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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at
the time of shipment from the factory. Hewlett-Packard further certifies that its calibra-
tion measurements are traceabie to the United States National Institute of Standards
and Technology {formerly National Bureau of Standards), to the exient allowed by that
organization’'s calibration facility, or 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 the date of shipment. During the warranty
period, Hewlett-Packard Company will, at its option, either repair or replace products
which prove 1o be defeclive.

For warranty service or repair, this product must be returned to a service facility desig-
nated 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 ali shipping charges,
duties, and taxes for products returned ic HP from another country.

HP warrants that its software and firmware designated by HP for use with an instru-
ment will execute its programming instruction when property installed on that instru-
ment. HP does not warrant that the operation of the instrument, or software, or firm-
ware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modifica-
tion or misuse, operation outside of the environment specifications for the product, or
improper site preparation or maintenance.

NG OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPQSE.

EXCLUSIVE REMEDIES

THE HEMEDIES 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 CONTRACT,
TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are avail-
able for Hewlelt-Packard products.

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




Herstellerbescheinigung

Hicrmit wird beschcipigt, dafl  das Gerit HP 4142B Modular DC
Source/Monitor  in  Ubereinstimmung mit  den Bestimmungen  von
Postverfiigung 1046/84 funkentstdrt ist.

Per Deutschen Bundespost wurde das Inverkehrbringen dieses Gerites
angezeigt und die Berechtigung zur Uberprifung der Serie auf Einhaltung der
Bestimmungen eingerdumt.

Anm: Werden MeB- und Testgerite mit ungeschirmten Kabeln und/oder in
offenen MefBaufbauten verwendet, so ist vom Betreiber sicherzustelien, daB
die  Funk-Entstorbestimmungen  unter Betriebsbedingungen an  seiner
Grundstiicksgrenze eingehalten werden,

Manufacturer’s Declaration

This is to certify that this product, the HP 4142B Modular DC Source/Monitor,
mcets the radio frequency interference requirements of directive 1046/84. The
German Bundespost has been notified that this equipment was put into
circulation and was granted the right to check the vroduct type for
compliance with these requirements,

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




SAFETY SUMMARY

The foilowing general safety precautions must be observed during ail phases of apera-
tion, service, and repair of this instrument. Failure to comply with these precautions or
with specific WARNINGS given elsewhere in this manual viclates safety standards of
design, manufacture, and intended use of the instrument. The Hewleti-Packard Come
pany assumes no lability for the customer’s failure to comply with these requirements.

GROUND THE INSTRUMENT

To minimize shock hazards, 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 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 Electrotech-
hical Commission { IEC ) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gasses or fumes. Opera-
tion of any electrical instrument in such an environment constitutes a safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and
internal adjustments must be made by qualified maintenance personnel. Do not re-
place components with power cable connected. Under certain conditions, dangerous
voltages may exist even with the power cable removed. To avoid injuries, always dis-
connect 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 render-
ing first aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

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

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

wamia]

DANGERQUS VOLTAGES, CAPABLE OF CAUSING DEATH, ARE PRESENT IN
THIS INSTRUMENT. USE EXTREME CAUTION WHEN HANDLING, TESTING, AND
ADJUSTING THIS INSTRUMENT.




SAFETY SYMBOLS

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

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 voits must be so marked ).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with 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 electri-
cal 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 { chassis )
of the equipment which normally includes ail exposed metal
structures.

Alternating current ( power line ).

Direct current { power ling ).

Alternating or direct current { power line ).

A WARNING denotes a hazard. it calls attention to a procedure,
practice, condition or the like, which, if not correctly performed or
adhered to, could result in injury or death to personnel.

A CAUTION sign denotes a hazard. It calis attention to a pro-
cedure, practice, condition or the like, which, if not correctly
performed or adhered to, could result damage to or destruction of
part or all of the product.

A NOTE denotes important information. 1t calis attention to a
procedure, practice, condition or the like, which is essential to
highlight.




PREFACE

This manual contains instaliation information, and operating and programming information
for the HP 41428, The manual consists of the following chapters and appendixes:

Chapter 1 Instaliation

Contains initial inspection and installation information necessary to know before apply-
ing ac power.

Chapter 2 Gelting Started
Shows product gverview, how 1o send commands {o the HP 4142B, how to force and
measure voliage and current, and how to retrieve measurement data. This chapter will
help you quickly learn to operate the HP 41428,
Chapter 3 Test Device Connections
Shows how to connect the test device to the HP 4142B.
Chapter 4 Measurement Modes
Describes the types of measurements, such as spot, sweep, and pulsed measurements.
Chapter 5 Measurement Functions
Describes the functions that can be used in measurements, such as ranging, com-
pliance, measurement averaging, automatic sweep abort function, and program
memory.

Chapter 8 Miscellaneous Functions

Describes the functions that are not directly retated to the measurements, such as the
front and rear panels, guery commands, and the functions at power-on.

Appendix A Manual Changes

Contains the information needed to use this manual with an HP 4142B that was man-
ufactured before the printing date of this manual.

Appendix B Specifications
Contains the specification and reference data of the HP 4142B,
Appendix C Accessories and Options
Contains the accessories and options lists.
This manual does not contain detailed descriptions of each HP 4142B command, measure-

ment data output format, and error messages. Refer to the HP-IB Command Reference
Manmual for more detalled information on these topics.
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INTRODUCTION

This chapter provides HP 41428 installation information. Inciuded is information on initial
inspection and damage claims, installing your HP 41428, installing and removing plug-in
units, storage and shipment, and repair service.

INITIAL INSPECTION

Each HP 41428 is carefully inspected before it leaves the factory. Upon receipt and before
unpacking the HP 4142B, inspect the shipping container for damage. H there is any evi-
dence of damage or mishandling, retain all packing materials and notify both the shipping
carrier and the nearest Hewlett-Packard office.

When you unpack the HP 41428, verify that the following accessories are included.

& Operation Manual (this manual)
& HPR-IB Command Reference Manual
& Power Cable

tf the shipment is incomplete, or if the contents show any sign of mechanical damage or
other defects (scratches, dents, broken switches, etc.), notify the nearest Hewlett-Packard
office (ses the list at the back of this manual). HP arranges for repair or replacement without
waiting for the claim settlement.

When you unpack the HP 41428, retain all packing materials for future use. If it becomes

necessary to reship the HP 4142B, repack it in the original packing materials and shipping
carton.
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INSTALLING THE HP 4142B

installing the Blank Panel

To prevent thermal damage to HP 41428 units, be sure that Blank Panels (part
number 04142-60012) are installed in all unused slots.

installing the Front Panel
The front panel of the HP 4142B is packed separately from the mainframe. Before you
connect a power cable to the HP 4142B, attach the front panel to the mainframe as instruct-

ed in the following procedure.

1. Connect the flat cable connector of the front panel to the mainframe unit
conngctor.

2. Insert the metal flanges on the upper right and left sides of the front pane! into their
corresponding slots on the mainframe, With a siotted screwdriver, tighten the two
screws in the lower left and right corners of the front panet.

Line Power Requirements

The HP 4142B requires a 48 to 66 Hz, single phase power source of 100, 120, or 220 VAC
+10%, or 240 VAC -10% + 5%. Maximum power cansumption is 750 VA (Volti-Amps).

IF THE HP 41428 18 TO BE ENERGIZED ViA AN EXTERNMNAL AUTO TRANS-
FORMER FOR VOLTAGE REDUCTICON, BE SURE THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL POLE OF THE POWER SQURCE.
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Line Voltage and Fuse Selection

'CAUTION |

Before connecling the HP 4142B to an ac power source, verify that the LINE
YOLTAGE SELECTOR switch is set to the correct line voltage. Be sure the cor-
rect fuse is instaiied for the selected line voltage.

Setling the Line Voltage Swilches;
Risconnect the HP 41428 line power cable before changing the ac line voltage
selection switches, With a small flatblade serewdriver, move the LINE VOLTAGE
SELECTOR switch to the 100V/120V or the 220V/240V position in accordance with
the ac line voltage of your area.

installing the Line Power Fuse:
To instail a fuse, make sure the HP 4142B power cable is disconnected. With a
small flatblade screwdriver, turn the fuse holder cap counterclockwise until it pops
oui. The correct fuse type for each line voltage is shown in the following table.
Insert one end of the correct fuse into the fuse cap.

Line Voltage Fuse

Line Voltage Fuse Rating Part No.
100v/200V | 8 A Normal Blow | 2110-0342
220V/240V | 4 A Normal Blow | 2110-0055

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

insert the fuse/cap assembly into the fuse holder. Push in on the fuse cap with

the screwdriver and rotate it clockwise.
The HP 4142B is shipped from the factory with the LINE VOLTAGE SELECTOR switch set to
the line voltage used in the geographic area to which the HP 4142B is shipped, and with the
corresponding fuse installed.

Setting the Line Frequency FILTER Switch

To minimize the effects of line frequency noise during measurements, set the FILTER switch
on the HP 4142B rear panel to the ac line frequency.
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Power Cables

The following figure shows the power plugs used in various countries, and provides available
power cable/plug information. Also included is ordering information. If you need assistance
in determining the power cable you need, contact the nearest Hewlett-Packard office.

CGPTION 300 United Kingdom

Earth

/

i N @LEATE]

Plug: BS 13634, 230V
Cabie : HP 81201351

OPTION 981 Australia/New Zesland
“/Eﬂrm
— Neutral
Line

Plug: NZ5S 198/A8 C112, 250V
Cable : HP 8120-1369

OPTION 802 FEurepean Continent

Earth

Eatth \

Plug ; CEE~VII, 250V
Cable: HP 8120-1489

Neutral

OPTION 993 U.8./Canada

Esrth

Neutral ,.—-—""’——P

Line

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

CPTION 904 U.5./Canada

Line |

Earth

Plug: NEMA 6-15P, 250V, 13A
Cable: HP 8120-0698

OPTICN 503* Any country

Neutral Earth

Plug: CEE #2-VI, 250V
Cable: HP §120-1398

OPTION 806 Switzerland OFTION §12 Denmark
Neatral Line
&:\ / e
/ B Neutral -~
fine Earth
Plug: SEV 1011.1939-24567 Type 12, 230V Plug: DHCR 107, 220V
Cable: HP 8120-2104 Cable: HP 8120-7938
OPTION 217 India/Republic of S.Africa aPTION 918 Japan
Ground-—earth
/ Tarch
Line ‘ o= y
Heutra} \ \

Nevtrat
Plug: SABS 184, 250V
Cable: HP 8120-4711

Plug: JIS C 8303, 125V, 15A
Cable: HP 8170-4733

NOTE: Each opticn number includes a
family' of cords and connectors of various
materials and plug body configurations
{straight, 96 ° ete.h

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

Power Cables
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Grounding Requirements

The HP 4142B is equipped with a three-conductor ac power cable. When plugged into the
appropriate power fine outlet, the cable grounds the HP 4142B cabinet, thereby protecting
the user from possible shock hazards. To preserve this protection feature, the power cable
must be connected to an approved three-contact electrical outlet that has its ground con-
ductor connected to an electrical ground (safety ground).

If operating the HP 4142B from a two-contact outlet, use a three-prong to two-prong adapt-
er, and connect the green grounding tab of the adapter to power line ground.

The HP 41428 power jack and the supplied power cable meet International Electrotechnical
Commission (IEC) safety standards.

FOR PROTECTION FROM ELECTRICAL SHOCK, THE POWER CABLE GROUND
MUST NOT BE DEFEATED.

Changing the HP-IB Address

Every device on the HP-IB bus must have a unique address. If you need to change the HP-
IB address of the HP 41428, make sure the HP 4142B is turned off. With a small flatblade
screwdriver, set the HP-1B ADDRESS Swiltch on the rear panel to the new address (0 to 30).
The new HP-{B address is only recognized at power on.

The HP 4142B leaves the factory with the HP-IB address set to 17.

Connecting the MP-IB Cable

To connect the HP 4142B with a computer or peripheral device via HP-1B (IEEE Std. 488),
connect an HP-1B cable between the HP-IB connector on the HP 4142B rear panel and the
HP-1B connector on the peripheral device.

A total of 15 devices can be connected on the same HP-IB bus. The length of the HP-IB

cables must not exceed 20 meters (65 feet) total, or 2 meters (6.5 feet) per device, whichever
is less,
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Mounting the HP 41428

The HP 4142B comes equipped with four feet which allow it to be used as a bench instru-
ment. There are also two retractable stands mounted on the bottom cover so you can tilt
the HP 4142B. To use the stands, pull each one away from the bottom cover until it locks
into position.

The HP 41428 can be rack-mounted into & cabinet. Use Option 907 to install front handies
on your HP 4142B. If you're going to mount your HP 4142B into a rack, remave the retract-
able stands and instail either Option 908 or 909. The following figure provides front handle
and rack-mount flange installation information.

Instail the HP 4142B horizontally within £20° when you turn on and use the HP
4142B.
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Option Bescription

Kit Part Number

907 Handie Kit 5062-3991
908 Rack Flange Kit 5062-3979
909 Rack Flange & Handle Kit 5062-3985

Beforg installing the desired option, remove
the adhesive-backed trim strips (1) from the
right and left front sides of the HP 4142B.

HANDLE INSTALLATION (Option 907):
Attach the front handles (3) to the right and
left front sides of the HP 4142B with the
screws provided. Attach the trim (4) to the
hanuadles.

NOTE

To install either Option 908 or 909,
remove the feet from the hottom cover
by lifting the bar at the inner side of
each foot and sliding the foot towards
the bar.

RACK FLANGE INSTALLATION (Option
908): Attach the rack-mount flanges (2) to
the right and left front sides of the HP
41428 with the screws provided.

HANDLE & RACK FLANGE INSTALLATION
(Option 908). Attach the front handles (3)
and the rack-mount flanges (5) to the right
and left front sides of the HP 41428 with the
sCrews provided.

Front Handie and Rack-Mount Fiange installation

Operating Environment

To maintain the proper operating environment, operate your HP 4142B within the following

limits:

Temperature: 5°C to 40°C.
Humidity: 5% to 80% RH.

Protect the HP 4142B from temperature extremes to
inside the HP 41428,

prevent condensation from forming



INSTALLING AND REMOVING PLUG-IN UNITS
All HP 4142B plug-in units can be easily installed and removed. Each plug-in unit can be
installed in any slot between slot #1 and #8, and all unils can be retrofitted. The following
procedure explains plug-in unit installation and removal.

1. Set the POWER ON/OFF switch or LINE ON/OFF switch to OFF.

To prevent damage to HP 4142B unils, be sure to twrn your HP 41428 OFF and
wait at ieast 10 seconds before you remove or install units.

2. With a slotted screwdriver, 1oosen the twao screws located in the lower left and right
comers of the front panel. Swing the front panel slightly upward, then down, until it
comes loose. Disconnect the flat cabie that connects the front panel to the mainframe
from the mainframe unit connector.

3. Instafling units:

Align the unit with the upper and lower slot guide rails, Push the unil into the slot until
vou feel the unit seat firmly into its mainframe connector. Turn the upper and lower
quick-disconnect screws clockwise until they iock.

Removing uniis:

Turn the upper and lower guick-disconnect screws 90° counterclockwise to unlock the
unit. Gently pull the unit free from its mainframe connector and remaove the unit.

GAUTION |

To prevent thermal damage {0 HP 4142B unils, be sure that Blank Panels {pari
number 64142-60012) are instalied in all unused slots.

4. Reconnect the front panel flat cable to the mainframe connectar, and reinstall the front
panel.



STORAGE AND SHIPMENT

Environment

The HP 41428 should be stored or shipped in environments within the following imits:

Temperature: -40°C to 70°C.
Humidity: Up to 90% RH at 85°C.

Protect the HP 4142B from temperature extremes to prevent condensation from forming
inside the HP 41428,

Criginal Packaging
When you unpack the HP 4142B, retain ali packing material for future use. If i becornes
necessary to reship the HP 4142B, repack it in the original packing material and shipping

carton. Containers and material identical to those used in factory packaging are available
from Hewleti-Packard.

Other Packaging

if you choose to package the HP 4142B in commercially available material, observe the
following general instructions.

1. Wrap the HP 41428 in heavy paper or plastic.

2. Use a strong shipping container. A double-walled carton made of 159 kg {350 Ib.) test
material is adeguate.

3. Use enough shock absorbing material, a 76 to 102 mm (3 to 4 in) layer, around all
sides of the HP 4142B to provide a firm cushion and to prevent movement inside the
cordainer. Protect the front panel with cardboard.

4. Seal the shipping container securely and mark it FRAGILE to ensure careful handling.

5. In any correspondence with HP, refer to the instrument by model and serial number.
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REPAIR SERVICE

You can have the HP 4142B repaired at an HP service center whether it is under warranty or
not. Contact the nearest HP Sales Office for shipping instructions prior to returning the
instrument. A list of Sales and Service Offices is located in the back of this manual.

Serial Number

Hewlett-Packard uses a two-serial-number system io identify the HP 4142B and each HP
41428 plug-in unit. The HP 4142B (mainframe) serial number is stamped ¢n the serial num-
ber plate attached 1o the rear panel of the HP 4142B. The individual serial number of each
unit is stamped on the serial number plate attached to the side panel of sach unit. The HP
41428 serial number identifies the mainframe; unit serial numbers identify each individual
unit. In any correspondence with Hewlett-Packard, be sure to inciude the serial numbers of
both the HP 4142B and the unil.
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INTRODUCTION

This chapter teaches you the fundamentals of operating your HP 41428 and how to make
measurements. Included are discussions on basic function, and operating and measure-
ment procedures.

PRODUCT INTRODUCTION
HP 4142B

The HP 41428 is a high performance DC parametric measurement instrument with plug-in
unit architecture designed for:

¢ Wide Measurement Range (10 A, 200 V)

¢ High Resolution (20 {A, 4 uV)

e High Speed (Force | or V: 4 ms, Measure | or V: 4 ms)
e High Accuracy (V. 0.08%, |: 0.2%) '

All HP 4142B operations--measurement set up and execution, and measurement data
receipt--are computer-controlled via the Hewlett-Packard Interface Bus (HP-IB). Up to 1023
measurement data (4095 for binary data format) can be stored in internal memory.

HP 4142B Modular DC Source/Monitor



As a measurement unit, the following five types of plug-in units are available, in addition to a
built-in, 0 V source Ground Unit (GNDU). The plug-in units can be built-in o up to eight
slots.

& HP 41420A Source/Monitor Unit, 40uV-200V/20fA-1A (High Power SMLU, HPSMU).
Occupies 2 slots.

& HP 414218 Source/Monitor Unit, 40uV-100V/20{A-100mA (Medium Power SMU,
MPSMU). OCccupies 1 slot,

e HP 41422A High Current Source/Monitor Unit, 40uV-10V/20nA-10A (HCU).
Occupies 2 slots,

s HP 41424A Voitage Source/ Voltage Monitor Unit (VS/VMU).
Occupies 1 slot.

e HP 41425A Analog Feedback Unit {(AFU).
Occupies 1 siot. No more than one HP 41425A per mainframe.

The foliowing figure shows the output and measurement range of plug-in units.

Current [4]
T HCU
'l
1
00m -+
HPSMU
v
350m
125m +  Impswy
100m 4
50m +
20m + -
VSIVMU
— : Voltage {V]
G 14 20 40 100 200

Output and Measurement Range of Plug-in Units
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Ground Unit (GNDU)

The Ground Unit (GNDU) is a 0 V constant source that provides a measurement ground
reference, and can sink up to £1.6 A. The following figure shows a simplified GNDU circuit
diagram.

B! GNDY

H FORCE
oV

COMMON

Simplitied GNDU Circult Diagram
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HP 41420A HPSMU and HP 41421B MPSMU

The HP 41420A Source/Monitor Unit (High Power SMU: HPSMU) can force and measure up
to £200 V or *1 A (maximum power: 14 W).

The HP 41421B Source/Monitor Unit (Medium Power SMU: MPSMU) can force and measure
up to 2100 V or £100 mA (maximum power: 2 W).

Each SMU functions in either of the following two modes:

e V source (constant or pulse) and | monitor
& | source {constant or pulse) and V monitor

j L+ (R Y Source Mode
- = ”L\ Qutput Switch
put Swite
SMU
' ? © o FORCE
/@’ | Source Mode
o
COMMON 2y

Simpfified SMU Circuit Diagram
in High speed spot measurements and Analog search measurements (described later), the
SMU functions in the following two modes in addition to the above two modes:

e V source {constant only) and V monitor
s | source (constant only) and | monitor

mﬁ}wmh

s S . ShU

-3

T <FOHCE
+

COMMON

SMY Circuit Diagram

The following figure and table list HPSMU/MPSMU output and measurement ranges.
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HPSMU/MPSMU Output and Measurement Ranges

Current {ma]

1000

...... I

4 20 4 160

MPSMU

200

Current fmA}

60

Voltage M

Voltage [V

Range Output/Measurement Reseclution Maximum Output
Value Cutput/Meas. HPSMU MPSMU
2V OV €2V 100UV /40uV 1 A +100 mA
20V 0< V] <14V 1mMV/4001V +1A | £100 mA
M4V <iVi <20V 1mv /400y +700 mA 100 mA
40V 0L |V 240V 2mv/8oouy 1350 mA 50 mA
00V 0< |V £100V 5my/2mV 125 mA 20 mA
200 v 0 |Vl <200V 10mvV/idmyv 50 mA e
inA? 0L | £ 115 nA SO0fA/201A 200 V 100 V
10 nA? CZ | £ 11.5nA 5001A/2001A 200 v* 100 v
100 nA? 0< |1 £115nA SpAJZpA 200 V* 100 V*
1 uA¢l O [H £1.15UuA 50pA/20pA +200 v* 100 v*
10 LA® 0< 1] <11.5uA 500pA/200pA | *200v* | £100 V*
100 UA 0 i €115 uA BnA/2nA 200 V +100 Vv
1 mA O£ | £1.15mA 50nA/20nA 2200 V 100 V
10 mA O0< | £ 115 mA 500nA/200nA 200 V i00 vV
100 mA 0L | £20mA S5UA/2uA 200 V 100 V
20 mA < |1] < 50 mA SUA/2UA +200 V +40 V
50 mA < [1] <115 mA® 5LA/2UA +100 V +20 V
1A 0< |1l £50mA S0UA/20UA 200V —
50mA < [I| <125 mA | 50UA/20UA £400 V
125 mA < |1} £ 350 mA 50A/201A +40 V —
350 mA < |1} £ 700 mA S0UA/20UA 20V —
700 mA < |1] < 1A 50LA/20UA £14V

! Output Resolution: 1/20000, Measurement Resolution: 1/50000

WA measurement ranges cannot be used.

* When the pulse current output is in the 100 nA through 10 WA range, the maximum

voltage is 2 V.
® For MPSMU, 100 mA

2-5

The 1 nA range cannot force and measure pulse current.
* When the pulse voltage output is in the 20 V through 200 V range, 10 nA through 10




Pulse parameters are:

Pulse width: 1 ms to 50 ms
Pulse pericd: 10 ms to 500 ms
Maximum puise duty {pulse width/ puise period): 50%

Each SMU includes a compliance feature that limits output voltage or current to prevent
darmage to your device. When the SMU forces voltage, you can specify | compliance. When
the SMU forces current, you can specify V compliance. You can specify V or | compliance
with the same resolution as the output voltage or current within the maximum outpul.
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HP 41422A HCU

HP 41422A High Current Source/Monitor Unit (HCU) can force and measure up to 10 A and
10V, and functions in either of the following two modes:

e Pulsed V source and | monitor
¢ Pulsed | source and V monitor

The HCU can force pulsed voitage or pulsed current, but cannot force constant voltage or
constant current. When the HCU does not force a pulse value, the HCU functions as 0 V
source. (Maximum current: 0.1% of the current range value. 10 mA maximum at the 10 A
range.)

The following figure shows a simplified HCU circuit diagram. Although the HCU is a floating
source/monitor, the LOW line of the HCU must be connected to the GNDU and fixed to 0 V.
Therefore, HCU circuit {including GNDU) is equivalent to the SMU circuit.

You cannot connect an SMU or VS in place of the GNDU.

Oeetpuy
Switch HCUY

"V Source

| Source -
WMode Made

r F o Test
+ @3‘? N Device
7 Quiput 1

Switch  ;  HCU
bt e - FORCE !
.............................. LOW §
.............................. GNDU ;

%7 FORCE

Simplified HCU Circuit Diagram

27



The following table shows the HCU ouftput and measurement ranges. The HCU is a unipolar

source, that is, voltage and current ouiput are limited to the same polarity.

HCU Output/Measurement Ranges

Current
10A
10V ey Voltage
-10A
Range Output/Measurement Resolution * Max.
Value Cutput/Meas. Output ?
2V OV g2y 2001V /40UV +10Aor-10 A
20V O |V 10V 2mv/400uY +i0Aor-10A
1 mA 0 [ £115mA 100nA/20nA +10Vori0Vv
10 mA 05 [ £ 11.5mA 1UA/200NnA +i0Vor-i0V
100 mA O< il 2115 mA 10LA/2UA +10Vor-10V
1A O0< | £115A 100uA/201A | +i0Vor-10V
10 A Oz |1 £10A 1mA/2001A GV or 10V

' v/ Output Resolution: 1/10000, V/1 Measurement Resolution: 1/50000
? The polarity of maximum output is positive if the output value is positive, and

negative if the output value is negative.

Pulse parameters are:

Pulse width: 100 us to 1 ms
Pulse period: 10 ms to 500 ms
Maximum puise duty (pulse width/ pulse period)

10% (if output current or | compliance is 1 A or less.)

1% (if output current or } compliance is more than 1 A.)

An HCU includes a compliance feature that limits ocutput voltage or current to prevent

damage to your device {(same as the HPSMU/MPSMUSs).
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HP 41424/ VS/VMU
The HP 41424A V Source/V Monitor Unit (VS/VMU) provides:

& V source (constant or puise) and | monitar (VS), 2¢h
¢ V monitor (VM), 2ch for grounded measurement, or 1¢ch for ditferential measurement

Cuiput Switch

R

—H® o Vst

| . Qutput Switch
_.w;i/"l @ O——"F- V52

-t Grounded Mode

—@*—0\0%____< "

Differential Mode

Vv N

)

l Differential Mode

VM2

Grounded Mode

COMMON

The current monitoring function of VS can be used only while performing High
speed spot measurements (described later).

The differential voltage measurement function of VM cannot be used while per-
forming measurements with pulsed source.

Shmplified VS/VMU Circuit Diagram

VS can force up to 40 V, and VM can measure up to 40 V. The following tables show the V
output range and | measurement range of VS, and the V measurement range of VM.
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VS Ouiput and Measurement Ranges

Current Ima]

e \Eitage Ml

Range | V Quiput Value Reso.' | Max,

! Measurement
Output

Heso.
Value

20V |o<|vi<20V | 1mv 1100 mA
40V [0< |V <40V | 2mV |20 mA

0< (1} <100 mA {100 uA
0< |1l <20mA | 20 uA

* ¥V Qutput Resolution: 1/20000, 1 Measurement Resolution: 1/1000

¥ Measurement Ranges

Grounded Measurement
Differential Measurement
! ! ; ; Voltage [V]
-40 -2.3 0 2.3 40
fode Range Measurement Resoclution *
Grounded 2y 0 IV €23V 40 uv
Measurement 2V o< iV €23y 400 uv
40 v 0< V] <40V 800 uv
Differentiai 02V O£V 2023V 4 uv
Measurement? 2V 0<iVv] €23V 40 uv

'V Measurement Resolution: 1/50000
? Each voltage of differential input must be within %40 V.

Pulse parameters are the same as the SMU:

Pulse width: 1 ms to 50 ms
Pulse periock 10 ms to 500 ms
Maximum pulse duty (Pulse width/ Pulse pericd): 50%

The VS has a current limiter. The limiter value is automatically determined by the output

voltage range. If the output range is 20 V, then the current limit is 100 mA. If the output
range is 40 V, then the current limit is 20 mA.
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HP 41425A AFU

The HP 41425A Analog Feedback Unit (AFU) controis the output voltage of one SMU
(HPSMU or MPSMU, called the search SMU), and set the monitor value of another SMU
(HPSMU or MPSMU, called the sense SMU) to the specified value. The monitor value is
current if the sense SMU is set to V source, and it is voltage if the sense SMU is set to |
source. The SMUs specified for use are automatically connected internally to the AFU. The
following figure shows a simplified AFU operational diagram.

The major applications of the AFU are:
¢ Bipolar transistor- hFE measurement at the specified collector voltage and collector

current.
# MOSFET Vth measurement at the specified drain voltage and drain current.

......... H;:)41428......A..._................................,...........,,»<..A.>..
AFY

Input ¥z Output A i

Device | L EE

of

@1

EzL@J v

R ERIEF CRTIERIE

‘‘‘‘‘ fSense SMUH

ARU

>

=

| sau J;NDU J;MU

Simplified AFU Operational Diagram

ST 9
:
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Measurement Modes

By using the measurement units, you can perform the following nine types of measure-
ments. The outpul waveform and available unils are shown for each measurement mode in
the following figure. The explanation number below corresponds to the No. in the figure.

1) Spot measurements

Up to 16 sources force constant voltages and currents, and up to & monitors
measure the outpuis.

2) Staircase sweep measurements
One source sweeps constant V or |, while up to 8 monitors measure the outputs.
Or two sources sweep constant voltages or currents at the same time, while up
to 8 monitors measure the cutpuls.

3} tch puised spot measurements
One source forces pulsed V or |, and cne monitor measures the output.

4) Puised sweep measurements
One source sweeps pulsed V or |, while one monitor measures the output.

5} Staircase sweep with pulsed bias measurements
One source sweeps constant V or |, and another source forces puised V or | with
synchronized sweep output, while one monitor measures the output.

§) Analog search measurement
Searches for a specified current or voltage on one SMU by controlling the volt-
age output of another SMU.
The AFU is required.

7} 2eh pulsed spot measurements

Two sources force pulsed culpuls at the same time, and one monitor measures
the output.
At least one puised source must be an HCU,

8) Pulsed sweep with pulsed bias measurement
One source sweeps pulsed V or |, and another source forces pulsed V or | with
synchronized sweep pulsed output, while one monitor measures the output.
At least cne pulsed source must be an HCU.

9) High speed spot measurement
Up to 16 sources force constant voltages and currents, and one monitor mea-
sures the outputs. You can perform the measurement with fewer commands
than spot measurement,



Available Units in Each Measurement Mode

Source Monitor
o, Output AFU
Waveform 1 sy | HCU Ve | sMU | HCU Vs WM
W) (Wl W 4 By it (vhLvpd
1 s & @ @ @ ]
o ® & ] ® @
2
I ® @®
T & ® @
— & 8
3 L le e e | e e ®
A
¢ H ® &
i ® @ M
& ®
5 1 e @ ®
_nNir & & &
S @
% / @€ @
JEE— ®
@ &
I
7 e . L] @ &
& ]
8 _J?_fl_[L_ . ® & @
LS @ @
9 —— & & ] & ® L ]

* Grounded measurement mode
# Differential measurement mode

¥ At least one puised source must be an HCU.
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Total Power Limitation of Plug-in Units

Total 5MU, HCU, and VS power consumption must not exceed 32 W, if you do not have an
HPEMU, an HCU, or more than six V§/VMUs, total power consumption can not reach 32 W.
Your HP 41428 is not limited by the total power of the units, Power consumption depends
on the output settings for voltage and current, and is calculated as follows. Note that when
the output switch of the unit is set to OFF, the power of that unit is 0 W.

Unit Power?
2V,20Vrange®:  20(set®) [w]

SMU 40 V range: 40(Iset) [W]
100 V range: 100(Iset) (W]
200 V range: 200(1set) (W]

HCU 2G(iset){puise duty *}+10 [W]

VS 20 V range: 2.2 [W]
40 V range: 0.88 (W]

* Qutput switch set o OFF: O W

The power of each unit is rounded down 0 the nearest hundredth. For exam-
pte, if the calculation result is 1.057 W, then powser = 1.05 W. if 0.002 W, then
power =0 W,

If the SMU is the | source mode, voltage range is the lowest range that in-
cludes the voltage compliance value. For example, if you set the voltage
compliance to 5 V, voltage range i5 20 V.

Iset is the specified output current value at | source mode, and is the specified
current compliance value at vV source mode,

The puise duty is defined: (pulse duty) = (pulse width/ pulse period).

Maximum value of power consumption for these units is as follows.

HPSMLU: 20 W
MPSMU: 2 W
HCU: 12 W
VS/VMU: 4.4 W

For example, if you have two MPSMUSs, total maximum power consumption is 40 W (20 W +
20 W} and exceeds 32 W. You cannot force the maximum output of each unit at the same
time. The maximum current of the two units is limited to 1.6 A {(32wW/20V).
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PANEL OVERVIEW

The following figures point out important locations on the HP 4142B. The name of each
part is referenced in this manual.

Hp-1R LOCAL/SELF TEST ERROR/FAILURE HIGH VOLTAGE MEASURING
Status Key Display Lamp Lamp

Indicators M/,,/,f’j::::::’;/f/’,//,»/

CIRCUIT COMMON
Terminal

Shorting-bar = Slot Numbers

CHASSIS GROUND _.-=
Terminal
POWER ON/OFF INTLK GNDU Slot#l Slot#2 ... Slot#s
Switch Terminal Terminal

ZERG CHECK Terminal

- S Blank Panel

i

]
i
!
§
:

Retractable
Stands

HP 41428 Panel Overview {1 of 2)
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HP 41420A _HP 414218 HP 414221 HP 41424A HP 414254
High Power SMU Medium Power SMU HCU VS/ VMU AFU

{EPSMU) (MPSMU) / /

MONITOR Port

VS Terminals
FORCE Terminals

VM Terminals

SENSE Terminals

% # HP-IB ADDRESS
E P Switch

Hp~IB Connector

LINE ON/OFF ____,...—f-—

Switch
LINE FUSE
Holder
LINE VOLTAGE LINE INPUT TRIGGER OUTPUT TRIGGER INPUT
SELECTOR Receptable Terminal Terminal
Switch

HP 41428 Panel Overview (2 of 2)
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BEFORE APPLYING POWER

Before you apply power, confirm the following:

[

The HP 4142B is installed horizontally, £20° maximum,

Line voltage is within the specified tolerance,

The LINE VOLTAGE SELECTOR switch is set correctly.

The correct fuse is installed.

The line frequency FILTER switch is set correctly.

Blank panels (part number 04142.60012) are installed in all unused slots.

Front panel is correctly installed on the HP 41428.

HP-{B ADDRESS Switch on the rear panel is set to the desired value between 0 to 30

(it is set to 17 when shipped from the factory). The new HP-IB address is recognized
only at power on.

i you have any guestions above, refer to Chapter 1.

217



APPLYING POWER

To turn on the HP 4142B, perform the foilowing procedure.

1.

Set the front panel POWER ON/OFF switch to ON.

2. Set the rear panel LINE ON/OFF switch to ON.

Al front panel indicators light momentarily, € (performing the Self-Test or Self-
Calibration) is displayed in the ERROR/FAILURE display, and Self-Test and Self-
Calibration starts. The Self-Test and Self-Calibration takes about 30 seconds.

Self-Test: This test verifies that the HP 41428 is operating but does not verify that
the cutput and measurement will be accurale,

Self-Calibration: This improves shori-term accuracy for oulput and measurement
functions, but is not a substitute for periodic calibration {adjustment) of the HP
41428,

When Self-Test and Self-Calibration are finished, the LOCAL/SELF TEST key
indicator light goes out and a 0 (No error) is displayed in the ERROR/FAILURE
display.

3. Confirm that ERROR/FAILURE display indicates 0 (No error). If anything other than

0 is displaved, see Chapter 6, "Front Panel” for details.

NOTE

To simplify turning the HP 4142B on or off, keep the POWER ON/OFF Switch
setting to ON at all times, and turn it on or off with the LINE ON/OFF Switch.

Line power is applied to the HP 41428 if the rear panel LINE ON/OFF switch is set
to ON, even if the front panel POWER ON/OFF switch is set to OFF. To completely
power down the HP 4142B, set the rear panel LINE ON/OFF switch to OFF,
regardiess of the POWER ON/CFF Switch setting.

To satisfy the specitications of the HP 41428, allow the HP 41428 to warm-up for
a minimum of 40 minutes before you begin performing measurements.



SENDING THE HP-1B COMMAND

Output/input Statement

The statements used to operate the HP 41428 depend on the computer and its language. In
pariicular, you need to know the statements the computer uses to output and input informa-

tion. For example, the output statement for the HP 3000 Series 200/300 BASIC language is
OUTPUT. The input statement is ENTEHR.

Read your computer manuals to find out which statements you need to use. The examples
in this manual use HP 9000 Series 200/300 BASIC language. To use the examples, load the
binary (BIN) files: HPIB, 10, GRAPH, and ERR.

Sending an HP-IB Command

To send the HP 41428 an HP.IB command, combine the output statement of the computer
with the HP-IB select code, the HP 41428 address, and finally, the HP 41428 HP-1B com-
mand. For example, to make the HP 41428 perform Self-Calibration, send:

OUTPUT 717;"CA”

Notice that the REM and LETN indicators of the front panel are iluminated. This means the
HP 41425 is in the remote mode and has been addressed to listen {received a command).

Each HP-IB command syniax is described in the H P-i B Command Reference Mannal.

Getting Data from the HP 4142B

The HP 41428 is capable of sending measurernent dala and responses to guery commands,
As an example, have the HP 4142B generale a response to a guery command by sending:

OUTPUT 717, +IDN?"

The HP 41428 sends the response to its output buffer. The output buffer is a register that
holds a guery response or measurement data until it is read by the computer. Use the input
staterment of the computer to get the response from the output buffer, For example, the
foliowing program reads the response (MEWLETT PACKARD, 41428, 0,

ROM __version _number)y and prints it.

10 DIM AS[30]
20 ENTER 717;A%
30 DISPF A%

40 END

The output format of response data to each query command and measurement data are
described in the H P-IB Command Reference Manual.
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IF AN ERROR QCCURS
The HP 4142B indicates errors in the following manner.

1. The HP 41428 displays an A, E, F. H, P, or 1 to 8 in the ERROR/FAILURE display,
which indicates the following error conditions. For more information, see Chapter 8,
"Front Panel."”

E: Syntax error or out of the parameter range.

F Incorrect input command sequence.

H: Overvoitage or overcurrent occurred. Output switches of all units are discon-
nected to prevent the HP 4142B damage.

1108, A F
Seli-Test failed.

{(C: Performing the Self-Test or Self-Calibration)

2. The HP 4142B sels Bit 5 of the status byte o one. If you remove the mask of that bit,
the HP 41428 asserts the SRQ. Use this function when you handle the error in your
programs. For more information, see Chaptler 8, "Status Byte."

If an error occurs, you can get the error message. Refer to the next paragraph, "Reading
the Error Register.”

NOTE

in case of momentary power loss, overvoltage, or overcurrent, the HP 41428 may
automatically turn off, keeping LINE ON/OFF and POWER ON/OFF switches N, to
prevent damage. If this occurs, set LINE ON/OFF switch to OFF and wait for more
than 10 seconds, then set the switch to ON. The HP 4142B will function property.

Reading the Error Register

Whenever an error occurs, a record of errors is stored in the error register as the error code.
To read the error record, send the ERR? command to transfer the error codes from the error
register to the output data buffer as shown below.

10 DIM A$[23]
20  OUTPUT 717;"ERR?"
30 ENTER 717;A$

40 PRINT A$
50 END

The first four error codes are printed in the order of their occurrence. For example:
120, 100, 0,0

For error code descriptions, see A P-I8 Command Refjerence Manual, "Error Messages.” Hf no
error ocours, the error register returns 70, 0, 0, G."

When you execute the ERR? command, the error register and ERROR/FAILURE display are
initialized (set to "0, 0, 0, 0" and §).
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RESETTING THE HP 4142B

Many times during operation, you may wish to return to the power-on initial settings. The
*RET or the HP BASIC CLEAR command returns you to the initial setlings. To reset the HP
41428 (HP 4142B mainframe and all plug-in units}, send:

QUTPUT 717;"+HST"

of

CLEAR 717

For initial setlings information, see Chapter 6, "Initial Settings”.

SENDING A COMMAND TO THE UNIT

Channel Numbers (Ch#) are used 1o identify the plug-in units installed in the MP 4142B. To
controt each unit, you must specify the channel number of the unit. For example, 1o make
ch#5 of the unit perform Self-Calibration, send:

OUTPUT 717;"CAL”

Channel Numbers {Ch#)

Channel numbers are determined by the slot number that the unit is installed as follows.
The stot number is displayed on the front panel.

HP 41420A HPSMU
HP 41422A HCU: '

Ch# is the slot number that is the greater of the two slots occupied by the unit.
Example: In slot#1 and slot#2, Ch# is 2.

HP 41421B MPSMLU:
Ch# is the slot number in which the MPSMU is installed.
Example; In slot#3, Ch# is 3,

HP 414244 VS/VMU:
1) VST and VM1:
Chit is 1n or n, where » is the siot number in which the VS/VMU is installed.
Example: In slot#8, Ch# is 18 or 8,

2y V82 and VM2:
Chi is 2n, where n is the stot number in which the VS/VMU is installed.
Example: in slot#8, Ch# is 28.

3} Differential Voltmeter using VM1 and VM2:

Ch# is n, 1n, or 21, where #» is the slot number in which the V8/VMU is installed,
Example: In stot#8, Ch# 15 8, 18, or 28.
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FORCING AND MEASURING

This paragraph explains the operation of measurements using a bipotar transisior as & test
device,

Connect the units to the test device as follows. Refer to Chapter 3 for information on how
{o connect.

Ermnitter: GNDU

Base: SMU (HPSMU or MPSMU)

Collector:  SMU (HPSMU or MPSMU)
Setting the Output Switch of the Unit to ON
Before you make the SMUs/HCUs/VSs force or measure voltage/current, you must set the
internal output switch of the unit to ON.
Even if a physical connection by a cable exists, these units are not slectrically connected to
a test device, because the outpul switches are set to OFF at power-on. To set the output
switches to ON, and to conneact the units to the test device electrically, send CN command.
The syntax is:

ON [oh#] {ch#] [oh#] [,ch#] Leh#] Loh#] [oh#] [oh#]

Where the brackets [ ] mean oplional parameter. If you connect three units of ch#2, ch#3,
and ch#8:

QUTPUT 717;"CN";2,3.8
it vou connect ail units:
CUTPUT 717;"CN"
When the output switch is set to ON, O V is forced to the test device.

For VMs, GNDU and AFU, you do not need this operation because these units do not have
output switches.

Setting the Output Switch of the Unit to OFF

To set the output switches o OFF, and to disconnect the units from the test device, send CL
command. The syniax is:

Cl. [ch#] [,ch#] Loh#) [ohws] [joh#] [ems] [oh#] [ch#)
if you disconnect three units of ch#2, ch#3, and ch#8&:
QUTPUT 717;"CL",2,3,8
H you disconnect all units:

OUTPUT 717,"CL"
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Forcing Constant Voltage

The DV command forces the specified constant voltage. Constant voitage can be forced
from SMUs or V3s. The synlax of BV command is:

For SMUs:

DV oh#, output range, oulpid voliage, I complianee
For V8s:

DV ch#, output range, ouipui voltage

it you force 1 V from the SMU of ch#2 with Auto ranging (ourpur range = 0), and set the
current compliance to 10 mA:

OUTPUT 717;"CN";2
QUTPUT 717;"DV";2,0,1,10E-3
Forcing Constant Current

The Bt command forces the specified constant current. Constant current can be forced
from SMUs. The syntax of Bl command is:

Dl ch#, ourput range, output current, V compliance

If you force 10 uA from the SMU of ch#3 with Auto ranging (output range = 0), and set the
voltage compliance to 2 V:

OQUTPUT 717;"CN™3
QUTPUT 717,"D1",3.0,10E-6,2

The current polarity is positive if current flows from the HP 4142B, and negative if it flows
into the HP 41428,

If you use an SMU as no output (open) or a voltage monitor only, set current output to 0 A.

Setting the Quiputto O V
To stop forcing voltage and current, send the DZ command. The DZ command sets the
specified unit{s) output to O V. You can send this command more easily than the DV com-
mand. The DZ command syntax is:

DZ [cha#) [ ,ch#] [oh#] [,chg] [ch#] Lo} [ch#] [ch#]
If you specify three units of ch#2, ch#3, and ch#8:

QUTPUT 717,'DZ"2,3,8

If you specify all units:

QUTPUT 717;"D2Z"

2-23



Performing the Measurement

To specify the measurement mode and measurement channel, send the MM command. The
syntax is;

MM measurement mode, ch# [,chi} {,chs] [ ch#] [ ch#] [,ch#] [ch#] [.ch#]

When the measurement unit is an SMU or HCU, an SMU/HCU set tc V source mode per-
forms an | measurement--even if output value is 0V, and an SMU/HCU set to | source mode
performs a V measurement--even if output value is O A,

Measurements are performed in the order in which you specify them with the MM
cammand.

Send the measurement trigger command XE to start a measurement. Measurement results
are stored in the HP 4142B output data buffer in ASCH format. Transfer measurement data
to your computer using the ENTER statement.

The following program forces collector voltage (1 V) and base current (10 WA} and measures
the collector current with the spot measurement {measurement mode = 1).

10 Base=3 | Base: ch#3, Coliector: ch#2, Emitter: GNDU
20 Coliector=2

30 ib=10E-6

40 Vo=t

50 QUTPUT 717."+RS&T"

60 OQUTPUT 717;"CN™:Base,Collector
70 QUTPUT 717;"DV",Collector,0,v¢,10E-3
80 OQUTPUT 717;"DI";Base,0,ib,2

90 OQUTPUT 717;"MM "1 ,Coliecior
100 QUTPUT 717;"XE"

110 QUTPUT 717;"DZ";Base,Collector
120 QUTPUT 717,"CL.";Base,Collector
130 ENTER 717;A$

140 PRINT AS

150 END

The measurement data 48 is printed as shown below:

NBI+02.1808E-03

The first three characters (NBY) are the measurement data status, which indicates measure-
ment condition. The remainder (+02.1808E-3) is the measurement value, 2.1808 mA. For
more information about the measurement data format, see the HP-I1B Command Reference
Manual.

NGTE

The HP 41428 output data buffer can store up to 1028 measurement data (4095
for binary data format). See "Measurement Data Memory" in Chapter 5 for more
information. The data buffer sends measurement data in the order in which it was
stored. Therefore, if you transfer the measurement data after you perform the
measurement twice, the first measurement data is transferred from the HP 4142B
first, Use the BC command to clear the output data buffer. The output data buffer

is also cleared when you turn the HP 41428 on and when you execute an «RST
command.
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Performing the Staircase Sweep Measurement

You can perform staircase sweep measurements easily by using the sweep command WY

{for voltage sweep) or Wi {for current sweep). The following is the syntax for each:

WY ch#, sweep mode, oulpul range, start voltage, stop voltage,
number of steps [, I complianee]

W1 ché, sweep mode, oulput range, start current, stop currend,
number of steps {, V' compliance)

The following program forces collector voltage (0 to 1V, 21 steps, linear sweep (sweep mode
= 1)) and base current {10 UA) and measures the collector current with the staircase sweep

measurement (measurement mode = 2).

10 Base=3 | Base: ch#3, Collector: ch#2, Emitter: GNDU
20 Collector=2
- 30 1b=10E-B
40 Vcestart=0
50 Vestop=1
80 No step=21
70 DIM A${400]
80 QUTPUT 717;"+RS8T"
90 QOUTPUT 717;"CN";Base,Collector
100 CUTPUT 717;"WV";Coliector,1,0,Vestart,Vestop,No_step,10E-3
1106 CUTPUT 717;"DI™Base,0,Ib,2
120 OUTPUT 717;"MM":2,Collector
130 QUTPUT 717,"XE"
140 QUTPUT 717;"DZ";Base,Collector
150 CQUTPUT 717;"CL";Base,Collector
160 ENTER 717;:A%
170 PRINT AS$
180 END

The measurement data 43 is printed as shown below:

NBI-09.9696E-06,NBI+08,5332E-06,NBI+0.12334E-03,NBI+0.61556E-03,
NBI+01.4284E-03 NBi+01.9058E-03,NBI+02.0858E-03 NBI+02.1426E-03,
NBI+02.1612E-03 NBI+02.1648E-03,NBI1+02.1672&-03,NBI+02.1680E-03,
NBI+02.1700E-03 NBI+02,1722E-03,NBI+02,1728E-03,NBI+02.1744E-03,
NBI+02.1756E-03,NBI+02.1764E-03 NBI+02.1778E-03,NBI+02.1780E-03,
NBI+02.1808E-03

For the above program, measurement data is displayed after all steps of measurements are
complete. If you want o display the measurement data immediately after each step of

measurements, change program lines 140 through 180 to the following:
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140 FOR Step=1 TO No_step

150 ENTER 717 USING "# ,3A,12D,X"16,1
160 PHINT 18,1

170 NEXT Step

180 ENTER 717 USING "#,X"

180 QUTPUT 717;"DZ";Base,Collector

200 QUTPUT 717;"CL";Base,Collector

210 END

The measuremeant data 7 and 1§ is printed as shown helow:

NBl -9.9636E-6
NBI 8.5332E-08
NBl 00012334
NEBEI .00061556
NBI 0014284
NBEI .0019058

NBI 002178
NBI .0021808

Specifying the Measurement Range

if you specify a measurement ranging mode or range, specify that before sending the mea-
surement trigger command XE. The measurement range of sach unit can be specified as
follows:

SMUHCU Current Measurement Range:
Ri sets Ch# and | measurement rangs. Defaull | measurement range at power on
is Auto.

SMU/HCU Voltage Measurement Rangs:
Set automatically, depending on ihe V compliance seiting, to the lowest range
that includes the value of V compliance. For example, if you set the V com-
pHance of the SMU to 5V, the 20 V measurement range is set.

Vi (voltage) Measurement Range:
RV sets Ch# and V measurement range. Default V measurement range at power
on is Auto.

See "Measurement Ranging Mode" in Chapter 5 for details.
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Measurement Program Flow

The toliowing figure shows the basic measurement program flow. The HP-IB commands for
each step are listed in parentheses.

START

7

1. Initiatize the HP 4142B. (+BST)

{

2. Set the output switch of the source unit to ON. (CN)
i

3. Specify V or | Source mode; force V or 1. (DV, B, WV, Wi, PV, PI, etc.)
I

4. Specify the measurement mode and measurement unit. (M)
I

5. Specify the measurement range. (Rl and RY) ]
I

8. Perform measurement. (XE)

f

7. Setthe output to O V. (DZ)

I

8. Set the output switch of the source unit to OFF, (CL)
1}

5. Transfer the measurement data.

i
END

Basic Measurememnt Program Flow

in flow number 3 of above figure, the main commands for specifying measurement condi-
tions for Sweep, Pulsed, and Analog Search measurement are listed below.

e Staircase Sweep measurements (1ch sweep): WV and Wi

e Staircase Sweep measurements (2ch sweep): WY, WI, WSY, and WSI

e 1¢h Pulsed Spot measurements: PV and Pl

& Pulsed Sweep measurements: PWYV and PWI

e Staircase Sweep with Pulsed Bias measurements: WV, Wi, PV, and ®i

¢ Analog Search measurements: ASY, AVI, and AlV

8 2ch Pulsed Spot measurements: PV, P, PDV, and PDI

¢ Pulsed Sweep with Pulsed Bias measurements: PWV, PWI, PDV, and PDI
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WAITING FOR TIME

You ¢an pause command execution until the specified wait fime has elapsed. The command
is PA, and the syntax is:

PA wait time
The wait time setting area is from 0 to 99.9999 s (100 us resolution).

if you wait for 1 ms between oulput and measurement, send as follows:

8¢ OUTPUT 717;"MM";1;Collecior

80 OUTPUT 717;"DI";Base,0,ib,2 ! Current output
100 QUTPUT 717;"PA"1E-3

110 QUTPUT 717;"XE" I Measurement Trigger

PERFORMING SELF-CALIBRATION

Self-Calibration improves short-term accuracy for output and measurement functions. To
perform Self-Calibration, send:

QUTPUT 717;"CA"
or press the LOCAL/SELF TEST key.
After a minimum 40 minute warm-up period and before you begin fo use your HP 4142B,

perform Self-Calibration. Self-Calibration should be performed every 30 minutes or if the
ambient temperature changes by more than 3°C (6°F).

PERFORMING SELF-TEST

Self-Test verifies that the HP 4142B is operating. To perform the Se¢lf-Test, press the LO-
CAL/SELF TEST key. If no errors occur, { is displayed in the ERRQR/FAILURE display.

If you perform Self-Tast by the program, send:
10 QUTPUT 717;"+TST?"
20 ENTER 717;A$
30 PRINT A%
40  END
If no error occurs, A5 is G,

If you keep the HP 41428 turned on more than 1 day, we recommend that you perform Self-
Test one time per one day.

When the HP 41428 performs Self-Test, the HP 4142B also performs Self-Calibration.
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INTRODUCTION

This chapter explains test device connection considerations and methods, and provides
procedures o oblain optimum measurement results.

Be sure to observe all WARNINGs, CAUTIONs, and NOTEs to ensure your safety and to
maintain the integrity of the HP 4142B.

BEFORE CONNECTING TEST DEVICES

Before you connect the test devices to the source or monitor unit, perform the following
steps.

Enciose the Test Device with a Shielding Box

When you perform measurements, enclose the test device (wafer prober or user-fabricated
test fixture) with a box to prevent the operator from receiving an electric shock from the
output voltage or current of the HP 4142B. Use a grounded shielding box ta minimize the
effects of environmental noise and ambient light. To ground the shielding box, connect it to
the chassis ground of the HP 4142B by using the CHASSIS GROUND ( | ) terminal or the
outer conductor of the INTLK terminal.

Connect the INTLK Terminal

To prevent an operator from receiving an electric shock from the high voltage (more than
142 V), connect the INTLK (interlock} terminal to a switch that turns on when the shielding
box access door is closed, and that turns off when the shielding box access door is opened.

The HPSMU output can be as high as 200 V and the MPSMU output can be as high as
£100 V. If the door is opened (INTLK terminal is open), the output is limited to 242 V,
When a unit output is more than £42 V and if the door is opened, the HP 41428 immaediate-
ly drops all output down to O V. Conversely, if the door is closed {INTLK terminal is shorted,
that is, the INTLK center conductor is set to the chassis ground), the SMU output can be
more than £42 V.

To ground the shielding box, connect it to the outer conductor (chassis ground) of the
INTLK terminal.

SHORTING THE INTLK TERMINAL ENABLES SMU OUTPUT TO EXCEED +42 V.
DANGERQUS VOLTAGES MAY BE PRESENT AT FORCE, SENSE AND GUARD
LINES OF THE SMU OUTPUT CONNECTORS WHEN THE INTLK TERMINAL 1S
SHORTED.
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Shorting Circuit Common and Chassis Ground Terminals

Short the CIRCUIT COMMON { ¥ ) and CHASSIS GROUND ( | ) terminals together with the
shorting-bar installed on the CHASSIS GROGUND terminal.

WARNING |

A POTENTIAL SHOCK HAZARD EXISTS IF THE CIRCUIT COMMON ( v } TER-
MINAL IS NOT TIED TO CHASSIS GROUND { _}_ } (SHORTING-BAR DISCONNECT-
ED FOR FLOATING MEASUREMENTS). DO NOT TOUCH ANY FRONT PANEL

CONNECTORS OF THE HP 41428 AT ANY TIME WHILE A FLOATING MEASURE-
MENT IS IN PROGRESS.

i you disconnect the shorting-bar, see "If the Test Device is Externally Grounded (Floating
Measurement)" in this chapter,
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CONNECTING THE TEST DEVICES

The following paragraphs discuss test device connection considerations and methods, and
provide procedures for obtaining oplimum measurement results.

GNDU Connections

GNDU can be connected to ltest devices using kelvin connections. The following figure

shows and describes several GNDU/test device connection methods: one for kelvin connec-
tions, and one for non-kelvin connections.

DO NOT USE TRIAXIAL CABLE PART NUMBERS 16058-61603 OR 04145-81622
TO CONNECY GNDU TO A TEST DEVICE. THE GNDU CAN SINK UP TO 1.6 A,
AND THE MAXIMUM CURRENT RATING OF THESE CABLES IS 1 A.

For keivin connections: Use a low-noise coaxial cable {part humber 8120.3674) from
the connectar plate to the test device {Device Under Test: DUT). Connect the center
conductor of the cable to SENSE, and outer conductor {shield) to FORCE. To cancel
the effects of cable resistance, connect the SENSE line as close as possible to the
terminal of the test device.

Shielding Box
In P AARRRLRRRLEEELELPEERIRREES
COMMON
Triaxial Cable [ FORCE
04142-61633 {1.5m) SENSE
of Coaxial Cable
0414261632 {3m} 8120-3674

less than 4.5m {for 04142-61633 (1.5m)
or lesg than 3m {for 0414261632 {3mh

{
£y Al
7

o 0O Z &

D

Connector Plate N
0414280021 T
w03t |

o]
04142-6003

GNDU Example Connections (1 of 2)
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For non-kelvin connections: Short SENSE and FORCE at the connector plate as
shown. Use AWG 24 single-strand insulated wire {part number 8150-0447) from the
connector plate to the test device (DUT). Measurement resulis include the residual
resistance of the conneclion wire.

Shieiding Box
ety T ey
COMMON
TﬂaﬁalCaTe } 1 FORCE
0414261633 {.5m
of SENSE _
04142-61632 (3m AWG 24 Insulated Wire .
B8150-0447 .
G less than 4.5m {for 0414261633 {1.5m)
N or less than 3m {for 04142-61632 3m))
o s
v 3
D
U
Connector Plate
04142-60021 T
of :
0414260031 l

KNOTE

To easily connect GNDU for a measurement in which the accuracy is not impor-
tant, connect only FORCE to the test device (DUT), without shorting SENSE and
FORCE.

GNDU Example Connections (2 of 2)
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HPSMU and MPSMU Connections

The HPSMU and MPSMU can be connected to test devices using kelvin connections. For
highly accurate current forcing and measurements while mirimizing leakage, the FORCE
and SENSE terminals are surrounded by a GUARD terminal that has the same potential as
the cutput. The following figure shows and describes several SMU/test device connections.

VOLTAGES UP TO 2200 ¥ (160 V FOR MPSMU) MAY BE PHESENT AT THE
FORCE, SENSE, AND GUARD TERMINALS. DO NOT TOUCH THESE TERMINALS
IF THE FRONT PANEL HIGH VOLTAGE LAMP IS LIT,

NOTE THAT SMU GUARD TERMINAL POTENTIAL IS EQUAL TO THE OUTPUT.

TO PREVENT POTENTIAL SHOCK HAZARDS WHEN INTERCONNECTING THE HP
41428 TO OTHER DEVICES (E.G., A WAFER PROBER OR USER-FABRICATED
TEST FIXTURE), DO NOT EXPOSE THE SMU OUTPUT LINES.

NEVER connect the GUARD terminal of any $SMU to any oulput, including CIRCUIT
COMMON ( V), CHASSIS GROUND (]}, or the GUARD terminal of any other
&MU, Doing so will result in SMU damage

3-5



For kelvin connections: Use a low-noise coaxial cable (part number 8120-3674) from
the connector plate to the test device. Connect the center conductor of one of the
cables to FORCE, the center conductor of the other cable to SENSE, and the outer
conductors (shields) of both cables to GUARD. To cance! the effects of cable resis-
tance, connect the SENSE line as close as possibie to the terminal of the test device.
To prevent oscillations when making dc measurements, do not use cables longer than
1.5 m {for using 04142-61632 3 m cable) or 2.5 m (for using 04142-81633 1.5 m cable).
For highly accurate current forcing and measurements while minimizing leakage, sur-
round all FORCE and SENSE lines on the SMU by a GUARD as far as possible.

Shislding Box
COMMON
Quadraxial Cable 1 GUARD
41420-51603 (15m
or FORCE Coaxal Cable
41420-81601 {3m} 8120-3674
tess than 2.5m {for 41420-61603 {15m)
or less than 1.5m {for 41420-61601 {(3m}
A

S jE: FORCE FORCE :[E &
M
U }: SENSE SENSE jE

D
SENSE U
GUARD T
Connector Plate COMMON
04142-g0021 " insulater l
o1 .
O4M2-80031 L
NOTE

One quadraxial cable can be replaced by two triaxial cables. If you use the 1.5 m
triaxial cable (part number 16058-61603), make the length of the coaxial cable less

than 1.5 m. If you use the 3 m triaxial cable (part number 04145-61622), make
the length of the coaxial cabie less than 35 cm.

S Example Connections (1 of 3)
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For non-kelvin connections: The total connection cable length can be increased to 6 m
by shorting SENSE and FORCE at the connector piate, as shown below. Measurement
results include residual resistance fram the connection wire. To enable highly accurate
current forcing and measurements while minimizing leakage, surround alt FORCE lines
on the SMU by a GUARD as far as possible.

Shielding Box
COMMON
Quadraxial Cable GUARD
41420-61603 (L5m) Coaxial Cave
~ 120-
41420-61601 (3m} less than 4.5m ffor 41420-51603 (,5m)
7 of less than 3m {for 41420-61601 (3ml
7 ry )
) FORCE Pmcélé v, +
M FORCE
[Z
T o
U SENSE sense | | [
% U
,i
& T
SENSE
GUARD .l
Connector Plate COMMON

04142-60021 - Insulator
or .
04142-6003H

NOTE

One quadraxial cable can be replaced two triaxial cables. |f you use the 1.5 m
triaxial cable (part number 16058-61603), make the coaxial cable length less than
3 m. If you use the 3 m iriaxial cable (part number 04145-61622), make the
coaxial cable length less than 70 cm.

SMU Example Connections (2 of 3)




SENSE

For pon-kelvin connections: When current flow is minimurmn, i.e., the connection cable
residual resistance is unimportant, the foliowing connection method can be used. To
use this method, be sure 10 connect a triax cover (part number 1250.1708) to the
SENSE terminal of the SMU to provide shielding. For highly accurate current farcing
and measurements while minimizing leakage, surround the FORCE line of the SMU
with a GUARD as far as possible.

Shielding Box
" Insulator
COMMON
Trlaxial Cable 1 GUARD
16058—63)6{03 {1.5m) FORCE Coaxial Cabie
04145-61622 {3m) 8120~ 3674

u l l= Triax Cover
P

1280-1708

less than 4.5m {for 16058-61603 {1.5m)
or less than 3m (for 04148-61622 {3m)}

%}G )

Bund 4 (. J

Connector Plate
04142-60021 T

23
04142-6003

SMU Example Connections (3 of 3)

Connecting the SMU by another method

if you connect the SMU by a method that is not shown in the above figure, please note the

following.

To prevent SMU oscillation, make the guard capacitance of the wiring cable less than 500
pPF. The guard capacitance is the total cable capacitance between the FORCE and GUARD
lines and between the SENSE and GUARD lines. Refer to the following guard capacitance
data. For quadraxial cables, the following data is total guard capacitance.

41420-61603
41420-61601
16058-61603
04145-61822
8120-3674

1.5 m Quadraxial Cable; 150 pF
3 m Quadraxial Cable: 300 pF
1.5 m Triaxial Cable: 120 pF

3 m Triaxial Cable: 240 pF
Coaxial Cable: 77 pF/m

Do not use the GNDU cables (04142.61632 and 04142-61633) because guard capacitance is

too large.
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HCU Connections

The HCU can be connected to test devices using kelvin connections. The following figure
shows several HCU/ connections.

NOTE

You can not use the HCU as a normal fioating source. Whenever you use the
HCU, connect GNDU te the FORCE LOW line of the HCU, and fix FORCE LOW to
0 V. Do not connect the SMU or VS instead of the GNDU because the SMU or VS
will not operate correctly.

e}
HIGH i HIGH
¥

HC HCU

LOW LOW 4)

SMU

GHRU ‘{7 GNDU

HIGH

HCUY SMU

LOW HiGH %7

— HCU
LOW

HIGH

LOW

GNOU

HCU Example Connection (1 of 2)
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For the FORCE Hne connection, use an AWG 16 (1.29 mm in diameter) single-strand
insulated wire {(part number 8150-2605) from the connector plate {0 the test device.
Make the wire length less than 1 m if you use 3 m wire (41422-61601), and less than
2.5 m if you use 1.5 m wire (41422-61602). Twist the FORCE HIGH and FORCE LOW
lines together to prevent the increase of selfling time and the occurrence of overshoot
and noise from wire inductance. If the wire length is 100 short to twist the wires, tie the
two wires together with string, as shiown in the figure below.

for the SENSE line connection, use an AWG 24 (0.511 mwn diameter) singie-strand
insuiated wire (part number 8150-0447) from the connector plate to the test device.
Make the length of the wire iess than 3 m. Twist the SENSE HIGH and SENSE LOW
lines together or tie the two wires together with string. To cancel the effects of residual
resistance from the wire, connect the SENSE HIGH and SENSE LOW lines as close as
possible o the test device.

Connect the FORCE and SENSE lines of GNDU to the same ferminal of the test device
(PUT) in which you connected the FORCE LOW and SENSE LOW lines of the HCUL

Dual-coaxial cable

41422-61601 (3m) COMMON AWGHS insutated Wire
41422-61602 (1.5m FORCE LOW 8150-2605
FORCE HIGH less than Im For 41422-61601 (3m))
\ of less than 2.5m {For 41422-61602 {1.5mi}
H FORCE FORCE
¢ ouT
U SENSE SENSE
AWG24 Insufated Wire
8150~0447
SENSE LOW less than 3m
Connector Plate COMMON

04142-60031 oURr

COED
Ep

3 . N DUT

SN AN
\%

HCU Example Connection (2 of 2)
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Cannecting the HCU by another method

i you connect the HCU by a method that is not shown in the above figure, note the
following.

# FORCE Wiring Resistance

The wiring resistance between the HCU FORCE HIGH terminal and the test device, and the
wiring resistance between the HCU FORCE LOW terminal and the {est device must be less
than 150 mg}, respectively. Refer to the following FORCE wiring resistance data. When you
use the HP 16088A Test Fixture, do not use a 3 m dual-coaxial cable (part number 41422-
61602) because the wiring resistance exceeds 150 m{.

41422-61601 3 m Dual-coaxial Cable

110 mQ

41422-61602 1.5m Dual-coaxial Cable
65 m{

8150-2605 AWG16 (1.290 mm in diameter) insutated wire
14 m&/m

8§150-2890 AWG18 (1.024 mm in diameter) insulaied wire
22 mQ/m

8150-0005 AWG22 (0.634 mm in diameter) insulated wire
56 m{/m

8150-0447 AWG24 (0.511 mm in diameter) insulated wire
89 mQy/m

Contact resistance between the Dual-coaxial cable (41422-616801 or 41422-61602) and
connector plate (41422-60031)

5mic 10 mni
HP 16088A Test Fixture {from HCU connector of the the HP 16088A rear panel to the
test device, for using the 16088-600Q7 to -60009 Socket boards)

75 m2

If the wiring resistance exceeds 150 mQ, the usable output area of the HCU is limited. The
fimitation depends on the wiring resistance value. The following figure shows the output
limitation when the wiring resistance of FORCE HIGH line R is same as that of FORCE LOW
line.

it the wiring resistance value R is 0.5 ohm, maximum output current is limited to 8 A and
output voltage is limited to 5 V (at 8 Ay and 7 V (at 5 A). You cannot use the HCU outside of
this limitation. If you specify a value that exceeds the mitation, the HCU output is not the
specified value, and the actual ocutput voltage or current value includes a large error.
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Voltage [V]

.........................

...............................................................

Current {A]

Output Limitation by Wiring Resistance

Apply the larger wiring resistance value of the FORCE HIGH and LOW lines in the above
figure, if both values are different. To calculate the exact output limitation, use the following
equations,

1)V
2) 1 < 4/R81
3) 1 < 4/R2
4)1 <10

5)V < 10

W Volitage across the test device, If the HCU forces voltage, it is the specified
voliage value.

It Current through the test device. If the HCU forces current, it is the specified
current value,

R1.  Wiring resistance of FORCE LLOW

R2:  Wiring resistance of FORCE HIGH

Equation 1 is the limitation of maximum voltage between FORCE HIGH and FORCE LOW at
the front output connectors, which is 13 V. Equation 2 and 3 are the limitations of maxi-
mum voltage between FORCE HIGH and SENSE HIGH or between FORCE LOW and SENSE
HIGH at the front output connectors, which is 4 V. Eguation 4 and 5 are the Hmitations of
the maximum voltage and current of HCU across the test device.
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# FORCE Wiring Inductance

To prevent slow pulsed output settling, output avershoot, and noise, make the wiring induc-
tance of the FORCE line less than 300 nH. The FORCE wiring inductance is the wiring
inductance from the FORCE HIGH terminal of the HCU to the FORCE LOW terminal of the
HCU, when hoth lines are shorted at the test device. Refer to the following FORCE wiring
inductance.

41422-61601 3 m Dual-coaxdal Cable: 200 nH
4142261602 1.5 m Dual-coaxiai Cable: 100 nH

Twist the FORCE HIGH and FORCE LOW lines from the connector plate to the test device
so that wiring inductance decreases.

VS/VMU Connections

The following figure shows an example of a connection between V81, V82, VM1, or VM2

and a test device. Use AWG 24 single-strand insulated wire (part number 8150-0447) to
connect the connector plate and the test device.

Shielding Box
Cheiate T
COMMON
Coaxial Cable [ Signal Line
04142-61636 (1.5m)
or ‘ L
0414561630 (3m) AWG 24 Insulated Wie

iess than 4.5m (for 0414261636 {1.5m)

%F or less than 3m Hor 04145-61630 (3m)}

CE S~

O
Connector Plate Y
04142-60031 ™ T

YS/VMU Example Connection
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USING THE CONNECTION ACCESSORIES

Using Connector Plate Part Number 04142-60021

Connector Plate part number 04142-60021, one of the available accessories for the HP
41428, interconnects 4 (for kelvin) fo 8 (for non-kelviny SMus, GNDU and INTLK o test
devices and a switch for INTLK via a shielding box. The following figure shows the connec-
tor assignments and connector plate dimensions.

The plate is eiectrically connected to the outer conductor of the INTLK connector, and is
insulated from the outer conductors of ithe SMU and GNDU connectors for floating
measuremesnts.

To install the connector plate, drill holes to mount the connector plate onto the shielding.-
box, install the connector plate on the shielding-box, and ensure that there is good electrical
contact between the connector plate and the shielding box.

NOTE

This connector plate cannoi connect the HCU cable (41422-81601 or 41422-
61602) because the location of the screw is different from the SMU cable (41420-
61601 or 41420-61603).

For INTLK For GNDU For $MUs & 3.2mm

Smm

BCmm

5mm

Gmm

200mm

Connector Plate Part Number 04142-60021
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Using Connector Plate Part Number 04142-60031

Connector Plate part number 04142-80031, one of the avaiable accessories for the HP
41428, interconnects two HCUs, VS/¥MU, GNDU, INTLK, and two AUXs (two coaxial con.
nectors) to test devices and a switch for INTLK via a shielding box. The following figure
shows the connhector assignment and connector plate dimensions.

The plate is electrically connected to the outer conductor of the INTLX connector, and is
insulated from the outer conductors of other connectors for floating measurements,

To install the connector plate, drill holes to mount the connector plate onto the shielding-
box, and install the connector plate on the shielding-box. Ensure that there is good electri-

cal contact between the connector plate and the shielding box.

The connector plate cannot connect the SMU cable (41420-61601 or 41420-
6§1603) because the location of the screw is different from the HCU cable (41422-

81601 or 41422.61602).

NOTE

—=tte 3 3mm

@ 3.2mm Smm
O Ty
AUX HCU
2 ? E
Ty o
o~
£
E
o«
P
jakl
£
=
3
I

136mm

Smm

Connector Plate Part Number 04142-60031
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Using the HP 16088A Test Fixture

The HF 16088A Test Fixture connects packaged test devices, such as transistors and 1Cs, to
between four (for kelvin) and eight (for non-keivin) SMUs, 2 HCUs, 2 VSs, 2 VMs, GNDU, and
2 AUXs. Eleven interchangeable DUT Socket Boards are available. The following figure
shows the connector assignments of the HP 16088A.

You can use the following cables to connect the HP 41428 and HP 16088A.

For GNDL:
0414261633 1.5 m Triaxial Cable
0414261632 3 m Triaxial Cable

For SMUs:
41420-61803 1.5 m Quadraxial Cable
41420-61601 3 m Quadraxial Cable
16068-61603 1.5 m Triaxial Cable
04145-61622 3 m Triaxial Cable

For HCUs:
41422-61802 1.5 m Dual-coaxial Cable

For VSs,VMs, INTLK, or AlUXs:
04142-61636 1.5 m Coaxial Cable
04145-61630 3 m Coaxial Cable

NOTE

When you connect the HCU and the HP 18088A Test Fixture, use 1.5 m Dual-
coaxial cable, part number 41422-61602. Do not use 3 m Dual-coaxial cable, part
number 41422-61601, because the wiring resistance of the FORCE line exceeds
150 ma.

You can also connect the VSs and VMs of the HP 41428 to the AUX1 and AUX2
coaxial terminals of the HP 18088A.

Because circuit common { v ) and chassis ground { J_ } are cuonected inside the
HP 16088A Test Fixture, floating measurements cannot be performed with the HP
6088A.
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HP 16088A

To HP 41428
SMU FORCE(G g %
4ch
SMU SENSE (3] al
HCU FORCE s
Zch .
HCU SENSE (05 5
2ch [ Vs O {} ,
{
2ch [ VM {}
2ch [ AUX ; = )
GNDU (G o
FIXTURE LID Ll
OPEN/CLOSE
I
INTLK o—d o

GUARD
FORCE

SENSE

FORCE HIGH

FCRCE LOW
SENSE HIGH

SENSE LOW

VS

VM

AUX

£
MmO
Iy
mmn

I
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Using the HP 160584 Test Fixture

The HP 16058A Test Fixture connects packaged test devices, such as transistors and ICs, to
the SMUs, VSs, and VMs of the HP 41428. Eight interchangeabie DUT Socket Boards are
furnished with the HP 180588A. The following figure shows the interconnections between the
HP 41428 and the HP 16058A.

NOTE
To use the GNDU with the HP 16058A, connect the GNDU to the desired HFP
16058A SMU triaxial terminal, and connect the corresponding SMU GB (FORCE)
or G and SMU (SENSE) terminals to test device.

You can also connect the VSs and ViMs of the HP 41428 to the HIGH and LOW
coaxial terminals of the HP 18058A.

Because circuit common ( ¥ } and chassis ground ( | ) are connected inside the

HP 16058A Test Fixture, floating measurements cannot be performed with the HP
16058A.
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N

HEP 4142R HP 16058A
1BO58-61603
or
I 04145-61622
Force (€7 R —_ SMUT
MU - G0t
> Triax Cover
SENSE ! @ J fax - >
VL 12501708
rorce (& i m— MUz
Shi V¥ LWW—I D2
.5
= f
SENSE \;
Force (S Em— SMU3
MY PR E—I o3
SENSE ‘\J
FORCE @/} f ; o I Shi4
SMu N Gh4
SENSE f\@;
GW HIGH
-
VSi <; i Vst
vsz (o) Ve2
VSIVMU )
Vi1 §/ Vil
vz (o) vz
— —
COMMON% wrk (3
/ &
FIXTURE LD
—‘_——
GROUND i OPENICLOSE

HP 4142B/150584A Interconnections Example
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ADVANCED CONNECTION INFORMATION

For High Current Measurements (Keivin Connection)

If you perform high-current measurements using the GNDU, SMU or HCU, use the SENSE
terminal for the kelvin connection, as shawn in one of the following sections in this chapter:
"GNDU Connections,” "HPSMU and MPSMU Connections," and "HCU Connections.”

The wiring between the source unit and the test device has residual resistance from the
cable and contact residual resistance from the connector. For example, if you do not use
the kelvin connection and you force 1 A through a cable that has a residual resistance of
100 mQ, as shown in the following figure, the voltage drop is 100 mV. This voltage (Verror)
is included in the measurement result, and the measurement resull (Vmeas) becomes:

Vmeas = Vdut + Verror where Vdut is the voltage at device terminal.

To eliminate the effect of residual resistance (Verror) from the FORCE ling, connect the
SENSE terminal as close as possible to the test device terminal. This way, V monitor is
directly connected to the test device,

Because the input impedance of V manitor is high, current does not flow into the SENSE
Hne. Therefore, measurement error does not occur if the SENSE line has a residual resis-
tance of 100 or less.

The kelvin connection is effective even when voltage is forced, because the voltage drop by
wiring residual resistance is fed back to the voltage source through the SENSE line, thereby
ensuring the specified voltage cutput at the sense point where the FORCE and SENSE lines
intersect.

Because the input impedance of SENSE line is high, current does not flow into the SENSE
line. Therefore, output error does not occur if the SENSE line has a residual resistance of
108 or less.
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i source /V monitor Mode

o f
Non-Kelint  Vmeas = Vdut+1R$ R Vut
me FORCE e
PR——i ’
OUT

Rs

Kelvin: =
vi Vmeas = Vdut SENSE s
Af \Vdut
FORCE: fe it
oSN E
ouT

V source /| monitor Mode

Vdut = Vset-IRf

Non-kelvin: At
A FORCE A ?
Vset =
Vset % out

Kelvin: s
SENSE ’\}::’ Vdut = Vet

X1 A FORCE A

[

ouT

1 T

Kelvin Connection and Non-kelvin Connection Comparisons
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For Low Current Measurements (Using the GUARD Terminal)

i you perform low-current measurements using an SMU, surround all FORCE and SENSE
lines with the potential of GUARD as far as possible, as shown in the following figure, to
minimize ieakage current from the FORCE and SENSE Hnes. The potential of the Guard
terminal is the same as FORCE and SENSE terminal voltage (the maximum difference is 1
miv).

By using GUARD, there is no potential difference between the FORCE or SENSE lines and
GUARD line. Therefore, the leakage current from the FORCE and SENSE lines can not flow.
The leakage current from GUARD does not affect the measurement result because it does
not flow into the SMU ammeter (I monitor).

SMU GUARD TERMINAL POTENTIAL IS EQUAL TO THE QUTPUT. 0O NOT

TOUCH THE SMU QUTPUT CONNECTORS DURING VOLTAGE OR CURRENT
OUTPUT,

MEVER connect the GUARD terminal of any SMU to any other oulput, including
CIRCUIT COMMON ( v }, CHASSIS GROUND ( | ), or the GUARD terminal of any
other SMU. Doing so results in damage to the SMUL

Using a Coaxial Cable:

FORCE/SENSE

T A
AW LW

GUARD Coaxial Cable ,L
DUt

L

Using a Guard Pattern:

FORCE/SENSE

Example of GUARD Use

3-22



if the Test Device is Externally Grounded {Floating Measurement)

When the test device is grounded by the prober or is forced by the external V or | sources,
the noise of ground loops may affect measurement results. To prevent this, perform the

floating measurement as shown in the following procedure.

1)

2)

The CIRCUIT COMMON terminal is connected {0 the outer conductors of the GNDU, SMU,
HCU, V5, and VM connectors. The CHASSIS GROUND terminal is tied to the HP 4142B
chassis. With the above procedure, the HP 4142B (GNDU, SMUs, HCUs, V3s and VMs)

Disconnect the CIRCUIT COMMON { v } terminal and CHASSIS GROUND ( l} terminal

by removing the shorting-bar.

Connect the external ground to the CIRCUIT COMMON terminal. To do this, use the
CIRCUIT COMMON terminals of the source and monitor units (GNDU, SMUs, HCUs,

V35, and ¥Ms) on the conneclor plate, as shown in the following figure.

forces and measures voltage or current referenced to external ground.

WARNING

A POTENTIAL SHOCK HAZARD EXISTS IF THE CIRCUIT COMMON ( v ) TER-
MINAL IS NOT TIED TO CHASSIS GROUND { [ ) (SHORTING-BAR DISCONNECT-
ED FOR FLOATING MEASUREMENTS). DO NOT TOUCH ANY OF THE HP 4142B
FHONT PANEL CONNECTORS AT ANY TIME WHILE A FLOATING MEASURE-
MENT IS IN PROGRESS.

DO NOT FLOAT THE CIRCUIT COMMON TERMINAL AT VOLTAGES GREATER
THAN 242 ¥V REFERENCED TO CHASSIS GROUND. FAILURE TO HEED THIS
WARNING MAY RESULT IN DAMAGE TO YOUR HP 41428,

NOTE

Because circuit common ( ¥ ) and chassis ground ( | ) are connected inside the
HP 16088A and HP 16058A Test Fixtures, floating measurements cannot be per-
formed with the HP 16088 or 16058A, even if the CIRCUIT COMMON { v ) and
CHASEIS GROUND ( _L } terminals of the HP 4142B are not connected (shorting-
bar removed).

if the CIRCUIT COMMON terminal is open without connecting the CIRCUHT COM-

MON terminal to the CHASSIS GROUND terminal or the external ground, the noise
can affect the accuracy of the measurements.
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HP 4142B

Connector Plate

GNDU (¢

{

=

e

J

sMu (@

W
common | 1)

s CHASSIS
GROUND

Disconnect

Chassis Ground
of External Instrument

Floating Measurement Example
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If the Test Device has Negative Resistance

If the test device has negative resistance characteristics (tunnel diodes or unijunction transis-
tors}, a source unit may oscillate at frequencies of 300 kHz or less because the source unit
operates as a negative feedback amplifier,

The HPSMUs or the MPSMUs can detect this oscillation. An "X" is indicated in data status
of measurement data if the HPSMU or MPSMU detects oscillation.

The foliowing figure shows several examples of measurements made on negative devices.

Voltage controlled negative resistance devices

A
Negative
Resistance
v "::F‘ Device
v
v ©

Connect G in parallel with your test device to cancel negative resistance. To obtain an
output -V curve, use the following equation,

=1-GxV

Current controlled negative resistance devices

o ” vz

Connect R in series with your test device o cancei negative resistance. To obtain an
output |-V curve, use the following equation.

Vz=V-R x|

Megative Resistance Measurements
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Preventing Oscillation from the Test Device

The test device itself may osciliate at high frequencies (more than 3 MHz) due to stray ca-
pacitances and residual inductances of connection cables, probe card, and test fixture.
Bipolar transistors, which have a high hfe (forward current transfer ratio) and a wide frequen-
cy range, and Field Effect Transistors (FETs}, which have a high gm (transcenductance) and

a wide frequency range, are especially likely to oscillate, and produce measurement resulis
simiiar to those shown in the following figure.

I=Y Lurve

ey I«¥ Curve

AN VUV [

PR L5 VYAV N R S—
s NS T TSR
— NN TN N ;] ~
S/ Y

/ M /A

Cotteotor Yoltage (¥ ol loator ¥alteps (¥)

Exampie of an Oscillating Test Device Ouiput -V Curves

To prevert test device oscillation, install a ferrite bead (part number 9170-0029) o the test
device leads as shown in the following figure.

install the ferrite bead as close as possible to the test device. You may need to install more
than one bead or change to a bead with a different diameter to prevent oscillation. Instaling
the ferrite bead to the base lead of bipolar transisiors and o the gate lead of FETs is
generally most effective to stop oscillation.

To minimize leakage current, do not short the ferrite beads to the case of the device, to
other leads, or to the ferrite beads of other lines.

Test Davice
|

g | ! 4 To Unit

Ferrite
Beads

Preventing Test Device Oscillation
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NOTE

Below are more suggestions to stop oscillation:
s Shorten the length of the connection cable.
e Enclose the test device with a shielding box.
s For the SMU, surround the FORCE and SENSE lines by GUARD.

This type of oscillation {more than 3 MHz) does not come from the source and
monitor units. 1t comes from a combination of the test device and stray parame-
ters around the test device. Osciltation of 5 MHz or more cannot be detected by
the SMU.
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INTRODUCTION

This chapter explains all nine measurement modes of the HP 4142B. Included in the de-
scription of each measurement mode are measurement method, allowable units, allowable
number of source and measurement channels, HP-iB commands, and a sample program.

SPOT MEASUREMENTS

Spot measurements are performed as follows: up to 16 sources force constant voltages and
currents and up to 8 monitors measure the outpuis. The DY and Di commands set ouipur
voliage and output current. When using an SMU as a voltage monitor, set the outpui current
of the unit to 0 A using the DI command. The following table and figure show HP 4142B
spot measurement specifics, and an example spot measurement using two channels,
respectively.

Spot Measurement Specifics

Output Mo. of |Source Source Allowakie | Aliowable] Moeas. No. of
Mode Source | Mode Setup Units Monitor Setup Meas.
Ch. Command Mode | Command! Ch.
HPSMU i
Y% pv MPSMU
Constant { 0" {0 16 Vs . MM
108
! Dt HPSMU v
MPSMU
No Output VM v MM
DIF. v Vi

! When using a VM to make an measurement only.



Quiput Voltage

or Current Settling Time

B e

Specified 1 i Ch#1
Value o :
Previous ! .

Value e Measurement Time

T

Specified - — Chitz
Value ' / ! :

Previous " ! : :
Value . . ' . Time

# # 4
oy Trigger
101 DI Completion

1) When the HP 4142B receives a DV or DI command, the source unit forces the
output voltage Or current,

2) When the HP 4142B receives a trigger, the measurement starts. When using more
than one channel, measurements are performed in the order specified in the MM
command. I the trigger is received during the settling time of the source unit, the
measurement is performed after the settling time.

3) After the measurement is complete, the source unit continues to force the ontput
voltage or current.

Spot Measurement Using Two Channels
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Commands and Parameters

The following table lists the commands and parameters for spot measurements.

Spot Measurement Commands and Parameters

Function Command * Parameters’®

Constant ov ch#, output range, oudput voliage,

V Source I compliance], [compliance polarity mode)

Constant 3] chE, outpul range, ouipul current,

! Source IV compliance], {compliance polarity mode]
MM measirement mode, chit
[RH] chit, I measurement range

Measurement
[RV] ch#, V' measurement range
[¥AI] ch#t, VM operation mode
[AV] member, laveraging mode)
Trigger .

* Brackets {{ ) denote optional commands and parameters.

Information

Measurement Data Quiput Format is explained in the HP 41428 HP-1R Command Reference
Marnual,

Output and Measurement Ranging Mode and Averaging are explained in chapter 5.
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Spot Measurement Sample Program

The foilowing is a sample program that measures collector saturation voltage (Vce(sat) and
base saturation voltage (Vbe(sat)) of a 2N3904 bipolar transistor by using the spot measure-

ment function. A description of key program lines follows the program list.

Measurement Conditions

DUT Terminal Unit Ouiput fieasurement
Base SMU Ch#3 Ib=1mA Vbe
Collector SMU Ch#2 I =10 mA Vee
Emitter GNDU Ve=0V ---

Program List

10
20
30
40
50
60
70
B0
90
100
110
120
130
140
160
160
170
180
180
200
210
220
230

Result

! Vee(satl) and Vbe(sat) Measurement using Spot Function

INTEGER B_ch, C_ch

DIM A${31]

ASSIGN @Hp4142 TO 717
OUTPUT @Hp4142;"«RST"
i

B ch=3
C_ch=2
lb=1.E-3
lc=1.E-2
!

OUTPUT @Hp4142;"CN"B_ch, C_ch

Emitter
! Base

i Collector

OUTPUT @Hp4142;'DI":B_ch, 0, 1b, 2
OUTPUT @Hp4142;"DI"C ch, 0, I¢, 2
OUTPUT @Hp4142:"MM";1, C_ch, B_ch
OUTPUT @Hp4142;"XE"
OUTPUT @Hp4142;°CL"
i

ENTER @Hpa142:A8

PRINT "Vce(sat)=
PRINT “Vbe(sat}=
END

ASIA, 18]V
"IAS[20, 815 VY’

Vee{sat)= +0.06764E+00[V1
Vbe(sat}= +0.74692E+00[V]

GNDU
Ch#3
Ch#2




Description

40

60

130

140

150

160

170

180

200
210-220

Defines the string variable, 48, for storing measurement data.
Initializes the HP 41428,

Sels the SMU output switches to ON.

Forces 1 mA 1o the base.

Forces 10 mA to the collector

Sets the spot measurement mode and the measurement charnnels.
Sends a trigger to start the measurement.

Sets the SMU output switches to OFF.

Enters the measurement data into the string variable, 4.

Displays the measurement resulis.



STAIRCASE SWEEP MEASUREMENTS

Staircase sweep measurements are performed as follows: one source sweeps constant
voltage or current, while up to B monitors measure the output for sach sweep step. Or two
sources sweep constant voltages or currents at the same time, while up to 8 monitors mea-
sure the oulputs for each sweep step. Measurement data for each sweep step is stored in
the output data buffer. The following iable lists the staircase sweep measurement modes
and provides an Hiustration of each.

Stalrcase Sweepn Measurement Modes

Cutput Waveform

1 Channel 2 Channel .
Sweeap Synchronous Sweaep

Linear Single
Staircase Sweep

Sweep Mode

Log Single
Staircase Sweep

a
st | T ﬁ |

s

s

Log Double
Staircase Sweep

' To perform sweep measurements using two sweep source channels, both
source channels must be set to the same source mode &/ source or | sourcel.

The following table and figure show HP 4142B staircase sweep measurement specifics, and
an example of a linear single staircase sweep measurement, respectively.
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Staircase Sweep Measurement Specifics

Output Mo, of | Sowrce Zource Allowable | Allowable| Meas. ho. of
Hiode Souwrce | Mode Selup Units fMonitor Setup Meas.
Ch. Command Mode |[Command| Ch
ch: WV HPSMU 1
Y 2ch: WV MPSMU
WSsY
Staircase
Sweep 1o 2* Vs -
{ 1ch: Wi HPSMU A
2ch: wi MPSMLU
WSl RARA
HFPSML i 1108
v oV MPSMU
Constant | Dio 15 V8 -
! ) HPSML v
MPSMU
No Output Vi v RERA
DIF. v Y

' To perform sweep measurements using two sweep source channels, both source

channels must be set to the same source mode (V source or | source).
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Ts : Settling Time
Oustput Voltage Th : Hold Time
or Current Td : Delay Time
Tm : Measurement Time

N : No. of Steps
Stop Value + N

ThtTd Tm, Td -

Previous Value ~\
i T
Start Value +

Time

Trigger Completion

1} When the HP 4142B receives a trigger, the sweep source forces the siarr value.

2) The HP 4142B wails the specified hold time and delay time.

3} The measurement unit measures voltage or current. For multi-channel measure-
ments, measurementis are performed in the order set by the MM command.

4} The sweep source farces the next step vaiue.

5) The measurement unit measures voltage or current after the delay time.

6) Steps 4 and 5 repeat until the specified srop value is reached.

7} When the measurement finishes, the HP 4142B forces the starr (default value) or
stop value, as specified by the WM command.

Linear Singie Staircase Sweep Measurement

If you specify a hold time or delay time that is less than the settling time of the source unit,
hold time or delay time is set to equal the settling time.

For linear staircase sweep, output values are calculated using the following equation.
kth output value = srarr value + (k-1)(step value}
where step value = (stop value - srars value)jnumber of sieps - 1)

For log staircase sweep, output values are calculated using the following equation. Srars
and srop values must have the same polarity, and must not be zero.

kth output value = (srars value)(step vatug)k-1)

where step value = EXP[{In{srop value/starr value))f(mmber of steps - 1)}



The following figure shows an example of a linear double staircase sweep measurement.
The sweep source output is swept from the siary value to the siop value, then from the stop
value to the sierr value. The number of sweep steps is determined by the nimber of sweps
specified between the srarr and srop values. The measurement sequence is the same as a

single staircase sweep. You can use the WM command to set the value (siari or srop value)
that is forced after the measurement is complete.

Th : Hold Time
Qutput Voltage Td : Delay Time
or Current Tm: Measurement Time
T4 N @ No, of Steps
Stop
Value T

Previous
Value

Start
Value

Tht+Td Tm,  Td

: e Tipes
L .
Trigger Completion

Linear Double Staircase Sweep Measurement
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Commands and Parameters

The foillowing table lists the commands and parameters for staircase sweep measurements.
To perform a synchronous sweep measurement, set the main sweep source using the WV or
Wi commands, and set the synchronous sweep source using the WSV or WSt commands.
Both sweep sources must be set to the same source mode (V source or | source).

Staircase Sweep Measuremeni Commands and Parameters

Function Command * Parameters®
Sweep chit, sweep mode, ouiput range, start voltage,
Y Source Wy stop voltage, number of steps,

[ compliance], [power compliance]

Sweep ch#, sweep mode, oulpuf range, start curreni,
I Source Wi stop curvent, number of steps,
IV compliancel, ipower compliance)

Synchronous chdt, output range, start voltage, stop voitage,
WwWsv . e op o e
Sweaep V Source [T complianee], {power compliance)
Synchronous chi#t, oulpul range, siart current, stop current,
Sweep { & wst farice ( ]
p | Source [V compliancel, [power compliance]
[WT] hold time, delay time
Sweep
Conditions [Wh] antormatic sweep abort function, fowtput after sweep]
oy ch#, outpul range, eutpui voliage,
Constant U compliance], [compliance polarity mode]
Source
[ Chik, ouiput range, ontpul current,
V' compliance}, {compliance polarity mode]
MR measurement mode, ch#
[Ri] ch#, [ measurement range
Measurement
{RY] ch#, V measurement vange
[Vha] ch#, VM operation mode
[Av] number, laveraging mode)
Trigger 4 I —
Abort ag v e

* Brackets ([ ) denote optional commands and parameters.
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Information

Measuwrement Data Cutput Format is explained in the HP 4/428 HP-IB Command Reference
Manual.

Output and Measurement Ranging Mode, Averaging, Automatic Sweep Abort Function, and
Fower Comphlance are explainad in chapter 5.

Staircase Sweep Measurement Sample Program

The following is a sample program that measures static collector characteristics of a 2N3904
npn bipolar transistor by using the HP 4142B staircase sweep measurement function. This
program sweeps the coliector voltage while holding the base current constant, then changes
the base current as a second variabie. The program executes the real-time sweep measure-
ment that piols the measurement result whenever the measurement at each sweep step is
performed. A description of key program lines foliows the program list, along with an exam-
ple graphics display of measurement results.

This sample program minimizes range changes 1o optimize measurement speed,

Measurement Conditions

DUT Terminal Unit Quiput Measurement
Base SMU Ch#3 ib =10, 20 1, 30 pA ---
Collector SMU Ch#2 Ve=0to 1V, 101 steps 1o
Emitter GNDU Ve=0V -

Program List

10 1lic-Vce Measurement using Staircase Sweep Function

20 !

30 OPTION BASE 1

40 INTEGER B_ch, C_ch, Vc_no_step, ib_no_step, Vari, Var2

50  REAL Vc{i01)

80  ASSIGN @Hp4142 TO 717

70 OUTPUT @Hp4142;"«RST"

80  OQUTPUT @Hp4142;"FMT";S
!

90 ! Emitter : GNDU
100 B_ch=3 I Base : Ch#3
110 C_ch=2 t Collector @ Ch#2

120 Vc¢_start=0

130 Vo stop=1

140 V¢ _no step=101
150 lc_comp=.01
160 1b start=1.E.5
170 Ib_step=1.E-5
180 1b_no_ step=3
180 !
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200  Vc_step=(Vc_stop-Ve_start)/{Ve no_step-1)
210 FOR Vari=1 TO Vc_no_step
220 Ve(Vart)=Vc_start+(Vari-1)+Vc_step
230  NEXT Vari
240 CALL lcve_graph(ve_start, Vo _stop, 0, 1.E-2)
250 !
260 OUTPUT @Hp4142;"CN";B_ch, C_ch
270 QUTPUT @Hp4142;"WV"C_ch, 1, 0, Vo_start, Ve stop, Vc_no_step,
Ic_comp
280 OUTPUT @Hp4t42;"MM"2, C_ch
280 OUTPUT @Hp4142;,"R1";C_ch, 18
300 FOR Var2=1 TO Ib_no_step
310 Ib=lb_start+(Var2-1)+ib_step
320 QUTPUT @Hp4142;"DI";B ¢h, 0, Ib, 2
330 OQUTPUT @Hp4142;"XE"
1

340 .

350 FOR Vart=1 TO V¢c_no_step

360 ENTER @Hpd142 USING "#, 3X, 2D, X"ilc
370 PLCT Vo(Vart), Ic

380 NEXT Vari
380 PENUP
400 NEXT Var2
410 OQUTPUT @Hp4142;"CL"
420 END
430 |
440 SUB lcve_graph(X_axis_min, X_axis_max, Y_axis_min, Y_axis _max}
450 !
480 GINIT
470 GRAPHICS ON
480 CONTROL CRT, 12;1
480 PRINT CHRS$(12)
500 !
510 Xmax=100+MAX(1, RATIO)
520 Ymax=100+MAX(1,1/RATIO)
530 !
540 LORG 6
550 MOVE Xmax/2, Ymax
560 LABEL "COLLECTOR CHARACTERISTICS"
570 DEG
580 LDIR 90
580 CSIZE 4.5
600 MQOQVE 0, Ymax/2
810 LABEL "le(A)"
620 LORG 4
630 LDIR O
640 MOVE Xmax/2, 0
650 - LABEL "Vece(V)'
660 !
670 VIEWPORT .168+Xmax, .81+Xmax, .15+Ymax, .9=¥Ymax
680 !
690 FRAME
700 WINDOW X_axis_min, X_axis_max, Y_axis_min, Y _axis _max
710 AXES(X_axis_max-X_axis_min)/10,(Y_axis_max-Y_ axis_min)/10,
X_axis_min, Y_axis_min
720 CLIP OFF
730 CSIZE 4, .5
740 LORG 6
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750 FOR I=X_axis_min TO X_axis_max STEP (X_axis_max-X_axis_ min)/2

760 MOVE 1, Y _axis_min
770 LABEL |
780  NEXT|

790 CSIZE 3.8, .5
800 LORG 8

810G FOR I=Y_axis_min TO Y_axis_max STEP (Y _axis max-Y_axis_ min)/2

820 MOVE X_axis_min, 1
830 LABEL USING “#, MD.DE"™;!
840 NEXT |
850 CLIP ON
860 I
870 SUBEND
Result

COLLECTOR ZRHREACTERISTIOCR

“"'*w
— /’f
T 5. BE-gE- /
El e
o aa% 15
fee i
Description
30-50 Defines the variables.
70 Initializes the HP 41428,
80 Sets the data output format to ASCH with header and comma {) as a

terminator.

100-180 Assigns the constants.

200-230 Calculates collector voltage value for each step, and stores these values in
an array variable.

240 Calls subprogram to display graphics frame.

260 Sets the SMU output switches to ON.

270 Sets the ch#2 SMU voltage sweep parameters. :

280 Sels the measurement mode to staircase sweep function.

290 Sets the measurement range to 10 mA.

310-320 Sets the ch#3 SMU current output parameters as a second sweep source.
330 Sends a trigger 1o start a voltage sweep measurement.
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350-390 Enters the measurement data into the variable /¢, and displays measure-
ment data in the graphics frame. '

400 Sets the source base current to the next vaiue.

410 Sets the SMU output switches to OFF,

440-870 Subprogram for displaying graphics frame.
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1CH PULSED SPOT MEASUREMENTS

1 Channel Pulsed spet measurements are performed as follows: one source forces pulsed
voltage or current, and one monitor measures the output. The following table lists HP
41428 pulsed spot measurement specifics. The following twe figures show an example of a
typical puised spot measurement (when pulse period is not specified), and an example of a
repeated puised spot measurement (when puise period is specified), respectively.

Pulsed Spot Measurement Specifics

Cutpest No. of | Source Source Allowable | Aliowable]| Meas. KNo. of
Mode Source | Mode Setup Unils Monitor Setup Meas.
Ch, Command Mode | Command] Ch.
HPSMU
MPSMU !
v Py HCU
Puise 1
VS
HPSMU
I ] MPSMU Y
HCU Y 1
HPSMU f
v Dy MPSMU
Constant | 0to 13 VS o
I B HPSMU v
MPSMU
Ne Quiput Y \

* Differentiai voltage measurements cannot be performed for pulsed measurements.
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Quiput Voltage
or Current

Hold Time Pulse Width

mewe Measurement Time

Pulse Value -+
—sem Settling Time o \
Base Value 4+ |/ ', .

Previous Value ———/

4 ¢

Trigger Completion

Time

When the HP 4142B receives a trigger, the pulse source forces the hase value.

The HP 4142B waits for the specified hold time. It the hold time is less than the
settling time of the source unit, hold rime is set equal to the settling time.

The pulse source forces the puise value,

The measurement unit measures V or | before the end of pulse.

The pulse source forces the base value.

Puised Spot Measurement
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Previcus Value

3]

Joegs®

Th: Hold Time

Tp : Pulse Period

or Current ' W 1 Pulse Width

Tm : Measurement Time

Quiput Voltage

Th | Tp . Te . Tp

Pulse Value3

F
¥

——a—~——-«— ~— Tm

Pulse Vakie?

Pulse Vaiel | | 5 ! \ :
Base Value —-/ j t . !——‘*——
j

. Time
§ 4 § 8 ¢
Trigger PVIPL Trigger PVIPI Trigger Completion

{Puise Value?} {Pulse Value3}

For the first pulse, the HP 4142B performs steps 1 through 5 in the previous figure.
The HP 4142B receives the next pulse settings. 1f these pulse settings are not
received, the first pulse setlings apply.

The HP 4142B receives a trigger.

After the first pulse period (Tp), the pulse source forces the next puise.

The measurement unit measures V or | before the end of the puise.

Steps 2 through 5 repeat for the remaining pulses.

If the HP 4142B does not receive a trigger for a succeeding pulse within the speci-
fied pulse period, the HP 41428 considers the measurement finished. To perform
repeated pulse measurements at constant intervais, the following condition must be
salisfied.

frold time < pulse period - pulse widrh

Hepeated Puised Spot Measurement

NOTE

When using an SMU as a pulse source, set the Filter to OFF {Filters set to ON at
power on} with the FL. command.

The HF 41428 can receive and execute commands during the hase value output of
pulsed spot measurements with pulse period, but other types of measurements
cannot be performed until the pulsed spot measurement is complete.

For SMU current pulses, the pulse current and base current valtes must have the
same polarity.

For HCU voltage pulses, the base voltage can be specified oniy as 0 V. For HCU
current pulses, during HCU base value output, the HCU output is 0 V and no
current.




Commands and Parameters
The following table lists the commands and parameters for 1ch pulsed spot measurements.

To specify a voltage pulse source, use the PY command. To specify a current pulse source,
use the PI command.

ich Puised Spot Measurement Commands and Parameters

Functlon Command * Parameters®

Py chi, outpuf range, hase voltage, pulse voliage,
[T compliancel

Pulsed 21 chi#, ouipul range, base curreni, pulse current,
Source? [V complianee]
[FL] filter, [eh#]
Cozgti?iins [PT] hold dime, pulse width, [pulse period]

ch#, ouiput range, ouiput voltage,

DV [{ compliancel, [compliance polarity mode)
Constant
Source chit, outpui range, ouipul current,
Dl V" compliance], [compliance polarity mode)
MM medsurement mode, [ch#]
Measurement BN ch#, I measurement range
[RY] ch#, V measurement range
Trigger XE e
Abort A ¢

! Brackets ([ ]} denote optional commands and parameters.
* When using SMUs, set Filter to GFF.

Information

Measurement Data Output Format is explained in the HP 47428 HP-IB Command Reference
Marmyal.

Output and Measurement Ranging Mode and Filter are explained in chapter 5.
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tch Pulsed Spot Measurement Sample Program

The following is the sample program for measuring the collector saturation voltage (Vee{sat))
of a 2N3904 npn bipolar transistor by using the 1ch pulsed spot measurement function. A

description of key program lines foilows the program st

Measurement Conditions

Program List

i0
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

Result

Vee(sat)= +0.10800E+00

DUT Terminal Unit Duiput Measurement
Base SMU Ch#3 Ib=5mA
Collector SMU Ch#2 fc = 50 mA Vee
Emitter GNDU Ve=0V
! Vee{sat) Measurement using 1ch Pulsed Spot Function
!
INTEGER B_ch, C_c¢h
DIM AS[15]
ASSIGN @Hp4142 TO 717
OUTPUT @Hp4142;"+RST"
i Emitter GNDU
B ch=3 ! Base Ch#3
C ch=2 I Collector Ch#2
Ib=5.E-3
le=5.E-2

OUTPUT @Hp4142;"CN"B_ch, C_ch

QUTPUT @Hp4142;"FL",0, B_ch
QUTPUT @Hp4142;"PI";B_¢h, 0,0, b, 2
QUTPUT @Hp4142;"PT"0, 1.E-3
OUTPUT @Hp4142;"DI";C_ch, 0, ic, 2
QUTPUT @Hp4142;"MM";3, C_ch
OUTPUT @Hp4142;"XE"
OUTPUT @Hp4142;"CL"
|

ENTER @Hp4142;A%
PRINT "Vce(sat)= ";A$[4, 15]

END
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Description

60
80-110
130
140
150
160
170
180
190
200
220
230

nitializes the HP 41428,

Assigns the constants.

Sets the SMU output switches to ON,

Sets the SMU Filter to OFF.

Sets the ci#3 SMU current puise parameters.

Sets the output pulse waveform.

Forces 50 mA to the collector.

Sets the measurement mode to 1ch pulsed spot function.
Sends a trigger to start the measurement.

Sets the SMU gutput switches to OFF.

Enters the measurement data into the string variable, 45,
Displays the measurement results.
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PULSED SWEEP MEASUREMENTS

Pulsed sweep measuremenis are performed as follows: one source sweeps pulsed voltage
or current, while one monitor measures the output for each sweep step. Measurement data
for each pulse sweep step is stored in the output data buffer. The following two tables list
the pulsed sweep measureament modes and provide an illustration of each, and list the HP
41428 pulsed sweep measurement specifics, respectively,

Pulsed Sweep Measurement Modes

Sweep Mode Qutput Waveform

Single Pulsed Swesep -

s

Double Pulsed Sweap M ﬂﬂ_
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Pulsed Sweep Measurement Specifics

Cutput Mo. of ] Source Source Allowable | Allowable! BMeas. Mo, of
Mode Sowce | Mode Setup Units Monitor Setup Meas.
Ch. Command Mode | Command! Ch.
HPSMU
v PV MPSMU i
HCU
Puised 1 Vs o~
Sweep
HPSMU
! P MPSMU v
HCU MM 1
HPSMU ]
v By MPSMU
Constant | O to 15 Vs ——
| D HPSMU W
MPSMU
No Quiput VM v

4.22
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The following figure shows an example of a pulsed single sweep measurement.

Ts: Settling Time

Qutput Voltage Th: tHold Time
or Current Tp: Pulse Petiod
W Pulse Width
Tre: Measurement Time
Th . Tp . Tp e
W W . W :
Stop Value  + ¢

Start Valwe + f—-—-\ ’ \
Base Value :

e )

§
Trigger

1) When the HP 4142B receives a trigger, the puise source forces the hase value.
2) The HP 4142B waits the specified /rold rime. If the hold time is less than the settling
time of the source unit, hofd time is set to equal settling time.

3) The pulse source forces the stars pulse value,

4) The measurement unit measures V or | before the end of the puise.

5) The pulse scurce forces the huse value.

6) The pulse source forces the next pulse after the specified pulse period (Tp).
7)  The measurement unit measures V or | before the end of the pulse.

8} The pulse source forces the hase value,

8) Steps 6 through 8 repeat until the stop puise value is reached.

Time

Completion

Puised Single Sweep Measurement

The kth puise value is calculated using the following equation,

kth pulse value = s/art puise value + (k-1){step value)

where step value = {siop pulse value - start pulse value)/(number of steps - 1)

The following figure shows an example of a pulsed double sweep measurement. Pulse
sweep source output is swept from srarr pulse to stop pulse value, then from stop puise to
start pulse, as shown. The measurement sequence is the same as a pulsed single sweep

measurement.
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Th : Hold Time

Cutput Voltage Tp : Pulse Period
or Current W : Pulse Width
Tm : Measurement Time
Th | Tp . p ) Tp , Tp . Tp
W W S W W W W

Stop — AP ! PR ! LA

Pulse+ o : : == !
Value | o

Start

Pulse -
Value . :
Base |
Value
Previous
Value -
i

Trigger Completion

Time

Pulsed Bouble Sweep Measurement

NOTE

When using an SMU as a pulse source, set the Filter {o OFF (SMU Filters set to
ON at power-on) by using FL. command.

if you set srart pulse vaiue = stop pulse value, all pulses are the same height.

For current pulse sweep measurements, base, starr pulse, and sfop pulse values
must have the same polarity.

For HCU voltage pulses, the base voltage can be specified only as 0 V. For HCU
current pulses, while the HCU output is a base value, the HCU output is 0 V and
no current.
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Commands and Parameters

The following table lists the commands and parameters for pulsed sweep measuremenis.
Ta specify a voltage pulse sweep source, use the PWVY command. To specify a current
pulse sweep source, use the PW! command.

Pulsed Sweep Measurement Commands and Parameters

Function Command*® Parameters *

i, sweep mode, outpid range, base voltage,
PWY start pulse voltage, stop pulse voliage,
aumber of steps, [I compliance]

Pulsed
Sweep ch#, sweep mode, ouiput range, base current,
Source* PWI start puise current, stop pulse current,
number of steps, [V compliance)
fFL) filter, [ch#]
Pulse PT] hold time, pulse width, [pulse period]
Conditions
Swe;t_ap {WhE] aulomatic sweep abort funciion
Conditions

oV chi#, oufput range, outpul voltage,
[{ compliance), [compliance polarity mode}

Constant Source
DI chi#, ouiput range, oulput current,
[V compliance], [complianee polariiy mode)

MM measurement mode, ch#
Measurement [R] chi, I measurement range
BV chit, V measurement range
Trigger ¢ ———
Abort A L e

* Brackets {{ ]) denote optional commands and parameters.
* To use an SMU as a puised sweep source, set the Filter to OFF.
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Information

Measurement Data Output Format is explained in the HP 41428 HP-I1B Command Reference

Manual.

Output and Measurement Ranging Mode, Automatic Sweep Abort Funclion, and Fllter are

explained in chapter 5.

Puised Sweep Measurement Sample Program

The following is a sample program that measures the forward characteristics of a pn junc-
tion diode by using the pulsed sweep measurement function. A description of key program
fines foliows the program list.

Measurement Conditions

DUT Terminal

Unit

Output

Measurement

Cathode
Anode

SMU Ch#2
GNDU

Vi=0to09V
oV

Program List

10
20
30
40
50
60
70
&0
80
100
110
120
130
140
150
160
170
180
190

! Diode if-Vf Measurement using Pulsed Sweep Function

§

INTEGER A_ch, No_step, Var
ASSIGN @Hp4142 TO 717
OUTPUT @Hp4142;"+RST"
CUTPUT @Hp4142;"FMT";5

]

A_ch=2
Fv_start=0
Pv_stop=29
No_step=91
tif_comp=.1
;

I Cathode
I Anode

CALL Hvf_graph(Pv_start, 1, 0, if_comp)
Pv_step=(Pv_stop-Pv_start)/{No_step-1)
i

OUTPUT @Hp4142;"CN"A_ch

QUTPUT @Hp4142;"FL"0, A _ch
OUTPUT @Hp4142;"PWV"A_ch, 1, 0, 0, Pv_start, Pv_stop, No_step,

If_comp
OUTPUT @Hp4142;"PT"0, 1.E-3, 1.E-2
OUTPUT @Hp4142;"MM":4, A_ch
OUTPUT @Hp4142;"RI"A_ch, -19
OUTPUT @Hp4142;"XE"
OUTPUT @Hp4142;"CL"
1

200
210
220
230
240
250
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260
£70
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
480
500
510
520
530
540
550
560
570
580
580
600
610

FOR Vart=1 TO No_step

ENTER @HP4142 USING "#, 3X, 12D, X";if
Vi=Pv_start+(Vari-1}»Pv_step
PLOT Vi, If

NEXT Vart
PENUP
END

!

SUB Ifvf _graph({X_axis_min, X_axis_max, Y axis_min, Y_axis_max)
i

GINIT

GRAPHICS ON
CONTROL CRT, 12;1
PRINT CHR$(12)

i

Xmax=100«MAX(1, RATIO)
Ymax=100+MAX(1, 1/RATIO)
i

LORG 6

MOVE Xmax/2, Ymax
LABEL "lIf-vi Curve”

DEG

LDIR 80

CSIZE 4.5

MOVE 0, Ymax/2

LABEL “if{A)"

LORG 4

LDIRQ

MOVE Xmax/2, 0

LABEL "Vi(V)"

!

VIEWPORT .16+Xmax, .91«Xmax, .15«Ymax, .9xYmax

I

FRAME

WINDOW X_axis_min, X _axis_max, Y_axis_min, Y_axis _max
AXES(X _axis max-X_axis mtn)/w AY axis maxY “axis_min)/10.,

X axis_min, Y_axts__m:n

620
630
640
650
660
670
680
620
700
710
720
730
740
750
760
770

CLIP OFF

CS8IZE 4, .5

LORG 6

FOR [=X_axis_min TO X_axis_max STEP (X axis_max-X_axis _min)/2
MOVE |, Y_axis_min
LABEL §

NEXT |

CSIZE 3.8, .5

LORG 8

FOR I=Y_axis_min TO Y_axis_max STEP (Y_axis_max-Y axis _min)/2
MOVE X_axis_min, !
LABEL USING "#, MD.DE";l

NEXT |

CLIP ON
!

SUBEND
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Result

If=¥¥ Curve

1.86-91
T 5.eE-g2t
5
B.0E+0 : : : g / .
VE(Y)
Description
30 Defines the variables.
50 Initializes the HP 4142B.
60 Sets the data cutput format to ASCIH with header and comma () as a
terminator.
80-120 Assigns the constants.
140 Calls subprogram to display graphics frame.
150 Calculates the pulse sweep step value.
170 Sets the SMU output switch to ON.
180 Sets the SMU Filter to OFF.
190 . Sets the ch#2 SMU voltage pulse sweep parameters.
200 Sets the output pulse sweep waveform.
210 Sets the measurement mode to pulsed sweep function.
220 Sets the current measuremertt range to 100 mA.
230 Sends a trigger to start measurement,
240 Sets the SMU output switch to OFF.

260-310 Enters the measurement data into variable 77, and dispiays measurement
data in the graphics frame.
340-770 Subprogram for displaying graphics frame.
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STAIRCASE SWEEP WITH PULSED BIAS MEASUREMENTS

Staircase sweep with pulsed bias measurements are gerformed as follows:
sweeps constant voltage or current, another source forces pulsed voltage or current with
synchronized sweep ouiput, while one monitor measures the output for each sweep step.
Measurement data for each sweep step is stered in the output data buffer. The Tollowing
two tables list the staircase sweep with pulsed bias measurement modes and provides an
iHustration of each, and HP 4142B staircase sweep with pulsed bias measurement specifics,

respectively.

Staircase Sweep with Pulsed Bias Measurement Modes

Sweep Mode

Cuiput Waveform

Linear Single
Staircase Sweep
with Puised Bias

_——'____rwj—_
LTI

Linear Double
Stalrcase Sweep
with Pulsed Bias

e
RiNIEININIEINIE
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Staircase Sweep with Pulsed Bias Measurement Specifics

Output No. of | Source Source Aliowable | Allowable | Meas. No. of
Mode Source | Mode Setup Units Monitor Setup Meas.
Ch. Command Mode |[Command| Ch.
HPSMU i
v Wy MPSMU
Staircase
Sweep 1 Vs —
! Wi HPSMU v
MPSMU
HPSMU
Y Py MPSMU !
HCU
Pulse 1 Vs e M 1
HPSML
i Pl MPSMU v
HCU
HPSMU I
v DV MPSMU
Constant | Cto 4 V3 o
! Di HPSMU v
MPSMU
No Gutput - VM v?

* Differential voltage measurements cannot be performed for pulsed measurements.
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The following figure shows an example of a single staircase sweep with pulsed bias
measurement.

¥s: Settling Time

Th: Hold Time
CQuiput Voltage Tp: Pulse Period
or Current W : Pulse Width
Th : To : Tp : Tp . Tm: Measurement Time

Pulse Value

Base Value A

Previous Value

Stop Value A

Previous Value
Start Value -

Time

Trigger Completion

1) When the HP 41428 receives a trigger, the pulse source forces the base value, and
the sweep source forcas the srarf value.
2) The HP 41428 waits the specified hold time. W the hold time is less than the setiling
time of the source unit, hold time is set to equal the seitling time.
3} The pulse source farces the puise value.
4) The measurement unit performs a measurement just before the end of the pulse.
5) The pulse source forces the base value, and the sweep source outputs the value of
the next step.
J The pulse source forces the next pulse value after the specified pulse period {Tp).
) The measurement unit performs a measurement just before the end of the pulse.
) Steps 5 through 7 repeat until the output reaches the srop value.
) When the measurement finishes, the pulse source forces the hase value and the
sweep source forces the siarr (default value) or siop value, as specified.

Single Staircase Sweep with Pulsed Bias Measurement
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The following figure shows an example of a double staircase sweep with pulsed bias mea-
surement. Sweep source output is swept from siarr to stop value, then from siop to siart

value, as shown. The measurement sequence is the same as a single staircase sweep
measurement.

Th: Hold Time
Tp: Pulse Period
Cutput Voltage W : Pulse Width
or Current Tm: Measurement Time
Th . e : e : Tp : To : e
W W e L W L

il Wl

Previous Vale “‘/

Stop Value f
Previous Value —\__—_/_—/
Start Value +
; Time
§
Trigger Completion

Double Staircase Sweep with Pulsed Bias Measurement

NOTE

When using an SMU as a pulse source, set the Filler to OFF (Filters set to ON at
power-on) with the FL command.

For SMU current pulses, the pulse current and base current values must have the
same polarity,

For HCU voltage puises, the base voltage can be specified only as O V. For HCU

current puises, while the HCU output is a base value, the HCU output is 0 V and
na current.
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Commands and Parameters

The foliowing tabie lists the commands and parameters for staircase sweep with pulsed bias
measurements. To specily the staircase sweep source, use the WY or Wi command. To
specify the pulse source, use the PY or P{ command.

Staircase Sweep with Puised Bias Measurement Commands and Parameters

Funciion Command * Parameters *
Voltage Wy chit, sweep mode, ouipud range, starf voliage,
Sweep Source stop voltage, number of steps, [I compliance]
Current Wi chi#, sweep mode, onlpui range, start current,
Sweep Source stop current, number of steps, [V compliance)
Sweep Conditions W] automatic sweep abort function, lontput after sweep
Py cht, owrpuf range, base voltage, pulse volrage,

U compliance]

Pulse Source? ch#, oniput range, base current, pulse current,
Pi :
[V complianee]

[FL] filter, [chi]

Pulse Conditions [PT] hold time, pulse widih, [pulse period]

oV ch#e, ontput range, onlput voltage,
U compliance), [compliance polarity mode}

Constant Source
b} ch#, outpui range, output current,
{V compliance), [compliance polarity mode)

i measurement mode, [chi#]
Measurement RN ch#, I measurement range
[RV] chit, ¥ measurement range
Trigger X e
Abort AB

' Brackets ([ 1) denote optional commands and parameters.
* When using SMUs, set Filter to OFF,
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Information

Measurement Data Output Format is explained in the HP 41428 HP.IB Command Reference
M anal,

Output and Measurement Ranging Modes, Automatic Sweep Abort Function, and Filter are
gxplained in chapler 5.

Stalrcase Sweep with Pulsed Bias Measurement Sample Program

The following is a sample program that measures the static collector characteristics of a

2N3904 bipolar transistor by using the HP 4142B staircase sweep with pulsed bias measure-
ment function. A description of key program lines follows the program list.

Measurement Conditions

DUT Terminal Unit Output Measurement
Base SMU Ch#3 Ib =200 u, 300 u, 400 uA -
Collector SMU Ch#2 Ve =010 20V, 101 sleps lc
Ernitter GNDU Ve=0V e

Program List

10 tle-Vee Measurement using Sweep with Pulsed Bias Funclion

20 i

30  OPTION BASE 1

40 INTEGER B_ch, C_ch, V¢_no_step, Ib_no_step, Vart, Var2

50 REAL Ve(101)

50 ASSIGN @HpPA142 TO 717

70 OUTPUT @Hpat42;"=sRST"

80  QUTPUT @Hp4142;"FMT"5
!

e ! Emitter : GNDU
100 B _ch=3 ! Base 1 Ch#3
110 C ch=2 b Collector @ Ch#2

120 Vo_start=0
13¢  Ve_stop=20
140 V¢ no_step=101
150  lc_comp=.1
160 Ib_start=2.E-4
170 Ib_step=1.E-4
180 Ib_no_step=3
190 |
200 Ve_step=(Vc_stop-vVe_start)/(Ve _no_step-1)
210  FOR Vart=1 TO V¢_no_step
220 VeVartl=Ve_start+{Var1-1)2Ve step
230 NEXT Vari
240 CALL leve_graph{Vc_start, Vc_stop, 0, Ic_comp)
250 !
260 OUTPUT @Hp4142;"CN";B_ch, C ch
270 OUTPUT @Hpai42.:"WVv,C_ch, 1, 0, Ve _start, Vc_stop, Vc_no_ step,
ic_comp
280 OUTPUT @Hp4142;"FL"0, B ch
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290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
360
570
580
580
600
610
620
630
640
650
660
670
680
690
700
710
720
730

OUTPUT @Hpd142;"PT"0, 1.5-3, 5.0E.2
CUTPUT @Hp4142;"MM";5, C c¢h
QUTPUT @Hp4142;'Ri"C ch, -19
FOR vVar2=1 TO lb_no_step
tb=lo_start+|b_steps(Varz-1)
OUTPUT @Hp4142;"PI"B ¢h, 0,0, 1b, 2
OUTPUT @Hpd142;"XE"
I

FOR Vari=1 TO Vc_no_step
ENTER @Hp4142 USING "#, 3X, 12D, X";lc
PLOT Ve(Vart), ic
NEXT Vari
PENUP
NEXT Var2
OUTPUT @Hp4142;"CL"
END
!
SUB leve_graph{X_axis_min, X_axis_max, Y_axis min, Y_axis_ max)
i
GINIT
GRAPHICS ON
CONTROL CRT, 12;1
FPRINT CHR${12)
]

Xmax=100=MAX(1, RATIO)
Ymax=100«MAX(1, 1/RATIO)
f

LORG B

MOVE Xmax/2, Ymax
LABEL "COLLECTOR CHARACTERISTICS"
DEG

LDIR 80

CSIZE 4.5

MOVE O, Ymax/2

LABEL "iclA)"

LORG 4

LDIR O

MOVE Xmax/2, 0

LABEL "Vee(v)”

i

VIEWPORT 16:Xmax, .91+Xmax, .15+¥max, .9xYmax

!

FRAME

WINDOW X_axis_min, X_axis_max, Y_axis_min, Y_axis _max

AXES(X__axis_max-X_axis_min)/1 0,(Ywaxis_ﬁmax-Yw_axis*min)/ 10,

X_axis_min, Y_axis_min

740
750
760
770
780
790
800
810
820
830
840

CLIP OFF

CSIZE 4, .5

LORG 6

FOR I=X_axis_min TO X_axis_max STEP {X_axis max-X_axis_min)/2
MOVE |, Y_axis min
LABEL 1

NEXT i

CSiZE 3.8, .5

LORG 8

FOR I=Y_axis_min TO Y_axis_max STEP (Y_axis max-Y_axis_ min)/2
MOVE X_axis min, |
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850

LABEL USING "#, MD.DE"|

860 NEXT |
870 CLIP ON
880 !
890 SUBEND
Resuit
COLLECTOR CHRRACTERISTICS
1. 8E-&
B S
x"ﬁfﬂ PSS
r"f e e
T 5.BE-R :/ﬁ e
e Y T
>
i
0. G+ e 55
TRt
Description
30-50 Pefines the variables.
70 initializes the HP 4142B.
80 Sets the data cutput formail to ASCH with header and comma as a
terminator.
100-180 Assigns the constants.
200-230 Calculates collecior voltage value for each step, and stores these values in
an array variable.
240 Calis subprogram {o display graphics frame.
260 Sets the SMU output switches to ON.
270 Sets the c¢h#2 SMU voltage sweep parameters.
280 Sets the SMU filter to QOFF,
290 Sets the output puise waveform.
300 Sets the measurement mode to staircase sweep with pulsed bias function.
310 Sets the current measurement range to 100 maA.
320-3490 Sets the oh#3 SMU current pulsed source parameters.
350 Sends a trigger to start a voltage sweep measurement.
370-410 Enters the measurement data into variable f¢, and displays measurement
data in the graphics frame.
420 Sets the base current to the next value.
430 Sets the SMU output switches to OFF.
460-890 Subprogram for displaying graphics frame.

4-36



ANALOG SEARCH MEASUREMENTS

Analog search measurements are performed with the Analog Feedback Unit {AFU) and two
SMUs. The AFU provides precision control between the specified SMUs via a feedback loop
to obtain a previously specified rarger value. The SMUs specified for use are automatically

connected internally to the AFU. The following figure shows the basic analog search mea-
surement circuit.

Basic Analog Search Measurement Circuit

One SMU (the search SMU) cornects to the input of a test device, and sources voltage. The
other SMU {the sense SMU) connects to the output of the test device, and monitors the
output voltage (! source mode) or current (V source mode), depending on the specified rarger
value. An error amplifier in the AFU detects the difference between the monitored test
device output and the rarger value. The AFU then sends a control voltage, in proportion to
the difference value, to the search SMU. This control voltage adjusts the voltage output
from the search SMU to the iest device, thereby adjusting test device output. This feedback
process continues until the monitored test device output equals the rarger value and the
specified measurements are complete.

The following figure shows the basic analog search measurement timing sequence and
provides a brief description of the sequence of eventis.

4-37



Thi Held Time

Search Skl dvidT: Ramp Rate
Cutput Voltage Tf: Feadhack Search Time
Td: Defay Time

Tm: Measurement Time

S‘gop Valye o . Th ) Tf Td Tm

Previous Value :
¢+ 0
Start Value 4 .

Sense SMU
Quiput Voltage
or Current

Specified Value + fy

—

Previous Value

Time

H 3
Trigger Search Completion Searc{l; Me?stqrement
ompietion

When the HP 4142B receives a trigger, the search SMU forces O V. The search and
sense SMUs are then automatically connected to the AFU.

The AFU forces the search siarf value via the search SMU.

The sense SMU forces the ourpur value specified in the AV or AVl command. if the
output range, output, and compliance vaiues are the same as before the trigger, this
step is not performed.

After the sense SMU starts to force the owrpur value, the HP 41428 waits the hold
mme.

The AFU forces the ramp voltage with the specified ramp rate via the search SMU to
start the search.

The AFU converges the output of test device (DUT) to the specified rarger value,

For feedback searches, negative or positive feedback begins when DUT output is
approximately equal to the rarger value, and continues untii measurements are
performed. After feedback begins, the HP 4142B waits the feedback search time
Tf, and the delay time Td, before performing the measurements. T/ is either the
feedback integration fime or 100 us, whichever is longer, and is valid for feedback
searches only. The time constant in which the AFU converges the output is direct-
ly proportional to the feedback integration time. 1f the feedback integration time is set
larger, the time constant becomes larger,

For ramp searches, the HP 41428 waits the delay time Td after the search is com-
plete, then performs the measurements.

The HP 4142B performs the measurements according to the search measirement
mode.

The search SMU forces 0 V, and the sense SMU forces the same value as before
the trigger. The search and sense SMUs are then autornatically disconnected from
the AFU,

Analog Search Measurement Sequence
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The foliowing table lists HP 4142B analog search measurement specifics.

Analog Search Measurement Specifics

Cuiput Mo. of | Source Source Allowable | Allowahle| Meas. No. of
Mode Source | Mode Setup Linits Monitor Setup Meas.
Ch. Command Mode | Command| Ch.
Search i vV ASY HPSMU v, | 1
MPSMU
A% AV HPSMU ] MM
MPSMU ASHM
Sense 1 0to
I AlY HPSMU v
MPSMU
HPSMU
\' ov MPSMU - - ——-
VS
Constant |0* to 10
i [a]4 HPSMU
MPSMU
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Search Operation Modes

The AFU can perform four types of search operations: two feedback-type searches, and two
ramp-wave-type searches. Feedback search operations are for performing highly accurate
search measurements, where measurement speed is not as important. Ramp wave search
operations are for performing high speed search measurements, where measurement ac-
curacy is not as important.

These four search operation modes are described in the following paragraphs. Each para-
graph number corresponds to the search operation mode number you must specify in your
measurement program. The following table lists the four search operation modes and
shows the basic input and output waveforms for each mode.

(1) Negative Feedback Search:
Use this search mode for measuring DUTs in which the inputs and outputs are directly
related, L.e., a positive-going input causes a positive-going output, and a negative-going
input causes a negative-going output.

As the measurement begins, the AFU forces a ramp voltage via the search SMU, and
compares the /arger and DUT output values. When the rarger and DUT output values are
nearly the same, a negative feedback search begins. If DUT output is greater than the
farget value, AFU output decreases, and vice versa. Feedback continues until the rargel
vaiue is reached, then the specified measurements are performed.

{2) Positive Feedback Search:
Use this search mode for measuring DUTs in which the inputs and outputs are inversely
related, i.e., a positive-going input causes a negative-going output, and a negative-going
input causes a positive-going output.

As the measurement begins, the AFU forces a ramp voltage via the search SMU, and
compares the rarges and DUT output values. When the rarger and DUT output values are
nearly the same, a positive feedback search begins. If DUT output is less than the rarger
value, AFU output decreases, and vice versa. Feedback continues until the rarger value
is reached, then the specified measurements are performed.

{3} Ramp Wave Search (search uniil DUT output > target):
The AFU forces ramp voltage to the DUT input via the search SMU. Immediately after
the DUT output is greater than the rarger value, the AFU keeps the DUT input voltage
constant, then performs the specified measurements.

{4) Ramp wave search (search until DUT ouiput < targel):
The AFU forces ramp voltage to the DUT input via the search SMU. Immediately after
the DUT output becomes less than the rarger value, the AFU keeps the DUT input voltage
constant, then performs the specified measurements.
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Search Operaticn Modes

Search Operaticn Mode

DUT input and Output Waveform

search start
voltage

S

< search stop
voltage

search star
voltage

)70

earch stop
voltage

input Search Vaiue | Input
Waveform:  / Waveform: \/._
Negative Feedback Search Value
Search Output Target Valze | Qutput
Waveform: [ Waveform: \-ﬁ
Target Value
Input Input
h Val
Waveform: / Search Value Waveform: \ﬁ
Positive Feedback Search Value
Search Output Qutput Taraet Val
Waveform:  \ Waveform: / arget vawie
Target Value
Input Search Vaiue | Input
Waveform: / Waveform:
Ramp Wave Search Search Value
{search until DUT Outout Outout
utput utpu e
output > farget } Waveform: f Target Value | yooooo 7 Target Value
Input input
|
Wavaform: Search Value Waveform:
Ramp Wave -Search / \ Search Value
{search until DUT utout Outout
< tan pu Hipy
output get ) Wavetorm: Waveform:

. P Target Value

Target Value
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Search Measurement Modes

After the rurger value is reached, the HP 4142B performs the measurements in accordance
with the measurement mode you specified. The foliowing table lists the four measurement

modes.

Search Measurement Modes

Search Number of V or | Measurement
Measurement Measurement Search SMU Sense SMU
Mode # Channels (DUT Input) (DUT Qutput)
i 1 v -
2 i ! -
V {if rarger value is V)
3 2 vV
{{if rarger value is 1)
V (if rarget value is V)
4 2 |
L{if rargoet value is 1)
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Commands and Parameters
The following table lists the commands and parameters for analog search measurements.

The search SMU is set by the ASY command. The sense SMU is set by ALY (it rarger valus
is voltage) or by AVI (if rurger value is current).

Analog Search Measurement Commands and Parameters

Function Command * Parameters *
Search SMU ASY ch#, search siart voltage, search stop voltage,
bramp ratel, {I complianee]
V Sense SMU ALY chi, ouipul cirvent, target voltage, [V compliance}
I Sense SMU AV ch#, orlput voltage, targel curvent, [l complianee]
[ASM] search operation mode, search measnrement mode,
Search [feedback infegration time]
Conditions
[AT] hotd time, delay time
Dy ch#, output range, owtput voltage, [I compliance],

fcompliance polarity mode]

Constant Source
i ch#, outpur range, outpul current, [V compliance],
fcompliance polarity mode]

Measurement ? A wieasirement mode
AY number, laveraging mode)
Trigger XE
Abort AB

* Brackets {{  ]) denote optional commands and parameters.
* Measurement channels are specified by the search measurement mode parameter of the
ASM command.

NOTE
When measuring hFE or Vih, suitable ramp rate, feedback integration time, and

delay time values can be cbtained by using the Control Software parameter cal-
culation subprograms, Para_hfe and Para_vih.
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AFU MONITOR Port
The AFU MONITOR port allows you to monitor DUT output, as monitored by the sense SMU,
by providing a voltage proportional to DUT output. Maximum AFU MONITOR port voltage is
*+8 V, as calculated using the following equations.
(1) If the target value is voltage:

AFU MONITOR Port V = DUT Qutput V/(Sense SMU V Measurement Range)(-8V)
where the sense SMU V measurement range is the lowest range that includes V' compliance.
(2) If the target value is current:

AFU MONITOR Port V = DUT Output I/{Sense SMU | Measurement Range)8V)
where sense SMU | measurement range is the lowest range that includes 7 compliance.
You can also observe DUT waveform patterns at the AFU MONITOR port using an oscillo-
scope to determine the validity of several analog search measurement parameters. The
following table lists four waveform pattern symptoms and their related parameter(s). If you

observe any of the waveform patterns listed in the foliowing table, check the corresponding
paramaeter(s).

AFU MONITOR Port Waveforms and Related Parameters

Waveform Paitern Parameter To Check

If waveform does not hold tine
settle before search starts
Excessive waveform overshoot ramp rate

at beginning of feedback search

Excessive waveform oscillation

‘ feedback integration iime
when a measurement is performed

If waveform does not settle ramp rate,

when a measurement is performed feedback integration time,
delay time

NOTE

if the sense current monitor range of the sense SMU is set to less than 10 A
range, no overshoot may be observed at the MONITOR port due to measurement
circuit delay, even if overshoot occurs. Therefore, even if no overshoot is ob-
served, do not set the feedback integration time too short or the ramp rate too high.
The measuwrement circuit delay does not affect the measurement because it is
correcled by the infernal circuit of the AFU.
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Information

Measurement Data Output Format is expiamed'én the HP 41428 HP-1B Command Reference

Manual.

Output and Measurement Ranging Mode, and Averaging are explained in chapter 5.

Analog Search Measurement Sample Program

The following figure shows a sample program that measures the hFE of a 2N3904 bipolar
transistor by using the analog search measurement function. The base terminal is connect-
ed to the search SMU, and the collector terminal is connected to the sense SMU. The AFU
senses the collector current via the sense SMU, and uses negative feedback to contro! the
base voltage via the search SMU. A description of key program lines follows the program

list.

Measurement Conditions

BUT Terminal Unit Ouiput Measurement
Base SMU Ch#3 Vb=0tio1V ib
Collector SMU Ch#2 Ve=1V,lc=1mA le
Emitter GNDU Ve=0V
4§ AFU
' c
8
? E
‘/Tz,‘h#:? gﬁn#?
SMU GNDU -l amu
vV
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Program List

10 | hFE Measurement using Analog Search Function
20 !
30 INTEGER B_ch, C_ch
40  DIM AS[31}]
50 ASSIGN @Hp4142 TO 717
60  CLEAR @Hpéi42

I

70 1 ! Emitter : GNDU
80 B_ch=3 ! Base : Ch#3
g0  C_ch=2 ! Collector : Ch#2

100 Vb _start=0

110 Vb stop=i

120 Vb rate=200

130 Ib_comp=1.15E-4

140 Vo=1

150  lc_target=1.E-3

160 ic_comp=1.15E-3

170 Inieg lime=4.5E-4

180  Delay time=1.E-4

190 !

200 OUTPUT @Hp4142;"CN"B ch, C_ch

210 OUTPUT @Hp4142;"ASV";B_ch, Vb_start, Vb_stop, Vb_rate, b _comp
220 OUTPUT @Hp4142;"AVI;C_ch, Vg, ic_target, ic_comp
230 OUTPUT @Hp4142;"ASM";1, 4, integ_time
240 OUTPUT @Hp4142;"AT"0, Delay time
250 OQUTPUT @Hp4142;"MM";6

260 QUTPUT @Hp4142;"XE"

270 QUTPUT @Hpdi42;"CL"

280 i

290 ENTER @Hp4142;A%

300 th=VAL(A3[4, 15))

310 e _meas=VAL(AS[20, 31}

320  PRINT "ib= ";ibs1.E+6;" JuA]"

330 PRINT "le= lc_meas=1.E+3;"[mA]"

340 Hie=lc_meas/ib

350  PRINT "hFE= ";PROUND({Hfe, -2)

360 END

Result
b= 4.492 [UA]

lc= 99628 [mA]
hFE= 221.79
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Description

40

60
160-180
200

210

220
230-240

250
260
270
280
300-350

Defines the string variable A £ for storing measurement data.

Initializes the HP 41428.

Assigns the constants.

Sets the SMU output switches to ON,

Sets the parameters for the search SMU.

Sets the parameters for the sense SMU.

Sets the parameters for the search operation and the measurement after
search,

Sets the measurement mode to analog search measurement function,
Sends a trigger to start measurement.

Sets the SMU output switches to OFF.

Enters the measurement data into string variable 43§.

Displays the base current, collector current, and hFE,
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2CH PULSED SPOT MEASUREMENTS

2 Channet Pulsed spot measuremenis are performed as follows: two sources force pulsed
outputs at the same time, and one monitor measures the output. The following table lists 2

channel pulsed spot measurement specifics. The {ollowing two figures show an example of

a typical 2 channel pulsed spot measurement {(when pulse period is not specified), and an
exampie of a repeated pulsed spot measurement {when puise period is specified),

respectively.

2ch Pulsed Spot Measurement Specifics

Cutput No. of | Source Source Aliowable | Allowable; Meas. No. of
Made Source | Mode Setup Units #Monitor Setup Meas.
Ch. Command Mode |Command] Ch.
PDV* HPSMU ¢
v pv? MPSMU * !
HCU?
Puise 2
PRIt HPSMU#
! Pt MPSMU* Y
HCU®
HPSMU ! M 1
\Y DY MPSMU
Constant | 010 10 VS
[ o HPSMU v
MPSMU
No Output VM V3

! Select one command from (PDVY and PDY), and one command from (PV and Pi).

2 One of two pulsed sources must be an HCU.
* Differential voltage measurements cannot be performed for pulsed measurements.
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1)

Susl

Primary ¢ch VA Hold Time Pulse Width

I Measurement Time

Pulse Vake /r"““"‘
Base Value
Secondary ch V| ims

Pulse Valle ) '
“-;“%“Settliﬂg Time - \
Base Value + :; :

Previoys Value !

§

Trigger Completion

Tirme

When the HP 4142B receives a frigger, the primary pulsed source forces the base

value, and the secondary pulsed source forces the hase value.

The primary pulsed source is automatically set to the HCU (if you use two
HCUs for both pulsed sources, the primary pulsed source is specified by
PDM command), and forces a pulse with the specified puise widri. The pulse
width of the secondary puised source is set to about 1 ms, regardless of the

specified pulse width,

After the secondary pulsed source starts to force the base value, the HP 4142B
waits for the specified hold time. If the hold time is less than the settling time of the

source unit, hold time is set to equal the settling time.
The secondary puised source forces the pulse value.

The primary pulsed source forces the pulse value.

The monitor unit measures V or | before the end of pulse.

The primary pulsed source forces the base value, and the secondary pulsed source

forces the hase value.

2ch Pulsed Spot Measuremen! Output Waveform
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P o

Jegs®

Th; Hold Time

To: Pulse Period

W Pulse Width

Tm: Measurement Time
Ts: Settling Time

Primary ch W/l Th Tp . Tp . Tp
W W
TN IR
Pulse Value - . : /-‘\ Y
Base Value —
Secondary ch Vi U odms © ims

Puise Value T il oy : j !
Base Value 4+

Previous Value

§

: Tine

} 4 by ,

Trigger PVIEL| Trigger PVIP | Trigger Completion
POV/PDI POVIPDI

For the first pulse, the HP 4142B performs steps 1 through 6 in the previous figure.
The HP 41428 receives the next puise settings. If these pulse settings are not
received, the first pulse settings apply.

The HF 4142B receives a trigger.

After the first pulse period (Tp), the pulse sources force the next puises.

The measurement unit measures V or ! before the end of the puise.

Steps 2 through 5 repeat for the remaining pulses.

Ii the HP 41428 does not receive a trigger for a succeeding pulse within the speci-
fied pulse period, the HP 4142B considers the measurement finished. To perform
repeated pulse measurements at constant intervals, the following condition must be
satisfied.

frold time < pudse period - pufse width

Repeated 2 ch Pulsed Spot Measurement
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NOTE

When using an SMU as a pulse source, set the Filler to OFF (Filters set 1o ON at
power-on) by using the FL. command.

The HP 4142B can receive and execule commands during hase value output in
pulsed spot measurements that puise period specified, but other types of measure-
ments cannot be performed until the pulsed spot measurement is complete.

For SMU current pulses, the pulse current and base curreal values must have the
same polarity.

For HCU voltage pulses, the base voitage can be specified only as 0 V. For HCU
current pulses, while the HCU cutput is a base value, the HCU output is 0 V and
no current,

4-51



Commands and Parameters

The foliowing tabie lists the commands and parameters for 2 channel pulsed spot measure-
ments. To specify one pulsed source, use the PDV or PDI command. To specify another
pulsed source, use the PV or Pi command.

2ch Pulsed Spot Measurement Commands and Parameters

Function Command® Parameters *
POV ch#, oulput range, base voltage, pulse vollage,
[l compliance]
py o, output range, base voltage, pulse volrage,
U compliance]
Pulsed
Sources ? oI ch#, oufput range, base current, pulse current,
IV compliance]
Pl ch#, output range, base current, pulse current,
¥ compliancel
[FL.] fifrer, [ch#]
Pulse PT hoid time, pulse width, [pulse period]
Conditions _
[PDM] primary pulse ch#
ch#, oulput range, output voltage,
Bv I compliance], [compliance polarity mode]
Constant prancel, plance s Y
Source chi, oulpui range, ourpul current,
ol [V compliance], lcompliance polarity mode]
MM measurement mode, [ch#]
Measurement RN ch#, I measurement range
[RV] ch#, V measurement range
Trigger xx i e
Abort AB

* Brackets ([ ]) denote optional commands and parameters.
? When using SMUs, set Filter to OFF.
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information

Measurement Data Output Format is explained in the HP 41428 HP-1B Command Reference

Manual.

Output and Measurement Ranging Mode, and Filter are explained in chapter 5.

2ch Pulsed Spot Measurement Sample Program

The following is a sample program that measures the collector saturation voitage (Vee(sat))
of a 25C3281 npn bipolar transistor by using the 2ch pulsed spot measurement function of
the HP 4142B. A description of key program lines follows the program list.

Measurement Conditions

DUT Terminal Uit Output Measurement
Base HPSMU Ch#2 b=1A
Collector HCU Ch#5 le=10A Vee
Emitter GNDU Ve=0V

Program List

10
20
30
40
50
60
7Q
80
90
100
110
120
130
140
i50
160
170
180
190
200
210
220
230
240

! Vee(sat) Measurement using 2¢h Pulsed Spot Function
1

INTEGER B_ch, C_ch
DIM Status$[3]

ASSIGN @Hp4142 TO 717
QUTPUT @Hp4142;"+«RST"

! Emitter : GNDU

B ch=2 ! Base : HPSMU Ch#2
C_ch=5 ! Collector . HCU Ch#5
b=1

lc=10

1

OUTPUT @Hp4142;"CN";B_ch, C_ch
OUTPUT @Hp4142;"FL"0, B_ch
OUTPUT @Hp4142:"P1",B_ch, 0, 0, Ib, 2
OUTPUT @Hp4142;"PDI%C_ch, 0, 0, Ic, 5
OUTPUT @Hp4142;"PT"0, 1.E-4
OUTPUT @Hp4142;"MM":7, C_ch
OUTPUT @Hp4142:"XE"

OUTPUT @Hp4142;"CL"

i

ENTER @Hp4142 USING "#, 3A, 12D, 2X";Status$,Vee
PRINT "Vce(sat)= ";Vce;"V", "(Data status: ";Status$;")"
END
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Resulf

Vee(saty= 4336 V {Data status: NEV)
Description
60 Initializes the HF 41428B.
80-110 Assigns the constants.
130 Sets the output switches to ON.
140 Sets the SMU Filter to OFF.
150 Sets the ch#2 MPSMU current pulse parameters,
160 Sets the ¢/m5 HCU current puise parameters.
170 Sets the output pulse waveform.
180 Sets the measurement mode to 2ch pulsed spot function.
190 Sends a trigger to start the measurement.
200 Sets the output switches o OFF.
220 Enters the measurement data.
230 Displays the measurement results.
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PULSED SWEEP WITH PULSED BIAS MEASUREMENTS

Pulsed sweep with pulsed bias measurements are performed as follows: one source sweeps
pulsed voltage or current, and another source forces pulsed voltage or current with syn-
chronized sweep pulsed output, while cne monitor measures the output for each sweep
step. Measurement data for each sweep step is stored in the ouiput data buffer. The fol-
lowing two tables list the pulsed sweep with pulsed bias measurement modes and provide
an ilustration of each, and HP 4142B puised sweep with puised bias measurement specifics,

respectively.

Pulsed Sweep with Pulsed Bias Measurement Modes

Sweep Mode

Output Waveform

Linear Single
Pulsed Sweep
with Puised Bias

Al
RINININ

Linear Double
Pulsed Sweep
with Pulsed Bias
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Fulsed Sweep with Puised Bias Measurement Specifics

Duitput No. of | Source Source Aliowable | Allowsbie] Moeas. MNo. of
Mode Source | Mode Setup Linits Monitor Setup Meas.
Ch. Command Mode | Command] Ch,
HPSMU *
vV PwWY MPSMU * .
Pulsed HCU*
Sweep 1
HPSMU?
i PwWi MPSMU v
HCU*
HPSMLUE?
v PDV MPSMU*® i
Pulsed HCU®
Bias 1
HPSMU*
| PDI MPSMI ! vV Vi 1
HCU *
HPSMU !
v ov MPSMU
Constant | 0to 10 V8
f bl HPSMU vV
MPSMU
No Output - - VM Ve

* One of the two pulsed sources must be an HCU.
* Differential voltage measurements cannot be performed for pulsed measurements.

The pulse period of one pulsed source (primary pulsed source) is set to the specified pulsed
widih, and the other pulsed source (secondary pulsed source) is set to about 1 ms. The
following figure shows an example of a single pulsed sweep with pulsed bias measurement.
Figure {a) shows the puised sweep source as the primary pulsed source, and the puised bias
source as the secondary puised source. Figure (b) shows the pulsed sweep source as the
secondary pulsed source, and the puised bias scurce as the primary pulsed source.

The primary puised source is automatically set to the HCU (if you use two HCUs for both

pulsed sources, the primary pulsed source is specified by the PDM command). The second-
ary pulsed source is sel to the other pulsed source.
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(2} When pulsed sweep source is the primary pulsed source:

Hold Time
Pulse Period

:Pulse Width

Th:
To:
W
Tra:
Qutput Voltage Ts:
Or Current g e Tp To
Stop Pulse . W —
Vatue -+ I w — w W
Start Pulse : Tm .
Value + m
Base Value : :

Measurement Time
Settling Time

W

Pulse Valie T ! : : : ‘
e Value T /—*\ /—\
Base Value .

.1msi

L ims
S,

Previous Value —/ :
: - Time
4 H
Trigger Cormapletion
() When puised bias source is the primary pulsed source:
Quiput Voltage
Or Current
. ms . «dms .« 1ims - ims .,
Stop Pulse : : : : : -
Value :
Start Pulse
Value + ' If \ ;
it TG i‘ \ . .
Base Value 4 ¥,
Previcus Value —-————f :
Th Tp L Tp - Tp
—w W W W
oo T 1) Lo P
Pulze Vakie + [y J— "
Base Value X m ﬂ ﬂ m
. Time
t
Trigger Completion

Pulsed Sweep with Pulsed Bias Measurement Output Waveform (1 of 2)
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When the HP 4142B receives a trigger, the puised sweep source forces the buse
vaiue, and the pulsed bias source forces the base value.

Alter the pulsed bias source starts to force the base value, the HP 4142B waits for
the specified hold rime. If the hold time is less than the settling time of the source
unit, sold fime is set to equal the settling time.

The secondary puised source forces the pulse, and the primary pulsed source
forces the puise.

The monitor unit measures V or | before the end of pulse.

The primary puised source forces the base value, and the secondary pulsed source
forces the base value.

The secondary pulsed source forces the next pulse.

The primary pulsed source forces the next pulse after the specified pulse period
(Tp).

The monitor unit measures V or | before the end of pulse.

Steps 5 through 8 repeat until the output reaches the stop pulse vaiue. When the
measurement finishes, both pulsed sources force the base value.

Pulsed Sweep with Pulsed Bias Measurement Quiput Waveform (2 of 2)
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The following figure shows an example of a double pulsed sweep with pulsed bias measure-
ment. Sweep source output is swept from srari value to srop value, then from siop value to

stqri value, as shown. The measurement sequence is the same as a single staircase sweep
measuremeant.

\2
Stop Pulse
Value  +
Start }\juiise ﬂ H ﬂ H
&lue -+ L
Base Value ﬂ Pk m
e R BV B U A U A N A
Base Value ¥
: . Time
§ 4
Trigger Compigtion

Pulsed Double Sweep Measurement

NOTE

When using an SMU as a pulse source, set the Filter to OFF (Filters set to ON at
power-on) by using the FL command.

It you set szart puise value = stop pulse value, all pulses are the same height.

For current pulse sweep source, hase, start pulse, and stop pulse values must have
the same polarity. For current bias source, base current and pulse curremt must
have the same polarity.

For HCU voltage pulses, the base voitage can be specified only as 0 V. For HCU

current pulses, while the HCU output is a base value, the HCU output is 0 V and
no current.
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Commands and Parameters

The following table lists the commands and parameters for pulsed sweep with pulsed bias

measurements. To specify the pulsed sweep source, use the PWV or PWI command.

specify the pulsed bias source, use the PDV or PDI command.

Pulsed Sweep with Pulsed Bias Measurement Commands and Parameters

Ta

Function Command’ Parameters *
ch#, sweep mode, output range, base voltage,
PWV start pulse voltage, stop pulse voliage,
Pulsed number of steps, [I compliance]
Sweep
Source * ch#, sweep mode, outpui range, base current,
=T start pulse current, stop pidse curreni,
number of steps, [V complianee)
PDV ch#E, output range, base voliage, pulse voltage,
I complianee]
Pulsed
Source ? PDI ch#, outpit range, base current, pulse current,
[V compliance]
Pulse Enable? [FL] filter, [ch#]
Pulse PT hold time, pulse width, [pulse period]
Conditions .
[PDM] primary pulse chi
Sweep Conditions (WM automatic sweep abort function
chi, output range, output voltage,
DV il compliancel, lcomplianee polarity mode)
Constant
Source ch#, ouiput range, omiput currend,
Dl [V complianeel, [compliance polarity mode}
MM mueasurement mwode, [ch#)
Measurement [RI] ch#, I measurement range
[Rv] ch#, V measurement range
Trigger XE e
Abort AR

! Brackets ([ ]) denote optional commands and parameters.
* When using SMUs, set the SMU Filter to OFF.
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information

Measurement Data Output Format is explained in the H P 47428 HP-I18 Cormmand Reference
Marnual.

Output and Measurement Ranging Mode, Automatic Sweep Abort Function, and Filter are
exptained in chapter 5.

Pulsed Sweep with Puised Bias Measurement Sample Program
The following is a sample program that measures the static collector characteristics of a

25C3281 bipolar transistor by using the pulsed sweep with pulsed bias measurement func-
tion of the MP 4142B. A description of key program lines follows the program list.

Measurement Conditions

DUT Terminal Unit Cutput Measurement
Base HPSMU Ch#2 ib = 50 m,100 m,150 mA -
Collector HCU Ch#5 Ve = 0.1 to 10 V, 100 steps ic
Emitter GNDRU Ve=0V

Program List

10 tlc-Voe Measurement using Pulsed Sweep with Pulsed Bias Function

20 !

30 OPTION BASE 1

40  INTEGER B _ch, C_ch, Vc_no_step, Ib_no_step, var1, var2

50  REAL Vc(100), ic(3, 100)

60  COM Error$(100)3], Errori(100), Error2(100), Error3(100), No_error

70 ASSIGN @Hp4142 TO 717

80  OUTPUT @Hp4142;"~RST"

90  OUTPUT @Hp4142;"FMT";5
1

100 1 Emitter : GNDU
110 B ch=2 I Base : HPSMU (Ch#2)
120 C _ch=5 b Collector @ HCU (Ch#5)

130 Vo_start=.1

140 Ve _stop=10

150 V¢ _no_step=100

160  lc_comp=10

170 1b_start=5.0E-2

180 b _step=5.0E-2

190 I _no_step=3

200 !

210  Vc_step=(Vc_stop-Ve_start)/(Ve_no_step-1)
220 FCR Vari=1 TO V¢_no_step

230 Ve(Varil=Ve start+{Vari-1)sV¢_step
240  NEXT Vari

250  CALL leve_graph(0, Vc_stop, 0, lc_comp)
260 !
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270 QUTPUT @Hp4142;"CN";B ch, C ch
280  OUTPUT @Hp4142,"PWV"C_ch, 1, 0, 0, Vc_start, Vo _stop, Yo _no  siep,
fc_comp
290  OUTPUT @Hp4142;"FL"0, B_ch
300 OQUTPUT @Hp4142,"PT",0, 2.E-4, 2.0E-2
310 OUTPUT @Hp4142,"MM";&, C ch
320 !
330 No_error=0
340 FOR Var2=1 TO Ib_no_step
350 tb=ib_stari+lb_step«(Var2-1)
360 QUTPUT @HPp4142;"PDIYB ¢h, 0,0, Ib, 2
370 OUTPUT @Hp4142;"XE"
f

380 !

390 FOR Vari=1 7O V¢_no_step

400 ENTER @Hp4142 USING "#, 3A, 12D, X";Status$, Ic(Var2, Vart)
410 FLOT Ve(Vari), le(Var2, Vari)

420 tF Status$[1;1]<>"N" THEN

430 No_error=No_error+1

440 Error${No_error)=Status$

450 Errori{No_erron=Ib

480 Error2(No_erron=Vc(Varl)

470 Error3(No_error=ic{Var2, vVari)

480 DISP "MEASUREMENT ERROR", Errorg{No_error), Ef.
rori(No_error), Error2(No_error), Error3{No_error)

490 END IF

500 NEXT Vari
510 PENUP
520 NEXT Var2
530 OUTPUT @Hp4142;"CL"
540 END
550 !
560 SUB love_graph(X_axis_min, X_axis_max, Y_axis_min, Y_axis_ max)
570 !
580 GINIT
590 GRAPHICS ON
600 CONTROL CRT, 12;1
610 PRINT CHR$(12)
620 ;
630 Amax=100+MAX(1, RATIO)
640 Ymax=100+MAX(1, 1/RATIO)
650 !
660 LORG 6
670 MOVE Xmax/2, Ymax
680 LABEL "COLLECTOR CHARACTERISTICS"
690 DEG
700 LDIR 90
710 CSIZE 4.5
720 MOVE 0, Ymax/2
730 LABEL "tc(A)"
740 LORG 4
750 LDIR O
760 MOVE Xmax/2, 0
770 LABEL "Vee(W)"
780 !
790 VIEWPORT .16+Xmax, .91+Xmax, .15+Ymax, .9+Ymax
80O !
810 FRAME
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820 WINDOW X _axis_min, X_axis_max, Y _axis min, Y_axis _max
830 AXES(X axis_max-X_axis_mini/10,(Y_axis_max-¥_ axis min)/10,
840 CLIP OFF

850 CSIZE 4, 5

860 LORG 8

g870 FOR =X _axis_min TO X_axis max STEP (X_axis_max-X_axis_min}/2
&80 MOVE 1, ¥ axis_min

890 LABEL |

800 NEXT |

910 CSIZE 3.8, .5
920 LORG 8

930 FOR I=Y_axis_min TO Y_axis_max STEP {Y_axis _max-Y_axis min)/2
840 MOVE X_axis _min, |

850 LABEL USING "#, MD.DE™

960 NEXT i

870 CLIP ON

980 !

980 SUBEND

1000 SUB Error_disp

1010 COM Error$is), Errori{+), Error2(+}), Error3(s), No_error
1020 PRINT "STATUS", "Ib", "V¢", "Ic”

1030 FOR i=1 TO No_error

1040 PRINT Errorg(l}, Error1{l), Error2(l), Error3(l)
1050 NEXT i

1060 SUBEND

Resuit

COLLECTOR CHARARCTERISTICS

1 OE+HE]

3, BE 488 //"

Toc (Al

B. BE*B%

o

o
@
B

4-63



Description

30-60
80
90

110-180
210-240

250
270
280
290
300
310
340-360
370
400-410

420-490
520
530
560-990

Defines the variables.

Initializes the HP 4142B,

Sets the data output format to ASCI with header and comma as a
terminator.

Assigns the constants.

Calculates coflector voltage value for each step, and stores these values in
an array variable.

Calls subprogram to display graphics frame.

Sets the output switches to ON.

Sets the ch#5 HCU pulsed voliage sweep parameters.

Sets the SMU filter to OFF.

Sets the output pulse waveform.

Sets the measurement mode to puised sweep with pulsed bias function.
Sets the ch#2 SMU current pulsed source parameters.

Forces a trigger to start a voltage swept measurement.

Enters the measurement data into variable /¢, and displays measurement
data in the graphics frame.

Displays any measurement errors that may occur.

Sels the base current to the next valus.

Sets the SMUs ocutput switches to QFF,

Subprogram for displaying graphics frame.

1000-1060 Subprogram for displaying measurement errors.
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HIGH SPEED SPOT MEASUREMENTS

You can make high speed spot measurementis by using the TV or Tl commands. These
commands make a V or | measurement independently of the source mode setting {V or 1).
Measurements are faster because trigger, measurement mode, measuremen( chit, and measitre-
ment range are all combined into one command. However, you are limited to one measure-
ment channel. The TV command (for V measurements) is used instead of the MM, RV, and
XE commands. The T1 command (for | measurements) is used instead of the MM, Bi, and
XE commands. The following two tables list measurement functions that can only be per-

formed using the high speed spot measurement function, and high speed spot measurement
specitics, respectively.

High Speed Spot Measurement Special Functions

Measurement Function Equivalent Circuit

i g\ T—
VS current measurement el NS
VS
o
-4
Voltage measuremant by A 0
SMU set to V source mode f\»/\
{; N
SMU
’ L
Current measurement by gd, o ©
SMU set to | source mode 7 SMU

High Speed Spot Measurement Specifics

Output Mo. of | Source Source Ajlowable | Allowable| Meas, No. of
Mode Source | Mode Setup Units Monitor Setup Meas.
Ch. Command Mode | Command | Ch.
HPSMU v, | VTV
v DV MPSMU I: Ti
Constant [0* to 16 Vs I T
1
1 Di HPSMU W, Vi TV
MPSMU ETI
No Cutput Vivi v v
DIF. V VM

' When using a VM to make a measurement only.
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Commands and Parameters

The following table fists high speed spot measurement commands and parameters.

High Speed Spot Measwrement GCommands and Parameters

Function Command * Barameters *

i, ouipul range, output voliage,
v i compliancel, [compliance polarity mode]
Constant Scurce

ChE, outpur range, output current,

ol IV compliance), [compliance polarity mode)
Measurement TV i, [V measurement range]
and Trigger
Tl ch#, [I measurement range]
[¥iM] ch#t, VM operation mode
Measurement
[AV] number, laveraging mode]

* Brackets {| ) denote optional commands and parameters. Optional parameters and
optional command parameters have default values.

information

Measurement Data Quiput Format is explained in the HP 41428 HP-IB Command Refercnce
Manual.

Output and Measurement Ranging Mode and Averaging are explained in chapter 5.
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High Speed Spot Measurement Sample Program

The fellowing is a sample program that measures collector current for two collector-to-
emitter voltage values using the high speed spot measurement function. Saturation Ic-Vce
values are then used to calculate Early Voitage. A description of key program lines follows
the program list.

Measurement Conditions

DUT Terminal Unit Ouiput Measuremeni
Base SMU Ch#3 b =20 uA -
Collector SMU Ch#2 Ve=2 86V ol
Emitter GNDU Ve=0V -

Program List

10 | Early Voltage Measurement using High Speed Spot Function
20 !

30  INTEGER B c¢h, C _ch

40 DIiM Ic18]{15], Ic28[15]

50  ASSIGN @Hp4142 TO 717
60  QUTPUT Hp4142;"+RST"
70 1 Emitter » GNDU
80 B _ch=3 ! Base © Ch#3
90 C_ch=2 ! Coflector : Ch#2
100 h=2.E.5

110 Voi=2

120 Ve2=6

130 |

140 QUTPUT @Hp4142;"CN";B_ch, C ch

150  OUTPUT @HP4142;"DI"B _ch, 0, Ib, 2

160 OUTPUT @Hp4142;"DV",C ch, 0, Vci, 1.E-2

170 QUTPUT @Hp4142;"TIC _ch

180 ENTER @Hp4142;lc1s

190 QUTPUT @Hp4142;"DV",C_ch, 0, Vc2

200 OUTPUT @Hp4142;"TI";,C ch

210 ENTER @Hp4142;ic2$

220 OUTPUT @Hp4142;"CL"

230 1

240 lct=VAL{Ic15[4, 15))

250  1e2=VAL{lc23[4, 15])

260  Va=(Vcislc2-ic1+Ve2)/(Ic2-1ct)

270 PRINT "Early Voltage= ;PROUND{Va, -2);"[V]"

280 END

Result

Early Voltage= -155.44[V]
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Description

60 Initializes the HP 41428.

100-120 Assigns the constants.

140 Sets the SMUs output switches o ON.

150 Forces 20 1A to the base.

160 Forces 2 V to the collector,

170 Measures the collector current.

180 Enters the measurement data into string variable J¢18.
190 Forces 8 V to the collecior.

200 Measures the collector current.

210 Enters the measurement data into string variable 7¢28.
220 Sets the SMUs output switches to OFF.

240-250 Converts the string expression into a numeric value to obtain the collector
current values.

260 Calculates the Early Voltage value.

270 Disptays the resull.
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INTRODUCTION

This chapter explains the functions that can be used in measurements, such as ranging,
compliance, measurement averaging, automatic sweep about function and program
memary.

QUTPUT RANGING MODE

Allowable Ranging Mode

The foliowing tabie lists the allowable output ranging mode for sach source.

Allowable Output Ranging Mode

Cuiput Mode Cutput Setup Auto Limited Auto
Command Ranging Ranging
Constant V/] Source DV/DH YES YES
Staircase Sweep V/ Source WV/WE WEV/WEI YES YES
Pulsed V/I Source PV/PI, PDV/PDI YES YES
Fulsed Sweep V/I Source PWV/PWI YES YES
Search ASY YES e
V/i Sense (Constant I/V Source) AVIEAIV YES —
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Auto Ranging

For Auto ranging, the output of the source unit is forced at the lowest range that includes
the Range Determination Vaiue shown in the following table.

Range Determination Value

Oulpul Seiup Command Range Determination Vaiue®

by output voltage

DI ouipul current

WV MAX(starf voltage, siop voliage)® *

WSV MAX(start voltage, stop voltage)® *

W1 {For linear sweep) MAX(start current, stop current)®

W1 (For log sweep) each step output current*®

WSt (For linear sweep) MAX(start current, stop currenl}?

W3l (For log sweep) each step output current*®

PV MAX(hase voltage, pulse voltage)

Pl MAX(base current, pulse current)

PWY MAX(base voltage, start puise vollage, siop pulse voltage)®

PWi MAX(base currend, start pulse current, stop puise current)®

ASY MAX{search start voltage, search stop voltage, {search stop
voltage - search start voltage)}*

AVl output voltage

AlV ollpul cirrent

* Each parameter value means an absolute value.

During & sweep, the ouiput range does not changs.

However, if you specify power compliance for the SMU of the staircase sweep V
source, and the | compliance value al some step (smaller value of {power compliancel/
(step output volage) and I compliance) is greater than the maximum current for the V
output range seiected by the Auto ranging or Limited Auto ranging, then the V output
range at this step is changed according to the output voltage, as follows. SMU
output is momentarily set to O V if V range changing occurs.

During a log 1 sweep, the output range changes so thal each step current is forced at
the lowest range that includes the step current.

z

3

Unit Step Voltage Output Range

SMU ovEvsa20v 20V
20V <V L4V 40V
V<V ZI00V 00V
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The following table lists the lowest output range that includes the Range Determination
Value, that is, the range set by Auto ranging.

Output Range Set by Auto Ranging

Unit Range Determination Value Quiput Range
HFPSMU 0S|V £2YV 2V
MPSMU 2V |V <20V 20 v

20V < Wi €40V 4G V
40V < |V 2100V 100 v
100V < V] €200V 200 V

HCU 0 |Vis2yV 2V

2V <V €10V 20V

VS 0 V| €20V 20V

20V< V<40V 40V

HPSMU 0< i £1.15 nA 1 nA
MPSMU 1.15nA < |1 £ 115 nA 10 nA
15 nA< |l €115 nA 100 nA

115 nA < 1] £1.15 uA 1 WA

115 A < | £ 115 UA 10 yA

11.5 A < || £ 115 WA 100 1A

115 WA < 1] £ 1.15 mA 1 mA

1A5 mA < JIf £ 11.5 mA 10 mA
11.5 mA < it £ 115 mA 100 mA

T1BmA<|l] <1A 1A

HCU 0< il £1.15mA 1 mA
TI5mA < [1} £ 115 mA 10 mA
1.5 mA < |1} £ 115 mA 100 mA

MEmA < |1} <1158 A 1A

115A < [H £10A 10 A

Limited Auto Ranging

For Limited Auto ranging, the output of the source unit is forced at the specified range, if
this range includes the Range Determination Value described in "Auto Ranging.” If not, the
output is forced at the same range as Auto ranging.

5-3



MEASUREMENT RANGING MODE

Allowable Ranging Mode

The foliowing table lists the allowable V measurement ranging mode for each monitor unit.

Allowable Ranging Mode *
Unit Wil {Ranging Maode Setup Command)
Meas.
Constant V/I Meas. Pulsed V/l Meas. Search Meas.
HPSMU | V Meas. Comp? Comp Comp?
MPSEMU
HCU | Mgas. Auto, Lid, Fix, Comp * Comp, Fix Comp
GHE) (81, T1)
VM Vv Meas. Auto, Fix Fix -
(AV, TV) (RY, TV)
VS i Meas. 3

* Auto: Auto ranging, Litd: Limited Auto ranging, Comp: Compliance range, Fix: Fixed
range

Constant Meas.: For Spot, Staircase sweep, or High speed spot measurements,

Pulse Used Meas.. ich pulsed spot, 2ch pulsed spot, Puised sweep, Pulsed sweep

with pulsed bias, or staircase sweep with pulsed bias measurements.

Search Meas.: Analog search measurements

If the unit is the V source and V monitor, or | source and | monitor, the measurement

range is set to the same as output range, regardiess of the shown ranging mode.

If VS output range is set to 20 V, VS | measurement range is automatically set {o the

100 mA range. If VS output range is set to 40 V, VS | measurement range is auto-

matically set to the 20 mA range. VS | measurement is only available for High speed
spot measurements.
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Auto Ranging

The monitor unit measures at the range that provides the highest resolution. The range
changes to the next higher range if the measurement value is greater than 114% of the

present range. The range changes to the next lower range if the measurement value is less
than 10% of the present range.

The foliowing table lists the auto ranging measurement area for each range.

Auto Ranging Measurament Area

Unit Hange Meas, Area Auto Ranging Meas. Area
¥ Y dto 23V OV <V 2228V
(Grounded 20V Gio £23V 2V < V] £228Y
measurement) 40V Oto x40V 4V < V] €40V
Wi g2y Oto 2023V 0L Vi g0228Y
(Differential 2V Oto £2.3V 02V L |Vi<23YV
measurement)
HPSMU 1 nA Cto1.i5nA OA< I £1.14nA
MPSMU 10 nA Oto11.5 nA TnA < [ £11.4nA
100 nA 0 to 115 nA 10 nA £ |1 £ 114 nA
1 UA Oto 1.15 yA 100 nA £ 1] £ 1.14 uA
10 UA 0 to 11.5 uA THAZ [T £ 11.4 uA
100 uA 0 to 115 uA 10 A S [I] € 114 uA
1 mA 010 1.15 mA 100 wA < {1} £ 1.14 mA
10 mA 0to 11.5 mA 1TmA < i £ 11.4 mA
100 mA 010115 mA* 1I0mA L |1 S 114 mA®
1A Oto1 A 100OmA LS Il £1A

' For MPSMU, 100 maA

iimited Auto Ranging

The monitor unit measures at the range that provides the highest resolution in the specified
range and higher. The range changes to the next higher range if the measurement value is
greater than 114% of the present range. The range changes to the next lower range if the
present range is higher than the specified range and the measurement value is less than
10% of the present range. If you do not need to measure at the lower | range, specify the
higher range at this ranging mode. You can reduce the measurement time of Auto Ranging
with Limited Auto Ranging because the number of range changes decreases.

However, if the specified range is greater than the lowest range that includes 7 compliance,
the measurement range is not set by Limited Auto ranging and is set to Compliance range
{see next paragraph, "Compliance Range"). Therefore, if you specify the 1 A Limited Auto
ranging for HPSMU, and the 100 mA Limited Auto ranging for MPSMU, then the measure-
ment range is always set to Compliance range regardiess of I compliance.
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Compliance Range

For ¥V measurement, the monitor unit measures at the lowest range that includes V' com-
pliance. It you also specify power compliance Tor the SMU, the SMU measures at the lowest

range that includes V' compliance, of {power compliance)/(step output current), whichever
range is lower.

For | measurement, the monitor unit measures at the lowest range that includes 1 com-
plianece. If you also specify power compliance tor the SMU, the SMU measures at the lowest
range that includes I compliance, or {power compliance)f{step output voltage), whichever
range is lower,

Compliance range performs measurements fastest because the ranging is performed when
you set the compliance and the range does not change for each measurement.

The following table lists the measurement range for Compliance range.

NOTE
if you specify the 1 A Limited Auto ranging or 1 A fixed range for the HPSMU, and

the 100 mA Limited Aute ranging or 100 mA fixed range for the MPSMU, then the
measurement range is set to Compliance range.
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Measurement Range for Compliance Hange

Unit

V ocomplioneef
I compliance

Measurement Range

HPSMU
MPSMU

OV IV]<2V
2V <|V] <20V

20V < |V] <40V

40V < {V| <100V
100V < |V] €200 V

2V
20V
40V
100V
200 v

HCU

oV |V <2V
2V < |V <10V

2V
20V

HPSMU
MPEMU

0< || €1.15nA
115 nA < |1] < 11.5 nA
11.5 nA< |1] < 115 nA
115 nA < |1 < 1.15 UA
115 1A < [1] € 11.5 UA
11.5 uA < |1} < 115 uA
115 1A < |1} € 1.15 mA
115 mA < |1] < 11.5 mA
11.5 mA < |1] € 115 mA

115 mA<l] <1A

1 nA
10 nA
100 nA
1 UuA
10 UA
100 pA
1 mA
10 mA
100 mA
1A

HCU

0< (1] £1.15mA
1.15 mA < |1} < 11.5 mA
115 mA < 11} < 115 mA
115 mA < |1] < 1.15 A

115 A < [1] <10 A

1 mA
10 mA

100 mA
1A

10 A

Fixed Range

The monitor unit measures at the specified range only.

However, the | measurement range is set to the Compliance range if the specified range is
greater than the lowest range that includes | compliance. For example, if you specify the 1
A range for HPSMU and the 100 mA range for MPSMU, then the measurement range is

always set to the Compliance range, regardless of I compliance.

If the measurement value exceeds the specified measurement range, the measurement data

is durnmy data (198.999E+29).
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COMPLIANCE/LIMITER

Y/ Compliance
Altowable Units:
HPSMU, MPSMU, HCL

To prevent damage to the test device due ta overcurrent or overvoltage, you can set the
HPSMU, MPSMU, and HCU to | or V compliance. | and V compliance are limiters that can
be set with the same resclution and accuracy as output current or output voltage. When
using a unit in the V source mode, specify I compliance. When using a unit in the | source
mode, specity V compliance. The following tabies list the compliance area and compliance
resolution, respectively.

I an output reaches I or IV compliance, that unit acts as a constant | or V source, respective-
ty, and ouiput is maintained at the specified compliance level.

To check whether a source unit reaches J or ¥ compliance during a measuremsnt, check the
reasurement data stalus byte. Refer to the HP-TB Command Reference Manual for more
details.

When setling compliance, observe the following precautions:

s Do not set 7 compliance 100 low.
The lower that I compliance is, the longer it takes for the setling time.

¢ Do not set I compliance too high, even if you think that damaging high voltage
can not oceur. A unit will reach IV compliance it it cannot force the specified
current by the following current limitations:

1} Test device.

2} Compliance/limiter of another unit,

3) Limitation of maximum current at the | measurement range of another unit,
if the I measurement range is lower than the compliance range. However,
this limitation is momentary because the | measurement range automaticaily
changes to the compliance range immediately after this limitation occurs,

@ The V measurement range {that is, V measurement resolution) of the SMU or
HCU is determined by V7 compliance, and set to the Compliance range.
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VI complionee Setting Area

Unit Output Range VI compliance
HPSMU | 2V 1phito1A
20V 0 < (V] £14V) 1phitot A
20V (14 < |V| <20 V) 1 pA? to 700 mA
40V 1 pA* to 350 mA
100 v 1 pA* 10 125 mA
200 v 1 pA*? to 50 mA
1nA°® Qto 200V
10 nA to 10 LA Oto200v"*
100 uA 10 10 ma Olo 2060V
100 mA (0 < 11| < 50 mA) 0to 200V
100 mA (80 mA < |i] < 115 mA) Oto 100V
1AL [ £ 50 mA) Oto 200V
TABG MA < 1] £125 mA) Oto 100V
1A (125 mA <] < 350 mA) Cto 40V
1A (350 mA < |1} £ 700 mA) Qto20V
TAFOOmMA < ] < 1A Otoi4 v
MPSMU 2V 1 0A* 10 100 mA
20V 1 pA? to 100 mA
40 v 1 pA® to 50 mA
100V 1 pA? to 20 mA
1 nA? Cto 100V
10 nA 10 10 WA Oto {00 V"
100 uA 1o 10 mA Olo 100V
00 mA (0 £ |1} £20mA) Ctot100V
100 mA (20 mA < {1] < 50 mA) Oto 40V
100 mA (50 mA < 1] < 100 mA) Qio20V
HCU 2Vipagy 1UAtO 10 A
1mAtc 10 A Otoi0 Vv

AW W e

2 nA when performing pulsed measurements.
20 1A when performing puised measurements.
1 nA range not available when performing pulsed measurements.
2 V when performing puised measurements.
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VI compliance Resolution

Unit Vil compliance Resolution
HPSMU Divi<2y 100 uy
MPSMU V<V 20V imy

20V <1V} <40V 2mv
40V < V| <100V 5my
100V < VI €200V 10 my
1pA< | <115 nA 50 fA
1.15 nA < il £ 11.5 nA 300 fA
115 nA< |1 £115nA 5 pA
115 nA < |1} £ 1.15 uA 50 pA
115 uA < |1 € 1.5 WA 500 pA
115 uA < |1 £ 115 1A 5nA
115 A < 1l £ 115 mA 50 nA
1.15 mA< |t} € 11.5 mA 500 nA
1.5 mA < ] £ 115 mA 35 A
H1emA < it <1A 50 uA
HCU glvisa2y 200 uv
2V Visiov 2myv
1A < 1} £ 1.15 mA 100 nA
145 mA < 1] £ 11.5 mA 1 UA
11.5 mA < [1] £ 115 mA ' 10 uA
M5mA< ] £1A 100 LA

NOTE

For HCUs, the specified V' or I compliance is set only during pulse value output.
While the HCU forces a base valueg, the output is fixed to 0 V and the | compliance
is fixed to 0.1% of the range value of | range, regardiess of the pulsed V or |
source. The ! range is the lowest range that includes the I compliance for pulsed V
source, or is the 1 output range for the pulsed | source.

When the V or | compliance range is set to the unit, the V or | measurement range
is set to the lowest range that includes the compliance. The | measurement
range, however, changes during the measurement according to the specified
ranging mode, if you do not specily compliance range.
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Polarity of Compliance

The HP 41428 automatically sets [ compliance polarity to the same polarity as the output
voltage, regardiess of the specified I compliance polarity.

The HF 4142B automatically sets V' compliance polarity to the same polarity as the output
current, regardless of the specified V' compliance polarity.

The following figure shows the compliance and output area.

MOTE

The only time V/I compliance automatic polarity setting mode is not valid is when
you set compliance polariry mode 10 MANUAL using the DV or DI command, See
the following paragraph, "Manual Setting of Compliance Polarity."

For | compliance, current with the opposite polarity of I compliance is limited also.
For HPSMU and MPSMU, this opposite polarity value is greater than |7 com-
pliance| by an amount that is 2% to 10% of the range value in the lowest range
that includes I compliance. For HCU, the opposite polarity value is 0.1% of the
range value for | range {maximum value is 10 mA at 10 A range). | range is the
lowest range that includes I compliance for pulsed V source, or is the | output
range for pulsed | source.

fcomp: Foompliance V comp: ¥V complance
Current Voitage

>
V=<0 V0 / LS L] 120 WV comp!
= e = |/ comp |
: j j / Cutput / Qutput
; ; : i g Voltage // Current
-l comp i -7 -
~|V compl =5 o oy - 7

{a) SMU /compliance b SMU ¥ compliance

Voltage
Current V20 20

W comp|
I/ compl
/ Output /‘_ Output
7 .
/;‘ ; ; i < Voltage Current
-/ comp |
-V comp!

V=0 <0
&} HCU [/ compliance {d HCU V¥ compliance

Output Area
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The following tabie lists the compliance polarity for each command.

Compliance Polarity

Source Setup Command Compliance Polarity *
Constant DV Same as omipuf volinge®
] Same as ourpu! cirrent
Staircase WV, WSY Eame as each step vollage
sweep Wi, WS Sarne as each step current
Pulse PV, PDV Same as pilse voliage
Fl, PDI Same as pulse current and buse current
PWY SMU: Same as start pulse voitage
Pulsed HCL: Same as each step pulse voltage
sweep
PWi SMU: Same as start pulse current and base current
HCU: Same as each step pulse current
Search ASY Same as search stop voltage
Sense AV Same as output voltage
AlV Same as outpul current

* If the parameter value(s) = 0, the compliance polarity is positive for the SMU, and the

same as the previous polarity for the HCU.

? i you set compliance polarity mode to MANUAL, the | compliance polarity you speci-
fled is used, regardless of the polarity of the parameter. See the following para-

graph, "Manual Setting of Compliance Polarity.”

Manual Setting of Compliance Polarity

When you executs the DI or OV command for the HPSMU or the MPSMU, you can set com-
pliance to the polarity of a specified V or | compliance, regardless of the oulput voltage
polarity. Set the compliance polarity mode to MANUAL. The following figure shows the

MANUAL mode compliance and owtput areas.

In figure (C), V' complianee 2 G, i the specified owtptd current < Q, then V compfiance is the
minimum allowed positive voltage. Negative voltages are not allowed. If the specified out-
put current > O, then V' compliance is the maximum allowed positive voltage. Negative volt-
ages are not limited. In figure (d), ¥V complicnce < Q. f the specified ourpi current < 0, then
¥ ocompliance i3 the maximum allowed negative voltage. Positive volitage is not limited. If the
specified owput currens 2 0, then V compliance 1s the minimum allowed negative voltage.

Positive voltages are not allowed.

The following figure shows a measurement example using MANUAL mode.
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/comp: [ compliznce

Cutput Current

/ comp

Output

s
A e

fal / comphance (>0}

V comp, ¥V compliance

/

CQutput Voitage

120

<0

V comp

/ Output

{ch ¥ compriancel 20}

e // Current
/

Guiput Current

e
7

/ comp

(o) / compliznce (<0}

Qutput Voltage

Cutput

/ / o Current
120
=0 // / ¥V comp
/

{h V compllance (<0}

SMU Output Area for Manual Mode Compliance

LOW HIGH

|

CCOMMON

{==1maA

YVeompms + 3V

in this example, the HIGH output volt-
age of a TTL inverter is measured
when the output current is 1 mA. The
complianee polarity mode is set to MAN-
UAL mode, and the I compliance (43 V)
and ourput current (-1 mMA) are opposite
polarities. Thus, V' complianee is the
minimum allowed voliage, which pro-
tects the test device by preventing the
HIGH output voltage from going below
+3 V.

Compilance Polarity MANUAL Mode V Measurement Example
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MANUAL MODE V COMPLIANCE CONSIDERATIONS

It you set the compliance polarity mode of the Bl command to MANUAL, set V' compliance
{Veomp) as follows. W I complicnce is not set as follows, the SMU output may be an
undesired opposite polarity current (Irev), instead of the desired ouiput current (Iset).

1) if the specified Iset is positive or zero, set Vecomp more positive than Vrev.
2) If the specified Iset is negative, set Voomp less positive than Vrev.

Vrev is the voltage that occurs at the SMU output terminal when lrev is forced to a test
device. irev| = lisei| + |Al], where Al is 2% to 10% range value of | output range.

The following figure shows the allowable V' compliance values when the test device (DUTYIs &
resistor.

Qutput Voltage t Qutput Voliage
A ' S Characteristics
. of DUT
Allowable P S
' Value '
' of Vceomp '
Irey ' ) I set i
i 2 Output Current Allowable T L—2 Qutput Current
: G 1 set Value t 0 1 rey
% of Vcomp :
)
i
""""""""" Y rev
Characteristics '
of DUT
(a) Isetz 0 (b) Iset<Q

Allowable 1 compliance Values

In the | source mode, the |-V characteristics curve of an SMU is determined by the specified
Iset and Vcomp, and consists of the Iset, Vcomp, and Irev lines as shown in the foliowing
figure. SMU output depends on the intersection of the -V characteristic curves of the SMU
and the DUT. An SMU forces Iset, Vcomp, or Irev depending on the intersection. To
achieve the desired SMU output, specify Veomp as shown in the above figure.

The following second figure shows how changing Yeomp affects the SMU output when the
specified Iset is greater than 0, and the DUT is a resistorn:

(1} I Vcomp > Vrev, and the intersection is on the Iset line, as shown in figure (a), the
SMU forces Iset.

(2) If vcomp > Vrev, and the intersection is on the Vecomp ling, as shown in figure (b},
the SMU forces Yeomp.

(3) If Veomp < Vrev, and the intersection is on the Irev line, as shown in figure (¢}, the
SMU forces undesirable current trev,



Output Voltage

Dutput Veltage

. ™
VY comp
Irev
L eet P H Cutput Current
se
. 7 > Output Current
frey Iset V comp
{a) lsetz2Q (b) 1set<Q
SMU LV Characleristics Curve
Characteristics G”jg”t Valiage Characteristics Ouﬁgut Voltage
f SMU 5 i
¢ Veomp  Characteristics of SMU gpﬁritwncn taristi
of DUT ain aracteristics
/ of DUT
L rex ™ Qperatisn Point A ¥ comp
] 7 Output Current ; Output Current
‘ 0 isei Irev: 0 [ set
""" Vrev Tt Vrey

(a) Cutputs 1set

(Veomp> Vrav)

Characteristics O“EEM Votiage
of SMU Characteristics
of DUT
N
- Output Current
Operation 0 ¢ Iset
Point ~ |
/Q --==1Vrey,
| Vcomp
I rev

{c) Outputs 1rev

{Veomp< Vray)

{b) Outputs Veomp { Vcompz Vrev)

V' complianece and SMU Operation




Power Compliance

Aliowable Unit;
HFESMU, MPSMU

Allowable Measurement Mode;
Staircase sweep measurements

When using an SMU as a staircase sweep source, you can specify power compliance in addi-
tion to V compliance or I complianee.

if you specily [ compliance and power compliance when using an SMU as a staircase sweep V
source, the HP 41428 changes the | compliance at every voltage step. The 1 compliance is
set 1o the smaller value of T compliance and (power compliance)j{step voltage), as shown in
the foilowing figure {a).

If you specity ¥V compliance and power compliance when using an SMU as a staircase sweep |
source, the HP 41428 changes the V compliance at every current step. The V compliance is
set 10 the smalier value of V7 compliance and (power compliance)/(step current) as shown in
figure {b).

Current Current Compliance Voltage Voltage Compliance

Specified / comphance Specified V compliance

Specified power compliance Specified power compliznce

Qulput Area

//

Quiput Area

/L

{a} For voltage staircase o} For current staircase

Voltage Current

Staircase Sweep Source Power Compliance

If you specify power compliance and the staircase sweep source output reaches compliance
during a sweep, the sweep stops, the specified siar7 vaiue is forced, and an F is displayed in
the ERROR/FAILURE display. Dummy data {199.999E+99) is returned for measurement
points not reached.

If the {power compliance)/(step value at a step) is greater than the maximum SMU output,
compliance is set to the maximum SMU output,
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It you specify power compliance, SMUs can be swept at their maximum output limits because
the HP 41428 changes the V range during a V sweep. The foliowing figure shows an exam-
ple of the difference in SMU output when power compliance is set and when power compliance
is not set.

Current Current
100mA4 100m4
S50m& 50mA
20mA 20mA
7 Voliaze Yoltage
20 46 160V 20 40 100V
{a) When power compliance is set. {b) When power comgliance is noi set.

SMU Sweep | Source Qutput

NOTE
It you specify power complionce, the measurement time increases slightly because
the HF 41428 adjusts V or | compliance for every sweep step to accommodate
power complianee.
The SMU output is momentarily set to 0 V if V range changing occurs during a
staircase sweep.
Limiter
Allowabie Unit;
VS
The V8 can be set to | limiter. The limiter value is autormaticaily determined by the V output

range. If output range = 20 V, then | limit = 100 mA. i the cutput range = 40 Vv, then | limit
= 20 mA.
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AVERAGING
Aliowable Unit;
HPSMU, MPSMU, HCU, and VM

Allowable Measurement Mode:

Spot / Staircase sweep / Analog search / High speed spot measurements

To minimize the possibility of reduced HP 4142B measurement accuracy due to line fre-
guency noise or other environmental noise, use the AV command to perform averaging.
The averaging function of the HP 4142B arithmetically averages the results of two ar more
samples (A/D conversions). The AV command provides three averaging modes--AUTO,
MANUAL, or POWER LINE CYCLE--as described in the following paragraphs.

AUTO Mode:

In the AUTO maode, the actual number of samples taken and averaged for a measurement
is determined by the following expression:

number of samples = (required minimum samples){averaging nimber)

where gveraging number is the value specified in the AV command, and the required mini-
mum sample is the minimum number of samples required to assure an accurate HP
4142B measurement. If you specify 1 for the averaging number, the HP 4142B performs
the required minimum samples. For V measurements, the required minimum samples is
1. For SMU | measurements, the required minimum samples depends on the V output
range and [ measurement range as listed in the foliowing table. The initial settings for
averaging are gveraging nunther = 1, averaging mode = AUTO.

Measurement times increase approximately 240 1.5 for each additional sample.

Required Minimum Samples for MU | Measurements

¥ Output Range*

2V, 20V, 40V 100V 200V
| Meas. 1 nA o 10 1A 4 10 25
Range
100 uAto 1 A 1 1 1

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



MANUAL Mode:

in the MANUAL mode, the number of samples taken and averaged for a measurement is
determined by the following expression.

number of samples = aqveraging number

Where averaging nimber is the value specified in the AV command. if you specify 1 for
the averaging number, only 1 sample is taken for the measurement. To assure an accurate
HP 41428 measurement, the averaging number you specify should be greater than or
equsal to the required minimum samples defined by the AUTO mode.
in the AUTO or MANUAL mode, measuremeant times increase approximately 240 us for
each additional sampla.

POWER LINE CYCLE {PLC) Mode:
In the PLC mode, 32 samples are taken for each line frequency period (50 Hz: 20 ms, 60
Hz: 16.87 ms) specified in the AY command. To set to this mode, specify the averaging
number with a negative number. Number of power line cycles is determined by the foliow-
ing expression:

number of power line cycles = - (averaging ninmber)

For example, if 3 periods are specified, 96 samples are laken and averaged for the
measurement.

Before the measurements, make sure the FILTER switch on the rear pansl is set o the
correct line frequency.

NOTE

During sweep measurements, averaging settings can be changed using the AV
command.
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FILTER

Allowable Unit:
HPSMLU and MPSMU

Each SMU provides a low-pass filter {LPF) at the digital-to-analog converter (DAC) output.
When the DAC output changes, a spike occurs. DAC output changes when the putput
value, compilance value, or output range changes. If the filter is ON, the spike is reduced to
1/30 of its unfillered value. Output overshoot becomes 0.03% (typically) of the maximum
vaiue in the range. However, the SMU setlling time may be longer. If the filter is ON, the
SMU settling time is 200 us to 500 ms. I the filter is OFF, the SMU settling time is 10 us to
500 ms. The settling time of each depends on output value, output range, and compliance.
The initial selting of the filter is ON, and can be set to ON or OFF using the FL command.

When an SMU filter is ON, the output wait time is set to the SMU setlling time (200 us to
500 ms). When an SMU filter is OFF, the output wait time s set to the SMU setiling time if
the SMU settling time (10 us to 500 ms) is 5 ms or less. If the SMU settling time is greater
than § ms, the output wait time is set fo 5 ms. When an SMU filter is set to OFF, wait for the
settling time of the SMU before making a measurement. Setting multi-channel output is
usually much faster when SMU filters are OFF because the maximum wait time between
output settings is 5 ms versus 300 ms when the SMU filter is on.

NOTE

# When an SMU filter is set to OFF, the DAC output settling time is 1/40 of the
filter ON value. However, the actual settling time at the output terminal is
limited by the slew rate, and thus is greater than the DAC output settiing time.
The slew rate depends on the test device, output range, and compliance value.
The filter OFF output terminal settling time is stilt less than the filter ON value.
For example, if the two foliowing conditions apply, the filter OFF value is less
than 50% of the filter ON value,

Voltage difference: less than 50 v
t Compliance: greater than 1 mA

it above conditions do not apply, the filter OFF value will be 50% to 100% of the
fiiter ON value.

e When using an SMU as a pulse source, set the filter of that SMU to OFF (io
enable pulse output). SMU filter initial setting is ON.
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AUTOMATIC SWEEP ABORT FUNCTION
Allowable Measurement Mode:

Staircase sweep / Staircase sweep with pulsed bias / Pulsed sweep / Pulsed sweep
with pulsed bias measurements

To reduce sweep time and to prevent damage to the test device during sweep measure-
ments, the auromatic sweep abort function parameter of the WM command aborts a sweep if
any of the following conditions occur:

anuade

i SMU or HCU output reaches compliance.

« N

It a measurement value exceeds the specified measurement range.

Py

)
} H VS oulput reaches | limit.
)
} i an SMU oscillates.

if a sweep aboris, the staircase sweep source forces the specified srarr value, the pulsed
source and pulsed sweep source force the specified base value. An F is displayed in the
ERROR/FAILURE display, and dummy data (199.999E+99) is returned for measurement
points not reached.

MOTE

For staircase sweep measurements: if you set power compliance and the output of
the SMU that you set power compliance reaches power compliance, V compliance, or
I compliance, the HP 41428 automatically stops the measurement, even if you do
not specifty automatic sweep abort function.

If the HP 4142B receives an abort (AR} command, only the measurement data
obtained before the sweep was aborted is stored in the output data buffer (dummy
data is not stored).

QUTPUT AFTER SWEEP
Allowable Measurement Mode:
Staircase sweep / Staircase sweep with pulsed bias measurements

After staircase sweep or staircase sweep with pulsed bias measurements, you can set the
output of staircase sweep source to either srarr value or wop value by the ourput after sweep
of the WM command.

However, if the sweep is stopped by power compliance, automaiic sweep abort function, or AB
command, the siart value is forced regardiess of the ourpur afier sweep setting.
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MEASUREMENT DATA MEMORY

When the HP 41428 performs a measurement, measurement data are stored in the internal
cutput data buffer, Quiput data buffer size is 16383 bytes. The maximum number of data
that can be stored in the output data buffer depends on the data format specitied by the
FMT command as follows,

s ASCII data with header (15 bytes) and "CR/LFEO!" terminator (2 bytes):
{clefault)
Spot measurement: Max. 963 data
Sweep measurement:  Max. 1023 data

&

ASCH data without header (12 bytes) and ",” terminator (1 byte):
Spot measurement: Max. 1023 data
Sweep measurement:  Max. 1023 data

ASCH data without header {12 byles) and "CR/LFEOI" terminator (2 bytes):
Spot measurement: Max. 1170 data
Sweep measurement:  Max. 1260 data

@

BINARY data (4 bytes) and "CR/LF*EOQI" terminator (2 bytes):
Spot measurement; Max. 2730 data
Sweep measurement;  Max, 4095 data

@

BINARY data (4 bytes) and "*EO{" terminator {0 byte):
Spot measurement: Max. 4095 data
Sweep measurement:  Max. 4095 data

For more information about measurement data format, see the HP-I1R Command Reference
Manual.

The data buffer sends measurement data in the order in which it was stored. Therefore, if
you transfer the measurement data after you perform the measuremant twice, first measure-
ment data is transferred from the HP 4142B first. If there is an output data buifer overflow,
new measurement data is not stored and existing measurement data is maintained.

Clear the output data buffer with the BC command, You can also clear it with the FMT,
*RAST, Device Clear, or by turning the HP 41428 off.
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PROGHRAM MEMORY

HP-IB commands can be stored locally in the internal program memeory of the HP 4142B.
Program memory size is 5000 bytes, enabling you to store approximately 500 commands.
The commands stored in program memory can be grouped into as many as 99 programs.
Because the programs are stored locally in the HP 4142B instead of in the controller, the
following steps are eliminated, thus increasing execution speed.

1) Command transmission:
Transmission of commands from the controlier to the HP 41428,

2} Command validation;
Checking the syntax and content of transmitted commands.

3) Internal code conversion:
Conversion of commands to the internal code of the HP 4142B,

For example, DV command execution time can be reduced by about 1 ms if the BY com-
mand is stored in internal program memory. Also, if frequently used command strings are
stored in internal program memory, bus/controlier activity is reduced to a minimum.

The foillowing table lists the HP-IB commands that can be stored in program memory, and
the number of byles required for each command.
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HP-1B8 Commands Allowed in Internal Program Memory (1 of 2)

HP-iB Optional No. of
Command Parameters Bytes?
ARV 0 12
1 14
ASM 0 4
1 8
ASY 0 10
1 12
2 16
AT - )
AY 0,1 6
AV 0 12
1 14
BC o 2
cL 02468 2410
1,3,5,7 2+{n+1)
CN 0,2,48,8 24
1,3.5,7 2+{n+1)
Di G B
1 12
DO 0,2,4,6 4411
1,3,5,7 A4{m-1)
DV o 8
1 12
BE 02,468 2+n
1,357 2+{n+1)
FL 1,3,5,7 4+{n-1)
0,2,4,6,8 An
FRMT 0,1 4
IN 0,2,46,8 241
1,3,5,7 2+{n+1)
MM 1,3,5,7 A+{n-1)
0,2,46,8 4+p
os 2
PA 0,1 6
POM ¢ 2
1 4
e al] 0 10
1 14
FDY 0 10
1 14

* Where n is the number of optional parameters used in the
command.
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HP-1B Commands Allowed in Internal Program Memory (2 of 2)

HP-iB Optional Ma. of
Command Parameters Bytes *
& G 10
1 14
BT 0,1 8
Py 0 10
1 14
P 0 14
1 18
WY 0 14
1 18
Ri o 6
Ry - 4
RvY 6
HZ 0,2,4,6.,8 2+n
1.3,5,7 2+n+1)
Tl 0,1 6
ThA - 4
TV 0,1 6
Vi - 4
Wi 0 14
1 18
2 20
Wi 0,1 4
WS 0,1 4
WSt 0 14
1 18
2 20
WSY 0 14
i 18
2 20
WT e 6
Wy 0 14
1 18
2 20
XE = 2
*SHE - 4

' Where »n is the number of optional parameters used in the

command.
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Using Program Memory

The following paragraphs describe how to store, execute, list, and scratch programs using
the program memory function. See HP-IB8 Command Reference Manual for details on each
command.

Storing Programs

Use the 8T and END commands to store a program. The $T command indicates the start
of the program and assigns its pregram number (program# is an integer from 1 to 99).
Following the ST command, enter the desired HP-1B commands in the order you want
them executed. Use the END command to indicate the end of a program. The HP 41428
continues to store HP-IB commands until the END command is received or until a memo-
ry overflow,

NOTE
if program memory overflows while storing a program, an F displays on the ER-
ROR/FAILURE Bisplay.
Executing Programs

To execute a stored program, use the RU or B0 command with the programs#.

1) Use the RU command with start program# and siop programit 10 éxecute a series of
programs. For example, if RU1,5 is sent to the HP 4142B, program#l! through pro-
gram#) executes in sequence.

2) Use the DO command to execute programs in a specified order. For example, if
202,5,4 is sent to the HP 4142B, these programs execute in this order: program#2,
program#d, and program#4. You can specity up to eight programs for each DO
command.

Listing Programs

Use the LST? command with the program# to place a program list in the output buffer.
You can then read the program list using the controller.

Scratching (Deleting) Programs
Use the SCR command with a programst to scratch a program from program memory. If
you do not specify a programs# with the SCR command, all programs in program memory
are scratched. !f you store a new program using the same programi# as an existing pro-
gram, the old program is scratched and the new program is stored.
NOTE
Program memory is cleared only by the SCR command and when the HP 41428

is turned OFF. +RST and Device Clear (HP BASIC CLEAR) commands do not
clear program memory.
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Program Memory Sample Program

The following is a sample program for using the program memory function. A description of
key program lines follows the program fist.

Program List

10 | SAMPLE PROGRAM FOR PROGRAM MEMORY

20 |

30  OPTION BASE 1

46 INTEGER B _ch, C_ch

50 DIM A$(7)[15], Exit$[1]

60  ASSIGN @Hp4142 TO 717

70 OUTPUT @Hp4142;"+sRST"
i

80 Emitter : GNDU
90 B ch=3 ! Base 1 Ch#3
100 G ch=2 ! Collector : Ch#2
110 |

120  OUTPUT @Hp4142;"ST":1
130 OUTPUT @Hp4142;"DV";B_ch, 0, -3, 1.E-7
140 OUTPUT @Hp4142;"DV™C_ch, 0, 30, 1.E.7
150  OUTPUT @Hp4142;"TI";C_ch, O
160  OUTPUT @Hp4142;"TI"B_ch, 0
170 OUTPUT @Hp4142;"END"
180 |
190 OUTPUT @Hp4142,"ST";2
200 OQUTPUT @Hp4142;'DI;C ch, 0, 1.E-2, 2
210 OUTPUT @Hp4142;"DI";B ch, 0, 1.E-3, 2
220 OUTPUT @Hp4142;"TV";C_ch
230 OUTPUT @Hp4142;"TV";B ch
240 OUTPUT @Hp4142;"END"

|

Vh=-3V
Ve=30V
lcev Measurement
Ibev Measurement

lc=10mA

Ib=1mA

Vce(sat) Measurement
Vbe(sat) Measurement

250 !
260 OUTPUT @Hp4142,"8T"3 ! Early Voltage
Measurement
270 OQUTPUT @Hp4142;,"DI"B_ch, 0, 2.E-5, 2 ! ih=20uA
280 OUTPUT @Hp4142;"DV",C _ch, 0, 2, 1.E-2 1 Vei=2v
220 OUTPUT @Hp4142;"Ti";C_ch I 1c1 Measurement
300 OUTPUT @Hp4t142,"DV"C _¢ch, 0,6 I Ve2=BY
|

310 OUTPUT @Hp4142;"TI";,C _ch
320 OUTPUT @Hp4i142;"END"
330 !

340 OUTPUT @Hp4142;"8T":4
350 OUTPUT ©@Hp4142;"DI";B_ch, 12,0, 2 I b=0A

360 OUTPUT @Hp4142;"DI";,C ¢h, 0, 1.E-3, 70 Fole=1mA

370 CUTPUT @Hp4142;,"TV"C ch ! BVceo Measurement
380 OUTPUT ©Hpa142;"END"

380 |

400 OUTPUT @Hp4142;"ST";5

410 OUTPUT @Hp4142;"DZ"

420 QUTPUT @Hp4142;"END"

430 1!

Ic2 Measurement
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440 OUTPUT @Hp4142;"CN";B ch, C_ch

450 LOOP

460  OUTPUT @Hp4142;"RU1, 5

470 ENTER @Hpdi142 USING "#, 15A, 2X":AS()

480  PRINT "lcevs "AS(1)[4, 15
490  PRINT "tbev= "AS(2)[4, 15]
500  PRINT "Vee(sat= "AS(3)[4, 15]
510  PRINT "Vbe(sat)= "AS(4)[4, 15

520 ici=VAL{A$(5)[4, 15])
530 Ic2=VAL(AS(6)[4, 15))

540 Vet=2

550 Ve2=6

560 Va=(Vcisle2-lo1sVe2)/{lc2-1c1)

570 PRINT "Early Voltage= "PROUNDIVa, -2)

580 FRINT "BVceo= "AB(T14, 15]

590 PRINT

600 !

610 INFUT "Get the next device and hit ""Return"” key to cantinue, or enter

"R to stop”, Exit$
620  EXIT IF Exit$="E"
630 END LOOP

840 |
650 OUTPUT @Hp4i42;"CL"
660 BEEP
670 END
Result
icev= +000.272E-09
lbev= -0.07796E-09
Vee{sat) +0.06760E+00
Voe(sat)= +0.74656E+00
Early Voltage= -160
BVcegs +058.368E+00
Description

120-170 Stores programitl in HP 41428 memory.
180240 Stores prograndt? in HP 4142B memory.
260-320 Stores progranit} in HP 41428 memoaory.
340-380 Siores program#4 in HP 4142B memory.
400-420 Stores program#5 in HP 4142B memaory.

440 Sets the oulput switches to ON,
450 Executes the the five programs.
470 Enters measurement data into the string array variabie, 48,

480-590 Displays the measurement results.
610-620 Decides whether to exit or continue.
650 Sets the oulput switches tg OFF,
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USING THE HP 4142B WIiTH EXTERMNAL INSTRUMENTS

The HP 4142B can perform measurements synchronized with external instruments, such as
C meters, precision voltmeters/ammeters, probers, and handlers, via the rear panel TRIGGER
INPUT and TRIGGER QUTPUT terminals. The following paragraphs describe how to syn-
chronize external instruments with the HP 41428 to perform measurements.

Trigger Ouiput and Input Function

You can trigger external instruments from the HP 4142B via the TRIGGER QUTPUT terminal.
You can initiate HP 41428 operalion via the TRIGGER INPUT terminal, as described in the
following paragraphs. The following figure shows the connection of the HP 4142B and an
external instrument. The figure also shows the trigger output waveform from the TRIGGER
OUTPUT terminal, and the trigger input waveform conditions. For trigger input, the HP
41428 is triggered by a negative-going (HIGH to LOW) TTL level trigger.

HP 4142B External Instrument
TRIGGER TRIGCER
CUTPUT  INPUT QUTPUT INPUT
® ®
Coaxial Cable
High {22.4V} High {22V}
re—— Tp=100 fs —= fe—— Tp2100HS —m
LOW {£0.4¥) LOW 0.8V
Trigger Timing: Falling edge
{a} TRIGGER CQUTPUT {b} TRIGGER INPUT

Trigger Output and Input

Triggering an External Instrument

To trigger an external instrument from the HP 41428, execute the 08 command. When the

HP 4142B receives the 0S command, the HP 4142B sends a trigger signal from TRIGGER
CUTPUT terminal.
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Externally Triggered HP 4142B Measurements

To externally trigger the HP 4142B to perform only measurements, set the rrigger mode
parameter of the TM command to 3. The HP 4142B performs a measurement when it re-
ceives a negative-going (MIGH to LOW) TTL level trigger.

To pause program execution until the HP 4142B receives a trigger and completes measure-
ments, include an ENTER statement of the HP BASIC in your measurement program. The
ENTER statement pauses program execution until measurement data is entered into the
measurement data buffer. Then, the ENTER statement reads the data, and program execu-
tion cantinues.

When an externally triggered HP 4142B measurement is complete, the HP 41428 automati-
cally sends a trigger signal from the TRIGGER QUTPUT terminal.

Waiting for Trigger Signal from TRIGGER INPUT Terminal

The WAIT state (WS) command waits for a negative-going (HIGH to LOW) TTL level trigger
signail via the TRIGGER INPUT terminal.

You can cause the execution of the commands following the WS (for example, V/I sourcing
or measurement commands) to wait until an external instrument compietes its operation and
triggers the HP 41428,

WS signals the HP 4142B CPU to check the software TRIGGER flag to determine
whether an external trigger has been received (TRIGGER flag SET) or not (TRIGGER
flag RESET). The TRIGGER flag is SET when the HP 4142B receives an external trig-
ger. The TRIGGER flag is RESET when any of the following occur:

If «A8Y or Device Clear executes.

If TM3 executes,

if TM trigger mode is changed from 3 to another mode.

If 08 executes.

After a WS WAIT state completes.

If the trigger signai via the TRIGGER INPUT terminal triggers the measurements.

& B & @ @ &

WS provides two WAIT states--waiting mode parameters 1 and 2--as follows:

WE1 (default)y:

If the TRIGGER flag is SET when W81 is executed, the HP 4142B continues opera-
tion without waiting. If the TRIGGER flag is RESET, HP 4142B operation waits until
an external trigger is received before continuing operation.

Wa2:
When W82 executes, the HP 4142B operation wails--regardiess of whether the TRIG-

GER flag is SET or RESET--and continues operation when the next external trigger is
received.
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Include the WS command in your measurement program immediately following the 08
command. When OS executes, the HP 4142B triggers an external instrument to perform its
operation. When the externai instrument completes an operation, it triggers the HP 41428,
which is set {o a WAIT state by WS, to perform s operation. Using 0% and WS together,
therefore, ensures that the HP 41428 and external instrument operations do not overlap.

I you want to end a WAIT state, execute the AB or sBST command. If you first send any
other commands while the HP 41428 is in the WAIT state, the WAIT state ending commands
are not saffective because the command input buffer is full. [n this case, use the Device
Clear {CLEAR command in HP BASIC) fo end the WAIT state.

NOTE

An external trigger can end a WAIT state independent of the wigger mode set by
the TM command. To reduce programming complexity when using the WS com-
mand, set the TM command 1rigger mode 10 1, 2, or 4. In TM3, WAIT state pro-
gramming is complex because an external trigger signal can cause either of the
following to occur:

Case 1--The HP 41428 is in a WAIT state when the external trigger is received.
The HP 41428 ends the WAIT stale.

Case 2--The HP 41428 is not in a WAIT state when the external trigger is received.
The HP 4142B performs the measurement.
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Waiting for Time or Trigger

Use the PA command to pause command execution or internal memory program execution,
The pause ltasts unti! the specified wair ime has elapsed, or until a trigger is received (XE
command, and MM command, HP BASIC CLEAR command, or the external trigger signal
from TRIGGEF INPUT terminal specified by the TM command). The trigger only releases the
walt status and does not perform the measurements. The wair rime setting area is from 0 to
899.9999s {100 us resolution).

ff you send the PA command without a wair 1ime parameter, you can pause until a trigger is
received.

Waiting for Command Execution Completion

Use the «OPC? query command to wait for the completion of the previous command execu-
tion before sending a command to the external instrument. This command telis the HP
41428 to return a 1 to the HP 4142B query buffer. The measurement program then reads
the contents of the query buffer (via the ENTER statement). A 1 in the query buffer indicates
that the MP 4142B has executed the +OPC? command, that is, the HP 4142B has completed
the previous command execution. in effect, the »OPC? command serves to delay external
instrument operation until the HP 4142B has completed its operation,

For example, refer o the fellowing program segment and assume that you're forcing current
from the HP 4142B, and measuring voltage via an external voltmeter, such as the HP 3457A.
By including the «0PC? command immediately after the | forcing (DI) command, then by
reading the contents of the query buffer with the ENTER statement, the measurement pro-

gram walts until the query buffer is set to 1 before performing a measurement with the HP
3457 A,

OUTPUT 717;"D1"1,0,1.0E-10,1
QUTPUT 717;"0QPC?"

ENTER 717; AS

OUTPUT Hpib;"DCV"

{Hpib: MP-IB address of the HP 3457A)
(BCVY command: V measurement command of the HP 3457 A)
NOTE

If you do not inciude the «OPC? command in your measurement programyis) o
confirm HP 41428 operation completion, an external instrument may initiate oper-
ation prematurely.
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INTRODUCTION

This chapter explains the functions that are not directly refated to measurement. inciuded is
information about front and rear panels, guery commands, and the functions at power-on,

FRONT AND REAR PANELS

The following describes each key, indicator, and connector on the HP 4142B. See "Panel
Overview” in chapter 2 for location on the panel of each item.

Front Panel

INTLK Terminak
Used in conjunction with the INTERLOCK function of the HP 4142B. The HPSMU
output can be as high as £200 V, and the MPSMU output can be as high as 100V,
The voliages are also present at the GUARD conductors of the SMU ocutput terminals.
if the INTLK terminal is open, i.e., not shorted, SMU output is limited to 42 V. Con.
versely, if you short the INTLK terminal {(with a shorting switch or 00 termination), SMU
oulput is enabled to the maximum output voltage of the unit.

For optimum measurement results when using the HP 4142B with a wafer prober
or user-fabricated test fixture, use a grounded shielding box to minimize the ef-
fects of environmental noise and ambient light. Connect the INTLK terminal of the
HP 4142B to a switch on the shielding box access door, so that when the door is
open, voltage is limited to 142 V.

SHORTING THE INTLK TERMINAL ENABLES SMU OUTPUT TO EXCEED %42 V.
DANGEROUS VOLTAGES MAY BE PHRESENT AT SMU OUTPUT CONNECTORS
{CENTER CONDUCTORS AND INNER SHIELDS) WHEN THE INTLK TERMINAL IS
SHORTED.
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CIRCUIT COMMON { v } - CHASSIS GROUND ( | } Terminals:

Used when making floating or grounded measurements. These terminals are shorted
together for grounded measurements, and disconnected from each other {shorting-bar
removed) for floating measurements. The CIRCUIT COMMON ( v ) termina! is connect-
ed to the outer conductors of the GNDU, SMU, HCU, VM, and VS connectors. The
CHASSIS GROUND ( | ) terminal is tied to the HP 41428 chassis. If CIRCUIT COM-
MON is disconnected frorn CHASSIS GROUND and tied to external ground, the HP
4142B forces or measures voltage or current referenced to the external ground poten-
tial. For more information, see Chapter 3, "lf the Test Device is Externally Grounded
{Floating Measurements).”

A POTENTIAL SHOCK HAZARD EXISTS IF THE CIRCUIT COMMON ( Vv ) TER-
MINAL IS NOT TIED TO CHASSIS GROUND ( | ) {SHORTING-BAR DISCONNECT-
ED FOR FLOATING MEASUREMENTS). DO NOT TOUCH ANY OF THE HP 41428
FRONT PANEL CONNECTORS AT ANY TIME WHILE A FLOATING MEASURE-
MENT I8 IN PROGRESS.

DO NOT FLOAT THE CIRCUIT COMMON TERMINAL AT VOLTAGES GREATER
THAN 142 ¥ REFERENCED TO CHASSIS GROUND. FAILURE TO HEED THIS
WARNING MAY RESULT IN DAMAGE TO YOUR HP 4142B.

HIGH VOLTAGE Lamp:
Indicates that the HF 41428 outputl is >+42 V.

WARNING

DO NOT TOUCH THE SMU OUTPUT CONNECTORS WHEN THE HIGH VOLT-
AGE LAMP IS LIT. THIS LAMP INDICATES THAT DANGEROUS VOLTAGES
OF UP TO 1200 V MAY BE PRESENT AT THESE CONNECTORS.

Biank Panel
For unused slots.

Te prevent thermal damage to HP 41428 units, be sure that Blank Panels (part
number $4142-66012) are instalied in all unused slots,
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ERROR/FAILURE Display:

The front panel ERROR/FAILURE Display indicates the status of the HP 41428 by display-
ing one of the tollowing: 010 8, A, C, E, F, H, or . See the descriptions below.

6. Displayed during normal operating conditions: The HP 4142B or specified plug-in
unit(s) passed Self-Test or Self-Calibration.

C: The HP 4142B or specified plug-in unit(s) are now performing Self-Test or Sel-
Calibration. -

E: The MP 4142B received an undefined command; all succeeding commands did not
exscute. Check for correct command syntax and out-of-range parameters.

F. Command execution not aliowed due to present HP 41428 ssitings; normally caused
by an incorrect input command seqguence.

if Fis displayed during a sweep measurement, one of the following occurred:
1) Measurement aborted: SMU reached power compliance.
2y Measurerment aborted by auromatic sweep abort funciion.
3} Output data buffer measurement data overflow,

H: All SMU, HCU, and VS outpuis are disabled and ouiput switches are disconnected to
prevent SMU/MCU/VS damage due to an overvoltage or avercurrent, or a momentary
power less. Check for incorrect setlings and check ac power, Reconnect the output
switches by using the CN command.

ti0 8, A P

The HP 41428 failed. I a plug-in unit failed, 1 to 8 indicates the slot # of the failed
unit. A indicates a failure in the HP 4142B analog-to-digital conversion (ADC) section;
P indicates a failure in the HP 4142B central processing unit (CPU). H more than one
faflure occurs, the ERROR/FAILURE dispiay indicates the last failure detected during
Self-Test or Self-Calibration. Seif-Test and Self-Calibration are performed in the fol-
towing order.

1} CPU

2} ADC

3} Al plug-in units by slot # {ascending), except the AFU.

4) AFU

To determine whether a multiple fallure occurred, execute the #TST? command. This
command performs the Sel-Test again and displays test results on the controller.

i a plug-in unit fails, remove the failed unit from slot and use a known-good unit to
perform your measurement. Contact the nearest Hewlett-Packard Sales and Service
office for assistance.

Ifan A, E, F, H, P, or 110 8 is displayed, details about errors {error codes) are stored in
the error register. Refer to HP-IB Command Reference Manual for error code
descriptions.

The ERROR/FAILURE Display and error register are initialized {sef to 0 and "0, 0, 0, 0",

respectively) when the =RST, ERR?, or Device Clear (HPBASIC CLEAR statement) is exe-
cuted. The error register is also initialized when CA or +TST? command execution begins.
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POWER ON/OFF Switch:

Secondary ac Line switch. Used in conjunction with the rear panel LINE ON/OFF
switch., Both switches must be set to ON to operate the HP 4142B. To simplify turning

the HP 4142B on or off, keep the POWER ON/OFF switch setting ON at all times, and
use the LINE ON/OFF switch only.

Line power is applied to the HP 4142B if the rear panel LINE ON/OFF switch is set
to ON, even If the front panel POWER ON/OFF switch is set to OFF. To completely
power down the HP 4142B, set the rear panel LINE ON/OFF switch io OFF,
regardiess of the POWER ON/OFF switch setling.

i you install or remove a plug-in unit, either set the POWER ON/OFF switch to
OFF or set the LINE ON/OFF switch to OFF, depending on which is most
accessible.

LOCAL/SELF TEST Key:

if the HP 4142B is in remote control, this key sels the HP 41428 to local control. If the
HP 41428 is in local control, this key starts the HP 4142B Self-Test/Self-Calibration. I
the HP 4142B is set to local lockout, this key is disabled.

MEASURING Lamp:
Indicates that the HP 41428 is performing a measurement.

HE-IB Status Indicators:

These LEDs indicate HP 4142B SRQ, LISTEN, TALK, and REMOTE HP-IB status. See
"Status Byte" in this chapter for more information on SRQ.,

GNDU Terminal:

Triaxial GNDU output terminal. The GNDU terminal output is Circuit Common voltage
(0 V). The GNDU maintains 0 V output while sinking up to £1.6 A,

ZERQ CHECK Terminal:
Circuit Common reference terminal for checking HP 4142B output voltage.

SLOTS:

For plug-in units. The slot number is 1 to 8 from left to right. The slot numbers indi-
cate the number of slot for each plug-in unit.
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FORCE and SENSE Terminals of the HP 414204 HPSMU:
Maximum gutput and input is 200V/1A.

VOILTAGES UP TO £200 V MAY BE PRESENT AT THE FORCE, SENSE, AND
GUARD TERMINALS. DO NOT TOUCH THESE TERMINALS IF THE FRONT PAN-
EL HIGH VOLTAGE LAMP i8S LIT,

FORCE and SENSE Terminals of the HP 414218 MPSMU:
Maximum output and input is 100V/100mA.

YOLTAGES UP TO 100 V MAY BE PRESENT AT THE FORCE, SENSE, AND
GUARD TERMINALS. DO NOT TOUCH THESE TERMINALS IF THE FRONT PAN-
EL HIGH VOLTAGE LAMP IS LIT.

FORCE and SENSE Terminals of the HP 41422A HCU:
Maximum output and input is 10V/10A.

HP 41424A VS Terminah
Maximum output is 40V/100mA.

HP 41424A VM Terminak
Maximum input is 40 V.

MONITOR Port of the HP 414254 AFLE:
See chapler 4, "Analog Search Measurements”
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Hear Panel

LINE ON/OFF Switch:
Main ac line switch. Used in conjunction with the front panst POWER ON/OFF switch.
Both switches must be set to ON o operate the HP 4142B. Note that ling power is

applied to the HP 41428 if this switch is set to ON, even if the front panel POWER ON/
QFF switch is set to OFF,

HP-IB ADDRESS Switch:

For setling the HP-IB address (0 to 30) of the HP 4142B. The new HP-IB address is
recognized only at power on.

HP-1B Connector:
24-pin connegctor for connecting the HP 41428 to HP-IB,

FILTER Switch:

For setting measurement integration fime to minimize the effects of line-frequency
noise. Set to the ac line frequency.

TRIGGER INPUT Terminal:
For triggering the HP 4142B. The HP 4142B is triggered {a measurement is performed)
when a negative-going TTL level pulse (from HIGH--5 V to LOW--0 V) is applied. Trig-
ger signals must be 2100 us. See chapter 5, "Using the HP 4142B with External In-
struments” for more information.

TRIGGER QUTPUT Terminak
Sends a HIGH {5 V) TTL leve!l signal. When the HP 4142B receives a trigger output
command {08}, this terminal sends a LOW (0 V) TTL level pulse for approximately 100
us. See chapter 5, "Using the HP 4142B with External instruments" for more
information.

LINE Input Receplacie:
For connecting the HP 4142B ac lne cord.

LINE YOLTAGE SELECTOR Switch:
For setting the ac line voltage (100 V, 120 V, 220 V, or 240 V). See Chapter 1 for more
information on power requirements,

LINE FUSE Holder:

The HP 4142B line fuse is installed in this holder. See chapter 1 for more information
on the line fuse.
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QUERY COMMANDS

Cuiery commands reguest HP 41428 operation status dala, and return status results to the
guery buffer, This guery data can then be read by the controlfer. The following {able lists
the query commands and output data associated with each command. Refer to the PR

Cormmand Reference Af gnal tor details about query command syntax and output data
syritax,

The HP 41428 provides two separate buffers for query data and measurement data. When
you perform a data buffer read, the query buffer is always checked first. If there is no query
data, a read is performed on the measurement data buffer. Only query data for the most
recent query command is stored in the query buffer. The query buffer is cleared by the BC,
FIMY, «RST, or Device Clear (MP BASIC CLEAR) command,

Guery Commands

Command : Query Command Quiput Data
ERR? The first iour error codes.
#NT Made! number (HP 41428} and ROM version,
LGp7 Plug-in unit operation status.
al FR? Flug-in unit output and measurement setlings.
LST? Contents of program memory.
NUB? Number of measurement data stored in data buffer.
*QPC? After «GPC? executes, a "1" is placed in the query buffer.
+BRE? Magsk condiion of the status byle.
*STB? Contents of the status byte.
*T8T? Seli-Test results.
UNT? Model # and hardware version of installed plug-in units.
WHNU? Number of sieps in sweep measurement.
NOTE

*QPC? facilitates the synchronizing of HP 4142B and external instrument opera-

tions. See "Waiting for Command Execution Completion” in this chapter for
details.

Query command output data is always stored in the query buffer in ASCH format
regardless of the measurement daia output format.
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HP-IB CAPABILITY

The foliowing tabie lists the HP-IB capabilities and functions of the HP 4142B. These func-
tions provide the means for an instrument to receive, process, and transmit, commands,
data, and status over the HP-IB bus.

HP-18 interface Capability

interface Function Code Description
Source Héndshake SH1 Complete capability
Acceptor Handshake AH1 Compiete capability
Talker T6 Basic Talker: YES

Serial Poll: YES
Talk Only Mode: NO
Unaddress if MLA (my listen address): YES

Listerier L4 Basic Listener: YES
Unaddress it MTA (my talk address): YES
Listen Only Mode: NO

Service Request SR1 Complete capability

Remote/Local RE1 Complete capability (with local lockoul)
Parallel Poll PPO No capability

Device Clear DCH Complete capability

Device Trigger DTt Complete capability

Controlier Function Co No capability

Driver Electronics Et Open Collector

The HP 41428 responds {o the following HP BASIC statements:

ABORT (IFC)

CLEAR (DCL or SDC, same as *RS$T command)
LOCAL (GTL)

LOCAL LOCKOUT {LiLO)

REMOTE

SPOLL (Serial Poll)

TRIGGER (GET, same as XE command)

» & & & €& & @
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Status Byte Sampie Program

The following is a sample program that uses Bit 3 (interlock Open) and Bit 5 (Error) of the
status byte, and a sample program that uses Bit 4 (Set Ready). A description of key pro-
gram lines follows each program list.

Program List 1§

10
20
30
40
50
&0
70
80
80
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270

t BVceo Measurement using High Speed Spot Funclion
i

DIV AB[15], Err${23]
ASSIGN @Hp4142 te 717
OUTPUT @Hp4142;"+RST"
! Emitter 1 GNDU
B _ch=3 | Base T Ch#3
C chs=2 ! Collector : Ch#2
Ha=0

le=1.E-3

Ve comp=70

i

ON INTR 7 GOTO Service

ENABLE INTR 7,2

QUTPUT @Hp4142;"=8SRE"40

i

OUTPUT @Hp4142;"CN™B ch, C _ch
OUTPUT @Hp4142;"DI"B_ch, 12, 1b, 2
CUTPUT @Hp4142,"DI"C_ch, 0, tc, Ve _comp
QUTPUT @Hp4142,"TV",C _ch
CUTPUT @Hp4142;"CL"

{

ENTER @Mp4142:A%

PRINT "Bvceo= ";A$[4, 15};"[V]
DISABLE INTR 7

STOP

a

280 Sérvice: !

290
300
310
320
330
340
350
360
370
380
390

QUTPUT @Hp4142;,"CL"

Status byle=SPOLL{@Hp4142)

IF BIT{Status_byle, 3)=1 THEN
DISP "NOT INTERLOCKED"

ELSE
QUTPUT @Hp4142;"ERR?"
ENTER @Hp4i42;:EmrS
DISP "ERROR ";Err$

END F

BEEP

END



Description 1

130 When an SRQ interrupt is received, go to line labeled "Service.”
140 Enabiles the interrupt.

150 Removes masks from Bil3 and Bit5.

170 Sets the SMU cutput switches to ON.
180.200 Forces current and performs measurement,
210 Sets the SMUSs output switches to OFF.
230.240 Enters and displays measurement data.
250 Disables the interrupt.

280 Stops the program.

290 Sets the SMU output switches to OFF.

300 Enters value of the stalus byte.

310-370 Displays the messags.
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STATUS BYTE

Status byte bits are turned off ar on (0 or 1) to represent HP 4142B operation status. When
you execute a Seriai Poll (HPBASIC SPOLL) command, the controller reads the contents of
the status byie, and responds accordingly. When an unmasked status bit is set to 1", the
HP 41428 sends an SRQ to the controller, causing the controler to perform an interrupt
service rouline.

Stalus

The following table lists status byte contents.

Status Byte Contents

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit ¢

(128) | (64) (32) {16) (@) @) (2) (1)

Shut RQS Error Set tnier- not Wait Data

Down Ready lock used Ready
Open

{ ¥ Decimal Vaiue. Use this value when specifying a bit in a command.

A brief description of each bit follows:

Bit O Data Ready
This bit is set to "1" when measurement data or Query command response data is
stored in the gutput data buffer. It is reset to "0" when all the stored data has been
transferred to the coniroller, or when the MP 4142B receives a +RST, BC, FMT, or
Device Clear {(HP BASIC CLEAR) command.

Bit 1: Wait
This bit is set to "1" by the PA or WS command. 1t is reset to "0" when the waiting
condition is complete, or when the MP 4142B receives a R8T or Device Clear
command.

Bit 2:  not used
This bit is always set to "0".

Bit 3: interiock Open

This bit is set to “1” if either of the following occurs when the INTLK terminal is not
terminated {open},

1) The HP 4142B outputs a voltage that exceeds 42 V.

2) V complionce greater than 242 V is specified.
This bit is reset o "0" when the HP 41428 receives a Serial Poll, +R8T, or Device
Clear command.

&-9



Bit 4;

Bit o

Bit &

Bit 7:

Set Ready
This bit s reset to "0" when any of the following ccour, and set to "1" when the
corresponding operation is complete.

1) HPB command is received,

2) The SELF-TEST Key on the front panel is pushed.

3) Alrigger signal is received at the TRIGGER INPUT Terminal.

ERROR

This bit is set to "1" when an error causes 10 8, A, E, F, H, or P io be displtaved in
the ERHORFAILURE Display. Itis reset to "0 when the HP 41428 receives a Serial
Poll, #R3T, ERR?, CA, »TST?, or Device Clear command. The ERROR/FAILURE
Display is cleared to 0 by all these commands except the Serial Poll command.

RQS (Reguest Service)

This bit is set to "1" whenever any other unmasked bit is set to "1". This causes the
HP 41428 to send an SRQ to the controller. 1t is reset o "0" when the HP 4142R
receives a Serial Poll, «HAST, or Device Clear command. This bit is the only non-
maskable status bit.

Shut Down

This bit is set 1o "" when an error causes H to be displayed in the ERROR/
FAILURE Display. It is resst to "0" when the HP 4142B receives a Serial Poll, «+RST,
or Device Clear command. The ERROR/FAILURE Display is cleared to § by all
these commands except the Serial Poli command.

NOTE

It Bit 3, Bit 3, or Bit 7 are masked, they are not reset to © by a Serial Poll com-
mand. Also, if these bits are masked, set to "1", then unmasked, a Serial Poll
command does not reset them to "0",

After a masked bit is set to "1", removing the mask does not set Bit 6 to "1". That
is, the HP 4142B does not send an SRQ to the controller. Therefore, if you re-
move a mask from a bit, it is usually best to do it at the beginning of the program.

Commands

The commands related fo the status byte are listed below.

(1)

)

*STB?

This command sends the contents of the status byte to the controller. The status
byte is not cleared by this command.

*SHE

This command removes the mask from the specified bits. All bits except Bit 6
are masked in the initial setting. if parameter is 0, this command masks all bits.
*SRE?

This command outputs data about which bits of the status byte are masked.
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Program List 2

10 te-Vee Measurement using Sweep with Pulsed Bias Function
20 !
30 OPTION BASE!
40  INTEGER B_ch, C_ch, V¢_no_step, Ib_no_step, Varl, Var2
50 INTEGER DPata_no, Plot_no, X
B0  DIM A$(3)[1815]
70 REAL Vc(101)
80  ASSIGN @Hp4i142 TO 717
90  CQUTPUT @Hp4142;"+RST"

t

100 ! Emitter : GNDU
110 B ch=3 ! Base : Ch#3
120 C_ch=2 b Collector : GCh#2

130 Vc_start=0

140 Vc_stop=20

180 Ve _no_ step=101

160  lc_comp=.1

170 Ib _start=2.E-4

180 ib_step=1.E-4

190  Ib_no_step=3

200 1

210 OUTPUT @Hp4142,"CN";B_ch, C_c¢h

220 OUTPUT @Hp4142;"wVv",C c¢h, 1, 0, Ve _start, Ve_stop, V¢ no
_step, Ic_comp

230 OUTPUT @Hp4142;"FL"0, B_ch

240 OUTPUT @Hp4142,"PT"0, 1.E-3, B.E-2

250 OUTPUT @Hp4142,"MM",5, C_ch

260 OQUTPUT @Hp4142;"RI*C ch, 19

270 |

280 Data no=f

290 ON INTR 7 GOSUB Service

300 ENABLE INTR 7;2

310 OQUTPUT @Hp4142;"PIYB_ch, 0, G, Ib_start, 2
320 OQUTPUT @Hp4142;"+SRE16;XE"

330 |

340 CALL leve_graph{Vc_start, V¢_stap, 0, tc_comp)
350 Ve _step=(Vc_stop-Ve_stari}/(Ve no_step-1)
360 FOR Vari=t TO Vc_no_step

370 Ve(Vart)=Ve stari+(Vari-1)sVe step

380 NEXT Vart

380 !

400 Plot_no=t

410 FOR Plot_no=1 TO ib_no_step

420 LOOP

430 EXIT IF Plot_no<Data_no

440 END LOOP

450 FOR Vart=1 TC Vc_no_step

460 fc=VAL(AS{Plot_no)[16«{Vart-1)+4;12])
470 PLOT ve(vart), i

480 NEXT Vari

490 PENUP

500 NEXT Plot no

510 !

520 OUTPUT @Hp4142;"CL"

530 STOP

540 1
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550 Servige: !

560
570
580
580
600
610
G20
B30
640
650
660
670
680
BOC
700
710
720
730
740
750
TEQ
770
780
780
800
&10
820
830
840
850
860
870
880
890
900
910
920
930
8940
250
260
970
280
990

Status_byte=SPOLL{@Hp4142)
OUTPUT @Hp4142;"+SRED"
1

ENTER @Hp4142;A$(Data_no)
1

iIF Data no<=lb no_step THEN
Ib=ib_start+{Data_no-1)+ib_step
ENABLE INTR 7;2
QUTPUT @Hp4142;"PImB ¢ch, 0,0, ib
QUTPUT @bHp4142;"+«8RE16;XE"

END IF

RETURN

a

END
f

SUB leve_graph(X_axis_min, X_axis_max, Y_axis_min, Y_axis_max)
!
GINIT
GRAPHICS ON
CONTROL CRT, 12:1
PRINT CHR$(12)
!

Xmax=100+MAX(1, RATIO)
Yrax=100+MAX(1, 1/RATIO)
i

LORG 6

MOVE Xmax/2, Ymax
LABEL "COLLECTOR CHARACTERISTICS”
DEG

LDIR 90

CSIZE 4.5

MOVE 0, Ymax/2

LABEL "Ic{A}"

LORG 4

LDIR O

MOVE Xmax/2, 0

LABEL "Vee(V)"

i

VIEWPORT 16+Xmax, .912Xmax, .15+Ymax, .9=Ymax
|

FRAME
WINDOW X_axis_min, X_axis_max, Y_axis_min, ¥ _axis_max
AXES(X_axis_max-X_axis_min}/10,(Y_axis_max-Y_axis_min)/10,

X_axis_min, ¥ _axis min

1060
1010
1020
1030
1040
1050
1060

CLIP OFF

CSIZE 4, &

LORG 6

FOR I=X_axis_min TO X_axis_max STEP (X_axis_max-X_axis_ min})/2
MOVE I, Y_axis_min
LABEL

NEXT |
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1070 CSIZE 38, 5
1060 LORG 8
1080 FOR I=Y _axis_min TO Y_axis_max STEP (Y_axis_max-Y_axiz min)/2

1100 MOVE X_axis min, |
1110 LABEL USING "#, MD.DE"!
1120 NEXT |

1130  CLIP ON

1140 !

1150 SUBEND

Description 2
110-260

280
290

300
310
320
340
350-380

400
410-500

530
560
570
530
810
620-670

680
720-1150

Sets up the conditions for staircase sweep with pulsed Dbias
measurements.

Sets sweep data # 1o 1,

When 5RQ interrupt is received, go to "Service" subroutine. In this pro-
gram, the SRQ is received after measurements are performed.

Enabiles the interrupt.

Sets up and forces the first Base current.

Removes mask from Bit 4 and performs measurements.

Calls subprogram io display a graphics frame.

Calculates Collector voltage for each step, and stores these vaiues in an
array variable.

Sets sweep data plot# to 1.

Flots the swesp data. Loops beilween line 420 and fine 440 until sweep
data is ready for plotting.

Stops the program.

Clears the SRQ (resets Bit 6).

Disables the SRQ (masks all bits).

Enters the measurement data,

increments the sweep data#.

If not final Base current, sets up next base current, outputs base current,
enables interrupt, removes mask from Bit 4, and performs measurement.
Returns to main program.

Subprogram to display a graphics frame.
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SELF-CALIBRATION

To minimize output drift and measurement fluctuations caused primarily by changes in the
ambient temperature, the HP 4142B provides a Self-Calibration function. Self-Calibration is
performed automatically when you turn your HP 41428 on. After a minimum 40 minute
warm-up period and before you begin to use your HP 4142B, perform Self-Calibration again
by pressing the LOCAL/SELF TEST key, or by executing the CA command. Seif-Calibration

shouid be performed every 30 minutes, or if the ambient temperature changes by more than
3°C (B°F).

Auto-Calibration
The Auto-Calibration function of the HP 4142B automatically performs Self-Calibration at 30
minute intervals after the ouiput switches of all plug-in units have been set to OFF for 30

minutes. Use the CM command to enable or disable the Auto-Calibration function. Auto-
Calibration is enabled when you turn the HP 41428 on.
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SELF-TEST

The HP 4142B has a Self-Test function that automatically checks its basic operation when
you turnt your HP 41428 on.

You can also initiate the Self-Test at any time by pressing the LOCAL/SELF TEST key, or by
executing the ~T&T? command.

When the HP 41428 starts Self-Test, a € is displayed in the ERROR/FAILURE display and the
LOCAL/SELF TEST key indicator lights. When Self-Test is finished, the LOCAL/SELF TEST
key indicator light goes out and a § {(No error) is displayed,

faito8 A, Pis displayed, the HP 4142B faited Self Test. If a plug-in unit failed, 1 to 8
indicates the slot # of the failed unit. A indicates a failure in the HP 4142B analog-to-digital
conversion (ADC) section; P indicates a faillure in the HP 4142B central processing unit
{CPWU). Iif more than one failure occurs, the ERROR/FAILURE display indicates the last failure
detected during Self-Test or Self-Calibration. Self-Test and Self-Calibration are performed in
the following order:

1) CPU
2) ADC
3} All plug-in units by slot # {ascending), except the AFU,
4) AFU

To determine whether a muitiple failure occurred, execute the «TET? command. This com-
mand performs the Self-Test again and disptays the test results on the controlier.

If Self-Test is performed by pressing the LOCAL/SELF TEST key, the test resulls are not
returned.

if a plug-in unit fails, remove the failed unit from the slot and use a known-good unit to
perform your measurement. Contact the nearest Hewlett-Packard Sales and Service office
for assistance.

When the HP 4142B performs Self-Test, the HP 41428 also performs Self-Calibration.

NOTE
Units that fail Self-Test are disabled except «#TST? command, and can only be

enabled by the RCY command. However, the REY command should be used only
for servicing the HP 41428, DO NOT use this command during normai operation.
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INITIAL SETTINGS

The HP 41428 is initialized at power ON, or when an «RST or Device Clear (HP BASIC
CLEAR} command executes. The following table lists the initial seltings of the HP 4142B.

initial Settings (1 of 3)

Setling Htem initial Setiing Command
SMU/HCU/VS output open CN and CL
SMU/MCU/VS OFF CM and CL
output switch
SMU filter ON _ FL
VM operation mode grounded measurement Vi

spot

staircase sweep Auto

analog search

| measurement range ich pulsed spot Ri
of SMU/HCU pulsed sweep
sweep with pulsed bias £

2ch puised spot
pulsed sweep with p_hias

spot Auto

staircase sweep
Y measurement range RY
of VM tch pulsed spot

pulsed sweep 40V

sweep with pulsed bias

automatic sweep OFF Wi
abort function

ouiput after sweep of siart value Wi
staircase sweep source

' Compliance range
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initial Setlings (2 of 3)

Setiing Hem Initial Setling Command
staircase sweep WT
1ch puised spot

hold time pulsed sweep
sweep with pulse bias Os PT
2ch puised spot
puised sweep with p_bias
analog search AT
staircase sweep WT

delay time Os
analog search AT

puise width 0.001 s PT
pulse period 001 s PT
primary pulse channel unit specified by PDV/PDI PDM
search operation mode negative feedback search ASM
search measurernent mode search SMU V measurement ASM
feedback integration time 0.005 s ASM
trigger XE, TV, T or GET? T™
averaging mode Auto AY
averaging nurmber 1 AV
aufo calibration ON oM
measurement data ASCH (with header and CR/LF) FMT
output format

output data buffer cleared BC

program memaory cleared? SCR

status byte all bits masked except Bit 6 *SRE

ERROR/FAILURE display dispiays 0 ——-

error code register cleared ERR?

* QGET is the HP-IB bus trigger command. For HP BASIC, use the TRIGGER command.
* Only at power ON. Program memory is not cleared by an *RST or Device Clear (HP

BASIC CLEAR) command.
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initial Settings {3 of 3)

Setting ltem

Initial Setting Command
sweep source cleared WY, WSY
parameters WI, WSI
puise source cleared PV, Pi
parameters PDV, PDI
pulse sweep source cleared PWY, PWI
parameters
search SMU parameters cleared ASY
sense SMU parameters cleared AVI, AV
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APPENDIX A

MANUAL CHANGES

HFP 4142Bs may vary shightly, depending on the Serial Number and the version of the ROM-
based firmware. The information in this manual applies directly to an HP 4142B with the
serial number prefix listed on the title page of this manual. This appendix contains informa-
tion for customnizing this manual, so that ail the information pertains to the HP 4142B that
you are using.

To customize this manual for your HP 41428, refer to the following table, and make all of
the manual changes corresponding to the serial number of your HP 41428 and version of
the ROM-based firmware.

To see the version of your HP 41428 ROM-based firmware, send:
10 OUTPUT 717;"+iDN?"

20 ENTER 717;A, B, Version
30 DISP Version

40  END
Manual Changes by Serial Number
Serial Prefix ROM fake Manual Changes
or Number Yersion
2.52 and below 1
2839000 and below
Above 2.52 No changes

s Change 1

Throughout this manual, delete any descriptions referring to the HP 41422A HCU, and to the
40V, 100 V, and 200 V range of the Search SMU in the Analog feedback measurements.

You cannot use your HP 41428 with the HP 41422A MCU, and cannct use the 40 V, 100 V,
and 200 V range of the Search SMU in Analog feedback Measurements.

A=
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APPENDIX B

SPECIFICATIONS

The following two tables list complete HP 41428 specifications and supplemental perfor-
mance characteristics. The specifications are the performance standards or Hmits against
which the HP 41428 is tested. When the HP 41428 is shipped from the factory, it meets the

specifications. The characteristics are not specifications but are typical characteristics in-
cluded as additional information for the operator.
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Specifications (1 of 15)

GENERAL INFORMATION

Basic Function:
Performs high speed DC parameter measurements.

Plug-in Units:

The HP 4142B provides eight plug-in unit slots, and any combination of units can be

specified.” The five types of plug-in units available, and their slot requirements, are
listed below,

HF 41420A Source/Monitor Unit (SMLU), 401V-200V/20fA-1A: 2 slots
HP 414218 Source/Monitor Unit (SMU), 401V-100V/20fA-100mA: 1 slot
HP 41422A High Current Source/Monitor Unit (HCU),

40uV-10V/20nA-10A: 2 slots
HP 41424A Voltage Source/Voltage Monitor Unit (VS/VMU): 1 slot
HP 41425A Analog Feedback Unit (AFU)*: 1 slot

* Only one AFU can be installed per HP 4142B.
Maximum Power Consumption:

Total SMU, HCU and VS/VMU power consumption must not exceed 32W.

Power
consumption for these units is calculated as follows.

SMUs (HP 414204 and HP 41421B):

V Source Mode:

Voltage Power
Range
2V 20i¢
20V 20l
40V 401c
100V 100ic
200V 200ic

where [c is the current compliance setting.

| Source Mode:

Voitage Power
Compliance
Ve=20 20k
20<Vc<40 A0to
40<Vc=100 1001
100<Vc<£200 20010

where Vc is the voltage compliance setting; Io is output current.

Cutput switch set to OFF: OW
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Specifications (2 of 15)

Maximum Power Consumption {(Continued);
HOU (HP 41422A)%
V Source Mode:
Power = 10 + 20lc(puise width/pulse period)
where [c is the current compliance setting.
t Sowrce Mode:
Power = 10 + 20{o{pulse width/pulse period)
where 1o is the output current.
Output switch set to OFF: 0 W

VS/VMU (HP 41424A):

Voltage Power
Range
20V 22W
43V .83 W

Output switch set to OFF: O W
AFU (HP 414258k O W

Furnished Unit
Ground Unit (GNDUY, OV Output, Maximum Sink Current: 1.6 A

Measurement Modes:

Spot, Staircase Sweep, 1 ch Pulsed Spot, 2ch Pulsed Spot, Pulsed Sweep, Staircase

Sweep with Pulsed Bias, Pulsed Sweep with Pulsed Bias, and Analog Search
Measurements

Measurement and Output Accuracy Conditions:
Measurement and output accuracies are specified at the front panel connector ter-

minals, referenced to the ZERC CHECK terminal (except for the HCU) under the
following conditions:

23° & 5°C--accuracies double from 5° - 17°C, and 297 - 40°C.
After a minimum 40 minute warm-up period.

After performing Self-calibration.

Averaging mode: AUTO,; Averaging number: 1

SMU Filter: ON (For SMUs)

Kelvin connection (For 8MU, HCU, and GNDBU voitage accuracy)

SN RV

Accuracies for the HCU are specified between the high and low sense terminals on
the front panel of the HCU.
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Specifications (3 of 15)

HP 4142B Modular DC Source/Monitor

Ground Unit (GNDU): 1 channel (Kelvin connection)
Maximum Sink Current: 1.6A
Output Voltage: OV 500UV

Maximum Voltage Between Common and Ground: <42V

Plug-in Unit Confrol Functions:
Spot Measurement Mode: Culputs and measures voltage and current.

Staircase Sweep Measurement Mode: Outputs and measures sweep voltage and
current. One channel can sweep current or voltage while up to 8 channels can
measure current or voltage. A second channel can be slaved to the first channel
(dual synchronous sweep). Linear or log sweeps can be performed.

Number of Steps: 2 - 1001

Hold Time: © - 655.35s, 10ms resolution,

Delay Time: 0 - 65.535s, 1ms resolution.

1ch Pulsed Spot Measurement Mode: Outputs and measures V and | pulses.
Fulse Width: 1ms to 50ms, 100us steps (SMU or VS).
100us to 1ms, 100us steps (HCUY.
Pulse Period: 10ms o 500ms, 100us steps.

2ch Pulsed Spot Measurement Mode: Outputs and measures V and | pulses in syn-
chronization with a pulse of another channel.
Pulse Width: 100us 1o 800Us, 100us steps
pulse width of another channel is set to about tms.
Pulse Period: same as 1ch Pulsed Spot

Puised Sweep Measurement Mode: Outputs and measures V and | sweep puises.
Number of Steps and Hold Time: same as Staircase Sweep Measurement Mode.
Putse Widih and Pulse Perfod: same as 1ch Pulsed Spot Measurement Mode.

Staircase Sweep with Puise Bias Measuremen! Mode: Outpuis sweep V or | and
performs measurements in synchronization with a periodic pulse of another channel.
Number of Steps and Hold Time: same as Staircase Sweep Measurement Mode.

Pulse Width and Pulse Period: same as 1ch Pulsed Spot Measurement Mode.

Pulsed Sweep with Pulsed Bias Measurement Mode: Qutputs pulsed sweep V or |
and performs measurements in synchronization with a periodic pulse of another
channel.
Number of Steps and Hold Time: same as Staircase Sweep Measure ment Mode.
Pulse Width and Pulse Period: same as ich Pulsed Spot Measurement Mode.
Analog Search Measurement Mode: Performs measurements using the HP 41425A
Anaiog Feedback Unit.
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Specifications (4 of 15)

HP 41428 Modular DC Source/Monitor (continued)

Puise Measurement Restrictions (for SMU):
Current Output Range *: 10nA to 1A
Maximum Voltage for 10nA to 10uA Range*: 2V
Current Measurement Range:
10nA te 1A Range (when voliage ouiput range is 2V)
100UA to 1A Range (when voltage output range is 20V to 200V)
Current Limit {Compliance) Minimum Setling Value *:
2nA (when voltage output range is 2V)
20uA (when voltage output range is 20V to 200V)
SMU filter: OFF
Averaging Function: Not available

* Not applicable if an SMU is set to constant source and does not perform
measurements.

Puise Measurement Restrictions {for HCU}):
Maximum Pulse Duty: 1% (when current range is 10A)
10% {when current range is 1TmA o 14)

Memory Function:
Data Memory: Measurement results can be stored. Maximum number of data are
4095 (binary) or 1023 (ASCH).
Program Memeory: Pragram code can be stored.

Input/Output Funclions:
External Trigger input: TTL-level Negative Logic; pulse width must be > 100us. For
continuing a paused program when using the HP 4142B's internal program memaory.
External Trigger Output: TTi-level Negative Logic; pulse width is approximately
100us. For controlling peripherals when using the HP 4142B’s internal program
memaory.
HP-1B Function: The HP 41428 may be interfaced to any HP-I1B capabte computer or
instrument.
HP-1B Interface: SH1t, AH1, TG, L4, SR1, RL1, PPG, DCH, DTH, CO, Ef1.
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Specifications (5 of 15}

HP 41420A Source/Monitor Unit (SMU) 40uV-200V/20{A-1A

Measures current when operating as a voltage source; measures voltage when opera.-
ting as a current source. Kelvin connections can be used. The HP 41420A’s source
and measurement ranges, resolution, and accuracy specifications are listed in the
following table,

Vaoltage Setténg Measurement Accuracy Maximum *
Range Resolution Resolution Current
2V 100uv 401V F0.05%T1myY 1A
1A
{IVo|<14V)
20V imv 4001V +0.05%10mV
700mA
(14v<|Vo|}
140V 2my 800uv *0.05%20mv 350mA
100V 5mvy 2mv +0.05%50mY 125mA
200V 10mv 4mv 0.05%100my 50mA
Current Setting i\/‘!easurement Accuracy ! ? Maximum
Range Resolution Resolution Voltage
E1nA 50fA 20tA
+1%%(0.1+0.2V0/100)% £ 5pA
£10nA 500tA 2001A
+100nA 5pA 2pA
+0.5%+(0.1+0.2V0/100)%
= RUY. 50pA 20pA 200V
T10uUA 500pA 200pA
T100UA 5nA 2nA
1mA 50nA 20nA 10.2%%{0.1+0.2V0/100)%
£10mA 500nA 200nA

* Vo is output voitage.
? tn% of specified output or measurement value, £xn% of range value.
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Specifications (6 of 15)

HP 414204 Scurce/Monitor Unit (SMU) 400V-200V/20(A-1A {(continued)

Current Setting Measurement Accuracy * ¢ ® Maxirmum *
Range Resolution Resolution Voltage

200V
(1to] =50mA}

= 100mA 5114 2uA £0.2%£(0.1+0.2V0/100)%
100V

(50mA<|la|)
200V

{|fo] <50mA)

100V(50mA
<|lo] £125mA)

H1A 501A 20UA +0.5%£(0.1+0.2(Vo/100)% | 40V(125mA
<] lo} <350mA)

20V(350mA
<|lo| <700mA)

14V
(700mA<|Io])

t In% of specified output or measurement vaiue, 1% of range value.
* Vo is output veltage.
* lo is output current,

Current Over-Range:
5% of Range (0% at 1A range)

Current/Voltage Limiting {Compiiance):
Limit Setling Range:
Current Limit: 1pA to maximum current for each voltage range.
Voltage Limit: OV to maximum voltage for each current range.

Limit Setting Accuracy: same as V/1 Setting Accuracy.
Current Limit Setting Accuracy for Opposite Polarity:

inA to 10nA Range: V/I setting accuracy *10% of range
100nA to 1A Range: V/1 setling accuracy 2% of range.
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Specifications {7 of 15)

HP 414218 Source/Monitor Unit (SMU) 40uV-100V/20tA-100mA

Measures current when operating as a voltage source; measures voltage when opera-
ting as a current source. The foilowing table lists the MP 41421B’s source and mea-
surement ranges, resolution, and accuracy specifications.

Yoltage Setting Measurement Accuracy Maximum
Range Resolution Resaolution Current
2V 100UV 40UV +0.05%21mV
100mA
20V imv 400UV £0.05%%10mv
40V 2my 800UV 10.05%220mv 50mA
100V 5mV 2mv £0.05%+50mv 20mA
Current Setting Measurement Accuracy ¢ ? Maximum ®
Range Resolution Resolution Voltage
T1inA 501A 201A
+1%%({0.1+0.2V0/100)% 2 5pA
=10nA S00fA 200{A
+100nA 5pA 2pA
+0.5%£(0.1+0.2V0/100)%
*1UA 50pA 20pA 100V
+10uUA 500pA 200pA
*100uA 5nA 2nA
T1mA 50nA 20nA 10.2%%£(0.140.2Vo/100)%
+10mA 500nA 200nA
100V
(|10} <20mA)
£100mA SUA 2uA
40V(20mA
<|lo] <B0mMA)
20V
{50mA< {loi)

t En% of specified output or measurement value, t»% of range value.
* Vo is output voltage.

* lo is output current.
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Specifications (8 of 15)

HP 414218 Source/Monitor Unit (SML) 40uV-100V/26fA-100mA (continued)

Current Over-Range:
15% of Range {0% at 100mA Range)}

Current/Voltage Limiting (Compliance):
Limit Setting Range:
Current Limit: 1pA to maximum urrent for each voltage range.
Voltage Limit: OV to maximum voltage for each current range.

Limit Setting Accuracy: same as V/I Setling Accuracy.
Current Limit Setting Accuracy for Opposite Polarity:

1nA to 10nA Range: V/I setiing accuracy +10% of range
100nA to 100mA Range: V/I setting accuracy £2% of range.
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Specifications (9 of 15)

HP 414224 High Current Source/Monitor Unit (HCU)

Measures current when operating as a pulsed voltage source; measures voltage when
operating as a puised current source. Kelvin connections should be used and low
terminals of the HCU should be connected the GNDU. The HP 41422A’s source and
measurement ranges, resolution, and accuracy specifications are listed in the following

table.
Voltage Maximurm Setting Measurement Accuracy * Maximum
Range Voltage Resolution Resolution Current
12V 2V 2001V 40uV £0.5%210mvy
10A
L20V 10V 2my 4001V +0.5%+100my
Current Setting Measurement Accuracy * ? Maximum®
Range Resolution Resolution Voltage
TimA 100NnA 20nA
£10mA 1A 200nA +0.5%%(0.2+0.2V0/20)%
£100mA 10UA 21A 10V
1A 100uA 20uA £1%%(0.2+0.2V0/20)%
T10A 1mA 200UA 12%%(0.2+0.2V0/20)%

' En% of specified output or measurement value, *n% of range vaiue,
* Vo is output voltage.
® Polarity of the current and voltage must be same (see below).

0OV

& -0V

@ : Qutput Bange




Specifications (10 of 15)

HP 414224 High Current Source/Monitor Unit (HCU)

Current Over-Range:
15% of Hange (0% at 10A Range)

Current/Voltage Limiting (Complance):
[imit Sefting Range:
Current Limit: 1UA 1o maximum current far each voltage range.
Voltage Limit: OV to maximum voltage for each current range.

Limit Setting Accuracy: same as V/| Setting Accuracy.
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Specifications (11 of 15)

HP 41424A Voltlage Source/Voltage Measurement Unit (VS/VMU)

Provides two voitage source (VS) channels that can monitor current, and two voltage
monitar (VM) channels. When used as a differential volimeter, the two voltage monitor
channels (VM1 and VM2) are used together as one channel. The HP 41424A’s ranges,
resolutions, and accuracies are listed in the foliowing table.

Yoltage Source:

Voltage Setting ACCUTaCY Maximum

Range Resclution Current
20V 1myv £0.1%+10mV 100mA
40V 2my 10.1%+20mV 20mA

VS Current Measurement:

Current Measuremerat Accuracy
Range Resolution
20mA 201A 3%+ 200uA
100mA 1001A +3%=1mA
Voltage Monitor;
Voltage Measurement Accuracy
Range Resolution
2v 401V £0.05%1imv
20V 400uv £0.05%=10mV
40V 800uV £0.05%%£20mV
Ditferential Voltmeter:
Voltage Measurement Accuracy * Max. Common
Range Resolution Voltage
0.2v Auv £0.2%+2.5x10" *Vint0.4mV
40V
2v 40uV *0.1%+25x10" ¢ Vint2mV

! Vin is the input voltage of VM2,

Vi Over-Range:
15% of Range (0% at 40V Range)




Specifications (12 of 15)

HP 414254 Analog Feedback Unit {AFU)

Converges current or voltage on one SMU (Sense 8MU) to a specified target value by
controlling the output voltage of another SMU {Search SMU).

Maximum Target Voltage:
HP 41420A: 180V
HP 41421B: 90V

Maximum Target Current;
HP 41420A: 900mA
HP 41421B: 20mA

Target Yalue Seifing Resolution:
Same as sense SMU measurement range setting resolution

Target Value Selling Over-Range:
Current: 0%
Voltage: -10%

Target Value Convergence Accuracy: (Sense SMU measurement accuracy)
£{0.1% of Setting Valug) £(0.1% of sense SMU measurement range)

Search Voltage Range:
2V,20V,40V. 100V, and 200V (HF 41420A only)

Search Start Voltage Accuracy:
(0.5% of Setting) +(0.5% of Voltage Range)

Search Stop Voltage Accuracy:
3% of Veitage Range
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Speciiications (13 of 15)

Ramp Bate FHanges and Resolution:

HP 41425A Anslog Feedback Unit (continued)

Search Voltage Range

2V 20V
Ramp Rate Resolution Hamp Rate Rasoiution
0.5 - 5V/s 0.05V/s 8.5 - 50V/s 0.5V/s
5.5 - 50V/s 0.5V/s 55 - 500V/s 5V/s
55 - 500V/s 5V /s 550 - BkV/s 50V/s
550 - 5kv/s 50V/s 5.5k - 50kV/s 500V/s
Search Vollage Range {continued)
40V 100V
Ramp Rate Resoiution Ramp Rate resoclution
10 - BOV/s 1V/s 25 - 50V/s 2.5V/s
55 - 100V/s BY/s 55 - 250V/s 5Y/s
110 - 500V/s 10V/s 275 - 500V/s 25V/s
550 - 1kV/s 50V/s 550 - 2.5kV/s 50V/s
1.1k - BkV/s 100V/s 2.75k - BkV/s 250V/s
5.5k - 10kV/s 500V/s 5.5k - 25kV/s 500V/s
11K - 50kV/s 1000V/s 27.5K - B0kV/s 2500V/s
55k - 100kV/s 5000V/s 55k - 100kV/s 8000V /s

Search Voltage Range (continued)

200V
Ramp Rate Resolution
55 - 500V/s 5V/s
550 - 5kV/s 50V/s
5.5k - 50kV/s 500V/s
55k - 100kV/s 5000V/s




Specifications (14 of 15)

HP 414254 Analog Feedback Unit {continued)

Feedback integration Time Ranges and Resclution:

Search Voltage Range

2V

20V
Integ. Time Resolution inteqg. Time Resolution
50 - 450us 50us 5u - 45us Sus
5001 - 4.5ms 500us 50U - 450us 50us
5m - 45ms 5ms 500u - 4.5ms 500us
50m - 450ms 50ms 5m - 45ms 5ms
Search Voltage Range (continued)
40V 100V
integ. Time Resolution Inteq. Time Resolution
2.5u - 4.5us 0.5us t.0u - 4.5us 0.5us
51 - 45Us 5us 54 - 45us 5us
501 - 45018 EQus 50u - 450us 5018
500\ - 4.5ms 50018 500u - 4.3ms 50018
5m - Z25ms 5ms 5m - 10ms 5ms

Search Voltage Range (continued)

200V
Integ. Time Resolution
0.5u - 4.5us 0.5us
S - 45us 5us
50u - 450us 5018
500u - 4.5ms 500us
5m -




Specifications (15 of 15)

GENERAL SPECIFICATIONS

Self-Test Function:

At power on, the HP 4142B automatically verifies its own operational status. Self-test
can be performed at any time via HP-IB.

Maximum Instaliation inclination Angle:
+20° from horizontal (during operation)

Warm-up Time:
Allow the HP 4142B to warm-up for at least 40 minutes before performing
measurements.

Operating Temperature Range:
5°Cto40°C

Operating Humidity Range:
5% to 80%RH

Storage Temperature Range:
-40°C t0 70°C

Storage Humidity Range:
<80%RH at 65°C

Power Requirements:
100/120/220V£10%,; 240V-10%+5%, 48-66Hz {maximum 750VA)

Dimensions (in mm);
426W by 235H by 676D {(approximately)

Weights (approximate):
HP 4142B Mainframe: 23kg HP 41422A: 2.2kg
HP 41420A; 3kg HP 41424A; 2kg
HMP 41421B: 2kg HP 41425A:; 2kg

Safety Considerations:

The HP 4142B compliies with UL-1244, CSA bulletin 5568, and 1EC-348 safety stan-
dards, and is shipped from the factory in a safe condition.




Supplemental Performance Characteristics {1 of 4)

The following supplemental performance characteristics are not guaranteed specifica-
tions but are typical characteristics included as additional operation information.

HP 41428 Modular DC Scurce/Monitor

Ground Unit (GNDU):
Capacitance Load: <10UF
Cable Impedance: <10 {Force side), <100 (Sense side)

Piug-in Unit Control Functions:
Hold Time Setting Accuracy: 0.5% + 1ms
Delay Time Setling Accuracy: 0.5% + 1ms
Pulse Width Accuracy: 0.5% + 100us (SMU or VS)
0.5% + 20us (MHCU)
Pulse Period Accuracy: 0.5% + 100us

where the pulse width is defined as balow;

Pluse Width

Memory Funclion:
Program Memory: Can sfore approximately 500 program steps; up to 99 separate
programs. Programs can be executed individually,

HE 41420A and 414218 SMUs

Capacitance Load: <1000pF
Guard Capacitance: <900pF

Shield Capacitance: <5000pF

NOTE

When connecting cables or test devices with capacitance values greater than the
allowable Capacitance Load, Guard, and Shield capacitance values, SMUs may
oscillate.




Supplemental Performance Characteristics (2 of 4)

HP 414204 and 414218 SMUs (continued)

Cable impedance:

Force side: <0.7Q (when forcing 1A}, <10Q {when forcing 100maA)
Sense side: <100

NOTE

If cable impedance is greater than the allowable value when performing a mea-
surement and using a Kelvin connection, measurement results may be invalid.

Yoltage Measurement Input Resislance: 210 *(

Guard Voltage Offset: Timv

Moise Characteristics: (typical, with SMU Filter ON)
Voltage Source Noise: 0.01% of Range (rms)
Current Source Noise: 0.1% of Range (frms)
Voltage Monitor Noise: 0.02% of Range (p-p value)
Current Monitor Noise: 0.2% of Range (p-p value)

Yoltage/Current Quiput Overshoot:
0.03% of Range (typical, with SMU Filter ON)

Mazimum Slew Rate: 0.2V/us (with SMU Filter ON)

Range Switching Transient Noise: (typicallly, with SMU Filter ON)
Voltage Range Switching: 250mY
Current Range Switching: 10mV

Residual impedance when not using Kelvin connection: 0.20 (typical)

Measurement Time:
Force (Current or Voltage): Approximately 3.5ms
Measurement (Current or Voltage): Approximately dms

(When using an HP 9000 Series 300 Model 310 computer. Including daia transfer
time when set to the 20V and 100mA ranges.)
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Supplemental Performance Characteristics (3 of 4)

HP 414224 HCU

Current Limit Setting for Opposite Polarity: 0.1% of current range
Capacitance Load: <3.5 nF
Inductance Load: <1 uH

Cable Resistance:
Force side: <150 mQ (High and low when forcing 10 V and 10 A, respectively. See

below for details.)

» O Rl

HiGH FORCE  Measurement cable T

¢
5
TT.

13— VDU'I

Rowe € T

capee T
. 9UT

lours 10
YVeurg 10

|
=

Currert 3§

Cable resistance should be satisfied above conditions.

Sense side: <10 Q (high and low, respectively)

NOTE

If the cable resistance is greater than the allowable value when performing a mea-
surement and using a kelvin connection, the measurement results may be invalid.

Noise Characteristics: (typicai)
Voltage Source Noise: 0.01% of Range (rms)
Current Source Noise: 0.1% of Range {rms)
Voltage Monitor Noise: 0.02% of Range (p-p vaiue)
Current Monitor Noise: 0.2% of Range (p-p value)

Maximum slew rate: 0.3V/us (typical)
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Supplemental Performance Characteristics (4 of 4)

HP 41424A VS/VMU

Yoltage Sowrce:
Qutput impedance: 0.2Q (typical}
Capacitance Load: <{0uUF
Slew Hate: 0.2V/us
Current Limit Accuracy: +20% of Limit
Noise: ({iypically) 0.005% of Range (rms)

Yoltage Monitor:
Input tmpedance: =2100MQ
Leakage Current: <2nA {when measuring 0V)
Noise: 0.01% of Range (p - p value)
Differential Voltage Monitor Noise: 0.02% of Range (p - p valug)

Measurement Time: (same as SMU measurement times, except for ranging)
Voitage Force: Approximately 3.5ms (at 20V Range)
Voltage Moenitor: Approximately 4ms (at 20V Range)
Differential Voltage Monitor: Approximately 5.5ms (at 2V Range)

HP 414254 AFY

Ramp Rate Setting Accuracy:
0.5 to 5V/s: 30% of setting £0.5V/s
5.5 to 50V/s: 30% of setting £5V/s
55 to 500V/s: 30% of sefting £50V/s
550 to SkV/s: 30% of setting £500V/s
5.5k to 50kV/s: 30% of setting *5kV/s

Feedback Integration Time Setting Accuracy: 30% of setiing
Ramp Voltage Stop Delay Time: 3us (typical)

Measurement Time:
Approximately 12ms” for detecting MOSFET threshold voltage (Vih) when the speci-
fied drain current is 1uA, under optimum measurement setting conditions.
¥ From the time a measurement is triggered, until measurement resulis are stored in
the output data buffer:

General Characteristics

Auto Calibration:
Automatically calibrates for offset errors (all units) every 30 minutes,.

Alicwable Temperature Drift after Calibration: £3°C (¥6°F)
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ACCESSORIES

APPENDIX C

ACCESSORIES AND OPTIONS

The following table shows the available accessories for the HP 41428,

HPF 41428 Available Accessories

Description

Model or
Part Number

Test Fixture

Interactive Measurement and Analysis (IMA) Software

Connector Plate (for GNDU, SMUs and INTLK)
Connector Plate (for GNDU, HCUs, VS/VMU and INTLK)
Triaxial Cable (3 m for GNDU)

Triaxial Cable (1.5 m for GNDU)

Guuadraxial Cable (3 m for SMU)

Quadraxial Cable (1.5 m for SMU)

Triaxial Cable (1.5 m for SMU

Triaxiai Cable (3 m for SMU)

Triax Cover {for SMU)

Dual-coaxial Cable (3 m for HCU)

Dual-coaxial Cabie (1.5 m for HCU)

Coaxial Cable (1.5 m for V§/VMU, or INTLK)
Coaxial Cable (3 m for V8/VMU, or INTLK)
Adaptor Cable (for INTLK/VS/VMU - HF 16058A)

HP 16276A/L
HP 16088A

04142-60021
04142-6003 1
04142-61632
04142-61633
41420-61601
41420-61603
16058-61603
04145.61622
1250-1708

41422.61601
41422-61602
04142.61636
04145.61630
04142-61631




HP 16278A/L Interactive Measurement Analysis (IMA) Software

This software turns the HP 4142B into a fully
automatic semiconducior dc parametler analyzer
by providing an interactive, softpanel user inter-
face. Without having tc program, you can guickly
make measurements in  several  different
applications.

Besides the softpanel operation, you can easily
perform automated measurements and analysis
using the Analysis Instruction Set {AIS), which is a
subprogram fibrary.

This software operates on HP BASIC.
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HP 16082A Test Fixture

Shielded test fixture for packaged test devices.
Equipped with the following two interchangeable
socket boards for test device:

160568-60004 Blank Teflon Board
16088-60010 Universal Socket Board

The following socket boards are available {nct
furnished with HP 16088A):

16088-50001 4-pin TO-package Socket Board
16088-60002 28-pin Dual-in-line Socket Board
16088-60003 18-pin Dual-in-line Socket Board
16088-60004 8-pin TO-package Socket Board
16088-60005 10-pin TO-package Socket Board
16088-60006 12.pin TO-package Socket Board
16088-60007 TO-3/TO-66 Sockel Board (kebvin
connection}

16088-60008 3-pin In-line Socket Board (kelvin
connection)

16088-60009 Axial Lead Socket Board (kelvin
connection)

This fixture can be connected the following units:

SMU: 4 (for kelvin) to 8 (for non-kelvin) channels
HCU: 2 channels

VS or VM: 4 channels

GNDU: 1 channel

INTLK: 1 channe!

AUX: 2 channels

Socket Boards interconnections Example
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To HP 41428

HP 16088A

“% GUARD

C]F-j

SMU FORCE(E S FORCE
4ch
SMU SENSE (@ 04 SENSE
" HOU FORCE D——6 FORCE HIGH
2ch L FORCE LOW
HCU SENSE () Db SENSE HIGH
SENSE LOW
och [ VS Q VS
och [ VM (} ) M
oeh [ AUX O AUX
FORCE
GNDU  (GF B8 SENSE
FIXTURE LID I 1
OPEN/CLOSE
¥y
INTLK oo o

HP 160884 Circuit Diagram
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04142-60021 Conneclor Plate

Front View

Rear View

For interfacing the HP 4142B with a wafer prober. The connector assignments are:

For INTLK For GNDU For SMUs

0
|

Bmm

i
¥
SN
—©
o o

BOmm

Bmm

Hmm

200mm
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$4142-60031 Connector Plate

Front View Rear View

For interfacing the HP 41428 with a wafer prober. The connector assignments are:

& 3.2mm Smm

3.3mm

137 8mm

b 3 30mm

136mm
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04142-61632 GNDU Triaxiai Cable (3 m)

For connecting the HP 41428 GNDU. Reference
data is:

Capacitance between FORCE and COMMON lines:
1100 pF

Resistance of FORCE line: 150 m{

Capacitance between FORCE and SENSE lines:
700 pF

04142-61633 GNDU Triaxial Cable {1.5 m}

For connecting the HP 4142B GNDU. Reference
data is:

Capacitance between FORCE and COMMON lines:
550 pF

Resistance of FORCE line: 80 mQ

Capacitance between FORCE and SENSE lines:
350 pF

41420-61601 SMU Quadraxial Cable (3 m)

For connecting the HPSMU or MPSMU. Refer-
ence data is:

Capacitance between GUARD and FORCE lines
{guard capacitance). 300 pF

Capacitance between GUARD and COMMON
lines: 2400 pF

Resistance of FORCE line: 300 m{:
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41420-61603 SMU Quadraxial Cabile (1.5 m)

For connecting the HPSMU or MPSMU. Refer-
ence data is:

Capacitance between GUARD and FORCE lines
fguard capacitance): 150 pF

Capacitance between GQUARD and COMMON
lines: 1200 pF

Resistance of FORCE line: 150 m&

16058-61603 SMU Triaxial Cable (1.5 m)

For connecting the MPSMU or MPSMU. Refer-
ence data is:

Capacitance between GUARD and FORCE (or
SENSE) lines {(guard capacitance): 120 pF
Capacitance between GUARD and COMMON
lines: 900 pF

Resistance of FORCE line: 160 mQ

Maximum current: 1 A

For connecting the HPSMU or MPSMU. Refer-
ence data is:

Capacitance between GUARD and FORCE {or
SENSE]) lines (guard capaciance): 240 pF
Capacitance between GUARD and COMMON
fines: 1800 pF

Resistance of FORCE line: 320 mQ

Maximum current: 1 A
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1250-1708 Triax Cover

For shielding the HPSMU or MPSMU SENSE
ferminal.

41422-51601 HCU Dual-coaxial Cable (3 m)

For connecting the HCU. Reference data is:

Capacitance between FORCE HMIGH and FORCE
LOW lines: 3000 pF

Capacitance between SENSE HIGH and SENSE
LOW lines: 350 pF

Inductance between FORCE HIGH and FORCE
LOW lines; 200 nH

Resistance of FORCE HIGH fine: 70 mG
Resistance of FORCE LOW line: 110 m{

41422-81602 HCU Dual-coaxial Cable (1.5 m)

For connecting the HCU. Reference data is:

Capacitance between FORCE HIGH and FORCE
LOW fines: 1500 pF

Capacitance between SENSE HIGH and SENSE
LOW lines: 200 pF

induciance between FORCE HIGHM and FORCE
LOW lines: 100 nH

Resistance of FORCE HIGH line: 40 mO
Resistance of FORCE LOW line: 65 m{
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$4145-81630 Coaxial Cable (3 m)

For connecting the VS, VM, or INTLK. Reference
data is:

Capacitance: 330 pF
Resistance of center line: 400 mQ

(24142-61636 Coaxial Cable (1.5 m)

For connecting the VS, VM, or INTLK. Reference
data is:

Capacitanice: 160 pF
Resistance of center line: 220 mQ

04142-61631 Adaptor Cable (1.5 m)

For connecting the VS/VMU and INTLK to the HP
16058A Test Fixture.
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OPTIONS

The foltowing tables list the options available for the HP 41428,

HP 41428 Options Available (1 of 2}

Option Description Model or
MNumber Part Number
001 INTLK/VS/VMU - HP16058A Adapter Cable (1.5 m) 04142-61631
002 GNDU and INTLK cables (3 m) and Connector Flate -
Triaxial Cable (3 m for GNDU) 04142-61632
Coaxial Cable (3 m for INTLK or V§/VYMU) 04145-61630
Connector Plate (for GNDU, SMUs and INTLK) (4142-60021
003 | GNDU and INTLK Cables (1.5 m)
Triaxial Cable (1.5 m for GNDU) 04142-61633
Coaxial Cable (1.5 m for INTLK or VS/VMU) 04142-61636
022 | Connector Plate (for GNDU, HCUs, VS/VMU, and INTLK) 04142-60031
050 | Line frequency filter switch is set to 50 Hz.
060 | Line frequency filter switch is set to 60 Hz. --
100 | Line voltage switch setting and fuse for 100V/120V.
220G | Line voltage switch setting and fuse for 220V/240V.
400 | HP 41420A SMU (occupies 2 siots) HP 41420A
401 SMU Cable (1.5 m) and Triax Cover -
Triaxial Cable (1.5 m for SMU} 16058-61603
Triax Cover (for SMU) 1250-1708
402 | Quadraxial Cable (3 m for SMU) 41420-6160+1
408 | Quadraxial Cable (1.5 m for SMU) - 41420-61603
410 | HP 414218 SMU (1 slot) HF 414218
411 SMU Cable (1.5 my and Triax Cover
Triaxial Cable {1.5 m for SML}) 16058-61603
Triax Cover {for SML) 1250-1708
412 | Quadraxial Cable (3 m for SMU) 41420-61601
413 | Quadraxial Cable (1.5 m for SMU) 41420-61603
420 | HP 41422A MCU {occuples 2 slots) HP 414224
422 1 Dual-coaxial Cable {3 m for HCU) 41422-61601
423 | Dual-coaxial Cable (1.5 m for HCU) 41422-61602




HP 4142B Options Avaiiable (2 of 2)

Option Description Mode! or
Number Part Mumber
440 HE 414244 VS/VMU {1 slot) HP 41424A

442+ Four Coaxial Cabies (3 m for VS/VMU or INTLK} t
443 | Four Coaxial Cables (1.5 m for V&/VMU or INTLK) :
450 HP 41425A AFU (1 siot--1 per 4142B) HP 41425A
560 Interactive Measurement and Aralysis (IMA) Software HP 16276A/L
561 License-to-Use the HP 16276A HP 16276L
907 | Front Handle Kit 5062-3991
908 | Rack Flange Kit 5062-3979
909 | Front Handle and Rack Flange Kits 5062-3985
910 | Extra Manuals (English)

Operation Manual

HP-1B Command Reference Manual

Control Software Programming Manual
J10 | Extra Manuals {Japanese)

Qperation Manual (Japanese)

HP-IB Command Reference Manual (Japanese)

Control Software Programming Manual (English)
W03 | 90 day On-site Service

' Four 04145-61630¢g
* Four 04142-61636%

Options Available for the HP 4142B Plug-in Units

Model and Option

Description / Part Number

HP 41420A

HP 414218

HP 41422A

HP 41424A

Option 401
Option 402
Option 403
Option W03
Option 411
Option 412
Option 413
Option W03
COption 422
Option 423
Option W03
Option 442
Option 443
Option W03

HP 41425A Qption W03

Same as HP 4142B Option 401
Same as HP 4142B Option 402
Same as HP 41428 Option 403
890 day On-site Service
Same as HP 4142B Option 411
Same as HP 4142B Cption 412
Same as HP 4142B Option 413
90 day On-site Service
Same as HP 41428 Option 422
Same as HFP 41428 Option 423
20 day On-site Service
Same as HP 4142B Option 442
Same as HP 41428 Option 443
90 day On-site Service
90 day On-site Service
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