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Manual Organization

The Operaiion Manual and Service Manual are supplied with the HP 41458, These manuals
are organized as follows:

HP 41458 QOperation Manual

Section 1 General Information
Section 2 tnstallation
Section 3 Qperation

HP 41458 Service Manual

Section 4 Performance Tesls
Section 5 Adjustment
Section 6 Replaceable Parts
Section 7 Manual Changes

Section 8 Service

The Operation M anual and Service Manual are necessary for servicing the HP 4145B.



GERAUSCHEMISSION

ILpa < 70 dB
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ACQUSTIC NOISE EMISSION
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operator position
normal operation
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CERTIFICATION

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

WARRANTY

This Hewlett-Packard instrument product is warranted asgainst defeets in material
and workmanship for & period 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 period. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which preve to be
defective,

For warranty service or repair, this product must be returned tc a service faeility
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 installed 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 preparation or maintenance.

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

EXCLUSIYE REMEDIES
THE REMEDIES PROYVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. 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

Product maintenance agreements and other customer assistance agreements are
available for Hewlett-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 4145B (Semiconductor Parameter Analyzer) in
{ibereinstimmung mit den Bestimmungen von Postverflgung 1046/84 funkentstort ist.

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

Anm: Werden MeB- und Testgerate mit ungeschirmien Kabeln undjoder in offenen
MeBRaufbauten verwendet, so ist vom  Betreiber  sicherzustellen, daB die
Funk-Enistorbestimmungen unter Beltriebsbedingungen an seiner Grundsticksgrenze
eingehalten werden.

Manufacturer’'s Declaration

This is o certify that this product, the HP 41458 Semiconductor Parameter Analyzer, meets
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: I 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 precsutions 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 nc 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
en electrical ground. The instrument is equipped with a three-conductor ac power
cable. The power cable must either be plugged into an approved three-contact
electrical outlet or wsed 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 Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement
and internal adjustments must be made by qualified 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 {ouching them.

DO NOT SERVICE OR ADJUST ALONE

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

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT

Bregkage 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 modifieation to the instrument. Return the in-
strument to a Hewlett-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 manual. Instructions contained in the warnings must be followed.

WARNING

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




SAFETY SYMBOLS

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

A\
h

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 manugl in order to protect against damage to the
instrument.

Indicates dangerous voltege {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 equipment.

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

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

Alternating eurrent (power line).
Direct current (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 correctly
performed or adhered to, could result in injury or death to’
personnel.

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

A Note denotes important information. 1t calls attention to a
procedure, practice, condition or the like, which is essential to
highlight,
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Model 41458

SECTION 1

SECTION |
GENERAL INFORMATION

i-1. INTRODUCTION

1-2. This manual contaics the irformation required
to install and operate the Hewlett-Packard Model
11458 Sermiconductor Paraseter Amalyzer. Figure 1-]
shows the intrument and supplied accessories, This
section covers specifications, instrument identi-
fication, description, options, accessories, and
other hasic information

1-3. Listed on the title page of this manueal is
a microfiche part number thst esn be used to
order 4 x & inch mierofilm transparencies of the
manual. Eaeh microfiche contains up to 60
photo-duplicates of the manual pages. The
microfiche package also includes the latest
manugl changes supplement as well as all
pertinent service notes. To order an additional
manual, use the part number listed on the title
page of this manual.

160584

04145-61622

04145~

i

04145-61630

Power {able

04145-61501

Figure 1-1. Model 41458 end Aceessoriés



SECTION I

-4, DESCRIPTION

i-5. The  Hewlett~-Packard Model 4145B
Semiconductor Parameter Analyzer is e fully
automatie, high performance, programmable test
instrument designed to measure, analyze, 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 eomputer-aided design {(CAD) of ICs, new

device evaluation, materials evaluation,
component selection for eircuit  design,
incoming/outgoing  inspection, semiconductor

process control, gquality econtrol, and quality
assurance. It I5 equipped with four
programmable Source/Monitor units (SMU), two
programmaeable voltage scurce units (Vs), two
voltege monitor units (Vm), a fully interactive
graphies  display, removable flexible—dise
storage, softkeys, full arithmetie keyboard, and
HP-IB. And it can be used on the bench or as
part of n complete measurement system in the
laboratory or on the production line.

1-6. For device stimulation and characteristies
measurement, the 41458 has eight channels.
Channels 1 through 4 sre 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}.
Bource voltege and source current can be held
constant or swept linearly or logarithmically.
When used as a voltage source/current rmonitor
(V mode), each SMU ecan be programmed to
output DC voltages from 0V to +100V over three
ranges—0V to +19.999V, 220V to +39.998V, and
+40V to $]100V—with a resolution of 1mV, 2mV,
and 5mY¥, respectively. When used as & current
souree/voltage monitor (I mode), each SMU can
be programmed to output currents from tlpA to
+100mA over nine ranges, with & resolution of
1pA max. {eurrent messurement resolution is
S0fA max.), depending on the current range.
Current through the sample in V mode and
voltage across the sample in I mode can be
limited to prevent damage to the sample.

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

Model 4145B

Of the six source channels (four SMUs, two Vs),
any combination of three can be automatically
swept in a linear or logarithmis staircase manner
within the range of each ¢hannel. Hold times
from 0 to €50 seconds and delay times from 0 to
6.5 seconds can be programmed. In =&
multi-channel sweep setup, one channel
functions as the main sweep channel. One of the
other channels ean be swept synchronously with
the main channel, while one other channel ean be
swept subordinately to the main ehannel. SMUs
not swept can be used as constant current or
constant voltege sources.

The two Vm channels are uwsed to measure
voltages up to 220V.

1-7. Measurement results, mesasurement
setups, operator prompts, error messages, and
diagnosties are displayed on a fully interactive,
microprocessor based graphics display.
Measurement results can be displayed in one of
four modes : graphie, list, matrix, and schmoo.
Front Panel softkeys provide a wide range of
automatic display econtrol funetions, sueh as
AUTO SCALE, 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
measuremernt setup to measurement
analysis——and meke overzll instrument operation
quick and easy.

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

The 4145B is fluent in HP~GL (Hewlett- Packard
Graphies Languege), permitting external control
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 displayed on the CRT.
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I-8. The 4145B is equipped with & miero
flexible—dise drive unit that accommodates a
double-sided, double-density, 3.5 in., 630K byte
dise. One system disec which contains the
necessary operating system software, four
generel purpose measurement programs, and
573k byte of user area is furnished with the
4145B. The 4145B feetures an initializing
function as well as an operating system copy
funection. After initialization, the disc can be
used for storing measurement results, setup
programs, or Auto Seguence Program plograrns.
For archivel 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 measurement setup programs,
94 sets of measurement results or 240 Auto
Sequence Programs cen be stored in the user
area of the System Disc by executing & SAVE or
RE-SAVE and cean be recalled later by executing
e GET. '

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

1-10, Furnished with the 41458 is the 160584, a
specially designed shielded test fixture whieh
cennects to the 4145B's rear panel. Eight
different interchaengesble DUT boards are
provided, allowing mesasurement of Cdiodes;
3-terminal and 4-terminal ftransistors; 8-pin,
10-pin, and 12-pin devices; and 18-pin and 28-pin
DIP ICs. The 15058A 1is equipped with =
lizht-shielded 1id to allow stable measurement of
light-sensitive devices, sueh as photo diodes,
photo transistors, and photo resistors. Also, to
insure operatoer safety when potentially
dangerous voltages are applied to a sample, a
warning will be displayed on the 4145B if the
test fixture lid is open and measurement will not
be made until the lid is elosed. For
user-fabricated test fixtures and jigs, a special
connector, four 3-meter triaxiel cables, and four
3-meter coaxial cables are alse furnished.

SECTION 1

I-11. SPECIFICATIONS

1-12. Complete specifications of the Model
4145B Semiconductor Parameter Analyzer sre
given in Table 1-1. These specifications are the
performance standards or limits agsinst which
the instrument is tested. The test procedures
for the specifications are covered in Section 1V,
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 4145B
Semiconductor Parameter Anslyzer is shipped
from the faectory, it meets the specifications
listed in Table 1-1.

1~-13. SAFETY CONSIDERATIONS

1-14. The Model 4145B Semiconductor
Parameter Analyzer has been designed to
conform to the safety requirements of an IEC
(international Eleetromechanical Committee)
Safety Class I instrument and is shipped from the
factory in a safe econdition.

I-15. This operation contains information,
eautions, and warnings whieh must be followed
by the user to ensure safe operation in a safe
condition.

1-16. INSTRUMENTS COVERED BY MANUAL

1-17. Hewleti-Packard uses s two-section pine
character serial number which 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 sections identifies the country where the
instrument was manufactured. The prefix is the
same for all identical instruments; it changes
only when a change is mede to the instrument.
The suffix, however, is assigned sequentially and
is different for each instrument. The contents
of this manual epply to instruments with the
serial number prefix(es) listed under SERIAL
NUMBERS on the title page.

Figure 1-2. Seriel Number Plate.



SECTION 1

1~18. An instrument manufactured after the
printing of this manusal may have a serisl number
prefix that is not listed on the title page. This
unlisted serial number prefix indicates the
instrument is different from those deseribed iIn
this manual. The manual for this new instrument
may be saccompanied by a yellow Manual
Changes supplement or have a different manual
part number. This supplement econtains "echange
information™ that explains how to adapt the
manual to the newer instrument.

1-19. In addition to change information, the
supplemment may contazin  information for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett-Packard recommends that you
periodicelly request the latest Manual Changes
supplement. The supplement for this manueal is
identified with the manual print date and part
number, both of which appear on the manual's
title page. Complimentery copies of the
supplement sare available from Hewlett-
Packard. If the serial prefix or number of an
mmstrument is iower then on the title page of this
manual, see Section VII, Manusal 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 sre modifications to the standard
instrument that implement the user's special
requirements for minor functionsl changes. 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 908 : Rack Flange Kit.

Option 909: Rack Flange and Front Handie
Kit.

An extra copy of the Dperation and
Service Manual,

Option 910 :

Installation procedures for option 907, 908 and
909 are given in Section II.

1-4
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1-23. ACCESSORIES SUPPLIED

1-24. The Model 4145B Semiconductor Parameter
Anazlyzer, along with its furnished accessories, is
shown in Figure 1-1, In addtion, an Operation and
Service Manual is furnished with the 4145B.

1-25. ACCESSORIES AVAILABLE

1-26. HP 16267A Fite Transfer Software, HP
16268A BS&DM File Cresation Software and HP
92192A Double-sided Miero Flexible Dises are
available. The File Transfer Software enables .
you to transfer files from the 4145A to the
4145B. The BS&DM File Creation Software
enasbles you to ecreate the BS&DM data format
from the 4145B's unique deta format., The EP
92192A Double-sided Micro Flexible Dise can be
used for data storage or operating system copy.

1-27. Warranty Limitation for Accessories

1-28, The Personality Board {P/N:
16058-60003) and  eight Boards (P/N:
16058-60004 through 16058-60005, 16058-60007
through 16058-60011, and 16147-60002) furnished
with the 168058A Test Fixture sre warranted
against defeets in material end workmanship for
a period of three months from the date of
delivery. During the  warranty period,
Hewlett-Packard Company will, at its option,
either repair 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 ! of 8)

* Specifications listed below are for the 4145B only. For 16058A specifications, refer to
the 16038 A Operation Note,

GENERAL INFCRMATION

Beasic Functions: Measures the DC current through voltage-bissed devices and the
DC voltage across current-biased devices; Arithmetic ealeulation; Displays
measurement results and calculation results on & built~in CRT display; graphics
analysis capabilities; storage and reeall of measurement setups, measurement data,
and auto-sequence programs.

Source and Measurement Units:

Source/Monitor Units (SMU): Four SMU chanmels, Bach SMU can be programmed to function
as 2 variable or constant DC voltage source/current monitor or as a variable or
copstant DC current source/voltage monitor,

Voltage Sources (Vs): Two Vs channels, Each Vs can be progremmed to
funection es a variable or constant DC voltage source.

Voltege Monitors (Vm): Twoe Vm channels, FEach Vm ecan messure DC
voltages up to $20V.

SCURCE/MONITOR FUNCTIONS

Measurement and output acceuracies 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 aceuracy doubles for
operation between 10°C and 40 ° C.

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

Accuracy specifications in the below tables are given as #n% of specified output or
measured value, +n% of range value. Io is output current (I), Vo is output voltage

).

‘Voltage Range Resclution : Accuracy Max. Current
*20V ImV 2{0.1%+10mV+0.40xI0) 100mA
+40V 2mv +{0.1%+20mV+0.40x10) 50mA

+100V smv +(0.1%+50mv+0. 40*I0) 20mA




SECTION 1 Model 4145B
Table 1-1. Specifications (Sheet 2 of 8)
Current Range Resolution Accuracy Max. Voltage
20V (>50mA)
+100mA 100pA £{0.3%+100uA+2pA*V0) 40V (>20mA)
+10mA 1014 +(C. 3%+104A+200nA* Vo)
+1000uA 1A {0, 3%+1pA+20nA*Vo)
+1001A 100nA +{0.3%+100nA+2nA*V0)
<
£10A 10nA £(0.3%+10nA+200pA*Vo) 100V {£20mA)
+1000nA InA *#(0.5%+1nA+20pA+V0)
+100RA 100pA £(0.5%+100pA+2ZpAxVo)
+10nA 10pA *(1%+15pA+200£A*Vo)
1pA +{1%+6pA+20£A*V0)

+1000pA

Se tting' Resolution :

Voltage, 4-1/2 digits (1mV max.%

Current, 4 digits {I1pA max.).

Measurement Resolution :

Ranging :

Automatie.

Voltage, 4-1/2 digits (ImV max.}
Current, 4 digits (50fA max.).

Current/Yoltage Limiting (Compliance) : Current output
operating as a voltage source and

Complianece Range :

voltage output

from an SMU

from an SMU

operating as a eurrent socurce can be

limited.

Current, 50pA to maximum allowable output current of

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

Accuracy: Current compliance, aceuracy of current source+l% of range +10p4A;
Voltage compliance, accuracy of voltage source,

Residual Resistance (Voltage Source/Current Measurement Mode} : .43,

Input Resistance (Current Source/Voltage Messurement Mode): 2 10'%.

Capacitive Load :+ £1000pF.
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Table 1-1. Specifications (Sheet 3 of 8)

Voltage Sources {Vs) : Two Vs chennels. Each Vs ecan be programmed to funetion
as a variable or constant DC voltage source. Output ranges, resclution, &nd
accuracy specifications are given in the table below.

Output Voltage Range | Resolutien Accuracy Max. Output Current

20V 1mV 0.5% of setting +1CmV 10mA

Output Impedance : Less than 0.20

Capacitive Load: £1000pF

Voltage Monitors (VYm) : Two Vm channels. QOutput ranges, resolution, and
accuracy specifications are given in the table below.
Measurement Voltage Range Resolution Accuracy
*2V 100uv 0.5% of reading + 10mV
+20V imV 0.2% of reading + 10mV

Input Impedance : 1MG*1%

Capacitance in Parsllel with Output: 15 OpF+10%
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SPECIFICATIONS COMMON TO ALL CHANNELS

Maximum Withstand Voltage : 100V (SMU, guard terminal, Vs, and Vm)
Maximum Voltage Between Common and GND : Less than 242V.

Sourece Modes (SMUs Oniy): V {voltage source/current monitor),
I (current source/voltage monitor), and COM*,

Source Funections (SMUs Only) : VAR], staircase sweep;
VAR, synehrenous (VARL) staircase sweep;
VARZ, subordinate (VARI) staircase sweep;
CONST, ecnstant source (voltage or current).

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

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

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

VAR]l: 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).

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

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

VAR '=a x VARI (fixed ratio)
VARI =b + VARI (fixed offset)

where "a" is the user-specifie¢ ratio {from 20.0]1 to 10) and ™" is the
user-specified offset value. Ratio and offset must be such that the VAR1! source
channel does not exceed its maximum output limit.

HOLD TIME : 0 to 650 seconds, 10ms resolution {max.). Accuracy is #0.5%+9ms,
DELAY TIME : 0 to 6.5 seconds, ims resolution. Aeccuraey is 20.1%+5xN for
GRAPHICS and SCHMOO plots and #0.1%+10xN for LIST and MATRIX displays.

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

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

Messurement Modes: SINGLE, REPEAT, APPEND

Integration Time (at each measurement point) : SHORT, 3.6ms; MED, 20ms at 50Hz
line frequency, 16.7ms at 60H=z line frequency; LONG, 16 times MED.
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DISPLAY FUNCTIONS
Display : CRT. Eleectrostatic focus and deflection, post accelerated. Alu-

minized F-31 phosphor.

Screen Size: 16cm (6.25in) diagonal.
Screen Resolution : 2048 x 2048 points,

Display Characters and Symbols : Upper-case alphabetic characters, numeries,
comme, ( ’ )9 g, q ° (deg)! " %, #’ Q. ky e, m, u, n, Pyt % [y ,A L All are
entered from the front panel.

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

GRAPHICS Display : Two-axes (X-Y)} or three-axes (Y-Y,-Y,) plot of
measured parameters and USER FUNCTIQON caleculations.

LIST Display : Used in conjunction with VARI sweep. Up to six measure-
ment parameters and USER FUNCTION results can be displayed for each step

of the VARI source channel.

MATRIX Display : Used in e¢onjunction with VAR] and VAR2 sweeps. Up to
six columns of sweep-dependent measurement results or USER FUNCTION

results can be displayed.

SCHMOCO Display : Used in econjunction with VAR] and VARZ2 sweeps.
Sweep-dependent measurement results or caleulation results are displaved on

an X-Y-Z graph.

TIME DOMAIN Display : Measurement and caleulation results are displayed
on a tweoaxes (X-Y} or three-axes (X-Y,; -Y, ) graph as a funetion of time.
VARI] sweep is replaced by time.

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

Number of Readings, 1024.
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ARITHMETIC AND ANALYSIS FUNCTIONS

Arithmetie Funetions : Arithmetic expressions can be entered and executed
direetly from the front panel. Results are displayed on the CRT.

Arithmetie Operators : +, - %, /, 7 , EXP (Napierian constant), LOG
{common log), LN ({natural log), ** (exponentiation), ABS (absolute), EEX
(seientific notation), and A {differential caleulation).

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 ere displayed with measurement results.

Physical Constants : Three commonly used physical constants are perma-
nently stored in memory. The stored vealue of each consiant has seven-digit
aceuracy but only the five most signifieant digits are displayed.

q: Electron Charge, 1.602189x107*° C
k : Boltzmann's Constant, 1.380662x1072%J/°K
e: Dielectric Constant of vacuum, 8.854185x10 "2*F/m.

Engineering Units: m (107*), p{107),n (1072), p (10712)
Analysis Functions :

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

Auto Retrieve Funection : Measurement data obtained in any display meode
is automatically redisplayed whenever the display mode is changed. However,
when the value of & measurement setup parameter is changed, all
measurement data is cleared.

MARKER : On a GRAPHICS plot, the MARKER can be moved along a plotted
curve or line. The X, Y;, 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 Y2 coordinates at the MARKER location are
estimated and digitally 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;
eocrdinates at the CURSOR location are digitally displayed on the CRT.

On a SCEMOQO plot the CURSOR highlights the symbol at a2 measurement
point and only the Z-axis value is digitally displayed on the CRT.

On LIST and MATRIX cisplays the CURSOR is a moveable pointer {(»).
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AUTO SCALE: GRAPHIC plots can be automatically rescaled after meas-
surement, providing optimum display of measurement results.

ZO0M Function (<=, =< , I ) i ) o Used in  eonjunction . with
the CURSOR on GRAPHIC plots. Expands (<=, 1 i) or contracts (++, + ) the

graph in the indicated direction and in reference to the CURSOR 1ocat10n

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

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

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

MASUREMENT/DISPLAY SETUP AND STORAGE FUNCTIONS

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

Measurement Setup Storage: The existing measurement 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 Btorage: The existing mesasurement results ecan 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 measurements can be programmed
for automatic execution. The maximum number of program steps is 50, and
useable commands are GET P, SINGLE, SAVE I, RSAVED, PLOT, CPLOT, PRINT,
PAUSE, WAIT, and PAGE.

Storage Medium: 3.5 in. double-sided, double—density, micro flexible disec.
User area: 622k bytes

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

Record Aliocation: Measurement setup {file type P), 5 records;
Measurement data (file type D), 23 records;
Auto-sequence program (file type 8), 4 records;
Operating System, 254 records.

Initialization funetion 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 initialized disc,
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GENERAL SPECIFICATIONS

Data Input /Qutput :

External CRT Analog Output : From 0 to +1 Vde, ¥ and Y outputs kin
series with approx. 3309} Z output {in series with approx. 240Q), via rear panel
BNC connectors, Fregquency Bandwidth, DC - ZMHz.

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 Mode. Output is initiated using the PLOT or PRINT key.

HP-GL Control : The CRT of the 41458 may be program controlled in the
Graphies Display Mode via an HP-IB compatible Controlier.

HP-IB and Remote-Contrel Functions : The 4145 may be interfaced to any HP
controller or other instrument having HP-IB interfzce 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:gl ° C/5 min.;
Maximum Wet-bulb temperature: 20°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)
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REFERENCE DATA

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

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

measurement

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

Current Range Settling and Set-Up Time SMU Wait Time
100nA - 100mA G.2ms
2.7ms
InA - 10na 47.5ms
Renging 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
: 0.2ms 4ms 3.6ms
Setting
b ——— 2. 7MS e Value < _°F —fe— 1} —=e— t e
atu 47.5ms 74ms 320ms

Example: Mmimum measurement time = 2.7ms + 0.2ms + 3.6ms = 6.5ms. In the

Graphies Display Mode, write time ( 5.6ms) must be added.
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Table 1-2. 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 + .40 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 ecapacitanece in pF)
Voltage Monitor : 0.02% of range (peak-to-peak)
Current Monitor : 0.3% of range + 10pA
{peak-to-peak)

Output Overshoot : (all values typical)
Voltage Source Overshoot: 5mV
Current Souree Overshoot: 1% or less

Current Range Switehing Transient Noise : {(All values typical)

Range Inerement : 0.01% of voltage range +10mV

Range Decrement : When switching into 10nA or lnA range, 10mV + 1060/10 +
Cx)mV where Cx = load capacitance (pF); when switching into
all other ranges, 10mV.

Guard Csapacitance : £ T00pF

Guard Potential Offset : 1mV (typieal)

Guard Current Induced Potentiel Error : 1008xIg (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 &t 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 Souree/Measurement : £ 1pA/1V
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16058 A Test Fixture (includes the following subecomponents)

16058-60003
16058-60004
16058-60005
156147-60002
16058-60007
16058-6G008
16058-60009
16058-60010
16058-60011
16058-61600
16058-61601
16058-61602
16058~61603

ACCESSQORIES FURNISHED WITH 41458

Personelity Board

Teflon Blank Board

Socket Beoard {Transistor)

Socket Board (28-pin DIP)

Socket Board (18-pin DIP)

Socket Board (Diode)

Socket Board (8-pin package)

Socket Board (10-pin package)

Socket Board {1 2-pin package)

lonnection Cable (large-to-small), (Twelve 16058-61600s are furnished. )
Connection Cable (small-to-small), (Bight 15058-51601s are furnished, )
Miniature Clip Lead, (EBight 16058-61602s are furnished )

1 bm Triaxial Cable, {(Rour 16058-61603s are furnished,)

16058-61604 Fixture System Ceble
16058-60100 Accessory Case

064145-60001 Connector Plate

04145-61622 3a Triaxial Cable, (Four 04145-51622¢ are furnished )
04145-61630  3m BNC Cable, (Four (4145-61630s are furnished, )
04145-61623 Shorting Connector

04145-61501 System Disc

OPTIONS

Option 050: For 50Hz Line Frequency
Option 060: For 60Hz Line Frequeney
Option 907: Front Hendle Kit

OCption 908: Rack Flange Kit

Option 909: Rack and Handle Kit

Option 910: Extra Operation and Service Manual
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Accesscries Supplied {(Sheet 1 of 8)

Configuration

Deseription

16058 A Test Fixture

Shielded Test Fixture for measurement
of diserete components. Eguipped with
safety lid.

FYolowing subcomponents are furnished
with the 16058A.

Perscnality Board (16058-60003)
Triaxial Cable (16058-61603), 4ea,
System Cable (15058-61604)

Socket Board/Connection Cable Set*
{Contents are shown below.)
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Dimension of Socket (Unit in mm)

HP P/N and Description

16058-60004:
Blank teflon board for measurement of
high resistance devices.

16058-60005:
Socket Board with two sockets. For

measurement of four-pin devices, such as
transistors.
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Dimension of Socket (Unit in mm) HFP P/N and Descriptien

16147-60002:

__! E‘ésq Socket Board for 28 pin DIP ICs.
® I - ---- I
16.54
[------ b
_2.54 16058-60007 :
_.i | Socket Board for 18 pin DIP ICs.
| R
® [0------- i
3
[1--mn-- I}

16038-60008 :
BAB —~H—ﬂ4 Socket Board with two pairs of sockets

for measurement of axial lead devices
l U [ such gs dicdes.
! ’ 30 I |
e 16058-60009 :
.' Socket Board with an 8-pin socket.
5.84¢

16058-60010 :
Socket Board with & 10-pin socket.

54 16058-60011:
Socket Board with & 12-pin socket.

Q A
SE
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No. Dimension of Socket {Unit in mm) HP P/N and Description
Cable length: Approx. 115 16058-61600-
Connection Cable {large-to-Small) wused for
@ interconnecting the Personality Board to the
Socket Board, Twelve 16058-61600s are furni-
shed,
Cable length: Approx. 115 16058-61601
- Connectipn Cable (small-to-small) used for
intercorrecting the Connection Switch to the
‘ Socket Board, Eight 16{58-61601s are fur-
nished,
Cable length: Approx. 115 16058-61602+
_‘ Kiniature Clip Lead used for direct con—
@ nection to DUT. Eight 16058-61602s are
furnished,
16058-60100:
Carrying-case for all 16058A accessories,

Configuration . Deseription

Connector Plate (04145-60001) :

Connector Plate for measurements made
without the 16058A. For example, direct
connection for a wafer probe. Dimensions
are given below,

@) ‘ G

o O O

o
-

CRSECR

10

&
]
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Configuration

Desecription

3n Triaxial Cable {(4145-B1622):

Triaxial (m) cable for connection between
the 4145B"s SMU terminal and the Comrmector
Plate, Cable length is 3m. Four (4145-61622s
are furnished. Refer to Figure 3-37 for the
usage,

3= BNC Cable (04145-61630):

BXC (m) cable for coanection between the
41458’ ¢ Vs or Vo terminal and the Connector
Plate, Cable length is 3m. Four 04145-61630s
are furnisihed.

Shorting Connector (04145-61623):

When measurement is made without the
16058A, this Connector should be
connected to the terminal on the rear
panel.

WARNING

A POTENTIAL SHOCK HAZARD
EXISTS WHEN THE SHORTING
CONNECTOR IS CONNECTED
TOC THE 4145B. DO NOT TOUCH
THE OUTPUT TERMINAL OR
INNER CONDUCTOR OF SMU
DURING MEASUREMENT,
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Model 41458

Configuration Deseription

System Disc Set (04145-61501):

- 1-20
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SECTION I
INSTALLATION

2-1. INTRODUCTION

2-2. This section provides installation instrue-
tions for the Model 4145B Semiconduetor
Parameter Analyzer. This section also includes
information on initial inspection and damage
claims, preparation for using the 4145B, and
packaging, storage, and shipment.

2-3, INITIAL INSPECTION

2-4. The 4145B Semiconduetor Parameter
Anglyzer, as shipped from the factory, meets sl
the specifieations listed in Table 1-1. Upon
receipt, inspeet the shipping container for
damage. If the shipping container or cushioning
material & damaged, it should be kept until the
econtents of the shipment have been checked for
completeness and the instrument has been
checked mechanically and eleetrically. The
eontents of the shipment should be as shown in
Figure 1-l1. The procedures for checking the
general electrical operation are given in Section
Il (Parsgraph 3-9 SELF TEST) and the
procedures for checking the 4145B Semicon-
duetor  Perameter  Analyzer against  its
specifications are given in Section IV. First, do
the self test. If the 4145B is electrically
guestionable, then do the Performance Tests to
determine whether the 4145B has failed or not.

If the contents szre incomplete, if there is
mechanicel damage or defects (seratches, dents,
broken switches, ete.), or if the performence
does not meet the self test or performance tests,
notify the nearest Hewlett-Packard office (see
list at back of this manual). The HP office will
arcange for repair or replacement without
waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS
2-7. The 4145B requires & power source of 100,
120, 220 Volts ac :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
VOLTAGE REDUCTION, BE SURE
THAT THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL
POLE OF THE POWER SUPPLY.

2-8. Line Voltage and Fuse Selection
CAUTION

BEFORE TURNING THE 4145B LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT IS SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED.

2-9. Figure 2-1 provides instructions for line
voltage and fuse selection. The 4145B 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 PROFPER FUSE FOR LINE
VOLTAGE SELECTED.

CAUTION

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

2-10. LINE FREQUENCY FILTER
2-11. To reject the effects of line-freguency

noise, set the FILTER switeh on the rear panel
to the frequenecy of the ac power source.
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3-12. POWER CABLE

2-13. To protect operating personnel, the
Neational FElectrical Manufacturer’s Association
{NEMA) recommends that the instrument panel
and cebinet be grounded. The Model 4145B is
equipped with a three-conductor power cable
which, when plugged inte an appropriate
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.

234, To preserve the protection feature when
operating the instrument from a two contact outlet,
use a three prong to two prong adapter {For Japan:
Part Nc.5080-3149, for other countries: Part No,
1251-8196) and connect the groumding tab on the
adapter to power line ground,

CAUTION

THE MAIN PLUG MUST ONLY BE
INSERTED IN A SOCKET OUTLET
PROVIDED WITH A PROTECTIVE
EARTH CONTACT. THE PRO-
TECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN
EXTENSION CORD (POWER CABLE)
WITHOUT PROTECTIVE CONDUC-
TOR (GROUNDING).

2-15. Figure 2-2 shows the availsble power
cords, which may be used in various countries
including 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 sre listed in the figure. If

Model 41458

assistance is needed for selecting the correct
power c¢able, contact the nearest Hewlett-
Packard oifice.

2-16. OPERATING ENVIRONMENT

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

2-18. Humidity. The instrument including the
mass storage mediurm may be operated in
environments with relative humidities from 8%
to 70% &nd maximum Wet-bulb temperature
29°C, However, the instrument should be
protected from temperafure extremes which
cause condensation within the instrument.

2-19. INSTALLATION INSTRUCTIONS

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

2-21. Instaliation of Opticns 807, 908 and 909.

2-22. The 4145B can be installed in a rack and
be operated as & component of a measurement
system. Raek mounting information for the
4145B s presented in Figure 2-3.

00V OQPERATION 120V OPERATION

220V~ 120V~ 220V~ 120V~
~ OOV~ ~ OV~
240V ﬂ l_l— 240V ——Il IFI ov

-
-

C
X

-
B

Fuse : 2.5A 250V A
(HP P/N: 2110-0015)

220V OPERATION 240V COPERATION

220V~ 120V~ 220V 20V~
240V~ 100V~ 240V~ 100V~
1 =

§
N

X
C

-
0

Fuse: 1.25A 250V ~
(HP P/N: 2110-0305}

Figure 2-1. Voltage and Fuse Selection
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OPTION 900 United Kingdom

Plug: BS 1383A, 250V
Cable: HP 8120~1351

OPTION 501 Austrelia/ New Zealand

Line

Plug = NZS5 198/A8 C112, 2507
Ceble: HP 8125-1363

Plug: SAES 164, 250V
Cable: HP 8120-4211

OPTION 902 European Continent OPTION 903 U.5./Canada
@ E;g / -
_.________.__--0' \
Earth \ Neuaten? Line
Neutws]
Plug: CEE-VIL, 250V Plug: NEMA 5-15P, 125V, 154
Ceble : HF 8120-168% Ceble : HP BI20-1378
OPTIOK 904 U.S./Canada OPTION 905* Any country
Line |
Line
Line 2 Exrth Neutral Earth
Plug: NEMA 6-15P, 250V, 154 Plug: CEE 22-VI, 250V
Cable: HP 8120-0698 Cable : HP 8120-1396
OPTION 998 Switzerland QPTION 812 Denmark
Neutral
A / P
\\ Eart Neutral
Line e Eartn
Plug: SEV 1611.1959-24507 Type 12, 250V Pjug: DHCR 107, 220V
Cable : HP 8120-2104 Cable : HP 8120-2958
OPTION 917 India/Repubiic of S.Africa OPTION 918 Japan
Cround~enrth I
/ Earth
1ine
Seutral Neutrsl \ Line

Plug: JIS C 8303, 125V, I5A
Cable: HP 8120-4753

NOTE: Each option number includes a
tfamily’ of cords and connectors of wvaricus
meterials and plug body eonfipurations
(straight, 90 ° ete.).

Plug option 905 is frequently used for
interconnecting system ecomponents and
peripherals.

Figure 2-2. Power Cables Supplied
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2-23. STORAGE AND SHIPMENT
2-24. ENVIRONMENT

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

Storage :

Not ineluding the mass storage medium

Temperature -22°Cto+35°C
Humidity 8% to 80% (RH)
Including the mass strorage medium
Temperature 4°Cto53°C
Humidity 8% to 80% (RH)

Shipment :

Not ineluding the mass storage medium
Temperature -40°C1to+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 eondensation
inside the instrument.

2-26, PACKAGING

2-27. Origingl Packaging. Containers and
materials identical to those used in factory
packaging are available from Hewlett-Packard.,
If the instrument is being returned to
Hewlett-Packard for servicing, attach a tag
indicating the type of service required, return
address, model number, and full serial number.
Alsc mark the container FRAGILE to assure
careful handiing. 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-paeking with
commercially available materials:

a. Wrap instrument in heavy paper eor
plastic, 1f 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

e,

Model 41458

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

Use enough shoek abserbing materiel (3 to
4 inch layer) eround all sides of
instrument to provide firm cushion and
prevent movement inside container.
Protect control panel with cardboard.

Seal shipping container securely.

Mark shipping container FRAGILE to
ensure eareful handling.

In  any  correspondence, refer to
instrument by model number and full
serial number,
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. Kit
luded 't
Opticn Part Number Parts Include Q'ty
S07 Handle Kit Front Handie 2
5062-3951 Trim Strip 2
Screw 6
S0¢g Rack Flange Xit Rack Mount Flange 2
2062-3979 Screw 6
909 Rack Flange & Front handle 2
Handle Kit Rack Mount Flange 2
h062-3985 Screw g

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

HANDLE INSTALLATION : Attach front
handle () to sides at right and left front of
instrument with screws provided and
attach trim (O 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 raek 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 inper side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.
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SECTION 1}
OPERATION

3-1. INTRODUCTION

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,
grephies display, lamps, and conneectors;
discussions on  operating procedures and
measuring technigues for typical applications;
and instruetions on the instruments self-test
function and HP-IB capabilities. A breakdown of
the contents of this seetion is given in Figure
3-1. Warnings and cautions are given throughout;
they must be observed to insure operetor safety
and continued instrument serviceability.

WARNING

INSTRUMENT IS
TURNED ON, ALL PROTECTIVE
EARTH TERMINALS, EXTENSION
CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO THE
INSTRUMENT MUST BE CONNECTED

EEFORE THE

SECTION

TGO 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 FUSEBOLDERS. 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.

1

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

y

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

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

’

Messurement Exemple
(paragraphs 3-100 through 3-109)

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

* PLOT Funetion

* PRINT Funetion

* HP-IB Capabilities

* External Display

* Dise Initializing

* Operation System Copy
* Disc Copy

* File Transfer

* Dise Data Format

Figure 3-1. Contents of Section III
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3-3.
3_41

PANEL FEATURES

The front and rear panels of the 4145B

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

respectively.

Detailed information & given

starting in paragraph 3-5.

Model 41458
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LINE ON/OFF:

Applies ac line power to the instrument
when set to the ON (s=) position.
Removes ac line power when set to the OFF
(M) position. SELF TEST is performed
each time the instrument is turned on.
After SELF TEST is performed, the start-up
MENU 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-B
plotter, without a controller, by pressing the
PLOT key . If an HP-IB controller,
fluent in HP~GL (Hewlett-Packard Graphics
Language), is connected, the CRT ecan be
used &s an independent graphies display.
Refer to parsgraph 3-126 and 3-128 for
details. -

®

SOFTKEYS:

These eight keys are used for measurement
setup, parameter selection, end function
seleetion. The funetion of each softkey Is
defined by the operating system software
end 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)
displays additional softkey functions. A
deseription for each softkey function is
provided in the description of the page on
which it sppeasrs,

PAGE CONTROL Keys:

These three keys control paging on the CRT
- Refer to paragraph 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 suto-calibration or other
functioning.

Figure 3-2, Front Panel Features {Sheets 1 of 6)
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NEXT: Advences the display to the next
page. Each time this key is
pressed, the instrument checks the
presently displayed page for any
illegel settings, and I it detects
any errors, it diplays the
corresponding error code or error
message and does net advance to
the next page, or automaticelly
changes the settings.

PREY: Returns the display to the previous
page. Each time this key is
pressed, the Instrument checks the
presently displayed page for any
llegal settings.

MEASUREMENT Keys:

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

SINGLE: When this key is pressed, results
of the previous measurement are
erased from memory, the new
measurement i made, and the
results mre stored in memory.

REPEAT: When this key is pressed,
measurement is repeatedly made
until STOP is pressed. Results
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 are
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" &
displayed.

STOP: Immediately stops the mesasure-
ments.

AUTO SEQ Key:

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

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

CONT: If the ASP contains =
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 at any
time, even during messurement.

SHORT: Measurement data is stored
direetly into memory without

integration,
MED: Integration time is set to one line
frequency period. Sixteen

samples are taken &t each
measurement point.

LONG: Integration time is set to sixteen
line frequenecy periods. A total of
256 samples are tsken at each
measurement point,

Figure 3-2. Front Panel Features (Sheets 2 of §)
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HP-IB Status Indicators and LOCAL Key:

These four LED lamps—SRQ, LISTEN ,
TALK, and REMOTE—indicate the status of
the 4145B when interfaced with a controller
via the HP-IE, 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
funetion 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
grephies plotter (e.g., HPT440A), without &
controller. A measurement curve can be
plotted from the GRAPHIC PLOT page by
pressing the green key before pressing the
PLOT key. Plot ares ean 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 3-84 for more
information on the PLOT function. The
PRINT key functions similarly to the PLOT
key except that a printer is used instead of
& plotter and only alphanumeric data is
output. If the PRINT key is used to output
the results of & graphic plot, for example,
only the numeric wvalue of each
Mmeasurement point is printed. Refer to
paregraph 3-96 for more information on the
PRINT funection.

BLUE Key and GREEN Key:

These keys are used to access additional key
Additional key functions are
lebeled in blue and green,

funections.

ELUE Key:

GREEN Key:

This key is used when
entering comments, varia-
bles, and program names.
Once this key is pressed
(key indicator lamp on), it
remains on until pressed
again. When the CHANNEL
DEFINITION page is dis-
played or when a SAVE/GET

operation, COMMENT
operation or PURGE
operation is being

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

This key 1is used when
entering physical constants,
certain speciel symbols and
when two special functions,
CURVE PLOT and
RE-SAVE,are executed. It
must be pressed each time &
funetion  which  requires
pressing the green key is
executed.

3-4

Figure 3-2. Front Panel Festures (Sheets 3 of §)
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D ENTER Xey:

This key is used to enter parameter values,
alphanumeric characters, special echarac-
ters, and unit indicators displayed on the
Keyboard Input Line (see Figure 3-5) into
the internal display buffer. When this key is
pressed, data displayed on the Keybosard
Input Line is moved to the display field
indicated by the field pointer { ) and stored
in the display buffer. Data stored in the
display buffer by the ENTER key can be
recalled (re-displayed on the Keyboard Input
Line) by pressing the RECALL Key Up
to 60 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 key.

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:

CURSOR Control Keys:

These keys control the positioning of the
field pointer (M) and the long &nd short
cursors. (They do not control the euUrSor oh
the Keyboard Input Line.)

Field Pointer Control :
Pressing the {3 , {4 , <3, or ED key
moves the field pointer (p) in the
indicated direction. The FAST key
eannot be used for field pointer control.

Long/Short Cursor Control :

Pressing the & , {3, O, or D key
moves the cursor in the indicated
direction. Movement eontinues until the
kKey is released. Two direetion-keys can
be pressed simultaneously to move the
cursor diagonally. Pressing the FAST
key in conjunction with one or two of the
direction keys, causes the cursor to
move more rapidly.

@

MARKER Contro! Dial:

This dial controls the marker {@® or *) on
the GRAPHICS PLOT page. Rotating the
dial clockwise moves the merker 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 baragraph
3-42 for details.

@2, @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' Keyboard
Input Line and entered into the display
buffer by pressing the ENTER key - An
arithmetic expression entered with these
keys is executed by pressing the EXECUTE
key.

Engineering Unit Keys:

Four engineering units are available—m
(milli, 102 ), y (micro, 107 ), n (nano, 10-9),
and p (pico, 10712 }for use with the
numerie keys .

Arithmetiec Operator and Funetion Keys:

Nine arithmetic operstors and functions are
available—t, -, &, IW»A, EEX (seientifie
notation}—for use in arithmetic
caleulstions. Five asdditional operator and
functions are available with the alphabetie
(blue) keys : #x {exponentiation), LOG,
LN (natural log), EXP (natural base), and
ABS (sbsolute)., The SPACE key is also
included in this key group.

Numeric Keys:

These keys—0 through 9 and decimal
point—ere used for entering measurement
parameter values and for making quick
erithmetic calculations.

Figure 3-2. Front Panel Features (Sheets 4 of §)
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({9 EDIT Keys: INSERT : Causes the character at the
position of the cursor and all
These keys are used to edit data displayed text to the right of the
" on the Keyboard Input Line. cursor to move right one
position, leaving a space at
BACK : Moves the Keyboard Input the position of the cursor and
Line cursor (.-) left one allowing insertion of
position. If this key Iis additional characters. To
pressed while the cursor is at exit from this mode, press
the left-most position, the INSERT a second time,
displayed text will move to .
the right, RECALL: Causes previous entries or
executions to be re-displayed
FORWARD: Moves the Keyboard Input on the Keyboard Input Line.
Line cursor (—) right one
position. If this key is CLEAR : Clears gll text from the

Line andé

DELETE :

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

Keyboard Input
returns the cursor to the
home (left-most) position.

3-8

- Figure 3-2. Front Panel Features {Sheet 5 of 6).
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USER FILE Keys: @) MEASURING Lamp:

These keys are used to store program or
data files onto the dise or to recell them.

SAVE: Used to store the existing
measurement setup, Imea-
surement result, or

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

RE-BAVE: Used tc store, by the file
names that have been used
already on the miere flexibie
dise, the existing
measurement setup
megsurement results, or
suto-sequence program onto
the disc. Press the GREEN
key, then press the SAVE
key, enter the file name, and
comment {(if necessary) then
press EXECUTE .

GET: Used to recall & measure~
ment setup, measurement
result, or  auto-sequence
program from the flexible
dise. Press GET, enter the
file type (P for & mea-
surement setup, D for =&
mesgsurement result, § for an
auto-seguence program), and
file name, and then press
EXECUTE (2.

This lamp comes on when the 4145B is
measuring. When measurement is 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 630K byte, double-sided,
double-density, 3.5 inch micro flexible disc,
and functions as the 4145B's mass storage
unit (MSU). The yellow lamp, located on the
left side of the flexible die eject button,
comes on when the 4145B is storing data on
the dise or retrieving data from the disc.
Refer to paragraph 3-5 for information on
proper handling of the miero 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
a user-fabricated test fixture is used. These
connectors cannot be connected to the
16058A Test Fixture. Maximum allowable
input voltage is *20V de.

Voltage Source (Vs) Output Connectors:

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

SMU Output Connectors:

Four triexial connectors for SMU1 through
4. Cean be connected to the 16058A Test
Fixture or to a user-fabricated test fixture.
Each connector outputs or measures up to
$100V or +100mA.

(4) COM (COMMON)}-GROUND Terminals:

Common () and Ground (L) for floating
and grounded measurements. The common
terminsal is tied  directly to the
outer-conductor of the Vm () , Vs (@) , and
SMU (3) connectors; the ground terminal is
tied directly to the instrument chassis. For
grounded measurements, these terminals
must be interconnected 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
OUTER CONDUCTOR OF THE
SMU, Vs, OR Vm CONNECTORS
DURING A FLOATING
MEASUREMENT  (SHORTING-
BAR DISCONNECTED).

Figure 3-3. Rear Panel Features (Sheet 1 of 2)
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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
frequency of the ac power source,

System Cable Connector:

Twenty-four pin connector for inter-
connection between the 16058A Test
Fixture and the 4145B. Vsl, Vs2, Vml, Vm2,
and the fixture-lid-open detector are
connected to this connector. When the
16038A is not used, this conneetor should be
terminated with the furnished
shorting-termination I voltages exeeeding
+42V are to be output.

WARNING

WHEN THE SHORTING-~
TERMINATION IS CONNECTED
TO  THE SYSTEM CABLE
CONNECTOR, THE  4145B'S
PROTECTIVE CIRCUIT IS
DISABLED. VOLTAGES AT THE
SMU AND Vs OUTPUTS CAN
REACH 2100V AND  £20V,
RESPECTIVELY. Do NOT
TOUCH THE PQOINT OR POINTS
AT WHICH THE B8MU'S OR
VOLTAGE SOURCES ARE
CONNECTED.

LINE FUSE Holder:

The 4145B's power-line fuse is installed
in this holder.

100V/120V operation:
2.5AT, 250V (HP P/N: 2110-0615)

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

These switches select the appropriate ac
operating voltege. Selectable volteges are
100V/I20V210% and 220V:10% / 240V+5%
~10% (48 - 66Hz). Refer to paragraph 2-5.

LINE Input Receptacle:

AC power cable 5 conneeted to this
receptacle. Refer to paragraph 2-5.

HP-IB Control Switeh:

This switch sets the 4145B's HP-IB address
(0 - 3D), data output format (COMMA or
CR/LF), and interface capability (EOI ON
or OFF). Specific informsation 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 cperations.

Also used to connect a printer/plotter.
External CRT Qutput Connectors:
Three BNC (f) conneetors for connection

to an external X-Y-Z displey. Refer to
peragraph 3-142.

Figure 3~3. Rear Panel Features {Sheet 2 of 2)
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3-5. MICRC FLEXIBLE DISC HANDLING

3-6. One system dise is furnished with the

4145B. The system disc contains the 41458, and

573k bytes of user area. Precautions on handling

end 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 clean, ‘dry, fireproof
cabinet. Do not expose to direct sunlight,
extremes of temperature or humidity, or
magnetie field.

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

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

5. Do not try to clean the disc.

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 paragraph 3-144
Initializing Dise, 3-146 Operating System
Copy

Model 4145B

Precaution on inserting and removing the Micro
Flexibie Discs ere given below.

6. Insert the dise with the metal shutter
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- Remove the dise by depressing the dise
eject button that is located at under right of
the disc drive and pulling the dise straight
out. Make sure the shuiter is closed before
storing the dise.

The procedure to foliow when write-protecting
the dise is shown in Figure 3-4.

3-7.

CRT DISPLAY

3-8.

The 4145B is equipped with the HP Model 13454
Digital Display. Useable display sarea on the
CRT i shown in Figure 3-5. Operator
adjustments are given in Figure 3-6.

information on the disc.

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

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

T

b R
o o

ul 15

TO WRITE PROTECT THE DISC,
SUDE THE PLASTIC BUTTON DOWN,

TO WRITE DATA TO THE DISC, H

SLIDE THE PLASTIC BUTTON UP.

Figure 3—4. Write Protecting

3-10
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The CRT 1Is sectioned into five aress, as shown in
the figure. Deseription for each area is as follows:

®

©

Page Display Area:

The instrument's various pages are displayed in
this earea. When the PLOT key is pressed, only
this area is output tc the plotter.

Command Display Area:

The SAVE, RSAVE, GET, PLOT, CPLOT,
PRINT and PURGE commands are displayed in
this aree.

Keyboard Input Line:

All keyboard (front penel) entries are displayed
in this area. Up to 60 characters can be
entered but only 27 can be displayed. To edit
the displayed cheracters, use the BACK,
FORWARD, DELETE and INSERT keys. When
the RECALL key is pressed, the previous entry
is re—displayed.

System Message Line:

Displays instructions, error messages, and error
ecodes. When the instrument is turned on,
instrument status is displayed.

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

Note

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

Figure 3-5. Useable Display Area

2
%

L]

SR SOACOWDUCTT R SAASWTTIN Akl ¥XIN
HITorrterees

CRT intensity and focus adjustment. (Requires a

small flat-tip serewdriver.)

(1)

@
O,

(3)

(4)

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

Press the EXTN softkey and the DIAG softkey.

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

Adjust INTENSITY (2) until all three lines
(e@h line has & different intensity) are visible,
Adjust FOCUS until the corners of the

displayed trace are sharp.

Press the MENU key.

Figure 3-6. Oprerator Adjustment

3-11
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3-9. SELF TEST

3-10. ‘The 4145B is eguipped with an automatic
self~diagnostic function that is initiated eaeh
time the instrument is turned on te confirm
normal operation of the instrument's basic
funetions, The SELF TEST can also be initiated
from the DIAGNOSTICS page or via the HP-IB.
When SELF TEST ik performed at instriment
turn-on, the five tests listed in Table 3-1 are
sutomatically 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 wil be
displayed on the CRT. When SELF TEST is
initiated from the DIAGNOSTICS page or vig the
HP-1B, only two tests are performed (MPU test

and SMU test). If the instrument fails the SELF

TEST, contaet the nearest 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 Message Line of the
CRT whenever an ilegel operation or
out-of-range messurement i made, or whenever
an internal circuit fails. Error messages and
error codes reiated to operator errors (not
instrument failure) are listed in Table 3~2 and
3-3, respectively., TFError codes related to
instrument failure are listed in Table 3-4. If the
instrument displays one of the error codes listed
in Teble 3-4, contact the nearest Hewleti-
Packard Seles/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 ease, 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 Description

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

GDU test Checks the funections of the GDU (Graphices Display Unit)

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

HP-IB test Checks all HP-IB interface capabilities.

SMU test Checks the basic functions of the four SMUs.
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Table 3-2. Error Messages (Sheet 1 of 2)

Error Message Meaning Carrective Action
No sourece An SMU that has been assigned If the source mode is COM or V, enter a
name & source mode (COM, V,or I) souree name in the V eolumn; if the
has not been assigned & source mode is I, enter a souree name
corresponding V or I source in the T column.
name.
Dupticate Two or more channels have the Re-assign the channel names,
name same name.
Dlegal VARL, VARY, or VAR?2 is speci- Specify VAR, VARI', ané VARZ only
funetion fied more then once. once.
VARI end VARI!' are not in the Set YVARI and VAR to the same source
seme source mode, mode.
Overflow Number of steps for VARI1 Change the value of START/STOP or STEP.
exceeds 1024,
An attempt was made to input Enter & value that s within specified
a value that is outside limits.
specified limits,
No name No name is entered in the Select & name from those displayed in
NAME field on the MEAS/DISP the softkey prompt area.
MODE SETUP psage.
No monitor No monitor channel name is Select a monitor channel name from
channel entered in the NAME field on those displayed in the softkey prompt
the MEAS/DISP MODE SETUP aree,
page, or the name entered in
the NAME field cannot be
used as & monitor channel
name.
Hiegal 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 current (1) value setting.
because source mode has
been changed from V to 1.
INTERVAL or NO, OF RDNGS Enter correct value:
for a time domain measurement Up to 10s for INTERVAL and from 1 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 cepsacity is 1024 measurement
capacity of the data buffer. points for a single sweep, or up to 1150
{depends on the number of monitor
channels used, VARZ steps and the number
of times APPEND is used) in other cases.
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Teble 3-2. Error Messages {Sheet 2 of 2)

Error Message

Meaning

Corrective Action

Syntax error An fllegal name was entered in The first character of a file name must be
a GET, SAVE or RE-SAVE alphabetic, and &ll succeeding characters
command. must be alphanumeric.

PLOT area is not specified, Re-enter the PLOT area correctly.
contains one or more alpha-

betic characters, or is miss-

ing coordinate delimiters

{comma or space).

Hlegal file type. Use P, D, or § for the file type.

Busy Auto calibration is being per- Auto ecaglibration is performed every 5
formed. minutes.

No data PRINT Key was pressed with no Perform & measurement.
meesurement 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 illegal disc or turn into the Data
tem labels, or one of the Dise.
dises is not a 41458 useable
dise.

-Close the The fixture lid is open at the Close the 1id or ehange the setup. Make

fixture 1lid start of & meesurément exceed sure the system cable is properly ¢on-
242V or lid is open during nected.
the User Mode (See Fig. 52),

Output The fixture 1id was opened Close the fixture lid and make the mea-

disabled, during & measurement in which surement again. Do not open the fixture

close the the output voltage may exceed lid during measurement. Make sure the
fixture 1id 142V, system cable Is properly connected.

Emergency Qutput was shut down to pre~ Make sure the setup and all connections

vent SMU damage. are correect.

Recovered Indicates that there wes a mo- When & power loss oceurs 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 VARI
exceeds 1024,

Change START value, STOP value, or
STEP value.

Disabled
funetion

A disabled softkey was
pressed.

The softkey esnnot be used in the
existing measurement setup.
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Table 3~3. Operational Error-Codes (Sheet 1 of 2)
Display Meaning

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

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

ne.

Error EO03 Object buffer overflow.

Error E04 Improper A(delta) operétion.

Error ED5 User funetion is used in the expression. (User function eannot be used in
an arithmetic expression.)

Error E06 No veriable or constant following an arithmetie operator.

Error EO07 Arithmetic expression contains en undefined variable.

Error EG8 Too many signs or parentheses.

Error EO09 Censtant value is too large.

Error 101 Stack Register overflow.

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

Error 103 Insufficient data.

Error MD2 Disec is not inserted or is not eorrectly inserted.

Error MO3 The dise is write protected.

Error W04 Hlegal file name or file type.

Error MOG5 The file name specified in the SAVE command has already been reserved
for the specified file type.

Error MOD6 Number of total files exceeds.

Error MO7 Number of total records exceeds.

Error MO8 User area may be lost. Copy immediately onto another dise.

Error M19 The dise was not initialized for the 41458B.

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 Dise.

Error 201 The program specified by the GET command in the auto-sequence
program contains &n error. Press CONT to perform the next step of the
auto-sequence program.

Error Z02 The SINGLE command can be executed from the GRAPHICS, MATRIX,

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

Error Z03 PLOT or PRINT wsas performed by the auto-seguence program but no
printer/platter is connected to the 41458 or the printer/plotier is not set
to LISTEN. Press CONT to perform the next step of the auto- sequence
program.

Error Z04 The test fixture 1id is open during an auto-sequence program in which the
output voltage may exceed *42V. Press CONT to perform the next step
of the auto- sequence program.

Data Errors Depending 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 correctly.

Error DXX XX XX XX XX XX

Here, XX is a 2-digit number which represents channel status. The
left-toright 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. Alsc, 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
hexadeeimal and must be converted into a 4-digit binary number, as described
below. The right digit is decimal and requires no conversion. Also, zero
Means no error.

XX

Stack register overflow

: Caleulation error.

Insufficient data for 4 measurement

Undefined user-function

INTERVAL in a time domain messurement is too short.
Complete measurement data cannot be stored before the
next measurement begins.

00 -3 WL by

Convert hexadecimal number into binary.

I— A/D converter saturated,

— QOscillation

tooww— QOther channel has reached compliance himit.
This channel has reached compliance limit.

Channel correspondence is shown below:
GRAPHICS PLOT:

Error DXX XX XX
X axis Y1 exis Y2 axis

LIST DISPLAY:

Error DXX XX XX XX XX XX
ist 2nd ard 4th ath 6th

MATRIX DISPLAY, SCHMOQO PLOT:

Error DXX
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Model 41458
Table 3-4, Hardware-Relsted Error-Codes
Display Meaning

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

Error P01 - P05 One of the ten RAMs (Ramdom Access Memory) is not functioning

Error P07 - Pll properly.

Error P21 and P22 MPU's {Microprocessor Unit) peripheral eircuit s not functioning
properly.

Error MO8 - M22 MSU (Mass Storage Unit : Flexible Disec and drive} is not
funetioning properly. Try another disc.

Error A0l SMU controller is not funetioning properly.

CHAN {11! DOWN !11)

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

‘Note

The 41458 will funetion properly even though error M13 or M14 is displayed.

3-17



SECTION I

3-13. INITIAL CONTROL SETTINGS

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

Front Panel Controls @

MEASUREMENT Keys sseeee . OFF
AUTO SEQ KeY sesssmersrserares OFF
INTEG TIME Keys s-seeeeeeres SHORT
PLOT/PRINT KEYS +eeeseeneees OFF
AUTO CAL Key weerucene veeeres ON
BLUE Key seersssenserercssesesaes OFF

Internal Setup:

CRT Display sereresessreesnaress MENU
Page

Measurement Program sese--- GENL
{see note)

PLOT ATeaetssrsrsasanes ereemreses  Lower left

(for externa} plotter) (200,200)
Upper
right
(7400,4800)

Note

The system disc contains four different
application programs, of which GENL is
one. Refer to paragraph 3-98 for
details on the furnished applications
programs.

All date stored on the disc is retained; that is,
the dise is not erased when the instrument is
turned off.

3-15. USER-AREA FILING OPERATIONS

3-16. The 4145B uses a 3.5 ineh, 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 megsurement programs, and
enough user area for 2178 records. Up to 240
files can be stored in the user-area.

Note
A record is 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 can be stored in the
user-ares :

1. Measurement program files—file type P:
Specifying file type P in the SAVE or
RE-SAVE command reserves 5 records on
the dke and stores the  existing
measurement setup (channel assignments,
parameter settings, grephic scaling, output
sequence, ete.) at the reserved 5-record
location.

2. Measurement data files—file type D:
Specifying file type D in the SAVE or
RE-SAVE command reserves 23 records on
the dise and stores the measurement setup
and measurement results (GRAPHICS, LIST,
MATRIX, or SCHMOO) at the reserved
23-record location.

3. Auto-seguence program files—{ile type S:
Specifying file type S in the SAVE or
RE-SAVE command reserves 4 reecords on
the dise and stores the existing
auto-sequence program at the reserved
4-record locetion,

For more information on file types, number of
records used, etc., refer to Figure 3-32, 4145B
FILE CATALOG Page.

Four filing operations—SAVE, RE-BAVE, GET
PURGE and PURGE ALL-can be performed
from the front penel, Each k described below :

SAVE:

Used to store the existing measurement
setup (except INTEG TIME, AUTO CAL, and
softkey funetions), the existing
suto-sequence program, output seguence
setup, or the measurement results, SAVE
cannot be used when the dise s
write-protected. Before sgving B
measurement setup, & page check must be
performed (refer to paragraph. 3-49). To
SAVE a file, press the SAVE key (SAVE will
appear on the Keyboard Input Line of the
CRT) and input the file type (P, D, or §) and
file name. The file name can contain up to
six characters, of which the first must be
alphabetic and the Jast five must be
glphanumerie.

RE-SAVE:
Used to store the mesasurement setup, the
suto-sequence program, output sequence
setup or measurement resuits by the file
name that alresdy exists on the disce.
Follow the same procedure descrebed for
the SAVE operation,



Model 4145B

The delta {2} function ecan be used in user-
function definitions or for keyboard calculations
on the GRAPHICS, LIST, MATRIX, or SCHMOQO
page. In the latter case the value returned by
executing AA (where A is the name of one of the
source or menitor channels depends on the
location of the marker (GRAPHICS page) or
cursor (MATRIX, LIST, and SCHMOQO pages).
Here, A A is caleulsted as helf the difference
between the values of A above and below the
cursor {marker) location. In equation form

M- A

AA = ——

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

¥hen A is the first or last position of the marker
(GRAPHIC page) or cursor MATRIX, LIST, and SCHMOD
pages), AA is calculated as follows,

Aj==A, A for the first position A, where A, is
the value of A at the wmeasurement step
following the marker {curser) position,

AA=A_A, for the last position A, where A, is the
vaiue of A at. the measurement step pre-
ceding the marker (cursor) position,

Note

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

The result of the arithmetic function
may nclude a rounding error.

3-20. Source and Measurement Channels

3-21. The 4143B is equipped with eight channels for
device stimulus and measurement, Channels ] through
{ are Source/Monitor units (SMUs), channels 5 and §
are voltage sources (VSI and VS52), and channels 7
and § are veltage monitors (Vml and Ve?). Refer to
Figure 3-8, By correctly combining and setting up
the source and measurement channels, a wide range of
semiconductor devices can be measured, The SHls are
described in paragraph 3-24; the voltage sources and
voltage monitors, in paragraph 3-26.
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Source and Measurement Channels
of the 41458,

Figure 3-8.

3-22. Protection against Hazardous Voltage
Exceeding 42V

3-23. To inure operator safety, the 4145B is
equipped with a high voltage detect circuit that
shuts down the SMUs and voltage sources when s
potentially dangerous condition exists. If the 1id
of the 16058A Test Fixture is not closed at the
start of a measurement in which there is a
possibility thar the voltage out put from at least
one SMU will equal or exceed z42V, or if the lid
is opened during such a measurement, the
measurement will be aborted as if the STOP key
had been pressed.

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

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

When the 4145E is used for an application that
does not require the 16058 A Test Fixture, the
Shorting Connector (P/N 04145-61623, furnished
with 4145B) should be connected to the system
ceble connector 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 eircuit 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/eurrent monitor, current source/voltage
monitor, or source common by speeifying source
mode ¥, I, or COM, respectively, in the SOURCE
MODE field on the CHANNEL DEFINITION
page {see Figure 3-23). Output voltage
(SOURCE MODE V) and output eurrent (SOURCE
MODE I) can be held constant or can be swept
(ineerly or logerithmically) by specifying source
funetion CONST or VARL, VAR, VAR2,
respectively, in the SOURCE FCTN field on the
CHANNEL DEFINITION page. When the source
mode is COM, source function is automatically
set to CONBST. Refer tc paragraph 3-34 for
details on swept measurements,

Output in either SOURCE MODE is internally
limited to 2 weatts on each output range, Refer
to Table 3-6 for range limits, range resolution,
and output limits. Figure 3-10 grephically
fllustrates the specifiable voltage/current out-
put. Voltages snd ecurrents enclosed by the bold
line can be specified,

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

Note
performed

1) Range change is
automatieally.

2) If the Current Source can't output
specified current, output voltage
increases up to its  voltage
compliance,

3) If a voltage exeeeding 100V is
applied to the SMU, 199.99V may be
displayed as the measurement result.

Model 41458

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

3-27. Simplified circuit diagrams of the voltage
sources (Vs) and the voltege monitors (Vm) are
shown in Figures 3-11 and 3-12, respectively.
Output voltege from each Vs can be held
constant or can be swept (linearly or
logarithmically) by specifying source function
CONST or VARI, VAR]', VARZ, respectively, in
the SOURCE FUNCTION field on the
CHANNEL DEFINITION puge (see Figure 3-23).
Refer to paragraph 3~34 for details on swept
meeasurements. Maximum output voltage is 220V
with 1mYV resolution.

Up to 220V can be measured by the voltage
monitors. There are two mesasurement ranges :
20V and 2V. Resclution for easch range is 1mV
end 100V, respectively.

3-28. Measurement Ranges and Resolution

3-28. The 4145B measures de voltage and
current with the voltage monitor function of
each SMU, the current monitor function of each
SMU, and the voltage monitors {Vm). The
measurement ranges and resolution for the SMUs
and voitage monitors are shown in Figure 3-13.

Note

VAR] outputs all sweep steps at the jowest
range that includes START and STOP, except
for I log sweeps. VAR1 for I log sweeps
and VARZ output each sweep step at the
lowest range that includes each- sweep step
value,

CONST outputs at the lowest range that

includes the specified value,

Voltage Source

Current Monltor

COMMON $

Voltsge Monitor

Source Mode
—< SMU OUT

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

Source Mede Range Resolution Maximum Qutput
+20V 1av 100mA
v 240V 2mv S0mA
=100V 5mv 20ma
*1nA 1pA
+10nA 10pA
+100nA 100pA
+1uA inA
+10pA 10nA 1cov
I +100pA 100nA
+lmA 1pA
+10mA 10ua
20mA
+100mA* 50mA 100uA 40V
100mA 20v

The 100mA range consists of three subranges.

Currant {mal

150
L
N
_L,_.za..f_, |
] 1 ' '
P _—
-0 S ET T 105 veltogriv]
1 ! t
N S S
! i
: i
1 __f-%a !
=120 CAUTION
NEVER APPLY VOLTAGE OR
CURRENT EXCEEDING LIMITS

SHOWN IN THIS FIGURE,

Figure 3-10. Specifiable Voltage/Current Qutput.

SECTION HI
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Voltage Source

F——-—( ¥s OUT

Voltage Monitor

é @ —< Vm IN

Figure 3-11. Simplified Cireuit Diagram of Vs.

Figure 3-12. Simplified Cireuit Diagram of Vm.

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

Range-l 5mv 100V
Range-2 2mV 40V
Range-3 1mV 20V (Includes 0v)
— $ l 4 $ |
1nV 10mV 100mV v iov 100V

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

b. Voltage Monitor (Vm} (0V, £0.1mV to 220V, 2 ranges)

Range-1

Range-2

0.1lmV

[

1oV

20V

2.1V (Includes 0V)

N L i 4

O.imV

1mV 10mV 100mV v 16V 20V

3-24
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¢. SMU's Current Monitor (04, =0.05pA to +105mA, Srenges)

1105mA

Range-1 S5uA f 10. 2uk

1.02mA { 10.5mA

Ranye-2 500nA

.O5mA

Range-3 50nA 1021A

Rangé-S 500pA

00.5uA

Range-6 50pA

Range-7 5pA

Range-8 0.5pA 0.5nA Auto ranging
? P ’ mode

Range-9 | 0.05pA

i

I
L4 T T T

0.05pA 1pA nA TuA CImA 105mA

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

Figure 3-13. Measurement Ranges and Resolution.
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3~36. Resolution and Format for Displayed Data
and Data Output

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

Display resolution may differ depending on the
measurement resolution because of errors
inherent in the digital date manipulatios. The
data is stored using & 3-byte 2's complement
format {one byte has 8 bits; the fIrst byte is 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's
complement to decimal format. The number of
output/ display digits and the display format are
listed in Tables 3-7 and Figure 3-14,

Model 41458

Table 3-7. Number of Output/Display Digits

Display Digits and Format
Output/Displey functions Voltage Current User Function
Digits| Format | Digits{ Format| Digits | Format

Marker/Cursor in GRAPHICS Display
L IST Display 3 c
MATRIX Display 5 a 4 b
Cursor in SCHMOO Display
PRINT Function
HP-IB Data Qutput e 5 e not available
Keyboard Execution 4 d 4 d
Line in GRAPHICS Display 3 Digits, Format: ¢
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SECTION 111

a. Voltage Display Format {5 digits, Min. = Q.ImV)

s

n.nnnnV

100V snn.nnny

V| < 10V
10V < |V] <
V] = 100V

snnn.nnV

s: Polarity (blank or "-")
n: Numeric {0 to 9)

: Decimal point
V: Unit {velt)

b. Current Display Fermat (4 digits, Min. = (.05pA)
All eurrnet values sddddduA
s: Polarity (blank or "-%)
d: Numeric (0 to 9) or dicimal peint
u: Engineering unit ("m", "u", “n", or "p")
A: Unit {Ampere)

C. User Function Display Format {3 digits)

1.00 < |Mantissa| < 99.9

sdddnE+mm

100 < [Mantissa| <

999

snnnk+mm

s: Polarity (blank
d: Numeric ("0" to
n: Numeric ("0" to
E: Exponent

or “-")

"9"} or decimal point

ugn)

sz 2-digit exponent{Engineering notation,
multiples of 3, from -39 to +36)

d. Display Formiat for Keyboard-Executed Calculations

A11 variable values

sddddnk +um

Designations are the same 2s those of format c.

e. HP-IB Data Output Fuormat (5 digits)

All variable values

sndddnnE+mm

Designations are the same as those of format c.

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

3-33. To prevent over-voltege or over-current
damage to the device under test, severel levels
of output protection, termed COMPLIANCE,
have been incorporated into the 4145B. The
maximum output current from an SMU operating
in SOURCE MODE V (voltege souree/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 rmonitor) can be specified.
Maximum specifiable compliance depends on the
voltage or current range at whieh the source
channel is operating. Refer to the Maximum
Output ecolumn in Teble 3-6. Setting resolution
for current and voltage eompliance is 50pA and
ImV, respectively. When an SMU is operating in
SOURCE MODE COM, its current compliance is
automatically set to I05mA and cannot 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 messurement data
obtained after compliance is reached may not be
valid. The reason for this is thet once & sourece
channel renches compliance, it tends to act as a
constant source. Consider, for exarmple, an SMU
that i set to SOURCE MODE V (voltage
source/current monitor) and SOURCE FCTN
VAR (variable voltage source). START voltage,
STOP voltage, and COMPLIANCE are @V, +20V,
and 10mA, respectively. Also, assume that the
deviee under test has & resistance of 1000 ohms.
When the measurement is started, the SMU will
be begin sweeping its output voltage toward
+20V. But when the output wvoltage reaches
+10V, the current through the device under test
is 10mA. Compliance has been reached. The
SMU will continze to try to sweep toward the
+20¥ STOP voltage, but because the current
through the device under test is now constant at
10mA, the voltage aeross 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, i valid for +40mA and
-40mA. Output currents greater than =4{0mA
{shaded areas in Figure 3-15) are not possible.

3-28

Model 41458

Current{mA}

1
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—:-—-— --:— ~ Voliwge
1! I JV)
T
~i00 ] —II ] 1 100
] i
von Output
Area
~40mA
Note :

Do not set the SMUs voltage
compliance too high (I mode) or the
eurrent compliance too 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
sourees (Vs) can be swept in a staircase manner,
as shown in Figure 3-16, by specifying VAR],
VAR, or VAR2 in the SOURCE FCTN field on
the CHANNEL DEFINITION page.  The
maximum number of source channels that can be
swept is three. VAR, VARI', and VAR? can be
specified only once on the CHANNEL

DEFINITION page and VAR!' ec¢annot be

specified without VARI. YARl, VARI, and
YARZ 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 pareameter 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 deeremental
value. Can be specified in LINEAR
SWEEP MODE only.

SECTION 11

Weait time before meesurement is
made at each step (softkey function).

DELAY:

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

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 logerithmically
al 10 steps, 25 steps or 50 steps
(selectable with softkeys) per decade.
LOG cannot be specified for VARSZ.
Refer to paragraph 3-37 for further
details on LOG sweeps.

The above sweep parameters are for VARI only.
Sweep parameters available for VAR are
START, STEP, and NO. OF STEPS. Sweep
parameters available for VARI' 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
scaling ean be specified on the MEAS/DISP
MODE SETUP page, regardless of the SWEEP
MODE of VARI,

Output voitage
or current

Stop Valued—— - — — - o __

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

e J Stepvalue 3
{ \{Catibration
Time

Start Value ¢ — T

\. . ~Deloy Time
Hoid Time

“Measurement Time
Delay Time

t ¢

| st 2nd

measurament meqsurement

Time

Figure 3-16. Staircase Sweep Output
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3-36. Of the six source chanrels (four SMUs,
two voltage sources), three ecan be swept by
specifying VARI, VARI1, 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 function. The VAR] source
channel is the main sweep channel and VAR? and
YARI' 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,
VAR2 Is iIncremented or decremented
by the specified STEP wvalue ( in
Figure 3-17) and VAR] is swept again.
The total number of VARI sweeps is
determined by the NO. OF STEPS in

Model 4145B

Figure 3-17) specifiec¢ for VARZ. VAR2 cannot
be swept logarithmicelly. Alsc, VARI and VAR?2
can have different source functions. START,
STEP, and NO. OF STEPS must be specified.

VARI' (synchronous sweep):

VARI' can be used only when VARI is
used and it must have the same source
mode (V or I) as that specified for
VARI1. VAR!' is swept in synchronism
with VARI] at either a eonstant offset
value or constant ratic. VAR1' offset
and ratio values are entered with the
cofresponding  softkey. The offset
value and ratio must be such thet the
VARI' souree channel does not exceed
its maximum output limits.

STOP
vaiue

i L

Hold Time

VAR |

START |
‘vaiue

STOP

valye F— — — — e m e

varz __ ° ]

vaiue

» Time

Swaep
Start

VAR 2 (A}

50

E

304 Y- }@

5 6 o

E VAR 1 {V}

Sweep
End

VAR 1 VAR 2
LINEAR LINEAR

START ® O)

sTOP ) -
STEP @ O]

NO.OF

STEPS 5 @

© . Represents measuremen! pointo

Figure 3-17. Relationship Between VARI and VAR2.
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RATIO
VAR I'{V}
5..
4+
3_
2 VAR 1’ RATIO = 1.5
[

1 r - —= VAR | {V)

o] ! 2 3

VAR Y= {VAR I’RATIO) x VAR !

OFFSET

VARI'(V)

5..

4+

3..

2- VAR I OFFSET = | { V)

[

Ll LI T T VAR I (v)
0 ] 2 3 4

VAR I'z {VAR I’ OFFSET ) + VAR |

Figure 3-18. Relationship Between VAR
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 peint is determined by
the number of measurement points per decade
and the sweep START value. The output at the
nth measurement point is calculated as:

Output at nth point=START value X10 %" (3.1)

where e s the number of measurement points
per decade (10, 25, 50).

SECTION II

3-38. TIME DOMAIN MEASUREMENT

3-39. A time domain measurement is one in
which the volteges and/or eurrents applied to the
device under test are held constant and the
desired device parameter is measured as s
funetion of time. Only one souree channel can
be swept and only with the VAR? 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 VAR]
sweep measurement, Setting range is from
0 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.

NGO, OF RDNGS:
Total number of measurement points. If
VARZ2 is used, NO. QF RDNGS per each
step of VAR2. Up to 1024 measurement
points ecan be specified, depending on the
number of VAR?2 steps.

To make a TIME DOMAIN measurement, do not
assign VAR! to any of the source channels on the
CHANNEL DEFINITION page. (Assigning VAR2
is optional.) Output values for all CONST
sources must stil be entered on the SOURCE
SETUP page. If VAR2 is used, its START, STEP,
end NO. OF STEPS must siso be entered. Also,
HOLD TIME and DELAY TIME are not used in g
TIME DOMAIN nreasuresent,

TIME DOMAIN  perameters—WAIT  TIME,
INTERVAL, and 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 and cannot be changed.
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MEASUREMENT
key “ON'
Ist 2nd 3rd 4th 51h 7th  8th 91h  10th
| N R
Ly T T T T T T T T T - Time{sec)
o 3 5 --- ---21

WAIT TIME 3.00 sec

INTERVAL 2.00 sec

NO.OF RDNGS: (O

Figure 3-19. Time Domain Measurement.

3-40. INTEGRATION TIME

3-41. To prevent line frequency noise and other
noise sources from affecting the aeccuracy of
measurements, the 4145B is equipped with three
digital integration times, which ere selectable
from the front panel. Each is described below :

SHORT: Digital integration is not performed.

MEDIUM: Measurement result is the average
value of 16 samples taken during

one line freguency period.

LONG: Measasurément result s the average
value of 256 samples taken during
sixteen line fregquency pericds.

Integration time can be changed during
measurement, but cannct be changed while the
4145B is in TALK mode (PLOT or PRINT), when
the dise drive's read/write lamp first comes on,
or during auto scaling. In time domain
measurements only SHORT integration time is
evailable.
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3-42. AUTO-CALIBRATION

3-43. To both monitor and compensate for
transient changes in output voltage and eurrent
caused by ambient temperature changes, each
SMU is equipped with an eauto-calibration
function. This function allows each SMU to
periodically monitor its own output and, if
necessary, provide appropriete compensation.

3-44. The auto-calibration function of the SMUs
is controlied by the AUTO CAL key on the front
panel. With AUTO CAL turned on (key indicator
lamp on), calibration is sutomatically performed
every five minutes for about six seconds. If one
of the MEASUREMENT keys or the AUTO CAL
key is pressed during suto-calibration, "Busy"
will 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 sereen is celled a page and esch
has a different purpose in relation to instrument
operation. By changing from one page to
another, different functions and ecapabilities,
such as measurement set up, measurement,
diagnosties, certain filing funections, ete., are
meade available. PAGE contrel is deseribed in
paragraph 3-47. Detailed explznations of each
page ere 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, as shown in Figure 3-20. (Softkeys
for PAGE econtrol sre svailable only when the
MENU is displayed.) Page-flow and the
relationship 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 0OI

All pages except the GRAPHICS, LIST, MATRIX,
and SCHMOO pages can be displayed directly
from the MENU page by pressing the appropriste
softkey. For example, pressing softkey 3 while
the MENU page is displayed automatically
displays the MEAS/DISP MODE SETUP page.
Pressing the MENU key sautomatically returns
the display to the MENU page, regardless of the
present dikplay 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 cennot be
performed during measurement, printing, or
plotting.

3-48. When the NEXT key or PREV key is
pressed while the CHANNEL DEFINITION page,
SQURCE SETUP pege, 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 oceur. In this ease you must either
correct 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 pressed.

PCISG-

SN

N

page.

=

MENL! key returre the dieplay to the start-up
mernu. Can be used ot ary time.

NEXT key advenose the dieplay to the next

PREVY key returrne the dioplay to previous

DFTKEYS care used for display eelaction,
megeurement set up and funotion

selection.

EXTN key diedays odditienal eoftkey

Furnoticne.

Figure 3-2D. Page Control Keys.
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MENU
(Fig.3-22)

23]

Bl
(2]
(5]
L2
(4]
o

I QUTPUT SEQUENCE
.} SETUP*

CHANNEL
DEFINITION &

| (Fig.3-31)

imt (Fig.3-32)

SOURCE
SETUP

(Fig.3-24) |5

MEASEDISP |
MODE SETUP

(Fig.3-25) Eotar

) DIAGNOSTICS*

| (Fig.3-34)

AUTO SEQUENCE
SETUP*

(Fig.3-30)

41458 FILE
CATALOG*

OPERATION
GUIDE*

(Fig.3-33)

P

pLaze

1
>

B

(Fig.3-26)

* If the PREV key is pressed on these pages, display returns to the MENU page.

#* MENU key can be used to return to the MENU page at any time.

{Fig.3-27)

(Fig.3-28) (Fig.3-29)

3-34

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 MENU page are
the eaccessible pages, corresponding softkey
‘prompts (SKP), the instrument's present HP-IB
status, line frequency filter setting, and the
status of each SMU. A detailed description of
the MENU page is given in Figure 3-22.

3-52. CHANNEL DEFINITION PAGE

3-53. The CHANNEL DEFINITION page is
displayed when softkey 1 or the NEXT key is
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 funetions are
also defined on this page. A detsiled description
of the CHANNEL DEFINITION page is given in
Figure 3-23.

3-54. SOURCE SETUP PAGE

3-55. The SOURCE SETUP page i 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.

3-56. MEAS/DISP MODE SETUP PAGE

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

SECTION 1

3-38. 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 sand
the NEXT key is pressed. On this page the
operator can make the measurement by pressing
the SINGLE, REPEAT, or APPEND key and ean
analyze the measurement presults 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 pege 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 softkeys. A
detailed deseription of the LIST DISPLAY page
is given in Figure 3-27.

3-62. MATRIX DISPLAY PAGE

3-63. 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
cperator can make the measurement by pressing
the SINGLE, REPEAT, or APPEND key and can
analyze the measurement resulis 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 Is pressed. On this page the operator
can make the measurement by pressing the
SINGLE or REPEAT key and can anslyze
measurement results with the softkeys. A
detailed deseription of the SCHMOCO. PLOT page
is given in Figure 3-28.
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3-66. AUTO SEQUENCE SETUP PAGE

3-67. The AUTO SEQUENCE SETUP pege is
displayed when softkey 4 is pressed on the
MENTU page. On this page the operator ean set
up an auto-seguence program (ASP). A detailed
deseription of the AUTO SEQUENCE SETUP
page is 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 deseription 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 intialize the
blank dise, copy the operating system, purge &
file or all files on the dise, and trensfer the all
files from the 4145A's disc or another 4145B's
dise to the 41458’ dise. The number of records
available, stored files, file type, comments, file
addresses, rnumber of records reserved for each
file, and number of records actually used by each
file are displayed. A detailed deseription of the
USER FILE CATALOG page is given in Figure
3-32.

3-72. OPERATION GUIDE PAGE

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

3-74. DIAGNOSTICS PAGE

3-75. The DIAGNOSTICS page is 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.

3~36
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3~76. SOFTKEY PROMPTS (SKP)

3-77. Softkey prompts (the funetion of each
softkey) are displayed along the right side of the
CRT gdisplay. 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 aiways EXTN
(extended), regardless of the page being
displayed or the position of the Field Pointer.
EXTN is displayed only when additional softkey
functions exist.

3~78, SYSTEM MESSAGES

3-79. System messages are instructions 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 a simple matter of filling in
blanks on the CHANNEYL DEFINITION, SOURCE
SETUP, and MEAS/DISP MODE SETTUP pages.
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SECTION 11

1:

MENU PAGE

SKP | SKP 2
Chpl sdstrnnn 22258 MENU sn=smas e ) (=%
1 CHANNEL OESINITION AN ] [T
= SQURCZE SET uw
3 MEAS & DISP vdDE se71 U m :
& AJTO SEQUINTE SET L m :I
= OUTRJT BEJQUENIE SET LR
& USER FILE CTATALDS @a S
7 ORERATION GUIDE
£ CIAGNOSTICE [2e 558 | 1
az —
HP 1B [FT.COMMS EQT) FILTER(SOHM:! CRANCI0,20,30,40) m E
R I
1 2z 3 4 3

Figure A

Initial Condition :

When the 41458 is turned on, the display will be blank while SELF TEST is being
performed. When SELF TEST has been completed and nc 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 ggain.

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

Switeh.

EOI (End or Identify):
EQGI is displayed when bit 7 of the HP~IB Control Switch is set to EDI ON.

Line Filter setting :

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

Figure 3-22. MENU Page (Sheet 1 of 2)
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5 SMU Status:

Displays each SMU channel number and its status. (10, 20, 30, 40) indicates
that all SMUs are functioning properly. Each 2-digit number represents the

channel number and the channel status.
XX
L_ 4
Error Code

Channel No.

W

0
1
2
3
4
5
6
7

e

.
H
-

B
.
-
.
H
-

No error

V offset error
I offset error
Ileak

V range error

-1 range error

Iin offset error
Loop Change Detector error

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 functioning properly and
can be used for measurement. When (!!!DOWN:!!) is displayed, the SMU
control eircuit is not functioning properly and, thus, measurement ean not be

made.

Softkey Prompts (SKP) :

The MENU page has two softkey prompts (SKP] and ‘SKPZ), as shown in Figure A.
SKP] 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

SKP 3
Chpl+®+ CHANNEL DEFINITION wew —1
NAME SCURCE
CHAMN v I MODE {FCTN
SMUI_| V1 11 COM_JCONST
SMUZ2 | va iz I_IVARZ |y
SMU3 | Vs ) T A et
SMU4 V4 I4 v CONST
Ve 1 V81 [-——== vV |CONST
Ve 2 V82 [ em—me—e v CONST | . -
Vem 1 T e et
Ve T e e
Fug'l'h‘ AME (UNITD = EXPREESION :
1 < -
. —— e

Figure A

Purpose and function of this Page :

1. To assign voltage (V) and current (I) names to each channel that will be used in
the measurement.

2. To set the source mode of esch SMU. {Determines whether the SMU will be used
as a V souree or I source.)

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

4. To define User Funetions.

Initial Condition ¢

When the 4145B is turned on, the CHANNEL DEFINITION page is sutomatically
setup as shown in Figure A and the field-pointer (») will be Jocated in the V column of
SMUL. (This setup is the GENL measurement setup stored on each dise. Refer to

paragraph 3-88.)

Field-Pointer (»)}:

Chenging or entering a V NAME, I NAME, SOURCE MODE, SOURCE FUNCTION, or
USER FUNCTION can be acecomplished only by positioning the field-pointer at the
field to be changed. New information can then be entered with the appropriate front
penel keys or softkeys. Positioning of the fieldpointer is controlied 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 intec & field, the field-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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Lhplews CHANNEL DEFINITION wew

NAME SQURLCE
CHAN v I MODE |[FCTN
SMUT  [w—

SML4 Al

[V

L

FOTH AME NI = EXPREGEYDN

2  Monddsimmemany -

Figure B

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

(2) Key in the desired neme or user-funetion 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 &t whieh the field-pointer is positioned and the field-pointer
will move to the next field.

Note
YV NAME, I NAME, and USER FCTN NAME ean be up to six characters long,
of which the first character must be alphabetic and the remaining characters
must be alphanumerie. A NAME can be used only once on this page. USER

FCTN expressions can be up to sixty characters long and can contain channel
names (V or 1), numeries, and arithmetic operators.

SOURCE MODE and SOURCE FCTN Entry :
(1)  Position the field-pointer at the desired field.

(2)  Seleect the desired mode or function from those listed on the softkey prompts,
(The softkey prompts will ¢hange depending on the loeation of the field-pointer.)

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

Note

SOURCE MODE an¢ SOURCE FCTN can be entered only with the softkeys.

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

These are unique names used to identify each channel that is to be used in the
measurement. Each SMU has two names: one for its source function and one for its
monitor funetion. Both must be entered if the SMU hsas been assigned a SOURCE
MODE. If no V NAME is entered for a voltage source {Vs) or voltage monitor (Vm),
the ehannel is considered as not used. The NOT USE softkey can be used to delete
the NAMEs, SOURCE 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 & SQURCE MODE. Three
SOURCE MODEs are available : V (voltage source/current monitor), 1 (current
source/voltage monitor), and COM (eommon}. A COM source is regarded as a voltage
source whose output is 0V and compliance is 105mA. SOURCE MODE sejection ean
be made only with the softkeys and only when the field-pointer is in the SOURCE
MODE column. '

SOURCE FCTN:

Each 8MU and each Vs used in the measurement must be assigned a SOURCE FCTN.
Four SOURCE FCTNs are available: VAR (main sweep), VAR’ (synehronous
sweep), VAR2Z (subordinate sweep), and CONST {(constant source). SOURCE FCTN
selection 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 VAR!L, VAR1', and

VARZ.

Note

If the SOURCE MODE of an SMU is COM, SOURCE FCTN is antomatically
set to CONST.

USER FCTN:

The user function is an extremely versatile, useful analysis aid, It is a
user—defined arithmetic expression consisting of variables (V NAMES and I
NAMES only) end constants and is executed at each measurement point during
measurement. The results can be displayed (GRAPHICS PLOT, LIST, MATRIZX,
SCHMOOQ) 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 variables that can be used in & 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 60
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 field-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
ASSIGN softkey has been pressed on SKP3.

Figure 3-23. CHANNEL DEFINITION Page (Sheet 3 of 4)
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IZE_QE (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 rneasurement setup but which have
different pin-outs. The procedure is given below.

(1) Move the field-pointer to area (I) 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 column will
be blank, and SKP8 will be displayed.

{(3)  Assign the channe! numbers in the desired order. The field-pointer will move
down the CHAN column as you do so. When the f ield-pointer reaches the fifth
row, SKP8 will be displayed.

(4) Press the CHAN ASSIGN softkey again to enter the new ehannel
assignments, The field-pointer will move back to area@in Figure C,
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SOURCE SETUP PAGE

SKPIO
[hPJ sensss SOURCE SET UP s«ewxsw [E
VARG VARZ
NAME V3 12 |
SWEEP MODE | LINEAR LINEAR
START _BEBEY | 20 gpuA
STOP O =]
STEP - Dleoy 2. PBuA
NO._OF STEP 121 5
COMPLTANCE 1105, Bek | 2o mogav ] o]
CONSTANT | SOURCE _EOMPLIANCE | [ )
V1 COM| . pPenv | 100, maA
7z v -PPBAV_| 100, BmA
V51 v - BRARY | ———— e i
vz vV . PABAYV |- —oes
Figure A

Purpose and funetion of this page :
1. Select the sweep mode (linear or log) for the VAR source channel.
2. Set the START, STOP, and STEP values for the VARI] source channel.
3. Bet the START and STEP values and NO. OF STEP for the VAR?2 source channel.
4. Set the RATIO and OFFSET values for the VAR source channel.
5. Set the HOLD TIME and DELAY TIME,
6. Set the source {output) value for the CONST channels.

7. Set the COMPLIANCE value for each source channel.

Setup :

To change or enter source channel parameters on this page, move the field-pointer
(») to the desired field and enter the parameter value with the ENTRY keys. Each
time an entry is made the field-pointer will automatically 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 eutomatically 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 eurrent values, A {ampere); and for
time values, s (seconds). For example, the key strokes required to enter & current

velue 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 current limits
for the SMUs and voltage sources (Vs) are listed below.

[hplseanes SOURCE SET UP sesews

VAR VARZ 1
NAME V3 1z
SWEEP MODE LINEAR
START L
STOP
STEP d
NO. OF STEP
COMPLIANCE | P :
CONSTANT speﬁE:E/ COMPLIANCE
Vi COM) - —— -
—A:_—';?-
—
V& v —
=5 V i === -
= vV R =
Figure B

D (e 1] [m] [ENTER ]

specifiable voltage and current.

Voltage Range 0 to +100V
SMU

Current Range 0to £100mA
Vs Voltage Range 0to £20V

Values ean be entered in fixed decimsl format or

(seientifie notation).

SWEEP MODE Selection:

Note

floating decimal format

SWEEP MODE ean be selected only with the softkeys and only when the
field-pointer is in the SWEEP MODE row of the VAR1 eolumn,

LINEAR: Linear staircase sweep at the specified STEP value

LOG 10

LOG 25: }Logarith mic staircase sweep at 10, 25, or 50 measurements per decade

LOG 50

Refer ,to Table 3-6 for
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START, STOP, STEP Vaiues for VAR] :

START and STOP determine the sweep range for the YARI source channel. START
velue can be less than, equal to, or greater than the STOP value. If LOG has been
selected as the SWEEP MODE, START and STOP must have the same signs. If the
specified START and STOP values are identical, no sweep is performed and
measurement is made at one point only. STEP determines the number of
measurement points for LINEAR sweep. If LOG has been selected as the SWEEP
MODE, the instrument's operating system software automatically cealeulates and
enters the appropriate STEP value. In LINEAR SWEEP MODE, if the STEP value is
greater than the START/STOP range (STEP>|STOP-STARTI ), no sweep is performed
and measurement is made at the START value only. NO. OF STEP (number of steps}
for VAR1 is automatically ealeulated by the instrument as

STOP-START

STED +1 (3-2)

NO. OF STEP =

The START, STOP, and STEP values must be such that NO. OF STEP does not exceed
1024. Also, both the START and STOP values for LOG sweep must be greater than
zero. Even if zero is entered, it is automatically changed to ImV or 1pA.

START, STEP, and NO. OF STEP for VAR? :

START, STEP, and NO. OF STEP (number of steps) determine the sweep range for
the VAR2 source channel. VARZ sweeps are VAR1 dependent; that is, VAR2 is swept
ene STEP for each complete sweep of VAR]. The maximum NO. OF STEP for VAR?2
is 32. When only one monitor channel (SMU or Vm) is used the maximum number of
megsurement paints is

Measurement Points = (NO, OF STEP VARI]) x (NO. OF STEP VAR?2) (3-3)

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

RATIO end OFFSET Values for VARI':

VARLI' can be swept in unison with VAR] at a constant RATIO or OFFSET. The
output from the VAR souree channel is caleulated as

VARI'= (RATIO) x VAR] {3-4)
VARI'= VAR + (OFFSET) (3-5)

To enter RATIO and OFFSET, move the field-pointer to area @ or @ in Figure C,
press the VARI' RATIO or VAR®' QFFSET sof tkey, enter the desired value, and press
EXECUTE. The entered value will be displayed on the CRT, between the two tables.
Both RATIO and OFFSET cen be entered, but only the one displayed on this page is
velid during mesasurement.

Note

The specified RATIO or OFFSET values must be such thet the VAR source
channel does not exceed its maximum output (SMU, =100V; Vs, +20V}). Also,
output from YARI' may lead or lag the VAR] output by Ims in V mode and from
4ms to S50ms in 1 mode. For log sweep measurements, enly 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 & VAR2 step
change. DELAY TIME is the wait time after VARI step change. To enter
HOLD TIME and DELAY TIME, move the field-pointer to area @ 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 DEFINITICN page are listed in the
CONSTANT ecolumn on this page. The order in which they are listed is
identieal to the order on the CHANNEL DEFINITION page. To enter the
SOURCE value, move the field-pointer to the desired field, key in the value,
and press ENTER, The SOURCE value for 8 COM source channel is set to 0V by
the instrument and cannot be changed.

COMPLIANCE Value:

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

Softkey Pfompts {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.

@@ 6B
SKPIC SKPI1 | ‘SKPIZ2
Lhpleswsss SOURLCE SET UP seswrne  — | —3
VARL VARZ
V3 iz _— —
SWEEP_MODE T(DE L INF AR L1
- W A
e ae Ve it D s B
- Ei00Y | ,@ oA -t
OoF STEP 191 S
COMPL. IANCE 11a1®1-.‘ 2. angav \ IE L._:.:j 1:]
CONSTANT | SOURCE ‘ el [ATio | | I
COM -
3 s B+ B
v . ILE BV
v . BEERY J = maaeam ‘“"‘"‘@ vl
v L BBERY || —————— | I [
. 1

Figure C

3-46

Figure 3-24, SOURCE SETUP Page (Sheet 4 of 4)



Model 41458 SECTION 11

MEAS & DISP MODE SETUP PAGE

SKFPI3

SKFPi4q SKPIS SKPIG SKPIT7
[hpi=s MEAS B DISP® MODE SET UP == [ ] [T =] TS| —
MEASUREMENT MDOEY  SWEEP [Fr] ™ [ 1 [ 1
[T B 3 T3
DISPLAY MODE: GRAPHICS #
X axie | Yliaxim Y2oxie m E [E} :] E
NAME] “v3 | 1=
SCL | LINEAR _|LINEAR naiiad] 1 L | [
[MIN 1 . w@dev | . Bds A
[MAX. 1. 8@@2V [ 1B. BBmA | | — | g — —
(. L1 =1 | a—"
[ I = "] BE ]
Figure A

Purpose and funetion of this page :
1. Select the Display Mode for the measurement.
2. Beleet 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 & souree channel (SMU or Vs) on the CHANNEL
DEFINITION page. If VAR] 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 displaved, the field—pointer () will be located on the
DISPLAY MODE line and the display modes — GRAPHICS, LIST, MATRIX, SCHMOO
— will be listed in the softkey prompt area 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 sre selected and values are input and
the softkey prompts will chenge Gepending on the location 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 & DISP 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 secaling of each axis is
determined by the NAME, SCL, MIN, and MAX information appearing on the
MEAS/DISP MODE SETUP page.

Lhpl #anans DRAPHICS PLUT ¢#nsws

Gty

[t ! .1 T 7
| 1 Ji
: ] 1 ' _;

del-v . M -
AN ]
- fT f
/e
e

- BenE! [+ 1 HE!

" va LimRey (VD Chewn

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 softkey 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 softkeys. Not related to the
SWEEP MODE selected on the SOURCE SETUP page.

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

Note

MIN and MAX must have the same sign for en axis that is to be displayed
with LOG sealing. Also, if 0 is entered for MIN or MAX in LOG scale, 0.1mV,
0.01pA, or 1E-35 is assumed.

GRAPHICS DISPLAY Sealing:

Sealing 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.,
0s MIN or MAX20), MIN end 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 scaling, the X axis has 10 divisions apd the Y axes, 11.
The vealue per division is caleulated as

Value/div. = l”—%q—*ﬂl (3-6)

2. When LINEAR has been selected and 0 is within the MIN/MAX range {i.e.,
MIN<O<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 g multiple of Value/div. in
equation 3-6, Division sealing 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 values displayed 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 1E0) and 1E+01; 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-0! and 1E+0].

Notes: 1) If Y1 and Yz have different scele modes (8CL), the division lines
displayed on the GRAPHICS PLOT page are for Y1, and Yz will have a
separate set of tick marks.

2} In LOG scsale, an extra decade may be displayed because of the guantum
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 inelude quantum
error, and if they are so close that the difference between them is
smaller than best resolution, the maximum allowable resolution is used.

1mV (voltage)

50pA {(eurrent)

100ms {time)

1E-34 (user function units)

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

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet 3 of 6)
3-49




SECTION I Model 41458

LIST DISPLAY Betup:

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

Lhplwe MEAS R DISP MODE SET UP e«

_MEASUEEMENT MODE, SWEEP

DISPLAY MODE, L IST
Ic

NAMES

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 ares can be entered. Measurement results of each name
listed here will be digitally listed on the LIST DISPLAY page. The measurement
results are those obtained at each VAR!} step. :

MATRIX DISPLAY Setup:

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

[hpl®= MEAS & DISP MODE SET UP #»

MEASUREMENT MODE: SWEFFE.

LISPLAY MODE: MATRIX
ic

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 VAR2 step.

Note

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

Figure 3-25. MEAS & DISP MODE SETUP Page {Sheet 4 of §)
3-50



Model 41458 SECTION 11

SCHMOO PLOT Setup:

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

[hApl =~ MEAS & DISP MODE SET UP ==

MEASUREMENT MOMOF: SWEEP

SPLAY MODEs SCHMON
NAME HEE

150. E+~08
T48. E~fe
132. E+~00
126, E~D8 ]

LIMIT

“i bz

Figure F

A SCHMOOQ PLOT is & three dimensional display, where VAR1 is the X-axis, VAR?
is the Y-exis, and the channel whose name is listed in the NAME field is the Z-gxis.
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 VAR2
sweep parameters. The LIMIT for each symbol is the lower limit. For example, if
the LIMITs for M and A are .500 and .100, respectively, M represents measurement
results greater than .500 and A represents measurement results between 100 and
-500. For measurement 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 Sealing :

X and Y axes sealing is determined by the VAR and VAR2 sweep parameters. The
X-axis can have up to 41 points and the Y axis, up to 21 points. MIN and MAX values
for each axis are calculated as follows :

1. SWEEP MODE of VARI is LINEAR :

X-exis (VARI)}: MIN =g, MAX = g+40xb
3-1)
Y-axis (VAR2): MIN = e, MAX = ¢+20xd

where a = START value of VAR]
b = STEP value of VAR1
¢ = START value of VAR2
d = STEP value of VAR?2

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 = ax10 ° }
(3-8)

Y-axis (VAR2): MIN =e¢, MAX = ¢+20xd

where
g = START value of VARI

@ = Number of steps per decade (10, 25, 50)
¢ = START value of VAR2
d = STEP value of VAR2

Note

Equation 3-8 applies only when START g STOP. When START > STOP, X-axis
MAX value is calculated as

no
¥-axis: MAX =axl0™ ¢ (3-9)
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GRAPHICS PLOT PAGE
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Figure A

Function of this page :
1. Graphieally displey measurement results.

2.  Allow analysis of measurement results with the softkeys and arithmetic
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 a NAME orn the MEAS/DISP MODE SETUP page is
changed, the results of the previous mesasurement are erased from the date buiffer
and a new measurement must be made. To make a new measurement, press the
SINGLE, REPEAT, or APPEND key. Measurement results will be displayed as the

measurement progresses.

Notes: 1) If the X axis value or Y axis value of & measurement point is ocutside 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 displayed.

3) Max 1151 measurement points cen be displayed.

Softkey 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 1 of 6)
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Figure B

Softkey Functions :
: Stores displayed measurement results.

: Reecalls (re-displays) stored measurement results.

These two softkeys provide overlay comparisons of two mesasurement results, To
store the results of & measurement, press the STORE softkey. The frame around.
the STORE softkey prompt will be highlighted until the data is completely
stored, after which it will return to normal intensity. Measurement results are
stored in the display buffer as background dats, 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
measurement results, even if the AUTO SCALE function is used, Thus, if the
plot to be overlaid is scaled differently from the stored plot, any comparison
between the two is meaningless, To recall & stored plot, press the RECALL
softkey. The frame around the softkey prompt will be highlighted and wili
remain so until the softkey is pressed again.

User-entered comments of up to 30 characters can be displayeé¢ 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 ecomment (up to 30 characters). There is no restriction on
character type.

3. Press the ENTER key. 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 &
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 eomment.
For example, to delete a comment, press the COMMNT softkey, CLEAR the
Keyboard Input Line, and press ENTER,
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E41Pe }:

Re-scales the plot area to provide optimum display of the existing
measurement results. When auto-secaling is performed, the minimum and
maximum measured velues are used as the plot-area scaling factors. The
MIN and MAX vslues specified on the MEAS/DISP MODE SETUP page,
however, are not changed and the new scaling factors are cancelled when
the PREV or MENU key is pressed. To re-scale the existing plot, press the
AUTC SCALE softkey. The frame sround the softkey prompt will be
highlighted and will remein so until auto—scaling is completed, about 5

seconds.

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

MARKER | :

Displays a marker (@) which can be moved along plotted curves by rotating
the MARKER dial. X, Y,, and Y, coordinates of the marker location are
digitally displayed above the plot area. When the Y, axis is used, two
markers (&, +) are displayed. Both have the same X-axis coordinates and
move in unison. The marker can be used for keyboard ealeulations. Instead
of entering the numeric velue of a measurement result, the channel name

can be entered.

Note

When & log sweep Is made, merker location displayed may
include quantum error.

:

Used for higher resolution marker 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 measurement points.

Moves the marker or markers to the next VAR? step. VARI does not
change. If this softkey is pressed when the marker is at the last VAR? step,
the marker will return to the first VAR2 step. Also, INTERPOLATE is
turned off when MARKER SKIP is performed.

Figure 3-26. GRAPEICS PLOT Page (Sheet 3 of 6)
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EBREoR | ¢

Displays the LONG CURSOR. When this softkey is pressed, the frame
around the softkey prompt will be highlighted and the LONG CURSOR will
be dgisplayed at the center of the plot area. The LONG CURSOR ecan 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
CURSOR keys moves the cursor faster. The X, Y:, and Y, coordinates of
the eursor loeation are digitally displayed above the plot area. The LONG
CURSOR is turned off by pressing this softkey agein, by turning on the
SHORT CURSOR, or by pressing the PREYV or MENU key.

: Horizontal zoom-in (x2).
: Horizontal zoom-out (x2).

II] : Vertical zoom-in (x2).
[:}: : Vertical zoom~out {x2).

These softkeys are used in conjunetion with the LONG and SHORT cuyrsors
to zoom-in on or zoom-out from the cursor location. When one of these
keys is pressed, the eursor will be repositioned at the center of the plot-ares
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 remasains the same. That is, when the cursor is eentered by
the zoom funetion, the plotted curves are moved in reference to the cursor,
Vertical zooming is performed on the Y; ~exis only.

;

Moves the LONG CURSOR or SHORT CURSOR to the center of the plot
area, maintaining the relative position of the cursor and plotted curves.

20RE4R] ¢

Displays the SHORT CURSOE. 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-srea. 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, Y;, and Y coordinates of the cursor
location are digitally displayed above the plot 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 Kkey.

Note
When the LINE is displayed and either SHORT or LONG

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

Moves the LONG CURSOR or SHORT CURSOR to the position of the
MARKER. MARKER 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 1 {solid line) and two SHORT CURSORS are displayed. The
GRAD, 1/GRAD, X-intercept, and Y-intercept velues are glso displayed,
below the plot area. The graphics analysis funetions are aveilable only when
this softkey is turned on {frame highlighted}.

: Displays LINE 1 (solid line)

LINEZ + Displays LINE 2 (dashed line)

Eaeh line has two SHORT CURSORS. One eursor 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-intercept values for both lines are displayed below the plot area. The
moveable cursor and fixed cursor can be interchanged by pressing the
CHANGE POINT softkey.

[FehE | -

Fixed gradient value. When this key is pressed, the fixed cursor is turned
off (only the moveable eursor remains), and the line moves at a constant
gradient value.

Line gradient entry. The desired line gradient can be entered from the front
panel. When this softkey is pressed, the existing gradient value wil! 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
automatically adjust to the new gradient.

.
FL) -

Interchanges the moveable and fixed cursors of the line.

Note

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

Figure 3-26. GRAPHICS PLOT Page (Sheet 5 of 6)
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t Changes the START value for VARI,
LRk : Changes the STOP value for VARI,
[¥egd | : Chenges the STEP value for VARL.
: Changes tﬁe START value for VAR2.
XFYEE | : Changes the STEP value for VAR2.
HLH : Chenges the HOLD TIME {0 - 655.35 sec),

t 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 values are automatically entered on the SOURCE SETUP

page. Measurement parameter values can be changed during mesasurement
but only DELAY TIME is valid immediately; HOLD TIME is velid for the
next VARZ2 step; YVAR]l and VARZ2 parameters are valid for the next

measurement.

Notes

Range and resolution are the same as those on the SOURCE
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

VARI to exceed 1024.

YAR! START, STOP, and STEP softkeys are disabled when VARI
has .not been assigned (e.g., Time Domain messurement), and
when VAR1' is assigned YARZ START and STEP softkeys are
disabled when VARZ has not been sessigned. VAR]1 STEP is
disabled in log sweeps. Also, HOLD TIME and DELAY TIME are
disabled in Time Domain measurement.
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LIST DISPLAY PAGE

SKP24
& wpsunne | IST DISPLAY w®astsems -3
N T e e o a. VAR START, STOP, STEP values
,::.-_:3—-"‘—"-( §%m ;.- SR 2BVA 1n 114 FluA atep EwenR
d/-J- CINE_at : b. VARZ START, STOP, STEP values
YEE 1 HEE
CLEDGV| 42, 4Buh | 4. 24E-ga - "
L 1128V{ B1. 71uA|B. I7Ew e. VARZ wvalue or measurement
» . 1208V| B5. BEuA | B, HBE-20 == results in the top row of the list

L 13BEV] 115, 30A |11, SEesm
. 142aV!] 4B, BuA | 14, BE~22 m R
. 15B@Y] 184, 7uA{ 18, 4E-2a d. Line number of the measurement
L1682V 221 SuA |22, 1E-pa H !

D 17azv] 256, 1uA | 25, BE.ra =] results in the top row of the list

. 1822V| 202, 7uA | 20, ZE+8

10p@v| 323, By |32, IE-e2 R ] e. VARI step values

€ f 1 f. Measurement results obtained at
each VAR] and VARZ2 step

Figure A

Funetion of this page :

1. Display the measurement results obtained at each VAR] and VAR?2 (if used) step
for all monitor channels selected on the MEAS/DISP MODE SETUP page.

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

MEASUREMENT:

Egeh time this page is displayed, the results of the previous measurement are
eutomatically 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 a NAME on the MEAS/DISP MODE SETUP papge is
echanged, the results of the previous measurement are erased from the data buffer
and 2 new measurement must be made. To make a new measurement, press the
SINGLE, REPEAT, or APPEND key. Measurement results of the first three monitor
channels selected on the MEAS/DISP MODE SETUP page will be displayed as the
measurement progresses. The list eontains four columns, Eaech VARI step is listed in
the left-most eolumn. The VARZ STEP eorrespending to the top line VAR] STEP is
displayed in brackets above the list (¢ in Figure A). The remaining three eolumns list
the measurement results of the first three monitor channels selected on the
MEAS/DISP MODE SETUP page. H more than three monitor channels are seleeted on
the MEAS/DISP MODE SETUP page, measurement results for the fourth, fifth, and
sixth monitor channels ean 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 ] of 3)
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DISPLAY :

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

Gmup

HEASOREMENT CHAMKELS
A

VAR | STEX

[> RIGHT

] e

LerT )

L I T I

[ f

DISPLAY {7 WINDOW"]

L} rouL pown

PR

Figure B

Softkey Funetions :

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

TURSOR |

Turns on the line eursor (»). When this softkey is pressed, the cursor will be
displeyed in the VAR1 column and it can be moved up or down with the CURSOR
keys. The cursor is used when meking keyboard ealculations. Instead of entering
the numeric value of a messurement result or YVAR] or VAR?2 step, the channel
name can be used in arithmetic expressions. Using the values listed in Figure A,
suppose you want to caleulate the square roof of IC when VCE is .1200V. Simply
move the eursor down the VCE column and stop at VCE =.1200V, then key in

7 [ [E] [EXECTE]

The square root of 86.06 A will then be displayed on the Keyboard Input Line,

Figure 3-27. LIST DISPLAY Page {Sheet 2 of 3)
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o]

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 characters). There is no restriction on
character type.

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

Keyboard Input Line, and press ENTER.
}fffﬁ‘ i ¢ Shifts the monitor ehannel columns to the right,

@:I : Shifts the monitor channel eslumns to the left.
FEe=_]
@Eh | ' 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.

Rolls the list up.

Note

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

Figure 3-27. LIST DISPLAY Page (Sheet 3 of 3)
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MATRIX DISPLAY PAGE

8. VARI START, 8TOP, STEP values
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GROO0 g

i

VAR2 step values

Figure A

Funetion of this page:

1. Display the mesasurement results obtained at each VAR! and VAR?2 step for the
monitor channel selected on the MEAS/DISP MODE SETUP page.

2. Allow analysis 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, regardless of the display mode used in the previous
measurement. Jf 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 messurement are erased from the data buffer and a new
measurement must be made. To make a new measurement, press the SIN GLE, 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 ezch VARI step (e in Figure A) and VAR2 step (f in Figure
A). Only three VAR2 steps and ten VAR] steps can be displayed at one time.
Measurement results not displayed can be viewed by pressing the LEFT, RIGHT,
ROLL UP, or ROLL DOW N 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" ean be moved left, right, up, or down by pressing the LEFT, RIGHT, ROLL Up,
or ROLL DOWN softkeys to view other mesasurement results.
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iar 2ne 3ed am 31 &n

! i

]
]
1

LR AT

%
L R T

FEREN 1

B
!
i

OIEFLAY {7 WINDQ W™}

G ROLL bowN
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 sof tkey.

Figure 3-28. MATRIX DISPLAY Page (Sheet 2 of 2)
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SCHMOO PLOT PAGE

Function of this page :

2.
capabilities.

MEASUREMENT:

a b
\ N\ SKP 26
d.
Lhpl sdrnene SCHMOO\PLOT w*ssnns —
MY ome A BEw
Zeasiie = HF by :
(xa,, =700 7 TE HEEER e
2iK E. { AL = b.
T3 sInyaasaamenn —
188 Pu »r vy
e : =] c.
LA B
0. 55 = ey [ d.
- eIt %3
SALA,
. ihe 4 —
- 32 byt - ZEPA vee -39(;3.; - ASBR
~ ! o [FreET)
d =Ry
Figure A

1. Plot measurement results on an X-Y-Z graph.

Monitor channel name selected on
the MEAS/DISP MODE SETUP.

Limits specified on the MEAS/DISP
MODE SETUP page.

YAR2 source name

VARI source name

Allow anelysis of measurement results with the softkeys and arithmetie

To make a measurement, press the SINGLE or REPEAT key (APPEND can not be
used). Measurement results will be displayed as the measurement progresses.

Figure 3-29. SCHMOO PLOT Page (Sheet 1 of 3}
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X~-Axis and Y-Axis Sealing :

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

1. Linear VAR] Sweep:

X-axis (VAR1): Min. =8, Max. =a +40xb
Y-axis (VAR2): Min. =e¢, Max. =c + 20x ¢

where a=VAR] START value
b =VAR] STEP value
¢ =VAR2Z START value
d=VARZ STEP value

Note

STOP value is not used in determining axes sealing. Also, if the
VAR1 STEP value or VAR2 STEP value is 0, the minimum and
maximum scale values for the respective axis are set to the START

value.

2. Logarithmic VAR1 Sweep:

X-axis (VARI): Min.=a, Max. =ax 10-2
Y-axis (VAR2): Min.=e, Max.=c¢+20xd

where a = VARI] START value
a = Number of step per deeade (10, 25, or 50)
¢ = VAR2 START vslue .
d = VARZ STEP value
Note

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

X-axis Max. =a x 10~ =~

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 deseribed below.

CURSOR |

Similar to the CURSOR on the GRAPHICS PLOT page. The eursor highlights
the symbol at & measurement point. To move the eursor, use the CURSOR keys.
The cursor can be used to simplify keyboard ealeulations.

Note

When the cursor is moved to a part of the plot area where there are
no symbols,  is displayed and no Z-axis value is displayed.

[T -

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 3-26). The only difference is that recalied
measurement results are not displayed over the existing measurement results;
that is, only one set of measurement results is displayed. When the frame around
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 operstions ¢n this page
are unrelated to those on the GRAPHICS PLOT page. For example,
measurement results stored on the GRAPHICS PLOT page cannot be recalled on
this page.
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1.

2.

AUTO SEQUENCE SETUP PAGE

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

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

10,

SKP 27 SKP 2B
[hp) *¥% AUTC SEQUENCE SET UP xxx [ixre ) ez )
? BET B IGBVBE
B SINGLE TET B RIS
F WAIT 3 e E__i
15 GET & MFEs
It SINGLE
2 watt FINGLE ] f AUTE
13 $ET P VCESAT ! _.j
14 SINGLE
15 WAIT 3
16 GET ¢ COLR [g__rq‘gE EIEE:
17  SINGLE — -
i8 GET P HFE:
19 SINGLE J—
20 PAUSE o Tago
21 GET P wPm: Bve o) EfEan |
2@ SINGLE
23 Pause " g
2¢  PLEY 100, 18D, TG00, YOOO =1
25 GEY P pv L..,h,.,_}
26 SINGLE
&7 PLDT  a@0, 100, 7000, 7080 - S
i EVET [
28 PAUSE y= bé:.ETE
29 SINGLE OT L:]
T 30 CPLOT 180, 100, 7000, 7060
s (1556

Figure A

call pre-stored measurement setups from the dise (GET P ecommand),
perform a SINGLE measurement (SINGLE eommand),
store measurement results onto the dise (SAVE D eommend),

store measurement results onto the dise under an existing filename (RSAVED
command), :

dump measurement results onto an HP-IB plotter (PLOT con{mand),

dump only measurement curves onto an HP-IB plotter {(CPLOT command),
print out measurement results onto an HP-IB printer (PRINT command),
half execution untii CONT is pressed (PAUSE eommand),

wait a specified time (WAIT command), and

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 speciel programming knowledge.
When this pege is first displayed, the field-pointer will be on line 1 and the
suto-sequence commands will be listed in the softkey prompt area of the CRT. To
enter & command, 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
ares, file name, wait time), the field-pointer will not move, indieating that the
operator must enter parameters from the front panel. After the parameters 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 1o 24 lines cen be displayed at once.
The rollup and rolldown of the lines can be effective by the arrow key of the front
panel. Blank lines are allowed but are ignored during auto-sequence program
execution.

Program Commands:

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

: GET P file name

This command ealls 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 ecommand, press the GET P softkey, key
in the desired file neme, and press ENTER.

[SINELE .

This command executes one measurement and 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 cothmand 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
fite 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 EN TER.

RE-C o1 : RE-SAVE D (displayed "RSAVED") file name

This command 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.

: PLOT Xmin, Ymin, Xmax, Ymax

This command dumps the existing display (GRAPHICS PLOT, LIST, MATRIX, or
SCEMOOQ PLOT) onto an HP-IB plotter. Scaling parameters {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.
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EVHYE T3 CURVE-PLOT (displayed "CPLOT") Xmin, Ymin, Xmax, Ymax

This command dumps only the measurement results of GRAPHICS PLOT onto &n
HP-IB plotter. Scaling parameters (Xmin, Ymin, Xmax, Ymax) must be
delimited with commes, or by leaving spaces. To enter this command, press the
CURVE PLOT softkey, "CPLOT" is displayed on the program line, key in the
scaling parameters, and press ENTER.

P

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

[p»\ussj :

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

RalT 1. WAIT time

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

=]

This eommand advances the plotter paper to the top of the next page. The
plotter used must be eguipped with automatie 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 described below.

cLEAR | °*
Clears the entire auto-sequence program and returns the field-pointer to line 1.
biiere] :

Deletes the program line indicated by the field-pcinter.
wR8ERT | ¢

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
command can be entered. If a line is inserted into a 50-line program, the last
line is deleted.

Figure 3-30. AUTO SEQUENCE SETUP Page (Sheet 3 of 4)
3-69




SECTION II

Model 4145B

program.

Program Execution:

Note

An aute-sequence program ecannot be executed when the instrument is
measuring, plotting, printing, or in GL1 mode {under HP-GL control). The
AUTO SEQ STOP key eannot be pressed when the autco-sequence program
Is executing a GET P, SAVE D or RE-SAVE D command.

Note

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

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

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

Note

If the length of PLOT command exceeds 28 characters, line number is not
displayed when the ASP is excuted.

To execute an auto-sequence program, press the AUTO SEQ START/STOP key.
The program will begin end the AUTO SEQ START/STOP indicator lamp wil 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 all lines have been executed.
halted by the PAUSE command, press the AUTO SEQ CONT key to continue the
To stop the program, press AUTO SEQ START/STOP key again. The
indicator lamp will go off and the program will stop at the present line.

When the program is
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Funetion of this page :

Setup :

operation.

OQUTPUT SEQUENCE SETUP PAGE

SKP 29
[hpd == DUTPUT SEQUENCE SET UP w++ [ ]
SQURCE RAME | CHANNEL
1 Vi SMUL
2 iz SMUZ
3 [ v3 T TTeMLE Peuz]
4 o ¥A o SMusz |
g V51 Ve 1 Ay
B vs2 Ve 2 S
Volioge § swr-reot -—rm eutesatioelly m
turred e eecerdicg to The begoessos.

Figure A

Note

Specify the order in which source channels begin output. When messurement 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 1Cs 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 Kkeys (to move the field-pointer) and the softkeys.

To inelude the QUTPUT SEQUENCE SETUP when storing & 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

Figure 3-31. OUTPUT SEQUENCE SETUP Page.

3-71




SECTION HI Model 4145B

USER FILE CATALOG PAGE

f
’ | SKP 30 SKP 31 g8, Available records

FIL. uATALD wrsd  [Extn_ ] i b. File name
VDlume : P41 ) Flev 1.0 o. File type
availabye records = (2075 et [(=8ge]
fll& name/ comments adrs bik d. Fiﬂle egcrjnments
NPMN1 RO 2865 S — — e, File address
VCESAT PRO 291 s L._1. ]
1CBVBE PRO ane = f. Number of reeords used
1GSSTH PRO 301 5 o FTET g. User-ares files
g_ HFE1 PRC 306 5
HFE2  PRO 3414 5 ‘
BIF1 SEGQ 316 4 [BEELey el
VCIC DAT #5142 320 23
VCESAT DAT #512 343 23 o
HFE1  DAT %514 366 /3 =W (B
&=y __}

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

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

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

The system dise furnished with the 4145B hes & user-grea in which up to 2178 records
or 240 files can be stored. The initialized disc has a user-area 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 {imeasurement setups) Sred/file
Data files (measurement results with setups) 23red/file
ASP files (auto-sequence program files) 4dred/file

Information for up to 11 files ean 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 ik continuous., Each item — &
through g - in Figure A is deseribed below.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 1 of 4)
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a.

Available records:

Shows the number of availsble records.

File name:

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

Sys: System file

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

When storing or recalling a file, the file type — P, D, or 8 — 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 comment in the SAVE or RE-SAVE
command, it must be entered after the file name, must be preceeded by a space,
and must not be more than eight characters long.

Fitle address:

Shows the address of the first record of eaeh file. The first user-area address of
the system disc is 286. Addresses below 286 are used for operating system
software and system files.

Number of records used:

Shows the number of reccrds reserved for each file. Normally, the number of
records reserved 1s egqual to the number of records used, but there sre 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 additional 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 function of each scftkey
is deseribed below.

SKP 30

PURGE :

This softkey is for deleting files from the dise. To purge a file, press the PURGE
softkey, key in the file type and file name, and press EXECUTE. If 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.

N
o
DX
-
m
Z
.

This softkey rolls-up the file page.

0y
ox
am
<
m
Z

This softkey rolls—down the file page.

X
jial
o

r-

This softkey rolls-up the file list, ¥f this softkey is pressed and held, continuous
roli-up is performed.

SO .
DOWN :

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

SKP 31

coPryY -

pisc| °
This softkey is used for copying the user-ares files and operating system onto the
ancother systemn dise or initialized disc. The procedure is given in paragraph
3-148.

EoEY | ,

sSYS :
This softkey is used for copying the operating system onto the initialized dise.
The procedure is given in paragreph 3-146.

INIT .

DIsc i ¢

This so‘ftkey is used for initislizing the blank dise. The procedure is given in
paragraph 3-144.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 3 of 4)
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eNE

This softkey is used for transfering all of the files from the 4145A's dise or
41458’ disc onto the 4145B' dise. When the files are transfered from 41454,
HP 16267A File Transfer Software Disc for the 4145A {not furnished) is needed.
The procedures are given in paragraph 3-150.

[SERa ]
This softkey is used for transfering sall of the files from the 4145B'% dise onto
another 4145B% disc. The procedures are given in paragraph 3-150.

PURGE | »
L 3

UrR
AL
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 eancelled.

Figure 3-32. 4145B FILE CATALOG Page (Sheet 4 of 4)
3-75



SECTION II Model 41458

OPERATION GUIDE PAGE

Thpd »men OPERATION GUIOE wwens -
1 &F 7
DIGPLAY CONTROL. KEYSe

W
e

Figure A

Functicn of this page:
Provide basic operating instructions. Incleded are deseriptions of the display control
keys, display relationships, and a list of error messages and error codes. This page
has seven sereens, To view sereens 2 through 7, use the NEXT or PREV key.

Construction :

Screen 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
Ehp:l wawma OTAGCNIOSTICS sewes :
1 REGULAR SELFTEST
AR SELFIEST [CHE ]
2 FRONT PANEL TEST
8 GRAPHIC TEST PATTERN FEEx]

Figure A

Functions of this page :

1. Perform Self-Test,.

2. Perform Front Panel Test.

3. Perform Graphic Display Test.
Softkey functions :

One Softkey Prompt (SKP32) is displayed on this page.

: Self Test
Two Self-Tests are performed when this softkey is pressed. They are as follows:

1. MPU Test : Checks the ROMs and RAMs. If an abnormality is detected, an
error-code will be displayed in the center of CRT,

2. SMU Test : Checks SMUs 1 through 4 and their control cirewit. If an
abnormality is detected, CHAN (1!1{ DOWN {11! ) or CHAN (19, 20, 31, 40)
will be displayed. In the latter, SMU3 is down.

If the SELF TEST detects an abnormality, contact the nearest Hewlett~Packard
Sales or Service Office.

Figure 3-34. DIAGNOSTICS Page (Sheet 1 of 3)
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: Front Pane] 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 ean be performed. When the lamp test is completed,
the rotary dial test and key test can be performed. To perform the rotary dial
(MARKER) test, rotate the dia] and observe the COUNT display on the CRT.
Rotating the dial clockwise 360 degrees increases COUNT by 120; rotating the
dial counterclockwise 360 degrees decresses COUNT by 120. COUNT ean 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 &6
(EXECUTE) is pressed, NEXT KEY and LAST KEY will both be §6, and when
key 66 is released, the display will change back to that shown in Figure A,

{hp) ewwss DIAGNOSTICS evews [a—
NEXT KEY & 1
LAST KEY & 3 m’
COUNT ]
—
I
|
]
Figure B
[ 21227, SEmiCEmucion emaseacTen Maireen
[ | il gl
r! —{0 | |23 Lol
oo
2 68 |[i7 e | [
oy —r
—{&] R
—=) || 29z o)
—{6] N
—— uimy
*_ L A i 1 » [ -1 |- 3 Ll
£ eoln]enlcs) &8
\/ :__'3] PRSTL MR AL R i B e [ 1
P (=8 &g (42 [43)
I - | L - . * - @
0 = e
== oy w281 [55) (58]
(I ] . amcy |~ Wit BEECUTE
jes] e} (&3

Figure 3-34. DIAGNOSTICS Page (Sheet 2 of 3)
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[® By |: Graphie Display Test

This softkey is used for INTENSITY and FOCUS adjustments. Adjustment
procedure Is given in Figure 3-6.

Figure 3-34. DIAGNOSTICS Page (Sheet 3 of 3)
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73-80. TIME DOMAIN MEASUREMENT SETUP

3-81. The 4145B can measure voltage or current
as a function 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 ecan be displaved on
the GRAPHICS PLOT, LIST DISPLAY, MATRIX
DISPLAY, or SCHMOQO PLOT page, just as in &
normal VAR] sweep measurement. {If results
are to be displayed on a SCHMOQO PLOT, VAR?2
must be used.) The page-by-page setup for &2
typical time domain measurement, aleng with
measurement results, is shown in Figure 3-35.

@ Do not select VAR] as the source
funetion for any of the source

Crp3=en CHANNEL OKFINITIER wwe [ channels. VARZ2, however, can be
T e ..DET‘“?—'E;— =1 o selected, if desired. VARI' can

E‘E e — ?_”lﬁg—'——@:«;f not be used.

W IS e e {1 4

A T (@) Because VARI is not assigned on
": S — — 7 the CHANNEL DEFINITION
i pertond e : page, the VAR column on the
L il Bt , SOURCE SETUP page is blank.

[

(3) Enter the SOURCE  and
COMPLIANCE values for each
CONSTANT source. If VAR2 is
to be wused, enter the sweep

parameters.

_—— 7
e B (= L (@ WAIT TIME : Identicel to the
i Sonatms il HOLD TIME of a VARl sweep
N T e s—— measurement, Settable range is 0
'_vms'.AHY SCURCE, E::;-S;:ﬁE ja— to 100 Seconds With 10
LIz 3 -T;SE:—;E’@ © millisecond resolution.

3 (3) INTERVAL : The time between

measurements, Settable range is
01 to 10 seconds with 10
millisecond resolution.

() NO. OF RDNGS : The number of
Gyae WEAS £ 215F MOTE £ET LS oo ) measurements to be made. If
- VARZ2 is used, this is the number
of measurements to be made at
each VAR?2 step. Settable range

EINERRE oruk T is 1 to 1024. However, if VAR2
e BeoTT sdns NO. OF STEP x NO. OF RDNGS

bod

=3

— 1140, m™uffer full" will be

— displayed when meesurement is
made.

Figure 3-35. Time Domain Measurement Setup {Sheet 1 of 2)
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Example Messurement

[rpleweees SRAPHIZS PLOT scvere  [GE) [Aplmememen LIST SISPLAY cmmsmmm 007
e Tl - - P— past A A :: i :
=] 4 ! ikl
- r_'y»-;arn. L]ttt 1 FRREErre—
hninad 1 T :
[ -mee[E. Bopx| &
1. Ow| 5. B4UpA
= N =g P
3. B0a| 4. B4GpA
4. P¥al 4, SaQpa’ k
{— | S pde| 4. Sd4Ean’ Pkl
O, DBu| £, T5PpA '
[0 | 7. o] & 553 E el
| B, Poa| 5. 15224 i
™ ESQ
fanan 2. DRl S A e

Note

If INTERVAL fis too short, errar-code (e.g. Error DO08) will be displayed. In
this case, data 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)
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3-82 DUT CONNECTION

3-83. DUTs can be connected to the 4145B
through the 16058A Test Fixture or through the
furnished connecter plate (P/N : 04145-60001).
Connection using the 16058A is deseribed in
paragraph 3-84 and conneetion 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
eonnect packaged devices, sueh as transistors,
diodes and ICs, to the SMUs, voltage sources,
and voltage monitors on the 4145B. Eight
different, interchangeable DUT Socket EBoards
are furnished with the 160584, Connection
between the 4145B and 16058A is shown in
Figure 3-36. Alse shown are examples using four
of the furnished DUT Socket Boards,

The procedure for connecting the 16058A is as follows:

I. Turn off the 4145B. If the 24-pin Shorting Connector (P/N: 04145-61623) is
conneected 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 triaxial cables (P/N: 16058-61603). The System
Cable contains the Vs lines, Vm lines, and the fixture-lid~open deteetion line.

6058 A

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 CONNECTOR OR THE HP-IB CABLE TO THE 4145B'S

SYSTEM CABLE CONNECTOR.

3. Select a DUT Socket Board suitable for the device to be measured, and insert it
into the 16058A's Personality Board. To insert the board, pull out the two black
fasteners, place the socket board on the Personality Board so that it covers the
opening, and press the two black fasteners.

Figure 3-36. DUT Conneetion Using the 16058A (Sheet 1 of 4)
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4.

To connect 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, 16058-61601, and 16058-61602). Examples are given below.

Example 1 : Transistor Socket Board

Conneet SMUs 1 through 4 directly to terminals 1 through 4, respectively, as

shown below.

PERSONALITY BOARD

© 0000000

n @ Rt T LU T S
d 3 ERERIRY: [ T
-

Ovo—e—o ( CSJ ©

-0 \—OJ o o j
s@O-B-O o] el
Jogloso) R
2P o Ollli-ei
— O O :

Example 2: 8-pin Socket Board

Conneet SMUs 1 through 4 directly to terminals 1, 3, 5, and 7, respectively, as

shown below,

Q0 0000000

P

a]o

terminal 1 to SMUI
terminal 2 to SMU2
terminal 3 to SMU3
terminal 4 to SMTU4

terminal 1 to SMU1
terminal 3 to SMU?2
termingl 5 to SMU3
terminal 7 to SMU4

Figure 3~-36. DUT Connection Using the 160658 A (Sheet 2 of 4)
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Example 3: Using the CONNECTION SWITCH

Conneet the Socket Board terminals and SMUs 1 and 2 to the CONNECTION
SWITCH, as shown below. When the switch 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
switch is set to the center position, the Socket Board is not connected to the
SMUs.

(25 meonn -9c0a) PERSONALITY BOARD
O©©©© ©©O©©m The Connection Switeh is as shown

Fidimsnaee G below :

o)t — 1 COM 2

1O-0-G yo e \

R gl =y ' ;

: H

ConNECTION

R |

Example 4: Blank Teflon Board

This board is used when measuring high resistance components or components
that can not be mesasured with the other Soeket Boards. To conneet the
component, use the miniature—clip leads (P/N : 16058-61602).

f g R PERSOMALITY S0ARD
O@ YO0000 @@@@@“
m
@, - Y —
[o-0-c :
{O-0-0
D=0
O-g0
s
coparon
L | J

3-84

Figure 3-36. DUT Connection Using the 16058 A (Sheet 3 of 4)
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5.

6.

Turn on the 41458 &nd set up the measurement as required,

Close the test fixture 1id and press SINGLE, REPEAT, or APPEND to start the

measurement.
Note

If the output 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 1id is open, "Close the fixture 1id" will be displayed on
the CRT and measurement will not begin.

Note

If the test fixture 1id is opened during & measurement in which the
output voltage exceeds 242V, measurement will stop immediately
and all sources will be turned off {(0V) as if the STOP key had been
pressed.

7. The figure below shows the connections between the 41458 and the 16058A.

6058 A

e 1 Ao oooii— A

oM e e —— SMU S
=T

o |
YN A em m m s a e — = _H

Vi 2 ¥s2
v

vmi e WM

vmz \—4 vma
. J N [N O U O ey Ay

\
i

Shorting-bar

on the rear panel

Figure 3-36. DUT Conneection Using the 18058 A (Sheet 4 of 4)

3-85



SECTIOR IH Model 41458

3-86. DUT Connection Using the Connector
Plate

3-87. The furnished connector plate (P/N
04145-60001) has four BNC connectors and four
triaxigl connectors. It is intended for use with
user-fabricated or user-furnished test fixtures.
For best messurement results, the test fixture
should be enclosed in a shielding-box and the
connector 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
measurements on wafers at the probe station.
The procedure for connecting the connector
plate, shielding-box and 4145B is given in Figure
3-37.

Mounting the Connector Plate and Connecting the 4145B:

1. Drill the holes required 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 is good
electrical contact between the plate and the box.

3. Turn off the 4145B.

4. Conneet the furnished 24-pin Shorting Connector (P/N: 04145-61623) to the
System Cable connector (labelled TO 160584 TEST FIXTURE) on the reer panel.

Note

If the Shorting Connector is conneeted, output from the SMUs is not
limited to +42V; that is, the 4145B assumes a fixture-lid-closed
condition.

5. Conneet 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: 04145-61630), as shown below.

Shiskded Box : 7 41458

ERREE

L+

Q D

0 O

s e ke ———————

Shorting Connector

Figure 3-37. DUT Connection Using the Connector Plate {(Sheet 1 of 2)
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6.

7.

Turn on the 4145B and make the necessary measurement setup.

The figure below shows the connections between the 4145B and the connector
plate.

4145B 04145 - 60001
ancl, A:E-f_ii‘;’;‘;:*{@
Sa) L o S o
TR HL':__::::::;L_& SMU3

' ==
J-: = S s
TG —O——o v
s [vz} {wi':__h_'_:____n —o w1z
;——lvrﬂl }— _:-___-_-_:__-—&\ 0O ¥Yemi
I ez}~ ITL__..E::::: _____ ——fo vm2

Shorting-bar
on the rear panel

WARNING
A POTENTIAL SHOCK HAZARD EXISTS WHEN THE SHORTING
CONNECTOR IS CONNECTED TO THE 4145B. DO NOT TOUCH THE

OUTPUT TERMINAL OR INNER CONDUCTOR OF SMU DURING
MEASUREMENT.

Note

Do not eonneet the inner shield {guard} of an SMU to ground { L) or common {&).

Figure 3-37. DUT Connection Using the Connector Plate {Sheet 2 of 2)
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3-88. SMU OSCILLATION

3-89. The SMUs of the 4145B are high-speed
amplifiers, and &as such, may oscillate under
certain load conditions. Devices that exhibit
negative resistance characteristics, such as
tunnel diodes and unijunction transistors, are
especially troublesome in this regard, since they
gre almost certain to cause an SMU to oseillate.
When measuring such deviees, you must take
certain precautions to prevent oscillation.
Figure 3-38 shows two methods of preventing
SMU  osecillation when meesuring negative
resistance devices.

Model 41458

Oscillations are not limited to the SMUs; the
test sample itself may also oscillate due to the
residual inductances and stray capscitances of
the connection cables and test fixture or probe
card., Bipolar transistors that have high hFE and
wide bandwidth are especially susceptible to
oscillation. Test device oseillation ecannot be
detected by the SMU's internal detection
eireuits, So it's important to guard against test
sample oseillation. For transistors, the best way
to do this is by using ferrite beads as shown in
Figure 3-39,

Voltage-Controlled Negative Resistance Measurements:

1
'
G ogative
”":eslsmce

v Device
’ v

The parallel conductence, G, effectively cancels the negative resistance of test
sample Y, whose I-V characteristics 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 direetly with the
User Function of the CHANNEL DEFINITION page (refer to Figure 3-23).

Iy=I-GV

Current-Controlied Negative Resistance Measurement

L Vi

Vi

The series resistance, R, effectively cancels the negative resistance of the test
sample Z, whose I-V characteriatics are graphed on the right. If the value of R is
known, you can calculate the voltage seross 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).

Vz=V-Rl

3-88

Figure 3-38. Negsative Resistance Measurements
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*Ferrite Beads (available from Hewlett-Packard; order PN 9170-0029)

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 oscillation. Also,
if the ferrite beeds on adjacent leads come in conteet with each other, or if &
ferrite bead touches the device's case or ancther lead, leakage current -will
increase, reducing the accuracy of measurement results.

Figure 3-39. Preventing Transistor Oscillation
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3-90. FLOATING MEASUREMENT

3-81. When the DUT is grounded or when the
external voltage source or shield ease for DUT is
connected to ground, measurement can not be
performed or measurement results ray be
affected by ground loops. The 4145B ean be used
for floating measurements by disconnecting the
shorting-bar on the rear-panel, In this condition,
the messurement angd source circuit is f{loating
above chassis ground, and voltages over $42V
may be present on the COM terminal.

WARNING

A POTENTIAL SHOCK HAZARD MAY
EXIST WHEN COMMON I8 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
FLCATING MEASUREMENT
(SHORTING-BAR DISCONNECTED).

CAUTION

DO NOT FLOAT THE INSTRUMENT
AT YOLTAGES EXCEEDING 42V,

Note

When the 16058A Test Fixture is used,
floating measurements can not be
rmade, because sourece common IS
connected to chassis ground inside the
test fixture.

Model 4145B

3-92, GUARDING

3-93. When low-current measurements are
made (SMU's set to I monitor), guarding can be
used to reduce the effects of leakage current.
Voltage st the guard terminal is held at the same
potential as the SMU output voltage. Connect
the guard 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 an example of guarding.

WARNING

GUARD POTENTIAL IS THE SAME AS

SMU QUTPUT. DO NOT TOUCH THE
GUARD TERMINAL DURING
MEASURMENT.

Note

Do not eonnect the guard terminal to
the commeon terminal.

insulotor

r
i .

|

| > !

: —l Buffer ;GD] /

L e e — d

Connect Guord |

to the DUT’s pockege

% . Condluctance

Packoge

/

v Do not connect
Guord 2 1o onything.

»— ! L#ckoge Current

Leokage current does not flow into the SMUI ammeter.

Figure 3-40. Example of Guarding
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3-94. PLOT Table 3-8. Recommended HP-IB Plotters
3-95. The 4145B can direetly dump an existing
display onto an HP-IB plotter, without the aid of x .
a controller., A list of recommended plotters Is HP7030A Isvzyesizlgement Graphics
given in Table 3-8. HP7440A  Graphics Plotter
Note HP7470A  Graphies Plotter
HP7475A  Grephies Plotter

x i
Other plotters can be used, but they HP75504% Grephics Plotter

must have & LISTEN ONLY mode.
Also, ontsobme oldermtype plotter;, 11t « 570904 cannot plot /4, 0 end °.
mey no e possible to precsely ** ; Set the T550A to Standard mode.

position alphabetic or numerie strings,
such as labels, within & specified plot

area.
given in Figure 3-41.

Operating instructions for the PLOT function are

Connection to the Plotter:
(1) Equipment:
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 :

41458

(3) Turn off the plotter.
(4) Set the plotter to LISTEN ONLY mode and then turn it on,

Plotting all the existing display:
(1) Seleet the desired page. If the GRAPHICS PLOT, LIST DISPLAY, MATRIX

DISPLAY, or SCHMOO PLOT pege is to be plotted, measurement can be made
before the plot.
(2) Press the PLOT key.
{3} The following will be displayed on the
Keyboard Input Line. Upper- right (X,¥)
-0

PLOT 200, 200, 7400, 4800
Xmin  Ymin Xmax Ymax

These values represent the lower-left Plot Area
(Xmin and Ymin) and upper-right
(Xmax and Ymax) coordinates of the
plot area that was used in the last

PLOT operation. o
Lower-1lsty {X ,Y)

Figure 3-41. Plot Funetion (Sheet 1 of 3)
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Note

The values displayed on the Keyboard Input Line when the PLOT key is pressed
are 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
manusl.

(4) If necessary, change the displayed values with the EDIT Keys. ENTER key is

not required.) The following limitations must be observed :
A. ZXmin, Ymin, Xmax, and Ymeax must not exceed 327867,
B. The specified plot area must be within the limits of the plotter.
C. Eeach value must be delimited by & comma {,) or space.

(5) Press the EXECUTE Key to start plotting. "Plotting" will be displayed on the
CRT's System Message Line. During plotting, the 41458 is in TALK ONLY
mode, and the TLK lamp (HP-IB status indicators) will be lit, In this eondition,
only the PLOT or PRINT Key is available. Also, the Xmin, Ymin, Xmax, and
Ymax values in effeet when the EXECUTE key is pressed are stored on the dise,
except when the dise i write-protected.

(6) When the plot is completed, the instrument sutomatically 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 i pressed, the PLOT operation will be
cancelled. Plotting can not be temporarily stopped.

PLOT Contents:

(1) Following are not plotted.
A, Softkey Prompts
B. Data on the Keyboard Input Area
C. Data on the System Message Line ‘

(2) Following sre ploited when the CRT is displaying the GRAPHICS PLOT, LIST

DISPLAY, MATRIX DISPLAY, or SCHMOO PLOT page.

A. Setup conditions for VAR, VARZ2, end CONSTANT Sources.
B. User Function expresions

Plotting the only measurement curve on the GRAPHICS PLOT page:
(1) Select the GRAPRICS 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 displey procedures from (4) to

{6).

Figure 3-41. Plot Funetion (Sheet 2 of 3)
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Pen Selec¢tion:
When a multi-color plotter is used, pen selection is &s follows:

Pent Used for:
1 Grid Lines
2 Recalled and Curve Plot Traces
3 Existing Traces
4 Plot Area Frame, Marker, Cursors, Lines

Note

Refer to parsgraph 3-140 for mstructions covering HP-IB controlled plot
operation.

Figure 3-41. Flot Funection {Sheet 3 of 3)
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3-96. PRINT
3-97. The 4143B ecan directly print out
measurement data on an HP-IB printer, without
the aid of & controller.

Note

‘The printer must have a LISTEN ONLY
(ALWAYS) mode,

Operating instructions for the PRINT
function are given in Figure 3-42.

Conneetion to the Prmter :
Refer to steps (1) through (4) of "Connection to the Plotter” in Figure 3-41,

Printing :

(1) Press the PRINT key. "PRINT" will be displayed on the Keyboard Input Line.

(2) Press the EXECUTE key to start printing. "Printing" will be dispiayed 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 1it. In this condition, only
the PLOT or PRINT key is available.

(3) All measurement data 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 sutomatically 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 cperation is cancelied.
Printing can not be temporarily stopped.

Print Contents:
1. Setup conditions for VAR], VAR2 and CONSTANT Sources.

2. Measurement data
Note
User funetions are not printed out.

Naote
Refer to paragraph 3-140 for instructions covering HP-IB controlled print
operations,

Figure 3-42. Print Function
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3-98. APPLICATIONS PACKAGE

3-99, Eech disc furnished with the 4145B
conteins the following four setups for frequently
made measurements:

i. GENL

2. B-Tr VCE-IC
3. FET VDS-ID
4. DIODE VYF-IF

When the 4145B is turned on, GENL is
sutomatically loaded. The other furnished
measurement setups can be loaded by pressing
the appropriate softkey on the CHANNEL
DEFINITION page. 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.

SECTION III

Teble 3-9. Application Package Setups (Sheet 1 of 2)

FET VvDS-ID {DFODE VF-{F

f GENL B-Tr VCE-IC
SR (v NAME/ 1 NAME) VIJI1 VE/IE VS/I% VF/IE
MCDE / FCTN COM/CONST | COM/CONST | COM/CONST V/VAR1
onug [V NAME!I NAME) V2il2 VB/IR VDS/ID
\ MODE / FCTN 1 /VAR?2 I /VAR2 'V /VARI
SMU 3 (v NAME /] NAME) V3/13 VCE/IC VG 1G Vo5l
MODE [ FCTN V /VARI V IVAR1 vV [VAR2 COM/CONST
V NAME!!1 NAME V4/14
U4 ( o —.— —_—
SM MODE [ FCIN ) V JCONST
Vs1' (NAME / FCTN) | VS1/CONST
Vs 2 (NAME / FCTN ) | VS2/CONST
Vm ! NAME/!Vm2 NAME VM1/VM2 S S -
USER FUNCTION —_— HFE=IC/IB —_ —
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Table 3-9. Application Package Setups (Sheet 2 of 2)

Model 4145B

SWEEP MODE LINEAR LINEAR LINEAR LINEAR
START 000V 000V —2.5000V — L5000V
VAR1 STOP 1.000V 1.000V 2 5000V 2.0000V
STEP 010V 010V G500V .0100V
COMPLIANCE 100.0ma 100.0mA 20 .00mA 40.0mA
START 20.00 £A 10.00 #A 0000V
STEP 20 .00 24 18.00 A —1.0000V
VARZ NO OF STEP & 5 5 T
COMPLIANCE 2.0000V 2.0000V 1.000mA
NAME Vi VE Vs v
SOURCE f COMPLI QVv/i05mA ov/i05mA OV/105mA OV/105mA
NAME V4 a:
SOURCE/COMPLI 0V /100mA
CONST
NAME VSl ,
SOURCE /COMPLI ov/ --- !
NAME V52
SOURCE /COMPLI ovi ---
DISPLAY MODE GRAPHICS
NAME V3 VCE VDS VF
% axis SCALE LINEAR LINEAR LINEAR LINEAR :
MIN 0000V L0000V —2.5000V — 5000V
MAX 1.0000V 1.0000V 2.5000V 2.0000V :
NAME 13 iC 1G IF
Y axis SCALE LINEAR LINEAR LINEAR LINEAR o
MIN L000A J000A -000A —10.60mA
MAX 10.00rmA 10.00mA 1.000A 40.00mA
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GENL:

General setup assigning all V names and I names.

B-Tr VCE-IC:

Setup for measurement of NPN bipolar transistors. When the transistor is eonnected
toe the 16058A test fixture, as shown below, Vep-Ic (collector/emitter voltage —

coilector current) characteristics common emitter Bipolar Transistor ean be
measured. Also, HFE (= IC/IB) is assigned as the User Funetion.

Q0909000 ©Q

Mt oo padii cor EMpa
[ [ X

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, Vps-I,
{drain/source voltage — drain current) characteristics of 8 common drain FET can be

‘measured,

val Vel wmt m?

90909008 000000Q

DIODE VF-IF:

Setup for measurement of general PN junction diodes. When the diode is connected
as shown below, V;-I; (forward bias voltage — forward current) cheraeteristics can

be measured.

Q0009000 0O00OD

Ew Ey Buut sor by can Bwid am Wi md A LT WK
- : o

Figure 3-43. Connection Examples for Application Package
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3-100. MEASUREMENT EXAMPLE

3-101. In the following example the
characteristics of an NPN transistor connected
for common emitter operation are measured and
graphically displayed. Base-emitter voltage is
swept and the resultant base and collector
currents are measured.

3-102. Turn off the 4145B. Set up the 16058A's
Personality Board as shown in Figure 3-44, end
insert & transistor into the DUT socket. Insert
the furnished System Disc into the 4145B, then
turn the 4145B on.

3-103. When the 4145B is turned on, it will first
read & portion of the operating system software
stored on the dise and will then perform & brief
seif-test, after whiech it will display the MENU
page shown in Figure 3-45. For this measurement
example, the CHANNEL DEFINITION page,
SOURCE SET UP page, and MEAS & DISP MODE
SET UP psage are used. Press the softkey

or the key.

3-104. On the CHANNEIL DEFINITION page
the channeis (SMUs, voltage source, and voltage
monitor) to be used in the measurement are
selected, assign source and monitor names, &nd
speecify source modes and functions. To use the
Application Package (refer to paragraph 3-98.),
move the field-pointer (») to the NAME V field
of SMUI and then press the softkey. This
automsatically changes the mesasurement setup to
cne that is more appropriate for measurement of
bipolar fransistors. A few simple changes
remeain to be made, however. To make these
changes, first make sure that the field-pointer is
in the NAME V field of SMU], then perform the
following key sequence:

OlICINIENCIOICY,
QEE=EE

The CHANNEL DEFINITION page should now
look as that shown in Figure 3-46.
Press the (=) key.

3-88
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QUT Conmietith phd 190584 Tant Firyrs

SMLE- g
T vy

|

Figure 3-44. Setup the 16058A's Personality
Board of Measurement Example

HMHMHENN ALTASE MENL HHKKHrHM X
1 CHANNEL DEFINITION
2 SOURCE SET UP
3 MEAS & DISP MODE SET URP Befel
4 AUTD SBEQUENCE SET UP
5§ OUTPUT SEOUSNCE SET UP S
B USSR FILE CATALOG [
7 DPERATION GUIDE
8§ DIABNDSTICS [EFSE]
Figure 3-45. MENTU Page of Measurement
Example
#x® CHANNEL DEFINITION xxx [___1
NAME SOURCE
CHAN i I MODE FCTN .
MU | VE IE V| VARZ
SMUZ | VB 1B COM | CONST]| [E=Y
SMU3 VCE IC COM CONST,
SMUS
ve 3 | @ Ti--teo v
V6 2 — v
"IN R e
T T ———1 B ]
"CTH ME (LNIT) = EXFACEEION L_J
1 prE I 1= Ig/I8
r 1" [ZE2¥en ]

Figure 3~46. Channel Definition Example



Model 41458

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 it is
the V name of a voltage source (V MODE) whose
function s VARL. 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 seguence:

FHO@OOOEEO
Glelejolcblo]clolel

When measurement is made, the base-emitter
voltage, VE, wil be lineary swept from 0V to
~0.9Y In -10mV steps,

Press the (=) key.

3-106. On this MEAS & DISP MODE SET UP page
the mode for displaying the measurement results
are selected. Four mode are svailable
GRAPHICS, LIST, MATRIX, and SHMOGO. For
this measurement, the GRAPHICS display mode
is used,

To set up this page &s shown in Figure 3-48,
perform the following key sequence:

oiaj=alolcolelolc
Exl=3lclolclolololo

oren |

%@@@ 0101010

Press the (= key.

3-107. ALl 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 (<) 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
slope is collector current, and the other curve is
base current.

SECTION II

wrruEd SDURCE SET UP dmsrs [ ]
: VARL VARS
NAME VE o]
SWEEP MODE | LINEAR LINEAR
START _0060Y
STOP — . S000V | ———w__ [f==e]
STEP = . 0400V
NO. OF STEP 51 =
COMFLIANCE | 400, Bma =]
CONSTANT | SOURCE _ EOMPLTANCEH [F09%6]
VB COM __ _ OCDOV | 105.0mA
VCE SoM__.oboov | 1o5.omi] L— 1

Figure 3-47. Source Setup Example

#x MEAS & DISP MDDE SET UP *x[ ]
MEASUREMENT MQRE:  SWEEP [EEE
DIEPLAY MODE REEAPHTICS [RETR:

X axis | Yiaxis Y2axiE il
NAME:  VE IC ie ]
SCL | LINEAR : LOG LOG ETRRDE
MIN . .00DOV | 1.00CpA | 4i.000pA
MAX —1.0C00V [ 100.0ma | 100, 0maA_| [

B 36 36 56 ¥ T wm
¥#x GRAPHICS PLOT atwwwrn [ ]

T Is
B (a
cosonmsant pesene _spanay )
o SR A 11
' H
o Sl
T ; ik
ongagel I .i_:f__—f:ﬂ-ﬁg*;:[émiﬁ
' ' . ‘ 4 4 - i v . LA 4

_‘...;___,:__
| —

Figure 3-49. Measurement and Display Example
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SECTION II

3-108. Measurement results at each
measurement step can be digitally displayed by
pressing the softkey. When the MARKER
dial is roteted, the marker will move along the
plotted curve and the X, YI and Y2 ecordinates
will be displayed above the plot area.

The marker can be used to simplify keyboard
calculations. For example, to celculate hgg
at the marker position in Figure 3-49, key in

10I01ISI010 . It is not

necessary to input the numerie values,

3-108. Pressing the softkey displays &
solid straight line (LINE 1) or & dashed straight
line (LINE 2) between two short cursors, as
shown in Figure 3-50. Both lines can 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 emch line are displayed below the
plot area. Of the two curscrs displayed with
each line, one will be highlighted and can be
moved (line slso moves) by the CURSOR keys
(@, @ ©, () and ().

To move the other cursor, press the | &%
softkey. The line gradient can be input directly
from the keyboard by first pressing the [ &%
softkey. For example, to disply a line whose
gradient i e , perform the following key
seguence :

EXYEN COICHOIOI0ICY
OEOOGEDE

Another helpful funetion is the softkey.
When pressed {marker must be on), the cursor
will automatically move to the marker position.

3-100
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Eolag 2ok 4 = WM A x H
* * GQAI :.";SI—C'V?E FE:HI_AEA-ETEFISTIES E

Ic Is
(& cuRsoR{- . 7x5iav | ss.gzm.a . ?A.gArnA oA S
MAOKER (- .@ACOY | S&.@3ma , 3 aSime ) -n

sE-asE.-.;_. [ AU S '] _—T 17—01

YR 1000 ciy [ V)
[ T _CRAG ] $/EMAb_[Xintwrcept vintercasd [Vifhe
AEINEL SiC.GE+00) ~H0 . BE-D3| —AAZF—03 =3 GE—1f |
[T T L 1

Figure 3-50. Using Example of the Line

and Cursor Funections
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3-118. HP-IB INTERFACE

3-111. The 4145B can be remotely controiled
via the HP-IB, a carefully defined instrument
interface whieh simplifie