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Safety Summary

The following general safety precautions must be observed during all
phases of operation, service, and repair of this instrument. Failure to
comply with these precautions or with specific warnings elsewhere in

this manual may impair the protection provided by the equipment. In
addition it violates safety standards of design, manufacture, and intended
use of the instrument. Hewlett-Packard Company assumes no liability for
customer’s failure to comply with these requirements. ¢

NOTE
HP 4155A/4156A comply with INSTALLATION CATEGORY Il and
POLLUTION DEGREE 2 defined in IEC 1010-1.

o D0 NOT SUBSTITUTE FARIS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not
install substitute parts or perform any unauthaorized modification to
the instrument. Return the instrument to a Hewlett-Packard Sales
and Service Office for services and repair to ensure that safety
features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as example below, precede potentially dangerous
procedures throughout this manual. Instructions contained in the
warnings must be followed.

HP 4155A/4156A are INDOOR USE products.

o GROUND THE INSTRUMENT

WARNING
Dangerous voltages, capable of causing death, are present in this
instrument. Use extreme caution when handling, testing, and adjusting.

To minimize shock hazard, the instrument chassis and cabinet must
be connected to an electrical ground. The power terminal and the
power cable must meet International Electrotechnical Commission
[IEC] safety standards.

o D0 NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

A\
A\

Operation personnel must not remove instrument covers. Component
replacement and internal adjustments must be made by qualified l
maintenance personnel. Do not replace components with power cable “amm
connected. Under certain conditions, dangerous voltages may exist

even with the power cable removed. To avoid injuries, always ,_}_,
disconnect power and discharge circuits before touching them.

Do not operate the instrument in the presence of flammable gases
or fumes. Operation of any electrical instrument in such an
environment constitutes a definite safety hazard.

o KEEP AWAY FROM LIVE CIRCUITS

o D0 NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment unless another person, Y
capable of rendering first aid and resuscitation, is present. —

Safety Symbols

The general definitions of safety symbols used on equipment or in
manuals are listed below.

Instruction manual symbol: the product will be marked
with this symbol when it is necessary for the user to
refer to the instruction manual in order to protect
against damage to the instrument.

Indicates dangerous voltage (terminals fed from the
interior by voltage exceeding 1000 volts must be so
marked).

Indicates earth {ground) terminal.

Frame or chassis terminal. A connection to the frame
[chassis) of the equipment which normally includes all
exposed metal structures.

Alternating current.

Direct current.



WARNING

CAUTION

ON {Supplyl. Herstellerhescheinigung

OFF {Supply). GEAUSCHEMISSION

The warning sign denotes a hazard. It calls attention to  Lpa < 70 dB

a procedure, practice, condition or the like, which, if am Arbeitsplatz

not correctly performed or adhered to, could result in normaler Betrieh
injury or death to personnel. nach DIN 45635 T. 19

The caution sign denotes a hazard. It calls attention to Manufacturer's Declaration
an operating procedure, practice, condition or the like,
which, if not correctly performed or adhered to, could ACOUSTIC NOISE EMISSION
result in damage to or destruction of part or all of the Lpa < 70 dB
product. operator position

normal operation

per IS0 7779



HIGH VOLTAGE SHOCK HAZARD

The HP 4155A/4156A can force dangerous voltages (200 V for HPSMU, and 100 V for
HRSMU and MPSMU) at the force, guard, and sense terminals. To prevent electric
shock hazard, the following safety precautions must be observed during the use of the
HP 4155A/4156A

L 2

*

*
*

Use a three-conductor ac power cable to connect cabinet (if used) and HP
4155A/4156A to an electric ground (safety ground).

If you do not use HP 16442A Test Fixture, make sure to connect the INTLK
terminal to a switch that turms off when the shielding box access door is opened.
Confirm periodically that INTLK function works normally.

Before touching the conmections of the force, guard, and sense terminals, turn the
HP 4155A/4156A off and discharge any capacitors whenever possible. If you do
not turn the HP 4155A/4156A off, complete "all" of the following items, regardless
of any HP 4155A/4156A settings.

¢ Set the SMU output switches to off.

¢ Confirm that HIGH VOLTAGE indicator is not lit.

* Open the shielding box access door (open the INTLK terminal).

¢ Discharge any capacitors if the capacitance is connected to an SMU.
Warn workers around the HP 4155A/4156A about dangerous conditions.
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PRECAUTIONS POUR COMMOTION A HAUTE TENSION

Une tension dangereuse (max. + pour HPSMU; 200 Vde, max. + pour HPSMU ou
HRSMU; 100 Vdc) émanant du dispositif HP 4155A/4156A peut éfre sortie aux bomes de
force, d'appareil de protection ou de détection. Les précautions suivantes doivent éire
obserées contre commotion électrique accidentelle:

¢ Mettre 4 la terre le dispositif HP 4155A/4156A au moyen du céable d'alimentation
tripolaire.

4 En cas de hors service du dispositif d'essai, FIXTURE HP 16442A, connecter les
bornes de verrouillage (INTLK) de facon 3 ce que soit ouverte lorsque le couvercle
de 1a boite de blindage est cuvert.

# Essayer périodiquement le fonctionnement normal de verrouillage.

4 Avant de toucher la partie connexion a partir des bornes de force, d'appareil de
protection et de détection, mettre hors tension le dispositif HP 4155A/4156A.

Et, en cas de condensateurs connectés au circuit de mesure, décharger ces
condensateurs.

¢ Lorsque l'alimentation n'est pas mise hors tension, les 4 instructions suivantes
doivent étre exécutées:

* Mettre hors service le commutateur de sortie de SMU.

* S'assurer que soit allumé I'indicateur d'alarme de la haute tension.

* Quvrir'le convercle de la boite de blindage (Ouvrir les bornes de verrouillage).
¢ En cas de condensateurs connectés 4 SMU, décharger les condensateurs.

+ Alerter d'autres personnes autour de vous contre le danger de haute tension.



Achtung! Gefaehrliche Spannung

Von den Geraeten HP 4155A/4156A koennen Spannungen an den Anschluessen "force,
guard und sense” von bis zu 200 V ausgehen.

Um elektrischem Schlag vorzubeugen, ist bei der Benuetzung der Geraete HP
41556A/4156A folgendes zu beachten:

¢ Erden Sie die Geraete HP 4155A/4156A mittels dreiadriger Netzleitungen.

¢ Wenn keine Spannvorrichtung fiir den HP 16442A verwendet wird, schlieBen Sie
die Verriegelungsklemme (INTLK) so an, daB der gedffnetem Deckel des
Schutzkastens erbracht wird.

# Priifen Sie regelmaissig, um zu festzustellen, ob die Verriegelungsfunktion richtig arbeitet.

# Schalten Sie die Geraete HP 4155A/4156A aus, bevor Sie die Anschluesse "Force,
Guard und Sense" beruehren.Kondensatoren entlade.

Wenn Sie die Geraete HP 4155A/4156A nicht ausschalten, fuehren Sie folgende Schritte aus,
unabhaengig von den Geraeteeinstellungen:
- Den Ausgangsschalter des SMU ausschalten.
* Feststellen, ob die Warnlampe fuer Hochspannung erloschen ist.
* Den Deckel des Schutzkastens offnen (Die Verriegelungsklemme 6ffnen).
¢ Am SMU angeschlossene Kondensatoren entladen.
¢ Zugang zum Pruefplatz zum Schutz Dritter sichern.



Introduction

HP 4155A/4156A is an electronic instrument for measuring and analyzing the
characteristics of semiconductor devices. This one instrument allows you to
perform both measurement and analysis of measurement results.

highly accurate measurements.

HP 4155A/4156A has four highly accurate source/monitor units (SMUs), two
voltage source units (VSUs), and two voltage measurement units (VMUs).
The HP 4156A is designed for Kelvin connections and has high-resolution
SMUs (HRSMUs), so HP 4156A is especially suited for low resistance and low
current measurements. You can measure voltage values with a resolution of
0.2 uV by using the differential measurement mode of VMUs.

reliability testing.
HP 4155A/4156A can perform stress testing. That is, can force a specified dc
voltage or current for the specified duration.

Also, you can force ac stress by using pulse generator units (PGUs), which are
installed in HP 41501A SMU/Pulse Generator Expander. The HP 41501A is
attached to HP 4155A or HP 4156A, and can be equipped with a ground unit
(GNDU), high power SMU (HPSMU), two medium power SMUs (MPSMUs), or
two PGUs.

data storing and printing.

HP 4155A/4156A can print and store, in addition to performing measurement
and analysis. You can store measurement setup information, measurement
data, and instrument setting information on a 3.5-inch diskette inserted into
the disk drive of HP 41565A/4156A. And you can print the setting information
and measurement results on a plotter or printer that is connected to

HP 4155A/4156A.

remote control.

HP 4155A/4156A can be controlled by an external controller via HP-IB by
using remote control commands. These commands are based on Standard
Commands for Programmable Instruments (SCPI), so you can easily develop
measurement programs.

HP 4155A/4156A has internal HP Instrument BASIC, so you can develop and
execute measurement programs by using the HP 4155A/4156A only, without
using an external controller.

ix



In This Manual

This manual gives step-by-step instructions for performing common HP
4155A/4156A tasks, and consists of the following chapters:

R |
NOTE

If you have never used the HP 4155A/4156A or HP 4145A/B, read the HP 4155A/4156A Quick Start
Gurde first before reading this manual. The Quick Start Guide gives you an overview of the product
and a brief introduction, which is a good first step for beginners.

e Introducing the HP 4155A/4156 A

This chapter is an overview of the HP 41556A/4156A.
¢ Installation

This chapter describes how to install HP 4155A/4156A, accessories, and
peripherals.
e Making a Measurement

This chapter describes device connections, making a sweep measurement,
knob sweep measurement, and sampling measurement, and forcing stress.
e Analyzing Measurement Results

This chapter describes how to analyze measurement results manually and
automatically.
e Iiler and Hardcopy

This chapter describes how to print or plot out measurement results or
measurement setups.
e If You Have a Problem

This chapter provides problem-solving information that you may encounter.
e Manual Changes Depending on ROM Version
e Index




Other Manuals.
Also the following manuals about HP 4155A/4156A are available:

e User’s Dictionary Reference

This manual is a dictionary reference for all parts and functions of the HP
4155A/4156A, and consists of the following chapters:

0 Measurement Units

0 Measurement Mode

0 Measurement Functions

o Page Organization

o Print/Plot Function

o Data Variable and Analysis Function
o Softkey Maps and External Keyboard
o Specifications

0 Accessories and Options

o Manual Changes Depending on ROM Version
o Index

e Programmer’s Guide

This manual provides information about controlling the HP 4155A/4156A
by remote command via HP-IB interface and HP Instrument BASIC, and
consists of the following chapters:

o Using HP Instrument BASIC

0 Reference: HP Instrument BASIC

0 Getting Started on Programming the HP 4155A/4156A

0 HP 4155A/4156A SCPI Programming

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

0 Manual Chages Depending on ROM Version

o HP-IB Command Reference

This manual is a complete reference of HP-IB commands, and consists of
the following chapters:

o SCPI Commands

o HP 4145B Syntax Commands

0 Manual Changes Depending on ROM Version
O Index

o Quick Start Guide

xi



This manual is mainly for beginners and provides brief instructions about
using HP 4155A/4156A.

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

Represents a key physically located on HP 4155A/4156A
or external keyboard.

Softkey Represents a softkey that appears on screen of
HP 4155A/4156A.

Screen Text Represents text that appears on screen of
HP 4155A/4156A.

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

xii
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Introducing the HP 4155A/4156A

The HP 4155A semiconductor parameter analyzer and HP 4156A precision
semiconductor parameter analyzer are made for use in semiconductor
laboratories and factories. The HP 41556A/4156A can measure device
characteristics. The HP 4155A/4156A can do the following:

e Perform measurements.

e Graph the device characteristics.

e Extract device parameters.

e Perform go, no-go evaluation.

e Perform reliability (stress test) evaluation.

The HP 4155A/4156A is easy to operate and can perform automatic graphical
analysis like the HP 4145B. In addition, the HP 4155A/4156A is also easy to
use in a system, which expands areas of application to quality assurance and
in-line monitoring.

In this chapter.
This chapter provides a view of front and rear panels of the HP 4155A/4156A
and its accessories, and briefly describes the HP 4155A/4156A functions.
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Overview of HP 4155A/4156A

HP 4155A/41564

Gode

HP 415014

HP 164424
Test Fixture

HP 184414
R-Box

HP 164404
Selectors

HP 4155A/4156A is a box type electronic measurement instrument with CRT
display, flexible disk drive, operation keys, and interface connectors.

You can connect a keyboard (HP C1405B) to the HP 4155A/4156A. So, you
can operate this instrument by using a keyboard or the front-panel keys.

HP 16442A is the test fixture for HP 4155A/4156A. You can mount your DUT
on the HP 16442A, and measure the device characteristics.

HP 41501A SMU and pulse generator expander contains PGUs and additional
SMUs. HP 41501A is attached to and controlled by HP 4155A/4156A.

HP 16441A R-Box contains accurate 10 k2, 100 kQ, and 1 MQ resistors, and
connection of these resistors is controlled by the HP 4155A/4156A. The HP
16441A is used to measure negative resistance and to prevent DUT damage
when performing breakdown measurements.

HP 16440A SMU/pulse generator selector contains two switching circuits
to connect the DUT to either an SMU or PGU. You can attach another HP
16440A to add two more switching circuits.
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Introducing the HP 4155A/4156A
Overview of HP 4155A/4156A

Configuration of HP 4155A/4156A and HP 41501A

HP 4155A, HP 4156A, and HP 41501A are frames that contain the
measurement units. The measurement units are installed before the product
is shipped from factory. User cannot reconfigure the installed units.

e HP 4155A configuration:

o four medium power source monitor units (MPSMUS).
O two voltage source units (VSUS).
O two voltage monitor units (VMUS).

e HP 4156A configuration:

o four high resolution source monitor units (HRSMUs).
O two voltage source units (VSUS).
O two voltage monitor units (VMUS).

HP 4156 A has higher measurement resolution. For details about
measurement range and resolution, refer to “Measurement Units” in HP
4155A/4156A User’s Dictionary Refevence.

e HP 41501A configuration:

HP 41501A is attached to the HP 4155A/4156A at your site. See Chapter 2
on how to install the HP 41501A.

The HP 41501A contains a ground unit (GNDU). In addition, you specify an
option number according to desired units as follows:

Table 1-1. Configuration of HP 41501A

HP 41501A Option . ..
Unit 402 410 412 420 422
One GNDU . . . .
Two PGUs . °
Two MPSMUs .
One HPSMU! . .

1 HPSMU: high power source monitor unit
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Front View of HP 4155A/4156A
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Figure 1-1. Front View of HP 4155A/4156A

LINE switch.
Use the LINE switch to turn analyzer on and off.

Flexible disk drive (FDD).
Use 3.5 inch diskette to load or store the analyzer settings and measurement
data.

Keyboard connector.

You can use an IBM PC/AT compatible keyboard (HP C1405B) to operate
the HP 4155A/4156A. See “Softkey Maps and External Keyboard” in HP
L4155A/4156A User’s Dictionary Reference.
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PAGE CONTROL key group.
Page Control keys are used to change the pages.

Moves to CHANNELS page group. You define channels, user
functions, and user variables.

Moves to MEASURE page group. You set the output parameters,
measurement parameters, and so on.

Moves to DISPLAY page group. You set the result display
format, auto analysis definitions, and so on.

Moves to GRAPH/LIST page group. This softkey toggles between
GRAPH and LIST pages.

Moves to STRESS page group. You define the stress channels,
set the stress parameters, and monitor the stress forcing.

Moves to SYSTEM page group. You operate on diskette files,

set up plotting and printing environment, define colors of the
display, and so on.

MARKER/CURSOR key group.
Rotary knob and arrow keys of the Marker/Cursor key group are used to
move the marker and cursor.

Rotary knob Moves the marker, or increases or decreases setup value.

(). =), Moves field pointer or cursor.

,and (1)

Moves the marker or cursor faster. When you rotate the rotary
knob or press the arrow keys with holding key down, the
marker or cursor moves faster.

S
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MEASUREMENT key group.
Measurement keys control the measurement, stress, and integration time.

Executes the measurement once, then returns to the idle state
(or standby state if standby is enabled for the channel) after the
measurement is finished. Measurement data is updated, so data
of previous measurement is lost. Pressing the green key, then
key starts knob sweep measurement.

Starts and repeats the measurement continuously. Measurement
data is updated, so data of previous measurement is lost. To
stop the measurement, press key.

Executes the measurement once, then returns to idle state

(or standby state if standby is enabled for the channel) after
measurement is finished. Measurement data is appended to data
of previous measurement.

Stops the measurement or stress. Standby enabled channels
return to standby state, and other channels return to idle state.
Toggles between the standby enabled (Standby indicator is lit)

and disabled states. If Standby indicator is lit, then STBY ON
channels change to standby state (instead of idle state) when
measurement or stress finishes. key has no affect on
standby state.

Forces the specified stress. The guide around this key prevents
you from accidently pressing the key.

(Short), Sets the integration time to SHORT, MEDIUM, or LONG,

(Medium), respectively.

and

MEASUREMENT indicator.
This indicator lights when HP 4155A/4156A is in the measurement state.

HIGH VOLTAGE indicator.
This indicator lights when a unit forces more than 40 V.

Standby indicator.

This indicator lights when the HP 4155A/4156A is standby enabled, which
means that the channels that are standby enabled (STBY ON) will return to
the standby state after the measurement is finished.
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IBASIC key group.
IBASIC keys control the IBASIC program execution.

Starts the IBASIC program that is in memory. The indicator is
on during program execution.

Pauses the IBASIC program execution.

Toggles between the IBASIC screen and measurement screen.

Run indicator.
When an IBASIC program is running, this indicator lights.

ENTRY key group.
You enter or modify data such as output values, comments, and variable
names.

Character keys Are used to enter alphanumeric and special characters.
After you enter desired characters into the data entry

field, press this key. The characters are entered at the
field pointer location.

Also, you can use the green key to calculate the value of
the data entry field. For example, if you press (4) (*) (6)
greenkey (Enter), the result (24) appears.

Blue key Changes entry mode to blue-key shift mode, and lights
the indicator. In this mode, you can enter the blue
characters that are printed above the keys. Pressing blue
key again changes to normal mode. Indicator turns off.

Green key Changes entry mode to green-key shift mode. This mode
is effective for the next pressed key, then changes back to
normal mode.

Edit keys Are used to edit the characters in the data entry field.

User File keys Are used to operate quickly on a diskette file. Pressing
(Save) moves into the filer’s SAVE function, and pressing
moves into the filer’s GET function.

key.
Pressing displays the help pages.

key.
Pressing prints the setup information and measurement results to

your plotter, printer, or diskette file. If you press green key and (Plot/Print),
the screen image is dumped to plotter, printer, or diskette file.
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Rear View of HP 4155A/4156A

Figure 1-2. Rear View of HP 4155A/4156A
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Overview of HP 4155A/4156A

To R-Box terminal.
“To R-Box” terminal is a 10-pin connector. To use R-Box, connect this
terminal to control terminal of HP 16441A R-Box.

VSU terminals.
VSU output terminals are BNC connectors. To use VSUs, connect these
terminals to VSU terminals of HP 16442A or connector plate.

VMU terminals.
VMU input terminals are BNC connectors. To use VMUSs, connect these
terminals to VMU terminals of HP 16442A or connector plate.

Circuit Common (Q%) and Frame ground (55 ) terminals.
For floating measurement, remove the shorting bar (HP part number
5000-4206).

Do not float the Circuit Common terminal at voltages greater than +42 V
referenced to frame ground. Failure to heed this warning may result in
damage to HP 4155A/4156A.

Serial number.
You need this serial number when using the telephone assistance program
(HP HelpLine).

Voltage selector.
Voltage selector must be in proper position. Line voltage and position are:

Line Voltage Position

90—132 Vac left

198—264 Vac right
Fuse.

Use the following fuse:

Line Fuse type HP part number
100/120 Vac  UL/CSA T 8A, 250 Vac 2110-0383
220/240 Vac  UL/CSA T 4A, 250 Vac 21100014

LINE input receptacle.
AC power cable is connected to this receptacle.
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Overview of HP 4155A/4156A

SMU terminals.

HP 4155A has four triaxial connectors. HP 4156A has eight triaxial
connectors, and you can use Kelvin connections. When you use HP 16442A
test fixture and Kelvin connections, up tp 3 SMUs can be connected to HP
16442A test fixture.

To Expander Box Interface.
When you use HP 41501A, you insert the board for HP 41501A into this
interface.

Zero Check terminal.
Ground reference point of the HP 4155A/4156A.

Ext Trig terminals.
Two BNC connectors: one for trigger input, and one for trigger output.

Intlk terminal.

Used in conjunction with interlock function of HP 4155A/4156A. If the Intlk
terminal is open, maximum SMU output is limited to £40 V. Be sure to
connect this terminal to HP 16442A test fixture or connector plate before
performing measurement. If you use connector plate, you must install
interlock circuit. For details on how to install the interlock circuit, see “To
Connect Interlock Terminal” in Chapter 2.

Dangerous voltage of up to the maximum voltage of SMUs may be present
at force, guard, and sense terminals if the interlock terminal is shorted.
Serial Interface connector.

9-pin female connector for RS-232-C serial communication.

HP-IB connector.
Use HP 10833A/B/C/D HP-IB cable.
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Front and Rear View of HP 41501A
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Figure 1-3. Front and Rear View of HP 41501A

LINE switch.
Use the LINE switch to turn HP 41501A on and off. You wmust turn on the HP

41501A before turning on the HP 4155A/4156A.
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Fuse.
Use the following fuse:

Line Fuse type HP part number
100/120 Vac  UL/CSA T 8A, 250 Vac 2110-0383
220/240 Vac  UL/CSA T 4A, 250 Vac 21100014

Voltage Selector.
Voltage selector must be in proper position. Line voltage and position are:

Line Voltage Position
90—132 Vac left
198—264 Vac right

LINE input receptacle.
AC power cable is connected to this receptacle.

Serial number.
The HP 41501A has its own serial number. You need this serial number
when using the telephone assistance program (HP HelpLine).

GNDU connector.
The GNDU connector is a triaxial connector: inner conductor is sense, middle
conductor is force, and outer conductor is circuit common.
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Introducing the HP 4155A/4156A
Overview of HP 4155A/4156A

HP 41501A Option 402 has two PGUs.

T
[ naraae et
[Looeren =t

29e9E91

Figure 1-4. Rear View of HP 41501A Option 402

PGU output terminals.
BNC connectors. Inner conductor is force and outer conductor is circuit
common.

Ext Pulse Generator Trig Out terminal.

Trigger pulses synchronized with PGU pulses are output. This trigger is
used to synchronize the PGU pulse outputs with external pulse generators.
You cannot change the parameters of this trigger. For details about PGU
trigger, see “Measurement Functions” in HP 4155A/4156A User’s Dictionary
Reference.

To SMU/Pulse Generator Selector Interface.
D-SUB 15-pin connector is used to control the HP 16440A SMU/pulse
generator selector.
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Option 410 HP 41501A Option 410 has one HPSMU.
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Figure 1-b. Rear View of HP 41501A Option 410

HPSMU terminals.

There are two triaxial connectors for Kelvin connections: one is for force and
the other is for sense.
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HP 41501A Option 412 has one HPSMU and two PGUs.
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Figure 1-6. Rear View of HP 41501A Option 412

HPSMU terminals.
There are two triaxial connectors for Kelvin connections: one is for force and
the other is for sense.

PGU output terminals.
BNC connectors. Inner conductor is force and outer conductor is circuit
common.

Ext Pulse Generator Trig Out terminal.

Trigger pulses synchronized with PGU pulses are output. This trigger is
used to synchronize the PGU pulse outputs with external pulse generators.
You cannot change the parameters of this trigger. For details about PGU
trigger, see “Measurement Functions” in HP 4155A/4156A User’s Dictionary
Reference.

To SMU/Pulse Generator Selector Interface.
D-SUB 15-pin connector is used to control the HP 16440A SMU/pulse
generator selector.
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HP 41501A Option 420 has two MPSMUSs.
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Figure 1-7. Rear View of HP 41501A Option 420

MPSMU terminals.
Two MPSMUs are installed and each MPSMU has a triaxial connector. But

these connectors are not designed for Kelvin connections.
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Option 422 HP 41501A Option 422 has two MPSMUs and two PGUs.
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Figure 1-8. Rear View of HP 41501A Option 422

MPSMU terminals.
Two MPSMUs are installed and each MPSMU has a triaxial connector. These
connectors are not designed for Kelvin connections.

PGU output terminals.
BNC connectors. Inner conductor is force and outer conductor is circuit
common.

Ext Pulse Generator Trig Out terminal.

Trigger pulses synchronized with the PGU pulses are output. This trigger is
used to synchronize the PGU pulse outputs with external pulse generators.
You cannot change the parameters of this trigger. For details about PGU
trigger, see “Measurement Functions” in HP 4155A/4156A User’s Dictionary
Reference.

To SMU/Pulse Generator Selector Interface.
D-SUB 15-pin connector is used to control the HP 16440A SMU/pulse
generator selector.
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An Overview of Functions

HP 4155A/4156A has the following useful functions.

e Operation and control

Measurements and results display

Graphical analysis

Data storage

Plotting and printing
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Operation and Control

You operate HP 4155A/4156A from the front-panel keys. Also, you can attach
a keyboard (HP C1405B) to HP 41556A/4156A, and operate it from keyboard.
See “Softkey Map and External Keyboard” in HP 4155A/4156A User’s
Dictionary Reference.

UGDO1006.GAL, 120 mmWx40mmH

HP 4155A/4156A is operated by a “form fill-in” method. That is, the
user-interface consists of setup and results pages, and you fill in fields

on appropriate pages to select a measurement mode, set measurement
parameters and conditions, set results display mode, and so on. After you
execute the measurement, measurement results are displayed on result pages.

When you operate from the front panel, the basic page flow is as follows:

1. channel definition
2. source setup

3. display setup

4. results display

Also, HP 4155A/4156A can be controlled via HP-IB by external controller,
such as an HP 9000 computer. To control HP 4155A/4156A, you create a
control (measurement) program by using a programming language such as HP
BASIC. The measurement program uses remote control commands of the HP
4155A/4156A. These are easy-to-understand commands based on Standard
Commands for Programmable Instruments (SCPI).
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The HP 4155A/4156A has a built-in HP Instrument BASIC (IBASIC)
environment. You can create a measurement program using IBASIC to control
the HP 4155A/4156A instead of using an external controller. This eliminates
the need for an external controller, so required working space is reduced.

0

&)
R
a0
a0

00000
O
AN
]

0 0ooo o ggdd

O ooo od
[
[
[
[
[

I Y |

0 ——i O

UGD0T008.GAL SommGomTH

When you develop measurement programs using the built-in HP Instrument
BASIC environment of the HP 4155A/4156A, you use the HP 4155A/56A
remote commands. See the HP 4155A/4156A Programmer’s Guide and HP-IB
Command Reference.
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Measurements and Results Display

You set up the fields on the setup pages of HP 4155A/4156A, then perform
the measurement. After measurement, you can display the measurement
results on the GRAPHICS or LIST page.

Measurement.

The HP 4155A/4156A can perform two types of measurements: sweep
measurement and sampling measurement. These two types of measurements
cannot be executed at the same time.

e Sweep measurement

For sweep measurements, an SMU or a VSU can become a primary sweep
source, secondary sweep source, synchronous sweep source, or constant
source.

For example, you can perform sweep measurements to get an Ic-Vee curve
of a bipolar transistor as in the following example:

(mA)
5 20 uA
Ic
@ 15 uA
Ic
Vee 1 10 uA
Ib (=)
(- 5 uA
\/ \/ Ib=0
UGDO100Z,100mmWxS0mmH 5 (V)

Vce

In the example above, a primary source (Vce) and a secondary source
(Ib) are defined. After primary sweep source finishes each sweep, the
secondary sweep source outputs the next value.
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e Sampling measurements

For sampling measurements, the source units output constant values, and
measurements are executed by each unit at the specified intervals.

For example, you can get an integration curve of an RC integrator by
sampling measurement as follows:

(A)

Vo lo

\/ (s)

TIME

UGDO1003,100mmix5 OmmH

In the example above, measurements by the monitor unit start when the
source unit outputs the specified value.
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Setup pages.

You set the measurement mode, parameters, and conditions by filling in the
blank fields on the appropriate pages. You can enter variable names for the
output and measurement values, and you can define more complex variables
called user functions. For example, you can specify a variable name for the
forward current, such as “If”, and refer to this variable on other pages
instead of the unit name.

Results display.

You can display measurement results on the screen in graphics or list style.
When measurement starts, the results page appears according to the display
setting information that you set. Of course, the HP 4155A/4156A plots or
displays the results as the measurement progresses. You can also modify
the measurement parameters and conditions on the results page without
returning to the setup page.

Knob sweep.

For knob sweep measurement, you can vary the sweep range by rotating
the rotary knob. The knob sweep function is useful when you need to
quickly make a rough measurement of your DUT characteristics. You only
need to define the channel assignments, then you can start the knob sweep
measurement. You can also change parameters and conditions by using
secondary softkeys on the knob sweep page, and you can easily copy these
changes so that they will be used in the normal sweep mode.

Stress.

HP 4155A/4156A can force stress to your DUT for a specified duration. You
can set the stress force parameters and channels independently from the
measurement channels. And the stress duration is controlled accurately.
You can force dc stress, and also ac stress because the HP 41501A can be
equipped with pulse generators. You can perform reliability evaluations by
repeating the stress-measurement cycle.
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Graphical Analysis

You can analyze the measurement results graphically by using a marker and
two lines. The marker can move on the measurement curve only, so you can
read the measurement values by reading the marker coordinates. You can
draw up to two lines on plotting area by following methods:

Normal line: through two points that are specified by cursors.

Gradient line: through one point specified by cursor with specified
gradient.

Tangent line: tangent to point specified by marker on measurement
curve.

Regression line: regression line for area specified by two cursors.

X/Y intercept values and gradient of each line are automatically displayed, so
you can get values such as threshold voltage (Vth) and Early voltage (Va).

Also, you can setup the auto-analysis page to position marker and lines at
desired location automatically after measurement finishes. For example, you
can automatically find threshold voltage (Vth) as follows:

1. Vg versus VId curve, and Vg versus aivg\/f d curve are drawn.

2. Maximum % Id is found, and marker is moved to corresponding point

on v/Id curve.
Tangent is drawn to marker on v/Id curve.
4. X intercept value of this tangent is Vth.

w

(A1

9
Y Id FvgV Id "

100.m / 100.n

sQID

DSQID

10.0n 10.0m
rdiv rdiv

0.000 £ ©.000
0.000 Vo (V) T 200.n /div 2.00

Vih UGDOT004, 55x42
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Data Storage

The HP 4155A/4156A can store data on a 3.5-inch diskette. You can

store the measurement setup information, measurement data, and HP
4155A/4156A system setup information on the diskette. You can also easily
save measurement result data in MS-DOS® ASCII format to your diskette
by using print/plot function. (For details, see “To Store Result Data in
Spreadsheet Format” in Chapter 5.)

Also, you can load information from the diskette to the HP 4155A/4156A.

UGDOTD05GAL, G0mms30mH

The allowable disk formats are MS-DOS® and HP LIF. The MS-DOS® format
is the most popular disk format, which allows you to use the diskette in many
types of computers.

The HP 4155A/4156A is upwardly compatible with the HP 4145B, so you can
load setting information that was created by the HP 4145B.

You can also use internal memory for temporary data storage. You can save
up to four files in internal memory. You can quickly move information
between the internal memory and HP 41556A/4156A working memory.
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Plotting and Printing

You can print setup data, measurement results, and screen images on a
plotter or printer that is connected to the HP 4155A/4156A. Setup data and
list results are printed as a list report, and the graphics results page is plotted
as a graphics report. You can also plot or print the screen image.

UGDOIO1T, 60mmsdtmmH

You can connect your plotter or printer to the HP 41556A/4156A via serial
interface or HP-IB interface. See Chapter 2 for information about installing
your plotter or printer.

Also, you can store setup data, measurement results, and screen images on
diskette files. The stored data files can be read by other computers.

So you can create reports that include measurement curves or data by using
spreadsheet software such as Lotus® 1-2-3® or by using desktop publishing
software such as PageMaker™ . For details about saving data in MS-DOS®
ASCII format, refer to “To Store Result Data in Spreadsheet Format” in
Chapter 5.
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WARNING

Installation

This chapter describes requirements to install HP 4155A/4156A and the tasks
for installation, and is organized into the following four sections:

Requirements
Setting up HP 4155A/4156A

Installing Accessories

AN

The HP 4155A/4156A can force dangerous voltages (200 V for HPSMU,
and 100 V for HRSMU and MPSMU) at the force, guard, and sense
terminals. To prevent electric shock hazard, the following safety
precautions must be observed during the use of the HP 4155A/4156A.

Use a three-conductor ac power cable to connect cabinet (if used) and
HP 4155A/4156A to an electric ground (safety ground).

If you do not use HP 16442A Test Fixture, make sure to connect the
INTLK terminal to a switch that turns off when the shielding box access
door is opened.

Confirm periodically that INTLK function works normally.

Before touching the connections of the force, guard, and sense
terminals, turn the HP 4155A/4156A off and discharge any capacitors
whenever possible. If you do not turn the HP 4155A/4156A off,
complete all of the following items, regardless of any HP 4155A/4156A
settings.

0 Set the SMU output switches to off.

o Confirm that HIGH VOLTAGE indicator is not lit.

0 Open the shielding box access door (open the INTLK terminal).

o Discharge any capacitors if the capacitance is connected to an SMU.

Warn workers around the HP 4155A/4156A about dangerous conditions.
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Requirements

This section describes the following requirements
e Power requirements

e Power cable

e Ventilation requirements

e Operating environment
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CAUTION

CAUTION

Power Requirements

Before applying ac line power to the HP 4155A/4156A or HP 41501A, ensure
that the correct line fuse is installed in the fuse holder and the correct power
cable is used.

Line Voltage Fuse

Line Fuse Type HP Part Number
100/120 Vac UL/CSA T 8A, 250 Vac 2110-0383
220/240 Vac UL/CSA T 4A, 250 Vac 21100014

Use only replacement fuses of the correct current rating and of the specified
type. Do not use repaired fuses, and do not short circuit the fuse holder.

The HP 4155A/4156A can operate from any single-phase ac power source
supplying 100 - 120 V or 220 - 240 V in the frequency range from 50 to 60
Hz. The maximum power consumption is 600 VA for HP 4155A/4156A, and
450 VA for HP 41501A. For details, see “Specifications” in HP 4155A/4156A
User’s Dictionary Reference.

The line voltage selector switch is set at the factory for your area. But, you
had better check the voltage selector setting before applying ac line power
to the HP 4155A/4156A or HP 41501A. The line voltage selector switch is
located on the rear panel of the HP 4155A/4156A and HP 41501A.

Line Voltage Selector setting

Line Voltage Position
90-132 Vac left
198-264 Vac right
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Requirements

Power Cable

In accordance with international safety standards, this instrument is equipped
with a three-wire power cable. When connected to an appropriate ac power

outlet, this cable grounds the instrument frame. The type of power cable

shipped with each instrument depends on the country of destination. Refer to
Figure 2-1 for the part numbers of the power cables available.

/ Berth
e Neutrat
Line

e Plug: BS 1363A, 250 V
o Cahble: HP 8120-1351

e Plug: NZSS 198/AS C112, 250 V
o Cable: HP 8120-1369

X
\ Neutral

> / Eartn
— \

Neutral Line

e Plug: CEE-VII, 250 V
o Cable: HP 8120-1689

o Plug: NEMA 5-15P 125 V 15 A
o Cable: HP 8120-1378

d N Line 1
@x
Line 2 = \E-nn

/ e Earth
Line

o Plug: NEMA 6-15P 250 V, 15 A
o Cable: HP 8120-0688

e Plug: SEV 1011.1859-24507 Type 12, 250 V
o Cable: HP 8120-2104

Figure 2-1. Power Cahles
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Earth

3 Ground-earth
e -
\

Neutrai

Plug: DHCR 107, 220 V o Plug: SABS 164, 250 V
Cable: HP 8120-2356 o Cahle: HP 8120-4211

Plug: JIS C 8303, 125 V, 15 A
Cable: HP 8120-4753

WARNING

Power Cables {continued)

If the plug on the cable does not fit the power outlet, or the cable is to be
attached to a terminal block, cut the cable at the plug end and re-wire it.
This work should be performed by a qualified electrician—all local electrical
codes being strictly observed.

The color coding used in the cable will depend on the cable supplied. If a
new plug is to be connected, it must meet local safety requirements and
include the following features:

¢ Adequate load-carrying capacity (see table of “Specifications” in HP
4155A/4156A User’s Dictionary Reference).

e Ground connection.

e Cable clamp.

For protection from electrical shock, the power cable ground must not be
defeated.
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Ventilation Requirements

The HP 4155A/4156A has one cooling fan, and HP 41501A has two cooling
fans. To ensure adequate airflow, make sure that there is adequate clearance
around the cooling fans: 6 inches (150 mm) behind, 3 inches (70 mm) sides,
and 0.5 inch (12 mm) above and below.

If the airflow is restricted, the internal operating temperature will be
higher, reducing the instrument’s reliability or causing the instrument’s
thermal-protection circuits to automatically switch off the instrument.

Operating Environment

The HP 4155A/4156A and HP 41501A must be operated within the following
environmental conditions:

Temperature: 5°C to 40°C (41°F to 104°F)
Humidity: 15% to 80% RH at 40°C (104°F)
Cleaning

To prevent electrical shock, never use a wet cloth when cleaning the
HP 4155A/4156A. Always use a slightly damp or dry cloth to clean HP
4155A/4156A.
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Setting up HP 4155A/4156A

This section describes what you do when you receive the HP 41556A/4156A
and accessories.

Briefly, you must do the following:

1. Inspect HP 4155A/4156A and accessories.

2. Install HP 41501A with HP 4155A/4156A, if needed.

3. Check HP 4155A/4156A operation after supplying ac line power.

To satisfy the specifications of HP 4155A/4156A and HP 41501A measurement
accuracy, perform calibration and adjustment every year.

To Inspect HP 4155A/4156A and Accessories

Inspect the following items when the HP 4155A/4156A and accessories arrive
at your site, and when you open the boxes that contain the HP 4155A/4156A
and accessories:

e When the HP 4155A/4156A and accessories arrive at your site, and before
unpacking any components, inspect all boxes for any signs of damage that
might have occurred during shipment such as:

o Dents

O Scratches

o Cuts

o Water marks

If you suspect damage, notify your local HP sales office.

e When you open the boxes that contain the HP 4155A/4156A and
accessories, check the components against the contents lists that are
attached to the boxes.

I anything is missing, notify your local HP sales office.
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To Install HP 41501 A SMU/Pulse Generator Expander

1. Put the HP 41501A on your workbench.

2. Put the HP 4155A/4156A on the HP 41501A.

Vaoteeesono

3. Remove the blank panel labeled “To Expander Box
Interface” from the rear panel of the HP 4155A/4156A.

4. Insert the interface board from the HP 41501A into the
HP 4155A/4156A, then attach it with the thumbscrews.

o @B
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WARNING

The HP 4155A/4156A together with the HP 41501 A weighs about 40 kg
(88.4 Ib). The HP 4155A/4156A is just placed on top of the HP 41501A
without attaching it securely. So, be very careful when handling.
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To Check HP 41556A/4156A Operation

1. Make sure that the line switches are set to off.

2. On the HP 4155A/4156A, make sure that the Circuit Common terminal

is tied to frame ground terminal by shorting-bar. If not, a potential shock
hazard exists.

. Connect the power cable between the HP 4155A/4156A and outlet at your
site. If the HP 41501A is also installed, connect the power cable between

the HP 41501A and the outlet.
4. If the HP 41501A is installed, press the LINE button to switch on.

5. Press the LINE button to switch on the HP 4155A/4156A. The initialization

screen appears on the CRT of the HP 4155A/4156A.

6. After initialization finishes, the CHANNELS: CHANNEL DEFINITION page
appears as follows:

CHANNELS: CHANNEL DEF INITION 94JANOL 01:30PM SEET
*MEASUREMENT MODE S
SWEED. PLING
HCHANNELS
VEASLRE STBY | [SERIES ?Ag@d%
UNIT __[VNAME _[INAME | MODE [FCTN RESTSTANCE SETLP
SMUL:MP | VL 1 COMMON [CONST 0 ohm VEML M
sMUz:MP | V2 12 1 VARZ 0 ohn B-Tr
SMU3IMP | V3 13 v VARL VCE-IC
SMU4AMP | V4 14 v CONST VEMZ M
VsUL vsut  |------- v CONST FET
vsuz vslz  |------- v CONST VDS-1D
MUL WL |- v - VEMS M
U2 - v - FET
Ves-1D
VEM4 M
DIODE
VF-1F
SWEEP
CHANEL|USER  [UsER NEXT
CEF FCTN [ VAR PAGE

7. Make sure the units displayed in the UNIT column (on the CHANNELS:
CHANNEL DEFINITION page) match the units that are actually installed.

The following table shows the displayed units in the UNIT column:
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HP4155A | HP 4156A HP 41501A
SMU1:MP | SMU1:HR GNDU
SMU2:MP | SMU2:HR 1 1 1
SMUS : MP SMU3 :HR HPSMU Installed™ | MPSMU Installed PGU Installed
SMU4:MP | SHU4:HR SMUS : HP SMUS : MP PGU1
Vsui Vsui SMU6 : MP PGU2
Vsu2 Vsu2
VMU1 VMU1
VHU2 VHU2

1 These are labeled on the rear panel of the HP 41501A.

8. If HP 41501A units are not displayed in UNIT column, turn off the HP
4155A/56A and HP 41501A, then make sure that interface board of
HP 41501A is firmly inserted into HP 4155A/56A. Turn on HP 41501A,

then turn on HP 4155A/56A.

9. Press front-panel key, then select MISCELLANEOUS primary
softkey. Confirm that POWER LINE FREQUENCY field is correct frequency
for your site. If not, select the correct secondary softkey.

If problems occur, see Chapter 6.

SYSTEM: MISCELLANEOUS

#4185 is

94JANOL O1:30FM 50 Hz

*POWER_LINE FREQUENCY o iz

[NOT SYSTEM CONTROLLER] [Borz

#HP-1B ADCRESS

*#SERTAL INTERFACE

HP 4155
HARD CoPY

HREMOTE CONTROL

17

BALD RATE

2400 bps

DATA BITS
PARITY

STOP BIT(S

)

8

None
1

COMMAND SET |HP4155/56 TRANSMIT

PACING

HARDWIRE

RECEIVE
PACING

None

HCLOCK
Y M D H M
19941 |1 13|28

HBEEP

‘FILER |MISCEL—|CONEIG ‘CALIB/ ‘ ‘PRINT

LANECUS

DIAG SETUP

COLOR
SETUP




Installing Accessories

This section describes how to install the HP 4155A/4156A and accessories at
your site. Refer to “Ventilation Requirements” when considering the proper
location at which to install the HP 4155A/4156A.

This section describes how:

To install connector plate

To connect interlock terminal

To install HP 16442A Test Fixture

To install HP 16441A R-Box

To install HP 16440A SMU/Pulse Generator Selector
To connect HP 16440A to HP 4155A/4156A

When you install a keyboard (HP C1405B), connect the connector of the
keyboard to the keyboard interface on the front-panel before switching on the
HP 4155A/4156A. The HP 4155A/4156A recognizes the keyboard during the
power-on self-test.
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To Install Connector Plate

1. Before installing connector plate, make sure that HP 4155A/4156A and
HP 41501A are turned off.

2. Create proper openings and screw holes on your shielding box that match
the size of connector plate. See Figure 2-2, Figure 2-3, or Figure 2-4 for
dimensions of the connector plates.

3. Attach the connector plates with screws, nuts, and washers.

4. To prevent electric shock, make sure to install interlock circuit. (See “To
Connect Interlock Terminal”.)

5. Connect the furnished cables between the HP 4155A/4156A and connector
plates.

For details about connections between HP 41556A/4156A and the terminals
on the connector plates, refer to “To Install HP 16442A Test Fixture” in
this chapter. Connections to connector plate are similar to connections to
test fixture.

The proper connector plates are furnished with HP 4155A, HP 4156A, and
HP 41501A.

The screws, nuts, and washers are not furnished. Each connector plate has
four screw holes (3.0 mm in diameter).
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If you do not use the HP 16442 test fixture (for example, you use a wafer
prober or your own test fixture), you need to perform measurements in a
shielding box because of the following:

e To prevent the operator from receiving an electric shock from the output
voltage or current of the HP 4155A/4156A.

¢ To minimize the effects of environmental noise and ambient light.

For details on how to connect terminals of connector plate and DUTS, refer to
“Connection to Device Under Test (DUT)” in Chapter 3.

@ | .
T
|
|
|
|
|
|
|

175

LT ot o
@@@®
©
©

©

L e onms-soms o
Units: mm K +
UBINOT £0KES

Dimensions of Connector Plate for HP 4155A
(HP Part Number: 04155-60006)
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Table 2-1. Connectors on Connector Plate

Connector HP Part Number

Triaxial 1250-1906
for SMU, GNDU

Coaxial [BNC) 1250-0083
for VSU, VMU, PGU

Interlock 1252-1419
22 185
40 } ‘L 220 i
77%“_3 pS
oL o

220
210

[T TIT0T 1O

MADE I J8pN

X | e aumosons +

Units: mm i
UGII005,30465

Figure 2-3.
Dimensions of Connector Plate for HP 4156A
(HP Part Number: 04156-60002)
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|22 i 165
p 20
‘L" ﬁi‘ | - l
r«#w
@ 230
. m
° HES
0 o
Units: mm | ¥ Lgwomermos N &
wopoos otk —
Figure 2-4.

Dimensions of Connector Plate for HP 41501A
(HP Part Number: 41501-60004)
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To Connect Interlock Terminal

When you use a shielding box, you must install an interlock circuit to prevent
electric shock. When you use the HP 16442A test fixture, you do not have to
install an interlock circuit because the HP 16442A has a built-in interlock
circuit.

The upper part of the following shows the interlock circuit you need to make
in your shielding box, and the lower part shows the pin assignments of the
interlock connector on the connector plate.

HP 4155A/4156A

shielding box

10k interlock

cable

215 ‘
<} | f ] interlogk switeh
% 790

UGIO1010,100x75

©®© @
® @
@ 3

UGIO042,90:65

(a) plug side view of Intlk terminal  (b) wiring side view of Intlk terminal
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interlock (Intlk) terminal.

To prevent an operator from receiving an electric shock from high voltage
(more than £40 V), you connect the interlock (Intlk) terminal (of the
connector plate) to a switch that turns on when the shielding box door is
closed, and that turns off when the shielding box access door is opened. For
safety, use two switches in series.

If the door is open (the interlock terminals are open), the SMU cannot force
more than +40 V. If the door is opened while the SMU output is more than
440V, the HP 41556A/4156A immediately drops the outputs of all units to 0 V.

Conversely, if the door is closed (interlock terminals are shorted), this
function is disabled. So, you can force more than 440 V.

Dangerous voltages of up to the maximum voltage of SMUs may be
present at force, guard, and sense terminals when the interlock terminals
are shorted.

HP 16435A Interlock Cable Adapter.

If you already have a connector plate or test fixture that has a BNC coaxial
connector for interlock (such as the HP 16088B test fixture), you can use HP
1643bA Interlock Cable Adapter to connect the test fixture.

To connect:

1. Connect interlock (Intlk) terminal on the rear panel of the HP
4155A/4156A to the interlock cable adapter by using the following
interlock cable.

HP Part Number Description

0415561613 Interlock cable 3 m
0415561614 Interlock cable 1.5 m

2. Connect the interlock cable adapter to the connector plate or test fixture
by using the coaxial cable furnished with HP 16435A.
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. __________________________________________________________________________________________________|
Warning Indicator on HP 16088B Test Fixture

The high voltage warning indicator on this test fixture is designed only for HP 41423A High Voltage
Source/Monitor Unit for HP 41428.

This warning indicator is not valid when you use the HP 16088B test fixture with the HP
4155A/4156A by using HP 16435A interlock cable adapter.

LED terminal.
When more than +40 V is forced from an SMU, the LED lights to indicate
high voltage oulput.

recommended parts.
You can get the following parts from Hewlett-Packard:

HP Part Number Description
3101-3241 switch
3101-0302 switch
1450-0641 LED Vp = 21V @ lp = 10 mA)
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2.8

10.3

4.3
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i

@© 6.35
o™
‘ 59.4
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§ > | 81 )
z | : | 221
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5 g 4 [ 0
P " &
5] Yo}
= ™ c =
Z 2 9 — I 8e @

) COM D/

_@31 220
27.8 10

Units: mm 378
UGIDI01M,85x60

Figure 2-5. Dimensions of Interlock Switch (HP part number 3101-0302)

102 43| | ]

@)
9
Switch OE‘: e
Switch on e
—

275 | 10.9

3.2 ‘ 331

2.0

15.9
o 1
O S
- 3.4

Units: mm ‘ 27.8 6.8 ]
UGIo012,85%x60 I

Figure 2-6. Dimensions of Interlock Switch (HP part number 3101-3241)
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P36
o =
é” “% 5
2 ! o
8 =< 5.6
Units: mm

UGIO1013,50x50

Figure 2-7. Dimensions of LED (HP part numher 1450-0641)

&

To Perform Interlock Circuit Test

To confirm that interlock circuit test, do as follows:

1. Connect the Intlk terminal of HP 415bA/4156A to your interlock circuit.

2. Press front-panel key, then select CALIB/DIAG primary softkey to display the
SYSTEM: SELF-CALIBRATION/DIAGNOSTICS page.

3. In the CALIB/DIAG field, select DIAG secondary softkey.

- In the CATEGORY field, select /0 & PERIPH secondary softkey.
5. Move pointer to the 403 (INT.) Interlock & LED field.
B. Select EXECUTE  secondary softkey

7. Confirm the following:

o LED turns on within 1 sec from when interlock circuit is shorted.

o LED turns off within 1 sec from when interlock circuit is open.

8. To stop the interlock test, select STOP secondary softkey
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CAUTION

To Connect Connector Plate and DUT

e GNDU connections

Do not use the HP 16493C triaxial cable of the SMU to connect the GNDU to a
DUT. The GNDU can sink up to 1.6 A, and the maximum current rating of the
cableis 1 A.

o Kelvin connections

Use a low-noise coaxial cable (part number: 8120-3674) from the
connector plate to DUT as shown in the following figure. To cancel the
effects of cable resistance, connect the sense line as close as possible to
the terminal of the DUT.

Shielding Box

Insulator
— FORCE

" SENSE

i

Coaxial Cable
8120-3674

Connector Plate ||

UGIO1057, 110x60
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o non-Kelvin connections

Short sense and force at the connector plate as shown. Use AWG

22 single-strand insulated wire (part number: §150-2639) from the
connector plate to the DUT. Measurement results include the residual
resistance of the connection wire.

Shielding Box

Insulator

] FORCE
7 SENSE
AWG 22 Insulated Wire
8150-2639

G
N
D
U

D

U

Connector Plate || T

UGI01058, 110x60

To easily connect GNDU for a measurement in which the accuracy is not
important, connect only force to the DUT, without shorting sense and
force.
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e SMU connections

The SMU forces dangerous voltages of up to £100 V (£200 V for HPSMU)
at the force, sense, and guard terminals.

To prevent electric shock, do not expose these lines.

Before turning the HP 4155A/4156A on, connect the Intlk terminal to a
switch that turns off when the shielding box access door is opened.

Before you touch connections of these terminals, turn HP 4155A/56A off,
disconnect power cable, and discharge any capacitors.

Never connect the guard terminal to any output, including circuit common,
chassis ground, or the guard terminal of any other unit. Doing so may result
in an emergency condition.

o Kelvin connections

Use low-noise coaxial cable (part number: 8120-4461) from connector
plate to DUT as shown in following figure. To cancel effects of cable
resistance, connect sense line as close as possible to DUT terminal. To
prevent oscillations, do not use cables longer than 1.5 m. For highly
accurate current forcing and measurements while minimizing leakage,
surround all force and sense lines from SMU by a guard as far as
possible, and make cables stable by taping.

Shielding Box

Insulator

] GUARD
- FORCE Coaxial Cable
/ 8120-4461

S FORCE FORCE

U SENSE SENSE %ﬁ O
\ 5

SENSE

<

GUARD
Insulator

Connector Plate| |

UGID1059, Hoxe0
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o non-Kelvin connections

Connections are shown in following figure. Measurement results include
residual resistance from the connection wire. To enable highly accurate
current forcing and measurements while minimizing leakage, surround all
force lines from SMU by a guard as far as possible.

Shielding Box

Insulator

[ GUARD
Coaxial Cable
8120-4461
S FORCE rorce < \
. FORCE
D
U SENS| g
ENSE ENSE \ U
T
SENSE
GUARD
Connector Plate| | Insulator

UGIBI060, 110x60
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NOTE

When you make a connection by using low-noise coaxial cable (part number: 8120-4461), shave the
Conductive layer and the Insulator(clear) by knife so that the Center Conductor is insulated from the
Conductive layer. Refer to following figure.

Insulator  Quter Conductor
(Black)  for GUARD signal

¢ Insulator(clear)
Center Conductor

Conductive Layer for FORCE or SENSE
(black) signal
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e VSU and VMU connections

The following figure shows an example of a connection between VSUT,
VSU2, VMU, or VMUZ and a DUT. Use AWG 24 single-strand insulated
wire (part number: 8150-0447) to connect the connector plate and the
DUT.

Shielding Box
COMMON
Insulator
[ Signal Line
AWG 24 Insulated Wire
v 8150-0447
S
/
\
M
U
D
U
Connector Plate | | .

UGIO1061, 110x60
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e PGU connections

Regardless of output impedance setting, use a low-noise coaxial cable (part
number: 8120-0102) from the connector plate to the DUT as shown in the
following figure. If you use HP 16440A selector, use a low-noise coaxial
cable (part number: 8120-4461).

Shielding Box
COMMON
— | Insulator
Signal Line
Coaxial Cable
—lv
' Y
\J J
D
Connector Plate || :

UGI01062, 110x60
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To Install HP 16442A Test Fixture

Before performing the following procedure, make sure that HP 4155A/4156A
and HP 41501A are turned off.

When you use HP 16442A test fixture without HP 16441A R-Box or HP
16440A selector, you can make HP 16442A stable by using stabilizers as
shown in the following figure.

UGIO1049.GAL 80mmW, 60mmH

1. Put a stabilizer on both sides of test fixture.

2. Screw a flathead screw into hole of each stabilizer.
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e Connecting HP 4155A and HP 16442A test fixture

HP 164427

4. MPSMUs

—< %

e
HP 41564 2. VSUs o G

%

3. VMUs
1. Intlk

58 b=

UGIO014,100x80

1. To prevent shock, be sure to connect following by 3.0m or 1.5m Intlk
cable: Intlk terminal (HP 4155A) <= Intlk terminal (HP 16442A)

2. Connect the following by using 3.0 m or 1.5 m coaxial cables:
VSU terminals (HP 4155A) <= VSU terminals (HP 16442A)

3. Connect the following by using 3.0 m or 1.5 m coaxial cables:
VMU terminals (HP 4155A) <= VMU terminals (HP 16442A)

4. Connect the following by using 3.0 m or 1.5 m triaxial cables:
MPSMU terminals (HP 4155A) <= SMU terminals (HP 16442A)

MPSMUs force dangerous voltage of up to £100 V at the Force, Sense, and

WARNING . . .
Guard terminals. To prevent electric shock, do not expose these lines.

Never connect Guard terminal to any output, including circuit common, frame

CAUTION ground, or other guard terminal. Doing so will damage SMU.
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e Connecting HP 4156A and HP 16442A test fixture

HP 16442A

4. HRSMUs

UGI1015,100x80

1. To prevent shock, be sure to connect following by 3.0m or 1.5m Intlk
cable: Intlk terminal (HP 4156A) <= Intlk terminal (HP 16442A)

2. Connect the following by using 3.0 m or 1.5 m coaxial cables:
VSU terminals (HP 4156A) <= VSU terminals (HP 16442A)

3. Connect the following by using 3.0 m or 1.5 m coaxial cables:
VMU terminals (HP 4156A) <= VMU terminals (HP 16442A)

4. Connect the following by using 3.0 m or 1.5 m Kelvin triaxial cables:
HRSMU terminals (HP 4156A) <= SMU terminals (HP 16442A)

HRSMUs force dangerous voltage of up to 100 V at the Force, Sense, and
Guard terminals. To prevent electric shock, do not expose these lines.

Never connect guard terminal to any output, including circuit common,
chassis ground, or other guard terminal. Doing so will damage SMU.
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e Connecting HP 41501A and HP 16442A test fixture

HP 41554 HP 4156A

HP 16442A

e dlaic

1
~ 7y
@( g/ /

==

D | U7 ),

et N © .
s - -/ 3. /

HP 41501A {2 MPSMUs and 2 PGUs) HP 415014 (1 HPSMU and 2 PGUs)

UGIOIONG, 12075

. To prevent electric shock, make sure that Intlk terminal of HP

4155A/4156A is connected to Intlk terminal of HP 16442A.
Connect the following by using a 3.0 m or 1.5 m GNDU cable:
GNDU terminal (HP 41501A) <= GNDU terminal (HP 16442A)

If the HP 41501A is equipped with two PGUSs, connect the following by
using 3.0 m or 1.5 m coaxial cables:

PGU terminals (HP 41501A) <= PGU terminals (HP 16442A)

. Do the following:

o If the HP 41501A is equipped with two MPSMUS, connect the
following by using 3.0 m or 1.5 m triaxial cables:

MPSMU terminals (HP 41501A) <= SMU terminals (HP 16442A)

o If the HP 41501A is equipped with HPSMU, connect the following by
using 3.0 m or 1.5 m Kelvin triaxial cable:

HPSMU terminal (HP 41501A) <= SMU terminal (HP 16442A)
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Do not use the HP 16493C triaxial cable for SMUs to connect GNDU to a
test fixture or a connector plate. The GNDU cable can sink up to 1.6 A,
but the maximum current rating of the HP 16493C is 1 A.

HPSMU forces dangerous voltage of up to £200 V at the Force, Sense, and
Guard terminals. To prevent electric shock, do not expose these lines.

Never connect the Guard terminal to any output, including circuit common,
chassis ground, or other guard terminal. Doing so will damage SMU damage.

Installing HP 16442A test fixture with other accessories.

The HP 16442A test fixture can be installed with an HP 16441A R-box,

HP 16440A selector, or both. The following figure shows how to attach the
HP 16442A to other accessories.

T HP 16442A Test Fixture

1 HP 16441A R-BOX

HP 164404 Selector

UGI01046,20mmix 20mmH
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_ ____________________________________________________________________________________________________________________|
Installing HP 16088B Test Fixture

You can easily install HP 160888 test fixture by using HP 16434A Kelvin Triaxial Cable and HP 16435A
Interlock Cable Adapter.

To install HP 16088B:
1. Connect the following by using:
e 3.0m or 1.5 m kelvin triaxial cables (When connecting HP 4156A or HPSMU of HP 41501A):
HRSMU or HPSMU terminals (HP 4166A/HP 41601A) <= SMU terminals (HP 160888
e 3.0 mor 1.5 m triaxial cables (When connecting HP 4155A or MPSMUs of HP 41501A):
MPSMU terminals (HP 4155A/HP 41501A) <— SMU terminals (HP 16088B]

2. To prevent electric shock, be sure to connect Intlk terminal (HP 4155A/4156A) and INTLK
terminal (HP 16088B) as follows:

a. Connect the following by using 3.0 m or 1.5 m Intlk cable furnished with HP 4155A/4156A:
Intlk terminal (HP 4155A/4156A) <= 16435-61001 INTLK CABLE ADAPTER

b. Connect the following by using coaxial cable furnished with HP 16435A:
16435-61001 INTLK CABLE ADAPTER <= INTLK terminal (HP 160888

For more information about the HP 16435A interlock cable adapter and the
HP 16088B test fixture, see “To Connect Interlock Terminal” in this chapter.
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To Install HP 16441 A R-Box

Before installing HP 16441A R-Box, make sure that HP 4155A/4156A and

HP 41501A are turned off.

3 © 3

©
,»s)@

\| “O00)e
' ) 2.

©
[ ]
©O e P

UGIT0T? 10070 HP 4155A

Test Fixture

HP 16441A
R-Box

3)3\@ @?@Q — HP 16442A —
o

3.

!

1.
2

@O e B P

HP 4150A

1. Connect the following by using a 3.0 m or 1.5 m control cable:

To R-Box terminal (HP 4155A/4156A) <= Control terminal (HP 16441A)

2. Connect the following by using:

e 3.0 m or 1.5 m triaxial cables (when connecting HP 4155A or MPSMUs

of HP 41501A):

MPSMU terminals (HP 4155A/HP 41501A) <= Input Force terminals

(HP 16441A)

e 3.0m or 1.5 m Kelvin triaxial cables (when connecting HP 4156A or

HPSMU of HP 41501A):

HRSMU or HPSMU terminals (HP 4156A/HP 41501A) <= Input

terminals (HP 16441A)
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3. Connect the following by using:

e 40 cm triaxial cables (when connecting HP 4155A or MPSMUs of HP
41501A):

Output Force terminals (HP 16441A) <= SMU terminals (HP 16442A or
connector plate)

e 40 cm triaxial cables (when connecting HP 4156A or HPSMU of HP
41501A):

Output Force terminals (HP 16441A) <= SMU terminals (HP 16442A or
connector plate)

Output Sense terminals (HP 16441A) «<— SMU terminals (HP 16442A or
connector plate)

Installing HP 16441A R-box with other accessories.

You can attach the HP 16441A R-box to the HP 16442A test fixture or to your
shielding box. The following figures show how to attach the HP 16441A
R-box.

HP 16442A Test Fixture

HP 16441A R-Box

UGIOT047, 0mrmiS0mH

Attaching HP 16441A R-Box to HP 16442A Test Fixture
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UGI01048,100mmwx 7ommH

Attaching HP 16441A R-Box to Shielding Box
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To Install HP 16440A SMU/Pulse Generator Selector

Note that to use the HP 16440A, the HP 4155A/4156 A must be equipped with
an HP 41501A SMU/Pulse Generator Expander that has two PGUs.

e Attaching your HP 16440A selector to HP 16442A test fixture

1. Put the HP 16440A selector on your workbench. 2. Put the HP 16442A test fixture on top of HP 16440A
selector.

VGOI02560:40

UGO1026,60:40

3. Put a plate on both sides. 4. Screw the three furnished flathead screws into each plate.

UG01025,60x40
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If you do nor use an HP 16440A SMU/Pulse Generator Selector expander, skip the following steps:

5. Put the HP 16440A selector expander on your workbench.
Then, put the HP 16440A selector and HP 16442A test
fixture {that were attached in the previous steps| on top
of the HP 16440A selector expander.

6. Put a plate on both sides.

UeI0102080540
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You can also attach an HP 16441A R-Box to the HP 16442A test fixture and
HP 16440A selector as follows:

HP 16442A Test Fixture

HP 164 40A Selector

HP 164414 R-Box

© 00 0 0 0o o o

UGI01032,90:90

Attaching R-Box to Test Fixture and Selector
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e Attaching HP 16440A selector to a shielding box

Installation
Installing Accessories

The following figure shows the spacing of the HP 16440A screw holes. You
need to prepare four screws and nuts to match the screw holes.

48
3
-
Ty
+
<4
<
D
I
Ihg)

160

174

%3

268

280

H

Units: mm
UGIC033,100x100
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If you also use an HP 16440A selector expander with the HP 16440A
selector, connect the selector expander as follows before connecting to the

shielding box:

1. Put the selector expander on your workbench.

2. Put the selector on top of selector expander.

VGOI02560:40

00 0 oo
Vo480

3. Put a plate on both sides.

4. Screw the three furnished flathead screws into each plate.

© o 0 c o

UGI0103550:80

UERBE0H0
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Connect selector (and selector expander if connected by previous
procedure) to shielding box as follows:

1. Attach an angle to both sides of HP 16440A by using the furnished screws.

U010 £0x.40

2. Put the HP 16440Ais] on the side panel of your shielding
box.

3. Put four nuts on the inside panel of your shielding box.

4. Screw four flathead screws into the side panel.

UGIOI038,60x60
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You can also attach an HP 16441A R-Box to the HP 16440A selector on the
shielding box as follows:

- o
o (o]
© (o)
© Q
o]

e}
.
(o]
o]
o
[
[
HP 16441A R-Box
HP 16440A selector

UGION039,100mmWwsxe OmmH

Attaching HP 16441A R-Box
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To Connect HP 16440A Selector to HP 4155A/56A

e Connecting HP 16440A selector to HP 16440A selector expander

If you use selector expander, connect selector to selector expander by
using 40 cm control cable as follows:

CONTROL Output terminal (selector) <= CONTROL Input terminal
(selector expander)

HP 16440A SMU/PG selector

R CH 1 — R H 7 —
Qutput  ——— Input —— —CONTROL— Qutput  — Input ——
Selected SMU PGU Selected SMU PGU

utput

O O O pgedpce O O O
N\

—CH 3 CH 4—
Qutput  —— Input —— —CONTRO Qutput ——— pput ——
Selected SMU PGU Selected SMU PGU

HP 16440A SMU/PG selector expander

UGIO040,120670
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e Connecting HP 16440A selector to HP 41556A/4156A
Before connecting, turn off HP 4155A/4156A and HP 41501A.

O OO OO HP 4155041564

HP 164424 test fixture

UOQOO

OO © =9 pTTe

HP 415014 o

000
O 0O

O%O
0 O 0

3 ==

(— O E—
L 00 %{f"oooo
A,

E\ fd HP 164404 selector
3. ?
L UGI01041,120mmWx80 mmH

. Connect the following by using a 3.0 m or 1.5 m control cable:

CONTROL Input terminal (selector) <= To SMU/Pulse Generator
Selector Interface terminal (HP 41501A).

Repeat following steps for desired channels of selector (or expander)

. Connect the following by using a 3.0 m or 1.5 m triaxial cable:

Input SMU terminal (selector) <= SMU terminal (HP 4155A/56A or HP
41501A)

. Connect the following by using a 3.0 m or 1.5 m coaxial cable:

Input PGU terminal (selector) <= PGU terminal (HP 41501A).

. Connect the following by using a 40 cm triaxial cable:

Output Selected terminal (selector) <= SMU terminal (connector plate
or HP 16442A test fixture).
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Making a Measurement

To make a measurement, mount your device under test (DUT), set up your
HP 4155A/4156A for the measurement, then execute the measurement. The
HP 4155A/4156A can execute sweep and sampling measurements. The HP
4155A/4156A can also force stress to your DUT.

This chapter describes the tasks for making measurements, and is organized
into the following four sections:

e Connection to Device Under Test (DUT)
o Sweep Measurements

e Knob Sweep Measurements

e Sampling Measurements

e Stress Force

For details about how to enter or input setup data, refer to “Page
Organization” in HP 4155A/4156A User’s Dictionary Reference.

To satisfy the specifications of HP 4155A/4156A and HP 41501A measurement
accuracy, perform calibration and adjustment every year and allow HP
4155A/4156A and HP 41501A to warm-up for a minimum of 40 minutes
before you begin performing measurements.
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Connection to Device Under Test (DUT)

This section describes how to connect your DUTs to the HP 4155A/4156A.
Only the basic operations for connecting are described.

If the HP 4155A/4156A is not configured with a test fixture or your wafer
prober yet, see “Setting up HP 4155A/4156A” in Chapter 2, Test Fixture
User’s Guide, and your wafer prober manuals.

This section covers the HP 16442A test fixture only. For operating your wafer
prober, see your wafer prober manuals.

Note that you must set the HP 4155A/4156A to the idle state when
connecting or disconnecting your DUTS. If not, the DUTs may be damaged. To
set to idle state, press key and make sure Standby indicator is off.

The HP 4156A is designed for Kelvin connections. See “To Make
Connections to Measure Low Resistance (For HP 4156A Only)” for Kelvin
connection theory.

In this Section.
This section has the following task descriptions:

e To mount a DUT on test fixture
e To make connections to reduce leakage current

o To make connections to measure low resistance (for HP 4156A only)
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Connection to Device Under Test (DUT)

CAUTION

CAUTION

To Mount a DUT on Test Fixture

1. Set your HP 4155A/4156A to idle state by pressing key in the
MEASUREMENT key group. If the standby indicator is lit, press the
key to turn off the standby indicator.

2. Select a proper socket module for your DUT, then set the module on the
test fixture.

3. Mount your DUT on the socket module.

4. Connect the terminals of the socket module to the terminals of the test
fixture by using the proper cables.

5. Close the lid of the test fixture, if necessary.

When the HP 41556A/4156A forces more than 440 V, close the lid of the test
fixture. Otherwise, the interlock function will stop the HP 4155A/4156A
output.

Do not connect or disconnect your DUT and HP 4155A/4156A while the HP
4155A/4156A is forcing voltage or current. Otherwise, your DUT may be
damaged.

To connect the DUT on the test fixture, you can use cables that have the
following connectors:

e Miniature banana—miniature banana
e Miniature banana—pin plug
e Miniature banana—miniature clip

Do not touch the contact part of the connection cables. Oil, perspiration,
and dirt prevent good electrical contact, deteriorate insulation, and degrade
measurement accuracy.
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Connection to Device Under Test (DUT)

Connections for High Current Measurement (HP 4156A Only)

When you force or measure a large current, you may want to use a Kelvin (4-wire) connection
to eliminate the residual resistance effects of test leads and contacts. For example, you can use the
following connections as Kelvin connections on the test fixture:

SMU 200v= 1A Max) -
2

3 (Sokotabk)

VS (220V= 100mA Hax'

[©)] [©)]

:@vw £20V= Max, D

HEWLETT
| (5 PRl En Figh Voltage /1\

TO-PACKAGE (1ZPINI

UGRI00L00:50

Examples: Kelvin Connection

To cancel the effects of the residual resistance, test leads must be connected as close as possible to
the DUT.
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WARNING
CAUTION
Example

To Make Connections to Reduce Leakage Current

e Connect the terminals of the connector plate to the probing needles by
using coaxial cables.

o Connect coaxial center conductor to force terminal (of connector plate) and
tail of the probing needle.

e Connect coaxial outer conductor to guard terminal (of connector plate).

To reduce the leakage current, extend the guard conductor as close as
possible to the DUT.

Do not touch the guard terminal with bare hands because you may be
shocked by high voltage. The potential of the guard terminal is equal to
the output voltage.

Never connect the guard terminal to any other output, including circuit
common, frame ground, or the guard terminal of any other unit. Doing so
may damage the unit.

The following example connection can be used to reduce the leakage current.
Extend the outer conductor as close as possible to the probing needle. This
also reduces the induced noise.

+— Center Conductor

+— Outer Conductor

Coaxal Lable Probing Needle

Connector Plate ~

UGTOR30.GAL 120WE0H Contact Pad w
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Connection to Device Under Test (DUT)

Guarding

Guarding reduces the leakage current between the measurement points and instrument. This is
important when you measure low current.

The following figure shows the theory of guarding. The buffer amplifier (x 1) keeps the potential of
the guard conductor at the same potential as the force conductar, so current does not flow between
the force and guard conductors. Therefore, the current measured by SMU is same as current at
measurement point because no current is leaked.

~

Guard Force DUT
Buffer

J7 UGTOT032,90Wx40H
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Connection to Device Under Test (DUT)

Example

To Make Connections to Measure Low Resistance (For
HP 4156A Only)

e Connect force and sense terminals of SMU as close as possible to the DUT.

When you measure a low resistance, high current flows through the DUT.
This high current increases the measurement error caused by the residual
resistance of cables and contacts. To cancel the effect of this resistance, you
can use Kelvin connections (4-wire), which means the force and sense lines
are extended separately to the DUT.

The following example connection can be used to measure low resistance.
The sense point of the voltage measurement is at the contact pad, so the
voltage due to the residual resistance between the instrument and the sense
point is canceled.

o

%e@e Probing Needle

Contact Pad

Connector Plate

UGTOI031.GALI20WAGOH

Contact Pad

To reduce the leakage current, use coaxial cables to connect the connector
plate to the probing needle.
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|
Kelvin Connection

Kelvin connections give good measurement results when you force high-current. The following figure
shows the equivalent circuits for Kelvin and non-Kelvin connections.

o For the non-Kelvin connection, the voltmeter measures the voltage drop of resistances rpq,
Rpur, and Ira.

o For the Kelvin connection, the voltmeter measures the voltage drop of resistance RpyT only. The
impedance of the valtmeter is very high, so the voltage drop of resistances rs; and rgs is very
small.

= ERE

Fo Fout % 1 Rour

(a) non—Kelvin connection {b) Kelvin connection

UGTOI083 120Wx50H

The Kelvin connection is effective even when forcing voltage. The voltage drop due to the residual
resistance of the force line wiring is fed back to the voltage source via a comparator in the sense ling,
thereby ensuring the specified voltage output at the sense point (point where force and sense lines
intersect). The input impedance of comparator is high, so current flow into the sense ling is very low
Therefore, output error is not significant if the sense line wiring has a residual resistance of 10Q or
less.
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Sweep Measurements

This section describes the sweep measurement tasks.

Basic Procedures for Sweep Measurements.
The basic procedure to test your DUT is as follows:

o

o|go oo
= oog
E [S[=| DED ooo
(] oo =} ooo
0| oo coooo o
O| oo ooooo g
Cooo oooo | B8 8EBEE o
0B o “°°7°7°e8

UGDT gommksOTmH

CHANNEL'S: CHANNEL DEFINITION 94JANOL 0L:30PM

MMEASUREMENT MODE

CHANELS

MEASURE STV | [SERIEs
TNIT [ WME [INAME | MoDE | Feml FESISTANCE
SULME[Vge [Tk ViRE  ohm
sMuziMp|vee  [To R
SMUS P CoMvoN | CoNST

SMU P |
SMUS WP |
SMUB :MP |

VARL

[eRArEL] [USER |[UsER
e FoTN VAR

T

W% <<<8
ﬁ HDDHEE 5

1. Connecting your DUT to the HP 4155A/4156A. See
“Connection to Device Under Test {DUT)" for procedures.

2. Defining measurement mode and measurement units that you
use to make measurement. The following tasks are described:

o To Define Sweep Measurement Units
o To Define a User Function
o To Control R-Box
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e e ]
STOP 50 500 uA [POWER _COMP

ACONSTANT HSWEEP [CONTINUE AT ANY | Status

-

SHEER: PoU IMEASURE | [OUTPUT PREY INEXT
BETLE SETUR [SETLP SEQ PAGE PAGE

UGOI0T24 0G0

DISPLAY: DISPLAY SETUP 94JANOL 01 :30PM

“
¥DISPLAY MODE
o

HORAPH 10

Yaxis Viaxis _ [veaxis
T 3

NAE | VE
SCALE [LINEAR  [Loo o
MIN  [0.000000 V| 1.00004 | 1.00004

max_ [1.00000 v | 100.000m4| 100.000mA

*RID H_INE PARAMETER
[ | Em— [::]

HDATA VARIABLES

oN
CISFLAY) [AUTo PREV | [FEXT
SETLR ] |ANL vsTs| PaSE | [PAGE.

3. Setting the source parameters of the units. The following
tasks are described:

To Set up Primary Sweep Source

To Set up Secondary Sweep Source
To Set up Synchronous Sweep Source
To Set up Constant Output

To Set up SMU Pulsed Output

To Set up PGU Pulsed Output

4. Setting the display mode to show measurement results. The
following tasks are described:

e To Set up Graphical Display of Measurement Results
o To Set up List Display of Measurement Results

0oo00od

e
mp—|

o

[Erer——

GRAPHILIST: GRAPHICS SHORT WhugO? 06 BPM

CURSOR (- 3.572000V 289.23u8 ' A keR
s} [Cire
2.00 o
iy F e
. EwE SELECT
orag
1. 614 AD
MODE
oFF

200u
Iatv

LT mprept: 2more

ECT
P

SEL
cur

0,000 WV 1.00/dty 10.00

MARKER/ | [CIRE | [SCALTNG|  [DISPLAY| [SwEEP | [TIMING | [CONST
[cURSOR sETup | [sETUP | [sETWR | |sETUP.

UGTON022, 40460

5. Executing the measurement. The following tasks are
described:

e To Output Same Value Before and After Measurements
e To Execute or Stop Measurement

Results. For example, displayed graphically.
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To Define Sweep Measurement Units

1. Press key in the PAGE CONTROL key group.

2. Select CHANNEL DEF primary softkey.

3. In the MEASUREMENT MODE area, select SWEEP secondary softkey.

4. In the VNAME column, enter a unique name for voltage variable. For
example, enter Vce for collector-emitter voltage. If channel does neither V
force nor V measurement, you can omit VNAME.

5. In the INAME column, enter a unique name for current variable. For
example, enter “Ic” for collector current. If channel does neither I force
nor I measurement, you can omit INAME.

6. In the MODE column, select:

® V secondary softkey for voltage output mode (SMU, VSU, and PGU,
and grounded voltage measurement mode of VMU).

® I secondary softkey for current output mode (SMU).

® VPULSE secondary softkey for pulsed voltage output mode (SMU and
PGU).

® IPULSE secondary softkey for pulsed current output mode (SMU).
® COMMON secondary softkey for circuit common mode (SMU and GNDU).

DVBLT secondary softkey for differential voltage measurement mode
(VMU).

7. In the FCTN column, select:
® CONST for constant output function (SMU, VSU, and PGU).

® VAR1 for primary sweep output function (SMU and VSU).
® VAR2 for secondary sweep output function (SMU and VSU).

® VARYL’ for synchronous sweep output function (SMU and VSU).
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Making a Measurement
Sweep Measurements

You can use VNAME and INAME names in user function definitions or for
analysis on the GRAPHICS/LIST pages. These names must be 6 or less
alphanumeric characters. First character must be alphabet character.

For details about STBY and SERIES RESISTANCE fields, see “CHANNELS:
CHANNEL DEFINITION page” in “Page Organization” or “Types of Operation
State” in “Measurement Functions” of HP 4155A/4156A User’s Dictionary
Reference.

To disable a unit.
Move the pointer to the row of the unit, then select the DELETE ROW
secondary softkey. The settings in the row are deleted.

The following settings show an example for measuring an n-p-n transistor’s
I-V characteristics. SMU1 is connected to base, SMUZ2 is connected to
collector, and SMUS3 is connected to emitter. SMU1 is set to current source (I
mode) and secondary sweep (VAR2) function. SMUZ is set to voltage source
(V mode) and primary sweep (VAR1) function. SMUS3 is set to COMMON.

CHANNELS: CHANNEL DEFINITION 94JANOL 01 : 30PM
CONST
*MEASUREMENT MODE
*OHANNEL S
ME ASURE STBY | [SERIES
UNIT | VNAME |INAME | MODE FCTN RESISTANCE VARZ
SMUL: MP | Vbe b T VAR2 0 ohm
SMU2: MP | Vee Te v (AR ] 0 ohm
SMU3: MP COMMON | CONST VARL

SMU4: MP
SMUS: MP
SMUB: MP

DELETE
ROW

VAR PAGE

[l I

UGOT00Z,100%70

Example Channel Definition: Sweep Measurement
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To Set up Primary Sweep Source

1. Define VAR1 unit as described in “To Define Sweep Measurement Units”.
2. Press key in the PAGE CONTROL key group.

3. Select SWEEP SETUP primary softkey.
4. In the SWEEP MODE field of the VAR1 column, select:

e SINGLE secondary softkey to set single sweep mode.

® DOUBLE secondary softkey to set double sweep mode.
5. In the LIN/LOG field of the VARI column, select:

e [.INEAR secondary softkey to set linear step mode.
® LOG XX secondary softkey to set logarithmic step mode. XX is 10, 25, or
50, which specifies the number of steps per decade.
6. In the START field of the VARI column, enter the start value.
7. In the STOP field of the VAR1 column, enter the stop value.
8. In the STEP field of the VAR1 column, enter the step value.

The NO OF STEP is automatically calculated from the start, stop, and step
values.

If you select LOG for LIN/LOG, the polarity of start and stop values must be
the same.

To change the compliance value of VARI.
Enter desired compliance value into COMPLIANCE field of VARI column.

To modify the UNIT and NAME fields.
Modify the UNIT and NAME fields on the CHANNELS: CHANNEL DEFINITION

page.
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Example The following example shows the primary sweep conditions (VAR1
parameters):
MEASURE: SWEEP SETUP 94JANOL 01:30PM
*VARIABLE VARL VAR2
UNIT SMUZ:MP
NAME Vee

SWEEP MODE |SINGLE
LIN/LOG LINEAR
START

STOP

STEP

NO OF STEP
COMPLIANCE
POWER COMP |OFF
*TIMING

*SWEEP [CONTINUE AT ANY | Status

*CONSTANT

UNTT

NAME

MODE

SOURCE

COMPLIANCE

5.00
1 [Pou MEASURE] | 0UTPUT PREV | [NEXT
J[SETUP | [sETUP  |[SEQ PAGE | |PAGE

UG01003,90x70
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To Set up Secondary Sweep Source

1. Define VARZ unit as described in “To Define Sweep Measurement Units”.
2. Press key in the PAGE CONTROL key group.

3. Select SWEEP SETUP primary softkey.

4. In the START field of the VAR2 column, enter the start value.
5. In the STEP field of the VARZ column, enter the step value.
6. In the NO OF STEP field of the VARZ column, enter the number of steps.

To output secondary sweep source, you also need to set up primary sweep
source. For details of how to set up primary sweep source, refer to “To Set up
Primary Sweep Source”.

For secondary sweep source, the following is always set automatically:
SWEEP MODE is set to SINGLE, and LIN/LOG is set to LINEAR. You cannot
modify the SWEEP MODE and LIN/LOG fields for the secondary sweep source.

The STOP value is automatically calculated from the start value, step value,
and the number of steps.

To change the compliance value of VAR2.
Enter desired compliance value into COMPLIANCE field of VARZ column.

To modify the UNIT and NAME fields.
Modify the UNIT and NAME fields on the CHANNELS: CHANNEL DEFINITION

page.
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Example

The following example shows the secondary sweep conditions (VAR2

parameters):

Making a Measurement

Sweep Measurements

MEASURE: SWEEP SETUP

94JANOT 01:30PM

YARL YAR2
UNIT SMU2:MP SMUL:MP
NAME Vee Ib

SWEEP MODE |SINGLE SINGLE
LIN/LOG LINEAR LINEAR

START oV 0.00 uA
STOP 5.00V  |500 uA
STEP 0.10 v [EDO

NO OF STEP |51 &
COMPLIANCE [100 mA |5V
POWER COMP |OFF OFF
*¥TIMING

#SWEEP |CONTINUE AT ANY |Status

*CONSTANT
UNIT
NAME
MODE
SOURCE
COMPLIANCE
0.0001
] [Pou MEASURE] [oUTPUT PREV
|| SETUP | |sETUP |[SEQ PAGE

NEXT
PAGE

UG01004,20x70
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To Set up Synchronous Sweep Source

1. Define VAR1’ unit as described in “To Define Sweep Measurement Units”.
2. Press key in the PAGE CONTROL key group.

3. Select SWEEP SETUP primary softkey.

4. In the OFFSET field of the VAR1’ column, enter the offset value.
5. In the RATIO field of the VAR’ column, enter the ratio value.
The output value of VAR’ is calculated by the following equation:

VARl = VAR1 x RATIO + OFFSET

To output synchronous sweep source, you also need to set up primary sweep
source VAR1. For details of how to set up VARI1, refer to “To Set up Primary
Sweep Source”. VARI and VAR1’ must both be voltage output mode or both
current output mode. For example, if VAR1 is V output mode, then VARI’
must be V or VPULSE output mode.

To change the compliance value of VARI’.
Enter desired compliance value into COMPLIANCE field of VAR’ column.

To modify the UNIT and NAME fields.
Modify the UNIT and NAME fields on the CHANNELS: CHANNEL DEFINITION

page.
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Making a Measurement
Sweep Measurements

The following example shows the synchronous sweep conditions (VAR1’

parameters):

MEASURE: SWEEP SETUP

94JANOT 01:30PM

*¥CONSTANT

*VARIABLE VARL VARZ2 VARL'
UNIT SMUZ: MP SMUL MR UNIT SMU3: MP
NAME Vee Ib NAME Vsyne
SWEEP MODE |SINGLE SINGLE OFFSET [e]e]
LIN/LOG LINEAR LINEAR RATIO I
START oV 0.00 uA COMPLIANCE 100 uA
STOP 5.00V 500 uA POWER COMP |OFF
STEP 0.10 V 100 uA
NO OF STEP |51 [¢]

COMPLIANCE (100 mA 5V
POWER COMP |OFF OFF

*TIMING

*SWEEP [CONTINUE AT ANY | Status

SOURCE

[Peu MEASURE] [oUTPUT PREV | [NEXT
SETUP |[SETUP ||SEQ PAGE PAGE
UGO1005,90x70
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Example

To Set up Constant Output

1. Define CONST units as described in “To Define Sweep Measurement
Units”.

2. Press key in the PAGE CONTROL key group.
3. Select SWEEP SETUP primary softkey.

4. In the SOURCE field of the desired unit in the CONSTANT area, enter the
desired output value.

To modify the UNIT, NAME, and MODE fields.
Modify the UNIT, NAME, and MODE fields on the CHANNELS: CHANNEL
DEFINITION page.

The following example shows the constant output conditions:

MEASURE: SWEEP SETUP 94JANOT 01:30PM
*VARTIABLE  |VAR1L VAR2

UNIT SMUL:MP

NAME If

SWEEP MODE |SINGLE
LIN/LOG LOG 10

START 1.00 uA
STOP 1.00 mA
STEP  |-—-------

NO OF STEP |31
COMPLIANCE |100 mV
POWER COMP |OFF
*TIMING
HOLD TIME 0.0 s
DELAY TIME| 0.000 s

#SWEEP |CONTINUE AT ANY |Status

*CONSTANT
UNIT SMUZ:MP
NAME Voff

MODE v

SOURCE TErBog-v
COMPLIANCE 100 nA

MEASURE| |[OUTPUT PREV NEXT
SETUP SEQ PAGE PAGE

UG01006,90x70

3-20



Making a Measurement
Sweep Measurements

To Set up SMU Pulsed Output

1. Define SMU to be VPULSE or IPULSE mode as described in “To Define
Sweep Measurement Units”.

e For pulsed sweep source, specify SMU FCTN to be VAR1, VARZ2, or
VART.
e For pulsed constant source, specify SMU FCTN to be CONST.

2. Press key in the PAGE CONTROL key group.
3. Select SWEEP SETUP primary softkey.

4. Set as follows:

e For pulsed sweep source, set up VARI, VAR2, or VARI’ area.
e For pulsed constant source, set up CONSTANT area.

5. In the PERIOD field of the SMU PULSE area, enter the pulse period value.
6. In the WIDTH field of the SMU PULSE area, enter the pulse width value.
7. In the BASE field of the SMU PULSE area, enter the pulse base value.

On the CHANNEL DEFINITION page, you can set only one SMU to be a
pulsed source. Then, you set the pulse parameters in the SMU PULSE area of
the SWEEP SETUP page.

The relation between the PERIOD, WIDTH, and BASE values are as shown in
the following figures.

For figure (a), the SMU is set on the CHANNELS: CHANNEL DEFINITION
page as follows:

e MODE: VPULSE or [PULSE
e I'CTN: VAR1, VARZ, or VARY’

For figure (b), the SMU is set on the CHANNELS: CHANNEL DEFINITION
page as follows:

e MODE: VPULSE or [PULSE
e 'CTN: CONST
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Stop Value
Step Va\ue‘
Start Value T
Pulse Base
/ Hold Time Pulse Width: \
Pulse Period

{a) For Pulsed Sweep Source

Output Value

Pulse Base
/ Hold Time Pulse Width

Pulse Period

(o) For Pulsed Constant Source

UBO1007,97110

The pulse peak values depend on the values you set in the VAR1, VAR1’,
VARZ, or CONSTANT area.

To modify the UNIT and NAME fields.
Modify the UNIT and NAME fields on the CHANNELS: CHANNEL DEFINITION

page.
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The following shows an example setup of SMU pulsed output on the
MEASURE: SWEEP SETUP page.

MEASURE: SWEEP SETUP

94JANOT 01:30PM

#*SMU PULSE
UNIT

NAME
PERIOD

*¥CONSTANT

*VARTIABLE  |VAR1L VAR2
UNIT SMUL:MP
NAME If
SWEEP MODE |SINGLE
LIN/LOG LOG 10
START 1.00 uA
STOP 1.00 mA
STEP =
NO OF STEP |31
COMPLIANCE |100 mV
POWER COMP |--—------
*TIMING

HOLD TIME| 0.0 s

WIDTH

BASE

#SWEEP |CONTINUE AT ANY |Status

UNIT

NAME

MODE
SOURCE
COMPLIANCE

SMUZ: MP
Voff

N

5.000 V
100 mA

PGU
SETUP

MEASURE| |[OUTPUT
SETUP

“ “PREV

SEQ PAGE

NEXT
PAGE

UG01039,90x70
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To Set up PGU Pulsed Output

Define PGU to be VPULSE and CONST as described in “To Define Sweep
Measurement Units”.

Press key in the PAGE CONTROL key group.

3. Select PGU SETUP primary softkey.

R A

10.

11.

12.

In the PERIOD field of PGU1, enter the pulse period value.

In the WIDTH field of desired PGU column, enter the pulse width value.

In the DELAY TIME field of desired PGU column, enter delay time value.

In the PEAK VALUE field of desired PGU column, enter pulse peak value.
In the BASE VALUE field of desired PGU column, enter pulse base value.

In the LEADING TIME field of desired PGU column, enter the
leading-edge transition time.

In the TRAILING TIME field of desired PGU column, enter the
trailing-edge transition time.

In the IMPEDANCE field of desired PGU column, select:

® LOW secondary softkey for approximately zero ohm output
impedance.

® 50 ohm secondary softkey for 50 ohm output impedance.
In the PULSE COUNT field, do one of the following:
® Select FREE RUN secondary softkey to force the pulse continuously.

e Or enter the number of pulses to output (for sampling measurement
only).

For the pulse period and pulse count values, the values you set for PGU1 are
also used for PGU2.
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The following figure shows the relation between pulse waveform and setup
parameters.

Pulse Peak
0%
Leading Time Trailing Tim
ﬂ 10%
Pulse Base : —
Pulse Width
Pulse Period

UG01008, 0060

Delay Time

You cannot set compliance for a PGU, which has a 100 mA current limit.

To modify the UNIT and NAME fields.
Modify the UNIT and NAME fields on the CHANNELS: CHANNEL DEFINITION

page.

Using PGUs as Constant Voltage Source

To use a PGU as a constant voltage source, set the desired PGU as follows:

e Vin MODE column on the CHANNEL DEFINITION page
o [Desired output voltage value in SOURCE field on MEASURE: PGU SETUP page.
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The following example shows setup of PGU pulsed output on the MEASURE:

PGU SETUP page.

MEASURE: PGU SETUP

*PULSE

94JANOL O1:30PM

UNIT

NAME

PERIOD

WIDTH

DELAY TIME
PEAK VALUE
BASE VALUE
LEADING TIME
TRAILING TIME
IMPEDANCE

PGUL

10.00ms

PULSE COUNT [0 |--------
*CONSTANT
UNIT PGUL PGU2
NAME
SOURCE
0.00500
SWEEP | FRGU-- ] [MEASURE] [ouTPUT prEV | [NEXT
SETUP J[3l JlsETUP  |[SEQ PAGE PAGE

UG01040,100x70
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To Output Same Value Before and After Measurements

1. Press key in the PAGE CONTROL key group.

2. Select CHANNEL DEF primary softkey.

3. In the STBY column of the desired unit, select STANDBY ON secondary
softkey.

4. Press key in the MEASUREMENT key group.

The indicator above the key shows whether the Standby function
is enabled. If this indicator is ON, then for the units that you selected

STANDBY ON , the units have the following output value during the Standby
state (that is, before and after measurements or stress):

Function of a Unit Output during Standby State

VAR1 VART Start value

VART Ratio x Start + Offset

VARZ2 VARZ Start value
CONSTANT Output value

For sampling measurements, only the CONSTANT function is available.

From Standby state, you can execute measurements or force stress by
pressing (Single), (Repeat), (Append), OF (Stress) key. After measurement or
stress, the STANDBY ON units are returned to same output value as before
measurement or stress.

If Standby indicator is ON, then pressing the key disables the
Standby function, and Standby output stops. Pressing the key has no
affect on the Standby state.
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To Define a User Function

1. Press key in the PAGE CONTROL key group.
2. Select USER FCTN primary softkey.

3. In the NAME column, enter the user function name.
4. In the UNIT column, enter the units.
5. In the DEFINITION column, enter the user function definition.

The user function name must be 6 or less alphanumeric characters. First
character must be alphabet character. Name must be unique. Name is case
sensitive. For example, HFE is different from Hfe.

In the user function definition, you can enter an expression that consists of
any of the following:

e VNAME and INAME names that you entered on the CHANNELS: CHANNEL
DEFINITION page.

e Other user functions.
e Numerical operators.
e Built-in functions such as DELTA and SQRT.

For details about expressions, numerical operators, and built-in functions,
refer to “Data Variable and-Analysis Function” in HP 4155A/4156A User’s
Dictionary Reference.

3-28



Making a Measurement

Sweep Measurements

Example The following figure shows an example setup to define Hfe.

CHANNELS: USER FUNCTION DEFINITION

94JANOL 01 :30PM

Ybe
Ib
NAME UNIT DEFINITION Voo
Hfe

Ic
Ic/Ib
CHANNEL| ::U@EP& USER PREV NEXT
DEF s VAR PAGE PAGE

UGD104H,100x70
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To Set up Graphical Display of Measurement Results

1. Press key in the PAGE CONTROL key group.

2. Select DISPLAY SETUP primary softkey.

3. In the DISPLAY MODE field, select GRAPHICS secondary softkey.

4. In the Xaxis column, enter variable name, select axis scale, and enter
minimum and maximum values.

5. In the Ylaxis column, enter variable name, select axis scale, and enter
minimum and maximum values.

6. If you use Y2 axis, enter variable name, select axis scale, and enter
minimum and maximum values in YZaxis column.

When the pointer is in the NAME row, the allowable variable names appear
in the secondary softkey area. To set a variable name, select the desired
secondary softkey. The allowable names are names that you already set up
on the CHANNEL DEFINITION, USER FUNCTION, and USER VARIABLE

pages.
To display a grid on the plotting area.
In GRID field, select ON secondary softkey.

To remove the grid.
In GRID field, select OEE secondary softkey.

To control display of line parameters on GRAPHICS page.
In LINE PARAMETER field, select 8N to display or OFF to not display. Line
parameters are the X and Y intercepts and gradient of the analysis lines.

To set up variable to be displayed on the GRAPHICS page.
In DATA VARIABLES fields, select secondary softkey for desired variable.
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The following figure shows an example to set up both Y1 and Y2 axes, and to

set grid to ON.

DISPLAY: DISPLAY SETUP

#DISPLAY MODE

94JANOL O1:30PM

*GRAPHICS
Xaxis Yiaxis Y2axis
NAME VE Ic B
SCALE |LINEAR LOG LOG
MIN 0.000000 V| 1.000pA 1.000pA
MAX 1.00000 V 100.000mA | 100. 000mA

#DATA VARIABLES

*LINE PARAMETER

5

AUTO
ANLYSIg

PREV
PAGE

NEXT
PAGE

UG01037,100x70
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To Set up List Display of Measurement Results

1. Press key in the PAGE CONTROL key group.
2. Select DISPLAY SETUP primary softkey.

3. In the DISPLAY MODE field, select LIST secondary softkey.

4. In the LIST area, select the secondary softkey of the variables for which
you want to list the measurement results.

When the pointer is in the NAME row, the allowable variable names appear
in the secondary softkey area. To set a variable name, select the desired
secondary softkey. The allowable names are names that you already set up
on CHANNEL DEFINITION, USER FUNCTION, and USER VARIABLE pages.

To set up variable to be displayed on the LIST page.
In DATA VARIABLES fields, select secondary softkey for desired variable.

Example Following figure is an example setup to display VE, IC, and IB on LIST page.
DISPLAY: DISPLAY SETUP 94JANOL O1:30PM
VE
*DISPLAY MODE
Ve
*LIST
No. | NAME B
1 VE
2 1c
3 [
7 1E
5
[s]
- 10
3
*DATA VARIABLES
MORE
1/2

AY] | AUTO PREV NEXT
< [ANLYSI PAGE PAGE

UGO1038,100%70
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To Execute or Stop Measurement

¢ To execute a measurement, press:
O key in the MEASUREMENT key group for single measurement.
0 key in the MEASUREMENT key group for repeat measurement.
0 key in the MEASUREMENT key group for append measurement.
e To stop a measurement, press key in the MEASUREMENT key group.

Single, Repeat, and Append Measurement

There are three measurement execution mades as follows:

Single measurement Clears GRAPHICS or LIST page, then executes measurement one
time. Measurement results are displayed on GRAPHICS or LIST
page.

Repeat measurement Executes measurements continuously. Before each measurement

is exacuted, the GRAPHICS or LIST page is cleared. Most recent
measurement results are displayed on GRAPHICS or LIST page.

Append measurement Executes measurement ane time. Does not clear GRAPHICS or LIST
page. That is, measurement results are added to the existing
results.
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To Control R-Box

1. Connect HP 16441A R-Box to HP 4155A/4156A and to HP 16442A
Test Fixture or connector plate on your shield box. For details about
connections, refer to “Connections” in HP 4155A/4156A User’s Dictionary
Reference.

2. Press front-panel key of the PAGE CONTROL key group.

3. Select CHANNEL DEF primary softkey to display the CHANNELS:
CHANNEL DEFINITION page.

4. In the SERIES RESISTANCE fields, select:

® 0 ohm secondary softkey to connect 0 Q resistance.
® 10k ohm secondary softkey to connect 10 kQ resistance.
® 100k ohm secondary softkey to connect 100 kQ resistance.

® 1M ohm secondary softkey to connect 1 M{Q) resistance.

Resistance is switched just before and just after measurement state. In the
standby state, the stress force state, and the idle state, 0 Q is connected.

HP 4155A/4156A automatically compensates for the resistance values.
For the following SMUs, you can set 0 Q only:

e SMU that is set to ON in the STBY field.

e SMU that is set to COMMON in the MODE field.

You can set resistance values for the following SMUs.

o [f HP 41501A SMU/Pulse Generator Expander is not installed or does not
have an HPSMU

o SMUI (to CH1 terminal of R-Box)
o SMUZ (to CH2 terminal of R-Box)

e If HP 41501A has an HPSMU

o SMUI (to CH1 terminal of R-Box)
o SMUS (to CH2 terminal of R-Box)

3-54



Example

Making a Measurement

Sweep Measurements

The following figure shows an example setup to connect 10 k{2 resistance to

SMU1 and SMU2.

#*MEASUREMENT MODE

SWEEP

#CHANNEL S

CHANNELS: CHANNEL DEFINITION

94JANOL 01:30PM

MEASURE

STBY | |SERIES

UNIT

YNAME

INAME

MODE

FCTN RESISTANCE

Vsul
vsu2
YMUL
YMU2
PGUL
PGU2
GNDU

SMUL:
sMuU2:
SMU3Z:
SMU4:
SMUS:
SMUE:

MP
MP
MP
MP
MP
MP

Voe
Vee

Ib
Ic

I
N
COMMON

YAR2 10K )

YARL 10K ohm

0 ohm

CONST

USER
VAR

NEXT
PAGE

UGOT03E 10070
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To Measure Negative Resistance Characteristics

HP 16441A R-Box allows SMUs to measure current-controlled negative resistance {< 1 MQ]
characteristics.

Connect the resistance of HP 16441A as shown in following figure.

HP 16441A R-Box

R

V v

UGTO1036 60mmW, 55mmH
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This section covers the following tasks about knob sweep measurements.
e To execute knob sweep measurement

e To stop knob sweep measurement

The knob sweep function is useful in the following cases:

e when you want to determine a parameter value for normal sweep

¢ when you want to quickly make a rough measurement of a DUT
characteristics

The following figure shows the KNOB SWEEP page.

KNOB SWEEP 94JANOL 01:30PM
X=AX1S
CURSOR( 500. 0000mY, 5.000000mA, ) REGIOE
Y-AX1S
(mA) REGION
10.00 *
F S
1.000
/div
[
S
L0000
. 0000 VF .1000/div (V) 1.000
Y-AXIS SETUP i [varL VAR2 CONST
ASSIGN COPY | |SETUP SETUP SETUP

UGTO1034, 100%70

3-37



Making a Measurement
Knoh Sweep Measurements

To Execute Knob Sweep Measurement

1. Define the measurement units on the CHANNELS: CHANNEL DEFINITION
page as described in “To Define Sweep Measurement Units”.

2. Set the sweep information on the MEASURE: SWEEP SETUP page.
For details, refer to the following:
e “To Set up Primary Sweep Source”
e “To Set up Secondary Sweep Source”
e “To Set up Constant Output”
3. Set the MEASURE: PGU SETUP page (if you use PGUs).

4. Press the green key. Then, press front-panel key to display the
KNOB SWEEP page.

5. Select DISPLAY SETUP primary softkey to display DISPLAY SETUP
secondary key group.

6. Select X-AXIS REGION secondary softkeys to set the desired X axis

display region. Selecting the X-AXIS REGION secondary softkey toggles
as follows:

+ — - — +/— — +
7. Select Y-AXIS REGION secondary softkeys to set the desired Y axis

display region. Selecting the Y-AXIS REGION secondary softkey toggles
as follows:

+ — - — +/— — +
8. Rotate the rotary knob to stretch or shrink the measurement curve.

If you set constant outputs or PGU output in step 2 or 3, the outputs start
immediately after you perform step 4.

During measurements, self-test, or forcing stress, step 4 is ignored.
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Note the following restrictions:
e CHANNELS: CHANNEL DEFINITION page
o MEASUREMENT MODE field

In the MEASUREMENT MODE field, be sure to set SWEEP. If you select
SAMPLING MODE, you cannot execute knob sweep measurement.

o MODE field

Pulsed SMU (VPULSE and IPULSE) are not available for knob sweep
measurement.

o FCTN field
VAR1’ is not available for knob sweep measurement.
e MEASURE: SWEEP SETUP page

You cannot use the power compliance function for knob sweep
measurement.

To change the variable assigned to y axis.
Do as follows:

1. Press front-panel key.
2. Select Y-AXIS ASSIGN primary softkey.

3. Select a secondary softkey to assign the desired variable name to y axis.

The available variables are the variables you entered in the INAME and
VNAME columns of the CHANNELS: CHANNEL DEFINITION page. You
cannot use user functions or user variables.

To copy setups on the knob sweep page.

Select SETUP. COPY primary softkey to copy setups on this page to the
MEASURE: SWEEP SETUP and DISPLAY: DISPLAY SETUP pages.
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. ____________________________________________________________________________________________________________________|
If you ignore restrictions for knob sweep setup

If CHANNELS or MEASURE page group have settings that are not available for knob sweep
measurements, a warning message is displayed, then the following primary softkeys are displayed.

* STOP
* CONT

If you select CONT softkey, HP 4155A/4156A performs knob sweep measurement as follows:

o [f VART" is set in the FCTN field on the CHANNELS: CHANNEL DEFINITION page:

The channel that is set to VAR1" set to CONST {output value: VAR1 start]. So synchronous
measurement is not performed.

e [f an SMU is set to VPULSE or IPULSE the MODE field on the CHANNELS: CHANNEL DEFINITION
page:

Non-pulsed sweep measurement is performed.
o |f the POWER COMP fields are set on the MEASURE: SWEEP SETUP page:

The specified values are ignored. Measurement is performed the same as if OFF is selected.

If you select STOP softkey, the incorrect setting is highlighted, and you can carrect it.
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Example The following figure shows an example to set both X axis and Y axis display
regions to positive.

KNOB SWEEP 94JANOL 01:30PM
X=AX1S
CURSOR( 500. 0000mY, 5.000000mA, ) REGIOE
Y-AX1S
(mA) REGION
10.00 *
F S
1.000
/div
[
S
L0000
. 0000 VF .1000/div (V) 1.000
Y-AXIS SETUP VARL VAR2 CONST
ASSIGN COPY SETUP SETUP SETUP
UGTO1034, 100%70
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To Stop Knob Sweep Measurement

e Press front-panel key.

If you execute knob sweep measurement from the idle state, pressing
front-panel key returns to the idle state.

If you execute knob sweep measurement from the standby state, pressing
front-panel key returns to the standby state.

Starting knoh sweep again after pressing front-panel key

If you stop knob sweep measurement, then start the measurement again, the measurement start point
depends on how you start the measurement.

o started by front-panel key ony

If you press the front-panel key, the knob sweep measurement starts from the point
where it was stopped by front-panel key.

o started by green key and front-panel key

If you press the green key then press front-panel key, the knob sweep measurement
starts from 0 V or 0 A.
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This section covers the tasks for sampling measurements.

Basic Procedures for Sampling Measurements.
The basic procedure to test your DUT is as follows:

CHANNELS: CHANNEL DEFINITION 4IANOL 01 :30PM

MMEASUREMENT MODE
SAMPLING
I CHANNEL S

VEASUR

UNIT | VNAME [INAME | MGDE
SMULE [Voe  |Tb T

smuz:ve[voe  [To v
SMUE P COMMEN | CONST
SMU VP,
SMUB P
SMUB 1P

AOOCE

vae
o
8|8° Co 288 i
oo = ooo
= RS 5 i
0| oo coooo o
Bl g5 Baaas
o o o o o o oo ooooo B
B i I I |+
UBIBT oMW OTIH UG01023, 60x40
1. Connecting your DUT to the HP 4155A/4156A. See 2. Defining measurement mode and measurement units that you
“Connection to Device Under Test [DUT)" for procedures. use to make measurement. The following tasks are described:

o To Define Sampling Measurement Units.
o To Define a User Function [see previous section]
o To Control R-Box [see previous section)
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MEASURE: SAMPLING SETUP

HSAMPLING PARAMETER
WODE.

94JANOL OL: 30PM

#STOP CODITION

LINEAR
INITIAL INTERVAL |2 ms
NO. OF SAMPLES | 1001

[ENAELE /DI SABLE [ENABLE.
ENABLE CELAY [0.01 s
NAVE R

SOURCE
COMPLIANGE

TOTAL sMP. TIME|AUTo THRESHOLD 0.1
EVENT Ivall=|Thl
[FoLD TTE [5:6665 ] |EVENT Mo, i 1
FILTER o]
KCONSTANT
NIT
NAVE

1
[SEIFLNS] [P | MEASLRE [ouTPUT FREV
[seTue ] [sETWP[[sETLP | |sE0 PAGE

OO0

TEXT
PAGE

UGTO1024, 60x40

DISPLAY: DISFLAY SETUP 94JANOL 0L 130PM
Efians
e
ADISPLAY MODE

HORAPH 10

Yaxis Viaxis  [Veaxis
NAE _[aTIME i)

SCALE [LINEAR  |LINEAR
MIN  [0.000000 s |0.000000 A

max_ [1.00000 s | 100.000ma

[ ]

=
ic— [

[ ]

]

¥DATA VARIABLES

SRAPHICS

DISPLAY] [AUTO. PREY NEXT
2575 i I I I =00 2

et

3. Setting the source parameters of the units. The following

tasks are described:

To Set up Sampling Parameters

To Set up Constant Output

To Define Measurement Stop Conditions
To Set up PGU Pulsed Output [see previous section]

4. Setting the display mode to show measurement results. The
following tasks are described:

e To Set up Graphical Display of Measurement Results
[see previous section)

e To Set up List Display of Measurement Results
[see previous section)

0oo00od

OooD Oo0d
[m]

o

[Erer——

CRAPH/LIST: GRAPHICS SHORT 93AUG09 05 1 18PM

W
2.00

0,000 OTDE (31 100/ div 1000

MARKER] | [ETRE . | [SCALTNG|  [DISPLAY| [SAMPLNG| [sTop
[cURSOR sevup | [seTup | |comp

UGTOT026, 40%60

5. Executing the measurement. The following tasks are

described:

e To Output Same Value Before and After Measurements

[see previous section)

e To Execute or Stop Measurement [see previous section)

Results. For example, displayed graphically.
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To Define Sampling Measurement Units

7.

. Press key in the PAGE CONTROL key group.

- Select CHANNEL DEF primary softkey.

In the MEASUREMENT MODE area, select SAMPLING secondary softkey.

In the VNAME column, enter a unique name for voltage variable. For
example, enter Vce for collector-emitter voltage. If channel does neither V
force nor V measurement, you can omit VNAME.

In the INAME column, enter a unique name for current variable. For
example, enter “Ic” for collector current. If channel does neither I force
nor I measurement, you can omit INAME.

. In the MODE column, select:

® V secondary softkey for voltage output mode (SMU, VSU, and PGU,
and grounded voltage measurement mode of VMU).

¢ 1 secondary softkey for current output mode (SMU).
® VPULSE secondary softkey for pulsed voltage output mode (PGU).
® COMMBN secondary softkey for circuit common mode (SMU and GNDU).

® DVOLT secondary softkey for differential voltage measurement mode
(VMU).

In the FCTN column, select CONST secondary softkey for all source units.

You can use VNAME and INAME in user function definitions or for analysis
on the GRAPHICS/LIST pages. These names must be 6 or less alphanumeric
characters. First character must be alphabet character.

For details about STBY and SERIES RESISTANCE fields, see “CHANNELS:
CHANNEL DEFINITION page” in “Page Organization” or “Types of Operation
State” in “Measurement Functions” of HP 4155A/4156A User’s Dictionary
Reference.
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To disable a unit.
Move the pointer to the row of the unit, then select the DELETE ROW
secondary softkey. The settings in the row are deleted.

Example The following figure shows an example setup to define sampling measurement
units.

CHANNELS: CHANNEL DEFINITION 94JANOL 01:30PM

*MEASUREMENT MODE

SAMPL ING

#CHANNEL S

ME ASURE STBY | [SERIES
UNIT | VNAME | INAME | MODE FCTN RESISTANCE
SMUL: MP [Vbe Io v CONST 0 ohm
SMU2: MP | Voe Io v [CorET ] 0 ohm
SMU3: MP COMMON | CONST
SMU4: MP
SMUS: MP
SMUE: MP
vsui o | |-
vsuz | |-m——-
I N
w2 | e
pPGUL | |-
puz | |-
GNDU | |- I

DELETE
ROW

CONST

USER USER
FCTN VAR

NEXT
PAGE

UGO1046,100x70
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To Set up Sampling Parameters

1. Confirm that SAMPLING is set in the MEASUREMENT MODE field on the
CHANNELS: CHANNEL DEFINITION page. If SAMPLING is not set, select

SAMPLING secondary softkey in the MEASUREMENT MODE field.
2. Press key in the PAGE CONTROL key group.
3. Select SAMPLING SETUP primary softkey.
4. In the MODE field of SAMPLING PARAMETER, select:

® [INEAR secondary softkey for equally spaced sampling intervals.

® LOG XX secondary softkey for logarithmically spaced sampling intervals.
XX is 10, 25, or 50 sampling points per decade.

® THINNED-BUT secondary softkey for reduced sampling interval of more
recent samples (by thinning less recent samples).

For details about sampling mode, see “Measurement Mode” in HP
4155A/4156A User’s Dictionary Refevence.

5. In the INITTAL INTERVAL field, enter a value for the first sampling
interval.

6. In the NO. OF SAMPLES field, enter the number of points at which to
sample.

If you set the TOTAL SAMP. TIME to AUTO, the HP 4155A/4156A takes

NO. OF SAMPLES samples, then sampling stops. If you set a value for
TOTAL SAMP. TIME, see “Measurement Mode” or “Page Organization” in HP
L4155A/4156A User’s Dictionary Reference.

The following figure shows the relation between the sampling parameters and
sampling measurement.
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Initial Sampling Interval
Hold Time
= (<
J

Output Value
~—~—

Number of Samples

UG01003.100:60

You can set a hold time by entering a number (units: seconds) in the HOLD

TIME field.
Example The following figure shows example setup of the sampling parameters.

MEASURE: SAMPLING SETUP 94JANOL O1:30PM
*SAMPLING PARAMETER *STOP CONDITION

MODE LINEAR ENABLE/DISABLE |[ENABLE

INITIAL INTERVAL|2 ms ENABLE DELAY 0.01 s

NO. OF SAMPLES 1001 NAME R

TOTAL SAMP. TIME|AUTO THRESHOLD 0.1

EVENT [Val|>|Th|

[HoLD TIME EVENT NO. 4 ]

[FILTER I |

*CONSTANT

UNIT

NAME

MODE

SOURCE

COMPL TANCE

1

MEASURE| |[oUTPUT PREV NEXT
SETUP SEQ PAGE PAGE

UGTO1043,100x70
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To Set up Constant Output

1.

Define CONST units as described in “To Define Sampling Measurement
Units”.

. Press key in the PAGE CONTROL key group.

Select SAMPLNG SETUP primary softkey.

In the SOURCE field of the desired unit in the CONSTANT area, enter the
desired output value.

To modify the UNIT, NAME, and MODE fields.
Modify the UNIT, NAME, and MODE fields on the CHANNELS: CHANNEL
DEFINITION page.

To set up compliance value for constant output.

Set desired value in the COMPLIANCE field of the CONSTANT table. For
details about compliance, see “Compliance” in HP 4155A/4156A User’s
Dictionary Reference.
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The following example shows the constant output conditions:

MEASURE: SAMPLING SETUP

#SAMPLING PARAMETER

94JANOL 01:30PM

#STOP CONDITION

MODE LINEAR ENABLE/DISABLE [ENABLE
INITIAL INTERVAL|2 ms ENABLE DELAY [0.01 s
NO. OF SAMPLES |1001 NAME R
TOTAL SAMP. TIME|AUTO THRESHOLD 0.1
EVENT [Vall=|Thl

[HoLD TIME EVENT NO. 1
[FILTER J
*CONSTANT
UNIT SMUZ:HR
NAME v2
MODE v
SOURCE 36l
COMPLIANCE | 100.00mA
1.00

5] [PGU MEASURE] [oUTPUT PREV NEXT

SETUP  ||sETUP _|[SEQ PAGE PAGE

UGT 01047 ,100x70
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To Define Measurement Stop Conditions

1. Press key in the PAGE CONTROL key group.
2. Select SAMPLNG SETUP primary softkey.

3. In the ENABLE/DISABLE field of the STOP CONDITION area, select
ENABLE secondary softkey.

4. In NAME field of STOP CONDITION area, select the secondary softkey for
the desired variable name or user function name to be used for EVENT
comparison.

5. In THRESHOLD field of STOP CONDITION area, enter the threshold value
for the name selected in the previous step.

6. In EVENT field of STOP CONDITION area, select:

® ¥al > Th secondary softkey to stop the sampling when the sampled
value is greater than the threshold value.

® ¥al < Th secondary softkey to stop the sampling when the sampled
value is less than the threshold value.

e |Val| > |Th| secondary softkey to stop the sampling when the
absolute sampled value is greater than the absolute threshold value.

e |Val| < |Th| secondary softkey to stop the sampling when the
absolute sampled value is less than the absolute threshold value.

If you set the stop condition to DISABLE, the sampling measurement
continues until:

. key in the MEASUREMENT key group is pressed.
Specified total sample time has elapsed.
The HP 41556A/4156A receives HP-IB command to stop sampling.

An emergency condition occurs on HP 4155A/4156A.

Interlock terminal opens due to high voltage. (See “To Connect Interlock
Terminal” in Chapter 2.)
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You can set an EVENT NO., which specifies the sampling to stop when
EVENT occurs EVENT NO. times.

Example The following figure shows an example setup of stop condition.
MEASURE: SAMPLING SETUP 94JANDT 01 :30PM
*SAMPLING PARAMETER *STOP CONDITION

MODE LINEAR ENABLE /DISABLE [ENABLE
INITIAL INTERVAL |2 ns ENABLE DELAY [0.01 s
NO. OF SAMPLES |1001 NAME R
TOTAL SAMP. TIME|AUTO THRESHOLD 0.1
EVENT [Val[>]Th|
[HOLD TIME [0.000 s | |EVENT NO. ;
[FILTER [ON
¥CONSTANT
UNTT
NAME
MODE
SOURCE
COMPLTANCE
1
PeU MEASURE| [oUTPUT PREV NEXT
SETUP | |sETUP  ||sEQ PAGE PAGE
IGTO1010,100%70
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Stress Force

This section covers the tasks for stress forcing.

Stress Forcing with HP 4155A/4156A.
Two types of stress can be forced by the HP 4155A/4156A:

e dc stress

o Dc voltage stress can be forced from SMUs, VSUs, or PGUs.
o Dc current stress can be forced from SMUSs.

e ac stress (also called pulsed stress)

o Ac voltage stress can be forced from PGUs.

0 Ac current stress cannot be forced from the HP 4155A/4156A.

Basic Procedure for Stress Forcing.
The following illustrates the basic procedures for stress forcing.
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1. Connecting your DUT to the HP 4155A/4156A. See
“Connection to Device Under Test {DUT)" for procedures.

2. Defining the stress units and constant output units. The
following tasks are described:

e To Set up Stress Source Channels
o To Control Selector for Switching SMU and PGU

STRESS: STRESS SETUP 4IANOL 01 130PM
TN
¥STRESS MODE *PULSE
TRATION NIT FoUT FoUz

Ii
£
z
7

1.0ms

PERICD PEI T e—
YACCUMLATED STRESS  |WIDTH scoms | s.00ms
CELAY TIME  [0,00000 5[0.00000 5
PEAK VAUE  [ioomv  [10omv
oD T BASE VAUE  [0.000 v [0.000 v

Ik
: i
BN
75
it
e
EE
gﬁ
iE
EES
A
88
e
o

IMPEDANCE. W Low
*sTRESS [CONTINE AT ANY] status

HCONSTANT

UNIT

NAVE

MoDE

SQURCE

compLIANE

DURATION

CHANNEL] [STFESS ] [STRESS PREV |[NEXT
oEF SETU | ForcE PacE | |pace
GOT0Z8, 604

e T T
[mp—|

o

Us0023,60180

3. Setting the stress forcing parameters and constant output
value. The following tasks are described:

e To Set up Stress Conditions/Timings
e To Set up DC Stress
e To Set up AC [Pulse] Stress

4. Executing the stress forcing. The following task is described:

o To Force Stress
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To Set up Stress Source Channels

1. Press key in the PAGE CONTROL key group.
2. Select CHANNEL DEF primary softkey.
3. In the MODE field of desired unit in CHANNELS area, select:

e V secondary softkey for dc voltage stress forcing mode (SMU, VSU,
and PGU).

® 1 secondary softkey for dc current stress forcing mode (SMU).
® VPULSE secondary softkey for ac voltage stress forcing mode (PGU).

® COMMBN secondary softkey for circuit common (SMU and GNDU).

4. In the NAME field of desired unit in the CHANNELS area, enter the stress
channel name.

5. In the FCTN field of units that will be stress force channels, select SYNC
secondary softkey.

The stress channel name is only used for reference on the STRESS SETUP
page, not on any results page. So, you can omit the name if desired.

In the FCTN column, you can set up to four units to SYNC. At least one
unit must be set to SYNC in the FCTN column. The SYNC (stress force)
units all start forcing stress at the same time. The NSYNC (non-stress force
units) channels start forcing stress in sequence when state changes to stress
force state. For this timing, see “Stress Force Sequence” in “Measurement
Function” of HP 4155A/4156A User’s Dictionary Reference.

If the row of a unit does not have settings, the unit is not used.

To disable a unit.
In the row of the unit, select the DELETE RBW secondary softkey. The
settings in the row are deleted.
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To set up non-stress output channels.
Perform the following procedure.

1. Perform first 3 steps described above.
2. In the FCTN field, select NSYNC secondary softkey.

If you use two PGUs as pulsed sources (VPULSE), both must be SYNC or both
NSYNC.

Example The following figure shows an example setup to set two PGUs to ac stress

source.

STRESS: CHANNEL DEFINITION 94JANOL 01 :30PM
*CHANNEL S *SMU/PG SELECTOR NEYNG
MEASURE STRESS MEASURE [STRESS
UNIT NAME [MODE [NAME |FCTN EE PGU
SMUL:MP [V 2|sMu PGU
SMU2:MP | V2 3|0PEN OPEN
SMU3:MP | V3 4|OPEN OPEN
SMU4: MP
SMUS: MP
SMUE: MP
vSUL
vsU2
PGUL VPULSE SYNC *TRIGGER SETUP
PGU2 VPULSE [SYRGT DISABLE
GNDU [ POLARITY| POSITIVE
DELETE
ROW
SYNC
STRESS“STRESS H ‘ ‘ “ “ “NEXT
SETUP | |FORCE PAGE

UGTOIOM, 10070
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To Set up Stress Condition/Timing

. Press key in the PAGE CONTROL key group.
- Select STRESS SETUP primary softkey.
. In the MODE field of the STRESS MODE area, select:

® DURATIBN secondary softkey to specify how long to force stress.

® PULSE COUNT secondary softkey to specify how many pulses to output
for force stress (for ac stress only).

. In the DURATION or PULSE COUNT field, enter the duration or pulse
count. You can select FREE RUN secondary softkey to output stress
continuously.

- In the STRESS Status field, select:

® CONT AT ANY secondary softkey to continue forcing the stress even if
an abnormal status occurs.

e STOP AT ANY ABNORM secondary softkey to stop forcing the stress
when any abnormal status occurs.

® STOP AT COMPLIANCE secondary softkey to stop forcing the stress only
when SMU reaches its compliance setting.

STOP AT ANY ABNORM and STOP AT COMPLIANCE secondary softkeys
are displayed only when specified duration is more than 10 s. If you set
pulse count mode, these secondary softkeys are displayed only when
pulse period x pulse count is more than 10 s.

Stress stop function is not effective until stress has been forced for 10 s.

In the duration mode, you set time (in seconds) for stress forcing. In the
pulse count mode, you set an integer to specify how many pulses to output
for stress forcing.
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Abnormal status means the following:

SMU reaches its compliance setting.
Current of VSU exceeds +100 mA.

SMU or VSU oscillates.

A/D converter overflow occurs.

Average current of PGU exceeds £100 mA.

To set hold time.

In the HOLD TIME field, set desired value. For the meaning of hold time, see
“Stress Force Sequence” in “Measurement Function” of HP 4155A/4156A
User’s Dictionary Reference.
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The following figure shows an example setup of stress condition.

STRESS: STRESS SETUP 94JANO1 O1: 30PM
*STRESS MODE *PULSE
[DURATION UNTT PGUL PGUZ FULSE
NAME COUNT
PERIOD 10.00ms |--—------
*ACCUMULATED STRESS WIDTH 5.00ms 5.00ms
0.0000s DELAY TIME 0.00000 s |0.00000 s
PEAK VALUE 100mV 100V
¥HOLD TIME BASE VALUE 0.000 vV [0.000 V
0.000 s LEADING TIME | 200.ns 200.ns
TRAILING TIME | 100.ns 100.ns
*FILTER [ON IMPEDANCE Low Low
*STRESS [CONTINUE AT ANY | Status
*CONSTANT
UNIT
NAME
MODE
SOURCE
COMPLIANCE
DURATION
CHANNEL PREV NEXT
DEF PAGE PAGE
GOT01Z, 100x

Setting the Accumulated Stress Time

The ACCUMULATED STRESS field shows the total stress that has been forced. If necessary, you can
change the value in this field. If so, the ACCUMULATED STRESS field on the STRESS: STRESS FORCE
page also changes to the new value.
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To Set up AC (Pulse) Stress

1. Press the key in the PAGE CONTROL key group. Confirm that the
following is set on the STRESS: CHANNEL DEFINITION page for the PGUs
that you want to set up for ac stress:

e VPULSE is set in the MODE field.
e SYNC is set in the FCTN field.

Select STRESS SETUP primary softkey.

In the PERIOD field, enter the pulse period.
In the WIDTH field, enter the pulse width.

In the DELAY TIME field, enter the delay time, which is the time from the
stress start to the beginning of the pulse leading edge. See following figure.

6. In the PEAK VALUE field, enter the pulse peak value.
7. In the BASE VALUE field, enter the pulse base value.
8. In LEADING TIME field, enter the leading-edge transition time of pulse.
9. In TRAILING TIME field, enter the trailing-edge transition time of pulse.

The same period you set for PGUL1 is also used for PGU2. For the other
parameters, you can set different values for PGU1 and PGU2.

To set other areas of the STRESS: STRESS SETUP page, see “To Set up Stress
Condition/Timing”.

To modify the UNIT and NAME fields.

Modify UNIT and NAME fields on STRESS: CHANNEL DEFINITION page.

To set output impedance of PGU1 or PGU2.
In the IMPEDANCE field, select:

O ok W

® [.OW secondary softkey to set output impedance to low (approximately
Zero).

® 50 ohm secondary softkey to set output impedance to 50 Q.
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The following figure shows the meaning of delay time.

PGU1

Base Value

PGU2

The following figure shows an example to set up ac stress.

Peak Value oo

-

Delay Time

stress start

Delay Time

STRESS: STRESS SETUP

94JANO1 01:30PM

*STRESS MODE *PULSE
UNIT PGUL PGUZ
NAME
PERIOD 10.00ms |-==-—-=—-
*ACCUMULATED STRESS  |WIDTH 5.00ms | 5.00ms
DELAY TIME 0.00000 $|0.00000 s
PEAK VALUE  |100mV 100mV
*HOLD TIME BASE VALUE  [0.000 V [0.000 V
LEADING TIME 100.ns
TRAILING TIME |- 100.ns
*FILTER [ON IMPEDANCE LOW LOW
¥STRESS [CONTINUE AT ANY] Status
*CONSTANT
UNIT SMUL: MP
NAME vsU
MODE v
SOURCE 5.00 V
COMPLIANCE| 1.0000mA
0.000000100
‘CHANNEL‘-STR l‘STRESS H ‘ ‘ “ “PREV “NEXT
DEF SETOR- ] [FORCE PAGE PAGE
UGTTOT4, O

Making a Measurement
Stress Force
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To Set up DC Stress

1. Press key in the PAGE CONTROL key group. Confirm that the
following is set on the STRESS: CHANNEL DEFINITION page for the units
that you want to set up for dc stress:

e V or I is setin the MODE field.
e SYNC is set in the FCTN field.

2. Select STRESS SETUP primary softkey.

3. In the SOURCE field for the desired unit in the CONSTANT area, enter the
desired dc stress value.

4. In the COMPLIANCE field in the CONSTANT area, enter the compliance
value.

The non-stress (NSYNC) constant units also appear in the CONSTANT area.
You can set SOURCE and COMPLIANCE values for these units the same way
as you set the dc stress units.

To set other areas of the STRESS: STRESS SETUP page, see “To Set up Stress
Condition/Timing”.

To modify the UNIT, NAME, and MODE fields.
Modify the UNIT, NAME, and MODE fields on the STRESS: CHANNEL
DEFINITION page.
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and compliance (SMU1) to 1.00 mA.

Making a Measurement
Stress Force

setup to set source (SMU1) to 5.00 V

STRESS: STRESS SETUP

94JANO1 01 :30PM

%STRESS MODE *PULSE
UNTT PGUL PGUZ
NAME
PERIOD 10.00ns | ----=----
*ACCUMULATED STRESS  |WIDTH 5.00ms | 5.00ms
DELAY TIME  |0.00000 s|0.00000 s
PEAK VALUE  |100mV 100mYy
*HOLD TIME BASE VALUE  [0.000 V |0.000 V
LEADING TIME | 100.ns | 100.ns
TRAILING TIME | 100.ns | 100.ns
*FILTER [ON IMPEDANCE Low Low
¥STRESS [CONTINUE AT ANY | Status
*CONSTANT
UNIT SMUL: MP
NAME vsu
MODE
SOURCE
COMPLIANCE
0. 0010000
e L L e st |
DEF PAGE PAGE

UGOT0T3, TO0Te
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To Force Stress

e Press key in the MEASUREMENT key group.

The STRESS area shows the specified stress duration time. Even if you set
STRESS MODE to PULSE COUNT, the stress duration time is calculated and
shown in seconds.

The ACCUMULATED STRESS area shows the total stress that has already
been forced.

To change the stress time (duration mode).
Select CHANGE DURATON secondary softkey, then enter desired value.

The CHANGE DURATON secondary softkey is displayed only if the DURATION
mode is selected on the STRESS: STRESS SETUP page.

To change pulse count (pulse count mode).
Select CHANGE PLS CNT secondary softkey, then enter desired value.

The CHANGE PLS CNT secondary softkey is displayed only if the PULSE
COUNT mode is selected on the STRESS: STRESS SETUP page.

To reset STATUS value to 0 s and 0 %.
Select RESET STATUS secondary softkey.

To reset ACCUMULATED STRESS value to 0s.
Select RESET ACCUM STRESS secondary softkey.

To change ACCUMULATED STRESS value.
On the STRESS: STRESS SETUP page, enter the desired value in the
ACCUMULATED STRESS field.
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The following figure shows an example of STRESS: STRESS FORCE page.

STRESS: STRESS FORCE 94JANOL 01: 30PM

*STRESS (DURATION)

10.0000 s
*STATUS
5.0000 s 50 .00 %

#ACCUMULATED STRESS

123.4500 s

CHANGE
COMMENT

CHANGE
DURATON
0.0010

RESET
STATUS

RESET
ACCUM
STRESS

CHANNEL | | STRESS
DEF SETUP

GO0 10070
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To Control Selector for Switching SMU and PGU

1. Press key in the PAGE CONTROL key group.
2. Select CHANNEL DEF primary softkey.

3. In the MEASURE field of the desired channel in the SMU/PG SELECTOR
area, select:

® SMU secondary softkey to connect SMU to DUT during measurement
state.

e PGU secondary softkey to connect PGU to DUT during measurement
state.

e [OPEN secondary softkey to disconnect SMU, PGU, and DUT during
measurement state.

e PGU DOPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch during measurement state.

4. In the STRESS field of the desired channel in the SMU/PG SELECTOR
area, select:

® SMU secondary softkey to connect SMU to DUT during stress force
state.

e PGU secondary softkey to connect PGU to DUT during stress force
state.

e [OPEN secondary softkey to disconnect SMU, PGU, and DUT during
stress force state.

e PGU DOPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch during stress force state.

The selector has two types of switches: relay switch and semiconductor
switch.

Normally, the relay switch has three states: SMU is connected to DUT, PGU
is connected to DUT, and neither is connected to DUT. The semiconductor
switch, which is in the PGU line, is used for high-speed switching.
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SMU
SMU connected to DUT DUT
PGU o~ oo
SMU o
PGU connected to DUT buT
PGU lopunie' O—C
SMU
Nelther connected buT
PGU OO o/o
SMU
PGQ d\sconneoted‘ by DUT
Semiconductor Switch
PGU O O—Tr

Mechanical Relay

UG01049,80¢100 } )
Semiconductor Switch

Following shows an example setup that connects two SMUs to DUT during
measurement state, and connects two PGUs to DUT during stress force state.

Example

STRESS: CHANNEL DEFINITION 94JANOL 01:30PM SMU
*CHANNELS *SMU/PG SELECTOR
MEASURE STRESS MEASURE [STRESS
UNIT NAME _|MODE__[NAME |FCTN 1[sMU e
SMUL:MP [V 2 [sMU B
SMUZ MP V2 3[oPEN  |OPEN OPEN
SMU3:MP V3 4|0PEN  |OPEN
SMU4:MP
SMUS :MP
SMUG :MP
VsU1L
vsuz2
PGUL VPULSE SYNC *TRIGGER SETUP
PeU2 VPULSE SYNC
GNDU POLARITY|POSITIVE
L
B
[CHRIER] [STRESS | [STRESS NEXT
o -jZJ SETUP HFORCE H H PAGE

UGToT048, 19070
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Analyzing Measurement Results

HP 4155A/4156A can analyze measurement results of the GRAPH/LIST page
group by using lines, markers, and cursors. You can perform manual or
automatic analysis.

For automatic analysis function, you set up the DISPLAY: ANALYSIS SETUP
page before starting measurements. Then, after the measurements are
performed, the lines and markers are positioned automatically according to
the setup.

The information about these functions is organized into the following two
sections:

¢ Manual Analysis
e Automatic Analysis

For details about line modes and specifying points, refer to “Data Variable
and Analysis Function” in HP 4155A/4156A User’s Dictionary Reference.
Also, see “GRAPH/LIST Page Group” in HP 4155A/4156A User’s Dictionary
Reference.
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Manual Analysis

You can position lines, markers, and cursors by using front-panel keys, rotary
knob, and softkeys.

This section covers the following manual analysis tasks:

To specify a measurement point on curve

To specify between measurement points on curve

To display or move cursor

To adjust display range to measurement curve automatically
To zoom the display range

To center display at cursor location

To draw line through two specified points

To draw line through specified point with specified gradient
To draw tangent to specified point of measurement curve

To draw regression line for specified region

To display and select a line

To display grid on the graph

To change data variable on Graph

To change range of X or Y axis scale

To change variable assigned to X, Y1, or Y2 axis

To overlay an internal memory measurement curve onto plotting area
To scroll the LIST page

To display or move marker on LIST page

To change variables of LIST page
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To Specify a Measurement Point on Curve

1. Select MARKER/CURSOR primary softkey.

2. Set MARKER secondary softkey to ON. Marker and marker coordinates are

displayed. Selecting MARKER secondary softkey toggles between ON and
OFF.

3. (if both Y1 and Y2 axis are set up) Select the desired marker (axis) by
using AXIS primary softkey. The selected marker is highlighted. Selecting

AXIS primary softkey toggles between Y1 and Y2.

4. Rotate the rotary knob to move the marker to desired measurement point.

If both Y1 and Y2 axis are set up, a circle marker (o) is displayed on
measurement curve of Y1 axis, and an asterisk marker (x) is displayed on
measurement curve of Y2 axis.

The MARKER coordinate fields indicate the location of markers. The first,
second, and third fields are X, Y1, and Y2 coordinates, respectively. X and Y1
indicate location of marker on Y1 curve. X and Y2 indicate location of marker
on Y2 curve.

To turn off markers.
Set MARKER secondary softkey to OFF.

To move marker to maximum or minimum value of measurement
curve.

Select MARKER MIN/MAX secondary softkey. The marker searches for
minimum or maximum value in measurement order from the present location
every time you select the MARKER MIN/MAX secondary softkey.

To move marker to next VAR2 step or append curve.
Select MARKER SKIP secondary softkey. Marker moves to next VARZ step

curve or next append curve every time you select MARKER SKIP secondary
softkey.

To move marker fast.
Press front-panel key of the MARKER/CURSOR key group while rotating
rotary knob.
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The following figure shows an example to move marker to desired

measurement point and to set the Y1 axis marker to active.

GRAPH/LIST: GRAPHICS SHORT 93AUg09 06:18PM
MARKER ( - 751.25320mv 10.00uUA 1.0342uA )
CA)
CA MARKER
1.00 1.00 MIN/MAX
T INTER-
POLATE
e e OFF]
/ﬁ
DIRECT
MARKER/
CURSCR
decode decode
/div /div [MARKER
SKIP
AUTO
ANALY -
sIs
100. f 100.f | CURSOR
0.000 VBE (V) 100.m/div -1.00 OFF
A [LINE SCALING DISPLAY | | SWEEP TIMING CONST
g SETURP SETURP SETURP SETUP

UGT02001
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To Specify between Measurement Points on Curve

1. Select MARKER/CURSOR primary softkey.

2. Set MARKER secondary softkey to ON. Marker and marker coordinates are
displayed. Selecting MARKER toggles between ON and OFF.

3. (if both Y1 and Y2 axis are set up) Select the desired marker (axis) by
using AXIS primary softkey. The selected marker is highlighted. Selecting

AXIS primary softkey toggles between Y1 and Y2.

4. Set INTERPOLATE secondary softkey to ON. Selecting INTERPOLATE
secondary softkey toggles between ON and OFF.

5. Rotate rotary knob to move the marker to desired measurement point.

If both Y1 and Y2 axis are set up, a circle marker (o) is displayed on
measurement curve of Y1 axis, and an asterisk marker (x) is displayed on
measurement curve of Y2 axis.

The MARKER coordinate fields indicate the location of markers. The first,
second, and third fields are X, Y1, and Y2 coordinates, respectively. X and Y1
indicate location of marker on Y1 curve. X and Y2 indicate location of marker
on Y2 curve.

To turn off markers.
Set the MARKER secondary softkey to OFF.

To move marker to maximum or minimum value of measurement
curve.

Select MARKER MIN/MAX secondary softkey. The marker searches for
minimum or maximum value in measurement order from the present location
every time you select the MARKER MIN/MAX secondary softkey.

To move marker to next VAR2 step or append curve.
Select MARKER SKIP secondary softkey. Marker moves to next VARZ step

curve or next append curve every time you select MARKER SKIP .
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To move marker fast.
Press front-panel key of the MARKER/CURSOR key group while rotating
rotary knob.

The following figure shows an example to move marker to points between
measurement points by setting INTERPOLATE softkey to ON.

GRAPH/LIST: GRAPHICS SHORT 93AUg09 06:18PM
MARKER ( - 751.2520mv 10. 00UA 1.0342uA )
 A)
CA) MARKER
1.00 1.00  [MIN/MAX
|
Ic B
L
DIRECT
| MARKER /
CURSCR
decode decode
/div /div [MARKER
SKIP
AUTO
ANALY -
SIS
100.F 100.f | CURSOR
0.000 VBE (V) 100.m/div -1.00 OFF
AXIS LINE SCALING DISPLAY| | SWEEP TIMING CONST
Y2 SETURP SETURP SETUR SETUP
UGTO2002
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To Display or Move Cursor

1. Select MARKER/CURSOR primary softkey.

2. Set CURSOR secondary softkey to SHORT or LONG. Short or long cursor and
cursor coordinates are displayed. Selecting CURSOR secondary softkey
toggles as follows:

OFF — SHORT — LONG — OFF
3. Move the cursor by using arrow keys of the MARKER/CURSOR key group.

The CURSOR coordinate fields indicate the location of cursor. The first,
second, and third fields are X, Y1, and Y2 coordinates, respectively.

To move cursor diagonally.
Press two adjacent arrow keys of the MARKER/CURSOR key group
simultaneously.

To turn off cursor.
Set CURSOR secondary softkey to OFF.

To move cursor fast.
Press arrow keys and key of the MARKER/CURSOR key group
simultaneously.
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The following figure shows an example to display a short cursor.

A
1.00

decade
/div

100.F

GRAPH/LIST: GRAPHICS

CURSOR ( - 751.2530mY

SHORT

10.02uA

93Aug09 06:18PM

10.02uA

MARKER

OFF

MARKER

MIN/MAX

INTER-
POLATE

OFF

DIRECT

MARKER/

CURSOR

decode

/div | MARKER

SKIP

AUTO

ANALY—
SIS

100.F

0.000

VBE (V)

100.m/div

-1.00

‘AXIS

LINE

vz‘

“SCALING

DISPLAY
SETUP

SWEEP
SETUP

CONST

TIMING
SETUP

SETUP

UGT02003
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To Adjust Display Range to Measurement Curve Auto-
matically

1. Select SCALING primary softkey.

2. (if both Y1 and Y2 axis are set up) Select desired measurement curve by
using AXIS primary softkey.

3. Select AUTO SCALING secondary softkey. Scale is changed automatically
to fit the selected measurement curve.

When you set VAR2 parameter, or when you perform append measurement,
the scale is changed so that all measurement curves can be displayed.

To cancel auto scaling.
Select CANCEL SCALING secondary softkey.
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To Zoom the Display Range

1. Position the cursor at the center of area that you want to zoom. (For
details about displaying and moving cursor, see “To Display or Move
Cursor”.)

2. Select SCALING primary softkey.

3. Select:

e 7Z00OM IN secondary softkey to decrease the display range to half the
present range.

® 700M OUT secondary softkey to increase the display range to double the
present range.

The display range is increased or decreased, and cursor is moved to the
center of the plotting area.

If no cursor is displayed before step 3, performing step 3 displays a long
cursor at the center of the plotting area, then zoom is performed.

To return to original scaling.
Select CANCEL SCALING secondary softkey.




Analyzing Measurement Results
Manual Analysis

To Center Display at Cursor Location

1. Position cursor at the point where you want to center the plotting area.
(For details about displaying and moving cursor, see “To Display or Move
Cursor”.)

2. Select SCALING primary softkey.

3. (if both Y1 and Y2 axis are set up) Select desired measurement curve by
using AXIS primary softkey.

4. Select CENTER AT CURSOR secondary softkey. The plotting area is
centered around the cursor location.

If no cursor is displayed before step 4, performing step 4 displays a long
cursor at the center of the plotting area.

To return plotting area to original position.
Select CANCEL SCALING secondary softkey.

4-12



Analyzing Measurement Results
Manual Analysis

To Draw Line through Two Specified Points

1. Select LINE primary softkey.

2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the
setting.

3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:

OFF — ON — OFF

The line mode should be normal. So (GRAD MODE , TANGENT MODE , or
REGRESS MODE ) softkeys should not be highlighted. If one of these
softkeys is highlighted, turn off by pressing the softkey.

4. Move cursors to desired locations by using arrow keys of the
MARKER/CURSOR key group. To select the cursor you want to move, use

the SELECT CURSOR secondary softkey.

If it seems that only one cursor is displayed, the cursors are at the same
location.

When lines are displayed and when ON is set in the LINE PARAMETER field
on the DISPLAY: DISPLAY SETUP page, their X and Y intercepts and gradients
are also displayed in the plotting area.

To turn off the line intercept and gradient display.
Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area.
Use the following procedure:

1. Select DISPLAY SETUP primary softkey.

2. Set DATA VAR secondary softkey to OFF.

To move the selected cursor to the selected marker position.
Select CURSOR TO MARKER secondary softkey.
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Example The following figure shows an example to draw a line through two specified
points.
GRAPH/LIST: GRAPHIC SHORT :
S S 93AUGOY 0GIBPM (e e
CURSOR ( - 3.572000V 289 .23uUA )
(mA)
2.00
Intrept %
-1].421
I
Grad
521.61u GRAD
MODE
OFF
200U
/div TANGENT
MODE
OFF
REGRESS
% MODE
OFF
// Intropt [: 2.08976
0.00 SELECT
0.000 oV 1.00/div 10.00 CURSORl
MARKER/ SCALING DISPLAY| | SWEEP TIMING CONST
CURSCR SETURP SETURP SETURP SETUR
UGT02004
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To Draw Line through Specified Point with Specified
Gradient

1. Select LINE primary softkey.

2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the
setting.

3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:

OFF — ON — OFF

4. Select GRAD MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. One cursor disappears (if there are two cursors

in the plotting area before this step). Selecting GRAD MODE secondary
softkey toggles between highlighted and not highlighted.

5. Move the cursor to desired location by using arrow keys of the
MARKER/CURSOR key group.

6. Select GRAD VALUE secondary softkey, then enter gradient value. The line
goes through the cursor with specified gradient.

When lines are displayed and when ON is set in the LINE PARAMETER field
on the DISPLAY: DISPLAY SETUP page, the X and Y intercepts and gradients
of selected line are also displayed in the plotting area.

To turn off the line intercept and gradient display.
Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area.
Use the following procedure:

1. Select DISPLAY SETUP primary softkey.
2. Set DATA VAR secondary softkey to OFF.

To move the selected cursor to the selected marker position.
Select CURSOR TO MARKER secondary softkey.

4-15



Analyzing Measurement Results
Manual Analysis

Example The following figure shows an example to draw a line through specified point
with specified gradient.

GRAPH/LIST: GRAPHICS SHORT :
93AUg0Y 0BHBPM e
CURSOR ( - 3.572000V 289.23uA )
(mA)
2.00
Intrept
-1].421
I
Grad
521.61u
200U
/div TANGENT
MODE
OFF
REGRESS
ﬁ%f MODE
OFF
L] Intropt |: 2.98976
0.00 —
0.000 VooV ) 1.00/div 10.00
MARKER / 1 [sCALING DISPLAY| [SWEEP |[TIMING | [CONST
CURSOR ! SETUP SETUP | |SETUP SETUP
UGT02005
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To Draw Tangent to Specified Point of Measurement
Curve

1. Press LINE primary softkey.
2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the
setting.
3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting the LINE secondary softkey toggles as follows:
OFF — ON — OFF

4. Select TANGENT MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. The cursors disappear and marker appears. Selecting
TANGENT MODE toggles between highlighted and not highlighted.

5. Move marker to the desired measurement point by rotating rotary knob.

When lines are displayed and when ON is set in the LINE PARAMETER field
on the DISPLAY: DISPLAY SETUP page, the X and Y intercepts and gradients
of selected line are also displayed in the plotting area.

To move marker to next VAR2 or next append curve.
Select MARKER SKIP secondary softkey. Marker moves to next VARZ step

curve or next append curve every time you press MARKER SKIP .

To turn off the line intercept and gradient display.
Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area.
Use the following procedure:

1. Select DISPLAY SETUP primary softkey.

2. Set DATA VAR secondary softkey to OFF.

To move marker between two adjacent measurement points.
See “To Specify between Measurement Points on Curve”.
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Example The following figure shows an example to draw a tangent to a specified
measurement point.

GRAPH/LIST: GRAPHICS SHORT :
93Aug09 06:18PM CURSOR
MARKER (- 3.572000V 289.23uA )
(mA)
2.00
Intrept
-1].421
I
Grad
521.61u GRAD
MODE
OFF
200u
/div
REGRESS
)5/ MODE
OFF
/4,,////// Intropt |: 2.98976
0.00 MARKER
0.000 oV 1.00/div 10.00 SKIP
MARKER/ SCALING DISPLAY| [SWEEP TIMING | |[CONST
CURSOR SETUP SETUP SETUP SETUP
UGT02006
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To Draw Regression Line for Specified Region

1. Select MARKER/CURSOR primary softkey, then set the MARKER secondary
softkey to ON.

2. Select the desired axis for regression calculation by selecting AXIS
primary softkey (if both Y1 and Y2 axis are set up). Then, if necessary,

move marker to desired measurement curve by selecting MARKER SKIP
secondary softkey.

3. Select LINE primary softkey.
4. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the
setting.
5. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:
OFF — ON — OFF

6. Select REGRESS MODE secondary softkey if it is not highlighted. Softkey

becomes highlighted. Selecting REGRESS MODE secondary softkey toggles
between highlighted and not highlighted.

7. Move cursors to specify range of regression calculation. (Use arrow keys of
the MARKER/CURSOR key group to move cursors to desired location.)

To select the cursor you want to move, use the SELECT CURSOR
secondary softkey.

The range used for calculating the regression line is defined by the position of
the two cursors as shown in the following figure.
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cursors

(mA)

2.00

the range of
regression
calculation

soou | /

fdiv

0.00 ‘

0.000 VD (V) 1.00/div 10.00

usToZ007

If it seems that only one cursor is displayed, the cursors are at the same
location.

When regression lines are displayed and when 0N is set in the LINE
PARAMETER field on the DISPLAY: DISPLAY SETUP page, the X and Y
intercepts and gradient of selected line are also displayed in the plotting area.

To turn off the line intercept and gradient display.
Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area.
Use the following procedure:

1. Select DISPLAY SETUP primary softkey.
2. Set DATA VAR secondary softkey to OFF.

To move selected cursor to the selected marker position.
Select CURSOR TO MARKER secondary softkey.
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Example The following figure shows an example to draw a regression line for the
specified region.

GRAPH/LIST: GRAPHICS SHORT :
93Aug09 06:18PM CURSOR
CURSOR (- 3.572000V 289.23uA )
MARKER (- 3.572000V 289.23uA )
(mA)
2.00
Intrept
-1].421
I
Grad
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MODE
OFF
200u
/div TANGENT
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/4,,///’// Intropt [: 2.08976
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To Display and Select a Line

1. Select LINE primary softkey.
2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the
setting.
3. Set LINE secondary softkey to ON. Selected line and two cursors are
displayed. Selecting the LINE secondary softkey toggles as follows:
OFF — ON — OFF

To select line to analyze.
Set LINE SELECT secondary softkey to desired line (1 or 2). Selected line is
highlighted.

Selecting LINE SELECT secondary softkey toggles as follows:

1 —2— NONE — 1

The following are independent for each line. So, changing the active line also
changes the following:

e locations of marker and cursors

e X and Y intercepts and gradient
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To Display Grid on the Graph

1. Select DISPLAY SETUP primary softkey.
2. Set GRID secondary softkey to ON. Grid is displayed. Selecting GRID
secondary softkey toggles between ON and OFF.

To turn off grid.
Set GRID secondary softkey to OFF.
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Example

To Change Data Variable on Graph

1. Select DISPLAY SETUP primary softkey.

2. Select RE-SETUP GRAPH secondary softkey.

3. Move the pointer to desired data variable field by using the arrow keys,
then select secondary softkey to enter the desired variable name.

4. Select EXIT primary softkey to exit the RE-SETUP GRAPH mode.

To exit without changing data variable.
Select CANCEL primary softkey.

The following figure shows an example setup to change the data variable to
be displayed.

GRAPH/LIST: GRAPHICS SHORT 93AUgO9 06:18PM

13

MARKER  ( - 3.572000V 289.23uA
[ BM 590.1us
(mA) 14

2.00

@INDEX

200u
/div

/
0.00 i MORE
i 10.00
0.000 vDoo( V) 1.00/div 3/3
GM

S O O

UGT02009
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To Change Range of X or Y Axis Scale

1. Select DISPLAY SETUP primary softkey.

2. Select RE-SETUP GRAPH secondary softkey.

3. Move pointer to maximum or minimum value field of X or Y axis scale by
using the arrow keys, then edit the setup value by using ENTRY keys or
rotary knob.

4. Select EXIT primary softkey to exit RE-SETUP GRAPH mode.

To exit without changing range of X or Y axis scale.
Select CANCEL primary softkey.

Example The following figure shows an example setup to change maximum value of Y1
axis.

GRAPH/LIST: GRAPHICS SHORT 93AUgO9 06:18PM

A

1.00

1c — B

L1
decode decode
/div /div
100.f 100.f
0.000 VBE (V) 100.m/div -1.00
1.00

S I | o N YN | O i

UGT02010
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Example

To Change Variable Assigned to X, Y1, or Y2 Axis

L. Select DISPLAY SETUP primary softkey.

2. Select RE-SETUP GRAPH secondary softkey.

3. Move pointer to variable field of X, Y1, or Y2 axis by using arrow keys,
then select secondary softkey to set the desired variable.

4. Select EXIT primary softkey to exit RE-SETUP GRAPH mode.

To exit without changing variable assigned to X, Y1, or Y2 axis.
Select CANCEL primary softkey.

The following figure shows an example setup to change the variable that is
assigned to Y1 axis.

GRAPH/LIST: GRAPHICS SHORT 93AUgO9 06:18PM
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2.00

vD

VSB
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To Overlay an Internal Memory Measurement Curve
onto Plotting Area

This section explains how to overlay a measurement curve (that was stored
into an internal memory) onto plotting area. To store a measurement curve
into an internal memory, refer to “To Store Setup or Result Data into Internal
Memory” in Chapter 5.

1. Select DISPLAY SETUP primary softkey.

2. Set OVERLAY PLANE secondary softkey to the desired memory number.
Selected measurement curve is overlaid onto plotting area. Selecting
OVERLAY PLANE secondary softkey toggles as follows:

0FF -1 —-2 — 3 — 4 — OFF

To display information of overlay measurement curve.
Select SHOW OVERLAY INFO secondary softkey. The following information of
overlay measurement curve overwrites the information of the present curve.

e axis names and axis scales
e cursor and marker coordinates
e data variables

To display information of original curve again, select the EXIT primary
softkey.

To change the present scale to the same scale as overlay curve.
Select SCALE TO OVERLAY secondary softkey.

To return to the original scale, you need to select SCALING primary softkey,
then select CANCEL SCALING secondary softkey.
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Example The following figure shows an example to overlay a measurement curve (that
is stored in internal memory 1) onto the presently displayed measurement
curve.

GRAPH/LIST: GRAPHICS SHORT 93AUGOY 0BIBPM =
SETURP
GRAPH

(mA)
2.00

Overlaf Measurement Cufve

DATA
VAR
OFF

1

Present Clrve

LINE
PRMTRS

200u
/div

SHOW
OVERLAY
INFO

: TO
10.00
0.000 VooV ) 1.00/div OVERLAY

MARKER/| [
CURSOR | I

SCALING DISPLAY| | SWEEP TIMING CONST
SETUP SETUP SETUP SETUP

UGT02012, 100%80
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To Scroll the LIST Page

e Press an arrow key of the MARKER/CURSOR key group. List scrolls in
direction of selected arrow.

List can be scrolled even while performing measurements.
When marker is displayed, marker does not move during scrolling.

To scroll list fast.
Press key of the MARKER/CURSOR key group while pressing an arrow
key of the MARKER/CURSOR key group.
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To Display or Move Marker on LIST Page

1. Select MARKER primary softkey.

2. Set MARKER secondary softkey to ON. The marker is displayed. Selecting
MARKER secondary softkey toggles between ON and OFF.

3. Rotate rotary knob to move the marker to desired measurement point.

To turn off marker.
Set MARKER secondary softkey to OFF.

To move marker to next VAR2 step.
Select MARKER SKIP secondary softkey. Marker moves to next VARZ step

data or next append data every time you select MARKER SKIP secondary
softkey.

To move marker to next append data.
Select NEXT APPEND secondary softkey. Marker moves to next append data

every time you select NEXT APPEND secondary softkey.

4-30



Analyzing Measurement Results
Manual Analysis

Example The following figure shows an example to display marker.
GRAPH/LIST: LIST SHORT 93AUg09 06:18PM
# VE IF
v A
DIRECT
MARKER
1 -10.00000m -4.150000p MARKER
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1.150000p SKIP
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A 20 00PN - G EEEh0an)
5 30.00000m 14 .80000p|
&
7
8
9
[ oIiF [ 575.0000p A/V | | |
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g SHEET SETURP| [SETURP SETURP SETUP

UGTO2013, 100x80
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Example

To Change Variables of LIST page

1. Select RE-SETUP primary softkey.

2. Move pointer to desired column variable or data variable field by using
arrow keys, then select secondary softkey of desired variable.

3. Select EXIT primary softkey to exit RE-SETUP LIST mode.

To exit without changing LIST variables.
Select CANCEL primary softkey.

The following figure shows an example to change the LIST variables.

GRAPH/LIST: LIST SHORT 93AUg0Y 06:18PM
MARKER
ON
# VF IF
v A
DIRECT
1 -10.00000m -4.150000p MARKER
_2_ 00 i 1.150000p
o ) ]
4 20.00000m 6.650000p MARKER
5 30.00000m 14.80000p SKIP
&
7
8
9
R [ 575.0000p A/V
B
MMRIRERR SPREAD RE- SWEEP TIMING | |CONST
SHEET SETUP| | SETUP SETUP SETUP

UGTO2014, 100x80
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Automatic Analysis

You set up automatic analysis before the measurement by using the DISPLAY:
ANALYSIS SETUP page. Then, after measurement is performed, the marker
and lines are automatically positioned according to automatic analysis setup.

This section covers the following automatic analysis tasks:
e To draw line by specifying two points

e To draw line by specifying gradient and one point

To draw tangent to specified measurement point

To draw regression line by specifying two points

To display marker at specified point
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To Draw Line by Specifying Two Points

1. Press front-panel key.

2. Confirm that ON is set on the LINE secondary softkey on the
GRAPH/LIST: GRAPHICS page.

3. Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
page is displayed.

4. In field (1), select NORMAL secondary softkey.

5. In field (2), select secondary softkey to specify desired axis.
6. In field (3), select:

® BY X-Y COODRDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

® BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

(i you selected BY X-Y COORDINATE secondary softkey:

a. In the X field, enter desired expression to specify X coordinate.
b. In the Y field, enter desired expression to specify Y coordinate.
c. Go to step 8.

8. If you selected BY DATA CONDITION secondary softkey:

a. In field (4), select secondary softkey to set desired data variable name.
b. In field (5), enter desired expression.
¢. In field (6), select:

® AFTER secondary softkey if you want to set a search start condition
for finding specified point.
® DISABLE secondary softkey to disable (clear) the AFTER settings.

d. qp you selected AFTER | select secondary softkey to enter desired data
variable in field (7).

€. If you selected AETER , enter desired expression in field (8).

9. Specify the other point by step 5, then step 6 or 7.
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Data condition mode specifies a point related to the measurement curve.
So, if no measurement data satisfy the specified condition, the nearest
measurement point is used.

For the meaning of expression that you can enter in step 6 or 7, see
“Expression” in “Data Variable and Analysis Function” in HP 4155A/4156A
User’s Dictionary Reference.

To specify a point between two measurement points.
Set Interpolate field to ON.
To disable (clear) the settings.

Move the pointer to field (1), then select DISABLE secondary softkey. Setup
fields disappear.

The following figure shows an example setup to automatically draw a line
through two specified points. One point is specified by X-Y coordinate mode
and other point is specified by data condition mode.

M (2 (3)

DISPLAY: ANALYSIS SET ‘/// 93JUL22 11:32A)

7 7

*L INEL : [NORMAL ] line on [Y1] between a point [AT ]
X: [0 4 ]
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and a point [WHERE ]

[VCE ] = [10
[AFTER] [VCE

W INEZ: [ ]
© o @

*MARKER: At a point where
[ ]

*Interpolate: [OFF]

MAX (VCE)

‘DISDLAV‘[A
SETUP

&

PAGE PAGE

I | R I |+

UGT02015
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To Draw Line by Specifying Gradient and One Point

1. Press front-panel key.

2. Confirm that ON is set on the LINE secondary softkey on the
GRAPH/LIST: GRAPHICS page.

3. Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
page is displayed.

4. In field (1), select GRAD secondary softkey.

5. In field (2), select secondary softkey to specify desired axis.
6. In field (3), select:

® BY X-Y COODRDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

® BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

(i you selected BY X-Y COORDINATE secondary softkey:

a. In the X field, enter desired expression to specify X coordinate.
b. In the Y field, enter desired expression to specify Y coordinate.
c. Go to step 8.

8. If you selected BY DATA CONDITION secondary softkey:

a. In field (4), select secondary softkey to set desired data variable name.
b. In field (5), enter desired expression.
¢. In field (6), select:

® AFTER secondary softkey if you want to set a search start condition
for finding specified point.
® DISABLE secondary softkey to disable (clear) the AFTER settings.

d. qp you selected AFTER | select secondary softkey to enter desired data
variable in field (7).

€. If you selected AETER , enter desired expression in field (8).

9. In the Gradient field, enter gradient expression.
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Data condition mode specifies a point related to the measurement curve.
So, if no measurement data satisfy the specified condition, the nearest
measurement point is used.

For the meaning of expression that you can enter in step 6 or 7, see
“Expression” in “Data Variable and Analysis Function” in HP 4155A/4156A
User’s Dictionary Reference.

To specify a point between two measurement points.
Set Interpolate field to ON.
To disable (clear) the settings.

Move the pointer to field (1), then select DISABLE secondary softkey. Setup
fields disappear.

The following figure shows an example setup to automatically draw a line
through the specified point with the specified gradient.
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Automatic Analysis

To Draw Tangent to Specified Measurement Point

® s o

10.

. Press front-panel key.

Confirm that ON is set on the LINE secondary softkey on the
GRAPH/LIST: GRAPHICS page.

Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS
SETUP page is displayed.

In field (1), select TANGENT secondary softkey.
In field (2), select secondary softkey to specify desired axis.
In field (3), select secondary softkey to select desired data variable name.

In field (4), enter desired expression.
In field (5), select:

® AFTER secondary softkey if you want to set a search start condition for
finding specified point.

® DISABLE secondary softkey to disable (clear) the AFTER settings.

If you selected AFTER , select secondary softkey to enter desired data
variable in field (6).

If you selected AFTER | enter desired expression in field (7).

Data condition mode specifies a point related to the measurement curve.
So, if no measurement data satisfy the specified condition, the nearest
measurement point is used.

For the meaning of expression that you can enter in step 6 and 9, see
“Expression” in “Data Variable and Analysis Function” in HP 4155A/4156A
User’s Dictionary Reference.

To specify a point between two measurement points.
Set Interpolate field to ON.

To disable (clear) the settings.
Move the pointer to field (1), then select DISABLE secondary softkey. Setup
fields disappear.
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The following figure shows an example setup to automatically draw a tangent

line to a specified measurement point.
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To Draw Regression Line by Specifying Two Points

1. Press front-panel key.

2. Confirm that ON is set on the LINE secondary softkey on the
GRAPH/LIST: GRAPHICS page.

3. Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
page is displayed.

4. In field (1), select REGRESSION secondary softkey.

5. In field (2), select secondary softkey to specify desired axis.
6. In field (3), select:

® BY X-Y COODRDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

® BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

(i you selected BY X-Y COORDINATE secondary softkey:

a. In the X field, enter desired expression to specify X coordinate.
b. In the Y field, enter desired expression to specify Y coordinate.
c. Go to step 8.

8. If you selected BY DATA CONDITION secondary softkey:

a. In field (4), select secondary softkey to set desired data variable name.
b. In field (5), enter desired expression.
¢. In field (6), select:

® AFTER secondary softkey if you want to set a search start condition
for finding specified point.
® DISABLE secondary softkey to disable (clear) the AFTER settings.

d. qp you selected AFTER | select secondary softkey to enter desired data
variable in field (7).

€. If you selected AETER , enter desired expression in field (8).

9. Specify the other point by step 5, then step 6 or 7.
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Automatic Analysis

Regression calculation is performed in the range defined by the two specified
points as shown in the following figure.

specified two points

(mA)

2.00
the range of
i regression
calculation
200u /
fdiv
0.00 ‘ ‘ ‘
0.000 VD (V) 1.00/div 10.00

usTozo18

Data condition mode specifies a point related to the measurement curve.
So, if no measurement data satisfy the specified condition, the nearest
measurement point is used.

For the meaning of expression that you can enter in step 6 and 7, see
“Expression” in “Data Variable and Analysis Function” in HP 4155A/4156A
User’s Dictionary Reference.

To specify a point between two measurement points.
Set Interpolate field to ON.

To disable (clear) the settings.

Move the pointer to field (1), then select DISABLE secondary softkey. Setup
fields disappear.
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Analyzing Measurement Results
Automatic Analysis

The following figure shows an example setup to automatically draw a
regression line. The range for the regression calculation is specified by two
points. One point is specified by X-Y coordinate mode and other point is

specified by data condition mode.

U]

(3)

DISPLAY: ANALYSIS SAE})@/ /

o3JuUL22 11: 3‘2y/

%LINEl:[REGRESS{ON] line on [Y
X: [0
o@w (e

and a%int [‘Aﬁ{RE]

}2)
1]

between a point [AT

7

]
]
]

]
g

[VCE ] = [10

[AFTER] [VCE

INEZ: [ ]
© @ (9

*MARKER: At a point where
[ ]

*Interpolate: [OFF]

MAX (VCE)
DISPLAY | |4 PREV NEXT
SETUP LA PAGE PAGE

UGT02019
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Automatic Analysis

To Display Marker at Specified Point

7.

. Press front-panel key.
- Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP

page is displayed.

. Move pointer to field (1), then select secondary softkey to set desired data

variable name.
In field (2), enter desired expression.
In field (3), select:

® AFTER secondary softkey if you want to set a search start condition for
finding specified point.

® DISABLE secondary softkey to disable (clear) the AFTER settings.

- If you selected AFTER in field (4), select secondary softkey to set desired

data variable.

If you selected AFTER in field (b), enter desired expression.

The marker can be displayed on the measurement curve only. So, if no
measurement data satisfy the specified condition, the nearest measurement
point is used.

For the meaning of expression that you can enter in step 4 and 7, see
“Expression” in “Data Variable and Analysis Function” in HP 4155A/4156A
User’s Dictionary Reference.

To specify a point between two measurement points.
Set Interpolate field to ON.
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Automatic Analysis

Example The following figure shows an example setup to automatically display marker
at specified point.

DISPLAY: ANALYSIS SETUP 93JULZZ2 11:32AM

*LINELl: [REGRESSION] line on [Y1] between a point [AT ]

LINEZ: [ ]

(1) (2)

*MARKE At a poin‘y/where
[VCEF)( ] =101 ]

[AFTER] [veE ] = [MA

Mnterpo]/ate: [oFF]

3 @ (5)

MAX(VCE)

B () C L e e
SETUP PAGE PAGE
UGT02020
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HP 4155A/4156A has file, print, and plot functions. The information about
these functions is organized into the following two sections:

e File Operation
e Hardcopy
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File Operations

This section covers the following file operation tasks:

To list file names stored on diskette

To store setup or result data onto diskette

To store setup or result data into internal memory
To store result data in spreadsheet format

To load setup or result data from diskette

To load setup or result data from internal memory
To rename a file on diskette

To remove a file from diskette

To copy file on diskette to another diskette

To copy setup or result data from internal memory to diskette
To initialize a diskette

To backup a diskette

You can use these file operations on internal memory and disk memory of HP
4155A/4156A.

You can perform file operations as follows:

Selecting softkeys on the SYSTEM: FILER page. All file operations can be
performed.

Selecting the front-panel keys ((Get) and (Save)) of the User File key group.
Only store and load file operations can be performed.
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SYSTEM: FILER page.

All file operations can be performed by selecting the secondary softkeys on
the SYSTEM: FILER page. The SYSTEM: FILER page is displayed by pressing

front-panel key, then selecting FILER primary softkey.

On SYSTEM: FILER page, you cannot enter lowercase characters for file
names. If you do, an error occurs. Following figure shows SYSTEM: FILER

page.

SYSTEM: FILER

FILE CATALOG

92APRO: 02:30PM

FORMAT : DOS VOLUME: HP4155  USED= 345 AVAIL= 1143
FILE NAME  SIZE[byte] DATE TIME  [COMMENT]
syst .csT 234 92-09-21 12:10 1234567890123456
CMOS1234.PRO 1234 92-09-22 14:00 sample 1
CM0S1234 .DAT 123456 92-09-22 16:23 channel-length 1
B2345678. PRO 1234 92-09-23 10:33 sample 2
B2345678.DAT 123456 92-09-23 11:10  anneal 1
PROG1 2345 92-09-23 14:52 sample 3
)
FUNCTION: (2)
(3)

SAVE

o
Fa
o
= m
=
o
o}

[o)
B

]
c
os)
@
m

RENAME

CoPY

) |[LANEOUS

] MISCEL*HCONFIG HCALIB/ ‘

DIAG

PRINT COLOR
SETUP SETUP

UGTe3001

The SYSTEM: FILER page has the following areas:

(1) FILE CATALOG area

Lists names of files stored on diskette and other information.

(2) FUNCTION field

Displays the file function selected by secondary softkey.

(3) FUNCTION setup area

Displays the setup fields for the selected file function.

Front panel keys of User File key group.

You can also perform the store operation by selecting the key. And can

perform the load function by selecting the key.
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To List File Names Stored on Diskette

1. Insert a diskette into flexible disk drive.

2. Press front-panel key.
3. Select FILER primary softkey to display the SYSTEM: FILER page.

4. Select FILE CATALOG secondary softkey. File names are listed in the
FILE CATALOG area.

For details about information displayed in the FILE CATALOG area, refer to
“SYSTEM: FILER page” in “Page Organization” of HP 41565A/4156A User’s
Dictionary Reference.

To move the pointer in the FILE CATALOG area, rotate the rotary knob. If all
the file names cannot be displayed in the FILE CATALOG area, you can scroll
the file names by rotating the rotary knob.

To display file comments.
Select one of the following:

® [or selected file: select READ COMMENT secondary softkey.
® For all files: select READ COMMENT ALL secondary softkey.

To exit file catalog.
Select EXIT FILE CATALOG secondary softkey.

To search for a desired file name.
Enter an alphanumeric character. Field pointer moves to first file name that
starts with entered character.
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Example

The following figure shows example that displays file catalog.

SYSTEM: FILER

92APRO: 02:30PM

FILE
FILE CATALOG CATALOG
FORMAT :DOS VOLUME : HP4155  USED= 345 AVAIL= 1143 =T
FILE NAME SIZE|byte]| DATE TIME [ COMMENT FILE
! A Al A I L bl CATALOG

CMOS1234.PRO 1234 92-09-22 14:00 sample 1
CMOS1234 .DAT 123456 92-09-22 16:23 channel-length 1
B2345678.PRO 1234 92-09-23 10:33 sample 2
B2345678 .DAT 123456 92-09-23 11:10 anneal 1
PROGL 2345 92-09-23 14:52 sample 3
FUNCTION: 176
READ
COMMENT
READ
COMMENT
ALL
MISCEL-]| [conFIG | [CALIB/ PRINT | [coLoR
LANEOUS DIAG SETUP | |SETUP

UGTO3002
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To Store Setup or Result Data onto Diskette

6.
7.

Insert a diskette into flexible disk drive.

Press front-panel key to display SAVE setup fields. Or press the
front-panel key, select FILER primary softkey, then select the

SAVE secondary softkey.
In the NAME field, enter the file name in which you want to store data:

e maximum characters for HP LIF file: 6 (You cannot set “_” for the last
character.)

e maximum characters for DOS file: §

. In the TYPE field, select:

® MES secondary softkey for measurement setup data.
® STR secondary softkey for stress setup data.
® DAT secondary softkey for measurement setup and result data.

® €8T secondary softkey for customized system data.

. (Optional) In COMMENT field, enter a comment. Maximum characters: 16

The specified comment will be displayed in the COMMENT field of the
FILE CATALOG area.

Select EXECUTE primary softkey. Specified data is saved to diskette.

Select EXIT primary softkey to exit SAVE function.

To list file names on diskette.
Select FILE CATALOG secondary softkey. You can fill in the NAME and TYPE
fields by rotating the rotary knob to move to the desired file name, then

selecting the SELECT softkey.
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Example The following figure shows an example that stores the present measurement
setup data onto a diskette.

FUNCTION: SAVE

NAME MOS1 TYPE | MES COMMENT | channel len 1

UGTO3003

Situations when you Cannot Store Files

front-panel key is available from any page. However, pressing is ignored for the
following conditions:

e during measurement or forcing stress

e when error message is displayed

o when the PRINT/PLOT setup area is displayed by front-panel key
o when the HELP page is displayed

o when the KNOB SWEEP page is displayed
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To Store Setup or Result Data into Internal Memory

1. Press front-panel key to display SAVE setup fields. Or press

front-panel key, select FILER primary softkey, then select SAVE
secondary softkey.

2. In the NAME field, select secondary softkey for the memory to which you
want to store data.

3. In the TYPE field, select:

® MES secondary softkey to store measurement setup data
® STR secondary softkey to store stress setup data

® DAT secondary softkey to store measurement setup and result data

4. (Optional) In COMMENT field, enter a comment. Maximum characters: 16

The specified comment will be displayed on the label (2nd and 3rd lines) of
secondary softkey for internal memory.

. Select EXECUTE primary softkey. The specified data is stored into the
internal memory. If any data is presently stored in the internal memory,
the data will be lost.

6. Select EXIT primary softkey to exit SAVE function.
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Example The following figure shows an example that stores the present measurement
setup and result data into internal memory.

FUNCTION: SAVE

NAME  MEM[T | TYPE [par COMMENT [ Anneal 1]

UGTO3004

Situations when you Cannot Store Files

front-panel key is available from any page. However, pressing is ignored for the
following conditions:

e during measurement or forcing stress

e when error message is displayed

o when the PRINT/PLOT setup area is displayed by front-panel key
o when the HELP page is displayed

when the KNOB SWEEP page is displayed
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To Store Result Data in Spreadsheet Format

1. Insert a diskette into flexible disk drive.
2. Display result data on the GRAPH/LIST: LIST page.

To display GRAPH/LIST: LIST page, press front-panel key.
If displayed page is GRAPH/LIST: GRAPHICS page, press
front-panel key again to display GRAPH/LIST: LIST page.

3. Select SPREAD SHEET softkey to display ASCI SAVE setup window.

4. In NAME field, enter name of file (without extension) in which you want
to save data.

5. In OUTPUT DATA field, enter the range of result data you want to save
(corresponds to NO. column of LIST page).

o left field: upper limit
e right field: lower limit

Select ALL secondary softkey to specify all result data.
6. In UNIT field, select:

® ON secondary softkey to save units (such as V or ms) with result data.

® OFF secondary softkey to not save units.

If UNIT is ON, result data will be treated as string data, not numeric data.
Ineffective value (----) is treated as string, even if you set this field to
OFF.

7. In the DELIMITER field, select:

® SPACE softkey to specify space to be data delimiter.
® TAB softkey to specify tab to be data delimiter.

® COMMA softkey to specify comma to be data delimiter.




Example 1

Example 2

Filer
File Operations

8. In the STRING MARK field, select:
® NONE softkey to specify no string marker.

¢ it U goftkey to specify " " to be string marker.

® * 2 gsoftkey to specify > ’ to be string marker.

9. Select EXECUTE primary softkey. The result data is saved to specified

file, and .TXT extension is automatically added.

10. Select EXIT primary softkey to exit ASCII SAVE window.

To list file names on diskette.
Select FILE CATALOG secondary softkey.

For details about output format, see “GRAPH/LIST: LIST page” in HP
L4155A/4156A User’s Dictionary Reference.

The following figure shows example setup to save result data in a format that
can be used in Lotus 1-2-3®.

FUNCTION :ASCII SAVE

NAME MOST UNIT lorr |

OUTPUT DATA (INDEX NO) DELIMITER COMVA

< > [vax STRING MARK

UGT03024, 120x40

The following figure shows example setup to save result data in a format that
can be used in Microsoft® Excel®.

FUNCTION :ASCII SAVE

NAME MOST UNIT [oFr |

OUTPUT DATA (INDEX NO) DELIMITER TAB

> [vax STRING MARK [ ove |

UGT03025, 120x40
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To Load Setup or Result Data from Diskette

1. Insert a diskette into flexible disk drive.

2. Press front-panel key to display GET setup fields. Or press
front-panel key, select the FILER primary softkey, then select GET
secondary softkey.

3. Select FILE CATALOG secondary softkey.
4. Move the pointer to the desired file name by using rotary knob.

. Select SELECT secondary softkey. This sets the NAME and TYPE entries.
6. Select EXECUTE primary softkey. The specified file is loaded.

7. Select EXIT primary softkey to exit GET function.

See following page for what occurs if setup file does not match present
configuration:
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. ____________________________________________________________________________________________________________________|
If Setup File does not Match Present Configuration

If the measurement unit configuration of setup file on diskette differs from configuration of present
system, HP 4155A/4156A may change automatically the setup values when loading the setup file.
Refer to the following conditions:

o When source file setup has HPSMU, but present system has HRSMU or MPSMU instead:

= Measurement Range

Setup file | Changes to

200 V 100 V
TA 100 mA

o When source file setup has HRSMU, but present system has HPSMU or MPSMU instead:

= Measurement Range

Setup file | Changes to

10 pA 1 nA
100 pA T nA
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Filer

File Operations

The following figure shows an example that loads measurement setup and

result data from a diskette.

SYSTEM: FILER

92APRO: 02:30PM

FILE
FILE CATALOG CATALOG
FORMAT :DOS VOLUME: HP4155  USED= 345 AVAIL= 1143 ST
FILE NAME SIZE[byte] DATE TIME  [COMMENT] FIlE
sysi .csT 234 92-09-21 12:10 1234567890123456 CATALOG
CMOS1234.PRO 1234 92-09-22 14:00 sanmple 1
F; s SELECT
B2345678.PRO 1234 92-09-23 10:33 sample 2
B2345678 .DAT 123456 92-09-23 11:10 anneal 1
PROGL 2345 92-09-23 14:52  sample 3
FUNCTION: GET 3/6
NAME MOST TYPE | DAT
READ
COMMENT
(i | | O | |
UGT03005

Situations when you Cannot Get Files

conditions:
e during measurement or forcing stress

e when error message is displayed

when the HELP page is displayed
o when the KNOB SWEEP page is displayed

when the PRINT/PLOT setup area is displayed by front-panel key

front-panel key is available from any page. However, pressing is ignored for the following
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Example

To Load Setup or Result Data from Internal Memory

1. Press front-panel key to display GET setup fields. Or press

front-panel key, select FILER primary softkey, then select GET secondary
softkey.

2. In the NAME field, select secondary softkey for desired memory. This sets
the NAME entry.

3. Select EXECUTE primary softkey. Data from the specified memory is
loaded.

4. Select EXIT primary softkey to exit GET function.

The following figure shows an example that loads data from an internal
memory.

FUNCTION: GET

UGT03006
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Situations when you Cannot Get Files

front-panel key is available from any page. However, pressing is ignored for the following

conditions:

during measurement or forcing stress

when error message is displayed

when the PRINT/PLOT setup area is displayed by front-panel key
when the HELP page is displayed

when the KNOB SWEEP page is displayed

Filer
File Operations
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Example

To Rename a File on Diskette

1. Insert a diskette into flexible disk drive.

2. Press front-panel key.
3. Select FILER primary softkey to display the SYSTEM: FILER page.

4. Select RENAME secondary softkey to display RENAME setup fields.

5. Gelect FILE CATALOG secondary softkey.

6. Move the pointer to the file name to be changed by using rotary knob,

then select SELECT SBURCE secondary softkey. This sets the NAME and
TYPE entries.

7. In the NEW NAME field, enter a new name.

e maximum characters for HP LIF file: 6
e maximum characters for DOS file: §

To enter a name from FILE CATALOG area, move to desired name, then
select SELECT TARGET .
8. Select EXECUTE primary softkey. The filename is changed to the specified

new name.

9. Select EXIT primary softkey to exit RENAME function.

The following figure shows an example that renames a measurement setup
and result file,

FUNCTION: RENAME

NAME
NEW NAME

TYPE | DAT

UGT03007
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To Remove a File from Diskette

1. Insert a diskette into flexible disk drive.

2. Press front-panel key.
3. Select FILER primary softkey to display the SYSTEM: FILER page.

4. Select PURGE secondary softkey to display PURGE setup fields.

5. Gelect FILE CATALOG secondary softkey.

6. Move the pointer to the file name to be removed by using rotary knob,

then select SELECT secondary softkey. This sets the NAME and TYPE
entries.

7. Select EXECUTE primary softkey. A confirmation message is displayed.

8. Select as follows:

e YES primary softkey to remove the file.
® NO primary softkey to cancel removing.

9. Select EXIT primary softkey to exit the PURGE function.
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Example The following figure shows an example that removes a measurement setup
and result file from a diskette.

FUNCTION: PURGE

NAME MOS1 TYPE DAT

UGTO3008

Removing multiple files

After step 6, if you select * secondary softkey in the TYPE field, an asterisk (*) appears in the TYPE
field instead of the extension. When you execute the next steps, all file names with name indicated in
the NAME field are deleted.

For example, if NAME field is MOS1 and TYPE field is *, then the following files are deleted if they
exist:

MOST.MES
MOS1.STR
MOS1.DAT
MOS1.CST
MOS1.PRO
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To Copy File on Diskette to Another Diskette

10.

11.

12.

. Insert the diskette that has the source file into flexible disk drive.

Press front-panel key.
Select FILER primary softkey to display the SYSTEM: FILER page.

- Select COPY secondary softkey to display COPY setup fields.

Select FILE CATALOG secondary softkey.

. Move the pointer to the desired file name by using rotary knob, then

select SELECT SOURCE secondary softkey. This sets the SOURCE NAME
and TYPE entries.

. In the TARGET NAME field, enter the target file name.

o maximum characters for HP LIF file: 6

o maximum characters for DOS file: 8

In the TARGET DISK field, select the OTHER softkey.
Select EXECUTE primary softkey.

After Insert Source Diskette message is displayed, make sure the
source diskette is inserted, then select:

® YES primary softkey to copy the file.
® NO primary softkey to cancel copying.

After Insert Target Diskette message is displayed, insert the target
diskette, then select:

® YES primary softkey to copy the file.
® NO primary softkey to cancel copying.

Select EXIT primary softkey to exit the COPY function.
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Example The following figure shows an example that copies a measurement setup and
result file on the diskette to another diskette.

FUNCTION: COPY

SOURCE NAME MOS1 TYPE | DAT
TARGET NAME MUS T TARGET DISk |[OTHER

UGTO3009
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Example

To Copy Setup or Result Data from Internal Memory
to Diskette

1. Press front-panel key.
2. Select FILER primary softkey to display the SYSTEM: FILER page.

3. Select COPY secondary softkey to display the COPY setup fields.

4. In the SOURCE NAME field, select the secondary softkey of the internal
memory that you want to copy.

5. In the TARGET NAME field, enter a target file name.
o maximum characters for HP LIF file: 6
e maximum characters for DOS file: 8

6. Make sure target diskette is inserted, then select EXECUTE primary
softkey.

7. Select EXIT primary softkey to exit the COPY function.

The following figure shows an example that copies data from the desired
internal memory to a diskette.

FUNCTION: COPY

SOURCE NAME ~ MEM
TARGET NAME MoSH

UGT03010
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To Initialize a Diskette

1. Press front-panel key.
2. Select FILER primary softkey to display the SYSTEM: FILER page.

3. Select DISK OPERATION secondary softkey to display setup fields.

4. In the DISK OPERATION field, select DISK INIT secondary softkey.
5. In the FORMAT field, select:

® DOS secondary softkey to set DOS format.

® HP LIF secondary softkey to set HP LIF format.
6. (Optional) In the VOLUME NAME field, enter a volume name.
7. Select EXECUTE primary softkey.

8. After a confirmation message is displayed, insert the diskette to initialize
into the flexible disk drive, then select:

® YES primary softkey to initialize the diskette.
® NO primary softkey to cancel initializing.

9. Select EXIT primary softkey to exit the DISK INITTALIZE function.

The PROGRESS STATUS field shows what percent the initialization is
completed.
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Example The following figure shows an example that initializes a diskette with DOS
format.

O2APRO1 02:30PM
SYSTEM: FILER DISK
INIT
DISK
DISK OPERATION |DISK INIT coPyY
FORMAT Dos
VOLUME NAME HP4155
PROGRESS STATUS 0%
| A e T N
UGTO30M
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To Backup a Diskette

1. Press front-panel key.
2. Select FILER primary softkey to display the SYSTEM: FILER page.

3. Select DISK OPERATION secondary softkey to display setup fields.
4. In the DISK OPERATION field, select DISK COPY secondary softkey.
5. Insert the source diskette, then select EXECUTE primary softkey, then

select:

e YES primary softkey to execute disk copy.

® NO primary softkey to cancel disk copy.

6. After the target diskette message is displayed, remove the source diskette,
confirm that target diskette is initialized, insert the target diskette, then
select:

e YES primary softkey to execute disk copy.

® NO primary softkey to cancel disk copy.
Note that source and target diskettes must be same format and size.
7. Select EXIT primary softkey to exit the DISK COPY function.
The PROGRESS STATUS field shows what percent the disk copy is completed.

The internal memory capacity may not be sufficient to perform the entire disk
copy. If so, swap the source and target disks every time the swap message is
displayed.
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Example The following figure shows an example that backs up a diskette.

92ZAPRO1 02:30PM
. DISK
SYSTEM: FILER INIT
DISK
DISK OPERATION DISK COPY LoPY
PROGRESS STATUS 0%
G I N s N | I

UGTO3012
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If You Have A Problem

This chapter explains how to solve a problem or how to read status and error
codes, if you encounter some problem.

This chapter is organized into the following sections:
e When you install the HP 4155A/4156 A

This section explains how to solve the problems that may occur when
installing the HP 4155A/4156A.

e When you make a measurement

This section explains how to solve the problems that may occur when
making a measurement.

e [f errors occur

This section lists error codes and messages that may be displayed when
operating HP 4155A/4156A. Also, this section describes how to read data
status.
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To Get Help Information

To start help function, press the front-panel key. Then, you can select one of the following
primary softkeys.

* OQVERVIEW

Briefly explains each help softkey.

PAGE MAP

Shows a map of all pages, highlights the present page name, and gives a brief description of
the highlighted page name. You can use the arrow keys to highlight another page name, then

can display the page by selecting the SELECT secondary softkey.

* FIELD INFOQ

Describes field where the painter is located on the page, how to setup the field, and the setting
restrictions. This softkey is not displayed for GRAPHICS, LIST, KNOB SWEEP or STRESS FORCE

page.
DATA STAT

Shows how to read data status, which is displayed at the bottom of GRAPHICS, LIST, KNOB
SWEEP or STRESS FORCE page. This softkey is displayed only for these pages.

INPUT AID

Displays variable names, mathematics functions, and read-out functions, and describes the
highlighted name or function. This softkey is not displayed for GRAPHICS, LIST, KNOB SWEEP
or STRESS FORCE page.

You can enter desired variable or function into the selected setup field of a page by selecting
ENTER secondary softkey, then pressing front-panel key.
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When You Install the HP 4155A/4156A

This section covers the following basic problems that you may encounter
when you install the HP 4155A/4156A, and the solutions.

o [f HP 4155A/4156A cannot be powered on

e [f measurement units of HP 41501A are not displayed on the CHANNELS:
CHANNEL DEFINITION page

e If external keyboard does not work
e If display page does not appear after applying power
e [f HP 16442A test fixture is not stable
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If HP 4155A/4156A cannot be Powered on

e Check that the power cable is firmly connected to HP 4155A/4156A and to
power outlet.

e Check that the front-panel LINE switch is on.
e Check that the voltage selector switch is set properly.

The voltage selector switch is located in the lower-right corner of the rear
panel. The following table shows the line voltage selector setting.

Line Voltage Position
90—132 Vac left
198—264 Vac right

e Check that the fuse is good.
The fuse holder is located in the lower-right corner of the rear panel.

1. Turn the HP 4155A/4156A off, then disconnect the power cable from the
power outlet.

2. Unscrew the fuse holder on the rear panel.

3. Inspect that the correct fuse is installed, and wire inside the fuse is not
broken by using a tester.

Line Fuse type HP part number
100/120 Vac  UL/CSA T 8A, 250 Vac 2110-0383
220/240 Vac  UL/CSA T 4A, 250 Vac 21100014

4. Replace the fuse, if necessary. Then, screw in the fuse holder.
5. Turn the HP 4155A/4156A on.
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When You Install the HP 4155A/4156A

If Measurement Units of HP 41501A are not Displayed
on the CHANNELS: CHANNEL DEFINITION Page

e Check that the power cable is firmly connected to HP 41501A and to power
outlet.

e Check that the LINE switch of HP 41501A is on.
e Check that the voltage selector switch is set properly.

The voltage selector switch is located in the lower-right corner of the rear
panel. The following table shows the line voltage selector setting.

Line Voltage Position
90—132 Vac left
198—264 Vac right

e Check that the fuse is good.
The fuse holder is located in the lower-right corner of the rear panel.

1. Turn the HP 4155A/4156A and the HP 41501A off.

2. Unscrew the fuse holder on the rear panel.

3. Inspect that the correct fuse is installed, and wire inside the fuse is not
broken by using a tester.

Line Fuse type HP part number
100/120 Vac  UL/CSA T 8A, 250 Vac 2110-0383
220/240 Vac  UL/CSA T 4A, 250 Vac 21100014

4. Replace the fuse, if necessary. Then, screw in the fuse holder.
5. Turn on the HP 41501A first, then turn on the HP 4155A/4156A.

e Check that the interface board of HP 41501A is firmly connected to
“To Expander Box Interface” of HP 4155A/4156A rear panel.
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If You Have A Problem
When You Install the HP 4155A/4156A

If External Keyboard does not Work

e Connect keyboard first, then turn on HP 4155A/56A.

e Turn off HP 4155A/4156A, then check that the connector of keyboard is
firmly connected into keyboard connector of HP 4155A/4156A front panel.

e Lixecute the External Key Controller diagnostics test on the SYSTEM:
SELF-CALIBRATION/DIAGNOSTICS page. If error occurs, write down the
displayed error codes and contact the nearest Hewlett-Packard Sales and
Service office.

If Display Page does not Appear after Applying Power

e If HP 41501A is installed, first turn on the HP 41501A, then turn on HP
4155A/4156A.

o If the self-test fails, see “If Errors Occur when You Perform Self-calibration
or Diagnostics” in this chapter.

If HP 16442A Test Fixture is not Stable

e Install stabilizers on the HP 16442A. For this procedure, see Chapter 2.

e [f you use the HP 16442A test fixture with HP 16440A selector or HP
16441A R-Box, attach HP 16442A to HP 16440A or HP 16441A by using
plates and screws. For this procedure, see Chapter 2.
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When You Make A Measurement

This section covers the following basic problems that you may encounter
when you making a measurement, and the solutions.

e If measured value oscillates when measuring high-frequency devices
¢ If measured value oscillates when measuring negative resistance

o If noise affects the measured values

¢ If measured voltage has some error when forcing a large current

e If large current causes high temperature (thermal drift)

o If measurement takes more time than specified

e If measurement damages the device under test

e If you get unexpected data when performing sampling measurement
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If You Have A Problem
When You Make A Measurement

If Measured Value Oscillates when Measuring High-
Frequency Devices

When measuring parameters of high-frequency devices, such as GaAs
MESFETs or high-frequency bipolar transistors, oscillation may cause
measurement problems. Normal measurement cannot be performed because
of oscillation.

To solve this problem:
e For FETS, add resistive ferrite beads as close as possible to the gate.

e For bipolar transistors, add resistive ferrite beads as close as possible to the
base or emitter.

e Make connection cables as short as possible. Long wires cause oscillation
because of their large inductance.

Test Device

To unit
f || C ¢ To Unit

Ferrite UGTO8002, 90x40
Beads
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If You Have A Problem
When You Make A Measurement

If Measured Value Oscillates when Measuring Negative
Resistance

If the DUT has negative resistance characteristics, SMUs may oscillate.
Because SMUs operate as negative feedback amplifier.

To solve this problem:
e [or voltage controlled negative resistance device

o Connect G in parallel with your DUT to cancel negative resistance. To
obtain an output I-V curve, use the following equation.

Iy =] -G+V

T%ﬁ} lv ‘
G v | DUT
i

v

\/ -

UGTOB003, 10x50

6-10



If You Have A Problem
When You Make A Measurement

e For current controlled negative resistance device

o Connect R in series with your DUT to cancel negative resistance. To
obtain an output I-V curve, use the following equation.

Vz=V-RxI

o If the resistance of the DUT is less than 1 M, you can use R-Box.

V V ~

vz UGTOB004, 10350




If You Have A Problem
When You Make A Measurement

If Noise Affects the Measured Values

When you measure low current of a DUT, the measured values may not be
stable.

To solve this problem:

Use guarding to reduce the leakage current between your prober and HP
4155A/4156A. Note that long wires cause oscillation because of their large
inductance. For details about connections, refer to “To Make Connections to
Reduce Leakage Current” in Chapter 3.

If some high-power electric machines are operating around HP
4155A/4156A, turn off the machines, then perform the measurements. The
machines affect the power line waveform.

Shut the lid of test fixture or shield box to prevent effects of light.

If these are vibrations due to nearby machines or due to air flow, put
cushioning material under prober, cable, and HP 4155A/4156A; install
stabilizer on the prober; and make the cables stable by taping.

Wait several minutes after connecting cables or moving probe needles.
Because these operations cause electromotive force.

If you use only Force terminal and triaxial cables for HRSMUs or HPSMU,
connect an open cap to sense terminal.

Keep constant temperature in the room when you use HP 4155A/4156A.
Shift of 1 °C may shift the measurement values. Temperature change
causes the following.

o Offset current in HP 4155A/4156A.
o Thermoelectromotive force in DUT, which causes low current.

0 Expansion and contraction of cables, which causes noise.
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If You Have A Problem
When You Make A Measurement

If Measured Voltage has some Error when Forcing a
Large Current

Voltage measurement may have some error because of the effects of the cable
resistance when forcing a large current.
To solve this problem:

e Use Kelvin connections between SMUs and DUT. To cancel the effects of
cable resistance, connect the sense line as close as possible to the terminal
of the DUT.

For details of Kelvin connections, see “Connection to Device Under Test
(DUT)” in Chapter 3.

If Large Current Causes High Temperature (Thermal
Drift)

If a large current is forced to a DUT, the temperature of the DUT may
increase, which may cause characteristics to drift.

To solve this problem:

e Use the pulse output mode of the SMU.

For large currents, the SMU should be set to pulse output mode. This
decreases the average power output to prevent temperature rise of DUT.
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If You Have A Problem
When You Make A Measurement

If Measurement Takes More Time than Specified

When measuring current that is 10 pA or less, SMUs may take longer time

to measure than the specified integration time. When measuring in a low
current range, the SMUs automatically take longer integration time to perform
accurate and stable measurements.

To solve this problem:

e Measure current using a fixed range that is more than 10 yA. The
measurement will be performed in the specified integration time.

It you set many measurement channels, measurement takes a longer time.
To solve this problem:
e Decrease measurement channels to reduce measurement time.

Note that the number of measurement channels automatically increases if
you do both the following: force voltage from channels that are connected
to R-Box and display the voltage values or use voltage values in user
functions. The channels automatically measure current, which is used to
compensate the voltage values.

If Measurement Damages the Device under Test

When performing breakdown measurements, DUTs may be damaged.

When voltage is forced from an SMU, the current is limited by the compliance
setting, which prevents the DUT from being damaged by a large current. But
when the current rapidly increases, the current limiter in the SMU cannot
follow the rapid current increase, so a large amount of current may flow
through the DUT for a moment, which may damage the DUT.

To solve this problem:

e Insert a protecting resistor as close as possible to DUT. You can also use a
resistor of the HP 16441A R-Box.
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If You Have A Problem
When You Make A Measurement

If You Get Unexpected Data when Performing Sam-
pling Measurement

If initial interval is set to a short time and if FILTER ON is set, you may get
unwanted data. FILTER ON causes a slower rise time, so short initial interval
will sample during this rise time.

To solve this problem:
e Set FILTER field to OFF if you set initial interval to a short time.

Some data may be skipped because measurement takes a long time.
Measurement takes a long time if measurement is performed in a low current
range, if many measurement channels are set up, or if analysis, such as
moving a marker, is performed during measurements.

To solve this problem:

e Measure current using a fixed range that is more than 10 gA. For
measurement ranges 10 pA or less, measurement takes longer than the
specified integration time.

e Decrease measurement channels to reduce measurement time.

Note that the number of measurement channels automatically increases if
you do both the following: force voltage from channels that are connected
to R-Box and display the voltage values or use voltage values in user
functions. The channels automatically measure current, which is used to
compensate the voltage values.

e Do not perform analysis operation during measurement state
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If Errors Occur

If HP 4155A/4156A is not operated correctly, or if diagnostics or calibration
fails, error codes and error messages are displayed.

If measurement or forcing stress are not performed correctly, measurement
data status is displayed at bottom of GRAPHICS, LIST, KNOB SWEEP, or
STRESS FORCE page.

This section describes the following:
e If errors occur when you perform self-calibration or diagnostics
e If error occurs when you operate HP 41556A/4156A

¢ If measurement data status is displayed.

6-16



If You Have A Problem
If Errors Occur

1xx05

1xx06

1xx07

If Errors Occur when You Perform Self-calibration or
Diagnostics

The following are the error codes that are displayed at the bottom of the
SYSTEM: SELF-CALIBRATION/DIAGNOSTICS page if errors occur when you
perform self-calibration or diagnostics.

If errors occur, write down the displayed error codes and contact the nearest
Hewlett-Packard Sales and Service office. Up to seven error codes can be
displayed at the bottom of the SYSTEM: SELF-CALIBRATION/DIAGNOSTICS
page. To display the error codes, move pointer to a desired test item.

Error codes for measurement unit.
The following are the error codes for measurement units. Error codes are
5-digit numbers.

Lyy
2 measurement unit
00: VSUIL,2 and VMU1,2
01 to 06: SMUI1 to SMU6
07: PGU1,2
08: GNDU
09: AD converter

Yy: error number

AD converter failed ROM or RAM self-test. Measurement unit failed AD
converter test as a pretest for calibration or self-test.

Successive approximation AD converter failed. Measurement unit failed AD
converter test as a pretest for calibration or self-test.

Integrating type AD converter failed. Measurement unit failed AD converter
test as a pretest for calibration or self-test.
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1xx08

1xx90

1xx91

1xx92

1xx94

1xx97

10030

10031

10032

10033

If You Have A Problem
If Errors Occur

AD converter test reached timeout. Measurement unit failed AD converter
test as a pretest for calibration or self-test.

Overvoltage occurred for a measurement unit.

Overcurrent occurred for a measurement unit.

Measurement units that are not supported are detected.

Emergency occurred but the cause is unknown. This is displayed, for
example, when unit is known but cause is unknown.

AD converter test reached timeout during calibration or self-test for a
measurement unit.

FIFO (first-in, first-out) for AD converter overflowed because SMU controller
takes long time to read measurement data.

Calibration or diagnostics was aborted by an emergency or *RST command.

HP 4155A/4156A was turned on before HP 41501A.

Communication failed between HOST controller and SMU controller. Or
calibration/diagnostics was performed, but HOST controller couldn’t receive
the result from SMU controller.

VSUs and VMUs failed default test of calibration.
VSUs and VMU s failed function check.

VSUs failed gain or offset calibration.

VMUs failed gain or offset calibration.
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10034

10035

10036

10037

10038

10040

10041

10042

10043

10044

10045

10046

10047

10048

10049

If You Have A Problem
If Errors Occur

VMUs failed differential mode 2 V range gain or offset calibration.

VSUs failed gain and offset calibration, VMUs failed gain and offset calibration,
or VMU failed differential mode 2 V range gain and offset calibration.

VMUs failed differential mode 0.2 V range gain or offset measurement.
VMUs failed differential mode 0.2 V range gain and offset calibration.
VMUs and VSUs failed CMR (Common Mode Rejection) amp adjustment.
VSU1 and VMU failed 420 V measurement self-test in 20 V range.
VSU2 and VMU2 failed 420 V measurement self-test in 20 V range.
VSU1L and VMU2 failed 420 V measurement self-test in 20 V range.
VMU2 and VMU failed £20 V measurement self-test in 20 V range.
VSU1 and VMU failed 42 V measurement self-test in 2 V range.
VSU2 and VMU2 failed 42 V measurement self-test in 2 V range.
VSU1 and VMU2 failed 42 V measurement self-test in 2 V range.
VSU2 and VMU failed 42 V measurement self-test in 2 V range.

VMUs and VSUs failed differential 2 V range self-test. This test measures
+2 V by VMUs in differential mode. (VSU1 is connected to VMU1, and VSU2
is connected to VMUZ2. VSU1 forces 0 V. VSUZ forces 2 V).

VMUs and VSUs failed differential 2 V range self-test. This test measures 0
V by VMUs in differential mode. (VSUL is connected to VMU1, and VSUZ is
connected to VMU2. VSU1 forces 0 V.)
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10050

10061

10062

10x20

10x21

10x22

10x23

10x24

10x25

10x26

10760

10761

10762

10763

If You Have A Problem
If Errors Occur

VMUs and VSUs failed differential 0.2 V range self-test. This test measures 0
V by VMUs in differential mode. (VSUL is connected to VMUL, and VSUZ is
connected to VMU2. VSUI forces 0 V.)

VMUs and VSUs failed differential 2 V range self-test. This test measures 0 V
by VMUs in differential mode. (VSUZ is connected to VMU1 and 2, and forces
0v)

VMUs and VSUs failed differential 0.2 V range self-test. This test measures
0 V by VMUs in differential mode. (VSUZ is connected to VMUI and 2, and
forces 0 V.)

SMU failed function check.
SMU failed CMR (Common Mode Rejection) amp calibration.

SMU failed oscillation detector test.

SMU failed V set and V measure calibration.
SMU failed I set and I measure calibration.
SMU failed I bias test.

SMU failed V switch test.

PGU1 failed pulse gain calibration.

PGU?2 failed pulse gain calibration.

PGUI failed pulse offset calibration.

PGU2 failed pulse offset calibration.
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10764

10765

10766

10767

10768

10769

10770

10771

10772

10773

10875

10905

10906

10907

10908

If You Have A Problem
If Errors Occur

PGU1 failed voltage calibration of base value.

PGU?2 failed voltage calibration of base value.

PGU1 failed leading time calibration.

PGU?2 failed leading time calibration.

PGU1 failed trailing time calibration.

PGU?2 failed trailing time calibration.

PGUI failed slope offset calibration.

PGU2 failed slope offset calibration.

PGU1 failed slope sampling calibration.

PGU?2 failed slope sampling calibration.

GNDU failed offset calibration.

AD converter failed ROM or RAM self-test.

Successive approximation AD converter failed calibration or self-test.

Integrating type AD converter failed calibration or self-test.

AD converter reached timeout. AD converter did not return completion
status within certain time after sending calibration or self-test command.
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23010

23021

23022

23023

23030

23040

23050

23061

23062

23071

23072

If You Have A Problem
If Errors Occur

Error code for CPU and peripherals.
The following are the error codes for CPU and peripherals. Error codes are
5-digit numbers.

2wwwe
www: test item number (on SYSTEM: SELF-CALIBRATION/DIAGNOSTICS

page).
2: test number
Host DRAM failed self-test.
Host ROM failed checksum test.
Host SRAM failed read and write test.
EEPROM failed read and write test.

Real-time clock failed timer test.

HP-IB controller failed self-test. This test sets some settings, then checks the
status.

Serial interface controller failed self-test. This test sets some settings, then
checks the status.

Host controller sends a command and does not receive acknowledge from
SMU controller.

Host controller failed receiving response from SMU controller by sending a
command.

SMU controller ROM failed checksum test.

SMU controller on-board SRAM failed read and write test.
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23073

23074

23075

23076

23077

23080

23091

23092

24011

24012

24013

24014

24015

24016

24021

24022

If You Have A Problem
If Errors Occur

SMU controller internal SRAM failed read and write test.
SMU controller internal timer failed self-test.

SMU controller timer does not operate with correct frequency.
SMU controller failed power on self-test.

SMU controller test gets timeout.

Access to graphics system processor failed read and write test.
Graphic memories (DRAM) failed read and write test.

Graphic memories (VRAM) failed read and write test.

Serial interface failed write test.

Serial interface test gets timeout on write test.

Serial interface controller is not functioning properly for CTS (clear to send).
Serial interface failed read test.

Serial interface test gets timeout on read test.

Serial interface controller is not functioning properly for DCD (data carrier
detect).

Trigger output test failed or reached timeout.

Trigger input test failed.
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24041

24042

24051

24052

24061

24062

24071

24072

24073

24100

24120

24130

If You Have A Problem
If Errors Occur

Flexible disk drive controller test failed.

Flexible disk drive 5 V power line test failed.

Flexible disk drive failed diskette change test.

Flexible disk drive failed read and write test.

65 V source on post regulator is not output.

12 V source on post regulator is not output.

A front-panel key is stuck in pressed position.

Front key assembly may be disconnected.

Front-panel key controller is not functioning properly.

External key controller failed self-test.

Selector test reached timeout.

R-Box test reached timeout.
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If Errors Occur

If an error occurs when you operate HP 4155A/4156A

The following are the error codes and their messages that may occur when
you operate HP 41556A/4156A. The error codes and messages are displayed in
a message window or in the message display area at the bottom of the page.

Syntax error. Input should be integer number.
Syntax error. Input should be real number.
Syntax error. Unrecognized parameter.
Illegal setup. The parameter is out of range.
DATA buffer full. Too many APPEND.

DATA buffer full. Too many points.

Cannot define more than 6 User Vars.

Syntax error. First char should be Alphabet.
Syntax error. Must be alphanumeric.
Syntax error. Unknown variable name.

System error. HOSTC received invalid data.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.

System error. Unable to communicate with SMUC.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.
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22

23

24

25

26

27

If You Have A Problem
If Errors Occur

System error. Illegal command to SMUC.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.

Illegal operation. Too many LIST data.
Unable to display data list. Not enough memory.

Device I/0 error. Unable to print out.
HP 4155A/4156A, printer, or plotter may be broken. Contact the nearest HP
sales and service office.

Filer error. File name is required.
Filer error. File Type is required.

System error. Realtime clock has problem.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.

Not 41554/4156A file.
File was created by old revision.
File may be corrupt.

Zero offset meas failed for <unit name>.
Offset value is too large, so Zero offset measurement is aborted.

Too big offset for 10 pA Range of <unit name>.
Offset value is too large, so offset cannot be canceled perfectly.

System busy. Measuring.
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28

29

30

32

33

34

35

36

37

38

39

40

42

If You Have A Problem
If Errors Occur

System busy. Forcing stress.

System error. EEPROM write error.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.

Fixture open. Measurement aborted.

Auto calibration was aborted.
Auto calibration failed.

No data in internal memory.

Illegal data. File may be corrupt.

System busy. Unable to save/get when MEAS/STR.
System busy. Unable to change Y-axis.

System error. SMUC lost data.
HP 4155A/4156 A may be broken. Contact the nearest Hewlett-Packard Sales
and Service office.

Buffer overflowed. Aborted.

Syntax error. Undisplayable character.
Illegal setup. One unit assigned several CH.
Illegal disk. Revision mismatch.

Read error occurred.
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43

44

45

48

47

48

49

50

b2

53

b4

bh

b6

b7

If You Have A Problem

If Errors Occur

File name is not LIF type.

File name is not DOS type.

File name is not LIF/DOS type.

Volume label is not LIF type.

Volume label is not DOS type.

Incorrect memory number.

Source and Target are same.

Unable to copy. Memory full.

Unable to copy. SRC and TGT mem num is same.
You cannot specify same memory number in both SOURCE and TARGET

name fields.

Illegal suffix.

System busy.

System busy.

System busy.

System busy.

System busy.

Emergency handling.
Measuring.

Executing cal/diag.
Executing auto calibration.

Printing out hard copy.
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If You Have A Problem
If Errors Occur

Unable to copy HP4145 data file to memory.
VAR1 is not assigned.

VAR1 assigned tomultiple Channels.

VAR2 assigned tomultiple Channels

VAR1’ assigned tomultiple Channels.

VAR1 and VAR1’ must be same MODE.

Cannot set multiple SMUs to pulse mode

Cannot use VAR when SAMPLING.

Cannot use SMU pulse when SAMPLING.
Duplicate variable names exist.
The setup is not finished.

Standby chan cannot use R-BOX resistor
For standby channel, you cannot use R-Box resistor.

Common chan cannot use R-BOX resistor.
For common mode channel, you cannot use R-Box resistor.

VAR1 step number is out of range.

START and STOP have different sign.
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SMU pulse Period must be >= Width+4ms.

VAR1 output power too large for unit.

VAR1’ output power too large for unit.

VAR2 output power too large for unit.

TOT SMP TM=AUTO is for LINEAR only.

AUTO can be specified for total sampling time only whern LINEAR sampling

mode is selected.

Only LINEAR when init int <= 480 us.
When initial interval is set to 480 us or less, you cannot specify LOG or
THINNED-OUT sampling mode.

For LINEAR set AUTO if init int<=480us
When initial interval is set to 480 us or less and when LINEAR sampling
mode is set, AUTO must be set in TOTAL SAMP. TIME field.

TOT SP TM must be>=INIT INTx (NOofSMP—1)
Total sampling time must be set in the following range:
total sampling time > initial interval x (number of samples — 1)

STOP CONDITION NAME is not set.
PGU pulse Period must be > Width.
PGU pulse Period must be >= Delay.

PG leading/trailing must be same range

PGU leading and trailing time must be set in the same range. For details
about the ranges, see “Measurement Units” in HP 4155A/4156A User’s
Dictionary Reference.
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PGU Leading must be <= 0.8xWIDTH.
Leading time must satisfy the following equation.
leading time < pulse width x 0.8

PGU Trailing must be <= 0.8x (Peri-Wid).
Trailing time must satisfy the following equation.
trailing time < (pulse period - pulse width) x 0.8

SMU I range must be <= Compliance range.

SYNC channel is not assigned.
At least one SYNC channel must be specified.

Assigned more than 4 SYNC channels.

Set INIT INT>=2ms for multi-CH MEAS.
When you perform multi-channel measurements, initial interval must be 2 ms
Or More.

Use FIXED range when INIT INT<2ms.
When you use auto ranging or limited auto ranging measurement, you must
set initial interval to 2 ms or more.

Cannot disable STBY-0ON ch in Stress.

On STRESS: CHANNEL DEFINITION page, you cannot disable (delete entries
in row) channels that are set to STBY ON on the CHANNELS: CHANNEL
DEFINITION page.

Undefined symbol in user function.
Syntax error in user function.

Too few arguments in user function.
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Too many arguments in user function.

User function area is full.

Recursive call in user function.

User function is undefined.

Stack overflow in user function.

COMMON channel FCTN must be CONST.

COMMON channel FCTN must be NSYNC.

System busy. Unable to change page when MEAS.
System busy. Unable to change page when STRS.
Ineffective page in this setup.

X axis is not assigned.

Y1 axis is not assigned.

ENABLE DELAY must be <= 32767 xINIT INT
For sampling measurements, when stop condition is set to ENABLE, enable
delay must be initial interval x 32767 or less.

No unit is set to STANDBY ON.

System busy. MEASURING (or 4145 USER MODE) .

MIN, MAX have different sign in LOG.
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Can do such operation only for USER VAR.
Illegal setup. The name was already used.

User variable is used in user function.
If a user variable is used in user functions, the user variable cannot be
deleted.

AUTO Analysis is undefined.

TOT SAMP TIME must be<=INIT INTx32767.
Total sampling time must be initial interval x 32767 or less and 1x 10 or
less.

Measure channel is not assigned.
Unable to find approximate data.
Illegal graph scale setup.

The Sweep/Pulse Polarity is not same.
SYNC can not be set for standby CH.

Set value is too small for range.

For LOG sweep measurement, start and stop value must be equal or more
than setup resolution. For sweep measurement, step value of VAR1 and VAR2
must be equal or more than setup resolution.

PGU Peak/Base difference must be <= 40V

Use Sweep/Bias instead of SMU Pulse.
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Knob Sweep sets VAR1’ to CONST.

If you set VARI’ for knob sweep measurement, the VAR1’ channel forces a
constant value equal to START value. VAR1’ cannot be a sweep source for
Knob Sweep measurement.

Cannot do SAMPLING when Knob Sweep.
|STEP| must be <= |STOP-START]| .

Cannot set CONT AT ANY if PCOMP is ON.
When you set power compliance, you cannot select CONT AT ANY secondary
softkey.

CONST setup must be<=unit output range.
Pulse BASE must be <= unit output range.

PGU pulse WIDTH must be >= setup res.
Pulse width of PGUs must be greater than or equal to unit setup resolution.

TRIG OUT DELAY is too long.
Trigger out delay must be 32.7 ms or pulse width you specified, whichever is
shorter.

Cannot ENABLE stop if INIT INT < 2ms.
When initial interval is set to less than 2 ms, you cannot set stop condition.

Illegal setup. Target module is not installed.
Illegal setup. Invalid command.

Cannot define more than 6 User functions.

Cannot define more than 8 data vars in lists.
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Cannot define more than 2 display data vars.

Ascii format does not allow block transfer.
Block size mismatched with data format.

Y2 axis is not assigned.

List name is not assigned.

The specified name is not list name.
Illegal file type is requested.
System busy. Printing out hard copy.

Unable to set. Another controller is on bus.

Unable to specify this name here.

PGU Pulse DELAY must be >= setup res.
PGU pulse delay time must be > setup resolution.

Cal/Diag failed. Cannot use unit.
Compliance too low to force pulse.
Compliance too high to force pulse.

Two VPULSE PGUs must be same STBY.

Two VPULSE PGUs must be same FCTN.
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201

202

204

205

206

220

221

224

225

2268

227

229

230

231

If You Have A Problem
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System error. Filer memory overflow.

Filer error. Integer overflow.

Filer error. File type is wrong.

Filer error. EOF found.

Filer error. EOR found.

Trigger ignored.

Filer

Filer

Filer

Filer

Filer

Filer

Filer

Filer

Filer

Filer

Filer

error

error.

error

error.

error.

error.

error.

error.

error.

error.

error.

. DISK record is not found.
DISK record data error.

. Undefined I/0 path.

Permission denied.

The directory is not empty.

No DISK in the drive.
Initialization failed.
Invalid DISK volume label.
DISK is not initialized.
Checkread error.

Bad HFS DISK.
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232

233

234

23b

236

237

238

239

241

242

243

244

245

248

265

280

If You Have A Problem
If Errors Occur

Filer error. DISK is full.

Filer error. Directory is full.

Filer error. File name is undefined.

Filer error. File name is wrong.
Filer error. The file name is already used.
Filer error. Bad device type.

Filer error. Unable to use wildcard.

Filer error. Operations failed.

Filer error. The target type is wrong.

Filer error. The file is protected.

Filer error. DISK is protected.

System error. Unable to verify.

Filer error. Unable to copy between LIF/DOS.

Filer error. Reason Unknown.
HOLD TM must be>=0 when INIT INT>=2ms.

VAR1’ output value is out of range.

6-37



284

286

288

289

290

292

293

300

301

302

303

305

If You Have A Problem
If Errors Occur

Sampling range must be <= lldecades.

Cannot execute cal/diag after power fail.
Turn on HP 4155A/4156A again to perform calibration or diagnostics.

MEAS not finished. Incomplete data deleted.
If you press front-panel key before the specified measurement finishes,
incomplete measurement data is deleted.

STBY ON ch MODE(MEAS/STR) must be same

Cannot use unit after power fail.

VAR1’ parameters must be >= output res
Start, stop, and step value of VAR1’ channel must be unit output resolution or
more.

Cal/Diag aborted (failed on some units).
Calibration or diagnostics was aborted by receiving *RST command. So, some
units maybe failed.

Over voltage is detected.

Over Current is detected.

Power failure at Main Frame.
Turn on HP 4155A/4156A again. You can use filer functions after selecting OK
secondary softkey (except when this error occurs during power-on test).

Power failure at Expander Box.
Turn on HP 4155A/4156A again. You can use filer functions after selecting OK
secondary softkey (except when this error occurs during power-on test).

Cannot shutdown Main Frame.
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306

307

308

309

400

401

402

If You Have A Problem
If Errors Occur

Emergency. Reason unknown.
An emergency occurred on an empty slot. Or an emergency occurred on an
existing slot, but the reason is unspecified.

Cannot shutdown Power Supply.
Turn on HP 4155A/4156A again. You can use filer functions after selecting OK
secondary softkey (except when this error occurs during power-on test).

Unknown emergency (SMUC time out).

Perform 305: HOSTC <--> SMUC I/F test on the SYSTEM: SELF-
CALIBRATION/DIAGNOSTICS page. If this test fails, HP 4155A/4156A may be
broken. Contact the nearest Hewlett-Packard Sales and Service office.

The SMU AND PULSE GENERATOR EXPANDER is not turned on.
Turn on the expander, then cycle mainframe power.”’

Unsupported unit detected in Slot ##. Turn off the power and
remove the unit.

The displayed unit must be changed. Contact the nearest Hewlett-Packard
Sales and Service office.

System error. Undefined method. System bug.
System bug. Invalid parameter.

System bug. Inconsistency.
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If You Have A Problem
If Errors Occur

If a Measurement Data Status is Displayed.

If measurement or stress force cannot be performed correctly, the
measurement data status is displayed at the bottom of the GRAPHICS, LIST,
KNOB SWEEP, or STRESS FORCE page. The status indicates hardware and
calculation errors.

The status format depends on the displayed page as follows:

GRAPH/LIST: GRAPHICS and KNOB SWEEP page.
Status is displayed in following format:

STATUS: ABABAB(AAAAAAAAC)
e ABAB ABis for X, Y1, and Y2 axis respectively. No Y2 for KNOB SWEEP.

e AAAAAAAACisfor SMUIL to SMU6, VMU1, VMUZ2, and PGU1/2
respectively.

Where, A, B, and C mean as follows:

A hardware status error. If multiple errors occur, numbers are added
and displayed as a hexadecimal number.

1 : AD converter overflow.

2 . Oscillation

4 . Other channel reached compliance limit.
8 : This channel reached compliance limit.

B data error. If multiple errors occur, numbers are added and displayed
as a hexadecimal number.

1 : stack register overflow

2 . calculation error

4 : only one data for delta measurement. At least 2 data needed.
C PGU status

1 : PGU average output current exceeds 100 mA.

« »

For non-measurement channels, “_" is displayed.
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If You Have A Problem
If Errors Occur

GRAPH/LIST: LIST page.
Status on GRAPH/LIST: LIST page is displayed in following format:

STATUS: ABABABABABABABAB(AAAAAAAAC)

e ABABABABABAB AB ABis for the up to 8 LIST variables that can be
set up.

e AAAAAAAACIsfor SMUI to SMU6, VMU1, VMUZ, and PGU1/2
respectively.

Where, A, B, and C mean as follows:

A hardware status error. If multiple errors occur, numbers are added
and displayed as a hexadecimal number.

1 : AD converter overflow.

2 . Oscillation

4 . Other channel reached compliance limit.
8 : This channel reached compliance limit.

B data error. If multiple errors occur, numbers are added and displayed
as a hexadecimal number.

1 : stack register overflow

2 . calculation error

4 : only one data for delta measurement. At least 2 data needed.
C PGU status

1 : PGU average output current exceeds 100 mA.

« »

For non-measurement channels, “_" is displayed.
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If You Have A Problem
If Errors Occur

STRESS: STRESS FORCE page.
Status on STRESS: STRESS FORCE page is displayed in following format:

STATUS: A C
Where, A and C mean as follows:

A hardware status error. If multiple errors occur, numbers are added
and displayed as a hexadecimal number.

2 . Oscillation.
4 . Some channel has reached compliance limit.
C PGU status

1 : PGU average current exceeds 100 mA.
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Manual Changes Depending on ROM Ver-
sion

HP 4155A/4156A may vary slightly, depending on the version of the
ROM based firmware. The information in this manual applies to an HP
4155A/4156A with the following ROM version.

Manual Applies to this ROM Version

ROM | ROM Version

HOSTC 01.02

ROM version

To confirm your ROM version, check the SOFTWARE REVISION field on the SYSTEM:
CONFIGURATION page.

This chapter contains information for customizing this manual so that it is
correct for the HP 4155A/4156A that you are using.

To customize this manual for your HP 4155A/4156 A, refer to the following
table, and make the manual changes depending on the ROM version of your
HP 4155A/56A.

Manual Changes by ROM version

ROM version | Make Manual Changes
(HOSTC)
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Change 1

e Hardcopy
o COLOR / B/W field (Page 5-29)

FIX CLR secondary softkey and fixed color mode are not available.

5 RESOLUTION field (Page 5-30)

HP 4155A/4156A does not set the resolution of your PCL printer to
the value specified in the RESOLUTION field. You need to set the
RESOLUTION field to the same value as actual printer resolution setting.

o OUTPUT REGION table (Page 5-45)

STORE REGION secondary softkey and RECALL REGION secondary
softkey to store and recall the output region settings into internal
memory are not available.
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