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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, INCLUD-
ING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE.
THE REMEDIES PROVIDED 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 DAM-
AGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL AND INSTALLATION,
LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.
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NSNI"RY  Safety Precautions

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

This product is intended for use by qualified personnel who recognize shock hazards and are familiar with the safety precautions
required to avoid possible injury. Read and follow all installation, operation, and maintenance information carefully before us-
ing the product. Refer to the manual for complete product specifications.

If the product is used in a manner not specified, the protection provided by the product may be impaired.
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 equip-
ment is operated within its specifications and operating limits, and for ensuring 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
instrument. 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 properly, for example, setting the line
voltage or replacing consumable materials. Maintenance procedures are described in the manual. The procedures explicitly state
if the operator may perform 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 service 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 described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most measurement, control, and data
1/O signals are Installation Category I and must not be directly connected to mains voltage or to voltage sources with high tran-
sient over-voltages. Installation Category II connections require protection for high transient over-voltages often associated with
local AC mains connections. Assume all measurement, control, and data I/O connections are for connection to Category I sourc-
es unless 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.

Operators of this product must be protected from electric shock at all times. The responsible body must ensure that operators
are prevented access and/or insulated from every connection point. In some cases, connections must be exposed to potential
human contact. Product operators 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 sourc-
es. NEVER connect switching cards directly to AC mains. When connecting sources to switching cards, install protective de-
vices to limit fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connected to a properly grounded power receptacle. Inspect the con-
necting 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 pow-
er disconnect device must be provided, in close proximity to the equipment 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 ca-
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bles or jumpers, 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 common side of the circuit under test or power line (earth) ground. Al-
ways 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
equipment may be impaired.

Do not exceed the maximum signal levels of the instruments and accessories, as defined in the specifications and operating in-
formation, 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 applied to the device under test. Safe operation requires the use
of a lid interlock.

It @ or ,J, 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 refer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or measure 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
information 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 war-
ranty.

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 Instruments. Standard fuses, with applicable national safety ap-
provals, 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 selected 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 accord-
ing to instructions. If the board becomes contaminated and operation is affected, the board should be returned to the factory for
proper cleaning/servicing.
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Getting Started

General information — Covers general information that includes warranty infor-
mation, contact information, safety symbols and terms, inspection, and available
options and accessories.

Product overview — Summarizes the features of the SourceMeter.

Front and rear panel familiarization — Summarizes the controls and connectors
of the instrument.

Power-up — Covers line power connection, line voltage settings, fuse replace-
ment, and the power-up sequence.

Cooling fan — Covers the cooling fan in the Models 2410, 2420, 2425, 2430, and
2440.

Display — Provides information about the SourceMeter display.

Default settings — Covers factory default setups and saving and recalling user
setups.

Menus — Covers the main and configuration menus as well as rules to navigate
menus.
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General information

Warranty information

Warranty information is located at the front of this manual. Should your SourceMeter
require warranty service, contact the Keithley representative or authorized repair facility in
your area for further information. When returning the instrument for repair, be sure to fill
out and include the service form at the back of this manual to provide the repair facility
with the necessary information.

Contact information

Worldwide phone numbers are listed at the front of this manual. If you have any questions,
please contact your local Keithley representative or call one of our Application Engineers
at 1-800-348-3735 (U.S. and Canada only).

Manual addenda

Any improvements or changes concerning the instrument or manual will be explained in
an addendum included with the manual. Be sure to note these changes and incorporate
them into the manual.

Safety symbols and terms

The following symbols and terms may be found on the instrument or used in this manual.

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

The A symbol on the instrument shows that high voltage may be present on the termi-
nal(s). Use standard safety precautions to avoid personal contact with these voltages.

The WARNING heading used in this manual explains dangers that might result in per-
sonal injury or death. Always read the associated information very carefully before per-
forming the indicated procedure.

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

The SourceMeter was carefully inspected electrically and mechanically before shipment.
After unpacking all items from the shipping carton, check for any obvious signs of physi-
cal damage that may have occurred during transit. (There may be a protective film over the
display lens, which can be removed.) Report any damage to the shipping agent immedi-
ately. Save the original packing carton for possible future shipment. The following items
are included with every SourceMeter order:

* SourceMeter with line cord.
» Safety test leads (Model 1754).
» Accessories as ordered.
» Certificate of calibration.
» User’s Manual.
» Service Manual.
» Support Software Disk including TestPoint instrument library for GPIB and Lab-
VIEW for Windows driver.
¢ Manual addenda containing any improvements or changes to the instrument or
manual.
If an additional manual is required, order the appropriate manual package (for example,
2400-901-00). The manual packages include a manual and any pertinent addenda.

Options and accessories

The following options and accessories are available from Keithley for use with the
SourceMeter.

General purpose probes

Model 8605 high performance modular test leads — Consists of two high voltage
(1600V) test probes and leads. The test leads are terminated with a banana plug that has a
retractable sheath on each end.

Model 8606 high performance probe tip kit — Consists of two spade lugs, two alligator
clips, and two spring hook test probes. (The spade lugs and alligator clips are rated at 30V
RMS, 42.4V peak; the test probes are rated at 1000V.) These components are for use with
high performance test leads terminated with banana plugs, such as the Model 8605.

The following test leads and probes are rated at 30V RMS, 42.4V peak:

Models 5805 and 5805-12 Kelvin probes — Consists of two spring-loaded Kelvin test
probes with banana plug termination. Designed for instruments that measure four-terminal
resistance. The Model 5805 is 0.9m long; the Model 5805-12 is 3.6m long.
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Model 5806 Kelvin clip lead set — Includes two Kelvin clip test leads (0.9m) with
banana plug termination. Designed for instruments that measure four-terminal resistance.
A set of replacement rubber bands is available (Keithley P/N GA-22).

Model 8604 SMD probe set — Consists of two test leads (0.9m), each terminated with a
surface mount device “grabber clip” on one end and a banana plug with a retractable
sheath on the other end.

Low thermal probes

Model 8610 low thermal shorting plug — Consists of four banana plugs mounted to a
1-inch square circuit board, interconnected to provide a short circuit among all plugs.

Model 8611 low thermal patch leads — Consists of two test leads (0.9m), each with a
banana plug that has a retractable sheath at each end. These leads minimize the thermally-
induced offsets that can be created by test leads.

Model 8612 low thermal spade leads — Consists of two test leads (0.9m), each termi-
nated with a spade lug on one end and a banana plug that has a retractable sheath on the
other end. These leads minimize the thermally-induced offsets that can be created by test
leads.

Cables and adapters

Model 2499-DIGIO adapter — Lets you expand the Digital I/O port to 16 bits instead of
4 bits.

Models 7007-1 and 7007-2 shielded GPIB cables — Connect the SourceMeter to the
GPIB bus using shielded cables and connectors to reduce electromagnetic interference
(EMI). The Model 7007-1 is 1m long; the Model 7007-2 is 2m long.

Models 8501-1 and 8501-2 trigger link cables — Connect the SourceMeter to other
instruments with Trigger Link connectors (e.g., Model 7001 Switch System). The Model
8501-1 is 1m long; the Model 8501-2 is 2m long.

Model 8502 trigger link adapter — Lets you connect any of the six Trigger Link lines of
the SourceMeter to instruments that use the standard BNC trigger connectors.

Model 8503 DIN to BNC trigger cable — Lets you connect Trigger Link lines one (Volt-
meter Complete) and two (External Trigger) of the SourceMeter to instruments that use
BNC trigger connectors. The Model 8503 is Im long.

Model 8505 trigger link cable — The Model 8505 is a male to dual-female trigger link
cable.
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Rack mount kits

Model 4288-1 single fixed rack mount kit — Mounts a single SourceMeter in a standard
19-inch rack.

Model 4288-2 side-by-side rack mount kit — Mounts two instruments (Models 182,
428, 486, 487, 2000, 2001, 2002, 2010, 2015, 2400, 2410, 2420, 2425, 2430, 2440, 6430,
6517, 7001) side-by-side in a standard 19-inch rack.

Model 4288-3 side-by-side rack mount kit — Mounts a SourceMeter and a Model 199
side-by-side in a standard 19-inch rack.

Model 4288-4 side-by-side rack mount kit — Mounts a SourceMeter and a 5.25-inch
instrument (Models 195A, 196, 220, 224, 230, 263, 595, 614, 617, 705, 740, 775, etc.)
side-by-side in a standard 19-inch rack.

Model 4288-5 dual fixed rack mounting kit — Mounts a SourceMeter and another
3%-inch high instrument (Model 182, 428, 486, 487, 2000, 2010, 2400, 2410, 2420, 2425,
2430, 6430, or 7001), side-by-side in a standard 19-inch rack.

Carrying case

Model 1050 padded carrying case — A carrying case for a SourceMeter. Includes han-
dles and a shoulder strap.

Product overview

The SourceMeter combines a precise, low-noise, highly stable DC power supply with a
low-noise, highly repeatable, high-impedance multimeter. It has 0.012% basic accuracy
with 5%2-digit resolution. At 5%2 digits, the SourceMeter delivers 520 readings/second
over the IEEE-488 bus. At 4Y2 digits, it can read up to 2000 readings/second into its inter-
nal buffer. The unit has broad source and measurement ranges:

M odel 2400:

» Source voltage from 5pV to 210V; measure voltage from 1pV to 211V.

» Source current from 50pA to 1.05A; measure current from 10pA to 1.055A.
* Measure resistance from 100pQ (<100p€2 in manual ohms) to 21 1MQ.

e Maximum source power is 22W.

M odel 2410:

» Source voltage from 5pnV to 1100V; measure voltage from 1pV to 1100V.

e Source current from S0pA to 1.05A; measure current from 10pA to 1.055A.
*  Measure resistance from 100p€Q (<100p£€2 in manual ohms) to 211MQ.

e Maximum source power is 22W.
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M odel 2420:

Source voltage from 5pV to 63V; measure voltage from 1pV to 63.3V.
Source current from S00pA to 3.15A; measure current from 100pA to 3.165A.
Measure resistance from 10p€ (<10p€2 in manual ohms) to 21.1MQ.

Maximum source power is 66W.

M odels 2425 and 2430:

Source DC or pulse voltage from SpV to 105V; measure voltage from 1pV to
105.5V.

Source DC current from 500pA to 3.15A; measure DC current from 100pA to
3.165A.

Source pulse current from 500pA to 10.5A; measure pulse current from 100pA to
10.55A. (Model 2430 only.)

Measure resistance from 10p€ (<10p€2 in manual ohms) to 21.1MQ.
Maximum DC source power is 110W.
Maximum pulse source power is 1.1kW. (Model 2430 only.)

M odel 2440:

Source voltage from SpV to 42V; measure voltage from 1pV to 42V.

Source current from 500pA to 5.25A; measure current from 100pA to 5.25A.
Measure resistance from 10p€Q (<10p€2 in manual ohms) to 21.1MQ.
Maximum source power is 66W.

NOTES The Models 2400, 2410, 2420, 2425, 2430, and 2440 are Y2K compliant.

Modelswith a*“-C” suffix have the Contact Check option. See Appendix F.

Some additional capabilities of the SourceMeter include:

Concurrent measurements of all three functions over the remote interface.

Source-measure sweep capabilities (linear and logarithmic staircase sweeps,
source sweep list of up to 2500 points, memory sweep of up to 100 instrument set-

ups).

6-wire Q measurement with programmable I-source or V-source with V or I clamp.
4-quadrant source and sink operation.

Up to 12 stages of limit testing with a built-in comparator for pass/fail testing.
Digital I/O for stand-alone binning operations or interface to component handler.

Programming language and remote interfaces — The SourceMeter uses the SCPI
programming language and two remote interface ports (IEEE-488/GPIB and
RS-2320).

Trigger-Link interface to Keithley Series 7000 switching hardware.
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* Math expressions — Five built-in, up to five user-defined (bus only).

« Reading and setup storage — Up to 2500 readings and seven setups (five user
defaults, factory default, *RST default) can be stored and recalled.

* Closed-cover calibration — The instrument can be calibrated either from the front
panel or remote interface.

Front and rear panel familiarization

NOTE The SourceMeter models covered in this manual are very similar in appearance.
Therefore, to avoid redundancy, a generic Mondel 2400 is used for illustration
purposes.

Front panel summary

The front panel of the SourceMeter is shown in Figure 1-1. The following abbreviated
information should be reviewed before operating the instrument.

Figure 1-1
SourceMeter front panel
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Measurement (MEAS) function keys:

vV Measure volts.

| Measure amps.

Q Measure ohms.

FCTN Perform math functions.
SOURCE function keys:

\% Source voltage (V-Source).

| Source current (I-Source).
Aandv Increase/decrease source or compliance value.
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Operation keys:
EDIT Select source or compliance reading for editing.
TOGGLE Toggle display positions of source and measure readings, or display V and |
measurements.
LOCAL Cancel remote operation.
REL Enable/disable relative reading on present function.
FILTER Display digital filter status for present function and toggle filter on/off.
LIMIT Perform configured limit tests.
TRIG Trigger a measurement from the front panel.
SWEEP Start configured sweep.
«and p Move through parameter values or selections within functions and operations.
DIGITS Change number of digits of display resolution.
SPEED Change measurement speed by selecting accuracy or specifying NPLC.
STORE Set buffer size and enable reading storage.
RECALL Display stored readings and timestamp.
CONFIG Press CONFIG and then appropriate key to configure function or operation.
MENU Access and configure Main Menu selections. When entering numeric data, use to
clear reading to minimum absolute value.
EXIT Cancels selection. Use to back out of menu structures.
ENTER Accepts selection.
RANGE keys:
A Moves to next higher range, increments digit, moves to next selection.
v Moves to next lower range, decrements digit, moves to previous selection.
AUTO Enables or disables measurement auto range.
Annunciators:
EDIT Instrument in edit mode.
ERR Questionable reading, invalid cal step.
REM Instrument in GPIB remote mode.
TALK Instrument addressed to talk over GPIB.
LSTN Instrument addressed to listen over GPIB.
SRQ Service request over GPIB.
REAR Rear input/output connectors selected.
REL Relative measure reading displayed.
FILT Digital filter enabled.
MATH Math function enabled.
4W Remote sensing enabled.
AUTO Autoranging enabled.
ARM Source-measure operations being performed.
TRIG External trigger source selected.
* Reading being stored.
Input/output connectors:

INPUT/OUTPUT Hl and LO  Use to source-measure volts, amps, and ohms.
4-WIRE SENSE HI and LO Use for 4-wire remote sensing.

Input/output controls:

ON/OFF Turns the source on or off.

FRONT/REAR  Selects front or rear panel input/output connections.
Handle:

Pull out and rotate to desired position.
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Rear panel summary

The rear panel of the Model 2400 SourceMeter is shown in Figure 1-2. (The Models 2410,
2420, 2425, 2430, and 2440 are similar.) The following abbreviated information should be
reviewed before operating the instrument.

Figure 1-2
SourceMeter rear panel
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Input/output connectors:
INPUT/OUTPUT HI and LO Use to source-measure volts, amps, and ohms.
4-WIRE SENSE HI and LO Use for 4-wire remote sensing.
V, Q GUARD Driven guard for guarded measurements.
GUARD SENSE Use to correct for IR drops in Guard Output lead.
Earth (chassis) ground screw.

WARNING INPUT/OUTPUT LO is not internally connected to the chassis and
can float up to 250V peak above chassis ground.

Interlock and digital input/output port:

INTERLOCK — DIGITAL I/O Connector for digital output lines, interlock, and component handler
signals. (Output enable on Model 2400 only).

Power module:
Contains the AC line receptacle and the power line fuse.
Trigger link connector:

TRIGGER LINK  8-pin micro-DIN connector for sending and receiving trigger pulses. Use a trigger
link cable or adapter, such as Models 8501-1, 8501-2, 8502, 8504.
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RS-232 connector:
RS-232 Connector for RS-232 remote operation. Use a straight through (not null modem)
DB-9 cable.
GPIB connector:
IEEE-488 Connector for GPIB remote operation. Use a shielded cable (Model
INTERFACE 7007-1 or 7007-2).
WARNING During the power-up, voltage spikes may appear on the terminals of

the SourceMeter. These voltage spikes could be at hazardous levels
(42.4V peak) and could damage sensitive DUTs. Never touch external
circuitry or the test leads when powering up the SourceMeter. It is good
practice to always disconnect DUTSs from the SourceMeter before pow-
ering up the unit.

To prevent electric shock, test connections must be configured such
that the user cannot come in contact with conductors or any DUT that
is in contact with the conductors. Safe installation requires proper
shields, barriers, and grounding to prevent contact with conductors.
Operator protection and safety are the responsibility of the person
installing the product.

When handling the SourceMeter, NEVER touch the heat sink located
on the left side of the case. This heat sink could be hot enough to cause
burns.

Line power connection

The SourceMeter operates from a line voltage in the range of 100 to 240V at a frequency
of 50 or 60Hz. Line voltage and line frequency are automatically sensed. Therefore, there
are no switches to set. Check to be sure the operating voltage in your area is compatible.

CAUTION

Operating the instrument on an incorrect line voltage may cause dam-
age, possibly voiding the warranty.

Perform the following steps to connect the SourceMeter to line power and turn it on:

1. Before plugging in the power cord, make sure the front panel power switch is in the
off (0) position.

2. Connect the female end of the supplied power cord to the AC receptacle on the rear

panel.
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WARNING The power cord supplied with the SourceMeter contains a separate
ground for use with grounded outlets. When proper connections are
made, instrument chassis is connected to power line ground through
the ground wire in the power cord. Failure to use a grounded outlet
may result in personal injury or death due to electric shock.

3. Turn on the instrument by pressing the front panel power switch to the on (1)
position.

Power-up sequence

On power-up, the SourceMeter performs self-tests on its EPROM and RAM and momen-
tarily lights all segments and annunciators. If a failure is detected, the instrument momen-
tarily displays an error message, and the ERR annunciator turns on (error messages are
listed in Appendix B).

NOTE For the Moddl 2430, there isan internal bank of capacitors that need to charge.
While charging, the message “ Charging capacitor bank, please wait” message
will be displayed for approximately 10 seconds.

If a problem develops while the instrument is under warranty, return it to Kei-
thley Instruments, Inc., for repair.

If the instrument passes the self-tests, the model number and the firmware revision levels
are displayed. For example:

REV A01 A02

where: AOI is the main board ROM revision.
A02 is the display board ROM revision.

Also displayed is the line frequency. (If the wrong frequency is displayed, it can be set
manually as covered below). The communication interface status is briefly displayed. If
the IEEE-488 bus is the presently selected interface, the identification message will
include the primary address. For example, if the primary address is 24 (factory default),
the “IEEE Addr=24" message is displayed. If the RS-232 interface is selected, the
“RS-232” message is displayed.

After the power-up sequence, the instrument goes to its normal display state with the out-
put off (OUTPUT indicator light off). With the output off, the “OFF” message is dis-
played, and dashes replace the reading.

System identification

To obtain the serial number and revision information, use the MENU/GENERAL/
SERIAL # selection or the *IDN? query via remote.
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Line frequency setting

At the factory, the SourceMeter is configured to sense the power line frequency and auto-
matically select the frequency setting. If, however, the line power source is noisy, the
SourceMeter may select the wrong setting on power-up. If this situation occurs, noisy
measurement readings will result, and accuracy may be affected. You can manually set the

line frequency from the front panel or via remote as follows.

Front panel line frequency

Set the line frequency from the front panel as follows:

Press the MENU key to display MAIN MENU.
Using the right arrow key, select AD-CTRL then press ENTER to display A/D

1.
2.

3.
4.
5.

CONTROLS.

Select LINE-FREQ, then press ENTER to display LINE FREQUENCY.

Place the cursor on S0Hz, 60Hz, or AUTO, and press ENTER.
Press EXIT to return to normal display.

Remote command line frequency

Table 1-1 summarizes remote commands used to control line frequency. See “Select
power line frequency setting,” page 18-111, for additional information on using these

commands.

Programming examples

50Hz operation:
:SYST:LFR 50

Auto frequency operation:

:SYST:LFR:AUTO ON

Table 1-1
Line frequency remote commands

Commands

Description

:SYSTem:LFRequency <freq>
:SYSTem:LFRequency:AUTO <state>

Select line frequency (freq = 50 or 60).
Enable/disable auto frequency (state = ON or

OFF).
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Fuse replacement

A rear panel fuse protects the power line input of the SourceMeter. If the line fuse needs to
be replaced, perform the following steps:

CAUTION For continued protection against fire or instrument damage, replace
the fuse only with the type and rating listed. If the instrument repeat-
edly blows fuses, locate and correct the cause of the problem before
replacing the fuse.

1. The fuse is located in a drawer above the AC receptacle (Figure 1-2). At the bottom
of the fuse drawer is a small tab. At this location, use a small bladed screwdriver to
pry the fuse drawer open.

2. Slide the fuse drawer out to gain access to the fuse. Note that the fuse drawer does
not pull all the way out of the power module.

3. Snap the fuse out of the drawer and replace it with the same type (Table 1-2).
Push the fuse drawer back into the power module.

Table 1-2
Power line fuse
SourceMeter Fuse description Keithley part number
2400 and 2410 250V, 2.5A, 5 x 20mm FU-72
2420, 2425, 2430, 250V, 3.15A, 5 x 20mm FU-106-3.15
and 2440

Cooling fan

The Models 2410, 2420, 2425, 2430, and 2440 use a cooling fan to help keep them from
overheating. The Model 2400 does not have a cooling fan. In either case (fan or no fan),
proper ventilation must be maintained to prevent overheating. Refer to the “WARNING -
CAUTION?” located at the beginning of Section 3 for details on maintaining proper
ventilation.

Model 2410 — Uses a constant-speed fan that runs continuously while the power is on.

Models 2420, 2425, 2430, and 2440 — Uses a 3-speed fan. With the OUTPUT ON, the
fan speed setting is determined by the present current range (source or measure).

2420, 2425, 2430, and 2440 range Fan speed

10uA, 100uA, ImA Low (50%)
10mA, 100mA Medium (75%)
1A, 3A, 3A/10A (2430) High (100%)

1A, 5A (2440) High (100%)
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When the OUTPUT is turned OFF, the fan will either run at the low speed or stay at the
speed it was at when the output was on (current range dependent). This speed option is set
from the FAN selection of the GENERAL MENU. (See “Main menu” in this section.)

NOTE If the Model 2420, 2425, 2430, or 2440 overheats, the output will trip and the
cooling fan will run at high speed (regardless of the speed option setting). See
Section 6, “ Overheating protection,” for details.

Display

Display format

The SourceMeter display is used primarily to program source and compliance values and
display measured readings. Annunciators, which are located along the top of the reading/
message display, indicate various states of operation, as covered previously in “Front
panel summary.”

On power-up, the top (primary) display is used for measurements when the output is on
(with the output off, “OFF” is displayed). The bottom-left display is used for the pro-
grammed source value (Vsrc or Isrc), and the bottom-right display is used for the pro-
grammed compliance (Cmpl) limit.

Reading information can be displayed using either engineering units or scientific notation
in either fixed- or floating-point format. Use the GENERAL/NUMBERS selection of the
main MENU to select the display format, as discussed in “Menus” later in this section.

Engineering units example: 1.23456uA
Scientific notation example: 1.23456e -6

NOTE Thedisplay may be disabled for faster operation. See “ Disabling front panel
display,” page 1-25.

EDIT key

The SourceMeter must be in the edit mode to set source and compliance values. The edit
mode is selected by pressing the EDIT key (EDIT annunciator on). The editing cursor
(flashing digit) appears for the source or compliance reading. If a value is not edited within
six seconds, the edit mode is cancelled. While in the edit mode, the EDIT key toggles
between the source value and compliance value. See Section 3 for details on setting source
and compliance values.
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TOGGLE key

NOTE For the Model 2430 Pulse Mode, the TOGGLE key is disabled.

With the output on, the TOGGLE key manipulates readings on the top display and on the
bottom-left display. It has no effect on the compliance reading (Cmpl), which is located on
the bottom right. Each press of the TOGGLE key sequences through the display options.

With the voltage (V) or current (I) measurement function selected, the TOGGLE key lets
you display both the current and voltage measurements at the same time. It also allows
you to toggle display positions of the source and measure readings.

With the ohms (€2) measurement function selected, the ohms measurement is always
displayed on the top display. The TOGGLE key lets you display either the programmed
source value, the current measurement, or the voltage measurement on the bottom-left
display.

The TOGGLE key is also used to display statistical data on readings stored in the data
store. This function is performed from the data store RECALL mode.

NOTE If FCTN, REL, or Limitsis enabled, the TOGGLE key is disabled.

Status and error messages

Status and error messages are displayed momentarily. During SourceMeter operation and
programming, you will encounter a number of front panel messages. Typical messages are
either status or error in nature and are listed in Appendix B.

Remote display programming

The display can also be controlled by various SCPI :DISPlay subsystem commands. Table
1-3 summarizes basic commands. See Section 18, “DISPlay subsystem,” for more infor-
mation on using these commands. See also “Disabling front panel display,” page 1-25.

Table 1-3
Basic display commands

Command Description

:DISPplay:ENABIe <state> | Enable/disable display (state = ON or OFF).
:DISPlay:CNDisplay Return to source-measure display.
:DISPlay:DIGits <n> Set display resolution (n =4 to 7).
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Front panel tests

Use the TEST/FRONT-PANEL-TESTS selection of the main MENU to test various
aspects of the front panel. Test selections include:

* KEYS — Front panel keys are tested. Pressing a key displays a message that iden-
tifies that key. Pressing EXIT twice cancels this test.

« DISPLAY PATTERNS — Use this selection to turn on all display pixels and
annunciators. Subsequent key-presses cycle through tests that turn off annunciators
and corner pixels of each digit, turn on the rows of the top-left display digit, and
turn on all annunciators and pixels of each digit in a sequential manner. Press EXIT
to cancel this test.

e CHAR SET — This test displays special characters. Press EXIT to cancel the test.

See “Menus,” page 1-20, for more information.

Default settings

By using appropriate menu selections, you can save and recall various instrument setups,
define the power-on configuration, or restore factory defaults as outlined below.

Saving and restoring user setups

You can save and restore up to five of your own user setups as covered below. This feature
provides a convenient way to save specific instrument configurations and then recall them
as needed. Note that you can also set up the SourceMeter to restore a specific user setup at
power-on. See ‘“Power-on configuration,” page 1-17.

NOTE Therearetwo types of setups. Instrument configuration (user) setups (covered
here) and source memory sweep setups (Section 10).

Saving setups

1. Select the various instrument operating modes you wish to save.

2. Press the MENU key, select SAVESETUP, then press ENTER.

3.  From the SAVESETUP menu, select GLOBAL, then press ENTER.

4. From the GLOBAL SETUP MENU, select SAVE, then press ENTER.

5. Select the setup position (0-4) to save, then press ENTER to complete the process.
Restoring setups

1. Press the MENU key, select SAVESETUP, then press ENTER.

2. From the SAVESETUP menu, select GLOBAL, then press ENTER.

3. From the GLOBAL SETUP MENU, select RESTORE, then press ENTER.

4. Select the setup position (0-4) to restore, then press ENTER to complete the

process.
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Power-on configuration

You can also define which of the stored setups (factory default or user) the instrument
assumes as the power-on configuration as follows:

el

Press the MENU key, select SAVESETUP, then press ENTER.

From the SAVESETUP menu, select GLOBAL, then press ENTER.

From the GLOBAL SETUP MENU, select POWERON, then press ENTER.
From the SET POWER-ON DEFAULT menu, choose the power-on configuration:
BENCH or GPIB (see below), or USER-SETUP-NUMBER.

If you chose to use a user setup as the power-on configuration, select the user setup
number, then press ENTER.

Factory default settings

As summarized in Table 1-4, there are two sets of factory defaults, BENCH (front panel)
and GPIB (remote). You can restore either of these default conditions as follows:

1. Press the MENU key, select SAVESETUP, then press ENTER.
2.  From the SAVESETUP menu, select GLOBAL, then press ENTER.
3.  From the GLOBAL SETUP MENU, select RESET, then press ENTER.
4. Select BENCH or GPIB defaults as desired, then press ENTER to complete the
process.
Table 1-4
Factory default settings
BENCH or GPIB
Setting default
A/D Controls:
Auto-zero On
Line frequency No effect
Beeper On
Data Store No effect
Digital output HI, HI, HI, HI
Digits 5V
Fan (2420, 2425, 2430, and 2440) | Output on
FCTN Power (off)
Filter: Off
Averaging type Repeat
Count 10
GPIB address No effect
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Table 1-4 (continued)
Factory default settings

BENCH or GPIB
Setting default
Guard Cable
Limit tests:
DigOut:
Size 4-bit
Mode: Grading
Binning control Immediate
Auto clear: Disabled
Delay 0.00001 sec
Clear pattern 15
H/W limits:
Control Disabled
Fail mode: In compliance
Cmpl pattern 15
S/W limits:
Lim 2, 3, 5-12:
Control Disabled
Low limit: -1.0
Low pattern 15
High limit: +1.0
High pattern 15
Pass (all tests):
Pass pattern 15
Source memory Next
location
EOT mode EOT
Numbers No effect
Ohms source mode Auto
Offset compensated ohms Off
Output Off
Interlock Disabled
Off state Normal*
Auto-off Disabled
Power-on default No effect

*Model 2410 default off state is guard.
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Table 1-4 (continued)
Factory default settings

BENCH or GPIB
Setting default
Pulse Mode (2430 only):
Pulse delay 0.0s
Pulse width 0.20ms
Ranging (measure):
Auto range Enabled
Rel Off
Value 0.0
RS-232 No effect
Sense mode 2-wire
Source delay 1ms
Auto-delay Enabled
Source shape (2430 only): DC mode
Speed Normal (1 PLC)
Sweep Linear staircase
Start 0V or OA
Stop 0V or OA
Step 0V or OA
Sweep count 1
Sweep Pts 2500
Source ranging Best fixed
Voltage protection NONE
Triggered source:
Control Disabled
Scale factor +1.0
Triggering:
Arm layer:
Event Immediate
Count 1
Output trigger Line #2, Off
Trigger layer:
Event Immediate
Count 1
Output triggers Line #2, All off
Delay 0.0 sec
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Remote setups

You can also save and recall setups via remote using the following SCPI commands:

» Save and recall user setups using *SAV and *RCL (Section 16).

e Restore GPIB defaults using *RST (Section 16).

« Restore bench defaults using :SYSTem:PRESet (Section 18).

¢ Save the power-on configuration using :SYSTem:POSetup (Section 18).

Menus

The following paragraphs discuss the main menu, configuration menus, and rules to navi-
gate menus.

Main menu

Use the MENU key to access the Main Menu to select, configure, and/or perform various
instrument operations. These include default setup conditions, communications (GPIB or
RS-232), calibration, front panel tests, digital output states, auto zero, timestamp, numeric
display format, and the beeper.

The overall Main Menu structure is summarized in Table 1-5. Use the “Rules to navigate
menus” to check and/or change Main Menu options. Figure 1-3 shows the main menu tree.

Table 1-5
Main menu
Menu item! Description Parameters
SAVESETUP Configure setup conditions.
GLOBAL Control instrument settings.
SAVE Save present SourceMeter setup to memory location. |0 to 4
RESTORE Return the SourceMeter to setup saved in memory. Oto4
POWERON Select the power-on default setup.
BENCH Powers-on to BENCH defaults. See Table 1-4
GPIB Powers-on to GPIB defaults. See Table 1-4
USER SETUP NUMBER | Powers-on to user setup. Oto4
RESET Returns unit to BENCH or GPIB defaults. See Table 1-4
SOURCE MEMORY Control memory sweep source setup configurations.
SAVE Save present setup configuration to memory location. |1 to 100
RESTORE Return to configuration saved in memory location. 1to 100
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Table 1-5 (continued)

Main menu
Menu item’ Description Parameters
COMMUNICATION? Select and configure remote interface.
GPIB Select GPIB (IEEE-488 Bus), set primary address and |0 to 30
GPIB protocol. (Default: 24)
RS-232 Select the RS-232 interface, set parameters.
BAUD Select baud rate. 57600, 38400,
19200, 9600,
4800, 2400,
1200, 600, 300
BITS Select number of data bits. 7or8
PARITY Select parity. NONE, ODD,
EVEN
TERMINATOR Select terminator. CR, CR+LF,
LF, or LF+CR
FLOW CTRL Select flow control. NONE or
XON/XOFF
CAL? Calibrate SourceMeter. (See Service Manual.)
UNLOCK Unlock calibration.
EXECUTE Execute calibration steps.
VIEW DATES Display cal dates and count.
SAVE Save calibration constants.
LOCK Lock calibration.
CHANGE PASSWORD Change calibration password.
TEST Perform tests on SourceMeter.
DISPLAY TESTS* Test front panel keys and display digits.
KEYS Test front panel keys.
DISPLAY PATTERNS Test display pixels and annunciators.
CHAR SET Test special display characters.




1-22 Getting Started 2400 Series SourceMeter® User’s Manual

Table 1-5 (continued)

Main menu
Menu item! Description Parameters
A/D CTRL Control auto-zero, line frequency, NPLC caching.
AUTO ZERO® Control auto zero.
DISABLE Disable auto zero.
ENABLE Enable auto zero.
ONCE Force auto zero immediate update.
LINE FREQ Set line frequency. 50 or 60Hz, or
NPLC CACHE Control NPLC caching. AUTO
DISABLE Disable NPLC caching.
ENABLE Enable NPLC caching.
REFRESH Update all NPLC values in cache immediately.
RESET Clear NPLC cache of all NPLC values.
GENERAL Select general operations.
DIGOUT Set Digital 1/O port bit pattern. 0-15°
SERIAL# Display serial number, firmware revision, SCPI YES or NO
version.
TIMESTAMP Reset timestamp.
FAN (2420, 2425, 2430, and | Set fan speed control. ALWAYS — fan runs at the ALWAYS or
2440) same speed with the output on or off. OUTPUT OUTPUT ON
ON — fan runs at low speed with the output off.
See “Cooling fan,” page 1-13.
NUMBERS Select engineering units or scientific notation display | ENGR,
format. SCIENTIFIC
BEEPER Enable or disable beeper.

1. Top level menu choices indicated in bold. Indentation identifies each lower submenu level.

. When the remote operation interface selection (GPIB or RS-232) is changed, the SourceMeter performs a power-on reset. To check
or change options of the selected interface, you must re-enter the menu structure.

. Only VIEW DATES is accessible when calibration is locked. Password is required to unlock calibration.

. Press EXIT key to cancel test.

. Disabling auto zero will reduce measurement accuracy.

. 0-65535 with 2499-DIGIO 16-bit option.

(3]
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Figure 1-3
Main menu tree

Press MENU key (Use € and » to select item, then press ENTER).

— SAVESETUP

U

— SAVE

— RESTORE

—— POWERON

—— BENCH

— GPIB

— USER-SETUP-NUMBER

—— RESET

—— SOURCE MEMORY
SAVE
RESTORE

—— COMMUNICATION

GPIB

RS-232
— BAUD
— BITS
— PARITY
TERMINATOR
—— FLOW-CTRL

— CAL
— UNLOCK
L EXECUTE
—— VIEW-DATES
—— SAVE
—— LOCK
—— CHANGE-PASSWORD
— TEST

—— DISPLAY-TESTS
—— KEYS
—— DISPLAY-PATTERNS
—— CHAR-SET
— A/D CTRL

 AUTO-ZERO
L LINE-FREQ
—— NPLC-CACHE
— GENERAL
— DIGOUT
L SERIAL#
—— TIMESTAMP
—— FAN (2420, 2425, 2430, and 2440 only)
—— NUMBERS
—— BEEPER
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Rules to navigate menus

Many source-measure functions and operations are configured from the front panel
menus. Use the following rules to navigate through these configuration menus:

NOTE Complete rulesto edit source and compliance values are found in the Basic

source-measure procedure in Section 3. See “ Editing source and compliance
values’ below for an overview.

A menu item is selected by placing the cursor on it and pressing ENTER. Cursor
position is denoted by the blinking menu item or option. The EDIT « and p- keys
control cursor position.

A displayed arrow on the bottom line indicates there are one or more additional
items (or messages) to select from. Use the appropriate cursor key to display them.
A source or parameter value range is changed by placing the cursor on the range
designator (i.e., k, M, G, etc.) and using the SOURCE A or ¥ or RANGE A or ¥
keys. Note that when the next higher or lower source range is selected, the reading
increases or decreases by a decade.

A parameter value is keyed in by placing the cursor on the digit to be changed and
using one of the following methods:

NOTE You can clear a parameter value by pressing the MENU key.

— Use the SOURCE 4 or y or RANGE 4 or ¥ keys to increment or decrement
the digit.

— Use the number keys (0 through 9) to key in the value at the selected digit.

— Use the * key to change source value polarity, regardless of cursor position.

Boolean selections (such as ON/OFF and HIGH/LOW) are toggled by placing the

cursor on the selection and pressing a SOURCE or RANGE up or down arrow key.

A change is only executed when ENTER is pressed. Entering an invalid parameter

generates an error, and the entry is ignored. However, entering an out-of-range

value (too small or too large) selects the lower or upper limit, respectively.

The EXIT key is used to back out of the menu structure. Any change that is not

entered is cancelled when EXIT is pressed.

Editing source and compliance values

Use the following keys to edit source and compliance values:

EDIT — selects the source or compliance display field for editing. A blinking cur-
sor will appear in the field to be edited. If no key is pressed within a few seconds,
the edit mode will be cancelled automatically.

EDIT <« and p- — places the display cursor on the display digit to be changed.
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SOURCE A or y — increments or decrements the source or compliance value.
Note that pressing either of these keys will automatically enable the source edit
mode.

RANGE 4 or g4 — selects the source or compliance range.
Numeric keys (0-9) — allow you to directly enter source or compliance values.
EXIT — exits the edit mode without waiting for the time-out period.

The basic procedure for editing source and compliance values is outlined below. See
Section 3, “Basic source-measure procedure,” for more details.

1.

Press the EDIT key until the blinking cursor is in either the source or compliance
display field to be edited.

If desired, use the RANGE 4 and w keys to select the desired source or compli-
ance range.

To simply increment or decrement the display value, use the EDIT « and p keys to
place the blinking cursor on the digit to be changed, then increment or decrement
the value with the SOURCE 4 and v keys. Note that the source or compliance
value will be updated immediately; you need not press ENTER to complete the
process.

To enter the source or compliance value directly, simply key in the desired value
with the numeric keys while the cursor is blinking. Again, the source or compliance
value will be updated immediately.

Toggling the source and measure display fields

Normally, the measured reading value will appear in the upper, main display line, while
the source and compliance values appear in the left and right fields respectively of the
lower display line. You can toggle the source and measure display fields by pressing the
TOGGLE key to place the source and measure values in the desired positions.

Disabling front panel display

Front panel display circuitry can be disabled to allow the instrument to operate at a higher
speed. While disabled, the display is frozen with the following message:

FRONT PANEL DISABLED
Press LOCAL to resume.

As reported by the message, all front panel controls (except LOCAL, TRIG, and OUT-
PUT ON/OFF) are disabled.
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Front panel control

Front panel display circuitry is controlled from the DISABLE DISPLAY configuration
menu, which is accessed by pressing CONFIG and then EDIT (or TOGGLE). To select an
option (NOW, NEVER, SWEEP, or STORE), use the EDIT cursor keys to place the cursor
on the desired option, then press ENTER.

The options for DISABLE DISPLAY are explained as follows:
NOW — Select this option to disable the display now.
NEVER — Select this option if you do not want the display to disable.

SWEEP — Select this option if you want the display to disable while performing a sweep.
The display will disable as soon as sweep is started. The display will automatically re-
enable after the sweep is completed.

STORE — Select this option if you want the display to disable when storing source-
measure readings in the buffer. The display will disable as soon as the buffer is enabled.
The display will automatically re-enable after the storage process is completed. Note that
with this option, the display will disable while performing a sweep. Sweep readings are
automatically stored in the buffer.

Remote command programming
Use the following SCPI commands to enable or disable the front panel display circuitry:

:DISPlay:ENABIle OFF Disable the display
:DISPlay:ENABIe ON Enable the display

Configuration menus

There are a number of configuration menus that can be accessed by pressing the CONFIG
key followed by the appropriate function or mode key. For example, you can configure the
voltage source by pressing CONFIG then SOURCE V. Configuration menus, which are
summarized in Table 1-6 through Table 1-10, are available for the following operating
modes:

e Measure functions (V, Q, FCTN): Table 1-6.

* SOURCEYV, SOURCEI, and RANGE: Table 1-7.

* REL, FILTER, and LIMIT: Table 1-8.

¢ TRIG: Table 1-9.

*  SWEEP, DIGITS, SPEED, and STORE: Table 1-10.

¢ ON/OFF OUTPUT and Display (EDIT or TOGGLE): Table 1-11.
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These various configuration menus are covered in detail in the pertinent sections of this

manual.

Table 1-6

Measurement configuration menus

Configuration menu item

Description

CONFIG MEAS V
SENSE MODE
2-WIRE
4-WIRE

CMPL-RANGE-SYNC

CONFIG MEAS 1
CMPL-RANGE-SYNC

CONFIG MEAS Q
CONFIG OHMS
SOURCE
MANUAL
AUTO
SENSE MODE
2-WIRE
4-WIRE
GUARD
OHMS
CABLE
OFFSET COMPENSATION
DISABLE
ENABLE
SRC RDBK
DISABLE
ENABLE

CONFIG FCTN
CONFIGURE FUNCTION
POWER
OFF COMP OHMS

VOLT-COEFF
VAR ALPHA
%DEV

Configure V measure.

2-wire mode (local sensing).
4-wire mode (remote sensing).

Enable (ON) or disable (OFF) measure and compli-
ance range synchronization.

Configure I measure.

Enable (ON) or disable (OFF) measure and compli-
ance range synchronization.

Configure ohms measure.

Select manual or auto source for ohms.

Select 2-wire or 4-wire mode.

Select ohms or cable guard.

Enable/disable offset compensation.

Enable/disable source readback.

Configure functions.

Enable power function.

Enable offset-compensated ohms, program
parameters.

Enable voltage coefficient, program parameters.

Enable varistor alpha, program parameters.

Enable percent deviation, program parameters.

1-27
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Table 1-7
Source and range configuration menus
Configuration menu item Description
CONFIG SOURCE V Configure V source.
CONFIGURE V SOURCE
PROTECTION Select voltage protection.
SENSE MODE Select 2-wire or 4-wire sensing.
2-WIRE Local sensing.
4-WIRE Remote sensing.
GUARD Select ohms or cable guarding.
OHMS
CABLE
DELAY Program delay between source and measure.
AUTO DELAY Enable/disable auto delay.
DISABLE
ENABLE
TRIG Control triggered source.
CONTROL Enable/disable triggered source.
SCALE FACTOR Program scale factor.
SHAPE Select DC or pulse source shape (Model 2430 only).
DC
PULSE
CONFIG SOURCE 1 Configure I source
CONFIGURE I SOURCE
GUARD Select ohms or cable guarding.
OHMS
CABLE
DELAY Program delay between source and measure.
AUTO DELAY Enable/disable auto delay.
DISABLE
ENABLE
TRIG Control triggered source.
CONTROL Enable/disable triggered source.
SCALE FACTOR Program scale factor.
SHAPE Select DC or pulse source shape (Model 2430 only).
DC
PULSE
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Table 1-7 (continued)
Source and range configuration menus
Configuration menu item Description
CONFIG A RANGE Program upper range limit.
CONFIG ¥ RANGE Program lower range limit.
CONFIG AUTO RANGE
AUTO RANGE TYPE Select auto range type.
SINGLE SRC MTR Select single SourceMeter operation.
MULTIPLE Select multiple SourceMeter, program soak time.
Table 1-8
Rel, filter, and limit configuration menus
Configuration menu item Description
CONFIG REL Program REL value.
CONFIG FILTER Configure filter.
CONFIGURE FILTERING
AVERAGE MODE Select filter average mode.
MOVING Moving average filter.
REPEAT Repeat average filter.
AVERAGE COUNT Program filter average count.
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Table 1-8 (continued)

Rel, filter, and limit configuration menus

Configuration menu item

Description

CONFIG LIMIT
CONFIGURE LIMITS MENU
DIGOUT
SIZE
3-BIT
4-BIT
MODE
GRADING
IMMEDIATE
END
SORTING
AUTO CLEAR
DISABLE
ENABLE
H/W LIMITS

CONTROL
DISABLE
ENABLE

FAIL MODE
IN
ouT

S/W LIMITS

CONTROL
DISABLE
ENABLE

LOLIM

HILIM

PASS

PASS

DIGIO PATTERN

SRC MEM LOC
NEXT
LOCATION#

EOT MODE

BUSY

/BUSY

EOT

/EOT

Configure limit tests.

Program Digital I/O bit patterns for pass/fail.

Select I/O number of bits.

3-bit size

4-bit size

Select Digital I/O mode.

Pass if within HI/LO limits.

Stop test after first failure.

Stop test at end of sweep.

Fail if outside limits, program fail pattern.

Enable/disable auto clear.

Disable auto clear.

Enable auto clear, program pass/fail pattern.

Control and set fail mode for Limit 1 (compliance)
test.

Control Limit 1 test.

Disable Limit 1 test.

Enable Limit 1 test.

Select Limit 1 fail mode.

Fail when in compliance, program bit pattern.

Fail when out of compliance, program bit pattern.

Control LIM2, 3, 5-12 tests limits and bit patterns.

Enable/disable limit tests.

Disable test.

Enable test.

Set low limit.

Set high limit.

Set pass Digital I/O bit pattern.

Set limit test pass conditions.

Set pass conditions Digital I/O bit pattern.

Set pass conditions next source memory location.

Use next location.

Specify location number.

Set Digital I/O line 4 to act as EOT or BUSY signal.

Set line 4 HI while unit is busy (3-bit mode).

Set line 4 LO while unit is busy (3-bit mode).

Output line 4 HI pulse at end of test (3-bit mode).

Output line 4 LO pulse at end of test (3-bit mode).
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Table 1-9
Trigger configuration menu
Configuration menu item Description
CONFIG TRIG Configure triggering.
CONFIGURE TRIGGER
ARM LAYER Configure trigger model arm layer.
ARM IN Select arm layer detection event.
IMMEDIATE Immediate event detection.
GPIB GPIB GET or *TRG.
TIMER After timer interval elapses, enter interval.
MANUAL Front panel TRIG key.
TLINK Enter TLINK line and state.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
ISTEST When Digital I/O SOT line is pulsed low.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
TSTEST When Digital I/O SOT line is pulsed high.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
TISTEST When Digital 1/0 SOT line is pulsed high or low.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
ARM OUT Configure arm layer output trigger.
LINE Select trigger link output line (1-4).
EVENTS Enable/disable events.
TRIG LAYER EXIT Enable (ON) or disable (OFF) on exiting trigger layer.
TL ENTER Enable (ON) or disable (OFF) on entering trigger
layer.
COUNT Specify arm count.
FINITE Programmable count.
INFINITE Never ending count.
TRIG LAYER Configure trigger layer of trigger model.
TRIGGER IN Select trigger layer detection event.
IMMEDIATE Trigger event occurs immediately.
TRIGGER LINK Select trigger link line as event (1-4).
TRIGGER OUT Configure trigger layer output trigger.
LINE Select trigger link line (1-4).
EVENTS Enable (ON) or disable (OFF) for SOURCE, DELAY,
and MEAS.
DELAY Program trigger delay time.
COUNT Program trigger count.

HALT

Return unit to idle state.




1-32

Getting Started

2400 Series SourceMeter® User’s Manual

Table 1-10

Sweep, digits, speed, and data store configuration menus

Configuration menu item

Description

CONFIG SWEEP
CONFIGURE SWEEPS
TYPE
STAIR
LOG
CUSTOM
# POINTS
ADJUST POINTS
INIT
SRC MEMORY
START
# POINTS
SWEEP COUNT
FINITE
INFINITE
SOURCE RANGING
BEST FIXED
AUTO RANGE
FIXED

CONFIG DIGITS
DISPLAY DIGITS

CONFIG SPEED
SPEED ACCURACY MENU
FAST
MED
NORMAL
HI ACCURACY
OTHER

CONFIG STORE

STORE TIMESTAMP
ABSOLUTE
DELTA

Configure sweeps.

Select sweep type.

Staircase sweep, program START, STOP, STEP.
Log sweep, program START, STOP, # POINTS.
Custom sweep, program parameters.

Program number of sweep points.

Set individual point values.

Set first point value.

Source memory sweep, set parameters.

Set first point value.

Set number of points.

Set sweep count.

Program sweep count value.

Never-ending sweep.

Set sweep ranging mode.

Best fixed range based on maximum value.
Auto range during sweep.

Set fixed source range.

Set display number of digits.
Select 3.5, 4.5, 5.5, or 6.5.

Set measurement speed.

Fast speed.

Medium speed.

Normal.

Maximum accuracy.

Program NPLCs (number power line cycles).

Configure data store timestamp.

Absolute timestamp.
Delta timestamp.
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Table 1-11
Output and display configuration menus
Configuration menu item Description

CONFIG ON/OFF OUTPUT
CONFIGURE OUTPUT
INTERLOCK
DISABLE
ENABLE
OFF STATE
HIGH IMPEDANCE
NORMAL
ZERO
GUARD
AUTO OFF
DISABLE
ENABLE

CONFIG EDIT or TOGGLE
DISABLE DISPLAY

NOW

NEVER

SWEEP

STORE

Configure output.

Enable/disable interlock.
Disable interlock.

Enable interlock.

Set up output off state.

High impedance off state.
Normal off state.

Zero off state.

Guard mode off state.

Enable disable auto off mode.
Keep output on.

Turn output off after each measurement.

Enable/disable display.

Disable display immediately.

Never disable display.

Turn display off during sweep.
Turn display off during buffer store.
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Table 1-12

Sweep, digits, speed, and output configuration menus

Configuration menu item

Description

CONFIG SWEEP
CONFIGURE SWEEPS
TYPE
STAIR
LOG
CUSTOM
# POINTS
ADJUST POINTS
INIT
SRC MEMORY
START
# POINTS
SWEEP COUNT
FINITE
INFINITE
SOURCE RANGING
BEST FIXED
AUTO RANGE
FIXED

CONFIG DIGITS
DISPLAY DIGITS

CONFIG SPEED
SPEED ACCURACY MENU
FAST
MED
NORMAL
HI ACCURACY
OTHER

CONFIG STORE

STORE TIMESTAMP
ABSOLUTE
DELTA

Configure sweeps.

Select sweep type.

Staircase sweep, program START, STOP, STEP.
Log sweep, program START, STOP, # POINTS.
Custom sweep, program parameters.

Program number of sweep points.

Set individual point values.

Set first point value.

Source memory sweep, set parameters.

Set first point value.

Set number of points.

Set sweep count.

Program sweep count value.

Never-ending sweep.

Set sweep ranging mode.

Best fixed range based on maximum value.
Auto range during sweep.

Set fixed source range.

Set display number of digits.
Select 3.5, 4.5, 5.5, or 6.5.

Set measurement speed.

Fast speed.

Medium speed.

Normal.

Maximum accuracy.

Program NPLCs (number power line cycles).

Configure data store timestamp.

Absolute timestamp.
Delta timestamp.
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Table 1-12 (continued)
Sweep, digits, speed, and output configuration menus
Configuration menu item Description
CONFIG ON/OFF OUTPUT | Configure output.
CONFIGURE OUTPUT
INTERLOCK Enable/disable interlock.
DISABLE Disable interlock.
ENABLE Enable interlock.
OFF STATE Set up output off state.
HIGH IMPEDANCE High impedance off state.
NORMAL Normal off state.
ZERO Zero off state.
GUARD Guard mode off state.
AUTO OFF Enable disable auto off mode.
DISABLE Keep output on.
ENABLE Turn output off after each measurement.
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Connections

» Connection overview — Discusses front/rear terminal selection and using a test
fixture interlock.

* Connections to DUT — Covers various methods for making connections to the
DUT, including 4-wire remote sensing, 2-wire local sensing, cable and ohms
guard, as well as sense and guard selections.
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Connection overview

WARNING To prevent electric shock, test connections must be configured such
that the user cannot comein contact with conductorsor any DUT that
isin contact with the conductors. Safe installation requires proper
shields, barriers, and grounding to prevent contact with conductors.
Operator protection and safety are the responsibility of the person
installing the product.

During power-up, voltage spikes may appear on the terminals of the
SourceMeter. These voltage spikes could be at hazardous levels (42.4V
peak) and could damage sensitive DUTs. Never touch external cir-
cuitry or the test leads when powering up the SourceMeter. It is good
practice to always disconnect DUTs from the SourceMeter before pow-
ering up the SourceMeter.

Hazardous voltage may be present on the output and guard terminals.
To prevent electrical shock that could cause injury or death, NEVER
make or break connections to the SourceMeter while the output is on
(OUTPUT indicator light on). If on, press the ON/OFF key to turn the
output off (OFF message displayed).

Hazardous voltages may be present on the output and guard terminals.
To prevent electrical shock that could cause injury or death. NEVER
make or break connections to the SourceMeter while the unit is on.
Power off the equipment from the front panel or disconnect the main
power cord from the rear of the SourceMeter before handling cables
connected to the outputs. Putting the equipment into standby mode
does not guarantee the outputs are not powered if a hardware or soft-
ware fault occurs.

Front/rear terminals selection

The OUTPUT (HI and LO) and SENSE (HI and LO) terminals are accessible from both
the front and rear panels. The GUARD, GUARD SENSE, and EARTH (chassis ground)
terminals are only accessible from the rear panel.

Front panel terminals selection

The FRONT/REAR TERMINALS key is used to control which set of terminals is con-
nected to the SourceMeter. Pressing this key toggles the SourceMeter connections
between the front and rear terminals. When the REAR annunciator is on, the rear terminals
are connected to the SourceMeter. When REAR is off, the front terminals are selected.

NOTE When the FRONT/REAR TERMINALSKkey is pressed, the OUTPUT will turn
OFF.
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Remote command terminals selection

Use the :ROUTe:TERMinals (Section 18) command to select the front or rear panel termi-
nals via remote. For example, send the following command to select the rear terminals:

:ROUT:-TERM REAR
Conversely, send the following command to choose the front terminals:

:ROUT:-TERM FRON

Test fixture interlock

A test fixture interlock switch can be used with the SourceMeter to help protect the DUT.
The SourceMeter output will turn off when the lid of the test fixture is opened. However,
you must ALWAYS assume that power is present until you verify that the SourceMeter
output is off. See Section 13 for details.

Connections to DUT

The maximum allowable voltage differentials between terminals are labeled on the
SourceMeter. Figure 2-1 shows these voltage differentials for the various SourceMeter
models.

WARNING To prevent electric shock and/or damage to the SourceM eter, DO
NOT exceed the maximum allowable voltage differentials shown in
Figure 2-1.

Thefront and rear terminals of the SourceMetersarerated for con-
nection to circuitsrated I nstallation Category | only. Do not connect
the SourceM eter terminalsto CAT 11, CAT |11, or CAT IV circuits.
Connections of the SourceM eter | nput/Output terminalsto circuits
higher than CAT | can cause damage to the equipment or exposethe
operator to hazardous voltages.

Common mode current limits — As shown in Figure 2-1, the maximum common mode
voltage is the voltage between INPUT/OUTPUT LO and chassis ground. In order to pre-
vent electric shock and/or damage to the SourceMeter, current from an external common
mode voltage source must be limited. Current limiting can be accomplished with the use
of a protective impedance or a fuse.
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WARNING To prevent electric shock and/or damage to the SourceM eter, common
mode voltage must be externally limited as follows:

Models 2400 and 2410 — Limit common mode voltage to 250VDC,
1.05A maximum

Models 2420 and 2425 — Limit common mode voltage to 250VDC,
3.15A maximum

Model 2430 — Limit common mode voltage to 250VDC, 10.5A (pulse)

Model 2440 — Limit common mode voltage to 40VDC, 5.25A
maximum

Figure 2-1
Terminal voltage differentials (rear panel)
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NOTE Toavoid redundancy, generic SourceMeter drawingswill be used in this section.
A generic drawing excludes the labeling for the terminal voltage differentials.

Sensing methods

Basic source-measure operations are performed using either 2-wire local sense connec-
tions (Figure 2-2) or 4-wire remote sense connections (Figure 2-3). The factory default
sense selection is local. See “Sense selection,” page 2-11, to check and/or change the
sense selection. Also, see Section 4 for “Ohms sensing” issues.

WARNING Thereisnointernal connection between earth ground and the selected

Figure 2-2

INPUT/OUTPUT LO terminal of the SourceM eter. Therefore, hazar d-
ous voltages (>30V rms) can appear on that LO terminal. Typically,
this can occur when the SourceM eter isoperating in any mode where
the output changesrapidly, such as quick, pulsed waveformsthat can
be generated using the ZERO, AUTO-OFF output state, or fast pulse
Sweep oper ations.

To prevent this from occurring (if your application allows it), connect
the INPUT/OUTPUT LO terminal to earth ground. You can connect
the LO terminal to the chassis ground screw terminal on the rear panel,
or to a known safety earth ground. Note that the front panel terminals
are isolated from the rear panel terminals. Therefore, if you are using
the front panel terminals, ground the front panel LO terminal. If using
the rear panel terminals, ground the rear panel LO terminal.

Two-wire connections (local sense)

~

4-WIRE
SENSE

INPUT/
OUTPUT

€
ec

ON/OFF

OUTPUT

TERMINALS

U pUT

FRONT!
REAR

J/

SourceMeter Front Panel Sense Selection: 2-wire
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Figure 2-3
Four-wire connections (remote sense)

~

4-WIRE INPUT/
SENSE OUTPUT

Qe
©c

TERMINALS

ON/OFF
REAR

OUTPUT

<

DUT

J/

SourceMeter Front Panel Sense Selection: 4-wire

NOTE Connections alone do not determine sense mode. For local sensing (Figure 2-2),
2-wire sensing must be selected from the SENSE MODE option of the
CONFIGURE V-SOURCE menu. For remote sensing (Figure 2-3), 4-wire
sensing must be selected. The 2-wire sense mode is the BENCH and GPIB
default. See“ Sense selection,” page 2-11, for details.

4-wire remote sensing

When sourcing and/or measuring voltage, there can be errors associated with IR drops in
the test leads. Voltage source and measure accuracy are optimized by using 4-wire remote
sense connections. When sourcing voltage, 4-wire remote sensing ensures that the pro-
grammed voltage is delivered to the DUT. When measuring voltage, only the voltage drop
across the DUT is measured. Use 4-wire remote sensing for the following source-measure
conditions:

o Test circuit impedance is <1kQ.
¢ Optimum Ohms, V-Source, and/or V-Measure accuracy are required.

NOTE Specified accuracies for both source and measure are only achieved using
4-wire remote sensing.
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WARNING When sourcing voltagein remote sense, make surethe sense leads are
connected tothe DUT. If a senselead becomes disconnected, OV will be
sensed, and the SourceM eter will increase the output voltage (to possi-
bly hazardous levels) to compensate. For increased safety, you can
limit the voltage output by the SourceM eter. See Section 3, “V-source
protection,” to limit the output voltage level.

NOTE When the output is turned off in the 4-wire sense mode, the sense lines are inter-
nally disconnected for safety reasons. The sense lines are automatically recon-
nected when the output is turned on, and 4-wire sensing is restored.

2-wire local sensing

2-wire local sense connections can only be used if the error contributed by test lead IR
drop is acceptable to the user. At current levels below 100mA, the errors are usually not
significant (assuming test lead resistance is not greater than 1€2).

Since current in a series circuit is the same at all points in the loop, remote sensing does
not improve I-Source or I-Measure accuracy. Thus, if sourcing current and measuring cur-
rent, you can use local sensing. Other conditions that allow the use of 2-wire local sensing
include:

» Test circuit impedance is 1kQ. Above 1GL2, guarding should also be used (“Cable
guard”).

e Measure Only (V or I) operation.
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Guarding methods

Cable guard

Use the high-impedance (cable) guard connection scheme shown in Figure 2-4 for the fol-

lowing source-measure condition:

e Test circuit impedance is >1GQ.

Note that cable guard must be selected for this connection scheme. See “Guard selection,”

page 2-12, to select cable guard.

A test fixture is typically used when testing high-impedance devices. The test fixture
reduces noise and protects the user from a potentially hazardous voltage on the guard
shield (or plate). See Section 6, “Guard,” for details on using guard.

Note that the test fixture chassis is connected to In/Out LO to reduce noise.

Figure 2-4

High-impedance guarding (cable guard)

Guard Shield Test Fixture

S

e

Connect to earth safety ground
using #18 AWG wire or larger.
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o
4-WIRE INPUT/
SENSE OUTPUT

IEEE-488
(ENTER IEEE ADDRESS
WITH FRONT PANEL MENU)

o () © ©wwe

CAUTION: FOR CONTINUED PROTECTION AGAINST Fil
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Ohms guard

Use the guarded ohms connection schemes shown in Figure 2-5 for the following source-
measure operation:

» In-circuit resistance measurements on the DUT where other parasitic leakage
devices are present.

Note that ohms guard must be selected for this connection scheme. Ohms guard is not
available for the 1A range (source or measure). See “Guard selection,” page 2-12, to select
ohms guard and Section 4, “6-wire ohms measurements.”

Figure 2-5 shows how to make connections to measure the resistance of a single resistor
(DUT) in a resistor network. See Section 6, “Guard,” for more information on guarded
ohms measurements.

The basic connection scheme for guarded ohms measurements is shown in Figure 2-5A. If
the guard resistance path (Rg) is <1k, IR drop in the GUARD test lead could be high
enough that the guard voltage at the resistor network is significantly less than the output
voltage at the DUT. This results in leakage current and will corrupt the measurement. To
cancel the effect of IR drop in the GUARD test lead, connect GUARD SENSE to the resis-
tor network as shown in Figure 2-5B. Guard sense ensures that the guard voltage at the
resistor network is the same as the output voltage at the DUT.

Note that if the DUT is <1k€2, you should use the 4-wire measurement method (remote
sensing) by connecting SENSE HI and LO to the DUT and enabling remote sense (Figure
2-50).

NOTE Guard current (1) must never exceed 50mA. If it does, guard voltage will
become |ess than the output voltage and corrupt the measurement.
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Figure 2-5
Guarded ohms measurements (ohms guard)
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Sense and guard selections
NOTE When sense or guard settings are changed, the OUTPUT will turn OFF.

Sense selection

When using the SENSE HI and LO terminals of the SourceMeter, 4-wire remote sensing
must be selected. When not using these terminals, local sensing must be selected. Sense
selection is explained as follows. See Section 3, “Operation overview,” for details on
sense.

NOTE The SourceMeter defaults to the 2-wire (local) sense mode when the output is
off, regardless of the sense setting. When the output is turned on, the present
sense setting will be in effect.

Front panel sense selection

On power-up, the instrument is automatically set for 2-wire local sense. Perform the fol-
lowing steps to check and/or change the sense selection:

1. Press CONFIG and then the SOURCE V, MEAS V, or Q key. Changing sense in
one configuration menu changes it in all of the others.

2. For SOURCEV and Q, use the « and p keys to place the cursor (flashing menu
item) on SENSE MODE and press ENTER.

NOTE Cursor position indicates the present sense selection. Two-wire indicates that
local senseis selected, and 4-wire indicates that remote sense is selected. To
retain the present selection, use the EXIT key to back out of the menu structure
and skip the next two steps.

3. To change the sense selection, place the cursor on 4-wire to select remote sense or
on 2-wire to select local sense, and press ENTER.

4. Use the EXIT key to back out of the menu structure.

Remote command sense selection

Use the :SYSTem:RSENse command (Section 18, “SYSTem subsystem”) to choose
between local and remote sensing via remote. For example, send the following command
to enable remote sensing:

:SYST:RSEN ON
Conversely, send this command to disable remote sensing (enable local sensing):

:SYST:RSEN OFF
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Guard selection

Cable guard is used for high-impedance guarding for cables (i.e., coax and triax) and test
fixtures. Ohms guard provides a high-current guard output, which allows in-circuit
guarded ohms measurements. On power-up, cable guard is selected.

NOTE For 6-wire ohms measurements, use the guard output off mode. See Section 13,
“Front panel output configuration,” for details on the various output off states
and how to select the guard output off state. See also Section 4, “ 6-wire ohms
measurements”’

Front panel guard selection
Perform the following steps to check or change the guard selection:

1. Press CONFIG and then SOURCE V, SOURCE I, or Q. Changing guard in one
configuration menu changes it in all of the others.

2. Using the « and p keys, place the cursor (flashing menu item) on GUARD and
press ENTER.

NOTE Cursor position indicates the present guard selection (OHMSor CABLE). To
retain the present selection, use the EXIT key to back out of the menu structure
and skip the next two steps.

3. To change the guard selection, place the cursor on the alternate selection and press
ENTER.

4. Use the EXIT key to back out of the menu structure.

NOTE Do not use ohms guard with coaxial cabling, or oscillations may occur. Ohms
guard cannot be selected on the 1A or higher range (source or measure).
Remote command guard selection

Use the :SYSTem:GUARd command (Section 18, “SYSTem subsystem’) to choose
between cable and ohms guard mode via remote. For example, send the following com-
mand to enable ohms guard:

:SYST:GUAR OHMS
Conversely, send this command to enable cable guard:

:SYST:GUAR CABL



Basic
Source-Measure Operation

» Operation overview — Discusses source-measure capabilities, compliance limit,
and fundamental source-measure configuration.

» Operation considerations — Covers warm-up, auto zero, V-source protection, and
source delay.

« Basic source-measure procedure — Describes the basic procedure for setting up
the SourceMeter for source-measure operations, including selecting the source
function, output values, and compliance limits; choosing measurement range and
function; and turning the output on and off.

e Measure only — Covers how to use the SourceMeter for measurements only.

» Sink operation — Describes sink operation.
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WARNING - CAUTION

The SourceMeter uses a heat sink to dissipate heat. Also, the Models 2410, 2420, 2430,
and 2440 have a cooling fan. The left side of the case is cut out to expose the black, finned
heat sink. This heat sink gets hot and could be hot enough to cause burns. Even if the
instrument is turned off, you should assume that the heat sink is still hot as it takes consid-
erable time for it to cool off.

WARNING When handling the SourceMeter, NEVER touch the heat sink located
on the left side of the case. This heat sink could be hot enough to cause
burns.

NOTE See Section 1, * Cooling fan,” for operation details on the cooling fan.

Excessive heat could damage the SourceMeter and at the very least, degrade its perfor-
mance. The SourceMeter must be operated in an environment where the ambient tempera-
ture does not exceed 50°C.

CAUTION To prevent damaging heat build-up, and thus ensure specified perfor-
mance, adhere to the following precautions:

¢ Keep the heat sink free of dust, dirt, and contaminates, since its
ability to dissipate heat could become impaired.

e Keep the bottom cooling vents from becoming blocked. NEVER
remove the plastic feet and place the SourceMeter directly on a flat
surface. NEVER operate the SourceMeter when it is sitting on a
conformable surface (such as a carpet). This could block the bot-
tom cooling vents.

¢ Do not position any devices adjacent to the SourceMeter that force
air (heated or unheated) into or onto its surfaces or cooling vents.
This additional airflow could compromise accuracy performance.

¢ When rack mounting the SourceMeter, make sure there is ade-
quate airflow around the bottom and sides to ensure proper cool-
ing. Adequate airflow enables air temperatures within
approximately one inch of the SourceMeter surfaces to remain
within specified limits under all operating conditions.

¢ Rack mounting high power dissipation equipment adjacent to the
SourceMeter could cause excessive heating to occur. The specified
ambient temperatures must be maintained around the surfaces of
the SourceMeter to specified accuracies.

¢ A good measure to ensure proper cooling in rack situations with
convection cooling only is to place the hottest equipment (i.e.,
power supply) at the top of the rack. Precision equipment, such as
the SourceMeter, should be placed as low as possible in the rack
where temperatures are the coolest. Adding spacer panels below
the SourceMeter will help ensure adequate air flow.
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Operation overview

Source-measure capabilities

From the front panel, the SourceMeter can be configured to perform the following
operations:

« Source voltage — Display current and/or voltage measurement

* Source current — Display voltage and/or current measurement

* Measure resistance — Display voltage or current component of measurement

*  Measure only (V or I) — Display voltage or current measurement
Voltage and Current — Table 3-1 lists the source and measure limits for the voltage and
current functions. Minimum source-measure levels are listed as follows:
V-Source: +5pV
V-Measure: £1pV
I-Source:  £50pA (2400 and 2410)

+500pA (2420, 2425, 2430, and 2440)

I-Measure: £10pA (2400 and 2410)
+100pA (2420, 2425, 2430, and 2440)

Resistance — The Models 2400 and 2410 can make resistance measurements from
<100Q2 to >200MQ2. The Models 2420, 2425, 2430, and 2440 can make resistance
measurements from <2Q to >20MQ. For the auto ohms measurement method, the
following ranges are available:

2400 and 2410 — 2092, 200€2, 2k€2, 20k€2, 200k€2, 2MQ, 20MQ, and 200MC2
2420, 2425, 2430, and 2440 — 2Q, 20€, 20092, 2k€2, 20kQ2, 200k<2, 2MQ, and 20MQ

When using the manual ohms measurement method, you cannot select ohms ranges. The
ohms reading is the mathematical result of V/I.

Measure only (V or I) — The SourceMeter can be used exclusively as a voltmeter
(V-Meter) or an ammeter (I-Meter). When used as a V-Meter only, the I-Source is set to
output OA. When used as an I-meter only, the V-Source is set to output OV.

Range of operation — The maximum power outputs are summarized as follows:
2400 — 22W (21V at 1.05A or 210V at 105mA)

2410 — 22W (21V at 1.05A or 1100V at 21mA)

2420 — 66W (63V at 1.05A or 21V at 3.15A)

2425 and 2430 — DC Mode: 110W (105V at 1.05A) or 66W (21V at 3.15A)
2430 — Pulse Mode: 1.1kW (105V at 10.5A)

2440 — 66W (42V at 1.05A or 10.5V at 5.25A)



3-4 Basic Source-Measure Operation 2400 Series SourceMeter® User’s Manual

The full range of operation is explained in Section 6, “Overheating protection” and “Oper-
ating boundaries.”

NOTE Output transient recovery — The time required for the V-source to recover toits
original value (within 0.1% plus load regulation errors) after a step changein
load current is <250pusec. This does not include the response time of autorang-
ing or the second order effects on loads that are not purely resistive.

Load regulation — The voltage specification for V-source mode load changesis
0.01% +1mV. This means that on the 200mV range, the load current can be
changed from zero to full scale with less than 1.02mV of error. Calculation:

error = (0.01% x 0.2V) + 1mV = 1.02mV

Assuming a 0 to 1A changein current, the output impedance equates to 1.02mg2
(1.02mV/1A = 1.02mQ). Thislevel can only be achieved using 4-wire remote
sensing.

Table 3-1
Source-measure capabilities

2400 2410

Range Source | Measure | Range Source | Measure

200mV |£210mV [£211mV | 200mV |[£210mV |£211mV
2V 2.1V +2.11V 2V 2.1V +2.11V
20V |21V +21.1V 20V |21V +21.1V
200V [£210V 211V 1000V |£1.1kV +1.1kV

IpA  |+1.05pA [+1.055pA | 1pA  |+1.05pA |+1.055pA
10pA |+10.5pA  [+10.55pA | 10pA |+10.5pA |+10.55pA
100pA |+105pA  [+105.5pA | 100pA |+105pA  |+105.5pA
ImA |+1.05mA [+1.055mA| ImA |+1.05mA [+1.055mA
10mA |+10.5mA |£10.55mA| 20mA |+2ImA  |+21.1mA
100mA |+105mA |+105.5mA| 100mA |+105mA |+105.5mA
1A [+1.05A |+1.055A 1A [+1.05A |+1.055A

Max Power = 22W Max Power = 22W
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Table 3-1 (continued)

Source-measure capabilities

2420 2425/2430
Range Source | Measure | Range Source | Measure
200mV [£210mV [£21ImV | 200mV |[£210mV |[£211mV
2V |21V £2.11V 2V |21V £2.11V
20V |£21V 1.1V 20V [£21V £221.1V
60V | £63V +63.3V 100V [£105V £105.5V
10pA [£10.5pA  [£10.55pA | 10pA [£10.5pA | £10.55pA
100pA |£105pA  [£105.5pA | 100pA |[£105pA | £105.5pA
ImA |£1.05mA [£1.055mA| 1ImA [£1.05mA |*1.055mA
10mA |+10.5mA |£10.55mA| 10mA |£10.5mA |[£10.55mA
100mA |[£105mA |£105.5mA| 100mA |+105mA |+105.5mA
1A |£1.05A +1.055A 1A |+1.05A +1.055A
3A  |£3.15A +3.165A | 3A/10A | * wE

Max Power = 66 W

2425 and 2430 Max Power
DC Mode: 110W (105V, 1.05A)
66W (21V, 3.15A)
Pulse Mode: 1.1kW (2430 only)

2440
Range Source | Measure
200mV |£210mV [£211mV
2V |21V £2.11V
10V | £10.5V £10.5V
40V |42V 42V
10pA |£10.5pA  [£10.55pA
100pA |£105pA  [£105.5pA
ImA |£1.05SmA |[£1.055mA
10mA |+10.5mA |£10.55mA
100mA |[£105mA |£105.5mA
1A |£1.05A +1.055A
SA [1£5.25A 15.25A

Max Power = 66 W

* +3,15A (DC mode; 2425 and 2430)
+10.5A (Pulse mode; 2430 only)
## 43 165A (DC mode; 2425 and 2430)
+10.55A (Pulse mode; 2430 only)
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Compliance limit

When sourcing voltage, the SourceMeter can be set to limit current. Conversely, when
sourcing current, the SourceMeter can be set to limit voltage. The SourceMeter output will
not exceed the compliance limit. Table 3-2 summarizes compliance limits according to
range. See Section 6 for more details on compliance limit.

Table 3-2
Compliance limits

2400 2410 2420
Maximum Maximum Maximum

Measure | compliance | Measure | compliance | Measure | compliance

range value range value range value
200mV +210mV 200mV +210mV 200mV +210mV
2V 2.1V 2V 2.1V 2V 2.1V
20V 21V 20V 21V 20V 21V
200V 210V 1000V £1.1kV 60V 63V
1pA +1.05pA 1pA +1.05pA 10pA +10.5pA
10pA +10.5pA 10pA +10.5pA 100pA +105pA
100pA +105pA 100pA +105pA 1mA +1.05mA
1mA +1.05mA 1mA +1.05mA 10mA +10.5mA
10mA +10.5mA 20mA +21mA 100mA +105mA
100mA +105mA 100mA +105mA 1A +1.05A
1A +1.05A 1A £1.05A 3A £3.15A

2425/2430 2440
Maximum Maximum

Measure | compliance | Measure | compliance

range value range value
200mV +210mV 200mV +210mV
2V 2.1V 2V 2.1V
20V 21V 10v £10.5V
100V 105V 40V 42V
10pA +10.5pA 10pA +10.5pA
100pA +105pA 100pA +105pA
1mA +1.05mA 1mA +1.05mA
10mA +10.5mA 10mA +10.5mA
100mA +105mA 100mA +105mA
1A +1.05A 1A +1.05A
3A/10A * S5A +5.25A

*43.15A (2425 and 2430 DC mode)
+10.5A (Pulse mode; 2430 only)
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Setting the compliance limit

Front panel compliance limit
Set the compliance limit from the front panel as follows:

1. Select the desired source and measure functions using the MEAS and SOURCE
keys.

2. Press the EDIT key until the cursor flashes in the compliance (Compl:) display
field.

3. Select the desired compliance range using the RANGE A and ¥ keys.

To increment or decrement the compliance value, use the EDIT « and p keys to
place the cursor over the digit to be changed, then press the SOURCE A or ¥ key
to increment or decrement the compliance value.

5. To change the compliance value directly, simply enter the value using the numeric
keys while the cursor is flashing in the compliance display field.

Compliance range synchronization

Enabling this feature will force the measurement range to follow the compliance range set-
ting when autoranging is off. When the compliance value is set, the measurement range
will be on the same range as the compliance setting.

You can enable range synchronization by pressing CONFIG then MEAS V (for voltage) or
MEAS I (for current). Select CMPL-RANGE-SYNC, then ON to enable, or OFF to dis-
able range synchronization.

Remote compliance limit

Table 3-3 summarizes basic commands to program the compliance limit. See Section 18,
“Set compliance parameters,” for more details on these commands. To program the com-
pliance, simply send the command using the desired parameter. For example, the follow-
ing command sets the current compliance to 50mA:

:SENS:CURR:PROT 50E-3
Similarly, the following command sets the voltage compliance to 4V:

:SENS:VOLT:PROT 4

Table 3-3
Compliance commands

Command Description

:SENSe:CURRent:PROTection <n> Set current compliance (n = compliance).
:SENSe:VOLTage:PROTection <n> Set voltage compliance (n = compliance).
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Basic circuit configurations

The fundamental source-measure configurations for the SourceMeter are shown in Figure
3-1. When sourcing voltage, you can measure current or voltage (configuration A). When
sourcing current, you can measure voltage or current (configuration B).

See Section 6, “Basic circuit configurations,” for more detailed information on these cir-

cuit configurations.

Figure 3-1
Fundamental source measure configuration

I-Meter 4 o
V-Source
4 O
A. Source V
I-Meter * o
|-Source
S o

B. Source |
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Operation considerations

The following paragraphs discuss warm-up period, auto zero, V-source protection, and
source delay.

Warm-up

The SourceMeter must be turned on and allowed to warm up for at least one hour to
achieve rated accuracies. See Appendix A for specifications.

Auto zero

Every A/D conversion (reading) is calculated from a series of zero, reference, and signal
measurements. With auto zero enabled, all three of these measurements are performed for
each reading to achieve rated accuracy. With auto zero disabled, zero and reference are not
measured. This increases measurement speed, but zero drift will eventually corrupt accu-
racy. With auto zero disabled, periodically change measurement speed.

Temperature changes across components within the instrument can cause the reference
and zero values for the A/D converter to drift due to thermo-electric effects. Auto zero acts
to negate the effects of drift in order to maintain measurement accuracy over time. Without
auto zero enabled, measurements can drift and become erroneous.

Front panel auto zero
Set the auto zero from the front panel as follows:

Press the MENU key.

Select A/D CTRL from the main menu, then press ENTER.
Select AUTO ZERO, then press ENTER.

Select ENABLE or DISABLE as appropriate, then press ENTER.
Press EXIT as necessary to return to normal display.

M e

Remote command auto zero

Use the :SYSTem:AZERo command to enable or disable auto zero via remote. See
Section 18, “SYSTem subsystem.” For example, send the following command to disable
auto zero:

:SYST:AZER ON
Conversely, send this command to disable auto-zero:

:SYST:AZER OFF
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NPLC caching

NPLC caching speeds up source memory sweeps by caching A/D reference and zero val-
ues. When NPLC caching is enabled (using the NPLC-CACHE/ENABLE menu selec-
tion), the A/D reference and zero values will be saved for up to the 10 most recent voltage,
current, and resistance measurement functions settings. Whenever the integration rate is
changed via the SPEED key, a recalled user setup (using the SAVESETUP/RESTORE
menu selection), or during a source memory recall (either with the SOURCE-MEMORY/
RESTORE menu or during a source memory sweep), NPLC caching will occur. If the
integration rate is already stored in the cache, the stored reference and zero values are
recalled and used. Otherwise, a reference and zero value are acquired and stored in the
cache. If there are already 10 NPLC values stored, the oldest one will be overwritten by
the newest one.

NOTE Auto zero should be disabled for maximum source memory sweep speed; other-
wise the cacheis of little use. With auto zero enabled, new A/D reference and
zero values are taken for every reading and saved into the cache, slowing down
sweep operation. However, with auto zero disabled, measurements may drift and
become erroneous. To minimize drift when using NPLC caching with auto zero
disabled, periodically select AUTO-ZERO/ONCE in the A/D-CTRL menu to
force an immediate auto zero update.

NPLC cache setup
Follow the steps below to enable and use NPLC caching with a source memory sweep:

Press the MENU key, select A/D-CTRL, then press ENTER.

Select AUTO-ZERO, then press ENTER.

Choose DISABLE, then press ENTER to disable auto zero.

From the A/D CONTROLS menu, select NPLC-CACHE, then press ENTER.
Select ENABLE, then press ENTER to enable NPLC caching.

Use the EXIT key to back out of the main menu structure.

NNk v =

Set up the source memory parameters, and run the source memory sweep. (See
Section 10, “Performing a source memory sweep.”)
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Typical NPLC cache test times

Typically, NPLC caching will decrease source memory sweep times by a factor of three.
The table below shows typical averaged times for a test consisting of 10 sweeps of four
source memory locations with NPLC values for successive memory locations set to 10, 1,
0.1, and 0.01 respectively.

NPLC cache conditions Time
Auto Zero OFF, Caching OFF 5.89s
Auto Zero ON, Caching OFF 5.89s
Auto Zero OFF, Caching ON 2.05s
Auto Zero ON, Caching ON 5.89s
Auto Zero OFF, Caching ON, Cache empty 2.5s

V-source protection

Use V-source protection to select the maximum voltage level the SourceMeter can output.
Available settings are listed as follows:

SourceMeter V-Source protection limit settings

2400 20V, 40V, 60V, 80V, 100V, 120V, 160V, NONE (>160V)

2410 20V, 40V, 100V, 200V, 300V, 400V, 500V, NONE (>500V)

2420 6V, 12V, 18V, 24V, 30V, 36V, 48V, NONE (>48V)
2425/2430 |10V, 20V, 30V, 40V, 50V, 60V, 80V, NONE (>80V)

2440 4V, 8V, 12V, 16V, 20V, 24V, 32V, NONE (>40V)

These are absolute values with 5% tolerance. The power-on default is NONE.
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WARNING Even with the voltage protection limit set to the lowest value, NEVER
touch anything connected to the terminals of the SourceMeter when
the OUTPUT is ON. Always assume that a hazardous voltage (>30V
rms) is present when the OUTPUT is ON.

To prevent damage to DUT (devices under test) or external circuitry,
DO NOT program the V-Source to levels that exceed the voltage pro-
tection limit.

Use caution when floating the SourceMeter >30V rms.

Front panel V-source protection
To program V-source protection from the front panel:

1.  Press CONFIG then SOURCE V.

2. Select PROTECTION from the displayed choices, then press ENTER.
3. Select the desired protection value, then press ENTER.

4. Press EXIT to return to normal display.

Remote command V-source protection

Use the :SOURce:VOLTage:PROTection command to program the V-source protection
value via remote. See Section 18, “Set voltage limit,” for details. For example, the follow-
ing command sets the protection value for the Model 2400 or 2410 to 20V:

:SOUR:VOLT:PROT 20

Source delay

NOTE For the Model 2430 Pulse Mode, source delay is not used. The following infor-
mation assumes that the Model 2430 isin the DC Mode of operation (“ Vpls' or
“lpls’ displayed). To select the DC Mode, press CONFIG and then SOURCE V
or |, select SHAPE from the available menu items, and then select DC.

The source delay options are used to set the settling time for the source. This source delay
is the delay phase of the Source-Delay-Measure (SDM) cycle. See Section 6. The auto
delay option is used to automatically set the delay. The delay period is range dependent
(Table 3-4).

The delay option is used to manually set the delay from 000.00000 seconds to 9999.99900
seconds. Manually setting the delay disables auto delay.
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Table 3-4
Auto source delay
2400 2410 2420 2425/2430 2440 Auto delay | Auto delay
I-range I-range I-range I-range I-range | (Source V)| (Source I)
1pA 1pA 10pA 10pA 10pA 3msec 3msec
10pA 10pA 100pA 100pA 100pA 2msec Imsec
100pA 100pA ImA ImA ImA Imsec Imsec
ImA ImA 10mA 10mA 10mA Imsec Imsec
10mA 20mA 100mA 100mA 100mA Imsec Imsec
100mA 100mA 1A 1A 1A Imsec Imsec
1A 1A 3A 3A/10A* 5A Imsec 2msec

*10A range only on Model 2430.

Front panel source delay

To set the manual source delay from the front panel:

el

Press CONFIG then SOURCE V.
Select DELAY from the displayed choices, then press ENTER.
Enter the desired DELAY value, then press ENTER.

4. Press EXIT to return to normal display.

To set the auto source delay state from the front panel:

Press CONFIG then SOURCE V.

Select AUTO DELAY from the displayed choices, then press ENTER.

1.

2.

3. Select ENABLE or DISABLE as desired, then press ENTER.
4. Press EXIT to return to normal display.

Remote command source delay

Use the :SOURce:DELay or :SOURce:DELay:AUTO commands to program the source
delay via remote. (See Section 18, “Set delay,” for details.) For example, the following
command sets the source delay to 500ms:

:SOUR:DEL .5

Similarly, send the following command to enable auto delay:

:SOUR:DEL:AUTO ON
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Basic source-measure procedure

Output control

Use the ON/OFF OUTPUT key to turn the SourceMeter output on or off for basic source-
measure situations. You can also control the output off state (high impedance, normal,
zero, or guard) and program the instrument for auto output off operation. See Section 13
for complete details on these aspects.

WARNING To prevent electric shock, do not make or break connections to the
SourceMeter with the output on. If on, press the ON/OFF OUTPUT
key to turn the output off.

Front panel source-measure procedure

Use the following procedure to perform the basic source-measure operations of the
SourceMeter. See Section 4, “Ohms Measurements,” to measure ohms.

NOTE For the Model 2430, the following procedure pertains to the DC Mode of opera-
tion. Pulse Mode operation is covered in Section 5. If the Model 2430 isin the
Pulse Maode (Vpls or Ipls displayed in the source field), you can select the DC
Mode from the source/pul se configuration menu. Press CONFIG SOURCE V or
I, select the SHAPE menu item, then select DC. Usethe EXIT key to return to the
normal display. In the DC Mode, Vsrc or Isrc is displayed in the source field.

The following procedure assumes that the SourceMeter is already connected to
the DUT as explained in Section 2, “ Connections”’

Step 1: Select source.

Press SOURCE V to select the V-Source or press SOURCE I to select the I-Source. The
presently programmed source value (Vggc or Iggc) and compliance level (Cmpl) are dis-
played. Note that the “OFF” message is displayed to indicate that the source is off
(ON/OFF indicator off).

Step 2: Set source level and compliance limit.

The source level is the voltage or current setting of the selected source (V-Source or
I-Source). A compliance limit acts as a power limiter to the DUT and is set to protect the
DUT from damaging currents or voltages. When using the V-Source, a current compliance
is set. When using the I-Source, a voltage compliance is set. Compliance defines the max-
imum absolute value the SourceMeter can output.
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Note that compliance can also be determined by the measurement range. Depending on
which value is lower, compliance occurs at the programmed value (real compliance) or at
the maximum compliance value for the present fixed measurement range (range compli-
ance). For example, with compliance set to 2V and the 200mV measurement range
selected, compliance will occur at 210mV. On the 20V measurement range, compliance
will occur at 2V. See Section 6, “Compliance limit,” for details on real and range
compliance.

NOTE The SourceMeter must be in the edit mode (EDIT annunciator ON) to set source

and compliance values. The edit mode is selected by pressing the EDIT key.
The flashing digit for the source or compliance reading indicates that the
SourceMeter isin the edit mode. If no editing operation is performed within six
seconds, the edit mode times out and is cancelled. To return to the edit mode,
press EDIT again. While in the edit mode, the EDIT key toggles between the
source value and the compliance value.

The SOURCE A, V., «, and p keys also enable the edit mode. They choose the
last selected field.

When editing the source value, the source is updated immediately, allowing you
to adjust the source value while the output is on.

The source value cannot be changed while the SourceMeter is performing a
sweep. This occurs with Output ON and either the SVEEP key is pressed, Offset
Compensation is enabled under Ohms, or OFF-COMP-OHMS, VOLT-COEFF,
or VAR-ALPHA functions are enabled.

When editing the compliance value, compliance is not updated until ENTER is
pressed or the edit modeis allowed to time out.

EDIT always goes to the source field first, except while sweeping, in which case
it goes into the compliance field.

Source and compliance values cannot be edited in AUTO OHMS mode. MAN-
UAL OHMSallows you to edit source and compliance. See Section 4.

Perform the following steps to edit the source and compliance values:

1.

Press EDIT to enter the edit mode. The flashing digit indicates which reading
(source or compliance) is presently selected for editing. If you wish to edit the
other field, press EDIT again.

Use the RANGE A and V¥ keys to select a range that will accommodate the value
you want to set. (See Section 7 for range information.) For best accuracy, use the
lowest possible source range.

Enter the desired source or compliance value. There are two methods to edit the
value: value adjust and numeric entry.
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NOTE To clear the source valueto OV or OA, press the MENU key while in the edit
source field.

* Value adjust — To adjust the value, use the EDIT cursor keys to place the cur-
sor at the appropriate position, and use the SOURCE 4 and V¥ keys to incre-
ment or decrement the value.

¢ Numeric entry — When the edit mode is entered, the cursor is located on the
most significant digit of the value. From this position, you can key in the value
using the number keys (0 through 9). After each number is keyed in, the cursor
moves one position to the right. If desired, you can use the EDIT cursor keys
to place the cursor on a digit to be changed, and press the appropriate number
key. The cursor does not have to be on the polarity sign of the value to change
polarity. If the MENU key is pressed, the Source Value will be clear to OV or
0A.

4. To edit the other field, press EDIT to select it, and repeat steps 1 and 2.

5.  When finished editing the source and compliance values, press ENTER or wait six
seconds to exit from the edit mode.

NOTE When acompliance limit value is entered, the SourceMeter automatically goes
to the lowest (most sensitive) compliance range that will accommodate that
value,

For the Models 2400 and 2410, the lowest compliance levels that can be set are
0.00100pA (1nA) and 000.200mV (200uV). For the Models 2420, 2425, 2430,
and 2440, the levels are 00.0100pA (10nA) and 000.200mV (200uV).

Step 3: Select measurement function and range.

Select the desired measurement function by pressing MEAS V (voltage) or MEAS 1
(current).

When measuring the source (i.e., Source V Measure V), you cannot select the range using
the measurement RANGE keys. The selected source range determines the measurement
range.

When not measuring the source (i.e., Source V Measure I), measurement range selection
can be done manually or automatically. When using manual ranging, use the lowest possi-
ble range for best accuracy. In autorange, the SourceMeter automatically goes to the most
sensitive range to make the measurement.

Measuring voltage — When sourcing current, you can use the RANGE A and ¥ keys to
manually select the voltage measurement range. You can also press AUTO to select
autoranging. When sourcing voltage, the RANGE keys are inoperative.

Measuring current — When sourcing voltage, you can use the RANGE A and ¥ keys to
manually select the current measurement range. You can also press AUTO to select
autoranging. When sourcing current, the RANGE keys are inoperative.
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NOTE 2400 —With the 200V V-Source range selected, the highest current measure-
ment range is 100mA. With the 1A I-Source range selected, the highest voltage
measurement range is 20V.

2410 —With the 1kV V-Source range selected, the highest current measurement
range is 20mA. With the 1A or 100mA I-Source range selected, the highest volt-
age measurement range is 20V.

2420 —With the 60V V-Source range sel ected, the highest current measurement
rangeis 1A. With the 3A I-Source range selected, the highest voltage measure-
ment rangeis 20V.

2425 and 2430 (DC Mode) —With the 100V V-Source range selected, the high-
est current measurement range is 1A. With the 3A [-Source range selected, the
highest voltage measurement range is 20V.

2440 —With the 40V V-Source range selected, the highest current measurement
range is 1.05A. With the 5A |-Source range selected, the highest voltage mea-
surement range is 10.5V.

Measurement range is also limited by the compliance setting. For example, if
voltage complianceis 1V (2V compliance range), the highest voltage measure-
ment range that can be selected is 2V.

Step 4: Turn output on.

Turn the output on by pressing the ON/OFF OUTPUT key. The OUTPUT indicator will
turn on to indicate the output is on.

Step 5: Observe readings on the display.

The SourceMeter is in compliance if the “Cmpl” label or the units label (i.e. “mA”) for the
displayed compliance setting is flashing. If the “Cmpl” label is flashing, real compliance
has occurred. The output is clamped at the displayed compliance value. If the units label is
flashing, range compliance has occurred. The output is clamped at the maximum compli-
ance value for the present fixed measurement range. For example, if presently on the 2V
measurement range, a flashing units label for the voltage compliance value indicates that
the output is clamped at 2.1V.

The SourceMeter can be taken out of compliance by going into the edit mode and decreas-
ing the source value or increasing the compliance value. Note that increasing the compli-
ance limit may compromise protection for the DUT. If in range compliance, selecting a
higher measurement range may take the SourceMeter out of compliance.

NOTE  See Section 6, “ Compliance limit,” for details on real and range compliance.
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Step 6: Turn output off.

When finished, turn the output off by pressing the ON/OFF OUTPUT key. The OUTPUT
indicator light will turn off.

Remote command source-measure procedure

Basic source-measurement procedures can also be performed via remote by sending
appropriate commands in the right sequence. The following paragraphs summarize the
basic commands and give a simple programming example.

Basic source-measure commands

Table 3-5 summarizes basic source-measure commands. See Section 18 for more informa-
tion on using these commands.

NOTE Thefirst command in Table 3-5 (SOURce: FUNCtion: SHAPe DC) applies only
to the Model 2430. It is not valid for Models 2400, 2410, 2420, 2425, and 2440.

Table 3-5
Basic source-measure commands

Command

Description

:SOURce:FUNCtion:SHAPe DC
:SOURce:FUNCtion[:MODE] <name>
:SOURce:CURRent:MODE FIXed
:SOURCce:VOLTage:MODE FIXed
:SOURce:CURRent:RANGe <n>
:SOURCce:VOLTage:RANGe <n>
:SOURce:CURRent:LE Vel <n>
:SOURCce:VOLTage:LE Vel <n>
:SENSe:FUNCtion <function>
:SENSe:CURRent:PROTection <n>
:SENSe:VOLTage:PROTection <n>
:SENSe:CURRent:RANGe <n>
:SENSe:VOLTage:RANGe <n>
:OUTPut <state>

:READ?

Select DC Mode of operation (Model 2430 only).
Select source function (name = VOLTage or CURRent).
Select fixed sourcing mode for I-source.

Select fixed sourcing mode for V-source.

Select I-source range (n = range).

Select V-source range (n = range).

Set I-source amplitude (n = amplitude in amps).

Set V-source amplitude (n = amplitude in volts).

Select measure function (function = “VOLTage” or “CURRent”).
Set current compliance (n = compliance).

Set voltage compliance (n = compliance).

Set current measure range (n = range).

Set voltage measure range (n = range).

Select output state (state = ON or OFF).

Trigger and acquire reading.
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Source-measure programming example

Table 3-6 summarizes the command sequence for a basic source-measure procedure. Note
that the steps correspond to those listed previously in “Front panel source-measure proce-

dure.” These commands set up the SourceMeter as follows:

» Source function and range: volts, 20V

* Source mode: fixed

» Source output level: 10V

e Current compliance: 10mA

e Measure function and range: current, l|0mA

Table 3-6
Basic source-measure programming example
Step1 Action Commands®? Comments
*RST Restore GPIB defaults.
1 Select source function, mode :SOUR:FUNC VOLT Select voltage source.
:SOUR:VOLT:MODE FIXED | Fixed voltage source mode.
2 | Set source range, level, compliance |:SOUR:VOLT:RANG 20 Select 20V source range.
:SOUR:VOLT:LEV 10 Source output = 10V.
:SENS:CURR:PROT 10E-3 10mA compliance.
3 | Set measure function, range :SENS:FUNC "CURR" Current measure function.
:SENS:CURR:RANG 10E-3 | 10mA measure range.
:FORM:ELEM CURR Current reading only.
4 | Turn on output :OUTP ON Output on before measuring.
5 |Read data :READ? Trigger, acquire reading.
6 | Turn off output :OUTP OFF

1. Steps correspond to front panel steps listed previously in “Front panel source-measure procedure.”
2. Commands must be sent in order given.
3. Instrument must be addressed to talk after :READ? to acquire data.
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Measure only

Front panel measure only

In addition to being used for conventional source-measure operations, the SourceMeter
can also be used to measure only voltage or current. Perform the following steps to use the
SourceMeter to measure voltage or current:

1.

Select source-measure functions.

Measure voltage only (voltmeter) — Press SOURCE I to select the I-Source, and
press MEAS V to select the voltage measurement function.

Measure current only (ammeter) — Press SOURCE V to select the V-Source, and
press MEAS 1 to select the current measurement function.

Set source and compliance levels.

Use the editing procedure provided in step 2 of the Basic source-measure proce-
dure to edit the source and compliance levels as follows:

a. Select the lowest source range and set the source level to zero (0.00000pA or
000.000mV).

b. Set compliance to a level that is higher than the expected measurement.

CAUTION When using the SourceMeter as a voltmeter, V-Compliance must be set

higher than the voltage that is being measured. Failure to do this could
result in instrument damage due to excessive current that will flow into
the SourceMeter.

Select range.

Use the RANGE A and ¥ keys to select a fixed measurement range that will
accommodate the expected reading. Use the lowest possible range for best
accuracy.

When measuring current, AUTO range can be used instead. The SourceMeter will
automatically go to the most sensitive range. When measuring voltage, DO NOT
use AUTO range (see the following CAUTION)).

CAUTION When using the SourceMeter as a voltmeter only, DO NOT use AUTO

range and NEVER select a measurement range that is below the
applied signal level. For these conditions, high current will be drawn
from the external source. This high current could damage the external
source or test circuit.

Connect voltage or current to be measured. Connect the DUT to the SourceMeter
using 2-wire connections. (Figure 2-2).

Turn output on. Press the ON/OFF key to turn the output on.

Take reading from display.

When finished, turn output off.
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Remote command measure only

Table 3-7 summarizes the basic command sequence for measure only. The steps outlined
correspond to those in the “Front panel measure only” sequence above. These commands
set up the SourceMeter for measure only voltage measurements up to 20V as follows:

e Measure function: volts
« Source function: current
¢ Source mode: fixed

» Source range: minimum
e Source value: 0OmA

e Measure range: 20V

» Compliance: 25V

Table 3-7
Measure only programming example
Step1 Action Commands®? Comments
*RST Restore GPIB defaults.
1 Select measure, source functions | :SOUR:FUNC CURR Current source function.
:SOUR:CURR:MODE FIXED |Fixed current source mode.
:SENS:FUNC “VOLT” Volts measure function.
2 | Set source and compliance :SOUR:CURR:RANG MIN Lowest source range.
:SOUR:CURR:LEV 0 OpLA source level.
:SENS:VOLT:PROT 25 25V compliance.
3 Select volts measure range :SENS:VOLT:RANG 20 25V range.
:FORM:ELEM VOLT Volts only.
5 | Turn on output :OUTP ON Output on before measuring.
6 |Read data :READ? Trigger, acquire reading.
7 | Turn off output :OUTP OFF Output off after measuring.

1. Steps correspond to front panel steps listed previously in “Front panel measure only.”
2. Commands must be sent in order given.
3. Instrument must be addressed to talk after :READ? to acquire data.
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Sink operation

When operating as a sink (V and I have opposite polarity), the SourceMeter is dissipating
power rather than sourcing it. An external source (i.e., battery) or an energy storage device
(i.e., capacitor) can force operation into the sink region.

For example, if a 12V battery is connected to the V-Source (In/Out HI to battery high) that
is programmed for +10V, sink operation will occur in the second quadrant (Source +V and
measure -I). See “” for details on charging and discharging batteries.

CAUTION

When using the I-Source as a sink, ALWAYS set V-Compliance to a
level that is higher than the external voltage level. Failure to do so
could damage the instrument due to excessive current that will flow
into the SourceMeter.

NOTE Thesink operating limits are shown in Section 6, “ Operating boundaries”

Battery charging/discharging

WARNING

WARNING

To prevent personal injury or damage to the SourceMeter, do not
attempt to charge non-rechargeable batteries.

Some of the common batteries than can be charged with a SourceMeter
are:

Nickel Cadmium (Ni-Cd)
Nickel Metal Hydride (Ni-MH)
Lithium Ion (Li-ion)
Rechargeable Alkaline

Lead Acid

If you are working with a battery type that is not listed here, please
contact your local Keithley representative or call one of our Applica-
tions Engineers at 1-800-348-3735 (U.S and Canada only) to obtain
technical assistance.

Always follow the battery manufacturers requirements for charging or
discharging batteries using a SourceMeter. Failure to properly charge
or discharge batteries may cause them to leak or explode resulting in
personal injury and property damage. Over voltage and current pro-
tection should be provided in the charge circuit, external to the
SourceMeter, when charging batteries without build-in protection.
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Do not attempt to charge or discharge batteries exceeding the current
or voltage requirements listed below:

Model 2400: 21V @ 1.05A or 210V @ 105mA

Model 2410: 21V @ 1.05A or 1100V @ 21mA

Model 2420: 21V @ 3.15A or 63V @ 1.05A

Model 2425: 21V @ 3.15A or 105V @ 1.05A

Model 2430: 105V @ 1.05A or 105V @ 10.5A (pulse mode)
Model 2440: 10.5v @ 5.25A or 42V @ 1.05A

When charging a battery, the SourceMeter is operating as a source. When discharging a
battery, the SourceMeter is operating as a sink. Use the V-Source to charge and discharge
batteries. Perform the following steps for both charging and discharging:

1.

Connect Input/Output HI to the positive (+) terminal of the battery and Input/
Output LO to the negative (-) terminal of the battery.

Configure the SourceMeter to source voltage and measure current.

Set I-compliance to the current level at which the battery is to be charged or
discharged.

Select an appropriate current measurement range or use AUTO range.

Battery charging — To charge the battery, program the SourceMeter to output a
voltage that is equivalent to the voltage rating of the battery. For example, to charge
a 10V battery, set the SourceMeter to source 10V. As the battery fully charges, cur-
rent will decrease until it reaches zero or near zero (battery charged).

CAUTION When the SourceMeter goes into compliance, the V-source becomes an

I-source (or the I-source becomes a V-source). For this reason, make
sure the voltage compliance is higher than the battery voltage. See
Section 6 for more details.

Battery discharging — To discharge the battery, program the SourceMeter to out-
put OV. In this configuration, the SourceMeter operates as a sink to discharge the
battery. Current from the battery flows into the HI terminal of the SourceMeter
resulting in negative current measurements. As the battery discharges, current will
gradually decrease until it reaches zero (battery discharged).

NOTE When using the V-Source to charge and discharge batteries, use the HIGH-

IMPEDANCE output-off state (Section 13). This output-off state opens the out-
put relay when the OUTPUT isturned off. This open circuit condition keeps the
external battery from discharging while the output is off.
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CAUTION

If using the I-Source to charge and/or discharge batteries, the following
precautions must be observed. Failure to observe these precautions
could result in damage to the SourceMeter that is not covered by the
warranty.

Make sure the external voltage NEVER exceeds the voltage compli-
ance setting of the I-Source. This will cause excessive current to be
drawn from the external battery or source.

Make sure the output off state of the I-Source is set for HIGH-
IMPEDANCE. This setting opens the output relay when the OUTPUT
is turned OFE. With the NORMAL output off state selected, turning
the output off sets voltage compliance to zero. This 0V compliance
condition will cause excessive current to be drawn from the external
battery or source. See Section 13, “Front panel output configuration,”
to select the high-impedance output off state.

Sink programming example

Table 3-8 lists a command sequence to program the SourceMeter for sink operation. These
commands set up the unit as follows:

¢ Source function: volts

¢ Measure function: current

¢ Source voltage: OV

* Measure range: auto

* Compliance (discharge current): 100mA

Table 3-8
Sink programming example
Command Description

*RST Restore GPIB defaults.
:SOUR:FUNC VOLT V-source function.
:SOUR:VOLT:MODE FIXED Fixed source mode.
:SENS:FUNC “CURR” Current measure function.
:SENS:CURR:RANG:AUTO ON | Auto measure range.
:SENS:CURR:PROT 100E-3 100mA compliance (discharge current).
:OUTP ON Turn on output.
:READ? Trigger and acquire reading.




Ohms Measurements

Ohms configuration menu — Outlines the ohms configuration menu that allows
you to set up various ohms measurement aspects.

Ohms measurement methods — Discusses auto and manual ohms measurement
methods and how to select them.

Ohms sensing — Covers 2-wire and 4-wire ohms sensing.

Offset-compensated ohms — Describes offset-compensated ohms, which can be
used to overcome the effects of offsets when making low-resistance measurements.

Ohms source readback — Covers enabling and disabling ohms source readback.

6-wire ohms measurements — Describes the basic procedure for setting up the
SourceMeter for 6-wire ohms measurement, which can be used for measuring
resistor networks and hybrid circuits.

Remote ohms programming — Summarizes the basic remote commands required
to program the SourceMeter for ohms measurements and gives several typical pro-
gramming examples.
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Ohms configuration menu

NOTE For the Model 2430 Pulse Mode, offset-compensated ohms cannot be enabled
from the ohms configuration menu. However, offset-compensated ohmsis avail-
able as a math function (Section 8, “ Math operations”).

To access the ohms configuration menu, press CONFIG then OHMS. Use Section 1,
“Rules to navigate menus,” to select the various items in the menu tree, which is shown in
Figure 4-1. Menu items include:

*  SOURCE — Select AUTO or MANUAL source mode.
«  SENSE MODE — Select 2-WIRE or 4-WIRE sense mode.
¢ GUARD — Choose OHMS or CABLE guard.

* OFFSET COMPENSATION — Enable or disable offset-compensated ohms (not
valid for Model 2430 Pulse Mode).

« SRC RDBK — Enable or disable source readback mode.

The following paragraphs discuss each of these aspects in detail.

Figure 4-1
Ohms configuration menu tree
CONFIG
v
Q
v v v v v
SENSE OFFSET SRC
SOURCE MODE GUARD COMPENSATION RDBK

P TR e T S T s TR S’

AUTO| IMANUAL| | 2-WIRE| | 4-WIRE| | OHMS | | CABLE | [ENABLE| [DISABLE| [ENABLE| [DISABLE
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Ohms measurement methods

NOTE For the Model 2430, the following ohms measurement procedures assume that
the DC Mode of operation is selected (“ Vsrc” or “lsrc” displayed in the source
field). If in the Pulse Mode (“ Vpls’ or “1pls’ displayed), you can select the DC
Mode by pressing CONFIG V or |, selecting the SHAPE menu item, and then
selecting DC. Pulse Mode operation is covered in Section 5.

There are two methods to measure ohms: auto ohms and manual ohms. When using auto
ohms, the SourceMeter operates as a conventional constant-current source ohmmeter or
DMM. To use this method, simply select an ohms measurement range (or use autorange),
and take the reading from the display. When using auto ohms, the default test current var-
ies with the ohms range, as summarized in Table 4-1.

NOTE You cannot change the test current in the auto ohms mode. If you attempt to
change the source current in auto ohms, the SourceMeter will display an error

message.

With the manual ohms mode, you can select either source V or source I to make ohms
measurements, and the unit will automatically compute the resistance reading using the
V/I measurement method. After configuring the desired source and selecting a voltage or
current measuring range, select the Q measurement method to display the calculated V/I
ohms reading.

NOTE To achieve optimum accuracy, the SourceMeter measures both VV and | and uses
these values in ohms calculations (with source readback enabled). The mea-
sured source value is more accurate than the programmed source value. For
remote operation, the user specifies the functions to measure. See the resistance
measurement accuracy specificationsin Appendix A for more information.

Table 4-1
Auto ohms default test currents
Auto ohms 2400 and 2410 2420, 2425, 2430, and 2440
range default test current default test current
2Q - 1A
20Q 100mA 100mA
2002 10mA 10mA
2kQ ImA ImA
20kQ 100pA 100pA
200kQ 10nA 10uA
2MQ 1nA 10uA
20MQ 1nA 1uA
200MQ 100nA -
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Selecting ohms measurement method

On power-up, auto ohms is the default method for the ohms function. Perform the follow-
ing steps to check and/or change the ohms measurement method:

1. Press CONFIG and then Q to display the ohms configuration menu.

2. Using the EDIT keys, place the cursor (flashing menu item) on SOURCE and press
ENTER.

NOTE Cursor position indicates the presently selected ohms measurement method. To
retain this selection, use the EXIT key to back out of the menu structure and skip
the next two steps.

3. To change the measurement method, place the cursor on the alternate selection
(AUTO or MANUAL), and press ENTER.

4. Press EXIT to exit from the menu structure.

Auto ohms measurements

Perform the following steps to perform auto ohms measurements.

NOTE The following procedure assumes that the SourceMeter is already connected to
the DUT as explained in Section 2, “ Connections”’

WARNING To prevent electric shock, do not make or break connections to the
SourceMeter with the output on. If on, press the ON/OFF OUTPUT
key to turn the output off.

1. Select ohms measurement function.
Press MEAS Q to select the ohms measurement function.
2. Select auto ohms measurement method.
Select the auto ohms measurement method as follows:
¢ Press CONFIG then Q.
» Select SOURCE, then press ENTER.
e Select AUTO, then press ENTER.
e Press EXIT to return to normal display.

Note that the SourceMeter will be configured to Source I and Measure V. Also, the
I-Source level and V-Compliance limit are based on the measurement range and
cannot be edited.

NOTE Usethemanual ohmsmode and the V-source method when high-speed settling is
required.
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3. Select measurement range.

Use the RANGE A and ¥ keys to select a range appropriate for the expected ohms
reading, or use autorange by pressing AUTO. When using manual ranging, select-
ing the most sensitive (lowest) range provides the best accuracy. Autorange auto-
matically goes to the most sensitive range.

4. Turn output on.

Turn the output on by pressing the ON/OFF OUTPUT key. The OUTPUT indicator
will turn on to indicate the output is on.

5. Observe reading on display.

The SourceMeter will go into compliance if you exceed the maximum ohms mea-
surement range.

6. Turn output off.

When finished, turn the output off by pressing the ON/OFF OUTPUT key. The
OUTPUT indicator light will turn off.

Manual ohms measurements

Perform the following steps to perform manual ohms measurements.

NOTE The following procedure assumes that the SourceMeter is already connected to
the DUT as explained in Section 2.

WARNING To prevent electric shock, do not make or break connections to the
SourceMeter with the output on. If on, press the ON/OFF OUTPUT
key to turn the output off.

1. Select ohms measurement function.
Press MEAS Q to select the ohms measurement function.
2. Select manual ohms measurement method.
Select the manual ohms measurement method as follows:
e Press CONFIG then Q.
» Select SOURCE, then press ENTER.
* Select MANUAL, then press ENTER.
e Press EXIT to return to normal display.
3. Configure source.

For manual ohms, you can Source I or Source V at the user-programmed output
level. The lowest allowable compliance limit is based on the load and the source
value. For example, if sourcing 1V to a 1k resistor, the lowest allowable current
compliance is ImA (1V/1kQ = ImA). Setting a limit lower than 1mA will place
the source in compliance. Refer to steps 1 and 2 of Section 3, “Basic source-
measure procedure,” to configure the source.
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NOTE UsetheV-Source for manual ohms measurements when high-speed settling is

reguired (i.e., production testing).

Select measurement range.

Using the RANGE A and ¥ keys, select the lowest possible fixed range or use
AUTO range. Note that if sourcing current, you will be setting the voltage
measurement range. Conversely, if sourcing voltage, you will be setting the current
measurement range. The most sensitive measurement range provides the best
accuracy.

NOTE Measurement rangeis limited by the compliance setting. For example, if the

voltage compliance is 1V, (2V compliance range), the highest voltage measure-
ment range that can be selected is 2V.

Turn output on.

Turn the output on by pressing the ON/OFF OUTPUT key. The OUTPUT indicator
will turn on to indicate the output is on.

Observe reading on display.

The SourceMeter is in compliance if the Cmpl label or the units label (i.e. “mA”)
for the displayed compliance setting is flashing. If the Cmpl label is flashing, real
compliance has occurred. The output is clamped at the displayed compliance value.
If the units label is flashing, range compliance has occurred. The output is clamped
at the maximum compliance value for the present fixed measurement range. For
example, if presently on the 2V measurement range, a flashing units label for the
voltage compliance reading indicates that the output is clamped at 2.1V.

The SourceMeter can be taken out of compliance (real or range) by going into the
edit mode and decreasing the source value or increasing the compliance value.
Note that increasing the compliance limit may compromise protection for the DUT.
If in range compliance, selecting a higher measurement range may take the
SourceMeter out of compliance.

NOTE  See Section 6, “ Compliance limit,” for details on real and range compliance.

Turn output off.

When finished, turn the output off by pressing the ON/OFF OUTPUT key. The
OUTPUT indicator light will turn off.
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Ohms sensing

Ohms measurements can be made using either 2-wire or 4-wire sensing. (See Section 2 for
information on connections and sensing methods.) Note that resistance measurement
accuracy specifications are based on using 4-wire sensing.

The 2-wire sensing method has the advantage of requiring only two test leads. However, as
shown in Figure 4-2, test lead resistance can seriously affect the accuracy of 2-wire resis-
tance measurements, particularly with lower resistance values. The 4-wire sensing method
shown in Figure 4-3 minimizes or eliminates the effects of lead resistance by measuring
the voltage across the resistor under test with a second set of test leads. Because of the
high input impedance of the SourceMeter voltmeter, the current through the sense leads is
negligible, and the measured voltage is essentially the same as the voltage across the resis-
tor under test.

Figure 4-2
2-wire resistance sensing
weoeo..oJo0urceMeter
. 1 Input, Output Test Current (I)
: Hi RLEAD
’VT/\, ’
vy, Lead vV R Resistance

Resistances Under Test

r_
o

WV

RLEAD

S
()
N

I = Current sourced by SourceMeter
Vy = Voltage measured by SourceMeter
Vi = Voltage across resistor

. V,
Measured resistance =TM =Ry + (2 X Rigap)

. V,
Actual resistance = TR =R
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Figure 4-3
4-wire resistance sensing

=
\_/
®
SN YRR C SRR SR S

- _S_(_)y_rg_e_!\:\_e_tg ........ R Test Current (I)
Input/Output HI LEAD
e A
R Sense Current (pA)
- 4-wi Hi LEAD —_—
wire Sense ‘ /VTA' T
vy, Lead Vi R Resistance

Resistances Under Test

4-wire Sense LO Rieap
N\ —

Input/Output LO Rieap
W\

I = Current sourced by SourceMeter
V,, = Voltage measured by SourceMeter
Vi = Voltage across resistor

Because sense current is negligible, V, = V;

. V, V,
and measured resistance = TM = TR

Sense selection

Use the following procedure to select 2-wire or 4-wire sense operation:

Press CONFIG then Q to display the ohms configuration menu.
Select SENSE MODE, then press ENTER.

Select 2-WIRE or 4-WIRE as desired, then press ENTER.
Press EXIT to return to normal display.

bl
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Offset-compensated ohms

NOTE For the Model 2430, the following offset-compensated ohms method is not valid
in the Pulse Mode. However, offset compensated ohms is available as a math
function (Section 8, “ Math operations”).

The presence of thermal EMFs (Vgyr) can adversely affect low-resistance measurement
accuracy. To overcome these unwanted offset voltages, use the offset-compensated ohms
measurement method.

In general, this method measures resistance (V/I) at a specific source level and then sub-
tracts a resistance measurement made with the source set to zero. With the source set to
zero, the source level is Vgy Thus, the resistance contributed by the presence of Vi is
eliminated.

This two-point measurement method is mathematically expressed as:
Offset-Compensated Q = AV / Al where AV =V2 —-V1 and Al =12 —1I1.

V1 is the voltage measurement with the source set to a specific level.
V2 is the voltage measurement with the source set to zero.

I1 is the current measurement with the source set to a specific level.
12 is the current measurement with the source set to zero.

For auto ohms, the SourceMeter will select the appropriate current source level and
voltage measurement range. For manual ohms, first select the appropriate source (V or I)
value while the output is off. When the source is turned on, the output will cycle between
the programmed value and zero (OA or OV) to derive the offset-compensated ohms
measurement.

NOTE Manual offset-compensated ohmsis also available as a math (FCTN) operation.
This math function allows you to specify both source values. For details, see
Section 8, * Offset-compensated ohms!”

Enabling/disabling offset-compensated ohms

Offset-compensated ohms is enabled or disabled from the OFFSET COMPENSATION
option of the CONFIG OHMS menu as follows:
1. Press CONFIG and then Q to display the ohms configuration menu.
Place the cursor on OFFSET COMPENSATION, and press ENTER.

3. Place the cursor over ON (to enable compensation) or OFF (to disable compensa-
tion), and press ENTER.

4. Use the EXIT key to exit the menu structure.



4-10 Ohms Measurements 2400 Series SourceMeter® User’s Manual

Offset-compensated ohms procedure

NOTE Thefollowing procedure assumes that the desired ohms measurement method
(auto or manual) is already selected and the SourceMeter is connected to the
DUT asexplained in Section 2. Refer to “ Selecting ohms measurement method”
to check or change the measurement method.

1. Turn the output off and select the 2 measurement function.

2. Enable offset compensation as previously explained (“Enabling/disabling offset-
compensated ohms,” page 4-9).

NOTE If using the auto ohms measurement method, go to step 5.

3. For manual ohms measurements, configure the desired source (V or I) to output the
appropriate source level. Set compliance and select a measurement range (or use
AUTO range). See steps 1, 2, and 3 of Section 3, “Basic source-measure proce-
dure,” for details.

4. Turn the output on, and observe the offset-compensated ohms reading on the dis-
play. Note that the source alternates between the programmed output value and
zero but only one reading is displayed for each two-source cycle.

NOTE When the output is turned off, the displayed source value may be zero (OV or
OA). It will usually be the previously programmed value in Manual Ohms mode.
However, the programmed source value is remembered and used when the out-
put is turned back on. If a new source value is programmed, the SourceMeter
uses the new source value when the output is turned back on. The source value
cannot be changed while the output is on. If a global setup or source memory
location is saved, the previously programmed source value will always be
stored.

5.  When finished, turn the output off, and disable offset-compensated ohms.
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Ohms source readback

NOTE For the Model 2430 Pulse Mode, ohms source readback cannot be enabled.

With ohms source readback enabled, the instrument measures the actual source value
instead of the programmed value used for ohms measurements and then uses that mea-
sured value for reading calculations. Normally, ohms source readback should be left
enabled for optimum ohms measurement accuracy because SourceMeter measurement
accuracy is better than source programming accuracy. (See specifications in Appendix A.)
However, disabling source readback will allow you to make valid ohms measurements
with the source in compliance. See Section 6, “Source I measure I and source V measure
V,” for more details.

Ohms source readback selection

Use the following procedure to enable or disable ohms source readback:

Press CONFIG then Q.

Select SRC RDBK, then press ENTER.

Select DISABLE or ENABLE as desired, then press ENTER.
Press EXIT to return to normal display.

Db =

NOTE Readingsin the compliance field will be invalid with source readback disabled.

6-wire ohms measurements

The 6-wire ohms measurement configuration allows you to make accurate resistance mea-
surements on resistor networks and hybrid devices in cases where internal resistance con-
nection nodes are not accessible. The combination of 4-wire Kelvin connections and
guarded ohms features eliminates the effects of internal parallel resistances that could
degrade measurement accuracy and reduce measurement speed. The basic procedure for
setting up the SourceMeter for 6-wire ohms measurements is covered below.

NOTE SeeFigure 2-5C for 6-wire ohms connections. See also Section 2, “ Ohms
guard,” and Section 6, “ Guard.”

Press CONFIG then Q to display the CONFIG OHMS menu.

Select SENSE MODE, then press ENTER.

Select 4-WIRE, then press ENTER.

From the CONFIG OHMS menu, select GUARD, then press ENTER.
Select OHMS, then press ENTER.

M S
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Press EXIT to return to normal display.

Press MEAS then Q to select the ohms measurement function.

Select the appropriate measurement range, or use autoranging if desired.
Turn on the output by pressing the ON/OFF OUTPUT key.

10. Take readings from the display.
11.  Turn the output off when done by pressing the ON/OFF OUTPUT key.

Remote ohms programming

The following paragraphs summarize those basic commands necessary for remote ohms
programming and also give a programming example for a typical ohms measurement

situation.

Remote ohms commands

Table 4-2 summarizes the remote commands for making basic ohms measurements. See
Section 18 for more details on these commands.

Table 4-2

Remote commands for basic ohms measurements

Command

Description

:SENSe:FUNCtion “RESistance”
:SENSe:RESistance:RANGe <n>
:SENSe:RESistance: MODE <name>
:SENSe:RESistance:OCOMpensated <state>
:SENSe:VOLTage:PROTection <n>
:SENSe:CURRent:PROTection <n>
:SOURCce:FUNCtion <name>
:SYSTem:RSENse <state>

:OUTPut <state>

:READ?

Select ohms function.

Select ohms range (n = range).

Select ohms mode (name = MANual or AUTO).
Enable/disable offset compensation (state = ON or OFF).
Set voltage compliance n for manual ohms.

Set current compliance n for manual ohms.

Select source function (name = VOLTage or CURRent).
2-wire/4-wire sensing (state = ON, 4-wire; OFF, 2-wire).
Turn output on or off (state = ON or OFF).

Trigger and acquire reading.
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Ohms programming example

Table 4-3 summarizes the command sequence for a typical auto ohms measurement.
These commands set up the SourceMeter as follows:

* Ohms mode and range: auto, 20k
« Offset compensation: off
* Sense mode: 4-wire

Table 4-3
Auto ohms programming example
Step Action Command Description
*RST Restore GPIB defaults.
1 Select function FUNC “RES” Select ohms measurement function.
2 Select ohms mode |RES:MODE AUTO | Auto ohms mode.
3 |Select range RES:RANG 20E3 Select 20k€2 range.

:SYST:RSEN ON | Enable 4-wire sensing.
:FORM:ELEM RES | Resistance reading.

4 | Output on :OUTP ON Turn on output.
5 | Getreading :READ? Trigger and acquire reading.
6 | Output off :OUTP OFF Turn off output.

* Numbers correspond to steps in “Auto ohms measurements,” procedure, page 4-4.
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5
Pulse Mode Operation

(Model 2430 only)

Overview — Provides a summary of Pulse Mode operation.

Pulse characteristics — Describes the timing characteristics that make up the
pulse width and output off-time of the pulse period. Explains how to achieve the
fastest pulse output.

Pulse energy limitations (10A range) — Covers pulse energy consumption limi-
tations for the 10A (source or measure) range.

Pulse Mode configuration — Explains how to select and configure the fundamen-
tal aspects of Pulse Mode operation.

Basic Pulse Mode operation — Provides the basic front panel procedure for
pulse-measure operation and explains how to perform pulse-ohms measurements.
Lists the fundamental commands for remote operation, and includes a program-
ming example.

Pulse-measure considerations — Explains the operational differences between
normal (DC Mode) and Pulse Mode operation.
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Overview

NOTE ThePulse Modeisonly available for the Model 2430. The documentation in this
section does not apply to the Models 2400, 2410, 2425, and 2440.

While in the Pulse Mode, the Model 2430 can output one or more pulses. A pulse is
formed by turning the output on for a period of time, and then turning the output off (OV or
0A). A single pulse period is shown in Figure 5-1.

The Model 2430 can output current pulses up to 10.5A at 105V or voltage pulses up to
105V at 10.5A. Pulse output polarity can be positive or negative. While in the fixed source
mode, the output will alternate between the set pulse level and zero (OV or OA). When per-
forming a sweep, the output will alternate between each sweep step/point and zero. See
Section 10 for details on sweep operation.

A pulse reading is only performed while the output is on. When the output is off (OV or
0A), a reading is not performed. For remote operation, the pulse reading can be disabled.

Auto and manual ohms measurements can be performed while in the Pulse Mode. Also,
offset-compensated ohms is available as a math function (FCTN). However, ohms source
readback cannot be enabled in Pulse Mode.

Figure 5-1
Pulse period

— «—  Pulse Width
(Output On-Time)

<— Output Off-Time —>
0V or OA —_—

[«<— Pulse Period —>|
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Pulse characteristics

NOTE For the purpose of discussion, positive polarity pulses are shown in the follow-
ing illustrations. Keep in mind that the Model 2430 can output negative pul ses.

As shown in Figure 5-1, a pulse period consists of an output on-time (pulse width) and an
output off-time. Depending on how the SourceMeter is configured, the pulse width can be
as short as 150psec or as long as Smsec. The output off-time can be as short as 1.1msec or
as long as ~10,000sec.

Figure 5-2 shows the components that make up the pulse width and the output off-time.
NOTE Seethe Model 2430 specifications in Appendix A for pulse rise and fall times.

Figure 5-2
Pulse-measure timing

|<— Delay I 80us I Ms?gs —>|

Pulse Width > T
(—(Output On-Time) Output Off-Time ———— >
0V or 0OA —
Meas
|<— 2.9ms —>|<— Ref & —>|<— PD —>|
Zero

Delay = Pulse width delay
80us = Minimum pulse width overhead
Meas Sig = Signal measurement

2.9ms = Minimum output off-time overhead
Meas Ref & Zero = Reference and zero measurement
PD = Pulse delay setting
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Pulse width

The pulse width can be set from 0.15msec to 5.00msec. However, depending on how the
SourceMeter is configured, the pulse width setting may not be achievable. For example, if
it takes 1.667msec to perform the signal measurement, the minimum pulse width that can
be achieved is 1.75msec (1.667msec signal measurement plus 80usec overhead). There-
fore, if the pulse width setting is shorter than what is achievable, the setting is ignored.

The maximum pulse width for the 10A range (source or measure) is 2.5msec. If the setting
is >2.5msec, the SourceMeter will limit the pulse width to 2.5msec.

Signal measurement

A pulse reading consists of three measurement conversions. The signal (pulse) is mea-
sured, a precise internal reference is measured, and finally, zero (common) is measured.
The reading is calculated from these measurements.

As shown in Figure 5-2, the signal measurement (Meas Sig) is a component of the pulse
width, while the reference and zero measurements (Meas Ref & Zero) are components of
the off-time. The measurement process is split up this way to allow the shortest possible
pulse width. The time to perform the signal measurement depends on the speed setting
(NPLC) of the SourceMeter and the power line frequency:

Meas Sig = NPLC / Line Frequency

Where: Meas Sig is the time it takes to measure the signal.
NPLC is the present speed setting (0.004 to 0.100 PLC).
Line Frequency is the frequency of the power line (50 or 60 Hz).

NOTE For front panel operation, the menu to set speed is displayed by pressing the
SPEED key. For remote operation, speed is set using an : NPLCycles command.
See Section 7, “ Soeed;” for details.

Overhead time

As shown in Figure 5-2, there is some pulse width overhead time that is inherent to the
measurement process. The 80psec is the minimum overhead times that can be achieved. If
the SourceMeter is configured to perform additional operations (e.g., math calculations,
relative, store, sweep), this time will be higher.
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Pulse width delay

When the pulse width setting is greater than the sum of the signal measurement and over-
head times, a delay is used to achieve the desired pulse width. The pulse width delay can
be calculated as follows:

Pulse Width Delay = PW - Sig Meas - 80psec

Where: PW is the pulse width setting
Sig Meas is the signal measurement time
80psec is the minimum pulse width overhead time

For example, assume the pulse width setting is 1msec, and the signal measurement time is
167psec. For the 80psec overhead time, the pulse width delay is 753psec:

Pulse Width Delay = Imsec - 167psec - 80usec = 753psec

NOTE If theresult of the pulse width delay calculation is a negative number, pulse
width delay is set to Osec. A negative number indicates that the pulse width set-
ting istoo short (not achievable).

If the result of the pulse width delay calculation is a negative number, the mini-
mum delay that can be set is 60psec. For example, if the result of the delay cal-
culation is 33usec, the delay will be set to 60usec. Resolution for setting pulse
width delay is 10usec.

Output off-time

Reference and zero measurements

As previously explained in “Pulse width,” “ Signal measurement,” the reference and zero
measurements for a pulse reading are performed during the output off-time of the pulse
period (Figure 5-2). The time to perform these two measurements depends on the speed
setting (NPLC) of the SourceMeter and the power line frequency:

Meas Ref & Zero = 2 x NPLC / Line Frequency

Where: Meas Ref & Zero is the time it takes to measure the reference and zero.
NPLC is the present speed setting (0.01 to 0.1 PLC).
Line Frequency is the frequency of the power line (50 or 60 Hz).

Overhead time

As shown in Figure 5-2, there is some overhead time that is inherent to the source-measure
process. The 2.9msec is the minimum overhead time that can be achieved during the out-
put off-time. If the SourceMeter is configured to perform additional operations (e.g., math
calculations, relative, store, sweep), this time will be higher.



5-6 Pulse Mode Operation (Model 2430 only) 2400 Series SourceMeter® User’s Manual

Pulse delay
The pulse delay (PD) is set by the user. It can be set from 0 to 9999.999sec.

Pulse duty cycle

Duty Cycle is the percentage of time during the pulse period that the output is on. It is cal-
culated as follows:

Duty Cycle = Pulse Width / (Pulse Width + Off-time)

For example, if the pulse width is Imsec and the off-time is 9msec, the duty cycle is calcu-
lated as follows:

Duty Cycle = Imsec / (Imsec + 9msec)
= Imsec / 10msec
=0.10
=10%

Based on the possible output on/off times that can be configured, the pulse duty cycle can
range from <1% to 83.5%.

Fast pulse output

The fastest pulses are achieved by configuring the SourceMeter for the shortest pulse
width and shortest output off-time. This is accomplished by setting the measurement
speed to 0.004 PLC, setting the pulse delay to Osec, and making sure that no other opera-
tions (i.e., relative, math calculations, store, sweep) are being performed.

The shortest pulse width for normal pulse measure-operation is 150ps (70ps for signal
measurement plus 80ps for overhead). The shortest output-off time is 3.04msec (140psec
for reference and zero measurements plus 2.9msec for overhead).

Faster pulse speed can be accomplished by disabling auto zero (signal measurement only).
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Auto zero

The output off-time can be reduced by disabling auto zero. With auto zero disabled, only
the signal is measured. As shown in Figure 5-3, the reference and zero measurements
(which normally are part of the off-time) are not performed. Also note that the minimum
overhead time that occurs during the off-time is reduced to 1.4msec. Therefore, with pulse
delay set to Osec, the output off-time can be as short as 1.4msec.

Figure 5-3
Pulse-measure timing (auto zero off)

|<— Delay —>|<— 80us 'V‘S?gs —>|

Pulse Width )
< (Output On-Time) > Output Off-Time >

|<— 1.4ms I‘ PD I

0V or 0A —

Delay = Pulse width delay
80us = Minimum pulse width overhead
Meas Sig = Signal measurement

1.4ms = Minimum output off-time overhead
PD = Pulse delay setting

With auto zero disabled, zero drift will eventually corrupt the accuracy of the pulse mea-
surement. To re-establish an accurate pulse measurement, enable auto zero or change the
speed setting.

NOTE Fromthefront panel, auto zero is controlled from the A/D CONTROLSitem of
the Main Menu. For remote operation, the : SYSTem: AZERo command controls
auto zero. See “ Auto output-off,” page 5-19, for details.
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Pulse-only

The fastest pulses are achieved by disabling measurements altogether. With the signal not
measured, as shown in Figure 5-4, the pulse width can be as short as the 150psec over-
head. With reference and zero not measured, the output off-time can be as short as the
1.1msec overhead.

NOTE Measurements cannot be disabled from the front panel. For remote operation,
measurements can be disabled by sending the [ SENSe] : FUNCtion: OFF: ALL
command. See Section 18 for details.

Figure 5-4
Pulse-only timing

I‘ Delay I 150us —)|

Pulse Width
(Output On-Time)

> Output Off-Time———>

0V or OA —-

< 1.1Tms ‘I PD I

Delay = Pulse width delay
150us = Minimum pulse width overhead

1.7ms = Minimum output off-time overhead
PD = Pulse delay setting

Pulse jitter

Pulse jitter is defined as the variance in the configured pulse on and off times. The amount
of jitter that can occur depends on how the SourceMeter is set up. For the least amount of
jitter (<Susec for pulse on-time), turn off the display. See Section 1, “Disabling front panel
display.” With the display on, pulse on-time jitter depends on the pulse width. For pulses
<Imsec wide, on-time jitter can be up to 20usec. For pulses >1msec wide, on-time jitter is
5—40usec.

Jitter for pulse off-time can be as high as 1msec, depending on the integration rate, auto
zero, and on-time. In general, the higher the off-time, the higher the jitter.
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Pulse energy limitations (10A range)

Energy for pulses are provided by an internal bank of capacitors. Each pulse consumes
energy from the capacitors. After a pulse is generated, the capacitors begin to recharge.
The next pulse will occur at the configured time as long as the capacitors have had enough
time to recharge. If the capacitors are not charged enough to provide the pulse, the instru-
ment will wait until the necessary charge energy is available.

Charge energy consumption by a pulse depends on the pulse current and pulse width, and
is expressed as follows:

Q=1Ixt

Where: Q is the charge energy consumed by the pulse
1 is the pulse current
t is the output on-time (pulse width)

From the above equation, high current and/or long output on-time results in high energy
consumption, and therefore, longer charge time for the capacitors.

On all but the 10A range (source or measure), charge energy consumption is low enough
to allow the capacitors to recharge before the next pulse is due. This fast recharge process
allows the configured pulse period to be consistent (jitter free).

On the 10A range (source or measure), the configured pulse period will be consistent as
long as the pulse duty cycle is 8% or less. Above 8%, the capacitors will not be able to
recharge sufficiently before the next pulse is due. As a result, the pulse period becomes
longer (due to additional charge time between pulses) and more inconsistent (jitter).

To achieve a consistent pulse period on the 10A range, set a pulse off-time that will pro-
vide a duty cycle that does not exceed 8%. For example, if the pulse width is 2msec, the
required off-time is calculated as follows:

Pulse Off-time = (Pulse Width / Duty Cycle) - Pulse Width
= (2msec / 8%) - 2msec
= 25msec - 2msec
=23msec

If a consistent pulse period is not required for your test, the 10A range allows you to out-
put fast, high energy (>8% duty cycle) pulses. With the pulse delay set to Osec, each subse-
quent pulse will output as soon as the capacitors become sufficiently charged.
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Pulse Mode configuration

Front panel Pulse Mode configuration

Select Pulse Mode, and set pulse width and pulse delay

1. Press CONFIG then SOURCEV or L.
2. Select SHAPE from the displayed choices, then press ENTER.

3. Select PULSE from the displayed choices, then press ENTER. Selecting the Pulse
Mode enables the pulse width and pulse delay items of the menu.

4. Select PULSE WIDTH from the displayed choices, then press ENTER.

5. Enter the desired pulsewidth value (0.15ms to 5.00ms), then press ENTER. Note
that the pulse width internally will limit to 2.5ms on the 10A range (source or
measure).

6. Select DELAY from the displayed choices, then press ENTER.
7. Enter the desired pulse delay value (0 to 9999.99872 sec), then press ENTER.
8. Press EXIT to return to the normal display.

Set pulse measurement speed

Once the Pulse Mode is selected, the available NPLC values become accessible to set
pulse measurement speed.

1. Press SPEED to display the pulse speed menu.
2. Select the speed setting (0.004 to 0.100) and press ENTER.

Set pulse count

The arm count and trigger count determine how many pulses will be sourced. In general,
the number of pulses to be sourced is the product of the arm count and trigger count. For
example, if the arm count is two and the trigger count is five, ten pulses will be sourced
when the output is turned on. However, with the arm count set to infinite, the Model 2430
will continuously source pulses when the output is turned on. Note that the product of
finite value counts cannot exceed 2500. See Section 11, “Trigger models,” for details.

Perform the following steps to set the arm count:

1. Press CONFIG and then TRIG to display the trigger configuration menu.
2. Select ARM LAYER from the displayed choices and press ENTER.
3. Select COUNT from the displayed choices and press ENTER.
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For continuous pulse output, select INFINITE, press ENTER and proceed to

step 6. Otherwise, select FINITE, press ENTER and proceed to the next step to set
the arm count.

Enter the desired arm count value and press ENTER.

Use the EXIT key to back out of the menu.

Perform the following steps to set the trigger count:

wok v =

Press CONFIG and then TRIG to display the trigger configuration menu.
Select TRIG LAYER from the displayed choices and press ENTER.
Select COUNT from the displayed choices and press ENTER.

Enter the desired trigger count value and press ENTER.

Use the EXIT key to back out of the menu.

Disable/enable auto zero

Pulse speed can be increased by disabling auto zero. However, zero drift will eventually
corrupt the accuracy of the pulse measurement. To re-establish an accurate pulse measure-
ment, enable auto zero or change the speed setting.

M

Press MENU to display the main menu.

Select A/D CTRL from the displayed choices and press ENTER.
Select AUTO ZERO from the displayed choices and press ENTER.
Select DISABLE or ENABLE and press ENTER.

Use the EXIT key to back out of the menu.

Remote command Pulse Mode configuration

For remote operation, the commands to select and configure the Pulse Mode are provided
in Table 5-1.
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Basic Pulse Mode operation

NOTE Thefollowing procedure assumes that the Model 2430 is already connected to
the DUT as explained in Section 2.

WARNING Hazardous voltages (>30V rms) can appear on the selected INPUT/
OUTPUT LO terminal when performing fast pulse operations. To
eliminate this shock hazard, connect the LO terminal to earth ground.
If using the front panel terminals, ground the front panel LO terminal.
If using the rear panel terminals, ground the rear panel LO terminal.
The ground connection can be made at the chassis ground screw on the
rear panel or to a known safety earth ground.

Front panel pulse-measure procedure

NOTE Thefollowing procedure assumes that you are already familiar with Section 3,
“ Basic source-measure procedure!”

Step 1: Select Pulse Mode, and set pulse width and pulse delay.

Press CONFIG SOURCE V or I to display source/pulse configuration menu. From the
SHAPE menu item, select PULSE and press ENTER. Pulse width and pulse delay can
then be set from the PULSE WIDTH and DELAY items of the menu. When finished, press
EXIT to return to the normal display. For details, see “Pulse Mode configuration,”

page 5-10.

NOTE The source field on the display will read Vpls or Iplsto indicate that the Pulse
Mode is selected.

Step 2: Set pulse measurement speed.

Available speed settings (0.004 to 0.100 PLC) are displayed by pressing SPEED. Select
the desired speed and press ENTER.

Step 3: Set pulse count.

Arm count and trigger count determine how many pulses will be sourced. For finite count
values, the pulse count is the product of the arm count and trigger count. With the arm
count set to infinite, the Model 2430 will continuously output pulses.

Arm and trigger counts are set from the trigger configuration menu which is displayed by
pressing CONFIG and then TRIG. Arm count is set from the ARM LAYER menu item and
trigger count is set from the TRIG LAYER menu item. See “Front panel Pulse Mode con-
figuration”, and ““Set pulse count,” page 5-10, for details.
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Step 4: Select source.

Press SOURCE V to source voltage pulses or press SOURCE I to source current pulses.
The presently programmed pulse value (Vpls or Ipls) and compliance level (Cmpl) are
displayed.

Step 5: Set pulse level and compliance limit.

The pulse level is the voltage or current setting of the selected source. A compliance is set
to protect the DUT from damaging currents or voltages. When using the V-Source, a cur-
rent compliance is set. When using the I-Source, a voltage compliance is set. Compliance
defines the maximum absolute output value the Model 2430 can output.

To set the pulse level, press EDIT to select the source field, and key in the desired source
value. To set compliance, press EDIT to select the compliance field, and key in the desired
compliance value.

NOTE Detailson setting source (pulse) and compliance levels are provided in Sep 2 of
Section 3, “ Front panel source-measure procedure.”

Step 6: Select measurement function and range.
Select the desired measurement function by pressing MEAS V or MEAS L.

When measuring the source (i.e., Source V Measure V), you cannot select the range using
the measurement RANGE keys. The selected source range determines the measurement
range.

When not measuring the source (i.e., Source V Measure I), use the manual RANGE keys
to select range (auto range is not valid in the Pulse Mode). For best accuracy, select the
lowest possible range.

NOTE Wth the 100V V-Source range selected, the highest current measurement range
is 10A. With the 10A |-Source range selected, the highest voltage measurement
rangeis 100V.

Measurement rangeis limited by the compliance setting. For example, if voltage
complianceis 1V (2V compliance range), the highest voltage measurement
range that can be selected is 2V.
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Step 7: Turn output on.

Turn the output on by pressing the TRIG key or the ON/OFF OUTPUT key. The OUTPUT
indicator will be on whenever a pulse is being sourced. During each pulse off-time, the
output will be off (indicator off).

If configured to output a finite number of pulses, the output will disable after the last pulse
is sourced. While sourcing pulses, you can disable the output at any time by pressing the
ON/OFF OUTPUT key.

Pulse-ohms measurements

NOTE Ohms source readback cannot be used for the Pulse Mode. Make sure that the
source is hot in compliance when taking pul se-ohms readings. Section 4 covers
“ Ohms source readback!”

Auto and Manual pulse-ohms measurements

While in the Pulse Mode, the Model 2430 can perform auto or manual ohms measure-
ments. After selecting and configuring the Pulse Mode as explained in this section, per-
form the “Auto ohms measurements” procedure or the “Manual ohms measurements”
procedure in Section 4.

For remote operation, see Section 4, “Remote ohms programming,” for the commands for
basic ohms measurements.

Offset-compensated pulse-ohms measurements

While in the Pulse Mode, offset-compensated ohms is available as a math function
(FCTN). After selecting and configuring the Pulse Mode as explained in this section, refer
to Section 8, “Math operations,” to perform offset-compensated ohms measurements.

For remote operation, see Section 8, “Remote math operations,” for the commands to per-
form offset-compensated ohms.
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Remote command pulse-measure operation

Basic pulse commands

Table 5-1 summarizes the commands to perform pulse-measure operations. See Section 18
for more information on using these commands.

Table 5-1
Basic pulse-measure commands

Command

Description

:SOURce:FUNCtion:SHAPe PULSe
:SOURCce:PULSe:WIDth <n>
:SOURCce:PULSe:DELay <n>
:SOURce:FUNCtion <name>
:SOURce:CURRent:MODE FIXed
:SOURCce:VOLTage:MODE FIXed
:SOURce:CURRent:RANGe <n>
:SOURce:VOLTage:RANGe <n>
:SOURce:CURRent:LE Vel <n>
:SOURCce:VOLTage:LE Vel <n>

:SENSe:FUNCtion <function>
:SENSe:FUNCtion:OFF:ALL
:SENSe:CURRent:NPLC <n>
:SENSe:VOLTage:NPLC <n>
:SENSe:CURRent:PROTection <n>
:SENSe:VOLTage:PROTection <n>
:SENSe:CURRent:RANGe <n>
:SENSe:VOLTage:RANGe <n>

:ARM:COUNt <n>
‘TRIGger:COUNt <n>

:READ?

:INITiate
:ABORt

Select Pulse Mode of operation.

Set pulse width in sec (n = 0.00015 to 0.0050).

Set pulse delay in sec (n = 0 to 9999.999).

Select source function (name = VOLTage or CURRent).
Select fixed sourcing mode for I-source.

Select fixed sourcing mode for V-source.

Select I-source range (n = range).

Select V-source range (n = range).

Set I-source amplitude (n = amplitude in amps).

Set V-source amplitude (n = amplitude in volts).

Select measure function (function = “VOLTage” or “CURRent”).
Disable pulse measurements.

Set pulse measurement speed (n = 0.004 to 0.100).

Set pulse measurement speed (n = 0.004 to 0.100).

Set current compliance (n = compliance).

Set voltage compliance (n = compliance).

Set current measure range (n = range).

Set voltage measure range (n = range).

Set arm count (n = 1 to 2500 or INFinite).
Set trigger count (n = 1 to 2500).

Start (trigger) pulse output process and acquire pulse readings.

Start pulse output process (pulse readings not acquired).
Stop pulse output process.

Ignored settings and invalid commands

When in the Pulse Mode, there are SCPI commands whose settings are ignored, or are
invalid causing error +831 (Invalid in Pulse Mode). The affected commands are covered in
“Pulse-measure considerations,” page 5-16.
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Pulse-measure programming example
Table 5-2 summarizes the command sequence to output and measure pulses. Note that the
steps correspond to those listed in the “Front panel pulse-measure procedure,” page 5-12.
Table 5-2
Basic pulse programming example
Step1 Action Commands®? Comments
*RST Restore GPIB defaults.
1 Select Pulse Mode, and set pulse :SOUR:FUNC:SHAP PULS | Select Pulse Mode.
width and pulse delay. :SOUR:PULS:WIDT 0.002 Set pulse width to 2msec.
:SOUR:PULS:DEL 0.003 Set pulse delay to 3msec.
2 | Set pulse measurement speed. :SENS:VOLT:NPLC 0.08 Set speed to 0.08 PLC.
3 | Set pulse count. :TRIG:COUN 25 Set to output 25 pulses.
4 | Select source. :SOUR:FUNC VOLT Select V-Source.
:SOUR:VOLT:MODE FIXED | Fixed voltage source mode.
5 | Set source range, level, compliance. | :SOUR:VOLT:RANG 20 Select 20V source range.
:SOUR:VOLT:LEV 10 Source output = 10V.
:SENS:CURR:PROT 10E-3 10mA compliance.
6 Set measure function, range. :SENS:FUNC “CURR” Current measure function.
:SENS:CURR:RANG 10E-3 | 10mA measure range.
7 | Turn on output and read data. :READ? Output 25 pulses, acquire

25 pulse readings.

1. Steps correspond to front panel steps in “Front panel pulse-measure procedure,” page 5-12.
2. Commands must be sent in order given.
3. Instrument must be addressed to talk after :READ? to acquire data.

Pulse-measure considerations

Measurement speed

Measurement speed for the Pulse Mode can be set from 0.004 to 0.100 PLC. If the speed
setting while in the DC Mode is >0.10 PLC, it will change to 0.004 when the Pulse Mode
is selected. If the speed setting is <0.10 PLC, that setting will be retained when the Pulse
Mode is selected. If the Pulse Mode speed setting is <0.01, it will change to 0.01 when the

DC Mode is selected.

For remote operation, the parameter value for the [:SENSe] ... :NPLC <b> commands is
limited to 0.10. Details are provided in Section 7, “Speed.”
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Filter

Filtering cannot be used while the Model 2430 is in the Pulse Mode. You can configure the
filter, but you cannot enable it. Pressing the FILTER key displays the “Invalid in Pulse
Mode!” message. For remote operation, the [:SENSe]:AVERage[:STATe] <b> command
(which is used to enable the filter) causes error +831: Invalid in Pulse Mode.

Auto range

Measurement auto range cannot be used (enabled) while in the Pulse Mode. Pressing the
AUTO range key displays the “Invalid in Pulse Mode!” message. For remote operation,
the [:SENSe] ... :RANGe:AUTO <b> commands (which are used to enable/disable auto
range) cause error +831: Invalid in Pulse Mode.

Concurrent measurements

For remote operation, more than one function can be measured simultaneously while

in the DC Mode. However, in the Pulse Mode, only one function can be measured for
each pulse. The [:SENSe]:FUNCtion:CONCurrent <b> command (which enables/
disables concurrent measurements) causes error +831: Invalid in Pulse Mode. The
[:SENSe]:FUNCtion[:ON]:ALL command will select the ohms function. See Section 18,
“SENSel subsystem” - “ Select measurement functions,” for details on concurrent
measurements.

Ohms source readback

For DC Mode operation, ohms source readback can be enabled. The instrument measures
the actual source value for ohms measurement and then uses that measured value for the
reading calculation. For the Pulse Mode, ohms source readback cannot be enabled.
Section 4 covers “Ohms source readback.”

NOTE Make sure that the source is not in compliance when taking pulse-ohms
readings.

Toggle key

For the DC Mode, the TOGGLE key manipulates display readings while the output is on.
For the Pulse Mode, the output is only on for very short periods of time (pulse width).
Therefore, the TOGGLE key is disabled in the Pulse Mode.
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Offset-compensated ohms

From the front panel there are two methods to perform offset-compensated ohms measure-
ments. For one method, which is enabled from the CONFIG OHMS menu, the 2-point
measurement process is performed at a user-set source level, and at OV or OA. This
method is not available while in the Pulse Mode. The other method, which is a math func-
tion (FCTN), the user sets both source levels for the 2-point measurement process. This
method is valid in the Pulse Mode. See Section 8, “Math operations,” for details.

For remote operation, offset-compensated ohms, as a math function (: CALCulatel sub-
system), can be performed in the Pulse Mode. From the :SENSe subsystem, offset-
compensated ohms cannot be performed. The [:SENSe]:RESistance:OCOMpensated <b>
command (which enables/disables offset-compensated ohms) causes error +831: Invalid in
Pulse Mode.

Source delay

In the DC Mode, the source delay is a delay that occurs between the source and measure
operations. The delay period can be manually set or auto delay can be used. With auto
delay, the delay is automatically set according to function and range. See Section 3,
“Operation considerations,” and “Source delay,” for details.

For the Pulse Mode, source delay is not used. For front panel operation, the menu items to
set source DELAY and select AUTO DELAY are replaced by menu items to set pulse
DELAY and PULSE WIDTH when the Pulse Mode is selected. Therefore, you cannot set
source delay while in the Pulse Mode.

For remote operation, you can set the source delay, however the setting will be ignored in
the Pulse Mode. The ignored commands for source delay include :SOURce:DELay <n>
and :SOURce:DELay:AUTO <b>.

Trigger delay

In the DC Mode, the trigger delay is a user set delay that occurs between the trigger and
pulse operations. In the Pulse Mode, trigger delay is not used. You can set the trigger delay
while in the Pulse Mode, but it will not be used until you go back into the DC Mode. See
Section 11 for details on triggering. For remote operation, the delay set by
‘TRIGger:DELay <n> is ignored in the Pulse Mode.
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Input triggers

In the DC Mode, you can enable the source, delay and/or measure input event detectors.
See Section 11 for details on triggering.

In the Pulse Mode, only the source detector is used. You can enable the delay and measure
detectors, but they will be ignored. For remote operation, the :TRIGger:INPut <event list>
command is used to enable or disable the source input event detector. To enable the source
detector, use the SOURCce parameter. To disable the detector, use the NONE parameter.

Output triggers

In the DC Mode, you can configure the SourceMeter to output a trigger after the source,
delay and/or measure operation. See Section 11 for details on triggering.

In the Pulse Mode, an output trigger can only occur after the measurement. You can set the
Model 2430 to output a trigger after the source and/or delay operations, but they will not

occur in Pulse Mode. For remote operation, the :TRIGger:OUTPut <event list> command
is used to control the output trigger. To enable the output trigger, use the SENSe parame-

ter. To disable the output trigger, use the NONE parameter.

Auto output-off

For the DC Mode, with auto output-off enabled, the output will turn on at the beginning of
each SDM cycle and turn off after each measurement is completed. See Section 13,
“Output-off states,” for details on auto output-off.

While in the Pulse Mode, auto output-off is always enabled. For remote operation, you can
send the :SOURce:CLEar: AUTO OFF command to disable auto output-off, but it will be
ignored.

Output-off state

In the Pulse Mode, the normal output-off is used. You cannot select one of the other modes
while in Pulse Mode. For remote operation, the :OUTPut[1]:SMODe <name> command
(which is used to select the output-off state), causes error +831: Invalid in Pulse Mode.
See Section 13, “Output-off states,” for details.
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Turning source on

For remote Pulse Mode operation, an :INITiate command is used to start the pulse output
process. The :READ? command will send :INITiate to start the pulse process, and it will
also acquire the pulse readings. The :INITiate command by itself will start the pulse pro-
cess, but it will not acquire any pulse readings. (If you use :INITiate to start the pulse pro-
cess, you should then use :FETCh? to acquire readings.) The pulse process can be stopped
at any time by sending the :ABORt command.

Sending :OUTPut[1][:STATe] ON will also send :INITiate to start the pulse process. Note
however, that you cannot use :OUTPut[1][:STATe] OFF to abort the pulse output process.

SCPI signal oriented measurement commands

The :CONFigure:<function> and :MEASure[:<function>]? commands are invalid and
cause error +831: Invalid in Pulse Mode. These commands are documented in Section 17.



Source-Measure Concepts

» Compliance limit — Discusses compliance limit including real and range compli-
ances, maximum compliance values, and how to determine compliance limit.

« Overheating protection — Provides information on preventing SourceMeter over-
heating, including power equations.

* Source-delay-measure cycle — Describes the various phases of the source-delay-
measure cycle as well as sweep waveforms.

» Operating boundaries — Covers voltage and current operating boundaries for
source and sink operation, I-source and V-source, and source-measure modes.

» Basic circuit configurations — Covers basic circuit configurations for source I,
source V, and measure only operating modes.

* Guard — Covers cable guard, ohms guard, and guard sense.

« Data flow — Describes measurement readings, math, rel, and limits operation, and
how data is stored in the buffer.
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Compliance limit

When sourcing voltage, the SourceMeter can be set to limit current. Conversely, when
sourcing current, the SourceMeter can be set to limit voltage. The SourceMeter output will
not exceed the compliance limit.

2400 — Current limit can be set from 1nA to 1.05A, and the voltage limit can be set from
200pV to 210V.

2410 — Current limit can be set from 1nA to 1.05A, and the voltage limit can be set from
200pV to 1.1kV.

2420 — Current limit can be set from 10nA to 3.15A, and the voltage limit can be set from
200pV to 63V.

2425 and 2430 DC Mode — Current limit can be set from 10nA to 3.15A, and the voltage
limit can be set from 200pV to 105V.

2430 Pulse Mode — Current limit can be set from 10nA to 10.5A, and the voltage limit
can be set from 200pV to 105V.

2440 — Current limit can be set from 10nA to 5.25A, and the voltage limit can be set from
200pV to 42V.

NOTE For thefollowing discussion, “ measurement range” refersto the measurement
function that is the opposite of the source function. When sourcing voltage, the
current measurement range is the point of discussion. Conversely, when sourc-
ing current, the voltage measurement range is the point of discussion.

Types of compliance

There are two types of compliance: “real” and “range.” Depending upon which value is
lower, the output will clamp at either the displayed compliance setting (real compliance)
or at the maximum possible compliance value for the fixed measurement range (range
compliance). This clamping action effectively limits the power that can be delivered to the
device. When the SourceMeter is acting as a current source, the voltage is clamped at the
compliance value; conversely, the current is clamped at the compliance value when the
SourceMeter is acting as a voltage source. Note that range compliance cannot occur if the
AUTO measurement range is selected. Thus, to avoid range compliance, use AUTO range.

NOTE For the Model 2430, AUTO rangeis not valid in the Pulse Mode.

When in real compliance, the source clamps at the displayed compliance value. For exam-
ple, if the compliance voltage is set to 1V and the measurement range is 2V, output voltage
will clamp at 1V. In this case, the “CMPL” annunciator will flash.

When in range compliance, the source output clamps at the maximum compliance value
for the fixed measurement range (not the compliance value). For example, if compliance is
set to 1V and the measurement range is 200mV, output voltage will clamp at 210mV. In
this situation, the units in the compliance display field will flash. For example, with the
following display: Vempl: 10mA, the “mA” units indication will flash.
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Maximum compliance values

The maximum compliance values for the measurement ranges are summarized in Table

6-1.
Table 6-1
Compliance limits
2400 2410 2420
Maximum Maximum Maximum
Measure | compliance | Measure | compliance | Measure | compliance

range value range value range value
200mV +210mV 200mV +210mV 200mV +210mV
2V 2.1V 2V 2.1V 2V 2.1V
20V 21V 20V 21V 20V 21V
200V 210V 1000V +1.1kV 60V 163V
1pA +1.05pA 1pA +1.05pA 10pA +10.5pA
10pA +10.5pA 10pA +10.5pA 100pA +105pA
100pA +105pA 100pA +105pA 1mA +1.05mA
1mA +1.05SmA 1mA +1.05SmA 10mA +10.5mA
10mA +10.5mA 20mA +21mA 100mA +105mA
100mA +105mA 100mA +105mA 1A +1.05A
1A +1.05A 1A +1.05A 3A £3.15A

2425/2430 2440
Maximum Maximum

Measure | compliance | Measure | compliance

range value range value
200mV +210mV 200mV +210mV
2V 2.1V 2V 2.1V
20V 21V 10V +10.5V
100V 105V 40V 42V
10pA £10.5pA 10pA +10.5pA
100pA +105pA 100pA +105pA
1mA £1.05mA 1mA +1.05SmA
10mA £10.5mA 10mA +10.5mA
100mA +105mA 100mA +105mA
1A +1.05A 1A +1.05A
3A/10A * 5A +5.25A

* +3.15A (2425 and 2430 DC mode)

+10.5A (Pulse mode; 2430 only)
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Compliance examples

When the SourceMeter goes into real compliance, the Cmpl label for the compliance dis-
play will flash. When the SourceMeter goes into range compliance, the units label (“mA”)
will flash instead. For the following examples, labels in boldface type indicate that they
are flashing.

Measurement Range: 100mA

Compliance Setting: Cmpl: 075.000 mA Flashing Cmpl indicates that real compliance has
occurred. The output is clamped at 75mA.

Measurement Range: 10pA

Compliance Setting: Cmpl: 075.000 pA  Flashing mA indicates that range compliance has
occurred. The output is clamped at 10.5pA.

Compliance principles

Compliance acts as a clamp. If the output reaches the compliance value, the SourceMeter
will attempt to prevent the output from exceeding that value. This action implies that the
source will switch from a V-source to an I-source (or from an I-source to a V-source) when
in compliance. The clamping value is determined either by a user-defined value (compli-
ance setting) or the measurement range (range compliance) since the unit will not output
more than it is configured to measure.

Passive load compliance example
As an example, assume the following:

SourceMeter: Vgge = 10V; Ioyp, = 10mA
DUT resistance: 1€

With a source voltage of 10V and a DUT resistance of 1€2, the current through the DUT
should be: 10V/1Q = 10A. However, because the compliance is set to 10mA, the current
will not exceed that value, and the voltage across the resistance is limited to 10mV. In
effect, the 10V voltage source is transformed into a 10mA current source with a 10mV
compliance value.

Active load compliance example

A different situation exists when an active load is connected to the SourceMeter. For
example, assume that you wish to discharge a 6V battery to 5V at a 100mA discharge rate.
With this scenario, you would set the voltage source to 5V and the current compliance to
100mA. Under these circumstances the source polarity is reversed, and the SourceMeter
sinks instead of sourcing current. Battery discharging will continue until the battery volt-
age is reduced to the 5V source value.
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NOTE Whenin compliance, the source output may exceed the programmed value in
order to maintain the compliance limit.

Determining compliance limit

The relationships to determine which compliance is in effect are summarized as follows:

» Compliance Setting < Measurement Range = Real Compliance
*  Measurement Range < Compliance Setting = Range Compliance

The compliance that is in effect can be determined by comparing the displayed compli-
ance setting to the present measurement range. Make sure the correct measurement func-
tion is displayed. If sourcing voltage, select the current measurement function. Conversely,
if sourcing current, select the voltage measurement function.

If the compliance setting is lower than the maximum compliance value on the present
fixed measurement range, then the compliance setting is the compliance limit. If the com-
pliance setting is higher than the measurement range, then the maximum compliance value
on that measurement range is the compliance limit.

Table 6-2 provides examples (Model 2400) for determining the actual compliance limit.
For the first three entries in the table, the compliance setting is 150V. On the 200V mea-
surement range, the actual compliance is 150V (compliance setting < measure range = real
compliance). On the 20V and 200mV measurement ranges, compliance is 21V and
210mV, respectively (measure range < compliance setting = range compliance). The same
rules apply for the next three entries for current compliance.

Table 6-2
Compliance examples
Compliance setting Measurement range Actual compliance

Display message |Setting | Display message | Range Value Type
Cmpl: 0.15000kV | 150V -V 200V 150V Real
Cmpl: 0.15000kV | 150V -V 20V 21V Range
Cmpl: 0.15000kV | 150V -—-.---mV 200mV [210mV  |Range
Cmpl: 075.000 mA |75mA ---.-—-mA 100mA |75mA Real
Cmpl: 075.000 mA |75mA --.-—--mA 10mA 10.5mA |Range
Cmpl: 075.000 mA |75mA -.—-—--mA ImA 1.05mA |Range

Over the bus, use the appropriate SCPI commands to determine the measurement range
and the compliance setting. Once those parameters are known, compare them as previ-
ously explained to determine the compliance in effect.
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When sourcing current, use the following commands to acquire the measurement range
and the compliance setting:

VOLTage:RANGe? Query voltage measurement range.
VOLTage:PROTection? Query voltage compliance limit.

When sourcing voltage, use the following commands to acquire the measurement range
and the compliance setting:

CURRent:RANGe? Query current measurement range.

CURRent:PROTection? Query current compliance limit.

Overheating protection

Proper ventilation is required to keep the SourceMeter from overheating. See
“WARNING - CAUTION” located at the beginning of Section 3 for details on maintain-
ing proper ventilation.

The SourceMeter has an over-temperature protection circuit that will turn the output off in
the event that the SourceMeter overheats. If the output trips due to overheating, a message
indicating this condition will be displayed. You will not be able to turn the output back on
until the SourceMeter cools down.

NOTE Modds 2420, 2425, 2430, and 2440 — The cooling fan will run at high speed
whilein the overheated state.

CAUTION Models 2420, 2425, 2430, and 2440 — If, after 90 seconds, the
SourceMeter is still overheated, the “OVER-TEMP FAILURE!!!” mes-
sage may appear. In that event, turn off the SourceMeter immediately
and allow it to cool for 30 minutes.

With the SourceMeter off, check all the cooling vents to make sure they
are not blocked. DO NOT touch the heat sink as it may be hot enough
to cause burns.

After turning the SourceMeter back on, verify that the cooling fan is
running. If the failure message persists, contact Keithley to facilitate
repairs. Leaving the SourceMeter on with the failure message dis-
played may result in damage to the unit.

Overheating conditions

Assuming proper ventilation is maintained, the SourceMeter will not overheat (and subse-
quently turn off the output) when the SourceMeter is operating as a source (not sink) and
the ambient temperature is <30°C.



2400 Series SourceMeter® User’s Manual Source-Measure Concepts 6-7

Above 30°C, for both source and sink operation, the SourceMeter will not overheat if the
high power range(s) is not used. For the Models 2400 and 2410, the high power range is
1A. For the Model 2420, the high power ranges are 20V, 3A and 60V, 1A. For the Model
2425 and Model 2430 DC Mode, the high power ranges are 20V, 3A and 100V, 1A. For
the Model 2440, the high power ranges are 10V, 5A and 40V, 1A.

NOTE See* Operating boundaries” for details on source and sink operation.

Power equations to avoid shutdown

Power equations can be used to determine if the SourceMeter will shut down. For the fol-
lowing power equations:

Ioyr = SourceMeter measured current™ (in amps)
Vour = SourceMeter measured voltage* (in volts)
DC  =Duty cycle** (0 to 1) (i.e. 50% = 0.5)
Tams = Ambient temperature (0° to 50°C)

* For sink operation, Ioyt or Voyr (but not both) must be a negative number. The excep-
tion is lIoyp | which is a magnitude (absolute value).

**If a duty cycle of less than 1 is required for the equations to be true, then the maximum
output on-time must be less than 10 seconds.

Model 2400 SourceMeter

When using the 1A range, you can use the two equations below to determine if the
SourceMeter will overheat. Both of the equations must be true to ensure that the
SourceMeter will not overheat. The result of the first equation must be <150 and the result
of the second equation must be <120.

1A range power equations:
{[(14 X Hoyr 1) - (0.4 X Vour X Ioup)] X 8.5 X DC} + Taymp < 150
and

{[20 + (Ioyp I X 36 X DC)] X 1.6} + Tays <120



6-8 Source-Measure Concepts 2400 Series SourceMeter® User’s Manual

Model 2410 SourceMeter

When using the 1A range, you can use the two equations below to determine if the
SourceMeter will overheat. Both of the equations must be true to ensure that the
SourceMeter will not overheat. The result of the first equation must be <150 and the result
of the second equation must be <120.

1A range power equations:
{[(17 X gyt 1) - (0.4 X Vour X Ioyp)] X 7.1 X DC} 4+ Tyyp <150
and

{[30 + (Ioyp | X 42X DC)] X 1.2} + Tapyg <120

Model 2420 SourceMeter

There are two equations for each of the high power voltage ranges (20V and 60V). Both of
the equations for the selected voltage range must be true to ensure that the SourceMeter
will not overheat. The result of the first equation must be <100, and the result of the sec-
ond equation must be <85.

20V range power equations:

{[33 X Ioyr D) - Vour X Ioup] X 0.7 X DC} + Tapmp < 100
and

{[30 + (Hoyr | x40 x DC)] % 0.35} + Tapp <85

60V range power equations:

{[(76 X Loyt 1) - (Vour X Iour)] X 0.7 X DC} + Tayp < 100
and

{[30 + (Ioyp | X 120 x DC)] %X 0.35} 4+ Tapps <85
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Models 2425 and 2430 SourceMeters

There are two equations for each of the high power ranges (20V, 3A and 100V, 1A). Both
of the equations for the selected voltage range must be true to ensure that the SourceMeter
will not overheat. The result of the first equation must be <100, and the result of the sec-
ond equation must be <85.

NOTE For the lower power ranges, the following equations will always be true.

20V, 3A range power equations:

{[(33 xour 1) - (Vour X Igun)] X 0.7 X DC} + Tyyp < 100
and

{[30 + (Ioyr | x40 x DC)] X 0.35} + Tamp < 85

100V range power equations:

{[(100 X oyt D) - (Vour X Ioum] X 0.7 X DC} + Tamp < 100
and

{130 + (yyp | X 125 x DC)] X 0.35} + Tayp < 85

Model 2440 SourceMeter

There are two equations for each of the high power voltage ranges (10V and 40V). Both of
the equations for the selected voltage range must be true to ensure that the SourceMeter
will not overheat. The result of the first equation must be <100, and the result of the sec-
ond equation must be <85.

10V range power equations:

{[21 X oyt 1) - (Vour X Ioup)] X 0.7 X DC} + Ty < 100
and

{[30 + (Hoyr | X 24 x DC)] % 0.35} + Toms <85

40V range power equations:

{[(58 X Loyt 1) - (Vour X Ioup)] X 0.7 X DC} + Tymp < 100
and

{[30 + (Ioyr | X 120 x DC)] % 0.35} + Ty <85
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Source-delay-measure cycle

In addition to static source and/or measure operation, SourceMeter operation can consist
of a series of source-delay-measure (SDM) cycles (Figure 6-1). During each SDM cycle,
the following occurs:

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

NOTE For the Model 2430 Pulse Mode, source delay is not used. The delays used for
Pulse Mode are covered in Section 5.

See Section 11 for details on how the SDM cycle relates to the trigger model.

Figure 6-1
Source-delay-measure (SDM) cycle
Conversion

f Start of A/D Conversion End of A/D

Source (( ((
Value ( ) 7

Trigger

| — I

’(,Trigger > Delay “' Measure ————

Latency

Auto*
(100us) <_(1 msec)_)l

* |f enabled

Figure 6-2 shows how the SDM cycle fits into the trigger model. (See Section 11 for com-
plete details on the trigger model.) When the source is turned on (triggered), an approxi-
mate 100psec trigger latency occurs before the programmed source level is output. As long
as the source output stays on, trigger latency will not be included in subsequent SDM
cycles. Trigger latency only occurs when the output makes the transition from off to on.
(See the specifications in Appendix A for definitions of trigger latency as well as other
trigger specifications.)

The delay phase of the SDM cycle allows the source to settle before the measurement is
performed. The delay period depends on how the source delay is configured. The source
delay can be manually set from 0000.00000 seconds to 9999.9990 seconds. If using auto
delay, the delay depends on which source range is presently selected, as summarized in
Table 3-4; see Section 3 for details.
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The manually set delay (up to 9999.999 sec) is available to compensate for longer settling
required by external circuitry. The more capacitance seen at the output, the more settling
time is required for the source. The actual delay period needed can be calculated or deter-
mined by trial and error. For purely resistive loads and at higher current levels, the pro-
grammable delay can be set to Omsec.

The measure time depends on the selected measurement speed. For example, if speed is
set at 0.01 PLC (power line cycles), the measure time would be 167psec for 60Hz opera-
tion (0.01/60).

Figure 6-2
Simplified trigger model
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Sweep waveforms

There are four basic sweep types to select from: linear staircase, logarithmic staircase,
custom, and source memory. Three of the sweeps are shown in Figure 6-3. The linear stair-
case sweep goes from the start level to the stop level in equal linear steps. The logarithmic
staircase sweep is similar except it is done on a log scale with a specified number of steps
per decade. The custom sweep lets you construct your own sweep by specifying the num-
ber of measure points and the source level at each point. For a source memory sweep, up
to 100 setup configurations can be saved in memory. When the sweep is performed, the
setup at each memory point is recalled. See Section 10 for more details on sweep
operation.

An SDM cycle is performed on each step (or point) of the sweep. Thus, one measurement
will be performed at each step (level). The time spent at each step (level) depends on how
the SDM cycle is configured (i.e., source delay, measure speed) and the trigger delay (if
used).

NOTE When using the Pulse Mode of the Model 2430 to perform sweeps, source delay
is not used. Pulse Mode operation is covered in Section 5. Also, see Section 10
for information on Pulse Mode sweeps.

Typical applications for staircase sweeps include: I-V curves for two- and three-terminal
semiconductor devices, characterization of leakage versus voltage, and semiconductor
breakdown. Pulse sweeps are used in applications where thermal response is measured or
where sustained power levels can damage the external device under test (DUT). Source
memory sweeps are used in applications where multiple source-measure functions and/or
math expressions are required.

The custom sweep can be used to configure a pulse sweep with a 50% duty cycle. For
example, a 1V pulse sweep can be configured by programming the odd numbered points
for 1V and the even numbered points for OV. When the sweep is run, the output will alter-
nate between 1V and OV.

After a sweep is run, the data is stored in the sweep buffer. This data can be accessed from
the front panel or sent to a computer (remote operation) for evaluation (plotting). Statisti-
cal information on readings stored in the buffer are also available from the front panel.
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Figure 6-3
Three basic sweep waveform types
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Operating boundaries

Source or sink

Depending on how it is programmed and what is connected to the output (load or source),
the SourceMeter can operate in any of the four quadrants. The four quadrants of operation
for the SourceMeter models are shown in Figure 6-4 through Figure 6-8. When operating
in the first (I) or third (IIT) quadrant, the SourceMeter is operating as a source (V and |
have the same polarity). As a source, the SourceMeter is delivering power to a load.

When operating in the second (I) or fourth (IV) quadrant, the SourceMeter is operating as
a sink (V and I have opposite polarity). As a sink, it is dissipating power rather than sourc-
ing it. An external source or an energy storage device, such as a capacitor or battery, can
force operation in the sink region. See Section 3, “Sink operation,” for more information.

Duty cycle

The duty cycle is the ratio of source on time to total time period expressed as a percentage.
For example, if the source is on for six out of 10 seconds, the duty cycle is 60%.
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Model 2400 SourceMeter

The general operating boundaries for the Model 2400 are shown in Figure 6-4. In this
drawing, the 1A, 20V and 100mA, 200V magnitudes are nominal values. The actual max-
imum output magnitudes of the SourceMeter are 1.05A, 21V and 105mA, 210V. Also note
that the boundaries are not drawn to scale.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-
ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could overheat the SourceMeter, causing the
output to turn off. See “ Overheating protection;” page 6-6, and “ Power equa-
tionsto avoid shutdown,” page 6-7, for details.

The heavy solid lines show the limits for continuous output operation. Note that in quad-
rants IT and IV (sink operation), the limits for the 1A range are derated as follows:

1A Range — Limits linearly derated from: -1A, 20V to -0.6A, 20V
1A, -20V to 0.6A, -20V

If the output duty cycle is decreased to 60% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-4.

Figure 6-4
Model 2400 operating boundaries (T, <30°C)
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Model 2410 SourceMeter

The general operating boundaries for the Model 2410 are shown in Figure 6-5. In this
drawing, the 1A, 20V and 20mA, 1kV magnitudes are nominal values. The actual maxi-
mum output magnitudes of the SourceMeter are 1.05A, 21V and 21mA, 1.1kV. Also note
that the boundaries are not drawn to scale.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-
ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could over heat the SourceMeter, causing the
output to turn off. See “ Overheating protection;” page 6-6, and “ Power equa-
tionsto avoid shutdown,” page 6-7, for details.

The heavy solid lines show the limits for continuous output operation. Note that in quad-
rants II and IV (sink operation), the limits for the 1A range are derated as follows:

1A Range — Limits linearly derated from: -1A, 20V to -0.6A, 20V
1A, -20V to 0.6A, -20V

If the output duty cycle is decreased to 60% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-5. (The 40% off time allows a sufficient
cooling period.)

Figure 6-5
Model 2410 operating boundaries (T,,,;, <30°C)
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Model 2420 SourceMeter

The general operating boundaries for the Model 2420 are shown in Figure 6-6. In this
drawing, the 3A, 20V and 1A, 60V magnitudes are nominal values. The actual maximum
output magnitudes of the SourceMeter are 3.15A, 21V and 1.05A, 63V.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-
ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could over heat the SourceMeter, causing the
output to turn off. See “ Overheating protection,” page 6-6, and “ Power equa-
tionsto avoid shutdown,” page 6-7, for details.

The heavy solid lines show the limits for continuous output operation. Note that in quad-
rants IT and I'V (sink operation), the limits for the 3A and 1A ranges are derated as follows:

3A Range — Limits linearly derated from: -3A, 0V to -2A, 20V
3A, 0V to 2A, -20V
1A Range — Limits linearly derated from: -1A, 20V to -0.7A, 60V

1A, -20V to 0.7A, -60V

If the output duty cycle is decreased to 60% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-6.

Figure 6-6
Model 2420 operating boundaries (T,,,,;, <30°C)
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Models 2425 and 2430 SourceMeters

The general operating boundaries for the Models 2425 and 2430 are shown in Figure 6-7.
The boundaries for the Model 2425 and Model 2430 DC Mode are shown in Figure 6-7A,
and the boundaries for the Model 2430 Pulse Mode are shown in Figure 6-7B.

M odel 2425 and M odel 2430 DC Mode

In Figure 6-7A for the Model 2425 and Model 2430 DC Mode, the 3A, 20V and 1A, 100V
magnitudes are nominal values. The actual maximum output magnitudes of the
SourceMeter are 3.15A, 21V and 1.05A, 105V.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-
ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could over heat the SourceMeter, causing the
output to turn off. See “ Overheating protection,” page 6-6, and “ Power equa-
tionsto avoid shutdown,” page 6-7, for details.

The heavy solid lines show the limits for continuous output operation. Note that in quad-
rants IT and IV (sink operation), the limits for the 3A and 1A ranges are derated as follows:

3A Range — Limits linearly derated from: -3A, 0V to -2A, 20V
3A, 0V to 2A, -20V

1A Range — Limits linearly derated from: -1A, 0V to -0.5A, 100V
1A, OV to 0.5A, -100V

If the output duty cycle is decreased to 60% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-7.

M odel 2430 Pulse M ode

In Figure 6-7B for the Model 2430 Pulse Mode, the 10A and 100V magnitudes are nomi-
nal values. The actual maximum output magnitudes of the SourceMeter are 10.5A and
105V.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-

ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could over heat the SourceMeter, causing the
output to turn off.

The heavy solid lines show the limits for an output duty cycle of 8%. Note that in quad-
rants II and IV (sink operation), the limits for the 10A range are derated as follows:

10A Range — Limits linearly derated from: -10A, OV to -6A, 100V
10A, OV to 6A, -100V

If the output duty cycle is decreased to 5% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-7B.
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Figure 6-7
Model 2425/2430 operating boundaries (T ,,;, <30°C)
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Model 2440 SourceMeter

The general operating boundaries for the Model 2440 are shown in Figure 6-8. In this
drawing, the 5A, 10V and 1A, 40V magnitudes are nominal values. The actual maximum
output magnitudes of the SourceMeter are 5.25A, 10.5V and 1.05A, 42V.

These operating boundaries are valid only if the SourceMeter is being operated in an envi-
ronment where the ambient temperature is 30°C or less.

NOTE Above 30°C, high power operation could over heat the SourceMeter, causing the
output to turn off. See “ Overheating protection,” page 6-6, and “ Power equa-
tionsto avoid shutdown,” page 6-7, for details.

The heavy solid lines show the limits for continuous output operation. Note that in quad-
rants IT and IV (sink operation), the limits for the SA and 1A ranges are derated as follows:

5A Range — Limits linearly derated from: -5A, 0V to -2.5A, 10V
5A, 0V to 2.5A, -10V
1A Range — Limits linearly derated from: -1A, 10V to -0.7A, 40V

1A, -10V to 0.7A, -40V

If the output duty cycle is decreased to 60% or less, sink operation limits are restored to
normal as shown by the dotted lines in Figure 6-8.

Figure 6-8
Model 2440 operating boundaries (T,,,,;, <30°C)
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I-Source operating boundaries

Figure 6-9 and Figure 6-10 show the operating boundaries for the I-Source. Only the first
quadrant of operation is covered. Operation in the other three quadrants is similar.

2400 — Figure 6-9A shows the output characteristics for the Model 2400 I-Source. As
shown, the SourceMeter can output up to 105mA at 210V, or 1.05A at 21V. Note that
when sourcing more than 105mA, voltage is limited to 21V.

2410 — Figure 6-9B shows the output characteristics for the Model 2410 I-Source. As
shown, the SourceMeter can output up to 21mA at 1100V, or 1.05A at 21V. Note that
when sourcing more than 21mA, voltage is limited to 21V.

2420 — Figure 6-9C shows the output characteristics for the Model 2420 I-Source. As
shown, the SourceMeter can output up to 1.05A at 63V, or 3.15A at 21V. Note that when
sourcing more than 1.05A, voltage is limited to 21V.

2425 and 2430 — Figure 6-9D shows the output characteristics of the Model 2430 I-
Source. In the DC Mode (solid line), the SourceMeter can output up to 1.05A at 105V, or
3.15A at 21V. Note that when sourcing more than 1.05A, voltage is limited to 21V. The
dotted line in Figure 6-9D shows the extended output for the Model 2430 Pulse Mode,
which is 10.5A at 105V.

2440 — Figure 6-9E shows Model 2440 I-Source characteristics. The Model 2440 can
output up to 1.05A at 42V or 5.25A at 10.5V. When sourcing more than 1.05A, voltage is
limited to 10.5V.
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Figure 6-9
I-Source output characteristics
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Figure 6-10 shows the limit lines for the I-Source. The current source limit line represents
the maximum source value possible for the presently selected current source range. For
example, if on the 100mA current source range, the current source limit line is at 105mA.
The voltage compliance limit line represents the actual compliance that is in effect.
Remember that compliance can be real or range (see “Compliance limit,” page 6-2). These
limit lines are boundaries that represent the operating limits of the SourceMeter for this
quadrant of operation. The operating point can be anywhere inside (or on) these limit
lines. The limit line boundaries for the other quadrants are similar.

Figure 6-10
I-Source limit lines
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Voltage compliance boundaries

Where within the boundaries the SourceMeter operates depends on the load (DUT) that is
connected to its output. Figure 6-11 shows operation examples for resistive loads that are
200€2 and 800€2, respectively. For these examples, the SourceMeter is programmed to
source 100mA and limit 40V. (See Section 3, “Basic source-measure procedure.”)

In Figure 6-11A, the SourceMeter is sourcing 100mA to the 200€2 load and subsequently
measures 20V. As shown, the load line for 2002 intersects the 100mA current source line
at 20V.

Figure 6-11B shows what happens if the resistance of the load is increased to 800€2. The
DUT load line for 800Q2 intersects the voltage compliance limit line placing the
SourceMeter in compliance. In compliance, the SourceMeter will not be able to source its
programmed current (100mA). For the 800Q2 DUT, the SourceMeter will only output
50mA (at the 40V limit).

Notice that as resistance increases, the slope of the DUT load line increases. As resistance
approaches infinity (open output), the SourceMeter will source virtually OmA at 40V.
Conversely, as resistance decreases, the slope of the DUT load line decreases. At zero
resistance (shorted output), the SourceMeter will source 100mA at virtually OV.

Regardless of the load, voltage will never exceed the programmed compliance of 40V.
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Figure 6-11
I-Source operating examples
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V-Source operating boundaries

Figure 6-12 and Figure 6-13 show the operating boundaries for the V-Source. Only the
first quadrant of operation is covered. Operation in the other three quadrants is similar.

2400 — Figure 6-12A shows the output characteristics for the Model 2400 V-Source. As
shown, the SourceMeter can output up to 21V at 1.05A, or 210V at 105mA. Note that
when sourcing more than 21V, current is limited to 105mA.

2410 — Figure 6-12B shows the output characteristics for the Model 2410 V-Source. As
shown, the SourceMeter can output up to 21V at 1.05A, or 1100V at 21mA. Note that
when sourcing more than 21V, current is limited to 21mA.

2420 — Figure 6-12C shows the output characteristics for the Model 2420 V-Source. As
shown, the SourceMeter can output up to 21V at 3.15A, or 63V at 1.05A. Note that when
sourcing more than 21V, current is limited to 1.05A.

2425 and 2430 — Figure 6-12D shows the output characteristics of the Models 2425 and
2430 V-Source with the 2425 and 2430 DC Mode (solid line), the SourceMeter can output
up to 105V at 1.05A, or 21V at 3.15A. Note that when sourcing more than 21V, current is
limited to 1.05A. The dotted line in Figure 6-12D shows the extended output for the
Model 2430 Pulse Mode, which is 105V at 10.5A.

2440 — Figure 6-12E shows Model 2440 V-Source characteristics. The Model 2440 can
output up to 10.5V at 5.25A, or 42V at 1.05A. When sourcing more than 10.5V, current is
limited to 1.05A.
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Figure 6-12
V-Source output characteristics
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Figure 6-13 shows the limit lines for the V-Source. The voltage source limit line represents
the maximum source value possible for the presently selected voltage source range. For
example, if on the 20V source range, the voltage source limit line is at 21V. The current
compliance limit line represents the actual compliance in effect. Remember that compli-
ance can be real or range. (See “Compliance limit,” page 6-2.) These limit lines are bound-
aries that represent the operating limits of the SourceMeter for this quadrant of operation.
The operating point can be anywhere inside (or on) these limit lines. The limit line bound-
aries for the other quadrants are similar.

Figure 6-13
V-Source limit lines

Current Compliance
Limit Line

/

I Measure Voltage Source

— Limit Line

V Source

Current compliance boundaries

Where within the boundaries the SourceMeter operates depends on the load (DUT) that is
connected to the output. Figure 6-14 shows operation examples for resistive loads that are
2kQ and 800€2, respectively. For these examples, the SourceMeter is programmed to
source 50V and limit SOmA.

In Figure 6-14A, the SourceMeter is sourcing 100V to the 2k€2 load and subsequently
measures 25mA. As shown, the load line for 2k intersects the S0V voltage source line at
25mA.

Figure 6-14B shows what happens if the resistance of the load is decreased to 800€2. The
DUT load line for 800k intersects the current compliance limit line placing the
SourceMeter in compliance. In compliance, the SourceMeter will not be able to source its
programmed voltage (50V). For the 800k€2 DUT, the SourceMeter will only output 40V
(at the 50mA limit).

Notice that as resistance decreases, the slope of the DUT load line increases. As resistance
approaches infinity (open output), the SourceMeter will source virtually 50V at OmA.
Conversely, as resistance increases, the slope of the DUT load line decreases. At zero
resistance (shorted output), the SourceMeter will source virtually OV at 50mA.

Regardless of the load, current will never exceed the programmed compliance of S0mA.
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Figure 6-14
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Source | measure | and source V measure V

The SourceMeter can measure the function it is sourcing. When sourcing a voltage, you
can measure voltage. Conversely, if you are sourcing current, you can measure the output
current. For these measure source operations, the measure range is the same as the source
range.

This feature is valuable when operating with the source in compliance. When in compli-
ance, the programmed source value is not reached. Thus, measuring the source lets you
measure the actual output voltage. With the use of the TOGGLE key, you can display the
measurement of any two of the three functions (volts, amps, and ohms) concurrently. For
remote operation, you can measure all three functions concurrently. (See Section 17 and
Section 18.)

Source readback accuracy

SourceMeter measurement accuracy is better than sourcing accuracy (see the source and
measure specifications in Appendix A). For that reason, select the same measurement and
source functions, then use the measured value instead of the programmed source value for
optimum accuracy.
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Basic circuit configurations

Source |

When configured to source current (I-Source) as shown in Figure 6-15, the SourceMeter
functions as a high-impedance current source with voltage limit capability and can mea-
sure current (I-Meter) or voltage (V-Meter).

For voltage measurements, the sense selection (2-wire local or 4-wire remote) determines
where the measurement is made. In local sense, voltage is measured at the Input/Output
terminals of the SourceMeter.

In 4-wire remote sense, voltage can be measured directly at the DUT using the Sense ter-
minals. This eliminates any voltage drops that may be in the test leads or connections
between the SourceMeter and the DUT.

NOTE The current source does not require or use the sense leads to enhance current
source accuracy.

With 4-wire remote sensing selected, the sense leads must be connected or
incorrect operation will result. Over-voltage protection (OVP) can be used if the
potential for sense lead disconnection exists (see Section 3, “ V-source

protection™).
Figure 6-15
Source |
+
X1 L ¢ o GUARD
® o GUARD SENSE
I-Meter 4 Local o INJOUT HI
. oRemote o SENSE HI
I-Source :
o-Remote o SENSE LO
Local

= ; o IN/OUT LO
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Source V

When configured to source voltage (V-Source) as shown in Figure 6-16, the SourceMeter
functions as a low-impedance voltage source with current limit capability and can measure
current (I-Meter) or voltage (V-Meter).

Sense circuitry is used to continuously monitor the output voltage and make adjustments
to the V-Source as needed. The V-Meter senses the voltage at the Input/Output terminals
(2-wire local sense) or at the DUT (4-wire remote sense using the sense terminals) and
compares it to the programmed voltage level. If the sensed level and the programmed
value are not the same, the V-Source is adjusted accordingly. Remote sense eliminates the
effect of voltage drops in the test leads ensuring that the exact programmed voltage
appears at the DUT.

NOTE Thevoltage error feedback to the V-Source is an analog function. The source
error amplifier is used to compensate for IR drop in the test leads.

Figure 6-16
Source V

tot o GUARD
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Measure only (V or I)

Figure 6-17 shows the configurations for using the SourceMeter exclusively as a voltmeter
or ammeter. As shown in Figure 6-17A, the SourceMeter is configured to measure voltage
only by setting it to source OA and measure voltage.

CAUTION V-Compliance must be set to a level that is higher than the measured
voltage. Otherwise, excessive current will flow into the SourceMeter.
This current could damage the SourceMeter. Also, when connecting an
external voltage to the I-Source, set the output-off state to the high-
impedance mode. (See Section 13, “Output-off states.”)

In Figure 6-17B, the SourceMeter is configured to measure current-only by setting it to
source OV and measure current. Note that in order to obtain positive (+) readings, conven-
tional current must flow from IN/OUT HI to LO.

Figure 6-17
Measure only (V or 1)
IN/JOUT
HI
I-Source + ) DUT (V-Source)
(0.00000pA)
IN/OUT
LO
A. Measure Voltage Only
Positive
Current
A
I-Meter
ST
HI
V-Source \1, DUT (I-Source)
(000.000mV)
IN/JOUT
LO

Note: Positive current flowing out of
IN/OUT Hl results in positive (+)
measurements.

B. Measure Current Only

Note: Use 2-wire local sensing.
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Guard

WARNING GUARD is at the same potential as output HI. Thus, if hazardous volt-
ages are present at output HI, they are also present at the GUARD
terminal.

NOTE See Section 2, “ Guarding methods;” for details on guarded test connections as
well as information on selecting guard modes.

For 6-wire ohms guard measurements, use the GUARD output-off state. For
details on the GUARD output-off state, see Section 13, “ Output-off states”

The driven guard (available at the rear panel GUARD terminal) is always enabled and pro-
vides a buffered voltage that is at the same level as the Input/Output HI (or Sense HI for
remote sense) voltage. The purpose of guarding is to eliminate the effects of leakage cur-
rent (and capacitance) that can exist between input/output high and low. In the absence of
a driven guard, leakage in the external test circuit could be high enough to adversely affect
the performance of the SourceMeter.

Leakage current can occur through parasitic or non-parasitic leakage paths. An example of
parasitic resistance is the leakage path across the insulator in a coax or triax cable. An
example of non-parasitic resistance is the leakage path through a resistor that is connected
in parallel to the DUT.

There are two programmable output impedance levels for the guard output. The high-
impedance (~10k€) CABLE guard is used to reduce the effects of capacitance and leak-
age current paths in the test circuit. The low-impedance (<1€2) OHMS guard is used to
cancel the effects of parallel resistances when measuring a resistor element of a resistor
network.

Cable guard

The CABLE guard selection provides a high-impedance (~10k(2) driven guard to prevent
positive feedback, which could cause oscillations when using shielded cables. Cable guard
is used to drive the shields of cables and test fixtures. Guard is extended to a test fixture
using a safety banana plug (such as the Model 8008-BAN). Inside the test fixture, the
guard can be connected to a guard plate or shield that surrounds the DUT.

WARNING To prevent injury or death, a safety shield must be used to prevent
physical contact with a guard plate or guard shield that is at a hazard-
ous potential (>30Vrms or 42.4V peak). This safety shield must com-
pletely enclose the guard plate or shield and must be connected to
safety earth ground. Figure 6-18B shows the metal case of a test fixture
being used as a safety shield.
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Inside the test fixture, a triaxial cable can be used to extend guard to the DUT. The center
conductor of the cable is used for In/Out HI, the inner shield is used for guard, and the
outer shield is used for In/Out LO and is connected to the safety shield (which is con-
nected to safety earth ground).

A coaxial cable can be used if the guard potential does not exceed 30Vrms (42.4V peak).
The center conductor is used for In/Out HI, and the outer shield is used for guard. For
higher guard potentials, use a triaxial cable as previously explained.

Figure 6-18 shows how cable guard can eliminate leakage current through the insulators in
a test fixture. In Figure 6-18A, leakage current (I;) flows through the insulators (R ; and
R;,) to In/Out LO, adversely affecting the low-current (or high-resistance) measurement
of the DUT.

In Figure 6-18B, the driven guard is connected to the metal guard plate for the insulators.
Since the voltage on either end of R ; is the same (OV drop), no current can flow through
the leakage resistance path. Thus, the SourceMeter only measures the current through the
DUT.

Cable guard should be used when sourcing or measuring low current (<1pA).

NOTE When using shielded, triaxial, or coaxial cabling with guard, the CABLE guard
setting must be used to prevent oscillations. CABLE guard is the factory default
Setting.

Ohms guard

The OHMS guard selection provides a low-impedance (<1€2), high current (up to S0mA)

driven guard. This lets you perform in-circuit ohms measurements of the DUT where other
parallel resistive paths are present. These measurements are typically performed in Delta

or Wye configurations.

NOTE Ohmsguard is not available for the 1A, 3A, and 5A (2420, 2425, 2430, and
2440) ranges (source and measure). Ohms guard cannot be selected if already
on range. Conversely, if onms guard is already selected, the 1A, 3A, and 5A
(2420, 2425, 2430, and 2440) ranges cannot be selected. See also Section 4,

“ 6-wire ohms measurements,” and Section 2, “ Ohms guard?”’

If you want to measure the resistance of a single resistor in the network, you must use the
ohms guard configuration. Figure 6-19B shows how to measure the resistance of R1. Since
the voltage on either side of R2 is the same, no current can flow through it. Thus, all the
programmed current (I;) from the SourceMeter will flow through R1. The voltage across
R1 is then measured, and an accurate resistance measurement is calculated, in this case
20k2.

NOTE Guard current (1) must not exceed 50mA. If it does, the guard voltage drops
lower than the output voltage allowing leakage current. Thus, the guarded ohms
measurement becomes corrupted.
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Figure 6-18
High-impedance measurements
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Figure 6-19
In-circuit ohms measurements
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Guard sense

When the GUARD-to-LO resistance path is less than 1kQ, remote guard sensing should be
used to compensate for IR drop in the GUARD test lead and/or switch contacts on a
switching card.

Figure 6-19 was modified to create Figure 6-20A by changing the value of R3 to 100Q2 and
showing the 1€ resistance (Ry;) of the GUARD test lead. Since the resistance path from
GUARD-to-LO is less than 1k, the IR drop in the guard test lead (R ) becomes signifi-
cant. The guard voltage applied to the bottom of R2 is now significantly lower than the In/
Out HI voltage of the SourceMeter. As a result, leakage current (I;) flows through R2,
adversely affecting the resistance measurement of R1.

The guard test lead IR drop is compensated for by connecting GUARD SENSE as shown
in Figure 6-20B. Sensing allows the guard voltage to be sensed (measured) at the resistor
network for better guard voltage regulation. If the remotely sensed guard voltage is less
than the output voltage of the SourceMeter, the guard voltage will be increased until the
sensed guard voltage equals the output HI voltage.

Note that in order to ensure that guard current (Ig) in Figure 6-20 does not exceed S0mA,

output voltage from the SourceMeter must not exceed 5V (50mA x 100Q2 = 5V).

NOTE Guard sense operation is automatic. Thereis no menu selection to enable or dis-
able guard sense.

For 6-wire ohms guard measurements, use the GUARD output-off state. For
details on the GUARD output-off state, see Section 13, “ Output-off states”



2400 Series SourceMeter® User’s Manual Source-Measure Concepts 6-39

Figure 6-20
In-circuit ohms measurements using guard sense
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Data flow

Data flow for front panel operation is summarized by the block diagrams provided in Fig-
ure 6-21. Note that if REL is enabled, the result of the rel operation is sent to the other
blocks.

NOTE See Appendix C for remote operation data flow information.

With Math (FCTN) and Limit Tests (LIMITS) disabled (see Figure 6-21A), the
SourceMeter displays the measurement readings. If the data store is used, these readings
are also stored in the buffer for later recall. Statistical data for these readings is also
available upon recall.

Figure 6-21B shows data flow when Math or Limit Tests is enabled. If Math is enabled,
the result of the math operation is displayed. If Limit Tests is enabled, the raw reading
along with the results of the tests (pass or fail) is displayed. As in the previous case, these
readings can also be stored in the data store.

Figure 6-21C shows data flow when both Math and Limit Tests are enabled. The Math
operation is performed first, and then limit tests are performed on that math result. The
result of the math operation and the result of the limit tests (pass or fail) are displayed. As
shown, these readings can also be stored in the data store.
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Figure 6-21
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Buffer considerations
When the SourceMeter is in the process of storing readings, configuration changes affect
what gets stored in the buffer. These storage considerations and restrictions are summa-
rized in Table 6-3.
Table 6-3

Buffer considerations

Configuration at start of
the storage process

What happens if the
basic measurement
function (V, I, or Q)
is changed?

What happens if
the MATH function
is changed?

What happens if REL or
LIMITS is changed?

Measure V, I, or Q
MATH (FCTN) enabled

REL/LIMITS enabled

Buffer tracks
Buffer pauses

Buffer pauses

V, I, or Q stored
MATH not stored
OK

Buffer pauses

V, I, or Q stored

REL or Limits not stored
MATH stored

REL or Limits not stored
OK

The first column of Table 6-3 shows the SourceMeter configuration when the storage pro-
cess is started. The next three columns show what happens when configuration changes
are made while the SourceMeter is storing readings.

Changing V, |, or Q2 measurement function

» If you started with only a basic measurement function selected, the buffer will track
a basic measurement function change. For example, if you started in volts and
changed to current, the buffer will store the current readings.

e If you started with MATH, REL, and/or LIMITS enabled, the buffer will stop stor-

ing readings if you change the basic measurement function. Storage will continue
if you return to the original configuration.

See Section 3, “Basic source-measure procedure,” for more information on selecting the
measurement function.
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Changing MATH function

If you started with only a basic measurement function selected, you can enable a
MATH function, but only the voltage, current, or resistance component of the cal-
culation will be stored in the buffer. The results of the MATH function will not be
stored.

If you started with a MATH function enabled, you can select a different MATH
function. The results of the new MATH function are stored in the buffer.

If you started with REL and/or LIMITS enabled, the buffer will stop storing read-
ings if you select a MATH function. Storage will continue if you return to the orig-
inal configuration.

See Section 8 for more information on MATH.

Changing REL or LIMITS

If you started with only a basic measurement function selected, you can enable
REL and/or LIMITS, but only the voltage, current, or resistance component of the
operation will be stored in the buffer. The results of REL and/or LIMITS are not
stored.

If you started with a MATH function enabled, only the result of the MATH calcula-
tion will be stored in the buffer if REL and/or LIMITS is enabled.

If you started with REL and/or LIMITS enabled, you can change REL and or
LIMITS. The results of new REL and/or LIMITS are stored in the buffer.
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/
Range, Digits, Speed, and Filters

+ Range and digits — Discusses maximum readings, ranging limitations, manual
and autoranging, and display resolution.

* Speed — Discusses speed settings, which are used to control the integration period
of the A/D converter.

« Filters — Provides information on the two types of digital filtering that can be
used to reduce reading noise.
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Range and digits

Range

The selected measurement range affects the accuracy of the measurements as well as the
maximum signal that can be measured. Note that with the output off, dashed lines are dis-
played (i.e., --.---- pA) to indicate that measurements are not being performed.

Maximum readings

The full scale input for each voltage, current, and auto ohms measurement range is defined
by the selected range. For example, £2.11V is the full scale reading for the 2V range,
+105.5mA is the full scale reading for the 100mA range, and £2.11kQ is the full scale
reading for the 2kQ range. Table 3-1 in Section 3 lists the full scale readings for all ranges.

For manual ohms measurements, the display reading is the result of the V/I calculation.
Effectively, there are no ohms ranges. Thus, there are never any leading zeroes in the dis-
play reading. For example, a resistor that is measured at 936.236kQ will be displayed as
936.236k2 (5% digit resolution). The RANGE keys are used to select the voltage or cur-
rent measurement range.

Input levels that exceed the maximum levels cause the “OVERFLOW” message to be dis-
played, while 9.91E+37 will be returned via remote.

Ranging limitations

When sourcing voltage (Source V), you cannot use the RANGE keys to change the voltage
measurement (Measure V) range. Also, when sourcing current (Source I), you cannot use
the RANGE keys to change the current measurement (Measure I) range. For these source-
measure configurations, the measurement range is determined by the selected source
range.

Source-Measure range limitations:

2400 — With the 200V V-Source range selected, the highest current measurement range is
100mA. With the 1A I-Source range selected, the highest voltage measurement range is
20V.

2410 — With the 1kV V-Source range selected, the highest current measurement range is
20mA. With the 1A or 100mA I-Source range selected, the highest voltage measurement
range is 20V.

2420 — With the 60V V-Source range selected, the highest current measurement range is
1A. With the 1A I-Source range selected, the highest voltage measurement range is 60V.
With the 3A I-Source range selected, the highest voltage measurement range is 20V.
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2425 and 2430 — Range limitations are source mode dependent:

2425 and 2430 DC Mode — With the 100V V-Source range selected, the highest
current measurement range is 1A. With the 20V V-Source range selected, the highest
current measurement range is 3A. With the 1A I-Source range selected, the highest
voltage measurement range is 100V. With the 3A I-Source range selected, the highest
voltage measurement range is 20V.

2430 Pulse Mode — With the 100V V-Source range selected, the highest current
measurement range is 10A. With the 10A I-Source range selected, the highest voltage
measurement range is 100V.

2440 — With the 40V V-Source range selected, the highest current measurement range is
1A. With the 1A I-Source range selected, the highest voltage measurement range is 40V.
With the 5A I-Source range selected, the highest voltage measurement range is 10V.

The present I-Compliance range determines the highest current measurement range that
can be selected. Similarly, the present V-Compliance range determines the highest voltage
measurement range that can be selected. For example, if I-Compliance is on the 100mA
range, the highest current measurement range that can be selected is 100mA. If
V-Compliance is on the 2V range, the highest voltage measurement range that can be
selected is 2V.

Manual ranging

For the Source V Measure I, Source I Measure V, and Ohms configurations, the RANGE
A and V¥ keys are used to select a fixed range. Note that the highest available range is
dependent on the corresponding compliance setting. (See “Ranging limitations,”

page 7-2.)

Within range compliance or if the instrument displays the “OVERFLOW” message on a
particular range, select a higher range until an on-range reading is displayed. Use the low-
est range possible without causing an overflow to ensure best accuracy and resolution.

Auto ranging

NOTE For the Model 2430, auto ranging cannot be performed whilein the Pulse Mode.
Therefore, all the following information on auto ranging is not applicable to the
Model 2430 Pulse Mode.

For the Source V Measure I, Source I Measure V, and Ohms configurations, press AUTO
RANGE to enable auto ranging. The AUTO annunciator turns on when auto ranging is
selected. With auto ranging selected, the instrument automatically chooses the best range
to measure the applied signal. Note that the highest available range is dependent on the
corresponding compliance setting. (See “Ranging limitations,” page 7-2.)

Auto range considerations

Auto ranging can adversely affect overall measurement speed. The amount of speed
reduction will depend on the number of range changes required. See system speed specifi-
cations in Appendix A for more information.
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Note that source settling time can affect the time it takes the instrument to auto range.
When the instrument auto ranges, both the source and sense circuits monitor each other, so
if one takes longer to settle, the other will as well.

Auto range change mode

The auto range change mode determines how the instrument performs auto ranging. In the
SINGLE mode, the SourceMeter will auto range only after first taking a reading. In the
MULTIPLE mode, the SourceMeter will auto range up on compliance in the Delay phase
of the Source-Delay-Measure (SDM) cycle, thereby minimizing the possibility that a
SourceMeter will be in compliance in a multiple-SourceMeter system. The SourceMeter
can downrange only once a reading has been taken.

NOTE  See Section 6, * Source-delay-measure cycle;” for more SDM information.

With the auto range change mode set to MULTIPLE, you can also program the soak time,
which specifies the amount of time after the first point of a sweep that the unit will sit in a
loop actively auto ranging up and down to allow a multiple SourceMeter configuration to
settle. This process will occur only during the first SDM cycle after the initial sweep trig-
ger. (See Section 11, “Trigger models.”) This feature is especially useful for situations
with long DUT settling times (such as low current measurements) when several down-
range change cycles from the higher ranges are required.

The soak time takes the place of the delay time only during the delay phase of the first
SDM cycle after an initial sweep trigger. See Figure 11-1 for an overview of the trigger
model.

Selecting the auto range change mode

To configure the auto range change mode, press CONFIG then AUTO. Choose SINGLE
SRC MTR or MULTIPLE as desired from the AUTO RANGE TYPE menu. If you choose
MULTIPLE, you will also be prompted to enter the SOAK time, which can be pro-
grammed in the range of 0.000s to 9999.999s.

Auto range limits

Auto range limits are included to support the auto range change mode. For voltage and
current, the upper limit is controlled by the compliance range and cannot be programmed.
For the auto ohms mode, however, the lower limit is adjustable. The lower limit for all
three functions is programmable and must be less than or equal to the upper limit. If the
lower limit is equal to the upper limit, auto ranging is effectively disabled. When auto
ranging is disabled, you can manually change to any range below the lower limit (V, I or
Ohms) or any range above the upper limit (Ohms only).

Setting auto range limits

To set the upper or lower auto range limit press CONFIG A or CONFIG V¥ respectively,
then use the « and p- keys to set the limit at the ULIMIT or LLIMIT prompt. Remember
that you cannot set the upper limit in the V and I modes, but the unit will display the upper
limit with those two functions.
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Limits evaluation

Neither the high limit nor the low limit are evaluated until the unit has switched to the
autorange mode. This means that if the unit is already on a range higher than the upper
limit, or lower than the lower limit when the limit is set, no range change will occur.

The upper limit is only evaluated if the unit has to upgrade. In other words, if you are on a
range higher than the present upper limit, and the unit autoranges down, it can still end up
on a range higher than the upper limit. The converse is true for the lower limit.

The upper and lower limits have no meaning until autoranging is turned on, but the limit
will not be evaluated unless the unit has to go through an autorange. If you are already on
the right range when you turn on autoranging, limits will not be evaluated.

Digits
The display resolution of the measured reading depends on the DIGITS setting. This set-

ting is global, which means the digits setting selects display resolution for all measure-
ment functions.

The DIGITS setting has no effect on the remote reading format. The number of displayed
digits does not affect accuracy or speed. Those parameters are controlled by the SPEED
setting.

Setting display resolution

There are two ways to set display resolution:

e DIGITS Press the DIGITS key until the desired number of digits is displayed.

* CONFIG DIGITS  Press CONFIG and then DIGITS to display the digits menu.
Place the cursor on the desired number of digits (3.5, 4.5, 5.5, or 6.5) and press
ENTER.

NOTE The concurrent measurement (available on the secondary display by using the
TOGGLE key) is always 572 digits.

Changing SPEED changes DIGITS, but changing DIGITS does not change
SPEED.

Remote range and digits programming

Table 7-1 summarizes the commands necessary to control range and digits. See Section 18
for more details on these commands.
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Range and digits commands

Table 7-1
Range and digits commands

Command Description
:SENSe:CURRent:RANGe <n> Select manual amps range (n = range).
:SENSe:CURRent:RANGe:AUTO <state> Enable/disable auto amps range (state = ON or OFF).
:SENSe:VOLTage:RANGe <n> Select manual volts measure range (n = range).
:SENSe:VOLTage:RANGe: AUTO <state> Enable/disable auto volts range (state = ON or OFF).
:SENSe:RESistance:RANGe <n> Select manual ohms range (n = range).
:SENSe:RESistance:RANGe:AUTO <state> Enable/disable auto ohms range (state = ON or OFF).
:DISPlay:DIGits <n> Set display digits (n=4, 5, 6, or 7).

Note: For the Model 2430, the :AUTO range commands are not valid while in the Pulse Mode.

Range and digits programming example

Table 7-2 shows a programming example for controlling range and digits. The
SourceMeter is set up as follows:

* Source function: volts

e Source level: 10V

e Measure function: amps
e Amps range: 10pA

» Display digits: 5%

Table 7-2
Range and digits programming example

Command Description
*RST Restore GPIB defaults.
:SOUR:FUNC VOLT Volts source function.
:SOUR:VOLT 10 Output 10V.
:SENS:FUNC “CURR” Amps measure function.
:SENS:CURR:RANG 10E-6 | 10u1A range.
:DISP:DIG 5 5V display digits.
:OUTP ON Turn on output.
:READ? Trigger and acquire reading.
:OUTP OFF Turn off output.
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Speed

The Speed/Accuracy menu is used to set the integration time of the A/D converter (period
of time the input signal is measured). The integration time affects the usable digits, the
amount of reading noise, and the ultimate reading rate of the instrument. The integration
time is specified in parameters based on the number of power line cycles (NPLC), where 1
PLC for 60Hz is 16.67msec (1/60) and 1 PLC for 50Hz and 400Hz is 20msec (1/50).

In general, the fastest integration time (FAST; 0.01 PLC) results in increased reading noise
and fewer usable digits. The slowest integration time (HI ACCURACY; 10 PLC) provides
the best noise rejection. In-between settings are a compromise between speed and noise.
The default power-on speed setting is NORMAL (1 PLC).

NOTE For the Pulse Mode of the Model 2430, the valid NPLC range is0.01t0 0.1
PLC.

The speed setting affects both the NMRR (normal mode rejection ratio) and
CMRR (common mode rejection ratio). Normal mode noiseis the noise signal
between the HI and LO input terminals, while common mode noise is the noise
signal between LO and chassis ground. See Appendix A for NMRR and CMRR
specifications.

Setting speed

Speed is set from the Speed Accuracy menu and is structured as follows. Use Section 1,
“Rules to navigate menus,” to check and/or change the speed setting.

NOTE For the Pulse Mode of the Model 2430, speed is set from Pulse Speed menu. This
menu structure islocated after the Speed Accuracy menu. Usethe “ Rulesto nav-
igate menus” in Section 1 to check and/or change the speed setting.

Front panel speed control
Press SPEED or CONFIG SPEED to display the menu. (See Figure 7-1.)

» FAST — Sets speed to 0.01 PLC and sets display resolution to 3%2 digits.

e« MED — Sets speed to 0.10 PLC and sets display resolution to 4%2 digits.

« NORMAL — Sets speed to 1.00 PLC and sets display resolution to 5%2 digits.

* HIACCURACY — Sets speed to 10.00 PLC and sets display resolution to 6%2
digits.

»  OTHER — Use to set speed to any PLC value from 0.01 to 10. Display resolution
is not changed when speed is set with this option.

NOTE After setting speed, display resolution can be changed using the DIGI TS key.
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PULSE SPEED (NPLC) — Model 2430 Pulse Mode
Press SPEED or CONFIG SPEED to display the speed choices:
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

NOTE Display resolution for the Model 2430 Pulse Mode is not affected by the speed
setting.

Figure 7-1
Speed configuration menu tree

SPEED

v v v v v

FAST MED NORMAL HI ACCURACY OTHER
(0.01PLC, (0.10PLC, (1.00PLC, (10PLC, (Set speed
3% digits) 4Y5 digits) 5% digits) 6% digits) 0.01 to T0PLC)

Remote speed programming

Speed commands

Table 7-3 summarizes commands to control speed. See Section 18, “Set measurement
speed,” for more information.

NOTE The speed setting is global, which means that setting the speed for one function
affects the speed for the other functions. However, the speed setting is stored in
source memory, and you can use this feature to change speed during a sweep.
See Section 10 for details on using source memory.

Table 7-3
Speed commands

Command Description

:SENSe:CURRent:NPLCycles <n> Set amps speed (n = PLC, 0.01 to 10)*.
:SENSe:VOLTage:NPLCycles <n> Set volts speed (n = PLC, 0.01 to 10)*.
:SENSe:RESistance:NPLCycles <n> | Set ohms speed (n =PLC, 0.01 to 10)*.

* For the Model 2430 Pulse Mode, n = PLC, 0.01 to 0.10.
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Filters

Speed programming example

Use any NPLC command to set the speed. For example, send the following command to
set the amps speed to 10 PLC:

:SENS:CURR:NPLC 10

NOTE For the Pulse Mode of the Model 2430, filtering is not used, and therefore, can-
not be enabled. Pressing the FILTER key resultsin the” Invalid in Pulse Mode”
message.

Filter lets you set the filter response to stabilize noisy measurements. The SourceMeter
uses a digital filter, which is based on reading conversions. The displayed, stored, or trans-
mitted reading is an average of a number of reading conversions (from 1 to 100).

There are two averaging filter types to choose from: repeating and moving (Figure 7-2).
For the repeating filter (which is the power-on default), the stack (filter count) is filled, and
the conversions are averaged to yield a reading. The stack is then cleared, and the process
starts over. Choose this filter for sweeping so readings for other source levels are not aver-
aged with the present source level.

The moving average filter uses a first-in, first-out stack. When the stack (filter count)
becomes full, the measurement conversions are averaged, yielding a reading. For each
subsequent conversion placed into the stack, the oldest conversion is discarded. The stack
is re-averaged, yielding a new reading.

When the filter is first enabled, the stack is empty. Keep in mind that a filtered reading is
not yielded until the stack is full. The first reading conversion is placed in the stack and is
then copied to the other stack locations in order to fill it. Thus, the first filtered reading is
the same as the first reading conversion. Now the normal moving average filter process can
continue. Note that a true average is not yielded until the stack is filled with new reading
conversions (no copies in stack). For example, in Figure 7-2A, it takes ten filtered readings
to fill the stack with new reading conversions. The first nine filtered readings are calcu-
lated using copied reading conversions.

Response time considerations

The filter averaging mode and count affect the overall reading speed. The moving averag-
ing filter is much faster than the repeat averaging filter because the unit does not have to
refill the filter stack for each reading. Also, the number of readings averaged will affect
reading speed; as the number of readings averaged increases, the reading speed decreases.
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Front panel filter control

Configuring filter

Filter type and count is configured from the CONFIGURE FILTERING menu and is struc-
tured as shown in Figure 7-3. Use Section 1, “Rules to navigate menus,” to check and/or
change the filter configuration.

CONFIGURE FILTERING menu
Press CONFIG and then FILTER to display the menu.

* AVERAGING MODE — Use this menu item to select filter type (MOVING or
REPEAT).

* AVERAGE COUNT — Use this menu item to specify filter count (1 to 100
readings).

NOTE The configured filter isthe same for all measurement functions.

Enabling filter

The filter is enabled by pressing the FILTER key. The “Filter Enabled” message and the
filter count are briefly displayed. The FILT annunciator is on while the filter is enabled.
Pressing FILTER a second time disables filter.
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Figure 7-2
Moving average and repeating filters
Conversion  #1 Conversion  #2 Conversion  #3
#1 #1 #2
#1 #1 #1 oo
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#1 Reading #1 Reading #1 Reading
. s # ° s #2 : w1 #3
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#1 #1 #1
#1 #1 #1
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#9 #10
#8 #9
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B. Type - Repeating, Readings = 10

Response time

The filter parameters have speed and accuracy trade-offs for the time needed to display,
store, or output a filtered reading. These affect the number of reading conversions for
speed versus accuracy and response to input signal changes.
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Figure 7-3
Filter configuration menu tree
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Y
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Remote filter programming

Filter commands

Table 7-4 summarizes filter commands. See Section 18, “SENSel subsystem,” “Configure
and control filter,” for more details.

Table 7-4
Filter commands

Command

Description

:SENSe:AVERage <state>

:SENSe:AVERage: TCONtrol <type>
:SENSe:AVERage:COUNt <n>

Select filter type (type = REPeat or MOVing).
Set filter count (n = count, 1 to 100).
Enable/disable filter (state = ON or OFF)*.

* For the Model 2430 Pulse Mode, the filter cannot be enabled.
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Filter programming example
Table 7-5 summarizes the command sequence to program filter aspects as follows:

 Filter type: moving
« Filter count: 20
» Filter state: on

Table 7-5
Filter programming example
Command Description
*RST Restore RST defaults.
:SENS:AVER:TCON MOV | Moving average type filter.
:SENS:AVER:COUN 20 Filter count = 20.
:SENS:AVER ON Enable filter.
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o
Relative and Math

Relative — Discusses the relative (REL) mode that can be used to null offsets or
subtract a baseline value from readings.

Math operations — Provides detailed information on the following math (FCTN)
operations: power, offset-compensated ohms, varistor, alpha, voltage coefficient,
and percent deviation.
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Relative

The rel (relative) feature can be used to null offsets or subtract a baseline reading from
present and future readings. With REL enabled, subsequent readings will be the difference
between the actual input value and the rel value as follows:

Displayed Reading = Actual Input - Rel Value

Once a rel value is established for a measurement function, the value is the same for all
ranges. For example, if 5V is set as a rel value on the 20V range, the rel value is also 5V on
the 2V and 200mV ranges.

Selecting a range that cannot accommodate the rel value does not cause an overflow condi-
tion, but it also does not increase the maximum allowable input for that range. For exam-
ple, on 20V range, the SourceMeter still overflows for a >21.1V input.

NOTE Whenrel isenabled, the REL annunciator turns on. Changing measurement
functions disables rel.

Front panel rel

Enabling and disabling rel

Rel can be used to null out zero offsets or to establish a zero baseline by pressing the REL
key. The reading (which becomes the rel value) is subtracted from itself. As a result, a zero
reading is displayed. Pressing REL a second time disables rel.

Defining a rel value

A unique rel value can be established for the selected measurement function from the front
panel as follows:

1. Press CONFIG and then REL. The present rel value will be displayed.
2. Set the desired rel value. (See Section 1, “Rules to navigate menus,” for details.)

3. With the desired rel value displayed, press ENTER. The SourceMeter will return to
the normal source-measure display with rel enabled. The reading will reflect the
defined rel value.
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Remote rel programming

Rel commands

Table 8-1 summarizes rel commands. See Section 18, “CALCulate2” subsystem, for addi-
tional information.

Table 8-1
Rel commands
Command Description
:CALCulate2:NULL:OFFSet <n> Define null (rel) value (n = rel value).
:CALCulate2:NULL:STATe <state> Enable/disable rel (state = ON or OFF).
:CALCulate2:NULL:ACQuire Automatically acquire rel value (must
have non-overflowed reading).

Rel programming example

Table 8-2 lists commands for setting up and enabling rel. These commands set up the
SourceMeter as follows:

* Rel value: 5
* Rel state: enabled

Table 8-2
Rel programming example

Command Description
:CALC2:NULL:OFEFS 5 Rel value =5.

:CALC2:NULL:STAT ON Enable rel.
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Math operations

Built-in math functions

The SourceMeter has built-in math functions to calculate the following:

«  Power

¢ Offset Compensated €2
e Varistor Alpha

* Voltage Coefficient

e Percent Deviation

The Power and Percent Deviation math functions use a single voltage and/or current mea-
surement to perform the calculation. The Offset-Compensated €2, Varistor Alpha, and Volt-
age Coefficient math functions require 2-point measurements to perform a calculation.

Power

This math function calculates power using the measured voltage and measured current
values as follows:

Power =V x1

where: V = measured voltage
I = measured current

Note that power is displayed in watts with “W” in the units field of the display.

Offset-compensated ohms

The presence of thermal EMFs (Vgyr) can adversely affect low-resistance measurement
accuracy. To overcome these unwanted OFFset voltages, use the Offset-Compensated €2
measurement method. In general, this method measures resistance (V/I) at a specific
I-Source level and then subtracts a resistance measurement made with the I-Source set to a
different level (typically zero).

NOTE Offset-compensated Q2 is also available from the CONFIG OHMS menu struc-
ture. Using Offset-Compensated € from this menu automatically selects zero as
one of the source values. For details, see Section 4, * Offset-compensated ohms”
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This two-point measurement method is mathematically expressed as:
Offset-Compensated Q = AV / Al where AV =V2-V1 and Al =12 -11.

* Vlis the voltage measurement with the I-Source set to a specific level.

* V2is the voltage measurement with the I-Source set to a different level (typically
Zero).

e Il is the current measurement with the I-Source set to a specific level.

» 12 is the current measurement with the I-Source set to a different level (typically
ZEer0).

You will be prompted to enter the two I-Source values, and the results is displayed in ohms
with the “€2” symbol in the units field of the display.

Varistor alpha

This math formula is used to determine varistor alpha (o), an important parameter that
defines varistor characteristics. Alpha is defined as the logarithmic ratio of two voltage
measurement points on a non-linear V-I curve and is expressed as follows:

_ log(12/11)
" log(V2/V1)

where: V1 is the voltage measurement at the first I-Source point.
V2 is the voltage measurement at the second I-Source point.
The log (x) function uses the absolute value of x.

When configuring this math function, you will be prompted to enter the two I-source val-
ues. (See “Front panel math operations” later in this section.)

Voltage coefficient

High value or high-megohm resistors exhibit a change in resistance with a change in
applied voltage. This effect is known as voltage coefficient. The voltage coefficient is the
percent change in resistance per unit change in applied voltage and is defined as follows:

AR

Coefficient% = m}

x 100%

where: AR =R2 -R1
AV=V2-Vl1
R1 is the resistance measurement at the first source point.
R2 is the resistance measurement at the second source point.
V1 is the voltage measurement at the first source point.
V2 is the voltage measurement at the second source point.

If sourcing voltage, you will be prompted to enter the two V-source values. If sourcing cur-
rent, you will be prompted to enter the two I-source values. (See “Front panel math opera-
tions,” page 8-6.)
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Percent deviation

This calculation provides the percent deviation between the normal display reading and
the user set reference value:

(X-Y)

%Deviation = x 100

where: X is the normal display measurement reading (V, I, or Q).
Y is the reference value.

When prompted to enter the reference value (Y), you can enter the value or have the
SourceMeter acquire the reference value. To acquire the reference value, turn on the out-
put and press AUTO. The SourceMeter will perform a measurement and display that read-
ing as the reference.

Limit testing — After the reference value is entered, you will be prompted to enter high
and low tolerances (in %) for the reference value. These tolerances set the high and low
limits for Limit 2 test.
For example, perform the following steps to test 1k€2, 1% resistors:
1. Select the Q function, select the 1k measurement range (or use AUTO range),
and connect the resistor to be tested to the SourceMeter.
2. Configure the percent deviation math function:
a. Press CONFIG, press FCTN, then select %DEV.
b. Set the reference (REF) value to +1.000000 k, then press ENTER.
c. Set the high tolerance (HI TOL) to 01.00%, then press ENTER.
d. Set the low tolerance (LO TOL) to 01.00%, then press ENTER.
3. Turn the output on. The measured reading of the resistor is displayed.

4. Press FCTN to select the percent deviation math function. The actual tolerance of
the resistor will be displayed along with the result of the limit test. If the resistor
reading is within £1% of 1kQ, the “PASS” test message is displayed. If outside the
1% tolerance, the “FAIL” message is displayed.

5. When finished, turn the output off.

NOTE Thereading format is fixed at £ XXX.XXX%.
Limit testing can be disabled by pressing the LIMIT key.

Front panel math operations

Perform the steps below to select and enable a math expression. Figure 8-1 shows the math
configuration menu tree.
1. Select the appropriate source (V or I) for the math expression.
2. Press CONFIG and then FCTN to display the math expression selections. Place the
cursor on the desired math expression and press ENTER:

» For 2-point math expressions, you will be prompted to enter the two source
values. Press ENTER after entering each source value.
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» For Percent Deviation, you will be prompted to set the reference value. The
following methods are available:

» User-specified reference value — Enter the desired reference value and
press ENTER.
» Acquire reference value — With the output on, press the AUTO range key.
The SourceMeter will perform a measurement and display that reading as
the reference. Press ENTER to select that reference value.
3. Turn on the output by pressing the ON/OFF key.
Press the FCTN key to enable the selected math function. The MATH annunciator
will turn on, and the result of the math expression will be displayed.

Note that with FCTN enabled, the sweep for a 2-point math expression runs continuously.
Each sweep updates the reading. The source value cannot be changed while the 2-point
sweep is running. However, the range keys remain active.

Figure 8-1
Math configuration menu tree

CONFIG

Y

FCTN

v v v v v

OFF COMP o
POWER OHMS VOLT COEFF VAR ALPHA /o DEV

Remote math operations

Math commands

Table 8-3 summarizes commands to control the built-in math functions. See Section 18,
“Calculate subsystems,” for more detailed information on these and other math
commands.

Table 8-3
Math commands

Command Description

:CALCulate:MATH:NAME <name> | Select match expression (name = “POWER,” “OFFCOMPOHM,”
“VOLTCOEEF,” “VARALPHA”)

:CALCulate:STATe <state> Enable/disable math (state = ON or OFF).

:CALCulate:DATA? Query math data.
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Math programming example

Table 8-4 summarizes the basic command sequence for voltage coefficient testing, which
is a change in resistance of resistive elements with applied voltage. Although such changes
in resistance with voltage are present in virtually all resistors to at least some degree, volt-
age coefficients are most noticeable in high-value resistors (>10'°Q). See Figure 8-2 for
DUT connections.

This example sets up the SourceMeter as follows:

* Source function: volts

* Sense functions: all

e Source Delay: Isec

e Start voltage: 10V

» Stop voltage: 50V

» Math Expression: voltage coefficient

Table 8-4
Voltage coefficient programming example

Command Description
*RST Reset unit to GPIB defaults.
:SENS:FUNC:ON:ALL Enable all sense functions.
:SENS:RES:MODE MAN Manual resistance mode.
:SOUR:FUNC VOLT Volts source function.
:SOUR:VOLT:STAR 10 10V start voltage.
:SOUR:VOLT:STOP 50 50V stop voltage.
:SOUR:VOLT:-MODE SWE Volts sweep mode.
:SOUR:SWE:POIN 2 Sweep points = 2.
:TRIG:COUN 2 Trigger count = 2.
:CALC:MATH:NAME “VOLTCOEF” | Select voltage coefficient math expression.
:CALC:STAT ON Enable math.
:OUTP ON Turn on output.
ANIT Trigger sweep.
:CALC:DATA? Request voltage coefficient data.
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Figure 8-2
Connections for voltage coefficient tests
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User-defined math functions

In addition to the pre-defined math functions, you can also define your own functions by
using appropriate remote commands (user-defined math functions are not available from
the front panel). The following paragraphs summarize the basic commands for user-
defined functions and also list a basic programming example. See Section 18, “Calculate
subsystems,” for more details on user-defined math functions.

Commands for user-defined math functions

Table 8-5 summarizes the commands for user-defined math functions. To define a math
function:

1. If desired, assign units to the calculation result using :CALC:MATH:UNIT. Units
is stored for the calculation.

2. Assign a name to the expression (using up to 10 ASCII characters) using the
:CALC:MATH:NAME “user-name” command.

3. Define the expression using the :CALC:MATH:DEFine or
:CALC:MATH:EXPRession command. The new expression is the one that will be
presently selected.

4. Enable the math function by sending :CALC:STATE ON.
Turn on the output by sending :OUTP ON, then send :INIT to trigger the unit.
6. Request the data with the :CALC:DATA? query.

e
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Table 8-5

Commands for user-defined math functions

Command

Description

:CALCulate:MATH:UNITs <name>
:CALCulate:MATH:NAME <name>
:CALCulate:MATH[EXPression] <form>

:CALCulate:STATe <state>
:CALCulate:DATA?

Specified units for user-defined function (name = three ASCII

characters in quotes).
Define math name (name = “user-name”).
Define math formula (form = formula).
Valid names: VOLTage, CURRent, RESistance, TIME.
Valid math operators: + - * / A log, In, sin, cos, tan, exp.
Enable/disable math (state = ON or OFF).
Query math data.

User-defined math function programming example

Table 8-6 shows the command sequence for a typical user-defined math function. This

example defines a percent deviation math function.

Table 8-6
User-defined math function programming example

Command

Description

*RST
:SENS:FUNC:OFF:ALL

:SENS:FUNC:ON “RES”

:CALC:MATH:UNIT “%”
:CALC:MATH:EXPR:NAME “PER_DEV”
:CALC:MATH:EXPR (((RES - 10e3) / 10e3) * 100)
:CALC:STAT ON

:OUTP ON

JINIT

:CALC:DATA?

Restore GPIB defaults.
Disable concurrent functions.
Select resistance function.
Define “%” units name.
Define math expression name.
Define math expression.
Enable math data.

Turn on output.

Trigger unit.

Request math data.
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Data Store

Data store overview — Outlines basic data store (buffer) capabilities.

Storing readings — Discusses the procedure for storing readings in the internal
buffer.

Recalling readings — Provides detailed information for recalling readings stored
in the buffer.

Buffer statistics — Discusses the various statistics available on buffer data includ-
ing minimum and maximum values, average (mean), standard deviation, and peak-
to-peak values.

Timestamp format — Explains how to select the timestamp format (absolute or
delta) for recalled buffer readings.

Remote programming — Summarizes the commands to control the data store and
provides a programming example.
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Data store overview

The SourceMeter has a data store (buffer) to store from 1 to 2500 source-measure read-
ings. The instrument stores the source-measure readings that are displayed during the stor-
age process. Each source-measure reading also includes the buffer location number and a
timestamp. Cmpl will flash in buffer recall if reading is in compliance.

The data store also provides statistical data on the measured readings stored in the buffer.
These include minimum, maximum, mean, and standard deviation.

NOTE When a sweep is performed, the readings are automatically stored in the buffer.

Front panel data store

Storing readings
Perform the following steps to store readings:

1. Set up the SourceMeter for the desired configuration.
. Press the STORE key.

3. Use the « and p cursor keys, and the SOURCE (A and ¥) or RANGE (A and V)
keys to specify the number of readings to store in the buffer.

4. Press ENTER. The asterisk (*) annunciator turns on to indicate data storage opera-
tion. It will turn off when the storage is finished.

5. Turn on the output and (if necessary) trigger the unit to begin taking and storing
readings.

Recalling readings

Readings stored in the buffer are displayed by pressing the RECALL key. The source-
measure readings are positioned at the left side of the display, while the buffer location
number and timestamp are positioned at the right side.

Buffer location number

The buffer location number indicates the memory location of the source-measure reading.
Location #0000 indicates that the displayed source-measure reading is stored at the first
memory location. If limit testing was performed, a “P” or an “F” will precede the buffer
location number to indicate the pass/fail result of the test. Limit testing is covered in
Section 12.
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Timestamp

The first source-measure reading stored in the buffer (#0000) is timestamped at
0000000.000 seconds. Subsequent readings can be recalled in absolute or delta timestamp
format. For the absolute format, the timestamp references readings to zero seconds. For
the delta format, the timestamp indicates the time between the displayed reading and the
reading before it. To set the timestamp format, see “Timestamp format” in this section.

Displaying other buffer readings

To display the other source-readings stored in the buffer, display the desired memory loca-
tion number. The A and ¥ keys for SOURCE and RANGE increment and decrement the
selected digit of the location number. Cursor position is controlled by the « and p keys.
When scrolling forward past the last stored reading, the buffer wraps to the first stored
reading. Conversely, when scrolling in reverse past the first stored reading, the buffer
wraps to the last stored reading. A different key click tone announces the wrap-around.

The memory location number can also be keyed in using the 0 through 9 number keys.
Position the cursor on the appropriate digit and press the desired number key. The cursor
then moves right to the next least significant digit. For example, to display reading #0236,
position the cursor all the way to the left (MSD) and press 0, 2, 3, 6. Note that if keying in
a number that exceeds the buffer size, the reading at the highest memory location is
displayed.

To exit from the data store recall mode, press EXIT.

Buffer statistics

With the data store in the recall mode, buffer statistics are displayed by using the TOG-
GLE key. Use the TOGGLE key to sequence through the statistics and return the
SourceMeter to the normal data store recall state. Pressing EXIT at any time returns the
instrument to the normal source-measure display state.

NOTE Buffer statisticsfor V, I, €2, and MATH are calculated and displayed separately.
For example, if ohms readings are displayed, all buffer statistics displayed are
based on ohms readings.

Minimum and maximum

This mode displays the minimum and maximum readings stored in the buffer. The buffer
location number and timestamp are also provided for these readings. If desired, you can go
to those buffer locations to obtain more data about the readings.

Peak-to-peak

This mode displays the peak-to-peak reading (peak-to-peak = Maximum - Minimum).
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Average

The average mode displays the mean (average) of all measured readings stored in the
buffer. The following equation is used to calculate mean:
n
2 X
i=1

y= o

where: y is the average.

X is a stored reading.
n is the number of stored readings.

Standard deviation

This mode displays the standard deviation of buffered readings. The following equation is

used to calculate standard deviation:
n 1 n 2
2
5 5-(f 2]

i=n-1 i=1

n-—1

where: y is the standard deviation.
X is a stored reading.
n is the number of stored readings.

Timestamp format

Buffer readings can be recalled using the absolute timestamp format or the delta format.
For the absolute format, readings are referenced to zero seconds. For the delta format, the
timestamp indicates the time between the displayed reading and the previous reading.

Perform the following steps to set the timestamp format:

1. While in the normal display mode, press CONFIG and then STORE to display the
timestamp choices.

2. Place the cursor on ABSOLUTE or DELTA and press ENTER.
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Timestamp accuracy

Because of internal timing methods, the timestamp value is only approximate. The method
in which the timestamp is implemented limits its use in time-critical applications. If accu-
rate test timing is crucial, it is recommended that an external timer be used in conjunction
with the SourceMeter.

The timestamp is based on an oscillator with a frequency of approximately 8kHz. This
oscillator is used as the system clock and is divided by eight to generate system “ticks”
every millisecond. Therefore, the timestamp should provide Ims resolution for test timing.
However, since the actual oscillator frequency is 8.192kHz, a system tick occurs every
8.192kHz/8 or 1,024 times a second, which results in a system tick every 0.9765625ms. In
firmware revision C17 and before, the reported timestamp value is off by 24ms every sec-
ond. Thus, to obtain more accurate timestamp values, simply multiply the timestamp dis-
played on the front panel or returned via remote by a factor of 0.9765625. This correction
should not be necessary if the unit firmware revision is C18 or higher, as the timestamp
correction has already been made internally.

Buffer considerations

From the front panel, 2500 source-measure readings can be stored and accessed using the
method described earlier in this section. Over the bus, however, there are actually two sep-
arate 2500 reading buffers for a total of 5000 readings. The : TRACe buffer is a 2500 read-
ing buffer used by front panel data store, bus :TRACe commands, and to store sweep data,
and it is battery backed-up. The READ? buffer is a separate 2500 reading buffer that can
only be accessed over the bus using the :READ? command. You can store and access data
from these two buffers separately as outlined below.

Using :TRACe commands to store data

Use :TRAC:POIN <n> and :TRIG:COUN <n> followed by :TRAC:FEED:CONT NEXT
to store data. (n = number of readings; 2500 maximum.) Turn on the output with :OUTP
ON and then send :INIT to take the unit out of idle and store readings. After data is stored,
send :TRAC:DATA? to access it. See Table 9-1 in this section for a summary of these
commands and Section 18, “TRACe subsystem,” for more details.

Using :READ? to store data

Use :TRIG:COUN <n> to set the number of readings to be stored. (n = number of read-
ings; 2500 maximum.) Turn on the output with :OUTP ON and then send the :READ?
command to trigger and access readings. (Once you access these readings, you will still be
able to access previously stored :TRACe buffer readings using :TRAC:DATA?.) See
Section 11 and Section 18, “TRIGger subsystem,” for triggering details, and Section 17
for information on the :READ? command.
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Remote command data store

Data store commands

Table 9-1 summarizes commands associated with data store operation. See Section 18,
“TRACe subsystem” and “CALCulate3,” for more detailed information on these

commands.

Table 9-1
Data store commands

Command Description
‘TRACe:DATA? Read contents of buffer.
‘TRACe:CLEar Clear buffer.
‘TRACe:FREE? Read buffer memory status.
‘TRACe:POINts <n> Specify buffer size (n = buffer size).
‘TRACe:POINts:ACTual? Query number of stored readings.
‘TRACe:FEED <name> Specify reading source. Name = SENSe[1] (raw readings),

:‘TRACe:FEED:CONTrol <name>
‘"TRACe: TSTamp:FORMat <name>
:CALCulate3:FORMat <name>

:CALCulate3:DATA?

CALCulate[1] (Calcl readings), or CALCulate2 (Calc2 readings).

Start or stop buffer. Name = NEXT (fill buffer and stop) or NEVer
(disable buffer).

Select timestamp format. Name = ABSolute (reference to first buffer
reading) or DELTa (time between buffer readings).

Select buffer statistic (name = MEAN, SDEViation, MAXimum,
MINimum, or PKPK).

Read buffer statistic data.*

* If :TRACe:FEED is set to :SENSe[1], this command will return one V, I, Q, and MATH result.
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Data store programming example

Table 9-2 summarizes the commands for basic data store operation. These commands set
up the SourceMeter as follows:

» Reading source: raw readings.
e Number of points: 10.
» Acquired data: buffer readings, mean (average), and standard deviation.

NOTE You can determine when the buffer isfull by reading the appropriate status reg-
ister bit. See Section 15 for details on the status structure.

Table 9-2
Data store example

Command Description
*RST Restore GPIB defaults.
:SOUR:VOLT 10 Source 10V.
:TRAC:FEED SENS Store raw readings in buffer.

:TRAC:POIN 10
:TRAC:FEED:CONT NEXT
:TRIG:COUN 10

:OUTP ON

(INIT

:"TRACE:DATA?
:CALC3:FORM MEAN
:CALC3:DATA?
:CALC3:FORM SDEV
:CALC3:DATA?

Store 10 readings in buffer.
Enable buffer.

Trigger count = 10.

Turn on output.

Trigger readings.

Request raw buffer readings.
Select mean buffer statistic.
Request buffer mean data.

Select standard deviation statistic.
Request standard deviation data.
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10
Sweep Operation

Sweep types — Describes the four basic sweep types: Linear staircase, logarithmic
staircase, custom, and source memory sweep.

Configuring and running a sweep — Discusses the procedure for setting up and
performing sweeps including selecting and configuring a sweep, setting the delay,
and performing a sweep.

Pulse Mode sweeps (Model 2430 only) — Covers sweep operation for the Pulse
Mode of the Model 2430.
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Sweep types

Sweeps allow you to program the instrument to step through specific voltage and current
values and perform measurements at each source value. The four basic sweep types, which
are described in the following paragraphs, include:

» Linear staircase

e Logarithmic staircase
e Custom

* Source memory

NOTE Only voltage or current sweeps can be performed. Sweep readings are automat-
ically stored in the buffer. See Section 9 for details on the data store (buffer).

Linear staircase sweep

As shown in Figure 10-1, this sweep steps from a start source value to an ending (stop)
source value. Programmable parameters include the start, stop, and step source levels.

When this sweep is triggered to start, the output will go from the bias level to the start
source level. The output will then change in equal steps until the stop source level is
reached. With trigger delay set to zero, the time duration at each step is determined by the
source delay and the time it takes to perform the measurement (NPLC setting). Note that
the delay cannot change once a sweep is configured and running and is the same for all
steps.
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Figure 10-1
Linear staircase sweep
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Logarithmic staircase sweep

This sweep is similar to the linear staircase sweep. The steps, however, are done on a loga-
rithmic scale as shown in the example sweep in Figure 10-2. This is a 5-point log sweep
from 1 to 10V. As with the staircase sweep, the delay period is the same for all steps.

Figure 10-2
Logarithmic staircase sweep (example 5-point sweep from 1 to 10 volts)
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The programmable parameters for a log sweep include the start and stop levels and the
number of measurement points for the sweep. The specified start, stop, and point parame-
ters determine the logarithmic step size for the sweep. Step size for the sweep in Figure
10-2 is calculated as follows:

log10(stop) — log10(start)

Log Step Size =

Points — 1
_ log10(10) —log10(1)
5-1
- 1-9
4
= 0.25

Thus, the five log steps for this sweep are 0, 0.25, 0.50, 0.75, and 1.00. The actual V-
Source levels at these points are listed in Table 10-1 (the V-Source level is the anti-log of
the log step).

Table 10-1
Logarithmic sweep points

Measure point | Log step | V-Source level (volts)
Point 1 0 1
Point 2 0.25 1.7783
Point 3 0.50 3.1623
Point 4 0.75 5.6234
Point 5 1.0 10

When this sweep is triggered to start, the output will go from the bias level to the start
source level (1V) and sweep through the symmetrical log points. With trigger delay set to
zero, the time duration at each step is determined by the source delay and the time it takes
to perform the measurement (NPLC setting).

Custom sweep

This sweep type lets you configure a customized sweep. Programmable parameters
include the number of measurement points in the sweep and the source level at each point.

When this sweep is started, the output goes from the bias level to the first source-measure
point in the sweep. The sweep will continue through the source-measure points in the
order they were programmed and stop after the last source-measure point. With trigger
delay set to zero, the time duration at each step is determined by the source delay and the
time it takes to perform the measurement (NPLC setting). This delay is the same for all
sweep points.
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Custom sweep examples

The custom sweep can be configured to provide a 50% duty cycle pulse sweep. Figure
10-3 shows a pulse sweep that provides three 1V pulses on a OV bias level. This pulse
sweep is configured by specifying six points for the custom sweep. The specified voltage
levels at points PO, P2, and P4 are 1V, and the specified voltage levels at points P1, P3, and
P5 are OV. Six measurements are performed for this sweep, three at 1V and three at OV.

Figure 10-3
Custom pulse sweep
PO P2 P4
1A%
e Delay —> e Delay—> < Delay —>
P <= Delay — P3 <~ Delay - P> <= Delay =

eV i f i f— 1

Measure Measure Measure Measure Measure Measure
#1 #2 #3 #4 #5 #6

Figure 10-4 shows a custom sweep example with different pulse widths. In this example,
the first two points are configured with the same source value so that the duration of the
first pulse is effectively doubled.

Figure 10-4
Custom sweep with different pulse durations
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Source memory sweep

For a source memory sweep, up to 100 setup configurations can be saved in memory.
When the sweep is performed, the setup at each memory point is recalled. This allows
multiple functions and math expressions to be used in a sweep. For example, the first point
in a source memory sweep may source voltage and measure current, the next point may
source current and measure voltage, the third point may source voltage and measure volt-
age, and the last point may use a math expression. This feature allows you to customize
each sweep point with specific instrument settings instead of being tied to one set of set-
tings for all sweep points.

Once source memory setups are saved and the sweep is initiated, the SourceMeter then
sequences through the setups very rapidly. This feature allows you to use the instrument as
a fast, automatic test sequencer.

NOTE NPLC caching can be used to speed up source memory sweeps. See Section 3,
“NPLC caching;” for details.

Sweep configuration

The user specifies the number of memory location points to sweep and where to start the
sweep. For example, you can specify a six point sweep that starts at memory location 98.
When the sweep is started, the setups at memory location points 98, 99, 100, 1, 2, and 3
are recalled. When sweeping past point 100, the sweep automatically wraps back to mem-
ory location point 1. The default and typical scenario is starting the source memory sweep
at location 1.

NOTE Theseand other components of the sweep are configured from the CONFIGURE
SWEEPS menu. See “ Configuring and running a sweep” later in this section.
Setups are saved in battery backed-up memory, and they remain and can be
recalled even if the SourceMeter looses external power.

Saving and restoring source memory setups

Source memory setups are saved in memory and restored from the SAVESETUP

(SOURCE MEMORY) option of the MAIN MENU. (See Section 1, “Main menu.”)

NOTE Source memory setups are different from the power-on and user-defined setups,
which are programmed from the SAVESETUP (GLOBAL) MAIN MENU option.
See Section 1 for details.
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Saving source memory setups
Perform the following steps to save source memory setups:

1. Configure the SourceMeter for the desired source, measure, and/or math expres-
sion operation.

2. Press MENU to display the MAIN MENU:
* Select SAVESETUP.
* Select SOURCE MEMORY.
e Select SAVE.

» Use the A and ¥ keys, and the cursor keys to display the desired memory loca-
tion, and press ENTER.

» Use the EXIT key to back out of the menu structure.

3. Configure the SourceMeter for the next point in the sweep, and repeat Step 2 to
save that setup in the next memory location.

4. Repeat Step 3 for all points in the sweep.

Restoring source memory setups

In addition to automatically sweeping through source memory locations (see “Configuring
and running a sweep” later in this section), you can also recall them individually as
follows:

Press MENU to display the MAIN MENU.

Select SAVESETUP, then press ENTER.

Choose SOURCE MEMORY, then press ENTER.

Select RESTORE, then press ENTER.

Select the source memory location to restore (1-100), then press ENTER.

A e

Saving multiple source memory sweeps

If desired, you can save multiple source memory sweeps in the 100 memory locations. For
example, you could save setups in locations 1 through 4 for one sweep, and other setups in
any other range of memory locations such as locations 50 through 58. To select which
sweep to execute, simply select two settings: (1) the sweep start location, and (2) the num-
ber of sweep points. (See “Performing a source memory sweep” later in this section.)

Saved source memory configurations

Table 10-2 summarizes the configurations that are saved at each source memory location
along with the equivalent remote command. See Section 18 for more details on these
remote commands. The SCPI command reference tables, Table 18-1 through Table 18-11,
also list source memory parameters.



2400 Series SourceMeter® User’s Manual

Sweep Operation

10-9

Table 10-2

Source memory saved configurations

Mode

Remote command

Current integration rate
Resistance integration rate
Voltage integration rate
Concurrent functions
Enable functions

Disable functions
Manual/auto ohms
Offset-compensated ohms
Enable/disable filter

Filter type

Filter count

2430 pulse function
Source mode

Source delayf

Source auto delay
Scaling factor*
Enable/disable scaling*
2430 pulse width

2430 pulse delay

Source Value, Range, Auto Range
Sense Protection, Range, Auto Range
Enable/disable auto-zero
Enable/disable remote sense
Front/rear terminals
Enable/disable CALC1
CALCI math expression
CALC?2 input path

REL value

REL on/off

Limit 1 on/off

Limit 1 fail conditions

SENSe[1]:CURRent:NPLCycles
SENSe[1]:RESistance:NPLCycles
SENSe[1]:VOLTage:NPLCycles
SENSe[1]:FUNCtion:CONCurrent
SENSe[1]:FUNCtion:ON
SENSe[1]:FUNCtion:OFF
SENSe[1]:RESistance: MODE
SENSe[1]:RESistance:OCOMpensated
SENSe[1]:AVERage:STATe
SENSe[1]:AVERage:TCONItrol
SENSe[1]:AVERage:COUNt
SOURce[1]:FUNCtion:SHAPe
SOURCce[1]:FUNCtion:-MODE
SOURCce[1]:DELay
SOURce[1]:DELay:AUTO
SOURce[1]...X....:TRIGgered:SFACtor

SOURce[1]...X...:TRIGgered:SFACtor:STATe

SOURCce[1]:PULSe:WIDTh
SOURce[1]:PULSe:DELay

SYSTem:AZERo:STATe

SYSTem:RSENse

ROUTe:TERMinals

CALCulatel1:STATe
CALCulatel:MATH[:EXPRession]:NAME
CALCulate2:FEED
CALCulate2:NULL:OFFSet
CALCulate2:NULL:STATe
CALCulate2:LIMit[1]:STATe
CALCulate2:LIMit[1]:COMPIliance:FAIL
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Table 10-2 (continued)
Source memory saved configurations

Mode

Remote command

Limit 1 bit pattern
Enable/disable Limit X**
Limit X upper limit

Limit X upper bit pattern
Limit X lower limit

Limit X lower bit pattern
Composite limits bit pattern
Next pass memory location
Trigger delayf

CALCulate2:LIMit[1]:COMPliance:SOURce2
CALCulate2:LIMitX:STATe
CALCulate2:LIMitX:UPPer[:DATA]
CALCulate2:LIMitX:UPPer:SOURce2
CALCulate2:LIMitX:LOWer[:DATA]
CALCulate2:LIMitX:LOWer:SOURce2
CALCulate2:CLIMits:PASS:SOURce?2
CALCulate2:CLIMits:PASS:SMLocation
TRIGger:DELay

* X = CURRent or VOLTage.
*#* Limit X = Limit 2, 3, 5-12.

T Not available when the Model 2430 is in the Pulse Mode.

Sweep branching

When using a Source Memory Sweep while performing limit tests, the normal sequence of
sweep memory points can be changed. This is useful when, based on the results of an ini-

tial test, a different set of tests are needed.

The sweep can branch to a specified memory location point, or proceed to the next mem-
ory location in the list. When a memory location is specified, the sweep will branch to that
memory location if the test is successful (PASS condition). If not successful (FAIL condi-
tion), the sweep proceeds to the next memory location in the list. With NEXT selected (the
default), the sweep proceeds to the next memory location in the list regardless of the out-

come of the test (PASS or FAIL condition).

Figure 10-5 shows a six-point sweep branching example. In this case, the unit is pro-
grammed to branch to location 7 when a pass conditions occurs at location 3.

Figure 10-5
Six-point test branching example
Source Memory Locations

Pass

[T B S N R S

-

Should be the same to

maintain triggering sequence.
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Caution must be used when branching since infinite memory loops can inadvertently be
created. Also, a single Source Memory Sweep will always sweep the number of points
specified, regardless of how many branches were taken.

Memory sweep branching option is set from the PASS (SRC MEM LOC) item of the
CONFIG LIMITS MENU. (See Section 12, “Limit Testing” and “Configuring limit tests,”
for details.) Via remote, use the :CALCulate2:CLIMits:PASS:SMLocation command.
(See “Configuring and running a sweep” in this section.) See “Diode test example” on
page 10-12 for a typical example.

NOTE Branch onfail isavailable via remote only with CALC2: CLIM:FAIL: SML. See
Section 18 for details.

Testing polarized devices— Branching can simplify the testing of polarized devices such
as diodes. Because a diode is polarity sensitive, you normally have to be careful when
installing it in the component handler. Installing the diode one way forward biases it, and
installing it the other way reverse biases it. Memory sweep branching can eliminate this
installation problem.

If, for example, your test requires that the diode be forward biased, you can configure the
compliance limit test (LIMIT 1) to fail if out of compliance. This fail condition would
indicate that the diode is forward biased, and the memory sweep will proceed to the next
source memory location to perform the source-measure operation. If, however, the diode is
installed backwards, the compliance limit test will PASS (in compliance). The pass condi-
tion will cause the sweep to branch to a memory location where the polarity of the source
is reversed, again forward biasing the diode for the source-measure operation.

This branching technique simplifies installation of the diode in the component handler
because polarity is no longer a concern. If the diode is installed backwards, the sweep will
branch to a memory location that reverses source polarity.



10-12  Sweep Operation 2400 Series SourceMeter® User’s Manual

Diode test example

Limit testing and a source memory sweep can be used to test a diode. Three tests that are
typically performed on a diode include the Forward Voltage Test (Vg), Reverse Break-
down Voltage Test (V) and Leakage Current Test (Ig). Figure 10-6 illustrates the test
points on a typical diode curve.

Figure 10-6
Typical diode 1-V curve and test points (not to scale)

|
VF Test

Av; \Y

| RTeSt
VR Test

Forward Voltage Test (Vg) — This test involves sourcing a specified forward bias current
within the normal operating range of the diode, then measuring the resulting voltage drop.
To pass the test, the voltage must be within the specified minimum and maximum values.

Reverse Breakdown Test (Vi) — A specified reverse current bias is sourced and the
resulting voltage drop across the diode is measured. The voltage reading is compared to a
specified minimum limit to determine the pass/fail status of the test.

Leakage Current Test (Ig) — The leakage test verifies the low level of current that leaks
across the diode under reverse voltage conditions. A specified reverse voltage is sourced,
then the resultant leakage current is measured. Good diodes have leakage current that is
less than or equal to the specified maximum value.

This test example also uses sweep branching to simplify handling of each diode. No mat-
ter how the polarity sensitive diode is installed in the test fixture, it will be biased properly.
See “Sweep branching” for details.

Testing process — The test uses seven SMLs (source memory locations). However, only
four memory locations are used for each tested diode. If the diode is installed correctly,

tests at locations 001, 002, 003, and 004 are performed. If the diode is installed backwards,
tests at locations 001, 005, 006, and 007 are performed. To sweep four memory locations,
the sweep count must be set to four. The source memory sweep is summarized as follows:
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SML 001 — Compliance Test

* Limit 1 test — Fail if in compliance, branch to source memory location 005 for
“pass” condition.

e Summary — Limit 1 test is configured such that if the diode is installed correctly in
the test fixture, it will fail the compliance test and operation will proceed to the
tests at memory locations 002, 003, and 004. If the diode is installed backwards, it
will pass the compliance test, and operation will branch around locations 002, 003,
and 004 to perform the tests at locations 005, 006, and 007. Source Memory Loca-
tion 002 - Forward Voltage Test (diode installed correctly).

SML 002 — Forward Voltage Test

e Source I, Measure V.
e Limit 2 test — Min/max limits for voltage reading.

» Summary — The voltage measurement and the result of the test (pass or fail) is
stored in the buffer.

SML 003 — Reverse Breakdown Test

e Source -I, Measure V.
e Limit 2 test — Min/max limits for voltage reading.

e Summary — The voltage measurement and the result of the test (pass or fail) is
stored in the buffer.

SML 004 — Leakage Current Test

* Source -V, Measure 1.
e Limit 2 test — Min/max limits for current reading.

e Summary — The current measurement and the result of the test (pass or fail) is
stored in the buffer.

SML 005 — Forward Voltage Test

e Source -1, Measure V.
e Limit 2 test — Min/max limits for voltage reading.
« Summary — This test is the same as the test at memory location 002, except the
source current is reversed to properly bias the diode that was installed backwards.
SML 006 — Reverse Breakdown Test

e Source +I, Measure V.
e Limit 2 test — Min/max limits for voltage reading.

« Summary — This test is the same as the test at memory location 003, except the
source current is reversed to properly bias the diode that was installed backwards.
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SML 007 — Leakage Current Test

¢ Source +V, Measure 1.
e Limit 2 test — Min/max limits for current reading.

¢ Summary — This test is the same as the test at memory location 004, except the
source voltage is reversed to properly bias the diode that was installed backwards.

Test results — The test results for the 4-point source memory sweep are stored in the
buffer. Stored readings are accessed by pressing the RECALL key. Each of the four read-
ing numbers are preceded by a “P” or an “F” to indicate the “Pass” or “Fail” result of the
corresponding test. See Section 9 for details on the data store.

Configuring and running a sweep

Front panel sweep operation

Sweep configuration menu

The sweep configuration menu is structured as follows and is shown in Figure 10-7. Note
that bullets indicate the primary items of the sweep menu and dashes indicate the options
of each menu item. Using Section 1, “Rules to navigate menus,” go through the following
menu to select and configure the desired sweep.

CONFIGURE SWEEPS menu:
Press CONFIG then SWEEP to display the sweep configuration menu.

e TYPE — Use this menu item to select the type of sweep:

— STAIR — When the linear staircase sweep is selected, you will be prompted to
enter the START, STOP, and STEP levels.

— LOG — When the logarithmic staircase sweep is selected, you will be
prompted to enter the START and STOP levels and specify the number of
measurement points.

— CUSTOM — With the custom sweep selected, you specify the number of
measurement points (# POINTS) in the sweep and the source level at each
point (ADJUST POINTS). With the INIT option, you can set a consecutive
range of measurement points in the sweep to a specific level. For example,
assume that for a 20-point custom voltage sweep (# POINTS = 20), you want
points 10 through 15 to be set for 1V. After selecting the INIT option, set the
VALUE to +1.000000V, set the START PT to 10, and set the STOP PT to 15.

— SRC MEMORY — With the Source Memory Sweep selected, you specify the
memory location START point to start the sweep (1 is the default) and the
number of memory location points (# POINTS) in the sweep. When config-
ured to sweep past point 100, the sweep automatically wraps around to point 1.
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Figure 10-7

SWEEP COUNT — Use this menu item to specify how many sweeps to perform:

FINITE — Use this option to enter a discrete number of sweeps to perform
with the results stored in the data store buffer. The maximum number of finite
sweeps that can be performed is determined as follows:

maximum finite sweep count = 2500 / # Points in sweep

INFINITE — Select this option to continuously repeat the configured sweep.
Use the EXIT key to stop the sweep. Data is not stored in the buffer.

SOURCE RANGING — Use this menu item to control source ranging (ignored in
source memory):

BEST FIXED — With this option, the SourceMeter will select a single fixed
source range that will accommodate all of the source levels in the sweep. For
example, if the minimum and maximum source levels in the sweep for the
Model 2400 are 1V and 30V, the 200V source range will be used.

AUTO RANGE — With this option, the SourceMeter will select the most sen-
sitive source range for each source level in the sweep. For example, fora 1V
source level, the 2V source range will be used, and for a 3V source level, the
20V source range will be used. Note that the range changing process of AUTO
RANGE may cause transients in the sweep. If these transients cannot be toler-
ated, use the BEST FIXED source range.

FIXED — With this option, the source remains on the range presently on when
the sweep is started. For sweep points that exceed the source range capability,
the source will output the maximum level for that range. For example, if the
source is on the 2V range when the sweep is started, it will remain on the 2V
range for the entire sweep. If the configured sweep points are 1V, 2V, 3V, 4V,
and 5V, the sweep will be 1V, 2V, 2.1V, 2.1V, and 2.1V.

Sweep configuration menu tree

CONFIG
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SWEEP
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SWEEP SOURCE
TYPE COUNT RANGING
I
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LOG
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Setting delay

Generally, the time duration spent at each step (or point) of a sweep consists of the source
delay and the time it takes to perform the measurement (NPLC setting).

NOTE For the Model 2430 Pulse Mode, source delay is not used. Instead, pulse width
(for the on-time) and pulse delay (for the off-time) are the delays that are set by
the user. Pulse Mode sweeps are covered later in this section.

The source delay is part of the SDM cycle and is used to allow the source to settle before
the measurement is made. (See Section 6, “Source-delay-measure cycle,” for details).

The total time period of the source delay could include an auto-delay and/or a user pro-
grammed delay. With auto-delay enabled, 1ms of delay is used. The user programmable
source delay adds 0000.0000 to 9999.9990 seconds of delay. See Section 3, “Source
delay,” to set these delays).

Additional delay for a sweep is available by using the trigger delay. This user-specified
delay (0000.0000 to 9999.99990 seconds) occurs before each SDM cycle (device action)
of the sweep. Thus, the trigger delay is executed before each new source-point in the
sweep. See Section 11, “Trigger models” and “Configuring triggering,” to set trigger
delay.

NOTE For linear staircase, log staircase, and custom sweeps, source delay, trigger
delay, and NPLC settings are global and affect all sweep points simultaneously.
For source memory sweep only, both the source delay and NPLC settings can be
set to different values for each point in the sweep.

Trigger count and sweep points

The trigger count and number of sweep points should be the same or multiples of one
another. For example, with five sweep points and a trigger count of 10, the sweep will run
twice. See Section 11 for details on trigger count.

Performing sweeps

Procedures for the various sweep types are covered below.

NOTE For the Model 2430, the following procedure assumes that the DC mode of oper-
ation is selected (“ Vsre” or “ Isrc” displayed in source field). If in the Pulse
Mode (“ Vpls” or “1pls’ displayed), you can return to the DC Mode by pressing
CONFIG YV or 1, selecting the SHAPE menu item, and then selecting PULSE.
Use the EXIT key to back out of the menu.

The following procedure assumes that the SourceMeter is already connected to
the DUT as explained in Section 2.
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WARNING Hazardous voltages (>30V rms) can appear on the selected INPUT/
OUTPUT LO terminal when performing fast pulse sweep operations.
To eliminate this shock hazard, connect the LO terminal to earth
ground. If using the front panel terminals, ground the front panel LO
terminal. If using the rear panel terminals, ground the rear panel LO
terminal. The ground connection can be made at the chassis ground
screw on the rear panel or to a known safety earth ground.

Performing a linear staircase sweep

Step 1: Configure source-measure functions.
Configure the SourceMeter for the desired source-measure operations as follows:

1. Select the desired source function by pressing SOURCE V or SOURCE L.
Set the source level and compliance limit to the desired values.

3. Press MEAS V or MEAS I to select the desired measurement function, then choose
the desired measurement range.

See Section 3, “Basic Source-Measure Operation,” for more information.

The source level you set becomes the bias level for the sweep. When turned on, the output
will maintain this bias level until the sweep is started. Typically, OV or OA is used as the
bias level.

If using a fixed measurement range, make sure it can accommodate every measurement
point in the sweep. Otherwise, use autoranging.

Step 2: Configure sweep.
Configure the sweep as follows:

Press CONFIG then SWEEP.

Select TYPE, then press ENTER.

Select STAIR, then press ENTER.

At the prompts, enter the desired START, STOP, and STEP values.

From the CONFIGURE SWEEPS menu, select SWEEP COUNT, press ENTER,
then choose FINITE or INFINITE as desired.

6. Again from the CONFIGURE SWEEPS menu, choose SOURCE RANGING,
press ENTER, then select BEST FIXED, AUTO RANGE, or FIXED as
appropriate.

AN e

7. Press EXIT to return to normal display.
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Step 3: Set delay.
Set the source delay as follows:

1. Press CONFIG then SOURCE V or SOURCE I depending on the selected source
function.

2. Select DELAY, then press ENTER.
3. Set the delay to the desired value, then press ENTER.
4. Press EXIT to return to normal display.

Step 4: Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (OUTPUT indicator turns on). The
SourceMeter will output the programmed bias level.

Step 5: Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 6: Read buffer.

Use the RECALL key to access the source-measure readings stored in the buffer. Use the
TOGGLE to display statistical information. (See Section 9, “Data Store.”)

Performing a log staircase sweep

Step 1: Configure source-measure functions.
Configure the SourceMeter for the desired source-measure operations as follows:

1. Select the desired source function by pressing SOURCE V or SOURCE 1.
2. Set the source level and compliance limit to the desired values.

3. Press MEAS V or MEAS I to select the desired measurement function, then choose
the desired measurement range.

Step 2: Configure sweep.
Configure the sweep as follows:

Press CONFIG then SWEEP.

Select TYPE, then press ENTER.

Select LOG, then press ENTER.

At the prompts, enter the desired START, STOP, and NO OF POINTS values.

From the CONFIGURE SWEEPS menu, select SWEEP COUNT, press ENTER,
then choose FINITE or INFINITE as desired.

A e
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6. Again from the CONFIGURE SWEEPS menu, choose SOURCE RANGING,
press ENTER, then select BEST FIXED, AUTO RANGE, or FIXED as
appropriate.

7. Press EXIT to return to normal display.

Step 3: Set delay.
Set the source delay as follows:

1. Press CONFIG then SOURCE V or SOURCE I depending on the selected source
function.

Select DELAY, then press ENTER.
Set the delay to the desired value, then press ENTER.
Press EXIT to return to normal display.

e

Step 4: Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (OUTPUT indicator turns on). The
SourceMeter will output the programmed bias level.

Step 5: Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 6: Read buffer.

Use the RECALL key to access the source-measure readings stored in the buffer. Use the
TOGGLE to display statistical information.

Performing a custom sweep

Step 1: Configure source-measure functions.
Configure the SourceMeter for the desired source-measure operations as follows:

1. Select the desired source function by pressing SOURCE V or SOURCE 1.
Set the source level and compliance limit to the desired values.

3. Press MEAS V or MEAS I to select the desired measurement function, then choose
the desired measurement range.

Step 2: Configure sweep.

Configure the sweep as follows:

1. Press CONFIG then SWEEP.
2. Select TYPE, then press ENTER.
3. Select CUSTOM, then press ENTER.
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4. Use the displayed menu selections to enter the desired # POINTS, individual point
values (ADJUST POINTS), and INIT (initial) value.

5. From the CONFIGURE SWEEPS menu, select SWEEP COUNT, press ENTER,
then choose FINITE or INFINITE as desired.

6. Again from the CONFIGURE SWEEPS menu, choose SOURCE RANGING,
press ENTER, then select BEST FIXED, AUTO RANGE, or FIXED as
appropriate.

7. Press EXIT to return to normal display.

Step 3: Set delay.
Set the source delay as follows:

1. Press CONFIG then SOURCE V or SOURCE I depending on the selected source
function.

2. Select DELAY, then press ENTER.

3. Set the delay to the desired value, then press ENTER.

4. Press EXIT to return to normal display.

Step 4: Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (OUTPUT indicator turns on). The
SourceMeter will output the programmed bias level.

Step 5: Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 6: Read buffer.

Use the RECALL key to access the source-measure readings stored in the buffer. Use the
TOGGLE to display statistical information.
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Performing a source memory sweep

Step 1: Store setupsin source memory.

Store instrument setups in source memory as follows:

1.

3.

Configure the SourceMeter for various desired operating modes such as source,
measure, delay, and/or math expression operation. See Table 10-2 for settings that
can be stored in each source memory location.

Press MENU to display the MAIN MENU:
« Select SAVESETUP.
» Select SOURCE MEMORY.
» Select SAVE.

» Use the A and V¥ keys, and the cursor keys to display the desired memory loca-
tion, and press ENTER.

» Use the EXIT key to back out of the menu structure.
Repeat Steps 1 and 2 for all points in the sweep.

Step 2: Configure sweep
Configure the sweep as follows:

Db =

7.

Press CONFIG then SWEEP.

Select TYPE, then press ENTER.

Select SRC MEMORY, then press ENTER.

Use the menu selections to enter the desired START memory location and #
POINTS for the source memory sweep.

From the CONFIGURE SWEEPS menu, select SWEEP COUNT, press ENTER,
then choose FINITE or INFINITE as desired.

Again from the CONFIGURE SWEEPS menu, choose SOURCE RANGING,
press ENTER, then select BEST FIXED, AUTO RANGE, or FIXED as
appropriate.

Press EXIT to return to normal display.

Step 3: Turn output on.
Press the ON/OFF OUTPUT key to turn the output on (OUTPUT indicator turns on).

Step 4: Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 5: Read buffer.

Use the RECALL key to access the source-measure readings stored in the buffer. Use the
TOGGLE to display statistical information.
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Remote sweep operation
Staircase sweep commands
Table 10-3 summarizes remote commands used for linear and log staircase sweep opera-
tion. See Section 18, “Configure voltage and current sweeps,” for more details on these
commands.
Table 10-3

Linear and log staircase sweep commands

Command

Description

:SOURCce:CURRent:MODE SWEep
:SOURce:CURRent:STARt <n>
:SOURce:CURRent:STOP <n>
:SOURce:CURRent:STEP <n>
:SOURce:CURRent:CENTer <n>
:SOURce:CURRent:SPAN <n>
:SOURCce:VOLTage:MODE SWEep
:SOURCce:VOLTage:STARt <n>
:SOURCce:VOLTage:STOP <n>
:SOURCce:VOLTage:STEP <n>
:SOURCce:VOLTage:CENTer <n>
:SOURCce:VOLTage:SPAN <n>
:SOURce:SWEep:RANGing <name>
:SOURce:SWEep:SPACing <name>
:SOURce:SWEep:POINts <n>
:SOURce:SWEep:DIREction <name>

Select current source sweep mode.

Specify sweep start current (n = current).

Specify sweep stop current (n = current).

Specify sweep step current (n = current).

Specify sweep center current (n = current).

Specify sweep span current (n = current).

Select voltage source sweep mode.

Specify sweep start voltage (n = voltage).

Specify sweep stop voltage (n = voltage).

Specify sweep step voltage (n = voltage).

Specify sweep center voltage (n = voltage).

Specify sweep span voltage (n = voltage).

Select source ranging (name = BEST, AUTO, or FIXed).

Select sweep scale (name = LINear or LOGarithmic).

Set number of sweep points (n = points).

Set sweep direction. Name = UP (sweep start to stop) or DOWn
(sweep stop to start).

Staircase sweep programming example

As an example of linear staircase sweep operation, assume the SourceMeter is to be used
to generate the I-V characteristics of a diode. Many diode tests, such as breakdown voltage
and leakage current, require only single-point measurements. Some, such as quality-
assurance analysis of marginal parts, involve performing a complete I-V sweep for

detailed analysis.
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For the purposes of this test, assume the following basic sweep parameters:

Source Function: current
Sense Function: volts
Source Mode: sweep
Start Current: 1mA
Stop Current: 10mA
Step Current: ImA
Voltage Compliance: 1V
Source Delay: 100ms

Figure 10-8 shows typical test connections for this test, and Figure 10-9 shows a typical
diode curve. Note that the diode anode is connected to INPUT/OUTPUT HI, and the cath-
ode is connected to INPUT/OUTPUT LO. These connections are required to properly for-
ward bias the diode for the purposes of the test. The test connections could also be
reversed by using negative sweep voltage parameters.

Figure 10-8
Connections for diode I-V tests
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Table 10-4 lists the command sequence for the diode programming example.

Table 10-4

Staircase sweep programming example (diode test)

Command

Description

*RST

:SOUR:FUNC CURR

:SENS:VOLT:PROT 1

:TRIG:COUN 10
:SOUR:DEL 0.1
:OUTP ON
:-READ?

:SENS:FUNC:CONC OFF

:SENS:FUNC ‘VOLT:DC’

:SOUR:CURR:START 1E-3
:SOUR:CURR:STOP 10E-3
:SOUR:CURR:STEP 1E-3
:SOUR:CURR:MODE SWE
:SOUR:SWE:RANG AUTO
:SOUR:SWE:SPAC LIN

Restore GPIB default conditions.
Turn off concurrent functions.
Current source function.

Volts sense function.

1V voltage compliance.

1mA start current.

10mA stop current.

1mA step current.

Select current sweep mode. !
Auto source ranging.

Select linear staircase sweep.
Trigger count = # sweep points.2
100ms source delay.

Turn on source output.

Trigger sweep, request data.

1. This command should normally be sent after START, STOP, and STEP to avoid delays
caused by rebuilding sweep when each command is sent.

2. For single sweep, trigger count should equal number of points in sweep: Points = (Stop-
Start)/Step + 1. You can use SOUR:SWE:POIN? query to read the number of points.

Custom sweep commands

Table 10-5 summarizes remote commands used for custom sweep operation. See

Section 18, “Configure list,” for more details on these commands.

Table 10-5
Custom sweep commands

Command

Description

:SOURce:CURRent:MODE LIST
:SOURce:VOLTage:MODE LIST
:SOURCce:LIST:CURRent <list>
:SOURCce:LIST:CURRent:APPend <list>
:SOURCce:LIST:CURRent:POINts?
:SOURCce:LIST:VOLTage < list>
:SOURCce:LIST:VOLTage:APPend <list>
:SOURCce:LIST:VOLTage:POINts?
:SOURce:SWEep:RANGing <name>

Select current list (custom) sweep mode.
Select voltage list (custom) sweep mode.
Define I-source (list =11, 12,... In).

Add I-source list value(s) (list =I1, 12,...In).
Query length of I-source list.

Define V-source list (list=V1, V2,... Vn).

Add V-source list value(s) (list =V1, V2,...Vn).

Query length of V-source list.

Select source ranging (name = BEST, AUTO, or FIXed).
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Custom sweep programming example

As an example of custom sweep operation, assume a five-point sweep with the following
parameters:

Source Function: volts

Sense Function: current

Voltage Sweep Mode: list (custom sweep)
Sweep Voltage Points: 7V, 1V, 3V, 8V, 2V
Current Compliance: 100mA

Source Delay: 100ms

Table 10-6 summarizes the basic remote command sequence for performing the custom
sweep described above.

Table 10-6
Custom sweep programming example

Command Description
*RST Restore GPIB default conditions.
:SENS:FUNC:CONC OFF Turn off concurrent functions.
:SOUR:FUNC VOLT Volts source function.
:SENS:FUNC ‘CURR:DC’ Current sense function.
:SENS:CURR:PROT 0.1 100mA current compliance.

:SOUR:VOLT:MODE LIST List volts sweep mode.
:SOUR:LIST:VOLT 7,1,3,8,2 7V, 1V, 3V, 8V, 2V sweep points.

:TRIG:COUN 5 Trigger count = # sweep points.
:SOUR:DEL 0.1 100ms source delay.

:OUTP ON Turn on source output.
:READ? Trigger sweep, request data.

Source memory sweep commands

Table 10-7 summarizes remote commands used for custom sweep operation. See
Section 18, “Configure memory sweep,” for more details on these commands.

Table 10-7
Source memory sweep commands
Command Description
:SOURce:FUNCtion MEM Select memory sweep mode.

:SOURce:MEMory:POINts <n> | Specify number of sweep points (n = points).
:SOURce:MEMory:STARt <n> | Select source memory start location (n = location).
:SOURce:MEMory:RECall <n> | Return to specified setup (n = memory location).
:SOURce:SAVE <n> Save setup in memory (n = memory location).
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Source memory sweep programming example

As an example of source memory sweep operation, assume a three-point sweep with the
following operating modes:

Source Memory Location #1: source voltage, measure current, 10V source value
Source Memory Location #2: source current, measure voltage, 100mA source value
Source Memory Location #3: source current, measure current, 100mA source value

Table 10-8 summarizes the basic remote command sequence for performing the basic

source memory sweep described above.

Table 10-8
Source memory sweep programming example
Command Description
*RST Restore GPIB default conditions.
:SENS:FUNC:CONC OFF | Turn off concurrent functions.
:SOUR:FUNC MEM Source memory sweep mode.
:SOUR:MEM:POIN 3 Number memory points = 3.
:SOUR:MEM:STAR 1 Start at memory location 1.
:SOUR:FUNC VOLT Volts source function.

:SENS:FUNC ‘CURR:DC’
:SOUR:VOLT 10
:SOUR:MEM:SAVE 1
:SOUR:FUNC CURR
:SENS:FUNC ‘VOLT:DC’
:SOUR:CURR 100E-3
:SOUR:MEM:SAVE 2
:SENS:FUNC ‘CURR:DC’
:SOUR:MEM:SAVE 3
‘TRIG:COUN 3

:OUTP ON

:READ?

Current sense function.

10V source voltage.

Save in source memory location 1.
Current source function.

Volts sense function.

100mA source current.

Save in source memory location 2.
Current sense function.

Save in source memory location 3.
Trigger count = # sweep points.
Turn on source output.

Trigger sweep, request data.
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Sweep branching program example

The code fragment below is a Visual Basic sweep branching subroutine. This example sets
up source memory locations 1-3 as indicated in code comments. Location 100 is used as a
dummy location. Failure at any one of locations 1-3 causes a branch to location 100 to
stop the sweep as soon as possible in the event of failure. For all three source memory
locations, operating modes are set as follows:

e Source function: volts, 10V output voltage
e Measurement function: current, 100mA range, 105SmA compliance
e Delay: 1s

Test limits for the three memory locations are:

e Location 1: 10mA to 20mA
* Location 2: 20mA to 30mA
* Location 3: 30mA to 40mA

Attribute VB_Name = “Headers”
Option Explicit

Public Sub RunSourceMemory ()

Dim intGPIB As Integer
Dim strAnswer As String

intGPIB = 24 'Primary address = 24.
Call OutputCmd (intGPIB, “:TRAC:CLE”) 'Clear Readings from
Buffer

'Setup Source Memory Location 1

Call OutputCmd (intGPIB, “*RST”) 'Restore GPIB default
conditions.

Call OutputCmd (intGPIB, “:SOUR:FUNC VOLT") 'Current Source
Function.

Call OutputCmd (intGPIB, “:SENS:FUNC ‘CURR:DC’") 'Current Sense Function.

Call OutputCmd (intGPIB, “:SENS:CURR:PROT .105") 'Set 105mA Compliance

Call OutputCmd (intGPIB, “:SENS:CURR:RANGE .1”) 'Set 100mA Current Mea-
sure Range

Call OutputCmd (intGPIB, “:SOUR:DEL 1”") 'Set Source Delay to 1

Call OutputCmd (intGPIB, “:SOUR:VOLT 10”) '10V Source Voltage.

Call OutputCmd (intGPIB, “:CALC2:FEED CURR”) 'Send Current (A) Read-

ings to Buffer
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Call
Call

Call

Call
Call
Call
Call

Call

Call

Call

Call

Call

Call
Call

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd
OutputCmd
OutputCmd
OutputCmd

intGPIB,
intGPIB,
intGPIB,
intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

:CALC2
:CALC2

:CALC2

:CALC2
:CALC2
:CALC2
:CALC2

:CALC2

:CALC2

:CALC2
:CALC2
:CALC2

:CALC2
:SOUR:MEM: SAVE 1”)

'Setup Source Memory Location 2

“W*RST”)

Call

Call
Call

Call

Call
Call

Call
Call

Call

OutputCmd (intGPIB,
OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

:SOUR:

:SENS:

:SENS:
:SENS:

:SOUR:
:SOUR:
:CALC2:FEED CURR”)

:LIM1:STAT ON”") 'Set Limitl on
:LIM1:COMP:FAIL IN”)'Set Fail Mode to In

Compliance

:LIM1:COMP:SOUR2 8”) 'Set Digital Output

Pattern for Compliance

Failure
:LIM2:STAT ON”) 'Set Limit2 on
:LIM2:UPP 2E-2") 'Set Upper Limit to 20mA
:LIM2:LOW 1E-3") 'Set Lower Limit to 10mA

:LIM2:UPP:SOUR2 2”) 'Set Digital Output

Pattern for Upper Limit
#2 Failure

:LIM2 :LOW: SOUR2 3”) 'Set Digital Output

Pattern for Lower Limit
#2 Failure

:CLIM:PASS:SOUR2 13”) 'Set Digital Output

Pattern for Limit #2
Passing

:CLIM:MODE GRAD") 'Set Limit Results to

:CLIM:BCON END”)

Grading
'Set Binning Control
to End

:CLIM:PASS:SML NEXT”) 'Set SML Pass Location
:CLIM:FAIL:SML 100”) 'Set SML Fail Location

'Save in Source Memory
Location 1.

'Restore GPIB default

conditions.

FUNC VOLT”) 'Current Source
Function.

FUNC ‘CURR:DC’") 'Current Sense
Function.

CURR:PROT .105") 'Set 105mA Compliance

CURR:RANGE .1") 'Set 100mA Current
Measure Range

DEL 17) 'Set Source Delay to 1

VOLT 10") '10V Source Voltage.

:CALC2:LIM1:STAT ON”)

'Send Current (A)
Readings to Buffer

'Set Limit 1 on

:CALC2:LIM1:COMP:FAIL IN”) 'Set Fail Mode to In
Compliance
:CALC2:LIM1:COMP:SOUR2 5”) 'Set Digital Output

Pattern for Compli-
ance Failure
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Call
Call

Call

Call

Call

Call

Call

Call

Call

Call
Call

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

“:CALC2
“:CALC2

“:CALC2

“:CALC2

“:CALC2

“:CALC2

“:CALC2

“:CALC2

“:CALC2

“:CALC2
“:SOUR:

'Setup Source Memory Location 3

Call

Call
Call

Call

Call
Call

Call
Call

Call

OutputCmd (intGPIB,
OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,
OutputCmd (intGPIB,

OutputCmd (intGPIB,

“WARST”)

“:SOUR:

“:SENS:

“:SENS:
“:SENS:

“:SOUR:

“:SOUR:
“:CALC2

“:CALC2

:LIM2:STAT ON”")
:LIM2:UPP 3E-2")

:LIM2:LOW 2E-2")

:LIM2:UPP:SOUR2 4")

:LIM2:LOW: SOUR2 5”")

'Set Limit2 on

'Set Upper Limit to
30mA

'Set Lower Limit to
20mA

'Set Digital Output
Pattern for Upper
Limit #2 Failure
'Set Digital Output
Pattern for Lower
Limit #2 Failure

:CLIM:PASS:SOUR2 14”) 'Set Digital Output

:CLIM:MODE GRAD")

:CLIM:BCON END”)

Pattern for Limit #2
Passing

'Set Limit Results to
Grading
'Set Binning Control to
End

:CLIM:PASS:SML NEXT”) 'Set SML Pass Location
:CLIM:FAIL:SML 100”) 'Set SML Fail Location

MEM:SAVE 2")

FUNC VOLT")

FUNC ‘CURR:DC’")

CURR:PROT .105")
CURR:RANGE .1")

DEL 17)

VOLT 10”)
:FEED CURR")

:LIM1:STAT ON”)

'Save in Source Memory
Location 2.

'Restore GPIB default
conditions.

'Current Source
Function.

'Current Sense
Function.

'Set 105mA Compliance
'Set 100mA Current
Measure Range

'Set Source Delay to 1
'10V Source Voltage.
'Send Current (A) Read-
ings to Buffer

'Set Limit 1 on

“:CALC2:LIM1:COMP:FAIL IN”)'Set Fail Mode to In

Compliance

“:CALC2:LIM1:COMP:SOUR2 10”) 'Set Digital Output

Pattern for Compliance
Failure
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Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2
Call OutputCmd (intGPIB, “:CALC2:
Call OutputCmd (intGPIB, “:CALC2:
Call OutputCmd (intGPIB, “

'Setup Source Memory Location 100

:LIM2:
:LIM2:
:LIM2:
:LIM2:

:LIM2:

:cLIM:

:CLIM:

:CLIM:

CLIM:
CLIM:

:SOUR:MEM: SAVE 3”)

(Dummy Location)

STAT ON") 'Set Limit2 on
UPP 4E-2") 'Set Upper Limit to 40mA
LOW 3E-3") 'Set Lower Limit to 30mA

UPP:SOUR2 6”) 'Set Digital Output Pat-
tern for Upper Limit #2
Failure

'Set Digital Output Pat-
tern for Lower Limit #2
Failure

PASS:SOUR2 15”) 'Set Digital Output

Pattern for Limit #2

LOW:SOUR2 7")

Passing
MODE GRAD") 'Set Limit Results to
Grading
BCON END”) 'Set Binning Control to
End

PASS:SML NEXT”) 'Set SML Pass Location
FAIL:SML 100”) 'Set SML Fail Location

'Save in source memory

location 3.

'"Turn off everything
to increase speed.

' Using a Dummy Location allows the Source Memory
' Sweep to stop testing the DUT as quickly as possible.
' This allow the test setup to ensure high yields and

' to
' in the Source Memory Sweep.

not waste test time on devices that fail early

Call OutputCmd (intGPIB, “*RST”) 'Restore GPIB default
conditions.

Call OutputCmd (intGPIB, “:SOUR:DEL 0”) 'Set Source Delay to 0

Call OutputCmd (intGPIB, “:SOUR:VOLT 0") 'Set Source Voltage to
0

Call OutputCmd (intGPIB, “:SENS:FUNC:OFF:ALL") '"Turn off all Measure
Functions

Call OutputCmd (intGPIB, “:CALC2:LIM1:STAT OFF”) '"Turn Limit 1 Off

Call OutputCmd (intGPIB, “:CALC2:LIM2:STAT OFF”) '"Turn Limit 2 Off

Call OutputCmd (intGPIB, “:CALC2:CLIM:PASS:SML NEXT”) 'Set SML Pass Location

Call OutputCmd (intGPIB, “:CALC2:CLIM:FAIL:SML 100”) 'Set SML Fail Location

Call OutputCmd (intGPIB, “:SOUR:MEM:SAVE 100") 'Save in source

memory location 100.
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Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,
Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,
Call OutputCmd (intGPIB,
Call OutputCmd (intGPIB,
Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,

Call OutputCmd (intGPIB,

End Sub

“WkRST”)

“:CALC2:CLIM:BCON END”)
“:SENSE: FUNC:CONC OFF”)

“TRIG:COUN 3”)

“:SOUR:FUNC MEM”)

“:SOUR:MEM:POIN 3")

“:SOUR:MEM:STAR 1”)

'Restore GPIB default
conditions.

'"Turn off Concurrent
Functions.

'Trigger count = #
sweep points.
'Source Memory sweep
Mode .

'Number of Memory
Points = 3.

'Start @ Memory Loca-
tion 1.

“SOUR2:CLE:AUTO ON; :SOUR2:CLE:AUTO:DEL 1”)

“:CALC2:cLIM:PASS:SOUR2 12"

“OUTPUT ON")
“:INIT”)

'Set Digital I/O
auto-clear

'Set Digital Output
Pattern for Limit #2
Passing

'"Turn on Output
'Trigger Sweep.
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Pulse Mode sweeps (Model 2430 only)

When performing a sweep with the Model 2430 in the Pulse Mode, each step or point of
the sweep is made up of a pulse period. In general, a pulse period consists of the pulse
width (output on-time) and the output off-time. Figure 10-10 shows an example of a 3-step
linear staircase sweep for the Pulse Mode (start = 1V, stop = 3V, step = 1'V). A measured
reading is performed for each of the three pulse steps. Readings are not performed for the
output off-times.

For normal (DC Mode) sweep operation, the time duration spent on each step consists of
the set source delay and the time it takes to perform the measurement. For the Pulse Mode,
source delay is not used. The pulse width consists of the pulse width delay, internal over-
head time and the pulse signal measurement. The output off-time typically consists of zero
and reference measurements (used to calculate accurate pulse readings), internal overhead
time, and an optional pulse delay.

NOTE Details on Pulse Mode operation for the Model 2430 are provided in Section 5.

Figure 10-10
Pulse Mode linear staircase sweep

Measure
3V l
On
Measure
v On
Measure
1v i
On
oV Off Off Off
lk— Pulse #1 ———>«—Pulse #2——>«—Pulse #3 —
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Front panel Pulse Mode sweep procedure

The procedure to perform a Pulse Mode sweep is summarized as follows:

NOTE Thefollowing procedure assumes that the Model 2430 is already connected to
the DUT as explained in Section 2.

WARNING Hazardous voltages (>30V rms) can appear on the selected INPUT/
OUTPUT LO terminal when performing fast pulse sweep operations.
To eliminate this shock hazard, connect the LO terminal to earth
ground. If using the front panel terminals, ground the front panel LO
terminal. If using the rear panel terminals, ground the rear panel LO
terminal. The ground connection can be made at the chassis ground
screw on the rear panel or to a known safety earth ground.

Step 1: Select and configure pulse mode

Basic parameters for the Pulse Mode include pulse width, pulse delay, pulse measurement
speed, and pulse count. Refer to Section 5, “Pulse Mode configuration,” to select the Pulse
Mode and set the pulse parameters.

Step 2: Set compliance limit, and select measurement function and range.

Configure the Model 2430 for these aspects of operation as explained in steps 1 through 3,
Section 3, “Basic source-measure procedure.”

Note that the AUTO measurement range is not valid in the Pulse Mode. Make sure the
fixed measurement range that you select can accommodate every measurement point in
the sweep.

Step 3: Configure sweep.

Select and configure the sweep as explained in “Configuring and running a sweep.”

Step 4: Run sweep.

To run the sweep, press the SWEEP key. After the last pulse in the sweep is sourced, the
output will turn off and stay off. A sweep that is in progress can be stopped at any time by
pressing the ON/OFF OUTPUT key or the EXIT key.

Step 5: Read buffer.

Use the RECALL key to access the source-measure readings stored in the buffer. Use the
TOGGLE to display statistical information. (See Section 9, “Data Store.”)
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Remote Pulse Mode sweep operation

The commands for Pulse Mode operation are provided in Table 5-1 in Section 5, while the
staircase sweep commands are provided in Table 10-3.

Table 10-9 provides a typical remote command sequence for performing the 3-point Pulse
Model linear staircase sweep shown in Figure 10-10.

Table 10-9
Pulse Mode linear staircase sweep programming example
Command Description

*RST Restore GPIB default conditions.
:SOUR:FUNC PULS Select Pulse Mode.
:SOUR:PULS:WIDT 0.005 Sms pulse width.
:SOUR:PULS:DEL 0.003 3ms pulse delay.
:SENS:VOLT:NPLC 0.1 Measure speed = 0.1 pLC.!
‘TRIG:COUN 3 Pulse count = # sweep points.2
:SOUR:FUNC VOLT Volts source function. !
:SENS:FUNC ‘CURR’ Current sense function.!
:SENS:CURR:PROT 0.1 100mA current compliance.
:SOUR:VOLT:START 1 1V start voltage.
:SOUR:VOLT:STOP 3 3V stop voltage.
:SOUR:VOLT:STEP 1 1V step voltage.
:SOUR:VOLT:MODE SWE | Select volts sweep mode.>
:READ? Trigger sweep, request data.

1. These commands are not required in this case, since unit assumes these operating
states after *RST but are included to demonstrate complete programming steps.
2. Trigger count should equal number of points in sweep:
Points = (Stop-Start)/Step + 1.
You can use SOUR:SWE:POIN? query to read the number of points.
3. This command should normally be sent after START, STOP, and STEP to avoid
delays caused by rebuilding sweep when each command is sent.
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Triggering

Front panel trigger operation — Discusses front panel triggering including the
trigger model, various layers, event detection, delay, and device action, and front
panel trigger configuration.

Remote trigger operation — Details the remote trigger model and summarizes
trigger commands.

Trigger link — Discusses the trigger link, including input triggers and output
triggers.

Triggering examples — Shows examples for front panel triggering, external trig-
gering with other instruments, and remote triggering.

Pulse Mode triggering (Model 2430) — Explains the triggering differences
between the DC Mode and Pulse Mode of the Model 2430.
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Front panel trigger operation

Front panel trigger model

NOTE For the Model 2430, the following discussion on the trigger model pertains
explicitly to the DC Mode of operation. The trigger model operates a little dif-
ferently for the Pulse Mode. These differences are covered in “ Pulse Mode trig-
gering (Model 2430)” later in this section.

The flowchart in Figure 11-1 summarizes triggering for front panel operation. The trigger
model is modeled after the remote commands used to control triggering. (See “Remote
trigger commands,” page 11-18.) Key trigger model settings are included in the flowchart.
Note that the BENCH defaults are denoted by the “+” symbol.

The primary actions of the trigger model are Source, Delay, and Measure. The source
action outputs the programmed voltage or current value, and the programmed delay pro-
vides a settling period for the source before the measurement is performed.

The trigger model consists of two layers (Arm Layer and Trigger Layer) to provide versa-
tility. Programmable counters allow operations to be repeated, and various input and out-
put trigger options are available to provide source-measure synchronization between the
SourceMeter and other instruments (via the Trigger Link).

Unless otherwise noted, the programmable aspects of the trigger model are performed
from the CONFIGURE TRIGGER menu. (See “Configuring triggering,” page 11-8.)
Event detection

In general, operation is held up at an Event Detector until the programmed event occurs.
Note however, that if an event detector has a bypass, operation can be programmed to loop
around the event detector.

Idle

The SourceMeter is in idle when it is not operating in the Arm Layer or Trigger Layer of
the trigger model. When in idle, the ARM annunciator is off. To take the SourceMeter out
of idle, turn the output ON.

The SourceMeter can be returned to idle at any time by selecting the HALT menu item of
the CONFIGURE TRIGGER menu. (See “Configuring triggering,” page 11-8.)
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Figure 11-1
Front panel trigger model
Turn Output ON Idle
_________ |____________________________
Bypass Once
Arm Event
Detector,
?
4+ Immediate + Never Yes Arm Arm
GPIB v Counter Layer
Timer +1
Manual Arm Event
TLink Detector +
IStest Arm-Out Event 5 On/Off
TStest
TiStest Arm-Out Event £ On/Off +
( Trigger
Layer
Bypass Once
Source Event 1
Detector
? Trigger
+ Never Yes /" Another \ Counter
< Trigger
- ¥ g +1
On/Off Source Event
Detector y
Trigger Delay [ 4+ 0.0 sec
MEAS'URE
SOURCE Action §
Acti
ction . /
Trigger Out Event | On/Off /
/ CONV
=+ Immediate Trig Delay Event
Trigger Link \ g Detector / |
l // CONV
DELAY  [40.001 sec / [ J Filter
Action* / [} Process
+ / [} (Repeat)
Trigger Out Event P On/Off
+ |
On/Off Measure 4 CONV
— > D /
etector
/
+ = Bench Default ¢ _
= = Output Trigger —|
utput Trigg MEASURE - CONV = Reading Conversion
T
Trigger Out Event |=) On/Off

* Soak time takes the place of the delay time only during the first SDM cycle after initial sweep
trigger if the unit is in the MULTIPLE mode. See Section 7, “Autorange change mode.”
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Arm layer

Event Detector Bypass — As shown in Figure 11-1, there is a bypass for the Arm Event
Detector. This bypass can only be used if TLINK or STEST is the selected Arm-In Event.
The bypass serves to “jump-start” operation. With the event detector bypass set to ONCE,
operation will loop around the Arm Event Detector when the output is turned ON.

The programmable arm-in events for the Arm Layer are described as follows:
IMMEDIATE — Event detection occurs immediately allowing operation to continue.
GPIB — Event detection occurs when a bus trigger (GET or *TRG) is received.

TIMER — With the Timer selected, event detection occurs immediately when the output
is turned ON. On repeated passes via “Another Arm ? Yes,” event detection occurs when
the programmed timer interval expires. If operation takes the “Another Arm ? No” route,
the Timer resets allowing event detection to again occur immediately.

MANUAL — Event detection occurs when the TRIG key is pressed.

TLINK — Event detection occurs when an input trigger via the Trigger Link input line is
received. See “Trigger link” later in this section for more information. With TLink
selected, you can loop around the Arm Event Detector by setting the event detector bypass
to ONCE.

ISTEST — Event detection occurs when the start-of-test (SOT) line of the Digital I/O
port is pulsed low. This pulse is received from the handler to start limit testing. See
Section 12.

TSTEST — Event detection occurs when the start-of-test (SOT) line of the Digital I/O
port is pulsed high. This pulse is received from the handler to start limit testing. See
Section 12.

TUSTEST — Event detection occurs when the start-of-test (SOT) line of the Digital 1/0
port is pulsed either high or low. This pulse is received from the handler to start limit test-
ing. See Section 12.

NOTE STEST can be used only at the beginning of a sweep and should not be used to
trigger each point in a sweep.
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Trigger layer

The Trigger Layer uses three event detectors; one for each action (Source, Delay, and
Measure). Each of these event detectors can be turned on or off individually.

Event Detector Bypass — As shown in Figure 11-1, there is a bypass for the Source
Event Detector. This bypass is in effect only if Trigger Link is the selected Trigger-In
Source. With this event detector bypass set to ONCE, operation will proceed around the
Source Event Detector.

The programmable trigger-in sources for the Trigger Layer are described as follows:

IMMEDIATE — With Immediate selected, event detection for the three detectors is satis-
fied immediately. Operation proceeds through the Trigger Layer to perform the Source,
Delay, and Measure actions.

TRIGGER LINK — With Trigger Link selected, event detection at each enabled detector
occurs when an input trigger via the Trigger Link input line is received. (See “Trigger
link,” page 11-19.) For example, if the Trigger In Event for the Source Event Detector is
ON, operation will hold up at that detector until an input trigger is received. If, however,
the Source Event Detector is disabled (OFF), operation will not hold up. Operation will
continue and perform the Source action.

With the Trigger Link Trigger-In Source selected, operation will go around the Source
Event Detector (as shown in Figure 11-1) by setting the event detector bypass to ONCE.

Trigger delay

A programmable delay is available before the Source Action. The Trigger Delay can be
manually set from 0.00000 to 999.99990 seconds. Note that this delay is separate from the
Delay Action of the SDM cycle. The Delay Action is discussed next.

Source, delay, and measure actions
The SDM cycle of the SourceMeter consists of three actions: Source, Delay, and Measure:

SOURCE Action — Any programmed output voltage or current level changes are
performed.

DELAY Action — This programmable delay is used to allow the source to settle before a
measurement is performed. It can be manually set from 0.00000 to 9999.99900 seconds,
or Auto Delay can be enabled. With Auto Delay enabled, the SourceMeter automatically
selects a nominal delay period based on the selected function and range.

NOTE The Delay Action is set from the CONFIGURE V-SOURCE or CONFIGURE
I-SOURCE menu. See Section 3, “ Source delay”

In MULTIPLE mode, the soak time takes the place of the delay time only during
thefirst SDM cycle after theinitial sweep trigger. See Section 7, “ Auto range
change mode”
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MEASURE Action — During this phase of the SDM cycle, the measurement process
takes place. If the repeat filter is enabled, as shown in the blow-up drawing for Measure
Action, the instrument samples the specified number of reading conversions to yield a sin-
gle filtered reading (measurement). If using the moving filter or if the filter is disabled,
only a single reading conversion will yield a reading.

Counters

Programmable counters are used to repeat operations within the trigger model layers. For
example, if performing a 10-point sweep, the trigger counter would be set to 10. Operation
will stay in the Trigger Layer until the 10 source-delay-measure points of the sweep are
performed.

If you wanted to repeat the sweep three times, the arm counter would be set to three. Three
10-point sweeps can then be performed for a total of 30 source-delay-measure actions.
Refer to the examples at the end of this section.

The maximum buffer size for the SourceMeter is 2500 readings. The product of the two
counter values cannot exceed 2500. For example, if you set an arm count of two, the max-
imum trigger count will be 1250 (2500 / 2 = 1250). However, you can set the arm count to
INFINITE. With an infinite arm count, the maximum trigger count is 2500.

NOTE When a sweep is configured, the trigger model settings will not change until the
sweep is started. After the sweep isfinished, the trigger model will reset to the
previous settings.

Output triggers

The SourceMeter can be programmed to output a trigger (via rear panel Trigger Link
connector) after various trigger model operations. An output trigger is used to trigger
another instrument to perform an operation. See “Trigger link,” page 11-19, for more
information.

Trigger Layer Output Triggers — After each action (Source, Delay, and Measure), the
SourceMeter can be programmed to send out an output trigger if Trigger Link is the
selected Trigger-In Source. For example, if the Trigger Out Event for Measure is ON, an
output trigger will be sent after the Measure action. When used with a scanner, an output
trigger after each measurement can signal the scanner to select the next channel in the
scan.

NOTE When using SourceMeter autoranging, it is recommended that you use measure
output triggers to avoid erroneous results.

Arm Layer Output Trigger — The SourceMeter can also be programmed to output a trig-
ger when operation enters the Trigger Layer, or after operation leaves the Trigger Layer
and enters back into the Arm Layer. This output trigger is typically sent to another instru-
ment to signal the end of a scan or sweep.



2400 Series SourceMeter® User’s Manual Triggering 11-7

Bench defaults

The bench defaults are listed as follows. They are also denoted in Figure 11-1 by the “+”
symbol.

¢ Arm-In Event = Immediate

o Trigger-In Source = Immediate

* Arm Count =1

o Trigger Count = 1

e Trigger Delay = 0.0 sec

» Delay Action = 0.001 sec

» Source Trigger In Event = On

e Delay Trigger In Event = Off

e Measure Trigger In Event = Off

e Trigger Out Events = All Trigger Out Events are disabled (off)
* Arm Out Event = Off

» Event Detection Bypasses = Never (both layers)

When the output is turned ON, the SourceMeter will run in a continuous loop around the
trigger model. After each Measure Action, operation will continue at the top of the trigger
model. The SourceMeter can be returned to idle by turning the output OFF.

Operation summary

The trigger model is designed to offer versatility for the various source-measure applica-
tions. Typically, it allows you to perform a specified number of measurements at various
source levels.

For example, assume you want to perform three measurements each at two different
V-source levels (1V and 2V). To do this, set the arm count to two, the trigger count to
three, and use a 6-point Custom Sweep configured as follows:

P0000 =1V
P0O001 =1V
P0002 =1V
P0003 =2V
P0004 =2V
P0O005 =2V

When the sweep is started, operation falls into the Trigger Layer and performs three mea-
surements at the 1V source level. Operation then loops back into the Trigger Layer to per-
form three measurements at the 2V source level. The six readings are stored in the buffer.

Note that after the sweep is finished, the SourceMeter does not return to idle. Operation
continues at the top of the trigger model. Subsequent measurements are performed at the
2V level and are not stored in the buffer.

For details on the Custom Sweep, see Section 10, “Sweep Operation.”
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Configuring triggering

Trigger configuration menu

Press CONFIG and then TRIG to display the trigger configuration menu, which is outlined
below and shown in Figure 11-2. Note that bullets indicate the primary items of the menu,
while dashes and slashes indicate options. Use Section 1, “Rules to navigate menus,” to
check and/or change trigger options. See also “Front panel trigger example,” page 11-20,
for more information on programming the various trigger parameters.

ARM LAYER — Use this menu item to configure the arm layer of the trigger

model:

— ARM IN — Use to select the detection event for the arm layer:

/
/

IMMEDIATE — Event detection occurs immediately.

GPIB — Event detection occurs when a bus trigger (GET or *TRG) is
received.

TIMER — Initially, event detection is satisfied immediately. Subsequent
event detection occurs after the timer interval elapses. After selecting this
arm event, you will be prompted to specify the timer interval (in seconds).
MANUAL — Event detection occurs when the TRIG key is pressed.

TLINK — After selecting this arm event, you will be prompted to select
the input line for the Trigger Link and the state of the event detection
bypass. With ONCE selected, operation will loop around the arm event
detector on each new pass through the trigger model. With NEVER
selected, operation always waits for the input trigger.

ISTEST — Event detection occurs when the SOT line of the Digital 1/0
port is pulsed low. After selecting this arm event, you will be prompted to
select the state of the event detection bypass. With ONCE selected, opera-
tion will loop around the arm event detector on each new pass through the
trigger model. With NEVER selected, operation always waits for the input
trigger.

TSTEST — Event detection occurs when the SOT line of the Digital I/O
port is pulsed high. After selecting this arm event, you will be prompted to
select the state of the event detection bypass.

TISTEST — Event detection occurs when the SOT line of the Digital 1/0
port is pulsed either high or low. After selecting this arm event, you will
be prompted to select the state of the event detection bypass.
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— ARM OUT — Use to configure the arm layer output trigger:

/

LINE — Select the Trigger Link line for the output trigger: line #1, #2,
#3, or #4.

EVENTS — Enable (ON) or disable (OFF) the arm layer output triggers.
TRIG LAYER EXIT ON enables an output trigger on exiting the trigger
layer, while TL ENTER ON enables a trigger on entering the trigger layer.

/  COUNT — Specify the arm count, FINITE (programmable count) or
INFINITE (never ending count).

» TRIG LAYER — Use this menu item to configure the trigger layer of the trigger

model:

— TRIGGER IN — Use to select the detection event for the trigger layer:

/
/

IMMEDIATE — Event detection occurs immediately.

TRIGGER LINK — After selecting this trigger-in source, you will be

prompted in sequence as follows:

> TRIG-IN TLINK LINE — Select the input line (#1, #2, #3, or #4) for
the Trigger Link.

> EVENT DETECT BYPASS — Set the bypass for the Source Event
Detector. With ONCE, operation will loop around the Source Event
Detector. With NEVER selected, operation will wait for an input
trigger.

> TRIGGER IN EVENTS — Enable (ON) or disable (OFF) trigger-in
events (SOURCE, DELAY, and MEASURE). With a trigger-in event
ON, operation will wait at that event for an input trigger. With the
trigger-in event OFF, operation will not wait. It will simply continue
and perform the appropriate action.

NOTE For the Model 2430 Pulse Mode, the DELAY and MEASURE events are not
used. Therefore, the settings for those events are ignored.

— TRIGGER OUT — Use to configure the trigger layer output trigger:

/

LINE — Select the Trigger Link line for the output trigger; line #1, #2,
#3, or #4.

EVENTS — Enable (ON) or disable (OFF) output triggers that occur after
the source, delay, and measure actions.
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NOTE For the Model 2430 Pulse Mode, an output trigger can only occur after the mea-
sure action. Therefore, the output trigger settings for the source and delay
actions are ignored.

— DELAY — Specify the time delay (in seconds) for the trigger delay.

NOTE For the Model 2430 Pulse Mode, trigger delay is not used. Therefore, thetrigger
delay setting isignored.

— COUNT — Specitfy the trigger count.

*  HALT — Use to return the SourceMeter to the idle state. HALT does not turn off
the output. The programmed source level will still be available at the OUTPUT ter-
minals. The following actions will take the SourceMeter out of idle:

—  Turn the output off and then on again.
— Re-select the arm or trigger event.
— Exit from the menu structure, and then re-enter it by pressing CONFIG and

then TRIG.
Figure 11-2
Trigger configuration menu tree
CONFIG
TRIG

v v v

ARM TRIG

LAYER LAYER HALT
v y v ¥ v v ¥
ARM TRIGGER TRIGGER
ARM N[ X count N SSERI [ DELAY || count
LINE || EVENTS IMMEDIATE TRL‘&GKER LINE || EVENTS
v v ¥ ¥ ¥ v v v

IMMEDIATE || GPIB TIMER |[MANUAL|| TLINK || ISTEST || TSTEST [[TISTEST
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Remote trigger operation

NOTE For the Model 2430, the following discussion on the remote triggering pertains
explicitly to the DC Mode of operation. The trigger model operates a little dif-
ferent for the Pulse Mode. These differences are covered in “ Pulse Mode trig-
gering (Model 2430); page 11-30.

Remote trigger model

The trigger model flowchart in Figure 11-3 summarizes remote trigger operation. (The
flowchart is essentially the same as the one for front panel operation shown in Figure 11-1
except that remote commands to program the various trigger parameters are shown on this
diagram.) Operation is controlled by SCPI commands from the Trigger Subsystem. Key
remote commands are included in the trigger model. Also note that the GPIB defaults are
denoted by the “4-” symbol.

The primary actions of the trigger model are Source, Delay, and Measure. The source
action outputs the programmed voltage or current value, and the programmed delay pro-
vides a settling period for the source before the measurement is performed.

The trigger model consists of two layers (Arm Layer and Trigger Layer) to provide versa-
tility. Programmable counters allow operations to be repeated, and various input and out-
put trigger options are available to provide source-measure synchronization between the
SourceMeter and other instruments (via the Trigger Link).

Idle and initiate

The instrument is considered to be in the idle state (ARM annunciator off) when it is not
operating within the trigger model layers. While in the idle state, the instrument cannot
perform any measurements. An initiate command is required to take the instrument out of
idle. The following commands perform an initiate operation:

» :INITiate
« :READ?
« :MEASure?

Conversely, if the unit is taking readings, most commands (except DCL, SDC, IFC, and
ABORYt) are queued up and will not be executed until the unit returns to idle.

When auto output-off is disabled (:SOURcel:CLEar: AUTO OFF), you must first turn the
source output on before sending the :INITiate or :READ? command. The :MEASure?
command will automatically turn the output on. Note that after the instrument returns to
the idle state, the output will remain on.

When auto output-off is enabled (:SOURcel:CLEar:AUTO ON), any of the above three
commands can be used to initiate operation. The source output will automatically turn on
at the beginning of each SDM (source-delay-measure) cycle and turn off after each mea-
surement is completed.
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Figure 11-3
Remote trigger model

Note: The following commands
o See Note  y place the SourceMeter into
idle: DCL, SDC, ABORt,
*RST, SYSTem:PREset and
*RCL.
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+ IMMediate + ACCeptor Yes Another \ ARM:COUNt
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MANual Arm Event
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NSTest ARM:OUTPut ;> N-JGE)NEITEXit
PSTest < | Y
BSTest ARM:OUTPut |5 NONETENTer
( Trigger
Layer

TRIGger:INPut

TRIGger

:DIRection No
=+ ACCeptor Yes Another TRIG%EEEOUM
Trigger +7
?

Source Event
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» Detector
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Trigger Delay <n>
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Action

TRIGger:OUTPut* k} SO

URce

Delay Event
+ IMMediate
TLINK Deteitor
SOURce:DELay
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Event
SENSe Detector
-4 = GPIB Default MEASURE
= Output Tri
= uiput Triseer Action

TRIGger:OUTPut* P DELay

TRIGger:OUTPut* [ SENSe

* GPIB default parameter for TRIGGER:OUTPut is NONE.

sk In :SYSTem:RCMode MULTiple, the soak time programmed with
:SOURCce[1]:SOAK takes the place of the delay time only during the
first SDM cycle after the initial sweep trigger. See Section 17 for details.
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While operating within the trigger model (ARM indicator on), most commands will not be
executed until the SourceMeter completes all of its programmed source-measure opera-
tions and returns to the idle state. The IFC (interface clear), SDC (selected device clear)
and DCL (device clear) commands can be executed under any circumstance while operat-
ing within the trigger model. They will abort any other command or query.

« :ABORt

¢ :SYSTem:PRESet
e *TRG or GET

e *RST

« *RCL

NOTE SDC, DCL, or :ABORt place the SourceMeter in theidle state. For fastest
response, use SDC or DCL toreturnto idle.

Event detection

Once the instrument is taken out of idle, operation proceeds through the trigger model to
perform the Source, Delay, and Measure actions.

In general, operation is held up at an event detector until the programmed event occurs.
Note however, that if an event detector has a bypass (:DIRection), operation can be pro-
grammed to loop around the event detector.

Arm layer

Event Detector Bypass — As shown in Figure 11-3, there is a bypass (ARM:DIRection)
for the Arm Event Detector. This bypass can only be used if TLINk, NSTest, PSTest, or
BSTest is the selected Arm-In Event. The bypass serves to “jump-start” operation. With
the bypass set to SOURce, operation will loop around the Arm Event Detector when an
INITiate command is sent (assuming the output is turned ON).

The programmable arm-in events for the Arm Layer are described as follows:
IMMediate — Event detection occurs immediately allowing operation to continue.
BUS — Event detection occurs when a bus trigger (GET or *TRG) is received.

TIMer — Event detection occurs immediately on the initial pass through the trigger
model. Each subsequent detection is satisfied when the programmed timer interval
elapses. The timer resets to its initial state when the instrument goes into idle.

MANual — Event detection occurs when the TRIG key is pressed. The SourceMeter must
be in LOCAL mode for it to respond to the TRIG key. Press the LOCAL key or send
LOCAL 24 over the bus to take the SourceMeter out of remote.
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TLINk — Event detection occurs when an input trigger via the Trigger Link input line is
received. See “Trigger link,” page 11-19, for more information. With TLINk selected, you
can loop around the Arm Event Detector by setting the event detector bypass
(ARM:DIRection) to SOURCce.

NSTest — Event detection occurs when the start-of-test (SOT) line of the Digital I/O port
is pulsed low. This pulse is received from the handler to start limit testing. (See Section 12,
“Limit Testing,” and Section 13, “Digital I/O port.”)

PSTest — Event detection occurs when the start-of-test (SOT) line of the Digital I/O port
is pulsed high. This pulse is received from the handler to start limit testing. (See
Section 12, “Limit Testing,” and Section 13, “Digital I/O port.”)

BSTest — Event detection occurs when the start-of-test (SOT) line of the Digital I/O port
is pulsed either high or low. This pulse is received from the handler to start limit testing.
See Section 12 and Section 13.

NOTE NSTest, PSTest, and BSTest can be used only at the beginning of a sweep and
should not be used to trigger each point in a sweep.

Trigger layer

The Trigger Layer uses three event detectors; one for each action (Source, Delay, and
Measure).

Event detector bypass — As shown in Figure 11-3, there is a bypass
(TRIGger:DIRection) for the Source Event Detector. This bypass is in effect only if
TLINKk is the selected Trigger-In Source. With this event detector bypass set to SOURce,
operation will proceed around the Source Event Detector.

The programmable trigger-in sources for the Trigger Layer are described as follows:

IMMediate — With Immediate selected, event detection for the three detectors is satisfied
immediately. Operation proceeds through the Trigger Layer to perform the Source, Delay,
and Measure actions.

TLINk — With TLINk selected, event detection at each enabled detector occurs when an
input trigger via the Trigger Link input line is received. A detector is enabled by including
its parameter name with the TRIGger:INPut command.

For example, to enable the Delay Event Detector and Measure Event Detector, the follow-
ing command must be sent:

TRIGger:INPut DELay, SENSe

The above command disables the Source Event Detector since its parameter name
(SOURCce) is not included in the parameter list.

With the Source Event Detector disabled, operation will not hold up. It will continue and
perform the Source Action. Operation will hold up at the Delay Event Detector until an
input trigger is received, and then it will hold up at the Measure Event Detector until
another input trigger is received.
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Trigger delay

A programmable delay is available before the Source Action. The Trigger Delay can be
manually set from 0.00000 to 999.99990 seconds. Note that this delay is separate from the
Delay Action of the SDM cycle. The Delay Action is discussed next.

Source, delay, and measure actions
The SDM cycle of the SourceMeter consists of three actions: Source, Delay, and Measure:

SOURCE Action — Any programmed output voltage or current level changes are
performed.

DELAY Action — This programmable delay is used to allow the source to settle before a
measurement is performed. It can be manually set from 0.00000 to 9999.99900 seconds,
or Auto Delay can be enabled. With Auto Delay enabled, the SourceMeter automatically
selects a nominal delay period based on the selected function and range.

NOTE Inthe:SYSTem:RCMode MULTiple mode, the soak time programmed with
:SOURCce] 1] : SOAK takes the place of the delay time only during the first SDM
cycle after theinitial sweep trigger. See Section 18.

MEASURE Action — During this phase of the SDM cycle, the measurement process
takes place. If the repeat filter is enabled, as shown in Figure 11-4, the instrument samples
the specified number of reading conversions to yield a single filtered reading (measure-
ment). If using the moving filter or if the filter is disabled, only a single reading conversion
will yield a reading.

Figure 11-4
Measure action

MEASURE

Action v

CONV <—|

Filter Process
CONV Offsest Comp. Ohms

Autorange
) CALC1, CALC2
[ (Repeat)
[ ]
CONV

CONV = Reading Conversion
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Counters

Programmable counters are used to repeat operations within the trigger model layers. For
example, if performing a 10-point sweep, the trigger counter would be set to 10
(TRIGger:COUNt 10). Operation will stay in the Trigger Layer until the 10 source-delay-
measure points of the sweep are performed.

If you wanted to repeat the sweep three times, the arm counter would be set to three
(ARM:COUNTt 3). Three 10-point sweeps can then be performed for a total of 30 source-
delay-measure actions.

The maximum buffer size for the SourceMeter is 2500 readings. The product of the finite
values of the two counters cannot exceed 2500. For example, if you set an arm count of
two, the maximum trigger count will be 1250 (2500 / 2 = 1250). However, you can set the
arm count to infinite (INF). With an infinite arm count, the maximum trigger count is
2500.

NOTE With front panel operation only, when a sweep is configured, the trigger model
settingswill not change until the sweep is started. After the sweep isfinished, the
trigger model will reset to the previous settings.

Output triggers

The SourceMeter can be programmed to output a trigger (via rear panel Trigger Link con-
nector) after various trigger model operations. An output trigger is used to trigger another
instrument to perform an operation. The default is no output triggers. See “Trigger link”
later in this section for more information.

Trigger layer output triggers — The SourceMeter can be programmed to output a trigger
after each action of the SDM cycle (Source, Delay and Measure). Output triggers are con-
trolled with the TRIGger:OUTPut command.

For example, to output a trigger after the Measure Action, the following command must be
sent:

TRIGger:OUTPut SENSe

The above command disables output triggers for the Source and Delay Actions since their
parameter names (SOURce and DELay) are not included in the parameter list.

When used with a scanner, an output trigger after each measurement can signal the scan-
ner to select the next channel in the scan.

Arm layer output trigger — As shown in Figure 11-3, the SourceMeter can be pro-
grammed to output a trigger when operation leaves the Arm Layer and enters the Trigger
Layer, or after operation leaves the Trigger Layer and enters back into the Arm Layer. This
output trigger is typically sent to another instrument to signal the end of a scan or sweep.
The ARM:OUTPut command is used to control these output triggers. The TENTer param-
eter enables the trigger on entering the Trigger Layer, the TEXit parameter enables the
trigger on exiting the Trigger Layer, and the NONE parameter disables both output
triggers.
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GPIB defaults

The GPIB defaults are listed as follows. They are also denoted in Figure 11-3 by the “+4”
symbol.

¢ Arm-In Event = Immediate

o Trigger-In Source = Immediate
* Arm Count=1

e Trigger Count = 1

o Trigger Delay = 0.0 sec

* Delay Action = 0.001 sec

» Enabled event detector = Source Event Detector (Delay and Measure detection
disabled)

« Enabled output triggers = None
» Event detection bypasses = Acceptor (both layers)

With output turned ON (OUTPut ON), the SourceMeter will perform one SDM cycle
when the INITiate command is sent. After the measurement, the SourceMeter returns to
the idle state.

Operation summary

The trigger model is designed to offer versatility for the various source-measure applica-
tions. Typically, it allows you to perform a specified number of measurements at various
source levels.

For example, assume you want to perform three measurements each at two different
V-source levels. (1V and 2V). To do this, set the arm count to two (arm:count 2), the trig-
ger count to three (trigger:count 3), and use the list sourcing mode with the following
defined list:

source:list:volt 1,1, 1,2,2,2

On the first pass through the trigger model, three measurements will be performed at the
1V source level. On the second pass, three measurements will be performed at the 2V
source level. After the last measurement, the SourceMeter returns to the idle state. Note
that the product of the arm count (finite value) and trigger count determines the number of
measurements that are performed. In this example, six measurements are performed

(2 x3).

For details on the list source mode, see Section 18, “SOURce subsystem.”
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Remote trigger commands
Table 11-1 summarizes remote trigger commands. These commands are covered in more
detail in Section 18 except for *TRG, a common command covered in Section 16.
Table 11-1
Remote trigger commands
Command Description
:INITiate Take SourceMeter out of idle state.
:ABORt Abort operation, return to idle.
:ARM:COUNt <n> Set arm count (n = count).

:ARM:SOURce <name>

:ARM:TIMer <n>
:ARM:DIRection <name>
:ARM:ILINe <NRf>
:ARM:OLINe <NRf>
:ARM:OUTPut <event list>
‘TRIGger:CLEar

‘TRIGger: COUNt <n>
‘TRIGger:DELay <n>
‘TRIGger:SOURce <name>
‘TRIGger:DIRection <name>
‘TRIGger:ILINe <NRf>
‘TRIGger:OLINe <NRf>
‘TRIGger:INPut <event list>

‘TRIGger:OUTPut <event list>

*TRG

Specify arm control source. Name = IMMediate, TLINk, TIMer,
MANual, BUS, NSTest, PSTest, or BSTest.

Set arm layer timer interval (n = interval).

Control arm bypass. (Name = SOURce or ACCeptor).

Select arm layer input line. (NRf = input line #).

Select arm layer output line (NRf = output line #).

Select arm layer output events. (Event list = TENTer, TEXit, or NONE).

Clear any pending input triggers immediately.

Set trigger count (n = count).

Set trigger delay (n = delay).1

Specify trigger control source. Name = IMMediate or TLINk.

Control trigger bypass. (Name = SOURce or ACCeptor).

Select trigger layer input line (NRf = input line).

Select trigger layer output line (NRf = output line).

Select trigger input layer events. (Event list = SOURce, DELay, SENSe,
or NONE).

Select trigger layer output events. (Event list = SOURce, DELay,
SENSe, or NONE).

Trigger SourceMeter (if BUS source selected).

1. Invalid (ignored) for the Model 2430 Pulse Mode.
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Trigger link

Input and output triggers are received and sent via the rear panel TRIGGER LINK connec-
tor. The trigger link has four lines. At the factory, line #2 is selected for output triggers,
and line #1 is selected for input triggers. These input/output line assignments can be
changed from the CONFIGURE TRIGGER menu. (See “Configuring triggering,” page
11-8.) The connector pinout is shown in Figure 11-5.

Input trigger requirements

An input trigger is used to satisfy event detection for a trigger model layer that is config-
ured for the TRIGGER LINK event. (See “Trigger models,” page 11-30.) The input
requires a falling-edge, TTL compatible pulse with the specifications shown in Figure

11-6.

Figure 11-5
Rear panel pinout

Rear Panel Pinout

® @ €
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Figure 11-6

Trigger link input pulse specifications

TTL High
2V - 5V)

TTL Low

Pin Number

Description
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Trigger Link 1
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Trigger Link 6
Ground

Ground
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Output trigger specifications

The SourceMeter can be programmed to output a trigger after various trigger model
actions. (See “Trigger models,” page 11-30.) The output trigger provides a TTL-
compatible output pulse that can be used to trigger other instruments. The specifications
for this trigger pulse are shown in Figure 11-7. A trigger link line can source 1mA and sink
up to S0mA.

Figure 11-7
Trigger link output pulse specifications

TTL High
(3.4V Typical)

TTL Low

Meter
Complete

(0.25V Typical)

Triggering examples

Front panel trigger example

As an example of how to program the instrument for front panel trigger operation, assume
the trigger parameters below. Figure 11-8 shows a flowchart of the front panel trigger
model with these operating examples.

Assume the following trigger parameters:

Arm layer source: manual (TRIG key)

Arm layer count: 2

Trigger layer delay: 0.1s

Trigger layer count: 10

Trigger layer output events: source and measure
Trigger layout trigger link output line: #1
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To program the SourceMeter for the trigger parameters above, perform the following

steps:

1.

A i

8.

9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.

Press CONFIG then TRIG.

Select ARM-LAYER, then press ENTER.
Choose ARM-IN, then press ENTER.
Select MANUAL, then press ENTER.
Select COUNT, then press ENTER.
Choose FINITE, then press ENTER.

Using the cursor and RANGE keys, change the displayed ARM-COUNT to 2, then
press ENTER.

Press EXIT to return to the CONFIGURE TRIGGER menu.
Select TRIG-LAYER, then press ENTER.

Select TRIGGER-OUT, then press ENTER.

Choose LINE, then press ENTER.

Select Line #1, then press ENTER.

Select EVENTS, then press ENTER.

Using cursor and RANGE keys, set the SOURCE and MEAS events to ON, then
press ENTER.

Press EXIT to return to the CONFIGURE TRIG-LAYER menu.

Select DELAY, then press ENTER.

Using the cursor and RANGE keys, set the delay to 0.1s, then press ENTER.
Select COUNT, then press ENTER.

Use the cursor and RANGE keys to set the count to 10, then press ENTER.
Press EXIT twice to return to normal display.

After configuring the various trigger parameters, press the ON/OFF OUTPUT key to turn
on the output. Press TRIG to trigger the unit, after which it cycles 10 times through the
trigger layer. A second TRIG press is required to trigger the unit the second time, and it
then completes the second cycle through the trigger layer.
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Figure 11-8
Trigger model for front panel trigger example
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External trigger example

In a simple test system, you may want to close a switching channel and then measure the
resistance of the DUT connected to that channel. This test system is shown in Figure 11-9,
which uses a SourceMeter to measure 10 DUTs switched by a Model 7011 multiplexer
card in a Model 7001/7002 Switch System.

Figure 11-9
DUT test system
r
DUT °/|/°
o : 1 : OUTPUT
DUT : 9 o/]/c | WE s
e ndian il 0
| 44 =g
[ ] L] ” d l
St | , S ©
| | -2[00000000/ 2
DUT o/l/c o | D GmlaD) Geied G
#10 | 10 0/ ° | 010 | D D Gay) GIED
l Card 1 |

7011 MUX Card SourceMeter
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Trigger link connections

The Trigger link connections for this test system are shown in Figure 11-10. Trigger link

of the SourceMeter is connected to Trigger link (IN or OUT) of the switching mainframe.
Note that with the default trigger settings of the switching mainframe, line #1 is an input,
and line #2 is an output.

Figure 11-10
Trigger link connections
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Instrument configurations

For this example, the SourceMeter and Switching Mainframe are configured as shown

below.

SourceMeter setup

1.

Restore bench defaults:

Press the MENU key, select SAVESETUP, then press the ENTER key. From the
SAVESETUP menu, select GLOBAL, then press ENTER. From the GLOBAL
SETUP MENU, select RESET, then press ENTER. Select BENCH, then press
ENTER.

Set up trigger parameters:

Press the CONFIG key, and then the TRIG key to access the CONFIGURE
TRIGGER menu. Select TRIG-LAYER, and then press ENTER to access the
CONFIGURE TRIG-LAYER menu.

Set trigger-in event to TRIGGER-LINK:

Select TRIGGER-IN, then press ENTER. Select TRIGGER-LINK, then press
ENTER.

Set trigger input line to #2:

Select #2, then press ENTER three times to return to CONFIGURE TRIG-LAYER
menu.

Set trigger output line to #1:

Select TRIGGER-OUT, then press ENTER. Select LINE, then press ENTER.
Select #1, then press ENTER.

Set trigger out events to MEAS=ON (all others to OFF):

Select EVENTS, then press ENTER. Select MEAS=OFF and toggle the value to
ON using the A and ¥ keys. Press ENTER, and then press EXIT to return to the
CONFIGURE TRIG-LAYER menu.

Set trigger count to 10:

Use the p key to scroll to the far right of the menu selections and select COUNT,
then press ENTER. Set the count to 10, then press the ENTER key. Press the EXIT
key twice to leave CONFIGURE TRIGGER menus.

Enable auto output off:

Press the CONFIG key and then the ON/OFF key to access the CONFIGURE
OUTPUT menu. Select AUTO-OFF, then press ENTER. Select ENABLE, then

press ENTER. Select ALWAYS, then press ENTER. Press the EXIT key to leave
the CONFIGURE OUTPUT menu.
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Switching mainframe setup

1.

Restore bench defaults:

Press the MENU key, select SAVESETUP, and then press ENTER. From the
SAVESETUP menu, select RESET, then press ENTER. Press ENTER to confirm
the action. Press ENTER to return to the SETUP MENU. Press EXIT to leave the
SETUP MENU. Press EXIT to leave the MAIN MENU.

Setup scan list: 1!1 - 1!10:
Press the SCAN LIST key. Press 1,1 - 1, 1, 0, then press the ENTER key.
Set the number of scans to 1:

Press the SCAN key, select SCAN-CONTROL, and then press ENTER. From the
SCAN CONTROL menu, select NUMBER-OF-SCANS, then press ENTER.
Select ENTER-SCAN-COUNT, then press ENTER. Set the count to 1, then press
ENTER. Press the EXIT key to return to the CONFIGURE SCAN menu.

Set channel spacing to trigger-link:

Select CHAN-CONTROL from the CONFIGURE SCAN menu, then press
ENTER. Select CHANNEL-SPACING from the CHANNEL CONTROL menu,
then press ENTER. Select TRIGLINK, then press ENTER. Select ASYNCHRO-
NOUS, then press ENTER. Press ENTER, ENTER, then EXIT, EXIT, EXIT to
leave the CONFIGURE SCAN menu.

Operation

The basic operating procedure for this example is as follows:

1.

To store the readings in the SourceMeter buffer, press STORE and set the buffer
size for 10. When ENTER is pressed, the asterisk (*) annunciator will turn on to
indicate the buffer is enabled. (See Section 9, “Data Store,” for details.)

Turn the SourceMeter OUTPUT ON. The SourceMeter waits for an external trig-
ger from the switching mainframe.

Press STEP on the Model 7001/7002 to take it out of idle and start the scan. The
scanner’s output pulse triggers the SourceMeter to take a reading and store it. The
SourceMeter then sends a trigger pulse to the switching mainframe to close the
next channel. This process continues until all 10 channels are scanned, measured,
and stored.

Details of this testing process are explained in the following paragraphs and are referenced
to the operation model shown in Figure 11-11.
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Figure 11-11
Operation model for triggering example

7001or 7002
Press STEP to start scan SourceMeter

> <

Bypass
Wait for @

Trigger Link j¢e— — — — Wait for
Trigger — > Trlgger Link
Trigger

|

I )
: Make @
|

|

|

e

|

|

© Scan |
Channel |

|

|

Measurement

Trigger Trigger
Output _ Al —_— — | Output
@ Trigger o w Trigger ®

Made
10

Measurements
?

Yes

A) Turning the SourceMeter OUTPUT ON places it at point A in the flowchart, where it
waits for an external trigger.

B) Pressing STEP takes the Model 7001/2 out of the idle state and places operation at
point B in the flowchart.

C) For the first pass through the model, the scanner does not wait at point B. Instead, it
closes the first channel (point C).

D) After the relay settles, the Model 7001/2 outputs a trigger pulse. Since the instrument is
programmed to scan 10 channels, operation loops back to point B, where it waits for an
input trigger.

E) and F) With the SourceMeter operation at point A, the output trigger pulse from the
Model 7001/2 triggers a measurement of DUT #1 (point E). After the measurement is
complete, the SourceMeter outputs a trigger pulse and then loops back to point A, where it
waits for another input trigger.
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The trigger applied to the Model 7001/2 from the SourceMeter closes the next channel in
the scan, which then triggers the SourceMeter to measure that DUT. This process contin-
ues until all 10 channels are scanned and measured.

Remote trigger example

Table 11-2 summarizes the command sequence for basic trigger operation, while Figure
11-12 shows a trigger model flowchart. These commands set up the SourceMeter as
follows:

Arm layer source: bus

Arm layer count: 2

Trigger layer delay: 0.1s

Trigger layer count: 10

Trigger layer output events: source and sense
Trigger layer trigger link output line: 1

After the unit is set up, :INIT is sent to take the unit out of idle. *TRG is sent to trigger the
unit, after which it cycles 10 times through the trigger layer. A second *TRG is required to
trigger the unit the second time, and it then completes the second cycle through the trigger

layer.

NOTE You must allow sufficient time between the first and second * TRG commands, or

the second trigger will beignored.

Table 11-2

Commands for remote triggering example

Command

Description

*RST
:SOUR:VOLT 10
:ARM:SOUR BUS
:ARM:COUN 2
:TRIG:DEL 0.1
:TRIG:COUN 10
:TRIG:OUTP SOUR,SENS
:TRIG:OLIN 1
:OUTP ON

AINIT

*TRG

*TRG

:OUTP OFF
:FETC?

Restore GPIB defaults.

Source 10V.

Select bus arm layer source (*TRG command).
Arm layer count = 2.

0.1s trigger layer delay.

Trigger layer count = 10.

Source, sense output trigger events.
Trigger output line = #1.

Turn on output.

Take unit out of idle.

Trigger first sequence.

Trigger second sequence.

Turn off output.

Request readings.
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Figure 11-12
Trigger model for remote trigger example
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Pulse Mode triggering (Model 2430)

Triggering for the Model 2430 is similar to triggering for the DC Mode. However, in order
to accomplish fast pulse output, triggering is simplified for the Pulse Mode. The following
information covers the triggering differences between the DC Mode and Pulse Mode.

Trigger models

The front panel trigger model for the Pulse Mode is shown in Figure 11-13, while the trig-
ger model for remote operation is shown in Figure 11-14. These trigger models are simpli-
fied versions of their DC Mode counterparts (Figure 11-1 and Figure 11-13).

NOTE Thefollowing trigger model information assumes that you are already familiar
with the basic DC Mode trigger model operation presented earlier in this
section.
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Figure 11-13
2430 Pulse Mode trigger model (front panel operation)
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Figure 11-14
2430 Pulse Mode trigger model (remote operation)
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Idle

As with DC Mode front panel operation, the SourceMeter is taken out of idle by pressing
the ON/OFF OUTPUT key.

For DC Mode remote operation, the output must be on and then an initiate command must
be sent to take the instrument out of idle. For Pulse Mode remote operation, the output is

turned on and initiation is satisfied when :INITiate, :READ? or :OUTPut[1][:STATe] ON
is sent.

Source event detector

For the DC Mode, three event detectors are used for the trigger layer. For the Pulse Mode,
only the Source Event Detector is used. Note that since the Delay Event Detector is not
used, source delay is not used.

Pulse delay

Instead of a Trigger Delay used in the DC Mode, the Pulse Mode uses a Pulse Delay. This
delay is set by the user and is part of the pulse off-time.

After event detection, operation proceeds to the Pulse Delay. However, for the initial pass
through the trigger model, the Pulse Delay is bypassed as shown in Figure 11-13. This ini-
tial loop around the delay allows the pulse to be sourced as soon as the output is turned on.

Source action

The source action turns on the output to source the pulse.

Pulse width

The pulse-width is the time duration that the output is on. Depending on how the
SourceMeter is configured, the pulse width can be as short as 0.2msec or as long as Smsec.
In general, the pulse width is made up of a delay and the signal measurement. See
Section 5 for details on pulse width timing.

Measure action

With Auto Zero enabled, a reading consists of three measurements; signal, reference and

zero. These three measurements are then used to calculate an accurate pulse reading. The
signal is measured first while the output is on. After the signal measurement is completed,
the output turns off, and the reference and zero measurements are performed.

With Auto Zero disabled, the reference and zero measurements are not performed. This
allows a faster pulse train by shortening the output off-time. Note however, that zero drift
will eventually result in inaccurate readings.

For the DC Mode, the filtering process is part of the Measure Action. In the Pulse Mode,
filtering is not used.
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Output triggers

All three output triggers are available in the trigger layer for the Pulse Mode. If enabled,
the output triggers occur where indicated in the trigger model.

Invalid trigger settings

Front panel operation

For front panel operation, most trigger settings are done from the “CONFIGURE TRIG-
GER” menu which is accessed by pressing CONFIG and then TRIG. For Pulse Mode
operation, the following settings for the “TRIG LAYER” are ignored.

DELAY — Trigger delay is not used. Therefore, the trigger DELAY setting is ignored.

TRIGGER IN EVENTS — The source and delay event detectors are not used in the
Pulse Mode. Therefore, the SOURCE and DELAY settings (on/off) are ignored.

TRIGGER OUT EVENTS— For the DC Mode, source delay is set from the source con-
figuration menu, which is accessed by pressing CONFIG and then SOURCE V or I. When
the Pulse Mode is selected, the source delay menu items (DELAY and AUTO DELAY) are
replaced by the pulse DELAY and PULSE WIDTH menu items.

Remote operation
The following commands are not valid in the Pulse Mode and are therefore ignored:
:TRIGger:DEL ay — Trigger delay is not used in the Pulse Mode.

:SOURce:DEL ay and : SOURce:DEL ay: AUTO — Source delay is not used in the Pulse
Mode.
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Limit Testing

Types of limits — Discusses the three types of limits: compliance, coarse limits,
and fine limits. Also summarizes the two operating modes: grading and sorting.

Operation overview — Covers binning control and pass/fail condition for the
grading and sorting modes.

Binning systems — Details the handler interface, as well as single-element and
multiple-element binning and digital output clear pattern that occurs after a binning
operation.

Configuring and performing limit tests — Describes how to configure the
SourceMeter for limit testing and summarizes a typical test procedure.

Remote limit testing — Summarizes limit commands and provides a basic pro-
gramming example.
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Types of limits

As shown in Figure 12-1, there are 11 limit tests that can be performed on a DUT. These
limits include:

e Limit 1: compliance test
e Limit 2: course limits
e Limits 3, 5-12: fine limits

NOTE Limit 4isreserved for the contact check option. See Appendix F for details.

A test is only performed if it is enabled. Thus, you can perform one, two, or all 11 tests.
The tests are always performed in the order shown in the drawing.

Figure 12-1
Limit tests

Limit 1 Test

Pass or Fail on Compliance (Compliance)

LO HI
. . Limit 2 Test
<~— Fail —> Pass —————><— Fail —> (Coarse Limits)
Limit Limit
LO HI

Limit 3, 5-12 Tests
(Fine Limits)

<~— Fail —>

Pass ————>|«<— Fail —>

Limit Limit
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Pass/fail information

Pass/fail information for limit tests can be obtained as follows:

* A PASS or FAIL indication on the front panel display.

* By programming the unit to output specific pass/fail bit patterns on the Digital I/O
port, which can be used to control other equipment such as a device handler for
binning operations. See “Binning systems,” page 12-11, and Section 13,

“Digital I/O port,” for more information.

e With the :CALCulate2:LIMit<n>:FAIL? query via remote, where <n> is the limit

test number (Section 18, “CALCulate2”).

» By reading various status bits (Section 15, “Status Structure,” and Section 18,
“FORMat subsystem”).

* By noting a “P” or “F” preceding buffer location numbers (Section 9, “Recalling
readings”).

Data flow

All limit tests are part of the CALC2 data block. See Appendix C for an overview on how
limit testing fits into the overall data flow through the SourceMeter.

Limit 1 test (compliance)

This hardware (H/W) test checks the compliance state of the SourceMeter. It uses the pro-
grammed compliance as the test limit. At or above the programmed limit, the instrument is
in compliance. Below the limit, the instrument is not in compliance.

For example, assume you want to pass resistors that are below 1kQ. To do this, set the
I-Source to output ImA at a compliance limit of 1V, and configure the test to fail on com-
pliance. If, for example, the resistor under test is 750€2, output voltage will be 0.75V
(ImA x 7500 = 0.75V). Since the output voltage is below the 1V limit, the test passes. If
the resistor is 1k€2 (or more), output voltage will be 1V (ImA X 1k = 1V). Since the 1V
limit is reached, which places the SourceMeter in compliance, the test fails.

The Limit 1 test can be used to determine the polarity of a device, such as a diode. By
using this test with a source memory sweep, you can branch to a different setup at a speci-
fied memory location when the device is installed backwards. See the programming exam-
ple at the end of this section for details on diode testing.
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Limit 2, limit 3, and limit 5-12 tests

These software (S/W) tests are used to determine if a DUT is within specified high and
low limits. Typically, the Limit 2 test is used to test for coarse tolerance limits, and the
Limit 3 and Limit 5-12 tests are used for fine tolerance limits. Distinct Digital I/O bit pat-
terns can be set for each limit and each high/low pass or fail condition.

For example, assume you want to sort resistors into three groups: 1%, 5%, and >5% toler-
ance. To do this, configure Limit 2 test for 5% HI and LO limits, and Limit 3 test for 1%
HI and LO limits. If Limit 2 fails, the handler places the DUT in the bin labeled >5%. If
Limit 2 passes, Limit 3 test is run. If Limit 3 fails, the DUT is placed in the bin labeled
5%. If Limit 3 passes, the handler places the DUT in the bin labeled 1%.

Limit test modes

There are two modes of operation for limit tests: grading and sorting. For Limit 1 test
(compliance), operation is similar for both limit test modes. If Limit 1 test fails, the
“FAIL” message is displayed and the testing process for that DUT (or DUT element) is
terminated. A pass condition allows the testing process to proceed to the next enabled limit
test.

With the grading mode selected, each enable software test (Limit 2, 3, 5-12) is performed
until a failure occurs. When a test fails, the FAIL message is displayed and the testing pro-
cess for that DUT (or DUT element) is terminated.

With the sorting mode selected, each enabled software test (Limit 2, 3, 5-12) is performed
until a test passes. When a test passes, the PASS message is displayed and the testing pro-
cess for that DUT is terminated.

Binning

Even though no additional equipment is required to perform limit tests on the DUT, a
component handler can be interfaced to the SourceMeter Digital 1/O port to perform bin-
ning operations. After the testing process, the DUT will be placed in an assigned bin.

For the grading mode, the binning system can be further automated by adding a scanner.
With the use of a scanner, the tests can be repeated (cycled) to test individual elements of a
single package (i.e., resistor network). See “Binning systems,” page 12-11, for more infor-
mation on using component handlers and scanners to perform binning operations.
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Operation overview

Grading mode

Grading mode limits operation is detailed by the flowchart in Figure 12-2. A test is only
performed if it is enabled. If disabled, operation proceeds to the next test. The following
assumes the first three limit tests are enabled and the digital output of the SourceMeter is
connected to a component handler for DUT binning. (See “Binning systems,” page 12-11.)
If a handler is not used, ignore digital input/output (handler interface) actions.

With the limit tests properly configured, turn the SourceMeter output on and press the
LIMIT key. In this example, the testing process will start when the component handler
sends the start-of-test (SOT) strobe pulse to the SourceMeter. Note that if a handler is not
used, testing will start when LIMIT is pressed. Pressing LIMIT a second time terminates
the testing process.

As shown in the flowchart, limit tests are performed after a measurement conversion.

Binning control

The binning control selection determines when the testing process stops and the appropri-
ate binning operation occurs. The results are communicated through the Digital I/O port
based on limit test data. (See “Binning systems,” page 12-11.) There are two types of bin-
ning control for the grading mode: immediate and end.

NOTE Binning affects contact check tests. See Appendix F for details.
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Figure 12-2
Grading mode limit testing
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Immediate binning — Use immediate binning when you want to stop all testing after the
first failure occurs. Any pending tests will be cancelled, and the DUT will be placed in the
bin assigned to that test failure. If no failures occur, all enabled tests will be performed,

and the DUT will be placed in the assigned pass bin. This process is demonstrated in Fig-

ure 12-3.
Figure 12-3
Immediate binning
Digital 1/0O
Test1 —> Test2 [>| Test3 Pass/Fail
l l—r | Notification

Pass Fail Pass

Using a sweep with immediate binning lets you test different devices at different source
levels. For example, assume a 3-point linear sweep at 1V, 2V, and 3V step levels. The first
DUT is tested at 1V, the second DUT is tested at 2V, and the third DUT is tested at 3V. In
this example, testing will stop when the first failure occurs.

End binning — End binning allows a sweep to finish before performing the binning oper-
ation. In the event of a failure, the first test failure determines the bin assignment. (See
Figure 12-4.)

Using a sweep with end binning lets you test a device at different source levels. For exam-
ple, assume a 3-point list sweep at 1.1V, 2.2V, and 3.3V source levels. Limit testing will be
performed at each source level. After the completion of the three test cycles, the DUT is
placed in the appropriate bin.

Adding a scanner to the system lets you test each element of a multi-element device (i.e.,
resistor network). For example, the previous 3-point list sweep can be used to test a 3-
element resistor network. The first test cycle (using the 1.1V source level) tests the first
element of the network. The second test cycle (2.2V) tests the second element of the net-
work, and last test cycle (3.3V) tests the third element. After the three test cycles are fin-
ished, the resistor network is placed in the appropriate bin.

Figure 12-4
End binning

Test1 Test2 Test3 Digital /O
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Fail
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Pass condition

For this discussion, assume that all grading mode limit tests pass. After the three limit tests
pass, the “PASS” message is displayed, and operation drops down to the Binning Control
decision block. (Note that the pass condition can also be determined with the
:CALC2:LIM<n>FAIL? query via remote.)

Immediate binning — For immediate binning, the testing process stops. The SourceMe-
ter outputs the pass pattern via the Digital I/O port to the component handler to perform
the binning operation.

End binning — For end binning, operation drops down to Another Test Cycle? decision
block. If programmed to perform additional tests (i.e., sweep) on the DUT package, oper-
ation loops back up to perform the next source-measure action. After all programmed test
cycles are successfully completed, the SourceMeter outputs the pass pattern to the compo-
nent handler to perform the binning operation.

If configured to test another DUT package, the operation loops back to the top of the flow-
chart and waits for the start-of-test (SOT) pulse from the component handler.

Fail condition

When a failure occurs, the FAIL message is displayed (and also can be read via remote
with :CALC2:LIM<n>FAIL?), and operation proceeds to the Binning Control decision
block.

Immediate binning — For immediate binning, the testing process is terminated when a
failure occurs, and the fail pattern for that particular failure is sent to the component
handler to perform the binning operation. Triggering is maintained for other instruments
or components in the test system.

End binning — For end binning, the fail pattern for the first failure is stored in memory
and operation proceeds to Another Test Cycle? decision block. If programmed to
perform additional tests (i.e., sweep) on the DUT package, operation loops back up to
perform the next source-measure action.

After all programmed test cycles are completed, the SourceMeter outputs the fail pattern
stored in memory on the Digital I/O port. This reflects the first failure that occurred in the
testing process for the device package. The component handler places the DUT in the
appropriate bin.

If configured to test another DUT package, operation loops back to the top of the flowchart
and waits for the start-of-test (SOT) pulse from the component handler.
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Sorting mode

Sorting mode limits operation is detailed by the flowchart in Figure 12-5. A test is only
performed if it is enabled. If disabled, operation proceeds to the next test. The following
assumes the digital output of the SourceMeter is connected to a component handler for
DUT binning. (See “Binning systems,” page 12-11.)

With the limit tests properly configured, turn the SourceMeter output on and press the
LIMIT key. The testing process will start when the component handler sends the start-of-
test (SOT) strobe pulse to the SourceMeter. Note that if a handler is not used, testing will
start when LIMIT is pressed. Pressing LIMIT a second time terminates the testing process.
As shown in the flowchart, limit tests are performed after a measurement conversion.

For Limit 1 test (compliance), a failure will display the FAIL message and terminate the
testing process for that DUT. For the pass condition, operation will proceed to the next
enabled limit test. If, however, there are no software limit tests (Limit 2, 3, 5-12) enabled,
the testing process will terminate and the PASS message will be displayed.

Assuming Limit 1 passes, each enabled software limit test will be performed until one of
them passes. When a test passes, the PASS message is displayed and any pending limit
tests for that DUT are cancelled. If all the limit tests fail, the FAIL message will be
displayed.

Binning

For the sorting mode, only immediate binning can be performed. After the testing process
is finished (FAIL or PASS displayed), the appropriate output bit pattern will be sent to the
component handler which will place the DUT in the assigned bin. (The pass/fail condition
can also be queried via remote with :CALC2:LIM<n>:FAIL?.)

Using a sweep with immediate binning lets you test different devices at different source
levels. For example, assume a 3-point linear sweep at 1V, 2V, and 3V step levels. The first
DUT is tested at 1V, the second DUT is tested at 2V, and the third DUT is tested at 3V.
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Figure 12-5
Sorting mode limit testing
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Binning systems

The SourceMeter can be used with a component handler to perform binning operations on
DUT packages. With this system, you can test single-element devices (i.e., resistor). Add-
ing a scanner to the system allows binning operations on multiple-element DUT packages.
See “Limit test programming example,” page 12-24.

Handler interface

The SourceMeter is interfaced to a handler via the Digital I/O port as shown in Figure
12-6. The I/O port has four lines for output signals (Out 1 through Out 4) as well as input
lines for start-of-test (SOT) and /INT (safety interlock) signals. The output lines are used
to send the limit test pass/fail signal(s) to the handler to perform the binning operation.

Figure 12-6
Handler interface connections
SourceMeter Handler
Out ] O Line 1
Qut 2 O Line 2
Out 3 O Line 3
Out4 O Line 4 (EOT or BUSY)
: Gnd
Q e o o l 5 L 5Gnd 47
Dig 1/O * o é ] n
6 ) J —O /INT
+5V o
Input (SOT) .
O SOT Strobe Line
Digital 1/O connector

These digital I/O lines are available at the DB-9 Digital I/O connector on the rear panel of
the SourceMeter. A custom cable using a standard female DB-9 connector is required for
connection to the SourceMeter. See Section 13, “Digital I/O port,” for more information.
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Digital output lines

The four output lines output a specific bit pattern based on the pass/fail results of the vari-
ous limit tests. (See “Types of limits,” page 12-2.) In the 3-bit output mode, Line 4 can
also be used either as an end-of-test (EOT) or BUSY signal depending on the END OF
TEST mode. (See “Configuring limit tests,” page 12-19.)

SOT line

The input line (SOT) of the Digital I/O is used to control the start of the testing process.
For remote operation with JSTEST selected as the arm event of the trigger model, the test-
ing process will start when the SOT line is pulsed low. When TSTEST is the selected arm
event, the testing process will start when the SOT line is pulsed high. When TISTEST is
selected, testing will start when SOT is pulsed either high or low. For front panel operation
with the IMMEDIATE arm event selected, the testing process will start as soon as the
LIMIT key is pressed (assuming the output is ON). See Section 11, “Triggering,” for
details on trigger model configuration.

When using the SOT line, the handler will not pulse the line while it is in a not ready con-
dition. When the handler is ready (DUT properly positioned in the handler), it pulses the
SOT line low or high to start the test.

/INT line

The /INT line of the Digital I/O can be used if the component handler is equipped with an
interlock switch. With proper use of the interlock, power is removed from the DUT when

the lid of the handler is opened to eliminate a possible shock hazard. See Section 13, “Dig-
ital I/O port” and “Safety interlock,” for operation details on the interlock.

Handler types

The SourceMeter can be used with either of the two basic types of handlers. When used
with a Category Pulse Handler, the SourceMeter pulses one of the four handler lines. The
handler then places the DUT into the bin assigned to the pulsed line.

When used with a Category Register Handler, the SourceMeter outputs a bit pattern to
three handler lines. After the SourceMeter sends the end-of-test (EOT) strobe pulse to the
fourth handler line, the handler places the DUT into the bin assigned to that bit pattern.
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Category pulse component handler

When using this type of handler, the SourceMeter pulses one of the four handler lines
when a pass or fail condition occurs. The handler then places the DUT in the bin assigned
to that pulsed line. When interfacing to this type of handler, a maximum of four compo-
nent handler bins are supported.

If the handler requires low-going pulses, then the four digital output lines of the Source-
Meter must be initially set to high. This initial HI, HI, HI, HI clear pattern on the output
lines represents a no action condition for the handler since it is waiting for one of the lines
to go low. A line goes low when the defined fail or pass pattern sets it low. For example, if
you want a particular test failure to pulse line #4 of the handler, the defined fail pattern has
to be HI, HI, HI, LO. When the failure occurs, line #4 will be pulled low, and the DUT will
be placed in the bin assigned to that pulsed line.

If the handler requires a high-going pulse, the four digital output lines of the SourceMeter
must initially be set low. The LO, LO, LO, LO clear pattern represents the no action condi-
tion for the handler. When one of those lines are pulled high by a defined pass or fail bit
pattern (i.e., LO, LO, LO, HI), the DUT will be placed in the bit assigned to that pulsed
line.

Category register component handler

When using this type of handler, the SourceMeter sends a bit pattern to three handler lines
when a pass or fail condition occurs. This bit pattern determines the bin assignment for the
DUT. With the pass/fail pattern on the output, line #4 is then pulsed. This end-of-test
(EOT) pulse latches the bit pattern into the register of the handler, which places the DUT
in the assigned bin. When interfacing to this type of handler, a maximum of eight compo-
nent handler bins are supported.

If the handler requires a a high-going or low-going EOT pulse, program SourceMeter for
3-bit operation and appropriate EOT mode.

NOTE TheEOT and 3-bit modes are configured fromthe CONFIG LIMITSMENU. See
“ Configuring limit tests” page 12-19.
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Basic binning systems

Two basic binning systems are shown in Figure 12-7 and Figure 12-8. Both systems
require a handler to physically place the device packages in the appropriate bins. The han-
dler is controlled by the SourceMeter via the Digital I/O port.

Single-element device binning

Figure 12-7 shows a basic binning system for single-element devices (i.e., resistors). After
all programmed testing on the DUT is completed, the pass/fail digital output information
is sent to the component handler, which then places the DUT in the appropriate bin. The
component handler selects the next DUT, and the testing process is repeated.

Figure 12-7
Binning system single-element devices
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Multiple-element device binning

Figure 12-8 shows a basic binning system to test three-element resistor networks. Note
that this system requires a scanner card that is installed in a switching mainframe. Scanner
card switching is controlled through the Trigger Link. End binning control is required for
this test system, therefore, the grading mode must be used.

Trigger operations for the scanner and SourceMeter must be configured appropriately for
this test. In general, the scanner must be configured to scan three channels, and the
SourceMeter must be configured to perform a 3-point sweep and output a trigger to the
scanner after each measurement. See Section 11, “Triggering,” for details.

When the testing process is started, Ch. 1 of the scanner card closes, and R1 is measured.
Two events occur concurrently after the measurement is completed: R1 is tested, and the
SourceMeter sends a trigger pulse to the switching mainframe causing Ch. 1 to open and
Ch. 2 to close. Assuming there is no failure, a measurement is then performed on R2.
While R2 is being tested, Ch. 2 opens and Ch. 3 closes. Again assuming no failure, a mea-
surement is performed on R3 and it is then tested. Assuming that all the tests on all three
resistors passed, the device package is placed in the pass bin.

If any of the resistors in the network fails a test, the FAIL message is displayed, and the
digital output information for the first failure is stored in memory (assuming that END
binning control is selected). After the sweep is completed, the SourceMeter sends the out-
put pattern stored in memory. This is the output pattern for the first test failure. The com-
ponent handler places the DUT package into the bin assigned to that particular failure.

The handler selects the next resistor network, and the testing process is repeated.
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Figure 12-8
Binning system multiple-element devices
Switching Mainframe Handler
. Dig
Trigger
O Link | | - _____ ||n O
Multi-Element

_Scanner Card . : Device Package |
: Ch1 | | R1 |
o o— | A% I
| Ch2 | | R2 I
—o—— A —
I Ch3 | R3 |
; o— L—AAN 1
L — | - -

O In/Out O

HI LO

Trigger Dig
O Link* Vo ©
SourceMeter

*Trigger layer configured to output trigger pulse after each measurement.
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Digital output clear pattern

After every binning operation, the digital output needs to be reset to a clear pattern, which
serves as a no action condition for the component handler.

The SourceMeter can be programmed to automatically clear the digital output after the
pass or fail pattern is sent. With auto-clear enabled, you can specify the required pulse
width (delay) for the pass or fail pattern. (The default auto-clear pulse width is 10us.)
When not using auto-clear, you must return the digital output to its clear pattern from the
DIGOUT AUTO CLEAR option of the CONFIG LIMIT menu. This option also sets the
pass/fail pattern and pulse width.

Enabling auto-clear

To enable auto-clear:

Press CONFIG then LIMIT.

Select DIGOUT, then press ENTER.
Choose AUTO CLEAR, then press ENTER.
Select ENABLE, then press ENTER.

At the prompts, set the auto-clear pulse width (Os to 60s) and clear bit pattern (0 to
15, 4-bit; 0 to 7, 3-bit size). Use EXIT to return to normal display.

A e
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Auto-clear timing

The following timing diagram example (Figure 12-9) and discussion explain the relation-
ship between the digital output lines for auto-clear.

Figure 12-9
Digital output auto-clear timing example

SOT* \—’
/BUSY ﬁ . T

Line 1 ' ' \
‘«—Meas.—» ,

Line 2

Line 3

s : . .
(IlEr(];T) 10us—>! ‘:Delay—> !<—10us

* With the SOT line being pulsed low (as shown), {STEST must be the selected
event for the trigger model. If the SOT line is instead pulsed high by the handler,
TSTEST must be the selected arm event. For high or low pulses, select TLSTEST.

Initially, the four digital output lines are cleared (in this case, they are all set high). Limit
tests start when the start-of-test (SOT) pulse is received from the component handler.
When the testing process is finished, the pass or fail pattern is applied to the digital output.
As shown in the diagram, lines 2, 3, and 4 go low while line 1 remains high.

The pulse width (delay) of the pass/fail pattern can be set from O to 60sec (10psec resolu-
tion) as required by the component handler. Note that the delay specifies the pulse width
of line 4. The pulse width of lines 1, 2, and 3 is actually 20psec longer. Line 4 is skewed
because it is used as the end-of-test (EOT) strobe by category register component han-
dlers. Lines 1, 2, and 3 establish the bit pattern and then 10psec later the SOT strobe tells
the handler to read the bit pattern and perform the binning operation. This 10psec offset is
used to make sure the correct bit pattern is read by the handler.

After the pass/fail is read by the handler, the digital output returns to the clear pattern with
auto-clear enabled.
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Configuring and performing limit tests

Configuring limit tests

Press CONFIG and then LIMIT to display the CONFIG LIMITS MENU. The limits con-
figuration menu is structured shown below and in Figure 12-10. Note that bullets indicate
the primary items of the limit menu and dashes indicate the options of each menu or sub-
menu item. Refer to Section 1, “Rules to navigate menus” to configure the limit tests.

+ DIGOUT — Use this menu item to control the following Digital I/O aspects:

SIZE — Use to select 3-BIT or 4-BIT Digital I/O bit size. In the 3-BIT mode,
Digital I/O line 4 becomes the EOT, /EOT, BUSY, or /BUSY signal depending
on the selected END OF TEST mode. In the 4-BIT mode, Digital I/O line 4 is
controlled manually if the END OF TEST mode is set to EOT.

MODE — Use to select GRADING or SORTING mode:

In GRADING mode, a reading passes if it is within all of the HI/LO limit tol-
erances enabled, assuming that it has passed the Contact Check (contact check
option only) and Compliance tests first. The Digital I/O will be driven with the
first pattern of the first Contact Check, Compliance, HI, or LO failure. Other-
wise, the pass pattern will be output. In GRADING mode, you will also
choose bin control modes. With IMMEDIATE, the testing process will stop
after the first failure and place the fail pattern on the digital output. If none of
the limit tests fail, the pass pattern will be placed on the output, and the testing
process will stop. With END, the testing process will continue until the pro-
grammed sweep is completed, regardless of how many failures occur. This
allows multi-element devices (i.e., resistor networks) to be tested. After testing
is finished, the bit pattern for the first failure is placed on the output. If all tests
pass, the pass pattern will instead be placed on the output.

In SORTING mode, a reading will fail if it fails the optional Contact Check
Test, the Compliance Test, or is not within any of the Digital I/O Bands. If the
tests pass and only Limit 1 or 4 (optional contact check test) is enabled, the
associated pass pattern will be output. Otherwise, the first limit test band that
passes will output its lower limit pattern (upper limit patterns will be ignored).
If Limit 1 or 4 fails, their failure patterns will be output. If no Limit 2, 3, or
5-12 passes, their failure pattern will be output. When SORTING is selected,
the Digital I/O bit pattern can also be set (0 to 7, 3-bit; O to 15, 4-bit).

AUTO CLEAR — Use this menu item to ENABLE or DISABLE auto-clear
for the digital output. After enabling auto-clear, you will be prompted to set the
pass/fail pattern pulse width (delay; 0 to 60.00000sec). You will then be
prompted to set the digital output clear pattern (0 to 7, 3-bit; O to 15, 4-bit).
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e H/W LIMITS— Use this menu item to control and set the fail mode for the Limit
1 (Compliance) test:

NOTE

CONTROL — Use to ENABLE or DISABLE the test.

FAIL MODE — Use to select the fail mode for Limit 1 test. With IN selected,
the test will fail when the SourceMeter is in compliance. With OUT selected,

the test will fail when not in compliance. Also use to specify the digital output
bit pattern for Limit #1 IN or OUT test failure (0 to 7, 3-bit; 0 to 15, 4-bit).

If the contact option isinstalled, the H/W LIMITS selection will also set options

for the Contact Check Test (Limit 4). See Appendix F for contact check details.

e S/W LIMITS— Use this menu item to control, set limits for, and define output bit
patterns for LIM2, LIM3, and LIMS5 through LIM12 tests:

CONTROL — Use to ENABLE or DISABLE the test.

LOLIM — Use to set the low limit and, for the grading mode, specify the fail
bit pattern (0-7; 3-bit; 0 to 15; 4-bit).

HILIM — Use to set the high limit and, for the grading mode, specify the fail
bit pattern (0 to 7; 3-bit; O to 15; 4-bit).

* PASS— Use this menu item to dictate actions upon a PASS condition:

DIG I/O PATTERN — Use this option item to define the digital output bit
pattern (0 to 7, 3-bit; O to 15, 4-bit). For the grading mode, it is the pass pattern
for the all tests pass condition. For the sorting mode, it is the pass pattern for
Limit 1 (compliance) when all other software limit tests are disabled (0 to 7,
3-bit; O to 15, 4-bit).

SRC MEM LOC — Use this option with a Source Memory Sweep to select
the next memory location point in the sweep when the PASS condition occurs.
If NEXT is selected, the next point in the sweep list will be selected. You can
also branch to a different point in the sweep by specifying the memory
LOCATION# (1 to 100).

« EOT MODE — Use this menu item to control the operation of Digital I/O line 4 to
act as an end-of-test (EOT) or BUSY signal:

BUSY — Set Digital I/O line 4 HI while unit is busy. With BUSY selected, the
unit behaves as if it is in 3-bit mode.

/BUSY — Set Digital I/O line 4 LO while unit is busy. With /BUSY selected,
the unit behaves as if it is in 3-bit mode.

EOT — In 3-bit mode, automatically output a HI pulse on Digital I/O line 4 at
end-of-test. In 4-bit mode, EOT is not automatically controlled.

/EOT — In 3-bit mode, automatically output a LO pulse on Digital I/O line 4
at end-of-test. In 4-bit mode, EOT is not automatically controlled.



2400 Series SourceMeter® User’s Manual Limit Testing  12-21

Figure 12-10
Limits configuration menu tree

CONFIG
LIMIT
v v v v Y
H/W S/W EOT
picout LIMITS LIMITS PASS MODE
{ y ; { l Y J l
AUTO FAIL LIM2,3 DIG /O | [SRC MEM
SIZE | [ MODE [ EaR | [ CONTROL 1 \iODE LIM5-12 PATTERN| |~ LOC
v | v v ) ) v
CONTROL ||Loum || HiLim Busy ||/Busy || Eot || /EOT

Performing front panel limit tests

Perform the basic steps below to run limit tests from the front panel. See “Remote limit
testing,” page 12-23, for remote commands and a programming example.

Step 1: Configure test system.

As previously explained, your test system could be as simple as connecting a DUT to the
SourceMeter (Section 2, “Connections”) or could employ the use of a handler for binning
operations. Adding a scanner to the test system allows you to test multi-element devices
(such as resistor networks).

Step 2: Configure source-measure functions.

Configure the SourceMeter for the desired source-measure operations as follows:

1. Select the desired source function by pressing SOURCE V or SOURCE 1.

2. Set the source level and compliance limit to the desired values.

3. Press MEAS V or MEAS I to select the desired measurement function, then choose
the desired measurement range.

Refer to Section 3, “Basic source-measure procedure,” for more information.
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Step 3: Configure limit tests.

Select and configure the following limit tests parameters as explained in “Configuring
limit tests,” page 12-19:

» Use DIGOUT to configure the Digital I/O port for SIZE, MODE, and AUTO
CLEAR.

e Set your H/W LIMITS and S/W LIMITS parameters as desired.

» Set up PASS conditions for Digital I/O bit pattern and memory source location if
using source memory sweep.

« If using 3-bit port size, program the Digital I/O Line 4 EOT MODE for EOT or
BUSY, as appropriate.

Step 4: Turn output on.

Press the ON/OFF key to turn the output on (OUTPUT indicator turns on). The Source-
Meter will output the programmed bias level.

Step 5: Start testing process.

To enable the limit tests, press the LIMIT key. If the /SOT line of the Digital I/O is being
used by a handler, the testing process will not start until the handler sends a low-going
pulse. Otherwise, the testing process will start when LIMIT is pressed.

NOTE The PASSand FAIL messages indicate the status of each test cycle, with the fol-
lowing exceptions:

*  Wheninthe NORMAL, HIGH IMPEDANCE, or GUARD output-off state,
the OFF message is displayed. The pass and fail conditionswill be dis-
played as P OFF and F OFF respectively. When in the ZERO output-off
state, the ZER message is displayed. The pass and fail conditions will be
displayed as P ZER and F ZER respectively.

 |f the source reaches the over-voltage protection (OVP) limit, the OVP mes-
sage will be displayed. The pass and fail conditionswill be displayed as
P OVP and F OVP respectively.

Step 6: Stop testing process.

The testing process can be terminated at any time by again pressing LIMIT. When using a
handler, the testing process will stop after the last DUT is tested.
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Remote limit testing

Limit commands

Table 12-1 summarizes remote commands to control limit testing parameters, while Table
12-2 summarizes commands to control the Digital I/O port bit parameters for limit testing.
See Section 18, “CALCulate2” and “SOURce2,” for more details on these commands.

Table 12-1
Limit commands
Command* Description*
:CALCulate2:FEED <name> Select limit test input path (name = CALCu-
late[1], VOLTage, CURRent, or RESistance).
:CALCulate2:DATA? Acquire limit test data.

:CALCulate2:LIMit:COMPliance:FAIL <name>

:CALCulate2:LIMitX:LOWer <n>
:CALCulate2:LIMitX:UPPer <n>

:CALCulate2:LIMit[1]:COMPliance:SOURce2
<NRf> | <NDN>

:CALCulate2:LIMitX:LOWer:SOURce2 <NRf> |
<NDN>

:CALCulate2:LIMitX:UPPer:SOURce2 <NRf> |
<NDN>

:CALCulate2:LIMitX:PASS:SOURce2 <NRf> |
<NDN>

:CALCulate2:LIMit[1]:STATe <state>
:CALCulate2:LIMitX:STATe <state>

:CALCulate2:LIMit[1]:FAIL?
:CALCulate2: LIMitX:FAIL?

:CALCulate2:CLIMits:PASS:SOURce2 <NRf> |
<NDN>

:CALCulate2:CLIMits:FAIL:SOURce2 <NRf> |
<NDN>

:CALCulate2:CLIMits:PASS:SMLocation <location>

Set Limit 1 fail condition. Name = IN (fail into
compliance) or OUT (fail out of compliance).
Specify lower Limit X; X =2, 3, 5-12 (n = limit).
Specify upper Limit X; X =2, 3, 5-12 (n = limit).

Specify limit 1 fail bit pattern. (NRf | NDN =
pattern).

Specify lower Limit X fail bit pattern for grading
mode; X =2, 3, 5-12 (NRf | NDN = bit pat-
tern).

Specify upper Limit X fail bit pattern for grading
mode; X =2, 3, 5-12 (NRf = bit pattern).

Specify pass pattern for sorting mode (NRf |
NDN = bit pattern).

Enable/disable Limit 1 test (state = ON or OFF).

Enable/disable Limit X test; X =2, 3, 5-12
(state = ON or OFF).

Query Limit 1 test result (0 = pass, 1 = fail).

Query Limit X test result; X =2, 3, 5-12 (0 =
pass, 1 = fail).

Specify pass bit pattern (NRf | NDN = pattern).
Sorting mode only if limits 2, 3 and 5-12 dis-
abled.

Specify fail bit pattern for sorting mode (NRf |
NDN = pattern).

Specify pass source memory location. Location =
NRf (memory #) or NEXT (next location).




12-24  Limit Testing 2400 Series SourceMeter® User’s Manual

Table 12-1 (continued)
Limit commands

Command* Description*

:CALCulate2:CLIMitis:FAIL:SMLocation <location> | Specify fail source memory location. (Location =
NRf (memory#) or NEXT (next location).

:CALCulate2:CLIMits:BCONtrol <name> Control I/O port pass/fail update. Name =
IMMediate (at failure) or END (end of sweep).

:CALCulate2:CLIMits:CLEar Clear test results, reset 1/O port.

:CALCulate2:CLIMits:CLEar:AUTO <state> Enable/disable auto-clear (state = ON or OFF).

:CALCulate2:CLIMits:MODE <name> Select Digital I/O control mode (name =
GRADing or SORTing).

* LIMitX = LIMit2, LIMit3, LIMit5 through LIMit12. LIMit4 (Contact check option) not shown (see Table 18-1 and Appendix F).

Table 12-2
Commands to control Digital 1/0 port for limit testing

Command Description
:SOURCce2:BSIZe <n> Set Digital I/O port bit size (n = 3 or 4).
:SOURce2:TTL <NRf> | <NDN> Set I/O port bit pattern (NRf | NDN = pattern).
:SOURCce2: TTL4:MODE <name> Set Digital I/O line 4 mode (name = EOTest or BUSY).
:SOURCce2:TTL4:BSTate <state> Set BUSY and EOT polarity (HI or LO).
:SOURCce2:CLEar Clear digital output lines.
:SOURce2:CLEar:AUTO <state> Enable/disable 1/O port auto clear (state = ON or OFF).
:SOURce2:CLEar:AUTO:DELay <n> Set auto-clear delay (n = delay).

Limit test programming example

Diode breakdown voltage test is an example that readily lends itself to pass/fail analysis.
This test verifies the reverse and often the forward voltage at which the device begins to
show a large deviation in current for a small deviation in voltage. The test is performed by
sourcing a specified current level and then measuring the resulting voltage drop. The volt-
age drop is then compared with one set of limits to determine if the diode passes or fails
and should be discarded. Voltage measurements for failing diodes are also compared
against a more restricted range of limits to determine if they should be routed to QA
(Quality Assurance) for further analysis.
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Test parameters for this test include:

¢ Source Function: current

» Sense Function: voltage

e Source Current: 100mA

* Source Delay: 100ms

« Limit 2 Upper Value: 0.85V
e Limit 2 Lower Value: 0.75V
» Limit 3 Upper Value: 0.82V
« Limit 3 Lower Value: 0.78V

Figure 12-11 demonstrates graphically how parts are sorted. Diodes with a voltage
between 0.78V and 0.82V are considered good and will pass the limits test. Diodes that
test with a slightly wider voltage range are routed to QA for analysis, while those with the
largest voltage tolerance will be discarded.

Figure 12-11
Diode pass/fail limits

Bad Diode, | Bad Diode, Good Bad Diode, | Bad Diode,
Discard to QA Diode to QA Discard

Low Limit 2 Upper Limit 3

O75V)  LowLimit3  ©82Y) Upper Limit 2
0.78V) (0.85V)

Table 12-3 summarizes the basic SCPI command sequence for performing a limit test for
the diode breakdown described above, and Table 12-4 summarizes pass/fail parameters.
Note that the test connections shown in Figure 10-8 can be used for this test.

NOTE Additional programming stepswill be necessary to test the values returned by
the :CALC2:LIM2: FAIL? and : CALC:LIM3:FAIL? queries. A returned value of
lindicated a failure of that limit test.
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Table 12-3
Limits test programming example
Command Description
*RST Restore GPIB default conditions.
:SENS:FUNC:CONC OFF Turn off concurrent functions.
:SOUR:FUNC CURR Current source function.

:SENS:FUNC 'VOLT:DC'
:SOUR:CURR:TRIG 0.1
:SOUR:DEL 0.1
:CALC2:FEED VOLT
:CALC2:LIM2:UPP 0.85
:CALC2:LIM2:LOW 0.75
:CALC2:LIM3:UPP 0.82
:CALC2:LIM3:LOW 0.78
:CALC2:CLIM:PASS:SOUR?2 1
:CALC2:LIM2:UPP:SOUR2 2
:CALC2:LIM2:LOW:SOUR?2 2
:CALC2:LIM3:UPP:SOUR?2 3
:CALC2:LIM3:LOW:SOUR?2 3
:CALC2:CLIM:BCON IMM
:CALC2:LIM1:STAT 0
:CALC2:LIM2:STAT 1
:CALC2:LIM3:STAT 1
:OUTPUT ON

AINIT

:OUTP OFF
:CALC2:LIM2:FAIL?
:CALC2:LIM3:FAIL?

Volts sense function.

Output 100mA when triggered.

100ms source delay.

Use voltage for limits comparison.

Limit 2 upper value = 0.85V.

Limit 2 lower value = 0.75V.

Limit 3 upper value = 0.82V.

Limit 3 lower value = 0.78V.

Digital I/O port = 0001 (1) when test passes.

Digital I/O port = 0010 (2) when upper Limit 2 fails.
Digital I/O port = 0010 (2) when lower Limit 2 fails.
Digital I/O port = 0011 (3) when upper Limit 3 fails.
Digital I/O port = 0011 (3) when lower Limit 3 fails.
Update Digital I/O port immediately after test.

Turn off Limit 1 test.

Turn on Limit 2 test.

Turn on Limit 3 test.

Turn on source output.

Trigger reading and limits test.

Turn off output.

Query Limit 2 test results (1 = discard diode).
Query Limit 3 test results (1 = send diode to QA).

Table 12-4
Limit test results summary

Digital I/O port | Handler bin
Diode voltage range | Test result binary value number
0.78 to 0.82V Pass 0001 1
0.75t0 0.78V or Send to QA 0010
0.82 to 0.85V
<0.75, >0.85V Discard 0011 3
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Digital /O Port, Safety Interlock,

and Output Configuration

« Digital I/O port — Discusses the various input/output lines on the Digital I/O Port
as well as the +5V line that can be used to power external logic circuits.

» Safety interlock — Describes how to use the Digital I/O Port as a safety interlock.

« Front panel output configuration — Details configuration of the Digital I/O Port
as a safety interlock as well as configuring main output off states.

« Remote output configuration — Summarizes the remote commands used to con-
trol the Digital I/O Port interlock and main output off states. A simple program-
ming example is also provided.
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Digital 1/O port
The SourceMeter has a digital input/output port that can be used to control external digital

circuitry, such as a handler that is used to perform binning operations when testing limits.

NOTE For the Model 2400 only, the Digital 1/0 connector is marked output enable.

Port configuration

The Digital I/O Port is located on the rear panel and is shown in Figure 13-1.

NOTE Thefour digital output lines and the SOT line are primarily intended for limit
testing with a device handler. See Section 12, “ Limit Testing,” for details on per-
forming limit tests and interfacing to handlers and Section 11, “ Triggering,” for
information on programming the SourceMeter to respond to the start-of-test
(SOT) pulse from a handler.

Figure 13-1
Digital 1/O port
Note: Connector marked OUTPUT ENABLE
on Model 2400.
SourceMeter 1 5
qJ XXX X
0000
6 9

1 = Digital Output #1

2 = Digital Output #2

3 = Digital Output #3

4 = Digital Output #4 (EOT, /EOT, BUSY, /BUSY)
5 = Ground

6 = Trigger Input (SOT)

7 = +5V
!—j 8 = /Interlock
9 = Ground

Digital output lines

INTERLOCK-
DIGITAL I/G,
XX

The port provides four output lines. Each open-collector output can be set high (+5V) or
low (0V). Each output line can source up to 2mA or sink up to S00mA. When using a cat-
egory register handler for limit testing, output line #4 is typically used for the end-of-test
(EOT) or BUSY pulse. This pulse from the SourceMeter signals the handler to perform the
binning operation, or indicates a busy condition. (See Section 12, “Configuring limit
tests.”)
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SOT line

The input line (SOT) is used by the handler to start limit testing. With the |STEST arm
event selected (Section 11, “Configuring triggering”), the handler must pulse SOT low in
order to provide event detection which starts the testing process. With the TSTEST arm
event selected, the handler must pulse SOT high in order to provide event detection, which
starts the testing process. With TLSTEST selected, either a high or low SOT pulse starts
the testing process.

Interlock line

The interlock line is intended for use with a safety interlock on a device handler or test fix-
ture. See “Safety interlock,” page 13-5, for more details.

+5V output

The Digital I/O Port provides a +5V output that can be used to drive external logic cir-
cuitry. Maximum current output for this line is 300mA. This line is protected by a self-
resetting fuse (one hour recovery time).

Digital output configuration

There are two basic methods to connect external components to the digital output lines,
sink operation and source operation.

Sink operation

Figure 13-2 shows the basic output configuration for sink operation. Note that the external
relay coil is connected between the digital output line (pins 1 to 4) and +5V (pin 7). With
this configuration, the digital output line must be set LO to energize the relay, and the
maximum sink current is S00mA.

Figure 13-2
Sink operation
SourceMeter External
-------------- Pin 7 Relay
+5Vo o O—— 0 e e el - - -
1 1 1
1 1 1
: ! ! To other
! ! Circuits
s X X ircui
1 . 1 1
, Pins 1-4 . [—>|
1
1

Maximum sink current: 500mA
1 Pin9
1
_____________ 4

Digital 1/0
Port
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Source operation

Figure 13-3 shows the basic output configuration for source operation. In this case, the
external relay coil is connected between the digital output line (pins 1 to 4) and ground
(pin 9). With this configuration, the digital output line must be set HI to energize the relay,
and the maximum source current is 2mA.

Figure 13-3
Source operation

SourceMeter
:_ -+-5\7c- N -? Pin 7 Maximum source current: 2mA
! 1
! 1
1

] i 1
I $ | !
! : Pins 1-4 . 1 To other
1 . . 1 Circuits
1 . ) I :
1 X === == - _
1 .
| — : Pin 9 External
o T . Relay
Digital 1/O
Port

Controlling digital output lines

Although the digital output lines are primarily intended for use with a device handler for
limit testing, they can also be used for other purposes such as controlling external relays or
indicator lights. You can control these lines either from the front panel or via remote as
covered below.

Front panel digital output control
Set digital output line logic levels from the front panel as follows:

Press the MENU key.
Select GENERAL, then press ENTER.
Select DIGOUT, then press ENTER.

Using the RANGE and cursor keys, set the digital output parameter to the desired
decimal value (Table 13-1). For example, to set the output lines to L, H, H, H, set
the digital output parameter value to 7.

b=

5. Press EXIT to return to normal display.
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Remote digital output control

Use the :SOURce2:TTL <NRf> command to control the digital output line logic levels,
where <NRf> is the decimal value shown in Table 13-1. For example, send the following
command to set the output lines to L, H, L, H:

:SOUR2:TTL 5

Table 13-1

Digital output line settings

Decimal
ouT4 | OUT3 | OUT2 | OUT1 value*

L L L L 0
L L L H 1
L L H L 2
L L H H 3
L H L L 4
L H L H 5
L H H L 6
L H H H 7
H L L L 8
H L L H 9
H L H L 10
H L H H 11
H H L L 12
H H L H 13
H H H L 14
H H H H 15

L =Low (Gnd)

H =High (>+3V)
*0-7 in 3-bit mode, which is controlled by CONFIG LIMIT menu.
(See Section 12.) 0-65535 with 2499-DIGIO 16-bit option.

Safety interlock

The digital I/O port provides an interlock line for use with a test fixture interlock switch.
When properly used, the OUTPUT of the SourceMeter will turn OFF when the lid of the
test fixture is opened. See Section 2, “Connections,” for important safety information
when using the test fixture interlock.
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When the interlock is enabled (see “Front panel output configuration,” page 13-7), the out-
put of the SourceMeter cannot be turned on unless the interlock line is pulled low through
a switch to ground as shown in Figure 13-4A. If the lid of the test fixture opens (Figure
13-4B), the switch opens, and the interlock line goes high turning the OUTPUT of the
SourceMeter OFF (high impedance). The output can only be turned back on by first clos-
ing the lid of the test fixture and then pressing the OUTPUT ON/OFF key.

Figure 13-4
Using test fixture interlock

SourceMeter Test Fixture

/Interlock

(Pin 8)
Interlock- 1
te Safety Interlock
Digital I/O ® Switch (Lid Closed)
GND  _
(Pin50r9)

A. SourceMeter OUTPUT can be turned on.

SourceMeter Test Fixture

/Interlock

I
|
: I
; |
(Pin 8) | ;
Interlock- : ! Safety Interlock
f |
Digital 1/O : | { Switch (Lid Open)
GND _ i :
(Pin50r9) : !
I
|
|

B. SourceMeter OUTPUT turns off.

NOTE Safety interlock can be driven by Digital 1/0. Allow 100us settling and response
time. The Digital 1/0 lines are edge-sensitive, open-collector, and signals should
be debounced to avoid erratic operation.
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Front panel output configuration

The output is configured from the CONFIGURE OUTPUT menu and is structured as fol-
lows. Note that bullets indicate the primary items of the sweep menu, while dashes indi-
cate options. Use Section 1, “Rules to navigate menus,” to check and/or change operate
options.

Configure OUTPUT menu

Press CONFIG and then ON/OFF OUTPUT to display the menu. Figure 13-5 shows the
overall menu structure.

NOTE For the Modd 2430 Pulse Mode, INTERLOCK isthe only menu itemthat isdis-

played. For the Pulse Maode, the output-off state is always set to NORMAL, and
auto output-off is always enabled.

INTERLOCK — Use to ENABLE or DISABLE the interlock line of the Digital
output. This line is used as an interlock for a test fixture. See “Digital I/O port,”
page 13-2.

OFF STATE — Use to select the OFF state of the output. See “Output-off states,”
page 13-8, for details.

HIGH IMPEDANCE — When the OUTPUT is turned OFF, the output relay
opens. This disconnects external circuitry from the input/output of the
SourceMeter.

NORMAL — When the OUTPUT is turned off, the V-Source is selected and
set to OV. Current compliance is set to 0.5% full scale of the present current
range.

ZERO — When the V-Source OUTPUT is turned off, the V-Source is set to
0V and current compliance is not changed. When the I-Source OUTPUT is
turned off, the V-Source mode is selected and set to OV. Current compliance is
set to the programmed Source I value or to 0.5% full scale of the present cur-
rent range, whichever is greater. Measurements are performed and displayed
while the OUTPUT is off.

GUARD — When OUTPUT is turned OFF, the current source is selected and
set to OA. Voltage compliance is set to 0.5% full scale of the present voltage
range.

AUTO OFF — Use to ENABLE or DISABLE auto output off. When enabled, the
OUTPUT will turn off after the measurement phase of every SDM cycle. The
OUTPUT turns back on at the beginning of the next SDM cycle. When disabled,
the OUTPUT stays on as long as the SourceMeter is operating within the trigger
model (ARM annunciator on). With the OUTPUT enabled, pressing the ON/OFF
key will disable the OUTPUT and disable auto output off.
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Figure 13-5

Output configuration menu tree

CONFIG

Y

ON/OFF
OUTPUT
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Y i

INTERLOCK OFF STATE AUTO OFF

— b — —

DISABLE

HIGH
ENABLE IMPEDANCE|[NORMAL [ | ZERO ||[GUARD DISABLE [ENABLE

Output-off states

NOTE For the Model 2430 Pulse Mode, output-off is always set to NORMAL.

HIGH IMPEDANCE

With this output-off state, the output relay opens when the OUTPUT is turned OFF. This
disconnects external circuitry from the input/output of the SourceMeter. To prevent exces-
sive wear on the output relay, do not use this output off state for tests that turn the output
off and on frequently (such as the Output Auto-Off mode). Note that there is a ~ 15msec
settling time for the relay when the output is turned on.

NORMAL

When in this relatively high-impedance output-off state, the V-Source is selected and set to
OV. Current compliance is set to 0.5% full scale of the present current range. In theory,
with the V-Source set to zero, the SourceMeter will not source or sink power. In practice,
the source value may not be exactly at zero. Therefore, the SourceMeter may source or
sink a very small amount of power. In most cases, this source or sink power level is not
significant.
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ZERO

When in this output-off state, the ZER message is displayed (instead of OFF), and the
SourceMeter is configured as follows:

When the V-Source is the selected source:

» The programmed V-Source value remains on the display.
» Internally, the V-Source is set to OV.

e The current compliance setting remains the same as the output-on value. Real and
range compliance detection remains active.

e Measurements are performed and displayed.
When the I-Source is the selected source:

» The programmed I-Source value remains on the display.
« Internally, the V-Source is selected and set to OV.

»  Current compliance is set to the programmed Source I value or to 0.5% full scale of
the present current range, whichever is greater.

*  Measurements are performed and displayed.
While in the ZERO output-off state, the SourceMeter can be used as an I-Meter.

The ZERO output-off state can also be used with the V-Source and Output Auto-Off to
generate very quick pulsed voltage waveforms. For example, with Output Auto-Off
enabled, you can generate O to +5V pulses. While in this relatively low-impedance output-
off state, the SourceMeter will be able to quickly dissipate (sink) current caused by high
input capacitance (i.e., cable capacitance) or an external source. This results in fast settling
time. If you instead used the NORMAL output-off state for this application, current would
dissipate very slowly (slow settling time) resulting in distorted pulses.

WARNING Hazardous voltages (30V rms) can appear on the selected INPUT/
OUTPUT LO terminal when generating quick, pulsed waveforms
using the ZERO, AUTO-OFF output state. To eliminate this shock
hazard, connect the LO terminal to earth ground. If using the front
panel terminals, ground the front panel LO terminal. If using the rear
panel terminals, ground the rear panel LO terminal. The ground con-
nection can be made at the chassis ground screw on the rear panel or to
a known safety earth ground.

GUARD

With this output-off state, the current source is selected and set to OA. Voltage compliance
is set to 0.5% full scale of the present voltage range. This output-off state should be used
when performing 6-wire guarded ohms measurements or for any other load that uses an
active source.
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NOTE When changing the output-off state with the output off, the selected output-off
state will be entered immediately.

On power-up, the SourceMeter will momentarily be in the HIGH IMPEDANCE
output-off state before going to the selected power-on output-off state.

If an Over-Temperature condition or an interlock violation occurs, the Source
Meter will go into the HIGH IMPEDANCE output-off state.

Output-off states and inductive loads

The output-off state you select for inductive loads depends on how much energy the induc-
tor holds. The NORMAL output-off state is not recommended as it lowers the compliance
setting. The ZERO or possibly GUARD state are better suited, as ZERO does not change
the compliance setting and the GUARD output-off state would change the voltage source
to a current source with a voltage compliance. The GUARD state is typically used only for
guarded ohms measurements.

To protect the unit from inductive energy, the application may require a spark gap across
the INPUT HI and LO terminals. The SourceMeter does not have internal spark gap
protection, as some leakage current (nA) is associated with the protection circuits.
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Remote output configuration

Output configuration commands

Table 13-2 summarizes output configuration commands. These commands include those
to enable and disable the interlock as well as commands to control output off states. See
Section 18, “OUTPut subsystem” and “SOURCce subsystem” for more information.

Table 13-2
Output configuration commands

Command

Description

:OUTPut:INTerlock:STATe <state>
:OUTPut:INTerlock: TRIPped?
:OUTPut:SMODe <name>

:SOURCce:CLEar
:SOURCce:CLEar:AUTO <state>

:SOURCce:CLEar:AUTO:MODE <name>

Enable/disable interlock (state = ON or OFF).

Query interlock tripped state (1 = tripped).

Select output-off mode (state = HIMPedance, NORMal, ZERO,
or GUARGJ).!

Turn output source off when in idle state.

Enable/disable auto output-off. State = ON (output off after
measurement) or ON (output stays on).?

Auto clear mode. Name = ALWays (every reading; default) or
TCOunt (ON when trigger layer entered; OFF when leaving
trigger layer).

1. For the Model 2430 Pulse Mode, the output-off mode is always NORMal. Selecting one of the other output-off states causes error

+831.

2. For the Model 2430 Pulse Mode, auto output-off is always enabled. You can set auto output to be off, but it will not disable until

the DC Mode of operation is selected.
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Output configuration programming example

Table 13-3 lists the command sequence for output configuration. These commands set up
the SourceMeter as follows:

* Interlock: enabled
¢ Output-off mode: hi impedance
* Auto-off mode: on

NOTE Connect pins 8 and 9 of the digital 1/0 port together to simulate a closed inter-
lock switch. Otherwise, the unit will not turn on its output when the measure-

ment is made.
Table 13-3
Output configuration programming example
Command Description

*RST Restore GPIB defaults.

:SOUR:VOLT 10 Output 10V.

:OUTP:INT:STAT ON Enable interlock.*

:OUTP:SMOD HIMP Select high impedance output-off mode.
:SOUR:CLE:AUTO ON Enable auto-off mode.

:READ? Trigger and acquire readings.

*Connect pins 8 and 9 of digital I/O port to simulate closed interlock switch.
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Differences: remote vs. local operation — Summarizes remote operation
enhancements and local-to-remote and remote-to-local transitions.

Selecting an interface — Describes how to select between the GPIB and RS-232
interfaces.

GPIB operation — Covers GPIB bus standards, bus connections, and primary
address selection.

General bus commands — Describes general bus commands used for fundamen-
tal GPIB control.

Front panel GPIB operation — Summarizes GPIB error messages, status indica-
tors, and using the LOCAL key.

Programming syntax — Describes the basic programming syntax for both com-
mon and SCPI commands.

RS-232 interface operation — Outlines use of the RS-232 interface to control the
SourceMeter via remote.
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Differences: remote vs. local operation

Operation enhancements (remote operation)

There are some source-measure operations you can do over the IEEE-488 bus and RS-232
interface that you cannot do from the front panel; these are summarized below.

Math expressions

There are five math expressions available from the panel. All except the Percent Deviation
are available as pre-defined math expressions for remote operation. However, remote oper-
ation allows you to create up to five user-defined math expressions for a total of nine
expressions. An example program shows how to create Percent Deviation as a user-defined
math expression.

Concurrent measurements

With the use of the TOGGLE key, you can measure (display) two functions concurrently.
Using remote operation, you can perform concurrent measurements on all three functions
(voltage, current, and resistance). See Section 18, “SENSel subsystem,” for details.

NOTE For the Model 2430, concurrent measurements cannot be performed whilein the
Pulse Mode. See Section 5 for details on Pulse Mode operation.

Local-to-remote transition

When changing from local to remote operation, the following actions occur:

* The SourceMeter stops performing source-measure operations and returns to the
idle state (ARM annunciator off).

e All sweep operations are aborted.

¢ All menus are exited.

» All pending front panel commands are aborted.
¢ Source and compliance editing are disabled.

« Data in the sample buffer is lost (i.e., :FETCh?, :CALC1:DATA?, and
:CALC2:DATA? will not return any data until readings are taken while in remote).

* Concurrent measurements are enabled.

» All other settings are not affected, including those for the :TRACe buffer (data
store).
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Remote-to-local transition

When changing from remote to local operation, the following actions occur.

» The SourceMeter stops performing source-measure operations and returns to the
idle state (ARM annunciator off).

» All sweep operations are aborted.

e All user-defined display messages are cancelled.

» The display is turned on (if it was previously turned off).

» Source autoranging is disabled.

» Concurrent measurements are enabled.

» If resistance was enabled, source readback is enabled.

» The display is set to the default toggle state.

» Readings are continuously taken (if OUTPUT is on).

Selecting an interface

The SourceMeter supports two built-in remote interfaces:

* GPIB (General Purpose Interface Bus)
¢ RS-232 interface

You can use only one interface at a time. The factory interface selection is the GPIB bus.

You can select the interface only from the front panel. The interface selection is stored in
non-volatile memory; it does not change when power has been off or after a remote inter-
face reset.

The GPIB bus is the IEEE-488 interface. You must select a unique address for the Source-
Meter. The address is displayed when the instrument is turned on. At the factory, the
address is set to 24.

The RS-232 interface is a serial interface. Programmable aspects of this interface include
the following (factory default settings are shown in parentheses):

* Baud rate (9600)

» Data bits (8)

e Parity (none)

* Terminator (CR)

* Flow control (none)

An interface is selected and configured from the COMMUNICATIONS option of the
Main Menu (Section 1, “Main menu”). For details on the programmable aspects of the
interfaces, see “Primary address,” page 14-6, and “RS-232 interface operation,”

page 14-18.

NOTE When changing interface selections, the SourceMeter performs a power-on
reset. To check and/or change options of the selected interface, you must re-
enter the menu structure.
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GPIB operation

This section contains information about GPIB standards, bus connections, and primary
address selection.

GPIB standards

The GPIB is the IEEE-488 instrumentation data bus with hardware and programming
standards originally adopted by the IEEE (Institute of Electrical and Electronic Engineers)
in 1975. The SourceMeter conforms to these standards:

» IEEE-488.1-1987
» 1EEE-488.2-1992

The above standards define a syntax for sending data to and from instruments, how an
instrument interprets this data, what registers should exist to record the state of the
instrument, and a group of common commands. The SourceMeter also conforms to this
standard:

e SCPI 1996.0 (Standard Commands for Programmable Instruments)

This standard defines a command language protocol. It goes one step farther than
IEEE-488.2-1992 and defines a standard set of commands to control every programmable
aspect of an instrument.

GPIB connections

To connect the SourceMeter to the GPIB bus, use a cable equipped with standard
IEEE-488 connectors as shown in Figure 14-1.

Figure 14-1
IEEE-488 connector
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To allow many parallel connections to one instrument, stack the connectors. Two screws
are located on each connector to ensure that connections remain secure. Present standards
call for metric threads, which are identified with dark-colored screws. Earlier versions
have different screws, which are silver-colored. Do not use these types of connectors on
the SourceMeter; it is designed for metric threads.

Figure 14-2 shows a typical connecting scheme for a multi-unit test system.

Figure 14-2
IEEE-488 connections

Instrument Instrument Instrument

Controller

To avoid possible mechanical damage, stack no more than three connectors on any one
unit.

NOTE To minimize interference caused by electromagnetic radiation, use only shielded
|EEE-488 cables. Available shielded cables from Keithley are Models 7007-1
and 7007-2.
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To connect the SourceMeter to the IEEE-488 bus, follow these steps:

1. Line up the cable connector with the connector located on the rear panel. The con-
nector is designed so it will fit only one way. Figure 14-3 shows the location of the
IEEE-488 connector.

Tighten the screws securely, making sure not to overtighten them.

3. Connect any additional connectors from other instruments as required for your
application.

4. Make sure the other end of the cable is properly 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. See your controller's instruction manual for
information about properly connecting to the IEEE-488 bus.

NOTE You can only have 15 devices connected to an |EEE-488 bus, including the con-
troller. The maximum cable length is either 20 meters or two meters multiplied
by the number of devices, whichever isless. Not observing these limits may
cause erratic bus operation.

Figure 14-3
IEEE-488 connector location

WARNING: NO INTERNAL OPERATOR SERVICA

000

250V 250V
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SENSE OUTPUT  pEAK 1

|EEE-4
(ENTER IEEE ADDRESS
WITH FRONT PANEL MENU)

o-o o e

. FOR CONTINUED PROTECTION AGAINST FII

Primary address

The SourceMeter ships from the factory with a GPIB primary address of 24. When the
unit powers up, it momentarily displays the primary address. You can set the address to a
value from O to 30, but do not assign the same address to another device or to a controller
that is on the same GPIB bus (controller addresses are usually O or 21).

The primary address can be checked and/or changed from the COMMUNICATIONS
option of the Main Menu (Section 1, “Main menu”).
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General bus commands

General commands are those commands, such as DCL, that have the same general mean-
ing regardless of the instrument. Table 14-1 lists the general bus commands.

Table 14-1
General bus commands

Command Effect on SourceMeter
REN Goes into remote when next addressed to listen.
IFC Goes into talker and listener idle states.

LLO LOCAL key locked out.

GTL Cancel remote; restore SourceMeter front panel operation.
DCL Returns all devices to known conditions.

SDC Returns SourceMeter to known conditions.
GET Initiates a trigger.

SPE, SPD | Serial polls the SourceMeter.

REN (remote enable)

The remote enable command is sent to the SourceMeter by the controller to set up the
instrument for remote operation. Generally, the instrument should be placed in the remote
mode before you attempt to program it over the bus. Setting REN true does not place the
instrument in the remote state. You must address the instrument to listen after setting REN
true before it goes into remote.

The SourceMeter must be in remote in order to use the following commands to trigger and
acquire readings:

e :INITiate and then :FETCh?

« :READ?
« :MEASure?
IFC (interface clear)

The IFC command is sent by the controller to place the SourceMeter in the local, talker,
listener idle states. The unit responds to the IFC command by cancelling front panel TALK
or LSTN lights if the instrument was previously placed in one of these states.

Note that this command does not affect the status of the instrument. Settings, data, and
event registers are not changed.
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With auto output off enabled (:SOURcel:CLEar:AUTO ON), the output will remain on if
operation is terminated before the output has a chance to automatically turn off.

To send the IFC command, the controller need only set the IFC line true for a minimum of
100ps.

LLO (local lockout)

Use the LLO command to prevent local operation of the instrument. After the unit receives
LLO, all of its front panel controls except OUTPUT OFF are inoperative. In this state,
pressing LOCAL will not restore control to the front panel. The GTL command restores
control to the front panel. Cycling power will also cancel local lockout.

GTL (go to local)

Use the GTL command to put a remote-mode instrument into local mode. The GTL com-
mand also restores front panel key operation.

DCL (device clear)

Use the DCL command to clear the GPIB interface and return it to a known state. Note
that the DCL command is not an addressed command, so all instruments equipped to
implement DCL will do so simultaneously.

When the SourceMeter receives a DCL command, it clears the Input Buffer and Output
Queue, cancels deferred commands, and clears any command that prevents the processing
of any other device command. A DCL does not affect instrument settings and stored data.

SDC (selective device clear)

The SDC command is an addressed command that performs essentially the same function
as the DCL command. However, since each device must be individually addressed, the
SDC command provides a method to clear only selected instruments instead of clearing all
instruments simultaneously, as is the case with DCL.

GET (group execute trigger)

GET is a GPIB trigger that is used as an arm event to control operation. The SourceMeter
reacts to this trigger if it is the programmed arm control source. The following command
selects the GPIB arm control source:

:ARM:SOURce BUS
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NOTE With :ARM:SOURce BUS selected and an : NI Tiate command sent, do not send
any commands (except GET, DCL, DC, IFC, * TRG, and : ABORt) while per-
forming source-measure operations (ARM annunciator on). If you do, erratic
operation will occur.

SPE, SPD (serial polling)

Use the serial polling sequence to obtain the SourceMeter serial poll byte. The serial poll
byte contains important information about internal functions. (See Section 15, “Status
Structure.”) Generally, the serial polling sequence is used by the controller to determine
which of several instruments has requested service with the SRQ line. However, the serial
polling sequence may be performed at any time to obtain the status byte from the
SourceMeter.

Front panel GPIB operation

This section describes aspects of the front panel that are part of GPIB operation, including
messages, status indicators, and the LOCAL key.

Error and status messages

See Appendix B for a list of error and status messages associated with IEEE-488 program-
ming. The instrument can be programmed to generate an SRQ, and command queries can
be performed to check for specific error conditions.

GPIB status indicators

The REM (remote), TALK (talk), LSTN (listen), and SRQ (service request) annunciators
show the GPIB bus status. Each of these indicators is described below.

REM

This indicator shows when the instrument is in the remote state. REM does not necessarily
indicate the state of the bus REN line, as the instrument must be addressed to listen with
REN true before the REM indicator turns on. When the instrument is in remote, all front
panel keys, except for the LOCAL key, are locked out. When REM is turned off, the
instrument is in the local state, and front panel operation is restored.

NOTE IfLLOisin effect, LOCAL will be locked out. OUTPUT ON/OFF is still opera-
tional in remote. If ARM:SOUR s set to manual, the TRIG key will be activein
remote.
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TALK

This indicator is on when the instrument is in the talker active state. Place the unit in the
talk state by addressing it to talk with the correct MTA (My Talk Address) command.
TALK is off when the unit is in the talker idle state. Place the unit in the talker idle state by
sending an UNT (Untalk) command, addressing it to listen, or sending the IFC (Interface
Clear) command.

LSTN

This indicator is on when the SourceMeter is in the listener active state, which is activated
by addressing the instrument to listen with the correct MLA (My Listen Address) com-
mand. LSTN is off when the unit is in the listener idle state. Place the unit in the listener
idle state by sending UNL (Unlisten), addressing it to talk, or sending IFC (Interface
Clear) command over the bus.

SRQ

You can program the instrument to generate a service request (SRQ) when one or more
errors or conditions occur. When this indicator is on, a service request has been generated.
This indicator stays on until the serial poll byte is read or all the conditions that caused
SRQ have been cleared. See Section 15, “Status Structure,” for more information.

LOCAL key

The LOCAL key cancels the remote state and restores local operation of the instrument.

Pressing the LOCAL key also turns off the REM indicator and returns the display to nor-
mal if a user-defined message was displayed.

If the LLO (Local Lockout) command is in effect, the LOCAL key is also inoperative.
For safety reasons, the OUTPUT key will still be active in LLO.
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Programming syntax

The information in this section covers syntax for both common commands and SCPI com-
mands. For information not covered here, see the IEEE-488.2 and SCPI standards. See
Section 16 and Section 18 for more details on common and SCPI commands, respectively.

Command words
Program messages are made up of one or more command words.

Commands and command parameters

Common commands and SCPI commands may or may not use a parameter. The following
are some examples:

*SAV <NRf> Parameter (NRf) required
*RST No parameter used
:CALCulatel:STATe <b> Parameter <b> required
:SYSTem:PRESet No parameter used

NOTE At least one space between the command word and the parameter is required.

Brackets [ ] — Some command words are enclosed in brackets ([ ]). These brackets are
used to denote an optional command word that does not need to be included in the pro-
gram message. For example:

INITiate[:IMMediate]

These brackets indicate that :IMMediate is implied (optional) and does not have to be
used. Thus, the above command can be sent in one of two ways:

:INITiate
or
:INITiate:IMMediate

Notice that the optional command is used without the brackets. When using optional com-
mand words in your program, do not include the brackets.

Parameter types — The following are some of the more common parameter types:

<b> Boolean — Used to enable or disable an instrument operation. 0 or OFF
disables the operation, and 1 or ON enables the operation. Example:

:CALCulate1:STATe ON  Enable Calc 1 math expression
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<name>

<NRf>

<n>

<numlist>

<NDN>

Name parameter — Select a parameter name from a listed group.
Example:

<name> = NEVer
= NEXt
‘TRACe:FEED:CONTrol NEXt

Numeric representation format — This parameter is a number that can be
expressed as an integer (e.g., 8), a real number (e.g., 23.6), or an expo-
nent (2.3E6). Example:

:SYSTem:KEY 11 Press EXIT key from over the bus

Numeric value — A numeric value parameter can consist of an NRf num-
ber or one of the following name parameters: DEFault, MINimum,
MAXimum. When the DEFault parameter is used, the instrument is pro-
grammed to the *RST default value. When the MINimum parameter is
used, the instrument is programmed to the lowest allowable value. When
the MAXimum parameter is used, the instrument is programmed to the
largest allowable value. Examples:

:ARM:TIMer 0.1 Sets timer to 100 msec.
:ARM:TIMer DEFault Sets timer to 0.1 sec.
:ARM:TIMer MINimum Sets timer to 1 msec.
:ARM:TIMer MAXimum Sets timer to 99999.99 sec.

Numlist — Specify one or more numbers for a list. Example:

:STATus:QUEue:ENABIe (-110:-222) Enable errors -110
through -222

Non-decimal numeric — This parameter is used to send values in the bi-
nary, octal, or hexadecimal format. The prefix designates the format

type:
#Bxx...x #B specifies the binary format.

XX...X is the binary number (using Os and 1s).
#QxX...x #Q specifies the octal format.

XX...X is the octal number (values O through 7).
#Hxx...x #H specifies the hexadecimal format.

XX...X is the hexadecimal number (values O through 9
and A through F).

Examples to send the decimal value 36 in the non-decimal formats:
*ESE #b100100 Binary format

*ESE #q44 Octal format

*ESE #h24 Hexadecimal format
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Angle brackets < > — Angle brackets (< >) are used to denote a parameter type. Do not
include the brackets in the program message. For example:

:OUTPut <b>
The <b> indicates a Boolean-type parameter is required. Therefore, to

enable the selected source, you must send the command with the ON or
1 parameter as follows:

:OUTPut ON
:OUTPut 1

Query commands

This type of command requests (queries) the presently programmed status. It is identified
by the question mark (?) at the end of the fundamental form of the command. Most com-
mands have a query form:

:ARM:TIMer? Queries the timer interval.

Most commands that require a numeric parameter (<n>) can also use the DEFault,
MINimum, and MAXimum parameters for the query form. These query forms are used to
determine the *RST default value and the upper and lower limits for the fundamental com-
mand. Examples are:

:ARM:TIMer? DEFault Queries the *RST default value.

:ARM:TIMer? MINimum Queries the lowest allowable value.

:ARM:TIMer? MAXimum Queries the largest allowable value.
Case sensitivity

Common commands and SCPI commands are not case sensitive. You can use upper or
lower case and any case combination. Examples:

*RST = *rst
:DATA?
:SYSTem:PRESet

:data?

:system:preset

NOTE Using all upper case will result in slightly faster command response times.
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Long-form and short-form versions

A SCPI command word can be sent in its long-form or short-form version. The command
subsystem tables in Section 18 provide the long-form version. However, the short-form
version is indicated by upper case characters. Examples:

:SYSTem:PRESet long-form
:SYST:PRES short-form
:SYSTem:PRES long-form and short-form combination

Note that each command word must be in long-form or short-form, and not something in
between. For example, :SYSTe:PRESe is illegal and will generate an error. The command
will not be executed.

Short-form rules

Use the following rules to determine the short-form version of any SCPI command:

o If the length of the command word is four letters or less, no short form version
exists. Example:

e :auto = :auto
These rules apply to command words that exceed four letters:

« If the fourth letter of the command word is a vowel (including “y”), delete it and all
the letters after it. Example

e immediate = :imm

e If the fourth letter of the command word is a consonant, retain it but drop all the
letters after it. Example:

e :format = :form

e If the command contains a question mark (?; query) or a non-optional number

included in the command word, you must include it in the short-form version.
Example:

e :delay? = :del?
¢ Command words or characters that are enclosed in brackets ([ ]) are optional and
need not be included in the program message.

NOTE For fastest response to commands, always use short forms.
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Program messages

A program message is made up of one or more command words sent by the computer to
the instrument. Each common command is a three letter acronym preceded by an asterisk
(*). SCPI commands are categorized in the :STATus subsystem and are used to explain
how command words are structured to formulate program messages.

:STATus Path (Root)
:OPERation Path
:ENABIle <NRf> Command and parameter
:ENABIe? Query command
:PRESet Command

Single command messages

The above command structure has three levels. The first level is made up of the root com-
mand (:STATus) and serves as a path. The second level is made up of another path
(:OPERation) and a command (:PRESet). The third path is made up of one command for
the :OPERation path. The three commands in this structure can be executed by sending
three separate program messages as follows:

:stat:oper:enab <NRf>

:stat:oper:enab?

:stat:pres

In each of the above program messages, the path pointer starts at the root command (:stat)
and moves down the command levels until the command is executed.

Multiple command messages

You can send multiple command messages in the same program message as long as they
are separated by semicolons (;). The following is an example showing two commands in
one program message:

:stat:oper; :stat:oper:enab <NRf>

When the above is sent, the first command word is recognized as the root command (:stat).
When the next colon is detected, the path pointer moves down to the next command level
and executes the command. When the path pointer sees the colon after the semicolon (;), it
resets to the root level and starts over.

Commands that are on the same command level can be executed without having to retype
the entire command path. Example:

:stat:oper:enab <NRf>; enab?
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After the first command (:enab) is executed, the path pointer is at the third command level
in the structure. Since :enab? is also on the third level, it can be typed in without repeating
the entire path name. Notice that the leading colon for :enab? is not included in the pro-
gram message. If a colon were included, the path pointer would reset to the root level and
expect a root command. Since :enab? is not a root command, an error would occur.

Command path rules

e Each new program message must begin with the root command, unless it is
optional (e.g., [:SENSe]). If the root is optional, simply treat a command word on
the next level as the root. For fastest operation, do not send optional data.

e The colon (:) at the beginning of a program message is optional and need not be
used. However, eliminating the first colon will result in fastest operation. Example:

e :stat:pres = stat:pres

¢ When the path pointer detects a colon (:) it moves down to the next command level.
An exception is when the path pointer detects a semicolon (;), which is used to sep-
arate commands within the program message (see next rule).

¢ When the path pointer detects a colon (:) that immediately follows a semicolon (;),
it resets to the root level.

» The path pointer can only move down. It cannot be moved up a level. Executing a
command at a higher level requires that you start over at the root command.

Using common and SCPI commands in the same message

Both common commands and SCPI commands can be used in the same message as long
as they are separated by semicolons (;). A common command can be executed at any com-
mand level and will not affect the path pointer. Example:

:stat:oper:enab <NRf>; *ESE <NRf>

Program message terminator (PMT)

Each program message must be terminated with an LF (line feed), EOI (end or identify),
or an LF+EOI. The bus will hang if your computer does not provide this termination. The
following example shows how a multiple command program message must be terminated:

:outp on <PMT>

Command execution rules

+ Commands execute in the order that they are presented in the program message.

¢ Aninvalid command generates an error and, of course, is not executed.

* Valid commands that precede an invalid command in a multiple command program
message are executed.

e Valid commands that follow an invalid command in a multiple command program
message are ignored.
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Response messages

A response message is the message sent by the instrument to the computer in response to a
query command program message.
Sending a response message

After sending a query command, the response message is placed in the Output Queue.
When the SourceMeter is then addressed to talk, the response message is sent from the
Output Queue to the computer.

Multiple response messages

If you send more than one query command in the same program message (see “Multiple
command messages,” page 14-15), the multiple response messages for all the queries are
sent to the computer when the SourceMeter is addressed to talk. The responses are sent in
the order the query commands were sent and are separated by semicolons (;). [tems within
the same query are separated by commas (,). The following example shows the response
message for a program message that contains four single item query commands:

0;1;1;0

Response message terminator (RMT)

Each response is terminate