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Manual Organization

The Gperation Manual and Service Mantwl are supplied with the HP 41458, These manuals
are organized as foliows:

HP 41458 Operation Manial

Section 1 General Information
Section 2 instaliation
Section 3 Operation

HP 41458 Service Manual

Section 4 Performance Tests
Section 5 Adjusiment
Section 6 Replaceable Parts
Section 7 Manual Changes
Section 8 Service

The Operation Marnunal and Service Manual are necessary for servicing the HP 4145B.
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CERTIFICATION

Hewlett-Packard Company certifies that this produet met its published specifica-
tions at the time of shipment from the factory. Hewlett-Packard further certifies
that its ecalibration measurements are traceable fo the United States Naticnal Bu-
reau of Standards, to the extent allowed by the Bureau's cslibration facility, and to
the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materigl
and workmanship for a pericd of one year from date of shipment, except that in
the case of certain components listed in Section 1 of this manual, the warranty
shall be for the specified pericd. During the warranty period, Hewlett~-Packard
Company will, at its option, either repair or replace products which prove to be
defective.

For warranty service or repair, this product must be returned to a service facility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HP from another
country.

HP warrants that its software and firmware designated by HP for use with an in-
strument will execute its programming instructions when properly instalied on that
instrument. HP does not warrant that the operation of the instrument, or soft-
ware, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environment specifications for the
produet, or improper site preparaticon or maintenance.

NO OTHER WARRANTY 1S EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS-
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR
A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEPIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Produet maintenance agreements and other customer assistance agreements are
available for Hewleit-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.




Herstellerbescheinigung

Hiermit wird bescheinigt, daB das Gerat HP 41458 (Semiconductor Parameter Analyzer) in
Uberginstimmung mit den Bestimmungen von Postverfagung 1046/84 funkentstort ist.

Der Deutschen Bundespost wurde das inverkehrbringen dieses Gerates angezeigt und die
Berechtigung zur Uberprifung der Serie auf Einhaltung der Bestimmungen eingeraumt.

Anm: Werden MeB- und Testgerate mit ungeschirmten Kabeln undjoder in offenen
MeBaufbauten verwendet, so ist vom Betreiber sicherzustellen, daB die
Funk-Entstorbestimmungen unter Betriebsbedingungen an  seiner Grundstucksgrenze
eingehalten werden,

Manufacturer's Declaration

This is to certify that this product, the HP 4145B Semiconductor Parameter Analyzer, meels
the radio frequency interference requirements of directive 1046/84. The German Bundes-
post has been notified that this equipment was put into circulation and was granted the right
to check the product type for compliance with these requirements. '

Note: If test and measurement equipment is operated with unshielded cables and/or used
for measurements on open setups, the user must insure that under these operating condi-
tions, the radio frequency interference limits are met at the border of his premises.




SAFETY SUMMARY

The following general safety precautions must be observed during all phases of op-
eration, service, and repair of this instrument. Failure to comply with these pre-
cautions or with specific warnings given elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Hewlett-
Packard Company assumes no liability for the customer's failure to comply with
these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to
an electrical ground. The instrument is equipped with a three-conductor aec power
cable. The power cable must either be plugged into an approved three-contact
electrical outlet or used with a three-contact to two-contact adapter with the
grounding wire (green) firmly connected to an electrical ground (safety ground) at
the power outlet. The power jack and the mating plug of the power cable meet
International Elecirotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement
and internal adjustments must be made by gualified maintenance personnel. Do not
replace components with power cable connected. Under certain conditions, dan-
gerous voltages may exist even with the power cable removed, To avoid injuries,
always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

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

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT

Breakage of the cathode-ray tube {CRT) causes a high velocity scattering of glass
fragments {implosion). To prevent CRT implosion, avoid rough handling or jarring
of the instrument. Handling of the CRT shall be done only by qualified main-
tenance personnel using approved safety mask and gloves.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

WARNING

Dangerous voltages, capable of causing death, are present in this instru-
ment., Use exireme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.

WARNING

CAUTION

Note

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 agsainst damage to the
instrument.

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

Protective conductor terminal. For protection against electri-
cal shock in case of & fault. Used with field wiring terminals
to indicate the terminal which must be connected to ground
before operating eguipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for
a signal common, as well as providing protection against elec—
trical shoek in case of fault. A terminal marked with this
symbol must be connected to ground in the manner deseribed
in the installation (operating) manual, and before operating the
equipment.

Frame or chassis terminal. A connection to the frame {chas~
sis) of the equipment which normelly includes all exposed metal
structures.

Alternating current (power line).

Direet eurrent (power line).

Alternating or direct current {power Line).

A WARNING denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctiy
performed or adhered to, could result in injury or death to’
personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, whiech, if
not correctly performed or adhered to, could result in damage
to or destruction of part or all of the product.

A Note denotes important information. It calls attention to a
procedure, practice, condition or the like, which is essential fo
highlight.
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Model 4145B

SECTION 1

SECTION |
GENERAL INFORMATION

i1-1. INTRODUCTION

1~2. This manual contains the information required
to install and operate the Hewlett-Packard Model
4145B Semiconductor Parameter Analyzer, Figure 1-]
shows the intrument and supplied accessories, This
section covers specifications, instryment identi-
fication, description, options, accessories, and
other basic information,

1-3, Listed on the title page of this manual is
a microfiche part number that can be used to
order 4 x 6 inch microfilm transparencies of the
manual, Each microfiche econtaing up to 60
photo—duplicates of the manual pages. The
microfiche package alsc includes the latest
mmanual changes supplement as well as all
periinent service notes. To order an sdditional
manual, use the part number listed on the title
page of this manual.

160584

04145-61622

04145-61630

Power Lable

04145-61501

Figure 1-1. Model 41438 and Accessories




SECTION 1

1-4. DESCRIPTION

1-5. The Hewlett~Packsrd Model 4145B
Semiconductor Parameter Analyzer is a fully
automatie, high performance, programmable test
instrument designed tc measure, gnalyze, and
graphically display the DC characteristics of a
wide range of semiconductor devices, such as
diodes, bipolar transistors, field-effect
transistors, wefers, ICs, ete. Main applications
include computer-aided design {(CAD) of ICs, new
device  evaluation, materials evaluation,
component  seleetion for cireuit design,
incoming/outgoing  inspection, semiconductor
process control, quality contirol, and quality
assurance. It i equipped with four
programmeable Source/Monitor units (SMU), two
programmable voltage source units (Vs), two
voltage monitor units (Vm), a fully interactive
graphies  display, removable flexible~dise
storage, softkeys, full arithmetic keyboard, and
HP-IB. And it ean be used on the bench or as
part of & complete measurement system in the
laboratory or on the production line.

1-6. For device stimulation and characteristics
measurement, the 4145B has eight channels.
Channels 1 through 4 are Source/Monitor units
{SMU); channels 5 and 6 are voltage source units
{Vs); and channels 7 and 8 are voltage monitor
units {(Vm).

Each SMU channel has three modes of operation:
voltage source/current monitor (V), current
source/voltage monitor (I), and common (COM).
Source voltage and source eurrent can be held
constant or swept linearly or logarithmieally,
When used as a voltage source/eurrent monitor
(V mode), each SMU can be programmed to
output DC voltages from GV to *100V over three
ranges—0V to 19,989V, 220V to +39,998YV, and
40V to :£100V—with & resolution of ImV, 2mYV,
and 5mV, respectively. When used as a current
source/voltage monitor (I mode), each SMU can
be programmed to output currents from z1pA to
+100mA over nine ranges, with 2 resolution of
IpA max, {current measurement resolution is
S0fA max.), depending on the ecurrent range.
Current through the sample in V mode ang
voitage across the semple in I mode can be
limited to prevent damage to the sample.

The two Vs channels are programmable voltage
sources. Output voltage can be held constant or
linearly or logarithmically swept from 0V to
20V with 1mV resolution. The voltage sources
are used when many bias and voltage sources are
required.

-Model 41458

Of the six source channels (four SMUs, two Vs),
any combination of three can be automatically
swept in a linear or logarithmic staircase manner
within the range of each chennel. Hold times
from 0 to 650 seconds and delay times from ¢ to
6.5 seconds can be programmed. In a
muiti~channel sweep setup, one channel
funetions as the main sweep channel. One of the
other channels can be swept synchronously with
the main channel, while one other channel ean be
swept subordinately to the main channel. SMUs
not swept ean be used ss constant current or
constant voltage sources.

The two Vm channels are used to measure
voltages up to £20V.

1-7. Measurement results, measurement
setups, operator prompts, error messages, and
diagnosties gre displayed on & fully interactive,
mieroprocessor based graphics display.
Measurement results can be displayed in one of
four modes : graphie, list, matrix, and sehmoo.
Front Panel softkeys provide a wide range of
automatie display econtrol funetions, sueh as
AUTO BSCALE, STORE, RECALL, CURSOR,
MARKER, vertical and horizontal ZOOM, LINE
(two), GRAD, 1/GRAD, X intercept, Y intercept,
and INTERPOLATE. Softkeys are used in all
phases of instrument operation—from
measurement setup to measurement
anaiysis—and make overall instrument operation
quick and easy.

By pressing the PLOT key or PRINT key, the
presently displayed  sereen, whether a
measurement result or measurement setup, can
be dumped directly ontc an HP-IB compatible
printer/plotter, providing clear, inexpensive hard
copies, The plot area is user selectable within
the limits of the printer/plotter, and if a
multi-pen plotter is used, multi-color plots can
be made automatieally., All PLOT and PRINT
operations are done automatically, without a
controller. Also, the 4145B's display is equipped
with X-Y-Z outputs to allow econnection of a
large-screen graphics display.

The 4145B is fluent in HP-GL (Hewlett- Packard
Graphies Language), permiiting external eontrol
of its display via the HP-IB.

Cursor and marker positioning is user
controllable via the front panel, and X-Y1-Y2
coordinates are digitally displaved on the CRT.
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1-8. The 4145B i3 equipped with a miero
flexible~-disc drive unit thet accommodates a
double—sided, double-density, 3.5 in.,, 630K byte
dise. One system disc which contains the
necessary operating system software, four
general purpose measurement programs, &nd
573k bvte of user aree is furnished with the
41458, The 4145B features &n initializing
function as well as an operating system copy
funection. After initislization, the disc can be
used for storing measurement results, setup
programs, or Auto Sequence Program plograms.
For archival purposis, the 4145B operating
system can be copied onto an initialized dise
using either the 4145B or an HP series 200/300
Desktop’ Computer (initialized format should be
LIF). Up to 240 messurerment setup programs,
94 sets of rmessurement results or 240 Auto
Sequence Programs can be stored in the user
aree of the System Dise by executing a SAVE or
RE-SAVE and can be recalled later by executing
a GET.

1-9. Al instrument functions are handled by a
high speed microprocessor, under the eontrol of
the operating system software stored on each
furnished micro flexible dise. Measurement
setup, display mode selection, graphic scaling,
disgnostics, operation guide, menu, and catalog
are arranged as individual display pages. The
MENU, PREV, &and NEXT keys control
movement through the individual display pages.
Instructions, softkey labels, and error messages
and codes are displayed on each page, Also, the
41458 is remotely coniroliable via the HP-IB and
the 4145B% display can be used as an
independent display via the EP-IB.

i-10. Furnished with the 4143B is the 18058A, a
specially designed shielded test fixture whieh
connects to the 4145B's rear penel. Eight
different interchangeable DUT bosards are
provided, allowing mesasurement of diodes;
3-terminal and 4-terminel transistors; 8-pin,
10-pin, and 12-pin devices; and 18-pin and 28-pin
DIF ICs. The 16058A Is equipped with &
light-shielded 1id to allow stable measurement of
light-sensitive devices, sueh as photo dicodes,
photo transistors, ané photo resistors. Aisc, to
insure operator safety when potentially
dangerous voltages are gpplied to a sample, &
warning will be displayed on the 4145B if the
test fixture lid Is open and measurement will not
be made until the lid is closed. For
user-fabricated test fixtures end jigs, & special
eonneetor, four 3-meter triaxial cables, and four
3-meter coaxial cables are also furnished.

SECTION I

i~11. SPECIFICATIONS

1-12. Complete specifications of the Model
41458 Semiconductor Parameter Analyzer are
given in Table l-1. These specifications are the
performance standards or limits against whieh
the wnstrument & tested. The test procedures
for the specifications are covered in Section IV,
Performance Tests. Table 1-2 lists Reference
Data. Reference Data are not specifications but
are typical characteristies included as additional
information for the operator. When the 41458
Semiconductor Parameter Anelyzer is shipped
from the factory, it meets the specifications
listed in Table 1-1.

1-13. SAFETY CONSIDERATIONS

1-14. The Model 41458 Semieonductor
Parameter Analyzer has been designed to
conform te the safety reguirements of an IEC
{Internationel Electromechanical Committee)
Safety Class I instrument and is shipped from the
factory in 2 safe condition,

1-15. This operation contains information,
cautions, and warnings which must be followed
by the user to ensure safe operation in a safe
condition.

1-16. INSTRUMENTS COVERED BY MANUAL

1-17. Hewlett~Packard uses a two-section nine
character serial number whieh is stamped on the
serial number plate (Figure 1-2) attached to the
instrument's rear-panel. The first four digits and
the letter are the serial prefix and the last five
digits are the suffix. The letter placed between
the two seections identifies the country where the
instrument was manufactured. The prefix is the
same for ell identical instruments; it changes
only when a change is made to the instrument.
The suffix, however, is assigned sequentially and
is gifferent for each instrument, The econtents
of this manuel apply to instruments with the
serial number prefizles) listed under SERIAL
NUMEERS on the title page.

Figure 1-2. Serigl Number Piate.



SECTION 1

i-18. An instrument manufactured after the
printing of this manual may have a serial number
prefix that is not listed on the title page. This
unlisted serisl number prefix indicates the
instrument is different from those deseribed in
this manual. The manual for this new instrument
may be accompanied by & yellow Msnual
Changes supplement or have a different manual
part number. This supplement contains "change
information™ that explains how to adapt the
manual to the newer instrument.

1-18. In addition to change information, the
supplement may contain  information for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett~Packard recommends that you
periodically request the latest Manual Changes
supplement. The supplement for this manual is
ientified with the manual print date and part
number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are available from Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than on the title page of this
manueal, see Section VII, Manual Change.

1-20. For information concerning a serial

number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett~Packard office.

I-21. OPTIONS

1-22. Options are modifications to the standard
instrument that implement the user's special
requirements for minor funetional ehanges. The
41458 has following Options:

Option 050 : For 50 Hz Line Frequency

Option 060: For 60 Hz Line Frequency

Option 907 : Front Handle Kit.

Option 808 : Rack Flange Kit.

Option 909: Rack Flange and Front Handle
Kit.

Option 910 :  An extra copy of the Uperation and

Service Manvai,

Installation proecedures for option 907, 908 and
808 are given in Section II.

i-4
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1-23. ACCESSORIES SUPPLIED

1-24. The Kodel 4145B Semiconductor Parameter
Analyzer, along with its furnished accessories, is
shown in Figure 1-1. In addtion, an Dperatior and
Service Manual is furnished with the 41458,

1-25. ACCESSORIES AVAILABLE

1-26. HP 16287A File Transfer Software, HP
16268A BS&DM File Creation Software and HP
92182A Double-sided Micro Flexible Dises sre.
available. The File Transfer Software enables
you to transfer files from the 4145A to the
4145B. The BS&DM File Creation Software
enables you to ecreate the BS&DM data format
from the 4145B's unique data format. The HP
92192A Double-sided Miere Flexible Dise can be
used for dats storage or operating system copy.

1-27. Warranty Limitgtion for Accessories

1-28. The Personality Board (P/N:
16058-60003) and  eight  Boards (P/N:
16058-60004 through 16058-50005, 16058-50007
through 16058-60011, and 16147-60062) furnished
with the 16058A Test Fixture sare warranted
against defects in material end workmanship for
& period of three months from the date of
delivery. During the warranty period,
Hewlett-Packard Company will, at its option,
either repsair or replace components which prove
to be defective., This warranty does not apply to
defects resulting from improper use or
inadequate maintenance.
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Table 1-1. Specifications (Sheet 1 of 8)

* Specifications listed below are for the 4145B only. For 16058A specifications, refer to
“the 16058A Operation Note.

GENERAL INFORMATION

Basic Functions: Measures the DC current through voltagebissed devices and the
DC voltage across current-biased devices; Arithmetic caleulation; Displays
measurement results and caleulation results on a built-in CRT display; graphies
analysis capabilities; storage and recall of measurement setups, measurement data,
and auto-sequence programs.

Source and Measurement Units:

Source/Monitor Units (SMUy: Four SMU channels, Each SMU car be programmed fo function
as a variable or constant DU voltage source/current moritor or as a variable or
constant DC current source/veltage monitor,

Voltage Sources (Vs): Two Vs channels. Each Vs can be programmed to
function as a variable or constant DC voltage source,

Voltage Monitors {(Vm): Two Vm chennels. Eaeh Vm can measure DC
voltages up to +20V.

SOURCE/MONITOR FUNCTIONS

Measurement and output accuracies are specified at 23 ° £5°C after the instrument has
been allowed to warm up for at least 40 minutes, with AUTO CAL set to ON, INTEG
TIME set to SHORT and referenced to SMU common. Specified accuracy doubles for
operation between 10 °C and 40° C.

Source/Monitor Units (SMU):  Four SMU channels. Each SMU measures
current when operating as & voltage source, or measures voltage when operating as
a current source. Source and measurement ranges, resolution, and accuracy
specifications are given in the tables below.

Aceuracy specifications in the below tables are given as tn% of specified output or
measured value, tn% of range value. Io is output current (), Vo is output voltage

vl
-Voltage Range Resclution : Accuracy Max. Current
+20V imV #{0.1%+10mV+0.40xI0) 100mA
+40V 2mV £{0.1%+20mV+0. 40x10)} 50mA
+100V smv ={0.1%+50mV+D, 40*10) 20ma
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Table 1-1. Specifications (Sheet 2 of 8)

Current Range Resolution Accuracy Max, Veltage
20V (>50mA)
+100mA 100uA (0.3%+100uA+2pA*V0) 40V (>20mA)
+10mA 10uA +{0.3%+10uA+200nA*Vo)
+1000uA 1pa +(0.3%+1pA+20nA*Vo)
+100uA 100nA *(0.3%+100nA+2nA*Vo)
+10UA 10nA £(0. 3%+ 1 0nA+200pA*V0) 100V (£20mA)
+1000nA 1nA £(0.5%+1nA+20pA*V0)
+100nA 100pA £(0.5%+100pA+2pAxVo)
+10nA 10pa +{1%+15pA+200fA=V0)
+1000pA 1pA +(1%+6pA+20FA*V0)
Setting Resolution : Voltage, 4+1/2 digits (1mV max.);

Current, 4 digits (1pA max.).

Measurement Resolution : Voltage, 4-1/2 digits (ImV max.}:
Current, 4 digits {507 A max.).

Ranging : Automatic.

Current/Voltage Limiting (Compliance): Current output from an SMU
operating as a voltage source and
voltage output from an SMU

operating as a current source can be
limited,

Compliance Range ; Current, 50pA to maximum alloweble output eurrent of

each voltage range; Voltage, 0V to maximum allowable
output voltage of each current range.

Accuracy: Current compliance, accuracy of current source+l% of range +10pA;
Voltage eompliance, accuracy of voltage scurce.

Residual Resistance {Voltage Source/Current Measurement Mode) : 0.45.
Input Resistance (Current Source/Voltage Measurement Mode): 2 16*%

Capacitive Load : £1000pF,

i-6
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Table 1-1. Specifications (Sheet 3 of 8)

Voltage Sources (Vs) + Two Vs channels. Each Vs can be programmed fo function
as a variable or eonstant DC voltage source. Qutput ranges, reseclution, and
acecuracy specifications are given in the table below,

Output Voltage Range | Resolution Accuracy Max. Output Current

220V lmv 0.5% of setting +10mV i0mA

Outpuf impedance : Less than 0.28

Capacitive Load: £10060pF

Voltage Monitors {(Vm) : Two Vm channels. Output ranges, resolution, and
accuracy specifications are given in the tabie below.
Measurement Voltage Range Resolution Accuracy
+2V 100uv 0.3% of reading + 10mV
+20V imy 0.2% of reading + 10mV

Input Impedance : 1MG£1%

Capacitance in Pareliel with OQutput: 15 OpF +10%
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Table 1-1. Specifications (Sheet 4 of 8)

SPECIFICATIONS COMMON TO ALL CHANNELS

Maximurm Withstand Voltage : 100V (8MU, guard terminal, Vs, and Vm)
Maximum Voltage Between Common and GND : Less than +42V.

Source Modes (SMUs Only): V {voltage source/eurrent monitor),
I {current source/voltage monitor), and COM*.

Souree Funetions (SMUs Only) : VAR, staircase sweep;
VAR, synehronous (VAR]) staircase sweep;
VAR2, subordingte {(VARL) staircase sweep;
CONST, constant source (voltage or current).

*: In COM moede, output voltage is 0V and compliance is 105mA.

Voltage/Current Sweep : Output from each SMU (veltage or current) and each Vs
{voltage) can be swept by assigning source function VAR, VAR, or VAR2.

Max. Number of Steps : 512 in single-sweep measurements, up o 575 in
multi-sweep measurements.

VAR : Main sweep. Linear or logarithmic sweep is selectable.

Linear Sweep : Staircase sweep in accordance with the user specified
START, STOP, and STEP values.

Log Sweep : Staircase sweep In accordance with the user specified START
and STOP values and selected LOG step {10, 25, or 50 points per decade).

VARZ : Subordinate linear staircase sweep in accordance with the user speci-
fied START, STEP, an NO. OF STEPS values. VAR2 source channel output is
ineremeneted one STEP each time the VARI source channel completes one sweep.

VARI' : BStaircase sweep synchronized with the VAR] sweep. Sweep is made with
a user specified, fixed ratio or offset value. VAR output is caleulated as:

VAR!'=ax VAR {fixed ratio)
VART'=b + VAR] (fixed offset)

where "a" is the user-specified ratio (from =20.01 to =!8} and "b" is the

user-specified offset value. Ratio and offset must be sueh that the VARI' source
channel does not exceed its meaximum output limit,

HOLD TIME : 0 to 650 seconds, 10ms resolution (max.). Accuracy is 10.5%+9ms.
DELAY TIME : 0 to 6.5 seconds, lms resolution. Accuracy is x0.1%+5xN for
GRAPHICS and SCHMOO piots and #0.1%+10xN for LIST and MATRIX displays.

Where N is the number of measurement channels used in the measurement.

Output Sequence : The order in which the source channels begin output is fully
programmable,

Measurement Modes: SINGLE, REPEAT, APPEND

Integration Time (st each measurement point) : SHORT, 3.6ms; MED, 20ms at 50Hz
line frequency, 16.7ms at 60Hz line frequency; LONG, 16 times MED.
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Table 1-1. Specifications (Sheet 5 of 8)

DISPLAY FUNCTIONS

Display : CRT. Electrostatie foeus and deflection, post accelerated. Alu-
minized P-31 phosphor.

Sereen Size : 16cem (6.25in) disgonal.
Screen Resolution: 2048 x 2048 points.

Display Characters and Symbols : Upper-case alphabetic characters, numeries,
comms, {, ), 8, Q, ° (deg); M, %, #, G Ky e, m, 0, Pty ¥, lsv s 4. All are
entered from the front panel.

Display Modes : GRAPHICS, LIST, MATRIX, SCHMOO, and TIME DOMAIN.

GRAPHICS Display : Two-axes (X-Y) or three-axes (Y-Y,-Y;) plot of
measured perameters and USER FUNCTION caleulations.

LIST Display : Used in conjunetion with VAR] sweep. Up to six measure-
ment perameters and USER FUNCTION results can be displayed for each step
of the VARI source channel.

MATRIX Display : Used in conjunetion with VAR] and VARZ sweeps. Up to
six eolumns of sweep-dependent measurement results or USER FUNCTION

results can be displayed.

SCHMOQOO Display : Used iIn conjunction with VAR! and VAR2 sweeps.
Sweep-dependent measurement results or calculation results are displayed on
gan X-Y-Z graph.

TIME DOMAIN Display : Measurement and calculation results are displayed
on & two-axes {X-Y) or three-axes {X-¥Y,-Y,) graph as a function of time.
VAR sweep is replaced by time.

Parameters: Initial Wait Time, 0 to 100 seconds (10ms
resolution); Measurement Interval, 10ms to 10 seconds (10ms resolution);

Number of Readings, 1024.
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Table 1-1. Specifieations (Sheet 6 of 8)

ARITHMETIC AND ANALYSIS FUNCTIONS

Arithmetie Functions : Arithmetic expressicons can be entered and executed
directly from the front panel. Results are displayed on the CRT.

Arithmetic Operators : +, -, *, /, v~ , EXP {Napierian constant}), LOG
(common log), LN (natural log), ** {(exponentiation), ABS (absolute), EEX
{(scientific notation), and A {differential calculation).

Keyboard Operation : Arithmetic expressions are executed by pressing
the EXECUTE key. Results are displayed on the CRT.

USER FUNCTION : Up to two USER FUNCTION can be defined as arith-
metic expressions. USER FUNCTIONS are executed during measurement and
the results are displayed with measurement results.

Physical Constants : Three commonly used physical constants are perma-
nently stored in memory. The stored value of each constant has seven-digit
accuraey but only the five most significant digits are displayed.

q: Eleetron Charge, 1.602189x10725 C
k : Boltzmann's Constant, 1.380662x10 “%%J/°K
e: Dieleetrie Constant of vacuum, 8.854185x16 " 1*F/m.

Engineering Units: m (107%), p(307%),n (107%), p (10~12)
Analysis Funetions :

Overlay Graph Comparison : A GRAPHIC plot can be stored and later
recalled to obtain an overlay comparison of two measurements. A SCHMOO
plot can also be stored, but when the RECALL key is pressed, oniy the stored
plot is displayed. Pressing RECALL a second time redispiays the previous
plot. ©Only one set of data can be stored and secaling information is not
included.

Auto Retrieve Funetion : Measurement data obtained in any display mode
is automatically redisplayed whenever the display mode is changed, However,
when the value of a messurement setup parameter is changed, all
measurement data is eleared.

MARKER : On a GRAPHICS plot, the MARKER can be moved along a plotted
curve or line. The X, Yy, and Y. coordinates at the MARKER location are
digitally displayed on the CRT.

INTERPOLATE : Allows positioning of the MARKER between two measurement
points. The X, Y:;, and Y:; coordinates at the MARKER loeation are
estimated and digitelly displayed on the CRT.

CURSOR : On a GRAPHICS plot, the CURSOR is two intersecting and
perpendicular lines which can be positioned at any point on the graph. There
are two GRAPHICS cursors : LONG and SHORT. The X, ¥y, and Y,
coordinates at the CURSOR location are digitally displayed on the CRT.

On & SCEMOQOQ plot the CURSOR highlights the symbol at & measurement
point and only the Z-axis value is digitally displayed on the CRT.

On LIST and MATRIX displays the CURSOR is a moveable pointer (»).
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Table 1~1, Specifications (Sheet 7 of 8)

AUTO SCALE: GRAPHIC plots can be automatically rescaled after meas-
surement, providing optimum display of measure ment results.

ZOOM Function (€=, =<« , i ; i } 1 Used in conjunction A with

the CURSOR on GRAPHIC plots. Expands (+~, ) or contracts (=<, ) the

graph in the indicated direction and in reference to the CURSOR location.

MOVE WINDOW: Repositions the LONG or SHORT CURSOR to the exget center
of the plot area and moves displayed plots in reference to the CURSOR.

LINE: Draws & straight line between two moveable cursors., X and Y

axes intercepts are digitally displayed, as ere the line gradient (GRAD) and
gradient reciprocal (1/GRAD) values.

MASUREMENT/DISPLAY SETUP AND STORAGE FUNCTIONS

Measurement/Display Setup: Interactive fill-in-the-blank programming of channrel
definitions, source outputs, and measurement/display modes.

Measurement Setup Storage: The existing mesasurement setup can be stored in
the user-area on the micro flexible disc and recslled later by using the SAVE,
RE-SAVE and GET keys.

Measurement Data Storage: The existing measurement results can be stored in
the user-area on the micro flexible disc and recalled later by using the SAVE,
RE-SAVE and GET key.

Auto-Sequence Program: A series of different measuremenis can be programmed
for automatie execution. The maximum number of program steps is 56, and
useable commands sre GET P, SINGLE, SAVE D, RSAVED, PLOT, CPLOT, PRINT,
PAUSE, WAIT, and PAGE. '

Storage Medium: 3.5 in. double-sided, double-density, miero flexible disc.

User area: 622Kk bytes

Number of user records: 2432 records
Max number of recorded files: up to 240 files

Record Alloeation: Measurement setup (file type P), 5 records;
Mesasurement data (file type D), 23 records;
Auto-sequence program (file type 8), 4 records;
Operating System, 254 records.
Initialization function for the storage medium:
Initialization: Used to generate the directory,

Format type: LIF (Logical Interface Format)

Operating System Copy: Used to copy the operating system onto the initislized die.
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Table I-1. Specifications (Sheet 8 of 8)

GENERAL SPECIFICATIONS

Data Input/Cutput ;

External CRT Anslog Qufput : From 0 to +1 Vde, X and Y outputs kin
series with approx. 330Q) Z output {in series with approx. 2408}, via rear panel
BNC connectors. Frequeney Bandwidth, DC ~ 2MEz.

External Plotter/Printer Output : Measurement data and all data appear-
ing on the CRT may be output via the HP-IB to an HP plotter/printer operated
in the LISTEN ONLY Moée. Qutput is initiated using the PLO'Z‘ or PRINT key.

HP-GL Control : The CRT of the 4145B may be program contro!led in the
Graphies Display Mode via an HP-IB compatible Controller.

HP-IB and Remote-Control Functions : The 4145B may be interfaced to any HP
controller or other instrument having HP-IB interface capability. (HP-IB is
Hewlett~Packard's implementation of IEEE-488 and ANSI-MC.1.1 standards.)

Self-Test Function : At power ON, the 4145B automatically wverifies its own
operational status. HP-IB and DIAGNOSTICS page allow Self-Test to be performed
at any time.

Operating Temperature Range: 10°C to +40°C;<70% RH (40°C)
Permissible Temperature Change:<l ° C/6 min.;
Maximum Wet-bulb temperature: 29 °C

Power Requirements : 100/120/220V£10% ¢ 240V -10% + 5%;
48 - 66Hz; Max. 270VA

Dimensions : 426W x 235H x 612D {mm) {approx.)

Weight : Approx. 27kg
Approx. 33kg (incuding accessories)

Model 41458
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Table 1-2, Reference Data (Sheet 1 of 3)

REFERENCE DATA

(The following information is reference data only. It is not guaranteed specifications, nor
does it inciude Test Fixture specifications.)

Measurement Time: (Setting time + ranging time + integration time}/1 point
measurement

Settling Time: The following calculation is applicable where current range
does not change (settling and set-up time + SMU wait time).

Current Range Settling and Set-Up Time SMU Wait Time
100nA ~ 100mA 0.2ms
2.7as
InA - 10nA 47.5ms

Ranging Time: 4ms - 74ms {depending on range)

Measurement Time: (Ranging time must be added.)

Settling and "Delay SMU Ranging Integration
Set-Up Time Time Wait Time Time Time
s C.2ms 4ms ‘ 5.6ms
Setting
e 2, 7S e Value oo O e 1 ? —
47.5ms 74ms 320ms

Example: Minimum measurement time = 2.Tms + 0.2ms + 3.6ms = 6.5ms. In the
Graphies Display Mode, write time ( 5.6ms) must be added.

1-13
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Table I-2. Reference Data (Sheet 2 of 3)

SOURCE/MONITOR UNIT (SMU)

Offset Current when operated as a Voltmeter : 6pA + 2pA x Vo/100
Offset Voltage when operated as a Current Meter: 10mV + 0.48 x Io

Noise Characteristies : (all values typical)
Voltage Source Noise: 0.01% of range (RMS)
Current Source Noise: 0.1% of range+3pA+0.0lpAxCg (RMS)
(Cg : Guard capacitanee in pF)
Voltage Monitor : 0.02% of range (peak-to-peak)
Current Monitor : 0.3% of range + 10pA
(peak~to-peak)

Qutput Overshoot : (all values typical)
Volitage Source Overshoot: 5mV
Current Source Oversheot: 1% or less

Current Range Switehing Transient Noise : (All values typical)

Range Increment : 0.01% of voltage range +10mV

Range Decrement : When switching into 10nA or InA range, 10mV + 100/{10 +
Cx)mV where Cx = load capacitance (pF); when switching into
all other ranges, 10mV.

Guard Capacitance : £ T00pF

Guard Potential Offset: 1mV {(typical)

Guard Current Induced Potential Error : 100¢xIg (Ig = guard current)

Voltage Sources (Vs) .
Output Noise: 6 mVrms (typical)

Voltage Monitors (Vm)

Noise Level: 0.3mVp-p at 2V-range (when Integration time is set to MED or
LONG), 3mVp-p at 20V range.

REFERENCE DATA COMMON TO ALL UNITS

Noise Rejection : {Integration time set to MED or LONG.)
Normal Mode Rejection : 2 60dB (typical)

Common Mode Rejection : {(all values typical)
Current Source/Measurement : < 1pA/1V

1-14
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Table 1-2. Reference Data (Sheet 3 of 3)

SECTION 1

16058-600G3
16058-60004
16058~60005
16147-60002
16058-60007
16058-60008
16658-60009
18058-60010
16058-60011
160568-816C0
16058-61601
1605861602
16058-61603
16058-61604
15058-60100

ACCESSORIES FURNISHED WITH 4145B

16058 A Test Fixture (includes the following subcomponents)

Personality Board ~

Teflon Blank Board-—

Socket Beard (Transistor) =~
Socket Board (28-pin DIP)
Soeket Board (18-pin DIP)~
Socket Board (Diode)

Socket Board (8-pin package)~
Socket Board (10-pin package) -
Socket Board (1 2-pin package) ~

Connection Cable {large-to-small), (Twelve 1B6058-B1600s are furnished )
Connection Cable (smali-to-small), (Eight 16058-61601s are furnished )

Miniature Clip Lead, {(Bight 16058-61602s are furnished, )
1. 5m Triaxial Cable, {(Pour 16058-61603s ere furnished,)
Fixture System Cable

Aceessory Case

G4145-60091
04145-61622
04145-61630
04145-61623
04145-61501

Option 050:
Option 060
Option 907:
Option 908:
Option 809:
Option 9190:

Connector Plate

3m Triaxial Cable, (Four 04145-61622s are furnished )
3n BNC Cable, (Four 04145-61630s are furnished,)

Shorting Connector
System Disc

OPTIONS

For 50Hz Line Frequency

For 80Hz Line Fregueney

Front Handle Kit

Rack Flange Kit

Raek and Handle Kit

Extra (Operation and Service Manual
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Tabie 1-3.

Model 4145B

Accessories Supplied (Sheet i of 5)

Configuration

Deseription

16058A Test Fixture

Shielded Test Fixture for messurement
of diserete eomponents. Equipped with
safety Hd,

Following subcomponents are furnished
with the 16058A.

Personality Board (16058-80003)
Triaxial Cable (18058-61603), dea.
System Cable (16058-61604)

Soeket Board/Connection Cable Set*
{Contents are shown below.)

f/’,/ ///f/

'/"r:’ ”///’:"'/

V /."‘.*,‘7 7
MM’@@ NW@ SIS g\%&

H A b 3

ff/g gwy/f,w /g’

f f

® ®

Dimension of Soeket (Unit in mm)

HP P/N and Deseription

18058-60004:
Blank teflon becard for measurement of

high resistance devices.

1605860005
Socket Board with two sockets. For

measurement of four-pin devices, such &s
transistors.
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SECTION 1

Table 1-3. Accessories Supplied (Sheet 2 of 5)

No,

Dimension of Socket (Unit in mm)

HP P/N and Deseription

16147-60002:

- ?"2"."54 Socket Boerd for 28 pin DIP ICs.
|
® il------ I
Eﬂww-«««»uﬂﬂ 16.54
_2.54 16058-60007 :
“-] Socket Board for 18 pin DIP ICs.
[k
® e I
]
I------- I

16058-50008 :
Socket Board with two pairs of sockets
for measurement of axial lead devices
such as diodes.

16858-60009 :
Socket Board with an 8-pin soeket.

©

16058~60010:
Socket Board with 2 10-pin socket.

16058-60011:
Soeket Board with a 12-pin socket,

i-17
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Table 1-3. Accessories Supplied (Sheet 3 of 3)

No. Dimension of Socket (Unit in mm) HP P/N and Desecription
Cable length: Approx. 115 16058-61600:
Connection Cable (large-to-Small) used for
@ interconnecting the Persopality Board to the
‘ Socket Board, Twelve 16058-81800s are furai-
shed, ‘
Cable length : Approx. 115 16058-61601:
. Connection Cable (small-to-small) used for
interconnecting the Coanection Switch to the
‘ Socket Board, EBight 16058-61601s are fur~
nished,
Cable length: Approx. 115 1605861602
: Hiniature Clip Lead used for direct con-
@ nection to DUT. Eight 16058-61602s are
furnished,
16058-60100:
Carrying-case for all 16058A accessories,

' Configuration . Description

Connector Plate {04145-60001) :

Connector Plate for measurements made
without the 16038A. For example, direct
connection for a wafer probe. Dimensions
are given below.

o ' ek

OOOEF

70

=000
g

b 00
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SECTION 1|

Table 1-3, Accessories Supplied (Sheet 4 of 5)

Configuration

Description

3n Triaxial Cable (04145-81622):

Triaxial {®) cable for connection between
the 41458 s SMU terminal and the Comnector
Plate, Cable length is 3m PFour (4145-61622s
are furnished. Refer to Figure 3-37 for the
usage,

3e BNC Cable (04145-61630):

BNC {r) cakle for conmection between the
41458 s Vs or Vm terminal and the Connector

Plate. Cable length is 3Jmw. Four 04145-61630s
are fyrnisihed,

Shorting Connector {(04145-61623):

When measurement is made without the
160584, this Connector should be
connected to the terminal on the rear
panel.

WARNING

A FPOTENTIAL SHOCK HAZARD
EXISTS WHEN THE SHORTING
CONNECTOR IS CONNECTED
TO THE 41458. DO NOT TOUCH
THE OUTPUT TERMINAL OR
INNER CONDUCTOR OF S3SMU
DURING MEASUREMENT.
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Table 1~3. Aeccessories Supplied (Sheet § of 5)

Model 41458

Configuration Deseription

System Disec Set (04145-61501):
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SECTION H

SECTION 1
INSTALLATION

2-1. INTRODUCTION

2-2. This section provides installation instrue-
tions for the Model 4145B Semiconductor
Parameter Analyzer. This section alsc includes
information on initial inspection and damasage
claims, preparstion for using the 4145B, and
peckaging, storage, and shipment.

2-3. INITIAL INSPECTION

2-4. The 4145B Semiconductor Parameter
Anglyzer, as shipped from the factory, meets gll
the specifications listed in Table 1-1. Upen
receipt, inspeet the shipping container for
damage. If the shipping eontainer or cushioning
material is damaged, it should be kept until the
contents of the shipment have been checked for
completeness and the instrument has been
ehecked mechanically and eleetrically. The
contents of the shipment should be as shown in
Figure 1-1. The procedures for checking the
general electrical operation are given in Seetion
i (Paragraph 3-9 SELF TEST) and the
procedures for checking the 4143B Semicon-
ductor Perameter Analyzer against its
specifications are given in Section IV. First, do
the self test. If the 4145B is electrically
questionable, then do the Performance Tests to
determine whether the 4145B has failed or not.

If the contents are incomplete, if there Iis
mechaniesl damage or defects {scratches, dents,
broken switches, ete.), or if the performance
does not meet the self test or performance tests,
notify the nesrest Hewlett~Packard office (see
list at back of this manual). The HP office will
arrange for repair or replacement without
waiting for claim settlement.

2-5, PREPARATION FOR USE
2-6, POWER REQUIREMENTS
2-7. The 41458 requires a power source of 10,
120, 220 Volts ae +10%, or 240 Volts ae +5%-10%,

48 to 66Hz single phase; power consumption is
270V A maximum.

WARNING

IF THE INSTRUMENT IS TO BE
ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER UNIT FOR
YOLTAGE REDUCTION, BE SURE
THAT THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL
PCOLE OF THE POWER SUPPLY.

2~-8. Line Voltage and Fuse Seleetion
CAUTION

BEFORE TURNING THE 4143B LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT I8 SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED.

9-g. Figure 2-] provides imstructions for line
voltage and fuse selection, The 41458 is ship-
ped from the factory with the fuse and line voltage
selection switch setting appropriate for the geo-
graphic area in which the instrument will be used,

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED.

CATUTION

MAKE SURE THAT ONLY FUSES
FOR THE  REQUIRED RATED
CURRENT AND OF THE SPECIFIED
TYPE ARE USED FOR
REPLACEMENT. THE - USE OF
MENDED FUSES AND THE
- SBHORT-CIRCUITING OF FUSE-
HOLDERS MUST BE AVOIDED.

2-10. LINE FREQUENCY FILTER
2-11. To rejeet the effects of line-frequency

noise, set the FILTER switch on the rear panel
to the freguency of the sc power source.



SECTION II

2-12. POWER CABLE

2-13. To protect opersting personnel, the
Neational Eleetrical Mapufzeturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4145B is
equipped with a three-conductor power cable
whieh, when plugged into an appropriste
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.

9-14. To preserve the protection feature when
operating the instrument from a two contact outlet,
use a three prong te two prong adapter {For Japan:
Part Ho.35080-3149, for other countries: Part No,
1251-8196) and connect the grounding tab on the
adapter io power line ground,

CAUTION

THE MAIN PLUG MUST ONLY BE
INSERTED IN A SOCEKET OUTLET
PROVIDED WITH A PROTECTIVE
EARTH CONTACT. THE PRO-
TECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN
EXTENSION CORD (POWER CABLE}
WITECUT PROTECTIVE CONDUC-
TOR (GROUNDING).

2-15. Figure 2-2 shows the available power
eords, which may be used in various countries
ineluding the standard power cord furnished with
the instrument. HP Part number, applicable
standards for power plug, power cord color,
electrical characteristics and countries using
each power cord are listed in the figure. If

Model 4145B

assistance is needed for seleecting the correct
power cable, contact the nearest Hewlett-
Packard office.

2-16. OPERATING ENVIRONMENT

2-17. Temperature. The instrument including
the mass storage medium may be operated in
temperatures from +10 C to+40 C,

2-18, Humidity. The instrument including the
mass storage medium may be operated in
environments with relative humidities from 8%
to 70% and maximum Wet-bulb temperature
29°C. However, the instrument - should be
protected from temperature extremes whiech
cause eondenseiion within the instrument.

2-13. INSTALLATION INSTRUCTIONS

2-20. The HP Model 4145B can be operated on
the bench or in a rack mount. The 4145B is
ready for bench operastion as shipped from the
factory. For ©bench operation a two-leg
instrument stanc is used, For use, the instrument
stands are designed to be pulled towards the
front of instrument.

2-21. Instaliation of Options 907, 908 and 945.

2-22. The 41458 can be installed in a rack &ng
be operated as a component of a measurement
system. Rack mounting information for the
4145B is presented in Figure 2-3.

00V QPERATION

220V~ 120V« 220V~ 120V
240\!"%_‘ I_E 100V~ 240\!"——‘-1 l"rroov-v

120V OPERATION

-

e

e C
B

Fuse : 2.5A 250V A
(H#P P/N: 2110-0013)

220V OPERATION

220V~ 120~ 220V 120V~
240V~-|_} {-EIOOV‘” 240V - 00V~
] 1 i

240V OCPERATION

N
N

X
X

-
O

Fuse: 1.25A 250V~
(BP P/N: 2116-0305)

Figure 2-1. Voltage and Fuse Selection
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CPTION 868 United Kingdom

Plug: BS1383A, 250V
Ceble : HP 8128-1351

CPTION 98! Australip/ New Zealand

Line

Plug: NZSS 198/A8 Cil2, 250V
Cable : HP 8125-136%

OFTION 902 European Continens

Tarth . \
Newtral

Plug : CEE-VI, 250V
Cable : HP 126G~ 1680

OPTION 903 U.5./Canads

Plug : NEMA 5-15P, 125Y, 15A
Ceble : HP 81201378

OPTION %04 U.S. /Canada

Line

OPTION 905+ Any sountry

AN

Line 2 Earth Neutrs!
Plug: NEMA 6-15P, 250V, 13A Plug : CEE 22-VI, 250¥
Cabie: HP 8120-0698 Cable: HP 8120~1396
CPTION 506 Switzerland OPTION 512 Denmaerk

/

Line

Keutral
Plug: SABS 164, 250V
Cable: HF 8120-42]1

Neutral
L
&\ / P
\ Eartn Neuttsi
Line e Bartn
Plug: SEV 1011.1958-24507 Type 12, 250V Piug : DHCR 107, 220V
Cable :+ HP 8120-2104 Cable : HP 81202955
QPTIOR 917 India/Republic of S, Africa OPTION 818 Japan
Ground-eerth ‘

Neutsal

Plug: JIS C 8303, 125V, 18a
Cable: HP 8120-4753

(streight, 90 ° ete.).

NOTE: Each option number includes a
family' of cords and connectors of various
materials and plug body configurations

Plug option 903 is frequently used for
interconnecting system compeonents and
peripherals.

Figure 2-2. Power Cables Supplied
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SECTION II

2-23. STORAGE AND SHIPMENT
2-24. ENVIRONMENT

2-25. The instrument may be stored or shipped
in environments within the following limits:

Storage :

Not ineluding the mass storage medium

Temperature 22 % Cto +55°C
Humidity 8% to 80% (RH)
Including the mass strorage medium
Temperature 4°Ct053°C
Humidity 8% to 80% (RH)
Shipment :

Not including the mass storage medium
Tempersature ~40°C to+62°C
Humidity 8% to 80% (RH)

Including the mass storage medium
Temperature -40°Cto+60°C
Humidity B% to 80% (RH)

The instrument should be protected from
temperature extremes which cause condensation
inside the instrument.

2-26. PACKAGING

2-27. CQriginal Packaging. Containers and
materials identical to those used in factory
packaging are available from Hewlett~-Packard,
i the instrument & being returned to
Hewlett-Packard for servicing, attach a tag
indicating the type of service required, return
address, model number, and full serial number.
Also mark the container FRAGILE to assure
careful handling. In any correspondence, refer
to the instrument by model number and full
serial number.

2-28. Other Packaging. The following general
instructions should be used for re-packing with
commereially available materials:

& Wrap instrument in heavy paper or
plastic. If shipping to Hewlett-Packerd
office or service center, attach tag
indicating type of service required, return
address, model number, and full serial
number.

2-4

b.

Model 41458

Use strong shipping container. A
double-wall carton made of 350 pound
test material is adequate,

Use enough shoek absorbing material (3 to
4 inch layer) around all sides of
instrument to provide firm cushion and
prevent movement inside container.
Proteet control panel with eardbosrd.

Seal shipping container securely.

Mark shipping container FRAGILE to
ensure careful handling,

In any correspondence, refer to
instrument by model number and full
serial number,
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SECTION I}

. Kit .
Option Part Number Parts Inciuded Qity
867 Eandle Xit Front Handle 2

5062-3991 Trim Strip 2

Screw &

908 Rack Flange Xit Rack Mount Flange 2
a062-3978 Screw 6

509 Rack Flange & Front handle 2
Handle Kit Rack Mount Flange 4

5062-3985 Screw 6

L

4.

Remove adhesive-backed trim strips (O
from side at right and left front of
instrument.

HANDLE INSTALLATION : Attach front
handle () to sides at right and left front of
instrument with serews provided and
attach trim (¥ to handle.

RACK MOUNTING : Attach rack mount
flange (2 to sides at right and left front of
instrument with serews provided.

HANDLE AND RACK MOUNTING
Attach front handle (3) and rack mount
flange (& together to sides at right and left
front of instrument with serews provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.

2-5



Model 41458 SECTION I

SECTION 1}
OPERATION

3-1. INTRGDUCTION

3-2. This section provides all the information
necessary to operate the Model 41458
Semiconductor Parameter Analyzer. Included
are deseriptions of the front and rear panels,
graphies display, lamps, and connectors;

discussions on  operating procedures end

measuring technigues for typical applications;
and instructions on the instruments self-test
funetion and HP-IB capabilities. A breakdown of
the contents of this section is given In Figure
3~1. Warnings ané cautions are given throughout;
they must be observed to insure operator safety
and continued instrument serviceability.

WARNING

BEFORE THE INSTRUMENT IS
TURNED ON, ALL PROTECTIVE
EARTH TERMINALS, EXTENSION
CORDS, AUTO~TRANSFORMERS AND
DEVICES CONNECTED TC THE
INSTRUMENT MUST BE CONNECTED

TO A PROTECTIVE EARTH-
GROUNDED SOCKET. ANY INTER-
RUPTION OF THE PROTECTIVE
EARTH GROUNDING WILL CAUSE A
POTENTIAL SHOCK HAZARD THAT

- COULD RESULT IN SERIOUS

PERSONAL INJURY.

ONLY FUSES OF THE REQUIRED
RATED CURRENT AND OF THE
SPECIFIED TYPE SHOULD BE USED.
DO NOT USE REPAIRED FUSES OR
SHORTED FUSEHOLDERS. TO DO SO
CAN CAUSE A SHOCK OR FIRE
HAZARD.

CAUTION

BEFORE THE INSTRUMENT IS
TURNED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE {(MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

Basic Operation
{paragraphs 3-3 through 3-44)

Graphies Display
(paragraphs 3-45 through 3-81)

Measurement Basics
(paragraphs 3-82 through 3-99)

Measurement Exempile
(paragraphs 3-100 through 3-109)

Extended Capabilities
{paragraphs 3-110 through 3-164)

* PLOT Function

* PRINT Funection

* HP-IB Capabilities

* External Display

* Dise Initislizing

* Operation System Copy
* Dise Copy

* File Transfer

* Dise Datg Format

Figure 3-1. Contents of Section Il




SECTION I

3-3.
3-4.

PANEL FEATURES

The front and rear panels of the 4145B

are briefly deseribed in Figures 3-2 and 3-3,

respectively.

Detailed mnformation

starting in paregraph 3-5.

I given

Model 4145B
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(D uNE ON/OFF:

Applies ac line power to the instrument

(® SOFTKEYS:

when set to the ON

(==} position.

Removes ae line power when set to the OFF
(ML) position. SELF TEST is performed
each time the instrument is turned on.
After SELF TEST is performed, the start-up
MENVU is displayed.

CRT DISPLAY:

Displays all measurement setups, measure-
ment results, softkey labels, special user
funetions, operator messages, error codes
and messages, and warnings. All displays
can be dumped directly onto an HP-IB
plotter, without a controller, by pressing the
PLOT key If an HP-IB controller,
fluent in HP-GL (Hewlett-Packerd Graphics

Language), is connected, the CRT ean be .

used as an independent graphics display.
Refer to paragraph 3-126 and 3-128 for
details,

These eight keys are used for measurement
setup, parameter selection, and funection
selection. The function of each softkey is
defined by the operating system software
and changes depending on the page
displayed. Softkeys labels are displayed on
the CRT @ in the form of a "softkey
prompt" (SKP). Each time the SKP changes,
the functions of the corresponding softkey
changes. Pressing the EXTN (extended)
displeys additional softkey functions. A
description for each softkey function is
provided in the description of the page on
whieh it appears.

PAGE CONTROL Keys:

These three keys control paging on the CRT
- Refer to peragraph 3-45 for a
description of the PAGE concept.

MENU: When pressed, returns the display
to the start-up menu. Can be used
anytime except during measure-
ment or auto-calibration or other
funetioning.

3~2

Figure 3-2. Front Panel Features (Sheets 1 of 6)
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SECTION I

NEXT: Advances the display to the next
page. Each time this key is
pressed, the instrument checks the
presently displayed page for any
illegal settings, and if it detects
any errors, It displays the
eorresponding error code or error
message and does not advanee to
the next page, or automatically
changes the setiings.

Returns the display to the previous
page. Each time this key is
pressed, the instrument checks the

PREV:

presently displayed page for any.

illegal settings.

MEASUREMENT Keys:

These keys start and stop the measurement.
After alli measurement conditions have been
set and the GRAPHICS PLOT page, LIST
DISPLAY page, MATRIX DISPLAY page, or
SCHMOO PLOT page B displayed,
measurement is started by pressing SINGLE,
REPEAT, or APPEND. Measurement can be
stopped by pressing STOP. Measurement is
a sequential operation consisting of voltage
or current sweep, measurement, and storage
of the measurement result,

When this key is pressed, results
of the previous measurement are
ergsed from memory, the new
measurement is made, and the
results are stored in memory.

SINGLE:

REPEAT: When this key 1is pressed,
measurement is repeatedly made
until STOP is pressed. Resulls
of the previous measurement are
updated during each new mea~

surement,

APPEND: Functions similarly to the
SINGLE key except that results
of the previous measurement ere
not erased from memory of the
CRT. Results of a measurement
made using this key are stored in
the remaining unused portion of
memory and are displayed over
(overlay plot) the previous plot.
Measurement can be made using
this key until "Buffer full" is
displayed.

@

STOP: Immediately stops the measure-

ments,
AUTO SEQ Key:

These keys start and stop the ASP (Auto
Sequence Program) listed on the SETUP
AUTO SEQUENCE  psage. Refer to
paragraph 3-66 for details on Auto Sequence
Programs.

START/STOP: Starts the ASP from line 1.
If pressed during the ASBP,
the ASP stops immediately.
-Onee -stopped, the ASP
cannot be econtinued from
the stop point.

CONT: If the ASP contains g
PAUSE statement, this key
eontinues the program from
the line immediately follow-
ing the PAUSE statement.

INTEG TIME Keys:

These keys are used to select the digital
integration time. When MED or LONG
integration is selected, the integration time
is an integral number of the line frequency
period, eliminating line frequency noise.
SHORT is the initial control setting. The
integration time ean be changed st any
time, even during measurement.

SHORT: Measurement deta s stored
directly into memory without
integration,.

MED: Integration time is set to one line
frequency period. Sixteen
samples are taken at each
measurement point.

LONG: Integration time is set {o sixteen

line frequeney periods. A total of
2568 samples are tgken at each
measurement point.

Figure 3-2. Front Panel Features (Sheets 2 of 6)
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Model 4145B

m-nw FEMCONDUCTON PARMMETER AMALYZEK
Ritn

HP-IB Status Indicators and LOCAL Key:

These four LED lamps—SRQ, LISTEN y
TALK, and REMOTE-indicate the status of
the 4145B when interfaced with a econtroller
via the HP-IB, or connected directly to a
printer/plotter. The LOCAL key, when
pressed, releases the 4145B from remote
(HP-IB) control and enables control from the
front panel. The LOCAL key does not
function when the instrument is set to local
lockout by the controller or in the GL mode.

PLOT and PRINT Keys

The PLOT key is used to dump whatever is
displayed on the CRT directly onto an HP-IB
graphics plotter (e.g., HPT440A), without a
controller. A measurement curve een be
plotted from the GRAPHIC PLOT page by
pressing the green key before pressing the
PLOT key. Plot area can be set from the
4145B's front panel. Plotting starts when
EXECUTE is pressed. Pressing PLOT &
second time stops the plot immediately.
Refer to paragraph 3-94 for more
information on the PLOT function. The
PRINT key functions similarly to the PLOT
key except that a printer is used instead of
e plotter and only alphsnumeric data is
output. If the PRINT key & used to output
the results of a graphic plot, for example,
only the numerie wvalue of each
measuremnent point is printed. Refer to
parggraph 3-96 for more information on the
PRINT function.

BLUE Key and GREEN Key:

These keys are used to access additional key
funetions. Additional key functions are
labeled in blue and green.

BLUE Key: This key is used when
entering comments, varis-
bles, and program names.
Onee this key is pressed
(key indicator lamp onm), it
remains on until pressed
again, When the CHANNEL
DEFINITION page is dis-
played or when & SAVE/GET

operation, COMMENT
operation or PURGE
operation is being

performed, the BLUE key is
automatically set to ON
(key indicator lamp on).

GREEN Key: This key is used when
entering physical constants,
certain special symbols and
when two speecial functions,
CURVE PLOT and
RE-SAVE,are executed. It

., must be pressed each time a
funetion  whieh  requires
pressing the green key is
executed.

3-4

Figure 3-2, Front Panel Features (Sheets 3 of §)



Model 41458

SECTION I

(@D ENTER Key:

This key is used to enter parameter vaiues,
glphanumeric characters, special charac~
ters, and unit indicators displayed on the
Keyboard Input Line (see Figure 3-5) into
the internel display buffer. When this key is
pressed, data displayed on the Keyboard
Input Line 5 moved to the display field
indicated by the field pointer { ) and stored
in the display buffer. Data stored in the
dispiay buffer by the ENTER key can be
recealled (re-displayed on the Keyboard Input
Line) by pressing the RECALL Key Up
to B0 characters can be entered into the
buffer, but only 27 characters can be
displayed at one time. To display the rest
of the buffer contents, use the BACK key or
FORWARD kev.

EXECUTE Key:

This key executes GET, SAVE, RE-SAVE,
PRINT, PLOT, CURVE-PLOT, and PURGE
commands, and arithmetic expressions
displayed on the Keyboard Input Line.

The PURGE command is available
only when the USER FILE
CATALOG is displayed.

Note:

CURSCR Control Keys:

These keys control the positioning of the
field pointer (P) and the long and short
cursors. (They do not control the eursor on
the Keyboard Input Line.)

Field Pointer Control :

Pressing the {3 , &, 3, or B key
moves the field pointer (B) in the
indicated direction. The FAST key

cannot be used for field pointer eontrol,

Long/Short Cursor Control :

Pressing the 3 , {L , {3, or D key
moves the cursor in the indicated
direction. Movement continues until the
key is released. Two direetion-keys can
be pressed simultaneously to move the
cursor diagonally. Pressing the FAST
key in eonjunction with cne or two of the
direction keys, causes the cursor to
move more rapidly.

@

MARKER Control Dial:

This dial controls the marker {(® or *)} on
the GRAPHICS PLOT page. Rotating the
dial elockwise moves the marker from the
sweep start point to the sweep stop point.

AUTO CAL KEY:

This key enables continuous auto-calibration
of the 4145B. The AUTO CAL function is
set to ON (key indicator lamp on) when the
instrument is turned on. Refer to paragraph
3-42 for details.

(@, (8 DATA ENTRY Keys:

These keys are used to enter numeric
values, arithmetic operators, and
engineering units. Data entered with these
keys is displayed on the CRT's Keyboard
Input Line and entered into the display
buffer by pressing the ENTER key @ . An
arithmetie expression entered with these
keys is executed by pressing the EXECUTE
key,

Engineering Unit Keys:

Four engineering units are available~m
(milli, 1673 ), u {micro, 10 ), n (nano, 10-9 ),
and p {pico, 1072 }—for use with the
numeric keys .

Arithmetic Operator and Function Keys:

Nine arithmetic operators and functions are
available—+, -, %, /,/~, A, EEX (scientific
notation}—for use in arithmetie
caleulations. Five additional operator and
functions are available with the alphabetic
(blue) keys : = {(exponentistion), LOG,
LN {(natural log), EXP (natural base), and
ABS (absolute}, The SPACE key is also
included in this key group.

Numeric Keys:

These keys—0 through 9. and decimal
point—are used for entering measurement
parameter values and for making guiek
arithmetic calculations.

Figure 3~2. Front Panel Features (Sheets 4 of 5)
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Model 41458

9 EDIT Keys:

BACK :

DELETE:

FORWARD:

These keys are used to edit data displayed
on the Keyboard Input Line.

Moves the Keyboard Input
Line cursor (..) left one
position. If this Kkey I
pressed while the cursor is at
the left-most position, the
displayed text will move to
the right.

Moves the Keyboard Input
Line cursor (..) right one
position. If this kev is
pressed while the cursor is at
the right~-most position, the
displayed text will move to
the left.

Causes the character at the
position of the cursor to be
deleted. The cursor remains
at the same position and all
fext to the right of the
deleted character moves one
position to the left as each
character is deleted.

RECALL:

CLEAR :

e _;M!mew_“m e Sorisers it o r".:'"m-;...:.::ﬂ TS5 [ v | s
=3[ 10 r‘] L)
—i ? LA -m riI'L_HE}ﬁ
= = =
e, =) !
| == | & @ | =
|| =
| D of seban &
FL Al O30
O = = [ ODEbhEs o
a& '96“ R o O B@ﬂl@;-@ Ll
— N0 \Dobhn ©
i} 3
) 1 Y
® ® OO
INSERT : Causes the character at the

position of the cursor and all
text to the right of the
eursor to move right one
position, leaving a space st
the position of the cursor and
allowing insertion of
additional characters. To
exit from this mode, press
INSERT a second time.

Causes previous entries or
executions to be re-displayed
on the Keyboard Input Line.

Clears all text from the
Keyboard Input Line and
returns the cursor to the

home (left-most) position.

3-6
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USER FILE Keys:

These keys are used to store program or
dats files onto the dise or to recall them.

SAVE: Used to store the existing
messurement  setup, mea-
surement resuilt, or

auto-sequence program onto
the flexible dise. Press
SAVE, enter the file type (P
for & measurement setup, D
for & measurement result, S
for an auto-sequence
program), file name, and
comment (if necessary), and
then press EXECUTE 12.

RE-SBAVE: Used to store, by the file
pames that have been used
already on the micro flexible
dise, the existing
measurement setup
measurement  results, or
avto-sequence program onto
the dis¢c. Press the GREEN
key, then press the SAVE
key, enter the file name, and
comment (if necessary) then
press EXECUTE @ .

Used to recall a measure-
ment setup, mesasurement
resuit, or  auto-sequence
progrem from the flexible
dise, Press GET, enter the
file type (P for & mea-
surement setup, D for a
measurement result, S for an
auto~sequence program), and
file npame, and then press
EXECUTE .

GET

@1 MEASURING Lamp:

This lamp comes ¢n when the 4145B i
measuring, When messurement i com-
pleted or when the STOP key is pressed, this
lamp goes off immediately.

CRT Adjustment:

INTENSITY determines the brightness of
traces displayed on the CRT. FOCUS
adjusts the  writing beam for sharp,
well-defined traces.

MICRO FLEXIBLE DISC DRIVE:

Accommodates a 830K byte, double-sided,
double—density, 3.5 ineh miero flexible dise,
and functions as the 4145B%s mass storage
unit (MSU). The yellow lamp, located on the
left side of the flexible dise eject button,
comes on when the 4145B is storing data on
the dise or retrieving data from the dise.
Refer to paregraph 3-5 for informsation on
proper handling of the micro flexible dise.

Figure 3-2. Front Panel Features {Sheets 6 of 6)
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Voltage Monitor (Vm) Input Connectors:

Two female BNC connectors for input to
Vml and Vm2, Used in applications in which
& user-fabricated test fixture is used. These
connectors cannot De connected to the
16058A Test Fixture. Maximum allowable
input voitage is #20V de.

Voltage Source (Vs) Output Connectors:

Two female BNC connectors for Vsl and
Vs2. Used in epplications in which a
user-fabricated test fixture is used. These
connectors cannot be connected to the
16058A Test Fixture. Maximum output
voltage is £20V de.

SMU Output Connectors:

Four trisxisl connectors for SMUl through
4. Cen be connected to the 16058A Test
Fixture or to a user-fabricated test fixture.
Each connector outputs or measures up to
100V or +100maA.

(¥) COM (COMMON)-GROUND Terminals:

Common (%) and Ground (4) for floating
and grounded measurements. The common
terminal is  tied direetly to the
outer-conductor of the ¥m () , ¥s(2) , and
SMU (@) connectors; the ground terminal is
tied directly to the instrument chassis. For
grounded measurements, these terminals
must be intercomnected using the shorting-
bar. For floating measurements, disconnect
the shorting-bar.

WARNING

A POTENTIAL SHOCK HAZARD
MAY EXIST WHEN COMMON IS
NOT CONNECTED TO GROUND
{SHORTING-BAR DISCON-
NECTED). DO NOT,
REGARDLESS OF THE OUTPUT
VOLTAGE, TOUCH THE
COMMON TERMINAL OR
QUTER CONDUCTOR OF THE
SMU, Vs, OR Vm CONNECTORS
DURING A FLOATING
MEASUREMENT (SHORTING~-
BAR DISCONNECTED).

3-8
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(5) FILTER Switeh: (8) LINE VOLTAGE SELECTOR Switches

This switch determines the measurement
integration time, to reduce the effects of
line~frequency noise. Set this switeh to the
frequeney of the ac¢ power sourece.

System Ceble Connector:

Twenty-four pin connector for inter-
eonnection between the 16038A  Test
Fixture snd the 41458, Vsl, Vs2, Vml, Vm2,
and the [fixture-lid-open detector are
eonnected to this connector. When the
18058A is not used, this connector should be
terminated with the furnished
shorting-termination if voltages exceeding
+42V are to be output. '

WARNING

WHEN THE SHORTING-
TERMINATION 18 CONNECTED
TO THE  SYSTEM CABLE
CONNECTOR, THE  4145B'S
PROTECTIVE CIRCUIT s
DISABLED. VOLTAGES AT THE
SMU AND Vs OUTPUTE CAN
REACH 100V  AND 220V,
RESPECTIVELY. Do NOT
TOUCH THE POINT OR POINTS

AT WHICH THE SMUS OR
VOLTAGE SOURCES ARE
CONNECTED.

LINE FUSE Holder:

The 41458's power-line fuse is installed
in this holder.

100V/120V operation:
2.5AT, 250V (HP P/N: 2110-0015)

200V/240V operation:
1.25AT, 250V (HP P/N: 2110-0305)

These switches select the appropriate ac
operating voltage. Seleciable voltages are
106V/120V+10% and 220V:10% / 240V+5%
~10% (48 - 66Hz). Refer to paragraph 2-5.

LINE Input Receptacle:

AC power cable is connected to this
receptacle. Refer to paragraph 2-5,

HP-IB Control Switeh:

This switeh sets the 4145B's HP-IB address
{6 - 30), data output format (COMMA or
CR/LF), and interface capability (EQOI ON
or OFF). Specific informstion on this
switeh is given in paragraph 3-118.

HP~IB Connector:

Twenty-four pin connector; connects the
41458 to the HP-IB for remote coperations.
Also used to connect a printer/plotter.

External CRT Qutput Connectors:

Three BNC {f) eonnectors for connection
to an external X-Y-Z displey. Refer to
paragraph 3-142.

Figure 3-3. Rear Panel Features (Sheet 2 of 2)
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3-5. MICRO FLEXIBLE DISC HANDLING

3-6. One system disc i furnished with the

41458, The system dise contains the 4145B, and

573k bytes of user area. Precautions on handling

and storing the Micro Flexible Dises are given

below.

1. Make sure the shutter is closed when the
disc is not in use.

2. Store dises in a eciean, dry, fireproof
cabinet. Do not expose to direet sunlight,
extremes of temperature or humidity, or
magnetic field,

3. Do not touch the exposed surface of the dise.

4. Use a soft felt tip pen to label your dise,
and be careful to write only in the label
aresg.

5. Do not try to elean the dise.

Note

There is always a chance of losing dise
data. The best protection against data loss
or system dats loss is frequent back up of
your files. Refer to paragreph 3-144
nitinlizing Dise, 3-146 COperating System
Copy

Model 41458

Precaution on inserting and removing the Micro
Flexible Dises are given below.

6. Insert the dise with the metal shuiter
toward the drive and the metal centering
hub down. Carefully slide the dise into the
drive until you feel it contact the rear of
the drive. Continue pressing the dise until
it is pulled down into the drive.

7. TRemove the disc by depressing the dise
ejeet button that is located at under right of
the dise drive and pulling the disc straight
out. Make sure the shutter is closed before
storing the dise.

The procedure to follow when write-protecting
the dise i shown in Figure 3-4.

3-7.

CRT DISPLAY

3-8.

The 41458 is equipped with the HP Model 1345A
Digital Display. Usesgble display area on the
CRT is shown in Figure 3-5. Operator
adjustments are given in Figure 3-6.

information on the disc.

& Write protecting ensures that the disc drive cannot write over or delete

® Write-protect discs that contain valuable programs and data,

0Tk

TO WRITE PROTECT THE DISC,
SLIDE THE PLASTIC BUTTON DOWN.

TO WRITE DATA TO THE DISC,
SLIDE THE PLASTIO BUTTON UP.

Figure 3—4. Write Protecting

3~10
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The CRT i sectioned into five aress, as shown in
the figure. Description for each ares is as follows:

@ Page Display Area:
The instrument's various pages are displayed in
this area. When the PLOT key is pressed, only
this area is cutput to the plotter.

@ Command Display Area:
The SAVE, RSAVE, GET, PLOT, CPLOT,
@ PRINT and PURGE commands are displayed in

@ this gres, _

@ Keyboard Input Line:

All keyboard (front panel} entries are displayed.
in this ares. Up to 60 characters can be
entered but only 27 can be displayed. To edit
the displayed characters, use the BACK,
FORWARD, DELETE end INSERT keys. When
the RECALL key is pressed, the previous entry
Is re~—displayed.

®|©@

@ System Message Line:
Displays instructions, error messages, and error
codes. When the instrument is turned on,
instrument status is displayed.

@ Softkey Prompt Display Area:
. Displays Softkey Prompts (SKP).

Note

2 3 and 4 are erssed by pressing the
CLEAR key.

Figure 3-3. Useable Display Area

CRT intensity and foeus adjustment. (Requires a
small flat-tip serewdriver.)

SL450 BALICONDUTION BREALETIN AMALYIRR
wEme ATt BAEARRE

(1} Turn on the 4145B. The MENU page will be
displayed on the CRT.

{2}  Press the EXTN softkey and the DIAG softkey.
=0,

(3) Press the GDU TEST softkey. Display will be
as shown in the figure.

(4)  Adjust INTENSITY (2) until all three lines
(e@ﬁh line has a different intensity) are visible.

K}
wie
|ji

U
Cii
i
©

T= T1—() () Adjust FOCUS (3) until the corners of the
displaved trace are sharp.

(6) Press the MENU Kkey.

Figure 3-6. Oprerator Adjustment
3-11
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3-9. SELF TEST

3-10. The 4145B is equipped with an automatic
self-diagnostic function that is initiated each
time the instrument is turned on to confirm
normal operation of the instrument's basie
funretions. The SELF TEST can also be initiated
from the DIAGNOSTICS page or via the HP-IB.
When SELF TEST is performed at instriment
turn-on, the five tests listed in Table 23-1 are
automatically performed. If the instrument is
operating normally, the MENU page wil be
displayed when the SELF TEST is completed. If
an error is detected, an error code will be

displayed on the CRT. When SELF TEST is.

initiated from the DIAGNOSTICS page or vig the
HP-IB, only two tests are performed (MPU test

and SMU test)., If the instrument fails the SELF

TEST, contact the nesrest Hewlett-Packard
Service Office (see list at back of this manual).

Model 41458

3-11. ERROR MESSAGES/ERROR CODES

3-12. Error messages and error codes are
displayed on the System Messege Line of the
CRT whenever an ilegal operation or
out-of-range measurement is made, or whenever
an internasl ecircuit fails. Error messages and
error  codes related to operator errors (not
instrument failure) are listed in Table 3-2 and
3-3, respectively. Error codes related to
instrument failure are listed in Teble 3-4. If the
instrument displays one of the error codes listed
in Teble 3-4, contact the nearest Hewlett-
Packard Sales/Service Office.

Note

One of the error codes listed in Table
3-4 may be displayed if the instrument
is turned on after experiencing an
extreme change of ambient
temperature. In this case, allow the
instrument to fully warm up (ignore the
displayed error code), and then turn it
off and on one time,

Table 3-1. 4145B SELF TEST

Test Name Deseription

MPU test Checks the basie funetions of the MPU (Microprocessor Unit) by cheeking
four ROMs (Read-Only Memory) and sixteen RAMs (Randam-Access
Memory).

GDU test Cheeks the functions of the GDU (Graphies Display Unit).

MSU test Cheeks the MSU {Mass Storage Unit: Miero Flexible Disc Drive and Disc).

HP-IB test Cheeks ali HP-IB interface capabilities.

SMU test Cheeks the basic functions of the four SMUs.

312




Model 41458

SECTION III

Table 3-2. Error Messages (Sheet 1 of 2)

Error Message

Meaning

Correective Action

No source An SMU that has been assigned If the source mode is COMor V, enter &
name g source mode (COM, V,or I) source name in the V column; if the
has not been assigned a source mode is I, enter a source name
corresponding V or I source in the I column.
name,
Duplicate Two or more channels have the Re-assign the channel names.
name same neme,
fliegal VAR, VARIL, or VARZ is speci- Specify VARL, VAR, and VARZ2 only
funetion fied more than once. onece.
VARI and VAR!' are not in the Set VARI] and VARL' te the same source
same source mode. mode.
Overflow Number of steps for VAR] Change the value of START/STOP or STEP.
exceeds 1024.
An attempt was made to input Enter & value that is within specified
a value that is outside limits.
specified limits.
No name No name is entered in the Seleet a name from those displayed in
NAME field on the MEAS/DISP the softkey prompt ares.
MODE SETUP pege.
No monitor No monitor channel name i Seleet & monitor channel name from
channel entered in the NAME field on those displayed in the softkey prompt
the MEAS/DISP MODE SETUP areg.
page, or the neme entered in
the NAME field cannot be
used as a monitor channel
name.
Niegal LOG Sweep: START and Change one of the signs.
set up STOP (MIN
and MAX)
values have
different
signs.
Current value is too high Change the ewrrent (I) value setting.
because source mode has
been changed from Vto L.
INTERVAL or NC. OF RDNGS Enter correct value:
for & time domain measurement Up to 10s for INTERVAL and from ] to 1024
is set to 0. for NO. OF RDNGS,
Duplications on the OUTPUT Rearrange the output sequence.
SEQUENCE SETUP page.
Buffer full Measurement data exceeds the Data buffer capacity is 1024 measurement

eapacity of the deta buffer.

points for a single sweep, or up to 1150
{depends on the number of monitor
channels used, VAR? steps and the number
of times APPEND is used) in other cases.
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Mode! 4145B

Table 3-2. Error Messages (Sheet 2 of 2)

Error Message

Meaning

Corrective Action

Syntax error

An lllegal name was entered in
a GET, SAVE or RE-BAVE
eommand.

The first character of a file neme must be
alphabetie, and all succeeding characters
must be alphanumerie.

PLOT area is not specified,
contains one or more alpha-
betic characters, or is miss-
ing coordinate delimiters
{comma or space).

Re-enter the PLOT ares correctly.

Dlegal file type.

Use P, D, or S for the file type.

Busy Auto ealibration is being per- Auto calibration is performed every 5
formed. minutes,
No data PRINT Key was pressed with no Perform & measurement,
measurement data in the data
buffer,
Printer/ No printer or plotter is con- Conneet the printer or plotter,
Plotter is nected to the instrument, or
not the printer or plotter is not
connected set to LISTEN.
Not The dises used in the copy Copy the Operating System onto the
compatible operation have different sys- the llegal disc or turn into the Data
tem labels, or one of the Dise.
dises is not 8 4145B useable
dise,
Close the The fixture lid is open at the Close the lid or change the setup. Make
fixture 1id start of a measurément exceed sure the system ecable is properly con~
+42V or 1id is open during nected.
the User Mode {See Fig. 52).
Output The fixture lid was opened Close the fixture lid and make the mea-
disabled, during & measurement in which surement again. Do not open the fixture
elose the the output voltage may exceed 1id during measurement. Make sure the
fixture lid £43V., ~ system cable is properly connected.
Emergency Qutput was shut down to pre- Make sure the setup and all connections
vent SMU damage. are correet.
Recovered Indicates that there was a mo~ When & power loss occurs during measure~
from power mentaly power loss. ment, output is shut down. Press MEA-
down SUREMENT key to continue the measure~-

ment.

Step overflow

NO OF STEPS for VARIL
exceeds 1024.

Change START value, STOP wvalue, or
STEP vaiue.

Dissbled
funetion

A dissbled softkey was
pressed,

The softkey cannot be used in the
existing measurement setup.
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SECTION I

Teable 3-3. Operationail Error~Codes (Sheet 1 of 2)

Display Meaning

Error E01 Arithmetic operator (-, +, /, *} or parenthesis is required.

Error E02 E?(ECUTE was pressed with no executable text on the Keyboard Input

ine.

Error E03 Object buffer overflow.

Error E04 Improper #{delta} operation.

Error E05 User funetion is used in the expression. (User function cannot be used in
an arithmetic expression.}

Error E0§ No variable or constant following an arithmetic operator.

Error EQ7 Arithmetic expression contains an undefined variable,

Error E08 Too many signs or parentheses.

Error E09 Constant value is too large.

Error 101 Stack Register overflow.

Error 102 Improper caleulstion was attempted. For example, the divisor is zero.

Error 103 Insufficient data.

Error MO2 Dise is not inserted or is not correctly inserted.

Error MO3 The dise is write protected.

Error MO04 Niegal file name or file type.

Error MUO5 The file name specified in the SAVE command has already been reserved
for the specified file type.

Error MO6 Number of total files exceeds.

Error MOD7 Number of total records exceeds.

Error M08 User area may be lost. Copy immediately onto another dise.

Error M19 The disc was not initialized for the 4145B.

Error M20 INITIALIZE failed. Too much bad tracks found, The disc is defective, damage,
or dirty,

Error M22 The dise is not System Dise. Insert the System Disc.

Error Z01 The program specified by the GET command in the auto-seguence
program contains an error. Press CONT to perform the next step of the
guto-seguence program.

Error 202 The SINGLE command can be executed from the GRAPHICS, MATRIX,

LIST, or SCHMOO page only. Press CONT to perform the next step of
the auto-sequence program.
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Table 3-3. Operational Error-Codes {Sheet 2 of 2)
Display Meaning

Error Z03 PLOT or PRINT was performed by the auto-sequence program but no
printer/plotter is connected to the 41458 or the printer/plotter is not set
to LISTEN. Press CONT to perform the next step of the auto~ sequence
prograf.

Error Z04 The test fixture lid is open during an auto-sequence prograin in which the
output voltage may exceed +42V. Press CONT to perform the next step
of the auto- sequence program,

Data Errors Dependihg* on the number of channels used in the measurement, up to six

2-digit numbers are displayed, in the format shown below, whenever the
measurement cannot be performed correetly.

Error DXX XX XX XX XX XX

Here, XX is a 2-digit number which represents channel status. The
left-to-right order in which the 2-digit error codes appear corresponds to the
order in which the channels are assigned on the MEAS/DISP MODE SETUP
page. Also, the number of 2-digit error codes that appear is identical to the
number of channels used in the measurement. The left digit of XX is
hexadeecimal and must be converted into & 4-digit binary number, as described
below. The right digit is decimal and requires no conversion. Also, zero
Ieans no error.

AX

Stack register overflow

Caleulation error.

Insufficient data for 4 measurement

Undefined user-function

INTERVAIL in a time domain measurement is too short.
Complete measurement data cannot be stored before the

next measurement begins.

e 2s e

LTI Y

Q0 ~3 L0 B

Convert hexadecimal number into binary.

L A/D converter saturated.
- Qsecillation
i e Qther channel has reached compliance limit.
‘This channel has reached compliance limit.

Channel correspondence is shown below:
GRAPHICS PLOT:

Error DXX XX XX
X axis Y1 axis Y2 axis

LIST DISPLAY:

Error DXX XX XX XX XX XX
st 2nd 3rd 4th 5th  6th

MATRIX DISPLAY, SCHMCO PLOT:
Error DXX
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Table 3~4. Hardware-Related Error-Codes
- Display Meaning

Error P06 The ROM (Read Only Memory) is not functioning properly.

Error P81 - P05 One of the ten RAMs (Ramdom Aeccess Memory) is not functioning

Error PO7 - P11 properly.

Error P21 and P22 MPU's (Microprocessor Unit) peripheral circuit is not funetioning
properly.

Error M08 - M22 MSU (Mass Storage Unit : Flexible Disc and drive) i not
funetioning properly. Try another disc.

Error A0l SMU controlier is not functioning properly.

CHAN (11!DOWN !I1)
CHAN (XX,XX,XX,XX) SMU itself is not functioning properly. (XX shows SMU number

and error code. Refer to Fig. 3-22.)

Note

If a momentary power loss occurs, the 4145B' display may go blank. To recover,
turn off the instrument, wait & few seconds, and then turn on the istrument.

Note

The 4145B will function properly even though error M13 or M14 is displayed.
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3-13. INITIAL CONTROL SETTINGS

3-14. To facilitate operation, the instrument is
asutomatically set to the following initial control
settings each time it is turned on :

Front Panel Controls

MEASUREMENT Keys sseeeees OFF
AUTO SEQ Keyseesssrsessssnese OFF
INTEG TIME keys eeseesevers. SHORT
PLOT/PRINT Keys «=-e- reeeeee OFF
AUTO CAL Key reereeersrarsrse ON
BLUE Key wirssescssseneresssnsesss OFF

Internal Setup :

CRT Display sessrssssencsssssasss MENT
Page
Measurement Program seesse GENL
{see note)
PLOT AreaOnto--nolloonnqooontcnr. Lower lef‘t
{for external plotter) (200,200)
Upper
right
(7400,4800)
Note

The system dise contains four different
application programs, of which GENL is
one. Refer to paragraph 3-88 for
details on the furnished applications
programs.

All data stored on the dise is retzined; that is,
the dise is not erased when the instrument i
turned off.

3-15. USER-AREA FILING OPERATIONS

3-16. The 41458 uses & 3.5 inch, double-sided,
double-density micro flexible disc as the storage
medium for its MSU (mass storage unit). The
system dise furnished with the 4145B contains
the necessary operating system software, four
general purpose measurement programs, and
enough user area for 2178 records. Up to 240
files can be stored in the user-area.

Note
A record B the minimum unit for
storage on the dise. A file consists of

4, 5, or 23 records, depending on the
file type.

3-18
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Three types of files cen be stored in the
user-grea :

1. Messurement program files—file type P:
Specifying file type P in the SAVE or
RE-SAVE eommand reserves 5 records on
the dise and stores ‘the existing
measurement setup (channel assignments,
parameter settings, graphic secaling, output
sequence, ete.) at the reserved 5-record
location.

2. Measurement dats files—{ile type D1
Specifying file type D in the SAVE or
RE-SAVE command reserves 23 records onh
the disc and stores the measurement setup
end measurement results (GRAPHICS, LIST,
MATRIX, or SCHMOO) at the reserved
23-record loeation.

(=]
.

Auto-sequence program files—{ile type S:
Specifying file type § in the SAVE or
RE-SAVE command reserves 4 records on
the dise and stores the existing
auto-sequence program at the reserved
4-record loeation.

For more information on f{ile types, number of
records used, ete., refer to Figure 3-32, 4145B
FILE CATALOG Page.

Four filing operations—SAVE, RE-SAVE, GET
PURGE sand PURGE ALL~can be performed
from the front panel. Esch & deseribed below :

SAVE:

Used fto store the existing measurement
setup (except INTEG TIME, AUTO CAL, and
softkey functions), the existing
auto-sequence program, output seguence
setup, or the measureiment results. SAVE
ecanpot be used when the dise s
write-protected. Before saving 8
measurement setup, a page check must be
performed (refer to paragraph., 3-48). To
SAVE & file, press the SAVE key (SAVE will
appesr on the Keyboard Input Line of the
CRT) and input the file type (P, D, or S) and
file name. The file name can contain up to
six eharaeters, of which the first must be
alphabetic and the last five must be
alphermumerie.

RE-SAVE:
Used to store the measurement setup, the
auto-sequence program, output sequence
setup or measurement results by the file
name that already exists on the dise,
Follow the same procedure descrebed for
the SAVE operation.
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The delta (4) funetion can be wused in user-
function definitions or for keyboard ealculations
on the GRAPHICS, LIST, MATRIX, or SCHMOO
page. In the latter case the value returned by
executing A A {where A is the name of one of the
source or monitor channels depends on the
location of the marker (GRAPHICS page} or
cursor (MATRIX, LIST, and SCHMOO pages)
Here, A A is calculated as half the difference
between the values of A above and below the
cursor {marker) location. In equation form

AL - A

4A = ——

where AL is the velue of A at the measurement
step following the cursor (marker) position and
Az is the value of A at the measurement step
preceeding the cursor {marker) position.

Khern A is the first or last position of the marker
(GRAPRIC page) or cursor MATRIX, LIST, and SCHMOD
pages), AA is caiculated as follows,

Ap==p, A for the first position A, where A, is
the value of A at the measurement step
following the marker {cursor) position,

Ajp==A_A; for the last position A, where A, is the
value of A at the measurepent step pre—
ceding the marker {(cursor} position,

Note

Pelta (A} is not avaliable for an arithe-
metic operations listed in Table 3-5.

The result of the arithmetic funetion
may include a rounding error. :

3-20. Source and Measurement Channels

3-21. The 431458 is equipped with eight channels for
device stimulus and seasuresent, Channels 1 through
4 are Source/Monitor units (SMUs}, channels 5 and 6
are voltage sources (VS and ¥S2), and channels 7
and § are voltage monitors (Val and Va2). Refer to
Pigure 3-8. By correctly combining and setting up
the source and measurement chanmels, a wide range of
seniconductor devices can be measured, The SHUs are
described in paragraph 3-24; the voltage sources and
voltage monitors, im paragraph 3-26.

SECTION I

CONYROL. SECTION
H
4
<
-

_J"““ ¥m2

Source and Mesasurement Channels
of the 41458.

Figure 3-8.

3-22. Protection against Hezardous Voltage
Exceeding 42V

3-23. To inure operator safety, the 4145B is
equipped with & high voltage deteet cireuit that
shuts down the SMUs and voltage sources when a
potentially dangerous condition exists. If the lid
of the 16058A Test Fixture is not closed at the
start of a measurement in whieh there i a
possibility thar the voltage out put from at least
one SMU will equal or exceed £42V, or if the lid
is opened during such & measurement, the
measurement will be aborted as if the STOP key
had been pressed.

A switeh inside the 16058A Test Fixture detects
whether the fixture 1id is open or closed. When
the lid is closed, the switech connects the
OPEN/CLOSE line of the system cable to
ground, allowing the output voltage from any or
all of the SMUs to exceed +42V. When the lid is

-open, however the OPEN/CLOSE line is open
“eifrcuited, limitting output voltage to +42V

When the 4145B is used for an application that
does not require the 16058A Test Fixture, the
Shorting Connector (P/N 04145-61623, furnished
with 4145B) should be econnected to the system
eable comnector on the 4145B's rear panel. The
Shorting Connector grounds the OPEN/CLOSE to
allow maximum ocutput from the SMUs.
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3-24. Source/Monitor Units SMU)

3-25. A simplified circuit diagram of one of the
four SMUs is illustrated in Figure 3-9. Each
SMU can be set up to function as a voltage
source/current monitor, eurrent source/voltage
monitor, or source common by specifying source
mode Y, I, or COM, respectively, in the SOURCE
MODE field on the CHANNEL DEFINITION
page {see Figure 3-23), OQutput voltage
(SOURCE MODE V} and output current (SOURCE
MODE 1) can be held constant or can be swept
(linearly or logerithmically) by specifying source
funetion CONST or VARI], VARI, VARZ,
respectively, in the SOURCE FCTN f{ield on the
CHANNEL DEFINITION page. When the source
mode is COM, source function is automatically
set to CONST. Refer to paragraph 3-34 for
details on swept mesasurements.

Output in either SOURCE MODE is internally
Iimited to 2 watts on each output range. Refer
to Table 3-6 for range limits, range resolution,
and output limits. Figure 3-10 graphically
fllustrates the specifiable voltage/current out-
put. Voltages and currents enclosed by the bold
line cen be specified.

Output veltage and current, sweep mode {linear
or log), START, STOP, STEP, and COMPLIANCE
for each SMU sare specified on the SOURCE
SETUP page (see Figure 3-24).

Note

1) Range change is
automatically.

performed

2) If the Current Source ean't output
specified current, output voltage
inereases wup to its  voltage
compliance.

3) If a voltage exceeding 100V is
applied to the SMU, 198,99V may be
displayed as the measurement result,

Model 4145B

3-26. Voltage Sources (Vs) and Voltage Monitors
(Vm)

3-27. Simplified circuit diagrams of the voltage
sources (Vs) and the voltage monitors (Vm) are
shown in Figures 3-11 end 3-12, respectively.
Qutput voltage from each Vs ean be held
constant or can be swept (linearly or
logarithmieally) by specifying source funection
CONST or VARIL, YAR', VAR?, respectively, in
the SOURCE FUNCTION fielé on the
CHANNEL DEFINITION page (see Figure 3-23).
Refer to parapgraph 3-34 for details on swept
measurements. Maximum output voltage is +20V
with 1mV resolution.

Up to #20V can be measured by the wvoltage
monitors. There are two measurement ranges :
20V and 2V. Resoluticn for eseh range is 1mV
end 100V, respectively.

3-28. Measurement Ranges and Resolution

3-29. The 4145B measures de voltage and
eurrent with the voltage monitor function of
each SMU, the current monitor function of each
SMU, and the voltage monitors {Vm). The
mesasurement ranges and resolution for the SMUs
&nd voltage monitors are shown in Figure 3-13.

Kote

YAR] outputs ail sweep steps at the lowest
range that includes START and STOP, except
for I log sweeps, VAR1 for I log sweeps
and VAR? output each sweep step at the
lowest range that includes sach sweep step
value,

CONST outputs at the lowest range that

includes the specified value,

Voitage Source

Current Monitor

AH—(2)
i + - v
M Source Mode
com . L\ < SMU OUT

Current Soyrce

COMM ON é

Voltoge Monitor

Figure 3-8, Simplified Cireuit Diagram of One of the Four SMUs.
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Table 3-6. SMU Source Ranges

Source Mode Range Resolution Maximum Qutput
+20V Imv 100mA
V +4QV 2mV S50mA
+100V Smy 20mA
tinA IpA
+10nA 10pA
+100nA 100pA
+luA InA
+10pA 10nA 100V
I +1G0VA 10004
+1mA 1A
+10mA 10pA
- 20mA
£100mA* [ 50ma 100uA 0v
1G0mA 20V

X
°

The 100mA range consists of three subranges.

Curran? {mAl
{e3a]
izl
]
SN S
| 1 ;
b L
-85 ELRE T ENEE 790 Voitegeiv)
1 1
1 ....L......:%’.Q..::.._‘
| |
i i
I S
=20 CAUTION
NEVER APPLY VOLTAGE OR
CURRENT EXCEEDING LIMITS

SHOWN IN THIS FIGURE,

Figure 3-10.

Specifiable Voltage/Current Qutput.

SECTION mI
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Voitoge Source Voltage Monitor

J7 i} —< Vs QUT é @ < Vm IN

Figure 3-11. Simplified Cireuit Diagram of Vs. Figure 3-12. Simplified Cireuit Diagram of Vm.

. SMU's Voltage Monitor (0V, £1mV to £100V, 3 ranges)

Range-~1 smv 100V

Range-2 2mv 40v

Range~3 imV 20V (Includes OV)
lmv 10mV 100mV v iov ooV

Note: The SMU voltage monitor range is auto matically set to
the lowest range that includes the specified COMPLIANCE

b. Voltage Monitor (Vm} {0V, £0.1mV to £20V, 2 ranges)

Range-~1 imv 2.04V 20V

42.1V (includes 0V)

Range-2 0.imV i

i !

0.1mV 1my 10mV 100mv v 10V 20V

Figure 3-13. Measurement Ranges and Resolution.
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SECTION I

¢. SMU’s Current Monitor (0A, =0.05pA to x105mA, Sranges)

Range-1

Ranye-2

Range-3

Range-4

Range-5

Range-6

Range-7

Range-8

Range-9

0.05pA -

SuA 10. 20 F 2 1105mA

500nA 1.02mA 10. 5mA

50nA

5nA

500pA 1.02uA 10.5uA

50pA 102nA

SpA 100.5nA
> Auto ranging
0.5pA .02nAE =510, 5nA s
1.05nA {0A is included)
0.05pA 1pA A TUA A 105mA

Note: The maximum range in auto ranging mode is the
Towest range that includes the specified COMPLIANCE.

Figure 3-13. Measurement Ranges ané Resolution.
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3-30. Resolution and Format for Displayed Dats
and Data Qutput

3~31. The 4145B manipulates the raw data with
user functions (to calculate HFE or GM, for
example) or analysis functions, sueh as; Marker,
Cursor, and Line.

Display resolution may differ depending on the
mesasurement resolution because of errors
inherent in the digitel data manipulstios. The
data is stored using a 3-byte 2's complement
format (one byte has 8 bits; the first byte s for
the exponet, the second and third bytes are for
the mantissa). Therefore, the display resolution
may be higher than that given in the
specifications because of the conversion from 2%
complement to deeimal format. The number of
output/ display digits and the display format are
listed in Tables 3~7 and Figure 3-14.

Table 3-7. Number of Qutput/Display Digits

Model 41458

Display Digits and Format

Qutput/Dispiay Functions Voltage Current User Function
Digits| Format | Digits | Format | Digits | Format

Marker/Cursor in GRAPHICS Display
LIST Display 3 C
MATRIX Display 5 a 4 b
Cursor in SCHMO0 Display
PRINT Function
HP-IB Data Output e 5 e net availabie
Keyboard Execution 4 d 4 d

Line in GRAPHILS Display

3 Digits, Format: ¢
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SECTION III

a. Voltage Dispiay Format (5 digits, Min. = 0.ImV)

[v] < 1ov sp.nnnnV
10V < |V] <100Y | san.nnnV
Iv] = 100V sann.nny

s: Pclarity (blank or ".")
n: Kumeric (0 to 9)

.: Decimal point
V: Unit {volt)

b. Current Display Format (4 digits, Min. = 0.05pA)

A1l currnet values

sdddddu A

e = T = @
. e . N

Engineering unit
Unit (Ampere)

: Polarity (blank or "-"}
Numeric {0 to 9) or dicimal point

{

"mU’ IEUH, Hn!I, Or Ilpll)

¢. User Function Display Format {3 digits)

1.00 < [Mantissa| < 99.9

sdddnE+mm

100 < |Mantissal <

snnntimm

o] ['11

s: Polarity (blank
d:
n
E

Numeric ("0" to

: Numeric (0" to
: Exponent

2-digit exponent({Engineering notation,
multiples of 3, from -3% to +36)

999

Gr II-!I)
"8y or
“9")

decimal point

d. Display Format for Keyboard-Executed Caiculationms

A11 variable values

5

ddddnitm

Designations are the same as those of format c.

e. HP-IB Data Qutput Format (5 digits)

A1l variable values

s

ndddnnE+nmm

Designations are the same as those of format c.

Figure 3-14. Display/Output Format.
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3-32. COMPLIANCE

3-33. To prevent over-voltage or over-current
damage to the device under test, several levels
of output protection, termed COMPLIANCE,
have been incorporated into the 4145B. The
maximurm output eurrent from an SMU operating
In SOURCE MODE V (voltege source/current
monitor} can be specified by entering the desired
limit in the COMPLIANCE field of each source
channel on the SOURCE SETUP page. Similarly,
the maximum output wvoltage from an SMU
operating in SOURCE MODE I (current
source/voltage monitor) ean be specified.
Maximum specifiable eompliance depends on the
voltage or current range at which the source
channel is operating. Refer to the Maximum
Output column in Table 3-6. Setting resolution
for eurrent and voltage complisnce is 50pA and
ImV, respectively. When an SMU is operating in
SOURCE MODE COM, its current compliance is
automnatically set to 105mA and ecannot be
changed.

If a source channel reaches compliance during
measurement, an error code (see Table 3-3) will
appear on the CRT. Measurement data obtained
prior to this point is valid, but measurement data
obtained after compliance is reached may not be
valid. The reason for this is that once a source
channel reaches compliance, it tends to act as a
constant source. Consider, for example, an SMU
that & set to SOURCE MODE V (voltage
source/current monitor) and SOURCE FCTN
VAR (variable voltage source). START voltage,
STOP voltage, and COMPLIANCE are 0V, +20V,
and 10maA, respectively, Also, assume that the
device under test has a resistance of 1000 ohms.
When the measurement is started, the SMU will
be begin sweeping its output voltage toward
+20V. But when the output voltage reaches
+16V, the current through the device under test
is 10mA. Compliance has been reached. The
SMU will continue to try to sweep towsrd the
+20V STOP voltage, but because the current
through the device under test is now constant at
10mA, the voltage across it must be constant at
+10V.

The specified compliance is valid for positive
and negative values, regardless of the polarity
specified in the COMPLIANCE field; that is,
specifying a current compliance of, say, 40mA,
as in Figure 3-15, is valid for +40mA and
-40mA. Output currents greater than x40mA
(shaded aress in Figure 3-15) are not possible.
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Current{mA}

Output
Area

Note :

Do not set the SMUs voltage
compliance too high {I mode) or the
current compliance teo low {V mode),

Figure 3-15. Voltage/Current Output Specified
by the COMPLIANCE
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3-34. SWEEP MEASUREMENT

3-35. Output from the SMUs and voltage
sources (Vs) can be swept in & staircase manner,
as shown in Figure 3-16, by specifying VARI,
VAR, or VAR? in the SOURCE FCTN field on
the CHANNEL DEFINITION page. The
maximum number of source channels that can be
swept is three. VARI, VAR, and YVAR?2 can be
specified only once on the CHANNEL
DEFINITION page and VARI' ecannot be
specified without VARI. VARI, VAR1', and
VARZ2 are described in paragraph 3-36.

Sweep setup i made on the SOURCE SETUP
page by selecting the SWEEP MODE and entering
the desired START, STOP, STEP, DELAY, and
HOLD values. Each sweep parameter is
described below:

START: Voltage or current value at which
sweep begins

STOP: Voltage or current value at which
sweep stops

STEP: Sweep incremental or decremental
value. Csan be specified in LINEAR
SWEEP MODE only.

SECTION 11

DELAY: Wgit time before meesurement is

made at each step (softkey funetion).

HOLD: Wait time before sweep begins (softkey
funetion).

SWEEP MODE:
LINEAR or LOG. In LINEAR mode,
output is swept linearly in accordance
with the specified STEP value. In LOG
mode, output is swept logarithmically
at 10 steps, 25 steps or 50 steps
(selectable with softkeys) per decade.
LOG ecannot be speeified for VARSZ.
Refer to paragraph 3-37 for further
details on LOG sweeps.

The above sweep parameters are for VAR! only.
Sweep parameters available for VARZ2 are
START, STEP, and NO. OF STEPS. Sweep
parameters available for VARI1' are OFFSET
(specifiable in linear sweep mode only) and
RATIO, both of which are softkey funetions.
Also, when displaying measurement results on
the GRAPHICS page, either LINEAR or LOG
sealing can be specified on the MEAS/DISP
MODE SETUP page, regardiess of the SWEEP
MODE of VARI.

Qutput volrage
or current

* (Calibration is
performed every 5 min.
when AUTO CAL ison.

o e — it e

“Maasurement Time

Stop Voilve e v m — e e ———
o [ S
e o] Swmp valye
\JCatitration
Time
Start Volue + — Detay Time
\. T=Delay Time
Heoid Time
¢ !
st 2nd

meéusurement mediurernent

Time

Figure 3-16. Staircase Sweep Output
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3-36. Of the six source channels (four SMUs,
two voltage sources), three can be swept by
specifying VARI, VARI', or VARZ in the
SOURCE FCTN field on the CHANNEL
DEFINITION page. The remaining three source
channels are either "not used” or are set to
CONST source funetion. The VARI source
channel is the main sweep channel and VAR? and
YAR!' are VAR] dependent, as shown in Figures
3-17 and 3-18, respectively, and as described
below : '

VAR2 (subordinate sweep):
At the completion of the VARI sweep,
VARZ i incremented or decremented
by the specified STEP value ( in
Figure 3~17) and VARI1 is swept again.
The total number of VAR] sweeps is
determined by the NO. OF STEPS in

Model 41458

Figure 3-17) specified for VARY. VAR? cannot
be swept logarithmically. Also, VARI and VAR?

can have different source funetions.

START,

STEP, and NO. OF STEPS must be specified.

VARI" (synehronous sweep):

VAR’ can be used only when VARI1 is
used and it must have the same source
mode (V or I) as that speecified for
VARI. VARY' is swept in synchronism
with VAR at either a constant offset
value or constant ratio. VAR offset
end ratio values are entered with the
corresponding  softkey. The offset
value and ratio must be sueh that the
VARY source channel does not exceed
its meximurm output limits.

STOPY _ _ . _ __
value [ poig Time
o e
VAR |
START |__
value
STOP
YGLUR [T T T e e e s e e e
[¢]
VAR 2
START 1
value - Time
! ¥
Sweep Sweep
Start Enc
VAR 2 {ul}
50 4 VAR i VAR 2
LIKEAR LINEAR
40 4 ?— OO START ® @
R o @ -
o -
>© STEP @ @
20 4 NO.OF
@ STEPS 5 @
hg‘-mm-u? Ol -
! ;ﬂw—f--: i
B 1 4
I H : © . Represents megsurement poinfe
+ VAR T (V
o i 3 3 T4 NS Hv)
O ®

Figure 3-17. Relationship Between VAR] and VAR?.
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RATIO
VAR I'(V)
-
%
44
x.
2+ VAR 1¥ RATIO = 1.5
[
. . : = VAR 1 (V)
o 2 3

VAR 1"z {VAR I'RATIO) x VAR !

QOFFESET

VAR (V)

=

&4 -

3..

24 VAR |” OFFSET = | (V)

14

r v ¢ v VAR 1 (V)
o] 1 2 3 4

VAR 1”2 { VAR V" OFFSET ! + VAR |

Figure 3-18. Relationship Between VARI]
and VAR

3-37. The number of measurement points per
decade In LOG sweep is selectable at 10, 25, or
50. The output at each point is determined by
the number of measurement points per decade
and the sweep START value. The output at the
nth measurement peoint is celculated as:

Output at nth point=START value x10 % (3-1)

where a is the number of measurement points
per decade (10, 25, 50).

SECTION I

- 3-38. TIME DOMAIN MEASUREMENT

3-38. A time domain measurement is one in
which the voltages and/or currents applied to the
device under test are held constant and the
desired device parameter B measured as &
function of time. Only one source channel can
be swept and only with the VAR2 source
function. All other channels are either "not
used" or must be set to CONST source function.
Selectable TIME DOMAIN parameters are WAIT
TIME, INTERVAL, and NO. OF RDNGS {(number
of readings). Each is deseribed below :

WAIT TIME:
Identical to the HOLD TIME of a VARI
sweep neasyrement, Setting range is from
{ to 100 seconds and resolution is 10 milli-
seconds,

INTERVAL:
Time between each measurement point,
Setting range is from 10 milliseconds to
10 seconds and resolution is 10
milliseconds.

NO. OF RDNGS:
Total number of measurement points. If
VAR2 is used, NO. OF RDNGS per each
step of VAR2, Up to 1024 measurement
points cen be specified, depending on the
number of VARZ steps.

To make a TIME DOMAIN measurement, do not
assign VARI to any of the source channels on the
CHANNEL DEFINITION page. (Assigning YAR2
is optional.) Output values for all CONST
sources must still be entered on the SOURCE
SETUP pege. If VARZ is used, its START, STEP,
and NO. OF STEPS must also be entered. Also,
HOLD TIME and DELAY TIME are not used in a
TIME DOMAIN measurement,

TIME DOMAIN parameters—WAIT TIME,
INTERVAL, end NO. OF RDNGS--must be
entered on the MEAS/DISP MODE SETUP page.
Refer to Figure 3-35. Integration time during
TIME DOMAIN measurement is automatically
set to SHORT end cannot be changed.
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MEASUREMENT
xey ‘ON"
Ist end 3r¢ 4th 5th

7th  8th 9th 10t

NOC.OF RDNGS: IO

| oob b b ooy
¥ T T T T T T T t T T ime{sec)
o] .9 6 v .2

WAIT TIME 3.00 sec

INTERVAL 2.00 sec

Figure 3-19. Time Domain Measurement,

3-49, INTEGRATION TIME

3-41. To prevent line {requency noise and other
noise sources from affecting the sccuracy of
measurements, the 4145B is equipped with three
digital integration times, which are selectable
from the front penel. Each is deseribed below :

SHORT: Digital integration is not performed.
MEDIUM:  Measurement result is the gverage

value of 16 samples teken during
one line frequency period.

LONG: Measurement result i the average
value of 256 samples taken during
sixteen line frequency periods.

Integration time can be changed during
measurement, but cannot be changed while the
41458 is in TALK mode {(PLOT or PRINT), when
the disc drive's read/write lamp first comes on,
or during auto secaling. In time domain
mesasurements only SHORT integration time is
available.
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3-42. AUTQO-CALIBRATION

3-43. To both monitor and compensate for
transient changes in output voltage and current
eaused by ambient temperature changes, each
SMU is eguipped with an autc-calibration
funetion. This function allows each SMU fto
periodically monitor its own output and, if
necessary, provide appropriate compensation.

35-44. The auto-calibration funetion of the SMUs
is controlled by the AUTO CAL key on the front
penel. With AUTO CAL turned on {key indicator
lamp on), calibration is automatically performed
every five minutes for about six seconds. If one
of the MEASUREMENT keys or the AUTO CAL
key i pressed during suto-celibration, "Busy"
wil be displayed on the CRT until auto-
calibration is completed.
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3-45. DISPLAY PAGES

3-46. The 4145B displays thirteen different
screens. Each screen is called a page and each
has a different purpose in relation to instrument
operation. By changing from one page to
another, different functions and capabiiities,
such as rmmeasurement set up, measurement,
disgnosties, certain fRing functions, etc., are
made gvailable. PAGE control is deseribed in
paragraph 3-47. Detailed explanations of eaech
page are given Figures 3-22 through 3~34.

3-47. PAGE CONTROL

3-48. Display paging is controlled by the PAGE
CONTROL keys—MENU, NEXT, and PREV-—or
the softkeys, &s shown in Figure 3~20. (Softkeys
for PAGE contrel are available only when the
MENU i displayed.) Papge-flow and the
reiationship between pages are shown in Figure
3-21. The solid lines ( ) show page changes
that are possible with the NEXT key or PREV
key; the dashed lines (—=} show page changes
that are possible with the softkeys. To go to the
GRAPHICS, LIST, MATRIX, or SCHMOO page
from the MEAS/DISP MODE SETUP page, it is
first necessary to select the desired display
mode with the softkeys and then press the NEXT
key. ' '

SECTION I

All pages except the GRAPHICS, LIST, MATRIX,
and SCHMOO pages can be displayed direetly
from the MENU page by pressing the appropriate
softkey. For example, pressing softkey 3 while
the MENU page is displayed sutomaticelly
displays the MEAS/DISP MODE SETUP page.
Pressing the MENU key automatically returns
the display to the MENU page, regardless of the
present display page. To change from the
GRAPHICS page to, say, the LIST page, press
the PREV key to display the MEAS/DISP MODE
SETUP page, select LIST with the softkeys, and
then press the NEXT key. Paging cannot be
performed during measurement, printing, or
plotting. '

3-49, When the NEXT key or PREV key is
pressed while the CHANNEL DEFINITION page,
SOURCE SETUP page, MEAS/DISP MODE
SETUP, or OUTPUT SEQUENCE SETUP page is
displayed, the page is checked for completeness
and correctness. If an illegal setup is detected,
an error message will be displayed and no page
change will occur. In this case you must either
correet the setup or press the MENU key.
Changes mode on the CHANNEL DEFINITION,
SOURCE SETUP, MEAS/DISP MODE SETUP and
OUTPUT SEQUENCE SETUP pages are not valid
for SAVE or RE-SAVE until the PREV or NEXT
key is pressec.

pugs.

5

pacs.

-

MENL1 key returre the dieplay to the start—up
mer. Lan be used ot any time.

NEXT key advances the disploy to the next

PREY key returrne the dieploy to previous

OFTKEYS are used for display selection,
mecesuremert set up and funotion
sslection.

EXTN key dispeoys additional softkey

Funotione.

Figure 3-20. Page Control Keys.
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Figure 3-21. Page Flow and the Relationship.
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3-50. MENU PAGE

3-51. The start-up menu is displayed when the
instrument is turned on and each time the MENU
key is pressed. Displayed on the MENTU page are
the accessible pages, corresponding softkey
prompts (SKP), the instrument's present HP-IB
status, line frequency filter setting, and the
status of each SMU. A detailed deseription of
the MENTU page is given in Figure 3-22.

3-532. CHANNEL DEFINITION PAGE

3-53. The CHANNEL DEFINITION page is
displayed when softkey 1 or the NEXT key i
pressed while the MENU page is displayed. On
this page the operator must define the name,
mode, and function of each channel that is to be
used in the measurement. User functions are
also defined on this page. A detailed deseription
of the CHANNEL DEFINITION page is given in
Figure 3~23.

3-54. SOURCE SETUP PAGE

3-55. The SOURCE SETUP page is displayed
when softkey 2 is pressed on the MENU page or
when the NEXT key is pressed on the CHANNEL
DEFINITION page. On this page the operator
must enter the output parameters (START,
STOP, STEP, COMPLIANCE, ete,) for the source
channels (SMUs and voltage sources) defined on
the CHANNEL DEFINITION page. A detailed
deseription of the SOURCE SETUP page is given
in Figure 3-24.

3-36, MEAS/DISP MODE SETUP PAGE

3-57. The MEAS/DISP MODE SETUP page is
displayed when softkey 3 is pressed on the
MEN1U page or when the NEXT key is pressed on
the SOURCE SETUP page. On this page the
operator must select the desired display mode
(GRAPHICS, LIST, MATRIX, SCHMOO), enter
the appropriate source and monitor names, and
enter the desired scaling factors. A detailed
description of the MEAS/DISP MODE SETUP
page is given in Figure 3-25,

SECTION Il

3-58. GRAPHICS PLOT PAGE

3-53. The GRAPHICS PLOT page is displayed
when the MEAS/DISP MODE SETUP page has
been set up for GRAPHICS MODE DISPLAY and
the NEXT key is pressed, On this page the
operator can make the measurement by pressing
the SINGLE, REPEAT, or APPEND key and can
analyze the measurement results with the
softkeys. A detailed description of the
GRAPHICS PLOT page is given in Figure 3-26.

3-60. LIST DISPLAY PAGE

3-61. The LIST DISPLAY page is displayed
when the MEAS/DISP MODE SETUP page has
been set up for LIST mode display and the NEXT
key is pressed. On this page the operator can
make the measurement by pressing the SINGLE,
REPEAT, or APPEND key and can analyze the
measurement results with the scoftkeys. A
detailed deseription of the LIST DISPLAY page
is given in Figure 3-27.

3-62. MATRIX DISPLAY PAGE

3-83. The MATRIX DISPLAY page is dis-
played when the MEAS/DISP MODE SETUP page
has been set up for MATRIX mode display and
the NEXT key is pressed. On this page the
operator can make the measurement by pressing
the SINGLE, REPEAT, or APPEND key and can
anaiyze the measurement results with the
softkeys. A detailed description of the MATRIX
DISPLAY page is given in Figure 3-28.

3-64. SCHMOO PLOT PAGE

3-65. The SCHMOO PLOT page is displayed
when the MEAS/DISP MODE SETUP page has
been set up for SCHMOO mode display and the
NEXT key I pressed. On this page the operator
can make the messurement by pressing the
SINGLE or REPEAT key and can analyze
measurement results with the softkeys. A
detailed desecription of the SCHMOO PLOT page
is given in Figure 3-28.
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3-66. AUTO SEQUENCE SETUP PAGE

3-67. The AUTO SEQUENCE SETUP page is
displayed when softkey 4 is pressed on the
MENTU page. On this page the operator can set
up an auto-sequence program (ASP). A detailed
deseription of the AUTO SEQUENCE SETUP
page i given in Figure 3-30.

3-68. OUTPUT SEQUENCE SETUP PAGE

3-89. The OUTPUT SEQUENCE SETUP page is
displayed when softkey 5 is pressed on the
MENU page. On this page the operator can
specify the order in which the SMUs and voltage
sources begin output. A detailed description of
the OUTPUT SEQUENCE SETUP page is given in
Figure 3-31.

3-70. USER FILE CATALOG PAGE

3-71. The USER FILE CATALOG page is dis-
played when softkey 6 is pressed on the MENU
page. On this page the operator can intielize the
blank dise, copy the operating system, purge &
file or &all files on the dise, and transfer the all
files from the 4145A%s disc or another 4145B's
dise to the 4145B's dise. The number of records
available, stored files, file type, comments, file
addresses, number of records reserved for each
file, end number of records actually used by each
file are displayed. A detailed description of the
USER FILE CATALOG page is given in Figure
3~32.

3~72. OPERATION GUIDE PAGE

3-73. The OPERATION GUIDE pege I
displayed when softkey 7 is pressed on the
MENU page. This page provides brief peging
information and brief deseriptions of error
messages and error codes. A detailed
description of the OPERATION GUIDE page is
given in Figure 3-33.

3-74. DIAGNOSTICS PAGE

3-75. The DIAGNOSTICS page i displayed
when softkey 8 (press EXTN softkey to display
softkey 8) is pressed on the MENU page. On this
page the operator can perform SELF TEST, front
panel test, graphics display test, disc cleaning,
and dise copy {user-area only). A detailed des-
eription of the DIAGNOSTICS page is given in
Figure 3-34,
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3-76. SOFTKEY PROMPTS (SKP}

3-77. Softkey prompis (the function of each
softkey) are displayed along the right side of the
CRT display. There are eight softkeys, and the
softkey prompts for the lower seven Keys change
depending on the page being displayed and the
position of the Field Pointer (M) on the
CHANNEL DEFINITION, SOURCE SETUP, and
MEAS/DISP MODE SETUP pages. The softkey
prompt of the top softkey is always EXTN
{extended), regardless of the page being
displayed or the position of the Field Pointer.
EXTN is displayed only when additional softkey
funetions exist.

3-78, SYSTEM MESSBAGES

3-79. System messages are mstructions to the
operator and are displayed on the System
Message Line (refer to Figure 3-5), which is
located at the bottom of the CRT display.
System messages guide the operator through all
phases of instrument operation, and make
measurement setup & simple matter of filling in
blanks on the CHANNEL DEFINITION, SOURCE
SETUP, and MEAS/DISP MODE SETUP pages.
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SECTION I

I

MENU PAGE

SKP I S5KFP 2
Dhpd S¥ksuns 47458 MENU %%xuxmx o3 (sl
1 CHANNEL DEFINITION LN sl
2 SOURCE SET uw
3 MEAS & DISP MODE SEY uv EFE 3
4 AUTC SEQUENCE SET e ) —
S DUTRYT SEIUENTE SET LP
6 USER FILE TATALDSE [
7  OPERATION GULLE
& CIAGNDOSTIOS EC5ER ] 1
-
MPIB LY. COMMA EOT} FILTER (50M1) CHAN{IO,20,30,40) m i::j
R i 1
I 2 3 4 5
Figure A

Initial Condition :

When the 4145B is turned on, the display will be blank while SELF TEST is being
performed. When SELF TEST has been completed and no fatal error have been
detected, the MENU page will be displayed as shown in Figure A. The status of the
instrument, as detected by the SELF TEST, is displayed at the bottom of the CRT.

HP-IB Address (0 ~ 30):
Shows the setting of the HP-IB Control Switeh (located on the rear panell. To
change the address, turn the instrument off, set the desired address, and turn
the instrument on agein.

Output data delimiter :
COMMA or CR/LF is displayed depending on the setting of the HP-IB Control

Switeh.

EOI {(End or Identify):
EO1! is displayed when bit 7 of the HP-IB Control Switeh is set to EQI ON.

Line Filter setting :

Indicates the setting of the Line Filter Switeh on the rear panel. (50Hz)
indicates that the instrument is set for operation from a 50Hz AC source. The
LINE FILTER switeh on the rear panel should be set to the frequency of the
AC source if accurate measurements are to be obtained,

Figure 3-22. MENU Page (Sheet 1 of 2)
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51 SMU Status:
Displays each SMU channel number and its status. (10, 20, 30, 40) indicates
that all SMUs are functioning properly. Eaeh 2-digit number represents the
channel number and the channel status.

XX

N

A ke O DS — O

No error

V offset error
I offset error

I leak

V range error
-Irange error
{in offset error

Loop Change Detector error

ITERET]

L—F.z'r'oz' Code

Chanmnel No.

5 wn s we sa ae

s

.

For example, {10, 20, 31, 40) indicates that SMU 3 has a V offset error and
should not be used. SMUs 1, 2, and 4, however, are funetioning properly and
ean be used for measurement. When (I11!DOWN!!!) is displayed, the SMU
control eircuit is not functioning properly and, thus, measurement can not be
mede.

Softkey Prompts {SKP) :

The MENU page has two softkey prompts (SKP! and SKP2), as shown in Figure A.
SKP1 is displayed when the MENU page first appears. To display SKP2, press the
EXTN softkey; to re~display SKP1, press the EXTN softkey again.

Note

If the instrument is turned on after experiencing an extreme change
of ambient temperature, one of error code may be displayed. In this
case, allow the instrument to fully warm up (ignor the displayed error
code), and then turn it off and on one time.
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CHANNEL DEFINITION PAGE

SKP3
Chpdees CHANNEL DEFINITION wew I
NAME SOLUREE
CHAN v T MODE |FLTN
SMOT_| V3 T1 COM_ |CONST
BMUZ | Ve ia I VARZ B
SMu3 | vs i3 ¥ VAR]
SMU4 Vd T4 v CONST
Ve VET —— vV TONST
Ve 2 | V&2 e vV [CONST
N i e — s e
Ven 2 M2 - AT I
FOTN_  MNANE QGUNITO = EXPRESSIDN l
3 T -

Purpose and funetion of this Page :
the measurement.

as a V source or [ source.)

4, 'To define User Funetions.

Initial Condition :

paragraph 3-88.)

Field-Pointer (»):

Figure A

1. To assign voltage (V) and current (I) names to each channel that will be used in
2. To set the source mode of each SMU. (Determines whether the SMU will be used

3. To set the source function of each SMU. (Determines whether the SMU will be
used as a constant source or variable source.)

When the 4145B is turned on, the CHANNEL DEFINITION page is automatically
setup as shown in Figure A and the field-pointer (b} will be located in the V eclumn of
SMUL. (This setup is the GENL measurement sefup stored on each dise. Refer to

Changing or entering a ¥ NAME, I NAME, SOURCE MODE, SOURCE FUNCTION, or
USER FUNCTION can be accomplished only by positioning the field-pointer at the
field to be changed. New information can then be entereé with the appropriate front
panel keys or softkeys. Positioning of the field-pointer is controlled by the CURSOR
keys (FAST cannot be used on this page). When one of these keys is pressed the
field-pointer will move one field in the direction of the arrow labelied on the key,
Also, each time new information is entered into a field, the fielG-pointer will
automatically move to the next field, as shown in Figure B.

Figure 3-23. CHANNEL DEFINITION Page (Sheet | of 4)
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Lhpl #ww CHANNEL DEFINITIDN wew

NAME SOURCE

CHAN v i MODE (FCTN
SMLIL ey
SMLIZ r—
SMU3 -
SMU4 e
Ve 1 -
Ve 2 = V)
Vo 1 i IR Yoy
Vm 2 -
[isER

H;-TN ] ME UNTD » EXPREGS Y ON

Z W e i~

Figure B

NAME and USER FUNCTION Entry:
(1)  Position the field-pointer at the desired field.

{2) Key in the desired name or user-function expression (it will appear on the
Keyboard Input Line on the CRT as you do so),

(3) Press ENTER. The name or expression will be moved from the Keyboard Input
Line to the field at which the field-pointer is positioned and the field-pointer
will move to the next field.

Note
¥ NAME, I NAME, and USER FCTN NAME can be up to six characters long,
of which the first character must be alphabetic and the remazining characters
must be alphanumeriec. A NAME can be used only once on this page. USER
FCTN expressions can be up to sixty characters long and can contain ehannel
names (V or I), numeries, and arithmetic operators.
SOURCE MODE and SOURCE FCTN Entry:
(1) Position the field-pointer at the desired field.

(2}  Seleet the desired mode or function from those listed on the softkey prompts.
{The softkey prompts will change depending on the loeation of the field-pointer.)

(3} When the softkey is pressed, the selected mode or funetion will appear in the
field and the field-pointer will move to the next field.

‘Note

SOURCE MODE and SOURCE FCTN ecan be entered only with the softkeys.

Figure 3-23. CHANNEL DEFINITION Page (Sheet 2 of 4)
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¥ NAME and [ NAME:

These gre unigue names used to identifv each channel that is to be used in the
measurement, Eaceh SMU haes two names : one for its source function and one for its
monitor function. Both must be entered if the SMU has been assigned a SOURCE
MODE. If no V NAME is entered for a voltage source {Vs) or voltage monitor (Vm),
the channel is congidered as not used. The NOT USE softkey can be used to delete
the NAMEs, BOURCE MODE, and SOURCE FCTN of a channel and effectively turn
it off. The NOT USE softkey is available only when the field-pointer is in the V
NAME column.

SOURCE MODE:

Each SMU used in the measurement must be assigned a SOURCE MODE. Three
SOURCE MODEs are avsilable : ¥V (voltage source/current monitor), I (eurrent
source/voltage monitor), and COM {common). A COM source is regarded as a voltage
source whose output is 0V and compliance is 105mA. SOURCE MODE seleetion can
be made only with the softkeys and only when the field-pointer is in the SQURCE
MODE column.

SOURCE FCTN:

Each SMU and each Vs used in the measurement must be assigned a SOURCE FCTN.
Four SOURCE FCTNs are available: VARI {main sweep), VAR1' {synechronous
sweep), VAR2 (subordinate sweep), and CONST (eonstant source). SOURCE FCTN
seleetion can be made only with the softkeys and only when the field-pointer is in the
SOURCE FCTN column. Refer to paragraph 3-34 for details on VARI, VARY', and
VARZ.

Note

I the SOURCE MODE of en SMU is COM, SQOURCE FCTN is automatically
set to CONST.

USER FCTN:

The user funection is an extremely versatile, useful analysis aid. It is a
user-defined arithmetic expression econsisting of variables (V NAMES and I
NAMES only) and constants and is executed at each measurement point during
measurement. The resulis can be displayed {GRAPHICS PLOT, LIST, MATRIX,
SCHMOO) along with measurement results. Any of the arithmetic operators
listed in Table 3-5, plus A and parentheses, can be used in USER FCTN
expressions. The only varigbles that can be useé in a USER FCTN expression
are the names listed in the V NAME and I NAME columns on the CHANNEL
DEFINITION page. Two USER FCTNs can be defined and each can be up to &0
characters long.

SOFTKEY PROMPTS and SOFTKEYS FUNCTIONS :

The softkey prompts (SKP) displayed on the CRT automatically change as the
field-pointer is moved to different areas of the page. The relationship between
field-pointer location and the softkey prompts is shown in Figures C and D. For
example, when the {ield-pointer is at @ in Figure C, SKP 6 in Figure D, will be
displayed on the CRT. SKP 8 and SKP 9 are displayed only after the CHAN
ASSBIGN softkey has been pressed on SKP3.

Figure 3-23. CHANNEL DEFINITION Page (Sheet 3 of 4)
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Figure D

[%88%:4 | (Channel Assignment) :

This softkey allows you to quickly rearrange the SMU and Vs channel assignments,
without having to reassign channel names (V and I}, SOURCE MODEs, and SOURCE
FCTNs, It is extremely helpful when DUT connections have been made or when
measuring devices which require the same measurement setup but which have
different pin-outs. The procedure is given below.

(1}  Move the field-pointer to srea (1) in Figure C. SKP 3 in Figure D, will be
displayed.

(2} Press the CHAN ASSIGN softkey. The field-pointer will automatically move to
the first row in the CHAN column, rows 1 through 6 in the CHAN eolumn will
be blank, and SKP8 will be displayed.

(3}  Assign the channel numbers in the desired order. The field-pointer will move
down the CHAN column as you do so. When the field-pointer reaches the fifth
row, SKP9 will be displayed.

(4} Press the CHAN ASSIGN softkey again to enter the new channel
assignments. The field-pointer will move back to are&@ in Figure C.

Figure 3-23. CHANNEL DEFINITION Page (Sheet 4 of 4)
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SOURCE SETUP PAGE

Purpose and function of this page :

7.

Setup :

Set the HOLD TIME and DELAY TIME.

SKPIO
Lhpl wweane SOURCE SET UP swwxes [ ]
VAR L VARZ
NAME VE] 12 m
SWEEE MODE | LINEAR LINEAR
START _PBBEY | 20. BBoA
STOE 1. 2B00V | ————mm =]
STEP L BiBav | Sh. DBuA
NG, OF STEP 1831 5 [
COMPLIANCE | 100, BmA | 2. DOBOV
CONSTANT | SOURCE  TOMPLIANGE ) [0 ]
Vi UM . Bpanv 10E. BmA
vz v . CB2TBY 105, BmA
V&1 v . BRBBY | -——e——— l ;
V&2 v . RPABY  } e
Figure A

Select the sweep mode {linear or log) for the VAR] source channel.

Set the START, STOP, and STEP values for the VAR] source channel.

Set the RATIO anéd OFFSET values for the VAR!' source channel.

Set the source {output) value for the CONST channels.

Set the COMPLIANCE value for each source channel.

Set the START and STEP values and NQ. OF STEP for the VARZ source channel.

To change or enter source channel parameters on this page, move the field-pointer
{p} to the desired field and enter the parameter value with the ENTRY keys. Each
time an entry is made the field-pointer will automatieally move to the next field, as
shown in Figure B. Except for SWEEP MODE, only numeric values and engineering
units {m, @ n, p) can be entered on this page. The source name assigned to each
source channel on the CHANNEL DEFINITION page is automatically entered on this

page.

Note

Entered value may be automatically changed to acceptable value
when the ENTER key is pressed or the page is changed.

Figure 3-24. SOURCE SETUP Page (Sheet 1 of 4}
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Parameter Entry :

When entering numeric values on this page, it is not necessary to enter the value
unit. The unit for voltage values is V {volt); for current values, A {empere); and for

time values, s (seconds). For example, the key strokes required to enter a current
value of 10.5mA are

This value, 10.5m, will be displayed on the Keyboard Input Line, When the ENTER
key is pressed the entered value will be moved to the field at whieh the field-pointer
is located and the unit A will be automatically entered. Voltage and eurrent limits
for the SMUs and voltage sources (Vs) are listed below.

[hpl weswss SOURCE SET LP sessss

[ VaRE VARZ
INAME *,vs iz
SWEEP MODE W LINEAR
START »
ISTOS o [ p——
STEF <
NG, OF STEP
COMPL 1 ANCE,
/
CONGTANT SQURCE  COMPL IANGE
Vi oM ”
—
p—— il
V4 v -—g?.-
EF V [ em—= - ]
ves A S L
Figure B

MEEE] (w] [ERTER |

specifiable voltage and current.

Values can be entered in fixed decimal format or floating decimal format
(seientific notation).

SWEEP MODE Selection:

SWEEP MODE can be selected only with the softkeys and only when the

Refer,to Table 3-8 for

Voltage Range 0to £100V
SMU

Current Range gto x100mA
Vs Voltage Range 0to £20V

Note

field-pointer is in the SWEEP MODE row of the VAR! column.

LINEAR : Linear staircase sweep at the specified STEP value

LOG 10:

LOG 25 }Logarithrnic staircase sweep at 10, 25, or 50 measurements per decade

LOG 50:

344

Figure 3-24. SOURCE SETUP Page (Sheet 2 of 4)
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START. STOP, STEP Values for VARI :

START and STOP determine the sweep range for the VARI source channel, START
value can be less than, equal to, or greater than the STOP value. If LOG has been
selected as the SWEEP MOQDE, START and STOP must have the same signs. If the
specified START and STOP values are identical, no sweep is performed and
megsurement is made at one point only. STEP determines the number of
measurement points for LINEAR sweep. ¥ LOG has been selected as the SWEEP
MODE, the instrument's operating system software automatically caleulates and
enters the appropriate STEP value. In LINEAR SWEEP MODE, if the STEP value is
greater than the START/STOP range (STEP>|STOP-START! ), no sweep is performed
and measurement is made at the START value only. NO. OF STEP (number of steps)
for VAR is automatieslly calculated by the instrument as

STOP-START

=TT +1 (3-2)

NO. OF STEP =

The START, STOP, and STEP values must be such that NQ. OF STEP does not exceed
1024. Also, both the START and STOP values for LOG sweep must be greater than
zero. Even i zero is entered, it is automatically changed to ImV or 1pA.

START, STEP, and NO. OF STEP for VAR2 :

START, STEP, and NO. OF STEP {number of steps) determine the sweep range for
the VARZ2 source channel. VAR2 sweeps are VAR] dependent; that is, VAR? is swept
one STEP for each complete sweep of VARL. The maximum NO. OF STEP for VAR?2
is 32. When only one monitor channel (SMU or Vm) is used the maximum number of
mesgsurement points is ‘

" Measurement Points = (NO. OF STEP VAR1) x (NO. OF STEP VAR2) (3-3)

If the number of measurement points exceeds 1140, "Buffer full” will be displayed on
the CRT.

RATIO and OFFSET Values for VARI':

VAR!' can be swept in unison with VARIL at a constant RATIO or OFFSET. The
output from the VAR!' source channe] is ecaleulated as

VARI'= (RATIO) x VARI (3-4}
VARI'= VAR! + (OFFSET) (3-5)

To enter RATIO and OFFSET, move the field-pointer to grea @ or @ in Figure C,
press the VAR1' RATIO or VAR!' OFFSET softkey, enter the desired value, and press
EXECUTE. The entered value will be displayed on the CRT, between the two tables.
Both RATIO and OFFSET can be entered, but only the one displaved on this page is
valid during measurement.

Note

The specified RATIO or OFFSET values must be such that the VAR!' source
channe] does not exceed its maximum output (SMU, :100V; Vs, x20V). Also,
output from VARI' may lead or lag the VAR output by Ims in V mode and from
4ms to 30ms in I mode. For log sweep measurements, only VAR1' RATIO can be
specified.

Figure 3-24. SOURCE SETUP Page (Sheet 3 of 4)
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HOLD TIME and DELAY TIME:

HOLD TIME is the initial wait time and the wait time after a VAR2 step
change. DELAY TIME is the wait time after VAR step change, To enter
HOLD TIME and DELAY TIME, move the field-pointer to area (2 or () in

Figure C, press the HOLD TIME or DELAY TIME softkey, enter the desired
value, and press EXECUTE.

SOURCE Value for CONSTANT Channels:

The NAME and SOURCE MODE of all source channels that were assigned the
CONST SOURCE FCTN on the CHANNEL DEFINITION page are listed in the
CONSTANT eolumn on this page. The order in which they are listed is
identical to the order on the CHANNEL DEFINITION pege. To enter the
SOURCE value, move the field-pointer to the desired field, key in the value,

and press ENTER. The SOURCE value for a COM source channel is set to 0V by
the instrument and cannot be changed.

COMPLIANCE Value:

COMPLIANCE is a special feature for protecting samples against over-voltage
or over-current damage. Refer to paragreph 3-32, It limits the current output
from a voltage source or the voltage output from & current source.
COMPLIANCE for & COM source is set to 105mA by the instrument. The
COMPLIANCE for e CONSTANT Vs is 10mA but & not displayed on this page.

Softkey Prompts (SKP}:

Depending on the position of the field-pointer, the softkey prompts’
automatically change. Figure C shows the relationship between the position of
field-pointer and softkey prompts.

SKPICQ SKP LI SKPi2
Lhp}#ewsss SOURCE SET UP sesaww [ ] H k { ]
VAR] VARZ
NAME V3 iz ] i { |
SWEEP MODE @ .
START ] 1 1 0 )
STOP
STEF ~* -
INO. OF ST1EF r ] I 1
CUMPL I ANCE
CONSTANT e | | I
Vi COM
- - I w——
i — —( —
V51 v 5%
VS2 v

Figure C
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SECTION II

MEAS & DISP MODE SETUP PAGE

SKPI3

SKFP 14 SKPi5 SKPig SKPIT7
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MAX | 1. CEREY | 18. 2BmA = — G E i ( ]
1 l = l j T
[ E i e ] B ]
Figure A

Purpose and funetion of this page :

1. Seleet the Display Mode for the measurement.
2. Seiect the monitor channels.

3. Set up the display parameters.

MEASUREMENT MODE:

The existing MEASUREMENT MODE -~ SWEEP or TIME DOMAIN ~ is displayed on
this page but cannot be changed on this page. MEASUREMENT MODE depends on
whether.or not VARI is assigned to a source channel {(SMU or Vs) on the CHANNEL
DEFINITION page. If VARI] is assigned, MEASUREMENT MODE is SWEEP; if not,
MEASUREMENT MODE is TIME DOMAIN. Refer to paragraph 3-80 for details on
TIME DOMAIN measurements.

DISPLAY MODE Selection :

When this page is initially displayed, the field-pointer (B) will be located on the
DISPLAY MODE line and the display modes — GRAPHICS, LIST, MATRIX, SCHMOO
— will be listed in the softkey prompt ares of the CRT. The table below the
DISPLAY MODE line will change depending on which display mode is selected. The
field-pointer will automatically move as names are selected and values are input and
the softkey prompts will change depending on the loeation of the field-pointer.

DISPLAY MODE can be selected only when the field-pointer is on the DISPLAY
MODE line. To select the DISPLAY MODE, press the desired softkey. The
field-pointer will automatically move to the NAME field of the DISPLAY MODE
table.

Figure 3-25. MEAS & DISF MODE SETUP Page (Sheet 1 of 6)
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GRAPHICS PLOT Setup:

Pressing the NEXT key when this page is as shown in Figure A will display the
GRAPHICS PLOT page, as shown in Figure B. The name and scaling of each axis is
determined by the NAME, SCIL, MIN, and MAX information appearing on the

MEAS/DISP MODE SETUP page.

Lapl#oaneas GRAFPHICSE PLOT #wewsw

“w
. R -
1?‘:& . . _.;f ! :
A i
P
O -
/e e v
H i : b
i .
vE » AR sy L WO 1&%
Figure B
NAME: Can be entered only with the softkeys. Determines the channels

that will be used in the measurement. Only those channels whose
names are listed in the softkev prompt area can be selected. The
channel names or user-function names (press EXTN) selected on this
page will be X, Y,, and, if used, Yz axes on the GRAPHICS PLOT

page.

SCL (Scale] : Determines the grid sealing on the GRAPHICS PLOT page. LINEAR
or LOG can be selected with the scftkeys. Not related to the
SWEEP MODE selected on the SOURCE SETUP page.

MIN/MAX: Determines the minimum and meximum values of each axis. Value
units {V or A) are automatieally entered by the instrument.

Note

MIN and MAX must have the same sign for an axis that is to be displayed
with LOG sealing. Also, if 0 is entered for MIN or MAX in LOG seale, 0.1mV,

0.01pA, or 1E-35 is assumed.

GRAPHICS DISPLAY Secaling :

Scaling on the GRAPHICS PLOT page depends on the selected SCL and the MIN
and MAX values.

1. When LINEAR has been selected and 0 is not within the MIN/MAX range (i.e.,
0<MIN or MAX20), MIN and MAX will be located as shown in Figure C,

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet 2 of 6}
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When setup for LINEAR sealing, the X axis has 10 divisions and the Y axes, 11.
The value per division is caleulated as

Value/div. = Jm“—@&l’-‘—m;gq"ll (3-6)

2. When LINEAR has been selected and 0 is within the MIN/MAX range (ie.,
MIN<0<MAX), the MIN and MAX values specified on the MEAS/DISP MODE
SETUP may be different from those displayed on the GRAPHICS PLOT page.
This oceurs when the MIN or MAX value is not a multiple of Value/div. in
equation 3-6. Division scaling is always in reference to 0. For example if the
MIN and MAX values on the MEAS/DISP MODE SETUP page are -.2 and 1,
respectively, the MIN and MAX wvalues displaved on the GRAPHICS PLOT page
are .12 and .96, respectively.

3. When LOG has been selected, the number of divisions depends on the number of
decades between the MIN and MAX values. For example, when the MIN and
MAX values are 1 and 9, respectively, only one division is displayed and the
displayed MIN and MAX values are 1E00 and 1E+0l; when the MIN and MAX
values are 0.9 and 10, respectively, two divisions are displayed and the displayed
MIN and MAX values are 1E-01 and 1E+0].

Notes: 1) If Y1 and Yz have different scale modes (SCL), the division lines
displayed on the GRAPHICS PLOT page are for Y1, and Y2 will have a
separate set of tick marks.

2) In LOG scale, an extra decade may be displayed because of the quantum
error, and also if the MIN/MAX range is very large, part of the graph
will not have division lines.

3) If MIN and MAX are close, their displayed value may include guentum
error, and if they are so close that the difference between them is
smaller than best resolution, the maximum allowable resolution is used.

ImV (voltage)

50pA {current)

100ms {time}

1E-34 (user function units)

Also, 1 division can not be less than 0.1 in LOG seale :

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet 3 of §)
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LIST DISPLAY BSetup:

When LIST is selected on the DISPLAY MODE line, the MEAS/DISP MODE SETUP
page will be as shown below.

[hplee MEAS & DISP MODE SET UP we

MEASUREMENT MODEs SWEEE

Al S A MDD WIS T
Ic

HNAMES

Figure D

The field-pointer will be in the top row of the NAMES table. Up to six of the names
listed in the softkey prompt area can be entered. Messurement results of each name
listed here will be digitally listed on the LIST DISPLAY page. The measurement
resuits are those obtained at each VARI step. '

MATRIX DISPLAY Setup:

When MATRIX is selected on the DISPLAY MODE line, the MEAS/DISP MODE
SETUP page will be as shown below.

[hplws MEAD & DISP MOGDE SET UP &«

CHEASUREMENT MOOF:  SNEES

1L

NAME

Figure E

The field-pointer will be in the top row of the NAMES table. Only one of the names
listed in the softkey prompt area can be entered. Measurement results of the name
listed here will be digitally listed on the MATRIX DISPLAY page. The measurement
results are those obtained at each VAR] and VARZ step.

Note

If VARZ2 is not assigned on the CHANNEL DEFINITION page, only one sweep
will be made and thus only one set of messurement results will be listed.

Figure 3-25. MEAS & DISP MODE SETUP Psage (Sheet 4 of §)
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SCHMOO PLOT Setup:

When SCHMOO is selected on the DISPLAY MODE line, the MEAS/DISP MODE
SETUP page will be as shown below,

LApl#® MEAS & DISFP MODE SET UP we

WMEASUREMENT MOLE. SWEEER

DISPLAY MOOEs SOUMOL, @ e

NAME MEE
M 158. E+~B2
LIMIT 2 | 14@. E~B3
- 138, E«QZ
: 128, E-00
Figure F

A SCHMOO PLOT is & three dimensional display, where VARI] is the X-axis, VAR2
is the Y-axis, and the channel whose name is listed in the NAME field is the Z-axis.
When measurement is made, the results are distinguished by the symbols listed in the
SCHMOO table, X-axis and Y-axis scaling is determined by the VAR and VAR?2
sweep parameters. The LIMIT for each symbol is the lower limit. For exampie, if
the LIMITs for M and A are .500 and .100, respectively, M represents measurement
results greater than .500 and & represents mesasurement results between 100 and
.500, For mesasurement results less than the LIMIT for i, ~ is used. To enter a LIMIT,
move the field-pointer to the M, A, +, or : field, enter the value with the ENTRY
keys, and press ENTER,

SCHMOO PLOT Scaling :
X and Y axes scaling is determined by the VAR and VAR2 sweep parameters. The
R-axis can have up to 41 points and the Y axis, up to 21 points. MIN and MAX values
for each axis are caleulated as follows :
1. SWEEP MODE of VARI] is LINEAR :
X-axis (VAR]): MIN =a, MAX = a+40xb
(3-7)
Y-axis (VAR2): MIN = e, MAX = e+20xd
where a = S8TART value of VARI
b = STEP value of VAR]
¢ = START value of YAR2
¢ = STEP value of VARZ

when STEP = 0, MIN and MAX = START.

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet 5 of 6)
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2. SWEEP MODE of VARI is LOG:
L
X-axis (VAR1): MIN = a, MAX = ax1¢ ¢ }
(3-8)

Y-axis (VAR2) : MIN = e, MAX = e+20xd
where
& = START wvalue of VAR]
e = Number of steps per decade (10, 25, 50)
¢ =START value of VAR?
d = STEP value of VAR?Z
Note
Equation 3-8 applies only when START s STOP. When START > STOP, X-axis
MAX value is ealeulated as

%0
X-axiss MAX = axl{ ¢ (3-9)
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GRAPHICS PLOT PAGE
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Figure A

Funetion of this page :
1. Graphically display measurement results.

9. Allow analysis of measurement results with the softkeys and srithmetic
capabilities.

MEASUREMENT :

Each time this page is displayed, the results of the previous measurement are
automaticelly re-displayed, regardless of the display mode used in the previous
measurement. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if & NAME on the MEAS/DISP MODE SETUP page is
changed, the results of the previous measurement are erased from the data buffer
and & new measurement must be made. To make & new measurement, press the
SINGLE, REPEAT, or APPEND key. Measurement resuits will be displayed as the
measurement progresses.

Notes: 1) If the X axis value or Y axis value of a measurement point is outside the
plot area, no trace will be drawn between it and the previous and
succeeding measurement points.

2) In LOG scale, if the measurement data has two polarities, result is not
correctly displeyed.

3) Max 115] measurement points ean be displayed.

Seftkey Prompts (SKP):
Softkey prompts displayed on the GRAPHICS PLOT page are shown in Figure B,
SKP 18 is displayed when this page is first displayed. The other SKPs {19 through 23)

can be displayed by pressing the EXTN softkey. When EXTN is pressed on SKP23,
SKP18 is displayed. SKP23 (blank} can be used when taking photographs of the CRT.

Figure 3-26. GRAPHICS PLOT Page (Sheet | of 6)
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Softkey Functions:

: Stores displayed measurement results.

: Recalls (re-displays) stored measurement results,

These two softkeys provide overlay comparisons of two measurement results. To
store the results of a measurement, press the STORE softkey. The frame around
the STORE softkey prompt will be highliphted until the data is completely
stored, after which it will return-to normal intensity. Measurement results are
stored in the display buffer as background data, and when recalled, will be of
slightly less intensity than normal, Two important points to remember are (1)
sealing information is not stored and (2) rescaling is not performed on recalled
messurement results, even if the AUTO SCALE function is used. Thus, if the
plot to be overlaid is scaled diffgrently from the stored plot, any comparison
between the two is meaningless. To reecszll a stored plot, press the RECALL
softkey. The frame around the softkey prompt will be highlighted and will
remain so until the softkey is pressed again.

[T -

User-entered comments of up to 30 characters ecan be displayed on the CRT.
The procedure is as follows:

i. Press the COMMNT softkey. The frame around the softkev prompt will be
highlighted and the BLUE key will be set to on.

2. Key in the comment (up to 30 characters). There is no restriction on
character type.

3. Press the ENTER kev. The comment will be displayed directly below the
page title and the frame around the COMMNT softkey prompt will be
de-highlighted (normal intensity).

With the comment function set to on {(COMMNT softkey prompt highlighted),
anything displayed on the Keyboard Input Line will be entered and displayed as a
ecomment if the ENTER key is pressed, even if a comment is already displayed
below the page title. This allows you to change or delete an existing comment.
For example, to delete & comment, press the COMMNT softkey, CLEAR the
Keyboard Input Line, and press ENTER.
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e -
Re-scales the plot ares to provide optimum display of the existing
measurement results. When auto-scaling is performed, the minimum and
maximum measured values are used as the plot-area scaling factors. The
MIN and MAX values specified on the MEAS/DISP MODE SETUP page,
however, are not changed and the new secaling factors are cancelled when
the PREV or MENU key is pressed. To re-scale the existing plot, press the
AUTO SCALE softkey. The frame sround the softkey prompt will be
nighlighted and will remain so until auto-scaling is completed, about 5
seconds.

= o -
H

Graticule or tick mode control. When this softkey is pressed, grid lines are
replaced by tick-marks along each axis. To return to gratieule mode, press
this softkey again.

]

Displays a marker (@) which caen be moved along plotted eurves by rotating
the MARKER dial. X, Y;, and Y, coordinates of the marker location are
digitally displayed above the plot area. When the Y, axXis is used, two
markers (8, =) are dispiayed. Both have the same X-zxis coordinates and
move in unison. The marker can be used for kevboard ealculations. Instead
of entering the numeric value of a measurement result, the channel name
can be entered.

Note

When a log sweep is made, marker location displayed meay
include quantum error.

:

Used for higher resolution merker positioning. Normally the marker moves
from one measurement point to the next and cannot be positioned between
two measurement points. With the INTERPOLATE funetion, however, the
marker can be positioned at any point between two measuremsent points.

+

Moves the marker or markers to the next VAR?2 step. VAR1 does not
change. If this softkey is pressed when the marker is at the last VAR? step,
the marker will return to the first VARZ2 step. Also, INTERPOLATE is
turned off when MARKER SKIP is performed.

Figure 3-26. GRAPHICS PLOT Page (Sheet 3 of 6}
3-55



SECTION I ‘ ‘ Model 41458

|kOR8or | ¢

Displays the LONG CURSOR. When this softkey is pressed, the frame
around the softkey prompt will be highlighted and the LONG CURSOR will
be displayed at the center of the plot area. The LONG CURSOR can be
moved to any point in the plot-area by pressing the appropriste CURSOR
keys. Pressing the FAST CURSOR key while pressing one of the directional
CURSOR keys moves the cursor faster. The X, ¥;, and Y, coordinates of
the cursor location gre digitally displayed above the plot area. The LONG
CURSOR is turned off by pressing this softkey again, by turning on the
SHORT CURSOR, or by pressing the PREV or MENU key.

: Horizontal zoom-in {x2).

: Horizontal zoom-out (x2).

sfill

: Vertical zoom~in (x2).

{__—D : Vertical zoom=-out {(x2).

These softkeys are used in conjunction with the LONG and SHORT cursors
to zoom-in on or zoom-cut from the cursor location. When one of these
keys is pressed, the cursor will be repositicned at the center of the plot-area
and the whole plot-area, including the plotted curves, will be enlarged or
reduced in the indicated direction. The relative position of the cursor and
plotted curves remains the same. That is, when the cursor is centered by
the zoom funection, the plotted curves are moved in reference to the cursor.
Vertieal zooming is performed on the Y; -axis only.

:

Moves the LONG CURSOR or SHORT CURSOR to the center of the plot
areg, maintaining the relative position of the cursor and plotted eurves,

?

Sl

Displays the SHORT CURSOR. When this softkey is pressed, the frame
around the softkey prompt will be highlighted and the SHORT CURSOR will
be displayed at the center of the plot-area. The CURSOR can be moved to
any point in the plot-area by pressing the appropriate CURSOR keys.
Pressing the FAST CURSOR key while pressing one of the directional keys
moves the cursor faster. The X, ¥,, and Y: coordinates of the cursor
location are digitally displayed above the piot area. The SHORT CURSOR is
turned off by pressing this softkey again, by turning on the LONG CURSOR,
or by pressing the PREV or MENU key.

Note
When the LINE is displayed and either SHORT or LONG

CURSOR is on, the location of the CURSOR may change if
AUTO-SCALE, ZOOM or MOVE WINDOW is performed.

Figure 3-26. GRAPHICS PLOT Page (Sheet 4 of 6)
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Moves the LONG CURSOR or SHORT CURSOR to the position of the
MARKER., MAREKER must be turned on.

:

Turns on the instrument's graphics analysis functions - LINE 1, LINE 2,
GRAD MODE, GRAD VALUE, and CHANGE POINT. When this softkey is
pressed, LINE ! {solid line) and two SHORT CURSORS are displayed. The
GRAD, 1/GRAD, X-intercept, and Y-intereept values are glso displayed,
below the plot area. The graphics analysis functions are available only when
this softkey is turned on {frame highlighted).

: Displays LINE 1 (solid line)

LIN%? i : Displays LINE 2 (dashed line)

Esch line has two SHORT CURSORS. One cursor is moveable and the
other is fixed. The gradient, or slope, of each line can be changed by
moving the moveable cursor with the CURSOR keys. Both lines can be
displayed at the same time, but only one (frame highlighted) can be moved.
The gradient (GRAD), gradient reciprocal {1/GRAD}, X-intercept, and
Y-intereept values for both lines are displayed below the piot area. The
moveable cursor and fixed cursor can be interchanged by pressing the
CHANGE POINT softkey.

Fixed gradient value., When this key is pressed, the fixed cursor is turned
off {only the moveable cursor remains), and the line moves &t a constant
gradient vaiue. ,
VALUE :
Line gradient entry. The desired line gradient can be entered from the front
panel. When this softkey is pressed, the existing gradient value will be
displayed on the Keyboard Input Line. To enter a new value, press the
CLEAR key, key in the desired value, and press ENTER. The line will
sutomatically adjust to the new gradient.

.
il -

Interchanges the moveable and fixed cursors of the line.

Note

GRAD value and 1/GRAD value display 170E+39 and 5.88E-39
instead of overfiow and zero, respectively.

Figure 3-26. GRAPHICS PLOT Page (Sheet 5 of 6)
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7

:

¢ Changes the START wvalue for VARI,

: Changes the STOP value for VARI.

: Changes the STEP value for VARI.

: Changes tﬁe START value for VAR2.

: Changes the STEP wvalue for VARZ.

! Changes the HOLD TIME (0 - 655.35 sec).

: Changes the DELAY TIME (0 - 6.500 sec).

These softkeys allow the operator to check or change the existing
measurement parameters, without having to return to the SOURCE SETUP

page.

The new vaiues are automatically entered on the SQURCE SETUP

pege. Measurement parameter values can be changed during measurement
but only DELAY TIME is valid immediately; HOLD TIME is valid for the
next VARZ step; VAR! and VARZ parameters are valid for the next
mesasurement.

Notes

Range and resolution are the same as those on the SQGURCE
SETUP page.

Error message "Step overflow” will be displayed when an attempt
is made to enter a value that causes the number of steps for
VAR] to exceed 1024,

VAR] START, STOP, and STEP softkeys are disabled when VAR]
has not been assigned f{e.g., Time Domain messurement), and
when VARI1' is assigned VAR2 START and STEP softkeys are
disabled when VARZ hsas not been essigned. VAR] STEP is
disabled in log sweeps. Also, HOLD TIME and DELAY TIME are
disabled in Time Domain measurement.

3-58
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LIST DISPLAY PAGE
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Figure A

Funetion of this page :

1. Display the measurement results obtained at each VARI and VAR2 (if used) step

for all monitor channels selected on the MEAS/DISP MODE SETUP page.

2. Allow sgnalysis of measurement results with the scftkeys and arithmetic
capabilities. :

MEABUREMENT :

Each time this page is displayed, the results of the previous measurement are
automatically re-displayed, regardiess of the display mode used in the previous
measurement. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if a NAME on the MEAS/DISP MODE SETUP page i3
changed, the results of the previous measurement are erased from the data buffer
and a new measurement must be made. To make a new measurement, press the
SINGLE, REPEAT, or APPEND key. Measurement results of the first three monitor
chennels selected on the MEAS/DISP MODE SETUP page will be displayed as the
mesasurement progresses. The list contains four columns. Each VARI step is listed in
the left-most eclumn. The YAR2 STEP corresponding to the top line VAR] STEP is
displayed in brackets sbove the list {¢ in Figure A). The remaining three columns list
the measurement results of the first three monitor channels selected on the
MEAS/DISP MODE SETUP page. If mere than three monitor channels are selected on
the MEAS/DISP MODE SETUP pege, measurement results for the fourth, fifth, and
sixth monitor channels can be displayed by pressing the LEFT softkey. Only ten lines
can be displayed. To display additional lines, use the ROLL UP or ROLL DOWN
softkeys.

Figure 3-27. LIST DISPLAY Page (Sheet 1 of 3)
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DISPLAY :

Messurement results are displayed in a 3x10 "window™, as shown in Figure B. The
"field" can be moved left, right, up, or down by pressing the LEFT, RIGHT, ROLL UP,
or ROLL DOWX softkey to view other measurement results,

ﬁ. ROLL UP
MEASUREMENT SHANNELS
N
& X znd 314 < 3h 5t &rh
[ 1 T
=l 2 e e
3 3
.
s
T
wer g ) = R
b e F 8"
3 e aeensiie s
k4 J—
o
H
: DISPLAY (W INDOW"}
{} ROLL DOWR
Figure B

Softkey Funetions :

This page has only one softkey prompt (shown in Figure A). The function of each
softkey is described below.

-
.

Turns on the line eursor (*). When this softkey is pressed, the cursor will be
displaved in the VAR column and it can be moved up or down with the CURSOR
keys. The cursor is used when making keyboard ealculations. Instead of entering
the numeric value of a messurement result or VAR] or VARZ step, the channel
name can be used in arithmetic expressions. Using the values listed in Figure A,
suppose you want to calculate the square roof of IC when VCE is .1200V. Simply
move the cursor down the VCE column and stop at VCE =.1200V, then key In

The square root of 88.06 A will then be displayed on the Keyboard Input Line.

Figure 3~-27. LIST DISPLAY Page (Sheet 2 of 3)
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User-entered comments of up to 30 characters ean be displayed on the CRT.
The procedure is as follows:

1. Press the COMMNT softkey. The frame around the softkey prompt will be
highlighted and the BLUE key will be set to on.

2. Key in the comment {up to 30 charaeters). There is no restriction on
character type.

3. Press the ENTER key. The ecomment will be displayed directly below the
page title and the frame around the COMMNT softkey prompt will be
de-highlighted (normal intensity).

With the comment function set to on (COMMNT softkey prompt highlighted),
anything displayed on the Keybosard Input Line will be entered and displayed ss &
comment if the ENTER key is pressed, even if a comment is already displayed
below the page title. This allows you to change or delete an existing comment.
For example, to delete a comment, press the COMMNT softkey, CLEAR the
Keyboard Input Line, and press ENTER.

Eff‘f ] : Shifts the monitor channel ecolumns to the right.

Efﬁ” l : Shifts the monitor channel columns to the left.

REE~ ] * Rolis the list up.
M:] ! Rolls the list down.

These softkeys allow the operator to view all measurement results. (Refer to
Figure B.) When the ROLL UP or ROLL DOWN softkey is pressed and held, line
movement is continuous.

Note

When ROLL UP/DOWN is performed during measurement which has
more than 100 steps, displayed values may inelude rounding errors.

Figure 3-27. LIST DISPLAY Page (Sheet 3 of 3)
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MATRIX DISPLAY PAGE
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Funetion of this page :

1. Display the measurement results obtained at each VAR and VAR?Z step for the
monitor channel selected on the MEAS/DISP MODE SETUP page.

2. Allow anelysis of measurement results with the softkeys and arithmetic
capabilities. '

MEASUREMENT:

Each time this page is displayed, the results of the previous measurement are
automatically - re-displayed, regardiess of the display mode used in the previous
measurement. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if NAME on the MEAS/DISP MODE SETUP page is changed,
the results of the previous measurement are erased from the data buffer and a new
measurement must be made. To make & new measurement, press the SINGLE, or
REPEAT, key. Measurement results of the monitor channel selected on the
MEAS/DISP MODE SETUP page will be displayed as the measurement progresses.
Results are displayed for each VARI step (e in Figure A) and VAR? step ({ in Figure
A). Only three VAR2 steps and ten VARI steps can be displayed at one time.
Measurement results not displayed can be viewed by pressing the LEFT, RIGHT,
ROLL UP, or ROLL DOWN softkey.

Figure 3-28. MATRIX DISPLAY Page (Sheet 1 of 2)
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DISPLAY :

Measurement results are displayed in a 3 x 10 "window," as shown in Figure B. The
"field" can be moved left, right, up, or down by pressing the LEFT, RIGHT, ROLL UP,
or ROLL DOWN softkeys to view other measurement results.
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HISPLAY (7 WINDSW" )

'C' ROLL. DOWN
Figure B
Softkey Prompts:

This page has only one softkey prompt (shown in Figure A). Refer to the Softkey
Functions deseription given in Figure 3-29 for the function of each softkey.

Figure 3-28. MATRIX DISPLAY Page {Sheet 2 of 2)
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SCHMOO PLOT PAGE
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Funetion of this page :
1. Plot measurement resuits on an X-Y-Z graph.

2. Allow analysis of measurement results with the softkeys and arithmetic
capabilities.

MEASUREMENT:

To meke a measurement, press the SINGLE or REPEAT key (APPEND ean not be
used), Messurement results will be displayed ss the measurement progresses.

Figure 3-29. SCHMOO PLOT Page (Sheet 1 of 3)
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X-Axis and Y-Axis Scaling :

Sealing for the X and Y axes is determined by the START and STEP values of VAR]
and VARZ2 and by the VAR! SWEEP MODE. The maximum number of measurement
points along the X-axis is 41; along the Y-axis, 21I.

. Linear VARI Sweep:

X-axis (VAR]): Min.=a, Max.=a+40xb
Y-axis (VAR2): Min.=¢, Max.z¢+20xd

where a2 = YAR] START value
b= VARl STEP value
¢ =VAR2 START value
d = VARZ2 STEP value

Note

STOP value is not used in determining axes sealing. Also, if the
VAR] STEP value or VARZ STEP value is 0, the minimum and
maximum secale values for the respective gxis are set to the START
value.

2. Logarithmic VAR] Sweep:

X-axis (VAR1): Min. =g, Max.=gx10 A
Y-axis {VAR?Z) : Min.=e, Max.=c+20xd

where & = VAR] START value
a = Number of step per decade (10, 25, or 50)
¢ = VAR?2 START value
d = VAR2 STEP value
Note

If VAR] START>STOP, the exponent in the equation for X-axis
Max. becomes g5 follows.

X~gxis Max.=ax 10 -3

Figure 3-28. SCHMOO PLOT Page (Sheet 2 of 3)
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Softkey Functions:

This page has only one softkey prompt {shown in Figure A). The function of each
softkey is described below.

CURSORY &«

Similar to the CURSOR on the GRAPHICS PLOT page. The cursor highlights
the symbol at 2 measurement point. To move the cursor, use the CURSOR keys.
The cursor ean be used to simplify keyboard caleulstions.

Note

When the cursor is moved to a part of the plot ares where there are
no symbols, * is displayed and no Z-gxis value is displaved.

[y

Same as the COMMNT softkey on the other display pages.

: Stores displayed measurement results.

* Replaces displayed measurement results with stored measurement results.

These softkeys are similar to the STORE and RECALL softkeys on the
GRAPHICS PLOT page (Figure 3-28). The only difference is that reealled
measurement resuits are not displayed over the existing measurement results;
that is, only one set of measurement results is displayed. When the frame arcund
the RECALL softkey prompt is highlighted, only stored measurement results are
displayed. Conversely, when the frame is not highlighted only the results of the
last measurement are displayed. STORE and RECALL operations on this page
are unrelated to those on the GRAPHICS PLOT page. TFor example,
measurement results stored on the GRAPHICS PLOT page cannot be recalled on
this page.

Figure 3-29. SCHMOO PLOT Page (Sheet 3 of 3)
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AUTO SEQUENCE SETUP PAGE
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Figure A

Funetion of this page :
Set up or edit an auto-sequence program.
Auto-Sequence Program :

An auto-sequence program is setup (written) by the operator and cean perform a series
of instrument operations, without operator assistance. An auto~sequence program ean

1. call pre-stored measurement setups from the dise {(GET P command),
2. perform a SINGLE measurement (SINGLE command),
3. store measurement results onto the dise (SAVE D command),

4. store measurement results onto the dise under an existing filename (RSAVED
command), ‘

5. dump measurement results onto an HP-IB plotter (PLOT com'mand),

§. dump only measurement curves onto an HP-IB plotter (CPLOT command),
7. print out measurement results onto an HP-IB printer (PRINT command),
8. half execution untl CONT is pressed (PAUSE command),

9. wait a specified time (WAIT eommand), and

10. advance the page on an HP-IB plotter (PAGE command).

Figure 3-30. AUTO SEQUENCE SETUP Page (Sheet 1 of 4)
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Programming :

Setting up the auto-sequence programs requires no special programming knowledge.
When this page is first displayed, the field-pointer will be on line 1 and the
auto-sequence commands will be listed in the softkey prompt area of the CRT. To
enter & ecommand, simply press the desired softkey. The selected command will be
displayed on the line and if the eommand requires no parameters, the field-pointer
will automatically move to the next line. If the command requires parameters (plot
area, {ile name, weit time), the field-pointer will not move, indieating that the
operator must enter parameters from the front panel. After the perameters have
been keyed in and the ENTER key pressed, the field-pointer will move to the next
line. Up to 50 lines can be entered, however up to 24 lines can be displayed at once.
The rollup and rolidown of the lines can be effective by the arrow key of the front
panel. - Blank lines are allowed but are ignored during sauto-sequence program
execution. ’

Program Commands:

There are eight program commands - GET P, SINGLE, SAVE DI, RE-SAVE D,
PLOT, CURVE-PLOT, PRINT, PAUSE, WAIT, PAGE. They are gvailable with the
softkeys only. Eaeh is described below.

: GET P f{ile name

This ecommand calls the specified (file name) measurement setup from the dise
and displays the display page (GRAPHICS, LIST, MATRIX, or SCHMOO) specified
in the measurement setup. To enter this command, press the GET P softkey, key
in the desired file name, and press ENTER.

[SINGLE [ :

This command executes one measurement end is, equivalent to pressing the
SINGLE key on the front panel. If SINGLE is entered on line 1 of an
auto-sequence program, the program can be executed only on the GRAPHICS
PLOT, LIST, MATRIX, or SCHMOO PLOT page. Execution on any other page
will result in error Z02. To enter this command, press the SINGLE softkey.

. SAVE D file name

This eommand stores measurement results into the specified (file name) data file
on the dise. The file name specified in this command must be unique; that is, the
file name of an existing data file cannot be used. To enter this command, press
the SAVE D softkey, key in the desired file name, and press ENTER.

HE-. 51 : RE-SAVE D (displayed "RSAVED"} file name

This eommand stores measurement results into the specified (file name) data file
on the dise. The file name specified in this command must be the file name of
an existing data file, To enter this command, press the RE-SAVE D softkey,
"RSAVED" is displayed on the program line, key in the desired file name, and
press ENTER.

[PL-QT | : PLOT Xmin, Ymin, Xmax, Ymax

This command dumps the existing display (GRAPHICS PLOT, LIST, MATRIX, or
SCHMOO PLOT) onto an HP-IB plotter. Scaling perameters (Xmin, Ymin, Xmax,
Ymax) must be delimited by & comma or a space. To enter this command, press
the PLOT softkey, key in the sealing parameters, and press ENTER.

368
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EWRYE 1 ¢+ CURVE-PLOT {displayed "CPLOT™) Xmin, Ymin, Xmax, Ymax
This eommand dumps only the measurement results of GRAPHICS PLOT onto an

HP-IB plotter. Scaling parameters (Xmin, Ymin, Xmax, Ymax) must be
delimited with commas, or by leaving spaces. To enter this commmand, press the

CURVE PLOT softkey, "CPLOTY is displayed on the program line, key in the
scaling parameiers, and press ENTER.

PRINT I :

This eommand outputs measurement results to an HP-IB printer. To enter this
commend press the PRINT softkey.

lF’AUSE ’ :

This command halts program execution until the CONT key is pressed. While the
program is halted, the operator can change paper on the plotter, ehange test
samples, ete. To enter this command, press the PAUSE sofikey.

e T : WAIT time

This command stops program execution for the specified time. Specifiable time
is from 0 to 65535 seconds. Freetional values are rounded to the nesrest whole
number. To enter this command, press the WAIT softkey, key in the desired wait
tirme, and press ENTER.

=]

This eommand advances the plotter paper to the top of the next page. The
plotter used must be equipped with automatic paper advance.

Program Edit Funetions :

There are three program edit functions — ASP CLEAR, LINE DELETE, LINE
INSERT. They are available with the softkeys only. Each is deseribed below.

Deletes the program line indicated by the field-pointer.
bnBEaT | ¢

Inserts one blank line between the line at which the field-pointer is loeated and
the preceeding line. The field-pointer remains at the blank line and a new
eommand can be entered. If a line Is inserted into & 50-line program, the last
line is deleted.

Figure 3-30. AUTO SEQUENCE SETUP Page (Sheet 3 of 4)
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program.

Program Execution:

Note

An auto-sequence program cannot be executed when the instrument is
measuring, plotting, printing, or in GL1 mode {under HP-GL control). The
ATUTO SEQ STOP key cannot be pressed when the auto-sequence program
is executing a GET P, SAVE I or RE-SAVE D command,

Note

Once an auto-sequence program containing a SAVE D cecommand s
executed, it can not be executed again. If it is executed again, error M05
(file name elready reserved) will be displayed on the CRT. To run the
auto-sequence program ageain, use the RE-SAVE command or change the
file name specified in the SAVE D command.

Kote
If an error-code ZXX is displayed, the auto-sequence program stops and
waits as if a PAUSE command was executed. Refer to Table 3-3 for

meaning of the error-code. To continue the program, press the CONT
key. The progrem continues from the next line,

Note

If the length of PLOT command exceeds 26 characters, linge number Is not
displayed when the ASP is excuted.

To execute an auto-sequence program, press the AUTO SEQ START/STOP kev.
The program will begin end the AUTO SEQ START/STOP indicator lamp will come
on. The line number and the command being executed are displayed on the Keyboard
Input Line during program execution. The program continues execution until it comes
to a PAUSE command or until ail lines have been executed. When the program is
halted by the PAUSE command, press the AUTO SEQ CONT key to continue the
To stop the program, press AUTO SEQ START/STOP key sagain.
indicator lemp will go off and the program will stop at the present line.

The
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Setup:

OUTPUT SEQUENCE SETUP PAGE
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Funetion of this page :

Note

Specify the order in which source channels begin output. When measurement begins,
the source channels used in the measurement are turned on in the order specified on
this page. The source channels' output sequence is important when measuring devices
such as MOSFET transistors or operational amplifier ICs that have FET inputs.

When the instrument is turned on, the output sequence setup is as shown above. To
change the setup use the CURSOR keys (to move the field-pointer) and the softkeys.

To inelude the QUTPUT SEQUENCE SETUP when storing a measurement
setup onto the dise, you must return to the MENU after setting up this page.
Only then will the new OUTPUT SEQUENCE SETUP be valid for a SAVE P

operation.

Figure 3-31. OUTPUT SEQUENCE SETUP Page.
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USER FILE CATALOG PAGE

b a e 4 e £
= el i ] SKP 30 S¥P 31 a. Available records
'\\*** USER FIL CATALE? semat | [Exmd T (22 b. File name
woiume  fHF4IRD Revf. 1.0 c. File typ.e
availabYe redgordgs « j2078 ]bmg L{&i{d .
file name/ comments adrs bik d. gge cgglmerits
NEN4 PRO zZ86 =3 - — e, e address
VCESAT PHO 291 5 L. Lo
TCBVBE PRO 206 5 f.  Number of records used
IGSSTM PRO 301 5 o) ey g User-ares files
g HFE1 RO 306 s
HEE2  PRO 311 5
8I1P4  SEQ 316 4 [EEa.] L]
VEIC  DAT #8512 320 23
VCESAT DAT #5182 343 23 -
HFE 4 DAT  #514 355 23 EEe] ot
B s
[(E8E ] 1

Functions of this Page:
1. Display information pertaining to files stored on the dise.
2. PURGE (Gelete) files from the user-area.
3. Initialize the blank disc.

4. Copy the Operating System Software (Operating System Copy) to the initialized
dise.

5, Transfer the all files from the 4145A" mass storage media or another 4145B's
mass storage media to that on the 4145B.

The system dise furnished with the 4145B has a user-area in which up to 2178 records
or 240 files can be stored. The initialized disc has a user-aree In which up to 2432
records or 240 files can be stored. The number of records per file depends on the file
type, as listed below.

Program files (measurement setups) Sred/file
Data files (measurement results with setups) 23red/file
ASP files (auto-sequence program files) 4red/file

Information for up to 11 files can be displayed on this page. To display information
on other files, press the ROLL UP or ROLL DOWN softkey, or press the NEXT
SCREEN or PREV SCREEN Softkeys. When the ROLL UP or ROLL DOWN softkey is
pressed and held, movement through the displayed files is continuous. Each item —a
through g — in Figure A is described below.

3-72
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SECTION III

8.

b.

Available records:
Shows the number of available records.
File name:

Lists the names of all files stored on the dise.
And lists the file~type of each file stored on the disc.

Sys: System file

Pro: Program file {(measurement setups), file type P
Dat: Data file (measurement results), file type D
Seq: ASP file {auto-sequence program), file type S

When storing or recalling a file, the file type — P, D, or S - must be specified in
the SAVE, RE-SAVE or GET command. System files can be recalled only when
the CHAN NEL DEFINITION page is displayed and only with the softkeys.

File comments:

Lists any comments that were specified in the SAVE or RE-SAVE command when
the file was stored. When specifying a eomment in the SAVE or RE-SAVE
eommasnd, it must be entered after the file name, must be preceeded by a space,
and must not be more than eight characters long.

Fite address:

Shows the address of the first record of each file. The first user-ares address of
the system dise is 286. Addresses below 286 are used for operating system
software and system files.

Number of records used:

Shows the number of records reserved for each file. Normelly, the number of
records reserved is egual to the number of records used, but there are cases
when this is not true. For example, if a program file (5 records) is stored after a
date file (23 records) has been purged, the new file will have 23 records but will
use only 5. The 18 unused records are wasted. They cannot be used for storage
of sdditional files.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 2 of 4)
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Softkeys :

This page has two softkey prompts {shown in Figure A). The funection of each softkey
is deseribed below.

BKP 30

.

PURGE

This softkey is for deleting files from the dise. To purge = file, press the PURGE
softkey, key in the file type and file name, and press EXECUTE. I the CLEAR
key is pressed before EXECUTE, the PURGE operation is cancelled.

CAT

if the disc is changed while the FILE CATALOG page is displayed, this softkey
displays the FILE CATALOG of the new dise,

2|
Iyl
b
(i)
m
z

This softkey rolis~up the file page,

This softkey rolls-down the {ile page.

MOLL,

%i]
Ril

This softkey rols-up the file list, If this softkey is pressed and held, continuous
roll-up is performed.

I
™

-
»

DUWN

This softkey rolls-down the file list. If this softkey is pressed and held,
continuous roli-down is performed.

SKP 31

coey .
RIsc ] *

This softkey is used for copying the user-aresa files and operating system onto the
another system disc or initislized dise. The procedure is given in paragraeph
3-148,

CORY
SYS

This softkey is used for copying the operating system onto the initialized dise.
The procedure is given in paragraph 3-146.
“Bidc

This sorftkey is used for initializing the blank disc. The procedure is given in
paragraph 3-144.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 3 of 4)
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(5%
This softkey is used for transfering all of the files from the 4145A's disc or
4145PB's dise onto the 4145B% dise. When the files are trensfered from 41454,
HP 16267A File Transfer Software Dise for the 4145A (not furnished) is needed.
The procedures are given in paragraph 3-150.

(8RR ]

This softkey is used for transfering ell of the files from the 4145B's disc onto
another 4145B' dise. The procedures are given in paragraph 3-159.

[

This softkey is used for deleting all files from the dsie. To purge all files, press
the PURGE ALL softkey, and press the EXEC softkey, If the QUIT softkey is
pressed before EXEC softkey, the PURGE ALL operation is cancelled.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 4 of 4)
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OPERATION GUIDE PAGE

Thplwewr OPERATION GUIDE wsews -
1 w7
LIGPLAY CUNYRDL XEYS

T

Figure A

Funetion of this page :
Provide basie operafing instructions. Included sre deseriptions of the display control
keys, display relationships, and a list of error messages and error codes. This page
has seven screens. To view screens 2 through 7, use the NEXT or PREV key.

Construetion :

Sereen flow is as shown below. The MENU key can be pressed at any time.

Figure 3-33. OPERATION GUIDE Page
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DIAGNOSTICS PAGE

SKP 32
Chel aanws JIACNOSTICS wweww ﬂ:}
1 REGULAR SELFTEST =
A e ]
2 FRONT PANEL TEST
3 GRAPHILC TEST PATTERN Fag]
Figure A

Funetions of this page:
1. Perform Self-Test.
2. Perform Front Panel Test.

3. Perform Graphic Display Test.

Softkey funetions :
One Softicey Prompt (SKP32) is displayed on this page.
: Self Test
Two Self-Tests are performed when this softkey is pressed. They are s fcllows :

1. MPU Test: Cheeks the ROMs and RAMs. If an abnormality is detected, an
error-code will be displayed in the center of CRT.

2. SMU Test : Checiks SMUs 1 through 4 and their control eircuit. I an
abnormality is deteeted, CHAN (111 DOWN It )or CHAN (10, 20, 31, 40)
will be displayed. In the latter, SMUS3 is down.

If the SELF TEST detects an abnormality, eontaet the nearest Hewlett-Packard
Sales or Service Office,

Figure 3~34. DIAGNOSTICS Page (Sheet 1 of 3}
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+ Front Panel Test

This softkey is used for testing the operation of the front panel controls, When
this key is pressed, the display will change to that shown in Figure B and the
front panel lamp test will begin. In the lamp test, all lamps on the front panel
are momentarily turned on and then turned on one at that time. During the lamp
test no keyboard operations can be performed. When the lamp test is completed,
the rotary dial test and key test can be performed. To perform the rotery dial
{(MARKER) test, rotate the dial and observe the COUNT display on the CRT.
Rotating the dial clockwise 360 degrees increases COUNT by 120; rotating the
dial counterclockwise 360 degrees decreases COUNT by 120. COUNT can be
reset to zero by pressing the CLEAR key. In the key test, NEXT KEY shows
number of the key that should be pressed next; LAST KEY shows the number of
the key that was just pressed. Key numbers are shown in Figure C. To perform
this test, press key 1; LAST KEY  should change to 1 and NEXT KEY , to 2.
Continue in this manner until all the keys have been checked. When key 66
(EXECUTE) is pressed, NEXT KEY and LAST KEY  will both be 66, and when
key 66 is released, the display will change back to that shown in Figure A.

(ol wewes DIAGNOSTICS ewees [Sw—,
L Hal]
REXY KEY 4 1 e
LAST KEY &3
Count @
A—
—-—
—
-
Figure B

w-m SMCCUIUCTON PARANETAR AMALYZER
pehaiR e

O

it

‘ t 5" B@EEs =

F — e
wh::: "8. usth ALt E::SQ
5385 [(ELE2 (63 64 €3

Figure 3-34. DIAGNOSTICS Page (Sheet 2 of 3)
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[ %8y |: Graphic Display Test

This softkey is used for INTENSITY ané FOCUS adjustments. Adjustment
procedure Is given in Figure 3-6.

Figure 3-34. DIAGNOSTICS Page (Sheei 3 of 3)
3-78



SECTION II ‘ ‘ Model 4145B

3-80. TIME DOMAIN MEASUREMENT SETUP

3-81. The 4143B can messure voltage or current
es a funection of time. This is called a time
domain measurement and is made possible by
replacing the main sweep, VARI, with time.
Measurement is made at constant, user-specified
time intervals and results can be displayed on
the GRAPHICS PLOT, LIST DISPLAY, MATRIX
DISPLAY, or SCHMOQO FPLOT page, just as in a
normal VAR sweep measurement. (If results
are to be displayed on a SCHMOO PLOT, YAR2
must be used,) The page-by-page setup for a
typical time domain mesasurement, along with
measurement results, is shown in Figure 3-35.

() Do not select VARI as the source

function for any of the source
aroms CHANMEL OFINITION wew [T channels. VARZ, however, can be
R ]S selected, if desired. VAR can
not be used,

SaE-Sme—amm S (2) Because VARI is not assigned on

— S — — = the CHANNKEL DEFINITION

e ‘ page, the VAR column on the
i :ﬁ SOURCE SETUP page is blank.

(3 Enter the SOURCE and
COMPLIANCE values for each
CONSTANT source, If VARZ is
to be used, enter the sweep
parameters.

@) WAIT TIME : Identical to the
HOLD TIME of & VARI sweep
measurement. Settable range is 0
to 100 seconds with 10
millisecond resolution.

(3) INTERVAL : The time between
measurements. Settable range is
01 to 10 seconds with 10
millisecond resolution.

() NO. OF RDNGS: The number of
Trres NEAS & GISP MOE SET U2 oo BIRLD measurements to be made. If
- VARZ2 is used, this is the number
of measurements to be made st
each VARZ step. Settable range
is 1 to 1024, However, if VAR?
NQ. OF STEP x NO. OF RDNGS
1140, T"puffer full™ will be
displayed when measurement is
made.

Figure 3~35. Time Domain Measurement Setup (Sheet 1 of 2)
3-80



Model 41458

SECTION 11

Example Measurement

Crp) =mswes DRAGHICY PLOT sewwes s ol ermenas LIST DISP_AY ssmmene .|
L S S v SR s OB st
f .
o= U SRR T ]
T . .
- TCw] €. B58pA|
1. dwi 8 Dager
2. Baf 4. POBA. =0
3, Bhal 4. B4lpr
A BBwf 4. Sadph ;
< gia) 4L Sagon =
6. BBl 4. FHXaA
5. Blm] 5. 552pA] : =
B. BBuf 5. isﬂahi i
B tRial S ER8eA H E

Note

If INTERVAL is too short, error-code (e.g. Error D08) will be displayed. In
this case, date is meaningless because the next measurement begins before the
present measurement is completed. This meaningless data is not displayed.

Figure 3-35. Time Domain Measurement Setup (Sheet 2 of 2)

3-81



SECTION I

3-82 DUT CONNECTION

3-83. DUTs cen be connected to the 4145B
through the 16058A Test Fixture or through the
furnished connector piste (P/N : 04145-60001).
Connection using the 16058A is described in
paragraph 3-84 and connection using the
furnished connector plate, in paragraph 3-86.

Model 41458

3-84, DUT Connection Using the 16058A

3-85. The 16058A Test Fixture is designed to
conneet peackapged deviees, such as transistors,
diodes and ICs, to the SMUs, voltage sources,
and voltage monitors on the 4145B. Eight
different, interchangeable DUT Sccket Boards
sre furnished with the 160584, Connection
between the 4145B and 16058A is shown I
Figure 3-36. Also shown are examples using four
of the furnished DUT Socket Boards.

The procedure for econnecting the 16058A is as follows:

1. Turn off the 4145B. If the 24-pin Shorting Connector (P/N: 04145-61623) is
connected to the System Cable connector on the rear panel, remove it.

2. Connect the 16058A to the 4145B as shown below. Use the furnished System
Cable (P/N: 16058-61604) and trisxisl cables (P/N: 16058-61603). The System
Cable contains the Vs lines, Vm lines, and the fixture-tid-open detection line.

41458
160584 Jz ;—_@ |
péad
....!..; =
] l g é é ‘-; 14 vy
© ooor = %——3
=Y
IR
CAUTION

THE SYSTEM CABLE CONNECTOR AND THE HP-IB CON-
NECTOR, BOTH OF WHICH ARE LOCATED ON THE 4145B'S REAR
PANEL, ARE IDENTICAL, DO NOT CONNECT THE 16058A TO
THE HP-IB CONNECTCR OR THE HP-IB CABLE TO THE 4145B%
SYSTEM CABLE CONNECTOR.

3. Select a DUT Socket Board suitable for the device to be measured, and insert it
into the 160658A'% Personality Board. To insert the board, pull cut the two black
fasteners, place the socket board on the Personslity Board so that it covers the
opening, and press the two black fasteners.

Figure 3-36. DUT Connection Using the 16058 A (Sheet 1 of 4)
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4,

To conneet the SMU, Vs, and Vm terminals on the Personality Board to the
terminals on the DUT Socket Board, use the furnished connection leads (P/N's :
16058-61600, 1605861601, and 16058-616(2). Examples are given below.

Example 1: Transistor Socket Board

Connect 8MUs 1 through 4 directly to terminals 1 through 4, respectively, as
shown below.

D v00sk #3001 PEASONALITY BOARD

© 00009
= TR pa

oRETE  CEEDT

terminal 1 to SMUL
terminal 2 to SMU2
terminal 3 to SMU3
terminal 4 to SMU4

Example 2: &-pin Socket Board

Connect SMUs ! through 4 direetly to terminals 1, 3, 5, and 7, respectively, as
shown below.

peARL PERSONALITY BOARD

. RQ Q0OO0O0Y
g i e W o R

@ o-o-p | Bio !} ?‘»a&bﬂO termineal 1 to SMU1

O-0-b o e terminal 3 to SMU2
2@ O o o ) ‘i‘ terminal 5 to SMU3
OO e b terminal 7 to SMU4

R e o j-l |

: : | e |

Lisosn TOFT POUTREC

oz comcon

LI R

Figure 3-36. DUT Connection Using the 18058A (Sheet 2 of 4)
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Model 4145B

Example 3: Using the CONNECTION SWITCH

Connect the Socket Board terminals and SMUs 1 and 2 to the CONNECTION
SWITCH, as shown below. When the switeh is set to position 1, the SMUs are
connected to the top two terminals (NARROW) of the Socket Board and when it
sets to position 2, the SMUs are connected to the lower two terminals. When the
switeh is set to the ecenter position, the Socket Board is not conneeted to the

SMUs.

8 woou-eboa)

PERSONALITY BOCARD

@@@@@ @@@O@

m f o o

®|\; @-i--\j) ol Sesnis
OO o [
©0-0-0 | V.
Do 3 D D o M,..@.“
D E uessn oy pae

e | SRR

Example 4: Blank Teflon Board

This board is used when measuring high resistance components or components
that can not be measured with the other Socket Boards. To connect the
component, use the miniature~clip leads (P/N: 16058-61802)

(BT oo -0

PERSONALITY BOARD

@@ 00000 @@@O@@O

Cl "L ‘-&1

Y

O ‘©-0-0

:( .—&‘«%‘.— -
Ho oL o) %E:. ! .
1000 — et ot
g0 ‘w
------ "‘% |
M Commrt .....‘lé
n a

The Connection Switeh is 85 shown
below :

COM

.7

3-84
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5.

6.

7.

Turn on the 41458 and set up the measurement as required.

Close the test fixture lid and press SINGLE, REPEAT, or APPEND to start the

measurement.

Note

If the cutput voltage from an SMU or Vs will exceed 42V during the
measurement, the test fixture lid must be closed to start the
measurement. If an attempt is made to start the measurement while
the test fixture lid is open, "Close the fixture 1id" will be displaved on
the CRT and measurement will not begin.

Note

H the test fixture lid is opened during a measurement in which the
output voltage exceeds *42V, measurement will stop immediately
and all sources will be turned off (0V) as if the STOP key had been
pressed.,

The figure below shows the connections between the 41458 and the 16058A.

41458 1 16058 A
e ———

Fv’st
5-4#52 .
vl

.vmz;_/ vm2
SN |
| SR s 4

4
R
Shorting-bar
on the rear panel

Figure 3-36, DUT Connection Using the 16058A (Sheet 4 of 4)
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3-86. DUT Connection Using the Connector
Plate

3-87. The furnished connector plate (P/N :
04145-60001) has four BNC connectors and four
triaxisl connectors. It is intended for use with
user-fabricated or user-furnished test fixtures.
For best measurement results, the test fixture
should be enclosed in & shielding-box and the
econneector plate should be mounted on the box, as
shown in Figure 3~37. This significantly reduces
the effects of RFI and EMI, and is especially
important when making - low-current
mesasurements on wafers at the probe station.
The procedure for conneeting the connector
plate, shielding-box and 4145B is given in Figure
3~31.

Mounting the Connector Plate and Connecting the 4145B:

1. Drill the holes requn'ed to mount the connector plate onto the shielding-box.
Hole spacing is given in Table 1-3.

2. Mount the connector plate on the shielding-box. Make sure there i good
electrical contact between the plate and the box.

3. Turn off the 4145B.

4. Connect the furnished 24-pin Shorting Connector (P/N: 04145-61623) to the
System Cable connector (labelled TO 16058A TEST FIXTURE) on the resar panel.

Note

If the Shorting Connector is econnected, output from the SMUs is not
limited to 242V; that is, the 4145B assumes a fixture-lid-closed
condition.

5. Connect the 4145B to the connector plate with the four furnished 3-meter
triaxial cables (P/N: 04145-61622) and the four furnished 3-meter BNC cables
(P/N: D4145-61630), as shown below,

Shigtded Box

{
|
i
{
i
]

S s o e, Ak Ak ok Bt it

;
H
!
[
I
]
i
|

Shorting Connector

Figure 3-37. DUT Connection Using the Connector Plate (Sheet 1 of 2)
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8.

7.

Turn on the 41458 and make the necessary measurement setup.

The figure below shows the connections between the 4145B and the connector
piate.

41458 04145 ~ 60001
My | R_J::: pfefeutyiply . S
g L__,_hz:&:::::::‘m—%—‘@““u'
— = TIIITIIIT A o w2
1 ot g2 LI
r@ O T A o
} femizl o e 1 1o ¥
: ) e e ! L@ $Mu4
=3 e
% j¥szt £ l :__-_—.______u......._...\./ 2 V2
4? { vy } l “:::_-:_:__._._L.\ 0 Vmi
ey 751 el vz
:
..L\““\
Shorting-bar

on the rear panel

WARNING

A POTENTIAL SHOCK HAZARD EXISTS WHEN THE SHORTING
CONNECTOR IS CONNECTED TO THE 4]48B. DC NOT TOUCH THE
OUTPUT TERMINAL OR INNER CONDUCTOR OF SMU DURING
MEASUREMENT.

Note

Do not eonnect the inner shield {guard) of an SMU to ground (&) or common (P).

Figure 3-37. DUT Connection Using the Conneector Plate {Sheet 2 of 2)
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3-88. SMU OSCILLATION

3-88. The SMUs of the 4145B are high-speed
smplifiers, and as such, may oscillate under
certain load conditions. Devices that exhibit
negative resistance characteristics, sueh as
tunnel diodes and unijunction transistors, are
especially troublesome in this regard, since they
are almost certain to cause an SMU to oscillate.
When measuring such deviees, you must take
certain precautions to prevent oscillation.
Figure 3-38 shows two methods of preventing
SMU  osciliation when rmeasuring negative
resistance devices.

Model 41458

Oscillations are not limited to the SMUs; the
test sample itself may also oseillate due to the
residual induetances and stray capsecitances of
the connection eables anc test fixture or probe.
eard. Bipolar transistors that have high h¥E and
wide bandwidth are especially susceptible to
oscillation. Test deviee oscillation ecannot be
detected by the SMU's internal detection
eireuits, So it's important to guard against test
sample oscillation. For transistors, the best way
to do this is by using ferrite beads as shown in
Figure 3-39. '

Deviza

Iy=I-GV

Vo=V-Ri

/,mgnfin

Resistance

Voltage-Controlled Negative Resistance Measurements:

The parallel eonductence, G, effectively cancels the negative resistance of test
sample ¥, whose -V chaeracteristics are graphed on the right. If the value of G
is known, you can calculate the current through the sample at any value of V
from the following equations. It is possible to display the IY directly with the
User Funetion of the CHANNEL DEFINITION page (refer to Figure 3-23).

Current-Controlled Negative Resistance Measurement

Vi

The series resistance, R, effectively cancels the negative resistance of the test
semple Z, whose I-V characteriatics are graphed on the right. If the value of R is
known, you can caleulate the voltage across the sample at any value of I from
the following equation. It is possible to display the VZ directly with the User
Funetion of the CHANNEL DEFINITION page (refer to Figure 3-23).

Figure 3-38. Negsative Resistance Measurements
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*Ferrite Beads {available from Hewlett-Packard ; order PN 8170-0029)

Positon the ferrite beads as close as possible to the device under test. In some
instances it may be necessary to use two ferrite beads to stop oscitletion. Also,
if the ferrite beads on adiacent leads come in contact with each other, or if &
ferrite bead touches the device's case or another lead, leskage current-will
increase, reducing the accuracy of measurement results.

Figure 3-39. Preventing Transistor Oseillation
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3-90. FLOATING MEASUREMENT

3-91. When the DUT k grounded or when the
external voltage source or shield ease for DUT is
connected to ground, measurement can not be
performed or measurement results may be
affected by ground loops. The 4145B ean be used
for floating mesasurements by diseonnecting the
shorting-bar on the rear-panel. In this condition,
the measurement and souree ecircuit is floating
sbove chassis ground, and voltages over $42V
may be present on the COM terminsl.

WARNING

A POTENTIAL SHOCK HAZARD MAY
EXIST WHEN COMMON IS NOT
CONNECTED TO GROUND
(SHORTING-BAR DISCONNECTED).
DO NOT, REGARDLESS OF THE
OUTPUT VOLTAGE, TOUCH THE
COMMON TERMINAL OR OUTER
CONDUCTOR OF THE SMU, Vs, OR
Vm CONNECTORS DURING . A
FLOATING MEASUREMENT
(SHORTING-BAR DISCONNECTED).

CAUTION

DO NOT FLOAT THE INSTRUMENT
AT YOLTAGES EXCEEDING 42V.

Note

When the 16058A Test Fixture is usedq,
floating measurements ecan not be
mede, because souree common Is
connected to chassis ground inside the
test fixture.

Model 4145B

3-92. GUARDING

3-83. When low-current measurements are
made (SMU's set to I monitor), guarding can be
used to reduce the effects of leakage current.
Yoltage at the guard terminal is held at the same
potential s the SMU output voltage. Connect
the guerd terminal (GD1 through 4 terminals on
the Personality Board) of the SMU used for I
monitor to the outer shield of the DUT. Figure
3-40 shows sn example of guarding.

WARNING
GUARD POTENTIAL IS THE SAME AS
SMU OUTPUT. DO NOT TOUCH THE

GUARD TERMINAL DURING
MEASURMENT.

Note

Do not connect the guard terminal to
the common terminsal.

insuictor

Connect Guord |
to the QUT’s packoge

% 1 Conduciance

S

Package

Do not connect I
Guord 2 1o anything.

- ! tackoge CQurrent

Leakage current does not flow into the SMU! emmeter.

Figure 3~40. Example of Guarding
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3-94. PLOT

3-95. The 41458 can directly dump an existing
display onto an HP-IB plotter, without the aid of
& controller. A list of recommended plotters is
given in Table 3-8.

Note

Other plotters can be used, but they
must have a LISTEN ONLY mode.
Also, on some older type plotters, it
may not be possible to preckely
position alphabetic or numeric strings,
such as labels, within a specified plot
ared.

SECTION I

Table 3-8. Recommended HP-IB Plotters

HP7090A* Measurement Graphies
System

HPT7440A  Grapbics Plotter

HP7470A  Graphies Plotter

HP7475A  Graphics Plotter

HP7550A% Grephies Plotter

« ; 70890A cannot plot /~ ,4,0 and °.
«* - Set the T550A to Standard mode,

Operating instructions for the PLOT function are
given in Figure 3-41.

Connection to the Plotter:
(1) Equipment:

4145B

An HP-IB plotter {setable to LISTEN ONLY) and an HP-IB Cable (e.g., 10833B).
{2) Interconnect the 4145B and the plotter as shown below:

(3) Turn off the plotter.
Plotting all the existing display:
(1} Select the desired pege.

before the plot.
{2} Press the PLOT key.

Keyboard Input Line.

(4} Set the plotter to LISTEN ONLY mode and then turn it on.

1f the GRAPHICS PLOT, LIST DIiSPLAY, MATRIX
DISPLAY, or SCHMOO PLOT pege is to be plotted, measurement can be made

(3) The following will be displayed on the

Upper~right (X,Y3
')

PLOT 200, 200, 7400, 4800
Xmin Ymin Xmax Ymax

These values represent the lower-left
(Xmin and Ymin) and upper-right
(Xmax and Ymax) coordinates of the
plot ares that was used in the last
PLOT operation.

Piot Area

O

Lowar-lett (X,Y}

Figure 3~-41. Plot Function (Sheet 1 of 3)

3-81



SECTION IiI Model 41458

Note

The values displayed on the Keyboard Input Line when the PLOT key is pressed
gre in .025mm units. Note that the maximum value of the X ecordinate and Y
coordinate for the recommended plotters are different. Refer to the plotter's
manual.

(4) If necessary, change the displayed values with the EDIT Keys. ENTER key is
not recuired.) The following limitations must be observed :
A. Xmin, Ymin, Xmax, and Ymax must not exceed 32767,
B. The specified plot area must be within the limits of the plotter.
C. Each value muyst be delimited by a comma (,} or space.
(5)  Press the EXECUTE Key to start plotting. "Plotting" will be displayed on the
- CRT's Bystem Message Line. During plotting, the 4145B is in TALK ONLY
mode, end the TLK lamp (HP-IB status indicators) will be lit. In this condition,
only the PLOT or PRINT Key is available. Also, the Xmin, Ymin, Xmax, and
Ymax velues in effect when the EXECUTE key is pressed are stored on the dise,
exeept when the dise &5 write-protected.
(6) When the plot is completed, the instrument automatieally returns to normal
operation mode,

Note

To stop the PLOT, press the PLOT key or PRINT key. If the CLEAR key is
pressed before the EXECUTE key is pressed, the PLOT operation will be
cencelled. Plotting can not be temporarily stopped,

PLOT Contents:

(1) Following are not plotted.
A. Softkey Prompts
B. Data on the Keyboard Input Ares
C. Data on the System Message Line _

(2) Following sre plotted when the CRT is displaying the GRAPHICS PLOT, LIST

DISPLAY, MATRIX DISPLAY, cr SCHMOO PLOT page.

A. Setup conditions for VAR1, VAR2, and CONSTANT Sources.
B. User ¥unction expresions

Plotting the only measurement curve on the GRAPHICS PLOT page:
(1) Seleet the GRAPHICS PLOT page. The measurement should be made before
the curve plot.
(2) Press the GREEN key, then press the PLOT key.
{3) The following will be displayed on the Keyboard Input Line.

Later procedures are same as Plotting the all existing display procedures from (4) to

{6). :

Figure 3~41. Plot Function (Sheet 2 of 3)
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Pen Selection:
When & multi-color plotter is used, pen selection is as follows:

Pen# Used for:
1 Grid Lines
2 Recalled and Curve Plot Traces
3 Existing Traces
4 Plot Area Frame, Marker, Cursors, Lines

Note

Refer to paragraph 3-140 for instructions covering HP-IB controlled plot
operation.

Figure 3-41. Flot Function (Sheet 3 of 3)
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3-96. PRINT
3-27. The 4145B ecan directly print out
measurement data on an HP-IB printer, without
the aid of a eontrolier.

Note

‘The printer must have a LISTEN ONLY
{ALWAYS) mode,

Operating instruetions for the PRINT
function are given in Figure 3-42.

Connection to the Printer:
Refer to steps (1) through (4) of "Conneetion to the Plotter® in Figure 3-41.

Printing:

(1) Press the PRINT key, "PRINT" will be displayed on the Keybeerd Input Line.

(2) Press the EXECUTE key to start printing, "Printing” will be displayed on the
CRT's System Message Line. During printing, the 4145B is in TALK ONLY
mode, and TLX lamp (HP-IB status indicators) will be lit. In this condition, only
the PLOT or PRINT key is available,

{3) Al measurement datsa stored in the Dats Buffer is printed out.

Note
If no data is in the data buffer, nothing will be printed.

{4) When printing is completed, the instrument automatically returns to normal
operation mode.

Note

To stop the PRINT, press the PRINT key or PLOT key. If the CLEAR key is
pressed before the EXECUTE key is pressed, the PRINT operation is cancelled.
Printing can not be temporarily stopped.

Print Contents:
1. Setup conditions for VAR, VAR?2 and CONSTANT Sources.
2. Messurement data
Note
User funetions are not printed out.
Note

Refer to parsgraph 3-140 for instruetions covering HP-IB controlled print
operations.

Figure 3-42. Print Function
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3-88. APPLICATIONS PACKAGE

3-99. Each dise furnished with the 4145B
contains the following four setups for frequently
made mesasurements:

1. GENL

2. B-Tr VCE-IC
3. FET VDS-ID
4. DIODE VF-IF

When the 4145B is turned on, GENL is
automatically loaded. The oiher furnished
measurement setups can be loaded by pressing
the appropriate softkey on the CHANNEL
DEFINITION pege. These furnished setups can
not be loaded with the GET command, nor can
they be purged from the dise. The contents
{channels used, sweep parameters, ete.) of each
furnished measurement setup are listed in Table
3-9, Connection examples for each setup are
given in Figure 3-43.

Table 3-8, Application Package Setups (Sheet 1 of 2)

SECTION I

GENL B-Tr VCE~IC | FET VDS-1D | DIODE VF-IF
SuU (v NAME/ | NAME) V1/11 VE/IE VS/1S VE/IF
MOBE / FCTN COM/CONST | COM/CONST | COM/CONST V/VART
auz [V NAMEN NAME:> Va2 VB/ 1B VDS /1D
\ MODE f FCTN 1 IVAR2 I /VAR2 'V VAR
. (v NAME /1 NAME) V3 /13 VCE/IC VG /16 VoI
MODE ! FCTN V VAR V /VARI ¥ /VAR2Z COM/CONST
(¥ NAME/I NAME v4/14
SMU4 | vope ¢ FOTN ) v JCONST
Vs1'  (NAME / FCTN )} | VS1/CONST
¥Vs2  (NAME / FCTN ) | VS2/CONST
Vm !l NAME/VmZ NAME VMI/ VM2 — J— .
USER FUNCTION e HFE=IC/IB rn— s

3-35
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Teble 3-9. Application Package Setups (Sheet 2 of 2)
SWEEP MODE LINEAR LINEAR LINEAR LINEAR
, START 000V 000V ~2.5000V - 5000V
VAR1 STOP 1.000V 1.006V 2.5000V %.0000V
STEP 010V 010V L0500V 0160V
COMPLIANCE 100.0mmA 100.0mA. 20.00mA 40.0mA
START 90.00 zA 10.00 2A L0000V
VAR? STEP 20 .00 #A 10.00 24 - 1.0000V o
g NO OF STEP 5 5 5
COMPLIANCE 2.6000V 2.0000V 1.008mA
NAME Vi VE Vs v
SOURCE / COMPLI OV/10SmA 0v/105mA 0V/105mA Cov/105ma
NAME V4 L
SOURCE /COMPLI 0V /100mA o
CONST
NAME vS1
SOURCE /COMPLI ov/ ---
NAME vs2 L
SOURCE /COMPLI OV /I ---
DISPLAY MODE GRAPHICS
NAME V3 VCE VDS \'43
X axis SCALE LINEAR LINEAR LINEAR LINEAR
MIN 0000V L0000V -2.5000V — 5000V
MAX 1.0000V 1.0000V 2.5000V 2.0000V
NAME 13 ic G IF
¥ axis SCALE LINEAR LINEAR LINEAR LINEAR
MIN LO00A .000A H00A ~10.60mA
MAX 19.00mA 10.00mA 1.000A 40.00mA
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SECTION I

D.

GENL:

General setup assigning all V names and [ names.

B-Tr VCE-IC:

Setup for measurement of NPN bipolar transistors. When the trangistor is connected
to the 160358A test fixture, as shown below, Veg-Ir {collector/emitter voltage —

collector current} charaeteristics common emitter Bipolar Transistor ean be
measured. Also, HFE (= IC/IB) is assigned as the User Function.

000 9000090

C

FET VDS-ID:

Setup for measurement of N-channel junction FETs (Field-Effect Transistor). When
the FET is connected to the 16058A test fixture, as shown below, Vss-I,
{drain/source voltage — drain current) characteristics of & common drain FET can be
measured.

Q00000
2]
S

DIODE VF-iF:

Setup for measurement of general PN junction diodes. When the diode is connected
as shown below, V-1 (forward bias voltage — forward current) characteristics can
be measured.

QW wibk

[N S it

Q0 0000000

Figure 3-43, Connection Examples for Application Package
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3-100. MEASUREMENT EXAMPLE

3-161. In  the following  example  the
characteristies of an NPN transistor connected
for common emitter operation are measured and
graphically displayed. Bese-emitter voltage is
swept and the resultant base and collector
currents are measured.

3-102. Turn ofi the 4145B. BSet up the 16058A%
Personality Board as shown in Figure 3-44, and
insert & transistor into the DUT socket. Insert
the furnished System Disc into the 4145B, then
turn the 4145B on.

3-1903. When the 4145B s turned on, it will first
read & portion of the operating system software
stored on the dise and will then perform & brief
self-test, after which it will display the MENU
pege shown in Figure 3-43. For this measurement
example, the CHANNEL DEFINITION page,
SOURCE SET UP page, and MEAS & DISP MODE
SET UP page are used. Press the [ $5°] softkey

or the (=) key,

3-104. On the CHANNEL DEFINITION page
the channels (SMUs, voltage source, and voltage
monitor) to be used in the measurement are
selected, essign source and monitor names, and
specify souree modes and funetions. To use the
Application Package (refer to paregraph 3-98.),
move the field-pointer (#) to the NAME V field
of SMU1 and then press the softkey. This
automatically changes the mesasurement setup to
one that is more appropriate for measurement of
bipolar transistors. A few simple changes
remain to be made, however. To make these
changes, first make sure that the field-pointer is
in the NAME V field of SMUI, then perform the
following key sequence:

clslnicalololo
ool

The CHANNEL DEFINITION page should now
look as that shown in Figure 3-46.
Press the (=) key.

3-8
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DUT Connection sd TEGSEA Tar Fugurs

Eonsaction Diagem
sKU=3
[Py}
Swy-2 Yy
L@y bid
E’ ] Tramait
T

e

Figure 3-44. Setup the 16058A"s Personality
Board of Measurement Example

HHHWAHK LLATE MINU HAHKIE MK XN
1 CHANNEL BEFINITION
2 SOURCE SET UP
3 MEAS & DISP MDDE SET UP Eere)
4 AUTO SEQUENCE SET UP 5T
5 OUTPUT SEDUENCE SET UP 2
§ USER FILE CATALDG
7 OPERATION GUIDE
8 DIAGNOSTICS B0
Figure 3-45. MENU Page of Measurement
Exemple
W CHANNE|, DEFINITION M3 [ 1
NAME EOURCE
CHAN v T MOGE | FCIN .
SMU1 | VE IE v [ VaRa 1
SmUz | VB 1B TOM | CONST| [E0r
SMU3 | VCE b CHM | CONET]
SMU4
N ——— y
Ve & P v
Va4 eweao el I
VB
[T g
FTTN ME {UNTT) = EXPREEGTOM
3 pimE £ e IC/ID
- o

Figure 3~46. Channel Definition Example
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3-105. On this SOURCE SETUP page the output
parameters for each SMU selected on the
CHANNEL DEFINITION page are set. VE is
entered in the VAR] NAME field because if is
the V name of & voltage source (V MODE) whose
funetion is VARI. Similary, VB and VC are listed
under CONSTANT. For this measurement, this
page must be set up as shown in Figure 3-47. To
do this, move the field-pointer to the VARI
SWEEP MODE field and then perform the
following key sequence:

EIOICOIOIOI0I0ICOIS
CCOHEEROOEE

When messurement i made, the base-emitter
voltage, VE, wil be lineary swept from 0V to
-0.9¥ In -10mYV steps,

Press the (=) key.

3-1056. On this MEAS & DISP MODE SET UP page
the mode for displaying the measurement resulls
are selected. Four rmode are available
GRAPHICS, LIST, MATRIX, and SHMOQ. For
this measurement, the GRAPHICS display mode
is used.

To set up this page as shown in Figure 3-48,
perform the following key sequence:

lnalealolclelolc
EalElololclolololo

orrcn 1

ERES 01010101010
(=)

Press the (=} key.

3-107. ANl messurement conditions have been
set and the 4145B is now ready to make the
measurement. Close the test fixture lid {shields
the DUT from RFI AND EMI sources) and press
the (»«7) key. The 4145B will begin sweeping the
base-emitter voltage, VE, from 0V to -0.8V in
~10mV steps. The resultant collector current,
IC, and base current, IB, will be measured at
each VE step and plotted on the CRT as shown in
Figure 3-49. The curve with the more acute
sicpe is collector current, and the other curve is
base current.

SECTION I

aipadn SOURCE SET UP MMmuxx |

VAR L VARZ
NAME VE EE%I
SWELF MODE | LINEAR LINEAR
START Refela iy
SToP T Sdaov | meo——T il
STER - 0200V
NG . {$F STEPR =29 W

COMPLTANCE 100 . 0ma

CONSTANT [ SOURCE EOMPLIANGE [0%67]

hd=) COM i aieleion 105.0ma
VYOE SOM . gogov 105 . Oma E::

Figure 3~47, Souree Setup Example

w® MEAS & DISP MODE SET WP =x[ ]

MEASUREMENT. MCRE. . SWERP  [FEp

=
ISP AY MODE LSRARMIL w
X 8x3s | Yiaxis | YEaxis | el
[NAME T VE Ic i |
'SCL | CINEAR  LDG LDG il
IMIN . . O0POOV | 1.000pA | 1. 0C0pA
[MAX —1.0000V | 100 . DmA | 100 .0mA —
.
—1

Figure 3-48. Meas & Disp Mode Setup Example

*33% BRAPHICS PLOT s iun
L. IP—-VIBE CHARACTERIETICS

e Is

t
e [
ryml{.EFH asglv EFL OGSM il !mua ] L_mg.- EE
O

,.-.._

ducatds

- -—-—~'» :: e

u-:-de

Figure 3-49. Measurement and Display Example
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3-108. Measurement results at each
megsurement step can be digitally displayed by
pressing the softkey. When the MARKER
dial is rotated, the marker will move along the
plotted curve and the X, Y1 and Y% coordinates
will be displayed above the plot area.
The marker can be used to simplify keyboard
calculations, For example, to celeulate hpg
et the marker position in Figure 3-49, key in
oloJelojo . It i not
necessary to input the numerie values,

3-109. Pressing the softkey displays a
solid straight line (LINE 1) or a dashed straight
line (LINE 2} between two short cursors, &s
shown in Figure 3-50. Both 1lines ecan be
displayed at the same time but only one can be
moved. The gradient (GRAD), inverse gradient
(1/GRAD), X-axis intercept, and Y-axis
intercept of each line are displayed below the
plot area. Of the two cursors displayed with
each line, one will be highlighted and ean be
mged (line alsc [%OVES) by the CURSOR keys
and .

To mge ﬂ@ other cursor’ press the | %%
softkey. The line gradient can be input directly
from the keyboard by first pressing the [ &2 |
softkey. For example, to disply a line whose
gradient & e , perform the following key
sequence s

Slolclolole
OROED®
Another helpful funetion is the softkey.

When pressed {marker must be on}, the cursor
will automatieslly move to the marker position.

3-100
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I3 GRAPHI 8 FLOT MmN ¥ ;
a—ges :HEISnc'rEﬁzsr.cs Cg‘x__ﬁ:‘

I is
{ A CURSDR(~ .7S12V , S6.Bima 9- Sama ;1 { A}
MABKER (= 100V s =1 TUPEGH
(SRR Bl A
BEROSL.. L L s o ek i, RO
i : i
ik B el o ...-&[ T NE""]
}_ " N -—«.-l
b i SR o S
A meie, . 1 e L s
e ‘_--—-Jj JeswITINES j
: - [ S———
v I .
- = [CIREE ™
e i
o 1 rcrg:i
at.._ - i—- SO Ay -j MO
A IE~3R
-beee oy

/snv
;: 2 mnee M"“"&T}E&m’“'&. Pvapse
.-:sseaoa-lmzz-oa—nzz—ea' BE=

Figure 3-50. Using Example of the Line
and Cursor Funetions
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3-110. HP-IB INTERFACE

3~111. The 4145B can be remotely controlled
via the HP-IB, a carefully defined instrument
interface which simplifies integration of
mstruments and a ecalculator or computer into a
system.

Note

HP-IB is Hewlett-Packard's imple-
mentation of IEEE Std. 488, Standardg
Digital Interface for Programmable
Instrumentation,

3-112. CONNECTION TO HP-IB

3-113. The 4145B can be connected into an
HP-IB bus configuration with or without a
controller {ie., with or without an HP
caleulator). In an HP-IB system without a
controller, the instrument funections as a "talk
only" device (refer to paragraph 3~94 and 3-96)

3-114. HP-IB STATUS INDICATORS

3-115. The HP-IB Status Indicators are four
LED lamps located on the front panel. When lit,
these lamps show the existing status of the
41458 in the HP-IB system as follows:

SRQ: SRQ signsl from the 4145B to the
eontrolier is on the HP-IB line,
Refer to paragraph 3-138.

LISTEN: The 4145B is set to listen.

TALK: The 4145RB is set to talk.

REMOTE: The 4145B is under remote control.
3+116. LOCAL KEY

3-117. The LOCAL key releases the 41435B
from HP-IB remote control and allows
messurement conditions to be set from the
front-panel. The REMOTE lamp will go off when
this key is pressed. LOCAL control is not
available when the 4145B i set to ™oeal
lockout" status by the econtroller. ‘

Note

The 41488 is set to "loecal lockout™
when the 41458 & in GL1 mode.

SECTION I

3-118. HP-IB CONTROL SWITCH

3-119. The HP-IB Control Switeh, located on
the rear panel, has seven bit switches as shown
in Figure 3-51. Each bit has two settings:
logical 0 {down position) and logieal 1 (up
position). The switch has three functions as
follows:

{1} Bit switches 1 through 5 (Address Bits) are
used to set the HP-IB address (in binary) of
the 4145B. Any address between § (00000)
and 30 (11110) ean be set.

(2) Bit switeh 8 (Data Form Bit) determines
the output data delimiter. When the bit
switeh is set to 0, the delimiter is & eomma
{, ); when set to 1, the delimiter is =
carriage return and line feed (CR/LF).

(3) Bit switech 7 (EOI; End or Identify)
determines whether or not the 4145E sends
the EOQI signal when data transier ends,

The HP-IB Control Switch settings are displayed

when the 4145B is turned on. Refer to Figure

3-22.

Note

The HP-IB Control Switeh, as set at the

EQl OFF
CR 7 LF

factory, is shown in Figure 3-51.
*

JaEEA)
L lhas © "

Bits 1 through 5: 17
Bit 6: Comma(,)
Bit 7: EOI on

YO &L

Figure 3-51. HP-IE Control Switeh
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3-120. HP-IB INTERFACE CAPABILITIES

3~121. The 4145B has eight HP-IB interface
funetions. Refer to Table 3-1¢.

Table 3-14 HP-IB Interface Capabilities

Code Interface Function*
(HP-IB Capabilities)

SH1** Source Handshake

AHil Acceptor Handshake

T5 Talker (basic talker, serigl poll,
talk only mode, unaddress to talk
if addressed to listen)

14 Listener {basic listener, unaddress
to listen if addressed to talk)

SR1 Serviee Request

RL1} Remote/local (with loeal lockout)

DC1 Deviee Clear

DTI1 Device Trigger

El End Message Sending

* Interface functions provide the means
for a device to receive, process, and
transmit messages over the bus.

** The suffix number of the interface code
indicates the limitation of the funetion
eagpability as defined in Appendix C of
IEEE Std. 488.

3-122. HP-IB CONTROL MODES

3-123. When controlled via the HP-IB, the
41458 has two modes:

(1) System Mode:
Setup and measurement is made by a

controller via the HP-IB. This is much like
manual setup and measurement operation.

3-162
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User Mode:

Direct control of the CRT and eaech SMU,
Vs, and Vm via the HP~IB. The instrument
is set to this mode when program code
"JS" is sent. Output from each SMU or Vs
can be set, and measurement can be made
by triggering the desired SMU or Vm. The
CRT is blank in this mode, but ean be used
as 8 programmable graphies display by
sending program code "GL2", To exit from
this User Mode (return to System Mode),
send a device CLEAR command or & paging
command {DE, S8, SM, or MD).
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3-124. Remote Program Codes and Perameter
Setting

3-125. Figure 3-52 shows the remote available
program codes and parameter settings. Program
codes sare divided into three estegories: (1)
Systemn Mode program codes, (2) User Mode
program codes, and (3} program codes common
to both modes. User functions, QUTPUT
SEQUENCE, PURGE and DISC COPY can not be
programmed.

Programming notes:

1. Numeric values can be entered in fixed decimal format or floating deeimal
format. (max. 12 char and max. 2 digits exponent.)

Example: Fixed decimal: 25.32
Floating decimal: 2.532E+0!

2. Voltage (V), current (A), and time (s} units are not required when entering
numerie values., ‘

3. Terminator (;or CR or LF} is required at the end of each parameter setfing on a
program line. In the examples given below, (TERM) represents the terminator,

4. Channel names must be enclosed in apostrophes {! ')

SYSTEM MODE PROGRAM CODES

Following program codes are used when the 4145B is set to System Mode.
Direct Paging (to change page):

DE: CHANNEL DEFINITION Page

88: SOURCE SETUP Page

SM: MEAS & DISP MODE SETUP Page

MD: Display Page (page selected for DISPLAY MODE)
US: User Mode

Notes

1. When the 41458 receives a Direct Paging command, it checks the setup on
the displayed page before proceeding to the specified page. If an illegal
setup is detected, an error message will be displayed, the SRQ bit will be
turned on, and the page will not be changed.

2. Display returns to the MENU page when the 4145B receives a Device Clear
eommand.

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 1 of 9)
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CHANNEL DEFINITION Page {program code "DE")

Setup for SMUs 1 through 4

(1

69)
(2)

(1)
(2)

CHON®  "X000X" "XXXXXX® N N(TERM)
I @ 6 B ) R 5]

SMU ehannel number {1 - 4)

(2) V NAME ({up to 6 characters)
(3) 1 NAME (up to 6 characters)
(4) SOURCE MODE (1-~3)

i ¥V

2: 1

3: COM»=*
{5) SOURCE FUNCTION {1 -4)

l:  VARI

2: VAR2Z

3: CONST

4: VAR

* If nothing is specified after the channel number, the channel is turned
off {(NOT USE).

** When SOURCE MODE is set to 3 (COMj,
must be set to 3 ({CONST).

SOURCE FUNCTION

Setup for Vsl and Vs2

VS N* XXXXXX' N{TERM)
o T@w e

Vs ehannel number (1 or 2)
V NAME (up to 6 characters)

(3) SOURCE FUNCTION (1 -4)
I: VARI1
Z: VAR2
3: CONST
4: VARI

* If nothing is specified after the channel number, the channel is turned
off (NOT USE).

Setup for Vml and V¥m2

Vi N¥* P XXXXXXY (TERM)
M 63

Vm channel number (1 or 2)
V NAME (up to 6 characters)

* If nothing is specified after the channel number, the ehannel is turned
of f (NOT USE)L

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 2 of 9)
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SOURCE SETUP Page (program code "S5")

Setup for VAR!
XX N NN.NNN =N.NNNN N.NNNN  N.NNN{TERM)

(@) ey 7 (33 ? &y (&

{1) SOURCE MODE of VAR {VRor IR}
VR: Voltage Source
iR: Current Source

(2) SWEEP MODE (1 -4)

1+ LINEAR
2: LOG 10
3: LOG 25
4: LOG 50

{3} START value

(4) STOP vslue

{8} STEP value*

(6) COMPLIANCE value

* If SWEEP MODE (2) isset to 2, 3, or 4, omit STEP (5).

Setup for VAR2

XX *N.NNNN 2N.NNNN NN N.NNN{TERM)
{43

[§%) 2y ¢ S ()

(1) SOURCE MODE or the VARZ (VP or IP)
VP: Veltage Source
IP:  Current Source

(2} START value

(3) STEP value

(4) Number of steps

(8) COMPLIANCE value

Setup for CONSTANT SMUs

XX N IN.NNNN N.NNNN{TERM)
m o i * 4

{1} SOURCE MODE of the ehannel (VC or IC)
VC: Voltage Source
IC: Current Source

(2) SMU channel number (1 ~ 4)

(3} Output value

(4) COMPLIANCE value

Setup for CONSTANT Vs

SC N N.NNNN(TERM)
(i) (2

(1) Vs channel number (1 or 2}
(2)  Output value

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 3 of 3)
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HOLD TIME BSetting

HT N.NN(TERM}
e

(1) HOLD TIME
DELAY TIME Setting

DT N.NN(TERM)
Y

(1) DELAY TIME

VARD" RATIO/OFFSET Setting

XX £N.NN(TERM)
T

{13 RATIO/OFFSET (RT or FS)
RT: RATIO
F5: OFFSET

{2) value

MEAS & DISP MODE SETUP Page (program code "SM")

Time Domain Measurement Setup {only when VARI is not seleeted on the CHANNEL
DEFINITION page)

WAIT TIME Setting

WT N.NNN{TERM)
(1)

(1)  WAIT TIME
INTERVAL Setting

IN N.NN{TERM)
§5]

(1} INTERVAL Time

NO. OF RDNGS Setting

NR NNN(TERM)
[$3]

(1) No. of Readings

DISPLAY MODE Selection
DMl : GRAPHICS
DM2: LIST
DM3: MATRIX
DM4: SCHMOC

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 4 of 9)
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Setup for GRAPHICS mode ("DM1")

XX 'XXXAXX' N EN.NNN N.NNN(TERM)

LE5 I S & S €5 {53

(1) AXES
XN: X axis
YA: Y1 axis
YB: Y2 axis*
XT: X axis for time domain measurement*#
(2) Monitor channel NAME for the specified axis (must be one of the
monitor channel names speeified on the CHANNEL DEFINITION page).
{3) SCALE 1: LINEAR 2: LOG
{4) MIN wvalue
(5) MAX value

* Y2 axis is optional.
-+ N 7
*¢ Systax is: I ——l\.gﬂh ' ‘-*:(?i_;)NN?& {TERM)
Setup for LIST mode ("DM2M

LI PXXXXXX®  UXOXXXX'  TXOCKXXY TXXKXXXT O XIXXXX' (! {(TERM)
(1) ’ {23 ’ {5 ¢ (43 ? 5) ? {6}
(1}~ (8) Monitor channel NAMES. At least one NAME must be specified

{must be the monitor channel names specified on the CHANNEL
DEFINITION page).

Setup for MATRIX mode ("DM3")

MY T XXXXXX!' (TERM)
(L

(1} Monitor channel NAME (must be one of the monitor channel names
specified on the CHANNEL DEFINITION page).

Setup for SCHMOO mode ("DM4")

SH TXXXXXX' NN.NN :NN.NNN ZN,NNNN N.NNNN(TERM)
(i} ? [E [E5 I [CY ()

(1) Monitor channel NAME {must be one of the monitor channel names
specified on the CHAN NEL DEFINITION page).

{2} Minimum value for "M"

(3) Minimum value for "A"

{4) Minimum value for "+

{5} Minimum value for™: "

*+ I no minimum value is specified for (2), (3), 4}, or {5}, the
corresponding symbol will not be used in the SCHMOO PLOT. A
comma { , ) must be entered, however.

MEASUREMENT Codes (program code "MD"
MEl: SINGLE*
ME2: REPEAT
ME3: APPEND
ME4: STOP

* The GET (Group Execute Trigger) command cen be used in place of the
ME] program code. An example of the GET command is the TRIGGER

command on the 85A or 9845A.

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 5 of 9) 3-107
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Following progam codes are valid on any page.

AUTO SEQ codes

ASl: START
AS2: CONTINUE
AS3: BSTOP

SAVE Funection
SV 'X XXXX XXXXAX {TERM)

13 (2} (3] @) (53

(1) File type
P: Program file
D: Program/Data file

S: ASP{ile
(2) Space
(3) File name (up to 6 characters)
{4) Space

(53 Comment (up to 8 characters)
* (4) and (5) are optional.

GET Funetion

@ (3

GT 'X __ XXXX'(TERM)
45

(1) .File type
{2) Space
{3} File name

Assignment of Data Output Channel

DO T XXXXX!
{1

{1)  Monitor channel NAME (must be one of the monitor chanmel names specified on the MBAS
& DISP MODE SETUP page).

PRINT Function
PR: PRINT function QON*
PF: PRINT funection OFF

* After PF is sent, send the following statement to set the ATN line to
Inaetive.

"SEND 73UNT UNL TALK 17 LISTEN 1 DATA"

Address of the 414583517
Address of the printer;l

Graphies Langusge (GL1) Mode (only on the GRAPHICS PLOT Page)
GL1: Graphies Display mode ON
GLO: Graphies Display mode QFF

3-108
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USER MODE PROGRAM CODES

Foliowing program codes are used when the 41458 is set to User Mode,
User Mode
US: User mode ON¥*

*  To release the 4145B from this mode, send a page command ("DE", "SS",
"SM", or "MD" or & deviee clear command.

Output command for SMUs

XX N¥ N +N.NNNK N.NNNN(TERM)
[SOREEG K T4y 2 5y

-

{1} SOURCE MODE (DV or DD
DV: Voliage Source
Di: Current Source
(2) SMU channel number (1 - 4}
{3} OCutput Range
For voltage source (0 - 3)

G: AUTO
1: 20V
Z: 40V
3: 100V
For current source {0 - )
0: AUTO
1: inA
2: 10nA
3: 100nA
4: lud
5 10A
6: 100pA
T: ImA
8: 10mA
9: 100mA

(4) Output value
{5) COMPLIANCE value

* If nothing is specified after the channel number, the channel is turned off
{NOT USE.

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 7 of 9)
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Model 41458

Output command for Vs

DS N *N.NNNN(TERM)

(i (2}

(1} Vs channel number {1 cr 2)
(2) Output value

Triggering (Measurement)

XX N
o @

{1} Measurement mode of the channel o be triggered
TV: Voltage Monitor
Ti: Current Monitor

(2} Channel number

SMUl

sMuU2

SMU3

SMU4

Vml

Vm2

 se 3% wa e

f= IR S L R

Graphies Language (GL2) Mode
GL2: Graphic Display mode ON
(GLO: Graphic Display mode OFF

Note

In User Mode, measurement cannot be performed with the fixture lid
open because of the protective function. To perform the measurement
without closing the fixture lid, use the Shorting Connector as shown in
Figure 3-37.

3-110
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COMMON PROGRAM CODES

Following program codes are avallable in the System Mode or in the User Mode.

INTEGRATION TIME

ITl:  SHORT
IT2: MEDIUM
iT3: LONG

SELF TEST:S8F

Data Ready Service Request
If "DR1" is sent (Data Ready Service Reguest ON), bit 1 (Data Ready) and bit 7
{RQS) of the 4145B's STATUS BYTE are set to 1 when measurement dats is
valid.
DR0: OFF
DRl: ON

HP-IB Deata Buffer Clear
To clear the HP-IB data output buffer and bit 1 (Data Ready) of the Status
Byte. Buffer Clear must be performed before data output from the 4145B.
BC
Auto Calibration
CAD: OQFF
CAl: ON#

* Auto calibration in the User Mode b performed only once when "CAI" s
sent. Also, if the mode is changed, Auto Calibration is set to OFF,

PLOT function

PL MVNN NNN NNNN  NNNN(TERM)
T @ T3 @)

(1) Xmin
(2) Ymin
(3) Xmax
4) Ymax
PF: PLOT function OFF (Refer to paragraph 3-140 for instruction covering

HP-IB controlled plot operations.)
Note

After PF ..... is sent, send the following statement to set the ATN
line to Inactive,

"SEND 7; UNT UNL TALK 17 LISTEN 5 DATA"

Address of the 4145B;17
Address of the plotter;5s

ID: Identification output (Refer to paragraph 3-134.)

Figure 3-52. Remote Program Codes and Pasrameter Setting (Sheet 9 of 9}
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3-128. HP-GL CONTROL OF THE CRT

3-127. The 4145B's CRT can be controlled via
the HP-IB by using HP-GL (Hewlett-Packard
Graphies Language) commands. There are two
HP-GL modes: (GL1, which ean be used only
when the 4145B is operating in System Mode;
and GL2, which can be used only in User Mode.
Each HP-GL mode is deseribed below,

1.  GL1 Mode (Overlay Write):

This mode is set by sending program code
"GL1." It is availsble only In the System
Mode and only on the GRAPHICS PLOT
page. In GL1 mode, additional information,
such as labels, comments, lines, and curves,
can be displayed on graphs piotted by the
4145B. Also, in GL] mode the 4145B is set
to "locel lockout.”

2. GLZ Mode {Blank):

This mode is set by sending program code
"GL2." It is available only in the User Mode
{programming code "US™. In GL2 mode, the
CRT is completely independent from the
4145B's CRT control circuit and can be
operated as a stand-alone graphies display.

If the display RAM contsins too much display
data, the 1345A may not be able to complete the
display process within one refresh eyele. The
display will be incomplete. To exit from the
GL1l mode or GLZ mode, send program code
WGLG."

To exit from the GL1 mode or GL2 mode, send
program code "GLO,"

3-128. HP-GL COMMANDS

3-129. HP-GL commands that can be used when
the 4145B is set to User Mode {refer to
paragraph 3-122) are listed in Table 3-11.

For more detailed information on HP-~GL, refer

to the opersation manual of any HP-IB compatible
plotter.

3-112
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Table 3~11. HP-GL Commands (Sheet 1 of 3)

Code

Name

Meaning

Coding Example *!

PU
PD
PA

PR

cs

LB

DR

SR

cp

LT
SP
Vs

XT
YT
SETU?
IP
cP

IW

DF
IN
M

OE

0s

VECTOR Group

Pen Up
Pen Down
Plot Absolute

Plot Relative

CHARACTER Group

Designates
Standard

Character Set
Label

Relative
Direction
Relative
Character Size
Character Plot

LINE TYPE Group

Line Type
Pen Select
Yelocity Select

AXES Group *3

X Tick

Y Tick
Group *1P
Input Pl and P2
P2

Gutput Pl and
P2

Input Window
Default
Initialize
Input Mask

Output Error

Cutput Status

Selects the character set.

Tarns off the beam.

Turns on the beam.

Moves the beam to the point
specified by the X- and Y-
coordinates.

Moves the beam the specified
units.

*2

Writes characters using the
assigned character set.

Selects the writingdirection. =u
(-128 s & £ 127)

Trise >

Selects the character size. #5

Moves the beam the specified
of characters.

{(-128 ¢ number £ 127)

Selects the line type.
Selects the beam intensity.
Selects the beam writing speed.

¥Writes an X-axis tick mark

at the present beam positiocn

Writes a Y-axis tick mark at

the present beam position.

Sets up the scaling points, Pl
and P2,
Outputs the scaling points.

Limits the plot area.

CONFIGURATION and STATUS Group

Returns the CRT setup teo the
default condition.
Returns to the default condition
and clears the display.

Selects mask value of the error
number *!? which can cause an SRQ.
Outputs the error number *12

that czused an SRQ.

*31

Outputs the CRT's status byte, *13

Pu

PD

PA X -coordinate, Y -coordinate,
.. X -coorinate, Y -coordinate

PR X -increment, Y -increment,
... X -increment, Y -increment

CS Character Set#

LB(Characters) [ETX]*3
DR run, rise
SR width, height.

CP horizontal, vertical

LT pattern number =8

SP intensity number =7

VS velocity #8, beam intensity
number,

XT

YT

IP Plx, Ply, P2x, P2y
oP

IW Xgp: Yo, Xur, Yur

DF
IN
IM mask value
OE

05
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Table 3-11 . HP~-GL Commands (Sheet 2 of 3)

Model 41458

Code

Name

Meaning

Coding Example *1

ORIGINAL INSTRUCTION Group **

Tick length is fixed at 0.8% of {P2x - Pix{ or |P2y - Ply]|.

M4 Memory Address |Sets the memory pointer to the MA address number
specified address.
MJ Memory Jump Sets the "Memory Jump" command to |MJ jump address
the address.
MC Memory Count Outputs the memory count te MC
which the memory pointer points.
MK Memory Clear Clears the user memory and resets | MK
the memory pointer.
PG Page = MK{Memory Clear) PG
AF Advance Full = MK(Memory Clear} - AF
Page
*1 Terminater (; or LF) is required at the end of each command.
*2 Only one Character set is available on the 4]145B.
*3 Indicated Label Terminator {use ASCII CODE ETX).
Example for LB command sent by HP85 (displays 4145B)
QUTPUT 717; "LB 41458 & CHR § (3)
*h All run and rise values are converted into 0%, 90°, 180° or 270° as follows:
) direction -45% ¢ direction § 45° w3 0°
o 45° < direction < 135° —> 90°
+ 135° g direction g 225° —3 180°
run 225° < direction < 3153° —3 27¢°
*5 Four character sizes (x1.8, x1.5, x2.0, and x2.5) are selectable according to
larger value of width or height as follows:
0 £ larger value < 3 - x1.0 size
3 g larger value <4 —3 x1.5 size
4 ¢ larger value <5 —> x2.0 size
5 g larger value g 127—% x2.5 size
*& Four line types are selectable as follows:
0: Line with dot at the last point
1 or 2: Short dashed line
3 n 6: Long dashed line
7: Solid line
#7 Four beam intensities are selectable as follows:
0: Blank
1: Dim
2: Half brightness
3: Full brightness
*8 Four beam speeds are selectable as follows:
5: 0.05 inch/usec
10: 0.10 inch/usec
15: 0.15 inch/usec
20: 0.20 inch/usec
*9
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Table 3-11.HP-GL Commands (S8heet 3 of 3)

SECTION I

%10

*11

%12

*13

w14

IP, OP, and IW are fixed at Pl = (0,0}, P2 = {2047, 2047). Also, the limits
of the GRAPHICS PLOT page is LL = (220, 493), UR = (1570, 1725)

Default condition is as follows:

DR Relative Direction : 0°

SR Relative Character Size ¢ X1 size

LT Line Type : Solid line

SP  Pen Select :  Full brightness
V§E  Velocity Seiect :  0.20 inch/ysec
I Input Mask : 225

Error number that occurs first is output. Error meanings are as follows:
Instruction is not recognized {mask value=l)

Wrong nmumber of parameter (mask value=2)

Bad parameter (mask value=4)

: Illegal character {mask value=8)

All of the display memory has been used (mask value=84)

b G B o

Status values output from the CRT status byte have the following meanings
(more than one may exist):
1: Beam is ON
8: Ipnitialized
32: Erroer

ORIGINAL INSTRUCTION Group controls the vector memory using the memory
peinter. The vector memory outputs (to the CRT} the display data at

the address designated by the memory pointer. The memory pointer scans the vecter

memory. Using "MA", "MJY, '"MC", and "MK", the display can be controlled.

3-113



SECTION 1

3-130. DEVICE CLEAR

3-131. The 4145B's control settings return to
the initial econtrol settings described in
paragraph 3-13 when it receives s BSelected
Device Clear or Group Device Clear.

3-132. DATA OUTPUT

3~-133. The 4145B outputs measurement and
status date fo external devices via the HP-IB.
The dats output formaet depends on whether the
4145B is set to System Mode or User Mode. In
System Mode, all measurement and status data
stored in the data buffer are output when the
4145B receives program code "DO". In user
mode, messurement and status data for the
triggered channel are output when the 4145B
receives program code "DO". The output
formats are shown in Figure 3-53.

Model 41458

3-134. IDENTIFICATION OUTPUT

3~135. The 4145B outputs the identification to
external devices via the HP-IB, The
identification is output when the 41458 recieves
program code "ID". The output formats sare
shown in Figure 3~54.

format*t.

X ZNN.NNN E*NN

3
e —

) £2) (33 (4

{1} Data Status*2

{2} Measurement Data

{3) Exponent*3

(4) Comma (data delimiter)**
(5) Data Terminator

1. Data Output Format for the System Mode
When the remote program code "DO" is sent, the 4145B outputs data in following

X+NN,NNNE+NN, «+*++ X+NN.NNNExNN(CR) (LF)

5}

Deta Qutput Format for the User Mode
When the remote program code "TI1'CH#™ or "TV 'CH#%™ is sent, the SMU makes a

measurement and the 41458 outputs data in the following format.

X X X ZNN.NNN EfMN (CR)(LF)
) @& 3 (4) {3) (&)

{1) Data Status*2
{2} Monitor Channel

As SMU1-
B: S8MU2
C: SMU3
D: SMU4
E: Vml
F: Vm2

{3} Measurement mode {(Vor I}
{4) Measurement data

(8) Exponent*s

(6) Data Terminator

31186

Figure 3-53. Data Output Format (Sheet 1 of 2)
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*1 The order of data output is the same as the displayed order.

*9 Data Status indicates the condition of the monitor ehannel and is output in
code, as listed below.
N: Normal
.+ INTERVAL is too short,
V: A-D converter saturation
X: Oscillation
C: This channel compliance error
T: QOther channel compliance error
Priority is as follows:

L>V>X>C>T>N

*3  Seientifie notation is used.
]_QD anssnnsansarsansssensnrarasens  L4{}(}
10""‘3(m) [P T T T L resanee E...Dg
}Q-S(H] P T T T L LT E_Oe
1079(R)  seesernsavesromsrrsavenaass ws F-DO
19712(p)  sessarerorcansorsesiianinne ves F=12

*4 The delimiter, bit switeh 6 on the HP-IB Control Switch (Figure 3-50), is
set at the factory to ecomma {,). This causes the 4145B in the’ System Mode
to output all data as & continuous string. When the data delimiter is set to
CR/LF, a carriege return and line feed signal is output after each fieid.
This is useful when outputting data to eertain peripherals, such as a

strip-printer.

Figure 3-53. Data Qutput Format (Sheet 2 of 2)

Indentificstion Cutput Format
When the remote program code “ID" is sent, the 41458 cutputs data in following

format.

ID 41458 X.X,X.X

Sty

G G

(1} The revision number of the ROM
(2) The revision number of the Opersating System

Figure 3-54. Indentification Output Format
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3-136. SERVICE REQUEST STATUS BYTE

3-137. The 4145B outputs an RQS ({(Request
Service) signal whenever bit 1, 2, 3, 4, 6, or 8 of
the Service Request Status Byte is set. The
mgke-up of the Status Byte is shown in Figure
3~55.

Model 4145B

Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
Self-Test Dlegal END Syntax Data
Emergency RQS Fail Busy Program Status Error Ready

request stetes of the 4145B.

Bit 1: Data Ready

Bit 2: Syntax Error

the deseription for bit 8.

Bit 3: End Status

Bit 4: Diegal Program

8.

Bit5: Busy

not set the RQS bit.

Bit 62 Self-Test Fail

Bit 7 (RQS) indicates whether or not & serviee re

quest exists. Following are the service

This bit is set when complete measurement data is ready for output onto
the HP-IB. It is reset when data transfer starts or when the 4145B receives
program code "BC" (Buffer Clear).

This bit is set when the 4145B receives an errorneous remote prograrm
code. If this bit is set while bit 8 & set, it has another meaning. Refer to

This bit is set when Self-Test, PLOT, or PRINT & completed.

This bit is set when the 4145B receives an invalid program. If this bit is set
while bit 8 is set, it has another meaning. Refer to the deseription for bit

This bit is set when measurement or auto calibration s being performed. It
is automatically reset when measurement or calibration ends. This bit does

This bit is set when Self-Test fails, It is reset when Self-Test is performed
again and the result is pass. If this bit is set while bit 8 is set, # has
another meaning. Refer to the deseription for bit 8.

Figure 3-55. Status Byte for the 41458 (Sheet 1 of 2)
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Bit 7: RQS (Request Service)
This bit is set whenever bit 2, 3, 4, 6, or B is set, Also set when bit 1 is set
if program code "DR1" (Data Ready ON) has been sent.

Bit 8: Emergeney
This bit is set when a potentially dengerous condition exists, The meaning
of this bit depends on whether bit 2, bit 4 or bit 6 is set. Each is described
below.

Bit 2: Fixture lid open
This bit and bit 8 are set when the fixture lid s cpened during or
gt the start of a2 measurement in which the output voltage will
exceed x42V. In user mode, regardless the output voltage, this
bit is set if the fixture 1id is open or shorting connector is not
connected.

Bit 4: SMU shut down
This bit and bit 8 are set when SMU output is shut down by the
instrument to prevent damage to SMU.

Bit 6: Power Failure
This bit and bit 8 are set when the SMU output was reset by a
momentary power loss.

Note

All bits except bit 5 are reset by a Serial Poll, and ail bits exeept bit 1 and §
are reset by a Device Clear,

Figure 3-55. Status Byte for the 4145B (Sheet 2 of 2)
3-119



SECTION HI

3-138. Programming Guide for 41458

3-139. Sample programs for the HP series
200/300 Desktop Computer are provided in

Figures 3-86, 3-57 and 3-58 respectively.

I.

2.

3-120

Note

Specific information for HP-IB
programming with the HP series
200/300 is provided in the HP
series 200/360 programming
manual.

Equipment required for these
sample programs includes :

HP series 200/360 Computer with
Basie 2.0, 3.0 or 4,0 system,

Before executing sample program
2, close the fixture lid or eonneect
the Shorting Connecter.

Model 41458
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Sample Program 1

Description:

This program is an example of remote control, data output for a Bi-polar Transistor
messurement made in the System Mode. The program hes three capabilities:

(1) Control of the 4145B via the HP-IB
(2) Mesasurement via the HP-IB
(3) Data output from the 41458 via the HP-IB

Set the HP-IB control switeh as follows:

Address: 17
Delimiter: comma

HP series 200/300 Program:

10 DIM A${1160]
20 OUTPUT 717;"IT1 CAl DRO BC" ‘
30 OUTPUT717;"DE CHI,'VE,1E,3,3; CH2,'VB,B,2,2; CH3,'VC',ICY, 1,1;CH4"
40 OUTPUT 717;'VS1; V82; VM1 VvM2"
50 OUTPUT 717;"SS VR1,0,1,.05,50E~3;1P 10E-6,10E-6,4,3"
60 OUTPUT 717;"SM DM1 XN VC1,0,1;YA "1C,1,0,10E-3"
70 OUTPUT 717; "MD MEL"
80 A=SPOLI(717)
80 . IF BIT(A,0)=0 THEN 80

106 QUTPUT 717; "DO TIC™

110 ENTER 717; A$

120 DISP A$

136 END

This program performs the following:
Line Deseription
10 Define a string variable, A$, to store measurement data.
20 Set measurement integration time (IT1), suto calibration (CAl), data ready
{DRO), and data buffer clear {BC).
30/40 Setup the CHAN NEL DEFINITION Page (DE).
50 Setup the SOURCE SETUP Page (S8).
66 Setup the MEAS & DISP MODE SETUP Page (SM).
70 Prece;ed to the GRAPHICS PLOT Page (MD)} and perform one measurement
{MEI).
80 Read the 4145B's Status Byte and assign the result to variable A.
g0 Wait until bit 0 of variable A set to 1 {Data Ready).
100 Send a data output (DO) command to obtain the measurement data from the IC’
monitor ehannel.
110 Enter the measurement data into the string variable, AS$.
120 Display the string variable A$.

Figure 3-56. Sample Program 1 (Sheet } of 2)
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Model 4145B

The proceeding program can be modified, as follows, to make overlay plots on the

GRAPHICS PLOT Page.

100
110
120
130
140
150
160
176

-

DIM G$ [20]

OUTPUT 717;"GL1;IN"

OUTPUT 717; "PA1570, 493; PD; PA220, 1725; PU"
OUTPUT 717;"PA1000, 1000; PD; SR0,3"

G$ = "4145B"

OUTPUT 717; "LB" & G$ & CHR$ (3)

OUTPUT 717 ; "GLO"

END

These program modifications perform the following.

Line

11¢
120
130
140
is50
150

Deseription

Set the 4145B to GL1 mode (GL1), and initislize the CRT (IN)

Draw a line from Jower right corner to upper left corner of the plot area.
Move the beam (PA), and select the character size (SR).

Enter the data to be displayed into the string variable G§.

PLOT"4145B" (LB).

Release the 41453 from GL1 mode.

This program modification makes overlay plots as shown below.

wnupsnw GRAPHICS PLOT s%wsssan
I

mAd
12, 82

™.

\\
- <15
Ydiv [/ \\
A .
/4 313pE
Pl N
N
N
- R
- @aae Ve BT - FETIVERE T, 1. oo
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Sample Program 2

Description

This program is an example of remote control, data output in the User Mode. The
program has three capsbilities:

¢9)] Control of gn SMU via the HP-IB
{2) Trigger of the SMU via the HP-IB
(3) Data output from the SMU via the HP-IB

HP series 200/300 Program:

10 DIM A$[30]

20 OUTPUT 717; "US*

30  OUTPUT 717; "T1 CAl BC"

40 I=15

50 OUTPUT 717; "DVi, 1,7;1; %, 1E-3"
50 OQUTPUT 717; "DV, 1, 0, 1E-3"

70  OUTPUT 717; "TII"

80 ENTER 717; A%

80 DISP A$
100  OUTPUT 717; "DV1; DV2"
110 END

This program performs the following:
Line Description

10 Define a string variable, A3, to store measurement data.
20 Set the 4145B to User Mode (US).
30 Set measurement integration time (IT1), auto celibration (CAl), and data buffer
clear {BC)
40/50 Set up SMU1 (DV1).
80 Set up SMU?2 (DV2).
70  Trigger for I measurement of SMU1 (TI1).
80  Enter measurement date into the string variabie, AS.
90 Display the string veriable A$.
100 STOP the output for SMUIL and SMU2.

Also, CRT Display can be used as a Graphic Display when program code "GL2" is sent and
HP-GL program codes are used, as shown in Figure 3-57. '

Figure 3~57. Sample Program 2
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Sample Program 3

Deseription

This program is an example of moving measurement results from the 4145B's internal
micro floppy dise to a Desktop Computer while the 41458 is in the System mode.
This funection has the following capabilities,

(1 Control of the 41458 via the HP-IB

2) Data output from the data buffer via the HP-IB

Set the HP-IB eontrol switeh as follows:
Address: 17
-Delimiter: CR/LF

HP series 200/300 Program

10 OPTION BASE 1
20 DIM A(575)
30  Points=505
40 OQOUTPUT 7173 "GT 'D VDID™
50 OQUTPUT 717;"DO 'ID™
50 FOR I=1 to Points
70  ENTER 717; AQD)
80 PRINTAQ
90 NEXTI
100 END

This program performs the following :
Line Deseription

16/26 Define a string variable, A(575), to store buffer data.
30  Define the number of data.
40  Send a get data (GT) command to get the data with the file name is 'VDID'.
50  Send a data output (DO} command to obtain the buffer data from the ID' channel.
70 Enter the buffer data into the string varisble, A(575).
80  Print the string variable. '

Figure 3-58. Sample Program 3
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2-140, PLOT/PRINT Operstion Using HP-IB
Controlier Note

3-141. When performing & PLOT or PRINT

operation using an HP-IB controller, use the if tpe controller attempts an HP-IB operation
following procedure. during a plot or print operation, an error may
result or data may be incerreetly plotted or

(1) Set the plotter or printer to "addressable". printed. Therefore, you cannot detect the

{2} Interconnect the 4145B, HP-IE plotter or end of a plot or print operation by reading
printer, and eontroller with HP-IB cabies. the status byte of the 4145B.

(3) Send the PLOT or PRINT command to the Figure 3-5% shows programming example of
41458, HP-IB controlied plot operations with the HP

_ series 2008/300 Desktop Computer.
(4) Set the 4145B to TALKER and set the .

plotter or printer to LISTENER. And set

the ATN ({Attention} Line to "Inactive" to

start the plot or print operation.

(5) End of plot or print can be detected by
monitoring the EOI Line or SRQ Line.

HP series 200/300 Program

10 ONINTR 7 GOTO 70
20 ENABLEINTR 732
30 OUTPUT 717;"PL100,100,5000,3000"
40 SEND 7;UNT UNL TALK 17 LISTEN 5 DATA
50 REMOTE7
80 GOTO 6D
70  A=SPOLL(71T)
80  IF BIT(A,2) THEN PRINT "END"
80  BEEP
100 END

These programs perform the following:
Line Description

10 Interrupt (PLOT END) handling instructions,

20  Enables controller to respond an SRQ

30 PLOT comimand

40  Asigns TALKER and LISTENER, and sets ATN line to "Inactive”.

Figure 3-59. Program for HP-IB controlled PLOT Operations
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3-142. External Display

3-143. The 4145B's CRT is equipped with X-Y-Z
anelog outputs which can be eonnected directly
to a lerge sereen graphies dispiay. With the X, ¥,
and Z EXTERNAL CRT OUTPUT (located on the
resr panel) connected to an external display, the
displays on the 4145B% CRT will be displayed on

the external display aiso.
external displays are listed in Table 3-12.

Recommended

Model 4145B

Table 3-12. Recommended External Displays

Model NO. Sereen Size (HxW)
HP1304A 20emx25em
HP1310B 28cmx38em
HP1311B 22emx28cem
HP1317B 26emx3sem
HP1321B 30emx3sem

Note Figure 3-80 shows the interconnections between

the 41458 and the external display.

~The bandwidth of the external display
must be at least 2MHz.

Note

Output impedance of the EXTERNAL
CRT OUTPUTS is 3300 (X and Y) and
240Q (Z). Thus, the input impedance of
the external display must bhe
sufficiently higher to obtaian
satisfactory display results.

Connection:
{1} Equipment
External Display (equips X-Y-Z analog inputs} and three BNC-BNC cables

(2) Interconneect the 4145B and External Display as shown below,
41458 13118
R
M .
| Bl X v 2 i
Fee : HEE i 1 5% §
re 8w ik il
Leas [ =
. ik N :..%‘ .mt
o = = $RE
=

{3) én t?lais condition, displays on the 4145B's CRT are also displayed on the external
isplay. .

Figure 3-60. External Display
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3~144, Disce Initializing

3-145. The purpose of dise initialization is to
generate a directory onto the dise, which enables
you to use the dise for the 4145B. Measurement
Setups, Auto Sequence Programs, and
measurement results from the 4145B can be
stored on the initislized dise. Also, for archival
purposes, the 4145B's operating system can be
copied to the initialized dise, by using the
operating system copy function (Refer to
paragraph 3-146). The procedure to initialize a
dise is described in Figure 3-61. The
recommended dise is the HP §52192A,Micro
Floppy Dise (double sided, double density}.

SECTION I

Dise Initializing Procedure
(1) Turn on the 4145B

below.

Lhpl mxx  USESR FILE CATALOG
Volume : HF4145 Rev.

{5) Press the INIT DISC softkey.

FORMAT operation is cancelled.

. the dise are purged.

available recordgs « 2075
file name comments adrs

En ]
IBLAGE ]

{7) Dise initialization tekes only a few minutes.

(2) Press the CATALOG softkey on the MENU Page. Display will be as shown

SKP31
B

{(3) Press the EXTN softkey, then softkey prompt will be SKP 31.
(4) Remove the disc and insert the blank disc.

(6) ™nitialize OK 7" will be displayed in the system message area. Press the EXEC
softkey. If the QUIT softkey is pressed before pressing the EXEC softkey, the

By executing the Dise Initializing, all the programs and datas that are existing on

Figure 3-61. Disc nitializing Procedures
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Model 41458

3-146. Operating System Copy ' Note

3-147. For archival purposes, the 4145B can copy
the OQperating Systemm Software onto dises that

The Operaring System Copy funetion
cannot copy the files of the user area

are initislized by the 4145B or HP series 200/300 onto the disc.
Desktop Computers. The procedure is deseribed
in Figwe 3-62. ‘

CAUTION

The Operating System Copy funetion
erase all files of the user srea on the
dise.

Note

Copying the 4145B's Operating System
Software for any means, except for
archival purposes, without the prior
written consent of Hewlett-Packard
Company is prohibited. If extra system
dises are required for purposes other
than archivel purposes, order P/N
04145-61501.

Operating System Software Copy:

(1)  Turnon the 4145B.

(2)  Same procedure as that is step {2) of Figure 3-61.
(3)  Same procedure as that is step (3) of Figure 3-61.
?1% Press the COPY 8YS softkey.

5

When "Copy system OK 2" is displayed, press the EXEC softkey. If the QUIT
softkey is pressed before pressing the EXEC softkey, the Operating System
Software Copy operation is cancelled.

Note

The System Dise must be in the 4145B' dise drive, if the QUIT softkey is pressed
in the cancel procedure,

{6)
(7}

(8}

Insert the Master Disc (disc to be copied) that contains the Operating System
and press the EXEC softkey.

After the disc has been accessed, "Insert the copy dise.” is ¢isplayed. Remove
the Master Disc and insert the initialized dise (target disc), then press the
EXEC softkey.

"Copy completed” is displayed when Copy i finished. To copy edditicnal dises,
press the EXEC softkey and repeat steps {6} to (7). To return to the MENU
page, press the QUIT softkey, insert the System Disc and press the EXEC or
QUIT softkey.
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3-148., DISC COPY

3-148. Al files in the user ares of a 4145B dise
can be eopied onto another disc. The procedure is
given in Figure 3-83. The operating system
softwere and the system files can also be copied
with this function.

User Area and Operating System Copy:

(1 Same procedures &s that are steps (1) to (3) of Figure 3-61.

(2)  Press the COPY DISC softkey.

2) When "Copy dise OK?" is displaved, press the EXEC softkey. If the QUIT
softkey is pressed before pressing the EXEC softkey, the Dise Copy operation
is cancelled.

Note

The System Dise must be in the 4145B's disc drive, if the QUIT softkey is pressed
I the cancel procedure.

(4) Insert the Master Disc (dise to be copied) and press the EXEC softkey. A
portion of the user area files will be loeded into the 4145B's RAM. This takes a
few seconds,

(5) Insert the Copy Disc {target disc) and press the EXEC softkey. The files loaded
into the 4145B'% RAM in step (3) will be copied onto the target dise,

Note

Write proteet the Master Disc to protect the files from operational errors.

(6) Repeat steps (4) and (3) if instructed to do so.

(7) Copy is finished. To copy additional dises, press the EXEC softkey and repeat
steps (4) and (6). To return to the MENU page, press the QUIT softikey, insert
the System Dise and press the EXEC or QUIT key.

Note
Do not use the Disc that cannot complete the Dise Copy operation for the 4145B.
Note
If you want to eopy one file, the procedure & given below,
Copy One File:
(1) Turn on the 4145R.

(2) Loed a desired file using the GET function.
(8) Change dises and store the file by using the SAVE function,

Figure 3-83, Dise Copy Procedures 3-129
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3-150. FILE TRANSFER

3-151. The 4145B ean transfer all of the files
(Program file, Data file and ASP file) from the
HP 4145A's or another 4145B's disc without the
gaid of & controller., When the files are
transfered from 4145A, HP 16267A File Transfer
Dise for the 4145A (not furnished) s needed.
Opersting instructions for the FILE TRANSFER
funetion are given in Figure 3-64.

From the HP 4145A
Conneection:
(1)  Equipment
HP 16267A File Transfer Software Disc for the 4145A and HP-IR cable,
{2)  Intercormect the 4145B and 4145A as shown below.

41458 41454 or 41458

[e °l maemms  ©

Note

Except for the 4145A and 41458, nothing is with the HP-IB cable.

Transfer:
{3) Insert the HP 16267A File Transfer Software Dise to the 4145A% built-in dise
drive.

{4}  Turn the 4145A on.

(5)  Insert the System Disc and turn the 41458 on.

(8)  For the 41454, press the CATALOG softkey . For the 41458, press the
CATALOG softkey on the MENU page and press the EXTN softkey.

(7)  For the 4145A, remove the File Transfer Software Disc and insert the dise
containing the setup programs, Auto Sequence Programs and measurement
resuits to be copied to the 4145B'% Dise. For the 4145B, insert the copy dise
(target disc).

{8) For the 4145A, press the SEND DATA softkey and for the 41458, press the
RCV DATA softkey.

(8)  The filename of the file being transferred will be displayed. If the ABORT
softkey on the 4145A or 41458 is pressed before the trensfer is complete, the
File Transfer operation is aborted. After pressing the ABORT softkey, the
catalog of the existing files on the dise is displayed.

(10) "Trensfer completed.” is displayed when the File Transfer operation is finished.

Figure 3-64. File Transfer Procedures (Sheet 1 of 2)
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SECTION III

1

From another 4145B:
Connection:

Equipment:
Another 41458 and an HP-IRB ecable.

{2) Interconnect the 4145B's with the HP-IB cable as shown in the above figure.

Transfer:

(3) Turn both 4145B's on and press the CATALOG softkey on the MENU page.
When the CATALOG page is displayed, press the EXTN softkey.

(4) Insert the disc containing files to be copied into one 41458 and insert the copy
dise (target dise) intc the other 4145B.

{5) Press the SEND DATA softkey on the 4145B from which the files will be
copied, Press the REC DATA softkey on the 4145B that will be receiving the
files.

(6)  The filename of the file being transferred will be displayed. If the ABORT
Softkey is pressed on either 4145B before the transfer is complete, the File
Transfer operation will be aborted.

(7) "Transfer completed” is displayed when the File Transfer operation is finished.

Figure 3-64. File Transfer Procedures (Sheet 2 of 2)
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3~152. Data File Strueture

3-153. Data files stored on discs can be read on
HP90G0G Series 200 and 300 computers running
BASIC 3.0 or 4.0. Paragraphs 3-154 through
3-162 explain ‘the structure of data files:
paragraphs 3-163 and 3-164 describe how to read
measurement dete from & dise. These
paragraphs were written for users familiar with
41458 operation and BASIC 3.0 or 4.0 data
storage and retrieval techniques. If this is not
the case, however, this section and Chapter 7
(Data Storage and Retrieval) of the BASIC 3.0 or
4.0 Programming Techniques Manual wiil help
you understand data file structure.

3-154, The 4145B's data files are divided into
four main sectors, as follows.

1} BDAT System sector 256 bytes
2) File Comment sector 256 bytes
3) Setup Data sector 768 bytes
4) Measurement Data sector 4608 bytes

3-155, BDAT System Sector

3-i56. This sector contains an End-of-File
pointer and the number of defined records in the
file. You ecannot directry access the system
seetor. For more information, refer to Reading
and Writing BDAT Files in Chapter 7 of the
BASIC 3.0 or 4.0 Programming Technigues
Manual.

3-157. File Comment Sector

3-158. This sector contains the file comment
displayed on the catalog page. Figure 3-85
shows the structure of the File Comment Seector.

3-159. Setup Data Sector

3-160. This sector contains CHANNEL
DEFINITION, SOURCE SETUP, MEAS & DISP
SETUP, and OUTPUT SEQUENCE SETUP page
data, Figure 3-66 shows the structure of the
Setup Data sector. A brief explanation of each
block in this sector & as follows.

1) ID TABLE [bytes 16 through 169]
This block econtains symbolic name,
status, funetion, and channel data for
each SMU, VS, VM, and User
Function. Data for each item s
contained i and ll-byte long data
group, and all groups have the same
structure. Figure 3-67 shows the
4145B's CHANNEL DEFINITION page
and provides more detailed
information on ID TABLE data groups.

3-132

2)

3)

4)

5)

8)

Model 4145B

SVCBY (Source Value Control Block
for Variables) [bytes 171 through 264}
The SVCBV contains setup, Hold Time,
and Delay Time data for variables
YARl, VARZ, and VARl Data for
each variable is contained in a 26-byte
long data group, and all variable date
groups have the same structure. Hold
and Delay Times are written using the
4145B's 4 byte floating point data
format as shown and explained in
Figure 3-68. Figure 3-69 shows the
4145B's SOURCE SET UP page and
provides more detailed information on
SYCBY data groups.

SVCBC {Source Value Control RBlock
for Constants) [bytes 265 through 330]
The SVCBC contains setup data for
each constent {(SMU 1 4, V81, and
VS2). Date for each conmstant i
contgined in an ll-byte long data
group, and &ll groups have the same
structure. Figure 3-70 shows SVCBC
data group structure and provides
more detailed information.

DACB (Data Array Control Bloek)
[bytes 331 through 330]

The DACB contains Data Area data
for each channel (SMUs 1 4, VMi,
and VMZ2). Data for each cheannel is
contained in a 10-byte long data
group, &nd all groups have the same
strueture. Figure 3-71 shows DACB
data group structure and provides
more detailed information.

DCB (Display Control Bloek) [bytes
401 and 402]
This bloek contains display mode
data. Figure 372 shows DCB
strueture and provides more detailed
information.

GRAPHIC PLOT DCB ibytes 403
through 463)

This block contains dsts on the ID
TABLES to be displayed on the
GRAPHIC PLOT page, and on the X,
Y1, and Y2 axes. ID TABLE data and
data for each exi is contained in a
20-byte long data group, and all groups
have the same structure. Figure 3~73
shows GRAPHIC PLOT DCB structure
and provides more detailed
information. If the first byte in a data
group is a space, that axis is not used.
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7)

8)

9)

10)

11)

12}

LIST DCB [bytes 463 through 528]

The LIST DCB contains data on the [D
TABLES to be displaved on the LIST
page. Data for each Measurement
Channel is contained in an ll-byte
long data group, and gil groups have
the same structure as the ID TABLE
strueture shown in Figure 3~87. I the
first byte In a data group is & space,
that Measurement Channel is not used,

MATRIX DCB [bytes 528 through 538]

This bloek contains data on the ID
TABLE to be displayed on the
MATRIX page. MATRIX DCB data &
contained in an 1ll-byte data group
that has the same structure as the ID
TABLE structure shown in Figure 3-67.

SCHMOO DCE [bytes 540 through 570]
This block contains data on the ID
TABLE to be displayed on the
SCHMOO PLOT page, and on the Z
axis limits es defined on the MEAS &
DISP MODE SETUP page. SCHMOO
DCB data is eontained in an 1l-byte
data group that has the same structure
as the ID TABLE strueture shown in
Figure 3-67. Z axis limits are written
using the 4145B's 4 byte floating point
date format shown in Figure 3-68.

TBCB (Time Base Control Bloek)
{bytes 571 through 582]

The TBCB contains Wait, Interval, and
Number of Steps data. Each date
group is written using the 41458 4
byte floating point data format shown
in Figure 3-68. Figure 3-74 shows
TBCB structure and provides more
information.

MCCB {Measurement Channel Control
Block) [bytes 615 through 623]

This bloek containg measurement
mode, Tmeasure, not use, and
measurement range dats. Data i
contained in a 9-byte data group.
Figure 3-75 shows MCCB structure
and provides more detailed
information.

OSEQ (OUTPUT SEQUENCE) [bytes
625 through 630)

This bloek contains ehannel (SMUs 1 ~
4, V81, and V32) output sequence
data, Figure 3-76 shows OSEQ
struecture and provides more detailed
information.

SECTION HI

13} DATA ST (DATA STORE) [byte 760]
This byte shows whether the
Measurement Data sector eontains
measurement dsta or not.

00H = no data
01H = dsata

3-161. Measurement Data Sector

3-182. This sector contains Measurement data
end dats header information. The measurement
data portion contains SMU status and channel
number data in addition to the measurement
data. The data header portion contains the
measurement  data's measurement  append
number and the VARZ step number. Figure 3-77
shows the Measurement Data Sector's structure
and provides more detailed information.

The Measurement Dats Sector begins with
record number 2,432 and finishes with record
number 4,735. This seetor is divided into equal
measurement data areas, depending on the
number of measurement channels used. For
example, if two channels sre used, the first
measurement data area will cover records 2,432
through 3,583, while the second messurement
data area will cover records 3,584 through 4,735.

3-163. Reading Data Files

3~164. The procedure for reading a data file is as
follows.

1} Confirm the presence of measurement
data by reading the DATA ST byte
{byte 750) in the Setup Data sector.

2) Confirm which measurement channels
were used by reading the MCCB (bytes
615 through 623) of the Setup Data
seator,

3} Retrieve the number of the
measurement data record by reading
the DACB (bytes 331 through 390) of
the Setup Data seetor.

4) Read the desired measurement data
record (retrieved in step 3) from the
Measurement Data sector. Returned
measurement data includes the VARI
and VYARZ2 step numbers, and the
measurement append number,
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Figure 3-78 shows a sample program for reading
a date file from a dise in accordance with the
preceding procedure, and for plotting the data on
the computer's CRT. The X axis corresponds to
the VAR!] setting (linear) and the Y axis
corresponds to the Y1 axis setting on the
GRAPHIC PLOT page.
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Name

Item File
Comment

Pos OPRITTIT I T TT L T ke T ] T ol [ TTT ] Tl {fTTTT]]
Byte

not used

Name

Item noet used

Pos  SOpt [ [ QT[] el iI[] i ] T PRl {IT P E T PITT T d T I ITT]

Hyte

Name

Item not used

Pos 1004 {1 I I IRl JITTIT T R [IR e TP TRl T T TR TITTTIT

Byte

Name

Item not used

Pos - 150 [ [ [T ] QR Il I ITT eI U T I P [l TTT TR IRl TTTTTTT]

Byte

Name

Item not used

Pos 200 0ol { | [ i f ] bl TI] T T Tl TTT T TT B[ TTTT R I [ Rl FTTTTTTT

Byte

Name

not
used

Pos 2s50pf [T
Byte

Ttem

Figure 3-65. Structure of the File Comment Seetor
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Name ID TABLE
Iitem not used SMu 1 SMY 1 SMU 2
Y I YV
Pas Ol b bl [P bl F T LT TR T T T T T TR T T TR TTTTITT
Byte 16 1] 11 il
Name ID TABLE
Item SMU 2 SMU 3 SMU 3 SMy 4 SMi 4
I v 1 I
Pos Sopd [P LI [T PP T T T T O T [T I I BT
Byte 11 11 11 11 11
Name ‘IBTABLB_
Item Vs 1 Vi 1 Vs 2 Vm 2
Pos  100ef f ) T T [0l T d T T T TR T T b I L BT T
Byte 11 11 11 131
Name ID TABLE SVCRY
{ser User
Item Function 1 Function 2 \ Var 1
Pos 250 [ ]l [T T T PR T (T T T [Tl T LTI L T I T TSI T
Byte 1l il \‘ 26
Not used
Name SVCBV
R HOLD [DELAY| o
Item Var 2 TIMEITIME Not used Var 1
Pos 200t [0 Ll I T bl T T I TR T T oI T TR I T T R TTTTITTT
Byte 26 4 4 8
Name SVCBV SVCEC
Item Var 11 SMU 1 SMU 2 SMU 3
Pos 250 {1 il T I TRl TV T T T W T [P T T T el [T T T T T LT TTTT
Byte 26 11 i1 11
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SECTION II

Name SVCBC DACB
Tter SMU 4 Vs 1 Vs 2 SMU 1 S 2
Pos 300l (L il el Pl T T e T T T b P I T T T T IT T
Byte 11 11 11 15 0
Name DACB
Item SMU 3 SM 4 Vm 1 Vi 2 not used
Pos 350 [ LV T ke I i TP TPl T T T TRl [TTTTT T T [T T
Byte 10 10 ig 10 10
DCB
Name { GRAPHIC PLOT DCB
Item X axis Y1 axis
14
Pes 400 ppy Y T ed bl T it i it ik TA LT Pkl [P T IRl IR0 TTT11
Byte H1 20 20
\ DISP MODE
MEAS MODE
Name GRAPEIC PLOT DCB LIST DCB
. I1st 2nd 3Ird
ltem Y2 axis MEAS. CHAN. | MEAS., CHAN. | MEAS. cHan. | 4th
Pos  450Pel [ 11 Il T JI TP T W b LT I TR T IT T
Byze 7% 1 1] 1 11
Name LIST DCB MATRIX DCB | SCHMOO DCB
Ttem MEAS. | 5th 6th -
CHAN MEAS. CHAN. | MEAS. CHAN.
Pos S00fel P11 i tq il e P T I T T T T T TRl T ikl FT T T LT
Byte 11 ¥ 17 11
Name SCHMOC DCB TBCB CMTBUF
ist 2nd 3nd Ath .
Trem vimit| Dimit] himit] [1imse] Time Base Comment
Pos  SSOPf {1l i i Bt RECEERERENREZREADAERER " RR NN
Byte 3 13 33

Figure 3-66. Data File Structure of the Setup Data Sector (2 of 3)
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Name

Item

Pos
Byte

600

CMTBUF

MCCB OSEQ UFCB1

User Function 1

JERRURRERNCHERRERDE
32

Lo [PV LI pe TTT T T T TRl TTITTTTT
9 6

Name

Item

FPas
Byte

650

UFCB1

- User

Function 1

ol LI Il IITTTTT TR T T T el TTITITITT R
64

—t Unit

Name

Item

Pos
Byte

UFCB2

User Function 2

700

T e T T T e L s T T T TR LTI T
64

PRE MCCB
~ DATA ST
V42 ST

Name

Item

Pos
Byte

75C

s |11

— Unit
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byte o lr[2]s! ls 6{7]8]9]30
- T
L CB Address
Channel
Funection
Status

Symbolic Name

1) Symbolic Name
The Symbolic Name bytes contain the user-specified SMU, Vs, Vm, or User
Funetion name that is assigned on the 4145B's CHANNEL DEFINITION page.
This name can be up to 6 ASCH characters long.

2) Status
The Status byte containsur channel's source mode setting that is assigned on the
CHANNEL DEFINITION page. Each bit is defined as follows.

bit § e 0: Normal 1: Common
bitln~ 4 Always 0

bit5 ———— {: Source 1: Monitor
bit 6 e 0: V mode 1: I mode

Bit T e 0: SMU, Vm, Vs 1: User Function
Exeample

00H*: V source

61H: Common _

20H: V monitor, Vs or User Function not used
40H : Isource

60H : I monitor

80H : User Function

*Hexadecimal notation.

3) Funetion
The Funection byte contains the channels source function setting that is assigned
on the CHANNEL DEFINITION page. Several examples are as follows.

00H : Monitor, User Function not used
40H : User Funcetion 1

4]1H: User Funection 2

80H : Constant

BIH: Var}

82H: Var 2

84H: Var V'

4} Channel
The channel byte contains one of the following settings.

00H : SMU1, User Function
81H: SMU2

02H : SMU3

034 : SMU4

04H : Vsi, Vml

05H: Vs2, Vm2

Figure 3-67. ID TABLE Structure (1 of 2)
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§) CB Address ,
The CB Address bytes contain detailed ehannel address information, as follows.

If Varl, Var2 or Varl' is used, these bytes eontain the SVCBV's address.
If & constant is used, these bytes contains SVCBC's address.
If a channel is set to Monitor, these bytes contains DACB's address.

If a channel is set to User Funection, these bytes contain the UFCB's address.

Figure 3-67. ID TABLE Strueture (2 of 2)
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e 1st byte 2nd byte 3rd byte 4th byte
bit |3 [30]eslze]a726[28] 2a]23]22]21 [20TieTia iz 16 s 1e[ sz 0l e (8 (7 e [s[a[3]2 [/ ]o
L L . [—Mantissa
Sign
Exponent
Exponent : 2% complement binary -1 28<Exponent <127
Sign  : "IMis-, "0"is+

Mantissa : Normaiized 2's complement binary
0.5 x 223<Mantissa <] x 223

Real Value: REAL Value=(1-2 x Sign) x Mantissa x 2Exponent-23*
*.23" means that the decimal point of the mantissa is set at
bit 23.
2-129< [REAL Value|<2127

Following is a sample program to transform 4byte Floating Point Data Format values
to REAL values.

10 INTEGER Bytel,ByteZ.Byte3,Byted

%{? E?EQL Mantissa,Exponent,Rezll

40  Exponent=FNSigned(Bytel)-23

506 Mantissa=(FNSigned(ByteZ)=256.4+Byte3)=256.+Byted

&0 Reali=Mantissa#*2"Exponent
70 DISP Reall

80 END

30 !

100 DEF FNSigned(INTEGER Byte)
L4
120 IF BIT(Byte,7) THEN

130 RETURN (Byte-255)
140 ELSE

150 RETURN (Byte?

160 END IF

170 !

180  FNEND

Figure 3-68. HP 4145B 4byte Floating Point Data Format
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byte [of:Jz2[s]als ]e]'r}s [o] m}n[azl:s :4]!5[isix?]aa||alzo}a|iza[zzla4|35[
v A A |
i_ CCompliance Value
Number of Steps
tep Value
top Value
Start Value
Sweep Mode
“Mode/Range
—Channel
—Status
~—Reserved
1) Status

The Status byte contains a variable's used or not used setting.

Q0H : Not used

80H : Used
2} Channel
The Channel byte contains the channel setting that eoresponds to the variabie
used.
00H: SMU1
0iH: SMU2
02H: SMU3
03H : SMU4
04H : Vsl
05H: Vs2
3} Mode/Range
The Mode/Range byte contains a variable's V source, I source, and source range
setting.
bit 0 through 4 ~ transform binary to decimal number
7 5 100V range 10: 108mA range
8 : 40V range 11:10mA range
g: 20V range 12:1mA range
13:100n A range
14:10p A range
15: 1y A range
16 : 160nA range
17 : 10nA range
18 : InA range
bit 5 and 6 ~——-m always 0
bit 7 ————— 0: V mode 1: I mode

Figure 3-69. VAR, VARZ, and VARI' Structure (1 of 2)
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4) Sweep Mode
The Sweep Mode byte contains a variable's linear sweep or log sweep setting that
is assigned on the SOURCE SETUP page. If a variable is set to log sweep, this
byte shows the number of the steps for one decade. (Transform a& 2's complement
binary to a REAL value.)

00H : Linear Sweep

0AH Logl0 increasing (10 steps for one decade)
04H Log25 increasing (4 steps for one decade)
g2 Log50 increasing (2 steps for one decade)
FgH Loglt decreasing

FCH : Log25 decressing

FEH : Log50 decrassing

Refer to Figure 3-68, sample program lines 120 through 180 to transform s 2%
complement binary value to a REAL value.

5) Start Value, Stop Value, Step Value and Compliance Value
These bytes contain values that are assigned on the SOURCE SET UP page. These
values are written using 4145B 4byte Floating Point Data Format. Refer to
Figure 3-68.

8) No. of Steps
The No. of Steps bytes contain the number of steps that are assigned on the
SQURCE SET UP page. This value is written using the 2byte Integer format.

Figure 3-89, VAR1, VAR2Z, and VAR Structure (2 of 2)
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byte ToliTz]s[als[el7ia]oliols]

Compliance Value
Mode
hannel
Status
Source Value

1) Source Value and Compliance Value
These bytes contain constent source values and complignce values that are
assigned on the SOURCE SET UP page. The values are written using the 4145B
4byte Floating Point Data Format. Refer to Figure 3-68. .

2) Status
The Status byte contains a channel's used or not used setting.

0OH : Not used
80H : Used

3) Channel
The Channel byte contains the channel setting.

00H: SMU1
01H: BMU2
2H: SMU3
03H: SMU4
04H : Vsl
05H : Vs2

4) Mode .
The Mode byte contains the source mode setting that is assigned on the SOURCE
SET UP page.

0iH: Common
80H : 1 mode

Figure 3-70. SVCBC Structure
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byte _!0}132]3[4!5‘{517ja!9!
L L \-Data Area End

Dats Area Start
Reserved

1} Data Area Start
The Data Ares Start bytes contain the starting address of a channel's

measurement data in the Measurement Data Sector.

2) Data Area End
The Data Area End bytes contain the last address of a channel's measurement
data in the Measureinent Data Sector.

Note

Data Area Addresses are 1300H through 24FFH.

Figure 3-71. DACB Structure
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byte  [o]1]
Disp Mode
eas Mode
1) Meas Mode

The Meas Mode byte contains the measurement mode's sweep or time domain
messurement setting.

00H: Sweep Measurement
0l1H: Time Domain Measurement

2) Disp Mode
The Disp Mode byte coniains the display mode setting that is assigned on the
MEAS & DISP MODE SET UP page.

01H: Graphie Plot
g2H: List

04H: Matrix

08H: Schmoo Plot

Figure 3-72. DCB Structure
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byte [roln JEiSj'#ff)i6!?18!9’iO!lE]IIEEI:‘&;SG#!S'LESEI?’!B!IQ!

L i~—Upprzzu:' Limit
Lower Limit
Seeale
CB Address
Channel
Funetion
—Status
—Symbolic Name

1) Symbolic Name, Status, Function, Channel and CB address
These bytes contain the ID TABLE data that is to be displayed on the GRAPHIC
PLOT page as X, Y or Yy axies.

2) Scale
This Scale byte contains the scale setting for The GRAPHIC PLOT page.

00H: Linear
01H: Log increasing
FFH: Log decreasing

3} Lower Limit, Upper Limit
These bytes contain the Lower (Left) and Upper (Right) Limits of the X, Y3, or
Yo axis. These bytes are written using the 4145B 4byte Floating Point Data
Format as shown Figure 3-68.

Figure 3-T3. GRAPHIC PLOT DCB Structure
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SECTION 1II
byte folilzis]a[slaf7ia]oli0]i]
l_ -No. of RDNGS
Intreval
Wait Time

1) Wait Time, Interval, No. of RDNGS
These bytes contain wait time, interval time, andé number of RDNGS data for s

time domain measurement. These bytes are written using the 4145B'%S 4 byte
floating point data format as shown Figure 3-58.

Figure 3-74. TBCB Structure
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byte  Jols]2]sfa|s]6]7]|s]
[_L;\frccms
Vm2
Yml
SMU4
SMU3
SMU2
—SMU1
— Reserved

1) SMUs1 4,Vml, Vm2
These bytes contain channel setting data (Whether the channel is set to or not, V
measurement, or ] measurement), Each bit (for each byte) is as follows.

bit 0~3 Always 1 (means auto range)

bit 4 and § ——— Always 0

Dit B sesmeresrmrommeree 0: Not measure 1: Measure

bit 7~ f: V measure 1: I measure
2) MCCB+8

This byte also contains channel setting data (whether measure or not measure is
set. Each bit is defined as follows.

bit () e SMUl 0: Not measure 1: Measure
bit ] —emerree—e SMU?2 0: Not measure 1: Measure
bit 2 ————em— SMU3 (: Not messure 1: Measure
bit 3 ——ier SMU4 0: Not messure 1: Messure
bit 4 ——————— Vml 0: Not rmesasure 1: Measure
bit § ~——— ym2 0: Not measure 1: Measure
bit 6 and 7 — Always 0

Figure 3-75. MCCRB Structure
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Model 4145B

byte

01'12I3|4|51

!—Gth Output
5th Qutput
4th Output
3rd Cutput
2nd Qutput
15t Output

1) 1st through §th Output
Each byte contains channel number setting data as follows.

00H: SMUl ~
01H: SMU2
02H: SMU3
03H: SMU4
04H: Vsl

05H: Vs2
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SECTION I

1 ehannel SMU Measurement Data Secior

VARZ (1st) VAR?Z (2nd)———vromne-
byte [olilef[sfefs[e[7] [ T TrTrrrr
L LData (VAR] lst) L LData (VAR1 1s1)
Date Header Data Header
@ Dats Header
byte  [[:]2]3]
Reserved
yes
AN

1) AN
This AN byte contains {(measurement) Append Number date (bit 7 is always 1)

80H: initiel measurement dats

81H: 1st eppend measurement data
82H: 2nd eppend measurement data
83H: 3rd append measurement data

2) v28
This V28 byte contains VAR?Z step number dats.

O0H: 1st Var? step
01H: 2nd Var? step
02H: 3rd Var2 step
03H: 4th Var2 step

- a

Figure 3-77 Measurement Data Sector Structure {1 of 2}
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Model 4145B

byte o @
. i-Messurement Data

Status & Ch

1) Status & Ch

The Status & Ch byte contains date error status and channel number data.

bit 012

6: SMU1L
1: SMU2
2: SMU3
3: SMU4
4; Vmi
5: Vm2

7: lost data

bit 36 Status

ifhit3is1
ifbitdis!
ifbit5is 1

fbites1
bit Ve always 0

2} Measurement Data

transform binary to decimal number

: A/D eonverter is saturated.

: Oseillation
Other channel has reached
compliance

: This channel has reached compliance.

Data contained in the measurement Data bytes written using the 4145B%s 3 byte
ﬁoatmg peint dats format, which is the same as the 4 byte ﬂoatmg point format
shown in Figure 3-68, except the last byte is omitted.

3) Blank (unused) aress.

All blank measurement data bytes will return "FFH",

@ Blank (unused) Area

Blank measurement data bytes will return "FFHE".
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Model 4145B SECTION IO

KNote

This sample progratn runs under tshe BASIC 3.0 or 4.0 environment, and reguires loading
the GRAPH binary files as well as the appropriate files from your disc drive.

16 INTEGER Base.Smu_no.Data_ptr.Flag.S5tat,.Ch

20 INTEGER Comment((:;127) ,Prog4S(0:283),Datadbh(2432:473%)
39 INTEGER Meas_ch_actiwe(d)

40 INTEGER Data start.Data_end

5§ INTEGER Prev_valid

o REAL Sweep_start,Sueep_end,Sueep_step, varl ,Mary

70 REAL Ymin,Ymax

80 ?IH FllenamebtTﬁaleﬂorkdirﬁiiﬂﬂl

100 WerkdirS=SYSTEMS("MSI™)
110 MASS STORAGE IS ":HP9122.700,0"

120 !

130 GINIT

140  GRAPHICS ON
150  GCLEAR

160 !

170 LINPUT "Please enter file name”.F ilename$
180 ASSIGN BFile TO Filename$
'

190 !
%D% ENTER #File:Comment(=) .Prog45¢(*) ,Batad5(=}
1 H
220 IF FNGet_byte{Proga4S{(»),760>=0 THEN ! DATAST
230 DISP "No wvalid data t1!"
240 ELSE
250 Ch_active_frag=0
260 FOR Chanmnel=0 T0 S
270 Meas_ch_active(Channel)=BIlT(FNGet_byte(ProgdS(=),617+Channel’, 63
280 Ch_active_frag=Ch_active_frag+Meas_ch_active(Channel>
280 NEXT Channel
300 IF Ch_active_frag<>0 THEN
310 FOR Channel=0 T0 5
320 IF BIT{FNGet_byte(Progi5¢(=) ,617+Channel) 6> THEHN ' #CCB
330 Smu_no= Channel
340 Data _start=FNGet_word(PragdS(»),331+Smu_no=1J+56) ' 5ACE
350 Data_end=FNGet_word(Prog45(=),337+Smu_ no*10+8) ! DACE
360 Sweep_start=FNGet_ re&i(pPOGQS(*),i7 +5)
370 Suweep_end=FNGet real{Prog45(*) 1714123
380 Sueep_ Tstep=FNGet reai(brog45(*) 171+18)
3390 Ymin=FNGet_real{ProgdS(=) ,423+12)
4G Ymax=FNGet_real(ProgdS{»> 423+16)
410 !
420 YIEWPORT 10.320.10,90
4320 WINDOW Sweep_start,Sweep_end,Ymin, Ymax
440 !
450 Varl=Sweep_start
450 FOR Data ptr=Data_start TO Data_end-1 STEP 4
470 Vary=rFNGet_. data(DatnA5(*> Data _ptr,Flag,Stat.Ch)
480 SELECT Flag
490 CASE 0! Data
5006 IF Prev_valid THEN
519 DRAW Var!,Vary
520 ELSE
530 MOVE Vart ,Vary
540 END IF
550 Prev_valid=1
560 CASE 1
578 Vari=Sueep_start
580 Praev_wal id=0
530 CASE -1

Figure 3-78. Sample Program for Reading a Data File {Sheet 1 of 4)
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600
510

310
920
930
940
350
360
970
980

1000
1010
1420
1034
1040
1630

Prev_valid=0
END SELECT
Var1=Var1+Sweep_sten
NEXT Datz_ptr
tLSE
END IF
NEXT Channel
ELSE
DISF "Not measurement channel 111"
END IF
%ND IF

MASS STORAGE IS Workdir$

INTEGER Byte_lst,Byte_2nd.Byte 3rd.Byte_4th

, REAL Real_value
Byte_lst=FNGet_byte(frray(*},Pointer+0)
Byte_2Znd=FNGet_bvtel{Array(=),Pointer+1)
Byte_3rd=FNGet_bytel{firray(=»),Pointer+2)
Byte_4th=FNGet_byte(fArray(=),Pointer+3)
Byte_to_real(Byte 1st,Byite_Znd,Byte 3rd,Byte_4th,Real_value)
RETURN {Real_value)

FNEND

e e e s il ki M e e o s e e i e e ek ek e i il Sl o s i e e o i U i e e S B W e ks il o e ke ey e e o o e o i o b o o M

o e s o e b e e . sk e e e o S A il b S A A e S St gy A Al . R T e e B i s P ) e A b kA S e A A A e S L A A . . A

INTEGER Byte_1ist,Byte_2nd,.Byte_3rd,Bvte_4th

\ REAL Real_walue
Byte_list=FNGet_byite(Array(=),Pointer+()
Byte_2nd=FNGet_byte(Array{=) ,Poinfer+1)
Byte 3rd=FNGet_byte(Array{=),Pointer+2)
Byte_4th=FNGet_byte(fArray(=),Pointer+3?}
Bvte_to_data(Byte_1st,Byte_2nd,Byte_3rd,Byte_4th,.Real value.Data_flag,Sm

u_status,Channel)

IF Datas flag=1 THEN
SELECT Channel _
CASE 0 TO S VSMU 1A, YUm #2172
Chamels= Channel 1
CASE 7 ! lost data
Channel=-1
CASE ELSE ! illegal
Channel=0
END SELECT
END IF
RETURN (Real_value’
FNEND

INTEGER Char_pointer
INTEGER Char_wvalid

B%H Strln S{%OG}
M Chars

Strlng$-""
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1206 Char_wvalid={
1210 FOR Char_pointer=MIN(Length.100) TO 1 STEP -1

1220 Char$=CHR${(FNGet_ bytel(fArtay(=).Pointer+Char_pointer-1)1}

1230 IF NUM{(Char$><32 THEN Chars=" " ! change control to space
1240 IF Char$<>” " THEN Char_valid=1 ' end of trailing space
1250 IF Char_valid THEN String5=Char$&String$ ! concatinate

1260 NEXT Char_pointer
1270 RETURN (String$)

1280 FNEND

1 20 e e e e e T T T T o e i
;g?g DEr FNGet_word(INTEGER Array{(*).,Pointer) !---=-r=-eeemmeemrm e e e oo
1§ZG INTEGER Upper_byte.Lower_byte.Hord value

1330 ¢t

1340 IF (Pointer MOD 2)>=0 THEN

1350 RETURN (Array(Pointer DIV 2})

1360 ELSE

1370 Upper_byte=FNGet_byte(Array(*),Pointer+0)

1380 Lower_byte=FNGet “hyte(Array(*),Pointer+1)

1350 Byte_to_uord(Upper_byte,lower_ byte,Word value)

1400 RETURN (Hord_value)d

1410 END IF

1420 FNEND

FUB § o e ot o T T e e o
34;3 DEr FNGet_byte(INTEGER Array(=),Pointer) !-w=—w-eeessmmammmr oo mm e o
1 [_{ B e et et e o o o ik Ut e e e e A o T T 0 P S i S e ek i e L L i A Sl Bt e O S e e i R
1460 INTEGER Upper_byte,Lower_byie

1470 1}

1480 Word_to_byte(Array(Pointer DIV 2}, Upper_byte,louwer_byte’
1490 IF (Pointer MOD 2)=0 THEN

1300 RETURN (iUpper_byte? ! even address

1510 ElLSE

1520 RETURN (Lower_byte) ! odd address

1530 END IF

1540 FNEND

TDE]  § o o e L

15640 SUB Byte_to_real(INTEGER Bytel!,Byte2,Byte3,Byted ,REAL Reall) !---—===m=mmm-
P S St e Sutsiap SIS
1580 . REAL Flac,txpo

1580 !

1600 Flac={FNSigned8¢Byte2)*256.+Byte3) =256, +Byted
15630 Expo= FNSLQneéS(ByteT)~2°

1620 Reall=Flac=2 Expo

1830 SUBEND

TEAQ  §omm s o e T e -
1830 SUB Byte_to_data(INTEGER Bytel,Byte2,Byte3,Byte4 ,REAL Reall,INTEGER Data_f

lag.Smu_status.Channel)

TEBQ 1 o o e e e e o e S
1670 SELECT Bytel .

1680 CASE 255 ! ne data
1680 Data_flag=-1

1700 Smu_status=0

1710 Channel=0

1720 Reall=0

1730 CAST ELSE

1740 IF BIT(Byte?!,7> THEN ! header mark
1750 ﬁata F;ag*l

17690 " Smu_status=BINAND(Bytel,IVAL (011} TEEET, 2

17790 Channel =By teld

1780 Reall=

1790 ELSE ! normal data

Figure 3-78. Sample Program for Reading a Dataz File (Sheet 3 of 4)
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1800
1810
1820
1831
1840
1858
1860
1870
1880
1890
1900
1916
1920
1930
1940
1850
1960
1970
1380
1980
2060
2010
2620
2030
2040
2050
2060
2070

Data_flag=0
Byte to_real(ByteZ,Byted,Byte4,0,Reall)
Smu_status= SHIFT(BZNRND(Bytel TVAL("81111000" W22,
Channe l=BINAND(Bytel. IVGL(”GGGUO??I",2))
END IF
END SELECLT
SUBEND

SUBEND

Bytel=BINAND(SHIFT(Hordl,8) , IVAL{"111111117,233! MSB, right justify
SU%Etgz =BINAND (Hord?, IVHL("11!T1T:!" 23 t LSB
N

IF BIT(Byte1l,7) THEN
RETURN (Bytel-IVAL(™1807,168))
ELSE
RETURN (Bytel?
END IF
FNEND
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