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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel.

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
are rated Installation Category I and Installation Category II, as de-
scribed in the International Electrotechnical Commission (IEC)
Standard TEC 60664. Most measurement, control, and data I/O sig-
nals are Installation Category I and must not be directly connected
to mains voltage or to voltage sources with high transient over-
voltages. Installation Category II connections require protection for
high transient over-voltages often associated with local AC mains
connections. The user should assume all measurement, control, and
data I/O connections are for connection to Category I sources un-
less otherwise marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating
at or above 1000 volts, no conductive part of the circuit may be
exposed.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry hands while standing on a dry, insulated
surface capable of withstanding the voltage being measured.



The instrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in a product, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

Ifa @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The & symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.
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BESCHEINIGUNG DES HERSTELLERS/IMPORTEURS

Hiermit wird bescheinigt, (daP)/das MODEL 236/237/238 SOUCE MEASURE UNIT in Ubereinstimmung
mit den Bestimmungen der Vfg 1046/1984 funk-entstort ist. Der Deutschen Bundespost wurde das Inverkehrbnngen

dieses Gerates angezeigt und die Berechtigung zur Uberprufung der Serie auf Einhaltung der Bestimmungen ein-
geraumt.

Die Einhaltung der betreffenden Bestimmungen setzt vordus, daf, (dass) geschirmte Meflleitungen verwendet werden.
Fur die Beschaffung richtiger Mepleitungen ist der Betreiber verantwortlich.

DIESES GERAET WURDE SOWOHL EINZELN ALS AUCH IN EINER ANLAGE, DIE EINEN NORMALEN
ANWENDUNGSFALL NACHBILDET, AUF DIE EINHALTUNG DER FUNK-ENTSTOERBESTIMMUNGEN
GEPRUEFT. EST IS JEDOCH MOEGLICH, DASS DIE FUNK-ENTSTOERBESTIMMUNGEN UNTER
UNGUENSTIGEN UMSTAENDEN BEI ANDEREN GERAETEKOMBINATIONEN NICHT EINGEHALTEN
WERDEN. FUER DIE EINHALTUNG DER FUNK-ENTSTOERBESTIMMUNGEN SEINER GESAMTEN ANLAGE,
IN DER DIESES GERAET BETRIEBEN WIRD, IST DER BETREIBER VERANTWORTLICH.

Keithley Instruments, Incorporated

CERTIFICATE BY MANUFACTURER/IMPORTER
This is to certify that the MODEL 236/237/238 SOURCE MEASURE UNIT isshielded againstradio interfer-

ence inaccordance with the provisions of Vfg 1046 /1984. The German Postal Services have been advised that this device
is being put on the market and that they have been given the right to inspect the series for compliance with the regula-
tions.

Compliance with applicable regulations depends on the use of shielded cables. It is the user who is responsible for pro-
curing the appropriate cables.

THIS EQUIPMENT HAS BEEN TESTED CONCERNING COMPLIANCE WITH THE RELEVANT RFI PROTEC-
TION REQUIREMENTS BOTH INDIVIDUALLY AND ON SYSTEM LEVEL (TO SIMULATE NORMAL OPERA-
TION CONDITIONS). HOWEVER, IT IS POSSIBLE THAT THESE RFI REQUIREMENTS ARE NOT MET UNDER
CERTAIN UNFAVORABLE CONDITIONS IN OTHER INSTALLATIONS. IT IS THE USER WHO IS RESPONSI-
BLE FOR COMPLIANCE OF HIS PARTICULAR INSTALLATION.

Keithley Instruments, Incorporated






_I_

SAFETY WARNINGS

The following safety warnings should be observed before using Model 236/237/238 Source Measure Units.

The Model 236/237 /238 Source Measure Unit is intended for use by qualified personnel who recognize shock hazards
and are familiar with the safety precautions required to avoid possible injury. Read over the operator’s manual carefully
before using the instrument. »

Exercise extreme caution when a shock hazard is present. Lethal voltages may be present on the test fixture or the Source
Measure Unit connector jacks. The American National Standards Institute (ANSI) states that a shock hazard exists when
voltage levels greater than 30V RMS or 42.4V peak are present. A good safety practice is to expect that hazardous volt-
age is present in any unknown circuit before measuring,.

Inspect the connecting cables, test leads, and jumpers for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the Source Measure Unit, test fixture, test cables or any other instruments while
power is applied to the circuit under test. Turn off all power and discharge any capacitors before connecting or discon-
necting cables or jumpers. Also, keep the test fixture lid closed while power is applied to the device under test. Safe op-
eration requires the use of the lid interlock.

Do not touch any object which could provide a current path to the common side of the circuit under test or power line
(earth) ground. Always make measurements with dry hands while standing on a dry, insulated surface capable of with-
standing the voltage being measured.

Do not exceed the maximum signal levels of the test fixture, as shown on the rear panel and as defined in the specifica-
tions and operation section of the instruction manual.

Connect the @ screw of the test fixture to safety earth ground using #18 AWG or larger wire (supplied accessory).

Instrumentation and accessories should not be connected to humans.

Thef symbol on a Model 237 indicates that 1000V or more may be present on the terminals. Refer to the Model
236/237 /238 Operator’s Manuals for detailed operation information.

WARNING
With remote sensing enabled, an open sense lead will result in lethal voltages appearing at OUTPUT HI and
GUARD. This voltage can cause injury or death, and damage external circuitry. Always make sure that the sense
leads are properly connected before enabling remote sense. NEVER change connections with powerapplied. Be sure
to always discharge and/or disconnect external power sources.

For multiple unit interlocked test systems, either keep all Model 236/237/238s powered on, or turn them all off.

+






Models 236 and 237 Source Measure Units Specifications

SOURCE-MEASURE UNIT: Sources voltage while measuring cur-
rent, or sources current while measuring voltage.

FUNCTION: Can be used as DC source or meter, sweep source, or full
source-measure unit.

SOURCE-DELAY-MEASURE CYCLE:
Source

] L
-+—— Source-Delay-Measure Cycle —

Default Measure
I Delay Delay Integration Time I

Default Delay: Fixed delay for instrument settling.
User Delay: Additional delay for device under test or system ca-

pacitance.
MEASURE:
Integration Time:
Fast 416  psec. 4 digit resolution
Medium 4 msec. 5 digit resolution
Line Cycle 16.67 msec. (60 Hz) 5 digit resolution

20.00 msec. (50 Hz)

Elapsed Time: Measures and stores time from sweep trigger to
measurement complete for each step of sweep.

RANGING:

Source: Auto-ranging through keypad entry; fixed range selection
using rotary dial and SELECT keys (DC function). Fully pro-
grammable in SWEEP function.

Measure: Auto or fixed range. Fixed range selection made by choice
of COMPLIANCE value.

FILTER: Takes n measurements, calculates and outputs average (n =

2,4, 8, 16, or 32, selectable).

SUPPRESS: Subtracts displayed measurement from subsequentread-
ings.
MENU: DC Measurement Delay, Default Delay On/Off, Local/

Remote Sense, 50/60Hz, IEEE Address, Self Tests.

DATA ENTRY: Numeric keypad or detented rotary dial.
TRIGGER:

Input and Output: Set for any phase of SOURCE-DELAY-
MEASURE sequence or trigger output at end of sweep.

Origin: Internal, External (including front panel MANUAL
TRIGGER button), IEEE-488 bus (TALK, GET, “X”).

MEMORY: Stores one full sweep (up to 1000 points) of source, delay,
and measure values, elapsed times, and sweep parameters. Lith-
ium battery backup.

INTERLOCK: Use with test fixture or external switch. Normally
closed; open puts instrument in standby.

Specifications subject to change without notice.

VOLTAGE
SOURCEV MEASURE V
RANGE ACCURACY ACCURACY!
(Max. STEP (1 Year, RESOLUTION (1 Year,
Value) SIZE 18°-28°C) 4-Digit 5-Digit 18°-28°C)

+1.1000V2 100 uV  #(0.033%+650 0V 100V 10 puV +(0.028% + 300pV

+ [1,/T55) X 450pV) + [1,/1] x 450uV)
+11.000V 1mV $(0.033%+24mV) 1mV 100 uV +(0.025%+ 1ImV)
+110.00V  10mV £(0.033%+ 24mV) 10mV 1mV £(0.025%+ 10mV)
+1100.0V® 100 mV £(0.04 %+240mV) 100mV 10mV +(0.035%+100mV)

I, = Output current
I = Full scale on selected current range

! Specifications apply for 5-digit resolution. For 4-digit resolution add 100ppm
of range.

2 Assumes remote sense for I > 100pA.

3 1100V range available on Model 237 only.

COMPLIANCE: Bipolar current limit set with single value.
Maximum: +100mA (except £10mA on 1100V range in Model 237).
Minimum: +0.1% of range, except 0.5% of 1.1V range.

Accuracy, Step Size: Same as current source.

NOISE (p-p): - Range 0.1-10Hz
110V-1100V < 3ppm of range
1nv < 3ppm of range
11V <10ppm of range

WIDEBAND NOISE: 0.1 to 20MHz, 8mV p-p typical.
OVERSHOOT: <0.01% (110V step, 10mA range).

SETTLING TIME: <500psec. to 0.01% (110V step, 10mA range).
NMRR: >60dB at 50 or 60Hz (LINE CYCLE integration time selected).

CMRR: >120dB at DC, 50 or 60Hz (LINE CYCLE integration time
selected).

INPUT IMPEDANCE (as a voltmeter): >10"Q paralleled by <20pF.

CURRENT
SOURCE1 MEASURE 1
RANGE ACCURACY ACCURACY*
(Max. STEP (1 Year, RESOLUTION (1 Year,
Value) SIZE 18°-28°C) 4-Digit 5-Digit 18°-28°C)

+1.0000 nA 100 fA +(03 %+450 fA) 100 fA 10 fA +(03 %+100 fA)
£10.000 nA  1pA (03 %+ 2pA)  1pA 100 fA +03 %+ 1pA)
1100.00 nA 10pA +(021%+ 20pA) 10pA 1pA (021 %+ 6pA)
+1.0000 pA 100 pA +(0.05%+200pA) 100pA 10pA +(0.04 %+ 60 pA)
+10.000 pA  1nA (005%+ 2nA)  1nA 100pA +(0.035%+700 pA)
+100.00 pA 10nA +(0.05%+ 20nA) 10nA  1nA +0.035%+ 6nA)
+1.0000mA 100nA +(0.05%+200nA) 100nA 10nA #0.035%+ 60nA)
+10.000mA  1pA +(0.05%+ 2pA)  1pA 100nA +(0.038%+600nA)
+100.00mA  10pA (01 %+ 20pA)  10pA  1pA +01 %+ 6pA)

1Specifications apply for 5-digit resolution. For 4-digit resolution, all offset terms
are 200ppm of range.

2 Offset specification applies for 23°C + 1°C with suppression. Temperature
coefficient 50fA/°C.

COMPLIANCE: Bipolar voltage limit set with single value.
Maximum: 1100V (except 110V on 100mA range in Model 237).
Minimum: 0.1% of selected current range.

Accuracy, Step Size: Same as voltage source.

NOISE (p-p of range): 0.1-10Hz: <3ppm (<20ppm on 1nA and 10nA
ranges).

OVERSHOOT: <0.01% typical (10mA step, R, = 10kQ).

SETTLING TIME: <500usec. to 0.01% (10mA step, R, = 10k<).

OUTPUT R, C: >10"Q paralleled by <20pF (on InA range).

VOLTAGE BURDEN (as an ammeter): <lmV.



IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT,
UNL, SPE, SPD.

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AHI1, Té, TEO, L4, LEO, SR1, RL1,
PPO, DC1, DT1, C0, El.

All front panel functions and setups are available over the IEEE-488
bus, in addition to Status, Service Request, Output Format, EOI,
Trigger, and Terminator.

IEEE~488 address is set from front panel menu.

EXECUTION SPEED

MINIMUM SOURCE-DELAY-MEASURE CYCLE TIME: 1msec.
RESPONSE TO IEEE-488 COMMAND (as a source): 25msec.
MEASUREMENT RATE: Imsec. per point into internal buffer.

CONTINUOUS MEASUREMENT SPEED (source DC value over
IEEE-488 bus): 110 readings per second.

TRIGGER LATENCY TIME: <2msec.

GENERAL
LOAD CAPACITANCE: Stable into 20,000pF typical.

REMOTE SENSE: Corrects for up to 2V drop in each output lead.
Maximum 1kQ per sense lead for rated accuracy. Residual output
resistance (as a voltage source) is 0.5Q.

GUARD: Output Resistance: <12kQ.
Maximum Output Current: £2mA.
Offset Relative to Output HI: £2mV max.
ISOLATION (OQutput LO to chassis): Typically >10Q in parallel
with 500pF.
MAXIMUM COMMON MODE VOLTAGE: 200V.
CONNECTORS: Outputs: 3-lug triax.
Trigger Input/Output: BNC.
Interlock: 3-pin miniature DIN.
TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
4(0.1 x applicable accuracy specification)/°C.
ENVIRONMENT:
Operating: 0°-50°C, 70% relative humidity up to 35°C. Linearly
derate 3% RH/°C, 35°-50°C.
Storage: —25° to 65°C.
WARM-UP: One hour to rated accuracy.
COOLING: Internal fan forced air cooling.

POWER: 105-125 or 210-250V AC (external switch selectable), 90-
110V and 180-220V version available. 100VA max.

DIMENSIONS, WEIGHT: 89mm high X 435mm wide x448mm deep
(3.5 in. X 17.125 in. X 17.625 in.). Net weight 9kg (19.75 Ibs.).

ACCESSORIES SUPPLIED:
Model 7078-TRX-10: Triax to Triax Cable, 3m (10 ft.) (2 supplied)
Model 236-ILC-3: Interlock Cable
ACCESSORIES AVAILABLE:
Model 8000-10: Equipment Rack for 3 SMUs (10 in.)
Model 8000-14: Equipment Rack for 4 SMUs (14 in.)



Model 238 Source Measure Unit Specifications

SOURCE-MEASURE UNIT: Sources voltage while measuring current, or
sources current while measuring voltage.

FUNCTION: Can be used as DC source or meter, sweep source, or full
source-measure unit.

SOURCE-DELAY-MEASURE CYCLE:

Source
Value —

—<——— Source-Delay-Measure Cycle — |—'
| Delay

Default Measure I
Delay Integration Time

Default Delay: Fixed delay for instrument settling.
User Delay: Additional delay for device under test or system capaci-

tance.
MEASURE:
Integration Time:
Fast 416  psec. 4-digit resolution
Medium 4 msec. 5-digit resolution
Line Cycle 16.67 msec. (60 Hz) 5-digit resolution

20.00 msec. (50 Hz)

Elapsed Time: Measures and stores time from sweep trigger to mea-
surement complete for each step of sweep.

RANGING:

Source: Auto-ranging through keypad entry; fixed range selection using
rotary dial and SELECT keys (DC function). Fully programmable in
SWEEP function.

Measure: Auto or fixed range. Fixed range selection made by choice of
COMPLIANCE value.

FILTER: Takes n measurements, calculates and outputs average (n=2, 4,
8, 16, or 32, selectable).

SUPPRESS: Subtracts displayed measurement from subsequent readings.

MENU: DC Measurement Delay, Default Delay On/Off, Local/Remote
Sense, 50/60Hz, IEEE Address, Self Tests.

DATA ENTRY: Numeric keypad or detented rotary dial.

TRIGGER:

Input and Output: Set for any phase of SOURCE-DELAY-MEASURE
sequence or trigger output at end of sweep.

Origin: Internal, External (including front panel MANUAL TRIGGER
button), IEEE-488 bus (TALK, GET, “X”).

MEMORY: Stores one full sweep (up to 1000 points) of source, delay, and
measure values, elapsed times, and sweep parameters. Lithium battery
backup.

INTERLOCK: Use with test fixture or external switch. Normally closed;
open puts instrument in standby.

Specifications subject to change without notice.

VOLTAGE
SOURCEV MEASURE V
RANGE ACCURACY ACCURACY!
(Max. STEP (1 Year, RESOLUTION {1 Year,
Value) SIZE 18°-28°C) 4-Digit 5-Digit 18°-28°C)
15000V 100 uV  +(0.033% + 800uV 100 uV 10 uV  £(0.028% + 450uV
+ [I/T,] x 600pVy? + [1,/ 15} x 600pV)?
+15.000V 1mV  +0.033%+ 2.7mV) 1mV 100 pV  £(0.025%+ 1.3mV)
+110.00V  10mV  #(0.033%+24mV) 10mV  1mV +(0.025%+ 10mV)

I, = Output current

I, = Full scale on selected current range

1Specifications apply for 5-digit resolution. For 4-digit resolution add 100ppm of
range. Assumes remote sense for I > 100pA.

2On the 1A range use [I,/I] x 250uV.

COMPLIANCE: Bipolar current limit set with single value.
Maximum: +1A (x100mA on the 110V range).
Minimum: 1% of selected voltage range.
Accuracy, Step Size: Same as current source.

NOISE (p-p typical):

Range 0.1-10Hz
110 V < 3ppm of range
15V < 3ppm of range
15V <10ppm of range

WIDEBAND NOISE: 0.1 to 20MHz, 8mV p-p typical.

OVERSHOOT: <0.01% (110V step, 10mA range).

SETTLING TIME: <500usec. to 0.01% (110V step, 10mA range).

NMRR: >60dB at 50 or 60Hz (LINE CYCLE integration time selected).
CMRR: >120dB at DC, 50 or 60Hz (LINE CYCLE integration time selected).
INPUT IMPEDANCE (as a voltmeter): >10Q paralleled by <20pF.

CURRENT
SOURCEI MEASURE I

RANGE ACCURACY ACCURACY*

(Max,  STEP (1 Year, RESOLUTION {1 Year,

Value)  SIZE 18°-28°C) 4Digit 5Digit  18°-28°C)
+1.0000 nA 100 fA +(03 %+ 450 fA) 100 fA 10 fA +03 %+ 100 fAR
£10.000nA  1pA #03 %+ 2pA)  1pA 100 fA (03 %+ 1pA)
+100.00 nA 10 pA +(021%+ 20pA) 10pA  1pA (021 %+ 6pA)
+1.0000 pA 100 pA  +(0.05%+200pA) 100pA 10pA (0.04 %+ 60 pA)
+10000 pA  1nA +(005%+ 2nA)  1nA 100pA (0.035%+700 pA)
+100.00 pA  10nA  #(0.05%+ 20nA)  10nA  InA 2(0.035%+ 6nA)
+1.0000mA 100 nA  +(0.05%+200nA) 100nA 10nA +(0.035%+ 60nA)
+10.000mA  1pA +005%+ 2pA)  1pA 100nA +(0.038%+600 nA)
+100.00mA 10 pA #0.1 %+ 20pA)  10pA  1pA 201 %+ 6pA)
£10000 A 100 pA  #0.12%+700A) 100pA  10pA (0.12 %+300 pA)

1Specifications apply for 5-digit resolution. For 4-digit resolution, all offset terms
are 200ppm of range.

2Offset specification applies for 23°C + 1°C with suppression. Temperature
coefficient 50fA /°C.

COMPLIANCE: Bipolar voltage limit set with single value.
Maximum: £110V (*15V on the 1A range).
Minimum: +1% of selected current range.
Accuracy, Step Size: Same as voltage source.
NOISE (p-p of range): 0.1-10Hz: <3ppm (<20ppm on InA, 10nA and 1A
ranges).
OVERSHOOT: <0.01% typical (10mA step, R, = 10kQ).
SETTLING TIME: <500psec. to 0.01% (10mA step, R, = 10k€2).
OUTPUTR, C: >10“Q paralleled by <20pF (on InA range).
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MULTILINE COMMANDS: DCL, LLO,SDC, GET, GTL, UNT, UNL, SPE,
SPD.

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, T6, TEQ, L4, LEO, SR1, RL1, PPO,
DC1, DT1, C0, E1.

All front panel functions and setups are available over the IEEE-488 bus, in
addition to Status, Service Request, Output Format, EOI, Trigger, and
Terminator.

IEEE-488 address is set from front panel menu.

EXECUTION SPEED

MINIMUM SOURCE-DELAY-MEASURE CYCLE TIME: 1Imsec.
RESPONSE TO IEEE-488 COMMAND (as a source): 25msec.
MEASUREMENT RATE: Imsec. per point into internal buffer.

CONTINUOUS MEASUREMENT SPEED (source DC value over IEEE-
488 bus): 110 readings per second.

TRIGGER LATENCY TIME: <2msec.

GENERAL

LOAD CAPACITANCE: Stable into 20,000pF typical.

REMOTE SENSE: Corrects for up to 2V drop in each output lead. Maxi-
mum 1kQ per sense lead for rated accuracy. Residual output resistance
(as a voltage source) is 0.5Q.

GUARD: Output Resistance: <12kQ.

Maximum Output Current: £2mA.
Open Circuit Offset Relative to Output HI: £2mV max.

ISOLATION (Output LO to chassis): Typically >10"Q in parallel with
650pF.
MAXIMUM COMMON MODE VOLTAGE: 200V peak.
CONNECTORS: Outputs: 3-lug triax.
Trigger Input/Output: BNC.
Interlock: 3-pin miniature DIN.
TEMPERATURE COEFFICIENT (0°~18°C & 28°-50°C):
(0.1 x applicable accuracy specification)/°C.
ENVIRONMENT:
Operating: 0°-50°C, 70% relative humidity up to 35°C. Linearly derate
3% RH/°C, 35°-50°C.
Storage: —25° to 65°C.
WARM-UP: One hour to rated accuracy.
COOLING: Internal fan forced air cooling.

POWER: 105-125 or 210-250V AC (external switch selectable), 90- 110V
and 180-220V version available. 120VA max.

DIMENSIONS, WEIGHT: 89mm high X 435mm wide x 448mm deep (32
in. X 17% in. x 17% in.). Net weight 9kg (19.75 Ibs.).

ACCESSORIES SUPPLIED:
Model 7078-TRX-10: Triax to Triax Cable, 3m (10 ft.) (2 supplied)
Model 236-ILC-3:  Interlock Cable

ACCESSORIES AVAILABLE:
Model 8000-10: Equipment Rack for 3 SMUs (10 in.)
Model 8000-14: Equipment Rack for 4 SMUs (14 in.)
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SECTION 1
ing Started

1.1 INTRODUCTION

This section contains introductory information on oper-
ating your Source Measure Unit and is intended to help
you get it up and running as quickly as possible. The in-
formation is divided (tabbed) into three parts:

Source-Measure Concepts

The information in this part will provide a basic under-
standing of the Source Measure Unit.

1.2 Operation Overview: An overview will cover basic
operation, which includes its source and measure capa-
bilities, the source-delay-measure (SDM) cycle, operat-
ing functions (dc and sweep), and expands on its sweep
capabilities.

1.3 Basic Circuit Configurations: Simplified circuits,
along with brief explanations, are provided to show the
Source Measure Unit configured as a voltage source and
as a current source.

14 Guard and Remote Sensing: Provides basic infor-
mation on its driven guard and remote sensing capabili-
ties.

1.5 Operating Boundaries: Covers the operating
boundaries (limits) of the Source Measure Unit and ex-
plains the effect of the load on its operating point.

Front and Rear Panel Familiarization

1.6 Front Panel Familiarization: Briefly describes the
display and each front panel control.

1.7 Rear Panel Familiarization: Outlines each aspect of
the rear panel including connectors and switches.

Basic Source-Measure Techniques

1.8 Power-Up: Summarizes line voltage and frequency
settings, and power connection requirements.

1.9 Connections: Explains how to connect the Source
Measure Unit to the Model 8006 test fixture and how to
make test connections to DUT.

1.10 Source-Measure Examples: Provides test examples
to demonstrate dc operation and sweep operation. HP
BASIC 4.0 programs are also provided to demonstrate
the tests over the IEEE-488 bus.
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Source-Medasure

1.2 OPERATION OVERVIEW

The fundamental models for the Source Measure Units
are shown in Figure 1-1. When programmed to source
voltage, the Imerer is connected in series with the Vsource
and output. When programmed to source current, the
Vmeter is connected across (in parallel to) the Isource and
output.

Concepts

Source Capabilities

Vsource — The Models 236 and 238 can source from
+100pV to£110V. The Model 237 has an additional source
range of +1100V. The programmable current compliance
is up to 100mA for the Model 236, 100mA for the 237 (ex-
cept 10mA on the 1100V source range), and 1A for the
Model 238 (except 100mA on the 110V source range).

V Source

A. Source V Measure |

Figure1-1.  Fundamental Models

| Source

B. Source | Measure V
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Isource — The Models 236 and 237 can source from
+100fA to +100mA. The Model 238 has an additional
source range of +1A. The programmable voltage compli-
ance is up to 110V for the Model 236, 1100V for the 237
(except 110V on the 100mA source range), and 110V for
the Model 238 (except 15V on the 1A source range).

Compliance limits are used to protect external circuitry
or DUT (devices under test). Setting an appropriate cur-
rent compliance (I-limit) can prevent excessive power
dissipation in a device. Setting an appropriate voltage
compliance (V-limit) can protect a device susceptible to
damage by overvoltage. The Source Measure Unit will
never exceed the user programmed compliance limit.

Source Only — To use the Source Measure Unit only as a
source, simply ignore measure readback (displayed
measurements for dc operation, and measure values in
the sweep buffer for sweep operation). For IEEE-488 bus
operation, measure readback can be disabled (G com-
mand).

Measure Capabilities

Imerer — The Model 236 can measure from +10fA to
+100mA, the Model 237 from +10fA to £100mA (except
10mA on the 1100V source range), and the Model 238
from +10fA to 1A (except 100mA on the 110V source
range).

Vumerer — The Model 236 can measure from *10uV to
110V, the Model 237 from +10puV to 1100V (except 110V
on the 100mA source range), and the Model 238 from
+10uV to £110V (except 15V on the 1A source range).

The selected compliance range is also the maximum
measurement range. For example, if compliance is pro-
grammed to 50mA (100mA range), measurements (up to
50mA) will be made on the 100mA range. However, if
AUTORANGE is enabled, the Source Measure Unit will
always go to the lowest (most sensitive) possible range to
make the measurement.

Measure Only — The Source Measure Unit can be used
as a stand-alone voltmeter or current meter (see
Figure 1-2). To measure voltage, select Source I Measure
V and set the current source to zero on the 1nA range
(0.0000 nA). To measure current, select Source V Measure

14

I and set the voltage source to zero on the 1V range
(0.0000 V).

Source-Delay-Measure

Source Measure Unit operation (dc and sweep) consists
of a series of source-delay-measure (SDM) cycles (see
Figure 1-3). During each SDM cycle, the following oc-
curs:

1. Set the source output level.
2. Perform the delay.
3. Make the measurement.

The delay is used to allow the source to settle before the
measurement is made. The total time period of the delay
includes an internal (default) delay and the user pro-
grammed delay.

With the default delay enabled, a short delay is used to
allow for internal settling on the low current ranges. The
default delay is approximately equivalent to five RC time
constants of the selected current range for either Source I
or Source V.

A programmable delay (from Omsec to 65sec) is available
to compensate for longer settling caused by external cir-
cuitry. The more capacitance seen at the output, the more
settling time that is required for the source. The actual de-
lay period needed can be calculated or determined by
trial and error. For resistive loads and higher currents,
the programmable delay can be set to Omsec.

Operating Functions (DC and Sweep)

In dc operation (dc function selected), a constant dc volt-
age or current is applied to the output. This operation
consists of a continuous series of SDM cycles. During
each SDM cycle, the measured reading will be internally
updated, making them available for display. The pro-
grammed source value is displayed on the left side of the
display and the subsequent measurement is shown on
theright side. All readings are not displayed. The display
is slower than the internal measure update rate, however
it is possible to get all readings over the bus.

In sweep operation (sweep function selected), the Source
Measure Unit sweeps through a user-defined list of
points specifying source values and delay times for a
waveform (fixed level, staircase or pulse). An SDM cycle
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Output HI
| Source
(0.0000nA) DUT
Output LO
)
A\ 4
A. Measure Voltage only
Positive
Current
A e~
| Meter O
\_/ Output HI
V Source
(0.0000V) DUT
Output LO
et}
A
NOTE : Positive current flowing out of
Output HI results in positive
(+) measurements.
B. Measure Current only
Figure1-2. Measure Only
Next Source Value
Source l
Value
—)t—— Source-Delay-Measure Cycle —
Default I
Delay Delay Measure
Default Delay : Fixed delay for instrument settling.
Delay : Additional delay for device under test or system capacitance.
Figure1-3.  Source-Delay-Measure (SDM) Cycle
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occurs during each programmed step or point of the
sweep. Each measurement in the sweep is stored in the
sweep buffer.

Sweep Types

There are six basic sweep waveforms to select from and
are shown in Figure 14. Source levels, delay times and
measurement points of a sweep waveform are pro-
grammed by the user. Except for the fixed level sweep,
each step (or level) of a sweep waveform consists of a sin-
gle SDM cycle. Thus, one measurement will be per-
formed at each step (level) and stored in the sweep
buffer.

Typical applications for staircase sweeps include; I-V
curves for 2- and 3-terminal semiconductor devices,
characterization of leakage vs. voltage, and semiconduc-
tor breakdown. Pulse sweeps are used in similar applica-
tions where thermal response is measured or where sus-
tained power levels can damage the external device un-
der test. The fixed level sweep allows the unit to function
as a data logger with a time stamp. The time stamp is

available for all sweep types allowing time-dependent ef-
fects to be measured.

In addition to the built-in sweeps, the user can append
different sweep types together (sweep append) or mod-
ify an existing sweep point-by-point (sweep modify) to
develop a custom waveform.

Sweep Buffer

After asweepis run, the data for up to 1000 measurement
points is stored in the sweep buffer. This data can be ac-
cessed from the front panel, or, over the IEEE-488 bus,
sent to a computer for evaluation (i.e. plotting).

Figure 1-5 shows an example of a sweep. The table shows
the type of data that is stored in the sweep buffer for
every measurement point. The delay column in the table
lists the delay period programmed by the user for each
step of this sweep. Notice that a different delay was pro-
grammed for the fifth step of this modified sweep.

] ]
petey |£] Dotey IS g
y y Level
Bias — L Bias Bias ‘ Bias
Fixed Level Pulse
€ Stop
—_— <«— Stop
Step ( Step{
b Start
Start — ?
Bias L——Bias Bias Bias
Linear Stair Linear Stair Pulse
<— St
op <«— Stop
Start Start
L, 5 |
Bias ——— Bias 1as Bias
Logarithmic Stair Logarithmic Stair Pulse
Figure 1-4.  Sweep Waveforms
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Source
Value € Delay )
[€Delay 9 Delay-)|
1€ Delay ->| Delay —)|
Measure Measure Measure Measure Measure
Point 1 Point 2 Point 3 Point 4 Point 5
-
Time
Sweep Waveform

Figure 1-5.  Example Sweep

{ seLect P

Elapsed
: Point | Source | Delay | Measure | Time

1 1.00V 1s 2mA 1.002s

2 3.00v 1s 6mA 2.003s

3 5.00V 1s 10mA 3.004s

4 3.00v 1s 6mA 4,005s

Rotary 5 | 100v | 2s | 2ma | 6.006s
Knob

Sweep Buffer
Contents

“Elapsed time” time stamps each measurement of the
sweep. Each elapsed time is measured from the begin-
ning of the sweep to the end of the measurement for each
point. Notice that in addition to the programmed delay,
there is time contributed by other factors, such as the inte-
gration time of the measurement. The time stamps are
useful when performing V or I versus t tests.

When RECALL is enabled, the data in the sweep buffer is
displayed by the Source Measure Unit using the rotary
knob and the SELECT buttons. The display serves as a
“window” to view each data parameter. As shown in the
illustration, the rotary knob moves the display “win-
dow” vertically, while the SELECT buttons move the dis-
play “window” horizontally.

1.3 BASIC CIRCUIT CONFIGURATIONS

The simple models shown in Figure 1-1 have been ex-
panded to include the driven guard and sense circuits,
and are shown in Figure 1-6 and Figure 1-7.

Source I Measure V

To Source I Measure V (see Figure 1-6), a voltmeter
(Vmerer) is connected in parallel with the current source
(Isource). In this configuration, the Source Measure Unit
will function as a high-impedance current source with
voltage measure (and limit) capability.

Sense selection (local or remote) determines where the
voltage measurement is made. In local sense, voltage is
measured at the output of the Source Measure Unit. In re-
mote sense, voltage is measured at the DUT eliminating
any voltage drops that may be in the testleads or connec-
tions between the Source Measure Unit and the DUT.

The driven guard needed to accurately source low cur-
rent is provided by a buffer circuit. The X1 buffer ensures
that GUARD and OUTPUT HI always remain at the same
potential. Proper use of GUARD virtually eliminates
leakage paths in the cable, test fixture and connectors.

Source V Measure I

To Source V Measure I (see Figure 1-7), an ammeter
(Iveter) is connected between the voltage source (Vsource)
and OUTPUT HI. In this configuration, the Source Meas-
ure Unit will function as a low-impedance voltage source
with current measure (and limit) capability.

Sense circuitry is used to constantly monitor the output
voltage and make adjustments to Vsource as needed.
VMmerer measures the voltage at the output (local sense) or
at the DUT (remote sense) and compares it to the pro-
grammed voltage level. If the sensed (measured) level
and the programmed value are not the same, Vsource is
adjusted accordingly. Here again, remote sense elimi-
nates the effect of voltage drops in the test leads ensuring
that the exact programmed voltage appears at the DUT.

The driven guard needed to accurately measure low cur-
rent is provided by the X1 buffer circuit. GUARD and
OUTPUT HI will always be at the same potential.

1-7
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Figure 1-6.  Source I Measure V
Buffer _
| meter —= \1 E :I !I 1! ,‘ © Qutput HI
0 © Sense HI
Measure Output
V source <
Adjust V source
(Feedback)
\‘ E l: !' 1! ,‘ O Sense LO
© Qutput LO

Figure 1-7.

Source V Measure I
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1.4 GUARD AND REMOTE SENSING
Guard

The purpose of guarding is to eliminate the effects of
leakage current (and capacitance) that exists between
output high and output low. In the absence of a driven
guard, leakage could be enough to adversely affect the
performance of the Source Measure Unit.

Effective guarding is achieved by surrounding output
high with a driven guard. Since the voltage potentials of
output high and the driven guard are the same, virtually
no leakage current can flow from output high to output
low.

The Source Measure Unit provides a driven guard for
OUTPUT HI and SENSE HI. The driven guard is always
enabled and thus, always available at the rear panel of the
Source Measure Unit. When the Source Measure Unit is
properly connected to a test fixture (such as the 8006),
guard is extended to that test fixture. Thus, leakage in the
connecting triax cables is virtually eliminated. Inside the
test fixture, coaxial cables can be used to extend guard all
the way to the DUT.

Guard should always be used when sourcing or measur-
ing low current (<1pA) or for high speed measurements
(SDM cycle <10msec).

WARNING
GUARD is at the same potential as OUTPUT
HI. Thus if lethal voltages are present at
OUTPUT HI, they are also present at
GUARD.

Remote Sense

The Source Measure Unit has local or remote sensing ca-
pability. When using remote sensing, sense lines are ex-
tended to the DUT.

When sourcing V, remote sensing allows the voltage to
be sensed (measured) at the load for better regulation. If
the remotely sensed voltage at the DUT is lower than the
programmed voltage level (due to test lead IR drop), the
actual output voltage will be increased until the sensed
voltage equals the programmed voltage. This ensures
that the exact programmed voltage appears at the DUT.

When sourcing I, remote sensing performs the voltage
measurement right at the DUT. The measured reading is
the actual voltage across the DUT and does not include
the IR drop of the test leads.

Remote sensing should be used when sourcing or meas-
uring TmA or more.

WARNING

With remote sensing enabled, an open sense
lead will result in lethal voltages appearing
at OUTPUT HI and GUARD. This voltage
can cause injury or death, and damage exter-
nal circuitry. Always make sure that the
sense leads are properly connected before
enabling remote sense. NEVER change con-
nections with power applied. Be sure to al-
ways discharge and/or disconnect external
power sources.

1.5 OPERATING BOUNDARIES

Depending on how it is programmed and what is con-
nected to the output (passive or active load), the Source
Measure Unit can operate in any of the four quadrants.
The source-measure capabilities of the Models 236, 237,
and 238 are summarized in Figure 1-8. From these
graphs, it can be determined that if the Models 236, 237,
and 238 are sourcing 110V, they can measure (and limit)
up to 100mA. Conversely, if they are sourcing 100mA
they can measure (and limit) up to 110V.

Figure 1-8B shows the extended capabilities of the Model
237. When sourcing over 110V (up to 1100V), it can meas-
ure (and limit) 10mA. Conversely, when sourcing 10mA
or less, it can measure (and limit) 1100V. Figure 1-8C
shows the extended capabilities of the Model 238. When
sourcing over 100mA (up to 1A), it can measure (and
limit) 15V. Conversely, when sourcing 15V or less, it can
measure (and limit 1A).

When operating in the first or third quandrant, the
Source Measure Unit is operating as a source. That is, the
Source Measure Unit is delivering power to aload. When
operating in the second or fourth quadrant, the Source
Measure Unit is operating as a sink. As a sink, it is dissi-
pating power rather than sourcing it. An external source
or an energy storage device, such as a capacitor or a bat-
tery, can force operation in the sink region. For example,
if a 12V battery is connected to a Source Measure Unit
(Output HI to battery high) that is programmed for +10V,

1-9
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o ST
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-1A
-
A. Model 236 B. Model 237 C. Model 238
Figure1-8.  Source-Measure Capabilities

sink operation will occur in the second quadrant (source
+V and measure -I).

Source I Measure V

The operating boundaries in a single quadrant for Source
I Measure V are shown in Figure 1-9. The voltage limit
load line represents the programmed compliance limit
set by the user. The current source load line represents
the source current programmed by the user. These load
lines are boundary lines that represent the operating lim-
its of the Source Measure Unit for this quadrant of opera-
tion. The operating boundaries for the other three quad-
rants are similar.

Voltage Limit
Load Line

N v

Current
- Source
Load Line

V measure

AN
7/

| source

Figure 1-9.  I-Source QOperating Boundaries
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Where on the boundary the Source Measure Unit oper-
ates depends on the load (DUT) that is connected to its
output. Figure 1-10 shows operation examples for resis-
tiveloads that are 500Q and 1kQrespectively. In these ex-
amples, the Source Measure Unit is programmed to
source 16mA and limit (measure) 12V.

In Figure 1-10A, the Source Measure Unit is sourcing
16mA to the 50012 load and subsequently measures 8V.
Aslong as the DUT load line intersects the current source
load line, the Source Measure Unit will be able to source
its programmed current (16mA).

Figure 1-10B shows what happens if the resistance of the
load is increased to 1kQ. The DUT load line intersects the
voltage limitload line placing the Source Measure Unit in
compliance. In compliance, the Source Measure Unit will
not be able to source its programmed current (16mA). In-
stead, it will source only 12mA.

Notice that as resistance increases, the slope of the DUT
load line increases. As resistance approaches infinity
(open output), the Source Measure Unit will source virtu-
ally OmA at 12V. Conversely, as resistance decreases, the
slope of the DUT load line decreases. At zero resistance
(shorted output), the Source Measure Unit will source
16mA at virtually OV.

Regardless of the load, voltage will never exceed the pro-
grammed compliance of 12V. Also, maximum power toa
DUT in this case will never exceed 192mW (12V X 16mA).



SECTION 1

Getting Started
Voltage Limit Voltage Limit .
Load Line Load Line Opel.'a;ang
\ \ / poin
12v Operating 12v
3 point € D
S v 4 3 %
o o o XY
2 e Current 3 N Current
i o \o P Source i > P Source
£ Load Line < Load Line
> 6°°Q § N
I
Isource (Is) 16mA 12mA 16mA
Isource (Is)
Vm=1Is*R
= Is = Vm/R
= (‘\f’“A)(5°°9) = 12V/1kQ
B =12mA
A. Nog::ghs:#roe B. I-Source in Compliance
Figure 1-10. I-Source Operation Examples
Source V Measure I v
Current Limit
Load Line
The operating boundaries in a single quandrant for ™ *
Source V Measure I is shown in Figure 1-11. The current
limit load line represents the programmed compliance
limit programmed by the user. The voltage source load
line represents the source voltage programmed by the ®
user. These load lines are boundary lines that represent 5 Voltage
the operating limits of the Source Measure Unit for this 3 ~ Eoucr’cE.
quadrant of operation. The operating boundaries for the E oad Line
other three quadrants are similar.
N
V source 4
Where on the boundary the Source Measure Unit oper- . . .
ates depends on the load (DUT) that is connected to its Figure 1-11. V-Source Operating Boundaries

output. Figure 1-12 shows operation examples for resis-
tive loads that are 500Q2 and 200Q respectively. In these
examples, the Source Measure Unit is programmed to
source 10V and limit (measure) 25mA.

In Figure 1-12A, the Source Measure Unit is sourcing 10V
to the 500Q load and subsequently measuring 20mA. As
long as the DUT load line intersects the voltage source
load line, the Source Measure Unit will be able to source
its programmed voltage (10V).

Figure 1-12B shows what happens if the resistance of the
load is decreased to 200Q. The DUT load line intersects
the current limit load line placing the Source Measure
Unit in compliance. In compliance, the Source Measure
Unit will not be able to source its programmed voltage
(10V). Instead, it will source only 5V.

Notice that as resistance decreases, the slope of the DUT
load line increases. At zero resistance (shorted output),
the Source Measure Unit will source virtually 0V at
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10V
Vsource (Vs)

Im=Vs/R
= 10V/500Q
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A. Normal V-Source
Operation

Figure 1-12. V-Source Operation Examples

5V 10V
Vsource (Vs)

Vs=Im*R
= (25mA)(200Q)

B. V-Source in Compliance

25mA. Conversely, as resistance increases, the slope of
the DUT load line decreases. At infinite resistance (open

output), the Source Measure Unit will source 10V at vir-
tually OmA.

1-12

Regardless of the load, current will never exceed the pro-
grammed compliance of 25mA. Also, maximum power
to a DUT in this case will never exceed 250mW (10V X
25mA).
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Front and Rear Panel

1.6 FRONT PANEL FAMILIARIZATION

The front panel of the Model 237 Source Measure Unit is
shown in Figure 1-13, along with a brief description of
each item. The display and front panel controls of the
Model 236 and 238 are not shown since they are similar to
the Model 237.

In the source-measure display state, the left side of the
display provides the programmed source value while the
right side provides the subsequent measured reading.

Familiarizction

When not displaying values, the 18-character display is
used for messages associated with various aspects of op-
eration.

All front panel controls, except for the POWER switch
and the rotary knob, are momentary contact switches.
Many control buttons have a light to indicate the selected
feature. The controls are color-coded into functional
groups for ease of operation.

® JORO,

( 237 HIGH VOLTAGE SOURCE MEASURE UNIT

)
%{'
=
S

J

Figure 1-13. Model 237 Front Panel
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@ POWER — This switch controls ac power to the
Source Measure Unit. Power is ON when the switch set is
to the “in” (1) position, and OFF when the switch is set to
the “out” (0) position.

@ LOCAL — IEEE-488 Interface Control. Pressing
this button when the unit is in remote (REMOTE on) re-
turns the unit to the local mode (REMOTE off) and re-
stores operation of other front panel controls unless LLO
(local lockout) is in effect.

SOURCE GROUP

@ OPERATE — This toggle-action button places the
instrument in the operate or standby state. In operate
(OPERATE light on), the selected source parameter if
triggered) will be available at the output. In standby, OV
is applied to the output and the message “STDBY” is dis-
played.

@ ? WARNING — Operate indicator for Model
237. Up to 1100V may be present on output connections
when lit.

@ SOURCE MEASURE — This toggle-action button
selects the voltage source or the current source. When set
tosource V, the Source Measure Unit will measurel. Con-
versely, when set to source I, V will be measured. Note
that pressing this button will take the instrument out of
operate and place it in standby. Also, it will place the unit
in an untriggered state.

@ FUNCTION — This toggle-action button selects dc
or sweep operation.

@ COMPLIANCE — This button is used to check/
change the compliance level. With the Source Measure
Unit set to source V, the current compliance level is dis-
played, and conversely, when set to source I, the voltage
compliance level is displayed. With the compliance dis-
played, its value can be changed using either the adjust
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(rotary knob) or edit (keypad) method. The instrument
returns to normal operation when a keypad value is en-
tered or the COMPLIANCE button is again pressed.

Note: Selecting a compliance range also sets the maxi-
mum Source Measure Unit measurement range.

MEASURE GROUP

| TIME — When this button is pressed, the pre-
sent integration period is displayed. An alternate integra-
tion period (fast, medium or line cycle) can be selected by
displaying it with the SELECT buttons and then pressin;
ENTER. If the period is not to be changed, again press%
TIME to return to normal operation.

FAST = 416pusec; 4-digit resolution
MEDIUM = 4msec; 5-digit resolution
LINE CYCLE = 16.667msec or 20msec; 5-digit resolution

@ SUPPRESS — When this button is pressed, the
next conversion will be internally stored as abaseline. All
subsequent readings will be the difference between the
suppressed value and the actual signal level.

FILTER — When this button is pressed, the status
of the measurement filter is displayed. To change the
amount of filtering, display the desired filter (disable, 2,
4, 8, 16 or 32 readings averaged) using the SELECT but-
tons and then press ENTER. Indicator is on when the FIL-
TER is enabled.

@ AUTORANGE — This button enables AUTO-
RANGE. With AUTORANGE enabled, the Source Meas-
ure Unit will go to the lowest (most sensitive) possible
range to make the measurement.

SWEEP GROUP

@ CREATE — Sweep CREATE selects a sweep and
defines its parameters. In general, when this button is
pressed, one of the available sweeps will be displayed. If
an alternate sweep is desired, use the SELECT buttons to
display it and then press ENTER. The rotary knob is then
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used to display the parameters while the keypad is used
to change them.

@ MODIFY — Sweep MODIFY makes modifications
to a sweep that already exists. With sweep modify, the
source value and/or delay time can be modified at any
individual data point of the sweep.

When MODIFY is pressed the source (SRC) value at the
first data point is displayed. The source value at this
point can be modified by keying in a value and pressing
ENTER. The source range will then be displayed and can
be changed using the SELECT buttons and pressing EN-
TER. Pressing the SELECT P> button will display the de-
lay (DLY) time. This delay can also be modified. The ro-
tary knob scrolls the display to other data points for simi-
lar modifications. Exit modify by again pressing MOD-
IFY.

APPEND — Sweep APPEND adds a sweep to a
sweep that already exists. Pressing APPEND will display
the sweep in memory. The rotary knob will display the
existing parameters of the sweep. Entering the parame-
ters as they are will add an identical sweep to the one in
memory. However, the parameters can be changed (via
keypad) to add a sweep that is different from the original.

A different sweep type can be appended to the one in
memory. With the current sweep typedisplayed, a differ-
ent sweep type can be selected with the SELECT buttons.
However, non-pulse sweeps cannot be appended to
pulse sweeps, and vice versa. The parameters for this ad-
ditional sweep are then defined using the rotary knob
and keypad.

@ RECALL — After a sweep is run, pressing RE-
CALL will display the first entry of the last data point of
the sweep. The stored data are organized in a matrix ar-
ray. In general, the display “window” is moved across
the matrix using the SELECT buttons, and up and down
the matrix using the rotary knob. Pressing RECALL a sec-

ond time returns the Source Measure Unit to normal op-
eration.

Before a sweep is run, RECALL can be used to view
source values created for the sweep.

TRIGGER GROUP

SETUP — After pressing SETUP, the current status
of the triggers can be displayed with the rotary knob.
With a trigger displayed, its parameters can be changed
with SELECT and ENTER. Press SETUP and then ENTER
to enter new trigger parameters.

@ MANUAL — When the MANUAL trigger light is
blinking, a trigger stimulus is required. This trigger
stimulus can be provided by pressing the MANUAL trig-
ger button, sending an appropriate trigger command
over the IEEE bus, or by receiving an external input trig-
ger.

DATA ENTRY GROUP

Rotary Knob — Controls the display of various op-
erating parameters, adjusts source and compliance val-
ues, and when in RECALL, controls the display of sweep
data.

SELECT — These buttons select alternate operat-
ing parameters and, when in RECALL, controls the dis-
play of sweep data.

Keypad — All keypad buttons, except MENU, en-
ter (or cancel) numeric data.

@ MENU — Used to check/change parameters of the
following operating conditions: dc delay (0 to 65sec), de-
fault delay (on/off), sense (local /remote), line frequency
setting (50Hz/60Hz) and IEEE address (0 to 30). Also
used to run self-tests.
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Figure 1-14. Model 236 Rear Panel
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1.7 REAR PANEL FAMILIARIZATION

The rear panel of the Model 236 Source Measure Unit is
shown in Figure 1-14.

@ OUTPUT HI (GUARD) — OUTPUT HI (GUARD)
is a three-lug triax connector. OUTPUT HI is located on
the center conductor and GUARD is located on the inner
shell.

@ SENSE HI (GUARD) — SENSE HI (GUARD) is a
three-lug triax connector. SENSE Hl is located on the cen-
ter conductor and GUARD is located on the inner shell.

@ SENSE LO (OUTPUT LO) — SENSE LO (OUT-
PUT LO) is a three-lug triax connector. SENSE LO is lo-
cated on the center conductor and OUTPUT LOis located
on the inner shell.

@ OUTPUT LO — Five-way binding post for OUT-
PUTLO.

@ CHASSIS GROUND — This binding post is con-
nected to chassis ground. For optimum shielding OUT-
PUT LO must be connected to this connector (ground
link installed). Only remove the ground link for floating
operation.
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WARNING
Never use the chassis ground binding postas
a safety earth ground. This is strictly a
“source-measure” terminal and not a safety
terminal.

@ TRIGGER OUT — TRIGGER OUT is a BNC con-
nector. Provides negative edge TTL pulses. Referenced to
IEEE (chassis) common. Can be used to trigger other
Source Measure Unit operations.

@ TRIGGER IN — TRIGGER IN is a BNC connector.
Receives negative edge TTL level triggers. Referenced to
chassis common.

LINE VOLTAGE — Two-position slide switch. Set
to available line power (115V or 230V).

@ INTERLOCK — Two 3-pin male connectors. One
connects to the test fixture and the other can be connected
to a second Source Measure Unit. Cable connection to the
Source Measure Unit enables the interlock feature. Used
to place Source Measure Unit(s) in standby when lid of
test fixture is opened.

WARNING
When using the INTERLOCK feature in a
multiple unit test system, make sure all the
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Model 236/237/238s remain powered up.
Turning off one or more Model 236/237/238s
in the test system may result in erratic IN-
TERLOCK operation. That is, an operational
Model 236/237/238 may not go into standby
when the lid of the system test fixture is
~ opened. This condition exposes the operator
to potentially lethal voltages that could re-
sult in injury or death.

As a general rule of safety for multiple unit
interlocked test systems, either keep all
Model 236/237/238s powered on, or turn
them all off.

LINE FUSE — Provides protection on the ac power
line input.

@ CAL LOCK — Source Measure Unit calibration
cannot be saved with this pushbutton switch in the OUT
position.

@ IEEE-488 — Connects the instrument to the
IEEE-488 bus.
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Basic Source-Medasure

1.8 POWER UP

The following abbreviated information should be
enough to properly and safely power up the unit. How-
ever, if there are any uncertainties, refer to paragraph 2.2
for the complete power up procedure.

Line Voltage

The Source Measure Unit is designed to operate from
105-125V or 210-235V line power ranges. The operating
voltage that the instrument is configured to operate at is
indicated on the line voltage slide switch located on the
rear panel (see Figure 1-15). If the alternate line voltage
setting is required, a fuse change will be required. The
procedure to configure the instrument to operate at the
alternate line voltage is located in paragraph 2.2.1.

LINE VOLTAGE
SELECTED

|:|>
wn
=

Figure 1-15. Line Voltage Selected

Techniques

Power Cord

Connect the female end of the power cord to the ac recep-
tacle on the rear panel of the instrument. Connect the
male end of the cord to a grounded ac outlet.

WARNING

The Source Measure Unit is equipped witha
3-wire power cord that contains a separate
ground wire and is designed to be used with
grounded outlets. When proper connections
are made, instrument chassis is connected to
powerline ground. Failure to use agrounded
outlet may result in injury or death due to
electric shock.

CAUTION

Be sure that the power line voltage agrees
with the indicated range on rear panel line
voltage switch. Failure to observe this pre-
caution may result in instrument damage not
covered by the warranty. The procedure to
configure the instrument for the alternate
line voltage is found in paragraph 2.2,

Power Up Cycle

To turn on the instrument, press the POWER button. The
Source Measure Unit will briefly display the installed
software revision and the IEEE-488 bus address setting.
Complete details on the power up cycle, which includes
self tests, are contained in paragraph 2.2.4.
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Line Frequency

The instrument will operate at a line frequency of 50 or
60Hz. If the line frequency setting of unit is in question,
proceed to paragraph 2.2.6 to check and, if necessary,
changeiit.

1.9 CONNECTIONS

The Source Measure Unit is intended to be used with a
test fixture for DUT in order to maintain safety and opti-
mize performance. The operating examples in this sec-
tion use the Keithley Model 8006 test fixture which is de-
signed to be used with the Source Measure Unit. How-
ever, an alternate test fixture can be used as long as the
following safety criteria are followed:

e The test fixture must be completely enclosed to pre-
vent human access to live circuitry.

e Thetest fixture must use a safety interlock such that ail
power connected to it will be interrupted when it is
opened.

e The chassis of the test fixture must be connected to a
safety earth ground to prevent shock hazards.

1.9.1 Source Measure Unit Connections

to Test Fixture

Source Measure Unit connections to the Model 8006 test
fixture are shown in Figure 1-16. Notice that all three
triax connectors of the Source Measure Unit are con-
nected to the test fixture. These connections extend guard
and remote sense to the test fixture. The cables used for
these connections are 3-slot triax cables.

The interlock feature of the Source Measure Unit is en-
abled when the interlock cable is connected to it. With
this feature, the Source Measure Unit will go into standby
whenever the lid of the test fixture is open or ajar.

Aoy 1
MAX OUTPUT
[ETRE] waoew

T

7078-TRX
Cables

236-ILC-3
Interlock
Cable

A UL o)
©:@

© .ee&ﬁ_&-&«_&l. . ®

woemuss

Figure 1-16. SMU Connections to Test Fixture

é Model 8006 Rear Panel

WARNING : Test fixture chassis must be
connnected to a safety earth ground.
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1.9.2 Test Connections

All test connections are made at the connection panels of
the Model 8006. It is at these panels where guard and re-
mote sense are extended to the DUT, if needed.

Since the two test examples in this section have different
requirements, two test connection configurations are
shown. Figure 1-17 shows the configuration required to
test the resistor (dc example), and Figure 1-18 shows the
configuration required to test the zener diode (sweep ex-
ample).

For the zener diode test, remote sensing is used. Jumpers
(supplied with the Model 8006) are used to make connec-
tions to the zener diode. Note that jumpers are also used
to connect the panel shield and module shield of the test
fixture to OUTPUT LO. This provides additional shield-
ing for the DUT.

For the resistor test, remote sensing and guard is not
used. Again, the panel shield and module shield of the
test fixture are connected to OUTPUT LO.

( 8008 COMPONENT TEST FIXTURE

@ 2“%"“?”@5"‘ @ Output HI
O|¥eod [60d pibe

:Q_@ 5&@ o SHIELD

A WARNING : §SER SUPPLIED LETHAL VOLTAGES MAY BE PRESERT WHIL!

Jumper

(1 0of4)

MODULE Output LO

SHIELD

];:no—lm—mm:n

Figure 1-17. Connections for Resistor Test (Remote Sensing)
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1.10 SOURCE-MEASURE EXAMPLES

To teach the basics of front panel operation, two simple
operating examples are presented here. For dc operation,
the Source Measure Unit is used to source I and measure
V to test the accuracy of a resistor (100kQ). For sweep op-
eration, a linear staircase voltage sweep is used to exam-
ine the breakdown region of a zener diode.

For those familiar with the IEEE-488 bus, an HP BASIC
4.0 program is provided to repeat each test over the bus.
At the factory, the IEEE address of the Models 236, 237,
and 238 are set to 16. The IEEE address is briefly dis-
played on power up.

NOTE
The Source Measure Unit can be used imme-
diately after it is turned on. However, to
achieve rated accuracy, the Source Measure
Unit must be warmed up for one hour.

1.10.1 Dc Operation Example — Resistor

Test

In this test, the Source Measure Unit will be used to
source 100pA through a 100k< resistor. The subsequent
voltage drop (=10V) across the resistor will be measured
and displayed by the Source Measure Unit.

Connect the Source Measure Unit to the Model 8006 test
fixture as shown in Figure 1-16, and connect the resistor
as shown in Figure 1-17.
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Front Panel Operation

Step 1 — Select Current Source

Press the SOURCE MEAS-

URE button to select Source I

Measure V

SOURCE MEASURE

v
1Bv

This button toggles between
the voltage source and the
current source

Indicator denotes the selected
source.

Step 2 — Select dc Function

Press FUNCTION to select
the dc function.

FUNCTION

oc H©
SWEEP []

This button toggles between
dc operation and sweep opera-
tion.

Indicator denotes the selected
function.

Step 3 — Enter Source Value

A. Use the Data Entry key-
pad to key in +100pA.

+100E -6 AMPS

B. Press ENTER

C. Press MANUAL TRIG-
GER fif its indicator is blink-
ing.

+100.00pA STBY V

To key in “E”, press EXP
button.

MANUAL TRIGGER light
stops blinking and 100)LA
source value displayed.
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Step 4 — Enter Compliance Value

A. Press COMPLIANCE. The present compliance value

is displayed.
B. Use keypad to key in 11V.

+11 VOLTS

C. Press ENTER.

Display for an exact 10012
load; 1001 A sourced and

+100.00A +10.000V

10V measured.

Step 5 — Enter Filter

A. Press FILTER. Present filter status is dis-
played and indicator is

turned on.

FILTER
B

B. Use SELECT buttons to
select 8 reading filter.

Average and display 8 meas-
urements. Result is a quieter
display reading.

8 RDG FILTER

C. Press ENTER. FILTER indicator remains on

Step 8 — Adjust I Source Value
ADJUST METHOD

A. Use SELECT buttons to
enable cursor and place it on
digit to adjust,

Flashing digit indicates posi-
tion of cursor.

SELECT buttons can also be
used to change source range.

Output will update as soon
as the displayed source value
is changed.

B. Use rotary knob to adjust
displayed source value.

EDIT METHOD

A. Use keypad to key in new
source value.

B. Press ENTER. Output will not update until
ENTER is pressed.

NOTE: Increasing I to >110 BA will place unit in compliance
(COMPLIANCE indicator blinks). :

to denote that a filter is se-
lected (not disabled).

Step 6 — Select Local Sense

A. Press MENU and use ro-

tary knob to display present

sense selection.

B. If in remote sense, press SELECT buttons toggle be-

SELECT to display local tween local and remote sense.
sense.
LOCAL SENSE

C. Press ENTER and then
MENLU.

Step 9 — Standby

Press OPERATE to place unit in
standby.

Step 7 — Source Current and Measure Voltage

Press OPERATE
Indicator denotes that OPER-
ATE is enabled.
OPERATE
|

IEEE-488 Bus Operation

The following HP BASIC 4.0 program will perform the resistor
test from over the IEEE-488 bus. This program is written for a
Source Measure Unit that is set to an IEEE address of 16.

10 REMOTE716

20 DIM A$[100]

30 CLEAR716

40 OUTPUT 716; “F1,0X” Source I Measure V (dc)

50 OUTPUT 716; Source; 1001 A, auto-
“B100E-6,0,X" range.

60 OUTPUT 716; “L11,0X” Compliance; 11V, auto-
range

70 OUTPUT 716; “P3X” Filter 8

80 OUTPUT 716; “O0X” Local sensing

90 OUTPUT 716; “N1X” Operate
100 OUTPUT 716; “HOX” Trigger measurement
110 OUTPUT 716; “G15,00X”  Output data and talk
120 ENTER716; A$ Talk
130 PRINT A$ Display one line of data
140 END

After this program is run, the Source Measure Unit will source 100LA
to the 100k Qresistor and measure approximately 10V. Also, the output
data string will be output to the computer and displayed on the CRT.
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1.10.2 Sweep Operation Example —

Zener Diode Test

In this test, the Source Measure Unit will be used to
source V and measure I. A linear staircase sweep from
-6V to =7V in 100mV steps (see Figure 1-19) will be used

to collect current measurements in the breakdown region

of a 6.3V, 400mW zener diode.

Connect the Source Measure Unit to the test fixture as
shown in Figure 1-16, and connect the zener diode as
shown in Figure 1-18.

Figure 1-18.

8006 COMPONENT TEST FIXTURE
BINDING POST
102020+ 0@
o -9 © H ®® 0 PA%EL
(I | 3 P4 8 8 SHIELD
i 1209
\ Aw ; &ER SUPPLIED LETHAL VOLTAGES MAY 8E PRESERT WHILE
Jumper——> . \ R
(10f6) ~ \s.Y :
lsounce AXIAL KELVIN CLIPS SOUNCE
%/ )\
LI —eid SHIELD
O SENSE 20mm {0.80n.) BPACING ENSE

Connections for Zener Diode Test (Remote Sensing)

Figure 1-19.

Bias 0.0 ps—
> >
-6.0
Start = - 6.0V 1
Stop = - 7.0V @
Step = 0.1V 2 .
Delay = 0.5 seconds 2
Bias = OV 6.5
-7.0 >
™1 ’

Linear Staircase Sweep for Zener Diode Test

TTTTT T
1.2 3 45

>

Tt 1T
7 8 9 10 11

Measure Points
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Front Panel Operation

Step 1 — Select Voltage Source

Press the SOURCE MEAS-
URE button to select Source
V Measure I

SOURCE MEASURE

VE 1
1Ov

This button toggles between
the voltage source and the
current source

Indicator denotes the selected
source.

Step 2— Select Sweep Function

Press the FUNCTION but-
ton to select the sweep func-
tion.

FUNCTION

pc O
SWEEP E

This button toggles between
dc operation and sweep op-
eration.

Indicator denotes the selected
function.

Step 3 — Select Sweep Type

A. Press Sweep CREATE.

CREATE
a

B. Use SELECT to display
the linear staircase sweep.

LINEAR STAIR

C. Press ENTER.

The currently defined sweep
will be displayed.

Indicator denotes that CRE-
ATE is enabled.

Step 4 — Enter Sweep Parameter Values

A. Use the Data Entry key-
pad to key in each parameter
value (except for range; use
SELECT buttons).

B. Press ENTER to enter
each value.

Sweep parameter values for
this test:
<06.000 V START

-07.000 V STOP

+0.1000 V STEP

00.500 SEC DELAY
+0.0000 V BIAS
BEST FIXED RANGE

C. After the range is entered
(ENTER pressed), the follow-
ing message is displayed:

SAVE? ENTER/CANCEL

D. Press ENTER to establish
the above parameter values
for this sweep.

Whenever a value is entered
(ENTER pressed), the next
parameter will be displayed.

While in create, the rotary
knob can be used to display
parameters.

STEP interpreted as an abso-
lute value. Direction is deter-
mined by START and STOP
values.

Delay allows source to settle
when its level changes.

Pressing CANCEL will can-
cel parameter values just en-
tered. The sweep will default
to the previously established
values.
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Step 5: — Enter Compliance Value

A. Press Source COMPLI-
ANCE.

COMPLIANCE
a2

B. Using the keypad, key in
55mA.

+55E-3 AMPS

C. Press ENTER.

Indicator denotes that COM-
PLIANCE is enabled (com-
pliance limit is displayed).

A compliance limit of 55mA
will protect the 400mW de-
vice from damage

(7V x 55mA = 385mW).

Exponent form shown. The
value can instead be keyed in
as +0.055 amps.

Pressing CANCEL will re-
turn display to the previously
established compliance limit.

Step 7 — Select Autorange

Press AUTORANGE

AUTORANGE
B8

This button toggles between
autorange and manual range.

Indicator denotes that
AUTORANGE is enabled.

With AUTORANGE en-
abled, the lowest possible
measurement range will be
used at each step of the sweep.
Otherwise, all measurements
would be made on the 100mA
range (as set by the compli-
ance value).

Step 6—Select Remote Sense

WARNING

With remote sensing enabled, an open sense lead will result
in lethal voltages appearing at OUTPUT HI and GUARD.
This voltage can cause injury or death, and damage external
circuitry. Always make sure that the sense leads are properly
connected before enabling remote sense. Never change con-
nections with power applied. Be sure to always discharge
and/or disconnect external power sources.

A. Press MENU and use ro-
tary knob to display present
sense selection.

B. If in local sense, press SE-
LECT  todisplay remote
sense.

REMOTE SENSE

C. Press ENTER and then
MENU.
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SELECT buttons toggle be-
tween local and remote sense.

Step 8 — Perform Sweep

A. Press OPERATE

OPERATE

B. Press MANUAL Trigger
to start the sweep.

MANUAL
[

Indicator denotes that OPER-
ATE is enabled.

The output is at the bias level
(0V), but the sweep has not
yet started (MANUAL Trig-
ger indicator blinking).

While the sweep is in pro-
gress, the MANUAL Trigger
indicator stops blinking, and
the voltage source steps can
be observed on the display.

Step 9 — Standby

Press OPERATE to place
unit in standby after sweep is
completed.
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Step 10 — Recall Sweep Data

A. Press Sweep RECALL

RECALL
[

B. Use the Rotary Knob and
the SELECT buttons to dis-
play data.

Data for the last data point of
the sweep is displayed first.

Indicator denotes that sweep
recall is enabled.

Stored data is arranged in a
matrix array. In general, the
knob moves the display “win-
dow" vertically in the matrix,
while the buttons move the
“window” horizontally.

Figure 1-20 shows a graph of
typical data for this test.

IEEE-488 Bus Operation

The following HP BASIC 4.0 program will perform the zener
diode test from over the IEEE-488 bus. This program is written
for a Source Measure Unit that is set to an IEEE address of 16.

10
20
30
40

50

REMOTE 716

CLEAR 716

DIM A$ [800]
OUTPUT 716; “F0,1X"

OUTPUT 716; “Q1,-6,-7,
.1,2,500X"
OUTPUT 716; “L.055,0X"

OuTPUT 716; “O1X”
OUTPUT 716; “N1X”
OUTPUT 716; “HOX”
OUTPUT 716; “G15,0,2X"
ENTER 716; A$

PRINT A$

END

Source V Measure I
(sweep)

Lin staircase sweep
parameters
Compliance; 55mA, auto-
range

Remote sense

Operate

Trigger start of sweep
Output all data on talk
Talk

Display all sweep data

NOTE: Place unit in standby when sweep is completed (MAN-
UAL trigger light blinking).

When the program is run, the Source Measure Unit will sweep
from —6V to~7V in —100mV steps. After the sweep is completed,
all the sweep data will be displayed on the computer CRT.

Volts

-7.0 -6.8 -6.6

-6.4

-6.2

-6.0

Figure 1-20. Zener Diode Breakdown

mA

1-27






SECTION 2
Operation

2.1 INTRODUCTION

This section contains the detailed information to operate
the Source Measure Unit. Generally, the information is
presented in a sequence that the unit would most likely
be used. Along with front panel operation, abbreviated
information for using it over the IEEE-488 bus is also pro-
vided. Detailed IEEE-488 bus operation is covered in Sec-
tion 3 of this manual.

The information in this section is divided into four parts:
connections, operating fundamentals, sweep operation,
and source-measure considerations.

2.2 Power Up: Provides detailed information for con-
figuring and connecting the unit to the available line volt-
age.

Connections

23 Basic Test Connections: Covers the basic informa-
tion for connecting a Source Measure Unit to a device un-
der test (DUT) that is installed in a test fixture.

2.4 Multi Unit Connections: Connection requirements
when using two or more units in a test system.

2.5 IEEE-488 Bus Connections: Provides the informa-
tion needed for connections to the IEEE-488 bus.

2.6 Typical Switching Configurations: Recommends
some typical switching configurations using various
switching cards.

2.7 High Voltage Switching Configurations: Recom-
mends high voltage switching cards for the Model 237.

Operating Fundamentals (DC Operation)

2.8 Display Messages: Providesa table thatlistsand ex-
plains display messages.

2.9 Data Entry: Explains how to enter data into the
Source Measure Unit.

2.10 Menu: Contains the detailed information for using
the MENU selections. These include; dc delay, default
delay, sensing, ac line frequency, IEEE address, factory
initialization, and self tests.

2.11 Select Source and Function: Provides the detailed
information associated with source selection and func-
tion selection (dc or sweep).

2.12 Set Compliance and Measurement Range: Ex-
plains compliance and provides the detailed procedure
to set compliance and measurement range.

2.13 Autorange: Explains the autorange (measurement)
feature and how to use it.

2.14 Operate: Explains the operate and standby states.
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2.15 | Time: Explains integration time and how to select
it.

2.16 Filter: Covers the averaging filter and how to useit.

2.17 Suppress: Covers the suppress feature in detail and
explains how to use it.

Sweep Operation

2.18 Basic Sweep Waveforms: Describes the six avail-
able sweep waveforms.

2.19 Create Sweep List: Explains how to define sweep
parameters for a selected sweep waveform.

2.20 Append Sweep: Explains how to append one or
more waveforms to an existing sweep waveform.

2.21 Modify Sweep: Explains how to modify source and
delay points of an existing sweep waveform. Allows cus-
tom shaped waveforms to be fabricated.

2.22 Configure Triggers: Explains how to configure the
triggers that are used to start and control sweeps.

2.23 Performing a Sweep: Summarizes the fundamen-
tals of performing a sweep.

2.24 Recalling Sweep Data: Explains how to recall test
data from the sweep buffer.

2.25 Multi Unit Operation: Provides basic information

required for synchronized operation of two or more
Source Measure Units.

2-2

Source-Measure Considerations

2.26 Current Clamp: Explains the internal current clamp
circuit which is used to protect the Source Measure Unit
from external power sources.

2.27 Sink Operation: Explains operation when the
Source Measure Unit is dissipating power rather than
sourcing it.

2.28 Making Stable Measurements: Provides consid-
erations and techniques for making stable measurements
with single and multiple Source Measure Unit test sys-
tems. Includes effects of reactive loads on performance.

2.29 Measure Only: Covers the basics for using the
Source Measure Unit as a stand alone electrometer.

2.30 Guarding: Provides basic theory on guarding.

2.31 Electrostatic Interference: Provides techniques to
minimize electrostatic interference.

2.32 Thermal EMFs: Provides techniques for minimiz-
ing thermal EMFs that can adversely affect low current
measurements.

2.33 Radio Frequency Interference: Explains radio fre-
quency interference (RFI) and how to minimize its ef-
fects.

2.34 Ground Loops: Explains the adverse effects of
ground loops and how to avoid them.
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22 POWER UP PROCEDURE

2.2.1 Line Voltage Setting

The Source Measure Unit is designed to operate from
105-125V or 210-250V line power ranges. A special trans-
former may be installed (at factory) for 90-110V and
195-235V ranges. The operating voltage that the instru-
ment is configured to operate at is indicated on the line
voltage slide switch located on the rear panel (see
Figure 2-1). The required switch positions for the avail-
able line voltages are summarized in Table 2-1. If the line
voltage setting needs to be changed, proceed as follows:

Table 2-1. Line Voltage Selection (50-60Hz)

Voltage Selection
Line Voltage Switch Position
105 - 125V 115V
210-250V 230V
90 -110V* 115V
195 - 235V* 230V

*Requires special power transformer, installed
at the factory.

WARNING
Make sure the Model 236/237/238 is discon-
nected from the power line and all other
equipment before proceeding.

1. Locate the line voltage switch on the rear panel (see
Figure 2-1). Place the blade of a screwdriver into the
slotin the switch slot and slide it over to the alternate
position.

2. Install a fuse consistent with the operating voltage,
as described in the next paragraph.

LINE VOLTAGE  LINE FUSE
SELECTED SLOW BLOW

1E

Line Voltage Switch and Line Fuse

Figure 2-1.

2.2.2 Fuse Replacement

A rear panel fuse located adjacent to the line voltage
switch (see Figure 2-1) protects the power line input of
the Source Measure Unit. If the fuse needs to be replaced
(line voltage switch setting changed or suspected blown
fuse), perform the following steps:

WARNING
Make sure the Source Measure Unit is dis-
connected from the power line and other
equipment before replacing the fuse.

1. With the power off, place the end of a flat-blade
screwdriver into the slot in the rear panel line LINE
FUSE holder. Push in gently and rotate the fuse car-
rier one-quarter turn counterclockwise. Release
pressure on the holder and its internal spring will
push the fuse and carrier out of the holder.

2. Remove the fuse and replace it with the type recom-
mended in Table 2-2.

CAUTION

Do not use a fuse with a higher current rating
than specified, or instrument damage may
occur. If the instrument repeatedly blows
fuses, locate and correct the cause of the
trouble before replacing the fuse. See the
service manual for troubleshooting informa-
tion.

Table 2-2. Line Fuse Selection

Model Line Keithley
Number | Voltage | Fuse Type Part No.
236,237 | 90-125V | 1A,250V, 3AG, FU-10
Slo Blo
195-250V | 1/2A,250V,3AG, | FU-4
Slo Blo
238 90-125V | 1.25A,250V,3AG | FU-28
Slo Blo
195-250V | 0.6A, 250V, 3AG, | FU-27
Slo Blo

3. Install the new fuse and the fuse carrier into the
holder by reversing the above procedure.

2-3
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2.2.3 Power Cord

Connect the female-end of the power cord to the ac recep-
tacle on the rear panel of the instrument. Connect the
male-end of the cord to a grounded ac outlet.

WARNING

The Source Measure Unit is equipped witha
3-wire power cord that contains a separate
ground wire and is designed to be used with
grounded outlets. When proper connections
are made, instrument chassis is connected to
powerline ground. Failure to use agrounded
outlet may result in injury or death due to
electric shock.

CAUTION

Be sure that the power line voltage agrees
with the indicated range on rear panel line
voltage switch. Failure to observe this pre-
caution may resultin instrument damage not
covered by the warranty. The procedure to
configure the instrument for the alternate
line voltage is found in paragraph 2.2.1.

224 Power Up Display Messages and

Self Test

Turn on the instrument by pressing the POWER button.
During the power up cycle, the unit will perform the fol-
lowing:

1. The Source Measure Unit will perform tests on its
memory elements. If the self tests fail, one or more
error messages will be displayed and operation may
be interrupted until the problem is resolved. In this
event, refer to the service manual for troubleshoot-
ing information. A brief explanation of any dis-
played error message is contained in Table 2-3 (see
paragraph 2.8).

NOTE
If the instrument is still under warranty and
a problem develops, it should be returned to
Keithley Instruments, Inc. for repair.

2. Assuming the unit successfully passes the self test, it
will then briefly display the software revision level.
For example:

SOFTWARE REV A04

24

The revision level of your unit may be different. In
any case, the software revision level should be re-
corded in case it becomes necessary to replace the
ROMs in the future.

3. Next, the programmed primary IEEE-488 address
will be displayed as in the following example:

IEEE ADDRESS 16

At the factory, the IEEE address of the Model
236/237/238 is set to 16. If the address has been
changed by the user, then that address value will in-
stead be displayed.

4. The unit will then begin normal operation in accor-
dance with the power up configuration discussed in
the next paragraph.

2.2.5 Power Up Configuration

After the self testing and power up display messages are
completed, the Source Measure Unit will initialize to spe-
cific operating conditions. This initialization is summa-
rized in Table 2-5 (see paragraph 2.10.8). A checkmark ()
indicates that the unit will initialize to whatever was pre-
viously programmed.

The Source Measure Unit will go to the factory default
conditions when the Factory Init program is run or J0 is
sent over the IEEE~488 bus. Refer to paragraph 2.10.8 for
details.

2.2.6 Line Frequency Setting

The instrument will operate at a line frequency of 50 or
60Hz. In order for the Source Measure Unit to operate
properly for line cycle measurements, its line frequency
setting must match the frequency of the power line. To
check or change the line frequency setting of the instru-
ment, perform the following steps:

1. Press the MENU button on the keypad. The MENU
light will turn on and the first item on the menu,
which is dc delay time, will be displayed.

2. Turn the rotary knob until the currently selected ac
line frequency is displayed. For example, if the in-
strument is set for 60Hz operation, the following
message will be displayed on the menu:

60HZ ACLINE
3. The alternate line frequency setting can be selected

by displaying it with the SELECT buttons and then
pressing ENTER.
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4. To exit from the menu, again press the MENU but-
ton.

NOTE
Changing the ac line frequency with a front
panel menu selection also changes the inte-
gration time if LINECYCLE PERIOD is pres-
ently selected. for example, a line frequency
change from 60Hz to 50Hz also changes the
integration time from 16.667msec to 20msec.

2.2.7 Warm Up Period

The Source Measure Unit can be used immediately when

itis first turned on. However, the unit must be allowed to
warm up for one hour to achieve rated accuracy.

228 Fan Filter Cleaning

The Model 236/237/238 has an internal cooling fan to
vent heat out of the instrument case. The fan has a filter to
keep dirt and dust from entering the instrument case.
Contamination on pcboard could result in degraded per-

formance. The fan filter must be cleaned periodically to
maintain internal cleanliness and proper ventilization.

Perform the following steps to remove and clean the fan
filter element:

1. Turn off the Model 236 /237 /238. The fan must be off
in order to prevent dirt and dust from being ingested
into the instrument case while removing the filter
element.

2. Position the instrument such that you are facing the
rear panel. The cooling fan is internally mounted to
the right-hand end of the rear panel. The filter as-
sembly is mounted to the rear panel in front of the
fan intake vents.

3. Remove the two screws that secure the vented
shroud of the filter assembly to the rear panel. The
filter assembly will swing away from the rear panel
allowing the filter element to be removed.

4. Toclean the filter element, blow out the dustand dirt
with pressurized air or nitrogen.

5. Reinstall the filter assembly onto the rear panel. The
two hinges of the filter shroud fit into the rear panel
vents. Make sure the filter element covers all the rear
panel intake vents.

2-5
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2.3 BASIC TEST CONNECTIONS

In order to achieve the best results, the Source Measure
Unit must be used with a test fixture to house the DUT.
For optimum performance, the test fixture should pro-
vide guarding, shielding and remote sensing for the
DUT. Also, the test fixture should incorporate a safety in-
terlock to prevent access to live circuitry above 42V peak.

WARNING
To prevent an electric shock, do not use test
cables that expose voltage. All test cables
must be completely insulated.

The following paragraphs show how to make connec-
tions to the Keithley Model 8006 test fixture. Also, infor-
mation for building a custom test fixture is covered.

2.3.1 Interlock

The Source Measure Unit is designed to be used with a
test fixture that incorporates a safety interlock switch,
such as the Keithley Model 8006 test fixture. By using the
Interlock feature, the Source Measure Unit cannot source
a voltage or current when the lid of the test fixture is
open.

The Interlock feature is automatically enabled when an
interlock cable is connected to the Source Measure Unit.

_|_

Connections

When using Interlock with the Model 8006 or 8007 test
fixture, the Source Measure Unit will go into standby
when the lid of the fixture is open or ajar. Figure 2-2
shows how the Source Measure Unit Interlock is con-
nected to the Model 8006 test fixture. The interlock cable
is shown connected to Interlock 1 receptacle of the Source
Measure Unit. An interlock cable is supplied with the
Models 236, 237, and 238. If a custom built test fixture is
going to be used, make sure it has an interlock switch. In-
structions to wire an interlock switch of a custom built
test fixture to the Source Measure Unit are contained in
paragraph 2.3.3.

There are two INTERLOCK receptacles on the rear panel
of the Source Measure Unit. One is used to connect Inter-
lock to a test fixture as previously explained, and the
other is used to connect Interlock to a second Source
Measure Unit. In this configuration, an open interlock
switch at the test fixture will place both Source Measure
Units in standby. Connection information for multi-unit
test systems is contained in paragraph 2.4.

WARNING
When using the INTERLOCK feature in a
multiple unit test system, make sure all the
Model 236/237/238s remain powered up.
Turning off one or more Model 236/237/238s
in the test system may result in erratic IN-
TERLOCK operation. That is, an operational
Model 236/237/238 may not go into standby
when the lid of the system test fixture is
opened. This condition exposes the operator

2-7
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Model 8006 Test Fixture
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WARNING : To avoid electric shock,
test fixture chassis must be connected
to a safety earth ground.

Figure 2-2.  Interlock Connection to Model 8006

Source Measure Unit #2

to potentially lethal voltages that could re-
sult in injury or death.

As a general rule of safety for multiple unit
interlocked test systems, either keep all
Model 236/237/238s powered on, or turn
them all off.

WARNING
To prevent electrical shock, refer to the test
fixture instruction manual for proper con-
nection and operation procedures.

Connecting more than one test fixture to the test system
defeats the purpose of Interlock. As long as one test fix-
ture lid remains closed, the lid of another test fixture can
be opened without interrupting power, thus exposing
the user to potentially hazardous voltage. Special cables
must be made to put the interlocks in series when using
multiple fixtures.

2.3.2 Guarding, Shielding and Sensing

Guarding

The Source Measure Unit provides a driven guard for
OUTPUT HI and SENSE HI. The basic guarded configu-

28

rations are shown in Figure 2-3. The driven guard is al-
ways enabled and thus, always available at the rear panel
of the Source Measure Unit. The guard potential (equal to
the potential of OUTPUT HI) is connected to the inner
shells of the triax connectors that surround OUTPUT HI
and SENSE HLI. Since the voltage potential on the inner
shells (guard) and center conductors (OUTPUT HI and
SENSE HI) are the same, virtually no leakage current can
flow from OUTPUT HI or SENSE HI to low (or chassis),
and the capacitance effects of the triax cable are reduced.

When the Source Measure Unit is properly connected toa
test fixture (such as the 8006), guard is extended to that
test fixture. Inside the test fixture, coaxial cables are used
to extend the guard all the way to the DUT.

WARNING
Hazardous voltages that are present on
OUTPUT HI and SENSE HI also appear on
the GUARD terminals.

NOTE
Guard is not connected directly to DUT leads.
A small potential difference exists that could
cause erroneous readings.
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Output Hl ——H
Guard o———u——

Output LO o—

A. Guarded Output

Figure2-3.  Guarded Configurations

Output Hl o—h
Guard

Sense Hl o

Guard o—L——

DUT

Sense LO o

Output LO ©

B. Guarded Output and Guarded Sense

Guard should always be used when sourcing or measur-
ing low current. Guarded connections using the Model
8006 test fixture are covered in paragraph 2.3.3.

Additional information explaining the effects of capaci-
tance and leakage current on Source Measure Unit speed
and accuracy is covered in Source Measure Considera-
tions.

Shielding

Shielding for the DUT must be provided. Without proper
shielding, surrounding electric fields can induce noise
into the test circuit resulting in erraticand noisy measure-
ments. Optimum shielding is achieved only when the
OUTPUT LO to chassis ground link on the rear panel is
installed. Unless you intend to float the unit, alwaysleave
the ground link installed.

When properly connected to the Source Measure Unit,
the metal chassis of the test fixture (such as the 8006)
functions as a shield since it is connected to chassis

ound via the outer shields of the triax cables. The inner
panel of the test fixture, which is insulated from the chas-
sis, provides additional shielding when it is connected to
circuit low or the chassis. In most cases, best results are
achieved by connecting the inner panel to circuit low.
However, trial and error may prove that connecting the
inner panel to the chassis provides better shielding.
Figure 2-4 shows the basic shield configurations. Shield
connections using the Model 8006 are covered in para-
graph 2.3.3.

NOTE
The inner panel of the test fixture should only
be used as a shield when guard is not being
used. When using guard, the inner panel
should be connected to the OUTPUT HI
guard of the Source Measure Unit (see para-
graph 2.3.3).

Sensing

Paragraph 2.10.3 explains how to select local or remote
sensing. When using remote sensing, sense lines are ex-
tended to the DUT. Figure 2-5 shows basic remote sens-
ing configurations.

When the Source Measure Unit is connected to a test fix-
ture (such as the Model 8006), external sense lines are ex-
tended to that test fixture. Inside the test fixture, jumpers
can be used to connect the external sense lines to the DUT
for remote sensing.

WARNING

With remote sensing enabled, an open sense
lead will result in lethal voltages appearing
at OUTPUT HI and GUARD. This voltage
can cause injury or death, and damage exter-
nal circuitry. Always make sure that the
sense leads are properly connected before
enabling remote sense. NEVER change con-
nections with power applied. Be sure to al-
ways discharge and/or disconnect external
power sources.

2-9
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Inner Panel

/

Inner Panel

Hlo
LOo
77 Test Fixture Test Fixture
A. Inner Panel Connected B. Inner Panel Connected
to Circuit Low to Chassis Ground
Figure 2-4.  Test Fixture Shielding
Output HI o— A
Output HI o- Guard
N
Sense Hl o Sense Hl o—
Guard O——J———
DUT DUT
Sense LO o— Sense LO o
Output LO © Output LO ©
A. No Guard B. Guarded

Figure 2-5.  Remote Sensing Configuration

As a general rule, remote sensing should always be used
when sourcing or measuring 1mA or more. Information
on sensing is provided in paragraph 2.10.3. Remote sense
connections using the Model 8006 test fixture are covered
in paragraph 2.3.3.

2.3.3 Model 8006 Component Test

Fixture

The Keithley Model 8006 test fixture was designed to be
used with the Source Measure Unit. The Model 8006 test
fixture has two axial Kelvin test clips, five radial sockets
to accommodate two to 12-pin devices, and a DIP socket
for IC packages with up to 28-pins. The test fixture has 12
3-lugbulkhead triax input connectors that will allow con-
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nections to up to four Source Measure Units. A connec-
tion panel and banana plug jumper cables are provided
to make connections to the DUT simple.

NOTE
Detailed information for making connections
to the DUT at the connection panel of the test
fixture is provided in the Model 8006 Instruc-
tion Manual.

Figure 2-6A shows how the Source Measure Unit can be
connected to the Model 8006 for local sensing. A 3-slot
triax cable (Model 7078-TRX) is used to connect OUTPUT
HI of the Source Measure Unit to the test fixture. This
triax cable also extends the driven guard to the test fix-
ture. The easiest way to connect OUTPUT LO of the
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Source Measure Unit to the test fixture is to use a single
conductor banana plug cable as shown. Inside the test fix-
ture, connections to the DUT are made with mini-jack
jumper cables. If the driven guard is going to be used, a
guarded mini-jack jumper cable would be used to extend
guard to the DUT as shown in Figure 2-6B.

Figure 2-7A shows how the Source Measure Unit is con-
nected to the Model 8006 test fixture for remote sensing.
Three 3-slot triax cables are used to route the 4-wire con-
nections to the test fixture. The two triax cables for OUT-
PUT HI and SENSE HI also extend the driven guard to
the test fixture. Inside the test fixture, 4-wire connections
to the DUT are made with mini-jack jumper cables. If the
driven guard is going to the used, two guarded mini-jack
jumpers would be used to extend guard to the DUT as
shown in Figure 2-7B.

NOTE
By always connecting the three triax connec-
tors of the Source Measure Unit to the Model
8006 test fixture, remote sense and guard will
always be available at the connection panel of
the test fixture. '

WARNING

With remote sensing enabled, an open sense
lead will result in lethal voltages appearing
at OUTPUT HI and GUARD. This voltage
can cause injury or death, and damage exter-
nal circuitry. Always make sure that the
sense leads are properly connected before
enabling remote sense. NEVER change con-
nections with power applied. Be sure to al-
ways discharge and/or disconnect external
power sources.

The two inner connection panels of the Model 8006 test
fixture are insulated from the outer casing which is con-
nected to chassis and a safety earth ground. As a general
rule, when extending guard to the DUT, also connect the
inner panels to the driven guard. Guarding these panels
helps reduce the capacitance seen between otherwise un-
guarded areas and the test fixture chassis. As a result,
source-measure speed at low current levels can be sig-
nificantly increased. If guarding is not necessary, the
panels can be connected to circuit low (or chassis) to im-
prove shielding.

Model 236/237/238

nuﬂﬂ.—uﬂ.ﬂﬂﬂ—ﬂ H.&Mnﬂﬂu“un 6-. . Output HI 04— 0 R
O0h, & = Guard O+——¢ R
©\._.9;, wkok: — .
TRX 236-ILC-3 Sense HIOT— =
"Cabis Interlock Guard o—: [] DUT
=8 B | e
R E . Ug
S ?:ﬁ,m o j;—: Tes?g?sxmre

WARNING : To avoid electric shock,
test fixture chassis must be connected
to a safety earth ground.

A. Source Measure Unit
Connections to Test Fixture

Figure 2-6.

236/237/238

B. Connections Schematic
(Guard extended to DUT)

Local Sense Connections Using Model 8006 Test Fixture
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Model 236/237/238

236-ILC-3
Cabs oy
— e AW __6 A
RN
e e o &es
O 6 0 ®. O

@ Model 8006

WARNING : To avoid eleciric shock,
test fixture chassis must be d
1o a safety earth ground.

A. Source Measure Unit

Output HIO——¢ 0 2 £
Guard O——¢&— >>—
h-——((———“—))——q L
Sense HI O—~—¢ 0 >> A
Guard O——¢ >>—
p—— S — DuUT
Sense LO O——<¢ 0 »>
Output LO <€ >
Output LO O+——< 8006 haé—)
/7r - Test Fixture
236/237/238

B. Connections Schematic

Connections to Test Fixture (Guard extended to DUT)
Figure 2-7. Remote Sense Connections Using Model 8006 Test Fixture
234 Custom Test Fixture Test Fixture Chassis

The Model 8006 test fixture is one of the most versatile
test fixtures available. The connection jumper panel
makes it simple to connect one or more Source Measure
Units to one of a variety of DUT testsockets. In a situation
where numerous devices that are similar need to be
tested (such as component evaluation), it may become
necessary to build a dedicated test fixture.

A simple dedicated test fixture is shown in Figure 2-8. To
keep the concepts clear, single Source Measure Unit con-
nections to a single DUT socket are shown. Figure 2-8 is
intended to illustrate the basic techniques that should be
applied when building a test fixture. In reality, the test
fixture may need multiple DUT sockets (wired in parallel
to each other), additional input triax connectors to ac-
commodate two or more Source Measure Units, multi
pin DUT sockets, and perhaps input banana plugs to
bring in additional power for packaged devices.

The following requirements, recommendations and
guidelines are provided in order to build a quality test
fixture that is safe to use.

2-12

1. The chassis of the test fixture should be metal so that
it can function as a shield for the DUT mounted in-
side. The chassis of the test fixture will be connected
to Source Measure Unit chassis via the triax cables.

2. The test box must have a lid that closes to prevent
contact with live circuitry inside.

WARNING
Safe operation requires that a safety inter-
lock switch be used to interrupt all power
sources when the test fixture lid is open or
ajar (see Interlock).

3. The test fixture chassis must have a screw terminal
that is used exclusively for connection to a safety
earth ground.

WARNING
To provide protection from shock hazards,
the test fixture chassis must be properly con-
nected to safety earth ground. A grounding
wire (18 AWG or larger) must be attached se-
curely to the test fixture at a screw terminal




SECTION 2

+ Operation

Interlock
Interlock 1 >— Switch . .
Connector 2% Open Lid = Open Switch
3> |
Output HI — Inner Panel
3-Lug > f utpu Connected
\ U o Guard to Guard
Female >—
Triax 3 - |
L 5 Sense HI Kelvin Test
-Lug Socket
Female > U Guard
Triax - 3 |
oL, N pn  SenselLO
- ug Ve
Female u Output LO
Triax 3 |
) WARNING :
Test Fixture
Banana Jack >——e Output LO / % must be
connected to
a safety
Screw Terminal for earth ground
Earth Safety Ground

Figure2-8.  Test Fixture Using Guard and Remote Sensing

designed for safety grounding. The other
end of the ground wire must then be at-
tached to a known safety earth ground.

Inner Panel

DUT test sockets should be mounted on a metal inner
panel. By insulating the inner panel from the test fixture
chassis, the panel can be connected to guard as shown in
Figure 2-8, or connected to output low or chassis. Con-
necting the inner panel to guard reduces effective capaci-
tance between the test fixture chassis and the DUT. This
reduced capacitance may provide increased source/

measure speed. Connecting the inner panel to outputlow
or test fixture chassis improves shielding from external
noise (see paragraph 2.3.2).

Interlock

When a normally-open, SPST momentary switch is prop-
erly implemented as a safety interlock, the Source Meas-
ure Unit will go into standby whenever the test fixture lid
is open or ajar. See paragraph 2.3.1 for information on the
Source Measure Unit interlock feature.

+ 2-13
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Interlock Switch Mounting

The switch must be mounted inside the test box such
that it will be closed when the lid of the test fixture is
closed. Opening the lid must cause the interlock switch
to open. There must never be enough clearance to allow
finger access inside the box while the switch is closed.
The interlock must be designed so that it cannot be de-
feated.

Connecting Interlock Switch to Source Measure Unit

There are a few different methods that can be used to
connect the test fixture interlock switch to a Source
Measure Unit and are described as follows:

236-ILC-3 Interlock Cable — By using an appropriate
bulkhead connector on the test fixture, the Keithley
Model 236-ILC-3 Interlock Cable can be used to connect
the interlock switch to the Source Measure Unit (see
Figure 2-9A). This 3-meter long interlock cable is the
same one provided with the Models 8006 and 8007 test
fixtures. The connector needed is shown in Figure 2-9C.
Figure 2-9B shows the dimensions of the hole that must

be cut into the test fixture to mount the connector. Fi-
nally, Figure 2-9D shows how to wire the connector to
the test fixture interlock switch.

Modified 236-ILC-3 Interlock Cable — Interlock con-
nections can be accomplished by using a Model
236-ILC-3 cable that has one of its plugs removed. This
permits the interlock cable to be routed directly into the
test fixture and hard wired to the interlock switch as
shown in Figure 2-10. Note that a strain relief should be
used where the cable enters the test box.

Custom Interlock Cable — A custom cable can be built
to connect the test fixture interlock switch to the Source
Measure Unit. Figure 2-11 provides information for
building a cable that is terminated with plugs on both
ends. This cable is similar to the 236-ILC-3 cable and
thus, will connect to the Source Measure Unit and test
fixture as shown in Figure 2-9A. If it is desired to hard-
wire the cable to the test fixture, leave one end of the ca-
ble unterminated and connect it to the interlock switch
as shown in Figure 2-10.

r—-—-——--"—-—"-"—-—"-"-~" - -" - -"-"=-"=-""-"=—-"=”7 = |
| |
Interlock
| i 236-ILC-3 Cable |
! el |
I Interlock I
Connector
| i |
236/237/238 Test Fixture
I A. Interlock Connection to Unit I
M T- - - - - - - - - - - = I

I I
| I
| |
| I
I B. Panel cutout dimensions !
I |

MR-

View from inside

C. Interlock Connector:
Keithley P/N : CS-659

I
I Normally-open SPST

#3z @ i Momentary Switch

1
#2
of test box

|
I
I
| Open lid = Open Switch |
D. Interlock Wiring :

(Switchcraft P/N : TB3M)

Figure 2-9.  Interlock Using Model 236-ILC-3 Cable
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Interlock | Normally-Open
! 236-ILC-3 Cable* =] SPST Momentary
J Glear o Switch
s N
Black
236/237/238 Test Fixture

Strain relief for cable

* Plug at test fixture end of cable removed

Figure 2-10. Modified 236-ILC-3 Interlock Cable

Shielded Cable (W/Drain)
Belden P/N ; 8761
Pin 3 Pin 1
= F—
Pin 2 = =
Mating End
View Connections :

Keithley P/N ; CS-662
Switchcraft P/N ; TA3FL

A. Cable Components

Short pins 1 and 3 on each connector

Pin3
22 GA. Jumper Wire

Solder drain
wire to strain
relief

Crimp outer jacket

Cable End into strain relief
View

B. Cable Connections
Figure 2-11. Custom Built Interlock Cable
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Connectors, Internal Wiring and Test Sockets

The type of input connectors to use on the test fixture is,
of course, influenced by the type of connectors used on
other equipment. If the test fixture is going to be con-
nected directly to the Source Measure Unit, use 3-lug
triax bulkhead connectors to eliminate the need for
adapters.

The outer shell of the triax connectors must be referenced
to chassis ground, thus DO NOT insulate the outer shells
of triax connectors from the metal chassis of the test fix-
ture.

Inside the chassis of the test fixture you may use coaxial
cables to extend guard from the OUTPUT HI and SENSE
HI triax connectors to the DUT. The shields (guard) of the
cables should extend as far as possible to the DUT. Ferrite
beads on the cables may be necessary if the DUT is an ac-
tive device (such as a bipolar transistor or MOS/GaAs
Transistor).

To minimize leakage (for pA levels), only use test sockets
that have excellent insulation resistance. If terminals
and/or standoffs are going to be used, make sure they
use virgin Teflon®.

2.4 MULTI UNIT CONNECTIONS

For many test configurations, two or more source meas-
ure units will be required. Figure 2-12 shows how a com-
plete stand-alone (no controller) two Source Measure
Unit system could be connected together. The following
paragraphs cover these connections in more detail.

NOTE
For rack mounted systems, always install high
power instruments at the top of the rack.

2.4.1  Interlock Connections
WARNING

To prevent electrical shock that could result

in injury or death, the interlock feature of

the Source Measure Unit must be used.

The interlock feature places the Source Measure Unit in
standby whenever the lid of the test fixture is opened.
The interlock feature is enabled when an interlock cable
is connected to the Source Measure Unit. Complete infor-
mation on the interlock feature is located in paragraph
23.1.

Model 8006 Test Fixture

e F Al 20000
;;*—9% 270

Safety earth
ground

il 38 Eou

iy $34=

=89, 00 55NN

Source Measu

Figure 2-12. Two Source Measure Unit System

Source Measure Unit #2
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236-ILC-3
Interlock Cables

Source Measure Unit #1

Figure 2-13. Interlock Connections for Multi Unit Test System

Model 8006 Test Fixture

To another Source
Measure Unit

Source Measure Unit #2

Figure 2-13 provides a more detailed drawing showing
interlock connections. One interlock cable is provided
with the Model 8006 test fixture. Additional interlock ca-
bles can be ordered from Keithley (Model 236-ILC-3).

In the drawing, the interlock cable from the test fixture is
connected to Interlock 1 of Source Measure Unit #1.
However, it could have just as well been connected to In-
terlock 2. The interlock connectors on the Source Measure
Unit are wired identically (in parallel).

As shown in Figure 2-13, The interlock of a single test fix-
ture is connected to one of the Source Measure Units. In-
terlock is then daisy-chained to the other Source Measure
Units in the test system. Connecting more than one test
fixture to the test system defeats the purpose of Interlock.
Aslongas one test fixture lid remains closed, thelid of an-
other test fixture can be opened without interrupting
power, thus exposing the user to potentially hazardous
voltage.

24.2 Trigger Connections

The Source Measure Unit can be programmed to output
one or more trigger pulses. Typically, a TRIGGER OUT
pulse will be sent to a second Source Measure Unit
(TRIGGER IN) to start a programmed operation.

Trigger connections are shown in Figure 2-14. In the
closed loop configuration, the Source Measure Units
keep triggering each other until the test sweep is com-
pleted (synchronous sweep). Typically, one unit will per-
form the sweep steps while the other unit sets bias levels.
In this configuration, a controller is not necessary. A con-
troller becomes necessary when more than one sweep is
performed by a Source Measure Unit. Since a Source
Measure Unit can only store the results of only one
sweep, the controller is needed to store the data so addi-
tional sweeps can be run.

The open loop configuration is typically used when a
computer is being used to control the test over the
IEEE-488 bus. In test configurations that use multiple
sweeps, a computer is required to store the sweep data
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because the Source Measure Unit can only store the data puter stores that data and again triggers the start of the
of one sweep. For example, the first unit may be used to next sequence. This continues until the test is completed.
set a bias level and then trigger the second unit to per-

form a sweep (subordinate sweep). The computer can

then store the sweep data in its own memory, and trigger

the first unit to the next bias level. That unit will then trig-

ger the second unit to perform another sweep. The com- Multi unit operation is covered in paragraph 2.2.5.

7051 BNC Cables

Source Measure Unit #1 Source Measure Unit #2

A. Closed Loop Trigger Configuration (Synchronous Sweep)

7051 BNC Cable

Source Measure Unit #1 Source Measure Unit #2

B. Open Loop Trigger Configuration (Subordinate Sweep)

Figure 2-14. Trigger Connections for Multi Unit Test System
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2.4.3 Test Connections

Test connections from Source Measure Units to the
Model 8006 test fixture are shown in Figure 2-15. The 12
triax connectors on the test fixture are sectioned into four

groups of three connectors. Each group is reserved for
connection to a Source Measure Unit using 3-slot triax ca-
bles (Model 7078-TRX). Actual connections to the DUT
are done at the connection panel inside the test fixture.

Model 8006 Test Fixture

W

-

-CI

@@

: "2 00RO

® P P

7078-TRX
Triax

Source Measure Unit #1

Figure 2-15. Test Connections for Multi Unit Test System

Cables

Source Measure Unit #2
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2.5 [|EEE-488 BUS CONNECTIONS

2.5.1 Bus Connector

The Source Measure Unit can be connected to the
IEEE~488 bus through a cable equipped with standard
IEEE-488 connectors, an example of which is shown in
Figure 2-16. The connector can be stacked to allow a
number of parallel connections at one instrument. Two
screws are located on each connector to ensure that con-
nections remain secure. Current standards call for metric
threads, which are identified with dark colored screws.
Earlier versions had different screws, which were silver
colored. Do not attempt to use these types of connectors
on the Source Measure Unit, which is designed for metric
threads.

- J

o E=0
ALl

BT

P —
e

U i) B

Figure 2-16. IEEE-488 Connector

25.2 Multiple Connections

A typical connecting scheme for a multi unit test system
is shown in Figure 2-17. Although up to 14 connectors
could theoretically be stacked on one instrument, it is rec-
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ommended that you stack no more than three connectors
on any one unit to avoid possible mechanical damage.

2.5.3 Recommended Cables

In order to minimize interference caused by electromag-
netic radiation, it is recommended that only shielded
TEEE-488 cables be used. The Models 7007-1 and 7007-2
shielded IEEE-488 cables are available from Keithley.

2.5.4 Connection Procedure
Connect the Source Measure Unit to the IEEE-488 bus as
follows:

1. Line up the cable connector with the connector lo-
cated on the rear panel of the Source Measure Unit.
The connector is designed so that it will fit only one
way.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments,
as required.

4. Make certain that the other end of the cable is prop-
erly connected to the controller. Most controllers are
equipped with an IEEE-488 style connector, but a
few may require a different type of connecting cable.
Consult the instruction manual for your controller
for the proper connecting method.

2.5.5 Bus Limitations

The IEEE-488 bus is limited to a maximum of 15 devices,
including the controller. The maximum cable length is
20-meters, or two meters times the number of devices,
whichever is less. Failure to observe these limits may re-
sult in erratic bus operation.
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Plotter Source Measure Unit

Figure 2-17. IEEE-488 Connections

Source Measure Unit

Controller

2.6 TYPICAL SWITCHING
CONFIGURATIONS

For multiple DUT (device under test) testing, anumber of
switching and matrix cards can be used with one or more
Source Measure Units. The information in this paragraph
explains how to connect these cards to the Source Meas-
ure Unit and a test fixture.

WARNING
When using remote sense, lethal voltage will
appear at OUTPUT HI and GUARD if a
sense lead is open. This voltage can cause in-
jury or death, and damage to switching cards
and DUT. Thus, ALWAYS place the Source
Measure Unit in standby before changing a

switch configuration.
2.6.1 Model 7058 Low Current
Switching Card

The Model 7058 is a 10 channel, single-pole, low current
switching card (<1pA offset current) that can be con-
trolled by a Model 705 or 706 scanner. Figure 2-18 shows
an example of a single Source Measure Unit system using
the Model 7058 switching card. In this configuration,
Source Measure Unit OUTPUT Hl is switched by the card
to 10 DUTs. The Source Measure Unit is connected to one

of the switching cards OUTPUT connectors (via the
Model 6172 adapter) and the 10 channels of the card are
connected to the test fixture. A banana plug cable is used
to connect Source Measure Unit OUTPUT LO to the test
fixture. However, for better shielding, the OUTPUT LO
and SENSE LO triax connector on the Source Measure
Unit along with a triax cable can be used to make the con-
nection to the test fixture. Note that the switching card
jumpers from signal to guard on unselected channels
must be removed to keep OUTPUT Hl and GUARD from
shorting together.

A single Model 7058 can handle only one connector of the
Source Measure Unit. More complex test systems will re-
quire additional switching cards. For example, If the test
configuration is modified to utilize an additional Source
Measure Unit, OUTPUT HI of the second Source Meas-
ure Unit would have to be switched by a second Model
7058 card.

Figure 2-18 shows OUTPUT LO of the Source Measure
Unit connected directly to the common side of the DUTs
bypassing the switching card. If it were desired to switch
OUTPUT LO to increase flexibility of the test system, an
additional switching card, such as the Model 7056 Gen-
eral Purpose Scanner Card would be required. Source
Measure Unit OUTPUT LO would be connected to the
second switching card.

While the first card would be used exclusively to switch
OUTPUT HI, the second card would be used exclusively
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6172 2-Lug to o
7078-TRX 3-Siot h 7024-3 2-Slot TriaxCables

Triax Cable 8-Lug Triax Adapter (One for each channel)
\ Output r—————— =
Output Hio——& '_>—>>l—/o——‘—ocf1~— <A H) l
Guard o——< oo % > I
< H>—l———”|7 /);——< >4 | I
|
I I
Output LO o——~<&—— -1« 5 A 5072 |
- cH2 | <11y I
/7'; — > | |
236/237/238 11 | | . I
I | ° ’85 I
CAUTION | . |
To prevent damage fo switching ! I

cards, do not switch more than 200V Lo o—1 << P-A J,DUT 10 |—-—1
or 100mA. cito | U1 {

N\ 77 I
Banana Cable —p| ;—(&—u—%}“ I I
7058 4
®
Scanner Card

Test Fixture

Figure 2-18. Using Model 7058 to Switch Source Measure Unit OUTPUT HI

to switch OUTPUT LO resulting in a differential (float-
ing) switching configuration.

For remote sensing, all three triax connectors on the
Source Measure Unit must be used. Thus, three switch-
ing cards would be required for a test configuration using
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remote sensing. An example test configuration using re-
mote sensing is shown in Figure 2-19. Switching SENSE
LO and OUTPUT LO does not require low leakage paths.
Thus, a general purpose switching card (Model 7056) can
be used. This test configuration will test 10 DUTs. How-
ever, for clarity, only one DUT is shown connected to the
switching cards.
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6172 Adapter
/_ Output
Output Hi <EAR>> 0~"oat0""C <¢
Guard <9001 B <e—
——Ho>> <<
\ || m
7078-TRX o"o1——
Cable cuz | . To
DUT #2
/D >
onw] . To
~DUT #10
,}7_ < 7024 -3 2-Slot
Triax Cables
/ (One for each channel)
7058
Scanner Card ¢ 0
L—<¢
6172 Adapter (e »——]
/— Output
Sense HI A IH— o o0 _«_O_f— « A
ert‘ss:ard <UtHs5 5> e Jen " < J
<> <¢ <
X m || m
7078-TRX o o—— '
Cable cH2 ¢_To DUT #1
S DUT #2 (1 ofup
/J7— < to 10)
T
CH10] < DJ:I?#10 ——€
AT Bl
L
Test Fixture b
7058 -
Scanner Card
Output Note : For clarity, only
b " ce one DUT is shown
Sense LO ) J°__°_: ) connected to the
Output LO < < switching cards.
€ \ p - <€
7078-TRX o~ "o—— T
< Cable* 00— DU'I9 4 Shielded twisted
/'}7_‘ /_h___< pair cable
236/237/238 .
.
CAUTION Leo— 1
To prevent damage to switching o or——<puUT #10
cards, do not switch more than 150V IF
or 100mA.
*Modify cable to make direct 7056
connections to card. Scanner Card
Figure 2-19. Using Model 7058 for Remote Sensing
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2.6.2 Model 7152 Low Current Matrix
Card

The Model 7152 is a 2-pole, 4 x 5 low current matrix card
(<1pA offset current) that can be controlled by the Model
705 or 706 scanner. Figure 2-20 shows a two Source Meas-
ure Unit test configuration. In this example, OUTPUT HI
and OUTPUT LO of each Source Measure Unit are inde-
pendently switched, allowing maximum versatility.

This test configuration has five DUT test pins. However,
additional DUT pins can be made available by adding
more Model 7152 matrix cards. Each additional matrix

card (row connected) can add five DUT pins to the test
configuration.

Source Measure Unit and test fixture connections to the
matrix card are accomplished using Model 7152-TRX ca-
bles. These cable assemblies are terminated with 3-slot
triax connectors. On each Source Measure Unit, notice
that the banana jack is used to access OUTPUT LO rather
than the triax connector. This allows OUTPUT LO to be
routed to the signal path of the matrix. On the Source
Measure Unit triax connector, OUTPUT LO s located on
the inner shell which, through normal triax connections,
would put OUTPUT LO on the guard path of the matrix
card. Figure 2-21 shows the cable modification required
to connect the OUTPUT LO banana jack to the 3-slot triax
cable..

Test Fixture

DUT Pins |t Inner
Panel

}

3 4

A4

JUBL

/
N N

AN
77
77

T~
o~
e

NOTE : Do not connect guards to
the DUT or short them together.

If guarding the inner panel, only
connect one guard line to it.

27
N\
77
27
77
77

v
1

W N\
QN

B\

\l’ Vv Vv WV

7152-TRX
Cable
7152-TRX
Cable
/‘J\ROW Col
1
Unit Output HI/Guard e—1—<¢ (2(
ni
# Output LO @ <€ <€
(Banana Jack) 3
P)
NN\
Output HI/Guard e— ——
Unit /J7
#2 Output LO e— ]
(Banana Jack)

Triax to Banana Plug Modification
(See Fig. 2-21).

CAUTION
To prevent damage to switching
cards, do not switch more than 200V
or 500mA. Also, incorrect crosspoint
closures will short various signal or
guard lines and may cause instrument
or DUT failure.

Figure 2-20. Multi Unit Connections to Model 7152

D R ZR N 4

7152
Matrix Card

Crosspoint (1 of 20)

l—o‘g’o—o
Signal [ e

Guard
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Banana Plug :

Part # BG-10-1 Cut Cut

[t

|
1|

(A) Cut off insulation with knife.
Cut off outer shield.

inner shield

|<— 1"——>l

(B) Strip insulation and cut off Inner shield.

| B —

(C) Cut off inner shield then strip inner conductor.
Slip on plastic cover.

i<—11/ J—

Insulation over

(E) Screw on plastic cover.

Figure 2-21. Triax to Banana Plug Modification

The Model 7152 matrix card can also be used by a single
Source Measure Unit for remote sensing. For remote
sensing, the Source Measure Unit could be connected to
the matrix card as shown in Figure 2-22. OUTPUT HI/
GUARD, SENSE HI/GUARD, SENSE LO and OUTPUT
LO are connected to separate rows for maximum switch-
ing flexibility and optimum low current performance.
Making the SENSE LO connection also connects OUT-
PUT LO to the matrix card through the triax connector.
However, since it is connected to the inner shield, it is of
no consequence as long as it is not used at the test fixture.
In this test configuration, OUTPUT LO is accessed at the
Source Measure Unit banana jack so that it can be inde-
pendently switched.

The test configuration in Figure 2-22 “uses” four matrix
rows. Remote sensing can be accomplished using three
matrix rows by using OUTPUT LO at the triax connector.
In this configuration, SENSE LO and OUTPUT LO use
the same row. The disadvantage to this is the loss of some
switching flexibility. Another option is to make OUTPUT
LO a system common that is not routed (not switched)
through the card. All commons are simply connected di-
rectly to the OUTPUT LO banana jack.

For high current applications where leakage current is
not a consideration, the guard paths of the matrix card
can be used for 4-wire sensing as shown in Figure 2-23.
With this configuration only two matrix crosspoints are
required to accomplish 4-wire connections to the DUT.
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Test Fixture
AT oime 1.l Inner
[ DUT Pins o Panel
| |
|_<: H P P =~ J
P C>
7152-TRX
Cable
7152-TRX
Cable Col N 5L 5& 5& 5&
Row 1] 2] 3] 4] 5
Output HI/Guard e— G <2< >
Sense HI/Guard e———<¢ 3 >
3
Sense LO/Output LO &——<& £ >
) .
Output LO 1S3 <& ﬁ—)
— ) 23612371238 vov vV
7152
Matrix Card
e = Crosspoint closed Triax to Banana plug Crasspoint (1 of 20)
Modification (See Fig. 2-21) l—o/oq.
Signal | 7>
CAUTION : To prevent damage to switching _Guard
cards, do not switch more than 200V or
500mA. Also, incorrect crosspoint closures will

short various signal or guard lines and may
cause instrument or DUT faliure.

Figure 2-22. Remote Sense and Guard Connections to Model 7152
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Test Fixture
Test fixture chassis
NOTE : Connections to 236/237/238 . 'i must be connected
can be made using the model | to a safety earth ground
7162-KIT or modifying the Model
7152-TRX. @"T | ,
[ - Model 7152-MTC
or 7152-TRX cable.
Output HIO1T——<¢—
Guard O Col A1 L2 3 4 5
0 K PASEAS
— Y/ N AN S N
e 2T 2 A A Y
oyl S
Sense HIO———¢—1— 1, G
Guard O———<
—< << f s
$: G
Sense LO O—}——~<¢——
Output LO O+—<¢ «f s
3
—< G
N
Output LO 01— 4 € S
—— 6‘” G
/7|;_— S G S G S G S G S G
7152 Matrix Card
236/237/238 ® = Crosspoint closed Crosspoint (1 of 20)
s o—e
CAUTION : To prevent damage to switching Signal C,
cards, do not switch more than 200V or >
500mA. Also, incorrect crosspoint closures will Guard
short various signal or guard lines and may
cause instrument or DUT failure.
Figure 2-23. Remote Sense Connections Using Model 7152 (No Guard)
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2.6.3 Model 7072 Semiconductor Matrix

Card

The Model 7072 is an 8 x 12 matrix card that is controlled
by the Model 707 Switching Matrix. Figure 2-24 shows a
two Source Measure Unit test system using two Model
7072 matrix cards. If more DUT pins are needed, the sys-
tem is easily expanded by adding more Model 7072 ma-
trix cards. Each additional matrix card will add 12 col-
umns to the test system.

Rows A and B of the matrix cards, which have low-cur-
rent offset (<1pA), can be used for low current sourcing
or measurement applications. Rows C, D, E and F are
general purpose paths for situations that do not require
low-current performance. Rows G and H provide single-
poleswitching. One of these rows could be used as a com-
mon low, while the second one could be used to source a
low impedance (not sensitive) bias voltage to the DUT.

2-28

At the test fixture, the drain and source leads of the FETs
are connected in a 4-wire sensing configuration. This con-
nection scheme allows Source Measure Unit #1 to use re-
mote sensing to accurately apply Vos to the FETs. Source
Measure Unit #2 uses local sense and is used to supply
the bias to the gates of the FETs. Since the gates are low
current, remote sensing is not necessary.

Source Measure Unit and test fixture connections to the
matrix card are accomplished using Model 7078-TRX ca-
bles. These are 3-slot triax cables. On each Source Meas-
ure Unit, the banana jack is used to access OUTPUT LO.
By using the adapters shown in Figure 2-21, the OUTPUT
LO banana jack can be mated to a 3-slot triax cable
(7078-TRX). This allows OUTPUT LO to be applied to a
signal pathway and independently switched. The guard
pathways of the matrix cards are used exclusively to ex-
tend the driven guards of the Source Measure Units to the
DUT to eliminate the effects of leakage current.
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Source Measure Units

NOTE : Do not connect guards to the
DUT or short them together. If guarding
the inner panel, only connect one guard

Figure 2-24. Multi Unit Test System Using Model 7072’s

line to it.
# #2 I
T nner
Test Fixture Panel
9
T e g H
333 3
SRR
3 2
g 2 i ¢ £
O w »w O (=
L ] i l L ]
TTT THT T ®
L Ll WARNING : Test fixture chassis must
be connected to a safety earth ground.
7078-TRX
|- Cables |
A A A \V A A A A A \L A hA A hA A A \L A A \L \L hA hA \L columns
v 4 \'4 W’ \'4 AV 4 N v v \' / ’ A4 v AV v v \d A4 v v ’l v
Rows123456789101112 il 21 3| 4] 5| el 7| 8] 9| 10] 111 1
A
B
[0}
D .
E '
F
G ] \
H A\
AN
7072 7072
MATRIX CARD MATRIX CARD oj g
—_ [Fol
E—_(_(] = Triax to banana plug o Signal
Modification (see Figure 2-21) 1 | Guard
X = Crosspoints closed to <'J
apply Vps to DUT #1 1-‘/ o~ Signali |Guard
®= Crosspoints closed to 4 Signal I .
bias gate of DUT #1 1 Guard Cfr;s;%e&gt AS V-N'I:tchlng
signal | 1Guard Columns 1 - 12
" . CAUTION : To p t damage to switching
Cfrosspomt Switching cards, do not switch more than 200V or 500mA.
or Rows G - H, Also, incorrect crosspoint closures will short various
Columns 1 - 12

signal or guard lines and may cause instrument or
DUT failure.
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26.4 General Purpose Matrix Cards

The Models 7052 and 7071 general purpose matrix cards
can be used with the Source Measure Unit for applica-
tions requiring 4-wire connections to DUT, but do not re-
quire low-current performance.

The Model 7052 is a 4 x 5 matrix that is controlled by a
Model 705 or 706 Scanner. The Model 7071 isan 8 X 12 ma-
trix that is controlled by the Model 707 Switching Matrix.
Both cards have 3-pole switching and accommodate con-
nections with screw terminals. Connections to the Model

7071 can also be made using the 38-pin mass terminated
connections.

Figure 2-25 shows how these cards can be connected to
the Source Measure Unit and a test fixture for remote
sensing. Connections to the Source Measure Unit require
three triax cables that are unterminated on one end. The
appropriate conductors at the unterminated end of the
cables are connected directly to the screw terminals of the
matrix card. Keep in mind that the triax connectors on the
Source Measure Unit are 3-lug, requiring 3-slot triax ca-
bles such as the Model 7078-TRX cables. Note that cutting
one triax cable in half results in two cables that are unter-
minated at one end.

Triax/Unterminated Cables (3)

Inner Panel
connected to guard

236/237/238

To prevent damage to switching
cards, do not switch more than 200V

/
Output HI o——(’vo »—{H o o—<¢ 5> Ii -}
Guard 0——<&-% | O D W D77 > |
—V— O N W D > o {
Sense HI o——& } U i
Guard o——<€ U | T |
eV T 3 > !
—— N ] |
Sense LO o——&fA >_G_—°/°— S > i |
( gd N\
Output LO (¥ - << ? ————
eV 7052 or 7071
Matrix Card Test Fixture
Output LO —
! — WARNING : To avoid electric shock,
CAUTION the test fixture chassis must be

connected to a safety earth ground.

or 200mA. Also, incorrect crosspoint
closures will short various signal or
guard lines and may cause
instrument or DUT failure.

Figure 2-25. Remote Sense Configuration Using Model 7052 and 7071 (Guarded)
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2.7 HIGH VOLTAGE SWITCHING
CONFIGURATIONS

There are four switching cards available from Keithley
that can handle high voltages (>200V) from the Model
237 Source Measure Unit:

Model 7154 2-pole High Voltage Scanner Card
Model 7054 1-pole High Voltage Scanner Card
Model 7070-PCA Prototype Circuit Assembly

Model 7072-HV High Voltage Semiconductor Matrix
Card ‘

2.7.1 Model 7154 2-pole High Voitage

Scanner Card

The Model 7154 is a 10-channel scanner card that can
switch up to 1100V. It can be controlled by the Model 705
or 706 Scanner. The card uses 2-pole switching and ac-
commodates connections with screw terminals.

Figure 2-26 shows how this card can be used to switch
OUTPUT HI to test up to 10 DUTs. Notice that the guard
jumpers on the scanner card are installed, allowing the
guard (G) circuit of the card to be used.

Connections to the Source Measure Unit requires a triax
cable that is unterminated on one end. The appropriate
conductors at the unterminated end of the cable are con-
nected directly to the screw terminals of the scanner card.
Keep in mind that the triax connectors on the Source
Measure Unit are 3-lug, requiring 3-slot triax cables such
as the Model 7078-TRX cables. Note that cutting one triax
cablein half results in two cables that are unterminated at
one end.

Figure 2-27 shows how two Model 7154 cards can be con-
nected to the Source Measure Unit and test fixture for re-
mote sensing. As shown in the illustration, guard can be
used but special connections and precautions are needed
to extend the guard to the test fixture. The special cable
can be a triax cable that is unterminated on both ends.
One end is wired directly to the screw terminals of the
scanner card. High (H) and low (L) at the other end of the
cable can be terminated with banana plugs that will mate
to banana jacks mounted on the test fixture. The outer
shield of the cable, which is guard, should extend as far as
possible to the test fixture.

WARNING
To prevent electric shock (up to 1100V),
make sure that the guard path of specially
built cables is completely insulated.

. . Inner panel
Triax/Unterminated Cable connected to GUARD
L
/ Output Ch 1 —
Output HI o——% 0 A sy tH o oo 1 O N |
Guard o——«&—» L > ; :,/o__«! ' - _p, |
"_< >y $ OO0 S >—4 l
Sense HI o< J_J . } 3l1JT=
Guard o—— -‘[‘) Ch 10 | |
—K Internal o—t<¢ To l l
Jumpers S| . ‘
Sense LO 0——K installed °_'</ DUT #10 ——3>— | }
Output LO 0——K << - L
—K 7154
Scanner Card Test Fixture
Output LO —<€ \
|7—— €
\ WARNING : To avoid electric shock,
236/237/238 Banana/Banana Cable test fixture chassis must be connected

CAUTION : To prevent damage, do

to a safety earth ground.

not "hot" switch high voltage (>200V).

Figure 2-26. Using Model 7154 to Switch OUTPUT HI (Guarded)
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Special Cable
{See waming)
Qutput Ch1
>t o6 4
»- o<
AN G a w/a
< 7”7 NN
WARNING :
O J/ v . Guard from 7154
D\ must be insulated to
Outgut l-:: 2::<<: U _o; Ch10 prevent electric shock.
uar <V ot
To
T — °_:<< DUT #10 L
n
Sense HI o——« H— r ]|
g4
Guard o—{—¥-1] 7154 T |
< | |
Sense LO o——~«f | DU1T I
Output LO 0——<&-¥ I # |
<& f\ SN I |
Output Ch1 \J ;} | |
Output LO 0——< —H —<<AA l |
< o i i \ U 1
/7g S 4o—o—1—¢ — ’é_)
€es
236/237/238 L . — Fixture
T _o; ch10
CAUTION 1< 10 WARNING : To avoid electric shock,
To prevent damage, do not o 0—< DUT #4 test fixture chassis must be connected
“hot™ switch high voltage #10 to a safety earth ground.
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and avoid open sense leads.

Figure 2-27. Using Two Model 7154s for Remote Sensing (Guarded)

2.7.2 Model 7054 1-pole High Voltage

Scanner Card

The Model 7054 is a 1-pole, 10-channel high voltage scan-
ner card that is controlled by the Model 705 or 706 Scan-
ner. The LO path of the scanner card is not switched and
is common to all 10 channels and the output. The maxi-
mum rated voltage from LO to chassis ground is 200V. As
a result, GUARD of the Model 237 must never be con-
nected to scanner card LO for high voltage switching.

2.7.3 Model 7070-PCA Prototype Circuit

Assembly

The Model 7070-PCA is a prototype board that is con-
trolled by the Model 707 Switching Matrix. An unplated
prototype breadboard area is available for building high
voltage switching circuits.
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Ninety-six open-collector drivers are provided to control
user-supplied relays. Also provided are 20 quick-discon-
nect terminal blocks. Each terminal block has three screw
terminals.

2.74 Model 7072-HV High Voltage Semi-

conductor Matrix Card

The Model 7072-HV is an 8 x 12 matrix card that is con-
trolled by the Model 707 Switching Matrix. It is similar to
the Model 7072 Semiconductor Matrix Card except that it
can switch up to 1300V on its low current rows (A and B).

Model 7072-HV row connections for high voltage switch-
ing of OUTPUT HI/GUARD and SENSE HI/GUARD
signals are limited to rows A and B. Column connections
are the same as those shown in Figure 2-24 for a Model
7072, except that only crosspoints inrows A and B canbe
used to switch high voltages.
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Operation Overview

Preliminary information explains the various display
messages that may be encountered (Table 2-3) and pro-
vides the details for entering data into the Source Meas-
ure Unit from the front panel (paragraph 2.9).

The fundamental steps for basic dc operation are as fol-
lows:

1. Configure MENU items (paragraph 2.10). MENU is
used to set dc delay, default delay, sensing, ac line
frequency and the IEEE-488 interface address.

2. Select source and function. Paragraph 2.11 covers se-
lection of the source (Source I Measure V or Source V
Measure I) and function (dc operation or sweep op-
eration).

3. Setcompliance and measurement rangeas described
in paragraph 2.12.

4. Enable AUTORANGE (if it is to be used. AUTO-
RANGE is used for measurements and is covered in
paragraph 2.13.

5. Place the Source Measure Unit in OPERATE and, if
needed, provide a trigger stimulus to apply the
source to the output (paragraph 2.14).

Other features that can be used include control of integra-
tion time (paragraph 2.15), filter (paragraph 2.16) and
suppress (paragraph 2.17).

ing Fundamentals
(Dc Operation)

2.8 DISPLAY MESSAGES

The various display messages associated with instru-
ment operation are listed in Table 2-3.

Pressing a front panel button will remove the existing er-
ror or warning message and any pending messages. If no
buttons are pressed, the message is displayed for 0.8sec.

2.9 DATAENTRY

=) [33.:
OO0 0
= OO0 O
L OTD o &

Data Entry controls are used to enter source and compli-
ance values. Also, they are used to select menu items
(such as filter, integration time, create, setup, menu, etc.)
and enter their respective parameters.
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Table 2-3. Display Messages

Message Description

BUFFER FILLED Number of generated sweep points exceeds the buffer capacity.

CAL CONSTANTS ERR Power-up verification of cal constants finds one or more values outside of prede-
termined limits; default value(s) used for values out of limits.

CAL INVALID ERR One or more cal errors present on power-up, DCL, or SDC.

DPRAM LINK ERR Communication error in the dual port RAM between the I/O controller and
source/measure controller. Unit is not functional.

DPRAM LOCKUP ROM or RAM failure in source/measure controller so it is not responding to 1/O
controller. Unit is not functional.

GENERATING SWEEP Unit is creating or appending a sweep from the front panel.

IDDC Unit received an illegal device-dependent command.

IDDCO Unit received an illegal device-dependent command option.

ILLEGAL MEAS RANGE Selected measure range is incompatible with source (V or I) or unit (236, 237 or
238).

ILLEGAL SRC RANGE Selected source range is incompatible with source (V or I) or unit (236, 237 or 238).

INTERLOCK PRESENT Attempted to go into operate with an interlock condition present, or an interlock
condition exists while in operate.

INVALID SWEEP MIX Cannot create/append different sweep types (pulsed and non-pulsed) in buffer.

IOU CAL CHCKSUM Power-up checksum test of cal constants failed.

10U DPRAM FAILED Dual port RAM in I/O controller failed. Unit is not functional.

10U EEROM FAILED Electrically erasable ROM in IOU controller failed. Unit is not functional.

LOG CANNOT CROSS 0 Cannot create/append a log sweep that passes through zero.

MEAS RANGE CHANGED Cannot have source and measure ranges of 1100V and 100mA (237), or 110V and
1A (238), at same time; measurement range lowered.

MUST CREATE SWEEP Attempted to append, modify, or trigger a non-existent sweep.

NO AUTO IN PULSE Cannot select source autoranging with a pulse sweep create or append.

NOT IN REMOTE Sent an X command when the unit was not in remote (REN is false).

OFLO An external power source has overloaded the measurement hardware in the
Model 236 /237 /238.

PENDING TRIGGER Waiting to finish previous operation before processing trigger.

PULSE TIME NOT MET Specified pulse times (ton and torr) cannot be met and will be extended.

TRIGGER OVERRUN Unit was triggered while still processing a previous trigger; trigger is ignored.

UNCALIBRATED No cal constants are stored in EEPROM (Source/Measure LED blinks).

VALUE OUT OF RANGE Selected source value exceeds source range, or selected compliance value exceeds
measurement range, or incremental source values are too small for selected range.

65.000 SECONDS MAX Cannot have a dc or sweep delay greater than 65.000 seconds. Value defaults to
65.000 seconds.

1F Power-up or memory test of IOU RAM failed. Unit is not functional.

2F Power-up or memory test of IOU ROM failed. Unit is not functional.
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2.9.1 Entering Source and Compliance

Values

There are two methods to enter source and compliance
values: the Adjust and the Edit method. The Adjust
method uses the rotary knob to increment or decrement
displayed values. With the Edit method, the value is en-
tered using the keypad.

The Adjust method is more convenient to use when mak-
ing minor “adjustments” to a displayed value. The Edit
method is probably preferred when entering a com-
pletely new value.

Adjust Method

In general, the Adjust method consists of placing the cur-
sor (blinking digit) on the digit to be changed using the
SELECT buttons and then using the rotary knob to dis-
play the desired value.

Perform the following steps to enter a source or compli-
ance value using the Adjust method:

1. Enable the cursor.

With source-measure or compliance displayed, en-
able the cursor by either turning the rotary knob one
detent position (left or right), or by pressing a SE-
LECT button (d or P). The cursor position is indi-
cated by the blinking digit.

2. Place the cursor on the digit to be changed.

The cursor can be placed on any of the four LSDs
(least significant digits) of the five-digit display.
Pressing 4 SELECT moves the cursor to the left. Af-
ter the cursor is positioned on the MSD (most signifi-
cant digit), each press of 4 SELECT changes the dis-
play to the next higher range. Conversely, pressing
SELECT P moves the cursor to the right. After the
cursor is positioned on the LSD, each press of SE-
LECT P changes the display to the next lower range.

3. Change the displayed value.

Turning the rotary knob clockwise increments the
displayed reading and conversely, turning the knob
counter-clockwise decrements the reading. The
reading can be incremented/decremented to +/-

full scale of the selected range. Any digits to the right
of the cursor are not affected unless the reading is in-
cremented or decremented to full scale. In this case
these digits become zeros since the unit cannot dis-
play a reading larger than full scale.

When adjuéting a source value, the polarity of the
displayed reading can be changed by pressing +/-
on the keypad.

4. Disable the cursor by pressing ENTER or CANCEL.
Performing another operation, such as enabling
autoranging, will also disable the cursor.

NOTE

Changing the display to a lower range with SELECT P
will cause a displayed reading that exceeds that range to
default to the maximum reading for that range. For ex-
ample, with 2.000V displayed on the 11V range, changing
to the 1.1V range will default the display to 1.1000V.

Edit Method

In general, the Edit method simply consists of keying in
the desired value from the keypad and pressing ENTER.

To enter a source value, the unit must be in the source-
measure display state with the dc function selected. To
enter a voltage source value, SOURCE V MEASURE I
must be selected, and to enter a current source value,
SOURCE I MEASURE V must be selected.

To enter a compliance value, the unit must be in the com-
pliance display state (compliance enabled). To enter a
voltage compliance value, SOURCE IMEASURE V must
be selected, and to enter a current compliance value,
SOURCE V MEASURE I must be selected.

The 0 through 9, +/-and EXP keys are used to key in val-
ues. The following examples demonstrate how to enter
values.

Value Key In Displayed Reading Press
+1.25V 1.25 +1.25 VOLTS ENTER
-2.236V +/-2,236 -2.236 VOLTS ENTER
+3.26mA .00326 +.00326 AMPS ENTER
+3.26mA  3.26EXP+/-3 +3.26E-3 AMPS ENTER

When a value is entered, the Source Measure Unit will go
to the optimum source or compliance (measurement)
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range. A higher source or compliance (measure) range
can be selected with the SELECT buttons. SELECT € will
uprange the unit while SELECT P> will downrange it. Se-
lecting a range that is lower than the displayed value will
default the unit to the maximum source or measure value
for that range.

NOTES

1. Exponent (EXP) allows values to be entered in scien-
tific notation form. The example value reads as +3.26
x 10® amps, which is 3.26mA.

2. Entering a value that exceeds the maximum source
or compliance capability of the unit will default to
the maximum value.

3. Entering a value that contains more digits than
source or compliance resolution allows will result in
the value being rounded. For example, entering a
value of +1.2345V will round to +1.235V

2.9.2 Entering Other Operating

Parameters

Parameter selections for other Source Measure Unit fea-
tures are menu driven. The paragraphs that contain the
data entry procedures for these features are listed as fol-
lows:

Menu* (see paragraph 2.10)

| Time (see paragraph 2.15)

Filter (see paragraph 2.16)

Sweep Create, Modify and Append (see paragraphs
2.19,2.20, and 2.21)

e Trigger Setup (see paragraph 2.22)

* In addition to selecting operating parameters, menu is also used to
perform self-tests which are explained in paragraph 2.10.

2.10 MENU

MENU

EXP

O

CANCEL

O

O

Menu is a function of front panel operation. However,
many of the operations performed by menu can also be
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performed over the IEEE-488 bus. Bus operation infor-
mation will be provided where appropriate.

Menu is used to check and/or change certain aspects of
Source Measure Unit operation and perform self test.
These include:

Delay for dc operation
Default delay (on or off)
Sensing (local or remote)

Ac line frequency (50 or 60Hz)
IEEE-488 address

Display Test

Memory Test

Factory initialization

Menu is enable by pressing the MENU button and is de-
noted by the indicator. Menu is disabled by again press-
ing MENU.

The structure for menu items is shown in Figure 2-28.
When menu is enabled, the Source Measure Unit will dis-
play the first operation menu item; dc delay. Any one of
the eight menu items can be displayed with the rotary
knob.

ON DEFAULT DELAY
OCAL SENSE
60 Hz AC LINE ‘ @

Rotary Knob

16 |EEE ADDR

5 g
g
[
a
8
8
%

DISPLAY TEST
MEMORY TEST

FACTORY INIT

Figure 2-28. Menu Items
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General Procedure

Perform the following steps to change a menu item pa-
rameter, perform a self test or perform factory initializa-
tHon:

Step 1 : Press MENU to enter the menu display state.

Step 2: Use the rotary knob to display the desired menu
item

Step 3: To perform a self test or factory initialization (DIS-
PLAY TEST, MEMORY TEST or FACTORY INIT
displayed), proceed to step 4. Otherwise:

1. To change DC DELAY or IEEE ADDR, use the key-
pad to key in the new value.

2. To change DEFAULT DELAY, SENSE or AC LINE,
use the SELECT buttons to display the alternate pa-
rameter.

Step 4: Press ENTER.

Step 5: Repeat steps 2, 3 and 4 as needed. Exception:
MENU will disable if FACTORY INIT is per-
formed.

Step 6: Press MENU to return to the source-measure dis-
play state.

General MENU Rules

1. The MENU button toggles between the menu dis-
play state and the normal source-measure display
state.

2. Therotary knob displays a menu item, while the SE-
LECT buttons or keypad is used to change the dis-
played parameter.

3. ENTER must be pressed to enter a new parameter.

4. When a parameter for DC DELAY, DEFAULT DE-
LAY, SENSE, AC LINE or IEEE ADDR is ENTERed,
the next menu item will be displayed.

5. A keyed-in parameter can be cancelled by pressing
CANCEL before ENTER

6. The Source Measure Unit will return to the source-
measure display state MENU disabled) when FAC-
TORY INIT is performed.

Detailed information and a step-by-step procedure for
each menuitem is provided by the following paragraphs.

2.10.1 Dc Delay

Dc delay is used exclusively for dc operation. Dc delay
does not affect the sweep delay for sweep operation and
conversely, setting a sweep delay does not affect the dc
delay. Dc delay is used to provide additional time for the
source to settle if its output level should change.

For a resistive load, dc delay is not necessary and can be
set to zero seconds. Otherwise, the amount of delay
needed is determined by the RC time constant of a load.
Five time constants (SRC) provides 99% settling.

Dc delay can be set from Osec to 65sec with one millisec-
ond resolution.

To check the present dc delay and other menu item pa-
rameters, simply enable MENU and use the rotary knob
to scroll through the menu items. If no changes are to be
made, press MENU to return to the source-measure dis-
play state.

To change dc delay, perform the following steps:

1. With MENU enabled, turn the rotary knob until the
dc delay is displayed. For example, if the delay is
Osec, the following message will be displayed:

00.000 SEC DC DELAY
2. Using the keypad, key in the desired delay period in
~ seconds (00.000 to 65.000).
3. Press ENTER The next menu item will be displayed.

4. If no other menu actions are to be taken, disable
MENU to return to the source-measure display state.

IEEE-488 Bus Operation

Over the bus, dc delay, source (bias) value and source
range are programumed at the same time using the B com-
mand. See paragraph 2.11 for further information.
2.10.2 Default Delay

Default delay is a short delay (up to 360msec) that is used

to allow for internal settling on the low current ranges
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(10uA and under). The default delay is separate from the
user programmed delay.

The time period of the default delay depends on which
current range (source or measure) that the Source Meas-
ure Unit is on. The default delay times are listed in
Table 2-4. The delay time period for each current range in
the table generally reflects 5 RC time constants of settling.

Table 2-4. Default Delay

" Range
Source or Measure

Delay
(msec)

InA 360
10nA
100nA
pA
10pA
100uA
imA
10mA
100mA
1A

coococornvulNj

When default delay is enabled (ON), the total delay pe-
riod before each measurement includes the default delay
and the user programmed delay. With default delay dis-
abled (OFF), the total delay period includes only the user
programmed delay. However, with AUTORANGE
(measure) enabled, the default delay time periods will be
imposed even with default delay disabled (OFF).

Usually, default delay is left enabled unless you are try-
ing to optimize a test for maximum speed. In that case,
default delay is disabled and the lowest user pro-
grammed delay that will achieve acceptable results is
used.

To check the status of default delay and other operation
menu item parameters, simply enable MENU and use the
rotary knob to scroll through the menu items. If no
changes are to be made, disable MENU to return to the
source-measure display state.
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Perform the following steps to change the status of de-
fault delay:

1. With MENU enabled, turn the rotary knob until the
default delay is displayed. For example, if default
delay is presently disabled, the following will be dis-
played:

OFF DEFAULT DELAY

2. Use the SELECT buttons to change the status of de-

fault delay. SELECT P enables default delay, and <

SELECT disables it.

With the desired status displayed, press ENTER. The

next menu item will be displayed.

4. Ifno other menu actions are to taken, disable MENU
to return to the source-measure display state.

w

NOTES

1. Cycling power will not affect the status of the default
delay. If it was previously disabled (OFF), it will
power up in the disabled state. Conversely, if it was
enabled, it will power up in the enabled state.

2. Factory initialization will enable default delay.

3. For pulse sweeps, selecting the alternate default de-
lay state (on or off) may cause delay times to be recal-
culated by the Source Measure Unitin order to main-
tain the programmed ON and OFF times.

IEEE-488 Bus Operation

The W command is used to program default delay.
WO = Disable default delay

W1 = Enable default delay

HP BASIC 4.0 Programming Examples:

OUTPUT 716; “WO0X”
OUTPUT 716; “W1X”

Disable default delay.
Enable default delay

Complete information on the IEEE-488 bus and this com-
mand can be found in Section 3 of this manual.
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2.10.3 Sense

The Source Measure Unit has local or remote sensing ca-
pability. When using remote sensing, sense lines are ex-
tended to the DUT.

When the Source Measure Unit is programmed to source
V, sensing provides a feedback voltage that is measured
and compared to the programmed voltage level. If the
feedback voltage is less than the programmed voltage
level, then the voltage source is increased until the feed-
back voltage equals the programmed voltage level. Inlo-
cal, sensing is performed at the output of the Source
Measure Unit. In remote, external sense leads are con-
nected to the load, thus, sensing is performed at the load.
Remote sensing compensates for test lead IR drop, ensur-
ing that the programmed voltage level is delivered to the
load.

When sourcing I, local sensing is used to measure voltage
at the output terminals. In remote sensing, external sense
connections are made across the load. Thus, the subse-
quent voltage reading is the actual voltage drop across
the load. Test lead IR drops are not included in the meas-
ured reading.

Remote sensing should always be used when sourcing or
measuring 1mA or more. Sourcing or measuring 1mA or
more indicates that the load impedance is relatively low.
Since this low impedance load forms a voltage divider
with the test lead resistance, the IR drop across the test
leads becomes significant. Thus, in local sense, the volt-
age reading does not reflect the true voltage drop across
the load. Instead, the reading includes the IR drop across
the test leads.

Remote sense connections are covered in paragraph 2.3.

WARNING

With remote sensing enabled, an open sense
lead will result in lethal voltages appearing
at OUTPUT HI and GUARD. This voltage
can cause injury or death, and damage exter-
nal circuitry. Always make sure that the
sense leads are properly connected before
enabling remote sense. Never change con-
nections with power applied. Be sure to al-
ways discharge and/or disconnect external
power sources.

When sourcing voltage, the output voltage is
sensed (measured) and fed back to the volt-
age source (Vsource). If the sensed voltage is
lower than the programmed voltage, Vsource
is increased until the sensed voltage equals
the programmed voltage. In the case of an
open remote sense lead, the sensed voltage
(0V) will never equal the programmed volt-
age. Thus, to compensate, Vsource will
increase to its maximum level.

To check the status of sense and other operation menu
item parameters, simply enable MENU and use the ro-
tary knob to scroll through the menu items. If no changes
are to be made, disable MENU to return to normal opera-
tion.

Perform the following steps to select the alternate sense
setting:

1. With MENU enabled, turn the rotary knob until the
present sense setting is displayed. For example, if 1o-
cal sense is currently selected, the following will be
displayed:

SENSE LOCAL

2. Use the SELECT buttons to select the alternate set-
ting. SELECT P> selects remote sense and €4 SELECT
selects local sense.

3. With the desired sense selected, press ENTER. The
next menu item will be displayed.

4. If no other menu actions are to be taken, disable
MENU to return to the source-measure display state.

NOTES

1. The unit powers up to local sensing.

2. Factory initialization places the unit in local sense.

3. Internally, the Source Measure Unit will go ot local
sensing when it is placed in standby. When operate
is enabled, the Source Measure Unit will go to the
programmed sense selection (remote or local).

Source/Sense Voltage Differential

When configured as a voltage source, the remote sense
leads are typically connected in close proximity to the
source leads by the DUT. As a result, the voltage differ-
ence between source and sense is virtually zero. The very
small difference is caused by the voltage drop in the
source leads.
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However, there may be test situations that require the re-
mote sense leads and source leads to be connected to dif-
ferent parts of a circuit that have a significant voltage dif-
ferential between them.

The maximum allowable voltage difference between
OUTPUT LO and SENSE LO is 4V. Exceeding this volt-
age difference between source low and sense low will re-
sult in erratic operation.

The maximum allowable voltage differential (Vmax) be-
tween OUTPUT HI and SENSE HI is defined by the fol-
lowing equation. Exceeding this voltage difference be-
tween source high and sense high will result in erratic op-
eration.

Vmax = 12 -10(Vour/ Vis)
where;

Vmax = Maximum allowable voltage difference between
OUTPUT HI and SENSE HI

Vour = Output Voltage

Vgs = Full scale voltage range

For example, if 5V is sourced on the 11V range, the maxi-
mum allowable voltage differential between source and
sense is:

Vmax = 12-10(5V/11V) =7.45V
IEEE-488 Bus Operation

The O command is used to program sense.

WARNING

With remote sensing enabled, an open sense
lead will result in lethal voltages appearing
at OUTPUT HI and GUARD. This voltage
can cause injury or death, and damage exter-
nal circuitry. Always make sure that the
sense leads are properly connected before
enabling remote sense. NEVER change con-
nections with power applied. Be sure to al-
ways discharge and/or disconnect external
power sources.

O0 = Local sense
O1 = Remote sense
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HP BASIC 4.0 Programming Examples:

Select remote sense
Select local sense

OUTPUT 716; “O1X”
OUTPUT 716; “O0X”

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 IEEE-488 Refer-
ence. '

2.10.4 Ac Line Frequency

The Source Measure Unit will operate on an ac line fre-
quency of 50 or 60Hz. This menu item allows you to check
or change the line frequency setting of the Source Meas-
ure Unit.

This adjusts the A/D converter to the proper integration
time for line cycle integration.

To check the present ac line frequency setting and other
menu operation item parameters, enable MENU and use
the rotary knob to scroll through the menu items. If no
changes are to be made, disable MENU to return to the
source-measure display state.

Perform the following steps to select the alternate ac line
frequency setting:

1. With MENU enabled, turn the rotary knob until the
presentac line frequency setting is displayed. For ex-
ample, if the line frequency is currently set to 60Hz,
the following will be displayed:

60Hz ACLINE

2. Use the SELECT buttons to select the alternate set-
ting. SELECT P> selects 50Hz and € SELECT selects
60Hz.

3. With the desired line frequency setting displayed,
press ENTER. The next menu item will be displayed.

4. If no other menu actions are to be taken, disable
MENU to return to the source-measure display state.

NOTE
Changing the ac line frequency with a front
panel menu selection also changes the inte-
gration time if LINECYCLE PERIOD is pres-
ently selected. For example, a line frequency
change from 60Hz to 50Hz also changes the
integration time from 16.667msec to 20msec.
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NOTE

Both power up and factory initialization will default the
unit to the last programmed line frequency setting.

2.10.5 |EEE-488 Bus Address

This menu item allows you to check and/or change the
IEEE address of the Source Measure Unit. At the factory,
the Models 236, 237 and 238 are set to address 16. Valid
addresses are 00 to 30.

To check the present IEEE address and other operation
menu item parameters, enable MENU and use the rotary
knob to scroll through the menu items. If no changes are
tobe made, disable MENU to return to normal operation.

Perform the following steps to change the IEEE address:

1. With MENU enabled, turn the rotary knob until the
present IEEE address is displayed. For example, if
the present address is 16, the following will be dis-
played:

16 IEEE ADDR

2. Tochange the IEEE address, key in the new value (00
to 30).

3. With a valid address keyed into the display, press
ENTER. The next menu item will be displayed.

4. If no other menu actions are to be taken, disable
MENU to return to the source-measure display state.

2.10.6 Display Test

The display test is used to check for defective display
LED segments and front panel indicator lights. When this
test is run, all display segments and indicator lights will
be turned on for several seconds.

Perform the following steps to perform the display test:

1. With MENU enabled, use the rotary knob to display
the following message:

DISPLAY TEST

2. Press ENTER. All display segments and indicator
lights will turn on for several seconds. The next
menu item will be displayed.

3. If no other menu action are to be taken, disable
MENU to return to the source-measure display state.

IEEE-488 Bus Operation

The J2 command is used to perform the display test from
over the bus.

HP BASIC 4.0 Programming Example:

OUTPUT 716; “J2X” Perform display test

2.10.7 Memory Test

The memory test is used to perform tests on its memory
elements. If the tests fail, one or more error messages will
be displayed. A brief explanation of any displayed error
message is contained in Table 2-3. In the event of a failure,
refer to the service manual for troubleshooting informa-
tion.

NOTE
If the instrument is still under warranty and if
a problem develops, it should be returned to
Keithley Instruments, Inc. for repair.

Perform the following steps to perform the memory test:

1. With MENU enabled, use the rotary knob to display
the following message:

MEMORY TEST

2. Press ENTER to perform the test. After the test is
completed, the next menu item will be displayed.

3. If no other menu actions are to be taken, disable
MENU to return tot he source-measure display state.

IEEE-488 Bus Operation

The]1 command is used to perform the memory test from
over the bus.

HP BASIC 4.0 Programming Example:

OUTPUT 716; “J1X” Perform memory test
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2.10.8 Factory Initialization

When powered up, the Source Measure Unit will, for the
most part, initialize to whatever was previously pro-
grammed. These are the power up default conditionsand
are summarized in Table 2-5. A checkmark (V) indicates
that the unit will initialize to whatever was previously
programmed.

The Source Measure Unit can be returned to factory de-
fault conditions which are also listed in Table 2-5.

Perform the following steps to initialize the unit to fac-
tory default conditions:

FACTORY INIT

2. Press ENTER. The Source Measure Unit will initial-
ize to the factory default conditions listed in Table
2-5.

3. If no other menu actions are to be taken, disable
MENU to return to the source-measure display state.

IEEE-488 Bus Operation

The JO command is used to restore factory default condi-
tions.

HP BASIC 4.0 Programming Example:

1. With MENU enabled, use the rotary knob to display OUTPUT 716; “JOX” Restores factory de-
the following message: fault conditions
Table 2-5. Factory and Power-up Default Conditions
Factory Default Power up Default
Autorange (Measure) | Disabled v
Bias (dc Function)
Source value 0V/0mA )
Source range 11V (236, 237); 15V (238) / 10mA v
Dc delay value Omsec v
Calibration Step** 0 0
Compliance
Value 10mA/10V v
Range 10mA /11V (236,237); 15V (238) i
Default delay Enabled v
EOI and bus hold-off** | EOI enabled, hold-off on X EQI enabled, hold-off on X
Filter Disabled )
Function dc dc
1100V Range Control**
236/238 Disabled Disabled
237 Enabled v
v User’s previously programmed condition
* Front panel only
*[EEE-488 Bus only
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Factory and Power-up Default Conditions (Cont.)

Factory Default Power up Default

IEEE address* v v
J Time Fast period (416pisec) )
Line frequency* V v
Operate/standby Standby Standby
Output format**

Items Source value only Source value only

Format ASCII with prefix and suffix ASCII with prefix and suffix

Lines 1line of dc data 1 line of dc data
Output Sense Local Local
Source V-source v
SR 6%

Mask None None

Compliance SRQ during idle, measure or delay phase SRQ during idle, measure or delay phase
Stored ASCII String** | )
Suppression

Control Disabled Disabled

Value 0V, OmA 0V, 0mA
Sweep bulffer Cleared Previous sweep data retained
Sweep create/append | Linear stair \/

Start value 1V/ImA v

Stop value 10V/10mA )

Source range 11V (236, 237); 15V (238) / 10mA v

Delay time Omsec |

Number of Points 10 v

(Pulses)

Step value 1V/1mA v

Log points 10 points/decade v

Pulse on time 100msec l

Pulse off time 100msec v
Sweep modify First point* First point*
Terminators** CRLF CRLF
Trigger configuration

Origin Internal (Immediate) v

Trig in Continuous v

Trig out None \/

Sweep End Disabled |
Trigger control Enabled Enabled
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2.11 SELECT SOURCE AND FUNCTION

B B ]
O @& @ O

1100V MAX SOURCE

The available voltage source and current source ranges
are listed in Table 2-6 and Table 2-7. The selected source
will behave as a constant dc source when in the dc func-
tion, or sweep through a pre-defined list of source values
and delay times when in the sweep function.

Table 2-6. Voltage Source Ranges

Range
Model (Max Output) | Resolution
236,237 +1.1000V 100pV
238 +1.5000V
236,237 +11.000V ImV
238 +15.000V
236,237,238 | £110.00V 10mV
237 +1100.0V* 100mV

Table 2-7. Current Source Ranges

Range
(Max Output) | Resolution
+1.0000nA 100fA
+10.000nA 1pA
+100.00nA 10pA
+1.0000uA 100pA
+10.000pA 1nA
+100.00pA 10nA
+1.0000mA 100nA
+10.000mA 1pA
+100.00mA 10pA
+1.0000A* 100pA
*Model 238 only

Each source (V and I) will “remember” its own unique
setup configuration. Setup configuration components
that are remembered for each source include:

¢ Source value and range
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Compliance limit and range
Integration time

Filter

Autorange

DC delay

Default delay

Sense

Sweep Parameters

The SOURCE MEASURE button toggles the Source
Measure Unit between Source V, Measure I and Source [,
Measure V. The FUNCTION button toggles the Source
Measure Unit between dc operation and sweep opera-
tion.

With the dc function selected, the present source value
will be displayed and can be changed to any value within
the source range of the Source Measure Unit.

Changing the dc function source level also changes the
bias level of the sweep that is currently defined. Con-
versely, changing the bias level of a sweep will change
the dc function source to that level.

Perform the following steps to set a source value (V or I)
for dc operation:

1. If the desired source is not already selected, press
SOURCE MEASURE to select it.

2. If dc operation is not already selected, press FUNC-
TION to select it (DC light on).

3. Set the source value using the Adjust or Keypad
method of data entry.

Adjust Method:
Use the rotary knob and the SELECT buttons to enter
the source value into the display.

Keypad Method:

A. Key in the source value using the DATA ENTRY
keypad.

B. Press ENTER.Ifthe MANUAL TRIGGER light is
blinking, the source value will not be displayed
until the MANUAL TRIGGER button is pressed.

Changing the Source Range (dc operation)

The position of the decimal point indicates the source
range. For example, a reading of +002.00V indicates that
the 110V range is selected, while a reading of +02.000V in-
dicates that the 11V or 15V range is selected.
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To select a different source range, use the SELECT but-
tons. 4 SELECT upranges and SELECT P downranges.
Note that if you select a range that cannot accommodate
the present source value, the Source Measure Unit will
default to the maximum value for the that range.

NOTES

1. Anytime SOURCEMEASURE is pressed, the follow-
ing actions will occur:

A. The displayed source value will default to zero
(0.0000V or 000.00mA).

B. The MANUAL TRIGGER light will start blink-
ing. The Source Measure Unit will not display
the programmed source value until a trigger oc-
curs (i.e. MANUAL TRIGGER button pressed).

C. If theSource Measure Unit was in operate, it will
go into standby.

2. Anytime FUNCTION is pressed, the following ac-
tions will occur:

A. The MANUAL TRIGGER light will start blink-
ing.

B. If the Source Measure Unit was in operate, the
source will still be applied to the output but it
will not be measured (ie. “+1.0000 V
—-—mA”). To resume measurements, the
Source Measure Unit must be in the dc function
and a trigger must occur.

3. A dc function source value cannot be set if in the
sweep function except with the bias parameter of the
sweep.

4. When power is cycled the dc function will be se-
lected. The source (V orI), bias value, and range will
power up to whatever was previously programmed.

5. Factory initialization will place the unit in V-source,
dc function, with a source value of 0V, on the 11V or
15V range. The I-source will be set to source 0OmA on
the 10mA range.

6. When a source range change occurs, the Source
Measure Unit will momentarily output OV or OmA.
This could create an undesirable transient in an oth-
erwise smooth sweep. In situations where the tran-
sient is not tolerable, a fixed source range should be
used to eliminate range changes.

IEEE-488 Bus Operation
The F command is used to program source and function.
F0,0 = Source V Measure I (dc operation)

FO,1 = Source V Measure I (sweep operation)
F1,0 = Source I Measure V (dc operation)

F1,1 = Source I Measure V (sweep operation)

For dc operation, the B command is used to program the
source (bias) value, source range, and delay. The com-
mand is sent in the following form:

B (bias),(range),(delay)

Bias: A valid source value within the source range of the
Source Measure Unit.

Range: A value that corresponds to the source range of the
Source Measure Unit. If not using auto, the selected range
must be large enough to accommodate the bias value.

I-source V-source
0= Auto Auto
= InA 1.1V (236, 237); 1.5V (238)
= 10nA 11V (236, 237); 15V (238)
= 100nA 110V
= 1pA 1100V (237)
5= 10pA *
6= 100pA *
7= 1mA *
= 10mA *
= 100mA *
10= 1A (238) *

*Nllegal V-source option

Delay: Dc delay in msec (0 to 65000)

HP BASIC 4.0 Programming Example:

Select Source I Measure
V for dc operation.

Set source to 36nA
(exponent form
shown), 100nA range,
and dc delay to 0.5
seconds.

Apply triggertoupdate
display.

OUTPUT 716; “F1,0X”

OUTPUT 716;
“B36E-9, 3, 500X”

OUTPUT 716; “HOX”

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 IEEE-488 Refer-
ence.
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2.12 SET COMPLIANCE AND
MEASUREMENT RANGE

OPERATE SOURCE MEASURE FUNCTION  COMPLIANCE

H 8 D e
Qﬂ OSOUFICED ﬁ

Compliance limits are set in order to protect external cir-
cuitry (i.e. DUT) from damage. When sourcing voltage, a
current compliance limit is set. The Source Measure Unit
will never source a current that will exceed the pro-
grammed current compliance limit. For example, assume
that current >10mA will damage a current-sensitive 2kQ
device. Thus, the current compliance limit would be set
to 10mA. If the Source Measure Unit is programmed to
source 40V it would normally source 40V at 20mA to the
2kQ load (40V / 2kQ = 20mA). However, since the cur-
rent compliance limit is set at 10mA, the Source Measure
Unit will only source 20V at 10mA (2kQ x 10mA = 20V).

Conversely, when sourcing current, a voltage compli-
ance limit is set. The Source Measure Unit will never
source a voltage that will exceed the programmed e¢om-
pliance voltage limit.

CAUTION
With an external source or energy storage de-
vice connected to the output, current is not
limited when in SourceI Measure V. Referto
paragraph 2.26 for precautions against exces-
sive current that could damage the Model
236/237 or external circuitry.

Setting compliance sets the maximum measurement
range of the Source Measure Unit. For example, setting a
compliance of 5V will mean that the Source Measure Unit
can measure up to but not more than +5V. A larger meas-
urement range can be selected (if available), but again,
the maximum measured reading will be the compliance
value. A measurement range that is lower than the com-
pliance value cannot be selected, unless AUTORANGE is
enabled. Trying to do so from the front panel will default
the displayed compliance value to the maximum reading
of the selected measurement range.

With AUTORANGE enabled, the Source Measure Unit
will automatically downrange to the lowest possible
(most sensitive) range to make measurements.
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When compliance is selected, the present compliance
limit is displayed and can be changed to any value within
the measurement range of the Source Measure Unit. The
measurement ranges of the Source Measure Unit are
listed in Table 2-8 and Table 2-9.

Table 2-8. Current Measurement Ranges

Range [ Resplution |
(Max Output) |4d 5d
+InA 100fA 10fA
+10nA 1pA 100fA
+100nA 10pA 1pA
+1pA 100pA 10pA
+10pA InA 100pA
+100pA 10nA InA
+ImA 100nA 10nA
+10mA IpA 100nA
+100mA 10pA 1pA
+1A* 100pA 10pA
*Model 238 only

Table 2-9. Voltage Measurement Ranges

Range __ Resolytion |
Model (Max Output) | 4d 5d
236,237 +1.1000V o00uv 10uVv
238 +1.5000V
236,237 +11.000V ImV 100pV
| 238 +15.000V
[236,237,038__| +110.00V 0mV__|_1imV
237 +1100.0V 100mV 10mV

Perform the following steps to check and/or change the
compliance limit of the currently selected source.

1. Press COMPLIANCE to enable and display the com-
pliance limit. For example, if the present compliance
limit for the voltage source is £50mA, the following
will be displayed:

+050.00mA COMPLI

2. If the displayed compliance limit is not to be
changed, disable compliance by again pressing
COMPLIANCE to return to normal operation. Oth-
erwise, change the compliance limit using the Adjust
or Edit method of data entry. If not familiar with the
entry methods, refer to paragraph 2.9 for complete
details.



SECTION 2
Operation

Adjust Method:

Use the SELECT buttons and the rotary knob to seta new
compliance limit. The SELECT buttons are used to posi-
tion the cursor (flashing digit) and to change ranges, and
the rotary knob is used to change the value.

With the desired compliance limit displayed, press
COMPLIANCE to return to the normal source-measure
display state. The compliance limit of the instrument will
not update to the “pending” value until the next trigger
occurs.

The “pending” compliance limit value can be viewed as
follows: First, enable COMPLIANCE to display the pre-
sent compliance limit value. Then display the “pending”
compliance limit value by turning the rotary knob one
detent position (left or right), or by pressing either SE-
LECT key. This “pending” value can be modified as pre-
viously explained or retained by pressing CANCEL.

With AUTORANGE enabled, the Source Measure Unit
will internally go the lowest possible (most sensitive)
compliance range. On the lowest compliance range (InA,
1.1V or 1.5V), the lowest possible compliance value is 100
counts (0.0100nA or 0.0100V). Values less than 100 counts
can be displayed, but the actual compliance will default
to 10pA or 10mV.

With AUTORANGE disabled, the lowest possible com-
pliance value is 100 counts of the selected range. For ex-
ample, on the 100mA compliance range, the displayed
limit can be adjusted from 000.00mA to 000.99mA but
will actually be set to 001.00mA (100 counts).

Edit Method:

To set a new compliance limit, key in the desired value
using the DATA ENTRY keypad and press ENTER. The
Source Measure Unit will go to the lowest possible (most
sensitive) range. The lowest compliance value is 1pA or
1mV. Lower values can be entered and displayed, but the
actual compliance will be 1pA or ImV.

To select a higher measurement range, again enable
COMPLIANCE and press  SELECT. Press COMPLI-
ANCE to return to the normal source-measure display
state.

The compliance limit of the instrument will not update to
the new value until the next trigger occurs.

NOTES

1. Upon power up, the compliance limit and range will
be set to whatever was previously programmed.

2. Factory initialization will set the compliance to
10mA on the 10mA measurement range. For the I
source, compliance will be set to 10V on the 11V or
15V measurement range.

3. Pulsesweeps -If changing compliance causes the de-
fault delay time period to change (if enabled), delay
times will be recalculated by the Source Measure
Unitin order to maintain the programmed on and off
times.

4. Dc operation - When the measurement range is
changed, the range change does not actually occur
until the next input trigger occurs.

Measure Only

The Source Measure Unit can be used as a stand alone
voltmeter or current meter. The basic configurations are
explained in paragraph 1.2 in GETTING STARTED.
More detailed information for using the Source Measure
Unit as an electrometer is provided in SOURCE-MEAS-
URE CONSIDERATIONS.

IEEE-488 Bus Operation

The L command is used to program compliance and
measurement range, and is sent in the following form:

L(compli),(range)

Compli: A valid compliance value within the measure-
ment range of the unit.

" Range: A value that corresponds to the measurement

range of the Source Measure Unit. A selected fixed meas-
urement range must be equal to or higher than the com-
pliance value.

I-measure V-measure

0= Auto Auto

= InA 1.1V (236, 237); 1.5V (238)
2= 10nA 11V (236, 237); 15V (238)

= 100nA 110V

= 1A 1100V (237)

= 10pA *

= 100pA *
7= 1mA *
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8= 10mA *
9= 100mA *
10= 1A (238) *

*Tllegal V-source option

HP BASIC 4.0 Programming Example:

Select Source I Measure V
(dc operation)

Set compliance to 5V and
select 11V or 15V meas-
urement range.

OUTPUT 716; “F1,0X”

OUTPUT 716; “L5,2X”

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 [EEE-488 Refer-
ence.

2.13 AUTORANGE

With AUTORANGE enabled, the Source Measure Unit
will go to the lowest possible (most sensitive) range to
make the measurement. For example, with a 3V compli-
ance limit 11V or 15V (Model 238) range, 0.5V will be
measured on the 1.1V or 1.5V (Model 238) range if
autorange is enabled.

With a pulse sweep saved in the sweep buffer, the mes-
sage “PULSE TIME NOT MET” will be displayed when-
ever AUTORANGE is enabled. This message indicates
that the programmed on and off times of the pulse will
most likely not be met when a measurement range
change occurs. If unspecified pulses cannot be tolerated
in a test, use a fixed measurement range to avoid range
changes.

The AUTORANGE button toggles between autorange
and the fixed range selected when compliance was set.
When AUTORANGE is enabled, its indicator light will
be on.

Autorange Thresholds — When a measured reading is
increasing, an autorange to the next highest range will oc-
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cur when full scale is surpassed. (As described in para-
graph 3.7.2, the instrument actually upranges to the com-
pliance range, then downranges to the required measure
range.) For example, assume a measured reading of
+0.8971mA (ImA range). The Model 236/237/238 will
autorange up to the 10mA range when the reading sur-
passes +1.0000mA.

When a measured reading is decreasing, autorange to the
next lower range will occur when 9% of full scale is
reached. For example, assume a reading of +01.000mA
(10mA range). The Model 236/237 /238 will autorange to
the TmA range when the reading decreases past
+00.900mA. For voltage ranges, downranging will occur
at 8.1% of full scale, with the exception of the 1.5V and
15V ranges of the Model 238, where downranging occurs
at 9% of full scale.

NOTES:

1. When upranging or if a measurement range change
occurs while the unit is in compliance (COMPLI-
ANCE indicator blinking or when upranging), the
Source Measure Unit will momentarily output 0V or
OmA.

2. Autorange should not be used when optimum speed
is required. The effects of autorange on sweep per-
formance is covered in paragraph 3.7.3.

IEEE-488 Bus Operation

Over the bus, the compliance limit and measurement
range (including autorange) are set using the L command
(see the previous paragraph).

Note that autorange can be controlled by sending only
the range option with the L command. The compliance
option need not be sent. The format for sending only the
range option is as follows:

L,(range)

As defined in paragraph 2.12, range option 0 selects
autorange. Thus, sending L,0X over the bus will enable
AUTORANGE. Sending any other valid range option
(one through ten) will disable AUTORANGE. A valid
fixed measurement range is equal to or higher than the
compliance limit.
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HP BASIC 4.0 Programming Example:

OUTPUT 716; L,0X Enable autorange

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 IEEE-488 Refer-
ence.

2.14 OPERATE

OPERATE SOURCE MEASURE FUNCTION  COMPLIANCE
’ v oc O o

1av sweep [-wun

@ O O O

1100V MAX SOURCE

A source cannot be applied to the output unless the unit

isin operate. The unit can only be placed in operate when
it is in the source/measure display state. The unit can be
placed in standby (OPERATE light off) while the unit is
in any display state. Toggling the sources (Vtol, orIto V)
will also place the unit in standby.

DC Operation — With the dc function selected, enabling
operate will apply the source to the output. If the MAN-
UAL TRIGGER light is blinking, a trigger is needed to
start making measurements.

Sweep Operation — With the sweep function selected,
enabling OPERATE will source (but not measure) the
bias level of the sweep. The sweep itself will not start un-
til the appropriate trigger occurs (as denoted by the
blinking MANUAL TRIGGER light).

WARNING
To avoid electric shock, always assume thata
hazardous voltage is applied to the output
when OPERATE is enabled.

Operate toggles the unit between the operate and
standby states. When in the operate state, the OPERATE
light is turned on. When in standby, the “STBY” message
will be displayed when the unit is in the source/measure
display mode.

Standby Definition

In standby, the output of the Model 236 /237 /238 is deter-
mined by whether it is in Source I Measure V, or Source V
Measure L.

Source I Measure V — In standby, the Source Measure
Unit will output OV on the 1.1V (Model 236/237) or 1.5V
(Model 238) compliance voltage range. The compliance
current limit is determined by the programmed current
source value and range. If the programmed current
source value is on a range lower than the 100pA range,
then the compliance current limit will be 100pA on the
100pA range. The following examples illustrate this:

Programmed Current Standby Current
20nA on the 100nA range  100pA on the 100pA range
5uA on the 10pA range 100pA on the 100pA range

If the programmed current source value is on the 100pA
range or above, that range will be used. The current value
used is the programmed current value or 100pA, which-
ever is greater. The following examples illustrate this:

Programmed Current Standby Current

- 90pA on the 100pA range  100pA on the 100pA range
120pA on the 10mA range  120pA on the 10mA range
1mA on the 100mA range  1mA on the 100mA range

Source V Measure I — In standby, the Source Measure
Unit will output 0V on the 1.1V (Model 236/237) or 1.5V
(Model 238) voltage source range. The compliance cur-
rent limit is determined by the programmed current com-
pliance value and range. If the programmed current com-
pliance value is on a rnage lower than the 100mA range,
then the compliance current limit will be 100mA on the
100mA range. The following examples illustrate this:

Programmed Current Standby Current
20nA on the 100nA range  100pA on the 100pA range
5uA on the 10pA range 100pA on the 100pA range

If the programmed current compliance value is on the
100pA rnage or above, that range will be used. The com-
pliance current limit will be the programmed current
value or 1% of the programmed range, whichever is
greater. The following examples illustrate this:

Programmed Current Standby Current

50uA on the 100pA range  50pA on the 100pA range
150nA on the 100mA range 1mA on the 100mA range
1004A on the ImA range  100pA on the ImA range
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Perform the following steps to place the unit in the oper-
ate state:

1. With the unit in the source-measure display state,
make sure the unit is in standby (OPERATE light off
and “STBY” message displayed). The following ex-
ample display message denotes the standby state:

+0.0000 V STBY mA

~ If the unit is not in standby, toggle OPERATE.

2. Configure the operating parameters of the unit as
desired (i.e. select source and function, set compli-
ance, enable AUTORANGE, etc).

3. With the unit in the source-measure display state,
press OPERATE. The source will be applied to the
output. If the MANUAL TRIGGER light is blinking,
a trigger will be needed to start measurements (dc
operation) or to start a sweep (sweep operation).

NOTES:

1. Upon power up or if factory initialization is per-
formed, the unit will go into standby.

2. If an interlock cable is connected, the interlock
switch must be closed before OPERATE will enable.

3. Internally, the Source Measure Unit will go to local
sensing when it is placed in standby. When operate
is enabled, the Source Measure Unit will go to the
programmed sense selection (remote or local).

IEEE-488 Bus Operation

The N command is used to control standby/operate.
NO = Standby

N1 = Operate

HP BASIC 4.0 Programming Example:

In addition to demonstrating the N command, other
commands already explained are used to show how they
are all used together to source a voltage.

10 REMOTE716

20 OUTPUT 716; “F0,0X” Select V-Source and dc
function.
30 OUTPUT716; Setsourceto1Von1.1V
“B1,1,500X” or 1.5V range and 1/2

second delay.
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40 OUTPUT716; “L.01,0X”  Set compliance to
10mA and select auto
measurement range.

50 OUTPUT 716; Program for trigger on

“R1T1,0,0,0X” GET.
60 TRIGGER716 Provide trigger stimu-
lus.
70 OUTPUT 716; “N1X” Place unit in operate.

80 END

When the program is run, 1V will be applied to the out-
put.

Note: Line 50 configures the instrument to trigger on a
group execute trigger (GET) which occurs in line 60. See
paragraph 2.22 for trigger information.

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 IEEE-488 Refer-
ence.

2.15 | TIME

MEASURE

The integration (measure) time for A /D conversions and
subsequent usable measurement resolution is selectable
from the front panel and over the IEEE488 bus.
Table 2-10 summarizes the integration time selections.
Notice that when LINECYCLE PERIOD is selected, the
integration time depends on the line frequency setting
(50 or 60Hz) of the Source Measure Unit.

The selectable integration rates offer a trade off between
speed, resolution and noise rejection. The fast integration
period provides the fastest measurements and should be
used when speed is the most important consideration. At
the other extreme, the line-cycle integration period pro-
vides the slowest but most stable (quieter) measure-
ments. The medium and line cycle integration periods
provide 5-digit resolution.

The | TIME controlis used to check and /or change the in-
tegration period of the Source Measure Unit. When en-
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abled (light on), the currently selected integration period
will be displayed. The other integration period selections
can be displayed with the SELECT buttons as shown in
Figure 2-29.

Veast PERIOD] | MEDIUM__ PERIOD [LNE cYcLE PERIOD]

{ seLect D

Figure 2-29. Integration Time Selections

Perform the following steps to check and/or change the
integration period of the Source Measure Unit:

1. Press [ TIME (light on) to display the integration pe-
riod. For example, if the medium integration period
is currently selected, the following will be displayed:

MEDIUM PERIOD

2. If the displayed integration period is not to be
changed, press  TIME to return to normal operation.
Otherwise, display the desired integration period
using the SELECT buttons and press ENTER. The
Source Measure Unit will return to normal opera-
tion.

NOTES

1. A unique integration time can be set for each source.

2. The unit will power up to the last programmed inte-
gration time for the selected source.

3. Factory initialization will program both sources for
fast (416psec) integration.

4. Line cycle integration time is determined by the ac
line frequency setting (see paragraph 2.10.4). Chang-

ing the ac line frequency with a front panel menu se-
lection also changes the integration time if
LINECYCLE PERIOD is presently selected. For ex-
ample, a line frequency change from 60Hz to 50Hz
also changes the integration time from 16.667msec to
20msec.

5. For pulse sweeps, selecting an alternate integration
rate causes delay times to be recalculated by the
Source Measure Unit in order to maintain the pro-
grammed ON and OFF times.

6. Total measurement time for each reading is depend-
ent on the number of conversions averaged (filter)
and the integration rate currently selected.

IEEE-488 Bus Operation

The S command is used to select the integration period.

S0 = Fast period (416psec integration) at 4-digit resolu-
tion

S1=Medium period (4msec integration) at 5-digit resolu-
tion

§2 = 60Hz line cycle period (16msec integration) at 5-digit
resolution

S3 =50Hz line cycle period (20msecintegration) at 5-digit
resolution

HP BASIC 4.0 Programming Example:

Select the medium inte-
gration period

OUTPUT 716; “S1X”

Complete information concerning the IEEE-488 bus and
this command can be found in Section 3 IEEE-488 Refer-
ence.

Table 2-10. Integration Periods and Resolution

Selection Integration Time | Measurement Resolution
FAST PERIOD 416H sec 4 digits
MEDIUM PERIOD 4msec 5 digits
LINE CYCLE PERIOD | 60Hz; 16.667msec | 5 digits
50Hz; 20msec

+
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2.16 FILTER

JTIME SUPPRESS

Oo O

FILTER AUTORANGE

€ha Oo

MEASURE

Filtering is used to stabilize noisy measurements. The
unit does this by averaging a number of reading conver-
sions and then displaying (or storing) the result. The
number of readings that can be averaged (filtered) is 2, 4,
8,16 or 32. FILTER disabled is synonymous to averaging
one reading.

The more filtering used, the quieter the reading. How-
ever, filtering increases measurement time, thus decreas-
ing unit speed. As a general rule, only use as much filter-
ing as necessary.

The FILTER light denotes the status of the filter. If the
light is on, the FILTER is enabled. If the light is off, FIL-
TER is disabled. The FILTER button toggles between the
filter selections and normal operation.

Perform the following steps to control the filter from the
front panel:

1. PressFILTER.Ifitslight was off (FILTER disabled), it
will turn on. The present filter selection will be dis-
played. For example, if the FILTER is currently dis-
abled the following is displayed:

DISABLE FILTER

2. If no changes are to be made, press FILTER or EN-
TER to return to the source-measure display state.
Otherwise, use the SELECT buttons to display the
desired filter selection (see Figure 2-30).

3. Press ENTER.

NOTES

1. A unique filter value can be set for each source.

2. The unit will power up to the last programmed filter
for the selected source.

3. Factory initialization will disable FILTER for both
sources.

4. For pulse sweeps, the increased measurement time
caused by filtering causes delay times to be recalcu-
lated by the Source Measure Unit in order to main-
tain the programmed ON and OFF times.

5. Total measurement time for each reading is depend-
ent on the number of conversions averaged (filter)
and the integration rate currently selected (see para-
graph 2.15).

IEEE-488 Bus Operation
The P command is used to control the filter.

PO = Filter disabled

P1 = Two readings averaged
P2 = Four readings averaged
P3 = Eight readings averaged
P4 = 16 readings averaged
P5 = 32 readings averaged

HP BASIC 4.0 Programming Example:

OUTPUT 716; “P3X” FILTER enabled; eight
readings averaged.
OUTPUT 716; “POX” FILTER disabled.

Complete information on the IEEE-488 bus and this com-
mand can be found in Section 3 IEEE-488 Reference.

[DisABLE FILTER] [2RDG__ FILTER]| [4RDG  FILTER | [erRDG FILTER | [16RDG_FILTER] [32RDG FILTER |

{| sELECT D>

Figure 2-30. FILTER Selections
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2.17 SUPPRESS

JTIME SUPPRESS

Co @e

FILTER  AUTORANGE

o o

MEASURE

Suppression allows a stored offset value to be subtracted
from subsequent measured readings. When SUPPRESS
is enabled, the next conversion taken in OPERATE will
be internally stored as a baseline. All subsequent read-
ings will be the difference between the suppressed value
and the actual signal level. The suppressed readings can
be as small as the measurement resolution of the Source
Measure Unit or as large as full range.

The baseline value maintains its value regardless of
range. For example, if a 0.5V measured reading is sup-
pressed on the 1.1V or 1.5V (Model 238) range, it will re-
main at 0.5V on the 11V, 15V (Model 238), 110V, and
1100V (Model 237) ranges.

A suppressed value is not saved for both the voltage
source and the current source. The respective baselines
will be lost when the sources are toggled.

Using suppression shifts the dynamic range of the meas-
urement. At 4-digit resolution, up to +11,000 counts (for
volts) can be processed by the A/D and displayed. When
a measurement is suppressed, the display treats that
value as a zero, but the A/D converter does not. For ex-
ample, if +4V is suppressed on the 11V range of 236/237,
thedisplay willread 0V, but the A/D converter will “see”
-+4V (4,000 counts). With +07.000 V displayed, the A/D
converter is actually processing +11V (11,000 counts)
which is the maximum. Thus, the dynamic measurement
range has been shifted to a range of ~15V to +7V.

Suppressing a value while in dc operation will process
readings already stored in the sweep buffer. The sup-
pressed value will be algebraically subtracted from every
measurement point in the sweep. For example, assume
the sweep buffer contains the following measured read-
ings; 1mA, 2mA, 3mA and 4mA. Suppressing 0.5mA
while in dc operation will change the sweep buffer read-
ingsto0.5mA, 1.5mA, 2.5mA and 3.5mA. Thisallows you
to run a sweep and then afterwards use suppression to

cancel an offset. When SUPPRESS is later disabled, the
readings in the sweep buffer will return to the measured
values (1mA, 2mA, 3mA and 4mA).

The first measurement point of a sweep can be sup-
pressed. Prior to starting the sweep, enabling SUPPRESS
will cause its light to start blinking, indicating that it is
waiting for a trigger to start the sweep. When the sweep
is started, the first measurement point is suppressed, and
subsequent measured points reflect the suppressed
value. If SUPPRESS is disabled after the sweep is com-
pleted, the readings in the sweep buffer will return to the
originally measured values.

WARNING
Voltage on the output may be larger than the
displayed measured value. For example, if a
75V baseline is stored, a voltage of +100V
will result in a displayed measured value of
only +25V.

To use suppression, perform the following steps:

1. Cancel SUPPRESS if currently enabled.
2. For dc operation:
A. Configure the unit so that it will output a signal
and display the measurement to be suppressed.
B. Press SUPPRESS. The displayed measurement
will zero and all subsequent measurements will
reflect the suppressed value.
3. For sweep operation:
A. Configure the unit for a sweep as explained in
paragraph 2.19.
B. Press SUPPRESS. After the sweep is triggered to
start, the first measurement will be suppressed.
All subsequent measurements in the sweep will
reflect the suppressed value.

NOTES

1. Factory initialization disables SUPPRESS for both
sources.

2. When SUPPRESS is enabled, the first measurement
will be used as the suppression value. The SUP-
PRESS indicator light will blink until that measure-
ment is made. Be careful not to inadvertently change
the source level before the first measurement is
made.

IEEE-488 Bus Operation

The Z command is used to control suppression.
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Z0 = Disable suppression
Z1 = Enable suppression

HP BASIC 4.0 Programming Example:

From the front panel or over the bus, program the the
Source Measure Unit to apply a voltage or current to a
suitable load. With a measured reading observed on the
display, execute the following program statement:
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OUTPUT 716; “Z1X” Enable suppression

The display will zero, and the previous measured read-
ing will be stored as the suppressed value. All subse-
quent measurements will reflect the suppressed value.

Complete information on the IEEE-488 bus and this com-
mand can be found in Section 3 IEEE-488 Reference.
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Sweep Operation

Operation Overview

The basic steps to perform a sweep are as follows:

1. Use create to define the parameters of the desired
waveform (paragraph 2.19).

2. Ifneeded, use append and/or modify to alter the ba-
sic sweep waveform (paragraphs 2.20 and 2.21).

3. Configure the triggers. Triggers are used to start and
control a sweep (paragraph 2.22).

Paragraph 2.23 (Performing a Sweep) summarizes the
fundamentals of performing a sweep. This short proce-
dure ties together information previously presented in
this section (Section 2).

After a sweep is run, test data is stored in the sweep
