweep | Staircase sweep with pulsed bias measurements

Syntax
For Staircase Sweep Measurement (No Pulse Used):

Wi ch#, sweep mode, onlput range, starl current, sSiop current, mmber of steps
{, V compliance] [, power compliance)

For Staircase Sweep with Pulsed Bias Measurement {Pulse Used):

Wi chit, sweep mode, ourpui range, star! curren!, stop currenl, number of steps
[, ¥ compliance]

Parameters

ch# {integer expression}

Uit ch

HPSMU 28
MPSMU 1to8
HVU 2to8

sweep mode (integer expression)

Measurement Mode sweep mode Description
Staircase sweep 1 linear sweep (single stair)
measurement 2 log sweep (single stair}
3 finear sweep (doubie stair)
4 log sweep {double stair
Stalrcase sweep with 1 fingar sweep {single stair)
pulsed bias measuremant 3 linear sweep {double stair)
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output range (infeger expression)

Unit oulpul range | Description

HPSMU | 0,11t 20 0:  Auto ranging

MPSMU 0,11t 18 11: 1 nA Limited Auto ranging
HVU 0,13 18 12: 10 nA Limited Aulo ranging

13: 100 nA Limited Auto ranging
14: 1 wA Limited Auto ranging
15: 10 uA Limited Auto ranging
16 100 1A Limited Auto ranging
17: 1 mA Limited Aulo ranging
18: 10 mA Limited Auto ranging
19: 100 mA Limited Auto ranging
20: 1 A Limited Auto ranging

During a linear sweep, the output range does not change.  you specify Auto ranging
for a linear sweep, the ocutput range is set to the lowest range that includes starr currenmt
and stgp current. For Limited Auto ranging, the output range is set to the speclfied
range, if this range Includes srars current and srop current. #f not, it is set to the same
range as Aute ranging.

During & log sweep, the cutput range changes. i you specity Auto ranging for a log
sweep, the range changes 5o that each current step is forced at the lowest range that
includes the step current in all ranges. For Limited Auto ranging, the range changes so
that the current is forced at the lowest range that includes the step cumrent in the speci-
fied range and higher.
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Unit Cutput Output Current Cutput V compliance®

Range Reso.
No Polse Used? | Puise Used
HPSMLI 11 nA 0< i1 £1.15nA 50 fA 0to 200V —

10 nA 0[] £11.5nA 500 A Dto £200V Qo 2V

100RA |0 Hi € 115 nA 5 pA 0to 2200V Qto 2V

1 WA 0 |1} €1.15uA 50 pA Oto x200V  |0to22V

10 12A 0< 2115 uA 500 pA Oto 2200V Oto 2V
100 1A {0 1] € 115 uA 5 nA Oto 200V 0to 200V
1mA 0< {1l £115mA 50 nA Dto 2200V Cio 2200V
10mA (0L £11.5mA 500nA | Cto 2200V Qo +200V
100mA [0S 1] £ 80 mA 5 uA 0to 2200V Oto 2200V
50 mA < 1} <115 mA 5 uA 0 to 2100V Oto 2100V
1A 0< ] £50mA © | B0 uA 0 to £200V Oto 2200V

80 mA < {1] £125mA 50 uA Oto £100V Dio 100V
125 mA < |1} <350 mA | BOuA 0to 40V Oto 240V
350 mA < 1] £700mA | B0 uUA Oto 20V Oto 20V

700mA < |1} STA 50 pA Oto 14V Oto 14V
MPSMU | 1 nA 0< 1t £1.15nA 50 1A 0to 100V —
10nA (0< i} £ 11.50A 50044 | Oloxwov lowx2v
100nA |0 < 11 £ 1150A 5 pA 010 100 V Oio+2V
1 UA <l £115uA 50 pA Oto #1000V |Qtox2V
10uA |0 £ 115 uA 500pA | Oto*100V [Otox2V
100 uA [0S (H S 115 UA 5 nA Dio 2100V | 0to 100V
1 mA D& |l £1.15mA 50 nA Oto =100V | Oto 2100V
10mA (0<11} £11.5mA 500nA| Oto#i00V [OCto2i00V
100mA |0 < (I € 20mA 5 uA Oto 2100V | Oto =100V
20 mA < |} < 50mA 5 uA 0 to 40 ¥ Cto 40V
50 mA < |1| <100 mA 5 A O to *20 V 0o *20V
HVU 100RA 10 1] £1150A 50 pA Oto x1000V | Oto £1000V
1 A 0< 1 <115 1A 500 pA| Oto 1000V | Oto £1000V
Weas (0L HiS115uA 5nA Oto £1000V | Oto £1000V
100A [0S 11 £ 115 1A 50 nA Oto +1000Y | Oto :1000V
1 mA 0 i} £1.15mA 500 nA; Ofto =1000V | O0to #1000V
10mA {0 |1 €£10mA 5uA Oto £1000V | 0 to 21000V

+ For measurement fnodes with no pulsed source, the "No Pulse Used” column ap-
plies. For measurement modes that use a puised source, the "Pulse Used” cotumn
applies.

1 (sweep mode = log) and (power compliance = omitted), apply the ¥ compliance vaiues
in the highest output range during the sweep.

If you specify the power compliance, he aliowable V compliance values are § to & {the
maximum vaiue of the unit), regardless of the output range.
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srart current {(numeric expression, Unit: A)
stop curreni (numMeric expression, Unit: A)

Uit stary current
siop current

HPSMU 0 to 21
MPSMU | O to *100E.3
HVU O te £10E-3°

* The polarity of the start current and stop current must be the same.

miember of steps (Dumeric expression)
number of steps: 2 to 1001°*

* The maxirnum mumber of steps s restricted by the capacity of the output data bufter.
For ASCH data format, 1023 measurement data can be Stored in the output data

buffer. For binary data format, 4095 measurement data can be stored in the output
data buffer.

iV compliance] {numeric exprassion, Unit: V)
For allowable V' compliance values, see "output range”.

Default:
¢ If the source unit is set to | source mode before the trigger:
Default = the setling before trigger

¢ I the source unit is sef to V source mode before the trigger:
Detault = none

The V compliance is automafically set to the same polarity as each step current,
regardless of the specified ¥ compliance polarity. If step current = 0, the V compiiance
polarity is positive for the SMU, and is the same as the output polarity for the HVLL.
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[power compliance] (numeric expression, Unit W)

Unit power compiiance Resolution
HPSMU 1E-3 10 14 1E-3
MPSMLU 1E-3t0 2 1E-3

HVU 1E-3 to 10 1E-3

Default = Does not sst the power compliance.

Remarks
This command setting is cleared by the WY command.,

For the HVU, set the output polarity 1o the same polarity as the siarr and stop values be-
fore the measurement trigger (command: POL).

Example Statements

QUTPUT 717:;"Wi1,1,12,0,5E.8,100,5E-2,0.01"
QUTPUT 717;"W13,2,0,0,0.1,500,10,2"
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WM

The WM command seis the awomatic sweep ahort function for staircase sweep sources
{SMUs, HCUs, HVUs, and VSs) and pulsed sweep source {SMUs, HCUs, HVUs, and VSs),
and output after sweep Settings for the staircase sweep sources.

Measurement Mode

Staircase sweep [/ Pulsed sweep / Staircase sweep with pulsed bias |/ Pulsed sweep with
pulsed bias measurements

Syntax

WM awtomatic sweep abort function |, ourpu! after sweep)

Parameters

antomnatic sweep abort function (integer expression)

auomatic sweep abor! function Desarintion
1 Disabled
2 Enabted
Initial Setiing = 1

fortpin after sweep] (integer expression)

oniput after sweep Description
1 start value
stop value
Initial Setting = 1
Default = 1

Example Statements

QUTPUT 717;"WM1{,2"
QUTPRUT 717;"WM2,1°
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WNU?

The WNU? guery command requests the number of sweep sieps specified by the sweep
command, and stores the resuits in the HP 41428 oulput data bufter (query buffer). You can
then use the controller to read the output data buffer (ENTER staternent in HP BASIC).

Syniax

WHU?

Quiput Data

number of sweep steps <CR/LFAEQI>

After executing this command, the HP 4142B reports the number of steps parameter that was
specified by the sweep command (PWI, PWY, Wi, or Wv). If you want to know the number
of steps tor a puised sweep, you must specify MM or MMS before using this command,
otherwise the mmber of steps for the staircase sweep is reported.

Example Statement
10 CUTPUT 717;"WNU?"
20 ENTER717:A

30 DISPA
40 END
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ws

The WS cormimand causes the HP 41428 to go into a WAIT state until the HP 41428 receives
an external trigger signal via the TRIGGER INPUT terminal on the rear panel,

Syntax S

WS {waiting model

Farameters

{waiting mod e} (integer expression)

waiting mode Description
1 Continue if trigger was aiready received.
2 Wait for next trigger.
Default = 1

Exampie Statements

10 QUTPUT 717;"MM1, 11"
20 OCUTPUT 717;"ws2"

30 QUTPUT 747"XE"

4C ENTER A

50 DISF A

60 END

Remarks

It you want to end a WAIT state. execute the AB or «RST command. if you send any other
commands first while the WP 41428 is in the WAIT state, these WAIT state ending com-
mands are not effective because the command input buffer is full. in this case, use the
Device Clear {CLEAR command in HP BASIC) fo end the WAIT state.
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WSt

The WSt commang specifies the secondary | staircase sweep source (that is synchronized
with the primary | staircase sweep source set by Wi command} and its parameters.
Therefore, the number of sweep sieps and the sweep mode are the same as number of sfeps
and sweep mode specified by the Wi command.

It is impossible to synchronize a secongary | staircase sweep source with a V staircase
sweep source or a pulsed soutte.

Measurement Mode

Staircase sweep measurements

Execution Conditions

The parameters of the Wi command are $et.

Svntax

WS cirt, ontput range, start curreni, stop curreny [. ¥ compliance] [, power compliancel

Parameters

ch# (integer expression)

Unit clr

HPSMU 28
MPSMU o8
HvU 2t8

outpur range (integer expression)

unit | owpnr range Description

HPSMU 0, 11 t0 20 & Auto ranging

MPSMU 0,110 18 11: 1 nA Limited Auto ranging
HVy 0,13t 18 12: 10 nA Limited Auto ranging

13: 100 nA Limited Auto ranging
14: 1 uA Limited Aulo ranging
15: 10 UA Limited Auto ranging
16: 100 wA Limited Auto ranging
17: 1 mA Limited Auto ranging
18: 10 mA Lirited Auto ranging
19: 100 mA Limited Auto ranging
20: 1 A Limiied Auto ranging
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Buring a linear sweep {sweep mode is specitied by Wi command), the cutput range does
not change. If you specity Auto ranging for a tinear sweep, the output range is set to
the lowest range that includes stars current and stop currens. For Limited Auto ranging,
the output range is set to the specified range it this range includes star! current and stop
current. 1 not, # is set to the same range as Auto ranging.

During a log sweep, the oulput range changes, If you specity Auto ranging for a log
sweep, the range changes so that each step current is forced at the lowest range that
includes the step curent in all ranges. For Limited Auto ranging, the range changes so
that each step current is forced at the lowest range that includes the step current in the
specified range and higher.

tinit Qutput Output Cusvent Output ¥ compiiance*
Range Reso.
HPSMU |1 nA 0< il £1.15nA 50 1A Dto 2200 v
10 nA 0SS £11.5nA 500 tA Oto 2200V
100 nA O €115 nA 5 pA Oto 2200V
1 uA e £115 1A 50 pA Ot X200V
10 A 0SS €115 uA 500 pA Oto 2200V
100 uA 0Ll <115 uA 5nA Gio 2200V
1 mA 0z 1] £ 1.15mA 50 nA Oio 2200 v
10 mA Gl £11.5 mA 500 nA Oto 200V
100mA | 0< 1] £50mA 5 A Olo 2200V
C L S0mA < {1} €115 mA 5 uA Do 2100V
1A 0< I £50mA 50 uaA Oto 200V
50 mA < |1} £ 125 mA 50 wA Cio 2100V
125 mA < |1} £ 350 mA 50 uA Cio x40 V
350 mA < [if < 700 mA 50 uA Oto 20 v
TOOMA < i} S 1A 50 uA Oto 14 v
MPSMU | 1 nA 0511} £1.15nA 50 1A Oto 100 v
10 nA 0< il €115 nA 500 tA Gto 2100V
100 nA 02 {1 £115nA 5 pA Qo 2100 Vv
1A 05 [ £1.15 uA 50 pA Dio 2100 V
10 UA 0L 1| € 11.5 uA 500 pA Oto 100V
100 uA 0]} € 1154 S nA Qto 2100 V
1mA 0< 1] £ 115 mA 50 nA 0o =100 V
10 mA 0 £ 115 mA 500 nA Oto 2100 V
100 mA | 0L [ £20mA 5 uA Oto 2100 V
20mA < ]I £ 50 mA 5 A Oto 240V
S0 mA < 11| €100 mA 5 LA Qio 220V
HVU 100nA | 0|1 €115 nA 50 pA 0to 21000V
1 HA 0< |1} £ 1.15 uA 500 pA 0o 21000V
10 HA DS €115 1A 5nA 0to 21000V
100 uA 05 {f] £ 115 uA 50 nA Oto 1000V
1 mA o< |1 £ 115 mA 500 nA 0to 1000V
10 mA o< |l £10mA 5 uA 0to 21000V

* I (sweep mode = log) and {power compiiance = omitied), apply the ¥ compliance values
in the highest output range during the sweep.

if you specify the power compliance, the allowable ¥V compliance values are O to * (the
maximum value of the unit}, regardiess of the oulput range,
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start currenr {(pumeric expression, Unit: A)
stop current {UMeric expression, Unit: A}

Unit stari current
stop current

HPSMU Oto £t
MPSMU | O to 100E-3
HVU 0 to £10E-37

! The start current and stop currens potarity must be the same.

[V compliance] {numeric expression, Unit: V}
£or aliowable V complianee values, see "ourpul rarge”,

Default:
e [ the source unit is set to | source mode before the trigger:
Petault = the setting before trigger
e If the source unit is set to V source mode before the trigger:
pefault = none

The ¥ compliance polarity is automatically set to the same polarity as each siep current,
regardiess of the specified V compliance polarity. 1f the step current = 0, the V com-

pliance polarity is positive for the SMU, and is the same as the output potlarity for the
HVLL

{power compliance] (numeric exprassion, Unit: W)

Unit power compliance Resolution
HPSMU 1E-3 i 14 4E-3
MPSMU 1E3 02 1E.3

HVU 1E.3 10 10 1E.3

Default = Does not set the power compliance.

Femarks
This command setting is cleared by the Wi ar WV command.

For the HVU, set the output polarity to the same polarity as the start and stop values De-
tore the measurerment trigger (command: POL).

Example Statements
OUTPUT 717;"WS511,16,0,4E-5,20,1"

QUTPUT 717,"WSi2,0,1E-3,1E-2,5"
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Wsvy

The WSV command specifies the secondary V staircase sweep source that is synchronized
with the primary V staircase sweep scurce set by WV command and its paramsters.
Therefore, the number of sweep steps and the sweep mode are the same as the number of
steps and the sweep mode specified by the WV command.

It is impossible to synchronize a secondary V staircase sweep source with an 1 stalrcase
sweep source or a pulsed source,

Measurement Mode

Staircase sweep measurement

Execution Conditions

The parameters of the WV command are set.

Syntax
For SMUs/HVUs:

WSV chs, onfput range, start voltage, stop voltage §, | compliance} {, power compliace)

For VSs:
WSV cirt, omiput range, start voliage, step vollage

For Vv8s, you can send the [ compliance and power compliance parameters, but they have no
meaning.

Parameters

ch# (integer expression)

Unit chr
HPSMU 208
MPSMU 108

Hvy 2108

vs1 1108 111018

vs2 21028
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outpul range {integer axprasston)

Unit ouipul range Description
HPSMU g, 11015 0 Auto ranging
MPSMU 0, 111014 11: 2 V Limited Auto ranging
HVU 0, 141017 12: 20 V Limited Auto ranging
' 0,12, 13 13: 40 V Limited Auto ranging

14: 100 V Limited Auto ranging
15 200 V Limied Auto ranging
16: 500 V Limited Auto ranging
17: 1000 V Limited Auto ranging

During a linearflog V sweep, the output range does not change. if you specify Auto
ranging, the output range is set to the lowest range that includes srarf voltage and siop
voltage. For Limited Auto ranging, the output range is set to the specified range, if this
range includes siarf voliage and stop voliage. t not, it is set {0 the same range as Auto
ranging. :

However, if you specity power compliarce for the SMU, and the | compliance value (the
smajier value of {power compliance}fistep autput voltage} and T complignee) i greater
than the maximum current for the present V putput range, then the V output range is
changed according to the output voltage, as follows. The SMU output is momentarily
set to 0 V if range changing oCours.

Unit Step Output Yoltage (Vo) Output Range
S OV<Vos20V 20V

WV <VoLa0Vv a0V

40V <Vo 5100V 100V
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Ynit Output Output Voltage Output 1 compliance™ *
Range Reso.
HPSMU |2V LIRS RV 100 UV | (1 pAto1A)
20V ODZ{Vi<14V 1mv (1 pA to 1 A)
MV <IVi<20V 1mv (1 pA to 700 mA)
LT RY 05|V <40V 2my {1 pA to 350 mA)
100 V 0<|ViS100V 5mv #(1 DA 0 125 mA)
200V 0< Vi <200V 10 my +{1 pA to 50 mA)
MPSMU |2V B |vVigay 100 UV | *{1 pA to 100 mA)
20V 0 |Vligaoy 1 mv £(1 pA to 100 mA)
oV 0< V<40V 2mv Z(1 pA to 50 mA)
100 V 0LV =100V 5mv (1 pA to 20 mA)
HVU 100V [ C<ivi<100Y 10 mv 1(1 nA to 10 mA)
200V | 0<IVI<200V 20 mV *(1 nA to 10 mA)
500V O0< VI L5000V 50 mv *{1 nA to 10 mA)
100V 0 IVi<1000V 100 my *{1 nA to 10 mA)
VS 20V D<{Vi<20V 1 mv — (100 mA)?
40V 05 ivVi<aVv 2mv — {20 mA)?

It you specify the power compliance, the allowable 7 compiiance is as follows:

*{the minimum vaiue of the unit) to *fthe maximum vaiue of the unit)

For SMUs, if 0 < |] compliance] < 1 pA, | compliance is set to 1 pA or -1 pA.
For HVUs, i O < | compliance| < 1 nA, | compliance is set to 1 nA or -1 nA.
Current Limiter vaiue,

srare voltage  (humeric expression, Unit: V)
stop voltage  (numeric expression, Unit: V)

Unit start vellage
stop vollage

HPSMU 0 to +200

MPSMU 0 to 2100
HVU 0 to *10001*
Vs 0 to 240

* The start voltage and stop volfage polarity must be the same.

See “outpui range” about the resolution.
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[/ compliance] {numeric expression, Unit: A}
For allowable 7 compliance values, see "ontput range”.

Betfauit:
s | the source unit is set to V source mode before the trigger:
petault = the setting before trigger
s if the source unit is set to | source mode before the trigger:
Default = none '

The | compliance polarity is automaticaliy set o the sarne polarity as each step voltage,

regardless of the specified I compliance polarity. If step voitage = 0, the | comphance
potarity is positive for the SMU, and is the same as the output polarity for the HVU.

{power compliiance] (numetic axpression, Unit: W)

I Unit power compliance Resolution
HPSMU 1E-3 {0 14 1E-3
MPSMU JE-3t0 2 1E.3

HVU 1E-3 10 10 1E-3

betault = Does not s¢t the power compliance.

Remarks
This command setting is cieared by the WV and Wi command.

tor the HVU, set the output polarity to the same polarity as the srart and siop values be-
fore the measurement trigger {command: POL}.

Example Statements

OUTPUT 717:"WSV1,12,0,10,88-3,1"
QUTPUT 717;"W5V3,15,0,200,1E-4"
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WT

The WT command sets the hold rime and delay time for staircase sweep measurements.

Measurement Mode

Staircase sweep measurement

Syntax

WT hold time, delay time

Parameters

hold time (numeric expression, Unit: s)

hold #me Resolution
0 to 65535 0.01
Initial Setling = O

delay time (numeric expression, Unit: §)

delay time Resoluticn

010 £5.535 0.001

Initial Setting = O
Example Statements

QUTPUT 717;"WT10,0.01"
OQUTPUT 717;"WT5,2E-1"
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WV

The WV command specifies the V staircase sweep source znd its parameters. This com-
mmand atsc clears the Wi, WS1 and WSV command settings.

Measurement Mode

Siaircase sweep / Staircase sweep with puised bias measurements

Syntax
Eor SMUs/HVUs and Staircase Sweep Measurement (No Pulse Used):
WV chst, sweep mode, oulpil range, siart voltage, siop vollage,
number of steps |, I compliance} |, power compliance]
For SMUs/HVUSs and Staircase Sweep with Pulsed Bias Measurernent {Pulse Usadj:

WV chit, sweep mode, ouipil range, siarl voftage, stop voltage,
mmber of steps {, 1 compliance)

For V5s:
WV cht, sweep mode, outpul range, siar voltage, stop voltage, mamber of steps

For VSs, you can send the J compliance and power compliance parameters, but they have no
meaning.

Parameters

¢k (integer expression)

Linit ch#
HPSMU 2t08
MESMU 108

HVU 28

vS1 1ip8, 111018

ysz 21128
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sweep mode {integer expression)

Keasurement Mode sweep mode Description
1 linear sweep (single stair)
Staircage sweep 2 iog sweep {singie stair}
measurement 3 tinear sweep (doubie stair}
4 log sweep (double stain
Staircase sweep with 1 linear sweep (single stair)
pulsed bias measurement 3 linear sweep {double sfair)
outp it range {integer exprassion)
Unit outpur range Description
HPSMU 0, 1115 0. Auto ranging
MPSMU 0,11t014 11: 2 V Limited Auto ranging
HVU 0, 14 to 17 12: 20 V Limited Auto ranging
Vs 0, 12,13 13: 40 V Limited Auto ranging
14: 100 V Limited Auto ranging
15 200 V Limited Auto ranging
16: 500 V Limited Auto ranging
17. 1000 V Limited Auto ranging

During a linear/log V sweep, the ouiput range does not change. If you specity Auto
ranging, the output range is set io the lowest range that includes starr vollage ang stop
voltage. For Limited Auto ranging, the output range is set to the specified range, if this

range inciudes start voliage and stop voitage. if not, i is set to the same range as Auto
ranging.

However, if you specify power complianee to the SMU, and the | compliance valug (the
smaller value of {(power compliance)/(siep output voltage) and 7 compliance) is greater
than the maximum current for the present V output range, then the V output range is

changed according to the output voltage, as follows. The SMU output is momentarity
set to 0 V if range changing oceours.

Unit Step Qutput Voltage (Vo) Cutput Range

SMuU OVIVoL20V 20v
20V <Vo<40V AV
AV<vVogi00V 100V
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Uit

Output | Output Yoitage Cutpt
Range Reso.

I complicnce*

No Pulse Used*'® {Puise Used

HPSMU J2V o<iv[s2yV 100uv it(ipAtot A}

@2 nAto1A)
20v |0<iVi<14V | 1mV |f(1pAato1A) 20 wA to 1 A)
14V<]V]S 20V | 1mV  {2(1pAto 700 mA) | £(20 A to 700 mA)
0V |D<|V] <40V | 2mV |x(1 pAto 350 mA) | £(20 uA to 350 mA)
100V |D< VI <100V | SmV |%(1 pAto 125 mA) | (20 uA to 125 mA
200V |0 V] 200V | 10mV |1 pAto 50 mA) | £(20 wA to 50 mA)

MPSMU [2V [0S ViS22V 100 uV | £(1 pA to 100 mA) | £(Z nA to 100 mA)

20V 10 [Vi<20V | 1mV |1 pAto 100 mA} | (20 LA to 100 mA)
40V |0<IVI <40V | 2mv [#(1pAto50mA) |20 uAto SOmA)
160V |0 Vi <100V |.5mV |Z(1 pAto 20 mA) | $(20 UAto 20 mA

HVU 100V |0 < vi<100v | 10mV |21 nAto 10 mA) | (1 nAto 10 mA)
200V |0 < IV] <200V | 20mV {£(1 nAto 10 mA) | (1 nA1610mA)
500V |D< (V| <500V | 50mV |(1 nAto 10 mA) | (1 nA to 10 mA)
1000 V} 0 < {V{ < 1000V | 100 mV| %(1 nA to 10 MA) | *(1 nA to 10 mA}

VS 20V JO0<|Vig20v | 1mv | — (100 mA)° {100 mA)*
40V |0<ivica0V 2mV | —(20mAa° — (20 mA)*

[}

£or measurement mode with no puised source, the "No Pulse Used” column applies.
For measurement mode with pulsed source, the rputse Used™ column applies. Apply
this table when the specified sweep source is used in the puise used measurament
mode.

For HVUs, i 0 < | compliance| <1 nA, | compliance is setto 1 nA or -1 nA,

If you specify the power compliance, the altowable I compiience s as follows:

+{the minimum value of the unit) fo {the maximum vaiue of the unit}

For SMUs, if 0 < |7 compliance} < 1 pA, | compliance is setto 1 phor-1pA
Current Limiter value.

start voliage (numeric expression, Unit: V)
stop voltage{numeric expression, Unit; V)

Linit start voliage
stop voltage

HPSMU 0 to 2200
MPSMU 0 to %100

HYU 0 to £1000°
V£ 0 to 140

1

The start vollage and stop voltage polarity must be the same.
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nuher of steps (DUMETIC expression)

nimber of steps: 2 to 1001°*

* The maximum smumber of steps-is restricted by the capacity of the output data butfer.
For ASCHl dgata format, 1023 measurement data can be stored in the output data
buffer. For binary data format, 4085 measuremnent data can pe stored in the output

data bufier.

[/ compliance] (numeric expression, Unit A)

For aliowable | compliance values, see “guipuf range®.

Default:

¢ If the source unit is set to V source mode before the trigger:

Defaull = the setting before trigger

= If the source unit is set to | source mode before the irigger:

Default = none

The t compliance polarily is automaticaliy set to the same polarity as each step voltage,
regardless of the specified ! complionee polarity. If the step voltage « 0, the | com-
pliance polarity is positive for the SMU, and is the same as the output polarity for the

HVUL

[power compliance] (numeric expression, Unil: W)

Resoiution

Unit power compliance
HPSMU 1E-3 10 14 tE-3
MPSMU 1E3i02 1E-3
HVU 1E-3 fc 10 1E.3

Detault = Does not set the power compliance

Remarks

This command setting is cleared by the Wi command.

For the HVU, set the output polarity to the same polarity as the siarr and stop values be-

fore the measurement trigger (command: POL).

Example Statements

QUTPUT 717;"WV1,1,12,0,10,10,3E-3,1"
QUTPUT 717,"WV3,2,15,0,200,200,1E-4"
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XE

The XE command triggers the HP 41428 to perform measurements, except for high speed
spot measurements.

However, when the PA command is axecuted and the HP 41428 is set to the wait state, the
XE command only releases the wail state and does not perform the raeasurements.

teasurement Mode

Spot | Staircase sweep | ich pulsed spot / Puised sweep / Staircase sweep with puised bias
| Analog search / 2ch pulsed sput / Puised sweep with pulsed bias / Guasl-pulsed spot
measurements

Execution Conditions

Measurement Mode

Commands that must have been executed

Spot
Staircase sweep (1ch)
Staircase sweep {2ch)
1ch pulsed spot
Pulsed sweep
Staircase sweep with
pulsed bias
Analog search
2ch pulsed spot
Pulsed sweep with
puised bias
Quasi-puised spot

CN?, MM

ON, MM, (WY or Wi, POL

CN, MM, (WY and WSV) or (W! and WSH), POL
CN, MM, PV or P, FL, POL

N, MM, (PWV or Pwi), FL, POL

. CN, MM, (WV or W1}, (PV or PI}, FL,, POL

N, MM, ASV, {AIV or AV])
CN, MM, [PV or P}, (PDV or PDI), FL
CN, MM, [PWV or PWi), (PDV or PER, FL

CH, MM, BDV, POL

FL command is required only when the SMU or HVL output is a pulse voltage or

current.

POL comrmand is required only when you change the HVU output polarity.

n spot measurements, the CN co

s a VM.

rrmand is not required when the measurement unit

if any unit is set to the HIGH VOLTAGE state {forcing rmore than 242V, or ¥ compliance
set 1o more than £42 V) after the trigger {XE), the INTLK terminal is shorted.

if you reiease the wait status which is set by PA, there are no execution conditions.

Syntax

XE
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Output Data

See "ASCIH Measurement Data Output Format” or "Binary Measurement Data Output Format™
at the beginning of this manual.

Example Statement

OUTPUT T17,"XE"
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APPENDIX A

MANUAL CHANGES

HP 41428s may vary slightly, depending on the Serial Number and the version of the ROM-
pasad firmware. The information in this manual applies directly to an HP 4142B with the
serial number prefix listed on the title page of this manual. This appendix contains informa-
tion for customizing this manual, so that ail the information pertains o the HP 4142B that
you are using.

To customize this manual for your HP 4142B, refer 1o the following table, and make ali of
the manual changes corresponding to the serial number of your HP 41428 and version of
the ROM-based firmware.

To see the version of your HP 41428 ROM-based firmware, send:
10 OUTPUT 717,"»IDN?"

20 ENTER 717;A, B, Version
30  DISP Version

40 END
sanual Changes by Seriai Number
Serial Prefix ROM Make Manua! Changes
or Number Yersion .
2.21, 240, 2.5C 1,2
2.5%,2.62
27 160X
28390000 3.0, 3.9 2
4.0 and above No changes
3.0,3.1 2
29486120000
: 4.0 and above No changes
« Change t

Throughout this manuai, detete any descriptions referring to the HP 41422A HCU, and to the
40 V, 100 V, and 200 V range of the Search SMU in the Anatog feedback measurements.

You cannot use your HP 41428 with the HP 41422A HCU, and cannot use the 40 V, 100 V,
and 200 V range of the Search SMU in Analog feedback Measurements.
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« Change 2

You cannot use the following functions. Throughout this manual, defete any descriptions
retferring {o the following.

¢ HMP 41423A HVU

¢ CONTROL connector

¢ Quasi-pulsed spot measurermnent

¢ Optional parameter of the UNT? command
¢« BDHM, BDT, BDV, ERC, and POL. commands

Change the description as follows:

Before change: Program memory size: 20 kbyte
After change: Program memory size: 5 kbyte

Before change:  Number of program steps of the program memoary: about 2000
After change: Number of program steps of the program memory: about 500
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APPENDIXB

ERROR MESSAGES

ERROR/FAILURE Display

The front penel ERROR/FAILURE Display indicates the status of the HP 41428 by displaying
one of the following: 6 to B, A, C, E, F, H, P, ar U, Seethe descriptions betow,

o

Displayed during normal operating conditions: The HP 4142B or specified plug-in
unit(s) passed Sett-Test or Self-Calibration.

€ The HP 4142B or specified piug-in unil(s) are now pertorming Self-Test or Sell-

Calibrafion.

E: The HP 4142B received an undefined command; all succeeding commands did not

axecute. Check for corect command syntax and out-of-range parameters,

Command execution not afiowed due to present HP 4142B settings; normally
caused Dy an incorrect input command sequence.

if you set the INTLK terminal to open while the ouiput switch of an HVU is set o
on, and while another HVU is performing Self.-Test/Seif-Calibration by the CA or
LTST? command with the optional parameter ch#, then the HP 41428 stops the
Seli-Test/Self-Calibration of the unit to set the HVU output switch to off {eror
codes 565 and 202). in this case, the unit that is stopped from performing Self-
Test/Seit-Calibration foses the calibration data from Self-Cafibration. Be sure 1o
perform Seif-Calibration before measurements on the unit that lost the calibration
data. If a unit does not have the calibration data, the unit cannot perform measure-
ments within the accuracy of the specifications. Nole that even if the unit loses the
calibration data, the unit performs measurements and no eFrors oCcur. if the com-
mand is the sTST?, the HP 4142B does not return the query data to your computer.

1f a sweep measurement is aboried by the power compliance function or automatic

sweep abort function, an F is displayed to indicate that the specified funclion
works.

Output switches of all measurernent units are disconnected fo prevent damage to
the HP 41428 from overvoltage or overcurrent, or from a momentary power loss.
Check the input voltage, input current, cable connections, and ac power. Recon-
nect the output switches with the CN command.

The HVU Seli-Test or HVU Self-Calibration cannct be performed because the INTLK
terminal is open.

# the amor code is 565 or 567, the MVU lost the calibration data of the Seif-
Calibration. Be sure to perform the HVU Selt-Caiibration before measurements. i
the HVU loses the calibration datz, the HVU cannot perform measurements within
the accuracy of the specifications. Note that even if the HVU loses the calibration
data, the HVU stifl performs measurements and ne emors ocour.
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1t08, A, P

The HP 41428 failed. {f a plug-in unit failed, 1 to 8 indicates the siot # of the failed
unit. & indicates a failure in the HP 41428 analog-to-digital conversian (ADC) sec-
tion; P indicates a failure in the HP 41428 central processing unit (CPU), if more
than one failure occurs, the ERROR/FAILURE display indicates the last faiiure de-
tected during Self-Test or Self-Callbration. Seli-Test and Sel{-Calibration are per-
formed in the following order.

1) CPU

2y ADC

3) All plug-in units by slot # (ascending), except the AFU.

4) AFU
Te determine whether a mulliple failure occurred, execute the »TST? command.
This command performs the Self-Test again and displays test resuits on the
controtier,

If 2 plug-in unit faits, remove the failed unit from siot and use a known good unit to
perform your mmeasurement. Contact the nearest Hewlett-Packard Sales and Ser-
vice office tor assistance.

fan A, E, F, H, P, U, or 1 to 8 is displayed, details about errors (error codes) are stored
in the error register, Refer to "ERROR CODE" in this Appendix for errot code
descriptions.

The ERROR/FAILURE Display and error register are initialized {set 10 0 and "0, 0, 0, 0%,
respectively) when the ~RST, ERR?, or Device Clear (HPBASIC CLEAR statement) is
executed. The error register is aiso inttialized when CA or «TST? command exscution

begins. -
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Eror Codes

i errors occur, the HP 41428 can store up to 4 error codes in the error register. Execute
the ERR? command to transfer the eror codes from the error register to the output data

buffer. You can then use the controlier to read the output data buffer (ENTER statement in
HP BASIC).

error code, error cade, error code, error code CRILFEQ

The ouiput of the error codes is in the order that they occurred, and onty the first four error
codes are sent. If no errors occurred, Os are sent. The following are the error cogdes and
their meanings.

Error Code Meaning

100 uUndefined HP-18 command.

102 improper numetic data syntax.

103 improper  position of terminator (CR/LF) in the HP-iB
command.

120 improper parameter value.

121 tmproper Channel#. Channet# must be 1 t0 8, 11 ic 18, or 21
to 28.

122 improper number of channels specified in MM, FL, CN, €L,
N, DZ, or RZ command.

123 improger SMUHCU/HYU V or 1 compliance vaiue.

124 Improper measurement range o outpul range value,

125 For analog search measwements, the rarge! value must be
less than the compliance value.

126 When current puise source is specified by P PWIL or PDI

command, SMU/HVU base curreni and pulse currenf must be
set to the same polarity.

If base current = 0, then pulse curremt must be 2 O;

i hase currenr < 0, then pulse currenr must be 0.

127 The difference of search start voltage and search stop voltage in
ASV command is out of range.
i28 Irmproper SMU ¥ or J compliance value in PV, Pl, PWY, PWI,

PDV, or BDt commancds {V or I complionce value exceeds the
limit on pulse output). Or t nA range cannot be used. Or
AUTO ranging cannot be used when pulse current is less than
1.45 nA @in case of ¥ compiiance < 2V} O less than 115 uA
{in case of V compliance > 2 V).

129 Puise width must be less than (puise period | 2).

130 For a log sweep (in WV, Wi, WSY, or W51 command), the star(
or sfep value cannot be 0, and the polarity of the sarr and
stop values must be the same.

150 Gommand input buffer is full. Maximum number of charac-
ters that can be input al one time is 256 (including
terminator).

151 Specified unit cannot execute this HP-IB command.

152 Unit failed Sel.Test. Cannot perform setting. ¥ you perform
the setting to repair the HP 41428, send the RCV command.

153 A unit is not instalied at specified channet. Or you cannot use
the ERC command because the CONTROL unit is not
instalied.
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160
161
162

190-199

200

202

203

204

205
206

207

209
210

211

212

213

214

ST command cannot be input twice before END command.

ST command must be input before END command.

A command that cannot be stored in program memory is
input between ST and END commands.

An error occurred that could not be defined. Correct the error
that occurred before this error, then run the program again. If
no error occurred before this error, contact the nearest
Hewlett-Packard service office because there may be an error
in the HP 41428 firmware.

This HP.1B command cannot be executed when the output
switch of the unit is OFF,

Specify the compliance when you change the source rmode of
SMUMVU. Or HCU ¥ compliance cannot be omitted in P,
PWI, or PDI command.

When INTLK terminal is open, the High voltage state (Owurpur
voltage of ¥V compliance is set to greater than 42 V) and the
HVU output switch cannot be set to on. |f the INTLK termina!
is opened while they are set to on, outputs of all units are set
to 0 V, and the HVU output switches are set to off.

Output switch cannot be set to ON in high voltage state (Ous-
put voitage or V compliance is set to greater than 42 V).

Output switch cannot be set to OFF in high voltage state
{Cutpur voltage or ¥ compliance is set to greater than 42 V).
However, CL command without parameters can set output
switches of al! units to OFF.

RZ command cannot be executed before DZ command.

RZ command cannot be executed if one of the specified
channels has been used in a previous RZ command.

Total output of all units exceeds maximum power output of
the HP 4142B. This error may also occur when you perform
Seif-Test or Self-calibration with only one unit specified. In
this case, after disconnecting some or all the output switches
of the unit to OFF, send the command of the Self-Test or Self-
Calibration again. During the Self-Test or Selt-Calibration, the
HP 4142B consumes the following power. HPSMU: 20 W,
MPSMU: 2 W, HCU: 1002 W, HVU: 11 W, VS: 22 W

20 V or 40 V range is not available for differential measure-
ment by VM.

0.2 V range not available for grounded measurement by VM.
EXT trigger measurement cannot be performed when HP
41428 is busy.

HP-1B GET command {TRIGGER statement in HPBASIC) is
valid only in trigger mode 1.

improper SMU V or | complianee vaiue in DV, DI, PY, PL, PWY,
PWI, PDV, PDI, ASY, AV1, or AiV command. Do not omit ¥ or
I compliance; specity a proper vaiue,

Self-Calibration or Self-Test cannot be performed in high
voltage state (Ourpui voliage or ¥V compliance is set to greater
than 42 v).

Measurement mode must be set by MM command before
measurement trigger.



215

220

223

224

225

226

228

228

230

Change the HVU output polatity to the same polarity in the
settings for the DV, D, PV, PI, or BDV command by using the
POL command before the DV, DI, or measurement trigger.
Or, before the RZ command, return the HVU output polarity to
potarity after the DZ command execution.

Set sweep channe! by WY or W1 command, before staircase
sweep (MM2) measurement frigger, before staircase sweep
with puised bias (MM5) measurement {rigger, or before setling
synchronous sweep channel by WSV or WSI command.

Set puise sweep channet by PWV of PWI command beforg
pulsed sweep (MM4) measurement trigger.

Set puise bias channel by PV or P1 command before staircase
sweep with puised bias (MMS5) measurement trigger.

tmproper SMU V' or [ complionce vaiue in WV, Wi, WSV, or
WSl command. Do not omit V or I compliance; specity a
proper vaiue. :
Main sweep channei (set by WV or Wi) and synchronous
sweep charnel (set by WSV or WSI) must be set to different
channels and same source mode i.e., both channels are either
volitage sources (set by WY and WSV} or currentt sources {sat
by Wi and WSI).

Synchronous sweep source data cannot be output because
synchronous sweep source channel is not set by the WSV or
WSI command.

A log sweep cannot be specified by PWY, PWI command. Or
a log sweep cannot be specified by WV or Wi command
during the staircase sweep with pulsed bias measurements
(MFA5).

Sweep measurement aborted by automatic sweep abort func-
fion or because sweep source output reached V, I, or power
compliance.

Must specify pulse period for pulse sweep (MM4), staircase
sweep with pulse bias {MMS), or pulsed sweep with pulsed
bias (MMB) measurements.

Change the HVU output polarity to the same polarity in the
settings for the WY, W1, WSV, WSI, PWV, or PWI command by
using the POL command before measurement trigger.

Pulse source must be set before measurement trigget. PY or
Pl command is required for 1¢h pulsed spot measurement
(MI3). PV or Pl, and POV or PDI commands are required for
2ch puised spot measurements (MM7). PWV or PWi, and
PDV or PDt commands are required for pulsed sweep with
pulsed bias measurements {MMB8).



231

232

233
236
237

238

239
240
241
242
243

244
248

247
253
254
235

260
280-299

Improper SMU ¥ or | owrpur range value in PY, Bl PWY, PWE,
POV, PDI, WY, or W1 command {V ot [ compliance value ex-
ceeds the limit on pulse output). Do not omit ¥V or [ com-
pliance; specify & proper vaiue,

Improper SMU voltage or current measurement range for
putse measuremeni. Specify the higher current measurernent
range by Rl command. Or in cumrent measurement, set J
compliance of measurement channel to larger. Or in voltage
measurement, set V compliiance of measurement channet (o 2
V or ess,

Set SMU/HVU Filter of pulse source channel to OFF for puise
measurements by Fl. command.

Ditferential measurement by VM cannot be performed for
pulse measwements.

HCU pulse duly {pulse widrth [ puise period) is too large in PT
command.

HCU pulse width is too large in PT command. Or, if you use
two HCUs in 2ch pulsed spot measurements, you cannot
specify pulse period 10 0.

SMU/HVU/VS pulse width is smaller than the minimum value
1ms in PT command.

Set the search SMU by ASV command before analog search
measurement trigger,

Set the sense SMU by AVl or AV command before analog
search measurement {rigger.

Analog Feedback Unit is not instalied, or Analog Feedback
Unit failed Sefi-Test.

Search (set by ASY) and sense (set by AVl or AIV) channel
units must be SMUs for analog search measurements.

Targer value cannot exceed compliance value.

improper ramp rate O feedback integration time value for V
output range of search SMLU.

Search SMU and sense SMU must be different channels
Program memory is full.

HP-IB QET command (TRIGGER statement in HPBASlG) or
EXT trigger input is invalid between ST and END commands.

In program memory, nesting of programs {one program cail. .
ing another) cannot be greater than 8.

Data output butier for measurement data is full,

An error occurred that can not be defined. Correct the error
that occurred before this error, then run the program again. |If
no error occurred before this error, contact the nearest
Hewleti-Packard service office because there rnay be an error
in the HP 4142B firmware.



301

302

303

304

305

306

307

308

380-399

A momentary power loss occurred. All output swilches are
set to OFF. .

Something is wrong with the power supply section of the HP
41428 mainframe or plug-in unit. All output switches are set
to OFF. Confirm by Self-Test whether unit works normally.
Overvoltage that exceeds maximum voltage at the prasent
current range is sent fo the MPSMU. All oulput switches are
set to OFF.

Overvoitage or overcurrent is input to GNDU, or Force tine of
the GNDU is not connected to the DUT. Al output switches
are set to OFF.

Overcurrent that exceeds maximum current at the present
voltage range is input to the SMU (HPSMU and MPSMU]. All
output switches are set to OFF.

The executing command is canceled because the data com-
munication between the HP 4142B and the computer via the
HP-IB is interrupted by 2 hardware reset of your comptter, of
because the HP-IB cable was disconnected, or by some other
interruption. Send the command again.

This unit is not supported by this ROM version. Until you
change the ROM, use the HF 41428 with this unit removed,
For the HCU, one of the following errors occurred. All output
switches are set 10 off.

e Overvoltage (more than £1C V) is input to FORCE LOwW
of the HCU. Connect FORCE LOW of the HCU to
GNDU.,

e Overvoltage (more than 16 V) is input between FORCE
LOW and SENSE LOW of the HCU. Connect FORCE
LOW and SENSE LOW of the HCU to GNDU correctly,
or make the wiring resistance of FORCE LOW iower
trecommendation: less than 150 mQ).

o Overvoltage (more than 30 V) is input between
FORCE HIGH and FORCE LOW of the HCLUL

For the HVU, one of the following errors occurred. All output
switches are set to off.

s Overvoitage is input.

Overcurrent is inpul.

Opposiie polarity voltage or current is input.

Something is wrong with the HVU power ampiifier.
Confirm that the unit is functioning properly with Self-
Test.

An error occurred that can not be defined. Correct the error
trat occurred before this error, then run the program again. if
no error occurred before this error, contact the nearest
Hewilett-Packard service office because there may be an emor
in the HP 41428 firmware.

[ I 2
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410
411
412

413

418

416

417

420
421
422
AZ3
424
425
4286
427
428
429
433
434
435
436

437

441

442

CPU rmodule is not functioning properly. CPL module failed
ROM Identification Test of Self-Test,

CPU moduie is not functioning properly. CPU moduie failed
ROM Checksum Test of Self-Test.

CPU moedule is not functioning properly. CPU module failed
Timer I Test of Seff-Test.

CPU module is not funclioning properly. CPL module failed
bigital-to-Analog Section Bus isolator Test of Self-Test. Or
the PS modute +5 V output voltage is not within limits.

GNDU/ADC module is not functioning properly. ADC section
of GNDU/ADC failed ADC Conversion Function Test of Self-
Test.

GNDU/ADC module is not functioning properly. ADC section
of GNDWADC failed ADC Linearity Test of Self-Test.
GNDU/ADC module is not funclioning properly. ADC section
of GNDU/JADC failed ADC Accuracy Test of Self-Test.

SMU is not funclioning properly. SMU failed vV Output/
Measurement Function Test of Self-Test. )

SMU is not funclioning properly. SMU failed | Output/ .
Measurement Function Test of Seil-Test.

SMU is nat funclioning properly. $MU failed Common Mode
Rejection Test of Self-Test.

SMU 15 not functioning properly. SMU failed | Monitor Amip.
Offset Error Test of Seif-Test.

SMU is not tunclioning properly. SMU failed V Monitor Amp.
Offset Error Test of Seif-Test.

SMU is not functioning properly. SMU failed § Qutput and v
Measurement Function Test of Self.Test.

SMU is not functioning properly. SMU failed V Monitor Amp.
Gain Error Test of Self-Test.

SMU is not functioning properly. SMU falied { Monitor Amp.
Gain Error Test of Self-Test.

SMU is not functioning properly. SMU failed V DAC Test of
Self-Test,

SMU is not functioning properly. SMU falled | DAC Test of
Self-Test.

SMU is not functioning properly. SMU failed + Bias Circuit
Test of Seif-Test.

SMU is not funclioning properly. SMU failed -1 Bias Circuit
Test of Sefi-Test.

SMU is not funclioning properly. SMU failed | Range Circuit
Test of Self-Test.

SMU is not functioning properly. SMU failed Power Amp.
Supply Voltage Switching Cireuit Test of Self-Test.

SMU is not functioning properly. SMU failed Oscillation De-
fect Cirguit Test of Seff-Test.

VS/VMU s not functioning properly. VS and VM failed V
Output/Measurement Function Test of Self-Test,

VS/VMU is not functioning properly. VM failed Gain Error
Test of Seli-Test.

VE/VMU is not tunctioning properly. VM failed Offset Ervor
Test of Self-Test.
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443

445
447
448
449
450

451

461
482

463

465
456
457
4568
469
470
471

480-499

501

02

VS/VMU is not functioning properly. VS failed Lower DAC
Test of Self-Test.

VS/VMLU is not funclioning properly. VS failed Upper DAC
Tast of Seli-Test.

VS/VMU is not funclioning. properly. VS failed 40 V Range
Gain Error Test

VS/VMU is not funclioning properly. VM failed Ditferentiat
fMode Gain Error Test of Seli-Test.

vS/VMU is not functioning propetly. VM fafled Differential
stode Offset Error Test of Seli-Test.

VS/VMU is not functioning praperly. VS failed | Limit Detect
Circuit Test of Self-Test.

VS/VYMU is not functioning properly. VS failed | Limit Circuit
Test of Self-Test.

VS/VMU is not functioning properly. V8 failed | Measurement
Function Test of Self-Test.

AFY is not functioning properly. AFU failed Target Value
Setling Lower DAC Test of Self-Test. .

AFU is not functioning properly. AFU failed Target Vaiue
Setting Upper DAC Test of Self-Test.

AFU is not functioning properly. AFU failed Search Start
voltage Sefting DAC Test of Self-Test.

AFU is not functioning properly. AFU failed Error Amp. Oftset
Voitage Test of Self-Test.

AFU is not functioning properly. AFU falled integrator Offset
Current Test of Self-Test.

AFU is not functioning property. AFU falled Search Stop
vollage Accuracy Test of Self-Test.

ARU is not functioning property. AFU failed Ramp Rate Ac-
curacy Test of Self-Test.

AFU is not functioning property. AFU failed Error Amp. Func-
tion Test of Seli-Test.

AFU is not functioning properly. AFU failed Sellie Detect
Circuit Test of Self-Test.

AFU is not functioning properly. AFU falled Target and Sense
value Comparator Test of Seif-Test.

AEU is not functioming properly. AFU falled Search Stop
Voltage Limit Detect Circuit Test of Self-Test.

An error occurred that can not be defined. Correct the error
that occured before this error, then run the program again.
no error ocourred before this error, contact the nearest
Mewlett-Packard service office because thers may be an eror
in the HP 4142B firmware.

HCU is not functioning properly. HCU failed V DAC Function
Test of Seli-Test.

HCU is not functioning properly. HCU failed | Pulse DAC
Funclion Test of Self-Test

HCU is not functioning properly. HCU fafled | Monitor Offsot
Error Test of Self-Test.

HGU is not functioning properly. HCU falied O V Output Test
of Self-Test.




507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529

530

HCU is not funclioning properly. HCU failed V Monitor Offset
Error Test of Self.Test.

HCU is not funclioning property. HCU failed | dMonitor Gain
Error Test of Seif-Test.

HCU is not functioning properly. HCU failed -2 V Range V
Gain Error Test of Self-Test.

HCU is not functioning properly. HCU failed +2 V Range V
Gain Error Test of Self-Test.

HCU is not functioning properly. HCU failed -20 V Range V
Qain Error Test of Setf.Test.

HCU is not funclioning properly. HCU falled +20 V Range V
Gain Error Test of Self-Test, :

HCU is not funclioning properly. HCU falled -2 V Range V
Offset Error Test of Self-Test.

HCU is not funclioning properly. HCU failed +2 V Range V
Ofiset Error Test of Self-Test.

HCU is not functioning properly, HCU failed -20 V Range V
Oftset Error Test of Self-Test.

HCU is not functioning properly. HCU failed +20 V Range V
Offset Error Test of Self-Test

HOU is not funclioning properly. HCU failed +! Pulse Gain
Error Test of Self-Test.

HCU is not functioning properly. HCU failed -i Pulse Gain
Error Test of Self-Test.

HCU is not functioning properly. HCU falled +! Pulse OQffset
Error Test of Seif-Test.

HCU is not functioning properly. HCU failed -1 Pulse Offset
Error Test of Self.Test.

HCU is not funclioning properly. HCU failed +I Base Gain
Error Test of Self-Test.

HCU is not funclioning properly. HCU failed -t Base Gain
Error Test of Self-Test.

HCU is not functioning propery. HCU failed +! Base Offset
Error Test of Self-Test.

HCU is not functioning properly. MCU failed -1 Base Offset
Error Test of Sel-Test.

HCU is not functioning properly. HCU failed 1mA Range
Cuiput/Measurement Function Test of Self-Test.

HCU is not funclioning properly. HCU failed 10mA Range
Output/Measurement Function Test of Self-Test.

HCU is not functioning properly. HCU failed 100mA Range
OCutput/Measurement Funclion Test of Self-Test.

HCU is not functioning properly. HCU failed +i Bias Circuit
Off Test of Self-Test.

HCU is not functioning properly. HCU failed +1 Bias Circuit
On Test of Self-Test,

HCU is not funciioning properly. HCU failed -1 Bias Circuit
Off Test of Sefi-Test. :

HCU is not functioning properly. HCU failed -1 Bias Circuit On
Test of Seli-Test

HCU is not funclioning properly. HCU failed | Pulse Output/
Measurement Function Test of Seif.Test.

HCU is not functioning properly. HCU failed V Pulse Quiput/
Measurement Function Test of Seif-Test.
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540

542

546

547

549
850
551
852
563
554
855
§58
557
558
559
860
561
62
563

564

HVU is not functioning propetty. HVU failed V Monitor Gain
Eror Test of Self-Test/Self-Catibration.

HVU is not functioning properly. HVU failed V Monitor Ofiset
Error Test of Self-Test/Self-Cafibration. :

HVU is not functioning properly. HVU faited Monitor Gain
Error Test of Seif-Test/Self-Calibration.

HVU i not tunclioning properly. HVU failed | Monitor +
Polarity Otfset Error Test of Self-Test/Self-Calibration.

HVU is not functioning properly. HVU failed | Monitor - Polari-
ty Offget Error Test of Self-Test/Self-Calibration.

HVU is not functioning properly. RVU failed VDAC + Polarity
Test of Seli-Test/Self-Calibration.

HVU is not functioning property. HVU fatled VDAC - Potarity
Test of Self-Test/Self-Calibration.

HVU is not functioning properly. HVU failed 1DAC + Polarity
Test of Self-Test/Self-Calibration.

MV is not functioning properly. HVU falled IDAC - Polarity
Test of Self-Test/Self-Catibration.

HVU is not functioning properly. HVU failed Power Amp. ov
Output Test of Self-Test.

HVU is not functioning properiy. HVLU failed V Monitor O V

Measurernent Test of Seli-Test.

HMVU is not functioning properly. HVU falisd Power Amp. 100
Vv Output Test of Seif-Test.

HVU is not functioning properly. HVU falled V Monitor 1C0 V
Measurement Test of Self-Test.

HVU is not funchioning properly. HVU failed -V Limit Loop
Function Test of Self-Test.

HVU is not functioning properly. HVU failed +V Limit Loop
Function Test of Self-Test.

HVU is not functioning properly. HVU failed Power Amp. ov
Output Test or +V/-V Limit Loop Function Test of Self-Test.
HVU is not functioning propery. HVU failed Power Amp.
Offset Error Test of Seli-Test.

HVU is not functioning properly. HVU failed +V Limit L.oop
Operation Accuracy Test of Seli-Test.

HVU is not functioning properly. HVU failed -V Limit Loop
Operation Accuracy Test of Seff.Test.

HVU is not functioning properly. HVU failed +V/-V Limit Loap
Function Test of Self-Test.

HVU is not functioning properly. HVU failed Power Amp.
Control Circuit Function Test of Self-Test, .

HVU is not functioning propetly. HvU failed Loop Detector
Function Test of Self-Test.

HVU is not functioning properly. HVU failed Current Range
Function Test of Seif-Test.

HVU is not functioning properly. HVU failed + Bias Cirouit
Funchion Test of Self-Test.

HVU is not functioning properdy. HVU failed -1 Bias Circuit
Function Test of Self-Test.
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565

566
587

601

602

610

611

1100-8611

11100-28611

if you performed Self-Test or Self-Calibration on all units, the
Self-Test/Seli-Calibration of the HVU stopped and skipped o
the next unil because the INTLK is opened. Be sure to per-
form the HVU Self-Calibration or Self-Test because the HVU
fost the calibration data.

Or if you performed the Self-Test or Self-Calibration only on
one unit while the HVU output switch is set to on, the Self-
Test/Self-Calibration stopped because the INTLK is opaen while
the HVU outpul switch is szt to on. Be sure to perform the
Self-Test or Seli-Calibration on the unit that stopped because
the unit lost calibration data.

Note that if the unit does not have the calibration data, the
unit cannot force and measure the output within the accuracy
of the specifications,

Sel-Test or Sel-Calibration is not performed on the HVU
because the INTLK terminal is open.

At power-on, Self.Test is not performed on the HVU because
the !INTLK terminal is open. The HVU does not have the
calibration data. Be sure to perform the HVU Self-Test. Note
that if the unit does not have the calibration data, the unit
cannot force and measure the output within the accuracy of
the specifications.

The unit specified by the PDM must be one of the units speci-
fied by PDV/PD! and PY/P! for 2ch pulsed spot measurement
MIME7), or must be one of the units specified by PDV/PDI and
PWV/PWI for pulsed sweep with pulsed bias measurement
(ME8).

At least one of the units specified by PDV/PD! and PV/PI must
be the HCU for 2ch pulsed spot measurement (MMT). Or at
teast one of the units specified by PDV/PDI and PWV/PWI
must be the HCU for pulsed sweep with puised bias measure-
tment {MMB).

The unit specified by PV or Pi must be the HPSMLU, MPSMU,
or HCU for 2ch pulsed spot measurement (MM7). Or the unit
specified Dy PWV or PWI must be the HPSMU, MPSMU, or
HCU for pulsed sweep with pulsed bias measurement (MM8),
The units specilied by WVY/WI and PVY/Pl are duplicate for
staircase sweep with puised bias measurement (MM35). Or the
units specified by PDV/PDI and PV/P1 are dupiicate for 2ch
putsed spot measurement (MM7). Or the uniis specified by
PDV/PDI and PWV/PW! are duplicate for puised sweep with
pulsed bias measurement (MM8),

Set the gquasi-pulsed source by the BDV command before a
quasi-puised spot measurement trigger. -

For gquasi-pulsed measurement, the monitor unit that is speci-
fied by MM command must be an HVU, HPSMU, or MPSMLU,

For this type of error code (nxxx), n is the slot# for the plug-
in unit and xxx is the error code,

For this type of error code [mnxxx), nn is the channels for the
VS/VMU and xxx is the error code.
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mMeasurement Data Status
The following shows the measurement data status. The priority of status is:
Priority:F>X>V>C>T>S>G>N
For quasi-pulsed spot measurement
Priofity: SorG>F>X>V >C>T>N

The foliowing numbers in the parentheses denote the measurement data status for
Binary format.

N {0k Normal measurement data. For quasi-pulsed spot measurement, normal mea-
surement gata when the quasi-pulsed source reaches the stop voltage.

G (&) . For analog search measurement: :
The rarger value is not reached during a search (betwean search stari voil-
age and search stop voltage).

For quasi-pulsed spot measurement:
The detection fime is over the imit 3 s for Short mode, 12 § for Long
mode). Set the derecrion inferval 10 LONG. If ihis status occurs even if the

detection interval is set to Long, perform the spot measurement by constant -
source.

Or perform the foliowing to speed up the settiing time:
» Make the I compliance of the quasi-pulsed source larger.
o Make the start voltage larger.

S{7: For analog search measurement:
Measurement is made before the feedback search is cormplete.

For quasi-pulsed spot measuremeant:

The setlling detection cannot be performed because the cutput slew rate is

too slow. Perform the following:

e Set the derecrion interval to Long to enable the detection for the slow
slew rate. If this status occurs even when the derection interval is set to
Long, perform the spot measurement by constant source or pulsed
measurement,

e Make the J compliance of the quasi-puised source larger to speed up the
slew rate.

Or the settiing detection cannot be performed because the quasi-pulsed
source output voltage when the current reaches the J compliance is 1ess
than 10 V from the starr voltage. Perform the pulsed measurement of spot
measurement.
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T{1:

C @

v (3)

X 4y

F(5)

Another channel(s) reach V compiiance, | compliance, power compliance, or the
current it of VS. in 1 compliance, the compiiance of the opposite potarity that
you specify is also set.

Or another HCU voltage output(s} does not settie before measurement, Perform
the foliowing:

o Make the puise width larger to wait for settling time.

o Make the I compliance targer to speed up settiing fime.

This measurement channel reaches V compliance, | compliance, power com-
pliance, or current limit of VS. in | compliance, the compliance of the opposite
poiarity that you specify is also set.

Or this HCU voltage output does not settie before measurement, Perform the
following:

¢ Make the puise widih \arger to wait for the settiing time.

# Make the J compliance larger to speed up the settling time.

Nofe that status C occurs even if status C and T occur together.

This channel output exceeds the measurement range. The measurement value is
a dummy value (199.999E+99 for ASClH format). Make the measurement range
higher.

Or dummy data {199.999E+92 for ASCH formal) is stored because the sweep
measurement is automatically aborted by the automatic sweep abort function or
power compliance.

One or more SMU/MVU(s) is osciliating.

Or, one or more SMU/HVU output(s) does not settle before measurernent. Per-
form the following:
» Make the wait time, delay rime, or prise width larger o wait for the set-
tling time.
¢ Make the / compliance larger to speed up the seftling time.
s For pulsed measurement, make the base value closer io the puise vaiue
to reduce the settling time.
¢ For current output by the limited avto ranging, make the ! cutput range
lower to speed up the setfling time.

One or more HVU output(s) does not settle betore the measurement. Perform
the following:
» Make the wait time, defay time, or pudse widrh larger {o wait for the set.
tling time.
¢ Make the J compliance larger to speed up the settiing time.
s For pulsed measurement, make the hase value closer to pulse value to
reduce the settiing time.
» For current output by fimited auto ranging, make the | output range
iower to speed up the setiling time.
For puised measurement, if the pulse widtk is set to maximum (50 ms), periorm
the quasi-pulsed spoi measurement or spot measurement by constant source.
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W (1) Indicates the sweep source data of the first or intermediate sweep step. For
sweep source data, the status is atways W or E. i the number of sweep steps is
1, the status is E.

E {2 Iidicates the sweep source data of the final Sweep step. For sweep source data.
the status is always W or £, 1f the number ot sweep steps is 1, the status is E.

The second character of the measurement data for ASCH format indicates the measurement
channel aumber for measurement data, and indicates the sweep source channet number for
sweep source data, as follows. :

<channel>: A Ch#1 1 Ch#tl Q: Ch#2d
B: Ch#2 4 Ch#12 R: Ch#22
C: Ch#3 K: Ch#13 S Ch#23
D Ch#4 L. Ch#14 T Ch#24
E: Ch#S M: Ch#15 U: Ch#25
F: Ch#b N: Ch#16 v: Ch#26
G: Ch#7 O: ‘Ch#i7 W Ch#27
H: Ch#8g P: Ch#18 X: Ch#28

For ditferential measurements, the HP 41428 shows the unit specified by the MM or
TV command.

The third character of the measurement data for ASCH format indicates the voliage data or
current data as follows.

<Vfi» V: Voltage data
;. Current data
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APPENDIXC

COMMAND CLASSIFICATION

HP.B commands for the HP 41428 are classified by function as follows.

UNIT SETUP
Aesets the HP 41428 . «RST
Performs Calibration CA
Connects Quiput Switches CHN
Disconnects Qutput Switches _ cL
Constant V Source Setup ' DV
Constant | Source Sefup ol
Sets Output Voltage to O V DZ, iN
Returns from 0 V Output io Previous Setting RZ
Filter Setup FL
Sefs Output Polarity POL.
Averaging Mode Setup AY
vM Cperafion Mode Setup Vi
Output Data Format Setup FMT
Clears Qutput Data Buffer : BC

ERROR INFORMATION
Error Information ERR?
Executes Self-Test +TST?

SPOT MEASUREMENTS
Connects/disconnects Output Switches CN, CL
Constant V Source Setup by
Coenstant 1 Source Setup _ i
Sets Output Polarity POL
Waits time PA
Measurement Mode Setup MM
Trigger ' AE
Sets Quiput Voltage to O V DZ, IN
V Measurement Range Setup RV
1 Measurement Range Setup Ri
VM Operation Mode Setup ViR
Averaging Mode Setup AY
Trigger Mode Setup ™
Output Data Format Setup FMT
Filter Setup _ FL



STAIRCASE SWEEP MEASUREMENTS

1CH

Connects/disconnects Qutput Switches
V Sweep Source Sstup

| Sweep Source Setup

Hold Time and Delay Time Setup

Sets Output Polarity

Measurermnent Mode Setup

Trigger

Sets Output Voltage o0 V

V/1 Measurement Range Setup

VM Operation Mode Setup

Averaging Mode Setup

Trigger Mode Setup

Output Data Format Setup

Automatic Sweep Abort Function Setup
Constant V/| Source Setup

Waits time

Filter Setup

Aberts Sweep Operation

PULSED SPOT MEASUREMENTS
Connects/disconnects Qutput Switches
Pulsed V Source Setup

Puised | Source Setup

Puised Source Timing Setup
Filter Setup

Sets Output Polarity
Measurement Mode Setup
Trigger

Sets Output Voltage to 0 V

V/i Measurement Range Setup
Trigger Mode Setup

Output Data Format Setup
Constant V/i Source Setup

Waits time

Aborts Puised Spot Measurement

PULSED SWEEP MEASUREMENTS

Cennects/disconnects Output Switches
Fulsed V Sweep Source Setup

Pulsed | Sweep Source Setup

Pulsed Source Timing Setup

Filter Setup

Sets Qutput Polarity

Measurement Mode Setup

Trigger

Sets Quiput Voltage to O V

V/l Measurement Range Setup

Trigger Mode Setup

Qutput Data Format Setup

Automatic Sweep Abort Function Setup
Constant Vfi Source Setup

Waits iime

Aborts Sweep Operation

CH, CL
WV, WSy
Wi, Wi

CN, CL
PV

Pl

PT

FL.
POL
L)
XE
DZ, IN
RV, Rl
™
FMT
Dv, b1, POL
PA

AB

FMT

Wi

BY, DI, POL
PA

AB



STAIRCASE SWEEP WITH PULSED BIAS MEASUREMENTS

Connects/disconnects Quiput Switches
Vv Sweep Source Setup

| Sweep Source Selup

Puised V Source Setup

Puised | Source Setup

Puised Source Timing Sefup

Filter Setup

Sets Quiput Polarity

ateasurement Mode Seiup

Trigger

Sefs Output Voltage to O V

v/l Measurement Range Setup

Trigger Mode Setup

Output Data Format Setup

Automatic Sweep Abort Function Setup
Constant v/t Source Setup

Waits time )

Aborts Sweep Operation

2CH PULSED SPOT MEASUREMENTS
Connects/disconnects Output Switches
Pulsed V Source Sstup
Puised 1 Source Setup
Pulsed Source Timing Setup
Primary Putsed Source Sefup
Filter Setup
Measurement Mode Setup
Trigger
Sets Output Voltage to OV
v/i Measurement Range Setup
Trigger Mode Setup
Cutput Data Format Setup
Constant V/I Source Setup
Waits time
Aborts Pulsed Spot Measurerment

PULSED SWEEP WITH PULSED BIAS MEASUREMENTS

Connects/disconnects Output Switches
pulsed V Sweep Source Setup

Pulsed | Sweep Source Selup

Pulsed V Source Setup

Pulsed | Source Setup

Pulsed Source Timing Setup

Primary Pulsed Source Setup

Filter Setup

Measurement Mode Setup

Trigger

Sets Ouiput Voltage o O V

v/l Measurement Range Setup

Trigger Mode Setup

Output Data Format Setup

Automatic Sweep Abort Function Setup
Constant V/1 Source Setup

Waits time

Aborts Sweep Operation

DV, Oi, POL
PA
AB

CN, CL
PV, PDV
P, PDI




AMALOG SEARCH MEASUREMENTS

Connects/disconnects Output Switches
Search SMU Setup

Sense SMU Setup

Search Mode Setup

Hoid Time and Delay Time Setup
Measurement Mode Setup
Trigger

Seis Qutput Voltage o O V

V/l Measurement Range Selup
Averaging Mode Setup

Trigger Mode Setup

Quitput Data Format Setup
Constant V/1 Source Setup

Waits time

Fifter Setup

Aborts Search Operation

QUASI-PULSED SPOT MEASUREMENTS

Connects/disconnects Output Switches
Quasi-pulsed Source Setup
Hotd Time and Delay Time Setup

Specifies Detection Interval and V or | Measurement

Sets Qutput Polarity
Measurement Mode Setup
Trigger

Sets QOutput Voitage o0 V

| Measurement Range Setup
Averaging Mode Setup
Trigger Mode Setup

Output Data Format Setup
Constant V/1 Source Setup
Waits tirme

Filter Setup

Aborts Quasi-pulsed Spot Measurement

HIGH SPEED SPOT MEASUREMENTS

Connects/disconnects Oulput Switches
Constant V Source Setup

Constant | Source Setup

Sets Output Polarity

Wails time

V Measurement Range Setup and Trigger
! Measurement Range Setup and Trigger
Sets Output Voltage to 0 v

VM Qperation Mode Setup

Averaging Mode Setup

CQutput Data Forrnat Setup

Filter Setup

CN, CL
ASY
ARV, aVi

DZ, IN

ASY, AV, AVt
AV

™

F8T

DV, DI, POL
PA

FL
AB

FMT

bV, Di, POL
PA

FL

AB



TRIGGER
Measurement Mode Selup
Trigger Mode Setup
Triggers Measurement

Triggers High Speed Spot Current Measurement
Triggers High Speed Spot Voltage Measurement

Waits tor External Trigger

Outputs Trigger Signal to External instrument

Aboris Wait State

PROGRAM MEMORY FUNCTION
Stores Programs
Executes Programs
Lists Programs
Scratches Programs
Waits time
Aborts Program Execution

SELF-TEST
Executes Self-Test
Error inforrmation
Aborts Self-Test

SELF-CALIBRATION
Parforms Callbration
Auto-Calibration Function Selup
Aboris Self-Calibration

QUTPUT DATA BUFFER
Clears Ouiput Data Buffer
Output Data Forrnat Setup
Number of Output Data in Data Butfer

STATUS BYTE
Service Request Mask Enable
Service Reguest Query Command
Status Byle

C-5

«TST?
ERA?
AB

CA, «TST?

BC
NUB?
+SRE

«SRE?
«3TB?



HMIEASUREMENTS WITH EXTERNAL INSTRUMENTS

Qutputs Trigger Sighal to External thstrument 0s
Waits for External Trigger WS, PA
Detects when Operation is Completed «0PC?
Measuremient Trigger Mode Setup TH
Waits time PA
Aborts Wait State AB
CONTROL Connector Output Setup ERC
GUERY
Error information ERR?
Model Number and ROM Version +IDN?
Plug-in Unit Operation Status ' Loe?
Plug-in Unit Output and Measurement Settings «1 RN?
Contents of Program Memory LST?
Number of Output Data in Data Bufter NUB?
Detects when Operation is Completed =OPC?
Mask Condition of the Status Byte *SRE?
Contents of the Status Byte +5TH?
Executes Self-Test : =T8§T?
information about Instalied Plug.in Units : UNT?
Mumber of Sweep Steps WNU?
CLEAR
Resels the HP 4142R +RST
Ciears Measurement Unit cL
Ciears Output Data Buffer BC
Scratches Programs SCR
WAIT
Waits time PA
Waits for External Trigger W5
Waits for Trigger {Pause/Continue) PA, XE, TW
Aboris Wait State AB
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HPSMUMPSMU

HCU

AFU

Connects/disconnects Output Switches
Constant V/1 Source Setup

Sets Output Voltage to O V

Filter Setup

Sweap V/i Source Selup

fulsed V/! Source Setup

Puised Sweep V/l Source Setup
Search/Sefise SMU Setup
Guasi-putsed Source Setup

High Speed Spot Measurement Trigger
Measurernent Channsl Selup

| Measurement Range Setup
Averaging Mode Setup

Connects/disconnects Quiput Switches
Puised V/1 Source Setup

puised Sweep V/! Source Setup
Primary Pulse Channel Setup
mMeasurement Channel Setup

| Measurement Range Setup

High Speed Spot Measurement Trigger

Connects/disconnects Qutput Switches
Sets Output Polarity

Constant v/ Source Setup

Sets Oulput Voltage to O V

Filter Setup

Sweep V/1 Source Sefup

pulsed V/i Source Setup

Pulsed Sweep V/i Source Setup
Quasi-puised Source Setup

High Speed Spot Measurement Trigger
Measurement Channel Setup

| Measurement Range Seltup
Averaging Mode Setup

Connects/disconrnects Qutput Switches
Constant V Source Setup

Sets Output Voltage o OV

Sweep V:-Source Setup

Pulsed V Source Setup

Pulsed Sweep V Source Setup

t Measurement Trigger

VM Operation Mode Setup

High Speed Spot Measurement Trigger
Measurement Channel Setup

V Measurement Range Setup
Averaging Mode Setup

Search Mode Setup
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CH, CL

ov, ot

DZ, W

Fi

WY, Wi, WSV, wsi
pv, P, POV, PDI
PWVY, PWI

ASY, AV, AV
BDY

™ T

M

i

AV

CH, CL

PV, 1, POV, PDI
PWYV, PWI1

PDR

RS

"

CN, CL

POL

ov, i

BZ, IN

FL

WV, Wi, WSV, WS5!
PV, Bi

PWV, PWI

Bov

™. TL

CHN, CL
DZ, 1§
WV, WSy

4
PWV

YM

AN
Rv

ASHA
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APPENDIX D

COMMAND SYNTAX LIST

AB
AlV ch#, output current, target voltage [, V compliance]
ASM search operation mode, search measurement mode {, feedback integration fime]
segrch pperation mode:
I: negative fecdback search (initial)
2: positive feedback search
3: ramp wave search (greater than target)
4: ramp wave search (less than target)
search measurement mode:
1: search SMU V measurement {initial )
2: search SMU I measuremen!
3- search SMU V and sense SMU V or I measurement
4: search SMU | and sense SMU V or I measurement
feedback integration time: 0.5E-6 to 450 E-3 (default; SE-35)
ASV ch#, search start voltage, search stop voltage [, rarnp rate] [, | compliance]
ramp rate: 05 io JOOE+3 {default: 560V /5}
AT hold time, delay time
AV averaging number [, averaging mode]
averaging mode: 0: Auto (initial, defauit), I Manual
AVI ch#, output voltage, target current {, | comphiance]
BC
RO detection interval [, V/I measurerment]
detection interval: O: Short tinitiad ), 1: Long
V /1 measurement: 0; V measurement (initial, defauit), 1: I measureniest
BDT hold time, delay time ‘
BOV ch#, output range, start voltage, stop volage [. } compliance]
CA [slot#]
CL fch#] [, ch#] [, ch#] [, ch#] [, ch#] [, ch#] Leh#] [, ch#]
CM auto calibration
anto calibration: 0: OFF, 1: ON (inilial}
CN [ch#] [, ch#] [, ch#){, ch#] [, ch#] [, ch#] [,eh#] [, oh#]
DI ch#, output range, output current {, V compiiance] |, compiiance polarity mode]
compliance polarity mode: 0: Auto {defauit ), 1: Manual
DO program# [ program#] i, program#] [, program#] [, program#] [, programi#]
{, program#] [, programs#]
DV ch#, output range, output voltage |, | compliance] |, compliance polarity rmode]
pZ [ch#] [ ch#], ch#][ ch#]] ch#1 [, ch# L,och#] [, ch#]
END
ERC control mode, control vaiue [, dry switching]
confrol mode: 1: Moduie Selecror, 2: 16 bits
control value:
For contrel mode = 1: 0: No imit (initial ), 1: SMU, 2: HVU, 3: HCU
for control mode = 2: 0 {imitial) to 65535 (specified bits = LOWSs)
dry swilching: O: on (default), I: off
ERR?
FL filter [, ch#] [, ch#] [ch#][, ch#] 1], ch#] [, ch#] [, ch#]] ch#}
[ilter: 0: OFF, I: ON (initial}



FIAT output data tormat {, output data mode]

onipnt data formar:
I: ASCIT data formar with header; terminator (CR/LEEOT ). finitial)
2: ASCII data format without header; terminator {CR/LF7EOI ),
3: Binary datg format; terminaior (CR/LF~EQL .
4: Binary data formar; terminator (~EO] }.
3: ASCII data formar with header; terminaior ().

ouniput data mode:
0: Source data is not ongput. {initial, def auit}
{: Primary sweep source data is output with sweep meosurement deta.
2: Secondary sweep source daia is oulpul with synchronous sweep measuremeni

data
IDN?
N [ch#1 [ ch#] [ ch#] ] ch#][ ch#]][ ch#] [ ch#] [, ch#)]
LOP?
«L.AN? type

LST? [program#} _
MM measurement mode, ch# [, ch#] [, ch#] [, ch#] [, ch#] [, ch#] [, ch#] {, ch#}
measurement mode:
I: Spor
2: Staircase sweep
3: leh pulsed spor
4: Pulsed sweep
5: Stafrcase sweep with pulsed higs
6: Analog search
7: Zch pulsed spor
& Pulsed sweep with pulsed bias
9: Quasi-puised spof
NUB?
«OFC?
Gs
PA  wait time]
PDI ch#, output range, base current, puise current |, V compliance]
PON ch# _
PDV ch#, oulput range, base voliage, pulse voltage [, | compliance]
Pl ch#, oulput range, base cument, pulse curvent |, V compliance]
POL ch#, output polarity
outpul polarity: 0:+, I: -
PT hold time, pulse width [, pulse period]
pilse width: 100E-6 to S0E-3 (initial: 1 E-35)
pulse period: 0, I0E-3 to SO0E-3 {initial: 10E-3s, defamdt: 0)
PV chs#, output range, base voltage, puise voltage {, | compliance]
PWI ch#, sweep mode, output range, base current, start puise current, stop puise current,
number of steps {, V compliance]
sweep mode: 1 linear sweep (single stair), 3: lincar sweep (double sigir)
PWV ch#, sweep mode, output range, base vollage, start pulse voltage, stop pulse voltage,
number of steps [, | compliance)
RCV slot#
Rl ch#, | measurement range
+RST
"YU start program#, stop program#
RY ch#, V measurement range
RZ [ch#] [, ch#][, ch#] [, ch#][, ch#] [, ch#] [, ch#] [, ch#]
SCR {program#]
+SRE bit
*SRE?
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ST program#; [command;] jcommand:] ... jcommand;] END
«STB?
11 ch# [, | measurement range}
TH trigger mode
trigger mode:
1. ¥E & TRIGGER. 2: XE. 3: XE & LExiernal frigger signal. 4: XE & MM
«TST? [slot#]
TV ch# [V measurgment range]
UNT? [mode]
v ch#, VM operation mode
VM operation mode: L Grounded, 2: Dif ferential
Wi ch#, sweep mode, output range, start current, stop curtent, number of steps
{, V compliance] {, power compliance}
sweep mode:
I: linear sweep (single siair)
2: lop sweep (single stair}
3: finear sweep (double stair}
4 log sweep (double stair)
WM automatic sweep abort function [, output after sweep]
automatic sweep abort function: 1. OF E(initial). 2: ON

ouiput after sweep: I Start value (initial, defauit). 2: Stop value
WNU?

W5 [waiting mode]
waiting mode:

1: Continue if trigger was aiready received.

2: Wait for next trigger.
WS! ch#, output range, start current, stop current [, V comphiance] [, power compiliance]
WSV ch#, output range, start voltage, stop voltage [, 1 compliance] [, power compliance]
WT hoid time, delay time
WV ch#, sweep mode, output range, start voltage, stop voliage, number of steps

{, | compliance] [, power compliance]

XE

putpul range, OF MEASUrement range:

For Voltage Range
0: Auio

10: 02V range fixed
11: 2V Ltd Aute

12: 20V Lid Anto
13: 40V Lid Auio
J4: 100V Lid Auto
15: 200V Lid Awto
16: 500V Lid Auto
17: 1000V Ltd Amto

For Current Range
0: Auto

]11: InA Lid Auto
12: 10nA Led Anio
13- 100nA Lid Aute
J4: 1u4 Lid Auto
15: 10W4 Lid Auto
16: 100WwA Lid Auto
17: imA Lid Aure
I18: 1omA Lid Auwtg
19: 100mA Lid Aufe
20: 14 Lid Aute
21 104 Lid Auto








