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Manual Organization

The Operation Manual and Service Manual are supplied with the HP 4145B. These manuals
are organized as follows:

'HP 4145B Operation Manual

‘Section 1 ‘General Information
Section 2 Installation
Section 3 Operation

‘HP 4145B Service Manual

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

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



'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 against defects in material
and workmanship for a 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 prove to be
defective.

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

HP warrants that its software and firmware designated by HP for use with an in-
strument will execute its programming instructions when properly 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
product, 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.

'EXCLUSIVE REMEDIES

'THE REMEDIES PROVIDED 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

VHiermit wird bescheinigt, daB das Gerat HP 4145B (Semiconductor Parameter Analyzer) in
Ubereinstimmung mit den Bestimmungen von Postverfigung 1046/84 funkentstort ist.

‘Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerates angezeigt und die
Berechtigung zur Uberprufung der Serie auf Einhaltung der Bestimmungen eingeraumt.

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

‘Manufacturer’'s Declaration

This is to certify that this product, the HP 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.

7Note: If test and measurement equipment is operated with unshielded cables and/or used
for measurements on open setups, the user must insure that under these operating condi-
tions, the radio frequency interference limits are met at the border of his premises.




'SAFETY SUMMARY

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

'GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to
an electrical ground. The instrument is equipped with a three-conductor ac power
cable. The power cable must either be plugged into an approved three-contact
electrical outlet or used with a three-contact to two-contact adapter with the
grounding wire (green) firmly connected to an electrical ground (safety ground) at
the power outlet. The power jack and the mating plug of the power cable meet
International 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 {ualified maintenance personnel. Do not
replace components with power cable connected. Under certain conditions, dan-
gerous voltages may exist even with the power cable removed. To avoid injuries,
always disconnect power and discharge circuits before touching them.

‘DO NOT SERVICE OR ADJUST ALONE

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

'USE CAUTION WHEN EXPOSING OR HANDLING THE CRT

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

‘DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

'DANGEROUS PROCEDURE WARNINGS

7Warnings, 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 Equipment or In Manuals.

I

'WARNING

'CAUTION

‘Note

Instruction manual symbol: the product will be marked with

this symbol when it is necessary for the user to refer to the
instruction manual in order to protect against damage to the
instrument.

Indicates dangerous voltage (terminals fed from the interior by

voltage exceeding 1000 volts must be so marked).

‘Protective conductor terminal. For protection against electri-

cal shock in case of a 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

a signal common, 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 described
in the installation (operating) manual, and before operating the
equipment.

‘Frame or chassis terminal. A connection to the frame (chas-

sis) of the equipment which normally includes all exposed metal
structures.

‘Alternating current (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 a 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 all of the product.

‘A Note denotes important information. It calls attention to a

procedure, practice, condition or the like, which is essential to
highlight. !

)
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SECTION 1

SECTION |

GENERAL INFORMATION

I-1. INTRODUCTIOMN

1=2.

This masual contains the information required
to install and operate the Hewlett-Packard Model

1-3. Listed on the title pege of this manual is
& microfiche part number thet ean be used to
order 4 x & ineh mierolilm transperencies of the
manual. Eesch mierofiche containg up to BO

41458 Semiconducter Parameter Analyzer, Figure ]-] phote-duplicates of the manual peges. The
shows the intrusent and supplied accessaries, This miecrefiche package also ineludes the latest
section covers specif ications, instrusent idesti- manual ehanges supplement as  well as  all
fication, description, options, accessories, and pertinent service notes. Teo order an additional

other basic inforsatios,

manual, use the part number |isted on the title
page of this manual,
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Model 41458 and Accessories

1=1




SECTION 1

1-4. DESCRIPTION

1-5. The Hewlett-Packard Model 4145B
Semiconductor Parameter Analyzer is a 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, wafers, ICs, ete. Main applications
include computer-aided design (CAD) of ICs, new

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

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

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

Each SMU channel has three modes of operation:
voltage source/current monitor (V), current
source/voltage monitor (I), and common (COM).
Source voltage and source current can be held
constant or swept linearly or logarithmically.
When used as a voltage source/current monitor
(V mode), each SMU can be programmed to
output DC voltages from 0V to +100V over three
ranges—0V to $£19.999V, £20V to +39.998V, and
+40V to +100V—with a resolution of 1mV, 2mV,
and 5mV, respectively. When used as a current
source/voltage monitor (I mode), each SMU can
be programmed to output currents from t1pA to
+100mA over nine ranges, with a resolution of
1pA max. (current measurement resolution is
50fA 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 Vs channels are programmable voltage
sources. Output voltage can be held constant or
linearly or logarithmically swept from 0V to
+20V with 1mV resolution. The voltage sources
are used when many bias and voltage sources are
required.

'1-7. Measurement

‘Model 4145B

‘Of the six source channels (four SMUs, two Vs),

any combination of three can be automatically
swept in a linear or logarithmic staircase manner
within the range of each channel. Hold times
from 0 to 650 seconds and delay times from 0 to
6.5 seconds can be programmed. In a
multi-ehannel sweep setup, one channel
functions as the main sweep channel. One of the
other channels can be swept synchronously with
the main channel, while one other channel ecan be
swept subordinately to the main channel. SMUs
not swept can be used as constant current or
constant voltage sources.

The two Vm channels are used to measure

voltages up to +20V.

results, measurement
setups, operator prompts, error messages, and
diagnostics are displayed on a fully interactive,
microprocessor based graphies 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 control functions, such 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
measurement setup to measurement
analysis—and make overall 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 area is user selectable within
the limits of the printer/plotter, and if a
multi-pen plotter is used, multi-color plots can
be made automatically., All PLOT and PRINT
operations are done automatically, without a
controller. Also, the 4145B's display is equipped
with X-Y-Z outputs to allow connection of a
large-screen graphics display.

The 4145B is fluent in HP-GL (Hewlett- Packard
Graphics Language), 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.



‘Model 4145B

1-8. The 4145B is equipped with a micro
flexible-dise drive unit that accommodates a
double-sided, double-density, 3.5 in., 630K byte
dise. One system disc which contains the
necessary operating system software, four
general purpose measurement programs, and
573k byte of user area is furnished with the
4145B. The 4145B features an initializing
function as well as an operating system copy
function. After initialization, the dise can be
used for storing measurement results, setup
programs, or Auto Sequence Program plograms.
For archival purposis, the 4145B operating
system can be copied onto an initialized disc
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 can be stored in the user
area of the System Disc by executing a SAVE or
RE-SAVE and can be recalled later by executing
a GET.

1-9.  All instrument functions are handled by a
high speed microprocessor, under the control of
the operating system software stored on each
furnished micro flexible dise. Measurement
setup, display mode selection, graphic secaling,
diagnosties, operation guide, menu, and catalog
are arranged as individual display pages. The
MENU, PREV, and NEXT keys control
movement through the individual display pages.
Instruections, softkey labels, and error messages
and codes are displayed on each page. Also, the
4145B is remotely controllable 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 4145B is the 160584, a
specially designed shielded test fixture which
connects to the 4145B's rear panel. Eight
different interchangeable DUT boards are
provided, allowing measurement of diodes;
3-terminal and 4-terminal transistors; 8-pin,
10-pin, and 12-pin devices; and 18-pin and 28-pin
DIP ICs. The 16058A is equipped with a
light-shielded 1id to allow stable measurement of
light-sensitive devices, such as photo diodes,
photo transistors, and photo resistors. Also, to
insure operator 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 1lid is closed. For
user-fabricated test fixtures and jigs, a special
connector, four 3-meter triaxial cables, and four
3-meter coaxial cables are also furnished.

‘1-14. The Model 4145B

'SECTION 1

1-11. SPECIFICATIONS

'1-12. Complete specifications of the Model

4145B Semiconductor Parameter Analyzer are
given in Table 1-1. These specifications are the
performance standards or limits against which
the instrument is tested. The test procedures
for the specifications are covered in Section IV,
Performance Tests. Table 1-2 lists Reference
Data. Reference Data are not specifications but
are typical characteristies included as additional
information for the operator. When the 4145B
Semiconductor Parameter Analyzer is shipped
from the factory, it meets the specifications
listed in Table 1-1.

1-13. SAFETY CONSIDERATIONS

Semiconductor
Parameter Analyzer has been designed to
conform to the safety requirements of an IEC
(International Electromechanical Committee)
Safety Class I instrument and is shipped from the
factory in a safe eondition.

'1-15. This operation contains information,

cautions, and warnings which must be followed
by the user to ensure safe operation in & safe
condition.

1-16. INSTRUMENTS COVERED BY MANUAL

1-17. Hewlett~Packard uses a two-section nine

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 made to the instrument.
The suffix, however, is assigned sequentially and
is different for each instrument. The contents
of this manual apply to instruments with the
serial number prefix(es) listed under SERIAL

NUMBERS on the title page.

YOROOAWA HEWLETY PACKARD
TOKYO  JAPAN

Figure 1-2. Serial Number Plate.



'SECTION 1

1-18. An instrument manufactured after the
printing of this manual may have a serial number
prefix that is not listed on the title page. This
unlisted serial number prefix indicates the
instrument is different from those described in
this manual. The manual for this new instrument
may be accompanied by a yellow Manual
Changes supplement or have a different manual
part number. This supplement contains "change
information" that explains how to adapt the
manual to the newer instrument.

1-19. In addition to change information, the
supplement may contain information for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes
supplement. The supplement for this manual is
identified with the manual print date and part
number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are available from Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than on the title page of this
manual, see Section VII, Manual Change.

1-20. For information concerning a serial
number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett-Packard office.

1-21. OPTIONS

1-22. Options are modifications to the standard
instrument that implement the user's special
requirements for minor functional changes. The
4145B has following Options:

Option 050 : "For 50 Hz Line Frequency

Option 060 : "For 60 Hz Line Frequency
7Option 907 : Front Handle Kit.
Option 908 : Rack Flange Kit.

Option 909: Rack Flange and Front Handle
Kit.

7An extra copy of the Operation and
Service Manual,

Option 910 :

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

1-4

1-28. The

‘Model 4145B

'1-23. ACCESSORIES SUPPLIED

'1-24. The Model 41458 Semiconductor Parameter

Analyzer, 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 File Transfer Software, HP

16268A BS&DM File Creation Software and HP
92192A Double-sided Micro 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
enables you to create the BS&DM data format
from the 4145B's unique data format. The HP
92192A Double-sided Micro Flexible Disc can be
used for data storage or operating system copy.

1-27. Warranty Limitation for Accessories

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 16058A Test Fixture are warranted
against defects in material and 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)

SECTION 1

* Speciflications listed below are for the 41458 only. For 16058 A specificetions, refer to
the 16058A Operation Note,

GENERAL INFORMATION

Besic Functions: Messures the DT current through wvoltage-bissed devices and the
DT woltage across current-biased deviees; Arithmetic ecaleulation; DEplavs
measurement results and caleulation results on @ bullt-in CRT display; graphics
analyss capabilities ; storage and recall of measure ment sefups, measurement data,
and auto-SEquence programs,

Sourece gnd Measurement Units:

gource/Menitor Units (SWUY: Four SMU chansels, Bach SMU can b2 programssd to function
a5 & variahle or comstent O voltege source/currest monitor or as & variable or
canstant OO currest source/valtage monitor,

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

Voltage Monitors (Vm): Two Vm channels. Each V¥m can messure DO
voltages up te 20V,

SOURCE/MONITOR FUKCTIONS

Messurement and output sccuracies 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 apd referenced to SMU commen. Specified accuracy doubles for
operation between 10" C and 40 * .,

Source/Monitor  Units  (8MU):  Four S8SMU channels. Each SMU measures
current when operating as a voltage source, or measures voltage when operating as
A current souree, Source and measurement ranges, resolution, and eccuracy
specifications are given in the tables below.

Accurgey specilications in the below tables are given as #n% of apecified output o
measured value, #n% of range value. lo is output current (I), Vo & output voltage

(vl
¥oltage Range Resalutlon Accuracy Max., Current
+ 20V lay 200, 1%+ 10mY =0, 40l= 1) 1Dy
+40V ZmV £(0. 1%+ 20mV+0, 40 10) S0mA
+100V SaV + (0. 1%+50mV+0, 41* 10) 20mA

I =5
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Table 1-1. Specifications (Sheet 2 of 8)

Model 41458

Compliance Range i

Current Range Resolution Accuriacy Max. Woltage
20V [(>50mA)
+100mA 100uA (0. 3%+ 100pA+2uAsVe) 40V (>20mA)
+ 10mA 10qed, (0. 3%+ 1 0pA+200nA Vo)
#1000uA LA £[0. 3% lpAs 20nAsVa)
£100uA 100nA £, 3%+ 1000MA 2nA*Ya)
£100A 10mA +(0. 3%+ 10nA+ 200pAsVo) 100V (530mA)
+ 1 000mA 1nd 20, 5%+ 1nA+20pA=Va)
£ 100nA 100pA 2(0.5%+100pA+2pAsVo)
+10RA 10pA [ 1%+ 15pA+ 200FA= Vo)
+1 000pA 1pA £ 15+6ph+20fa=Y0)
Setting Resslution : Voltage, 4:1/2 digits (ImV max.k
Current, 4 digits (1pA max.).
Measurement Resolution i Voltage, 4-1/2 digits (ImY max.k
Current, 4 digits (30fA max.).
Ranging : Automatie,
Current/Voltege Limiting (Compliance) : Current output from an  SMU

operating as a voltage source and

voltoge  output

from am

sSMU

aperaling as a current source can be

limited,

Current, 50pA to maximum ellowahle output current of

each voltage range; Voltage, 0V to maximum sllowable
culput voltage of esch current range,

Accuracy: Current eompliance, sccuracy of current source+l% of range +10pA;
Voltage complianee, accuracy of voltage source,

Residual Resistance (Voltage Source/Current Measurement Mode) @ 0,40,

Input Resistance (Current Source/Voltage Measurement Mode) : 2 10°TL

Capasitive Load : = 1000pF,

1=
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Table 1=1. Specifications (Sheet 3 of 8)

Voltage Sources (Vs) : Two Vs channels. Each ¥s can be programmed to function
85 a4 wariable or constant DO voltage source, Output ranges, resolution, and
accurney specifications are given in the table below,

Dutput Voltage Range | Resolution Accuracy Max. Output Currenmt

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

Output Impadenes @ Less than 0,20
Capacitive Load : = 1000pF

Voltage Monitors (Vm) ¢ Two Vm  channels,  Output ranges, resolution, and
accuraey specifiestions are given in the table balow,

Mepasurement Voltapge Hange Resolution Afcuracy
IV 100uy 0.5% of reading + 10mV
20V ImY 0.2% of reading + 10mV

Input Impedance @ | MOl %

Capacitance in Parallel with Output : 150pF£10%
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Table 1-1. Bpecifications (Bheet 4 of 8)

SPECIFICATIONS COMMON TO ALL CHANMNELS

Maximum Withstand Voltage : 100V (8MU, guard terminal, ¥s, and Ym)
Maximum Yoltage Belween Common and GND @ Less than £42V.

Source Modes (SMUs Only) : V (voltage source/current monitorl,
[ {current source/voltage monitor), and COM®*,

Source Functions (SMUs Only) VAR, staircase sweep;
VARL', synehronous (VARI) staircase sweep;
VARE, subordinate (VAR L) stairease sweeapg
COMST, constant source (voltage or current).

*: In COM mode, outputl voltage is 0V and compliance is 105m A.

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

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

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

Limear Sweep : Staircase sweep in accordance with the wser specified
START, éTDP, wnd STEF values,

Log Sweep : Staircase aweep in accordance with the user specified START
and STOP values and selected LOG step (10, 25, or 50 points per decade),

VARZ : Bubordinate linear stairease sweep In accordance with the user speeci-
fied START, STEP, an NO. OF STEPS values. VAR2 source channel output is
ireremeneted one STEP each time the VAR] source channel completes one sweep,

VARI" : Btaircase sweep synchronized with the VARL sweep. Sweep is made with
8 user specified, fixed ratio or offset value, VARL osutput is caleulated as :

VYARI"=a x VAR (fixed ratio)
VARI'=b + VARI {fixed of fset)

where "a" iz the user-specified ratio (from 20,00 to 210) and "™™" iz the
user-specified offset value., Hatlo and offset must be such that the VARI® source
channel does not exceed its maximum output limit,

HOLD TIME : 0 to 650 seconds, l0ms resolution (mex.). Aescuracy s 20,5%+9ms.

DELAY TIME : 0 te 6.5 seconds, Ims resclution. Accursey is +0.1%+5xM for
GRAPHICS and SCHMOO plots and 0.1 %+10xN for LIST and MATRIX displays.
Where N is the number of measurement channels used in the measureament.

Output Sequence : The order in which the souree channels begin output is fully
peogrammable,

Measurément Modes : SINGLE, REPEAT, APPEND

Integration Time (a1 each measurement point) @ SHORT, 3.6ms; MED, 20ms at 50H=
line frequency, 16.7ms at 60Hz line frequency; LONG, 16 times MED.

1-4



Model 41458

Table 1-1. Specifications (Sheet 5 of 8)

SECTION I

DISPLAY FUNCTIONS

Display : CRT. Electrostatic foeus and deflection, post asceelerated. Alu-
minized P-31 phosphor.

Sereen Size : 18em (8.25in) disgonal.
Sereen Resolution : 2048 x 2048 points.

Display Characters and Symbols :  Upper—case alphabetic characters, numeries,
L'l:l-l'l'lﬂ"lﬂ'{, :lngrnr # tdEEL H‘! iif! Qs k!&'l My e Ny P! *y '1 |'r!|"'_|h- All sre
entered from the front panel.

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

GRAPHICS Display : Two=-axes (X=Y) orF three-axes (Y-T, -Y;) plot of
measured parameters and USER FUNCTION ealeulations.

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

MATRIX Display : Used in eonjunction with VAR] and VAR? sweeps. Up to
gix columns of sweep~dependent measurement resilts or USER FUMCTION
resilts can be displayed.

BCHMOOD Display : Used in econjunction with VARI and VAR2 sweeps.
Sweep-dependent measurement results or caleulstion results are displayed on
an X-Y-Z graph.

TIME DOMAIN Display : Measurement and ealculation results are displayed
on & two-axes (X-Y) or three-axes (X-Y, =¥Y;) graph as & fumction of time.
VAR sweep is replaced by time,

Parameters : Initial  Weit Time, 0 to 100  seconds  (I0ms
resolution); Measurement Interval, 10ms to 10 seconds (10ms resolution);
Number of Readings, 1024.

1-8
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Table 1-1. Specifieations (Sheet & of &)
ARITHMETIC AND AMNALYSIS PI.TH_E:TIDHE
Arithmatie Functions @ Arithmetie expressions ecan  be  entered and executed

direetly feom the front panel. Results are displayed on the CRT.

Arithmetie Operators ¢ +, =, * /v , EXP (Napierian constant), LOG
icommon log), LN (natural log), ** (exponentiation), ABS (absolute), EEX
faajentific notation), and A (differentiol caleulation).

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

USER FUNCTION : Up to two USER FUNCTION ean be defined as arith-
metle expressions. USER FUNCTIONS are exccuted during measurement and
the results are displayed with measurement results.

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

qt Electron Charge, 1.602188x107*% C
k: Boltzmann's Constant, 1.380662x10 "%/ ° K
e: Dielectrie Constant of vacuum, 8.854185x10 " *2F/m.

Engineering Units: m (10°%), {1078 ), n (107% ), p (10722}
Analysis Funetions

Owerlay Graph Compsarison : A GRAPHIC plot can be stored and later
recellad to obtain an overlay comparison of two measurements. A SCHMOO
plot can also be stored, but when the RECALL key is pressed, only the stored
plot is displayed. Pressing RECALL & second time redisplays the previous
plot. Only one set of date can be stored and sealing information is not
included.

Auto Retrieve Function : Measurement data obtained in any display mode
is automatically redisplayed whenever the display mode is changed. However,
when the walue of # messurement setup perameter 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, ¥;, and Yz coordinates at the MARKER logation are
digitelly displayed on the CRT.

INTERPOLATE : Allows positioning of the MARHER between two messurement
points. The X, ¥y, and Yz coordinates at the MARKER location are
estimated and digitally displayed on the CRT,

CURSDOR : On a GREAPHICS plot, the CURSBOHR is two intersecting and
perpendicular lines which can be positioned at any point on the graph. There
are two GRAPHICS cursors @0 LONG and SHORT. The X, Yy, amnd Tj
coordinates at the CURSOR loeation are digitally displaved on the CHT.

=,

On a SCHMOO plot the CURSOR highlights the symbal at a measurement
point and only the Z-axis value is digitally displayed on the CHRT.

On LIST and MATRIX displays the CURSOR is a moveable pointer (&= ).

1-10
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Table 1-1. Specifications (Sheet T of &)

SECTION 1

AUTO SBCALE: GHRAPHIC plots can be automatically rescaled after mess-
surement, providing optimum display of measurement results,

ZOOM  Funetion («», =+ . 1 . 11 : VUsed in econjunction , with
the CURSOR on GRAPHIC plots. E;n:p[:nds I:i--l.l I]- ar contracts I:-..--.-, + ¥ the
graph in the indicated direction and in reflerence to the CURSOR location.

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 & straight line between two movesble oursors. X oand ¥

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

MASUREMENT/DISPLAY SETUP AND STORAGE FUNCTIONS

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

Messurement Setup Storage: The exiting measurement setup can be stored in
the user-areéa on the miero flexible dise and recalled later by using the SAVE,
RE-SAVE and GET keys,

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

Auto-Bequence Program: A series of different measurements can be programmed
for automatic execution. The meximum number of program steps is 50, and
useable commands are GET P, SINGLE, SAVE D, RSAVED, PLOT, CPLOT, PRINT,
PAUSE, WAIT, and PAGE.

Storage Medium: 3.5 in. double-sided, double—density, micro flexble dise.

User area: G622k bytes

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

Reeord Allocation : Measurement setup (file type P), 5 records ;
Measurement data ({ile type D), 23 records ;
Auto-sequence program (file type 5), 4 records;
Operating System, 254 records,
Initinlization function for the storage medium :
Initialization : Used to generate the directory.
Formal type: LIF {Logieal Interface Format)

Uperating System Copy: Used to copy the operating system onto the initialized disc.
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Table 1-1. Specifications (Sheet B of &)

GENERAL SPECIFICATIONS

Data Input /Output @

External CRT Analog Output : From 0 te #1 Vde, X and Y outputs lin
gseries with approx. 33000 £ output (in series with spprox. 24040, via rear panel
BMNC connectors, Frequency Bandwidth, DC = 2MHz,

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
im the LISTEN ONLY Mode, Output {2 initiated using the PLOT or PRINT key.

HP-GL Control @ The CRT of the 41458 may be program conirolled in the
Graphies Display Mode via an HP-1B compatible Controller.

HP=IE and Remote-Control Funetions : The 41458 may be interfaced to any HP
contreller or other instrument having HP-IB interface capability. (HP=IB is
Hewleti-Packard's implementation of IEEE-488 and ANSI-MC.1.1 standards.)

Balf-Test Funetion : At power ON, the 41458 asutomaticelly wverifies iis 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;5T0% RH (40 ° C)
Permissible Temperature Change:sl ® C/5% ming
Maximum Wet=bulb temperature : 29°C

Power Requirements i 100120/ 220W+10% = 240V -10% + 5%;
48 - BEHz: Max. 2T0OVA

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

Weight 1 Approx. 2Tkg
Approx. 33kg (incwding accessories)




REFERENCE DATA

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

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

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

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

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

Measurement Time: (Ranging time must be added.)

Settling and Delay SMU Ranging Integration
Set-Up Time Time Wait Time Time Time
. 0.2ms 4ms 3.6ms
Setting
2,7MS ———fee— Value —le——— or — et ? —— ? —
alu 47.5ms 74ms 320ms

Example: Minimum measurement time = 2.7ms + 0.2ms + 3.6ms = 6.5ms. In the
Graphices 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 + 0.49 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 capacitance 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 Source Overshoot : 1% or less

‘Current Range Switching Transient Noise : (All values typical)

Range Increment : 0.01% of voltage range +10mV

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

‘Guard Capacitance : < 700pF

‘Guard Potential Offset : 1mV (typical)

‘Guard Current Induced Potential Error : 1009QxIg (Ig = guard current)

Voltage Sources (Vs)

Output Noise : 6 mVrms (typical)

‘Voltage Monitors (Vm)

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

REFERENCE DATA COMMON TO ALL UNITS

‘Noise Rejection : (Integration time set to MED or LONG.)

‘Normal Mode Rejection : 2 60dB (typical)

‘Common Mode Rejection : (all values typical)
Current Source/Measurement : < 1pA/1V
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‘Table 1-2. Reference Data (Sheet 3 of 3)

16058-60003
16058-60004
16058-60005
16147-60002
16058-60007
16058-60008
16058-60009
16058-60010
16058-60011
16058-61600
16058-61601
16058-61602
16058-61603
16058-61604

'ACCESSORIES FURNISHED WITH 4145B

16058A Test Fixture (includes the following subcomponents)

‘Personality Board

Teflon Blank Board

Socket Board (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 (12-pin package)

Connection Cable (large-to-small), (Twelve 16058-61600s are furnished, )
Connection Cable (small-to-small), (Eight 16058-61601s are furnished,)
Miniature Clip Lead, (Eight 16058-61602s are furnished,)

1. 5m Triaxial Cable, (Four 16058-61603s are furnished,)

Fixture System Cable

16058-60100 Accessory Case -

‘Connector Plate
dm Triaxial Cable, (Four 04145-61622s are furnished,)

3m BNC Cable, (Four 04145-61630s are furnished,)
Shorting Connector

System Disc

04145-60001
04145-61622
04145-61630
04145-61623
04145-61501

=
OPTIONS

Option 050:
Option 060:
Option 907
Option 908:
Option 909:
Option 910:

For 50Hz Line Frequency

For 60Hz Line Frequency

Front Handle Kit

Rack Flange Kit

Rack and Handle Kit

Extra Operation and Service Manual
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Table 1-3. Accessories Supplied (Bheet | of 5)

I Configuration Desoription

16058 A Test Fixturs

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

Fallowing subsomponents are furpished
with the |GD5BA.

Personality Board (1R0SA-GO00T)
Triaxial Cable (1G053-G1607), dea
g System Cable (16058-61604)

; i » Socket Hoard/Connection Cable Sat®
=l (Contents are shown below,)

* Socket Board/Connection Cable Set (included in the 16058A)

P op il iflg Fi gladd £q4

caesbagpterV 270 wisy \5-"'-‘-“\‘\-

L (] i ] L i

@ ® @ |
Mo, Dimension of Socket (Unit in mm) HP P/N and Description
160558-60004 =
G} Blank teflon bBoard for messurement of

high resistence devices.

o trensistors.

20

| 5
L [ 16058-60005 :
-@ @ @ Zockel  Board with two sockets.  For
measurement of four-pin devieces, such As
|
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“Table 1-3. Accessories Supplied (Sheet 2 of 5)

‘No.

‘Dimension of Socket (Unit in mm)

'HP P/N and Deseription

'16147-60002:

Socket Board for 28 pin DIP ICs.

| il
® i------ B
16.54
010------1F
2.54 '16058-60007 :
1 Socket Board for 18 pin DIP ICs.
- L
® i------- It
9
N
]

'16058-60008 :
Socket Board with two pairs of sockets

for measurement of axial lead devices
such as diodes.

'16058-60009 :
Socket Board with an 8-pin socket.

3.84 ¢

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

16058-60011 :
Socket Board with a 12-pin socket.




'SECTION 1 ‘Model 4145B

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

No. ‘Dimension of Socket (Unit in mm) 'HP P/N and Description
‘Cable length : Approx. 115 '16058-61600:
Connection Cable (large-to-Small) used for
@ interconnecting the Personality Board to the
Socket Board, Twelve 16058-61600s are furni-
shed, .
‘Cable length : Approx. 115 16058-61601:
) Connection Cable (small-to-small) used for
interconnecting the Connection Switch to the
Socket Board, Eight 16058-61601s are fur-
nished,
‘Cable length : Approx. 115 116058-61602:
) Miniature Clip Lead used for direct con-
@ nection to DUT, Eight 16058-61602s are
furnished,
'16058-60100 :
) Carrying-case for all 16058A accessories.

‘Configuration ‘Description

‘Connector Plate (04145-60001) :

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

o ol

O O O

70

1o
3
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Table 1=3. Accessories Supplied (Sheet 4 of 5)

Conf igurat bon Dieseription

Ja Triaxial Cable {D4145-616%2) -

Triaxial {m} cable Tor conneciion betswesn
the 41458 s SMU terminal and the Comnector
Plate, Cable length is da, Four (414561620
are furmished, Refer to Figure 3-37 for the
USAEE,

Im BMC Cable {04145-616300:

BEC (m} cable for conmection between the
41458 5 ¥z or ¥m terminal and the Connector
Flate, Cable leagth is Jm, Four 04145-61630s
are furnisihed,

Shorting Connector (04145-61623):

When messurement & made without the
16058A, this Coanector should  be
connected to the terminal on the rear

panel.
WARNING

A& POTEMTIAL SHOCHK HAZARD
EXISTE WHEN THE SHORTING
CONNECTOR IS CONNECTED
TO THE 41458. DO MNOT TOUCH
THE OUTPUT TERMINAL OR
INKER ©COKDUCTOR OF SMU
DURING MEASUREMEMNT.
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Table 1-3. Arccessories Supplied [Sheet 5 of 5)

Model 41458

Configuration

Description

Gystem Disc Set (04145-61501):

=20




Model 41458

SECTION I

SECTION NIl
INSTALLATION

2=-1. INTRODUCTIOMN

2-%. This section provides installation instrue-
tions for the Model 41458 Semiconductor
Parameter Analyzer. This section also ineludes
information on initial nspection and damage
claims, preparation for using the 41458, and
packaging, storage, and shipment.

2-3. INITIAL INSPECTION

2=4. The 41458 Semiconductor Parameter
Analyzer, as shipped from the fsctory, meets all
the specifieations leted in Table 1-. Upon
receipt; inspect  the shipping container for
damage. If the shipping container or cushioning
meterial s damaged, it should be kept until the
contents of the shipment have been checked for
completeness and the instrument hes been
checked mechanically and electrically. The
contents of the shipment should be as shown in
Figure 1-=1. The procedures for oheeking the
general electrical operation are given in Section
I (Peragraph 3-% BELF TEST) and the
procedures for checking the 41458 Semicon-
ductor Parameter Analyzer against its
specilications are given m Section IV. First, do
the self test, If the 41458 is electrically
questionable, then do the Performance Tests to
determine whether the 41450 hes falled or not.

If the contents ere incomplete, if there is
mechanical damage or defects (scratches, dents,
broken switehes, ete.), or il the performance
does not meet the sell test or performance tests,
notify the nearest Hewlett-Packard office (see
list at beck of this manual). The HP office will
arrange  for repair or replecement without
waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS

2-T. The 4145B requires a power source of 100,
120, 220 Volts as $10%, or 240 Volts ac +53%-10%,
48 to BEHz single phase; power consumplion 15
2TOVA maximum.

WARMNING

[F THE INSTRUMENT IS TO BE
EKERGIZED V¥IA AN EXTERKHAL
AUTOTRANSFORMER UNIT FOR
YOLTAGE REDUCTION, BE SURE
THAT THE COMMON TERMINAL IS
CONMECTED TO THE MHEUTRAL
POLE OF THE POWER 5UPPLY.

Line Voltege and Fuse Selection
CAUTION

BEFORE TURNING THE 4145E LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT 15 SET TO THE
YOLTAGE OF THE POWER TO BHE
SUPPLIED.

2-9, Figure ?-1 provides imstructions for line
voltage and fuse selection, The 4145F is ship-
ped Trom  the factory with the fuse and lime woltage
selection switch setting appropriate for the geo-
graphic area in which the instrument will be used,

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED.

CAUTION

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

2-10. LINE FREQUEKNCY FILTER
2-11. To reject the effects of line-frequency

nolse, set the FILTER switeh on the rear panel
to the frequency of the e power SouUFce,

=1



SECTION 1I

2-12. POWER CABLE

2-13. To protect operating personnel, the
National Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4145B is
equipped with a three-conductor power cable
which, when plugged into an appropriate
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.

2-14. 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 No,5080-3149, for other countries: Part No,
1251-8196) and connect the grounding 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 available 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 characteristiecs and countries using
each power cord are listed in the figure. If

‘Model 4145B

‘assistance is needed for selecting the correct

power cable, contact the nearest Hewlett-
Packard office.

2-16. OPERATING ENVIRONMENT

2-17. Temperature. The instrument including

the mass storage medium may be operated in
temperatures from +10 C to +40 C.

'2-18. Humidity. The instrument including the

mass storage medium may be operated in
environments with relative humidities from 8%
to 70% and maximum Wet-bulb temperature
29°C. However, the instrument should be
protected from temperature extremes which
cause condensation within the instrument.

2-19. INSTALLATION INSTRUCTIONS

'2-20. The HP Model 4145B can be operated on

the bench or in a rack mount. The 4145B is
ready for bench operation as shipped from the
factory. For bench operation a two-leg
instrument stand is used. For use, the instrument
stands are designed to be pulled towards the
front of instrument.

2-21. Installation of Options 907, 908 and 909.

'2-22. The 4145B can be installed in a rack and

be operated as a component of a measurement
system. Rack mounting information for the
4145B is presented in Figure 2-3.

100V OPERATION 120V OPERATION

220V~ 120V~ 220V~ 120V~
240v~—T| Fl—loovaa 24ov~—‘]‘ |FIOOV~

-
-

>
X

.
B

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

240V OPERATION

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

220V OPERATION

m
B

C
¢

-
N

‘Fuse: 1.25A 250V v
(HP P/N: 2110-0305)

‘Figure 2-1. Voltage and Fuse Selection
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Model 41458
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SECTION II

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

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

‘Storage :

‘Not including the mass storage medium

Temperature -22°Cto+55°C
Humidity 8% to 80% (RH)
‘Including the mass strorage medium
Temperature 4°Cto53°C
Humidity 8% to 80% (RH)

‘Shipment :

‘Not including the mass storage medium
Temperature -40°C to +62°C
Humidity 8% to 80% (RH)

‘Including the mass storage medium
Temperature -40°C to +60°C
Humidity 8% to 80% (RH)

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

2-26. PACKAGING

2-27. Original 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.
Also mark the container FRAGILE to assure
careful handling. In any correspondence, refer
to the instrument by model number and full
serial number.

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

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

b.

‘Use strong

In any

‘Model 4145B

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

‘Use enough shock absorbing material (3 to

4 inch layer) around 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 careful handling.

correspondence, refer to
instrument by model number and full
serial number.



Model 4145E

SECTION 1I

kit

Option Part Musbar Parts Included Qley
207 Handle Kit Front Handle 2
S0E2-3991 Trim Strip F)
Serew fi
S0e Rack Flange Kit Rack Mount Flange 2
H062-3979 Screw i
0D Rack Flange § Front handle 2
Handle Kit Hack Mount Flange 2
AD6Z-1985 Screw &

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

HANDLE [INSTALLATION : Attach (ront
handle (1) to sides at right and left front of
instrument  with screws provided and
attach trim (i) to handle,

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

HANDLE AND RACK MOUNTING
Attach_front handle () and rack mount
flange (8) together to sides at right and left
front of instrument with serews provided.

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

Figure 2-3. Reck Mount Kit.

-5



Model 21458

SECTION 1N
OPERATION

¥=1. INTRODUCTION

3-2, This section provides all the information
necessary  to operate the Model 4145B
Semiconductor Parameter Analyzer. Included
are descriptions of the front and rear panels,
graphizs  digplay, lamps, and connectors;
discussions  on  operating  procedures and
measuring technigues for typical applications
and imstructions on the instruments self-test
function and HP-IB eapabilities. A breakdown of
the contents of this seetion & given in Figure
3-1. Wernings snd cautions are given throughout;
they must be chserved to insure operator safety
and continued instrument serviceability.

WARMNING

BEFORE THE [INSTRUMENT 18
TURNED ©ON, ALL PROTECTIVE
EARTH TERMINALS, EXTENSION
CORDS, AUTO-TRANSFORMERS AND
DEVICEE CONNECTED TO THE
INSTRUMENT MUST BE CONNECTED

SECTION

TO A PROTECTIVE EARTH-
GROUNDED SOCKET. ANY INTER-
RUPTION ©OF THE PROTECTIVE
EARTH GROUNDING WILL CAUSE A
POTENTIAL SHOCK HAZARD THAT
COULD RESULT M SERIOUS
PERSONAL INJURY.

ONLY FUSES OF THE REQUIRED
RATED CURRENT AND OF THE
SPECIFIED TYPE SHOULD BE USED.
DO NOT USE REPAIRED FUSES OR
SHORTED FUSEHOLDERS. TO DO S0
CAN CAUSE A BHOCH 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.

I

Basie Cperation
(paragraphs 3-3 through 3-44)

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

!

Measurement Basies
(paragraphs 3-82 through 3-9%)

l

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

l

Extended Capabil it jes
iparagraphs 3-110 through 3=164)

* PLOT Funetion

* PRINT Function

* HP-IB Capabilities

* External Display

* Diso Initializing

* Operation System Copy
* Dise Copy

* File Transfer

¥ lise Date Formet

Figure 3-1. Contents ol Section III
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SECTION [

PANEL FEATURES

3-4. The front and
are briefly deseribed

rear panels of the 41458
in Figures 3-2 and 3-3,

respectively, Detailed mformation B given
starting in paragraph 3-5.

Model 41458

=]
B: Ak
(B

i

[@

1]

(1) LINE ON/OFF;

Applies sc line power to the instrument
when set to the ON (=) position.
Removes ae 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 messurement setups, measure=-
ment results, softkey labels, special user
functions, operator messages, error codes
and messages, and warnings. All displays
can be dumped directly onto an HP-IB
plotter, withgut a controller, by pressing the
PLOT key If an HP-IB controller,
fluent in HP-GL (Hewlett-Packard Graphics
Language), & connected, the CHT can be
used &8s an independent graphies display.
Refer to paragraph 3-126 and 3-128 for
details,

(3) SOFTKEYS:

These eight keys are used for measurement
setup, parameter selection, and function
selection. The funetion of each softkey s
defined by the operating system software
and changes depending on the page

displayed. ftkeys lebels ere displayed on
the CRT in the form of a "softkey
prompt" (SKP). Each time the SKP changes,

the [unctions of the corresponding softkey
ehanges. Pressing the EXTN (extended)|
displays additional softkey functions. A
deseription for each softkey funetbon is
provided im the deseription of the page on
which it appears.

FPAGE CONTROL Keys:

T three keys control paging on the CRT
- Refer to paragraph 3-45 for &
deseription of the PAGE concept.

MENU: When pressed, returns the display
te the start-up menu. Can be used
enytime exeept during messure-
ment or auto-calibration or other
functioning.

Figure 3-2. Front Penel Features (Sheets | of 6)
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SECTION I

NEXT: Advances the diplay to the next
page. Esch time this key is
pressad, the instrument checks the
presently displayed page for any
illegal settings, and if it detects
any erpors, it displays  the
correspending errof oode or error
message and does not advanee 1o
the next page, or automatically
changes the settings.

PREY: HReturns the display to the previous

pege. FEach time thie key =

pressed, the instrument ehecks the
presently displayed page for any
illegal settings.

MEASUREMENT Keys:

These keys start and stop the messurement.
After all measurement conditions have been
set and the GRAPHICS PLOT page, LIST
DMEPLAY page, MATRIX DISPLAY page, or
SCHMOO PLOT page & displayed,
measurement B started by pressing SINGLE,
REFPEAT, or APFEND. Measuremeni can be
stopped by pressing STOP. Measurement B
o sequential operation consieting of voltage
oF current sweep, messurement, and storage
of the measurement result.

SINGLE: When this key s pressed, resulls
of the previous messurement are
erased from memory, the new
measurement 8 made, and the
results are stored in memaory.

REPEAT: When thes kKey B presssd,
measurément s repeatedly made
until STOP is pressed. Hesults
of the previous measurement are
updated during each new mea-

surement.

APPEND: Fumctions similarly to  the
SINGLE key except that results
of the previous measurgment are
not erased from memory of the
CRT. Results of a measurement
made using this key are stored in
the remaining unused portion of
memary and are displayed owver
(overlay plot) the previous plot.
Mensurement can be made using
this key until "Buffer full" i
displayed.

ETOP: Immediately stops the measure-

ments.
AUTO SEQ Key:

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

START/STOP: Starts the ASP from line 1.
Il pressed during the ASBP,;
the ASP stops immediately.
Omece  stopped, the ASP
cannot be continued from
the stop point.

CONT: If the ASP contains &
PAUSE statement, this Key
continues the program from
the line immediately follow-
ing the PAUSE statement.

INTEG TIME Keys:

These keys are used to select the digitel
integration time. When MED or LONG
integration & selected, the ntegration time
i an integral number of the line frequency
perked, eliminating line frequency noise.
SHORT is the imitiel control setting. The
integration time cen be changed st any
time, even during measuremantl.

SHORT: Measurement data 5 stored
directly into memory without
integration.

MED: Integration time is set 1o one line
frequency period, Sixtesn
samples are taken at each
measure ment point.

LOMNG: Integration time B set to sixteen

line frequency periods. A totel of
256 samples are taken A&l esch
measurement point.

Figure 3-2. Front Panel Features (Sheets 2 of 6)
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HP-IE Status Indicators and LOCAL Key:

{9) PLOT and PRINT Keys

PRINT function.

(10) BLUE Key and GREEN Key:

These four LED lamps—SHEG, LISTEN,
TALE, and REMOTE—=indicate the status of
the 41458 when interfaced with a controller
via the HP-IB, or connected directly to a
printer/plotter. The LOCAL key, when
pressed, releases the 4145E from remote
{(HP-18) control and enebles eontrol from the
front panel. The LOCAL key does pot
funetion when the instrument is set to loeal
lockout by the controller or in the GL mode,

The PLOT key is used to dump whatever s
displayed on the CRT directly onto an HP-IB
graphies plotter (e.g., HPT440A), without a
controller. A measurement curve can be
plotted from the GRAPHIC PLOT page by
pressing the green key before pressing the
PLOT key. Plot area can be set from the
4145B's front panel. Plotting starts when
EXECUTE i pressed. FPressing PLOT a
second time stops the plot  immedistely.
Refer to paragraph  3-94  for  more
information on the PLOT funetion. The
FRINT key functions similarly to the PLOT
key except that a printer s used instesd of
i plotter and only alphanumeric data &
output. If the PRINT key s used to output
the results of a graphic plot, for example,
anly  the numeric  value  of areh
measurement point B printed. Refer to
peragraph 3-96 for more information on the

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

BLUE Key: This key & used when
entering  comments, wvaria-
bles, and program names,
Onee  this key B pressed
{key indicator lamp omnd, It
remaing on  untidl pressed
again. When the CHANMNEL
DEFINITION page is dis-
played or when a SAVE/GET

operation, COMMENT
operation or PURGE
operation is being

performed; the BLUE key &
automeatiz=ally set to ON
(key mdicator lamp on).

GREEN Key: This key is used when
entering physical constants,
certain special symbols and
when two special funetions,
CURVE FLOT and
RE-SAVEare executed. It
must be pressed cach time a
function  which  requires
pressing the green key s
execuled.

Figure 3-2. Front Panel Features (Sheets 3 of 6)
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SECTION I
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ENTER Key:

This key & used to enter parameter wvalues,
alphanumeric characters, special charas-
ters, wnd unit indicators displayed on the
Kevboard Input Line (see Figure 3-5) into
the internal display buffer. When this key is
pressed, dats displayed on the Keyboard
Input Line & moved to the display [ield
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
ta G0 charecters cen be entered mto the
buffer, but only 27 cheracters can be
displayed at one time, To display the rest
af 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 Lime.
Hote: The PURGE eommand B availlable
anly when the USER FILE
CATALOG is displayed.

CURSOR Control Keys:

These keys control the positioning of the
field pointer () end the long and short
cursors. (They do not control the cursor on
the Keyvboard Input Line.)

Field Pointer Control :
Pressing the {3 , ©F , €3, or G key
moves the field pointer (W) in the
indicated direction. The FAST key
cannot be used for field pointer control.

Long/Shart Cursor Control @

Pressing the {3 , 4% , €3 ., or [ key
moves  the cursor in the indicated
direction. Movement continues until the
key is relessed. Twoe direction-keys can
ke pressed simultanecusly to move the
cursor diagonally. Pressing the FAST
key in conjunction with one or two of the
direction keys, causes the ouwrsor to
meove more rapidly.

@

MARKER Contraol Dials

This dial controls the marker {E or =) on
the GRAPHICE PLOT page. Rotating the
dial elookwize moves the marker from the
sweep start point to the sweep stop point.
AUTO CAL KEY:

Thiz key enables continuous auto-calibration
of the 4145B. The AUTO CAL function is
get to ON (key indicator lamp on) when the
instrument is turned on. Refer to paragraph
342 for details,

({8), (i7), ({8 DATA ENTRY Keys:

These keys ere used fo enter numeric
values, arithmetic operalors, fnd
engineering units. Data entered with these
keys is displayed on the CRTS Keyboard
Input Line and entered inte the display
buffer by pressing the ENTER key « ARn
grithmetic expression entered with these
keys is executed by pressing the EXECUTE
key.

Engineering Unit Heys:

Four engineering wnits are available—m
{milli, 107 ), u (miero, 107% ), n (nano, 10-%),
and p iplee, 1012 }—for use with the
numerie keys .

Arithmetic Operator and Funetion Keys:

Mine srithmetic operators and functions are
availlable—+, -, », [.7", A, EEX (scientific
netation)—for use in arithmet e
caloulptions. Five additional operator and
functions are available with the alphabetic
(blue) keys : == (exponentiation), LOG,
LM {naturel log), EXP (naturel base), and
ABS (sbsolute). The SPACE key is also
included in this key group,

Humeric Keys:
These keys—0 throwgh 9 and decimal
paint—are used for entering measurement

parameter values and for making quick
arithmetic ealoulations.

Figure 3-2. Front Panel Features (Sheets 4 of 8)
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‘Model 4145B

)

EDIT Keys:

e

0 O

O

‘These keys are used to edit data displayed

on the Keyboard Input Line.

'BACK :

"FORWARD:

'DELETE:

‘Moves the Keyboard

‘Moves the Keyboard Input

Line cursor (—) left one
position. If this key is
pressed while the cursor is at
the left-most position, the
displayed text will move to
the right.

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

Causes the character at the

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

INSERT :

'RECALL:

'CLEAR:

7 Clears all

Causes the character at the

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

Causes previous entries or

executions to be re-displayed
on the Keyboard Input Line.

text from the
Keyboard Input Line and
returns the cursor to the
home (left-most) position.

'Figure 3-2. Front Panel Features (Sheet 5 of 6).
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USER FILE Keys:

These kewvs are used Lo store program o
data files onto the dise or to recall them,

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

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

RE-BAVE: Used to store, by the [ile
names Lhat have been used
elready on the miero flexible
dise, the existing
MmeEsure ment setup
FINEES LTS M en results, ar
Buio-Sequence program onto
the dise. Fress the GHREEM
key, them press the SAVE
key, enter the file name, and
comment (i necessary} then
press EXECUTE .

GET: Used to recall a measure-
ment setup, measurement
result, or Auto-sequence
progrem from the flexible
dise. Press GET, enter the
file type (P for a mea-
surement setup, D for a
measurement result, 3 for an
Aulo—sequance programj, and
file name, _and then press
EXECUTE (Q2).

1) MEASURING Lamp:

This lemp eomes on when the 41458 is
measuring, When messurement B eom-
pleted or when the STOP key is pressed, this
lamp goes off immediately.

CHRT Adjust ment :

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

MICRO FLEXIBLE DISC DRIVE:

Accommedates a 630K byte, double-sided,
double-density, 3.5 inch micro flexible dise,

end functions as the 4145B's mass storage
unit (MSU) The yellow lamp, located on the
left side of the flexible dise eject button,
comes on when the 41458 is storing data on

the dige or retrieving data from the dise,
Refer to paregraph 3-5 for information on

progper 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. Maximum output
voltage is +20V de.

SMU Output Connectors:

Four triaxial connectors for SMU1 through

4. Can 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 (&) for floating
and grounded measurements. The common
terminal is tied directly to the
outer-conductor of the Vm () , Vs (3) , and
SMU @) 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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'SECTION III

@ FILTER Switch:

This switeh determines the measurement
integration time, to reduce the effects of
line-frequency noise. Set this switch 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
16058A is not used, this connector should be
terminated with the furnished
shorting-termination if voltages exceeding
+42V are to be output.

WARNING

WHEN THE SHORTING-
TERMINATION IS CONNECTED
TO THE SYSTEM CABLE
CONNECTOR, THE  4145B'S
PROTECTIVE CIRCUIT IS
DISABLED. VOLTAGES AT THE
SMU AND Vs OUTPUTS CAN
REACH £100V AND  $20V,
RESPECTIVELY. DO NOT
TOUCH THE POINT OR POINTS
AT WHICH THE SMU'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: 2110-0015)

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

LINE VOLTAGE SELECTOR Switches

These switches select the appropriate sae
operating voltage. Selectable voltages are
100V/120V£10% and 220V+10% / 240V+5%
-10% (48 ~ 66Hz). Refer to paragraph 2-5.

LINE Input Receptacle:

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

HP-IB Control Switch:

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

HP-IB Connector:
Twenty-four pin connector; connects the

4145B to the HP-IB for remote operations.
Also used to connect a printer/plotter.

External CRT Output Connectors:
Three BNC (f) connectors for connection

to an external X-Y-Z display. Refer to
paragraph 3-142,

7Figure 3-3. Rear Panel Features (Sheet 2 of 2)
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3-5. MICRD FLEXIBLE DISC HANDLING

3-6. One system dise is furnished with the

41458, The system dise contains the 41458, and

573k bytes of user ares. Precautions on handling

gnd storing the Micro Flexible Dises are given

below,

. Make sure the shutter is closed when ihe
dise & not in use.

2. Store dises in a eclean, dry, [ireproof
cabmet. Do not expose (o direst sunlight,
extremes of temperature or humidity, or
magnetic Field.

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

4. Use a soft felt tip pen to lebel your dise,
agnd be eareful to write oaly in the label
Area.

5 Do not try to clean the dise.

Hote

There i always & chance of losing dise
data, The best proatection against date loss
of system data loss s freguent back up of
your files. Hefer to paragraph 3-144
Initializing Disc, 3-144 Operating System
Copy

Maodel 41458

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

f. 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 eontact the rear of
the drive. Continue pressing the dise until
it & pulled down into the drive.

T. Remove the dise by depressing the dise
eject button that & located at under right of
the dise drive and pulling the dise straight
out. Make sure the shutter s elosed before
storing the dise.

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

3-7.

CRT DISPLAY

3-8,

The 41458 i equipped with the HP Model 13454
Digital Display. Useable display area on the
CRT @& shown in  Figure 3-5. Operator
adjustments are given in Figure 3-8,

information on the dise.

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

# Write-protect discs that contain valuable progranms and data,

(L0

SiEER

Figure 3-4. Write Protecting

3=10
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SBECTION I

The CRT is sectioned into five sress, as shown in
the figure. Description for each area is as follows

®

@

®|®

Page Display Area:

The instrument's various pages are displayed in
this ares. When the PLOT key is pressed, only
this area is cutput to the plotter.

Command Display Area:
The SAVE, RSAVE, GET, PLOT, CPLOT,

PRINT and PURGE commands are displayed in
this area,

Keyboard Input Line:

All keyboard (front panel) entries are displayed
in this aree. Up to &0 charecters cen be
entered bul only 27 can be displayed. To edit
the displayed characters, use the BACK,
FORWARD, DELETE and INSERT keys. When
the RECALL key B pressed, the previous entry

is re-displayed.

System Message Lime:

Displays instructions, error messages, and error
codes, When the instrument 8 turned on,
instrument status & displayed.

Softkey Prompt Display Area:
Displays Softkey Prompts (SKF)L

HNote

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

Figure 3-5. Useable Display Area

CHRT intensity end focus adjustment.

_-:- S L e—
! = (1)
——= 3B
el | o (5 @
G ieipe =3 20
= (3)
F -3 )
=] 19
= o—1—(3) 5)
m

(Requires a

small flat-tip serewdriver.)

Turn on the 41458.
displayed on the CHT.

The MENU page will be

Press the EXTN softkey and the DIAG softkey.

Priess the GDU TEST softkey.
as shown In the [gure.

Displey will be

Adjust INTENSITY until all three lines

E h line hes & 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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SELF TEST

3=10. The 41458 & equipped with an automatic
self-diagnostic function thet i initiated each
time the insteument i turned on to eonfiem
normal operation of the instrument's basic
functions, The SELF TEST ean also be initiated
from the DIAGHNOSTICS page or via the HP-IB.
When SELF TEST i performed at instrument
turn-on, the [ive tests listed in Table 3-1 are
automatically performed. If the instrument is
operating normally, the MENU page will be
displaved when the SELF TEST ks eomplated. If
an erfrer 5 detected, an error ecode will be
displayed on the CRT. When SELF TEST i
initisted from the DIAGNOSTICS page or via the
HP-IB, only two tests are performed (MPU test
and SMU testh, If the instrument (eils the SELF
TEST, econtact the nearest Hewlett-Peckard
Sepyice Office (see list at beaek of this manual).

Model 41458

3-11. ERROR MESSAGES/ERROR CODES

3-1%2. Error messages and error coodes are
displayed on the System Messege Line of the
CRT whenever an illegal operation of
oul-of-range measurement is made, or whenever
an internal circuit feils.  Error messages and
error codes related to operator errors  (not
instrument failure) are listed in Teble 3-2 and
3-1, respectively. Error eodes related o
instrument failure are listed in Table 3-4. If the
instrument displays one of the error codes listed
in Table 3-4, contect the nesrest Hewlett-
Packard Sales/Service Of(ioe,

Hote

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

Table 3=1. 41458 SELF TEST

r
1
Test Name Deseription
MPU test Checks the basic functions of the MPU (Microprocessor Unit) by checking
four ROMs ([Read-Only Memory) and sixteen RAMs [Randam-Acoess
Memory).
GDU test Checks the functions of the GDU (Graphics Displey Unith
MSU test Checks the MSU (Mass Storage Unit: Miero Flexible Dise Drive and Dise).
HP-IB test Cheeks all HP-IB interface capabilities.
SEMU test Checks the basie functions of the four SMUs,
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SECTION III

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

Error Message Meaning Corrective Action
Mo source An BMU thet hes been assigned If the source mode B COM or ¥, enter &
name a source mode (COM, ¥V, or 1} source name in the ¥V column; if the
has not been assigned o source mode B 1, enter & source name
corresponding V or [ source in the I ealumn.
MET &,
Duplicate Twa or more channels have the Re-essign the channel nemes,
name EAME name.
Megal VARI, VARL', or YARI is speci- Specily VARL, VARL', and YARZ only
fuimet jon fied more than omee. aneE.
VARL and VARL" are not in the Set VAHR] and YARIL" to the same source
SRMe Soures mode, g,
Overflow Kumber of steps for VAR Change the value of START/STOP or STEP.
exceads | 024,
An attempt was made to input Enter a value that B within specif jed
a value that i outside limits,
specified limits,
Ho name Ho name i entered in the Select a name from those displayed in

NAME field on the MEAS/DISP
MODE SETUP page.

the softkey prompt ares.

Mo monitor

Mo monitor channel name &

Select o monitor channel name from

chennel entered in the NAME Tleld on those displayed in the soltkey prompt
the MEAS/DISP MODE SETUP AFea.
page, or the name entered in
the NAME field cannot be
used &3 & monitor channel
name.
Mlegal LOG Sweep: START and Change one of the signs.
set up STOP (MIN
and MAX)
values have
dif ferent
signs.
Current value is too high Change the eurrent (I) value setting.
because source mode has
been changed from ¥ to 1.
INTERVAL or NO. OF RDNGS Enter correct value
for a time domain measure ment Up to lis for INTERVAL and from 1 to 1024
is sat to 0. for NO. OF RDNGS,
Dwplications on the QUTPUT Rearrange the oulput sequence,
SEQUENCE SETUP page.
Buffer full Messurement data exceeds the Duta bulfer capacity 5 1024 measurement

capacity of the data buffer.

points for a single sweep, of up to 1150
(depends on the number of monitor
channels used, YARZ steps and the number

af times APPEND B used) in other cazses.
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Model 41451

Table 3<%, Error Messages (Sheet 2 of 2)

Error Message

Meaning

Corrective Action

Syntax error

An illegel name was entered in
a GET, SAVE or RE-SAVE
command,

The [irst charecter of & file neme must he
alphabetic, and sll succesding characters
must be alphanumerie,

PLOT area s not specified,
eontaing ene or more alpha-
betie characters, or is miss-
ing coordingte delimiters
{comma or spacel.

Re—enter the PLOT area correetly.

Megal file type.

Use P, D, or 5 for the file type.

Busy Auto calibration B being per- Auto calibration s performed every 3
for med. minutes.
Mo data PRINT Key was pressed with no Perform & measurement.
measurement data in the data
buffer,
Printer/ Mo printer or plotter is con= Connect the printer or plotter.
Plotter is nected to the instrument, or
mit the printer of plotter & not
connectad set to LISTEM.
Mot The dises used in the copy Copy the Operating System onto the
compatible operation have different sys- the illegal dise or turn into the Data
tem labels, or one of the Dise,
dises s not a 41458 useable
diga,
Close the The fixture lid is open at the Close the lid or change the setup. Make
fixture 1id start of @ measurement exceed sure the system cable & properly con-
42V or 1K s open during nected,
the User Mode (See Fig. 52).
Cutput The fixture 1id was cpened Close the fixture lid and make the mea-
dizabled, during 8 measurement in which surement egrin. Do not open the fixture
cloze the the output voltage may excesd lid during measurement. Make sure the
Fixture Lid £43V, system cable is properly connected.
Emergency Dutput was shut down 1o pre- Make sure the setup and all connections
vent SMU damage. are eorrect,
Raeeovered Indicates that there was & mo- When a power loss cecurs during measure=
from power mentaly power loss, ment, output is shut down. Press MEA-
down SUREMENT key to conlinue the measure-
rment.
Step overflow MO OF STEPS for VARI Change START value, STOP value; or
exeodds 1024, STEFP value.
Dizabled A disabled softkey was The softkey cannot be used 0 the
funetion pressed. exBting measurement setup.

14
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SECTION

Table =3, Operational Error=Codes (Sheet | of 2)

Drisplay Pl e g
Error EQl Arithmetic operator (=, +, /, *) or parenthesis & reguired.
Error EOZ EJE{‘ECUTE was pressed with no executable text on the Heyboerd Input
i,
. Error E03 Objeet buflfer overflow.
] Error E04 Improper Aldelta) operation,
‘_ Error EO5 User function & used in the expression. (User function cannot be used in
’ ' an arithmetic expression.) .
| Error EDE Mo varlable or constant following an arithmetic operator.

Error EO7 Arithmetic expression contains an undefined variable.

Error EOE Too many signs or parentheses,

Error EO9 Constant value is Loo large.

Error 101 Stack Hegister overfow.

Error 102 Improper calculetion was ettempted. For example, the divisor is zero.

Error 103 Insufficient  data.

Error MD2 Dise B not inserted of 5 not correctly inserted.

Errce MO3 The dise is write protected.

Error MD4 Mlegal file name or file type.

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

Error MiB Humber of totel files exeeeds,

Error MOT Number of total records exceeds,

Error MOB User ares may be lost. Copy immediately onto ancther dise,

Error M13 The dise was not mitielized for the 41458,

Error MID INITIALIZE failed, Tooc such bad tracks foend, The disc is defective, damage,
or dirty,

Ercor MI2 The dise i not System Dse. Insert the System Dise.

Error Z01 The program specified by the GET command in the aulo-sequence
program contains &n error. Press CONT to perform the next step of the
auio-Sequencs 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 aulo-SEquence program.
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Table 3-3. Operational Error-Codes (Sheet 2 of 2)
Dvisplay Meaning

Error Z03 PLOT or PRINT was p:rl'-nrrntd by the auto-sequence program Dut no
printer/plotier B connested to the 41458 or the printer/plotter & not set
to LISTEMN, Press CONT to perform the next step of the auto- sequence
program.

Errar Z04 The test fixture lid & open during an suto-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 formet shown below, whenever the
measurement cannot be performed correctly.

Error DXX XX XX XK XX XX

Here, XX B a I-digit number which represents channel status. The
left-to-right order in which the 2-digit error codes appear corresponds to the
order in which the channels are assigned on the MEAS/DISF MODE SETUP
page. Alss, the number of 2=digit error codes that appear & identieal to the
number of chennels used in the messurement. The left digit of XX is
hexadecimal and must be converted into a 4-=digit binary number, as deseribed
below., The right digit is decimal and requires no eonversion. Also, zero
Means nd &rror.

Stack register overflow

Caleuletion error

Insufficient date for 4 messurement

Undefined user-funetion

INTERVAL in & time domain measurament is too short.
Complete measurement date sannot be stored before the
next measurement begins.

o] G R e
1 @3 am = Em

Convert hexadesimal number into binary.

Oseillation
Othar channel hes reached complianee limit.
This ehannel has reached compliance limit.

HEIEE
| |—M’D converter saturated.

Channel eorrespondence & shown below
GRAPHICE PLOT:

Error DxXX XX =X
M oaxis ¥l axis Y2 axis

LIST DISPLAY =

Error DXX XX XX XX X XX
st Ind Ird  4th ath Bth

MATRIX DISPLAY, SCHMOOD PLOT:

Error DXX

3-16




CHAN (111 DOWHN111)

CHAN (XX, XX,XX,XX)

Meodel 41458 SECTION I
Table 3-4. Herdware-Related Error-Codes
Drisplay Menn ing
Error PO& The ROM (Read Only Memory) i not functioning properly.
Error P01 - POS One of the ten RAMs (Hamdom Access Memory) is not funetioning
Error FOT - Pl properly.
!
] Ereor P21 and PE2 MPU's [Microprocessor Unit) peripheral circuit & not functioning
1 properly.
Error MO8 - M22 MEU (Mass Storage Unit : Flexible Dise and drivel & not
funetioning properly. Try ancther dise.
Error Al SMU econtroller & not functioning properly.

EMU itsell & not functioning properly. (XX shows SMU number
and error code. Refer to Fig. 3-22.)

If @ momentary power loss cecurs, the 414568's display may go blank. To recover,
turn off the instrument, wait a few seconds, end then turn on the instrument.

Note

The 41458 will funetion properly even though error M13 or M14 & displayed.
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3-13. INITIAL CONTROL SETTINGS

3-14. To faclitate operation, the instrument I
automatically set to the following initial econtrol
settings each time it & turned on :

Front Panel Controls =

MEASUREMENT kevs seovesse OFF
AUTO SEQ Key ssesssesssssssses OFF
INTEG TIME Keys w-eoeoeeess SHORT
PLOT/PRINT Keys «reosvereere OFF
AUTO CAL KeY ssssersesssess ON

BLUE KeY sessessssssssscssssssssss OFF
Internal Sstup :

CRT Display sssessssnssasssscsas MENU
Page

Measurement Program o= GENL
{see note)

PLOT APef sssessssammnnrnasises + Lower left

ifor external plotter) (200,200)
Upper
right
(T400,4800)

Hote

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

programs.

All date stored on the dise is retained; that i,
the dise is not erased when the strument &
turned off.

3-15. USER-AREA FILING OPERATIONB

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

HNote
A record i the minimum  unit  fop
storage on the dise, A file conskts of

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

i-18
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Three types of files can be stored in the
user-area :

1. Messurement program filles—{ile type P
Specifying fie type P in ithe SAYE of
RE-SAVE command reserves 5 records on
the  dise and  stores the  existing
measurement setup (channel essignments,
parameter settings, graphic scaling, output
sequence, ete.) et the reserved S-record
lecation.

2. Measurement data Tiles—Tile type D
Specifying file type D kB the SAVE or
RE-SAVE sommand reserves 23 records on
the dise and stores the measurement selup
and measurement results (GRAPHICS, LIST,
MATRIX, or SCHMOO) at the preserved
i-record location.

3. Auto-sequence program files={ile type S:
Specifying file type 5 in the 3AVE or
RE-SAVE command reserves 4 records on
the die end stores the existing
uto-sequence program &t the reserved
4-record location.

For more information on file types, number of
records used, ete., refer to Figure 3-32, 41458
FILE CATALOG Page.

Four filing operations—SAVE, RE-SAVE, GET
FPURGE and PURGE ALL—can be performed
from the front panel. Each B described below 3

SAVE :

Used to store the existing measurement
setup (except IRTEG TIME, AUTO CAL, and
softkey funct bons), the existing
autg-sequense program, outpul Soguence
setup, or the measurement results, SAYE
cennot  be used when the dee B
write-protecied, Before saving 8
measurement setup, & page check must be
performed (refer to paragraph. 3-4%). To
SAVE a file, press the SAVE key (SAVE will
eppear on the Keyboard Input Line of the
CRT) and input the file type (P, D, or 8) and
file name. The file neme ean contain up to
six characters, of which the first must be
alphabetic and the last five must be
alphanumeris,

RE-S8AVE:
Used to store the measurement setup, the
mUto-Sequence program, output sequendsee
setup or measurement results by the [ile
name that elready exists on the dise
Follow the same procedure desorebed for
the SAVE operation.
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Note

In the SAVE and RE-SAVE operation, if
the file neme execeeds six characters,
the caracters are treated as balow @

example: SAVE PABCDEFPGHIKLMMNOP---

File Huﬂile -:urr:i-';n. lﬂ?n:ad

ET:
Used to recall user-stored files from the
dise, GET cannot be used to recall any of the
furnished measurement programs. To GET &
file from the user-area of the dise, press the
GET key (GET will appear on the Keyboard
input Line of the CRT) and input the file type
(P, D, or 5) and file name.

URGE:

Used to delete user-stored files from the
dise, PURGE cannot be used with a
write-protected dise, nor can it be used to
delete eny of the furnished measurement
programs. It is available only when the
41458 FILE CATALOG page is displayved. To
PURGE a file from the wer-area of the dise,
go to the MENU and select CAT softkey.
When the 41458 FILE CATALOG page
appears on the display, press the PURGE
softkey (PURGE will appear on the Keyboard
Input Line of the CRT) and input the file type
(P, D, or 8) and file name. DO NOT turn off
the mstrument during PURGE.

SECTION III

PURGE ALL:

Used to delete all user-stored files from the
diee. Conditions for use ere the same as
those given for PURGE. To PURGE ALL
files from the wser-area of the dise, go to the
MENU &and select CAT softkey. When the
CATALOG page appear on the display, press
EXTH softkey, then press the PURGE ALL
softkey. When "PURGE ALL OH 7" is
displayed, press the EXEC softkey. Do not
turn off the instrument during PURGE ALL.
If the QUIT softkey & pressed before pressing
the EXEC softkey, the PURGE ALL
operation will be cancelled,

BAVE, RE-SAVE, GET, PURGE and PURGE ALL
eannet be nput using the alphabetic keys and
can e used for user-area filing operations only.
Ko filing operations can be performed with the
furnished applicat ion programs,

3-17. ARITHMETIC CAPABILITIES

J-18, Arithmetic operetions that can be
performed ocn the 41458 are listed in Table 3-5.
To perform an arithmetic operation, first key in
the expression (it will appear on the display as
you do sol, then press EXECUTE. The result will
be displayed on the Keyboerd Input Line of the
CRET in a floating decimal format (seientifie
notation)

Example :;— 2+ 1

Key strokes : ] ][I [EXECUTE]

Displayed Result : 2.4142E+00

Table 3=5. Arithmetic Operators

Example

Sign N

Equation Key Strokes
+ Addition i 5+3 5 + 3 EXECUTE
- Subtraction 5-3 S - 3 ‘EXECUTE
o Multiplication 5*3 (5x3) 5 * 1 EXECUTE
Fi bivision B3 [5+3) 5 J 3 EXECUTE
" Square Root -"'.!_' F 5 EXECUTE
ok Exponentiation §*e3 (5') & * * 3 EXEQUTE
log Common Logarithm log§ 4 T 0 G o 5 ) EXECUTE
In Hatural Logarithm In5 L o0& )} EXEQUTE
EXP Base of Matural Log as E X P ( 5 ) EXECUTE
| ] Absolute |-5] A B 8 ( § ) EXBECUTE
EEX Scientific Notatiom sx10° 5§ E E X 3 EXECUTE
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Results of arithmelic operations are always
displayed in selentific notation consisting of &
E-digit base and Z-digit exponent, regordless of
the expression's complexity. Thus, if 1+ B
executed, the pesult i displayed as 3.0000E=00,
Also, the exponent & alwavs a multiple of three,
regardless of the exponent used in the original
expression. For example, if LE+DT 8 executed,
the resull B displayed as [0.000E+)6. The
decimal point 5 always positioned so that the
exponent B a multiple of three,

Results are always rounded belore being
displayed if they contain more than 5 digits. The
first excess digit & checked, and if its value & B
or greater, the digit to the left (the Tifth digit) &
ineremented (Founded up) by one;p if its value 5 §
of less, the fifth digit is5 unchanged. For
example, executing 1+1.00001 will resull &
Z.0D00DEHID, but executing 1+1.00008 will resull
in 2.0001E+Q10.

Arithmetic hierarchy & as follows:

b exponentiation
e ) multiplication and division
+, = addition and subtraction

Parentheses ean be used 1o change this
hierarchy; when used, they ftake highest
priority. Howewver, parentheses cannot be used
for implied multiplication. The * operator must
alweys be used to indicate multiplication. Thus,
executing 2(3+5) will result in error E0I. The
correct fTormat & 2«(3+5)

A delta () funetion is also provided, but it s not
intended for general keyboard caleulations. It B
used in defining user functions (see paragraph
319} or in eertain keyboard caleulations on the
GRAPHICS, MATRIX, LIST, or BCHMOOD page.

There are limits to the size of arithmetie

expressions that can be executed. Hefer to
Figure 3-7.

3-20

Mode]l 41458
f,_,-—-l'nrl: area (110 bytes)
Object
buffer:; St::t
78 bytes max. g

The maximum allowable length of an arithmetic
expression B determined by the number of bytes
it eontains, not by the number of charaeters. If
an expression containg more than T8 bytes, error
E03 (object buffer overflow) will appear ocn the
CRT (below the expression) when EXECUTE B
pressed,  The work area  for  user-funetion
arithmetic expressions, however, B |24 bytes, of
which T8 bytes (max.) are used for the object
buffer.

Arithmetic operators @

o= Y, 1 byte
¥ariables and other operators 3 bytes
Constants 5 bytes

Figure 3-7. Byte Size of Arithmetic Expressions

3-19. Up to two user functions cen be defined
as arithmetle expressions in the USER FOTH
fizld on the CHANMEL DEFINITION page. This
gllows automatic caleulation of secondary
parameters, such as hpg and gm, which are
functions of applied and measured volteges and
currents., For example, if the static collestor
characteristios of a bipolar transistor are to be
measured and plotted, the trensistor's forwerd
current transfer retio, hpg, can be defined as
HFE=IC/IB in the USER FUNCTION field on the
CHAMNEL DEFINITION page. HFE will appear
as & softkey prompt on the MEAS&DISP MODE
BETUP page and can be selected as the Y2 axis.
When measurement 8 made on the GRAPHICS
page, HFE will be plotted along with the primary
charecteristics=—IC, IB, and VCE. Similarly, the
transconductance, gm, of a fleld-effect tran-
sistor cen be deflined as GM=ATDVAVG .
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The delta (%) function cen be used in user-
funetion definitions or for keyboard calculations
on the GRAPHICS, LIST, MATRIX, or SCHMOO
poge. In the latter case the value returned by
executing oA (where A B the name of one of the
source of monitor channels depends on the
location of the marker (GRAPHICS page) or
cursor (MATRI¥, LIST, and SCHMOO pagesh
Here, LA B caleulated as holl the difference
between the values of A above and below the
cursor (marker) location. In equation form

. M= A
AA . T

where A is the value of A at the measurement
step following the cursor (marker) position and
A; is the walue of A et the measurement step
preceeding the cursor (marker) position.

When & is the first or last position of the marker
(GRAPHIC page) or cersor MATRIE, LIST, and SCHWOD
pages), Ak is calculated as fol lows,

A=K, 4 for the first position A, where A, 1%
the value of A at the measuresent step
following the marker {cursor) position,

Ah=AA; for the last position A, where Ay 15 the
valee of A at the seasurement step pre-
ceding the marker (cursor) position,

Hote

Pelta (A} is not avaliable for 2n arithe-
metic operations listed im Table 3-5.

The result of the arithmetic funetion
may inelude a rounding error.

I-20. Source and Measurement Channels

3-21. The 41458 is equipped with sight channels for
device stimulus and measuresent, Chanmels | throwgh
4 are Source/Moaitor units (SMUs), channels 5 and &
are voltage sources (W51 and ¥39), and channels T
and & are voltage monitors (Wal and VaZ), Refer to
Figure 3-8 By correctly combining and setting up
the source snd measuresent channels, a wide range of
semicondwctor devices can be measured, The SMUs are
described in paragraph 3-24; the voltage sources and
voltage momitors, in paragraph 3-26,

SECTION 1N

CONTROL SECTION
H
1

Source and Measurement Channels
af the 41458,

Figure 3-8.

3-22. Protection egainst Hezardous Yoltage
Exceading 42V

3-23. To inure operator safety, the 41458 is
equipped with a high voltage detect cireuit that
shuts down the SMUs and voltage sources when a
potentially dangerous condition exkis, I the lid
of the [B058A Test Fixture & not closed at the
start of & messurement in which there 5 a
possibility ther the wvoltage out put from et least
one SMU will equal or execeed +42V, or if the lid
is opened during such & measurement, the
measurement will be aborted as if the STOP key
had been pressed.

A switeh inside the 1G058A Test Fixture detects
whether the {bture lid 5 open or closed. When
the lid is closed, the switech econneets the
QOPEN/CLOSE line of the system cable to
ground, allowing the output voltage from any or
gll of the SMUs to exceed 242V, When the lid s
open, however the OQOFEMN/CLOSE line is ocpen
gircuited, limitting output voltage to £42V

When the 4145B is used for an application that
does not pequire the 16058A Test Fixture, the
Shorting Connector (P/N D4145-61623, furnished
with 41458) should be connected to the system
cable connector on the 4145B'% rear panel. The
Shorting Connector grounds the OPEN/CLOSE to
allow maximum output from the SMUs.
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Source/Monitor Units (SMU)

3-25. A simplified circuit disgram of one of the
four 8MUs is illustrated in Figure 3-9. Each
EMU can be set up to function as a voltage
sourcefcurrent menitor; current source/voltage
monitor, or source common by specifying source
mode V, I, or COM, respectively, in the SOURCE
MODE field on the CHANNEL DEFINITION
page (see Figure 3-23). Output voltage
BOURCE MODE V) and output surrent (SOURCE
MODE I) can be held eonstent or can be swept
{(linearly or logarithmically) by speecifying source
funetion CONST or VARI, VARLIY, VAR2,
respactively, in the SOURCE FCTHN field on the
CHANMNEL DEFINITION page. When the source
mode s COM, source function is automatically
sel to CONST. Refer to paragraph 3-34 for
details on swepl messurements,

Output i either SOURCE MODE i internally
limited to 2 watts on each cutput range. Hefer
to Table 3-6 for range limits, range resclution,
and output limits. Figure 3-10 graphically
illustrates the specifiable voltage/current out-
put, VYoltages and currents enclosed by the bold
line ean be specified,

Cutput voltage and current, sweep mode (linear
or logl, START, STOP, STEP, and COMPLIANCE
for each SMU are specified on the SOURCE
BETUP page (see Figure 3-24).

Note

1) Range  change is
automatically.

performead

2) If the Current Source can't output
specified eurrent, output woltage
increases  up to  its  voltage
cofmpliancea,

3 If & voltage exceeding 100V fs
applied to the SMU, 199,89V may be
displeyed as the measurement result,

Maodel 41458

3=26. \fn-]t.}lge Bources (Vs) and Voltage Monitors
(¥m

3-27. Simplified eircuit diagrams of the voltage
sources (Vs) and the voltage monitors (Wm) are
shown in Figures 3-11 end 3-12, respectively.
Cutput  wvoltage from each Vs ecan be held
constant  or can be  swept (linearly or
logarithmically) by specifying souree function
CONST or YARL, VAR, VARE, respectively, in
the SOURCE FUNCTION field on  the
CHANNEL DEFINITION page (see Figure 3-23L
Refer to paragraph 3-34 for details on swept
measurements. Maximum output voltage & £20V
with lmV resolution.

Up to 220V can be measured by the voltage
monitors. There are two messurement ranges ;
20¥ and IV. Resolution for each renge 8 1mV
and 1004V, respectivaly.

3-28. Measurement Ranges and Resolution

3-28. The 41458 measures de wvoltage and
current with the wvoltage monitor funetion of
each SMU, the current moniter funetion of each
EMU, and the wvoltage monitors [Vm), The
measurement ranges and resolution for the SMUs
and voltage monitors are shown in Figure 3-13.

Note

VARL outputs all sweep ateps &t the lowsst
range that includes START and 5TOP, except
for | log sweeps, WAR] for 1 log sweeps
and YARZ output each sweep step at the
Iowest range that incledes each swesp step
vialus,

CONST cutputs at the lowest ramge that

incledes the specified valee,

Valtage Sowrce

Current Monltor

Currenl  Sourcs
COMMON

Walrage Monlror

< SMU OUT

Figure 3-8. Simplified Cirouit Diagram of One of the Four SMUs.
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Table 3-6. SMU Source Ranges
Source Mode Range Resalution Maximum Output
20V leW 100mA
v 40V ¥ LlmA
100V Sm¥ 20mn
$lnA 1pA
+10nA 1idpaA
+100mA 100pA
+lud InA
+10uA 1imA 100y
! . o £ 100uA 100ma,
+1mA lua
#10ma, 10ua
Z0mA
£ 1 00ma* 5 0mA 100uA 40V
100ma, 20V

The 100mA range consists of three subranges.

Cerrani (md}

Y]

-
CAUTION
HEVER APPLY VOLTAGE OR
CURRENT EXCEEDING LIMITS

SHOWN IN THIS FIGURE.

Figure 3-10. Specifiable Yoltage/Current Qutput.

SECTION I
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Vellage Source Waltags Memitar
$ Il < ¥a OUT $ E < W IM
Figure 3-11. Simplified Cireuit DMagram of Va. Figure 3-12. Simplified Cireuit Diagram of ¥Ym.

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

100w

20V (Includes OW)

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

Range-1 Im¥

Range-1 Em¥
Range-2 2mV 40V
Range-3 1my

]I::I'i' lﬂ.u'l.f 1nErnv 1.'|.r 1E|'1r )

100W

Note: The SMU woltage monitor range i aubo matically set to
the lowest range that includes the specified COWPLIANCE,

2.1 [(Imcludes 04

0. 1mV 17 10mV 100mYy 1V

10V 20V

Figure 3-13. Mersurement Hanges and Resolution.
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SECTION I

Range-1

Ranye-2

Fange-3

Range-4

Range-5

Fange-6

Range-7

Range-8

Hange-9

¢. SMU's Current Monitor (0A, $0.05pA to £105mA, Sranges)

SuA ll].Elnﬁ-lEIﬁmh

500nA 1.02mA Bl 10, 5w

S0nA 'IﬂE]nFL“] - O5mA

3nA

1 .Dzunnl 0. Sul

500pA l.ﬂEu' 10.5u
50pA 102nA “ 105w
5ph 1E.Emﬁ.-mﬂ-5n!.
0.5pA 1.uen»-1u.5nn *|: huto ranging
0.05pA[ | 1,058 (0a 45 includeq)
0.05pA 1pA " N WA A losmA

Kote: The maxisum renge 1m auto ranging mode is the
lowest range that includes the specified COMPLIANCE,

Figure 3-13. Measurement Ranges and Resolution.
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3-30. Resolution and Format for Displayed Data
and Data Output

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

Display resolution may differ depending on the
measurement resolution because of errors
inherent in the digital data manipulatios. The
data is stored using a 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.

‘Table 3-7. Number of Output/Display Digits

‘Model 4145B

Display Digits and Format

Output/Display Functions Voltage Current User Function

Digits | Format| Digits| Format | Digits | Format

‘Marker/Cursor in GRAPHICS Display

LIST Display 3 c

'MATRIX Display 5 ‘a 4 b

Cursor in SCHMOO Display

PRINT Function

‘HP-1IB Data Output e 5 e not available

‘Keyboard Execution 4 d 4 d

Line in GRAPHICS Display

'3 Digits, Format: ¢

'3-26
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SECTION

m

¥oltage Display Format (5 digits, Min. = 0.1mV)

v = 10v sn.anan¥

10V < |V| < 100V | sAn.nAnAnRY
I¥] = 100w snnn.nnV

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

: Decimal point
V: Unit (volt)

b. Current Display Format (4 digits, Min. = 0.05phA}

A1l currnet values sdddddu A

&2
d:
u:
A

Palarity (blank or “=")

Humeric (0 to 9) or dicimal point
Engineering wnit ("m", "u"s "n", or "p7)
nit (Pmpere)

€. User Function Display Format (3 digits)

1.00 5 |Mantissa| < 99.9 sdddnE tmm

100 5 |Mantissa| < 999 snank+m

s: Polarity (blank or “-")

d: Mumeric ("0" to "9") or decimal pofint
n: Numeric ("0" to “9")

E: Exponent

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

d. Display Format for Keyboard-Executed Calculations

A1l variable values sddddnE + mn

Designations are the same as those of format ¢,

e. HP-18 Data Output Format (5 digits)

A1l wariable wvalues sndddnnE £ mm

Mesfgnations are the same as those af format c.

Figure 3-14. Display/Output Format.

-1
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3-32. COMPLIANCE

3-33. To prevent over-voltage or over-current
demage to the deviee under test, several levels
of ocutput protection, termed COMPLIANCE,
have been incorporated into the 41458, The
maximum outpul current from an SMU aperating
in SOURCE MODE ¥V (voltage 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 frem an SMU
operating | SOURCE MODE 1 (current
source/voltage monitor) ean  be specified.
Maximum specifisble complisnce depends on the
voltage or current range at whish the source
channel & operating. Refer to the Maximum
Output eclumn in Teble 3-6. Setting resolution
for current and voltege complience is S0pA aend
Im¥, respectively. When en SMU is cperating in
S0OURCE MODE COM, its current complianee B
automatically set to 105mA amnd cannot be

changed.

If a source channel reaches complience during
measurement, an ercor code (see Table 3-3) will
appear on the CRT. Measurement date cbtained
pekor to this paint s valid, but messurement date
abtained after compliance is reached may not be
valid. The reason for this iz thal onee & source
channel reaches complisnce, it tends to act as &
eonstant souree. Consider, for example, an SMU
that & =set to SOURCE MODE V¥ (voltage
source/eurrent monitor) and SOURCE FCTH
VAR] (variable voltage source). START voltage,
STOF voltage, and COMPLIANCE are 0V, +20V,
and 10mA, respectively. Also, assume that the
device under test has & registance of 1000 chms.
When the messurement is sterted, the SMU will
be begin sweeping itz output wvoltage toward
+20%. Bul when the outpul wollage reaches
#10V, the current through the deviee under test
5 10maA. Compliance haz been reached. The
SMU will eontinue to try to sweep toward the
£20¥ STOP wvoliege, but becauss the current
through the deviee under test 5 now constant at
I0mA; the voltage aeross it must be constant at
+10V,

The specified compliance is walid for positive
and negative values, regardless of the polarity
specified in the COMPLIANCE field; that i,
specifying a current compliance of, say, 40mA,
s in Figure 3-15, B valid for +0mA and
~40mA. Output currents eater than +40mA
ishaded areas in Figure 3-15) are not possible.

3-8
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Current [mAd ]

Do not set the SMUS
complianee too high (I mode) or the
current compliance too low (V mode],

voltage

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

4-35. Output from the B8MUs and voltage
sources (Vs) can be swept in a staircese menner,
B3 shown i Figure 3<16; by specifying VARI,
VAR]", or YAR2Z in the SOURCE FCTN field on
the CHANNEL DEFINITION page. The
maximum number of source channels that can be
swept is three. VAR, YARI', and VARZ can be
specified only once on the CHAMMNEL
DEFINITION page &nd VARI® cannot  be
specified without VARL. VARI, VARI' and
YARZ are descrited in paragraph 3=36.

Sweep setup B made on the SOURCE SETUP
page by seleeting the SWEEP MODE and entering
the desired START, STOP, STEP, DELAY, and
HOLD  walues, Each sweep parameter is
daseribad balow i

START: Voltege or current walue at  which
sweep beginsg

ETOP: VWYoltage or current walue ot which
sween stops

BTEF: Sweep inecremental orf decremental
value, Can be specified in LINEAR
SWEEP MODE only.

SECTION I

DELAY: Wait time before measurement s

made at each step (softkey function).

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

SWEEP MODE:

LINEAR or LOG, In LINEAR mode,
output is swept linearly in accordance
with the specified STEP value. In LOG
mode, output is swept logarithmically
at 10 steps, 25 steps or 50 steps
(selectable with soltkeys) per decade,
LOG cannot be specified for VARZ.
Refer to paragraph 3-37 for further
details on LOG sweeps,

The above sweep parameters are for VARI only.
Sweep parameters aveilable for VAR2 are
START, STEP, and NO. OF STEPS. Sweep
parameters available for YARLD' 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 VAR,

Dutgul welioge
o cunnent

Stop Vol e = = = = — — — = =

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

Sterl Walee

Tima

Figure 3-16. Staircase Sweep Dutput

3-14
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3-36, Of the six source channels (four SMUs,
twe voltage sources), three can be swept by
specifying VARIL, VARI, or VAHIZ in the
SBOURCE FCTHW (field on the CHANHNEL
DEFINITION page. The remaining three source
ehannels are either "mot used" or are set to
CONET source funetion. The VARI source
channel & the main sweep channel and YARZ and
VARI" are YAR] dependent, as shown in Figures
3-17 and 3-18, respectively, and as described
below :

VARZ (subordinate sweep):
At the completion of the VARL sweep,
YAR? is incremented or decremented
by the specified STEP welue ({4} in
Figure 3-17) and YAR] is swept again.
The totel number of VARI sw i=
determined by the MO, OF STEPS

Model 41458

Figure 3-17) specified for VARZ. VAHZ cannot
be swept logerithmically. Also, VARL and VARZ
can have different source functions. START,
STEP; and N, OF STEPS must be specilied.

YARL isynchronous sweep)

VAR can be used only when VARL I8
used mnd it must have the same source
mode (Vo or [} ss that specified for
VARL., VARI" B swept in synehronism
with VAR] at either & constant offset
value or constant ratio. YARLD' offset
and ratio values ere entered with the
corresponding  softkey.  The offset
walue and ratio must be such that the
VAR]" source ohannel does not excesd
its maximum output limits,

a Timn

Swlp
Stari
VAR 2 L=A]
50 4
&0 - -

O~ :

0{ 1 ®

7 ';Lr" %“

Swanp
End

WaR | vaR 2
LINEAR LINE AR

START 0 (1)

STOP @ -
e @ O

ST s ®

0 i Represasts megiorement poinio

Figure 3-17. Relationship Between VAR and VARZ.
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RATIO

VAR I'(V]
LT
T
LT
24 VAR 1Y RATIO = 1.5
I

——— - VAR | (V)
@ iz 3

VAR 1“0 (VAR I"RATIO) & VAR |

OFFSET

VARI(W]

-

4§

34

2 VAR | OFFSET = | [¥)

I -

R . VAR 1 (V)
IR LEA TSR TR

VAR 1I"= [ VAR I" OFFSET ) + VAR |

Figure 3-18. Relationship Between VARI
and VARL"

3-37. The number of measurement points per
decade in LOG sweep is selectable at 10, 25, or
50. The output at each point & determined by
the number of measurement points per decade
and the sweep START walue. The output &t the
nth measurement point is calculated gs:

Output &t nth point=START value x10% (31

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

SECTION I

3-38. TIME DOMAIN MEASUREMENT

3-39, A time domain messurement & one in
which the voltages and/or eurrents applied to the
device under test are held constant and the
desired device parameter B 2 measured as a
function of time. Only one source channel =an
be swept and only with the VARZ source
funetion. All other channels are either "not
used" or must be set to CONST source funetion,
Belectable TIME DOMAIN parameters are WAIT
TIME, INTERVAL, and NO. OF RDNGS (number
of readings). Each is described balow :

WAIT TIME:
[dentical to the HOLD TIWE of a YAE]
sweep measurement, Setting range is froam
0 to 100 secomds and resoletiom iz 10 milli-
seconds,

INTERYAL:
Time between each measurement point.
Betting range is from 10 millBseconds 1o
v seconds and  resolution i LD
mill Eeaonds,

NO, OF RDMGS:
Total number of measurement points, If
VARZ I8 used, NO. OF RDNGE per each
step of YAR2Z. Up to 1024 measurement
points can be specified, depending on the
number of VARZ steps,

To make a TIME DOMAIN messurement, do mot
aszign VARI to any of the source channels on the
CHAMNMNEL DEFINITION page. [Assigning VARZ
iz optional.) OCutput wvalues for all CONST
sources must still be entered on the SOURCE
SETUF page. If YAR? is used, its START, STEP,
and HO. OF STEPS must also be entered. Also,
HOLD TIME and DELAY TIME are not used in a
TIME DOMAIN seasuresent,

TIME DOMAIN  parameters—WAIT  TIME,
INTERVAL;, and NO, OF HDNGSE—must be
entered on the MEAS/DISP MODE SETUP page.
Refer to Figure 3-35. Integration time during
TIME DOMAIN measurement i automatically
get to SHORT and eannot be changed.
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MEASUREMENT
kay 0N
i 2nd  Brd  4fh Sth Tk g 91k 16 ¥h
R bbb
T T T T T T T T T e Timelame)
o 308 .- -2
WAIT TIME 3,00 sec
INTER VAL 2.00 sec

NO.OF RODNGS . 10

Figure 3-19. Time Domain Mersuremeant.

3-40. INTEGRATION TIME

3=41. To prevent line frequency noise and other
noise sources from affectling the accuracy of
measurements, the 41458 is equipped with three
digital integration times, which are selectable
from the front panel. Each is deseribed below :

SHORT: Digital integration is not performed,

MEDIUM:  Messurement resull & the average
value of |6 semples teken during
one line frequency pericd.

LONG: Messurement pesull B the average

value of 256 samples taken during
sixteen line frequency periods.

Integration time can be changed during
measurement, but cannot be changed while the
4145B is in TALK mode (PLOT or PRINT), when
the dise drive's read/write lamp first somes on,
of  during auto sealing. In time domain
menasurements only SHORT integration time is
availeble,

3-32

1-42. AUTO-CALIBRATION

J-43. To both monitor end compensate for
tranzient changes in output voltage end curremt
caused by ambient temperature changes, each
SMU B equipped with an  esutc-calibration
funection. This function allows esch SMU to
periodically monitor its own output and, if
necessary, provide appropriate compensation.

i-44. The amuto—ecalibration function of the SMUs
is controlled by the AUTO CAL key on the front
penel. With AUTO CAL turned on (key indicator
lamp on), calibration & automatically performed
every five minutes for about six seconds, If one
of the MEASUREMENT keys or the AUTO CAL
key I8 pressed during auto-calibration, "Busy®
will be displayed on the CRT untll auto-
calibration & completed.



Madel 41458

#-45. DISPLAY PAGES

3-46. The 41458 displays thirteen different
screens. Each sereen is called a pege and sach
hes & differant purpose in relation to instrument
operation., By changing from one page to
ancther, different funetions and ecapabilities,
such as messurement set up, measurement,
diagnostics, certain filing functions, ete., are
made available. PAGE control is deseribed in
peragraph 3-47. Detailed explanations of each
pege are given Figures 3-22 through 3-34.

J-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 control are available only when the
MENU & displayed.) Page-flow and the
relationship between pages are shown in Flgure
3-21. The solid lines (——=) show page ch

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, LIET, MATRIX; or SCHMOO page
from the MEAS/DISF MODE SETUP page, it &
first necessary to select the desired display
mode with the softkeys and then press the NEXT
Eay.

SECTION I

All pages except the GRAPHICS, LIST, MATRIX,
and SCHMOO pages ean be displayed directly
from the MENU page by pressing the appropriate
softkey. For example, pressing softkey 3 while
the MENU page B displayed sutomstically
displays the MEAS/DISF MODE SETUP page.
Pressing the MENU key automatieally returns
the display to the MENU page, regardless of the
present display page. To change from the
GHRAPHICS page to, say, the LIST page, press
the PREV key to deplay the MEAS/DISP MODE
SETUP page, select LIST with the softkeys, and
then press the NEXT key. Peging cannot be
performed during measurement, peinting, or

plotting.

4-49. When the MNEXT key or PREY key is
pressed while the CHANNEL DEFINITION page,
SOURCE BETUP page, MEAS/DISP MODE
SETUP, or OUTPUT SEQUENCE SETUPF pege is
displayed, the page & checked for completeness
and correctness, If an illegal setup i detected,
an error message will be displayed and no pege
change will secur. In this case you must either
eorrect the selup or press the MENU key.
Changes mode on the CHANNEL DEFINITION,
SOURCE SETUP, MEAS/DISP MODE SETUP and
DUTPUT SEQUENCE SETUP pages are not valid
for SAVE or RE-SAVE until the PREV or NEXT
key s pressed,

2é

‘l'ﬁfi hay returres the diepley te previous

page.

hey returre the disploy to the start-up
mers, Lon be ueesd at any time.

H‘I}f advarcess the dimplay ta the newt
e

ore ussd For display selection,
meceurenent set up and Furotion
salaction.

EXTH hey dispeoys additional softhey
Furatiare.

Figure 3-20. Page Control Keys,
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MERNL SETUP®

(Fig.3-30)

SETUP®

CHANNEL

I
I e
| UUTT Pl
|
I

DEFINITION |

(Fig.3-31)

(F1g.3-245)

. e 41458 FILE
= E CATALOG*

(Fig.3-32)

SOURCE |
SETUP |
(Fig.3-24 : Hﬂ | e — OPERATION
g 0 e —=em=—{ GUIDE®
[V HELF | (Fig.3-33)

e

|
|
| —
Bedvs

MODE SETUF

g
Eig 3
(Fig.3=25)

LF1g.3=34)

L ; r L

|
|

. - T —
= - " -—

- 5 - — -
3 =

il - . = . s M

= E

(Fig.3-26) (Fig.3-27) (Fig.3-28) (Fig.3-29)

* [f 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.

ALFTD SEQUENCE

SEQUENCE

|
|
T I i
MEASQDL=! : | ~| DIACNOSTICS®
: I
[

a-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 accessible pages, corresponding softkey
prompts (SKP), the instrument's present HP-IB
status, line frequency filter setting, and the
status of each SMU. A detailed 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 functions are
also defined on this page. A detailed description
of the CHANNEL DEFINITION page is given in
Figure 3-23.

3-54. SOURCE SETUP PAGE

3-55. The SOURCE SETUP page is displayed
when softkey 2 is pressed on the MENU page or
when the NEXT key is pressed on the CHANNEL
DEFINITION page. On this page the operator
must enter the output parameters (START,
STOP, STEP, COMPLIANCE, ete.) for the source
channels (SMUs and voltage sources) defined on
the CHANNEL DEFINITION page. A detailed
description 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 is pressed on the
MENU page or when the NEXT key is pressed on
the SOURCE SETUP page. On this page the
operator must select the desired display mode
(GRAPHICS, LIST, MATRIX, SCHMOO), enter
the appropriate source and monitor names, and
enter the desired scaling factors. A detailed
description of the MEAS/DISP MODE SETUP
page is given in Figure 3-25.

'SECTION 1II

3-58. GRAPHICS PLOT PAGE

'3-59. The GRAPHICS PLOT page is displayed

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

3-60. LIST DISPLAY PAGE

'3-61. The LIST DISPLAY page is displayed

when the MEAS/DISP MODE SETUP page has
been set up for LIST mode display and the NEXT
key is pressed. On this page the operator can
make the measurement by pressing the SINGLE,
REPEAT, or APPEND key and can analyze the
measurement results with the softkeys. A
detailed description 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
operator can make the measurement by pressing
the SINGLE, REPEAT, or APPEND key and can
analyze the measurement results with the
softkeys. A detailed description of the 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 analyze
measurement results with the softkeys. A
detailed description of the SCHMOO PLOT page
is given in Figure 3-29.

3-35
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AUTO SEQUENCE SETUP PAGE

1-67. The AUTO SEQUENCE SETUP page is
displayed when softkey 4 8 pressed on the
MEKU page. On this page the operator can set
up &n auto-sequence program (ASP) A detailed
description of the AUTO SEQUENCE SETUP
page B given in Figure 3-30.

OUTPUT SEQUENCE SETUP PAGE

3-69. The OQOUTPUT SEQUENCE BETUP page is
displayed when softkey 5 I8 pressed on the
MENLU page. Om this page the operator can
specily the order in which the SMUs and voltege
sources begin output. A detailed description of
the DUTPUT SEQUENCE BETUP page is given in
Figure 3-3l.

3-T0. USER FILE CATALOG PAGE

3-Tl. The USER FILE CATALDG page is dis-
played when softkey B is pressed on the MENU
page. On this page the operator can intialize the
blenk dise, copy the operating system;, purge a
file or sll files on the dise, and transfer the all
files from the 4145A% dise or another 4145B's
dise to the 41458' dise. The number of records
aveileble, stored files, file type, comments, lile
addresses, number of records reserved for each
file, and number of records actuslly used by each
file are displayed. A detailed deseription of the
USER FILE CATALODG page i given in Figure
3-31.

3-7%. OPERATION GUIDE PAGE

3=73, The OPERATION GUIDE page is
dizplayed when softkey 7 B pressed on the
MENU page. This page provides briel peging
information and briel deseriptions of error
messages and error codes. A detailed
deseription of the QOPERATION GUIDE page is
given in Figure 3-31.

DIAGNOSTICS PAGE

3-75. The DIAGNOSTICS page B displayed
when softkey 8 (press EXTN softkey to display
softkey 8) 5 pressed on the MENU page. On this
page the operator can perform SELF TEST, front
panel testi, graphies display tesl, dise cleaning,
end dize copy [user-area only). A detailed des-
eription of the DIAGNOSTICS page is given in
Flgure 3-34.

Madel 41450

3-T6. SOFTKEY PROMPTS (SKP)

3-77. Softkey prompts (the function of each
softkey) are displayed slong the right side of the
CRT display. There are eight softkeys, and the
softkey prompts for the lower seven Keys change
depending on the page being displayed and the
position of the Field Pointer (B} on the
CHANMNEL DEFINITION, S0URCE SETUP, and
MEAS/DISF MODE SETUP pages. The softkey
prompt of the top softkey B always EXTH
lextended), regardless of the pege being
displayed or the position of the Field Pointer.
EXTH is displayed cnly when edditional softkey
functions exist.

J-T8. SYSTEM MESSAGES

3=T4. System messages are instructions to the
operator and are displayed on the System
Message Line (refer to Figure 3-8), which ks
located at the bottom of the CRT display.
Syslem messages guide the operator through all
phases of instrument operation, and make
measurement setup o simple matter of filling in
blanks on the CHANNEL DEFINITION, S0URCE
SETUF, and MEAS/DISPF MODE SETUP pages.
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MENU PAGE
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Figure A

[nitial Condition 3

When the 4143B is turned on, the display will be blank while SELF TEST is being
performed. When SELF TEST has been completed and no fatal error hawve been
detected, the MEND page will be displayed as shown in Figure A. The stetus of the
instrument, as detected by the SELF TEST, is displayed at the bottom of the CRT.

1: HP-IB Address (0 - 30):

Shows the setting of the HP-IB Control Switeh (located on the rear panel), To
change the address, turn the instrument off, set the desired address, and turn
the instrument on again.

2 Ouitpiit cdata delimiter

COMMA or CR/LF is displayed depending on the setting of the HP-IB Control
Switeh.

3 EOI {(End or Identify) :
EQI is displayed when bit 7 of the HP-IB Contrcl Switeh is set to EQI OM.

4:  Line Filter setting :
Indicates the setting of the Line Filter Switeh on the rear panel. (S0Hz)
indicates that the instrument is set for operation from a 50Hz AC source. The
LINE FILTER switch on the rear panel should be sat to the frequeney of the
AC source if acourate measurements are to be obtained,

Figure 3-22. MENU Page (Sheet 1 of 2)
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L EMU Status:

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

XX
|_ 0: Moerror
Error Code 1: VW offset error

2: [ offset error

Channel Na, 3:  Ileak
4: ¥ range error
S: Irange error
Gt linoffset error

T: Loop Change Detector error

For example, (10, 20, 31, 40) indicates thet SMU 3 has a V offset error and
should not be used. SMUs 1, 2, and 4, however, are functioning properly and
ean be used for measurement. When (I1!DOWNI!1) is displayed, the BMU

contral eireuit is not funetioning properly and, thus, measurement can not be
made.

Softkey Prompts (SKP) :

The MENU page has two soltkey prompts (SKP1 and SKP2), as shown in Figure A.

SKP1 is displayed when the MENU page first appears. To display SKP?2, 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
eode), and then turn it off and on one time.

3-34
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CHANNEL DEFINITION PAGE

SEP 3
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Figure A

Purpose and function of this Page :

L. 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 egch SMU. (Determines whether the SMU will be used
as a V souree or [ source.)

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

4.  To define User Funcetions.
Imitial Condition :

When the 4145B iz tuened on, the CHANNEL DEFINITION page is automatically
setup as shown in Figure A and the field-pointer (#) will be located in the V eolumn of
SMUI. (This setup is the GENL measurement setup stored on each dise. Refer to

paragraph 3-98.)
Field=-Pointer (»} ¢

-

Changing or entering & ¥ NAME, | NAME, S0URCE MODE, S0URCE FUNCTION, or
USER FUNCTION ean be secomplished only by positioning the field-pointer at the
field to be changed. New information ean then be entered with the appropriate front
panel keys or softkeys. Positioning of the field-pointer is eontrolled by the CURSOR
keys (FAST eannot 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 labelled on the key.
Also, each time new information is entered into a field, the field-pointer will
automatieally move to the next field, as shown in Figure B.

Figure 3-23. CHANNEL DEFINITION Page (Sheet 1 of 4)
3-39



SECTION I

Model 41458
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Figure B
NAME end USER FUNCTION Entry:

(1)  Position the field-pointer at the desired field.

(2) Key in the desired name or wser-function expression (it will appear on the

Kevboard Input Line on the CRT as you do sol.

{3} Press ENTER. The name or expression will be moved from the Keyboard Input
Line to the field at which the fleld-peinter iz positioned and the field-pointer

will move to the next field.

Hote

¥ NAME, 1 NAME, and USER FCTN NAME can be up to six characters long,
of which the lirst character must be alphabetic and the remaining characters
must be alphanumeric. A NAME ecan be used only once on this page. USER
FCTHN expressions can be up to sixty charaeters long and can contain channel

names (V or 1), numerics, and arithmetie operators.
SOURCE MODE and SOURCE FCTHN Entry :

(1} Pogition the field-pointer at the desired fisld.

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

(3}  When the softkey is pressed, the selected mode or function will appear in the

field and the field-pointer will move to the next fleld.

Hote

SOURCE MODE and SOURCE FCTH egn be entered only with the softkeys.

J=40

Figure 31-23. CHANNEL DEFINITION Page (Sheet 2 of 4)
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¥ NAME and I NAME:

These are unkque names used to identify essh channel that is to be used in the
measurement. Each SMU hes two names : one for its source function and one for its
monitor function. Both must be entered if the SMU has been assigned & SOURCE
MODE. If no ¥V NAME is entered for a voltage source [Vs) or voltage monitoer (Vm),
the channel is consldered as not used. The NOT USE softkey can be used to delete
the MAMEs, SOURCE MODE, and SO0URCE FCTH of a channel and effectively turn
it off. The MOT USE softkey is svailable only when the field-pointer is in the ¥
HMAME eclumn,

SOURCE MODE @

Each SMU used in the mepsurement must be assigned s SOURCE MODE. Three
SOURCE MODEs ere svailable : V¥ (voltage source/current monitor), [ (current
source/voltage monitor), and COM (common). A COM source is regarded as a voltege
source whose output is 0V and compliance is 105mA. SOURCE MODE selection can
be made only with the softkeys and only when the field-pointer is in the BOURCE
MODE eolumn.

SOURCE FCTH 1

Each SMU and each Vs used in the measurement must be assigned a SOURCE FCTH.
Four SOURCE FCTMNs are available: VAR] (mein sweep), VARI' (synchronous
sweepl, VAR? (subordinete sweep), and COMNST (constent sourcel. SOURCE FCTH
selection can be made only with the softkeys and only when the field-pointer is in the
SOURCE FCTH column. Refer to paragraph 3-34 for details on VAR, VARL', and
VAR

Note

If the SOURCE MODE of an S8MU iz COM, SOURCE FCTN is automatically
s&t to CONST.

USER FCTHN:

The user function is an extremely wversatile, useful analysis aid. It is a
user—defined arithmetic expression consisting of veriables [V WAMES and 1
HAMES only) and constants and is executed at each measurement point during
measurement. The results can be displayed (GRAPHICS PLOT, LIST, MATRIX,
SCHMOO) elong with measurement results. Any of the arithmetie operators
listed im Table 3=5, plus A and parentheses, can be used in USER FCTHN
expressions. The only wariables that cen be used in g USER FOTHN expression
are the names listed in the ¥V NAME and | HAME ecolumns on the CHANNEL
DEFINITION page. Two USER FCTHs can be defined and sach can be up to B0
characters long.

SOFTHKEY PROMPTS end SOFTEEYS FUNCTIONS ¢

The softkey prompis (SKP) displayed on the CRT automatically change s 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
axample, when the field-pointer iz at in Figure C, SKP 8 in Figure I, will be
displayed on the CRT. SKP 8 and & 9 are displayed only after the CHAM
ASEIGHN softkey has been pressed on SKEP3.

Figure 3-23, CHANNEL DEFINITION Page (Sheet 3 of 4)
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Chiym] #5= CHANMEL DEFINITION s&s
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Figure D

k] k|

Al

il | (Channel Assignment) *

This scftkey allows you to guickly rearrenge the BMU and Vs channel essignments,
without having to reassign channel names (V and I}, SOURCE MODEs, and SOURCE
FCTHs. It is extremely helpful when DUT eonnections have been made or when
measuring deviees which reguire the same measurement setup but which have
different pin-outs. The procedure is given below,

{1} Mowve the field-pointer to ares @} in Figure C. SKP 3 in Figure D, will be
displayed,

(2} Press the CHAN ASSIGHN softkey. The field-pointer will automatically move to
the first row in the CHAN eolumn, rows | through 6 in the CHAN eolumn will
be blank, and SHP8 will be displayed.

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

(4) Press the CHAMN ASSIGM softkey e&gain to enter the new channel
assignments. The field-pointer will move back to lrul{I:l in Figure C.

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

Purpose and funetion of this page :

1.
2.

a4

Setup s

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

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

Set the START and STEP values and N0, OF STEP for the YVARZ source channel.
Set the RATIO and OFFSET values for the YARL' source channel,

Bat the HOLD TIME and DELAY TIME.

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

Zet the COMPLIANCE value for esach source channel.

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

page.

Note

Enterad wvalue mey be automatically changed to aeceptable value
when the ENTER key is pressed or the page is changed.

Figure 1-24. SOURCE SETUP Page (Sheet | of 4)
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‘Parameter Entry :

‘When entering numeric values on this page, it is not necessary to enter the value
unit. The unit for voltage values is V (volt); for current values, A (ampere); and for
time values, s (seconds). For example, the key strokes required to enter a current

value of 10.5mA are

[hplusnwsn SOURCE SET UP wewsssw

[ VAR1 “VAR2
NAME | va 112
IS\'IEEP MODE_ | LINEAR
[START P
[SToP ===
ISTEP P
INO. OF STEP|] _~
[COMPLIANCE |V
CONSTANT | SQURCE COMPLIANCE
V1 COM
— und
Va4 v — N
VSi v ===~
vVS2 v s
Figure B

[MOIC]E] [m [ENTER]

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 which 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. Refer,to Table 3-6 for

specifiable voltage and current.

) ‘Voltage Range | 0 to 100V
SMU |- -

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

‘Values can be entered in fixed decimal format or floating decimal format

(scientific notation).

'SWEEP MODE Selection :

'SWEEP MODE can be selected only with the softkeys and only when the
field-pointer is in the SWEEP MODE row of the VAR1 column.

LINEAR: Linear staircase sweep at the specified STEP value

LOG10:

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

LOG 50:

‘Note

3-44
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START, STOP, STEF Values for VARI :

START and BTOP determine the sweep range for the VAR source channel. START
value can be less than, equel to, or greater than the STOP value. If LOG has been
seleeted as the SWEEP MODE, START end STOP must have the same signs. If the
specified ETART and STOP wvalues 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 instruments operating system software automatically ealeulates and
enters the appropriate STEP value. In LINEAR SWEEP MODE, If the STEP value is
greater than the START/STOP range (STEP> ISTOP-STARTI ), no sweep is performed
and measurement is made at the START value only. NO. OF 8TEP {number of steps)
for VAR] iz sutomatically ealeulated by the instrument as

NO. OF STEP = Eﬂ&-&%ﬂ i

1 (3-2)

The START, STOP, end STEF walues must be such that N, OF STEP doas not exceed
1024, Also, both the START and STOP values for LOG sweep must be greater than
zero. Even i zero B entered, it B automatieally changed to 1mV or 1pA.

START, STEP, and NO. OF STEP for YAR2:

START, STEP, and NO. OF STEP (number of steps) determine the sweep range for
the VARZ source channel. VARZ sweeps are VAR] dependent; that is, VAR? is awept
one STEF for each complete sweep of VARI. The maximum NO. OF STEP for VAR2
is 32. When only one monitor channel (BMU or ¥Ym) iz used the maximum number of
measurement points i

Measurement Points = (NO. OF STEP VAR]) x (NO. OF STEP VAR2)  (3-3)

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

RATIO and OFFSET Values for VARI:

VARL" can be swept in unizon with VARI at a constant RATIO or OFFSET. The
output fram the VAR source channel is caloulated as

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

To enter RATIO and OFFSET, move the field-pointer to area (Z) or () in Figure C,
press the VAR RATIO or VARI" OFFSET softkey, enter the desired value, and press
EXECUTE. The entered value will be displayed on the CHT, between the two tables.
Both HRATIO and OFFSET ean be entered, but only the one displayed on this page is
valid during measurement.

Hote

The specified RATIO or OFFSET values must be such that the VARI' source
channel does not exceed its maximum output (SMU, 2100V; Vs, 220V}, Also,
cutput from VAR may lead or lag the VAR] output by I1ms in ¥V mode and from
4ms to 50ms in [ mode. For log sweep measurements, only VARD® RATIO ean 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 end the wait time after & VARZ step
change. DELAY TIME is the wait time after VAR] step change. To enter
HOLD TIME and DELAY TIME, move the field-pointer to area (2} or (3) in
Figure ; press the HOLD TIME or DELAY TIME softkey, enter the desired
value, and press EXECUTE.

SOURCE Value for CONSTANT Channels :

The MAME and SOURCE MODE of all source channels that were assigned the
CONST S0URCE FCTH on the CHANMNEL DEFINITION page are listed in the
CONSTANT column on this page. The order in which they are listed is
identical to the order on the CHANNEL DEFINITION page. To enter the
BOURCE wvalue, move the field-pointer to the desired field, key in the value,

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

COMPLIANCE Value:

COMPLIANCE [ a special feature for protecting samples against over-voltage
or over—current demege. HRefer to paragraph 3-3Z. It limits the current output
from & woltage source or the wvoltage output from & current SolUrce.
COMPLIANCE for & COM source B set to 105mA by the instrument. The
COMPLIANCE for a CONSTANT Vs is 10mA but i not displayed on this page.

Softhey Prompts (SKP)

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

SKPID  SKPI| SKPIZ
[holesasmas '.1'::: IRLCIL SET ...II ------ FI'H'I-1 I |
i S— I — — 0 e T s T s
. i '.:'_l I : o o [ I 1 i 1
] | P
W COR e D T ek (3) [s) =
i _ T —
[Cwa v T LOR Pk | o a
ol ' .HL:HI'-!'-- m
VEZ e I ————— m— |
- ™l I

Figure C

J-4d
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MEAS & DISP MODE SETUP PAGE
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Figure A

Purpose and function of this page :
1. Belect the Dizsplay Mode for the measurement,
2. Select the monitor channels.
3. Bet up the display parameters,
MEASUREMENT MODE:

The existing MEASUREMENT MODE — SWEEP or TIME DOMAIN — = displayed on
this page bul sannot be changed on this page. MEASUREMENT MODE depends on
whethier. or notl VARL is assigned to a source channel (S3MU or Vs) on the CHANNEL
DEFINITION page. If YVARL is assigned, MEASUREMENT MODE i SWEEF; if not,
MEASUREMENT MODE i TIME DOMAIN. Refler to paragraph 3-80 for details on
TIME DOMAIN measurements.

DISPLAY MODE Selection :

When this page is initially displayed, the field-pointer (®} will be located on the
DISFLAY MODE line and the display modes — GRAPHICS, LIST, MATRIX, SCHMOOD
= will be listed in the softkey prompt area of the CRT. The teble below the
DISPLAY MODE line will change depending on which display mode is selected. The
lield-pointer will automatically move as names are selected and values are input &nd
the softkey prompts will change depending en the location of the field-painter,

DISPLAY MODE ean be selected only when the field-pointer is on the DISPLAY
MODE line. To seleet the DISPLAY MODE, press the desired softkey. The
field-pointer will sutomatieally move to the NAME field of the DISPLAY MODE
Lable.

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet | of 8)
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GRAPHICE PLOT Setup:

Pressing the WEXT key when this page is ss shown in Figure A will display the
GRAPHICS PLOT page, as shown in Figure B, The name and scaling of each axis is
determined by the MNAME, SCL, MIN, and MAX information appearing on the
MEAS/DISPF MODE SETUP page.

[hp] sssess CRAPHICE PLOT sssses
™

(=11
il T
np—————

Flgure B

NAME : Can be entered only with the softkeys. Determines the channels
thet will be used in the measurement. Only those channels whose
nemes are listed in the softkey prompt area can be selected. The
channel names or user-function names (press EXTH) selected on this
page will be X, Yy, and, if used;, Yz axes on the GRAPHICS PLOT

PREE-
BCL (Scale): Determines the grid sealing on the GRAPHICS PLOT page. LINEAR

of LOG ean be selected with the softkeys. Mot related to the
SWEEP MODE selected on the S0URCE SETUP page.

MIN/MAX : Determines the minimum and meximum velues of each axis. Value
units (V or Al are automatically entered by the instrument.

Maote
MIM end MAX must have the same sign for an axis that is to be displayed
with LOG sealing. Also, if 0 is entered for MIN or MAX in LOG scale, D.1mY,
0.01pA, or 1E-35 is assumed.
GRAPHICS DISPLAY Sealing :

Scaling on the GRAPHICE PLOT page depends on the selected BCL and the MIN
and MAX values.

l. When LINEAR has been selected and 0 Is not within the MIN/MAX range (i.e.,
DEMIN or MAXz0), MIN and MAX will be located as shown in Figure C.

-4

Figure 3-25. MEAS & DISP MODE SETUF Page (Sheet 2 of 6}
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Figure C

‘When setup for LINEAR sealing, the X axis has 10 divisions and the Y axes, 11.
The value per division is calculated as

| Max-Min |
10 -

2. When LINEAR has been selected and 0 is within the MIN/MAX range (i.e.,
MIN<O0<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 occurs when the MIN or MAX value is not a multiple of Value/div. in
equation 3-6. Division scaling is always in reference to 0. For example if the
MIN and MAX values on the MEAS/DISP MODE SETUP page are -.2 and 1,
respectively, the MIN and MAX values displayed on the GRAPHICS PLOT page
are -.12 and .96, respectively.

Value/div. = (3-6)

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

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

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

3) If MIN and MAX are close, their displayed value may include 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 (current)

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)
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LIST DISPLAY Setup:

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

[hpl== MEAS & OISP HODE SET UF ==

Hesmeisin] MOQEs SWEEP

B —

HAHES

Figure D

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

MATRIX DISPLAY Setup:

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

[iw) == HEAE E DISP MOOE SET UP ==

SEASUIREHERT MONOE, EWEEE

e

Figure E

The lield-pointer will be in the top row of the NAMES teble. 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 VART step.

MNote

If VARZ is not assigned on the CHANNEL DEFINITION page, only ane 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 6)
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SCHMOO PLOT Setup

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

Chym] == MEAS & DISP HODE 5ET UF ==

MEARLIRFEMENT MOOE: SWEEF

148, E~88
138, E«BEE
1A E2E

A SBCHMOOD PLOT iz a theee dimensional display, where VARIL is the X-axis, YAR2Z
iz the Y=axis, and the channel whose name is listed in the NAME field is the Z-axis.
When messurement is made, the results are distinguished by the symbels listed in the
BCHMOOD table. X-axiz and Y-axis scaling is determined by the VARI and VARZ
sweep parameters. The LIMIT for each symbol is the lower limit. For example, if
the LIMIT: for M and & are 500 and 100, respectively, M represents measurament
results greater then 500 and A represents measurement resulls between 100 and
.500. For measurement results less than the LIMIT for & - is used. To enter & LIMIT,
move the field-pointer to the M, A, #, or @ [field, enter the value with the ENTRY
keys, and press ENTER.

BCHMOO PLOT Sealing :
X and Y axes scaling is determined by the VAR] and YAR2 sweep parameters. The
X=axis can have up to 41 points and the Y axis, up to 21 points. MIN and MAX valuwes
for each axis are caleulated as follows
. SWEEP MODE of YAR] is LINEAR :
X-axiz (VARIL) : MIN =8, MAX =a+40xb
[3-7)
Y-axis (VARZ): MIN = ¢, MAX = ¢+20xd
where &= 8TART value of VAR]
b = STEP value of VARI
@ = START value of VAR2Z
d = STEP value of VARZ

when STEP = 0, MIM and MAX = START.

Figure 3-25. MEAS & DISP MODE SETUP Page (Sheet 5 of 6)
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2. BWEEP MODE of VARI] is LOWG ¢
L

X-axiz (VARL): MIN = a, MAX = axld @
{3-8)

Y-axis (VAREZ): MIN = ¢, MAX = o+20xd

whére
START walue of VAR]

Humber of steps per decade (10, 25, 50)
START value of YAR2
STEP value of VAR2

A R
W n m

Note

Eguation 3-8 applies only when START £ STOP. When START > S3TOP, X-axis
MAX value is ealeulated as

50
¥-mxiz: MAX =axl)™ = (3-8)
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GRAPHICS PLOT PAGE

SKFPIB
::.-hun- GRAPHICS PLOT ssssss [Eom |
- i
il
- et
===t
H ]
= P — ] —
]

Figure A

Function of this page :
. Ceraphically display measurement results.

2, Allow mnalysis of measurement results with the softkeys and mrithmetio
capabilities.

MEASUREMENT :

Each time thiz pege is displayed, the results of the previous measurement are
sutomatieally re-displayed, regardless of the display mode used in the previous
measurement. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if & NAME on the MEAS/DISP MODE SETUF page is
ehanged, the results of the previous measurement are erased frem the date buffer
and & 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 prograsses.

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

2} In LOG seale, if the measurement data has two polarities, result is not
corcectly displayed.

40 Max 1151 measurement points can be displayed.

Saftkey Prompts (SKP):
Boftkey prompts displayed on the GRAPHICE PLOT page are shown in Figure B.
SKP 18 iz displayed when this page is first displayed, The other SKPs (19 through 23)

can be displayed by pressing the EXTHN softkey., When EXTH is pressed on SHP2I,
SKPIR is displayed. SKP23 (blank) ean be used when taking photographs of the CRT.

Figure 3-26. GRAPHICS PLOT Page (Sheet | of G)
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SKP 18 SKP19  SKP20 'SKP21 'SKP 22 'SKP23
[N 1 [exwn ] [Extn ] Ean ] {"""‘I
1 == & 17 3 T
s ==  E L
—1 — ] [CTRE] E i
O O BBl E b
B [ L.
7Figure B

‘Softkey Functions :

: Stores displayed measurement results.

: Recalls (re-displays) stored measurement results.

These two softkeys provide overlay comparisons of two measurement results. To
store the results of a measurement, press the STORE softkey. The frame around
the STORE softkey prompt will be 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 data, and when recalled, will be of
slightly less intensity than normal. Two important points to remember are (1)
scaling 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 a stored plot, press the RECALL
softkey. The frame around the softkey prompt will be highlighted and will
remain so until the softkey is pressed again.

=

User-entered comments of up to 30 characters can 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. 7Key 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 comment function 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 a comment is alread displayed
below the page title. This allows you to change or delete an existing%comment.
For example, to delete a comment, press the COMMNT softkey, C.EAR the
Keyboard Input Line, and press ENTER.

Figure 3-26. GRAPHICS PLOT Page (Sheet 2 of 6)
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=

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

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

=
1

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 calculations. Instead
of entering the numeric value of a measurement result, the channel name
can be entered.

‘Note

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

ABLARE |

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 function, however, the
marker can be positioned at any point between two measurement points.

[EREE=R] -

Moves the marker or markers to the next VAR?2 step. VAR1 does not
change. If this softkey is pressed when the marker is at the last VAR2 step,
the marker will return to the first VAR2 step. Also, INTERPOLATE is
turned off when MARKER SKIP is performed.

Figure 3-26. GRAPHICS PLOT Page (Sheet 3 of 6)
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Displays the LONG CURSOR. When this softkey is pressed, the frame
around the softkey prompt will be highlighted and the LONG CUHRSOR will
be displayed at the center of the plot area. The LONG CURSOR can be
moved to any point in the plot-area by pressing the 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; ecoordinates of
the cursor Ioeation are digitally displayed above the plot eres. The LONG
CURSOR is turned off by pressing this softkey again, by turning on the
SHORT CURSOR, or by pressing the PREV or MENU kev.

¢t Horizontal zoom-in (x2).

E : Herlzontal zoom-cut (x2).
[:!.:[ r Vertieal zoom-in (x2).
E: ¢ Vertieal moom-out (x2).

These softkeys are used in conjunetion with the LONG and SHORT cursors
to goom-in on of Zoeom-out from the cursor location. When one of these
keys is pressed, the cursor will be repositioned at the center of the plot-ares
end the whole plot-ares, including the plotted curves, will be enlarged or
reduced in the indicated direction. The relative position of the cursor and
plotted curves remains the same. That is, when the cursor I8 centered by
the zoom funetion, the plotted curves are moved in reference to the cursor.
Vertieal zooming la performed on the Y, -axis only.

=

Moves the LONG CURSOR or BHORT CURSOR to the center of the plot
ared, maintaining the relative position of the eursor and plotted curves.

(EfREEe] -

Displays the SHORT CURSOR. When this softkey is pressed, the frame
sround the softkey prompt will be highlighted and the SHORT CURSOR will
be displayed at the center of the plot-area. The CURSOR can be moved to
any point in the plot-area by pressing the appropriste CURS0OR keys.
Pressing the FAST CURSOR key while pressing one of the directional keys
moves the cursor faster. The X, Yy, and Y:; coordingtes of the cursor
location are digitelly displayed above the plot area. The SHORT CURSOR is
turned of f by pressing this softkey again, by turning on the LONG CURBOHR,
aor by pressing the PREV or MEN L key.

Mote
When the LINE is displayed and either SHORT or LONG

CURSOR is on, the location of the CURSOR may change if
AUTO-SCALE, 200M or MOVE WINDOW is performed.

3-56
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Moves the LONG CURSOR or SHORT CURSOR to the position of the
MARKER. MARKER must be turned on.

3] -

Turns on the instrument's graphies 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 values are also displayed,
below the plot area. The graphies analysis functions are available only when
this softkey is turned on (frame highlighted).

: Displays LINE 1 (solid line)
: Displays LINE 2 (dashed line)

Each line has two SHORT CURSORS. One cursor is moveable and the
other is fixed. The gradient, or slope, of each line can be changed by
moving the moveable cursor with the CURSOR keys. Both lines ean 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.

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

[VACEe |

Line gradient entry. The desired line gradient ecan be entered from the front
panel. When this softkey is pressed, the existing gradient value will be
displayed on the Keyboard Input Line. To enter a new value, press the
CLEAR Kkey, key in the desired value, and press ENTER. The line will
automatically adjust to the new gradie':\z't.

Interchanges the moveable and fixed cursors of the line.

‘Note

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

Figure 3-26. GRAPHICS PLOT Page (Sheet 5 of 6)
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[E¥7A; | : Changes the START value for VARL.

[958 | : Changes the STOP wvalue for VARL.

'¥#gp | : Changes the STEP value for VARI.

t Changes the START value for VARZ.

t Changes the STEP wvelue for VARZ.

H¥bE | : Changes the HOLD TIME (0 - §55.35 sec).

BEEEY | @ Changes the DELAY TIME (0 - 6.500 sec).

These softkeys allow the operator to check or change the existing

messurement parameters, without having to return to the B0URCE SETUP
page. The new values are automatically entered on the SOURCE SETUP
page. Measurement parameler values can be changed during measurement
but only DELAY TIME is valid immediately; HOLD TIME is walid for the
next YARZ step; VARL and VARZ parameters are velid for the next
measurement.

Notes

Range and resclution are the same as those on the BQOURCE
SETUP page.

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

VAR] START, STOP, and STEP softkeys are disabled when VAR
has not been assigned (e.g., Time Domain measurement), and
when VARI' is assigned YAR? START and STEP softkeys are
disabled when YAERZ has not been assigned. VARL BTEFP is
disabled in log sweeps, Also, HOLD TIME and DELAY TIME ere
disabled in Time Domain measurement.

3-58
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SKP24
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7Figure A

‘Function of this page :

1. 7Disp1ay the measurement results obtained at each VAR and VAR2 (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 :

‘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. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if a NAME on the MEAS/DISP MODE SETUP page is
changed, the results of the previous measurement are erased from the data buffer
and a new measurement must be made. To make a new measurement, press the
SINGLE, REPEAT, or APPEND key. Measurement results of the first three monitor
channels selected on the MEAS/DISP MODE SETUP page will be displayed as the
measurement progresses. The list contains four columns. Each VARI step is listed in
the left-most column. The VAR2 STEP corresponding to the top line VAR1 STEP is
displayed in brackets above the list (¢ in Figure A). The remaining three columns list
the measurement results of the first three monitor channels selected on the
MEAS/DISP MODE SETUP page. If more than three monitor channels are selected on
the MEAS/DISP MODE SETUP page, measurement results for the fourth, fifth, and
sixth monitor channels ecan be displayed by pressing the LEFT softkey. Only ten lines
can be displayed. To display additional lines, use the ROLL UP or ROLL DOWN
softkeys.

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

Measurement results are displayed in a 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.,

ﬂm-

il el

-,

: 11
| . T
o b mouL
Figure B

Bofthey Functions :

This page hes only one softkey prompt (shown in Figure A), The funetion of each
softkey is deseribed below.

]

Turns on the line cursor (k). When this softkey is pressed, the cursor will be
displayed in the VAR eslumn and it can be moved up or down with the CURSOR
keys. The cursor is used when making keyboard caloulations. Instead of entering
/ the numeric value of a measurement result or VARI or VARZ step, the ehannel
name can be used in arithmetic expressions. Using the values listed in Figure A,
suppose you want 1o ealeulate the square roef of IC when VCE is 1200V, Simply
move the eursor down the VCE eolumn and stop at VCE = 1200V, then key in

7] (0 [©) [EXEcUTE]

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

Figure 3-27. LIST DISPLAY Page (Sheat 2 of 3)
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User-entered comments of up to 30 characters can 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 comment function 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 a comment is already displayed
below the page title. This allows you to change or delete an existing comment.
For example, to delete a comment, press the COMMNT softkey, CLEAR the
Keyboard Input Line, and press ENTER.

[fffﬁ‘ | : Shifts the monitor channel columns to the right.

Ei":l : Shifts the monitor channel columns to the left.

I'EEEE I * Rolls the list up.

[BBRk | 't Rolls the list down.

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

‘Note

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

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

SKP25 .
‘a. VARI START, STOP, STEP values
a\ Lhpl wunwnn MATRIX DISPLAY #wwxnw I:
bloves o .a%E88X o 5080 in maE% = b. VAR2 START, STOP, STEP values
[¢] € Ic MEASUREWg
-1 LINE IR il | - . .
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e f ]
:i-l. - - -
= g. VARZ2 step values
‘Figure A

‘Function of this page :

1. Display the measurement results obtained at each VARI and VAR2 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. If any change is made on the CHANNEL DEFINITION page or
SOURCE SETUP page or if NAME on the MEAS/DISP MODE SETUP page is changed,
the results of the previous measurement are erased from the data buffer and a new
measurement must be made. To make a new measurement, press the SINGLE, or
REPEAT, key. Measurement results of the monitor channel selected on the
MEAS/DISP MODE SETUP page will be displayed as the measurement progresses.
Results are displayed for each VARI1 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 DOWN softkey.

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

Measurement results are displayed ina 3 x 10 "window,” as shown in Figure B. The

"field" can be moved left, right; up; or down by pressing the LEFT, RIGHT, ROLL UP,
of ROLL DOWN softheys to view other messurement resulis.

T P I

Softkey Prompts :

‘iﬂfl- HELL
an e

Figure B

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

Figure 3-268. MATRIX DISPLAY Page (Sheet 2 of 2)
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SCHMOO PLOT PAGE

A \

[_I-\F]-I\ll-l--l- BCHHOOWPLOT = =s=ss
Tamis = HFE
"m

.

Funetion of this page :

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

Figure A

Monitor chennel name selected on
the MEAS/DISF MODE SETUP.

Limits specified on the MEAS/DISP
MODE SETUP page.

VARE source name

VAK] sourece name

2. Allow analysis of meassurement results with the softkeys and arithmetie

eapabilities,

MEASUREMENT :

To meke a measurement, press the SINGLE or REPEAT key (APPEND can not be
usedl, Measurement results will be displayed as the measurement pProgresses,

3-t4

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

Sealing for the X and Y axes is determined by the START and STEP values of VAR]
and VAR2 and by the VARI SWEEP MODE. The maximum number of measurement
points along the X-axiz is 41; along the Y-axisz, Z1.

l. Linear VAR] Sweep :

¥-axis (VARI): Min.=n, Max. =g +40 x b
Y-axis (VAR2): Min. = ¢, Max, =c+ 30 xd

whore a=VAR] START wvalue
b=VARI STEP walue
c=YAR2 START wvalue
d=YARZ STEF walue

Mot
STOP wvalue is not used in determining axes scaling. Also, if the
VARI STEP walue or VARZ STEP walue iz 0, the minimum and
maximum scale velues for the respective axiz are set o the START
value.
2. Logarithmie VAR] Sweep:

M-axis (VAR]): Min. =8, Max.=ax 10
Y-axiz (VARZ) : Min.=e, Mex.=ec+ 3 xd

whers 8=VARI START walus
e = Number of step per decade (10, 25, or 50)
= =VARZ START walue
d=VARZ STEF value
Note

If VAR] START»>8TOP, the exponent in the eguation for X-axis
Max. becomes as follows.

X-axis Max. =a x 105

Figure 3-29. SCHMOO PLOT Page (Sheet 2 of 3)
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‘Softkey Functions :

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

[CURSOR
[—

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

‘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.

Same as the COMMNT softkey on the other display pages.

[STORE ] . 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 recalled
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 operations on 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.

3-66
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AUTO SEQUENCE SETUP PAGE

SKFET SKP 28

Figure A

Funetion of this page :
Sel up or edit an auto-Sequencs program.
Auto=Sequence Program :

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

1. eall pre-stored measure ment setups from the dise (GET P o mmand),
2. performa SINGLE measurement (SINGLE command),
3. store measurement results onto the dise (SAVE D command),

4. store measurement results onto the dise under en existing filename (HSAVED
o mand ),

d.  dump measurement results onto an HP-1B plotter (PLOT eommand),

fi. dump only measurement curves onto an HP-IB plotter {(CPLOT ecommand),

=1

print out measurement results onto an HP-1B peinter (PRINT command),
4. haelf exeeution until CONT is pressed (PAUSE command),
9. weit a specified time (WAIT eommand), snd

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

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

Setting up the auto-sequence programs requires no special programming knowledge.
When this page is first displayed, the field-pointer will be on line 1 and the
auto-sequence commands will be listed in the softkey prompt erea of the CRT. Te
enter a commend, simply press the desired softkey. The selected command will be
displayed on the line and if the commend requires no parameters, the field-pointer
will sutomatically move to the next line. If the command requires parameters (plot
area, file name, weit time), the field-pointer will not move, indicating 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, howaver up to 24 lines can be displayed at once.
The rollup and rolldown of the lines can be effective by the arrow key of the front
panel. Elank lines sre allowed but are gnored during auto-sequence program
execution,

Program Commands

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

: GET P file name

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

C=]

This command executes one measurement end is, egquivalent to pressing the
SINGLE key on the front panel. If SINGLE is entered on line 1 of an
auto-sequence program, the program cen 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.

EE:E_ fl : BAVE D file name

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

[E&ve o] + 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,
"REAVED" i displayed on the program line, key in the desired file name, and
peess ENTER.

[FL57 ] : PLOT Xmin, Ymin, Xmax, ¥max

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

Figure 3-30. AUTO SEQUENCE SBETUP Page (Sheet 2 of 4)
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\E3Y= | + CURVE-PLOT (displayed "CPLOT™) Xmin, Ymin, Xmax, Ymax
This eommand dumps only the measurement results of GEAPHICS PLOT onte an
HP-IB plotter. Scaling parameters {Xmin, Ymin, Xmax, Ymax} must be
delimited with commas, or by leaving spaces. To enter this command, press the
CURYE PLOT soltkey, "CPLOT" is displayed on the program line, key in the
sealing parameters, and press ENTER.

FRLNT _] :

Thiz command outputs messuse ment results to an HP-IB printer. To enter this
command press the PRINT softkey.

[FalEE J '

This command halts program execution until the CONT key is pressed. While the

program B halted, the cperator can change paper on the plotter, change test
samples, ete. To enter this command, press the PAUSE softkey.

I‘"'“"" 1 : WAIT time

This command stops program execution for the specified time. Speciliable time
iz from 0 to 65535 seconds. Fraectional values are rounded to the nearest whole
number. To enter this command, press the WATT softkey, key in the desired wait
time, and press ENTER.

[FAGE J 5

This command advances the plotter paper to the top of the next page. The
plotter used must be equipped with automatic paper advanee,

Frogram Edit Funetions ¢

There are three program edit funetions - ASP CLEAR, LINE DELETE, LINE
IMSERT. They are available with the softkeys only. Each s described below,

AEE || .
CLEap | *

Clears the entire auto-sequence program and returns the field-pointer to line 1.

[&Ere ] -

Deletes the program line indirated by the fleld-pointer.
[rAEEnr | :

Inserts one blenk line between the line at which the [ield-pointer is located and
the preceeding line. The field-pointer remains at the blank lime snd a new
command can be entered. If e line is inserted into a 50-line program, the last
line is deleted,

Flgure 3-30. AUTO SEQUENCE SETUP Page (Sheet 3 of 4)
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Program Execution :

To execule an auto-sequence program, press the AUTO SEQ START/STOP key.
The program will begin and the AUTO SEQ STAKT/STOP indicator lamp will come
an. The line number and the command being executed are displayed on the Keyboard
Input Line during program execution. The progrem continues execution untll it somes
to a PAUSE command or until all lines have been executed. When the program is
halted by the PAUSE command, press the AUTO SEQ CONT key to continue the

PrOgram,

indicater lamp will go off and the program will stop at the present line.

Mote

An euto-sequence program cannot be executed when the instrument iz
measuring, plotting, printing, or in GLI mode (under HP=GL controll, The

ALTO SEQ STOP key cannot be pressed when the auto-seguence program
b executing a GET P, SAVE I} or RE-BAVE D command.

Mote

Omnee en suto-sequence program containing a SAVE D command s
execuled, it cen not be executed again. If it & executed again, error MD3
{file name elready reserved) will be displayed on the CRT. To run the
auto-sequence program egain, use the HE-BAVE command or change the
file name specified in the SAVE D command.

Mole
If an error-code ZXX i displayed, the auto-seguence program stops amd
waits as if a PAUSE command wes executed. HRefer 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.

Hote

If the length of PLOT commend excesds 26 cheracters, line number & not
displayed when the ASP is executed.

To stop the program, press AUTO SEQ START/STOP key again.

The

3=T0

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

SKP 29
[hpl#* OUTPUT SEQUENCE SET UP #» [ ]
SOURCE ~NAME CHANNEL oz |
v SMU1
Z 1z SMUZ
: E SMU3 Paus]
y V4 SMU4
5 VS1i Ve i ansa)
6 Ve2 Ve 2 e
Voltage & ourrent scurcee are automatiocslly [-VE
turned on acoording to the eequence.
§. 2
Figure A

‘Funection of this page :

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

Setup : -

{

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

‘Note

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

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

b a c d
3\ / ]

[¢]
— =t

‘a. Available records

\\*** USER/ FILH CATALOG xxx b. File name
\Volume : /HP4145 Rev/. 1.0 e, File type
availabYe redords = [2075 N
file name/ comments adrs blk d. gﬁe cg:jnments
NPN1 PRO 286 5 . - gy e. e address
VCESAT PRO 2es s L] S f.  Number of records used
TessTH PAO So1 5 (o] g. User-area files
IGSSTM PRO 301 5 . -
HFE1 PRO 306 S m @
HFE2  PRO 311 5 _
BIP1  SEQ 316 4 [BEALa]
VvCIC DAT #5112 320 23
VCESAT DAT #512 343 23
HFE1 DAT #514 366 23 IE—EEE lm

EBL—I ALL

‘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 dise.

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's

mass storage media to that on the 4145B.

‘The system disc furnished with the 4145B has a user-area in which up to 2178 records

or 240 files can be stored. The initialized dise 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 (measurement setups) 5red/file
Data files (measurement results with setups) 23red/file
ASP files (auto-sequence program files) 4red/file

‘Information for up to 11 files can be displayed on this page. To display information

on other files, press the ROLL UP or ROLL DOWN softkey, or press the NEXT
SCREEN or PREV SCREEN Softkeys. When the ROLL UP or ROLL DOWN softkey is
pressed and held, movement through the displayed files is continuous. Each item -- a
through g — in Figure A is described below.

3-72
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‘a.

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

‘Lists the names of all files stored on the dise.

And lists the file-type of each file stored on the disc.

Sys: System file

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

‘When storing or recalling a file, the file type — P, D, or S -- must be specified in

the SAVE, RE-SAVE or GET command., System files can be recalled only when
the CHANNEL 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.

‘File address:

‘Shows the address of the first record of each 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 records reserved for each file. Normally, the number of

records reserved is equal to the number of records used, but there are cases
when this is not true. For example, if a program file (5 records) is stored after a
data 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 softkey
is deseribed below.

SKP 30

PURGE

This softkey is for deleting files from the disec. 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 dise is changed while the FILE CATALOG page is displayed, this softkey
displays the FILE CATALOG of the new dise.

This softkey rolls-up the file page.
Scheen] :

This softkey rolls-down the file page.

D
cO|
or|

T

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

[w)
(u]w]
=]
ZI_'
.

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

‘SKP 31
[coeY_] .
pisc| °*
This softkey is used for copying the user-area files and operating system onto the
another system dise or initialized dise. The procedure is given in paragraph
3-148.
°gve |
This softkey is used for copying the operating system onto the initialized disc.
The procedure is given in paragraph 3-146.
INIT ] .
DIsc| ¢

This softkey is used for initializing the blank dise. The procedure is given in
paragraph 3-144,

7Figure 3-32. 4145B FILE CATALOG Page (Sheet 3 of 4)
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[MBral?
This softkey is used for transfering all of the files from the 4145A' dise or
41458% dise onto the 41456'% dise. When the files are transfered from 41454,

HPE 1626TA File Transfer Softwere Dise for the 41454 (not furnished) B needed.
The procedures are given in paragraph 3-150.

| ﬁqnl’

This softkey i used for transfering all of the files from the 4145 dise onto
another 41456% dise. The procedures are given in paregraph 3-150.

vl

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

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

[hg)=e=s QPERATION GUIOE sssss ==
[
SIEPLAT OSTRL. KT

Figure A

Funetion of this page :
Provide basic operating instructions. Included are deseriptions of the display control

keys, display relationships, and & list of error messages and error codes. This page
has seven sereens, To view sereens 2 through 7, use the NEXT or PREVY key.

Construction :

Sereen flow is as shown below. The MENU key ean be pressed at any time.

Figure 3-33. OPERATION GUIDE Page
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DIAGNOSTICS PAGE

SEP 32
[ip] =eess DIAGHOSTICS s=sss —
1 REGULAR SELFTEET
e PASS mm—= ]
2 FROWMT PAMEL TEST
3 GRAPHIC TEST PATTERM il |

Figure A

Funetions of this page :

l. Perform Self-Test.

2. Perform Front Panel Test.

3. Perform Graphic Display Test.
Softkey funetions ;

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

[T BEEE | : Self Test
Two Self-Tests are performed when this softkey is pressed. They are &s 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 | through 4 amnd their control eirewit. If an
abnormelity is detected, CHAN ([ DOWN [ } or CHAN (10, 20, 31, 40)
will be displayed. In the latter, 8MU3 iz down.

If the SELF TEST detects an abnormality, contaet the nearest Hewlett-Paskard
Sales or Serviee Office,

Figure 3-34, DIAGNOSTICS Page (Sheet | of 3)
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< Epky | ¢+ Front Panel Test

This softkey is used for testing the operation of the front panel controls, When
this key iz pressed, the display will change to that shown in Figure B and the
front panel lamp test will begin, In the lamp test, all lamps on the front panel
are momentarily turned on and then turned on one at that time. During the lamp
test no keyboard operations can be performed. When the lamp test is completed,
the rotary diel test and key test can be performed. To perform the rotary dial
(MARKER) test, rotate the dial and observe the COUNT display on the CRT.
Rotating the dial clockwise 360 degrees incremses COUNT by 120; rotating the
dial counterclockwise 380 degrees decreases COUNT by 120, COUNT can be
reset to zero by pressing the CLEAR key. In the key test, NEXT KEY shows
number of the key that should be pressed next; LAST KEY  shows the number of
the key that was just pressed. Key numbers are shown in Figure C. To perform
this test, press key 1; LAST KEY  should chenge to | and MEXT KEY , to 2.
Continue in this manner until all the keys have been checked. When Key 66
[EXECUTE) is pressed, NEXT KEY and LAST KEY  will both be 88, and when
key 66 iz released, the display will change back to that shown in Figure A.

[T —— JIAGHOGT ICH =s=s=s —]
[T
HENT HEY @ § " |
LAST WEY & § EE)
(nm T -
-
| -
—
)
Figure B

ool | SEbheR
%I
9]

Figure C

3-78
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¥ %y : Graphic Display Test

This softkey is used for INTENSITY and FOCUS adjustments. Adjustment
procedure i given in Figure 3-8,

Figure 3-34. DIAGNOSTICS Page (Sheet 3 of 3)
3-8



SECTION IIT Model 41450

3-g0. TIME DOMAIN MEASUREMENT SETUP

3-81. The 4145B can menasure voltage or current
as & funetion of time. Thiz i& called a time
domain measurement and i mede possible by
replacing the mein sweep, VARI, with time.
Measurement is made at constant, user-specified
time intervals and results ean be displayed on
the GRAPHICS PLOT, LIST DISPLAY, MATRIX
DISPLAY, or SCHMOO PLOT page, just as in &
normal YAR] sweep measurement. (If results
are to be displayed on & SCHMOO PLOT, VARE
must be used.) The page-by-page setup for a
typical time domain measurement, along with
measurement results, is shown in Figure 3-35.

(@ Do not select VAR as the source
funetion for eny of the source

oy e sy, BEFIRITIGR === | ehannels. VARZ, however, can ba
; ; B @ selected, if desired. VARL' ecan
Ry T not be used.

=3 jroan) (Z) Because VAR] is not assigned on
. the CHANKEL  DEFIRITION
o page, the VAR] ecolumn on the
o SOURCE SETUP page is blank.
= !

(3) Enter the SOURCE  and
COMFPFLIANCE wvalues for each
CONSTANT source. If VAR2 is
to be used, enter the sweep
parameters,

|t macaes mnsan wr e sssaaa

(@) WAIT TIME : Identical to the
HOLD TIME of a VAR] sweep
measurement. Settable range is 0
to 100 seconds  with 10
millizecond resalution.

@ INTERVAL ¢ The time belween
measurements.  Setiable range is
Ml to 10 seeonds  with L0
milliseecond resolution.

(® NO.OF RDNGS: The number of
measurements to be made, Of
VARZ is used, this s the number

| e of measurements to be made st

it S, ey T | each VAR? step. BSettable range

O < — . iz 1| to 1024. However, if VAR2

~h gy . ND. OF STEFP x KO. OF RDNGS

- 1140, "buffer full" will be
dizsplayed when measurement s
N made.

|
+
o 5 e

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

I BN

Hote

If INTERVAL is too short, error-code (e.g. Error D08) will be displayed. In
this ease, 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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3-8z DUT CONNECTION

3-B3, DUTs can be connected 1o the 4145B
throwgh the 16058A Test Fixture of through the
furnished connector plate (P/N : 04145-60001).
Connection using the 160584 & deseribed in
paragraph 3-84 and connection using the
furnished connector plate; in peragraph 3-88.

Model 41458

3-84. DUT Connection Using the 160584

3-85. The 16058A Test Fixture is designed to
eonnect packaged devices, such as transistors,
dicdes and ICs, to the SMUs, voltage sources,
and wvoltage moniters on the 4145B.  Eight
different, interchangeable DUT Bocket Boards
are furnihed with the 18058A. Connection
between the 41458 and 16058A is shown in
Figure 3-36. Also shown are examples using four
of the furnished DUT Socket Boards.

The procedure for connecting the 16058A s as follows:

l. Turn off the 4145B. If the 24-pin Shorting Connector (P/N: 04145-61623) is
connested to the System Cable connector on the rear panel, remove it.

2. Connect the 16058A to the 41458 as shown below. Use the furnished System
Cable (P/N: 16058-61604) and triaxial cables (P/MN: 16058-61803). The System
Cable eontaing the Va lines, Vm lines, and the fixture-lid-open detection line,

160388

CAUTION

THE SYSTEM CABLE CONNECTOR AND THE HP-IE CON-
NECTOR, BOTH OF WHICH ARE LOCATED ON THE 4145B'S REAR
FANEL, ARE IDENTICAL. DO NOT CONNECT THE 16058BA TO
THE HP-IB CONNECTOR OR THE HP-IBE CABLE TO THE 4145E'S
SYSTEM CABLE CONNECTOR.

3. Select a DUT Socket Board suiteble for the device to be measured, and insert it
into the 16053A'% Personality Board. To insert the board, pull out the two black
fasteners, place the sooket board on the Personality Board so that it covers the
opening, and press the two black fasteners.

Figure 3-38. DUT Connection Using the 1605BA (Sheet | of 4)
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'SECTION III

‘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

‘Connect SMUs 1 through 4 directly to terminals 1 through 4, respectively, as
shown below.

@.@% @.g.u @g 9 900009
O g I EERCES) (Y HOHTR I —/

[ 1005880003 PERSONALITY BOARD

=\

terminal 1 to SMU1
terminal 2 to SMU2
terminal 3 to SMU3
terminal 4 to SMU4

[(0-0-0 <5<! o |
0-0-0 || O o o
0-0-0 )

0-0-0 =y
e O Q|||+

t 2
[ — O O
copecrion
(ERRe IR T S

‘Example 2: 8-pin Socket Board

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

shown below.

(D re0s8-80003 PERSONALITY BOARD
ROPOPOQO 0000000
- TR | Lo
O('O—O—D ( blo l ﬁ[ ]O ‘terminal 1 to SMUI
O-0-P 1o} terminal 3 to SMU2
10-0-0 — o) terminal 5 to SMU3
«0-0-0 o o terminal 7 to SMU4
- O
comERION Spusnon
Lo T ) FOR FET

'Figure 3-36. DUT Connection Using the 16058A (Sheet 2 of 4)
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Example 3 : Using the CONNECTION SWITCH

Connect the Socket Board terminals and SMUs 1 and 2 to the CONNECTION
SWITCH, as shown below. When the switeh is set to position 1, the SMUs are
econnected to the top two terminals (NARROW) of the Socket Board and when it
gets to position 2, the SMUs are connected to the lower two termingls. When the
switeh is set to the center position, the Socket Board is not connested to the
SMUs.

i s m— FIRBSAL T AT

The Connection Switeh is as  ahown

L1J

Example 4 : Blank Teflon Board

This board is used when measuring high resistance components or components
that can not be measured with the other Socket Boards. To conneet the
component, use the miniature=clip lends (P/N : 18058-61602).

Figure 3-36. DUT Connection Using the 16058 A (Sheet 3 of 4)
3-R4
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§.  Turnon the 41458 and set up the measurement as required.

B. Close the test fixture lid and press SINGLE, REPEAT, or AFPPEND to start the
measurement.

Mot

If the output voltege from an SMU or Vs will exceed $42V during the
messurement, the test fixture lid must be closed to start the
measurement. If an attempt is made to start the messurement while
the test fixture lid is open, "Close the fixture 1id” will be displayed on
the CRT and measurement will not begin.

Hote

If the test fixture lid is opened during a messurement in which the
output voltage exceeds 242V, mersurement will stop Immediately
and all sources will be turned off (0Y) as if the STOP key had been

pressed,
7. The figure below shows the connections between the 4143B and the 16058A.

41458 IE0EE A
[ 1 |
= ~ [
| e ; == B |
| r.__:-_q.- % 1 } R
| T 1 . TS e
=|! T T [ |
Wik f -~ r [
e 1 - = — _-|--: AT
1 j—1 - i
|
= 1 1
L 3 — ‘i-".'} .: - k- *]
= =l ¥ J
'l_ m
] iy - = ]
b 1"," iy i |
L . '
i A
| g SR 4
N - . i |
[ — ' 4 B
—=a e
f - L¥ .
b IJ_
PR ] !
1,
1—L = L
|
— L]
short ing=har

an the rear ;ll=.'|".".

Figure 3-38. DUT Connection Using the 160584 (Sheet 4 of 4)
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A=g6. DUT Conmection Using the Connector
Flate

3-87. The furnished connector plate (P/H
04145-60001) has four BNC econnectors and four
triexiel conneetors. It is intended for wse with
user=febricated or user=furnished test fixtures.
For best messurement results, the test [Doture
should be enclosed in a shieldingbox and the
connector plate should be mounted on the box, &s
shown in Figure 3-37. This significantly reduces
the effects of RFI end EMIL, and s especially
important when mak ing low=current
measurements on walers at the probe station.
The procedure for connecting the connector
plate, shielding-box and 41458 & given In Figure
3=37.

Mounting the Connector Plate and Connecting the 4145H:

1. Drill the holes required te mount the connector plate onto the shielding-box.
Hole spacing s given in Teble 1=3.

2. Mount the connector plate on the shieldingbox. Make sure there & good
electrical contact between the plate and the box.

3. Turn off the 4145B.

4. Conneet the furnished 24-pin Shorting Connector (P/N: 04145-81623) to the
System Cable connector (labelled TO 16058A TEST FIXTURE) on the rear panel,

Hote

If the Shorting Connector is connected, output from the SMUs i not

limited 1o £42V; thet is, the 4145B assumes & fixture-lid-closed
condition.

5. Connect the 41458 to the connector plate with the four furnished 3-meter
trianxial cables (P/N: 04145-61622) and the four furnished 3-meter BNC cables
(P/N: D4145-61630), as shown below,

|
1
I
1
1
I
]
|
|

o o
o o
O o

=

R o e . - ]

- =
Shorting Conneetor

Figure 3-37. DUT Conneection Using the Connector Plate (Sheet 1 of 2)
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6. Turn on the 4145B and make the necessary measurement setup.

plate.

4145B 04145 - 60001
- pE=mme o
g__‘: IsMuz [P= ITITIITA o v

L__,_Y'EI-_':_:'_:':‘I——@
47 mﬁ_'_vzii:;:_:-:_:A__A§ swu3
"""" I §
SMU4 e e——ETTTY 1 —B-0) sMu4
s b
N -~ h—
17X {J_ ________ —0 —0 Vs |

6 Vs 2] -___._—_-.-..-.__\l 0 vs2

;—-‘\Iml]l -------_-—-_r]\ O Vml
vnz——O————————0——0 vn2
A ’

Shorting-bar
on the rear panel

WARNING

MEASUREMENT.

‘Note

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

‘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

Do not connect the inner shield (guard) of an SMU to ground () or common ().

Figure 3-37. DUT Connection Using the Connector Plate (Sheet 2 of 2)
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3-68. BMU OSCILLATION

3=-88, The SMUs of the 4145E are high-=speed
amplifiers, and ss such, may oscillate under
eertain load conditions. Devices that exhibit
negative resktance characteristies, such as
tunnel diedes and unijunetion  trensistors, are
especially troublesome in this regard, sinee they
are almost eertain to ceusze an SMU to oscillate.
When measuring such devices, wyou must take
eertain  precautions fo prevent  oscillation.
Figure 3-38 shows two methods of preventing
EMU  oseilllation when measuring  negative
resistence devices.

Model 41458

Osmellations are not limited to the BMUs; the
test sample itselfl may also oseillate due to the
residual inductances and stray capacitances of
the connection cables and test fixture or probe
cerd. Bipolar transistors that have high hFE and
wide bandwidth are especislly suseceptible to
oacillation. Test deviee osecillation cannot be
detected by the SMU's internal detection
aireuits. So it's important to guard against test
sample oseillation. For transistors, the best way
to do this & by using ferrite beads as shown in
Figure 3-38.

L Dimsie

Iy=1-GV

Vg=V-RI

L TR ]

Yoltage-Controlled Negative Resstance Measurements @

[..-/1/ |

NI

The parallel conductance, G, effectively cancels the negative resistance of test
sample ¥, whose I-¥ characteristics are graphed on the right. If the value of G
i known, you can caleulate the current through the sample at any value of ¥
from the following eguations. Il is possible to display the [Y direetly with the
User Funetion of the CHANNEL DEFINITION page (refer to Figure 3-23).

Current-Controlled Negative Resistance Measure ment

The series resistance, R, effectively cancels the negative resistance of the test
sample Z; whose I-¥ characteriatbes are graphed on the cight. If the value of R is
known, you can caloulate the voltage across the sample at any velue of [ from
the following equation. It & possible to displey the V2 direetly with the User
Function of the CHA N NEL DEFINITION page (refer to Figure 3-23).

Figure 3-38. MNegalive Hesistance Messurements

-85



Model 4145B

'SECTION 1III

*Ferrite Beads (available from Hewlett-Packard s 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 beads on adjacent leads come in contact with each other, or if a
ferrite bead touches the device's case or another lead, leakage current will
increase, reducing the accuracy of measurement results.

7Figure 3-39. Preventing Transistor Oscillation
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3-80, FLOATING MEASUREMENT

3-%1. When the DUT = grounded or when the
external voltage source or shield case for DUT is
connected to ground, measurement ecan not be
performed of measurement results may be
affected by ground loops. The 41458 can be used
for floating messurements by disconnecting the
short mg-bar on the rear-panel. In this econdition,
the measurement and souree cireuil s MNoating
sbove chassis ground, and voltages over 242V
may be present on the COM terminal.

WARNING

A POTENTIAL SHOCK HAZARD MAY
EXIST WHEN COMMON [S§ NOT
CONMNECTED TO GROUND
(SHORTING-BAR DIECONMECTED)
DO NWOT, REGARDLESS OF THE
OUTPUT VOLTAGE, TOUCH THE
COMMON TERMINAL OR OUTER
CONDUCTOR OF THE SMU, Vs, OR
¥Ym CONNECTORS DURING A
FLOATING MEASUREMENT
(SHORTING-BAR DISCONNECTEDL

CAUTION

Do WOT FLOAT THE INSTRUMENT
AT VOLTAGES EXCEEDING 42V.

Hote

When the 16058A Test Fixture is used,
floating measurements can not be
made, bDecause Souree ecommon s
connected to chassis ground inside the
test fixture.

Model 41458

-92. GUARDING

3=03. When low-currenl measurements are
made (SMU's set to | monitor), guarding can be
used to reduce the effects of leskage eurrent.
Voltage at the guard terminal & held at the same
potentlal as the SMLU ocutput wvoltage, Connest
the guard terminal (GD1 through 4 terminals on
the Personality Board) of the SMU used for |
monitor to the outer shield of the DUT. Figure
J=40 shows an example of guarding.

WARNING
GUARD POTENTIAL IS5 THE SAME AS
SMU OUTPUT. DO NOT TOUCH THE
GUARD TERMINAL DURING
MEASURMENT.
Hote

Do not connect the guard terminal to
the commaon Lerminal.

|
[ | o

1 | ——
l, I pureer 00 |
R ——

Commict Guard |
i the DUT's pockogs

i 1 Condud10moE

Geord 2 fo anyihing,

=— @ Laakage Darreni

Leakoge cerrent doss not Tlow Inbe ike SMU | omeeber .

Figure 3-40. Example of Guarding
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+-94. PLOT Table 3=E. Hecommended HP-IB Plotters

3=95. The 41458 ean directly dump an existing
display onto an HP-IB plotter, without the ail of

Il
a controller. A list of recommended plotters & HFT09A™ Mezsurement Craphics

X Bystem
ol T 5, HPT440A  Graphies Plotter
Mote HPT470A  Geaphies Plotter

HPT475A4  Graphics Plotter

= .
Other plotters can be used, but they HPTSS0A™ Graphies Plottar

must have & LISTEN ONLY mede,
Alse, on some older type plotters, it

: A, 0 and *.
may not be possible to precisely § 7080A cannot plat /-, 4, 0 an

position alphabetic or numerie strings, St the TO40A to Standard mede,
such as labels, within a speeified plot
ArEA, Operating instructions for the PLOT function are

given in Figure 3-41.

Connection to the Plotter:

{1}  Equipment:
An HP-IB plotter (setable to LISTEN ONLY) and an HP-1B Cable {e.g., 10833B),
(2)  Interconnect the 41458 and the plotter as shown below :

4145R

v el

. S

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

Plotting all the existing display :

(1} Select the desired page. If the CRAPHICS PLOT, LIST DISPLAY, MATRIX
DISPLAY, or SCHMOO PLOT page & to be plotted, measurement can be made
before the plot.

(2} Press the PLOT key.

(3} The following will be displayed on the

Heyboard Input Line.
FLOT 200, 200 7200, 4800

r

Xmin Ymin Xmax Tmax

Uppar=right [X.7]
o

These wvalues represent the lower=left Flot &Araa
(Xmin and Ymin) and upper-right
(Xmax and Ymax) coordinates of the
plot area that was used in the last
FLOT operation. o

Lower= latt (X, 7)

Figure 1-41. Plot Funotion (Sheet | of 3)
1-a1
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Hote

The velues displayed on the Keyboard Input Line when fhe PLOT key B pressed
are in .025mm units, MNote that the maximum value of the ¥ coordinate and ¥
coordingte for the recommended plotters are different. Refer to the plotter's
menual,

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

not pequired.) The following limitaticns must be ohserved ;
As  Xmin, ¥min, Xmax, and ¥ max must not exceed 32767,
B. The specified plot area must be within the limits of the plotter.
C. Each value must be delimited by a comma (,) or space.

(5] Press the EXECUTE Key to start plottimg, "Flotting” will be displayed on the
CRETSs System Message Line. During plotting, the 41458 i in TALE OMNLY
made, and the TLE lamp (HP-IB status indicators) will be lit. In this condition,
only the PLOT or PRINT Key is aveilable. Also, the Xmin, Ymin, Xmax, and
Ymax values in effect when the EXECUTE key is pressed are stored on the dise,
except when the dise & write-protected,

(8) When the plot is completed, the instrument sutomatieally returns to normal
operation mode,

Hote

To stop the PLOT, press the PLOT key or PRINT key. If the CLEAR key is
pressed before the EXECUTE key is pressed, the PLOT operation will be
cancelled. Plotting ean not be temporarily stopped.

PLOT Contents:

(1} Following are not plotted,
A. Softkey Prompts
B, Date on the Heyboard Input Area
C. Date on the System Message Line

(2} Following are plotted when the CRT is displaying the GRAPHICS PLOT, LIST

DISPLAY, MATRIX DISPLAY, or SCHMOO PLOT page.

A. Setup conditions for VAR, VARZ, and CONSTANT Sources.
B. User Function expresions

Plotting the only measurement curve on the GRAPHICS PLOT page:
(1)  Belect the GRAPHICS PLOT page. The measurement should be made before
the curve plot.
{2)  Press the GREEN key, then press the PLOT Ky,
{3) The following will be displayed on the Keyboard Input Line.

Et:‘r procedures are same as Plotting the ell existing display procedures from (4) to

Figure 3-41. Plot Funection (Sheet 2 of 3)
3-4972
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Pen Selection
When a multi=cclor plotter = used, pan  selection & as follows :
Pend Used for:
1 Grid Lines
i Recalled and Curve Plot Traces
3 Existing Traces
4 Plot Area Frame, Marker, Cursors, Lines

Note

Refer to paragraph 3-140 for instructions covering HP-IE controlled plot
operation.

Figure 3-41. Plot Function (Sheet 3 of 3)
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'3-97.

PRINT

The 4145B can directly print out

measurement data on an HP-IB printer, without
the aid of a controller.

‘Note

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

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

‘Model 4145B

‘Connection to the Printer:

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 displayed on the

CRT's System Message Line. During printing, the 4145B is in TALK ONLY

mode, and TLK lamp (HP-IB status indicators) will be lit. In this condition, only

, the PLOT or PRINT key is available.
(3)  All measurement data stored in the Data Buffer is printed out.

‘Note

If no data is in the data buffer, nothing will be printed.

(4) When printing is completed, the instrument automatically returns to normal

operation mode.
‘Note
‘To stop the PRINT, press the PRINT key or PLOT key. If the CLEAR key is

pressed before the EXECUTE key is pressed, the PRINT operation is cancelled.
Printing can not be temporarily stopped.

Print Contents:

1. Setup conditions for VAR], VAR2 and CONSTANT Sources.
2. Measurement data

‘Note
‘User functions are not printed out.
Note

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

3-94
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3-88. APPLICATIONS PACKAGE

3-89, Eesch dise furnished with the 41458
eontaing the following four setups for frequently
made measureaments :

1. GEMWL

2. B-Tr VCE-IC
3. FET VD&SID
4. DIODE YF-IF

When the 41458 & turned on, GENL is
automatically loeded. The other furnished
measurement selups can be loaded by pressing
the appropriste softkey on the CHANNEL
DEFINITION page. These furnished setups can
not be loaded with the GET eommand, nor can
they be purged from the dize. The contents
(channels used, sweep paremeters, ete.) of each
furnished measurement setup are listed in Table
3=8. Connection examples for each setup are
given in Figure 3-43.

Table 3-9. Application Package Setups (Sheet | of 2)

SECTION II

GENL

B-Tr WCE-IC

FET vVDS-ID

DIDDE VF-IF

LIS

¥V OHAME/I MWAME
E“‘”( :] COM /CONST

MODE | FCTH

VE/IE
COM ICONST

Y15
COM { CONST

VEIIF
VIVARI

¥ HAME 1
MODE J'FCTH

¥aillz

EMUZ
I IVAR2

YB/IB
1 /'vaR2

"fl]ﬁl;ll}
V IVARI

valla

— I: V IVARI

MODE | FCTM

VCE/IC
¥ IVARI

Y&l lG
¥ IVARZ

LA
COM | CONST

V NAME /[l MAME
MODE | FCTM

LETRY

¥ HAME /T HAHE}
J WV ICONST

SML4 (

Ve l’
¥e

[ HMAME | FCTH }
[HAME { FCTM )

V51 /CONST
VE2 IOONST

¥m 1l HAME/ ¥Vm 2 HAME

WML VME

USER FUNCTION

HFE = [C/ IB
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SECTION III

‘Table 3-9. Application Package Setups (Sheet 2 of 2)

‘Model 4145B

'SWEEP MODE 'LINEAR 'LINEAR " LINEAR " LINEAR
START .000V .000V —2.5000V — 5000V
'VAR1 STOP 1.000V 1.000V 2.5000V 2.0000V
i STEP .010V .010V .0500V .0100V
COMPLIANCE 100.0mA 100.0mA 20.00mA 40.0mA
START 1 20.00 2A 10.00 #A .0000V
VAR2 STEP 20.00 zA 10.00 sA —1.0000V :
NO OF STEP 5 5 5 -
COMPLIANCE 2.0000V 2.0000V 1.000mA
NAME V1 VE Vs \%
SOURCE / COMPLI 0V/105mA 0V/105mA 0V/105mA 0V/105mA
NAME V4
7 SOURCE / COMPLI 0V /100mA '
CONST
NAME VS1
SOURCE /COMPL!, ov/ ---
NAME vs2
SOURCE /COMPLI ov/ ---
‘DISPLAY MODE "GRAPHICS
'NAME V3 VCE VDS VF
X axis SCALE LINEAR LINEAR LINEAR LINEAR
MIN L0000V .0000V —2.5000V — 5000V
MAX 1.0000V 1.0000V 2.5000V 2.0000V
‘NAME 13 IC IG IF
Y axis SCALE LINEAR LINEAR LINEAR LINEAR
MIN .000A .000A .000A —10.00mA
MAX 10.00mA 10.00mA 1.000A 40 .00mA
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A, GENL:
General setup assigning all ¥ names and | names.

B. B-Tr VCE-IC:
Betup for measurement of NPN bipoler transistors. When the trensistor is connested
to the 16058A test fixture, as shown below, Vep-Ic (eollector/emitter voltege —

collector  curpent) characteristics common emitter Bipolar Transistor cen  be
measured. Also, HFE (= IC/1B) is assigned as the User Funetion.

C. FET VDS-ID:

Betup for measurement of M-channel junstion FETs (Field-Effect Transistor). When
the FET iz connected to the 1605BA test fixture, a8 shown below, Ves-l,
{drain/source voltage — drain current) characteristies of a common drain FET can be
measured,

D. DIODE VF-IF:

Setup for measurement of general PN junction diodes. When the dicde is connected
as shown below, V-l (forward bias voltage — forward current) characteristios cen
be measured,

Figure 3-43. Connection Examples for Application Package
3-47
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MEASUREMENT EXAMPLE

d-10l. In the following  example  the
cheracteristies of an NPN transistor connected
for common emitter operation are measured and
graphieally displayed. Base—emitter voltage is
swept and the resultant base and collector
currents are measured,

3-102. Turn off the 41458, Set up the 16058A"
Personality Board as shown in Figure 3-44, and
insert & transistor Into the DUT sockel. Insert
the furnished System Dise into the 41458, then
turn the 4145k on,

3-103. When the 41458 is turned on, it will first
read a portion of the operating system software
stored on the dise and will then perform a brief
self-test, after which it will display the MENU
page shown in Figure 3-45. For this measurement
example, the CHAMNMNEL DEFINITION page,
SOURCE SET UP page, and MEAS & DISP MODE
SET UP page are used. Press the [ 5| softkey
of the (=) key.

3-104. On the CHANMEL DEFINITION page
the channels (SMUs, voltege source, and voltage
monitor) to be used in the messurement are
selected, assign source and monitor names, &nd
specifly source modes and funetions. To use the
Application Package (refer to paragraph 3-98.),
move the field-pointer (#) to the NAME V field
of EMUL and then press the _:._T] softkey. This
automali=ally ¢hanges the measurement setup to
one that is more appropriate for measurement of
bipolar transitors. A few simple changes
remain to be made, however, To make these
ehanges, first make sure that the field-pointer is
in the NAME ¥ field of SMUI, then perform the
following key sequence :

@REEEEE®
OEEEE

The CHANNEL DEFINITION page should now
look s that shown in Figure 3-46.
Press the [=-] key.

3-048
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“Figure 3-44. Setup the 16058A'S Personality
Board of Measurement Example

EEEEEE A]dBE HERL s ) ] ) e

CHAMMEL CEFIMITION
SOURCE BET WP

MEAE E DIE® MODE SET LS
AUTD SECUEMCE SET W&
OUTPUT BEQUEMOE SET Wb
USERA FILE CATALDG
OFERATION GUIDE
OIAGHOSTICS

3 o« @Rk W N R

IRERERNT

ITTtm-e 1-45. MENU Page of Measurement
Exampla

wWW CHAMMEL DEFIHNITION ===

I'E SOURCE
W I HODE | FOTH
L
[={=] ]

W A

é‘:
i

COW | COMET

W
o e &

AR800

E‘I
oo

ol

Figure 3-48. Channel Definition Example
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3-105. On this SOURCE SETUP page the cutput
parameters for esch SMU  selected on  the
CHANNEL DEFINITION page are set. VE is
entered in the VAR] NAME field because it is
the V name of & voltage source (V MODE) whose
funetion is VARL. Similary, VB and VT 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 sequences

FEE0800&=0
olelololcjololololo)

When measurement is mede, the base-emitter
voltage, VE, will be lineary swept from 0V to
-0.9V in -10mV steps.

Press the (=) key.

3-106. On this MEAS & DISP MODE SET UP page
the mode for displaying the measurement resulls
are selected. Four mode are available
GRAPHICS, LIST, MATRIX, end SHMOOD. For
this measurement, the GRAPHICS display mode
= used.

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

FEEI=0=00E
%EDE@DEE}E

CE00&EOREE
=

Press the (= key.

3-107. All messurement econditions have been
set and the 41458 is now ready o make the
measurement. Close the test fixture lid (shields
the DUT from RFI AND EMI sources) and press
the (=) key. The 41458 will begin sweeping the
base-emitter wvoltege, YE, from 0V to -0.8Y in
=l0mY steps. The resultant ecollector 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 acule
slope 8 collector current, and the other curve is
base current.

SECTION 1IN

HEHEEE RODUFRICE SET UF sHHEHA
VAR vﬁ |

| L IHEAA LIMEAR

= Hﬂ'ﬂ' -

INLRCRIR Y

= -

=
o

e

I

Eé

et ey 2
_VE 4 I8 -}
L INEAR L& LaG

MIn | . 0000% | 1,000ps | i.000pA

e
MAX —1,0000% | 100.0ma | 100 08k [
|
L3

Figure 3-48. Meas & Disp Mode Setup Example

wwnwnn GRAEIGE EWRL AN e ]

Figure 3-49, Measurement and Display Example
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I-10E. Messurement resilis at each
measurement step can be digitally displayed by
pressing the softkey. When the MARKER
dial is rotat marker will move along the
plotted curve and the X, Y1 and Y2 ecordinates
will be displayed above the plot area.
The merker can be used to simplify keyboard
caleulations. For example, to ecaloulate hpg
at the merker position in Figure 3-48, key in
MEIAEE (- . It is not
Necessary to input the numeric values.

3-109. Pressing the [ ==| softkey displays &
solid straight line (LINE 1) or & dashed straight
line (LINE 2} beltween two short cursors, as
shown in Figure 3-50. Both lines can be
displayed at the same time but only one ean be
moved. The gradient (GRAD), iverse gradient
(I/GRAD), X-axis intercept, &nd Y-axis
intercept of each line are displayed below the
plot area., OF the two cursors displayed with
each line, one will be highlighted and can be
moved [Ill're also moves) by the CURSOR keys
(&, @) s ), () and (=) ).

To move the other ecurser, press the | &)
softkey. The line gradient can be input dhar:l.'l:.r
from the keyboard by first pressing the | =0 |
softkey. For example, to disply a line whose
gradient & e , perform the following key

Sequance

[(HFH&H000®
QO0=E=

Another helpful funection is the softkey.
When pressed (merker must be onl, the cursor
will automatically move to the marker position.

3=100
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Figure 3-50. Using Example of the Line
and Cursor Funetions
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3-110. HP-IB INTERFACE

3-111. The 41458 can be remotely controlled
vig the HP-IB, a carefully defined instrument
interface which simplifies integration of
instruments and a caleulstor or computer into &
system.

HP-IB & Hewlett-Packard's imple=
mentation of IEEE Std. 488, Standard
Digital Interfece for Programmable
Instrumentat ion.

3-112. CONNECTION TO HP-IB

3-113. The 41458 cen be connected into an
HP-IB bus conliguration with or withoul =&
controller  (Le., with or without an HFP
caloulator), In &n HP-IB system without a
controller, the instrument functions as & “talk
only® device {refer to paragraph 3-84 and 3-96)

3-114. HP-IE BTATUS INDICATORS

1-115. The HP-IB Status Indicators are four
LED lamps located on the front panel. When Lit,
these lamps show the existing status of the
41456 in the HP-1E system as follows:

SRQ = SHE signal from the 41458 to the
controller s on the HP=IB line.
Refer to paragraph 3-136.

LISTEN : The 41458 i3 set to listen.

TALK : The 4145E is set to talk.

REMOTE : The 4145B is under remote control.
3-116. LOCAL KEY

3=117. The LOCAL kKey relesses the 4145B
from HP-IB remate  control  and allows
measurement conditions to be set from the
front-panel. The REMOTE lamp will go off when
this key & pressed. LOCAL control i not
available when the 4145B s set fo “local
lockout" stetus by the controller.

The 41458 B set to "local loekout"
when the 41458 & i GL1 mode,

SECTION I

i=118, HP-IB CONTROL SWITCH

3-119. The HP-IB Conlral Switch, located on
the rear panel, has seven bit switches as shown
in Figure 3-51. Each bit has two settings:
logical 0 (down position) and logieal 1 (up
position). The switech has three funetions as
follows s

{1} Bit switches | through 5 (Address Bits) are
used to set the HP-IB address (in binary) of
the 4145B. Any address between 0 (00000)
and 30 (11110) ean be set.

{2} Bit switeh & (Data Form Bit) determines
the output data delimiter. When the bit
switch is set to 0, the delimiter & B comma
{ , ); when set to 1, the delimiter is &
carringe return and line feed (CR/LF).

{(3) Bit switch 7 (EQI; End or Identify)
determines whether or not the 4145B sends
the EOI signal when data transfer ends.

The HP-IB Control Switeh settings are displayed
when the 41458 is turned on. Refer to Figure
3-21.

Hote

The HP-1B Control Switch, as set &t the
factory, is shown in Figure 3-51.

R

dofdull -
(s

Bits 1 throuwgh 5: 17
Bit 6; Commai,)
Bit 7: EOI on

FOoEL

Figure 3-51. HP-IB Control Switeh
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3-120. HP-IB INTERFACE CAPABILITIES

3-121. The 4145B has eight HP-IB interface
functions. Refer to Table 3-10.

‘Table 3-10 HP-IB Interface Capabilities

Code Interface Function*
(HP-IB Capabilities)

SHI1#** Source Handshake

AHI1 Acceptor Handshake

TS Talker (basic talker, serial poll,
talk only mode, unaddress to talk
if addressed to listen)

L4 Listener (basie listener, unaddress
to listen if addressed to talk)

SR1 Service Request

RL1 Remote/local (with local lockout)

DCI1 Device Clear

DT1 Device Trigger

El End Message Sending

* Interface functions provide the means
for a device to receive, process, and
transmit messages over the bus.

** The suffix number of the interface code
indicates the limitation of the function
capability as defined in Appendix C of
IEEE Std. 488. .

3-122. HP-IB CONTROL MODES

'3-123. When controlled via the HP-IB, the
4145B has two modes:

(1) System Mode:
7Setup and measurement is made by a

controller via the HP-IB, This is much like
manual setup and measurement operation.

3-102
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‘Model 41458

‘User Mode:

‘Direct control of the CRT and each SMU,

Vs, and Vm via the HP-IB. The instrument
is set to this mode when program code
"Us" is sent. Output from each SMU or Vs
can be set, and measurement can be made
by triggering the desired SMU or Vm. The
CRT is blank in this mode, but can be used
as a programmable graphies display by
sending program code "GL2". To exit from
this User Mode (return to System Mode),
send a device CLEAR command or a paging
command (DE, SS, SM, or MD).



‘Model 4145B SECTION Iil

'3-124. Remote Program Codes and Parameter
Setting

3-125. Figure 3-52 shows the remote available
program codes and parameter settings. Program
codes are divided into three categories: (1)
System Mode program codes, (2) User Mode
program codes, and (3) program codes common
to both modes. User functions, OUTPUT
SEQUENCE, PURGE and DISC COPY can not be
programmed.

7Program ming notes:

1. Numeric values can be entered in fixed decimal format or floating decimal
format. (max. 12 char and max. 2 digits exponent.)

‘Example: Fixed decimal: 25.32
Floating decimal: 2.532E+01

2. 7Voltage (V), current (A), and time (s) units are not required when entering
numeriec values.

3. Terminator (; or CR or LF) is required at the end of each parameter setting on a
program line. In the examples given below, (TERM) represents the terminator.

‘4. Channel names must be enclosed in apostrophes (' ).

'SYSTEM MODE PROGRAM CODES

Following program codes are used when the 4145B is set to System Mode.
Direct Paging (to change page):

DE: CHANNEL DEFINITION Page

SS: SOURCE SETUP Page

SM: MEAS & DISP MODE SETUP Page

MD: Display Page (page selected for DISPLAY MODE)
US: User Mode

‘Notes

1. When the 4145B receives a Direct Paging command, it checks the setup on
the displayed page before proceeding to the specified page. If an illegal
setup is detected, an error message will be displayed, the SRQ bit will be
turned on, and the page will not be changed.

2. 7Display returns to the MENU page when the 4145B receives a Device Clear
command.

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 1 of 9)
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'CHANNEL DEFINITION Page (program code "DE")
‘Setup for SMUs 1 through 4

CH N*  'XXXXXX' ' XXXXXX! N  N(TERM)
M @ ’ (3) NORNG)

(1) SMU channel number (1 - 4)
(2) V NAME (up to 6 characters)
(3) I NAME (up to 6 characters)
(4) SOURCE MODE (1-3)

1: V
2: 1
) 3: COM**
(5) SOURCE FUNCTION (1 -4)
1: VARI
2: VAR2
3: CONST
4: VARLI'

* If nothing is specified after the channel number, the channel is turned
off (NOT USE).

A When SOURCE MODE is set to 3 (COM), SOURCE FUNCTION
must be set to 3 (CONST).

‘Setup for Vsl and Vs2

VS N* 'XXXXXX' N(TERM)
(12 (2) >3

(1) Vs channel number (1 or 2)
(2) V NAME (up to 6 characters)
(3) SOURCE FUNCTION (1 -4)

l1: VARIL
2: VAR2
3: CONST
4: VARI

R (§ nothing is specified after the channel number, the channel is turned
off (NOT USE).

‘Setup for Vml and Vm2

VM N* ' XXXXXX' (TERM)
(1) (2)

(1) Vm channel number (1 or 2)
(2) VvV NAME (up to 6 characters)

xIf nothing is specified after the channel number, the channel is turned
off (NOT USE).

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 2 of 9)
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SECTION I

SOURCE SETUP Page (program code "85§")

Setup for VAR

XX N ENN.NNN N, NHNNN N NNNN N, NNN(TE
TIT (A v 3 * " (41 * T (8] * T8 (YRR

{1} SOURCE MODE of VARI (VR or IR)
VR: Voltege Source

IR : Current Source
(2) SWEEP MODE (1 -4)

1: LINEAR

2: LOG 10

31 LG 25

41 LG 50

(3) START value

4) STOP wvalue

{5) STEP wvalue*

() COMPLIANCE wvalue

* If SWEEP MODE (2) is set to 2, 3, or 4, omit STEP (5).

Setup for VARZ

XX tN.MNNN *N.NNNN NN N.NNN(TERM)
m—m ¢ 3 * [ T

1} SOURCE MODE or the YAR? (VP or IP]
VP: Voltage Source
IP: Current Source

(2) START value

(3) STEP value

(4)  Number of steps

(5] COMPLIANCE value

Setup for CONSTANT SMUs

XX N AN MMNN  N.HNNN(TERM)
mme —m

(1) SOURCE MODE of the channel (VC ar IC)
VC: Voltage Source
IC: Current Source

{2) SMU channel number (1 - 4)

(3) Output value

(4) COMPLIANCE walue

Betup for CONSTANT Vs
SC N =N.NMNN(TERM)
: 4]

(1} Vs channel number (1 or 2)
(2) Output value

Figure 3-51. Remote Program Codes and Parameter Setting (Sheet 3 of a)
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Model 41458

HOLD TIME Setting

HT M.MMN({TEEM)

(1) HOLD TIME

DELAY TIME Setting

DT N.NN(TERM)

(1) DELAY TIME

VAR]' RATIOMOFFSET Setting

XX £N. NN(TERM)
L1 L}

(1} RATIOMOFFSET (RT or FS)
RT: BT
F%: OFFSET

2y Value

MEAS & DISP MODE SETUP Page (program code "SM"™)

Time Domain Measurement Setup {only when VAR is not selected on the CHANNEL
DEFINITION page)

WAIT TIME Setting

WT M. NMN{TERM)
1]

(1) WAIT TIME
[NTERVAL Setting

IN N, NN(TERM)

111
{1} INTERVAL Time

NO. OF RDNGE Setting

MR MNN [TERM)

(1)  Kao. of Readings

DISPLAY MODE Selection
DMl : GRAPHICE
DM2: LIST
DM3I: MATRIX
DM4: SCHMOO

=106
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Setup for GRAPHICS mode ("DMI1")

KL "NXXXXY" M tH . MNN =M. NNN(TERM)
| * 4] 4] ¥ 13)

{1} AXES
XMN: X axis
YA: Y1 axis
YB: YIaxis*
XT: X axis for time domain measurement**
(2)  Monitor channel MAME for the specified axis (must be one of the
menitor channel names specified on the CHANNEL DEFINITION page).
(3] SCALE l1: LINEAR 2: LOG
(4]  MIN walue
(50 MAX walue

® Y72 axis is optional.
=¥ Systay is: AT ih.-[;:“_ : LI?:_;:IHHH {TERM)

Setup for LIST mode ("DAd2
LT 'XXXXXX'  PO0000C  CXXXXXX'  "XXKNKK'  PAKXNXX'  'XXXXXX' (TERM)

¥ L4] F [§3] 1 )

{1} LSRR F | ’ 13

(1) {R) Monitor channel NAMES. At least one NAME must be specified
(must ba the moniter ehannel names specified on the CHANNEL
DEFINITION page).

Setup for MATRIX mode ("DM3")
MY " XENXXX' (TERM])

12y

(1) Monitor channel NAME (must be one of the monitor channel names
specified on the CHANNEL DEFINITION page).

Setup for SCHMOO mode ("DM4™)

SH "XAXEEK" BN MM ENN.NMN  tMONMNN 2N NNNN(TERM)
{1} ’ (£ 51 1] 2 5]

(1} Moniter channel NAME (must be one of the monitor channel names
gpecifled on the CHANMEL DEFINITION pag'e].

(2} Minimum value for "M"

(3}  Minimum value fop A%

(4} Minimum value foe ™"

(5) Minimum value fos ®: ™

* If no minimum wvalue is specified for (2, (3} (4}, or (5), the
corresponding symbol will not e uwsed in the SCHMOO PLOT. A
eomma | , ) must be entered, howaver.

MEASUREMENT Codes (program code "MD")
MEl: SINGLE®
ME2: REPEAT
ME3: APPEND
ME4: STOP

* The GET [(Group Execute Trigger) command can be used in place of the
MEl program code. An example of the GET command is the TRIGGER
command on the 35A or BE45A.

Figure 3-52. Remote Program Codes and Perameter Setting (Sheet 5 of 9) 3-107
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7Following progam codes are valid on any page.

AUTO SEQ codes
ASl: START
AS2: CONTINUE
AS3: STOP

'SAVE Funetion
SV 'X  XXXX  XXXXXX' (TERM)

Mm@ ™ )

(1) File type _
P: Program file
D: Program/Data file

S S: ASP file

(2) Space

(3) File name (up to 6 characters)
(4) Space

(5) Comment (up to 8 characters)
% (4) and (5) are optional.

'GET Funetion

GT 'X __ XXXX'(TERM)
m @ "™

(1) File type

(2) Space

(3) File name

Assignment of Data Output Channel

DO ' XXXXX'
—m

7(1) ‘Monitor channel NAME (must be one of the monitor channel names specified on the MEAS
& DISP MODE SETUP page).

PRINT Function
PR: PRINT function ON*
PF: PRINT function OFF

*  After PF is sent, send the following statement to set the ATN line to
Inactive.

"SEND 7 sUNT UNL TALK 17 LISTEN 1 DATA"

" Address of the 4145B;17
Address of the printer; 1

Graphies Language (GL1) Mode (only on the GRAPHICS PLOT Page)
GL1: Graphics Display mode ON
GL0: Graphics Display mode OFF

7Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 6 of 9)
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_USER MODE PROGRAM CODES

‘Following program codes are used when the 4145B is set to User Mode.
‘User Mode
US: User mode ON*

* To release the 4145B from this mode, send a page command ("DE", "SS",
"SM", or "MD") or a device clear command.

Output command for SMUs

N* N +N.NNNN N.NNNN(TERM)
DEORNG @y ¢ 5

I3

~

(1) SOURCE MODE (DV or DI)
DV: Voltage Source
] DI: Current Source
(2) SMU channel number (1 - 4)
(3) Output Range
For voltage source (0 - 3)

0: AUTO
1: 20V
2 40V
3: 100V
For current source (0 - 9)
0: AUTO ‘
1: InA
2 10nA
3: 100nA
4: 1pA
5: 10 uA
6: 100pA
7 ImA
8: 10mA
9: 100mA

(4)  Output value
(53 COMPLIANCE value

*qf nothing is specified after the channel number, the channel is turned off
(NOT USE).

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 7 of 9)
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7Output command for Vs

DS N  *N.NNNN(TERM)

> &3]

(1) Vs channel number (1 or 2)
(2) Output value
‘Triggering (Measurement)
XN
(1) @)

(1) Measurement mode of the channel to be triggered
TV: Voltage Monitor

) TI: Current Monitor
(2) Channel number

1: SMU1

2: SMU2

3: SMU3

4: SMU4

5: Vml

6: vm2

7Graphics Language (GL2) Mode
GL2 : Graphic Display mode ON
GLO : Graphic Display mode OFF

'Note

‘In User Mode, measurement cannot be performed with the fixture lid

open because of the protective function. To perform the measurement
without closing the fixture lid, use the Shorting Connector as shown in
Figure 3-37.

'3-110
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COMMON PROGRAM CODES

7Following program codes are available in the System Mode or in the User Mode.

INTEGRATION TIME
IT1: SHORT
IT2: MEDIUM
IT3: LONG

SELF TEST: SF

Data Ready Service Request
If "DR1" is sent (Data Ready Service Request ON), bit 1 (Data Ready) and bit 7
(RQS) of the 4145B's STATUS BYTE are set to 1 when measurement data is
valid.
‘DRO: OFF
DR1: ON

'HP-IB Data Buffer Clear
To clear the HP-IB data output buffer and bit 1 (Data Ready) of the Status
Byte. Buffer Clear must be performed before data output from the 4145B.

BC

‘Auto Calibration
CA0: OFF
CAl: ON*

* Auto calibration in the User Mode is performed only once when "CAl" is
sent. Also, if the mode is changed, Auto Calibration is set to OFF.

PLOT function

PL NNN NNN NNNN NNNN(TERM)

> @ 3 W

(1)  Xmin
(2) Ymin
(3) Xmax
(4) Ymax
PF: PLOT function OFF (Refer to paragraph 3-140 for instruction covering
HP-IB controlled plot operations.)
Note
‘After PF ..... is sent, send the following statement to set the ATN
line to Inactive.
"SEND 7; UNT UNL TALK 17 LISTEN 5 DATA"
'Address of the 4145B; 17
Address of the plotter; 5

'ID: Identification output ‘(Refer to paragraph 3-134.)

Figure 3-52. Remote Program Codes and Parameter Setting (Sheet 9 of 9)
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'3-126. HP-GL CONTROL OF THE CRT

3-127. The 4145B's CRT can be controlled via
the HP-IB by using HP-GL (Hewlett-Packard
Graphics Language) commands. There are two
HP-GL modes: GL1, which can be used only
when the 4145B is operating in System Mode;
and GL2, which can be used only in User Mode.
Each HP-GL mode is described below.

‘1. GL1 Mode (Overlay Write):

This mode is set by sending program code
"GLL" It is available only in the System
Mode and only on the GRAPHICS PLOT
page. In GL1 mode, additional information,
such as labels, comments, lines, and curves,
can be displayed on graphs plotted by the
4145B. Also, in GL1 mode the 4145B is set
to "local lockout."

2. GL2 Mode (Blank):

This mode is set by sending program code
"GL2." It is available only in the User Mode
(programming code "US"). In GL2 mode, the
CRT is completely independent from the
4145B's CRT control circuit and can be
operated as a stand-alone graphics display.

If the display RAM contains too much display
data, the 1345A may not be able to complete the
display process within one refresh cycle. The
display will be incomplete. To exit from the
GL1 mode or GL2 mode, send program code
"GLO."

‘To exit from the GL1 mode or GL2 mode, send
program code "GLO0."

3-128. HP-GL COMMANDS

'3-129. HP-GL commands that can be used when
the 4145B is set to User Mode (refer to
paragraph 3-122) are listed in Table 3-11.

‘For more detailed information on HP-GL, refer

to the operation manual of any HP-IB compatible
plotter.

3-112
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Table 3-11. HP-GL Commands (Sheet | of 3)

C5

LB
OR
SR
CP

CHARACTER Group

LINE TYPE Group

Designates
Standard

Character Set
Labal

Relative
Mrection
Relative
Character S5ize
Charactar Plot

Code Hame Meaning Coding Example *1

VECTOR Group

FU Pan Up Turns off the beam. FU

P Pen Down Turns on the beam. FO

P& Flot Absolute [Moves the beam to the point PA X =coordinate, Y -coordinate,
specified by the X- and Y- ++s L =coOTinate, ¥ -coordinate
coordinates.

FR Plot Relative |Moves the beam the specified PR X -increment, Y -increment,

units.

Salects the character set.' #2

Krites characters using the
assigned character sat,
Selects the writingdirection, s

(-128 2 —.E‘E_- i 127
selects the character size, =5

Moves the beam the specified
of characters.
[-12E 5 number £ 127)

Selects the line type,
SGelects the beam intensity.
Selects the beam writing speed.

Writes an X-axis tick mark
at the present beam position
Writes a Y-axis tick mark at
the present beam position.

5ets up the scalin ints, Pl
and P2, i

Outputs the scaling points.

Limits the plot area,

Beturns the CRT setup to the
default condition. *11

Beturns to the default condition
and clears the display.

Belects mask value of the error
number *'? which can cause an SRQ.
Cutputs the error number 12

that caused an SRQ).

LT Line Type

&P Pen Select

Vs Yelocity Select

AXES Group +9

ET X Tick

T T Tick

SETUP Group *18

IF Input Fl and P2
P2

ar futput Fl and
P2

IW Input Window

CONFIGURATION and STATUS Group

DF Default

IN Initialize

IM Input Mask

Qg Output Error

s Tutput Status

Dutputs the CRT's status byte, =13

cve X -increment, Y -increment

C5 Character Set#

LB(Characters) [ETX]*?
DR run, rise
5B width, helght.

CP horizontal, wertical

LT pattern number s

SP intensity number «7

V5 velocity +8 , beam intensity
number.

KT

T

IP Plx, Ply, P2x, P2y
op

IW Xopw Yoo Xome Yo

DF
IK
IM mask value
OE
05
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Table 3-11,HP-GL Commands (Sheet 2 of 3)

Code Name Meaning Coding Example *1

ORIGINAL INSTRUCTION Group *!*
1] Memory Address |Sets the memory pointer to the Ma address nunber
specified address.

MI Memory Jump Sets the "Memory Jump” command to | MJ jump address
the address.

MC Memory Count Outputs the memory count £o MC
which the memory pointer points.

MK Memory Clear Clears the user memory and resets | MK
the memory pointer.

PG Page = ME(Memory Clear) PG

AF Advance Pull = ME(Memory Clear) AF

Fage

w1 Terminater (; or LF) is required at the end of each command.
wi nly one Character set is available on the 41458.

- Indicated Label Terminator (use ASCIT CODE ETK).

Example for LE command sent by HPB5S (displays 41458}
OUTPUT 717; "LB 4145B" & CHR § (3)

wh A1l Tun and rise values are converted into 0%, 90%, 180% or 270" as follows:
R 45" ¢ divection 5 45% —sp 07
45% « direction < 135° — 90*
3 135* 5 direction g 225° — 180"
Fan 3389 o Afrection < 315% — 270°

5 Four character sizes (x1.0, x1.5, xZ.0, and x2.5) are splectable according to
larger value of width or height as follows:
0 5 larger value < 3 — x1.0 size
3 5 larger value < 4 — x1.5 size
4 % larger value < 5 — x2.0 size
5 % larger value £ 127— x2.5 size

" Four line types are selectable as follows:
0: Line with dot at the last paint
1 or 2: Short dashed line
3 % 6: Long dashed line
71 Solid line

w? Four beam intensities are selectable as follows:
0: Blank
1: Dim

2: Half brightness
3: Full brightness

wl Four beam speeds are selectable as follows:
5: 0.05 inch/usec
10: 0.10 inchfusec
15: 0.15 inch/usec
20; 0.20 inch/usec

*%  Tick length is fixed at 0.8% of |P2x - Plx| or |P2y - Ply|.
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Table 3-11.HP-GL Commands (Sheet 3 of 3)

SBECTION [N

w

w i

®13

w i

IP, OF, and IW are fixed at Pl = ([0,0), P2 = (2047, 2047)., Also, the limits
of the GRAPHICS PLOT page is LL = (220, 493), UR = (1570, 1725)

Default condition is as follows:

DR Relative Direction i

5B  Relative Character Size r X1 size

LT Line Type : Solid line

SPF  Pen Select : Full brightness
V5 Velocity Select ¢ 0.20 inch/psec
IM  Input Mask : 225

Error number that occurs first is output. Error meanings are as follows:
I: Instruction is not recognized (mask value=1)
Z: Wrong number of parameter [mask value=2)
3: Bad parameter (mask values=4)
4: 1llegal character (mask value=8)
7: All of the display memory has been used (mask valuestd)

Status values output from the CRT status byte have the following meanings
(more than one may exist):

1: Beam is ON

B: Imitialized

32: Error

ORIGINAL INSTRUCTION Group controls the vector memory using the memory
peinter. The vector memory outputs (to the CRT) the display data at

the address designated by the memory pointer. The memory pointer scans the wecter

memary . Using "MA", "MJY, "MC", and "ME", the display can be controlled.
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3-130, DEVICE CLEAR

A=131. The 41458's control settings return to
the initiel econtrol seitings  deseribed  in
paragraph 3-13 when it receives a Selected
Device Clear or Group Device Clear.

3132 DATA OUTPUT

3-133, The 41458 outputs measurement and
status data to external deviees via the HP-IB.
The data output format depends on whether the
41458 B szet to System Mode or User Mode, In
System Mode, all measurement and status data
stored in the data buffer are output when the
41458 receives program code "DO"  In user
mode, messurement and status dets for the
triggered channel are outpul when the 41458
receives program code "DO".  The oultput
formats are shown in Figure 3-53,

Model 41458

3=134, IDENTIFICATION OUTFUT

3-115. The 41458 outputs the identification to
external  deviees wvie the HP=IB. The
identifieation & output when the 41458 recieves
program ocode "IDY  The ouiput formats are
shown in Figure 3-54.

format®!.

FF I I £ Y

{1} Data Status*?

(2) Messurement Data

{3) Exponent*?

(4) Comma (data delimiter)* "
(5) Data Terminator

SO i ) ) [EY] Ty

(1) Dot Status*?
(2) Monitor Chanmel

A1 SMUI
B: SMUZ
C:r SMU3
r: SMU4
E: ¥ml
F: ¥m2

(1) Messurement mode (V or [}
4) Measurement data

{3) Exponent®!

(6) Data Terminator

1. Data Qutput Format for the System Mode
Whan the remote progeam code "[HD" is gent, the 41458 outputs data in following

X EWW.MNN EXMNN , XENMN.NMNEXHM, ===++ K:NM.NMNEHKN(CR) (LF
; e

1. Date Output Format for the User Mode
When the remote program code "T1'CHE™ or "TV "CHE™ is sent, the SMU makes a
measureament and the 41458 outputs data in the following format.

X X X iNN.NNN EfNN (CR](LF)

Figure 3-53. Data Output Format (Sheet 1 of 2)

3-1186



Model 41458

SECTION I

*1 The order of data output is the same as the displayed order,

*3 Data Stetus indicates the condition of the monitor channel and is output in
eode, as listed below.
N: MNormal
L: [INTERVAL is too short.
¥i A-D converter saturation
Xi:  Oscillation
C1:  This channel compliance error
T: Other ehannel complinnes error
Priority iz as follows
Le¥>X>C>T >N

*1 SBoientifie notation is wsed,
10° TR TTerou 2 1

T I um—— Y,
LO=8(l  sevvmreermsssnrasscsessassens Bl
il !{n} e P P N = i
lﬂ'“{p} sapsastensttnasransrnnneane =]

4 The delimiter, bit switeh & on the HP-IE Control Switeh (Figure 3-50), is
sat at the factory to comma (). This causes the 4145E in the System Mode
to output all data as a continuous string. When the data delimiter i5 set o
CR/LF, a carriage return and line feed signal is output alter each field.
This is useful when outputting date to certain peripherals, such as a
strip=printes.

Figure 3-53. Dats Output Format (Sheet 2 of 2)

Inchent if icat ion Output Format
:’Fhen the remote program code “ID" is sent, the 41458 outputs data in following
‘ormat.

I 41458 X X X . X

R

{1} The revision number of the ROM
{2} The revision number of the Operating System

Figure 3-54 Indentification Output Format
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3-136. SERVICE REQUEST ETATUS BYTE

3=137. The 41458 outputs an RQS (Reguest
Service) signal whenever bit 1, 2, 3, 4, 6, or 8 of
ihe Service Heguest Status Hyte & set. The
make-up of the Stetus Byte is shown in Figure
3=55,

Model 41458

Bit 8 Bit 7 Eit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
Em ne R Balf-Test Nlegal EKD Syntax Data
Spency o Fail KRy Program |  Status Error Ready

request states of the 41458,

Bit 1: Tate Ready

Bit 2: Syntax Error

the degeription for bit 8.

Bit 3: End Status

Bit 43 Miegal Program

8.

Bit 5: Busy

not sel the RQS bit.

Bit & Self-Test Fail

agein and the result is pass.
another meaning. Refer to the deseription for bit 8.

Bit 7 (R@S) indicates whether or not a service request exists, Following are the service

This bit & set when complete measurement data B resdy for cutput onto
the HP-IE. It is reset when data transfer starts or when the 41458 receives
program eode "BC" (Buffer Clear).

This bit is set when the 41458 receives an errornecus remote program
eode. If this bit is set while bit & is set, it has another meaning. Refer to

This bit is set when Self-Test, PLOT, or PRINT & completed.

This bit & set when the 4145B receives an invalid program. If this bit is set
while bit 8 & set, it has another meaning. Refer to the description for bit

This bit is set when measurement or auto calibration & being performed. [t
= automatically reset when measurement or ealibration ends. This bit does

This bit is set when Self-Test fails. It i reset when Sell-Test is performed
If this bit is set while bit 8 is set, it has

Figure 3-55. Status Byte for the 41458 (Sheet 1 of 2)
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Bit 7: RQS (Request Service)
This bit is set whensver bit 2, 3, 4, 6, or § & sel, Also set when bit 1 B sel
if program cede "DR1" (Data Ready ON) has been sent.

Bit 8 Emergency
This bit is set when a potentially dangerous condition exists. The meaning
of this bit depends on whether bit 2, bit 4 or bit § Is set. Each is described
bealow.

Bit 2: Fixture lid open
This bit end bit 8 are set when the fixture lid & opened during or
at the start of & messurement in which the cutput veltage will
exceed £42V. In user mode, regordless the output voltage, this
bit is set if the fixture lid is open or shorting connector i not
connected,

Bit 4: SM U ghut down
This bit and bit & are set when SMU output is shut down by the
instrument to prevent damage to SMU.

Bit 61 Power Failure
This bit and bit B are set when the SMU output was reset by a
momentary power loss.

Hote

All bits exeept bit 5 are reset by a Serial Poll, and all bits except bit 1 and 5
are reset by a Deviee Clear.

Figure 2-55. Status Byte for the 41458 (Sheet I of 2)
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3-138. Programming Guide for 41458

3-13%. Sample programs for the HP series
2007300 Desktop Computer are provided in

Figures 3-56, 3-57 and 3-58 respectively.

3120

Hote

Bpecifie information for HP-IB
programming with the HF series
200,300 is provided in the HP
58Fjas 200/300 programming
manual.

Equipment required for these
sample programs ineludes

HF series 2007300 Computer with
Basic 2.0, 3.0 or 4.0 system.

Before executing sample program
2, close the fixture lid or connect
the Bhorting Conneeler.
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1
20
in
40
a0
0
70
B0
&0
100
110
120
130

Line
§1]

1]

30/40
an
&0
70

&0
g0
100

110
120

Sample Program 1

Deseriptbon :

{1) Control of the 4145B via the HP-IB
(2} Measurement via the HP-IB
(3) Deta output from the 41458 via the HP-1B

Eet the HP-IB sontrol switeh as follows:

Addressr 17T
Delimiter s comma

HP series 200/300 Program:

Dim AE1100]
QUTPUT 717 ; "IT1 CAl DRD BC”

QUTPUT 717; "DE CHI1,"VE',"IE', 3,3 ; CH2,'VB',"IB", 2,2 ; CH3,"VC',"IC",1,1;CH4"

OUTPUT T17; "V81;V52; VM1 ; YM2"

OUTPUT 717 : "88 VR1,0,1,.05,50E=34P 10E-6,10E-6,4,3"
QUTPUT T17;"SM DM1 XN "WC',1,0,1;YA "IC",1,0,1 0E-3"
OUTPUT 717 ; "MD ME1"

A=SPOLLI{T1T)

IF BIT{A,0)=0 THEN 80

OUTPUT T717; "DO fIC™

ENTER 717; A%

DISP A%

END

This program performs the following :

Dm:-l&thn
Deline a string variable, A%, to store measurement date.

This program is an example of remote control, date cutput for a Bi-polar Transistor
measurement made in the System Mode. The program has three copabilities:

Set measurement integration time (IT1), aute calibration (CAl), data ready

(DROY, and date buffer clear (BCL

Setup the CHANMEL DEFINITION Page (DE).
Setup the SOURCE SETUP Page (SS),

Setup the MEAS & DISP MODE SETUP Page (SM).

Preceed to the GRAPHICS PLOT Page (MD) and perform one measurement

(MEL).
Hesd the 4145B's Status Byte and sssign the result to variable A.
Wait until bit 0 of variable A set to 1 (Data Resdy).

Bend a data cutput {DO) command to obtain the measurement date from the TC

monitor channel,
Enter the measurement date into the string variable, A%,
Display the string variable A$.

Figure 3-56. Sample Program 1 (Sheet I of 2)
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“The proceeding program can be modified, as follows, to make overlay plots on the

GRAPHICS PLOT Page.

100
110
120
130
140
150
160
170

DIM G$ [20)

OUTPUT 717; "GL1; IN"

OUTPUT 717; "PA1570, 493; PD; PA220, 1725; PU"
OUTPUT 717; "PA1000, 1000; PD; SR0,3"

G$ = "4145B"

OUTPUT 717; "LB" & G$ & CHRS$ (3)

OUTPUT 717; "GLO"

END

Line

110
120
130
140
150
160

‘These program modifications perform the following.

Description

Set the 4145B to GL1 mode (GL1), and initialize the CRT (IN).

Draw a line from lower right corner to upper left corner of the plot area.
Move the beam (PA), and select the character size (SR).

Enter the data to be displayed into the string variable G$.

PLOT"4145B" (LB).

Release the 4145B from GL1 mode.

"This program modification makes overlay plots as shown below.

suuuidt GRAPHICS PLOT s

Ic
CmAd
10. 88
\\
1. 883 < N
7dtv / N
// N
// 14DBE
A ~N
// N
J/
. Bz
- 1. 208
vc . 1088 /dav (VD
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1

a0
40
an
B0
T
A0

100
110

Line

10
a0
kL

40/50
G
T
i
a0

100

Sample Program 2

Deseription

This program B an example of remote conteol, data ocutput in the User Mode. The
program has three capabilities:

i Control of an SMU via the HP-1B
(2] Trigger of the SMU via the HP-IB
(1) Date output from the SMU via the HP-1B

HP series 200/300 Program:

DIM AS{30]

OUTPUT 717; "US"

OUTPUT 717; "I'T1 CAl BC"
1= L5

OUTPUT 717;"DV1, 1,"; I; ", 1E-3"
OUTPUT T17;"DVZ, 1, 0, 1E-3"
OUTPUT T17; "TII"

ENTER 717; AS

DISP A$

OUTPUT T17; "DV1 ; DV2"
END

Thiz program performs the following :

Description

Defline o string variable, A%, to store measurement data.

Set the 41458 to User Mode (US).

Set measurement integration time (IT1), auto calibration (CAL), and data buffer

clear (BCL

Set up SMUL (DVIL

Set up SMUZ (DVZ)

Trigger for | measurement of SMUL (TT1)

Enter measurement date into the string variable, A¥.
Display the string variable A%.

STOP the cutput for SMUL and SMUZ.

Also, CRT Display ean be wsed as a Graphie Display when program code "GL2" & sent and
HP-0 L program codes are used, as shown in Figure 3-57.

Figure 3-57. Sample Program 2
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Sample Program 3
Deseription

This program i an example of moving messurement results from the 41458% internal
micre floppy dise to & Desktop Computer while the 4145B is in the System mode.
This funetion has the following capabilities.

() Control of the 41458 via the HP-IB

(z) Data output from the data buffer via the HP-IB

Sel the HP-1B control switeh as follows ;
Address: 17
Delimiter: CR/LF

HF series 200/300 Program

10 OPTION BASE |
20 DIM A(5TS5)
30 Points=50%
40  OQUTPUT 717:"GT 'D VDID™
50 OQUTPUT 717;"DO "1D™
G0  FOR I=] to Points
T0 ENTER 717; All)
80 PRINT A{l)
80 NEXTI
100 END

This program performs the following :
Line Deseription

10/20  Define a string variable, A(575), to store buffer data.
W Define the number of data.
40 Send a get data (GT) command to get the data with the file name & 'VDID",
il Send a data output (DO} command to obtain the buffer data from the "ID' ehannel.
70 Enter the buffer data into the string variable, A(ST5).
80  Print the string veriable.

Figure 3-54. Sample Program 3
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3=140. PLOT/PRINT Operation Using HP-IB
Controller

1-141. When performing a PLOT or PRINT
operation using an HP-IE controller, use the
following procedure,

()
(2)

(3)

(4}

(s)

et the plotter or printer to "addresseble™.
Interconnect the 41458, HP-IE plotter or
printer, and controller with HP-IB cables.

Send the PLOT of PRINT command to the
41458,

et the 41458 to TALKER and set the
plotter or printer to LISTENER. And set
the ATH (Attention) Line to "[nactive" to
start the plot or print operation.

End of plot o print can be detected by
monitoring the EOQI Line or SEG Line.

SECTION I

Note

If the controller attempts an HP=IB operation
during a plot or print operation, an error may
result or data may be incorrectly plotted or
printed. Therefore, you cannot detect the
end of & plot or print operation by reading
the status byte of the 41458.

Figure 3-59 shows programming example of
HP-1E controlled plot operations with the HP
series 200/300 Deskiop Computer.

HF series 200/300 Program

10 ONINTR T GOTO 70
20 ENABLEINTR T7:2

50 REMOTE"

, 80 GOTO 60
! 70 A=SPOLLI(TIT)
80 IF BIT(A,2) THEN PRINT "END"
40 BEEP
100 END

Line Deseription

A PLOT eommand

3 OUTPUT T17;"PL100,100,5000,3000"
40 SENDT;UNT UNL TALK 1T LISTEN 5 DATA

These programa perform the following :

I Interrupt (PLOT END) handling instruetions.
0 Enables controller to respond an SRGQ

40 Asigns TALKER and LISTENER, and sets ATHN line to "Inactive”,

Figure 3-59. Program for HP-1B controlled PLOT Operations
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3-142. External Display

3-143. The 4145B% CRT & equipped with X-Y-Z
analog outputs which ecan be connected directly
to a large screen graphics display. With the X, Y,
and 2 EXTEENAL CRT OUTPUT (ocated on the
rear panel) connected to an external display, the
displays on the 41458 CRT will be displayed an
the external display  alsa, Recommended
external displays are listed in Table 3-12.

Mote

The bandwidith of the external display
must be at least ZMHz.

Hote

Dutput impedance of the EXTERNAL
CRT OUTPUTS is 3300 (X and Y) and
2408 (Z). Thus, the input impedance of
the  external  display miust be
sufficiently higher to obtaian
satisfactory display results,

Model 41458

Table 3-12. Recommended External Displays

Maodal NO. Sereen Size (HxW)
HP1304A 20emx2hem
HPF1310E 2B8emx3Bem
HPF1211E 22emxIRem
HPL131TB feemxisSoem
HF13Z1B I0emx3sem

Figure 3-60 shows the interconnections between
the 41458 and the external display.

Connection :
{1} Eguipment

External Display (equips X-Y-Z analog inputs) and three BNC-BNC cables
(2)  Interconnect the 41458 and External Display &s shown below.

41458 13118
= 1 x r°2 i
| B B E | B
J ‘Er I
.,_ %
[

display.

(3)  In this condition, displays on the 4145B'% CRT are slso displayed on the external

Flgure 3-60. External Display

J-126




Model 41458

3-144. Dise Initializing

=145, The purpese of dise initialization B to
generate a directory onto the dise, which enables
you to use the dise for the 41458, Measurement
Setups, Auto  Sequence  Programs, and
messurement results from the 41458 can be
stored on the initielized dise. Also, for archival
purposes, the 41458 operating system can be
copied to the inmitialized dise, by using the
operating system ecopy  funetion (Refer to
paragraph 3-148). The procedure to initialize &
dise i& deseribed in Figure 3-81. The
recommended dise s the HP 921924, Miero
Floppy Dise (double sided, double density).

SECTION I

Dise Initislizing Procedure
(1) Turn on the 41458

below.

Lipd wuw  WBER FILE CATALOG
Yalume ;| HP4i48 P .

(5}  Press the INIT DISC softkey.

softkey. If the QUIT softkey is
FORMAT operation is eancelled.

the dise are purged.

sveslilablea records = JO7H
file names CommEente sdrs

ReBBEODS

(7] Dise imitialization takes only a few minutes.

(Z) Press the CATALOG softkey on the MENU Page. Display will be as shown

SKP3]

— |

JHHERERT

(3)  Press the EXTN softkey, then softkey prompt will be SKP 31,
(4) Remove the dise and insert the blank disc.

{6) "Initislize OK *" will be displayed in the system message area. Press the EXEC
pressed belore pressing the EXEC softkey, the

By executing the Dise Initializing, all the programs and datas that are exiting on

Figure 3-81. Dise Initializing Procedures

=1 I7



Model 41458

SECTION 1

3=146. Operating System Copy Hote

3-147. For archival purposes, the 41458 can copy The Operaring System Copy funetion
the Operating System Software onto dises that eannot copy the files of the user area
are initielized by the 41458 or HP series 200/300 anto the dise,

Desktop Computers. The procedure is deseribed

in Figure 1-G2.

CAUTION

The Operating System Copy funetion
erase all files of the user arem on the

disg.

Hote

Copying the 4l45B% Operating System
Software for any means, except for
archival purposes, without the prior
written consent of Hewlett-Packard
Company & prohibited. If extra system
dises are required for purposes other
than archival purposes, order P/M
04145-6150f. &~

(1)
(2)
(3)
{4)
{5)

(8)
{7

(&)

Operating System Software Copy:

Turm on the 41458,

Same procedure as that is step (2) of Figure 3-61.

Same procedure as that is step (3) of Figure 3-61.

Press the COPY 5Y35 softkey.

When "Copy system OK %" i displayed; press the EXEC softkey. If the QUIT
softkey is pressed before pressing the EXEC softkey, the Operating System
Soltware Copy operation is cancelled.

Mote

The System Disc must be in the 41458' dise drive, if the QUIT soltkey is pressed
in the cancel procedure,

Insert the Master Dige (dise to be copied) that contains the Operating System
and press the EXEC softkey.

After the disc has been accessed, "Insert the copy dise." i displayed, Remove
the Master Dise and insert the initislized dise (target dise), then press the
EXEC softkey.

"Copy completed” s displayed when Copy is finkshed. To copy additional dises,
press the EXEC softkey and repeat steps (8) to (7). To return to the MENU
page, press the QUIT seftkey, nsert the System Dise and press the EXEC or
QUIT softkey.

3-128
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J4-144.

SECTION

DISC COPY

3=149. Al files n the wer ares of a 41458 disc
can be copied onto another dise. The procedure s
given in Figure 3-63. The operaling system
software end the system [iles ecan slso be eopied
with this funetion.

User Area and Operating System Copy:

(1)  Same procedures as that are steps (1) to (3) of Figure 3-61.

(2)  Press the COPY DISC softkey.

(3) When "Copy dise OK?" i displayed, press the EXEC softkey. If the QUIT
softkey is pressed before pressing the EXEC softkey, the Dise Copy operation
is erneelled.

Motle

The System Dise must be in the 41458 dise drive, il the QUIT softkey &5 pressed
in the cancel procedure.

{4) Insert the Master Disc (dise to be eopied) and press the EXEC softkey. A
portion of the user area files will be loaded into the 414568' RAM. This takes a
few seconds.

{5} Insert the Copy Dise (target disc) and press the EXEC softkey. The [iles loaded
into the 41458% RAM in step (3) will be copled onto the target dise.

Mote

Write protect the Master Dise to protect the files from operational errors.

(8) Repeat steps (4) &nd (5) if instructed to do so.

(7} Copy i finished. To copy additional dises, press the EXEC softkey and repeat
steps (4) and (8). To return to the MENU page, press the QUIT softkey, insert
the System Dise and press the EXEC or QUIT key.

Note
Do not use the Dise that cannot complete the Dise Copy operation for the 41458,
Hote

If you want to eopy one file, the procedure B given below.

Copy One File:

(1} Turn on the 41458,
(2) Load a desired file using the GET funetion.
{3) Change dises and store the file by using the SAVE funetion.

Figure 3-63. Disc Copy Procedures 2199
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3-150. FILE TRAMSFER

3-151. The 41458 can trensfer ell of the files
{Program file, Data file and ASP file) from the
HP 4145A% or another 4145B% dise without the
gid of & controller. When the files are
transfered from 41454, HP 16267A File Transfer
Dise for the 41454 (not furnihed) 5 needed.
Operating instructions for the FILE TRANSFER
funetion are given in Figure 1-64.

From the HP 4145A
Caonnection :
i1}  Equipment
HF 1E26TA File Transfer Softwere Dise for the 41454 and HP-IB cable,
(2} Interconnect the 41458 and 4145A as shown below,

41454 or 41458

Mote

Except for the 4145A and 41458, nothing s with the HP-1B cable.

Transfer:
(3] :::E:rl the HP 1626TA File Transfer Softwere Dige to the 4145A% bullt=-in dige
Vi,

(4)  Turn the 41454 on.

(5) Insert the System Dise and tuen the 41458 on.

(&) For the 4145A, press the CATALOG softkey . For the 41458, press the
CATALOG softkey on the MENU page and press the EXTN softkey.

(T} For the 4145A, remove the File Transfer Software Dise and insert the dise
containing the setup programs, Aute Sequence Programs and measurement
results to be copied to the 41458% Disc. For the 4145B, insert the copy dise
(target disc).

(8)  For the 4145A, press the SEND DATA softkey and for the 41458, press the
RCV DATA soltkey.

(9] The filename of the file being transferred will be displayed. If the ABORT
softkey on the 4145A or 41458 is pressed before the trensfer is complete; the
File Transfer operation is sborted. After pressing the ABORT softkey, the
catalog of the existing files on the dise & displayed.

(18)  "Transfer completed.” is displayed when the File Transfer operation & finished.

Figure 3-84. File Transfer Procedures (Sheet 1 of )
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From another 41458 ¢
Connection
(1) Equipment :
Another 41458 and an HP-I1B cable,
(z) Interconnect the 41458% with the HP-IB eable as shown in the above figure.

Transfer :

(3} Turn both 41458's on end press the CATALOG softkey on the MENU page.
When the CATALOG page is displayed, press the EXTN softkey.

(4) Insert the dise containing files to be copied into one 41458 and insert the copy
dise (target dise) inte the other 41458,

(5}  Press the SEND DATA softkey on the 41458 from which the files will be
;ﬂphd. Press the REC DATA softkey on the 41458 that will be receiving the

iles.

(6} The filename of the [ile being transferred will be displayed. If the ABORT
Soltkey is pressed on either 41458 before the transfer & complete, the File
Transfer operation will be aborted,

(T} "Transfer completed” is displayed when the File Transfer operation is finished,

Figure 3-64. File Transfer Procedures (Sheet 2 of 2)
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3-152. Date File Structure

3-153. Data files stored on dises can be read on
HPS00D Series Z00 and 300 computers running
BASIC 3.0 or 4.0, Paragraphs 3-154 through
3-162 explain the structure of data [ies:
paragraphs 3-163 and 3-164 describe how to reoad
measurement  data  from a @ dise, These
paragraphs were written for users familiar with
41458 operation and BASIC 3.0 or 4.0 date
storage and retrieval technigues. If this 5 not
the case, however, this section and Chapter 7
(Data Storage and Retrieval) of the BASIC 3.0 or
4.0 Progremming Technigues Manual will help
you understand date file structure.

d-154. The 4145B'% date files are divided into
four main sectors, as follows.

1) BDAT System sector 2536 bytes
2) File Commeant sector 258 bytes
1) Setup Data sector TEE byles
4) Messurement Date sector 4608 byles

3=155. BDAT System Sector

3-156. ThiE sector containg an  End-of-File
pomnter and the number of defined records in the
file. You ecannot directry access the system
sector, For more information, refer to Reading
and Writing BDAT Files in Chapter 7 of the
BASIC 3.0 or 4.0 Programming Technigues
Menual.

3-157. File Comment Sector

3-158. This sector contains the file comment
displayed on the estalog pege. Figure 3-65
shows the structure of the File Comment Sector.

3-159, Setup Data Sector

i-160. This sector containg CHAMNEL
DEFINITION, SOURCE SETUP, MEAS & DISP
SETUP, and OUTPUT SEQUENCE SETUP page
date. Figure 3-88 shows the structure of the
Setup Date sector. A briefl explanation of each
bloek i this sector B as follows.

1) ID TABLE [bytes 18 through 186]
Thie block contains symbolie name,
status, function, and channel date for
each SMU, V5 VM, and User
Function. Data for esch item @B
contained in and 1l<byte long data
group, and all groups hawe the same
structure. Figure 3-67 shows the
41458% CHANNEL DEFINITION page
and prov idies more detailed
information on 1D TABLE data groups.

3=132

)

i)

4)

5)

]

Model 41458

SYCBV (Source Value Control Block
for Variebles) [bytes 171 through 264]
The SYCBY contains setup, Hold Time,
and Dwelay Time dets for wvariables
YARL, VARZ, and VARL'. Dats for
each variable is contained in a 26-byte
long date group, and all variable data
groups have the same structure. Hold
and Delay Times ere written using the
41458 4 byte floating point data
format a5 shown and explained in
Figure 3-68. Figure 3-680 shows the
4145B% BOURCE SET UP page and
provides more detailed information on
EVCEY data groups.

BVCBC (Source Velue Control Block
for Constants) [bytes 265 through 330]
The BVCBC contains setup data for
each constant (SMU 1 4, V51, and
V&2). Data for each constant is
contained in an 1l-byte long date
group, and all groups have the same
structure, Figure 3-T0 shows SVCBEC
data  group  structure and provides
more detailed information.

DACB (Data Array Control Block)
[bytes 331 through 380]

The DACH contains Data Ares data
for each channel (SMUs 1 4, VM1,
and VMZL Data for eesch channel is
conteined in a 10-byte long data
group, and all groups have the same
structure. Figure 3-T1 shows DACE
date group structure and provides
maore detailed infor mation,

DCH (DEplay Control  Eloek) [byties
401 and 401]
This block contains display  mode
data. Figure 3-72 shows DCB
structure and provides more deteiled
information.

GHAPHIC PLOT DCEB [bytes 403
through 463]

This block contains data on the [D
TABLES to be displayed on the
GRAPHIC PLOT page, and on the X,
Y1, and Y2 exes. ID TABLE data and
data for esch axis is contained in a
20-byte long data group, and all groups
have the zame structure. Figure 3-73
shows CHAFHIC PLOT DCE strusturs
andd provides MQre detailed
information. If the first byte in a data..
group is a space, that exi & not used,
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7)

)

9)

10)

11}

12)

LIST DCE [bytes 463 through 52E]

The LIST DOCH eontains date on the D
TAHBLES to be displayed on the LIST
pege. Data for each Measurement
Channel is contained in an 1]1-byte
long date group, and all groups have
the same structure as the [ TABLE
structure shown in Figure 3-67. If the
first byte in & deta group s a spacae,
that Measurement Channel & not used.

MATRIX DCE [bytes 528 through 534]

Thie blook contrins deta on the 1D
TABLE to be displayed on the
MATRIX page. MATRIX DCH date
contained n an 1l-byte date group
that has the same structure as the ID
TABLE structure shown in Figure 3-67.

SCHMOO DCEB [bytes 540 through 570]
This block contains date on the ID
TABLE to be displayed on the
SCHMOO PLOT page, and on the Z
axis limits g8 defined on the MEAS &
DISPF MODE SETUP page. SCHMOO
[MZE data 8 contained in an 1l-byte
deta group that has the same structure
as the [0 TABLE structure shown in
Figure 3-67. Z axis limits are written
using the 41456'% 4 byte floating point
data format shown in Figure 3-68.

THBCE (Time Base Control Block)

[bytes 571 through 582]

The TECE contains Wait, Interval, and
Mumber of Steps date. Eesch deta
group B written using the 4145B% 4
byte floating point date format shown
in Figure 3-68. Figure 31-T4 shows
TBECE structure and provides more
informiat kon.

MCCE (Measurement Channel Control
Bloek) [bytes 615 through §23]

This block conteins measuremeant
mode,  measure, nol use,  and
measurement  renge data.  Data s
centained In & 9-byte data group.
Figure 3-75 shows MCCEBE structure
and provides moee detailed
infarmation.

0SEQ (OUTPUT SEQUENCE) [bytes
25 through 630]

This block eontains channel (SMUs 1 ~
4, ¥31, and VS5Z) output sequence
deta. Figure 3-T6 shows OSEQ
structure and provides more detailed
informat ion.

SECTION 10l

13) DATA ST (DATA STORE) [byte 760]
This byte shows whether the
Measurement [Deta sector contains
measurement data or not.

00H = no dats
01H = dats

I-181. Measurement Date Sector

3-162. This sector conteins Measuremenl data
gnd data header information. The messurement
data portion contains SMU status amd channel
number deta n addition to the measurement
date. The date header portion contains the
messureament  data's  messurement  append
number and the YVARZ step number. Figure 3-77
shows the Measurement Date Seector's structure
and provides more detailed information.

The Messurement Data Seector begins with
record number 2,432 end finishes with record
number 4,735, This sector s divided into egual
measurement data areas, depending on  the
number of measurement channels used. For
example, if two channels are used, the [irst
measurement data area will cover records 2,432
through 3,583, while the second measurement
deta area will cover records 3,584 through 4,735,

3-163. Reading Data Files

3-184. The procedure for reading a deta file & as
follows.

1} Confirm the presence of measurement
dats by reading the DATA BT byte
(byte T60) in the Setup Data sector.

2) Confiem which messurement channels
were used by reading the MCCE (bytes
615 through 623) of the Setup Data
sector.

3) Retcieve  the numbser of  the
measurement data record by resding
the DACH (bytes 331 through 380) of
the Setup Daeta sector.

4) Read the desired messurement data
record (retrieved in step 3) from the
Measurement Data sector. Returned
measurement data ineludes the VAHRL
and VARZ sztep npumbers, and the
measurement append number,
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Figure 3-78 shows a sample program for reading
a data file from a disec in accordance with the
preceding procedure, and for plotting the data on
the ecomputer's CRT. The X axis corresponds to
the VARI1 setting (linear) and the Y axis
corresponds to the Y1 axis setting on the
GRAPHIC PLOT page.
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Hama
Fil
Item - - - not used
Fos 0 ERCEERERRNNACARNRRRNNCERNRRRRANCRERAREREE
Byt =
Mama
Item not used
Poz 50 o LII]LIllJ!iJJJJJJJJdJJJjJJJJJELLLLLLLL[!illJJJJJJ‘
Byte
Hams
Ttem not used
Pos 1l.‘.l|:|=|[|[|||||HH]|H|]H||||HJ_LH_LLI.LLLI.LH_|._L|J.U.U..
Byte
Hame
Ttam not used
Pog IEDF!|| ||||| I [ []]] FERCHERRRNA |t§|| 11111 |E!||| [ERRE
Egtl

Iteam not used

_::_:. an.'llrulII[IIT[IHIIIIII]THIHITII_IHIIII]HIHIIIIIIH

Hame

not
used

| Pog EE-EIFH]]
| Byte

Item

Figure 3-65. Structure of the File Comment Sector
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Mame I TABLE
Item not used SMU 1 e 1 SMU I
¥ I ¥

Fos ORLIL LRI N o PRI R I b JURUUT O DA QTR0 JATNNTT
Byte | 11 1 1 1
Name IDh TABLE
Ttem MU I SMU 3 SMU 3 oM 4 sMU 4

I v 1 ¥ 1
Pox L “HRNEERAEE CREERNEEN IERRRNEZEEREANERRCRNNERERE
| Byte [ 11 | 1 1 11 11 11
HName 10 TABLE
Item Vs 1 ¥m 1 Vs 2 Vm 2

Pes 100 [T NTTIT T T T T [TTTHTT U PITTR] TR UTTII]1
| Byte | 1 11 A1 11

Mame 1D TABLE SWCBY
User User
1
Thumet Function 1 | Fumctiom 2 \ Var

Pos 1SOPM IR0 IT00 (] IIIIrngIllllllHllll[llJHlIlll 11
| Byte | 11 1 | 26

!-int1u5|::d
Hame SYCRY
HOLD IDE LAY
Item Var 2 Var 1°
TIME [TTME Hot used

Pos anruIIIJIIIIJ)u%III[IIIlHI ERERRRCEERR AN RRANERRE]
I & 4 |4 [ 8

| Byte

Mame SVCBY SVCBC

Item Yar 1' SMU 1 SMU 2 SMU 3

Pos 250 ICAEENANERRCEEEA |[|1ET]|] [ERZREERRAANI
Byte i 11 1 11

Figure 3-6f. Data File Structure of the Setup Date Seetor (1 of 3)
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Nama SYCRC DACE X
Item SMU 4 Vs 1 Vs 2 SMU 1 My 2
Pos IMHIJIIJHIIIIIIIF.LIJ%LLLq,LLLIﬁIII ”'ﬂ'”
Hyte | 1 11 |
Hame DACE .

Item S 3 SMU 4 Vm 1 Ym 2 not used
Pos 350 HEERANNI
Byte 10 10 10 10 0
DCB

Hame ! GRAPHIC PLOT DCH
Item X axis ¥l axis
Faes 400 ||||||H!!II]H]H1 [EEEEN!
Byte

DISF HODE

MEAS MODE
Hame GRAPHIC PLOT DCB LIST DCB

1st Znd Ird

Ttem 12 axis MEAS, CHAN, | MEAS. CHAN. | MEAS. cian, | 4th
Pag 450 LI s TP QTP P NI T T T T T T TTLTTT
Byte ﬁ 1 11 11 1} |
Hame LIST DGR MATRIX DCB | SCHM™OO DCE

MEAS . 5th &th
Item CHAN i ] 4 : D
Pos S00fl 1T TL T I m T i [0 Q0TI M ITTTITT = TTTTTIT]
Byte [ 11 1 | 11
Hama SCHWOO DCB TECH A CHTEUF

15t nd ind 4th
Tren 1imit] Dimit] flinit| himie] Time Base s
Pos S550pa J 1[N0 (] QUi VI S QT T =ETHTTITTIT M ITTITTITL]
Byte I 20 | 32

Figure 3-66. Data File Structure of the Setup Data Sector (2 of 3)
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MWame CMTBUF MCCE DSEQ UFCE1
Item User Fumction 1
Pes SOOI TTTTTITT I TTTITTITEITIITTITTTTITTTTTETTITTTIT
HByte | 32 ] & |
MName UFCB2
Item User Function 2
Pos ?nuI:IJ_UJJJ_LLl:UJ_LLLLLLELUJ_LLLLLH.LLUJJJ_L!JJJ.UJ.LL
__E:rt-l .E:'!'_
FRE MCCB
I_-—IIATJL 5T
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Figure 3-66. Data File Strueture of the Setup Data Sector (3 of 3)




Model 41458 SECTION I

yte BhEaRlERE ]

! L CB Address
| Channel
| Funet lon
— Status
L Bymiolic Name

1) Symbelic Name
The Symbolic Mame bytes contain the user-specified SMU, Vs, Vm, or User
Function name that is assigned on the 41458'% CHANNEL DEFINITION page.
This name can be up to & ASCII charaeters long.

2) Status
The Status byte containsur channel's source mode setting that s assigned on the
CHANNEL DEFINITION page. Each bit is defined as follows.

bit @ — : Mormal 1: Common

bit 1 ~ 4 Always 0

bit § =—— 0: Source 1: Monitor

bit & - 0: V¥V mode 1z 1 rmesde

bit 7 - O: SML, Vm, V& 1: User Funstion
Example

00H*: ¥ source

01H : Common

20H : ¥ monitor, Vs or User Funetion not used
40H : | source

A0H : 1 monitos

BOH : User Funetion

*Hexadecimal notation.

3) Funotion
The Function byte contains the chennels source function setting that & assigned
on the CHANNEL DEFINITION page. Several examples are as [ollows,

I0H : Monitor, User Funetion not used
40H : User Function |

41H : User Function £

#0H : Constant

Bl1H: Var 1

BZH : Var 2

H4H: var I

4) Channel ) .
The channel byte contains one of the following settings.

00H : 5MUL, User Function
01H: S8MUZ

0¢H : BMUI

031H : SMU4

D4H : Vsl, Vvml

05H : Vs2, Ym2

Figure 3-67. ID TABLE Structure (1 of 2)
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SECTION III ‘Model 4145B

'5) CB Address _
The CB Address bytes contain detailed channel address information, as follows.

I Varl, Var2 or Varl' is used, these bytes contain the SVCBV's address.
If a constant is used, these bytes contains SVCBC's address.
If a channel is set to Monitor, these bytes contains DACB's address.

If a channel is set to User Function, these bytes contain the UFCB's address.

Figure 3-67. ID TABLE Structure (2 of 2)
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Model 41458 SECTION I
: st byte —— Ind byte —+—— 3rd byte 4th byte
hit | |30|ae|ze| 27| 26| 28| 2a)2n| 22| |20] | ia v s infidfinfiz|in f0lo|a |7 6 (s s sf2fi |0
Mantissa
Sign
Exponent
Exponent : 2% complement binary =128 <Exponent <1 27
Sign r "I"E - 07 s 4

Mant@msa : MNormallzed 2% complement binary
0.5 % 22 *<Mantisss < | x 229

Reel Value : REAL Value={1-2 x Sign) x Mantissa x 3Exponent-23*

bit 23.
2-129 < |REAL Value|< 2127

to HEAL values,

10 IMTEGER Bytel,Bytel.Byte3, Byted
20 REAL Mantissa,Exponent,Reall

30 1
40 Exponent=FNSigned(Bytal }-23

1] Reall=Mantissa#*Z "Exponent
70 ODISF Realt

a0 END

90 !

100 DEF FNSigned{INTEGER Byte)
110

!
120 IF BIT(Byte,7) THEM
130 RETURN (Byte-256)
ELSE

140

150 RETURN {(Byte)
160 END IF

170 !

180  FNEND

20" means that the decimal point of the mantissa & sel at

Following 18 a sample program to transform 4byte Floating Point Data Format values

50 Mant lasa=(FNS igned(Byte2)»256 ., +Byte3) =256 . +By ted

Figure 3-68. HP 41458 4byte Floating Peint Data Format
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BECTION I Miodal 41458

byte [ofi[z]s]a|s|a|7|s|njmw|uifizjin|ialinlia)ir|iajis|ee 2ij22)as|aa]as|
T 1 . s ™

I = — —
' I ' LCompliance Value
—Number of Steps

| Step Value
| —5top Value

| Start Value

| | waap Mode

| ~Mode/Eange

L —Channel
I_ Status
Reserved

1) Status
The Status byte eontains & variable's used or not used setting.

O0H : Not used

80H : Used
2} Chennel
The Chennel byte contains the channel setting thal coresponds to the variable
used.
D0H = SMUIL
AlH: 5MU2
0ZH: S8MU3I
03H : 5MU4
D4H ¢ Wl
D5H & Vsl
1) Mede/Range
The Mode/Range byte contains a variable's V source, [ source, and source range
satting.
bit 0 through 4 — transform binery to decimal number
T+ 100V range 10: 100mA range
Bt 40V range 11:10mA range
B 20V range 12: 1mA range

131 100y A range
I14: 10y A renge
15: 1y A range
16 : 100nA renge
IT : 10nA range
18 2 InA range

bit 5 and § —— always 0

bit 7 ——— 0: WV mosde 1: I mode

Figure 3-68. VAR, VARZ, and VAR Structure (1 of 2)
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Model 41458 SECTION II

4} Swesp Mode
The Bweep Mode byte contains a variable's linear sweep or log sweep setting that
i assigned on the BOURCE SETUP page. If a verisble is set to log sweep, this
byte shows the number of the steps for one decade. (Transform a 2% complement
binary to &8 REAL value.)

0oH Linesr Sweep

DAH 1 Logl0 inereasing (10 steps for one decade)
MH Logi5 increasing (4 steps for one decade)
02H & Log50 inereasing (2 steps for one decade)
F6H @ Logld decreasing

FCH : Logl5 decreasing

FEH Loghl decraesing

Refer to Figure 3-8, sample program lines 120 through 180 to transform a 2%
complement binary value to a REAL value.

5) Start Value, Stop Value, Step Value and Compliance Value
These bytes eontain values that are assigned on the SOURCE SET UP page. These
values are written using 41458 4byte Floating Point Date Format. Hefer to
Figure 3-68.

6} Mo. of Bteps

The No. of Steps bytes contein the number of steps that are assigned on the
SOURCE SET UP page. This value is written using the Zbyte Integer format.

Figure 3-69. VARL, VARZ, and VAR]' Structure (2 of 2)

3-143



SECTION I Model 41458

nis [m-l i 1|
K | E— ——i|
—Compliance Yalue
| | |-Mode
. “Channel
L —=Btatus
Boures Value

bre foliaisia[s eIl

1) Souree Value and Compliance Value
These bytes contain constant source values and complisnce values that are
assigned on the SOURCE SET UFP page. The values are written using the 41458
4byle Floating Point Data Format. Refer to Figure 3-6E.

2) Status
The Status byte contains & channel's used or not used selting.

DO0H @ Not used
BOH : Used

1) Channel
The Channel byte containg the channel setting.

QoM ¢ SMUL
0lH: SMU2
02H : SMU3
03H : SMU4
04H : Vsl
05H : Vs

4) Mode
The Mode byte contains the source mode setting thet is assigned on the SOURCE
SET UP page.

DIH: Commaon
ElOH : [ mode

Figure 3-70. SVCBC Structure
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SECTION 1IN

byte

1)

2)

Ellh[‘l,l'h 8le

| L

[Data Area Start

The Data Ares Start bytes contein the starting address of a channel's
measurement data in the Measurement Data Sector.

Data Area End

The Date Area End bytes contain the last address of o channels measurement
data in the Measurement Data Sector.

Data Area Addresses are 1300H through 24FFH.

L Data Area End
Data Area Start

Note

Figura 3-T1. DACH Structire
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SECTION 1II ‘Model 4145B

byte  [o]1]
Disp Mode
eas Mode

1) Meas Mode
The Meas Mode byte contains the measurement mode's sweep or time domain

measurement setting.

00H: Sweep Measurement
0lH: Time Domain Measurement

2) Disp Mode
The Disp Mode byte contains the display mode setting that is assigned on the
MEAS & DISP MODE SET UP page.

01H: Graphic Plot
02H: List

04H: Matrix

08H: Schmoo Plot

7Figure 3-72. DCB Structure
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Model 41458 SECTION III

byte Lt:r EIEIE |sisirinjs hu7|_n;|:|||||a|_|m-i_|i||r|1|im|
= - 1 () | -

e —
| | | l [ Upper Limit
[ | I =Lower Limit
| - Soale
| | \‘ CH Address
| |_ Channel
| Funetion

—Status
Symbolic Mame

1} Symbolic Mame, Status, Funetion, Channel end CB address
These bytes contain the [0 TABLE date that is to be displayed on the GRAPHIC
PLOT page as X, Y1 or Yy axies,

2) Seale
This Scale byte contains the scale setting for The GRAPHIC PLOT page.

00H: Linear
| 0lH: Log increasing
- FFH : Log decreasing

3} Lower Limit, Upper Limit
These byles contain the Lower (Left) and Upper (Right) Limits of the X, ¥, or
Yo axis, These bytes are written using the 4145B 4byte Floating Point Dats
Format as shown Figure 3-68.

Figure 3-73. GRAPHIC PLOT DCB Structure
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‘Model 4145B

'SECTION 1
byte 7':&'”:|2]3]4|5]s[7|e]9[|o]|ﬂ
L ‘LNo. of RDNGS
) Intreval
Wait Time

1) Wait Time, Interval, No. of RDNGS
These bytes contain wait time, interval time, and number of RDNGS data for a

time domain measurement. These bytes are written using the 4145B's 4 byte
floating point data format as shown Figure 3-68.

Figure 3-74. TBCB Structure
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Model 41458

SECTION II

byte [o]i]z]3]4|5]6]|7]s
] I ' | Lyecsss
- - —vm?2
| ~vml
|—$n.ﬂ.r4
LsMU3
EMUD2

aMul
— Reserved

1) SMUs | 4; ¥ml, Ym2
measurement, or | measurement). Eaech bit (for each byte) & as follows.

bit Dl ————
bit 4 and § =———
bit § —————
bit 7 =

Always 1 {means auto range)
Always 0

N: Mol messure
0: ¥V measre

1: Measure
12 | measure

2} MCCB+8

These bytes contain channel setting date (Whether the channel is set to or not, ¥

Thiz byte also contains chennel setting data (whether measure or not measure B

set. Easch bit 5 defined a= follows.
hit §f ———————— SMUl {1: Mot measure l: Measure
it | ————— sSMuz : Not messure 1: Measure
bit 2 ———————aa= SMU3 : Not measure 1: Measure
hit § ——————— sMU4 : Wot measure 1: Measure
bit d =—— Yml : Not measure 1: Measure
bit § =—— Vm2 f: Nol measure 1: Measure
bit 6 and 7 Always D

Figure 3-75. MCCRB Strueture
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SECTION I

Modal 41458

Bth Output
Sth Output
4th Output

3rd Qutput

ind Qutput

st Output

1) 1st through &th Output
Each byte contains chennel number setting data as follows.

DOH: SMUI
DIH: SMU2
btH: SMU3
0iH: BSMU4
04H: val
05H: Va2

4=150

Figure 3-Td, OSEQ Structure



Model 41458 SECTION II

1 chennel SMU Measurement Data Sestior

VAR2 (18t) —————t—— VARZ (nd)— .
hylE (1 ] iiq |:| |E-|7.!“___ [ | | | | -I -|-— ........
T L l— - 1]} |_ T .
Data (VAR lst) | Data (VAR] 1st)
—Data Header Deta Header

(1) Data Hender

byte
1} AN
This AN byte eentaings (measurement) Append Number data (bit 7 s always 1)
BOH :  initial measurement date
81H: Ist append measure ment data
82H: Ind append measurement data
83H: 3rd append measurement data
2} VIS

This V5 byte contains YAR?2 step number dota.

0OH ¢ 1st Var? step
DIH: 2Ind Var? step
0ZH: Jdrd Var? step
BEH:  4th Var? step

Figure 3-77 Measurement Data Sector Structure (1 of 2)
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SECTION I Model 41458

(2) Data

byte folilals]

Measurement Data
Status & Ch

1} Status & Ch
The Btatus & Ch byte contains data error status end channel number data.

bit 02 transform binary te decimal number
0: SMUI
1: BMUD2
Z: BMU3I
J: BMU4
d: Vml
51 VYmi
71 lost date
bit 3-8 Status
if bit 381 : AFD converter is satureted.
ifbit 41 : Dseillation
if bit 5is 1 Other channel has reached
compliansea
if bit 6 s 1 ¢ This channel hes reached compliance.

bl ——————— always 0

2} Meesurement Data
Dute contained in the measurement Data bytes written using the 4145B% 3 byte
fleating point data format, which is the same as the 4 byte floating point format
shown in Figure 3-68, except the last byte is omitted.

3} Blank {unused) areas.
All blank measurement date bytes will return "FFR".

Blank (unused) Ares

Blenk measurement deta bytes will peturn "FFH",

A=152

Figure 3=77 Measurement Data sector Structure (2 of 2)




Model 41458 SECTION 1H

Mote
This semple program runs under tshe BASIC 3.0 or 4.0 environment, and requires loading
the GRAPH binary filez az well as the appropriate files from your dise drive.

] INTEGER Base,Smu_no,Data_ptr,Flag,5tat,Ch
20 INTEGER Commanti i1ET!.Prug15{ﬂ13$31.DltiﬂﬁﬂEﬂﬂE:Q?ﬂﬁl
30 INTEGER Heas_ch_activeiS)
40 INTEGER Data_start.Data_end
S0 INTEGER Frewv_walid
=11 REAL Sweep_start,Sweep_snd, Sweep_stes, Varl Vary
70 REAL Ymin,Tmax
gg ?IH FilenamnaeSi100] . HorkdirSl 1001

It0  HorkdirF=SYSTEME("HSI™)
!%3 rHES STORAGE IS5 ™iWP9122,.700.0%
130 GIMIT
fag  GRAPHICS ON

150 GCLEAR

&0 !

1o LINPUT "Pleaase enter fFile nane”.Filenames
;gg ASSIGH BFile TO Filenama®

1

%?% EHTEH #F L le;Commant{=} ,ProgdS(=} DatadS(=)
220 IF FHGet_byte{ProgaSi=) 760%=0 THENW I DATAST
230 DISF "Mea walid data '11"
240  ELSE
250 Ch_activa_frag=0
260 FOR Chanmel=0 TO 5
270 Meas_ch_activel{Channel y=BLT{FHGet_bytel(ProgidSi{=} 617+Channel} G}
280 Ch_activa_frag=Ch_active_frag*Meas_ch_active{Chanmel)
240 NEXT Channel
300 IF Ch_active_frag<*D0 THEM
310 FOR Channel=0 TO 5
320 IF BITi{FHGet_bytelProgd5{=} ,617+Channel), 6} THEM ! MCCB
330 Emu_no=Channe |
340 Data_start=FHGet_word(Progd45(=}) 331+5au_no=10+6} ! DACE
50 Data_end=FHGet_word(Progd2d=) 331 +Sau_no=10+8) 1 DACH
e =41 Sueep_start=FNGet_real (FrogdSie=), 171+H) ;
arn Sweap_and=FHNGat_real (ProgdSdi=) 171+12}
380 Sweep_step=FHGat_real(ProgdS(=} 1T71+163
390 Ymin=FNGat_real {ProgaSdi=) &F3+12)
:?E 1 Ymax=FHGet_real(ProgdS(=}), 423+16)
420 VIEWPORT 10,120,10,30
:Eg , HINDOH Sweep_start.Sweep_snd,Ymin, YRax
450 Warl=Sweep_start
ai0 FOR Data ptr=Data_start TO Data_end=1 STEP 4
470 Yary=FNGet_data{Datad5(=),Data_ptr,Flag,S5tat,Ch)
480 SELECT Flag
450 CASE 0! Data
500 IF Prev_wvalid THEHW
510 DRAN Tarl,Vary
520 ELSE
530 MOVE Nar Magy
40 EHD IF
550 Prewv_walld=l
Se0 CASE 1

T Var|=Seeep_start
EE Prev_wal lﬁi[l
580 CASE -1

Figure 3-TE. Sample Program for Reading a Data File (Sheet 1 of 4)
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SECTION IO Model 4145B

=00 Preav_wval id=0

B0 END SELECT

B210 Vari=Varl+Sweep_step
B30 MEXT Data_ptr

B&0 HEXZT Channel

&70 ELSE .
B0 DISP "Mot measurement chanmel ![°
BS0 EMD IF

o0 END IF

1

720 MASS STORAGE IS Horkdir$
1

740 EHD

]
780 INTEGER Byte_lst.Byte_2nd,Byte_3rd.Byte_dth
790 REAL Real_value

oo ¢t

gin Byta_lat=FNGet_byte(Arrayi{=) Pointer+0)

B20 Byte_cfnd=FHGet_bytelArrayi=) ,Pointer+i}

830 Byte_drd=FNGet_bytal{Array{=) Paintar+d)

Ban Byte_dth=FHGet_byte{Array{#) ,Pointar+3}

850 Byte_to_real(Byte_lst ,Byte_2nd,Byte_3rd,Byte_ath,Real value}

BED RETURN {Real_walua)

870  FMEMD

BB0 J-—-—---cccceemmmmemmmmeee——eme—eeeeeessmmmmmmm———=———————em==oeoosseesas

A90 FEF FMGet_datal INTEGER Array(=),Pointer,Data_flag,5nu_status,Channel) 1---

210 INTEGER Byte_1st,Byte_2Znd,Byte_3rd,Byte_dth
920 REAL Real_wvalue

930 1
40 Byte_lst=FHGat_bytelArrayi=) Pointer+d}
5350 By te_Znd=FNGet_bytel(Array(=) ,Pointer+l)
960 Byta_3rd=FHMGet_byteifrrayi=) ,Pointer+2)
q70 Byte_dth=FMGet_bytelfArray(=} Pointer+3)
980 Byte_to_dataiByte_lst,Byte_2nd,Byte_3rd,Byte_4th,Real_value,Data _flag,Sm
tatus,Channall
L] IF Data_flag=1 THEN
1000 SELECT Channel
1010 CRSE 0 TD 5 POSMU #1™8&, Vm #172
1020 Channel=Channe ] +1
1030 CASE 7 ! lost data
10ai Chanmel=-1
1050 CASE ELSE f illegal
1060 Channe =0
1070 END SELECT

1080 ENWD IF
| 090 RETURM {(Real valus)
1100 fHEHD

g
1:%3 ?EF FNGet_stringS(INTEGER Array(=),Pointer, Length) T-----------rrf--:::::

A0 INTEGER Char_pointer
50 INTEGER Char_walid

Eﬂ . BH #tringsiioo]
0

Strings=""

Figure 3-78. Sample Program for Reading a Data File (8heet 2 of 4)
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