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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 DAMAGES 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.

KEITHLEY
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NSIEIERY  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 using
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 Measurement Category I and Measurement Category
11, as described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most measurement, control, and
data I/O signals are Measurement Category I and must not be directly connected to mains voltage or to voltage sources with
high transient over-voltages. Measurement Category II connections require protection for high transient over-voltages often as-
sociated with local AC mains connections. Assume all measurement, control, and data I/O connections are for connection to
Category I sources 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.

Ifa @ screw is present, connect it to safety earth ground using the wire recommended in the user documentation.
The A symbol on an instrument indicates that the user should 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 /J7 symbol indicates a connection terminal to the equipment frame.

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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Introduction

Capabilities and features

e Source =DC voltage from 1uV to 40.4V.

e Source +DC current from 1pA to 3.03A.

e Measure +DC voltage from 1uV to 40.4V.

¢ Measure +DC current from 1pA to 3.03A.

¢ Resistance and power measurement functions.

¢ Two independent SourceMeter channels (Model 2602 only).
e 40W, four-quadrant sink or source operation (per channel).

¢ Embedded Test Script Processor (TSP) accessible from any host interface
responds to high-speed test scripts comprised of instrument control com-
mands.

e Factory script sweep functions: linear staircase, logarithmic staircase, fixed
pulse, and custom sweeps.

¢ Five user-saved setups.

* Buffer storage and recall for at least 100,000 source-measure readings.
¢ Filtering to reduce reading noise.

¢ Supported remote interfaces: IEEE-488 (GPIB) and RS-232.

e TSP-Link: allows TSP enabled instruments to trigger and communicate with
each other.

¢ Digital I/0 port: allows the Model 260x to control other devices.

Organization of manual sections

While viewing the PDF version of this manual, the manual sections can be viewed
by clicking the “Bookmarks” tab on the left side of this window. This tab also pro-
vides direct links to the various sections and section topics.

The manual sections are also listed in the Table of Contents located at the begin-
ning of this manual.

Return to Section 1 topics
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General information

Warranty information

Warranty information is located at the front of this manual. Should your Model 260x
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 888-Keithley (534-8453) or 800-552-1115 (U.S. and
Canada only). You can also contact Application Engineering online at
www.keithley.com.

Safety symbols and terms

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

TheA symbol on an instrument indicates that the user should refer to the oper-
ating instructions located in the manual.

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

The & symbol on an instrument shows that the surface may be hot. Avoid per-
sonal contact to prevent burns.

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

Return to Section 1 topics
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Unpacking and inspection

Inspection for damage

The Model 260x was carefully inspected electrically and mechanically before ship-
ment. After unpacking all items from the shipping carton, check for any obvious
signs of physical 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 immediately. Save the original packing carton for possible
future shipment. Before removing the Model 260x from the bag, observe the fol-
lowing handling precautions.

Handling precautions

¢ Always grasp the Model 260x by the covers or by the handle.

e After removing the Model 260x from its anti-static bag, inspect it for any
obvious signs of physical damage. Report any such damage to the shipping
agent immediately.

¢ When the Model 260x is not installed and connected, keep the unit in its
anti-static bag and store it in the original packing carton.

Package content

The following items are included with every Model 260x order:

¢ Model 2601 or Model 2602 SourceMeter with line cord.

¢ DUT interface connector kit for each SourceMeter channel. Kit includes one
hooded screw terminal connector that mates with the SourceMeter mea-
surement terminals.

e TSP-Link cable.

e Accessories as ordered.

¢ Certificate of calibration.

¢ Model 260x User's Manual (P/N 2600-900-00).
¢ CD-ROMs that contain:

¢ PDFs of the User’s and Reference Manuals.

e Test Script Builder script development software.

¢ |VI/VISA drivers for VB, VC/C++, LabVIEW, TestPoint, and
LabWindows/CVI.

Return to Section 1 topics
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Options and accessories

Connectors

SourceMeter DUT Interface Connector Kit — Includes one hooded screw
terminal connector that mates with the SourceMeter measurement terminals.
One kit per channel is included with the SourceMeter.

GPIB cables and adapter (connects Model 260x to the GPIB bus):

Model 7006-1 and Model 7006-2 — Single-shielded GPIB cables. Terminated
with one straight connector (non-stacking) and one feed-through style con-
nector. Model 7006-1 is 1m long; Model 7006-2 is 2m long.

Models 7007-05, 7007-1, 7007-2 and 7007-4 — Double-shielded premium
GPIB cables. Each end is terminated with a feed through metal housing for
longest life and best performance. Model 7007-05 is 0.5m long; 7007-1 is 1m
long; Model 7007-2 is 2m long; Model 7007-4 is 4m long.

Model 7010 — Shielded IEEE-to-IEEE Adapter. Provides additional clearance
between the rear panel and GPIB cable connector. Allows easier access to
cables and other connectors.

RS-232 cable (connects Model 260x to the RS-232):

Model 7009-5 shielded RS-232 cable — This straight-through cable connects
the RS-232 of the Model 260x to the RS-232 interface of the PC. This cable is
5ft. long and uses shielded cable and connectors to reduce electromagnetic
interference (EMI).

TSP-Link cable (connects Model 260x to the TSP-Link):
CA-180-3A CAT 5 cable — This crossover CAT5 LAN cable connects the
TSP-Link of the Model 260x to the TSP-Link of other instruments.
Digital /O port cables (connects Digital /O to other devices):

Model 2600-TLINK trigger cable — Connects the Digital I/0 port of series
2600 instruments to other Keithley instruments equipped with Trigger Link
(TLINK).

CA-126-1 DB-25 cable — DB-25 male to female DB-25 cable, 1.5m (5ft) long,
used to connect the Digital /0O port to other instruments.

Return to Section 1 topics
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User’s manual

A printed copy of the User's Manual is a supplied item for the Model 260x. It is
also provided on the product information CD-ROM as a PDF. This manual pro-
vides the fundamental operating information for the instrument.

Reference manual

The Reference Manual is provided on the product information CD-ROM as a PDF.
This manual provides additional information on the topics covered in the User’s
Manual. It also includes advanced operation topics and maintenance information.

Front and rear panel familiarization

Front panel summaries

The front panels of the Models 2601 and 2602 are shown in Figure 1-1 on page 1-7.
The descriptions of the front panel controls follow Figure 1-1.

Rear panel summaries

The rear panels of the Models 2601 and 2602 are shown in Figure 1-2 on page 1-10.
The descriptions of the rear panel components follow Figure 1-2.

Return to Section 1 topics
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Figure 1-1
Models 2601 and 2602 front panels
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NOTE The Model 2601 has one SourceMeter channel (Channel A) and
the Model 2602 has two SourceMeter channels (Channel A and
Channel B).
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1 Special keys and power switch:

DISPLAY

CONFIG
POWER

Number Keys

Toggles between the various source-measure displays and the user
message mode. Selects Model 2602 single or dual-channel display.
Use to configure a function or operation.

Power switch — In position turns SourceMeter on (1), out position turns it
off (O).

The Number Keys (0-9, +/-, 0000) allow direct numeric entry in the EDIT
mode.

2 Source-measure setup, performance control and special operation:
Top Row — Source-measure setup

Models 2601 and 2602:

SRC

MEAS
LIMIT
MODE

Channel A — Selects the source function (V or A) and places cursor in the
source field for editing.

Channel A — Cycles through measure functions (V, A, Q or W).

Channel A — Places the cursor in the compliance limit field for editing.
Channel A — Directly chooses the measurement function (V, A, Q or W).

Model 2602 only:

SRC
MEAS
LIMIT
MODE

Middle Row

Channel B — Selects the source function (V or A) and places cursor in the
source field.

Channel B — Cycles through measure functions (V,A, Q or W).

Channel B — Places the cursor in the compliance limit field for editing.
Channel B — Directly chooses the measurement function (V, A, Q or W).

Models 2601 and 2602:

DIGITS
SPEED

REL

FILTER

Channel A — Changes resolution display to 4-1/2, 5-1/2, or 6-1/2 digits.
Channel A — Sets the measurement speed by controlling the A/D con-
verter measurement aperture.

Channel A — Controls relative, which allows a baseline value to be sub-
tracted from a reading.

Channel A — Controls the digital filter, which can be used to reduce read-
ing noise.

Model 2602 only:

DIGITS
SPEED

REL

FILTER

Channel B — Changes resolution display to 4-1/2, 5-1/2, or 6-1/2 digits.
Channel B — Sets the measurement speed by controlling the A/D con-
verter measurement aperture.

Channel B — Controls relative, which allows a baseline value to be sub-
tracted from a reading.

Channel B — Controls the digital filter, which can be used to reduce read-
ing noise.

Return to Section 1 topics
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Bottom Row

LOAD Loads factory or user-defined scripts for execution.

RUN Runs last selected factory or user-defined scripts.

STORE Stores readings, source values, and timestamp values in one of two inter-
nal buffers for later recall.

RECALL Recalls stored readings, source values, and timestamp values from either
of the two buffers.

TRIG Triggers readings.

MENU Accesses the main menu for saving and recalling setups, selecting
remote interface, line frequency, self-tests, serial number and beeper
control.

EXIT Cancels selection, backs out of menu structure. Also used as a LOCAL
key to take the unit out of remote.

ENTER Accepts selection, moves to next choice or exits menu.

Range keys:

A and V Selects the next higher or lower source or measure range.

AUTO Enables or disables source or measure auto range.

Output control and LED status indicator:

OUTPUT ON/OFF  Turns source output on or off.
LED indicator Turns on when output is on.

Rotary knob and CURSOR keys:

When in source edit, use CURSOR keys for cursor control and then rotate the knob to
change a source or compliance value. The rotary knob can also be used to enable or dis-
able the source edit mode.

When in a menu, use the CURSOR keys or rotary knob for menu item cursor control.
When displaying a menu value, use the CURSOR keys for cursor control and rotate the
knob to change the value. Pressing the knob opens a menu item, or selects a menu
option or value.

Display annunciators (not shown):

EDIT Unit is in the source editing mode.

ERR Questionable reading or invalid cal step.
REM Unit in remote mode.

TALK Unit addressed to talk.

LSTN Unit addressed to listen.

SRQ Service request.

REL Relative mode enabled.

FILT Analog filter or Averaging filter is enabled.
AUTO Auto source or measure range selected.
ARM Unit armed and ready to run.

TRIG External triggering selected.

* (asterisk) Readings being stored in buffer.

Return to Section 1 topics
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Figure 1-2
Models 2601 and 2602 rear panels
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1 CHANNEL A and CHANNEL B (Channel B on 2602 only)
Input/output connections for source, sense, and guard.

2 DIGITAL I/O
Female DB-25 connector. 14 pins for digital input or output, one pin for Output Enable.
Use a cable equipped with a male DB-25 connector (Keithley part number CA-126-1CA).
3 IEEE-488
Connector for IEEE-488 (GPIB) operation. Use a shielded cable, such as the Model
7007-1 or Model 7007-2.
4 Cooling exhaust vent
Exhaust vent for internal cooling fan. Keep vent free of obstructions to prevent overheating.

5 Chassis ground
Ground screw for connections to chassis ground.

6 Low noise chassis ground
Ground jack for connecting Output HI or LO to chassis.

7 RS-232

Female DB-9 connector. For RS-232 operation, use a straight-through (not null modem)
DB-9 shielded cable (Keithley Model 7009-5) for connection to the PC.

8 TSP-Link
Expansion interface that allows a Model 260x and other TSP-enabled instruments to
trigger and communicate with each other. Use a category 5e or higher LAN crossover
cable (Keithley part number CA-180-3A).

9 Power module

Contains the AC line receptacle and power line fuse. The instrument can operate on line
voltages of 100V to 240VAC at line frequencies of 50 or 60Hz.

Return to Section 1 topics
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Cooling vents

The Model 260x has side intake and rear exhaust vents. One side must be unob-
structed when rack mounted to dissipate heat. NEVER place a container of liquid
(e.g., water, coffee, etc.) on the top cover. If it spills, the liquid will enter the case
through the vents and cause severe damage.

Excessive heat could damage the Model 260x and degrade its performance. The
Model 260x must be operating in an environment where the ambient temperature
does not exceed 50°C.

CAUTION To prevent damaging heat build-up, and ensure specified per-
formance, adhere to the following precautions:

The rear exhaust vent and at least one side vent must be
kept free of any obstructions. Even partial blockage could
impair proper cooling.

DO NOT position any devices adjacent to the Model 260x
that force air (heated or unheated) into or onto its cooling
vents or surfaces. This additional airflow could compro-
mise accuracy performance.

When rack mounting the Model 260x, make sure there is
adequate airflow around at least one side to ensure proper
cooling. Adequate airflow enables air temperatures within
approximately one inch of the Model 260x surfaces to
remain within specified limits under all operating condi-
tions.

Rack mounting high power dissipation equipment adjacent
to the Model 260x could cause excessive heating to occur.
The specified ambient temperature must be maintained
around the surfaces of the Model 260x to specified accura-
cies. A good measure to ensure proper cooling in rack situ-
ations with convection cooling only is to place the hottest
equipment (e.g., power supply) at the top of the rack. Preci-
sion equipment, such as the Model 260x, should be placed
as low as possible in the rack where temperatures are
coolest. Adding space panels below the Model 260x will
help ensure adequate air flow.

Return to Section 1 topics
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Power-up

Line power connection

Follow the procedure below to connect the Model 260x to line power and turn on
the instrument. The SourceMeter operates from a line voltage of 100V to 240V at
a frequency of 50Hz or 60Hz. Line voltage is automatically sensed. There are no
switches to set. Make sure the operating voltage in your area is compatible.

CAUTION  Operating the instrument on an incorrect line voltage may cause
damage to the instrument, possibly voiding the warranty.

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

2. Connect the female end of the supplied power cord to the AC receptacle on
the rear panel. Connect the other end of the power cord to a grounded AC
outlet.

WARNING The power cord supplied with the Model 260x contains a sepa-
rate ground wire 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.

Line frequency

The Model 260x will operate at line frequencies of either 50Hz or 60Hz. For best
measurement noise performance, the unit should be configured to match the
actual line frequency used as follows:

1. Press the MENU key.

2. Select LINE-FREQ, then press ENTER or the Rotary Knob.

3. Choose 50Hz or 60Hz, then press ENTER or the Rotary Knob.
4. Press EXIT to back out of the menu structure.

Via remote, use the 1localnode.linefreq command to set the line frequency.
For example, the following command sets the line frequency to 60Hz:

localnode.linefreq = 60

Return to Section 1 topics
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Fuse replacement

A rear panel fuse drawer is located below the AC receptacle (see Figure 1-2). This
fuse protects the power line input of the instrument. If the line voltage fuse needs
to be replaced, refer to “Line fuse replacement” on page 17-2.

Power-up sequence

On power-up, the Model 260x performs self-tests on its ROM, NVRAM, and RAM
and momentarily lights all segments and annunciators. If a failure is detected, the
instrument momentarily displays an error message and the ERR annunciator
turns on. (Error messages are listed in Appendix B).

NOTE If a problem develops while the instrument is under warranty, return it to
Keithley Instruments, Inc., for repair.

Assuming no errors occur, the Model 260x will power-up as follows:

¢ After a few seconds with the OUTPUT indicators and display pixels on, the
instrument model number, firmware revision levels, and line frequency set-
ting are briefly displayed.

¢ The node and the GPIB address are displayed briefly as follows:
KEITHLEY MODEL 2602
NODE =1 GPIB = 26

* The node and serial port parameters are displayed briefly:

KEITHLEY MODEL 2602
NODE = 1 SERIAL = 9600,8,N,1,NONE
System identification

Serial number, firmware revision, and calibration dates can be displayed by selecting
the SERIAL# item of the main menu (press MENU > GENERAL > SYSTEM-INFO).
Select FIRMWARE, SERIAL#, or CAL as desired.

For remote programming, use the *IDN? query to read system information.

Beeper
With the beeper enabled, a beep will be issued to acknowledge the following
actions:
e A short beep, emulating a keyclick, is issued when a front panel key is
pressed.

e A short beep is also issued when the rotary knob is turned or pressed.
* Alonger beep is issued when the source output is turned on.

To control the beeper from the front panel, select MENU > GENERAL > BEEPER,
then ENABLE or DISABLE the beeper as desired.

Return to Section 1 topics
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Via remote, use the beeper.enable command to control the beeper. For
example, the following enables the beeper:

beeper.enable = 1

Display modes

Use the DISPLAY key to cycle through the various display modes shown in
Figure 1-3. For the Model 2602 only, pressing DISPLAY cycles between the dual-
channel display mode and single-channel modes for CHANNEL A (SMU A) and
CHANNEL B (SMU B). The Model 2601 has only one channel (SMU A). The User
State display messages are defined with specific display commands (see Section
14 for more information on display messaging).

Figure 1-3
Display modes

V V Source-Measure display for SMU A and SMU B:
. N Top line displays the measure function (V, A, Q or W).
SrcA:+000.000mV SrcB:+000.000mV Bottom line displays the source function (V or A)
and level.
Press DISPLAY key
vV Source-Measure and Compliance Limit display for SMU A:

Top line displays the measure function (V, A, Q or W)

Bottom line displays the source function (V or A) and level,
and the compliance limit (A or V).

SrcA:+000.000mV  LimA:100.000mA

Press DISPLAY key

O

vV Source-Measure and Compliance Limit display for SMU B:
Top line displays the measure function (V, A, Q or W)

Bottom line displays the source function (V or A) and level,
and the compliance limit (A or V).

SrcB:+000.000mV LimB:100.000mA

Press DISPLAY key

User State Display for user-defined messages and prompts.

Indicates that a measured reading has not been

Press DISPLAY key triggered.

O | O
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Editing controls

Source and compliance editing

When the Model 260x is in the edit mode (EDIT annunciator on), the editing con-
trols are used to set source and compliance values. Note that source auto ranging
will turn off when editing the source value.

Editing source values

1. Press the SRC key to edit the source. Note that the cursor will flash in the
source value field of the display.

2. Place the blinking cursor on the desired digit by using either the CURSOR
keys, or by turning the Rotary Knob.

3. Pressin on the Rotary Knob to enter the edit mode, as indicated by the
EDIT annunciator.

4. Modify the source value in either one of two ways:

* Rotate the Rotary Knob to adjust the digit. Note that the digit will auto-
matically overflow or underflow to the next digit when the maximum is
reached.

¢ Directly enter the desired value using the numeric keys (0-9, +/-, 0000).
Note that +/- toggles the polarity, while 0000 sets the value to 0.

5. Once the desired value is displayed, either press ENTER, or press in on the

Rotary Knob to complete editing. Note that the EDIT annunciator goes off.

6. To cancel source editing without making a change, press the EXIT key
instead of using ENTER or press in on the Rotary Knob.

Editing compliance values

1. For the Model 2601 or the Model 2602 single-channel display mode, press
the LIMIT key to directly edit the compliance value.

2. For the Model 2602 dual-channel display mode, press LIMIT or CONFIG
then LIMIT to edit the compliance limit. Next, select either VOLTAGE or
CURRENT either by using the CURSOR keys or by rotating the Rotary
Knob. Press ENTER or the Rotary Knob.

3. Place the blinking cursor on the desired digit by using either the CURSOR
keys, or by turning the Rotary Knob.

4. Press in on the Rotary Knob to enter the edit mode, as indicated by the
EDIT annunciator.

Return to Section 1 topics
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5. Modify the compliance limit value in either one of two ways:

* Rotate the Rotary Knob to adjust the digit. Note that the digit will auto-
matically overflow or underflow to the next digit when the minimum or
maximum is reached.

¢ Directly enter the desired value using the numeric keys (0-9).

6. Once the desired value is displayed, either press ENTER, or press in on the
Rotary Knob to complete editing. Note that the EDIT annunciator goes off.

7. To cancel editing without making a change, press the EXIT key as needed
to back out of the menu structure instead of using ENTER or pressing in on
the Rotary Knob.

Menu navigation

When the Model 260x is not in the edit mode (EDIT annunciator off), the editing
controls are used to navigate the Main and Configuration menus (see page 1-18)
to make selections and/or set values. After entering a menu structure, use the
editing keys as follows:

Selecting menu items

1. Use the CURSOR keys or rotate the Rotary Knob to place the blinking cur-
sor on a menu item to be opened or selected.

2. Press the ENTER key or the Rotary Knob to select an item or open a sub
menu.

3. Use the EXIT key to cancel a change or back out of the menu structure.

Setting a value

There are two ways to adjust a value: value adjust or numeric entry. Both methods
use the following editing techniques:

e To set a value to zero, press the 0000 numeric entry key.
e To toggle the polarity of a value, press the +/— numeric entry key.

Value adjust method

1. Use the CURSOR keys or rotate the Rotary Knob to place the blinking cur-
sor on the digit to be edited.

2. Press the Rotary Knob to enter the edit mode (EDIT annunciator on).

3. Rotate the Rotary Knob to set the value as needed. Adjusting past the max-
imum or minimum digit value will automatically move the cursor to the next
higher or lower digit for editing.

Press ENTER to select the value. Press EXIT to cancel the change.

E
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Numeric entry method
1. Use the CURSOR keys or rotate the Rotary Knob to place the blinking cur-
sor on the most significant digit to be edited.

2. Key in a digit by pressing a number entry key (0 to 9). The cursor will move
to the next digit on the right.

3. Repeat step 2 as needed to set the desired value.
4. Press ENTER to select the value. Pressing EXIT will cancel the change.

Menus
Many aspects of operation are configured through menus. There are two types of
menus: the Main menu (accessed with the MENU key), and Configuration menu
(accessed with the CONFIG key). Each of these is covered below. See “Menu
navigation” on page 1-17 for details on using menus.
Main menu

The Main menu is summarized in Table 1-1 on page 1-19 along with the reference
for each main selection. To access menu items, press the MENU key, then make
your selection.

Configuration menus
The configuration menus are summarized in Table 1-2 on page 1-20 along with
the reference for each main selection. There are two ways to make selections:

¢ Press CONFIG, then navigate to the desired submenu.

* Press CONFIG, then press the associated key. For example, pressing
CONFIG followed by REL takes you directly to the Relative menu.

Return to Section 1 topics
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Table 1-1
Main menu
Menu selection Description Reference
SAVESETUP Save/recall user and factory setups. Page 1-22
SAVE Save up to five user setups.
RECALL Recall user setups.
POWERON Set power-on default configuration.
RESET Reset Model 260x to factory defaults.
COMMUNICATION Select interface, control settings.
INTERFACE_CFG Configure GPIB and RS-232 interfaces. Section 11
INTERFACE_SEL Select GPIB or RS-232 interface, or use AUTO. |Section 11
TSPLINK_CFG Select NODE and RESET TSP-Link. Section 9
TEST Perform display tests. Section 17
KEYS Test keys.
DISPLAY_PATTERNS Perform display patterns tests.
LINE-FREQ Set line frequency to 50Hz or 60Hz. Page 1-13
GENERAL Control digital I/0, beeper, system information.
DIGOUT Set digital I/O bits, control write protect. Section 10
BEEPER ENABLE or DISABLE beeper. Page 1-14
SYSTEM-INFO Display FIRMWARE, SERIAL#, CAL dates. Page 1-14
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1-20 Getting Started

Series 2600 Reference Manual

Table 1-2
Configuration menus
Menu selection’ | Shortcut? Description Reference
CHANNEL-A Configure channel A:
SRC SRC V-source sense, low range; |-source low range. Section 4
MEAS MEAS V and | -Measure sense, low range; auto zero. Section 4
LIMIT LIMIT V-source and I-source compliance limits. Section 4
SPEED SPEED Measurement speed (NPLC). Section 6
REL REL Set relative values. Section 6
FILT FILTER Control digital filter. Section 6
OUTPUT OUTPUT Set off-state, control digital 1/0. Section 3,
Section 10
CHANNEL-B Configure channel B:
SRC SRC V-source sense, low range; I-source low range. Section 4
MEAS MEAS V and | -Measure sense, low range; auto zero. Section 4
LIMIT LIMIT V-source and I-source compliance limits. Section 4
SPEED SPEED Measurement speed (NPLC). Section 6
REL REL Set relative values. Section 6
FILT FILTER Control digital filter. Section 6
OUTPUT OUTPUT Set off-state, control digital 1/O. Section 3,
Section 10
COMMON Configure common functions:
TRIG TRIG Set trigger in, count, interval, and delay. Section 9
STORE STORE Set buffer count and destination. Section 7

1. Channel B available only on Model 2602.
2. Press CONFIG followed by indicated key to access directly.
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Interface selection

The following summarizes basic interface selection for the Model 260x. Details on
the interfaces, including configuration, are provided in Section 11. Use the editing
controls for “Menu navigation” on page 1-17 to select and configure the interface.

GPIB interface

ONOO A WD

Press MENU to open up the Main menu.

Select COMMUNICATION, then press ENTER.
Select INTERFACE_SEL, then press ENTER.
Choose GPIB, then press ENTER.

Select INTERFACE_CFG, then press ENTER.
Choose GPIB, then press ENTER.

Set the GPIB address (0 to 30), and press ENTER.
Press EXIT to back out of the menu structure.

RS-232 interface

Nooakrown=

Press MENU to open up the Main menu.

Select COMMUNICATION, then press ENTER.

Select INTERFACE_SEL, then press ENTER.

Choose RS-232, then press ENTER.

Select INTERFACE_CFG, then press ENTER.

Choose RS-232, then press ENTER.

Configure the RS-232 interface as follows:

e Set the BAUD rate: 300, 600, 1200, 2400, 4800, 9600,
19200, 38400, 57600 or 115200.

e SetBITS: 7 or 8.

e Set PARITY: NONE, ODD, or EVEN.

e Setthe FLOW-CTRL: NONE or HARDWARE.

Press EXIT to back out of the menu structure.

Error and status messages

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

Messages, both status and error, are held in queues. For information on retrieving
error messages from queues, see Appendix D.
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Default settings

The Model 260x can be restored to one of six setup configurations: five user-
saved setups, and the original factory defaults. As shipped from the factory, the
Model 260x powers up to original default settings, which are also saved in the five
user setup locations. Original default settings are listed in Table 1-3 on page 1-24.
The instrument will power up to whichever default setup was saved as the power-
on setup.

Front panel setups

To save a user setup

Configure the Model 260x for the desired operating modes to be saved.
Press the MENU key to access the Main menu.

Select SAVE-SETUP, then press ENTER.

Select the SAVE menu item, then press ENTER.

Select the desired user memory location (1 through 5), and press ENTER.

ok own =

To restore a setup

Press the MENU key to access the Main menu.
Select SAVE-SETUP, then press ENTER.
Select the RECALL menu item, then press ENTER.

Select the desired user memory location (1 through 5), or select FACTORY
to restore factory defaults, and press ENTER.

oD~

To select power-on setup

Press the MENU key to access the Main menu.
Select SAVE-SETUP, then press ENTER.
Select the POWERON menu item, then press ENTER.

Choose FACTORY to power-on to original defaults, or choose
USER-SETUP-NUMBER to power-on to one of the five user setups (1-5).
Press ENTER.

P bd~
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Remote operation setups

Saving and restoring user setups

The setup.save and setup.recall commands are used to save and recall
user setups:

setup.save (n) --Save present setup in memory.
setup.recall (n) --Recall saved user setup from memory.
-n=1,2,3,40r5

Restoring default setups

The reset commands return the Model 260x to the original factory defaults:
reset () --Restore all factory defaults.

smua .reset () --Restore Channel A defaults.

smub . reset () --Restore 2602 Channel B defaults.

Selecting power-on setup

The setup.poweron command is used to select which setup to return to on
power-up:

setup.poweron = n --Select power-on setup.

--n =0 (*RST defaults)
--n =1 to 5 (user setups 1-5)

Return to Section 1 topics
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Table 1-3
Default settings
Setting* Default
A/D Controls:
Auto-zero Auto
Line frequency No effect
Beeper On
Data Store No effect
Digital output:
Output value No effect
Write protect No effect
Digits 5-1/2
Display mode (Model 2602) Dual-channel
Filter: Off
Averaging type Repeat
Count 1
GPIB address No effect
Limit value:
Current limit 1A
Voltage limit 40V
Measure:
Function Voltage
I-meter range 100mA
V-meter range 100mV
Output Off
Off state Normal
Rel Off
Current value 0.0pA
Voltage value omV
Ohms value omQ
Watts value omw
RS-232 No effect
Sense mode 2-wire

* Where applicable, settings apply to both Model 2602 channels.
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Table 1-3 (cont.)
Default settings

Setting* Default

Source:

Function Voltage

Current value 0A

Voltage value ov

Current range 100nA

Voltage range 100mV
Speed Normal (1 PLC)
Triggering:

Trigger-in source Immediate

Count Finite

Interval Os

Delay Os
TSP-Link node 1

* Where applicable, settings apply to both Model 2602 channels.

Remote programming

Programming information is integrated with front panel operation throughout this
manual. Basic command information is listed in tables. For specific information on
programming, refer to Sections 2, 12, and 13 of this manual.

Requesting readings

You can request readings by including the appropriate measurement command as
the argument for the print command. For example, the following will request a
channel A current reading:

print (smua.measure.i())

Requesting command settings

In a similar manner, settings for commands can be requested by including the
command as the argument for the print command. For example, the following
command will request the voltage source setting for channel A:

print (smua.source.levelv)

Return to Section 1 topics
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Introduction

Conventional instrumentation responds to command messages sent to the instru-
ment. Each command message contains one or more commands. The instrument
executes these commands in order.

To conduct a test, a computer (controller), is programmed to send sequences of
commands to an instrument. The controller orchestrates the actions of the instru-
mentation. The controller is typically programmed to request measurement results
from the instrumentation and make test sequence decisions based on those mea-
surements.

Keithley’s Test Script Processor based instruments can operate as conventional
instruments by responding to a sequence of command messages sent by a con-
troller. They are also capable of much more.

Test Script Processor (TSP)

Scripting To orchestrate a sequence of actions.
Scripting Language A programming language used for scripting.

The Test Script Processor (TSP) is a scripting engine that runs inside the instru-
ment. It is capable of running code written in a scripting language called Lua
(www.lua.org). We will refer to Lua as the Test Script Language (TSL). The TSP
runs portions of TSL code formally known as chunks. Most messages sent to the
instrument are directly executed by the TSP as TSL chunks. The simplest mes-
sages sent to the instrument would be individual instrument control commands.
Even though these messages are executed as TSP chunks, using them is no dif-
ferent than using a conventional instrument. The user sends a command mes-
sage and the instrument executes that command. When sending individual
command messages, it is irrelevant that the TSP is executing the message as a
chunk.

Instrument control commands are implemented as a library within the TSP. The
total command set for a TSP-enabled instrument is the Instrument Control Library
(ICL) for that instrument. Each TSP-enabled instrument will have its own ICL.
Although each TSP-enabled instrument runs the same TSL, different instruments
respond to different commands and the ICL for each instrument may be different.

ICL commands are very similar to the commands sent to a conventional instru-
ment but ICL commands look like function calls or assignment statements. For
example the command to set the output voltage level to one volt on channel A is
smua.source.levelv = 1. Similarly, the command to turn the Channel A output
0N is smua.source.output = smua.OUTPUT ON. These commands, when sent
individually as separate messages, are each a TSL chunk.

Commands do not need to be sent as separate messages. The two commands
from above can be combined into one message, and thereby one chunk, by con-

Return to Section 2 topics
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catenating the two commands together with a space separating them. The result-
ing chunk would be as follows:

smua.source.levelv = 1 smua.source.output = smua.OUTPUT_ON

Run-time environment

A feature of all scripting environments is the run-time environment. In the TSP, the
runtime environment is simply a collection of global variables. A global variable
can be used to remember a value as long as the unit is powered on and the vari-
able is not assigned a new value. The command x = smua.measure.v()
instructs the instrument to measure voltage and store the result in a global vari-
able named “x”

A global variable can be removed from the environment by assigning it the nil
value. For example, the command “x = nil” will remove the global variable x from
the run-time environment. When the unit is turned off, the entire run-time environ-
ment will be lost. Note that SMU non-volatile reading buffers are not lost.

Queries

TSP-enabled instruments do not have inherent query commands. Like any other
scripting environment the print command and other related print commands are
used to generate output. The print command will create one response message.

An example of generating an output message is the following chunk (two com-
mands) that takes a measurement and returns its value:

X = smua.measure.v () print (x)

Note that the measurement value is stored in the global variable x between the
two commands.

Scripts

When taking advantage of the TSP to perform more complicated sequences of
commands, especially sequences utilizing advance scripting features such as
looping and branching, sending the entire sequence in one message is very cum-
bersome. Two special messages can be used to collect a sequence of command
message together into one chunk.

The loadscript message will instruct the TSP-enabled instrument to begin col-
lecting all subsequent messages rather than executing them immediately. After
sending the sequence of command messages, the endscript message is used
to instruct the TSP-enabled instrument to compile the test sequence and make it
available to run in a subsequent message. This chunk is called the “active script.”

The active script can be run at any time by sending the command script.run().
The active script can be run many times without needing to re-send it. Each time
the script.run() command is given, the active script will be executed.

Return to Section 2 topics
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Sending a new script using the 1loadscript and endscript messages will
instruct the TSP-enabled instrument to replace the active script with the new
script. While creating and using scripts this way is a very powerful feature of
TSP-enabled instruments, only being able to access one script at a time in this
way would be very limited. The “Named scripts” topic describes how to use named
scripts to store many scripts in the instrument at one time.

Named scripts

The loadscript message can also be used to create named scripts. When the
loadscript message is used to create a named script the active script is not
replaced with the named script. Instead, a global variable in the run-time environ-
ment is created to store the script. Because the script is stored in a global vari-
able, the name of the script must be a legal TSL variable name.

The name of the script is specified in the 1loadscript message by appending it to
the message and separating it from the loadscript keyword with a space char-
acter. The message loadscript MyScript Will instruct the TSP-enabled instru-
ment to begin gathering command messages that will be used to create a script
named MyScript. After sending the command messages the endscript mes-
sage is still used to indicate the end of the script. Upon receipt of the endscript
message the instrument will compile the script. If there are no errors, the script will
be made available as the global variable Mmyscript because that is the name we
used in the loadscript MyScript message. After a named script has been suc-
cessfully sent to the instrument, it can be run at any time by sending the
MyScript () message. If the name given to the script were different, that name
would be used instead.

If a new script is sent with the same name, it will replace the old one. Sending new
scripts with different names will not remove any previously sent scripts. By using
named scripts, any number of scripts can be made available simultaneously within
the limits of the memory available to the run-time environment.

Named scripts are stored as global variables in the run-time environment. Like all
other global variables, when the unit is powered off, they are lost. There is non-vola-
tile storage on the instrument that can be used to store downloaded scripts across
power cycles. See “Saving a user script” on page 2-43 for more information.

Functions

As previously explained, named scripts behave just like TSL functions. Executing a
script is just like executing a function with the same name as the script. Scripts, like
functions, may return values. Unlike functions, scripts may not take any parameters.
In order to pass parameters to a chunk, you must make a TSL function.

Return to Section 2 topics
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Functions are created with a message in one of the following forms:

MyFunction = function (parameterl, parameter2) function body end
or
function MyFunction (parameterl, parameter2) function body end

Where function body is a TSP chunk that will be executed when the function is
called. The above function can be executed by sending the following message:

MyFunction (value for parameterl, value for parameter2)

Where value for parameterN are the values to be passed to the function call
for the given parameters. Note that when a function is defined, it is just another
global variable in the run-time environment. Just like all global variables, functions
will persist until it is removed from the run-time environment, overwritten, or the
unit is turned off.

Scripts that create functions

It is inconvenient in most cases to define a function in one message. The solution
is to create a script that defines a function. The script will be like any other script.
It will not cause any action to be performed on the instrument until it is executed.

Remember that creating a function is just creating a global variable that is a func-
tion. That global variable will not exist until the chunk that creates it is executed. In
this case the chunk that creates it is a script. Therefore the function will not exist

until the script that creates it is executed. This is often confusing to first time users.

Example: Create the function MmyFunction with a script named MakeMyFunction.
The sequence of messages to do this is shown as follows:

loadscript MakeMyFunction
MyFunction = function (who)
print ("Hello " .. who)
end
endscript

After this sequence of messages is sent, the MakeMyFunction script exists on the
instrument in a global variable named MakeMyFunction. The MyFunction function
however does not yet exist because we have not executed the MakeMyFunction
script. Let us now send the message MakeMyFunction (). That message instructs
the instrument to run the MakeMyFunction script which then creates the MyFunc-
tion global variable that happens to be a function.

If we now send the message MyFunction ("world") the instrument will execute
the myFunction function which causes the instrument to generate a response
message with the text “Hello world” in it.

Return to Section 2 topics
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Programming overview

What is a chunk?

A chunk is a single programming statement, or a sequence of statements that are
executed sequentially. There are non-scripted chunks and scripted chunks.

Single statement chunk — The following programming statement is a chunk:

print ("This is a chunk")

When the above chunk is executed, it returns the following string:

This is a chunk

Multiple statement chunk — A chunk can also contain multiple statements. Each
statement in the line of code is to be separated by whitespace. The following
chunk contains two statements:

print ("This is a chunk") print ("that has two statements")

When the above chunk is executed, the two statements are executed sequentially
and the following strings are returned:

This is a chunk
that has two statements

Multiple chunks — The following two lines of code are two chunks. The first chunk
sets the source level of SMU A to 1V and the second chunk turns the output on.

smua.source.levelv = 1
smua.source.output = smua.OUTPUT ON

Scripted chunk — In a script environment, the chunk is the entire listing of test
programming code. If the two statements in the above example were created as a
script, then those two lines of code would be considered one chunk. See “What is
a script?”.

What is a script?

The Model 260x utilizes a Test Script Processor (TSP) to process and run pro-
grams called scripts. A script is a collection of instrument control commands and
programming statements. Figure 2-1 shows an example of how to create (and
load) a script named “test”. When this script is run, the message “This is a test”
will be displayed on the Model 260x and sent to the PC.

As shown, a script is made up of a chunk of programming code that is framed by
shell commands. The first shell command in Figure 2-1 loads the script named
“test”. The last shell command marks the end of the script.

The chunk in Figure 2-1 consists of three lines of code. When the chunk is exe-
cuted, the test messages will be sent and displayed. The following command exe-
cutes the chunk: test ()

Return to Section 2 topics
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NOTE It is common practice to say that a script is run. In actuality, it is
the chunk in the script that is being run (executed).

Figure 2-1
Script example

Shell Command

H ; Name of Script
loadscript tgét

{display.clear() ;
idisplay.settext (”This is a test”) [~ Chunk

endeript

Shell Command

A script is loaded into the Model 260x SourceMeter where it can be run. Running
a script at the SourceMeter is faster than running a test program from the PC. The
piece-meal transmission process from PC to SourceMeter is eliminated by the use
of a script.

Program statements control script execution and provide facilities such as vari-
ables, functions, branching, and loop control. Because scripts are programs, they
are written using a programming language. This language is called the Test Script
Language or TSL. TSL is derived from the Lua scripting language. For details, see
“Test Script Language (TSL) reference” on page 2-52.

There are two types of scripts: Factory scripts and user scripts. A factory script
was created by Keithley at the factory and stored in non-volatile memory of the
Model 260x SourceMeter. A user script is created using your own program or the
Test Script Builder Integrated Development Environment (IDE), which is a sup-
plied software tool (see “Using Test Script Builder” on page 2-12). The user script
is loaded into the Model 260x SourceMeter and can be saved in non-volatile
memory.

Run-time environment

The run-time environment is a collection of global variables (scripts) the user has
created. After scripts are placed into the run-time environment, they are then
ready to be run and/or managed. Scripts are placed in the run-time environment
as follows:

* Scripts saved in “Non-volatile memory” of the Model 260x are automatically
recalled into the run-time environment when the instrument is turned on.

e Named scripts created and loaded by the user are also placed in the
run-time environment.

¢ An unnamed script created and loaded by the user is also placed in the
run-time environment. Keep in mind that only one unnamed script, referred
to as the active-script, can be in the run-time environment. If another

Return to Section 2 topics
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unnamed script is created and loaded, it will replace the old unnamed script
in the run-time environment.

Non-volatile memory

After a new or modified user script is loaded into the Model 260x, it resides in the
run-time environment and will be lost when the unit is turned off. To save a script
after power-down, the script must be saved in the non-volatile memory. When the
Model 260x is turned back on, all saved scripts will load into the “Run-time envi-
ronment”.

Do not confuse the run-time environment with the non-volatile memory of the
Model 260x. Making changes to a script in the run-time environment does not
affect the stored version of that script. After making changes, saving the script will
overwrite the old version of the script in non-volatile memory.

TSP programming levels

Instrument Control Library (ICL) commands and TSL programming statements
are used to program and control the SourceMeters in the test system. There are
three levels of programming:

¢ Sending commands and statements (page 2-38) — Non-scripted chunks
are executed one line at a time by the PC.

e User scripts (page 2-39) — A program script is created and loaded into the
Model 260x SourceMeter where it is then run.

¢ Interactive script (page 2-40) — This type of script interacts with the opera-
tor. It will provide user-defined messages on the SourceMeter display to
prompt the operator to enter parameters from the front panel.

Programming model for scripts

The fundamental programming model for scripts is shown in Figure 2-1. Factory
scripts (created by Keithley at the factory) are permanently stored in non-volatile
memory of the Model 260x. User created scripts can also be stored in non-volatile
memory.

When the Model 260x is turned on, all user scripts and factory script functions are
recalled into the run-time environment from non-volatile memory. If any user
scripts have been programmed to run automatically, they will run after all the
scripts are loaded. Any script in the run-time environment can be run from the Test
Script Builder or the users own program. Test data (e.g., readings) is returned
from the Model 260x to the PC.

A user script can be created using the Test Script Builder or the users own pro-
gram. Once the user script is loaded into the run-time environment, it is ready to
be run. A user script can be saved in the non-volatile memory of the Model 260x.
If it is not saved, the Model 260x will lose the script when it is turned off.

Return to Section 2 topics
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Script management includes commands for the following operations:

¢ Retrieve scripts from non-volatile memory so they can be modified.
¢ Delete user scripts from non-volatile memory.
¢ Restore scripts in the run-time environment from non-volatile memory.

Figure 2-2
Programming model for scripts

Host PC

Programming : Create/Modify and Load Script

Options
Run Any Script

i | User s Program [~

OR 1+ Returned Data
Test Script .
Builder Save Any User Script
[ Y Y e 1 T I R
Script : KEITHLEY Model 260x
Management ' vV vV v
E | Run-Time ]: l Non-Volatile
H Environment Loads Memory
: “—J Scripts/Functions L“
: On Power-Up
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Installing the TSP software

To install the TSP software, close all programs, place the CD into your CD-ROM
drive and follow the on-screen instructions. If the software install does not start
automatically, click Start > select Run > click Browse and locate the CD in your
CD-ROM > double-click the setup . exe file.

System connections

Up to 64 Model 260x instruments can be used in a test system. The host interface
for the test system can be the GPIB or the RS-232. For the GPIB, an IEEE-488
cable is used to connect the PC to one of the Model 260x instruments. For the
RS-232, a straight-through RS-232 cable terminated with DB-9 connectors is
used to connect the PC to the one of the Model 260x instruments.

Keep in mind that the GPIB or RS-232 cable is only required to be connected to
one of the Model 260x instruments. Communication to the other Model 260x
instruments can be accomplished via the TSP-Link (see Section 9).

GPIB
GPIB connections

To connect the Model 260x to the GPIB bus, use a cable equipped with standard
IEEE-488 connectors as shown in Figure 2-3. The IEEE-488 connector is located
on the rear panel of the SourceMeter. When connecting the cable, make sure to
tighten the captive screws.

Figure 2-3
GPIB cable
—— —1
Q{E=2)Q| ] 3¢ [ 0E==)0
GPIB Cable
B nEs B Ned
H T 0 H Connect one end of the cable to the host H 7 % H
2 A PC and the other end to the SourceMeter. 2 L
Side View Both cable connectors are identical. Side View

NOTE To minimize interference caused by electromagnetic radiation,
use only shielded GPIB cables. Available shielded cables from
Keithley are the Model 7006 and Model 7007.

Return to Section 2 topics
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The GPIB cable connectors are stackable. For additional non-Model 260x GPIB
instruments in the test system, daisy-chain a GPIB cable from one instrument to
another.

GPIB address

At the factory, the GPIB is set for address value 26. The address value can be set
to any address value between 0 and 30. However, the address cannot conflict with
the address assigned to other instruments in the system.

The GPIB address can be changed from the communications menu. To access
the menu, press the MENU key, select COMMUNICATIONS and then select
GPIB.

The GPIB address is saved in non-volatile memory. The address value will not
change when power is cycled, or a reset command (reset or *RST) is sent.

RS-232

RS-232 connections

To connect the Model 260x to the RS-232 interface, use a straight-through
RS-232 cable (see Figure 2-4). Figure 1-3 shows the location of the RS-232
connector on the SourceMeter. When connecting the cable, make sure to tighten
the captive screws.

Figure 2-4
RS-232 cable (straight-through)
= — — -
- Straight-through RS-232 Cable -
= 4 — =
° Male DB-9 Connector Female DB-9 Connector [ ¢
(connect to SourceMeter) (connect to PC)
[ °
Pin View Pin View
RS-232 settings

At the factory, the RS-232 is configured as follows:

Baud rate: 9600
Data bits: 8

Parity: None

Flow Control: None

Return to Section 2 topics
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The RS-232 settings can be changed from the communications menu. To access
the menu, press the MENU key, select COMMUNICATIONS and then select
RS-232.

The RS-232 settings are stored in non-volatile memory. The settings will not
change when power is cycled, or a reset command (reset or *RST) is sent.

Using Test Script Builder

Test Script Builder is a supplied software tool that can be used to perform the fol-
lowing operations:

Send ICL commands and TSL statements

Receive responses (data) to commands and scripts
Run factory scripts

Create and run user scripts

Figure 2-5 shows an example of the Test Script Builder. As shown, the Workspace
is divided into three window panes:

Project Navigator

The window pane on the left side of the Workspace is where the Project Navigator
resides. The navigator consists of created project folders and the script files (.tsp)
created for each project. Each project folder can have one or more script files.

The navigator shown in Figure 2-5 has two projects; one named “BeeperTest” and
one named “SourceMeasure”. As shown, the “BeeperTest” project has one script
file, and the “SourceMeasure” project has three script files.

Script Editor

The script chunk is written and/or modified in the Script Editor. Notice that there is
a tab available for each opened script file. A script project is then downloaded to
the SourceMeter where it can be run.

Programming Interaction

Up to seven tabs can be displayed in the lower window pane of the Workspace to
provide programming interaction between the Test Script Builder and the
SourceMeter. The Instrument Console (shown open in Figure 2-5) is used to send
commands to the connected SourceMeter. Retrieved data (e.g., readings) from
commands and scripts appear in the Instrument Console. See “Programming
interaction tabs” on page 2-30 for details on using the other tabs.

Return to Section 2 topics
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Figure 2-5
Test Script Builder (example)

5 TSP - main.tsp - Test Script Builder

=
File Edit Havigate Project Run  ‘Window Help <
il St EE |0 me- / l l l
T Mavigator i = 0|/ [ main.ksp &2 [T Test1.tsp |T| Testz.tsp |T] Test3.tsp 8
= G:‘) - ldisplay.clear()

== BesperTest Zheeper.heep (3, 2000)

[T main.tsp 3waitcomplete ()
— = SourceMeasure 4display.settext ("Tesrt Completed™) R )

[F] Testl.tsp Script Editor

1) Test2.tsp I . Lo

[T Testa.tsp Opened script files are displayed in this window

pane as tabs.
Script file < To open and display a script file, double-click the file
(1 of 4) name in the Project Navigator.
Project folder To display another script file that is already open,
(10f2) click the desired tab.

— For each project folder:

Click  to hide

script files. e

. . = Instrument Console 7 Tasks | Command Help | Language Help = W o> -0
C“(.:k * to dISpIay GPIB0: :26::TNSTR A
script files.

T3Pz

Programming Interaction
Project Navigator

This tab provides ESL reference information.

This tab provides help information for ICL functions
and attributes.

This tab lists task markers placed in the script code or added
directly into this tab.

— This tab is used to send commands to the SourceMeter. Responses
to commands (from the console or a script) are also displayed in this tab.
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Starting Test Script Builder

Make sure the SourceMeter is properly connected to the PC (see “System con-
nections” on page 2-10) and it is turned on. On the PC desktop, double-click the

Test Script Builder icon to begin:

T ) )
Double-click the icon to
ESB start the Test Script Builder
Test Script
Builder

NOTE The Test Script Builder can also be started from the Windows
Start button on the task bar. For a default installation, follow
this menu path to start the Test Script Builder:

Start > Programs > Keithley Instruments > Test Script Builder

Workspace Launcher — During the initial start-up of TSB, the Workspace
Launcher window will be displayed as shown below. This window will indicate the
directory path for the workspace. This is where projects and script files will be
stored. If you do not wish to see this window on subsequent power-ups, select
Use this as the default and do not ask again. Click OK to continue start-up.

Workspace Launcher

Select a workspace

Test Script Builder stores your projects in a directory called a workspare.
Select the workspace directory to use for this session.

\/
Workspace: | C:\Pragram Filesikeithley Instruments|Test Script Buidsr|workspacs | Erowse...

I" Use this as the default and do not ask again

Click to display a menu of previously
used workspaces. The last five
workspaces used will be listed.

Click to use the browser to select
any workspace created in your file
system.

Note: See “Creating a new workspace” on page 2-34 to create additional workspaces.

Communications — When Test Script Builder opens, communications to the
SourceMeter will be closed. With communications closed, commands cannot be
sent to the SourceMeter. A script can be written using the Test Script Builder, but it
cannot be run. Communications with the SourceMeter are established by

“Opening communications”.

Return to Section 2 topics
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Opening communications

In order to activate communications between Test Script Builder and the
SourceMeter, an instrument must be opened. The tool bar on the Instrument Con-
sole tab is used to open or close communications.

Figure 2-6 illustrates how to open and close communications. The following
details supplement the information in the drawing:

The Select Instrument window has a drop-down menu to select the GPIB or
RS-232 interface being used by the Model 260x.

Simulate communications - If you select the Simulate option in the Select Instru-
ment window, the Instrument Console will become active even though there will
be no actual communication with the SourceMeter. You can simulate running a
script or sending a command, but the SourceMeter will not respond.

NOTE The drop-down menu for the Menu icon can also be used
to open or close communications between TSB and the
SourceMeter. See “Instrument Console icons” on
page 2-28 for details on using the Menu icon.

Return to Section 2 topics
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Figure 2-6
Opening and closing communications
= Instrument Console &7 Problems  Tasks Command Help  Language Help | Browser Yiew  Bookmarks + =0
Mo Inskrurnent Selecked T
o I
Message indicates that A) Click the Open Instrument icon to display the Select Instrument window. n
communication to a
SourceMeter has not l
been established.
¥ Select Instrument
. i Select or enter new instrument; |GPIBU::26::INSTR\ j
Click to simulate T Tehntiots
communications.

B) Use the drop-down menu to select the communications interface
being used by the SourceMeter and click OK.

While communications are being opened, the Opening Resource

window is displayed. —l

Opening Resource

y Opening Instrument

Click to hide this dialog
box while communications » | Run in Background Cancel | Details == |
are being established.

C) After communications open, the Instrument Console becomes active. —l

,

= Instrument Consale & Problems | Tasks Command Help | Language Help | Browser Yiew  Bookmarks @ ﬂ E W - O
Message indicates that communications Click to close communications to the
(GPIB, address 26) to the SourceMeter SourceMeter. The Instrument Console
are open. window becomes inactive.
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Creating and modifying a script

The flowcharts in Figure 2-7 show the basic processes to create and modify a
script using the Test Script Builder. The labels (A through G) are used to identify
reference links provided after the illustration.

Figure 2-7
Creating and modifying a script using the Test Script Builder
F
Create
New
Script
Creating a script project File
A B C D v E
Start Create . Create
Test Script—»{ Open a »| Project p Write Save Another
Builder Resource Folder Script Script File
?
Select One script file Options: Rename Project Folder
Communication is also created G Rename Script Files
Interface

Modifying a script project

A B D E
Start ;
; »| Opena »| Modify Save
Tegltji%rg:pt Resource Script Script
Select Options: Rename Project Folder
Communications Create G Rename Script Files
Create
»| New »| Write Save ACr1rce>t?1tgr No
Script Script Script File
File 2
F D E

Yes

Reference links for labels A through G shown in Figure 2-7:

“Starting Test Script Builder” — Details on page 2-14

“Opening communications” — Details on page 2-15

“Creating a project folder” — Details on page 2-18

“Writing or modifying a script” — Details on page 2-19

“Saving a script” — Details on page 2-19

“Creating new script files” — Details on page 2-20

“Renaming a project folder and/or script file” — Details on page 2-21

OTMmMOO®>»

Return to Section 2 topics
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Creating a project folder

When a project folder is created, the following actions occur:

e The project folder is added to the Project Navigator.

¢ A script file (named “main”) is created and placed in the project folder.

¢ The script file (which has no code) is opened and displayed in the Script
Development area of the Test Script Builder.

The toolbar at the top of the Test Script Builder is used to create a project folder.
Figure 2-8 explains how to create a project folder.

Figure 2-8
Creating a project folder

50 TSP - main.tsp - Test Script Builder
| File Edit Mavigate Project Run  ‘Window Help
A

B - (=0 Uv -
=

A) Open the New TSP Project dialog box as follows:

— Click the folder icon to display the New project wizard.
In the wizard, select TSP Project and click Next.

OR

Click FILE to display the drop-down file menu. From the
menu, click New and then click TSP Project.

B) In the New TSP Project window, type in a Project name (e.g.,
SourceMeasure) and click Finish:

T Mew TSP Project

TSP Project —

Create an TSP project in the workspace or in an external location /Tgn

Praject name:

Project conkents
v Use default

| |

Using the default directory path places the SourceMeter project
in the presently selected Workspace.

To place the folder in a different Workspace, click Use default
to remove the checkmark and then use Browse to select the
location of the folder.

| Cancel

Return to Section 2 topics
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Writing or modifying a script

A script is a list of ICL commands and TSL statements. Figure 2-5 shows a simple
example of a script. When this script is run, it performs a beeper test. After sound-
ing the beeper for three seconds at 1kHz, the message “Test Completed” is dis-
played on the Model 260x. See page 2-39 for details on “User scripts”.

When a project or script file is created, the script file opens and is displayed in the
Script Development area of the Test Script Builder. This is where a script can be
written.

To modify an existing script file, it must be open. Open script files are presented as
tabs in the Script Editor. To open and display a script file, click the file name in the
Project Navigator. To display a different script file that is already open, click the
appropriate tab at the top of the Script Editor.

Saving a script

It is good practice to routinely save a script file as lines of code are written or mod-
ified. The save operation performs error checking for the script. If an error occurs,
an “X” will appear near the corrupt line of code, and the Problems tab will open to
provide an explanation of the error. “X”s will also appear in the Project Navigator
to indicate which project folder and which script file has the error.

The toolbar at the top of the Test Script Builder is used to save the displayed script
file. As explained in Figure 2-9, the script file can be saved in the same folder and/
or saved in a different folder.

Figure 2-9
Saving a script in the Test Script Builder

5 TSP - main tsp - Test Script Builder
KiF Edit Mavigate Project Run ‘Window Help

« ] & o - .

To save the displayed script file in the same project folder:

—— Click the diskette icon.
OR
Click File and then click Save in the the drop-down menu.

To save the displayed script file in a different project folder:

A) Click File and then click Save As in the the drop-down menu to
display the Save As window.
B) In the Save As window:
1. Select (click) the project folder for the script file.
2. If desired, change the name of the script File name. The .esp
extension must be included in the file name.

Return to Section 2 topics
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Creating new script files

A script project can be made up of one or more script files. Figure 2-10 shows how
to add a script file to a project folder.

Figure 2-10
Creating a new script file

50 TSP - main.tsp - Test Script Builder
| File Edit Mavigate Project Run  ‘Window Help
A
' - = U - -

A) Open the New TSP File window as follows:

Click FILE to display the drop-down file menu. From
the menu, click New and then click TSP File.

OR

In the Project Navigator, right-click the project folder for
the script file. From the drop-down menu, click New
and then click TSP File.

B) In the New TSP File window, make sure the desired
project folder is selected. A folder is selected by clicking it.

C) Type in a file name (e.g., Test4) and click Finish:
T NewTSP File

TSP File

Creates a new TSP file
TSP

Select the Folder:

l—F BeeperTest
l—F SourceMeasure

File narne: | Testd|

File Created: | \SourceMeasure Testd . ksp

Advanced =

Finish | Cancel |
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Renaming a project folder and/or script file

When a new project is created, a script file (hamed “main”) is also created and
placed in the Folder. Figure 2-11 shows a project folder and script file that has
been created and added to the Project Navigator. As shown, the project folder
name and a script file name can be changed.

Figure 2-11
Renaming a project folder and/or script file

U7 Mavigator 52 =08

= -
o

- |=* BeeperTest
i |T] main.tsp

L To change the name of a script file:

A) Right-click the script file, and click Rename
in the drop-down menu.

B) Type in the new name, making sure to include
the .tsp extension, and then press the Enter
key.

To change the name of a project folder:

A) Right-click the project folder, and click Rename
in the drop-down menu.
B) Type in the new name, and then press the Enter

key.

Return to Section 2 topics



2-22 TSP Programming Fundamentals Series 2600 Reference Manual

Script launch configuration

Figure 2-

A script is to be loaded into the Model 260x where it will be executed (run). The
launch configuration options include the following:

Select which script files will be included in the launch.

Set the launch order for the selected script files.

Set the script launch to load-only, or to load-and-execute (run).

Set script storage for the Model 260x; volatile or non-volatile. A script stored
in volatile memory will be lost when the SourceMeter power is turned off. A
script stored in non-volatile memory will not be lost after power is turned off.

When a script project is created, the launch is configured initially as follows:

Only the first script file (“main”) is selected to be included in the launch.
The launch type is set to load-and-execute (run).

The script project is set to be stored in the volatile memory of the Model
260x. The script will be lost when the Model 260x power is turned off.

NOTE If the initial launch configuration meets your requirements, the

The

script is ready to be launched and is explained in “Launching a
script” on page 2-25.

flowchart in Figure 2-12 shows the basic process to change the launch con-

figuration for a script. The labels (A through G) are used to identify reference links
which follow the illustration.

12

Changing a launch configuration

| Launch Configuration |

A B C D E F G
Start Select Select Scipt Files Select Select
Test Script | (OPeNa [ g OPENBUNL i TSP gt "z Lpf Launch | —»IModel 260x |—p-( Ready To
Builder esource lalog Box] ™ Application AN Type Storage Launch
quence
Select Script Load-Only or Volatile or
Communications Project Load-and-Run  Non-Volatile

Interface

Reference links for labels A through G shown in Figure 2-12:

OTMmMOO®>»

“Starting Test Script Builder” — Details on page 2-14

“Opening communications” — Details on page 2-15

“Displaying the launch configuration window” — Details on page 2-23
“Selecting a configuration” — Details on page 2-24

“Selecting script files and launch order” — Details on page 2-24
“Selecting the type of launch” — Details on page 2-24

“Storing the script” — Details on page 2-24

Return to Section 2 topics
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Displaying the launch configuration window

A launch is configured from the Run dialog box. As shown in Figure 2-13, use the
tool bar at the top of the Test Script Builder to open the launch configuration window.

Figure 2-13
Opening the Run dialog box (launch configuration)

5 TSP - main tsp - Test Script Builder
File Edit MNavigate FProject R‘un window Help
L3 = 0 #
L Open the Run window as follows:
Click w and then click Run in the
drop-down menu.

OR

Click Run and then click Run in the
drop-down menu.

Launch configuration - Main tab shown:

T Run X

[

Create, manage, and run configurations

Create a script from files in a project, The script will be assembled from script files contained in the associated project. 3
The script assembly order (i.e, Load Qrder) along with storage attributes are controlled by setting various script '\ ,,/_-‘
properties on the tabs below, -

Configurations: Mame: |SourceMeasure_Script
= &1 T5P Script
| BeeperTest_Scripk . - - —
T SourceMeasure_Script FEL 1 €] seript Attnhutes] £ Cnmmnn]
Project: |SUurceMeasure Browse...
Awailable Project Files Load Order

EEESEE Test1 bsp
=T

Mew Delete Apply Revert
Run Close
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Selecting a configuration

When a project is created using the Test Script Builder, a Configuration name for
the launch is also created. The project name is altered to append “_Script” to it.
For example, for a project named “SourceMeasure”, the configuration will be
named “SourceMeasure_Script”.

In the Run window, the Configurations area lists the TSP Scripts. To view the
launch configuration for a script, click the Configurations name. Figure 2-13 shows
the Main tab for “SourceMeter_Script”.

Selecting script files and launch order

As shown in Figure 2-13, script files for the project are shown in the Main tab of
the configuration window. Script files listed on the Available Project Files side of
the tab are not selected to launch. Script files on the Load Order side are selected
to launch in the order that they are listed.

Make configuration changes in the Main tab as follows:

¢ To move a script file to the Load Order side, click the file name and then
click the Add > button.

¢ To move a file to the Available Project Files side, click the file name then
click the < Remove button.

¢ For script files on the Load Order side, use the Up and Down buttons in a
similar manner to change the launch sequence.

e After making changes in the Main tab, click the Apply button.

Selecting the type of launch

There are two options for the launch process:

e Load — The script will load into the run-time environment of the Model
260x, but will not run. The script can be run later.

¢ Load and Execute — The script will load into the run-time environment.
After the load process is completed, the script will run.

* Auto Run — With Load and Execute selected, Auto Run can be enabled.
When enabled, the script will automatically run whenever the Model 260x is
powered on.

Storing the script

When a script is launched it can be stored in the volatile or non-volatile memory of
the Model 260x. If stored in volatile memory, it will be lost when the SourceMeter
power is turned off. If stored in non-volatile memory, it will not be lost when the
power is turned off.

Return to Section 2 topics
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Script storage is set from the Script Attributes tab of the Run window and is shown
in Figure 2-14. In the Script Attributes tab, click Volatile or Non-volatile. After
selecting non-volatile memory, Auto Run can be enabled (V) to automatically run
the script whenever the SourceMeter is turned on.

Debug - Click Generate Debug File to generate a read-only copy of the script. A
folder named “Debug” and the debug file (.DBG) is added to the project.

After changing the storage configuration, click Apply.

Figure 2-14
Run dialog box (Script Attributes tab)

Main €] Seript Attributes I = common}
Run Action

* Load " Load and Execute

Storage
" yolatile (* Mon-volatile
™ Auto Run

Debug

[ Generate Debug File

Apply Revert

Launching a script
After checking and/or changing a launch configuration, the script is launched from
the Run dialog box by clicking the Run button shown in Figure 2-13.

A script can be re-launched directly from the toolbar located at the top of the Test
Script Builder. Figure 2-15 explains how to re-launch a script from the toolbar.

Figure 2-15
Re-launching a script from the Test Script Builder toolbar

G TSP - main.tsp - Test Script Builder
File Edit Mavigate Projeck Run  Window Help
A

Y- o - -

Click Run and click
Run Last Launched
in the drop-down menu.

OR
Click >
OR

Click ¥ and then click the
script in the drop-down
menu.
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Running a TSP file

A TSP (.tsp) file does not have to be launched (loaded) into the Model 260x in
order to be run. The code for a TSP file can simply be sent to the Model 260x and
executed. The TSP file will not reside in the Model 260x (it is not saved in volatile
or non-volatile memory). A TSP file can be run from the Project Navigator or from
the tool bar at the top of Test Script Builder.

To run a TSP file from the Project Navigator, right-click the .tsp file name (e.g.,
main.tsp), select Run in the mouse menu, and then click Run As TSP File in the
submenu.

A TSP file can also be run from the TSB tool bar as explained in Figure 2-16.

Figure 2-16
Re-launching a script from the Test Script Builder toolbar

TG TSP - main tsp - Test Script Builder
File Edit Mavigate Project Run Window Help

P Q

I

Click Run or V¥, select Run As in
the drop-down menu, then click
1 TSP File in the submenu.

i

A TSP file can also be run from the Menu icon on the Instrument Console tool bar.
For details, see “Instrument Console icons” on page page 2-28.

Retrieving scripts from the Model 260x

A user script or factory script can be retrieved from memory of the Model 260x.
The retrieved script folder will be placed in the Project Navigator with its script files
opened.

Figure 2-17 explains how to import a script from the Model 260x. It assumes that
communications with the SourceMeter are already open. If communications are
closed, a window will appear to open communications during the import process.

A modified script can be loaded back into the Model 260x as a user script using
the same name or a new name. An imported factory script can only be loaded
back into the Model 260x as a user script.

Return to Section 2 topics
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Figure 2-17

Importing a script (e.g., KIGeneral_Script)
from memory of the Model 260x

5 TSP - main.tsp - Test Script Builder
| File Edit Mavigate Project Run  Window Help

- o - -
=

A) Click File to display the drop-down file menu
and click Import to open the Import wizard.

B) In the Import Select box, click Existing Project
From Instrument and then click Next.

i Import

Select

Imparts an existing project from instrument inta the current workspace, N

Select an import source:

xisting Project From Inskrument

TEF, Existing TSP Projects From File System
~a

[E Existing TSP Projects From Zip File
¢

File systemn
a

I Mext = | Cancel ‘

C) In the Import Project From Instrument box, click
the KIGeneral_Script project, and then click Finish.

T Import

Import Project From Instrument

Import an existing project from the opened instrument.,

KIGeneral_Script
My _First_Projeck_Script

Project Name: | KIGeneral_Script

< Back | Finish | Cancel
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Instrument Console

Figure 2-18

With communications established with the SourceMeter, the Instrument Console
is used for the following operations:

¢ Execute chunks, which are individual ICL commands and TSL program-
ming statements.

¢ Display returned data (readings and messages).

* Display error messages caused by erroneous code sent from the Instru-
ment Console.

The instrument console is opened by clicking the Instrument Console tab in the
lower window pane of the Test Script Builder (see Figure 2-5).

An active Instrument Console displays the TSP> prompt. Type in a command after
the prompt and press Enter to execute it. For example, type in the following com-
mand:

TSP>reset ()

After pressing Enter, the SourceMeter will reset to its default settings.

NOTE See “Sending commands and statements” for example code that
can be sent from the Instrument Console.

Code and messages in the Instrument Console can be cleared by clicking the
Clear Console Window icon shown in Figure 2-18. It can also be cleared from the
mouse menu as follows: Position the mouse pointer in the console window, right-
click the mouse and then select Clear Console Window from the mouse menu.

Instrument Console icons

After communications with the SourceMeter are open, all of the icons on the
Instrument Console toolbar (shown in Figure 2-18) will be active.

Instrument Console icons

= Instrument Console & Problems ' Tasks Command Help | Language Help | Browser Wiew Bookmarks @ E E L |

GPIBD: :26:: INSTR

Close Instrument

Clear Console Window

Abort Execution

Reset

Send Software Trigger

Delete a Script From NVRAM
Menu
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The Instrument Console icons are explained as follows:

Close Instrument — With communications open, clicking this icon closes (dis-
ables) communications with the SourceMeter.

Clear Console Window — Clicking this icon removes all code and response mes-
sages from the Instrument Console window. There are two other ways to clear the
Instrument Console window:

¢ Place the cursor in the console window, right-click the mouse, and then
select Clear Console Window from the mouse menu.

* Click the Menu icon shown in Figure 2-18 and click the Clear Console Win-
dow item in the menu.

Abort Execution — Clicking this icon aborts execution of a command sent from
the Instrument Console.

Reset — Clicking this icon resets the SourceMeter. It is the same as sending the
reset () command.

Send Software Trigger — Clicking this icon sends a software trigger to the
SourceMeter. See “Triggering” in Section 4 of this manual.

Delete a Script From NVRAM - Use this icon to delete a script from the non-volatile
memory of the SourceMeter. After clicking this icon, select the script to be deleted
from the displayed list, and click Delete.

Menu — Clicking this icon opens a menu with the following menu items:

* Clear Console Window — Click this menu item to clear the console win-
dow. Other ways to clear the console are explained above for the Clear
Console Window icon.

¢ Instrument — Clicking this menu item opens a submenu to select items that
perform the same operations as some of the other toolbar icons. Also
included in the menu is the Flash item. The Keithley Flash Programmer is
used to download firmware upgrades into the Model 260x. See “Flash pro-
grammer” on page 2-34 for details on using the flash programmer.

* Save Console — The contents (code and response messages) of the
Instrument Console window can be saved as a text (.txt) file. After clicking
this menu item, a browser will open to allow you to save the log. Use any
text editor, such as WordPad, to open the saved text file and view the log.

* Run - This menu item is used to run any TSP (.tsp) file that resides in the
Project Navigator or elsewhere in your computer or network (see “Running
a TSP file” on page 2-26). After selecting Run, a submenu will open with
items to select Editor or Script File. ltems for projects in the Project Naviga-
tor will also be listed in this submenu:

e Editor — Selecting this item will open another submenu that will list all
the TSP files that reside in the Project Navigator. Click a script file to
run the script.

Return to Section 2 topics
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e Script File — Selecting this item will open a browser that allows you to
locate a TSP file stored in your computer or network. With the File
Name displayed in the browser, click Open to run the TSP file.

¢ Projects — The Run menu lists the projects that are in the Project Nav-
igator. Select a project to display the TSP files for that project. Click a
TSP file name to run the file.

The Menu icon is also displayed when the Problems, Tasks or Bookmarks tab is
opened (displayed).

Programming interaction tabs

Up to seven tabs can be displayed in the lower window pane of the Workspace to
provide programming interaction between the Test Script Builder and the
SourceMeter.

The tabs that can be placed in the Workspace include the following: Instrument
Console, Problems, Tasks, Command Help, Language Help, Browser View and
Bookmarks. Tabs not presently located in the Workspace can be added by select-
ing them from the Window option on the toolbar at the top of the Workspace as fol-
lows:

Click Window > Select Show View > Click the tab to be viewed
A tab in the Workspace can be opened (viewed) by clicking the tab name. When a

tab is opened, an “X” will appear to the right of the tab name. Clicking this “X”
removes the tab from the Workspace.

Instrument Console tab

This tab (shown in Figure 2-5) is used to send commands to the connected
SourceMeter. Retrieved data (e.qg., readings) from commands and scripts appear
in the Instrument Console.

NOTE Figure 2-19 and Figure 2-20 show partial screenshots of the
following tabs.

Problems tab

When a script file is saved, error checking is performed. If a script error is
detected, an “X” will appear in the left-hand margin of the Script Editor at or near
the corrupt line of code. The Problems tab will open automatically and provide a
description of the error.

If you click the problem in the Problems tab, the line code that has the “X” will be
highlighted in the Script Editor. After fixing the erroneous code, the problem will
clear when the script file is saved.

Tasks tab

This tab displays user-defined tasks associated with specific files, specific lines in
specific files, as well as generic tasks that are not associated with any specific file.

Return to Section 2 topics
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A task marker (\) can be inserted for a line of code in the left-hand margin of the
Script Editor. Right-click the line number for the code and select Add Task from
the mouse menu. In the New Task window, type in a description of the task and
click OK. The task will be added to the Task tab. If you click the task in the Tasks
tab, the line of code that has the task marker will be highlighted in the Script Edi-
tor. A task can be cleared from the Script Editor by right-clicking the task marker
and selecting Remove Task.

A task that is not linked to any code or file can be added to the Tasks tab. Place
the mouse cursor in the Tasks tab, right-click the mouse, and then select Add Task
to enter a description of the task.

Command Help tab

This tab provided details on ICL functions and attributes. It has the same content
as Section 12 of the Reference Manual. The first page of Command Help provides
links to the major topics of the help file. Click ICL commands list to display the list
of functions and attributes. Click a function or attribute to display the details.

Language Help tab

This tab provided details on the Test Script Language (TSL). It has the same con-
tent as “Test Script Language (TSL) reference” on page 2-52 of this section. The
first page of Language Help provides links to the major topics of the help file.

Browser View tab

When on-line to the internet, this tab serves as a browser for the Keithley web site
(www.keithley.com).

Bookmarks tab

Tasks tab

This tab displays bookmarks that are placed in the Script Editor by the user. A
bookmark is placed for a line of code in the left-hand margin of the Script Editor.
Right-click the line number for the code and select Add Bookmark from the mouse
menu. In the Add Bookmark window, type in a bookmark name and click OK. The
bookmark name will be added to the Bookmarks tab.

In the Bookmarks tab, clicking a bookmark displays and highlights the line of code
that has the bookmark. A bookmark can be removed from the Script Editor by
right-clicking the bookmark and selecting Remove Bookmark.

The Bookmarks tab in Figure 2-20 shows an example of using bookmarks. Each
bookmark in the tab is linked to a function for a script file that exists in the Project
Navigator. When a bookmark is clicked, the first line for that function will be dis-
played and highlighted in the Script Editor.
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Figure 2-19

Programming interaction tabs: Problems, Tasks and Command Help
Problems tab:

Instrument Console | [ Problems &2 Tasks Command Help | Language Help | Bookmarks  Browser Yigw
1 error, 0 warnings, 0 infos

YN e TH

S
| Description Resource In Folder Lacakion |
@ "do' expected near "fo' main.tsp klGeneral line 47
Tasks tab:
Instrument Consale | Problams  « &8 Command Help | Language Help | Bookmarks | Browser View :—:v » — O
1 items
i | | Descripkion Resource In Folder Location |
-- TODO insert your code here. main.ksp My _First_Project line 27

Command Help tab:

Instrument Console  Problems Tasks ) Command Help Language Help  Bookmarks Erowser Yiew

| Forward

Ed
Section 13 topics

Command programming notes, page 12-2
Conventions, page 13-2
Instrument command types, page 133
TEPlink nodes, page 134
Logical instruments, page 134
Reading buffers, page 13-S
Time and date values, page 13-7

ICL commands list, page 13-8
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Figure 2-20
Programming interaction tabs: Language Help, Bookmarks, Browser View

Language Help tab:

Instrument Console  Problems Tasks Command Help — Language Help © Bookmarks  Browser Yiew

k] Foriard
Embedded Script Language (ESL) reference

“Introduction,” page 2
“Reserved words,” page 2
“Variables and types.” page 2
“"Operators.” page 2
‘Tables/arays,” page 3
“Functions.” page 2

»I0 -

“Precedence,” page 4
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SweeplLinMeasurey main.ksp KIGeneral line 147
SwephLinteasurel main.tsp KIGeneral line 212
SweepllogMaasurel main.ksp KIGeneral lime 277
SweepvLogMeasurel main.ksp KIGeneral line 342
SweepllistMeasurey! main.tsp KIGeneral lime 407
SweepilistMeasural main.ksp KIGeneral lime 467
Browser View tab:
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Flash programmer

When a firmware upgrade for the Model 260x becomes available, it can be down-
loaded from the Keithley website (www.keithley.com). New or enhanced factory
scripts may be included in the upgrade. The file for the firmware upgrade can then
be installed in the Model 260x using the flash programmer.

CAUTION  External circuitry connected to input/output terminals while
attempting a flash upgrade may cause instrument and/or DUT
damage. Disconnect input/output terminals before performing
a flash upgrade.

With communications between the TSB and the Sourcemeter opened, the flash
programmer can be accessed using the Menu icon (see Figure 2-18) as follows:

Click Menu icon > Select Instrument > Click Flash

Use the displayed browser to select the downloaded file and click Open to start
the upgrade. See “Flash firmware upgrade” on page 13-13 for details.

File management tasks

A project, along with its associated files (e.g., script files), resides in a workspace
folder. Typical file management tasks include the creation of new projects and
script files. (See “Creating and modifying a script” on page 2-17 for details on file
management tasks.) A script project can also be imported from a Model 260x into
Test Script Builder where it can be modified (for details, see “Retrieving scripts
from the Model 260x” on page 2-26).

Other typical file management tasks include “Creating a new workspace”,
“Importing a project from another workspace”, “Switching workspaces”, and
“Deleting projects and/or script files”. These file management tasks are explained
as follows:

Creating a new workspace

Additional workspaces can be created anywhere in your file system. A new work-
space is simply a new folder for project files. A new folder for a workspace can be
made from TSB as follows:

1. Atthe top of TSB, click File on the toolbar to open the file menu and then click
Switch Workspace to open the Workspace Launcher (Figure 2-21A).

2. Click the Browse button to open the Select Workspace Directory browser and
select the location for the new folder. Figure 2-21B shows the Test Script
Builder folder selected as the location for the new workspace folder. Keep in
mind that the workspace folder can be located anywhere in your file system.

3. Inthe Select Workspace Directory, click the Make New Folder button. A folder
named New Folder will be inserted at the selected location.

4. In the browser, right-click New Folder and click Rename in the mouse menu.
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5. Type in a name for the new workspace folder (e.g., workspace?2) and press
Enter.

6. Inthe browser, click OK, and then click OK in the Workspace Launcher. Test
Script Builder will close and then re-open using the new workspace.

There will not be any projects residing in the Project Navigator for the new work-
space. New projects and script files can be created as explained in “Creating and
modifying a script” on page 2-17. A project (along with its script files) can be
imported into the new workspace from another workspace folder. See “Importing
a project from another workspace” on page 2-36.

Figure 2-21
Workspace Launcher and Select Workspace Directory

A) |13 Workspace Launcher x

Select a workspace

Test Script Builder stores vour projects in a directary called a workspace.
Select the waorkspace directory to use Far this session.

Workspace: |C:'|,Pr0grarn FilesiKeithley InstrumentsiTest Script Builderiwaorkspace j

oK Cancel

B) | Select Workspace Directory ? ES
Select the workspace directory to use.
-0 KESCPL -
+ ) KETSP
= ) Test Script Builder
+ ) .metadata
_ bin
+ _ configuration
+ | features
-G jre
__ Mew Folder
1 News Folder (2}
1 New Folder (3)
+ | plugins
__ readme
+ | workspace "
£ >
Folder: Test Script Builder
Make New Folder ] [ QK ] l Cancel
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Importing a project from another workspace

A project (along with its script files) can be imported from another workspace
folder that resides in your file system. This is explained in Figure 2-22, which
imports a project named Kl2602Demo_ASimpleTest. In Step C, use the Browser
to locate the project that you wish to import.

After clicking Finish in the Import window, the project will appear in the Project

Navigator of the Test Script Builder.

Figure 2-22

Importing a project from another workspace folder

55 TSP - main tsp - Test Script Builder
File Edit Mavigate Project Run Window Help

« [ ob Q- .

A) Click File to display the drop-down file menu
and click Import to open the Import wizard.

B) In the Import Select box, click Existing TSP
Project From File System and then click Next.

T Import x
Select

Imparts existing TSP prajects from the local file system into the current workspace

C) In the Import box, select (') the project to be
imported, and then click Finish.

(=]
Select an import source;
bl
Existing Project From Instrument
#2¥ Existing TSP Projects From File System
i
Ll__'; Existing TSP Projects From Zip File
a
File system
E
Next Cancel
. .
Switching workspaces

T Import a3
Import
1

Imparts existing TSP projects fram the local file system into the current warkspace ‘ ==
| A

-

Projects location: | C:\Program Files\Keithley Instruments| Test Script Buildert Browse...

[ (= k1z602Dema_ASimpleTest
[ k12602Demo_BIT_Fast
O = k1z602Dema_RIT_Slow
[ (=«126020emo_Dinde_Fast
O = «126020emo_Dinde_Slow
[ kI2602Demo_Res_Fast
O = k1z6n20emn_Res_Slow

= Back ‘ Finish I Cancel

Perform the following steps to switch to another workspace:

1. Atthe top of TSB, click File on the toolbar to open the file menu and then click
Switch Workspace to open the Workspace Launcher (Figure 2-21A).
2. Click the Browse button to open the Select Workspace Directory browser

(Figure 2-21B) and select the workspace folder. TSB will shut down and then
re-open using the selected workspace.
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Deleting projects and/or script files

Deleting a project
To delete a project, right-click the project in the Project Navigator and then click
Delete in the mouse menu to display the Confirm Project Delete window (see Fig-
ure 2-23).
There are two project delete options:
¢ Also delete contents under ... (directory path for project) — This option
deletes the project from the Project Navigator and also deletes the project
from the workspace folder in your file system.
¢ Do not delete contents — This option deletes the project from the Project
Navigator, but does not delete it from the workspace folder. The project can
later be imported back into the Project Navigator (see “Importing a project
from another workspace” on page 2-36).
After selecting the delete option, click Yes in the delete window to perform the
deletion.

Figure 2-23
Deleting a project

T Confirm Project Delete xX

€ | Are you sure you want ko delete project 'KI12602Dema_Res_Slow'?
-

" Also delete contents under 'C:\Program Files\Keithley Instruments|Test Script Builderyworkspace\KI26020ema_Res_Slow'

* Do not delete contents

The script file will be deleted from the Project Navigator and will also be deleted
from the workspace folder for the project.

Deleting a script file

To delete a script file from a project, right-click the script file in the Project Naviga-
tor and then click Delete in the mouse menu. The script file will be deleted from
the Project Navigator and will also be deleted from the workspace folder for the
project.
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Sending commands and statements

Using your own program or the Test Script Builder, non-scripted chunks can be
executed one line at a time. Responses (e.g., readings) are then transmitted back
to the PC.

Source-measure voltage and current
The primary function of an SMU is to source voltage or current, and measure
current, voltage, resistance and/or power.

The following code fragments program smua to source-measure voltage. The
measured current and voltage readings are then sent back to the PC.

Source V, and Measure | and V:

reset () -- Returns SourceMeter to default settings.
smua.source.levelv = 1 -- Sets SMU A V-source level to 1V.
smua.source.output = smua.OUTPUT ON -- Turns output on.

reading = smua.measure.iv() -- Performs | and V measurements.
print (reading) -- PC displays I-measure reading.

smua.source.output = smua.OUTPUT_OFF -- Turns output off.

Read and write to Digital /O port

The Digital 1/0O port of the SourceMeter is used to control external circuitry (such
as a component handler for binning operations). The 1/O port has 14 input/output
bits (lines) that can be at TTL logic state 1 (high) or O (low). The pinout for the
Digital I/O port is shown in Figure 10-1.

There are ICL commands to read and/or write to each individual bit, and com-
mands to read and write to the entire port.

Use the following code fragment to write to one bit of the Digital /O port. The I/O
bit is then read and the state is returned to the PC where it is displayed.

digio.writebit (4,0) -- Writes a “0” to 1/0 bit 4.
data=digio.readbit (4) -- Reads /O bit 4.
print (data) -- PC displays state of I/O bit 4.

Display user-defined messages

The operator can define and display messages on the front panel display of the
SourceMeter. The following code fragment displays the “Test in Process”
message on the SourceMeter display:

display.clear -- Clears display of messages.
display.settext ("Test in Process") -- Displays message.
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Displayed messages and input prompts are used in scripts to prompt the operator
to enter parameter values from the front panel. See “Interactive script” (on page 2-
40) for more information.

User scripts

User scripts can be written using your own program or the Test Script Builder.
User scripts are loaded into the Model 260x and can be saved in non-volatile

memory. Scripts not saved in non-volatile memory will be lost when the Model
260x is turned off.

Script examples

Script using commands and statements only

The script in Table 2-1 sweeps voltage (1V to 5V) and measures current at each
step. The five current readings are returned to the host computer:

Table 2-1
Example script to sweep V and measure |
Test Script Builder User’s Program Script
loadscript
current = {} current = {}
smua.source.output = smua.OUTPUT_ON smua.source.output = smua.OUTPUT_ON
for j = 1, 5 do for j = 1, 5 do
smua.source.levelv = j smua.source.levelv = j
current [j] = smua.measure.i() current [j] = smua.measure.i ()
print (current [j]) print (current [j])
end end
smua.source.output = smua.OUTPUT_OFF smua.source.output = smua.OUTPUT_OFF
endscript

NOTE When creating a script using the Test Script Builder, only
the chunk is typed in as shown above. See “Using Test
Script Builder” on page 2-12 for details on creating, load-
ing and running the script.

When creating a script using a programming language,
shell commands must be included to manage interactions
between the host computer and TSP. The loadscript com-
mand loads the script into the Model 260x and endscript
signifies the end of the script.
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Script using a function

TSL facilitates grouping commands and statements using the function keyword.
Therefore, a script can also consist of one or more functions. Once a script has
been RUN, the host computer can then call a function in the script directly.

The script in Table 2-2 contains an ICL command to set measurement speed
(NPLC) and a function (named sourcev). When this script is run, the measure-
ment speed will set to 0.5 PLC and make the sourcev function available for call-

ing.

Table 2-2
Example script using a function

Test Script Builder User’s Program Script
loadscript
smua.measure.nplc = 0.5 smua.measure.nplc = 0.5
function sourcev(v) function sourcev (v)
smua.source.levelv = v smua.source.levelv = v
i = smua.measure.i () i = smua.measure.i ()
print (i) print (i)
return (i) return (i)
end end
endscript

When calling the function, you must specify the source voltage in the argument for
the function. For example, to set the source to 2V, call the function as follows:

sourcev (2)

Assuming SMU A output is on, it will output 2V and measure the current. The cur-
rent reading is sent to the host PC and displayed.

Interactive script

An interactive script prompts the operator (via the SourceMeter display) to input test
parameters (via the SourceMeter front panel). The chunk fragment in Table 2-3
uses display messages to prompt the operator to select an SMU Channel (A or B), a
source function (I or V) and to input the source level. When an input prompt is dis-
played, the script will wait until the operator inputs the parameter and/or presses the
ENTER key.

The display.prompt command, in the following script, prompts the user to input
a source level. If a value is not entered, the default level (1mA or 1V) will be set
when ENTER is pressed. The operator will not be able to input values that are not
within the minimum (0.5mA or 0.1V) and maximum (3mA or 10V) limits.

Return to Section 2 topics



TSP Programming Fundamentals 2-41

Series 2600 Reference Manual

Table 2-3
Example interactive chunk fragment for a script
Script Chunk Fragment (Test Script Builder or User’s Program)

--Prompt operator to select channel:
("Select Channel", "smua smub")

chan = display.menu

if (chan == "smua") then
chan = smua
end
if (chan == "smub") then
smub

chan =

end

--Prompt operator to select (input) the source function:
display.menu("Select Function", "amps volts")

then
chan.OUTPUT DCAMPS

chan.OUTPUT DCVOLTS

func =
if (func ==
chan.source. func

"amps" )

else chan.source.func
end

--Prompt operator to set (input) source level:
then
" mA", "Enter I level",

if (func == "amps")
level = display.prompt ("0.0E+00"
1E-3, 0.5E-3, 5E-3)
else
level = display.prompt("00.0", " V", "Enter V level",
1, 0.1, 10)
end
--Wait for operator to set source level:
if (func == "amps") then
chan.source.leveli = level
else chan.source.levelv = level
end
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Creating a user script

To create a script and load it, the test program (chunk) must be framed by the fol-
lowing shell commands: loadscript Of loadandrunscript, and endscript.

Load only — The following scripts will load only into the run-time environment of
the Model 260x. The script on the left is unnamed, while the one on the right is
named (where name is the user-defined name):

loadscript loadscript name
(chunk) (chunk)
endscript endscript

Load and run — The following scripts will load into the run-time environment and
then run. Keep in mind that when a script is run, only the chunk is executed. The
script on the left is unnamed, while the one on the right is named (where name is
the user-defined name):

loadandrunscript loadandrunscript name
(chunk) (chunk)
endscript endscript

Details on 1loadscript and loadandrunscript are provided as follows:

loadscript
loadscript name

where: name is the user assigned name for the script.

The loadscript shell command loads the script into the run-time environment.
The script can be assigned a name or it can be left nameless. If assigning a name
that already exists for another loaded script, the old script will be overwritten with
the new script.

If a script is not named when it is loaded into the run-time environment, it will be
lost when another script is loaded or when the Model 260x is turned off. After
loading the unnamed script, use the run () or script.run() command to run it.

A special name for a script is autoexec. After an autoexec script is saved in
non-volatile memory, the script will automatically run after the Model 260x is
powered on and all autorun scripts have been executed. For details, see
“Autoexec script” on page 2-45 and “Autorun scripts” on page 2-44.

loadandrunscript
loadsandruncript name

where: name is the user assigned name for the script.

These commands are similar to the loadscript commands except that the script
will execute (run) after it is loaded into the run-time environment. Also, the autorun
attribute for a named script will be set to “yes” (see “myscript.autorun” on page
page 2-44).
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Saving a user script

A created and loaded script does not have to be saved in non-volatile memory of
the Model 260x before it can be run. However, an unsaved script will be lost when
the Model 260x is turned off.

Saving a named script

Only a named script can be saved in non-volatile memory of the Model 260x. After
creating and loading a named script, use one of the following commands to save it.

myscript.save ()

myscript.save ("name")

where: myscript is the user-defined name of the script.
name is @ new name for the script that is assigned by the user. Using this
function is equivalent to the “Save As” file menu item in the Test Script
Builder.

Either of the above save commands will save the script in non-volatile memory. If a
script is not saved in non-volatile memory, the script will be lost when the Model 260x
is turned off.

The myscript.save () command saves the script under the name that it was orig-
inally created and loaded. The myscript.save ("name") shell command is used
to save the script under a different name. If you save the script to a name that
already exists in non-volatile memory, it will be overwritten.

Examples:

1. Assume a script named “test1” has been created and loaded. The following
command saves the script in non-volatile memory:

testl.save()

2. To save the script named “test1” under a new name (“test2”) in non-volatile
memory, send the following command:

testl.save (test2)

Running a user script

Running an unnamed script

There can only be one unnamed script in the run-time environment. If another
unnamed script is created and loaded, the previous unnamed script will be
removed from the run-time environment. Use one of the following commands to
execute the chunk of the last loaded unnamed script. Both commands perform the
same operation.

run ()
script.run()
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Running a named script

Any named script that is in the run-time environment can be run using one of the
following commands. Both commands perform the same operation.

myscript ()

myscript.run()

where: myscript is the user-defined name of the script.

Example:

Assume a script named “test3” has been loaded into the run-time environment.
The following command executes the chunk of the script.

test3 ()

Running scripts automatically

Scripts can be set to run automatically when the Model 260x is turned on. One or
more scripts can be set to autorun, and one script can be set to autoexec.

Autorun scripts

When a saved script is set to autorun, it will automatically load and run when the
Model 260x is turned on. Any number of scripts can be set for autorun. The run
order for these scripts is arbitrary, so make sure the run order is not important.

To set a script for autorun, set the following autorun attribute to “yes”. Setting it to
“no” disables autorun.

myscript.autorun

where: myscript is the user-defined name of the script.

Make sure to save the script in non-volatile memory after setting the autorun
attribute.

Example:

Assume a script named “test5” is in the run-time environment. The script can be
set to autorun as follows:

test5.autorun = "yes"
test5.save ()

The next time the Model 260x is turned on, the “test5” script will automatically load
and run.

NOTE The loadandrunscript name command sets the
autorun attribute for that script to “yes”. To cancel
autorun, set the autorun attribute to “no” and save
the script.
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Autoexec script

One script can be designated as the autoexec script. When the Model 260x is
turned on, the autoexec script will start after all the autorun scripts have run.

loadscript autoexec
loadandrunscript autoexec

An autoexec script can be formed by creating a new script and naming it
autoexec (as shown above using loadscript Or loadandrunscript). After load-
ing the new script, send the autoexec.save () command to save it in non-volatile
memory. See “Creating a user script” (on page 2-42) for details on creating a
script.

An autoexec script can also be created by changing the name of an existing script
that is saved in non-volatile memory by using the following command:

myscript.save ("autoexec")
where: myscript is the user-defined name of the script.

Example:

Assume a script named “test6” is saved in non-volatile memory. That script can be
made into an autoexec script as follows:

testé6.save ("autoexec")

The next time the Model 260x is turned on, the “test6” script will automatically load
and start after all of the autorun scripts have run.

Running a user script from the Model 260x front panel controls

In order to run a user script from the front panel, an entry for the script needs to be
added to the User menu for the LOAD key. The following commands are used to
enter or delete a name into the User menu:

display.loadmenu.add(displayname, script)
display.loadmenu.delete(displayname)

where: displayname is the name to be added to (or deleted from) the User
menu.
script is the name of the script.

It does not matter what order the items are added to the User menu. Menu items
will be displayed in alphabetical order when the menu is selected.

Example:

Assume a user script named “Test9” has been loaded into the run-time environ-
ment. Add the name (“Test9”) to the User menu for the script as follows:

display.loadmenu.add (Test9, Test9)
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After adding a name to the User menu, the script can then be run from the front
panel as follows:

1. Press the LOAD key.

2. Select User.

3. Select the user script to run and press the RUN key.

Modifying a user script

A user script stored in non-volatile memory can be modified by retrieving the script
listing for the script. The retrieved script can then be modified, loaded and saved
in non-volatile memory. See “Retrieving a user script listing” (on page 2-46) for
details.

NOTE If using the Test Script Builder to modify a user script
stored in non-volatile memory, the script listing
should be retrieved from in the Project Navigator
(see “Retrieving scripts from the Model 260x” on
page 2-26).

Script management

Retrieving a user script listing

The listing for a user script can be retrieved from non-volatile memory. The listed
script can then be modified and saved as a user script under the same name or a
new name.

NOTE A modified user script can be loaded back into the
Model 260x using the same name or a new nhame.

The following command returns a catalog listing of the user scripts stored in the
Model 260x:

script.user.catalog()
Example:
Retrieve the catalog listing for user scripts:

for name in script.user.catalog() do
print (name)
end
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The following function retrieves a script listing. The script chunk is returned, along
with the shell keywords (1oadscript Or loadandrunscript, and endscript):

myscript.list ()

where: myscript is the user-defined name of the script.
Example:

Retrieve the listing for a saved script named “test7”:

userscriptlist = test7.list()
print (userscriptlist)

Deleting a script from non-volatile memory

Replacing, changing or deleting a script from the run-time environment does not
remove the script from non-volatile memory. A script can be permanently removed
from non-volatile memory using either of the following commands:

script.delete("name")
script.user.delete("name")

where: name is the user-defined name of the script.

Example:

Delete a user script named “test8” from non-volatile memory:

script.delete("test8")

Restoring a script in the run-time environment

A script is inherently a global variable and can be replaced by assigning a new
value or by loading a new script with the same name. It can also be removed from
the run-time environment by assigning it the nil value. A script can be restored
from non-volatile memory back into the run-time environment using either of the
following commands:

script.restore ("name")
script.user.restore ("name")

where: name is the user-defined name of the script to be restored.

Example:
Restore a user script named “test9” from non-volatile memory:

script.restore ("test9o")
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Factory scripts

A factory script is basically the same as a user script, except a factory script is
created by Keithley at the factory and is permanently stored
in non-volatile memory. Factory scripts are documented in Section 13.

Most of the information for “User scripts” (page 2-39) also applies to factory
scripts. The differences between a user script and a factory script include the fol-
lowing:

¢ A factory script cannot be deleted from non-volatile memory.

* The script listing for a factory script can be retrieved and modified, but it will
then be treated as a user script. A user script cannot be saved as a factory
script.

Running a factory script

Use either of the following commands to run a factory script:

script.factory.scripts.name ()
script.factory.scripts.name.run ()

where: name is the name of the factory script.
Example:

Run the factory script named “sourceMeasureDC”:

script.factory.scripts.sourceMeasureDC ()

Running a factory script from the Model 260x front panel controls

1. Press the LOAD key.
2. Select Factory.
3. Select the function to run and press the RUN key.

Modifying a factory script

Retrieving a factory script listing

The script listing for a factory script can be retrieved and modified. However, it
cannot be saved as a factory script. The modified script can be saved as a user
script using the same name or a new name.

NOTE An imported factory script can only be loaded back
into the Model 260x as a user script.
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The following command returns a catalog listing of the factory scripts stored in the
Model 260x:

script.factory.catalog ()

Example:
Retrieve the catalog listing for factory scripts:

for name in script.factory.catalog() do
print (name)
end

The following function retrieves a script listing. The script chunk is returned, along
with the shell keywords (1loadscript Of loadandrunscript, and endscript):

script.factory.scripts.name.list ()
where: name is the name of the factory script.

Example:

Retrieve the script listing for a factory script named “sourceMeasureDC”:

factoryscriptlist = script.factory.scripts.sourceMeasureDC ()
print (factoryscriptlist)

Differences: remote vs. local state

The Model 260x can be in either the local state or the remote state. When in the
local state (REM annunciator off), the instrument is operated using the front panel
controls. When in the remote state (REM annunciator on), instrument operation is
being controlled by the PC. When the instrument is powered-on, it will be in the
local state.

Remote state

The following actions will place the instrument in the remote state:

e Sending a command from the PC to the instrument.

* Running a script (FACTORY or USER test) from the front panel. After the
test is completed, the instrument will return to the local mode.

¢ Opening communications between the instrument and Test Script Builder.

While in the remote state, front panel controls are disabled. However, the LOCAL
key will be active if it has not been locked out. When an interactive script is running,
the front panel controls will be active to allow the operator to input parameter values.
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Local state

The following actions will cancel the remote state and return the instrument to the
local state:

e Cycling power for the instrument.

* Pressing front panel LOCAL key (if it is not locked out).

e Sending the abort command from the PC.

* Clicking the Abort Execution icon on the toolbar of the Instrument Console
for Test Script Builder.

* After a front panel script (FACTORY or USER test) is completed, the instru-
ment will return to the local state.

TSP-Link system

A test system can be expanded to include up to 64 TSP-Linked enabled instru-
ments. The system can be stand-alone or PC-based. Details on system expan-
sion using the TSP-Link are provided in Section 9.

Stand-alone system — A script can be run from the front panel of any node
(instrument) in the system. When a script is run, all nodes in the system go into
remote operation (REM annunciators turn on). The node running the script
becomes the Master and can control all of the other nodes, which become its
Slaves. When the script is finished running, all the nodes in the system return to
local operation (REM annunciators turn off), and the Master/Slave relationship
between nodes is dissolved.

PC-based system — When using a PC, the GPIB or RS-232 interface to any sin-
gle node becomes the interface to the entire system. When a command is sent via
one of these interfaces, all nodes go into remote operation (REM annunciators
turn on).

The node that receives the command becomes the Master and can control all of
the other nodes, which become its Slaves. In a PC-based system, the Master/
Slave relationship between nodes can only be dissolved by performing an abort.
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Memory considerations
(run-time environment)

The Model 260x reserves 8MB of memory for dynamic run-time use. Of this mem-
ory, the firmware requires up to approximately 5MB for normal system operation.
That leaves approximately 3MB of remaining memory that is available to the user.
These numbers for memory are affected by the number of scripts loaded into non-
volatile memory. The given memory values represent the memory available when
the factory script as well as the user script non-volatile memory areas are filled to
capacity.

The run-time environment and user created reading buffers must fit within the
3MB of memory loosely reserved. It is possible for memory used for these pur-
poses to be greater than 3MB. When this occurs, there is a risk that memory allo-
cation errors will be generated and commands will not be executed as expected.

If memory allocation errors are encountered, the state of the instrument cannot be
guaranteed. After attempting to download any data from the instrument, it is rec-
ommended that power to the instrument be cycled to return it to a known state.
Cycling power will reset the run-time environment and all user-created reading
buffers. Any data not stored in the non-volatile reading buffers will be lost.

The amount of memory used by the run time environment can be checked using
the gcinfo function. The first value returned by gcinfo is the number of kilobytes
of memory being used by the run time-environment. This does not include the
amount of memory used by reading buffers.

The amount of memory used by a reading buffer is approximately 15 bytes for
each entry requested. There is a slight amount of overhead for a reading buffer
but this can be ignored for memory utilization calculations. For example, assume
two reading buffers were created. One of them was created to store up to 1,000
readings and the other 2,500. The memory reserved for the reading buffers is cal-
culated as follows:

(1000 x 15) + (2500 x 15) = 52, 500 bytes or 52.5 kilobytes.

Note that the non-volatile reading buffers do not consume memory needed by the
run-time environment. Do not include them in your memory consumption calcula-
tions. Also, reading buffers for remote nodes consume memory on the remote
node, not the local node. You should be sure the total reading buffer memory for
any particular remote node does not exceed 3MB, but do not include that amount
from your local memory consumption calculations.
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Test Script Language (TSL) reference

Introduction

A script is a program that the Test Script Processor (TSP) executes. A script is
written using the Test Script Language (TSL). TSL is an efficient language, with
simple syntax and extensible semantics. TSL is derived from the Lua program-
ming language, Copyright © 1994-2004 Tecgraf, PUC-Rio. See http:/
www.lua.org, the official web site for the Lua Programming Language, for more
information. http://lua-users.org internet site is created for and by users of Lua
programming language and is another source of useful information.

Reserved words
and function return
elseif nil until
for repeat else
local true false
then do in
break if or
end not while
Variables and types

TSL has six basic types; nil, boolean, number, string, function, and table. TSL is a
dynamically typed language, which means variables do not need to be declared
as a specific type. Instead, variables assume a type when a value is assigned to
them. Therefore, each value carries its own type. If a variable has not been
assigned a value, the variable defaults to the type nil. All numbers are real num-
bers. There is no distinction between integers and floating-point numbers in TSL.

var = nil --var is nil.

var = 1.0 -- var is now a number.
var = 0.3E-12 -- var is still a number.
var = 7 --var is still anumber.
var = "Hello world!" -- var is now a string.
var = "I said, Hello world!" -- var is still a string.

var = function(a, b) return(a+b) end --varis now a function
-- that adds two numbers.
var = {1, 2., 3.00e0} -- var is now a table (i.e.,
array) with three
initialized members.
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Nil is a type with a single value, nil, whose main property is to be different from
any other value. Global variables have a nil value by default, before a first
assignment, and you can assign nil to a global variable to delete it. TSL uses
nil as a kind of non-value, to represent the absence of a useful value.

Operators
Arithmetic Operators: Relational Operators: Logical Operators:
+ (addition) < (less than) and
- (subtraction) >  (greater than) or
*  (multiplication) <= (less than or equal) not
/  (division) >= (greater than or equal)
- (negation) ~= (not equal)
== (equal)
Tables/arrays

TSL makes extensive use of the data type “table”, which is essentially a very flexi-
ble array like data type.

-- Define a table.

atable = {1, 2, 3, 4} -- A table with four elements, which are numbers.
-- Let's print it:
i=1 -- Tables are indexed on one, NOT zero.

-- atable[index] is true if there is an element at that index.
-- nil is returned otherwise. 0 does NOT evaluate to false, only nil
-- does.

while atable[i] do
print (atablel[i]) -- Index into table using a number.
i=14+1

end

Output of code above:

1

2
3
4
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Functions

TSL allows you to define functions. A function can take a predefined number of
parameters and return multiple parameters if desired.

-- Let's define a function and call it.

function add two(parameterl, parameter2)
return (parameterl + parameter2)

end

print (add two(3, 4))

-- Below is an alternate syntax for defining a function. Functions are
-- first-class values in TSL, which means functions can be stored in
-- variables, passed as arguments, and returned as results if desired.

add three = function (parameterl, parameter2, parameter3)
return (parameterl + parameter2 + parameter3l)

end

print (add three(3, 4, 5))

-- A function that returns multiple parameters; sum, difference, and ratio
-- of the two numbers passed to it.

function sum diff ratio(parameterl, parameter2)
psum = parameterl + parameter2
pdif = parameterl - parameter2
prat = parameterl / parameter2
return psum, pdif, prat
end
sum, diff, ratio = sum diff ratio(2,3)
print (sum)
print (diff)
print (ratio)

Output of code above:
7

12

5

-1

0.66666
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Precedence

Operator precedence in TSL follows the table below, from higher to lower priority:

A

not - (unary)
* /
+ _
(concatenation)
< > <= >= ~= ==
and
or

(A

All operators are left associative, except for ‘*’ (exponentiation) and . .’, which are
right associative. Therefore, the following expressions on the left are equivalent to
those on the right:

a+i < b/2+1 (a+1) < ((b/2)+1)
5+x72%*8 5+ ((x*2)*8)
a<yandy <= z (a < y) and (y <= z)
-x"2 - (x*2)
x*y*z x* (y*z)

Logical operators

The logical operators are and, or, and not. Like control structures, all logical
operators consider false and nil as false and anything else as true.

The operator and returns its first argument if it is false, otherwise it returns its sec-
ond argument.

The operator or returns its first argument if it is not false; otherwise it returns its
second argument:

print (4 and 5)
print (nil and 13)
print (false and 13)
print (4 or 5)

print (false or 5)

Output of code above:
5

nil

false

4

5

Both and and or use short-cut evaluation, that is, they evaluate their second oper-
and only when necessary. A useful TSL constructis x = x or v, which is equiv-
alent to:

if not x then x = v end
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i.e., it sets x to a default value v when x is not set (provided that x is not set to
false).

To select the maximum of two numbers x and y, use the following statement (note
the and operator has a higher precedence than or):

max = (x > y) and x or y

When x > vy is true, the first expression of the and is true, so the and results in its
second argument x (which is also true, because it is a number), and then the or

expression results in the value of its first expression, x. When x > v is false, the

and expression is false and so the or results in its second expression, y.

The operator not always returns true or false:

print (not nil)
print (not false)
print (not 0)

print (not not nil)
Output of code above:
true

true

false

false

Concatenation

w

TSL denotes the string concatenation operator by “.” (two dots). If any of its oper-
ands is a number, TSL converts that number to a string:

print ("Hello ".."World")
print (0 .. 1)

Output of code above:

Hello World
01
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Branching

TSL uses the “if” keyword to do conditional branching.

IF blocks
if 0 then -- Zero IS true!l This is a contrast to C where
print ("Zero is true!") --0 evaluates false. In TSL, “nil” is false
else -- and everything else is true.
print ("Zero is false.")
end -- if expression 1.
x =1
y = 2
if (x and y) then
print ("' if ' expression 2 was not false.")
end -- if expression 2.
if (x or y) then
print ("' if ' expression 3 was not false.")
end -- if expression 3.
if (not x) then
print ("' if ' expression 4 was not false.")
else
print ("' if ' expression 4 was false.")
end -- if expression 4.
if x == 10 then
print ("x = 10")
elseif y > 2 then
print("y > 2")
else
print ("x is not equal to 10, and y is not less than 2.")
end -- if expression 5.
Output of code above:
Zero 1s true!
' 1f ' expression 2 was not false.
' 1f ' expression 3 was not false.

' 1f ' expression 4 was false.
X 1is not equal to 10, and y is not less than 2.
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Loop control
TSL has familiar constructs for doing things repetitively and/or until an expression
evaluates to false.
-- Something to iterate

list = {"One", "Two", "Three", "Four", "Five", “Six”}

FOR loop
print ("Counting from one to three:")
for element = 1, 3 do

print (element, list[element])
end

—

print ("Counting from one to four,
print ("in steps of two:")
for element = 1, 4, 2 do

print (element, list[element])
end

WHILE loop

print ("Count elements in list")

print ("on numeric index")

element = 1

while list[element] do -- Will exit when list[element] = nil
print (element, list[element])
element = element + 1

end

REPEAT loop
print ("Count elements in list")
print ("using repeat")

element = 1

repeat
print (element, list[element])
element = element + 1

until not list[element]

Output of code above:

Counting from one to three:
1 One

2 Two

3 Three
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Counting from one to four,
in steps of two:

1 One

3 Three

Counting elements in list
on numeric index

One

Two

Three

Four

Five

Six

Counting elements in list
using repeat

One

Two

Three

Four

Five

Six

Standard libraries

In addition to the standard programming constructs above, TSL includes standard
libraries that contain useful functions for string manipulation, mathematics, etc.
TSL also includes instrument control extension libraries. These libraries provide
programming interfaces to the instrumentation accessible by the TSP. These
libraries are automatically loaded when the TSP starts and do not need to be
managed by the programmer.

O Ul b W N

o Ul W N R

Base library functions

print (x) Prints the argument x to the active host interface, using the
tostring () function to convert x to a string.

collectgarbage ([1imit]) | Sets the garbage-collection threshold to the given limit (in
Kbytes) and checks it against the byte counter. If the new
threshold is smaller than the byte counter, then TSL
immediately runs the garbage collector. If the limit parameter
is absent, it defaults to 0 (thus forcing a garbage-collection
cycle). See Note for more information.

gcinfo () Returns the number of Kbytes of dynamic memory that TSP
is using.
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tonumber (x [,basel)

Returns x converted to a number. If x is already a number, or
a convertible string, then the number is returned; otherwise, it
returns nil.

An optional argument specifies the base to interpret the
numeral. The base may be any integer between 2 and 36,
inclusive. In bases above 10, the letter ‘A’ (in either upper or
lower case) represents 10, ‘B’ represents 11, and so forth,
with ‘Z’ representing 35. In base 10, the default, the number
may have a decimal part, as well as an optional exponent. In
other bases, only unsigned integers are accepted.

tostring (x)

Receives an argument of any type and converts it to a string
in a reasonable format.

type (v)

Returns the type of its only argument, coded as a string. The
possible results of this function are: “nil”, “number”, “boolean”,
“table”, or “function”.

NOTE: TSL does automatic memory management. That means that you do not have to worry about allo-
cating memory for new objects and freeing it when the objects are no longer needed. TSL manages
memory automatically by running a garbage collector from time to time to collect all dead objects (that is,
those objects that are no longer accessible from TSL). All objects in TSL are subject to automatic man-
agement: tables, variables, functions, threads, and strings. TSL uses two numbers to control its gar-
bage-collection cycles. One number counts how many bytes of dynamic memory TSL is using; the other
is a threshold. When the number of bytes crosses the threshold, TSL runs the garbage collector, which
reclaims the memory of all dead objects. The byte counter is adjusted, and then the threshold is reset to
twice the new value of the byte counter.

String library functions

This library provides generic functions for string manipulation, such as finding and
extracting substrings. When indexing a string in TSL, the first character is at posi-
tion 1 (not 0 as in ANSI C). Indices may be negative and are interpreted as index-
ing backwards, from the end of the string. Thus, the last character is at position 1,

and so on.

string.byte(s [,1])

Returns the internal numerical code of the i-th character of
string s, or nil if the index is out of range.

string.char(il, i1,

..)

Receives 0 or more integers. Returns a string with length
equal to the number of arguments, in which each character
has the internal numerical code equal to its corresponding
argument.

string. format (fs, el,
e2, ..)

Returns a formatted version of its variable number of
arguments following the description given in its first
argument, which must be a string. The format string follows
the same rules as the print family of ANSI C functions. The
only differences are that the options/modifiers *, |, L, n, p, and
h are not supported. The options ¢, d, E, e, f, g, G, |, o, u, X,
and x all expect a numeric argument, where s expects a
string argument. String values to be formatted with %s
cannot contain embedded zeros.

string.len(s)

Returns the length of the strings.

Return to Section 2 topics




Series 2600 Reference Manual

TSP Programming Fundamentals 2-61

string.

lower (s)

Returns a copy of the string s with all uppercase letters
changed to lowercase.

string.

rep(s, n)

Returns a string that is the concatenation of n copies of the
string s.

string.

sub (s, 1

[,31)

Returns the substring of s that starts at i and continues until j.
i and j may be negative. If j is absent, then it is assumed to be
equal to —1, which is the same as the string length. In
particular, the call string.sub(s,1,7) returns a prefix s
with length j, and string.sub (s, -1i) returns a suffix s with
length i.

string.

upper (s)

Returns a copy of the string s with all lowercase letters
changed to uppercase.

Math library functions

This library is an interface to most of the functions of the ANSI C math library. All
trigonometric functions work in radians. The functions math.deg () and
math.rad () convert between radians and degrees.

math.abs (x) Returns the absolute value of the argument x.

math.acos (x) Returns the principal value of the trigonometric arc cosine
function of x.

math.asin (x) Returns the principal value of the trigonometric arc sine function
of x.

math.atan (x) Returns the principal value of the trigonometric arc tangent
function of x.

math.atan2 (y,x) Returns the principal value of the trigonometric arc tangent
function of y/x.

math.ceil (x) Returns the smallest floating-point number not less than x whose
value is an exact mathematical integer.

math.cos (x) Returns the trigonometric cosine function of x.

math.deg (x) Returns the value of x in degrees, where x is in radians.

math.exp (x) Returns the exponential function of x; that is, e*, where e is the
base of the natural logarithms.

math.floor (x) Returns the largest floating-point number not greater than x
whose value is an exact mathematical integer.

math.log (x) Returns the natural logarithm function of x.

math.loglo0 (x) Returns the base-10 logarithm function of x.

math.max (x, y, ..) Returns the maximum value of its numeric argument(s).

math.min(x, y, ..) Returns the minimum value of its argument(s).

math.mod (x, V) Returns an approximation to the mathematical value f such that f
has the same sign as x, the absolute value of f is less than the
absolute value of y, and there exists an integer k such that k*y+f
=X.
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math.pi Variable containing the value of &t (3.141592654).

math.pow(x, y) Returns xY.

math.rad (x) Returns the value of x in radians, where x is in degrees.

math.sin (x) Returns the trigonometric sine function of x.

math.sgrt (x) Returns the non-negative square root of x.

math.tan (x) Returns the trigonometric tangent function of x.

math.frexp () Splits x into a fraction f and exponent n, such that fis 0.0 or 0.5
<=fl<=1.0,and f * 2" is equal to x. Both f and n are returned;
f,n = math.frexp (x).

math.ldexp (x, n) Returns the inverse of the math.frexp() function; it computes the

value
x*on

math.

random ( [x], [y])

When called without an argument, returns a pseudo-random real
number in the range [0, 1).

When called with number x, returns a pseudo-random integer in
the range [1,n].

When called with two arguments, x and y, returns a pseudo-
random integer in the range [x, y].

math.

randomseed (x)

Sets a “seed” for the pseudo-random generator. Equal seeds
produce equal sequences of numbers.
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Input/Output terminal blocks

The Model 260x uses screw terminal blocks for input and output connections to
DUTs (Devices Under Test). The Model 2602 uses two terminal blocks as shown
in Figure 3-1 (one for each SMU channel). The Model 2601 has only one terminal
block for the single SMU.

A terminal block can be removed from the rear panel by loosening the two captive
retaining screws and pulling it off the rear panel. Each screw terminal can accom-
modate from 24 AWG (0.2mm?) to 12 AWG (2.5mm?) conductors.

After making the wire connections from a terminal block to a DUT, re-install the
terminal block onto the rear panel connector and tighten the two captive screws.

WARNING

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 Model 260x
while the output 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 does not guarantee the
outputs are not powered if a hardware or software fault occurs.

Maximum floating (common mode) voltage for an SMU is 250V.
Exceeding this level could damage the instrument and create a
shock hazard. See “Floating an SMU” on page 3-14 for details

on floating the SMUs.

The Input/Output terminals of the SourceMeters are rated for
connection to circuits rated Installation Category | only. Do not
connect the SourceMeter terminals to CAT Il, CAT lll, or CAT IV
circuits. Connections of the SourceMeter Input/Output termi-
nals to circuits higher than CAT | can cause damage to the
equipment or expose the operator to hazardous voltages.

To prevent electric shock and/or damage to the SourceMeter,
when connecting to a source with a greater current capability
than the Model 260x, a fuse should be provided in line with the
SourceMeter Input/Output terminals rated no more than 3A.
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Figure 3-1
Input/output terminal blocks

Channel B Channel A

o[olojo[o[o[ofo[O]e|| s CAWEA T

LOLO G H G G G HI

S G G G H G S LO
L5 s 21 [gl9[O[O[O[O[O[O[O]e

HI = Input/Output HI Captive screw (2 per terminal block)
S HI = Sense HI Each terminal block uses two captive
G = Guard screws to secure it to the rear panel.

S LO = Sense LO
LO = Input/Output LO

Input/Output LO and chassis ground

As shown in Figure 3-2, SMU input/output LOs are available at the rear panel ter-
minal blocks. Input/Output LOs are not connected between channels and are
electrically isolated from chassis ground.

As shown, there is a low-noise chassis ground banana jack that can be used as a
common signal ground point for Input/Output LOs. This low-noise signal ground
banana jack is connected to the chassis through a Frequency Variable Resistor
(FVR).

The FVR (see Figure 3-3) is used to isolate the SMUs from high frequencies that
may be present on the chassis of the Model 260x. As frequencies on the chassis
increase, the resistance of the FVR increases to dampen its effects.

NOTE Keep in mind that the chassis should never be
used as a ground point for signal connections.
High frequencies present on the chassis of the
Model 260x may result in higher noise. The chas-
sis should only be used as a safety shield. Use
the chassis screw for connections to the chassis
of the Model 260x.
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Figure 3-2

Input/Output LO and chassis ground terminals

KEITHLEY Model 2602 (rear panel)

|Q—)|OOOOOOOOI§|
SGGGHGS Lo:
Lo

HI
CHANNEL B

In/Out LO In/Out LO
(Chan B) Low-Noise (Chan A)
Chassis Ground
Banana Jack
Chassis @
Screw ¥

CHANNEL A
S S
LOLOG HI G G G HI

@I%OOOOOOOPI

In/Out LOs are not connected
together and are electrically
isolated from chassis ground.

Figure 3-3

Low-Noise Chassis Ground Banana Jack and Chassis Screw

Low-Noise
Chassis Ground
Banana Jack

1) Frequency Variable Resistor (FVR) Isolates
the SMUs from high frequencies on the chassis.
For DC to 60Hz, the FVR is a virtual short (zero

ohms).

2) DO NOT use the Chassis Screw terminal to
make signal connections to external circuitry.
High frequency (>1MHz) on the chassis may
result in higher noise at the output.

—— Signal
- Ground

Screw 2

Chassis
Signal J_— Signal Ground is a local signal ground and defined as
Ground - the Low-Noise Chassis Ground Banana Jack.

Chassis / J /

Chassis is defined as the metal chassis of the Model 260x.

Chassis Screw terminal is connected to the metal chassis of the
Model 260x.
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Sensing methods

Source-measure operations are performed using either 2-wire local sense con-
nections or 4-wire remote sense connections.

NOTE The default sense setting is 2-wire local. See “Sense mode selec-
tion” on page 3-6 to check and or change the sense mode.

2-wire local sensing
Two-wire local sensing (as shown in Figure 3-4) can be used for the following
source-measure conditions:
e Sourcing and measuring current.
* Sourcing and/or measuring voltage in high impedance (>1kQ) test circuits.

Figure 3-4
2-wire connections (local sense)

E KEITHLEY Model 260x
: CHANNEL A

S S
: LOLO G HI G G G HI

5@00070000@

4-wire remote sensing

When sourcing and/or measuring voltage in a low-impedance test circuit (see Fig-
ure 3-5), 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 con-
nections. 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 condition:

* Sourcing and/or measuring voltage in low impedance (<1kQ) test circuits.
* Enforce voltage compliance limit directly at the DUT.
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Figure 3-5
4-wire connections (remote sen

i+ KEITHLEY Model 260x
CHANNEL A

S S
LOLO G H G G G HI

se)

SLO

Sense mode selection

The sense mode can be set for 2-wire local or 4-wire remote connections.

Front panel sense selection

Figure 3-1 summarizes the steps to check and/or change the sense mode front
panel. When in the menu structure, use the Rotary Wheel (or CURSOR keys) to
position the blinking cursor on the desired menu item, and press ENTER to select
it. Use the EXIT key to back out of the menu structure.

Model 2602

Press CONFIG key

Select CHANNEL-A or CHANNEL-B
Select SRC or MEAS menu*

Select V-SOURCE menu

Select SENSE-MODE menu

Table 3-1
Selecting the sense mode from the front panel
Model 2601
1) Press CONFIG key 1)
2) Select SRC or MEAS menu* 2)
3) Select V-SOURCE menu 3)
4) Select SENSE-MODE menu 4)
5) Select 2-WIRE or 4-WIRE 5)
6)

Select 2-WIRE or 4-WIRE

* The sense mode can be set from either the SRC or MEAS menu.
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Remote programming sense selection

Table 3-2 summarizes the commands to select the sense mode. See Section 12
for details on using these commands.

Table 3-2
Commands to select sense mode

Command’ Description
smuX.source.output = smuX.OUTPUT_OFF |Turns off the SMU output.
smuX.sense = smuX.SENSE_LOCAL Selects local (2-wire) sense.
smuX.sense = smuX.SENSE_REMOTE Selects remote (4-wire) sense.

*Model 2601: smuX =smua Model 2602: smuX = smua (Channel A) or smub (Channel B).

Multiple SMU connections

Figure 3-6 shows how to use two SMUs to test a 3-terminal device, such as an
N-channel JFET. A typical application is for SMU B to source a range of gate volt-
ages, while SMU A sources voltage to power the device and measures current at
each gate voltage.

Figure 3-6

v Keithley
: Model 2602

Two SMUs connected to a 3-terminal device (local sense)
D
Equivalent Circuit
G HI
N-Channel Lzl
JFET o
S
HI LO [HI
Channel Channel .
B A :

|¢‘)|oooooooo|§| @Iooooooool@l

S GGGHGSLO LOSGH GGG S
HI Lo Lo HI

Figure 3-7 shows how to use three SMUs to test the same 3-terminal device. The
third SMU is connected to the source (S) terminal of the JFET. This allows the
source terminal to be biased above signal low. Setting this SMU to output OV
effectively connects the source terminal of the JFET to signal low.
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Figure 3-7
Three SMUs connected to a 3-terminal device (local sense)

Equivalent Circuit
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HI LO
5 SMU B HI
Model 2602-1 SMU A
LO |Model 2602-2
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JFET l'—o
HI HI HI
RS R R L2, R NSRS RVR RN RPRPRPR | SRR
: Keithley Model 2602-1 Vo Keithley Model 2602-2 :
H Channel Channel H ' Channel Channel H
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H HI Lo Lo HI [} N HI Lo Lo HI '
H
H
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Guarding and shielding

Source-measure performance and safety are optimized with the effective use of guarding

and shielding (noise and safety shields).

Guarding

A driven guard is always enabled and provides a buffered voltage that is

at the

same level as the Input/Output HI voltage. The purpose of guarding is to eliminate

the effects of leakage current (and capacitance) that can exist between |
put high and low. Without guarding, leakage and capacitance in the exte

nput/Out-
rnal high-

impedance test circuit could be high enough to adversely affect the performance

of the SourceMeter.

Guarding (shown in Figure 3-8) should be used for the following source-measure

condition:
¢ Test circuit impedance is >1GQ

NOTE See “Guard” in Section 8 for details on the
principles of guarding.

Return to Section 3 topics
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Figure 3-8
High-impedance guarding
i KEITHLEY Model 260x
: CHANNEL A
S S
: LOLO G H G G G H

The guard shield can be the shield of a
coaxial cable, or it can be an insulated

: DUT :

v LOLAAAHI +<+— Metal Guard
' 1GO H Shield

] > '

Noise shield

A noise shield (see Figure 3-9) is used to prevent unwanted signals from being
induced into the test circuit. Low level signals may benefit from effective shielding.
The metal noise shield surrounds the test circuit and should be connected to SMU
LO (as shown in Figure 3-9), and can also be connected to the chassis ground
screw on the rear panel of the Model 260x.

Figure 3-9
Noise shield

E KEITHLEY Model 260x

: g CHANNELA s
i LOLOG H G G G HI i
5@?00?0000@5
Noise shield
connected to

In/Out LO '

i«— Noise Shield
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Safety shield

A safety shield must be used whenever hazardous voltages (>30Vrms, 42Vpeak)
will be present in the test circuit. The safety shield can be metallic or nonmetallic,
and must completely surround the DUT test circuit. A metal safety must be con-
nected to a known safety earth ground and chassis ground. (See “Test fixture” on
page 3-12 for important safety information on the use of a metal or nonmetallic
enclosure.)

The maximum output voltage for a Model 260x SMU is 40V, which is considered a
non-hazardous level. However, using two or more voltage sources in a series con-
figuration can cause test circuit voltage to exceed 42V. For example, the SMUs of
two Model 260x instruments can be connected in series to apply 80V to a DUT
(see Figure 3-10).

The connections for the test configuration in Figure 3-10 are shown in Figure 3-11.
Use #18AWG wire or larger for connections to safety earth ground and chassis.

NOTE Floating an SMU may also cause test circuit
voltage to exceed 42V (see “Floating an SMU”
on page 3-14).

Figure 3-10
Safety shield for hazardous voltage (>42V)
HI Metal Safety
SMU A > Shield
Model 2602-1 [ 40V L
LO . % :
Hi sov ! DUT ¢
Safety
Mo%gfl l2J60A2-2 40V LO Earth
e > Ground
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Figure 3-11
Connections for test circuit shown in Figure 3-10
'KEITHLEY Model 260x1 g ' KEITHLEY Model 260x-2 |
CHANNEL A : : CHANNEL A ;
LOLOG HI G G G i i LolbaHi GGG
e coeocooo : i Olgoogoocoold :

Chassis

DUT
Chassis frmmmmnees Safety
Screw Earth
Ground

Using shielding and guarding together

Figure 3-12 shows connections for a test system that uses a noise shield, a safety
shield, and guarding. The guard shields are connected to the driven guard (G) of
the SMU. The noise shield is connected to SMU LO. The safety shield is con-
nected to the chassis and to a safety earth ground.

Figure 3-12
Connections for noise shield, safety shield and guarding

5 LO Test HI

t 1
H H Ground
H \<+— Metal Guard
, - Shield
~a 4r'
Keithley Model 2602 chassis  Lo| Hil |a
Channel B Channel A
Biootdoodd
SGGGHIGSLO LOSGHIGGGS
HI LO LO HI

. Low-Noise
Chassis & @ Chassis Ground
Screw $ Banana Jack
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Test fixture

A test fixture can be used for an external test circuit. The test fixture can be a
metal or nonmetallic enclosure, and is typically equipped with a lid. The test circuit
is mounted inside the test fixture. When hazardous voltages (>30Vrms, 42Vpeak)
will be present, the test fixture must have the following safety requirements:

WARNING To provide protection from shock hazards, an enclosure should be
provided which surrounds all live parts.

Nonmetallic enclosures must be constructed of materials suitably
rated for flammability and the voltage and temperature require-
ments of the test circuit.

For metallic enclosures, the test fixture chassis must be properly
connected to safety earth ground. A grounding wire (#18 AWG or
larger) must be attached securely to the test fixture at a screw ter-
minal designed for safety grounding. The other end of the ground
wire must be attached to a known safety Earth Ground.

Construction material — A metal test fixture must be connected to a known
safety Earth Ground as described in the above WARNING. A nonmetallic test fix-
ture must be constructed of materials that are suitable for flammability, voltage
and temperature conditions that may exist in the test circuit. The construction
requirements for a nonmetallic enclosure are also described in the WARNING.

Test circuit isolation — With the lid closed, the test fixture must completely sur-
round the test circuit. A metal test fixture must be electrically isolated from the test
circuit. Input/output connectors mounted on a metal test fixture must also be iso-
lated from the test fixture. Internally, teflon standoffs are typically used to insulate
the internal pc-board or guard plate for the test circuit from a metal test fixture.

Interlock switch — The test fixture must have a normally-open interlock switch.
The interlock switch must be installed so that when the lid of the test fixture is
opened, the switch will open, and when the lid is closed, the switch will close.

WARNING When an interlock is required for safety, a separate circuit
should be provided that meets the requirements of the applica-
tion to reliably protect the operator from exposed voltages. The
Digital I/0O port of Model 2600 Series SourceMeter is not suit-
able for control of safety circuits and should not be used to
control a safety interlock.

Return to Section 3 topics
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Floating an SMU

Using an external source in the test system may require that a Model 260x SMU
float off chassis earth ground. An example of such a test system is shown in Fig-
ure 3-13, which includes an external voltage source. Notice that output low of the
voltage source is connected to chassis earth ground.

For the test circuit shown in Figure 3-13, the Model 260x must float off chassis
earth ground. As shown, SMU LO of the Model 622x is floating +10V above chas-
sis earth ground. If SMU LO of the Model 622x was instead connected to chassis
ground, the external voltage source would be shorted through chassis ground.

The Model 260x connections for the floating configuration (Figure 3-13) are shown
in Figure 3-14. In order to float the SMU, Input/Output LO must be isolated from
chassis ground. This is accomplished by NOT connecting Input/Output LO to
chassis ground.

The external voltage source in Figure 3-13 and Figure 3-14 can instead be an
SMU of a second Model 260x instrument. Keep in mind that if the combined out-
puts of the sources exceeds 42V, then a safety shield will be required for the DUT
(see the following WARNINGS).

WARNING The maximum floating (common mode) voltage for an SMU is
+250V. Exceeding this level may cause damage to the instru-
ment and create a shock hazard.

Using an external source to float an SMU could create a shock
hazard in the test circuit. A shock hazard exists whenever >42V
peak is present in the test circuit. Appropriately rated cables or
insulators must be provided for all connections to prevent
access to live parts.

When >42V is present, the test circuit must be insulated for the
voltage used or surrounded by a metal safety shield that is
connected to a known safety earth ground and chassis ground
(see “Safety shield” on page 3-10).

Return to Section 3 topics
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Figure 3-13
Floating the Model 260x

<
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Figure 3-14

SMU connections for the floating configuration shown in Figure 3-13
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Output-off states

When an SMU is turned off, it may not be completely isolated from the external
circuit that is connected to. There are three output-off states for a Model 260x
SMU: Normal, High Impedance or Zero. For the Model 2602, each SMU can have
its own unique output-off state.

Normal output-off state

For the normal output-off state (which is the default setting), the SMU will source
0V. Current compliance will set to 10% full scale of the present current range, or
100pA (whichever is smaller). In theory, with the SMU set to source 0V, the SMU
will not source or sink power. In practice, the source value may not be exactly at
zero. Therefore, the SMU may source or sink a very small amount of power. In
most cases, this source or sink power level is not significant.

High-impedance output-off state

For the high-impedance output-off state, the output relay opens when the output is
turned off. This disconnects external circuitry from the input/output of the SMU. To
prevent excessive wear on the output relay, do not use this output off state for
tests that turn the output off and on frequently.

Zero output-off state

When in this output-off state, the SourceMeter is configured as follows:
When the V-Source is the selected source:

e The programmed V-Source value remains on the display.

e Internally, the V-Source is set to OV.

* The current compliance setting remains the same as the output-on value.
Real compliance detection remains active.

¢ Measurements are performed and displayed.

When the I-Source is the selected source:

e 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 | value or to 10% 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
since it will output OV, but measure current.

Return to Section 3 topics
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Selecting the Output-off state

Output-off state menu

The OUTPUT configuration menu can be accessed by pressing the CONFIG key
and then the appropriate OUTPUT ON/OFF key. In the configuration menu, select
OFF STATE to display the OUTPUT OFF STATE menu.

NOTE The OUTPUT OFF STATE menu can also be
accessed by navigating the configuration menu that
is displayed by pressing the CONFIG key.

With the OUTPUT OFF STATE menu displayed, select the desired output-off
state: HI-Z (high-impedance), NORMAL or ZERO.

Remote programming
Table 3-3 lists the commands to select the Output-off state.

Table 3-3
Commands to select Output-off state

Command’ Description

smuX.source.offmode = smuX.OUTPUT_NORMAL | Selects normal Output-off state.

smuX.source.offmode = smuX.OUTPUT_HIGH_Z |Selects high-impedance Output-
off state.

smuX.source.offmode = smuX.OUTPUT_ZERO Selects zero Output-off state.
* Model 2601: smuX = smua Model 2602: smuX = smua (Channel A) or smub (Channel B).

Return to Section 3 topics
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Overview

The documentation in this section provides detailed information on using the
buffer to store data and includes the following:

e “Operation overview”, page 4-2

e “Operation considerations”, page 4-7
e “Triggering”, page 4-9

e “Measure only”, page 4-16

e “Sink operation”, page 4-17

¢ “Ohms measurements”, page 4-18

¢ “Power measurements”, page 4-22

Operation overview

Source-measure capabilities

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

e Source voltage — Display current and/or voltage measurement.

e Source current — Display voltage and/or current measurement.

¢ Measure resistance — Display resistance calculated from voltage and
current components of measurement.

¢ Measure power — Display power calculated from voltage and current
components of measurement.

e Measure only (V or I) — Display voltage or current measurement.
Voltage and current

Table 4-1 lists the source and measure limits for the voltage and current functions.
The full range of operation is explained in “Operating boundaries” on page 8-7.

NOTE See the specifications in Appendix A for important
performance aspects that may affect measurements.

Return to Section 4 topics
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Table 4-1
Source-measure capabilities

Range | Source | Measure

100mV |£101mV +102mV
1V +1.01V +1.02V
6V +6.06V +6.12V
40V | +40.4V +40.8V

100nA [+101nA +102nA
1pA | +1.01pA +1.02pA
10pA  [+10.1pA +10.2pA
100pA |[+101pA +102pA
1imA [£1.01mA |+1.02mA
10mA |+£10.1mA |+10.2mA
100mA |+101mA +102mA
1A +1.01A +1.02A
3A +3.03A +3.06A

Max Power = 40.4W per channel

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. The maximum compli-
ance limit is the same as the maximum values listed in Table 4-2. Note that the
compliance value will take the same sign as the source value, and the maximum
compliance limits are based on source range. See “Compliance limit” on page 8-2
for more information. The only exception to the compliance limit not being
exceeded is the VLIMIT when operating as an ISOURCE. To avoid excessive (and
potentially destructive) currents from flowing, the VLIMIT will source or sink up to
102mA for ISOURCE ranges on or below 100mA. For the ranges 1A and above,
the maximum current allowed is the current source setting.

Return to Section 4 topics
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Table 4-2
Maximum compliance values
Maximum
Source compliance
range value
100mV 3A
1V 3A
6V 3A
40V 1A
100nA 40V
1pA 40V
10pA 40V
100pA 40V
1mA 40V
10mA 40V
100mA 40V
1A 40V
3A 6V

Setting the compliance limit

Front panel compliance limit

Set the compliance limit from the front panel as follows:
1. For the Model 2601 or the Model 2602 single-channel display mode, press
the LIMIT key to directly access compliance editing.

2. For the Model 2602 dual-channel display mode, press CONFIG then LIMIT,
then select CURRENT or VOLTAGE as desired. Press ENTER or the

Rotary Knob.

3. Press the Rotary Knob, set the compliance limit to the desired value, and
then press ENTER or the Rotary Knob to complete editing.

4. Press EXIT to return to the normal display.

Return to Section 4 topics
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Remote compliance limit

Table 4-3 summarizes basic commands to program the compliance limit. See
Section 12 for more details on these commands. To program the compliance, sim-
ply send the command using the desired parameter. For example, the following
commands set the current and voltage compliance to 50mA and 4V:

smua.source.limiti = 50e-3
4

smua.source.limitv
The following command will print the compliance state:
print (smua.source.compliance)

A returned value of 1 indicates that the voltage limit has been reached if the unit is
configured as a current source, or that the current limit has been reached if the
unit is configured as a voltage source.

Table 4-3
Compliance commands
Command’ Description
smuX.source.limiti = limit Set current compliance limit.
smuX.source.limitv = limit Set voltage compliance limit.

compliance = smuX.source.compliance | Test if in compliance (1 = in compliance;
0 = not in compliance).

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for
the Model 2602.

Basic circuit configurations

The fundamental source-measure configurations for the SourceMeter are shown
in Figure 4-1. When sourcing voltage, you can measure current or voltage (config-
uration A). When sourcing current, you can measure voltage or current (configura-
tion B). See “Basic circuit configurations” on page 8-16 for more detailed
information on these circuit configurations.

Return to Section 4 topics
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Figure 4-1
Fundamental source
measure configuration

V-Source

A. Source V

I-Source

B. Source |
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Operation considerations

The following paragraphs discuss the warm-up period and auto zero.

Warm-up

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

Auto zero

The Model 260x SourceMeters use a ratiometric A/D conversion technique. To
ensure accuracy of readings, the instrument must periodically obtain fresh mea-
surements of its internal ground and voltage reference. The time interval between
needing to update these reference measurements is determined by the integra-
tion aperture being used for measurements. Separate reference and zero mea-
surements are used for each aperture.

There are three different settings for auto zero as summarized in Table 4-4. By
default, the instrument automatically checks these reference measurements
whenever a signal measurement is made (AUTO). If the reference measurements
are out of date when a signal measurement is made, the instrument will automati-
cally take two more A/D conversions, one for the reference and one for the zero,
before returning the result. Thus, occasionally, a measurement takes longer than
normal.

This extra time can cause problems in sweeps and other test sequences in which
measurement timing is critical. To avoid the extra time for the reference measure-
ments in these situations, the OFF selection can be used to disable the automatic
reference measurements. Keep in mind that with automatic reference measure-
ments disabled, the instrument may gradually drift out of specification.

To minimize the drift, a reference and zero measurement should be made just
prior to the critical test sequence. The ONCE setting can be used to force a
refresh of the reference and zero measurements used for the current aperture set-
ting.

NPLC caching

NPLC caching speeds up operation by caching A/D reference and zero values for
up to the five most recent measurement function settings. Whenever the integra-
tion rate is changed via the SPEED key, or a user setup is recalled, NPLC caching
will occur. If the integration rate is already stored in the cache, the stored refer-
ence and zero values are recalled and used. Otherwise, a reference and zero
value are acquired and stored in the cache. If there are already five NPLC values
stored, the oldest one will be overwritten by the newest one. When auto zero is off,

Return to Section 4 topics
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NPLC values stored in the cache will be used regardless of how old they are. If
there are no entries in the cache for the aperture being used, the unit will acquire
them when the first measurement is made.

Table 4-4
Auto zero settings
Auto zero
setting Description

OFF Turns automatic reference measurements off.

ONCE Turns automatic reference measurements on, forcing one reference
and one zero measurement.

AUTO Automatically takes new acquisitions when processor determines
reference and zero values are out-of-date.

Front panel auto zero

Set the auto zero from the front panel as follows:
1. Press the CONFIG key, and select MEAS from the menu.
2. Select AUTO-ZERO, then press ENTER or the Rotary Knob.

3. Select the desired mode (OFF, ONCE, or AUTO), and then press ENTER or
the Rotary Knob.

4. Press EXIT as necessary to return to the normal display.

Remote command auto zero

Use the auto zero command with the appropriate option shown in Table 4-5 to set
auto zero via remote. (See Section 12 for more details). For example, send the
following command to turn automatic reference measurements on:

smua.measure.autozero = smua.AUTOZERO_AUTO

Return to Section 4 topics
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Table 4-5
Auto zero command and options
Command’ Description
smuX.measure.autozero = smuX.AUTOZERO_OFF Disable auto zero.2
smuX.measure.autozero = smuX.AUTOZERO_ONCE Force one ref and zero.
smuX.measure.autozero = smuX.AUTOZERO_AUTO Force ref and zero with each
measurement.

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.
2. Old NPLC cache values will be used when auto zero is disabled. See “NPLC caching” on page 4-7.

Triggering

Triggering types

A trigger initiates an event within the Model 260x SourceMeter. In general, there
are three types of triggering:

¢ Measurement triggering — Used to initiate one or more measurements,
to control the time interval between measurements or the trigger and mea-
surement, and to set the number of measurements per trigger. See Mea-
surement triggering below for details.

» Digital I/0 port triggering — Used to trigger external devices with pulses
from the Digital I/O port, and to trigger the Model 260x from external control
pulses applied to the Digital I/O port (see Section 10 for details).

* Display triggering — Used to trigger events with front panel keys
(see Section 14).

NOTE It is not necessary to change any trigger settings
to use the basic source and measurement procedures
covered in this section. Simply make sure that the
unit is reset to the factory default conditions by using
the MENU > SAVE-SETUP > RECALL > FACTORY
option before using those procedures.

Return to Section 4 topics
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Measurement triggering

Figure 4-2 shows the general sequence for measurement triggering. The basic
sequence is as follows:

¢ When the output is turned on, the programmed source value is immediately
applied to the DUT.

e For front panel operation, if the immediate trigger source is selected, a
measurement will be triggered immediately. However, if the manual trigger
source is selected, the front panel TRIG key must be pressed.

* For remote operation, the unit waits the programmed timeout period for a
GET (GPIB only) or *TRG (both interfaces) trigger command.

¢ The unit waits for the programmed delay period (if any).

¢ The instrument takes one measurement.

* |f the number of measurements is less than the programmed trigger count,
the unit cycles back to take another measurement (the measurement cycle
will be repeated indefinitely if the infinite trigger count is selected).

* For multiple measurements, the unit waits for the programmed trigger inter-
val (if any) before taking the next measurement.

Figure 4-2
Measurement triggering sequence
Interval # Measures
< Count
Source Delay Measure
Output Complete

On

Trigger In:
Front Panel (Immediate or TRIG)
Remote (GET or *TRG)
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Front panel triggering

To control triggering from the front panel, press CONFIG followed by TRIG, then
set up trigger parameters as described below:

TRIGGER-IN — Use these options to select the trigger-in source:

* |IMMEDIATE: Triggering occurs immediately and the unit starts once it is
ready to take measurements (for example, after the source output is turned
on).

e MANUAL: The front panel TRIG key must be pressed to trigger the instru-
ment to take readings.

COUNT — Sets the trigger count (number of measurements) as follows:

¢ FINITE: The unit will cycle through measurement cycles for the pro-

grammed trigger count (1 to 99999).

e INFINITE: The unit will cycle through measurement cycles indefinitely until
halted.
INTERVAL — Sets the time interval between measurements (0s to 999.999s)
when the COUNT is greater than 1.

DELAY — Sets the delay period between the trigger and the start of measure-
ment (0s to 999.999s).

Front panel triggering example

As an example, assume you wish to set up triggering as follows:
e Manual triggering (TRIG key)
Infinite trigger count (cycle indefinitely through measurement cycles)
* Interval (time between measurements): 1s
e Delay (time from trigger to measurement): 2s
Set up this example as follows:
1. Press CONFIG then TRIG.

2. Select TRIGGER-IN, then press ENTER or the Rotary Knob. Select
MANUAL, then press ENTER or the Rotary Knob.

Choose COUNT, then select INFINITE, and press ENTER or the knob.
Select INTERVAL, set the interval to 1s, then press ENTER or the knob.
Choose DELAY, set the delay to 2s, then press ENTER.

Press EXIT to return to normal display.

Turn on the OUTPUT ON, then press TRIG. A two second delay will occur
before the first measurement. The unit will cycle through measurements
indefinitely with a 1s interval between measurements.

8. Turn the OUTPUT off to stop taking readings.

N o oA~
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Remote triggering

Remote trigger commands

Trigger commands are listed in Table 4-6. See Section 12 for more details.

The trigger event detector remembers if an event has been detected since the last
trigger.wait call. The trigger.clear () command clears the trigger's
event detector and discards the previous history of command interface trigger
events.

The trigger.wait function will wait timeout seconds for a GPIB GET com-
mand (see Section 11) or a *TRG message (see Appendix C) on the GPIB inter-
face if that is the active command interface, or a *“TRG message on the command
interface for all other interfaces. If one or more of these trigger events were previ-
ously detected, this function will return immediately. After waiting for a trigger with
this function, the event detector will be automatically reset and re-armed regard-
less of the number of events detected.

Table 4-6
Trigger commands

Command Description
trigger.clear() Clear pending triggers.

triggered = trigger.wait(timeout) | Wait timeout seconds for GET or *TRG trigger.

Remote trigger example

The example below clears triggers and then enables a 30 second timeout to wait
for a GET or *TRG trigger.

smua.reset () --Restore 260x defaults.
triggered = trigger.wait (30) --Wait 30s for GET or *TRG.
smua.source.output =smua.OUTPUT_ ON --Turn on output.

*TRG --Trigger reading.

reading = smua.measure.v() --Get voltage reading.

Return to Section 4 topics
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Basic source-measure procedure

Front panel source-measure procedure

Use the following procedure to perform the basic source-measure operations of
the Model 260x SourceMeter. The following procedure assumes that the
SourceMeter is already connected to the DUT as explained in Section 3.

WARNING 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 Model 260x
while the output 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 does not guarantee the
outputs are not powered if a hardware or software fault occurs.

Step 1: Select and set source level.

Perform the following steps to select the source and edit the source value:

1.

Press SRC as needed to select the V-Source or I-Source as indicated by
the units in the source field on the display. The flashing digit (cursor) indi-
cates which value is presently selected for editing.

Move the cursor to the digit to change, then press the Rotary Knob to enter
the EDIT mode, as indicated by the EDIT annunciator.

Use the RANGE keys to select a range that will accommodate the value
you want to set. (See Section 6 for range information.) For best accuracy,
use the lowest possible source range.

Enter the desired source value, then press ENTER or the Rotary Knob to
complete editing.

Step 2: Set compliance limit.

Perform the following steps to edit the compliance limit value:

1.

For the Model 2601 or the Model 2602 single-channel display mode, press
the LIMIT key.

For the Model 2602 dual-channel display mode, press CONFIG then LIMIT,
then select CURRENT or VOLTAGE. Press ENTER or the Rotary Knob.

Move the cursor to the digit to change, then press the Rotary Knob to enter
the EDIT mode, as indicated by the EDIT annunciator.

Enter the desired limit value, then press ENTER or the Rotary Knob to
complete editing.

Return to Section 4 topics
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Step 3: Select measurement function and range.

Select measurement function and range as follows:

1. Put the Model 2602 in the single-channel display mode, then select the
desired measurement function by pressing MEAS or MODE.

2. Select the desired measurement range with the RANGE keys, or enable
AUTO RANGE, keeping the following points in mind:

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

* When not measuring the source (i.e., Source V Measure |), measure-
ment range selection can be done manually or automatically. When
using manual ranging, use the lowest possible range for best accuracy.
In auto range, the SourceMeter automatically goes to the most sensi-
tive range to make the measurement.

Step 4: Turn output on.

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

Step 5: Observe readings on the display.

Observe the readings on the display. Press TRIG if necessary to trigger the unit to
begin taking readings. For the single-channel display mode, the readings will
appear on the top line, while source and limit values are on the bottom line.

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 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.

Return to Section 4 topics
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Basic source-measure commands

Table 4-7 summarizes basic source-measure commands. See Section 12 for
more information on using these commands.

Table 4-7
Basic source-measure commands

Command’ Description
smuX.measure.autorangei = smuX.AUTORANGE_ON Enable current measure auto range.
smuX.measure.autorangev = smuX.AUTORANGE_ON Enable voltage measure auto range.

smuX.measure.autorangei = smuX.AUTORANGE_OFF Disable current measure auto range.
smuX.measure.autorangev = smuX.AUTORANGE_OFF | Disable voltage measure auto range.

smuX.measure.rangei = rangeval Set current measure range.
smuX.measure.rangev = rangeval Set voltage measure range.
reading = smuX.measure.i() Request a current reading.
reading = smuX.measure.v() Request a voltage reading.
reading = smuX.measure.iv() Request a current and voltage reading.
reading = smuX.measure.r() Request a resistance reading.
reading = smuX.measure.p() Request a power reading.
smuX.source.autorangei = smuX.AUTORANGE_ON Enable current source auto range.
smuX.source.autorangev = smuX.AUTORANGE_ON Enable voltage source auto range.
smuX.source.autorangei = smuX.AUTORANGE_OFF Disable current source auto range.
smuX.source.autorangev = smuX.AUTORANGE_OFF Disable voltage source auto range.
smuX.source.func = smuX.OUTPUT_DCVOLTS Select voltage source function.
smuX.source.func = smuX.OUTPUT_DCAMPS Select current source function.
smuX.source.leveli = sourceval Set current source value.
smuX.source.levelv = sourceval Set voltage source value.
smuX.source.limiti = level Set current limit.
smuX.source.limitv = level Set voltage limit.
smuX.source.output = smuX.OUTPUT_ON Turn on source output.
smuX.source.output = smuX.OUTPUT_OFF Turn off source output.
smuX.source.rangei = rangeval Set current source range.
smuX.source.rangev = rangeval Set voltage source range.
smuX.sense = smuX.SENSE_LOCAL Local sense (2-wire).

smuX.sense = smuX.SENSE_REMOTE Remote sense (4-wire).

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.
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Requesting readings

You can request readings by including the appropriate measurement command as
the argument for the print command. For example, the following will request a
channel A current reading:

print (smua.measure.i())

Source-measure programming example

The command sequence for a basic source-measure procedure is shown below.
These commands set up the SourceMeter as follows:

Source function and range: volts, 6V
Source output level: 5V

Current compliance: 10mA

Measure function and range: current, 10mA

smua.reset () --Restore Model 260x defaults.
smua.source.func = smua.OUTPUT DCVOLTS--Select voltage source function.
smua.source.rangev = 6 --Set source range to 6V.
smua.source.levelv = 5 --Set voltage source to 5V.
smua.source.limiti = 10e-3 --Set current limit to 10mA.
smua.measure.rangei = 10e-3 --Set current range to 10mA.
smua.source.output =smua.OUTPUT_ ON --Turn on output.

print (smua.measure.i()) --Request current reading.
smua.source.output =smua.OUTPUT OFF  --Turn off output.

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 fol-
lowing steps to use the SourceMeter to measure voltage or current:

1.

Select source-measure functions.

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

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

Set source and compliance levels.

Use the editing procedure provided in steps 1 and 2 of the “Front panel
source-measure procedure” on page 4-13 to edit the source and compli-
ance levels as follows:

Return to Section 4 topics
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a. Select the lowest source range and set the source level to zero
(000.000NnA 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 excessive current flow into the
SourceMeter (<150mA) and incorrect measurements.

3. Select range.

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

When measuring the function opposite from the source function, AUTO
range can be used instead. The SourceMeter will automatically go to the
most sensitive range.

4. Connect voltage or current to be measured. Connect the DUT to the
SourceMeter using 2-wire connections (see Section 3).

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

6. Take reading from display (press TRIG if necessary). When finished, turn
output off.

Sink operation

When operating as a sink (V and | have opposite polarity), the SourceMeter is dis-
sipating 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 quad-
rant (Source +V and measure -).

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 result in excessive current flow into the
SourceMeter (102mA) and incorrect measurements. See “Com-
pliance limit” on page 4-3 for details.

The sink operating limits are shown in “Operating boundaries” on page 8-7.
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Ohms measurements

Ohms calculations

Resistance readings are calculated from the sourced current and measured volt-
age as follows:

R=VI

Where: R is the calculated resistance
V is the measured voltage
| is the sourced current

Ohms ranging

The front panel ohms function does not use ranging. The unit formats a calculated
V/l reading to best fit the display. There may be leading zeros if the ohms reading
is very small (<1mQ).

Basic ohms measurement procedure

Perform the following steps to perform ohms measurements. The following proce-
dure assumes that the SourceMeter is already connected to the DUT as explained
in Section 3.

WARNING 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 Model 260x
while the output 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 does not guarantee the
outputs are not powered if a hardware or software fault occurs.

1. For the Model 2602, press the DISPLAY key to select the single-channel
display mode.

2. Press SRC to select the current source function, then set the output current
to the desired value based on the expected resistance. See Step 1 of “Front
panel source-measure procedure” on page 4-13.

3. Press the LIMIT key. Set the voltage limit high enough for the expected volt-
age across the resistance to be measured based on both the resistance
value and programmed source current. See Step 2 of “Front panel source-
measure procedure” on page 4-13.
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4. Press the MEAS or MODE key to display voltage, then make sure that
AUTO measurement range is on.

5. Press the MEAS or MODE key to display ohms.

6. Turn on the output, then note the reading on the display. If necessary, press the
TRIG key to display continuous readings. Turn off the output when finished.

Ohms sensing

Ohms measurements can be made using either 2-wire or 4-wire sensing. (See
Section 3 for information on connections and sensing methods.)

The 2-wire sensing method has the advantage of requiring only two test leads.
However, as shown in Figure 4-3, test lead resistance can seriously affect the
accuracy of 2-wire resistance measurements, particularly with lower resistance
values. The 4-wire sensing method shown in Figure 4-4 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 resistor under

test.
Figure 4-3
2-wire resistance sensing
SourceMeter
_______________________________ : Input, Output Test Current (1)
; HI F{LEAD ﬁ‘
| H v, Lead Vo R Resistance

Resistances $S Under Test

W\

R LEAD

oo ‘

| = Current sourced by SourceMeter
Vu = Voltage measured by SourceMeter
Vg = Voltage across resistor

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

. V
Actual resistance = —"- = Rg
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Figure 4-4
4-wire resistance sensing
e SourceMeter ; Test Current (1)
: : Input/Output HI Rie
© 4'AA%
Sense Current (pA
' ~ 4-wire Sense HI Rien — (PA)
: b [ IVTA’ [
bl : Lead Resistance
; Q) G“D : Vi Resisltances Ve RS Under Test
! 4-wire Sense LO Riea
o M\
Input/Output LO Rieap
1% W\

| = Current sourced by SourceMeter
Vu = Voltage measured by SourceMeter
Vi = Voltage across resistor

Because sense current is negligible, V, = Vi

. V, V,
and measured resistance = I—"" = TR = Ry

Sense selection

Front panel sense selection

To select sensing mode:

1. Pressthe CONFIG key then press MEAS. Choose V-MEAS, and then press
ENTER or the Rotary Knob.

2. Select SENSE-MODE, then press ENTER.

3. Choose 2-WIRE or 4-WIRE, as desired, and then press ENTER or the
Rotary Knob.

Remote sense selection

Use the smuX . sense command to control sense selection by remote. For
example, send this command to enable 4-wire sensing:

smua.sense = smua.SENSE_ REMOTE
See Table 4-7 on page 4-15 and Section 12 for details.
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Remote ohms programming

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

Remote ohms command

Use the following command to obtain a resistance reading:
reading = smuX.measure.r ()

See Table 4-7 on page 4-15 for more commands necessary to set up source and
measure functions and also Section 12 for more details.

Ohms programming example

The command sequence for a typical ohms measurement is shown below. These
commands set up the SourceMeter as follows:

e Source function: current, 10mA range, 10mA output

* \oltage measure range: auto

* Voltage compliance: 10V

e Sense mode: 4-wire

smua.reset () --Restore Model 260x defaults.
smua.source.func = smua.OUTPUT DCAMPS --Select current source function.
smua.source.rangei = 10e-3 --Set source range to 10mA.
smua.source.leveli = 10e-3 --Set current source to 10mA.
smua.source.limitv = 10 --Set voltage limit to 10V.
smua.sense = smua.SENSE REMOTE --Enable 4-wire ohms.
smua.measure.autorangev = smua.AUTORANGE ON --Set voltage range to auto.
smua.source.output = smua.OUTPUT ON --Turn on output.

print (smua.measure.r()) --Get resistance reading.
smua.source.output = smua.OUTPUT OFF --Turn off output.
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Power measurements

Power calculations

Power readings are calculated from the sourced and measured current or voltage
as follows:

P=VxI

Where: P is the calculated power
V is the sourced or measured voltage
| is the measured or sourced current

Basic power measurement procedure

Perform the following steps to perform power measurements. The following proce-
dure assumes that the SourceMeter is already connected to the DUT as explained
in Section 3.

WARNING 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 Model 260x
while the output 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 does not guarantee the
outputs are not powered if a hardware or software fault occurs.

1. For the Model 2602, press the DISPLAY key to select the single-channel
display mode.

2. Set source function and value. Press SRC to select the voltage or current
source function as required, then set the output voltage or current to the
desired value. See Step 1 of “Front panel source-measure procedure” on
page 4-13.

3. Press the LIMIT key, and set the voltage or current limit high enough for the
expected voltage or current across the DUT to be measured. See Step 2 of
“Front panel source-measure procedure” on page 4-13.

4. Press the MEAS or MODE key to display power.

5. Turn on the output, then note the reading on the display. If necessary, press
the TRIG key to display continuous readings.

6. Turn off the output when finished.
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Remote power programming

The following paragraphs summarize basic commands necessary for remote
power programming and also give a programming example for a typical power
measurement situation.

Remote power command

Use the following command to obtain a power reading:
reading = smuX.measure.p()

See Table 4-7 on page 4-15 for more commands necessary to set up source and
measure functions and also Section 12 for more details.

Power programming example
The command sequence for a typical power measurement is shown below. These
commands set up the SourceMeter as follows:

e Source function: voltage, 6V range, 5V output

e Current measure function and range: current, auto

¢ Current compliance: 50mA

smua.reset () --Restore Model 260x defaults.
smua.source. func = smua.OUTPUT DCVOLTS --Select voltage source function.
smua.source.rangev = 6 --Set source range to 6V.
smua.source.levelv = 5 --Set voltage source to 5V.
smua.source.limiti = 50e-3 --Set current limit to 50mA.
smua.measure.autorangei = smua.AUTORANGE ON--Set current range to auto.
smua.source.output = smua.OUTPUT_ ON --Turn on output.

print (smua.measure.p()) --Get power reading.
smua.source.output = smua.OUTPUT OFF --Turn off output.
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Overview

Section overview

Following a brief “Sweep overview” of the types of sweeps (linear staircase, loga-
rithmic staircase, custom, and pulse), the documentation in this section provides
detailed information on characteristics, commands, and programming for each
type of sweep as follows:

e “Sweep overview”, page 5-2

e “Sweep characteristics”, page 5-3
e “Sweep functions”, page 5-8

¢  “Running sweeps”, page 5-11

Sweep overview

As shown in Figure 5-1, the Model 260x SourceMeter can generate several types
of sweeps using the factory sweep scripts.

Linear staircase sweep — With this sweep type, the voltage or current increases
or decreases in specific steps, beginning with a start current and ending with a
stop current. Figure 5-1A shows an increasing linear staircase sweep.

Logarithmic staircase sweep — In this case, the current or voltage increases or
decreases logarithmically, beginning with a start voltage or current and ending
with a stop voltage or current. Figure 5-1B shows an increasing logarithmic
staircase sweep.

Custom (list) sweep — The custom sweep allows you to program arbitrary sweep
steps anywhere within the output voltage or current range of the Model 260x.
Figure 5-1C shows a typical custom sweep with arbitrary steps.

Pulse sweeps — Two sweeps can also be performed as a pulse sweep: fixed cur-
rent pulse or fixed voltage pulse. These pulse sweeps are similar to those outlined
above except that a pulse of a specific width is generated at each point instead of
a constant level.
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Figure 5-1
Comparison of staircase sweep types
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Sweep characteristics

Linear staircase sweeps

As shown in Figure 5-2, this sweep type steps from a start voltage or current value
to an ending (stop) value. A measurement is made at each step after a specified
delay period (settling time). Programmable parameters include the source func-

tion, channel, start and stop levels, the number of sweep points, and the delay (the
time between source and measure at each step). The step size is determined by

the start and stop levels, and the number of sweep points:
step = (stop - start) / (points - 1)
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The sweep can be either positive-going or negative-going, depending on the rela-
tive values of the start and stop parameters.

When this sweep starts, the output will go to the start source level. The output will
then change in equal steps until the stop level is reached. The delay parameter
determines the time duration before the measurement at each sweep step.

Figure 5-2
Linear staircase sweep
|6Delay =l
< Stop
Step
k—DeIay -
Step
k= Delay -l
T 7A
Step
k- Delay -
Start — ¢
Measure Measure Measure Measure

X = Measurement

Logarithmic staircase sweeps

This sweep is similar to the linear staircase sweep. The steps, however, are done
on a logarithmic scale as shown in the example sweep in Figure 5-3. This exam-
ple is a 5-point log sweep from 1V to 10V. The sweep can be either positive-going
or negative-going depending on relative start and stop parameter values.
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Figure 5-3
Logarithmic staircase sweep (1V to 10V, five steps)
Log
o Scale  Delay
7 %"= Stop
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Log Points =5
; — Delay—>| .
Start
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#1 #2 #3 #4 #5

X = Measurement Point

The programmable parameters for a log sweep include the source function, chan-
nel, start and stop levels, delay (settling time), and the number of measurement
points for the sweep. The specified start, stop, and points parameters determine
the logarithmic step size for the sweep. The delay parameter determines the time
period before each measurement at each step.

Step size for the sweep in Figure 5-3 is calculated as follows:
log10(stop) — log10(start)
Points -1
_ log10(10) —log10(1)
5-1

_(1-0
T4

0.25

Log Step Size =
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Thus, the five log steps for this sweep are 0, 0.25, 0.50, 0.75, and 1.00. The actual
SourceMeter levels at these points are listed in Table 5-1 (the voltage level is the
anti-log of the log step).

Table 5-1
Logarithmic sweep points
Measure Source level

point Log step V)
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 starts, the output will go to the start level (1V) and sweep
through the symmetrical log points. The time duration before each measurement
at each step is determined by the measurement delay interval.

Pulse sweeps

A fixed pulse sweep outputs fixed voltage or current pulses. Programmable
parameters with this function include the sourcing function, the bias level, the
pulse level, the number of pulses, the pulse on time, the pulse off time, and which
SourceMeter channel is used (A or B).

When this sweep executes, the output will go from the bias level to the “on” level
“of the first pulse. The time duration at each pulse level is determined by the
programmed on time while the period between pulses is determined by the
programmed off time.

An example of a simple three-point pulse sweep is shown in Figure 5-4. Note that
the programmed pulse on time determines the pulse width, and the pulse off time
is the time between pulses. The level is the same for each pulse.

Return to Section 5 topics



Series 2600 Reference Manual Sweep Operation  5-7

Figure 5-4
Pulse sweep example
Point #1 Point #2 Point #3
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Time Time Time
Bias T T T
Measure Measure Measure
#1 #2 #3

Custom (list) sweeps

This sweep type lets you configure a customized sweep with arbitrary steps. Pro-
grammable parameters include the source function, channel, list of sweep values,
delay (settling time), and the number of points.

When this sweep is started, the output level goes to the first point in the sweep.
The sweep will continue through the steps in the order they were programmed and
stop after the last step. The time duration before the measurement at each step is
determined by the delay interval (settling time).

Figure 5-5 shows an example of a custom sweep with six measurement points.
When the sweep starts, the current or voltage goes to the first point in the sweep.
The unit cycles through the sweep points in the programmed order.

Figure 5-5
Custom sweep example

Delay
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Sweep measurement storage

When sweeps are run, measurements are automatically stored in non-volatile
memory Buffer 1 for later recall. Sweep data can be recalled as follows:

* Front panel: Press the RECALL key, select the channel and Buffer 1, then
choose reading numbers to display with the Rotary Knob or cursor keys.

¢ Remote: Use the printbuf fer command to request buffer readings from
smua .nvbufferl (channel A) or smub.nvbufferl (channel B).

See Section 7 for details on recalling data from the buffer.

Sweep functions

Functions to perform staircase, pulse, and custom sweeps are discussed below.
See Section 13 of this manual for details on using factory scripts.

NOTE The functions shown indicate factory scripts at the time
of this writing. See the release notes for any updates to
these factory scripts that support sweeps.

Also visit www.keithley.com for additional available user
scripts for various tests.
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Staircase sweep functions

Functions for linear and logarithmic staircase sweeps are listed in Table 5-2.

Table 5-2
Staircase sweep functions

Command

Description

SweeplLinMeasureV(smu, starti, stopi, stime,
points)

smu

start i

stopi

stime

points

Define linear source current sweep:

Smu: smua for channel A or smub for channel B.
Start current value in amps.

Stop current value in amps.

Settling time (source-measure delay in seconds).
Number of points (=2).

SweepVLinMeasurel(smu, startv, stopv, stime,
points)

smu

startv

stopv

stime

points

Define linear source voltage sweep:

Smu: smua for channel A or smub for channel B.
Start voltage value in volts.

Stop voltage value in volts.

Settling time (source-measure delay in seconds).
Number of points (=2).

SweeplLogMeasureV(smu, starti, stopi, stime,
points)

smu

starti

stopi

stime

points

Define log source current sweep:

Smu: smua for channel A or smub for channel B.
Start current value in amps.

Stop current value in amps.

Settling time (source-measure delay in seconds).
Number of points (=2).

SweepVLogMeasurel(smu, startv, stopv, stime,
points)

smu

startv

stopv

stime

points

Define log source voltage sweep:

Smu: smua for channel A or smub for channel B.
Start voltage value in volts.

Stop voltage value in volts.

Settling time (source-measure delay in seconds).
Number of points (=2).
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Pulse sweep functions

Functions for pulse sweeps are listed in Table 5-3.

Table 5-3
Pulse sweep functions

Function

Description

PulselMeasureV(smu, bias, level, ton, toff, points)
smu
bias
level
ton
toff
points

Define fixed source current pulse sweep:
Smu: smua for channel A or smub for channel B.
DC bias current level in amps.
On source value of the pulse in amps.
Pulse on time in seconds.
Pulse off time in seconds.
Number of pulse-measure cycles.

PulseVMeasurel(smu, bias, level, ton, toff, points)
channel

Define fixed source voltage pulse sweep:
Smu: smua for channel A or smub for channel B.

bias DC bias voltage level in volts.
level On source value of the pulse in volts.
ton Pulse on time in seconds.
toff Pulse off time in seconds.
points Number of pulse-measure cycles.
Custom sweep functions
Functions for list (custom) sweeps are listed in Table 5-4.
Table 5-4

Custom sweep functions

Command

Description

SweeplListMeasureV(smu, ilist, stime, points)
smu
ilist
stime
points

Define current list sweep:
Smu: smua for channel A or smub for channel B.
List of current values in amps.
Settling time (source-measure delay in seconds).
Number of points (=2).

SweepVListMeasurel(smu, vlist, stime, points)
smu
vlist
stime
points

Define voltage list sweep:
Smu: smua for channel A or smub for channel B.
List of voltage values in volts.
Settling time (source-measure delay in seconds).
Number of points (=2).

Return to Section 5 topics
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Running sweeps

Front panel

To run a sweep, press the LOAD key, then select the test to run. Press the RUN
key, then follow the display prompts to complete the test (refer to Table 5-2
through Table 5-4 for sweep parameters). See Section 13 for more information on
using factory scripts.

Press the RECALL key to access sweep data stored in Buffer 1. See Section 7 for
more details on the buffer.

Sweep programming examples

Procedures for programming and running a sweep for three sweep types are given on
the following pages. Each of these procedures includes commands for a typical
sweep example. Table 5-5 summarizes parameters for each of these examples.

NOTE These programming examples use factory sweep scripts
as defined at the time of this writing. See the release notes
for any updates.

Table 5-5
Sweep example parameters
Sweep type Parameters for sweep examples
Linear staircase sweep (page 5-12) Start current: TmA
Stop current: 10mA
# points: 10

Settling time: 0.1s

Pulse current sweep (page 5-13) Bias current: TmA
On current: 10mA
Pulse on time: 10ms
Pulse off time: 50ms
# points: 10

Custom (list) sweep (page 5-14) Five points: 3V, 1V, 4V, 5V, 2V
Settling time 0.1s

Return to Section 5 topics
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Linear staircase sweep example

1.

Configure source functions.

Examples — The following commands restore defaults and set the
compliance to 1V:

smua .reset () --Restore Model 260x defaults.
smua.source.limitv = 1 --Set compliance to 1V.

Configure the sweep.
Example — The following parameters configure a linear staircase current
sweep from 1mA to 10mA with 10 points and a 0.1 second settling time:

SweepILinMeasureV (smua, le-3, --Linear staircase sweep,
10e-3, 0.1, 10) channel A, 1mA to 10mA, 0.1 sec-
ond delay, 10 points.

Run the sweep.

smua.source.output = --Turn on output.
smua .OUTPUT ON
waitcomplete () --Wait for sweep to complete.

Turn off the output.

When the sweep is done, turn the source output off with this
command:

smua.source.output = smua.OUTPUT OFF

Request readings.
Request readings from Buffer 1 as follows:

printbuffer(l, 10, smua.nvbufferl.readings)

Return to Section 5 topics
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Pulse sweep example

1.

Configure source functions

Examples — The following commands restore defaults and set the
compliance to 10V:

smua .reset () --Restore Model 260x defaults.
smua.source.limitv = 10 --Set compliance to 5V.

Configure the sweep.

Example — The following parameters configure a 10mA current pulse
sweep with a 10ms pulse on time, a 50ms pulse off time, and 10 pulse-
measure cycles:

PulseIMeasureV(smua, le-3, --Pulse current sweep, channel A,

10e-3, 10e-3, 50e-3, 10) 1mA bias, 10mA level, 10ms pulse
on, 50ms pulse off, 10 cycles.

Run the sweep.

smua.source.output = --Turn on output.
smua .OUTPUT ON
waitcomplete () --Wait for sweep to complete.

Turn off output.

When the sweep is done, turn the source output off with this
command:

smua.source.output = smua.OUTPUT OFF

Request readings.
Request readings from Buffer 1 as follows:

printbuffer(l, 10, smua.nvbufferl.readings)

Return to Section 5 topics



5-14 Sweep Operation Series 2600 Reference Manual

Custom sweep example

1. Configure source functions
Examples — The following commands restore defaults and set the
compliance to 10mA:
smua.reset () --Restore Model 260x defaults.
smua.source.limiti = 10e-3 --Set compliance to 10mA.

2. Configure the sweep.

Example — The following parameters configure a list sweep with 3V, 1V, 4V,
5V, 2V points using a 0.1s settling time:

vlist = {5, 3, 1, 4, 5, 2} --Define voltage list.

SweepVListMeasurel (smua, vlist, --List sweep, channel A, 3V, 1V, 4V,

0.1, 5) 5V, 2V steps, 0.1s delay, 5 points.
3. Run the sweep.

smua.source.output = --Turn on output.

smua .OUTPUT ON

waitcomplete () --Wait for sweep to complete.

4. Turn off output.

When the sweep is done, turn the source output off with this
command:

smua.source.output = smua.OUTPUT OFF

5. Request readings.
Request readings from Buffer 1 as follows:

printbuffer (1, 5, smua.nvbufferl.readings)

Return to Section 5 topics
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Overview

The documentation in this section provides detailed information on characteristics
and script programming for each of the following functions:

e “Range”, page 6-2
e “Digits”, page 6-7
e “Speed”, page 6-8
e “Rel”, page 6-10

e “Filters”, page 6-12

Range

The selected measurement range affects the accuracy of the measurements as
well as the maximum signal that can be measured. Note that dashed lines are dis-
played (i.e., --.---- pA), to indicate that the previous measurement is not recent.
This usually happens when a change occurs such as selecting a different range.

Available ranges

Table 6-1 lists the available source and measurement ranges for the Model 260x

SourceMeter.
Table 6-1
Source and measurement ranges
Voltage Ranges | Current Ranges
100mV 100nA
1V 1uA
6V 10uA
40V 100pA
1mA
10mA
100mA
1A
3A

Return to Section 6 topics
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Maximum source values and readings

The full scale output for each voltage and current source range is 101% of the
selected range, while the full scale measurement is 102% of the range. For exam-
ple, +1.01V is the full scale source value for the 1V range, and £102maA is the full
scale reading for the 100mA measurement range. Input levels that exceed the
maximum levels cause the overflow message to be displayed. Note, however, that
the instrument will auto range at 100% of the range.

Ranging limitations

e With the 40V V-Source range selected, the highest current measurement
range is 1A. With the 3A I-Source range selected, the highest voltage mea-
surement range is 6V.

¢ For Source V Measure | or Source | Measure V, you can set source and
measure ranges separately. If both source and measure functions are the
same, the measure range is locked to the source range.

Manual ranging

The RANGE A and V keys are used to select a fixed range:

* To set source range, press SRC, then use the RANGE keys to set the
range.

e To set measure range, select the single-channel display mode (Model 2602
only), press MEAS, then set the range with the RANGE keys (Source V
Measure |, or Source | Measure V).

If the instrument displays the overflow message on a particular range, select a
higher range until an on-range reading is displayed. Use the lowest range possible
without causing an overflow to ensure best accuracy and resolution.

The SourceMeter allows you to send ICL command values that may be out of
range when auto range is off. An example is sending 1V on the 100mV range, in
which case the unit does not error check until the output is turned on. In this situa-
tion, the display will show a series of question marks:???.??7.

Auto ranging

To use auto source ranging, press SRC then AUTO RANGE. To use auto measure
ranging, select the Model 2602 single-channel display mode, then press MEAS
followed by AUTO RANGE. The AUTO annunciator turns on when source or mea-
sure auto ranging is selected. With auto ranging selected, the instrument automat-
ically chooses the best range to source or measure the applied signal. The
instrument will auto range at 100% of range.

Note that source auto ranging will turn off when editing the source value.

Return to Section 6 topics
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Low range limits

The low range limits set the lowest range the Model 260x will use when auto rang-
ing is enabled. This feature is useful for minimizing auto range settling times when
numerous range changes are involved.

Low range limits can be individually set for Source V, Source |, Measure V, and
Measure | as follows:

1. Press the CONFIG key, then press either SRC for source or MEAS for
measure.

2. Choose voltage or current source, or measure as appropriate, and then
press ENTER or the Rotary Knob.

3. Choose LOWRANGE, then press ENTER or the Rotary Knob.

4. Setthe low range to the desired setting, and then press ENTER or the
Rotary Knob.

5. Use EXIT to back out of the menu structure.

Range considerations

The source range and measure range settings can interact depending on the
source function. Additionally, the output state (on/off) can affect how the range is
set.

If the source function is the same as the measurement function (for example,
sourcing voltage and measuring voltage), the measurement range is locked to be
the same as the source range. However, the setting for the voltage measure range
is retained and used when the source function is changed to current, and the
present voltage measurement range will be used.

Example:

smua.source.func = smua.OUTPUT DCVOLTS

smua.source.rangev = 1

smua.measure.rangev = 6

print (smua.measure.rangev) -- will print 1, to match
source range

smua.source.func = smua.OUTPUT_ DCAMPS

print (smua.measure.rangev) -- will print 6, the user's
range

Explicitly setting either a source or measurement range for a function will disable
auto ranging for that function. Autoranging is controlled separately for each source
and measurement function: source voltage, source current, measure voltage and
measure current. Auto ranging is enabled for all four by default.

Changing the range while the output is off will not update the hardware settings,
but querying will return the range setting that will be used once the output is
turned on. Setting a range while the output is on will take effect immediately.

Return to Section 6 topics
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With source auto ranging enabled, the output level controls the range. Querying
the range after the level is set will return the range the unit chose as appropriate
for that source level.

The SourceMeter allows you to send ICL command values that may be out of
range when auto range is off. An example is sending 1V on the 100mV range. The
unit does not error check until the output is turned on. In this situation, the display
will show a series of question marks:???.??7?.

With measure auto ranging enabled, the range will be changed only when a mea-
surement is taken. Querying the range after a measurement will return the range
selected for that measurement.

Range programming

Range commands

Table 6-2 summarizes the commands necessary to control measure and source
ranges. See Section 12 for more details on these commands.

Return to Section 6 topics
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Table 6-2
Range commands

Commands’

Description

Measure range commands: 2

smuX.measure.autorangei = smuX.AUTORANGE_ON
smuX.measure.autorangei = smuX.AUTORANGE_OFF
smuX.measure.autorangev = smuX.AUTORANGE_ON
smuX.measure.autorangev = smuX.AUTORANGE_OFF
smuX.measure.lowrangei = lowrange
smuX.measure.lowrangev = lowrange
smuX.measure.rangei = rangeval
smuX.measure.rangev = rangeval

Source range commands: 2

smuX.source.autorangei = smuX.AUTORANGE_ON
smuX.source.autorangei = smuX.AUTORANGE_OFF
smuX.source.autorangev = smuX.AUTORANGE_ON
smuX.source.autorangev = smuX.AUTORANGE_OFF
smuX.source.limiti = level

smuX.source.limitv = level

smuX.source.lowrangei = lowrange
smuX.source.lowrangev = lowrange
smuX.source.rangei = rangeval

smuX.source.rangev = rangeval

Enable current measure auto range.
Disable current measure auto range.
Enable voltage measure auto range.
Disable voltage measure auto range.

Set lowest | measure range for auto range.
Set lowest V measure range for auto range.
Select manual current measure range.
Select manual voltage measure range.

Enable current source auto range.
Disable current source auto range.
Enable voltage source auto range.
Disable voltage source auto range.

Set voltage source current limit.

Set current source voltage limit.

Set lowest | source range for auto range.
Set lowest V source range for auto range.
Select manual current source range.
Select manual voltage source range.

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.

2. See Table 6-1 on page 6-2 for ranges.

Range programming example

The listing below shows a programming example for controlling both source and
measure ranges. The SourceMeter is set up as follows:

e \oltage source range: 10V
¢ Current measure range: auto
¢ Measure low range: = 10pA

e \oltage source current limit: 10mA

Return to Section 6 topics
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smua.reset () --Restore Model 260x defaults.
smua.source.rangev = 10 --Set V source range to 10V.
smua.measure.autorangei = --Enable | measure auto range.
smua . AUTORANGE ON

smua.measure.lowrangei = le-5 --Set lowest range to 10uA.
smua.source.limiti = le-2 --Set limit level to 10mA.

Digits
The display resolution of the measured reading depends on the DIGITS setting.

This setting is global, which means the digits setting selects display resolution for
all measurement 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 con-
trolled by the SPEED setting (see “Speed” on page 6-8).

Setting display resolution

To set display resolution, press the DIGITS key until the desired number of digits
is displayed. The display resolution will cycle through 4.5, 5.5, and 6.5 digits.

NOTE For the Model 2602 dual-channel display mode, the max-
imum display resolution is 4.5 digits. For the Model 2602
single-channel display mode, pressing the DIGITS key for
the channel not being displayed will have no effect, but
the unit will display a message advising you to change to
the indicated channel.

Remote digits programming

Digits commands

Table 6-3 summarized digits commands. See Section 12 for more information.

Return to Section 6 topics
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Speed

Table 6-3
Digits commands

Command’ Description
display.smuX.digits = display.DIGITS_4_5 Set display to 4.5 digits.
display.smuX.digits = display.DIGITS_5_5 Set display to 5.5 digits.
display.smuX.digits = display.DIGITS_6_5 Set display to 6.5 digits.

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the
Model 2602.

Digits programming example

smua.reset () --Restore Model 260x defaults.
display.smua.digits = display.DIGITS 5 5 --Select 5.5 digits.

The SPEED key is used to set the integration time, or measurement aperture, 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 read-
ing 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 is 20msec (1/50).

In general, the fastest integration time (FAST; 0.01 PLC) results in the fastest
reading rate, but at the expense of increased reading noise and fewer usable dig-
its. The slowest integration time (25 PLC) provides the best common-mode and
normal-mode noise rejection, but has the slowest reading rate. In-between set-
tings are a compromise between speed and noise. The default power-on speed
setting is NORMAL (1 PLC).

Return to Section 6 topics




Series 2600 Reference Manual Range, Digits, Speed, Rel, and Filters  6-9

Setting speed

Speed is set from the SPEED configuration menu and is structured as follows.

SPEED configuration menu

Press SPEED (or use the CONFIG menu) to display the menu:

FAST — Sets speed to 0.01 PLC and sets display resolution to 4-1/2 digits.
MED — Sets speed to 0.10 PLC and sets display resolution to 5-1/2 digits.
NORMAL — Sets speed to 1.00 PLC and sets display resolution to 6-1/2 digits.
HI ACCURACY — Sets speed to 10.00 PLC and sets display resolution to
6-1/2 digits.

OTHER — Used to set speed to any PLC value from 0.001 to 25. Display
resolution is not changed when speed is set with this option.

NOTE The SPEED setting affects all measurement functions.
After setting speed, display resolution can be changed
using the DIGITS key. For the Model 2602 single-chan-
nel display mode, pressing the SPEED key for the
channel not being displayed will result in a display
message to change to the other channel before setting
speed.

Remote speed programming

Speed command
Table 6-4 summarizes commands to control speed. See Section 12 for more infor-
mation.
Table 6-4
Speed command
Command’ Description
smuX.measure.nplc = nplc Set speed (nplc = 0.001 to 25).2

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub
(Channel B) for the Model 2602.
2. The speed setting is global and affects all measurement functions.

Return to Section 6 topics
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Rel

Speed programming example

Use the NPLC command to set the speed. For example, send the following
parameter to set the speed to 10 PLC:

smua.reset () --Restore Model 260x defaults.
smua.measure.nplc = 10 --Set NPLC to 10.

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 6V range, the rel value
is also 5V on the 1V and 100mV ranges.

Selecting a range that cannot accommodate the rel value does not cause an over-
flow condition, but it also does not increase the maximum allowable input for that
range. For example, on 6V range, the SourceMeter still overflows for a >6.06V
input.

NOTE When rel is enabled, 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 then REL.

2. Choose the measurement function (CURRENT, VOLTAGE, OHMS, or
WATTS), then press ENTER or the Rotary Knob.

Return to Section 6 topics
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3. The present rel value will be displayed.
4. Set the desired rel value.

5. With the desired rel value displayed, press ENTER or the Rotary Knob, and
then use EXIT to back out of the menu structure.

Remote rel programming

Rel commands

Rel commands are summarized in Table 6-5.

Table 6-5
Rel commands

Command’ Description
To set rel values:
smuX.measure.rel.leveli = relval Set current rel value.
smuX.measure.rel.levelp = relval Set power rel value.
smuX.measure.rel.levelr = relval Set resistance rel value.
smuX.measure.rel.levelv = relval Set voltage rel value.

To enable/disable rel:

smuX.measure.rel.enablei = smuX.REL_OFF Disable current rel.
smuX.measure.rel.enablep = smuX.REL_OFF Disable power rel.
smuX.measure.rel.enabler = smuX.REL_OFF Disable resistance rel.
smuX.measure.rel.enablev = smuX.REL_OFF Disable voltage rel.
smuX.measure.rel.enablei = smuX.REL_ON Enable current rel.
smuX.measure.rel.enablep = smuX.REL_ON Enable power rel.
smuX.measure.rel.enabler = smuX.REL_ON Enable resistance rel.
smuX.measure.rel.enablev = smuX.REL_ON Enable voltage rel.

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the
Model 2602.

Rel programming example

smua.reset () --Restore Model 260x defaults.
smua.measure.rel.leveli = 0.1 --Set current rel to 100mA.
smua.measure.rel.enablei = --Enable current rel.

smua.REL ON

Return to Section 6 topics
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Filters
Filter lets you set the filter response to stabilize noisy measurements. The
SourceMeter uses a digital filter, which is based on reading conversions. The dis-
played, stored, or transmitted reading is an average of many reading conversions
(from 1 to 100).
Filter types

There are two averaging filter types to choose from: repeating and moving
(Figure 6-1). 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.

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 read-
ing. 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 nor-
mal 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 6-1A, it takes ten filtered readings to fill the stack with new
reading conversions. The first nine filtered readings are calculated using copied
reading conversions.

Response time considerations

The filter averaging mode and count affect the overall reading speed. The moving
averaging 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 read-
ings averaged will affect reading speed; as the number of readings averaged
increases, the reading speed decreases.

Front panel filter control

Configuring filter

Filter type and count is configured from the filter configuration menu. The config-
ured filter is the same for all measurement functions.

Return to Section 6 topics
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Filter configuration menu

Press CONFIG and then FILTER to display the filter configuration menu:

¢ AVERAGE-TYPE — 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).
Enabling filter
The filter is enabled by pressing the FILTER key. The FILT annunciator is on while
the filter is enabled. Pressing FILTER a second time disables filter.
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 con-
versions for speed versus accuracy and response to input signal changes.

Return to Section 6 topics
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Figure 6-1
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Remote filter programming

Filter commands

Table 6-6 summarizes filter commands. See Section 12 for more details.

Table 6-6
Filter commands
Commands Description
smuX.measure.filter.count = count Set filter count (1 to 100).
smuX.measure filter.enable = smuX.FILTER_ON Enable filter.
smuX.measure filter.enable = smuX.FILTER_OFF Disable filter.
smuX.measure.filter.type = smuX.FILTER_MOVING_AVG | Select moving average filter type.
smuX.measure.filter.type = smuX.FILTER_REPEAT_AVG | Select repeat filter type.

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.

Filter programming example

The example below programs filter aspects as follows:
* Filter type: moving average
e Filter count: 10
¢ Filter state: enabled

smua.reset () --Restore Model 260x defaults.
smua.measure.filter.count = 10 --Program count to 10.

smua.measure.filter.type = smua.FILTER MOVING AVG --Moving average filter type
smua.measure.filter.enable = smua.FILTER_ON --Enabile filter.

Return to Section 6 topics
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Overview

The documentation in this section provides detailed information on using the
buffer to store data and includes the following:

e "Data store overview", page 7-2
¢ "Front panel data store", page 7-2
¢ "Remote data store", page 7-5

Data store overview

The SourceMeter has two buffers per channel that can store from 1 to more than
100,000 readings. The instrument can store the readings that are displayed during
the storage process. Each buffer reading is numbered and can also include the
source value and a timestamp.

Front panel data store

Buffer configuration
The buffer can be configured through the buffer configuration menu, which is
accessed as follows:

1. Press the CONFIG key followed by the STORE key.
2. Using the following menu, configure the buffer as required.

NOTE You must clear the buffer before enabling or disabling
data element storage (source value or timestamp).
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Buffer configuration menu

The various buffer configuration menu items include:
e COUNT: Sets number of readings to store (1 to 110,000).
e CHANA_BUFF: Configures Channel A buffer.
— DEST: Sets data storage destination (Buffer 1, Buffer 2, or NONE).
— BUFFER1: Configure buffer 1.
¢ CLEAR: Clear buffer (YES or NO).

e ELEMENTS: Enable (ON) or disable (OFF) data storage elements;
SRC-VAL (source value) or TSTAMP (time stamp).
— BUFFER2: Configure buffer 2.
¢ CLEAR: Clear buffer (YES or NO).
e ELEMENTS: Enable (ON) or disable (OFF) data storage elements;
SRC-VAL (source value) or TSTAMP (time stamp).
e CHANB_BUFF: Configures Channel B buffer (Model 2602 only).
— DEST: Sets data storage destination (Buffer 1, Buffer 2, or NONE).
— BUFFER1: Configure buffer 1.
¢ CLEAR: Clear buffer (YES or NO).

e ELEMENTS: Enable (ON) or disable (OFF) data storage elements;
SRC-VAL (source value) or TSTAMP (time stamp).
— BUFFER2: Configure buffer 2.

¢ CLEAR: Clear buffer (YES or NO).

e ELEMENTS: Enable (ON) or disable (OFF) data storage elements;
SRC-VAL (source value) or TSTAMP (time stamp).

NOTE Model 2601 buffer configuration menu items are the
same as covered above except for channel selection.

Storing readings

NOTE Pressing the Model 2602 STORE key will overwrite

the destination buffer on both channels unless NONE
is selected (see above).

Return to Section 7 topics
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Perform the following steps to store readings:

1. Set up the SourceMeter for the desired settings and buffer configuration
using the configuration menu described above.

2. Turn on the output.

3. Pressthe STORE key. The asterisk (*) annunciator turns on to indicate data
storage operation is enabled. It will turn off when the storage is finished.

4. Press EXIT to stop data storage before it finishes.

Recalling readings

Readings stored in the buffer are displayed by pressing the RECALL key. Repeat-
edly pressing RECALL will cycle through Buffer 1 then Buffer 2 for Channel A and
then Channel B (Model 2602 only). A message will be displayed if a buffer is
empty.

The reading display is on the top left, while the buffer location number is on the
right. The source values are positioned at the lower left side of the display (if
enabled), while the timestamp (if used) is positioned at the lower right side. When
toggling between buffers with RECALL, the source display field will identify the
buffer: Src1A (Buffer 1, Channel A), then Src2A (Buffer 2, Channel A); followed by
(Model 2602 only) Src1B (Buffer 1, Channel B) then Src2B (Buffer 2, Channel B).

Buffer location number

The buffer location number indicates the memory location of the source-measure
reading. For example, location #000001 indicates that the displayed source-measure
reading is stored at the first memory location.

Timestamp

If the timestamp is enabled, the first source-measure reading stored in the buffer
(#0000001) is timestamped at 0000000.001 seconds. Subsequent readings are
timestamped relative to the time storage was started, and the interval between
readings will depend on the reading rate.

Displaying other buffer readings

To display the other source-measure readings stored in the buffer, display the
desired memory location number. Use the Rotary Knob to increment and decre-
ment the selected digit of the location number. Cursor position is controlled by the
Rotary Knob or CURSOR keys.

To exit from the data store recall mode, press EXIT.

Return to Section 7 topics
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Remote data store

Data store commands

Table 7-1 summarizes commands associated with data store operation. See
Section 12 for more detailed information on data store commands.

Table 7-1
Data store commands

Command’

Description

smuX.nvbuffer1.clear()
smuX.nvbuffer2.clear()
mybuffer = smuX.makebuffer(n)
mybuffer = nil

Commands to store readings:2

smuX.measure.count = count
smuX.measure.overlappedi(rbuffer)
smuX.measure.overlappediv(ibuffer, vbuffer)

smuX.measure.overlappedp(rbuffer)
smuX.measure.overlappedr(rbuffer)
smuX.measure.overlappedv(rbuffer)

Commands to access readings:2

print(smuX.measure.i(rbuffer))
print(smuX.measure.iv(ibuffer, vbuffer))

print(smuX.measure.p(rbuffer))
print(smuX.measure.r(fbuffer))
print(smuX.measure.v(rbuffer))
printbuffer(start_index, end_index, st_1 [, st_n])

printnumber(v1[, vn])

Clear Buffer 1.

Clear Buffer 2.

Create dynamically allocated buffer, n readings.
Delete dynamically allocated buffer.

Store count number of buffer readings.

Store current readings in buffer.

Store current and voltage readings in respective
buffers (current and then voltage are stored in
separate buffers).

Store power readings in buffer.

Store resistance readings in buffer.

Store voltage readings in buffer.

Return first buffer current reading.

Return first current and then voltage reading from
two separate buffers.

Return first buffer power reading.

Return first buffer resistance reading.

Return first buffer voltage reading.

Print data from buffer subtables:
start_index (Starting index of values to print).
end_index (Ending index of values to print).
st_1 ... st_n(Sub-tables from which to print). 3

Print numbers with selected buffer format:
v1 ... vn (Numbers to print).

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.
2. rbuffer, ibuffer, and vbuffer = smuX.nvbuffer1 or smuX.nvbuffer2.

3. See “Reading buffers” on page 7-6 for more information.

Return to Section 7 topics
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Reading buffers

Readings can be obtained in multiple ways including synchronous or overlapped.
Furthermore, the routines that make single point measurements can be config-
ured to make multiple measurements where one would ordinarily be made. The
measured value is not the only component of a reading. The measurement status
(e.g. “In Compliance” or “Overranged”) is also an element of data associated with
a particular reading.

All routines that return measurements can return them as reading buffers. Over-
lapped measurements are always returned in a reading buffer. Synchronous mea-
surements return either a single-point measurement or a buffer reading. The more
advanced user can access additional information stored in the reading buffer.

A reading buffer is based on a LUA table. The measurements themselves are
accessed by ordinary array access. If rb is a reading buffer, the first measurement
is accessed as rb[1] and the 9th measurement as rb[9], etc. The additional infor-
mation in the table is accessed as additional members of the table.

Reading buffer designations

There are two non-volatile reading buffers designated as smuX.nvbufferl
(Buffer 1) and smuX .nvbuffer2 (Buffer 2). To access the buffer, simply include
the buffer attribute in the respective command. For example, the following com-
mand would store current readings from Channel A into Buffer 1:

smua.measure.overlappedi (smua.nvbufferl)

Buffer storage control attributes

Buffer storage attributes are summarized in Table 7-2. Read-only attributes used
to access buffer parameters are listed in Table 7-3. To control which elements are
stored in the buffer, simply assign the desired attribute to the specific buffer. Con-
trol examples for Channel A, Buffer 1 are shown in Table 7-4 on page 7-8, while
read-only attribute programming examples are listed in Table 7-5 on page 7-8.

NOTE You must clear the buffer using the
smuX.nvbufferX.clear () command
before changing buffer control attributes.

Return to Section 7 topics
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Table 7-2

Buffer storage control attributes

Storage attribute

Description

appendmode

The append modes are either off (default) or on. When the append mode
is off, a new measurement to this buffer will overwrite the previous con-
tents. When the append mode is on, the first new measurement will be
stored at what was formerly rb[n+1].

collectsourcevalues

When this attribute is on, source values will be stored with readings in
the buffer. This requires 4 extra bytes of storage per reading. This value,
off (default) or on, can only be changed when the buffer is empty.

collecttimestamps

When this attribute is on, timestamps will be stored with readings in the
buffer. This requires 4 extra bytes of storage per reading. This value, off
(default) or on, can only be changed when the buffer is empty.

timestampresolution

The timestamp resolution, in seconds. The default resolution is 0.000001
seconds. At this resolution, the reading buffer can store unique times-
tamps for up to 71 minutes. This value can be increased for very long
tests. Note: The minimum resolution setting is 1ys (0.000001 seconds).

Table 7-3
Buffer read-only attributes

Storage attribute

Description

basetimestamp The timestamp of when the reading at rb[1] was stored, in seconds from
powerup.

capacity The total number of readings that can be stored in the reading buffer.

n The number of readings in the reading buffer.

Return to Section 7 topics
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Table 7-4
Buffer control programming examples
Command Description
smua .nvbufferl.collectsourcevalues = 1 Enable source value storage.
smua.nvbufferl.appendmode = 1 Enable buffer append mode.
smua .nvbufferl.collecttimestamps = 0 Disable timestamp storage.

smua.nvbufferl.timestampresolution = 0.001 |Settimestamp resolution to 0.001s.

Table 7-5
Buffer read-only attribute programming examples
Command Description
number = smua.nvbufferl.n Request number of readings in buffer.

buffer size = smua.nvbufferl.capacity |Request buffer size.

Buffer reading attributes

Attributes that control which elements are recalled from the buffer are listed in
Table 7-6. To access specific elements, simply append the desired attribute to the
buffer designation.

For example, the following would return 100 Channel A readings from buffer 1:
printbuffer(l, 100, smua.nvbufferl.readings)

Similarly, the following would return 100 Channel A source values from buffer 1:
printbuffer (1, 100, smua.nvbufferl.sourcevalues)

Note that readings is the default reading attribute and can be omitted. Thus, the
following would also returns 100 Channel A readings from buffer 1:

printbuffer (1, 100, smua.nvbufferl)

Return to Section 7 topics
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Table 7-6
Recall attributes

Recall attribute’

Description

measurefunctions

An array (a LUA table) of strings indicating the function measured
for the reading (Current, Voltage, Ohms or Watts).

measureranges

An array (a LUA table) of full scale range values for the measure
range used when the measurement was made.

readings

An array (a LUA table) of the readings stored in the reading buffer.
This array holds the same data that is returned when the reading
buffer is accessed directly, i.e., rb[2] and rb.readings[2] are the
same value.

sourcefunctions

An array (a LUA table) of strings indicating the source function at
the time of the measurement (Current or Voltage).

sourceoutputstates

An array (a LUA table) of strings indicating the state of the source
(Off or On).

sourceranges An array (a LUA table) of full scale range values for the source
range used when the measurement was made.

sourcevalues If enabled, an array (a LUA table) of the sourced values in effect at
the time of the reading.

statuses An array (a LUA table) of status values for all of the readings in the
buffer. The status values are floating-point numbers that encode the
status value into a floating-point value (see Table 7-7).

timestamps An array (a LUA table) of timestamps, in seconds, of when each

reading occurred. These are relative to the basetimestamp for
the buffer (Table 7-3).

1. The default attribute is readings and can be omitted. For example, smua .nvbufferl and
smua.nvbufferl.readings will both return readings from Channel A, buffer 1.

Return to Section 7 topics
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Time and date values

All time and date values are represented as the number of seconds since the unit
was powered on. The os.clock () function returns values in this format.

Representing time as the number of seconds will be referred to as “standard time
format.” Note that because TSL numbers are floating point numbers, the precision
of time and date values relative to power-on will decrease the longer the unit is
powered on. This decrease in precision is approximately 0.06ppm of the total
elapsed time. This precision is generally much better than the time base of the
instrument and should not present any problems in practice. It is worth noting
because the user can directly see the affects as compared to the less obvious
time-base drift.

Buffer status

The buffer reading status attribute can include the status information as a numeric
value shown in Table 7-7. To access status information, send the following com-
mand:

stat _info = smua.nvbufferl.statuses[2]

Table 7-7
Buffer status bits
Hex

Bit Name value Description
BO |TBD 0x01 Reserved for future use.
B1 |Overtemp 0x02 Over temperature condition.
B2 | AutoRangeMeas 0x04 Measure range was auto ranged.
B3 | AutoRangeSrc 0x08 Source range was auto ranged.
B4 |4Wire 0x10 4W (remote) sense mode enabled.
B5 |Rel 0x20 Rel applied to reading.
B6 |Compliance1 0x40 Source function in compliance.
B7 |Filtered 0x80 Reading was filtered.

Return to Section 7 topics
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Dynamically allocated buffers

RAM reading buffers can also be allocated dynamically. The buffers are created
and allocated with the smuX .makebuffer (n) command, where n is the number
of readings the buffer can store. For example, the following command allocates a
Channel A buffer named mybuf fer that can store 100 readings:

mybuffer = smua.makebuffer (100)
Allocated buffers can be deleted as follows:
mybuffer = nil

Dynamically allocated reading buffers can be used interchangeably with the
smuX .nvbuf ferY buffers that are described in “Reading buffer designations” on
page 7-6.

Return to Section 7 topics
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Buffer programming examples

Defined buffer example

The listing below shows a programming example for storing data using the pre-
defined Buffer 1 for Channel A. The SourceMeter loops for voltages from 0.01V to
1V with 0.01V steps (essentially performing a staircase sweep), stores 100 cur-
rent readings and source values in Buffer 1, and then recalls all 100 readings and

source values.

smua.reset ()

display.screen = 0
display.smua.measure.func =
display.MEASURE DCAMPS

smua.measure.autorangei = smua.AUTORANGE ON
format.data = format.ASCII
smua.nvbufferl.clear ()

smua.nvbufferl.appendmode = 1
smua.nvbufferl.collectsourcevalues = 1
smua.measure.count = 1
smua.source.func = smua.OUTPUT DCVOLTS

0.0

smua.source.output =smua.OUTPUT_ ON

for v = 0.01, 1.0, 0.01 do
smua.source.levelv = v

smua.source.levelv

smua .measure. i (smua.nvbufferl)
waitcomplete ()
end
smua.source.output =smua.OUTPUT OFF
printbuffer(l, 100, smua.nvbufferl.readings)

printbuffer (1, 100,
smua.nvbufferl.sourcevalues)

--Restore Model 260x defaults.
--Select Channel A display.
--Display current.

--Select measure | auto range.
--Select ASCII data format.
--Clear Buffer 1.

--Enable append buffer mode.
--Enable source value storage.
--Set count to 1.

--Select source voltage function.
-- Set bias voltage to OV.

--Turn on output.

--Loop for voltages from 0.01 to 1V.
--Set source voltage.

--Measure current, store in buffer.
--Wait for reading to complete.
--End loop.

--Turn off output.

--Return readings 1-100.
--Return source values 1-100.

Return to Section 7 topics
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Dual buffer example

The listing below shows a programming example for storing both current and volt-
age readings using buffer 1 for current and buffer 2 to store voltage readings. The
SourceMeter stores 100 current and voltage readings and then recalls all 100 sets

of readings.

smua.reset ()

smua.measure.autorangeil = smua.AUTORANGE ON

smua.measure.autorangev = smua.AUTORANGE ON

format.data = format.ASCII
smua.nvbufferl.clear ()
smua.nvbuffer2.clear ()
smua.measure.count = 100
smua.measure.interval = 0.1
smua.source.func = smua.OUTPUT_DCVOLTS
smua.source.levelv = 1
smua.source.output =smua.OUTPUT_ ON

smua.measure.overlappediv
(smua.nvbufferl, smua.nvbuffer2)

waitcomplete ()

smua.source.output =smua.OUTPUT OFF
printbuffer (1, 100, smua.nvbufferl)
printbuffer (1, 100, smua.nvbuffer2)

--Restore Model 260x defaults.
--Select measure | auto range.
--Select measure V auto range.
--Select ASCII data format.
--Clear buffer 1.

--Clear buffer 2.

--Set buffer count to 100.

--Set measure interval to 0.1s.
--Select source voltage function.
--Output 1V.

--Turn on output.

--Store current readings in buffer 1,
voltage readings in buffer 2.

--Wait for buffer to fill.

--Turn off output.

--Return buffer 1 readings 1-100.
--Return buffer 2 readings 1-100.

Return to Section 7 topics
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Dynamically allocated buffer example

The listing below shows a programming example for storing data using an allo-
cated buffer called mybuf fer for Channel A. The SourceMeter stores 100 current
readings in mybuf fer and then recalls all the readings.

smua.reset ()

--Restore Model 260x defaults.

smua.measure.autorangeil = smua.AUTORANGE ON --Select measure auto range.
format.data = format.ASCII --Select ASCII data format.
mybuffer = smua.makebuffer (100) --Allocate mybuffer, 100 readings.
smua.measure.count = 100 --Set buffer count to 100.
smua.measure.interval = 0.1 --Set measure interval to 0.1s.
smua.source.func = smua.OUTPUT DCVOLTS --Select source voltage function.
smua.source.levelv = 1 --Output 1V.
smua.source.output =smua.OUTPUT_ ON --Turn on output.
smua.measure.overlappedi (mybuffer) --Store current readings in mybuffer.
waitcomplete () --Wait for buffer to fill.
smua.source.output =smua.OUTPUT OFF --Turn off output

printbuffer (1, 100, mybuffer)
mybuffer = nil

--Return readings 1-100 from mybuffer.
--Delete mybuffer.

Return to Section 7 topics
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Overview

The documentation in this section provides detailed information on source-measure
concepts and includes the following information:

e “Compliance limit”, page 8-2

e “Sweep waveforms”, page 8-4

e “Overheating protection”, page 8-6

e “Operating boundaries”, page 8-7

e “Basic circuit configurations”, page 8-16
e “Guard’, page 8-20

¢ “Pulse concepts”, page 8-23

Compliance limit

When sourcing voltage, the SourceMeter can be set to limit current (from 100pA
to 3A). Conversely, when sourcing current, the SourceMeter can be set to limit
voltage (from 100nV to 40V). The SourceMeter output will not exceed the compli-
ance limit, except for the condition described in “Compliance limit” on page 4-3.

Maximum compliance

The maximum compliance values for the source ranges are summarized in Table 8-1.

Return to Section 8 topics
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Table 8-1
Maximum compliance values
Maximum
Source compliance
range value
100mV 3A
1V 3A
6V 3A
40V 1A
100nA 40V
1pA 40V
10pA 40V
100pA 40V
TmA 40V
10mA 40V
100mA 40V
1A 40V
3A 6V

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 |-source to a V-source) when in compliance.

As an example, assume the following:
SourceMeter: Vgre = 10V; IgypL = 10mA
DUT resistance: 10Q2

With a source voltage of 10V and a DUT resistance of 10€, the current through
the DUT should be: 10V/10Q = 1A. However, because the compliance is set to
10mA, the current will not exceed that value, and the voltage across the resis-
tance is limited to 100mV. In effect, the 10V voltage source is transformed into a
10mA current source with a 100mV compliance value.

Return to Section 8 topics
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Sweep waveforms

Staircase sweeps

There are two basic staircase sweeps: linear staircase and logarithmic staircase
as shown in Figure 8-1. The linear staircase sweep goes from the start level to the
stop level in equal linear steps. The logarithmic staircase sweep is similar except it
functions on a log scale with a specified number of steps per decade. See
Section 5 for more details on sweep operation.

Figure 8-1
Two basic sweep waveforms

<«— Stop

Start
Bias
A: Linear Staircase Sweep
Stop
—<—100
10
Start 1
0.1 Logarithmic scale
Bia§ —— M8 | shown for staircase

B: Logarithmic Staircase Sweep

Typical applications for staircase sweeps include: |-V curves for two- and three-
terminal semiconductor devices, characterization of leakage versus voltage, and
semiconductor breakdown.

Return to Section 8 topics
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Pulse sweeps

The Model 260x can also perform the following pulse sweeps:

¢ Fixed voltage pulse
e Fixed current pulse

These sweeps are similar to those discussed above, except, the source level at
each sweep step is a pulse instead of a constant level. The pulse width (on time)
and pulse delay (off time) can be programmed for each type of pulse mode sweep.
Figure 8-2 shows an example of a three-pulse sweep. See “Pulse sweeps” on
page 5-6 and “Pulse concepts” on page 8-23 for more information.

Pulse sweeps are used in applications where thermal response is measured or
where sustained power levels can damage the external Device Under Test (DUT).

Figure 8-2
Pulse sweep example
Point #1 Point #2 Point #3
(Start) N (Stop)
Pulse Pulse Pulse
e On —> k= On — k— On —
Time Time Time
Pulse Pulse Pulse
— Off — l— Off — < Off —
Time Time Time
Bias T T T
Measure Measure Measure
#1 #2 #3
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Overheating protection

Proper ventilation is required to keep the SourceMeter from overheating. The
SourceMeter has an over-temperature protection circuit that will turn the output off
in the event that the instrument 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 instrument cools down.

Power equations to avoid overheating
Power equations can be used to determine if the SourceMeter will overheat.
For the following power equations:
I = Output current
VexT = External power source voltage (quadrant 2 and 4 operation, Figure 8-3)
Dc? = Duty cycle (0 to 1; for example, 50% = 0.5)
Tamb = Ambient temperature (0° to 50°C)

Tger = Number of degrees C above 30°C (The SourceMeter output is derated
1W/°C above 30°C to 50°C.)

Power calculations

When using the 40V and 6V ranges, use the appropriate equation below to deter-
mine if the SourceMeter will overheat.

For the 6V range:
|(18+ Vexp)! D <55-Tyq,

For the 40V range:

(5.7 + Vgy)! [Dg| <55 -Tyq,

1. Equations apply to both channels, sinking or sourcing power simultaneously.
2. If a duty cycle less than 1 is required for the equation, the maximum on time must be less than 10 seconds.

Return to Section 8 topics
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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 quad-
rants of operation are shown in Figure 8-3. When operating in the first (l) or third
(1) 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 (Il) or fourth (IV) quadrant, the SourceMeter is

operating as a sink (V and | have opposite polarity). As a sink, it is dissipating
power rather than sourcing it. An external source or an energy storage device,
such as a capacitor or battery, can force operation in the sink region.

The general operating boundaries for continuous power output are shown in Fig-
ure 8-3. (See “Power calculations” on page 8-6 for derating factors.) In this draw-
ing, the 3A, 6V and 1A, 40V magnitudes are nominal values. Also note that the

boundaries are not drawn to scale.

Figure 8-3
Continuous power operating boundaries

Return to Section 8 topics
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| -Source operating boundaries

Figure 8-4 shows the operating boundaries for the I-Source. Only the first quad-
rant of operation is covered. Operation in the other three quadrants is similar.

Figure 8-4A shows the output characteristics for the I-Source. As shown, the
SourceMeter can output up to 1.01A at 40V, or 3.03A at 6V. Note that when sourc-
ing more than 1.01A, voltage is limited to 6V.

Figure 8-4B shows the limit lines for the I-Source. The current source limit line rep-
resents the maximum source value possible for the presently selected current
source range. The voltage compliance limit line represents the actual compliance
that is in effect. Remember that compliance can be real or range. See “Compli-
ance limit” on page 8-2. These limit lines are boundaries that represent the oper-
ating 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.

Return to Section 8 topics
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Figure 8-4

I-Source boundaries
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The boundaries the SourceMeter operates in depends on the load (DUT) that is
connected to its output. Figure 8-5 shows operation examples for resistive loads
that are 50Q and 200%, respectively. For these examples, the SourceMeter is pro-
grammed to source 100mA and limit 10V.

In Figure 8-5A, the SourceMeter is sourcing 100mA to the 50Q load and subse-
quently measures 5V. As shown, the load line for 50Q intersects the 100mA cur-
rent source line at 5V.

Figure 8-5B shows what happens if the resistance of the load is increased to
200€Q2. The DUT load line for 200Q2 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 200Q DUT, the
SourceMeter will only output 50mA (at the 10V 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 10V. 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 10V.

Return to Section 8 topics
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Figure 8-5
I-Source operating boundaries
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V-Source operating boundaries

Figure 8-6 shows the operating boundaries for the V-Source. Only the first
quadrant of operation is covered. Operation in the other three quadrants is similar.

Figure 8-6A shows the output characteristics for the V-Source. As shown, the
SourceMeter can output up to 6.06V at 3A, or 40.4V at 1A. Note that when
sourcing more than 6.06V, current is limited to 1A.

Figure 8-6B 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 6V source range, the voltage source limit line
is at 6.3V. The current compliance limit line represents the actual compliance in
effect. Remember that compliance can be real or range. See “Compliance limit”
on page 8-2. These limit lines are boundaries that represent the operating limits of
the SourceMeter for this quadrant of operation. The operating point can be any-
where inside (or on) these limit lines. The limit line boundaries for the other quad-
rants are similar.

Return to Section 8 topics
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Figure 8-6
V-Source boundaries
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The boundaries the SourceMeter operates in depends on the load (DUT) that is
connected to the output. Figure 8-7 shows operation examples for resistive loads
that are 2kQ and 800¢, respectively. For these examples, the SourceMeter is pro-
grammed to source 10V and limit 10mA.

In Figure 8-7A, the SourceMeter is sourcing 10V to the 2k load and subse-
quently measures 5mA. As shown, the load line for 2kQ intersects the 10V voltage
source line at 5mA.

Figure 8-7B shows what happens if the resistance of the load is decreased to
800Q. The DUT load line for 8002 intersects the current compliance limit line
placing the SourceMeter in compliance. In compliance, the SourceMeter will not
be able to source its programmed voltage (10V). For the 800Q DUT, the
SourceMeter will only output 8V (at the 10mA 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
10V at OmA. Conversely, as resistance increases, the slope of the DUT load line
decreases. At zero resistance (shorted output), the SourceMeter will source virtu-
ally OV at 10mA.

Regardless of the load, current will never exceed the programmed compliance
of 10mA.

Return to Section 8 topics
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Figure 8-7
V-Source operating examples
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Source | measure |, source V measure V

The SourceMeter can measure the function it is sourcing. When sourcing a volt-
age, 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
compliance, the programmed source value is not reached. Thus, measuring the
source lets you measure the actual output voltage.

Basic circuit configurations

Source |

When configured to source current (I-Source) as shown in Figure 8-8, the
SourceMeter functions as a high-impedance current source with voltage limit
capability and can measure current (I-Meter) or voltage (V-Meter).

For 2-wire local sensing, voltage is measured at the Input/Output terminals of the
SourceMeter. For 4-wire remote sensing, voltage is measured directly at the DUT
using the sense terminals. This eliminates any voltage drops that may be in the
test leads or connections between the SourceMeter and the DUT.

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.

Return to Section 8 topics
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Figure 8-8
Source | configuration

x1 o GUARD

I-Meter o IN/OUT HI
o SENSE HI
I-Source
o SENSE LO
o IN/OUT LO
Source V

When configured to source voltage (V-Source) as shown in Figure 8-9, the
SourceMeter functions as a low-impedance voltage source with current limit capa-
bility 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.

The voltage 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.

Return to Section 8 topics
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Figure 8-9
Source V configuration

1 o GUARD
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Measure only (V or |)

Figure 8-10 shows the configurations for using the SourceMeter exclusively as a
voltmeter or ammeter. As shown in Figure 8-10A, 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 “Compli-
ance limit” on page 8-2 for details.

In Figure 8-10B, the SourceMeter is configured to measure current-only by setting
it to source OV and measure current. Note that in order to obtain positive (+) read-
ings, conventional current must flow from IN/OUT HI to LO.

Return to Section 8 topics
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Figure 8-10
Measure only configurations
IN/OUT HI
I-Source + ) DUT (V-Source)
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Note: Positive current flowing out of
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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 hazard-
ous voltages are present at output HI, they are also present at
the GUARD terminal.

Guard overview

The driven guard (available at the rear panel GUARD terminals) is always enabled
and provides 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 current (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.

Guard connections

Guard is typically used to drive the guard shields of cables and test fixtures.
Guard is extended to a test fixture from the cable guard shield. Inside the test fix-
ture, 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 pre-
vent physical contact with a guard plate or guard shield that is
at a hazardous potential (>30Vrms or 42.4V peak). This safety
shield must completely enclose the guard plate or shield and
must be connected to safety earth ground. Figure 8-11B shows
the metal case of a test fixture being used as a safety shield.

NOTE See Section 3 for details on guarded test connections.

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 connected to safety earth ground).

Return to Section 8 topics
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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 8-11 shows how cable guard can eliminate leakage current through the
insulators in a test fixture. In Figure 8-11A, leakage current (l.) 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 8-11B, the driven guard is connected to the cable shield and extended 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.

Return to Section 8 topics
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Figure 8-11
Comparison of unguarded and guarded measurements
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using #18 AWG wire or larger.
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Pulse concepts

Using factory scripts, the Model 260x can perform fixed, linear staircase, and
logarithmic staircase pulse sweeps (see “Pulse sweeps” on page 5-6 for more
information). The following paragraphs discuss pulse period, rise and fall times,
and duty cycle. See the specifications in Appendix A for details on source tran-
sient response and settling times.

Pulse period

As shown in Figure 8-12, the pulse period is the sum of the pulse on time (pulse
width) and the pulse off time. When the pulse is off, the output assumes a OV or
OA level, depending on the function used. When the pulse is on, the output
assumes the programmed current or voltage source value. For the fixed pulse
sweep, the amplitude of each pulse is the same. For the staircase sweeps, each
pulse assumes the programmed sweep step value. Pulse on and off times can be
separately programmed for each type of pulse sweep.

Figure 8-12
Pulse period
—> <« Pulse Width
(On-Time)
«<—  Off-Time —>
0V or OA

|<— Pulse Period—>|

Pulse rise and fall times

As shown in Figure 8-13, the pulse rise time is the interval it takes the pulse to go
from 10% of maximum value to 90% of maximum value. For the Model 260x,
pulse rise and fall times depend on the transient response and source output set-
tling times, which are in turn affected by the selected source range. See the spec-
ifications in Appendix A for details on transient response and source settling
times.

Return to Section 8 topics
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Figure 8-13
Pulse rise and fall times

ffffffff Programmed Fixed
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Rise Fall
Time Time
Pulse duty cycle

Duty cycle is the percentage of time during the pulse period that the output is on.

It is calculated as follows:

Duty cycle = Pulse width / (Pulse width + Off-time)

For example, if the pulse width is 10msec, and the off-time is 90msec, the duty

cycle is calculated as follows:

Duty cycle= 10msec / (10msec + 90msec)
= 10msec / 100msec
=0.10
=10%

Return to Section 8 topics
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Overview

The TSP-Link is an expansion interface that allows the instruments to communi-
cate with each other. The test system can be expanded to include up to 64 TSP-
Link-enabled instruments.

Master and Slaves

In a TSP-Link system, one of the nodes (instruments) is the Master and the other
nodes are the Slaves.

The Master can control the other nodes (Slaves) in the system. When any node
transitions from local operation to remote, it becomes the Master of the system; all
other nodes also transition to remote operation, and become its Slaves. When
any node transitions from remote operation to local, all other nodes also transition
to local operation, and the Master/Slave relationship between nodes is dissolved.
For more information about remote and local operations, see “Differences: remote
vs. local state” in Section 2.

A Slave is a node that is controlled by the Master. The GPIB and RS-232 com-
mand interfaces of the Slaves are disabled.

System configurations

A TSP-Link system can be used without a PC (stand-alone system) or as a
PC-based system.

Stand-alone system — In a stand-alone system, scripts that control the system
are executed from the front panel of one of the instruments. No PC connection is
required. In Figure 9-1, a script can be run from the front panel of any one of the
instruments.

PC-based system — In a PC-based system, the GPIB or RS-232 interface to any
single node becomes the interface to the entire system. In Figure 9-1, the system
can be controlled via the GPIB or RS-232 interface of Node 1.

Return to Section 9 topics
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Connections

Connections for an expanded system are shown in Figure 9-1. As shown, one unit
is optionally connected to the PC using the GPIB or RS-232 interface. Details on
these PC communication connections are covered in Section 2.

As shown in Figure 9-1, all the units in the system are daisy-chained together
using LAN crossover cables.

Figure 9-1
TSP-Link connections
Node 64

‘ @ s . (’%
KSP-Linkconnectors T_

: LAN crossover cables
(2 per instrument) Type: Category 5e or higher.
Length: 3 meters maximum between nodes.

NOTE The PC is not needed for
stand-alone systems.

Initialization

Before a TSP-Link system can be used, it must be initialized. For initialization to
succeed, each instrument in a TSP-Link system must be assigned a different
node number.

Assigning node numbers

At the factory, each Model 260x instrument is assigned as Node 1. The node num-
ber for each unit is stored in its non-volatile memory and will not be lost when the
instrument is turned off.

Return to Section 9 topics
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Front panel operation

The TSP-Link node number can be set from the MAIN MENU of each instrument;
this process is summarized in Table 9-1.

Table 9-1
Assigning a node number to an instrument from the front panel
Model 260x MAIN MENU

1) Press the MENU key to access MAIN MENU.

2) Select the COMMUNICATION menu.

3) Select the TSPLINK_CFG menu.
)
)

4) Select the NODE menu.
5) Setthe NODE number (01 to 64) for the instrument.

Remote programming

The tsplink.node attribute is used to set the node number for an instrument:
tsplink.node = N

where: N = 1 to 64
The node number of an instrument can be determined by reading the
tsplink.node attribute as follows:
print (tsplink.node)

The above print command will output the node number. For example, if the node
number is 1, the value 1.000000e00 will be output.

Resetting the TSP-Link

After all the node numbers are set, you must initialize the system by performing a
TSP-Link reset. For initialization to succeed, all units must be powered on when
the TSP-Link reset is performed.

NOTE If you change the system topology after
initialization, you must re-initialize the system by
performing a TSP-Link reset. Changes that affect the
system topology include:

¢ Powering down or rebooting any unit in the system.

* Rearranging or disconnecting the LAN cable
connections between units.

Return to Section 9 topics
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Front panel operation

The TSP-Link reset can be performed from the MAIN MENU of any instrument;
this process is summarized in Table 9-2.

Table 9-2
Resetting the TSP-Link from the front panel

Model 260x MAIN MENU

1) Press the MENU key to access MAIN MENU.
2) Select the COMMUNICATION menu.
)
)

3) Select the TSPLINK-CFG menu.
4) Select the RESET to initialize the TSP-Link.

Remote programming
The commands associated with TSP-Link reset are listed in Table 9-3.

Table 9-3
TSP-Link reset commands

Command Description
tsplink.reset () Initializes the TSP-Link system.
tsplink.state Returns online if the most recent TSP-Link reset was
successful. Returns of f1ine if the reset failed.

An attempted TSP-Link reset will fail if any of the following conditions are true:

¢ Two or more instruments in the system have the same node number.
e There are no other instruments connected to the unit performing the reset.
* One or more of the units in the system is not powered on.

Programming example — The following code will reset the TSP-Link and output
its state:

tsplink.reset ()
print (tsplink.state)

If the reset is successful, online will be returned to indicate that communications
with all nodes have been established.

Return to Section 9 topics
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Using the expanded system

Accessing nodes

A TSP-Link reset creates the node table. Each unit in the system corresponds to
an entry in this table, indexed by the unit's node number. The node [N] variable
(where N is the node number) is used to access any node in the system. For
example, Node 1 is represented in the node table as entry node [1].

Each of these entries is, in turn, a table, holding all of the logical instruments (and
associated ICL commands) shared by the corresponding unit (see “Logical instru-
ments” on page 12-5 for more details). SMU A on Node 1, therefore, could be
accessed as node [1] . smua.

The localnode variable is an alias for node [N], where N is the node number of
the Master. For example, if Node 1 is the Master, 1ocalnode can be used instead
of node [1].

NOTE For remote programming, scripts that reside on
Slave nodes are not accessible.

Programming examples — The following examples show how to access instru-
ments in the TSP-Link system shown in Figure 9-1:

¢ Any of the following three commands can be used to reset SMU A of Node
1 (which, in this example, is the Master). The other nodes in the system are
not affected.
smua.reset ()
localnode.smua.reset ()
node [1] .smua.reset ()

e The following command will reset SMU A of Node 4, which is a Slave. The
other nodes are not affected.

node [4] .smua.reset ()

Return to Section 9 topics
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System behavior

Using the reset () command

While most TSP-Link operations target a single node in the system, the reset ()
command affects the system as a whole. The reset () command, by definition,
resets all nodes to their default settings:

reset () -- Resets all nodes in a TSP-Link system.

node [N] and localnode can be used with reset to reset only one of the nodes.
The other nodes are not affected. Examples:

node [1] .reset () -- Resets Node 1 only.
localnode.reset () -- Resets Node 1 only.
node [4] .reset () -- Resets Node 4 only.
Abort

An abort will terminate an executing script and return all nodes to local operation
(REM annunciators turn off), dissolving the Master/Slave relationships between
nodes. An abort is invoked by either issuing an abort command to the Master or
pressing the EXIT key on any node in the system.

An abort can also be performed by pressing the OUTPUT ON/OFF key on any
node. The results are the same as above, with the addition that all SMU outputs in
the system are turned off.

Return to Section 9 topics
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Overview

The documentation in this section provides detailed information on using the
Digital I/O port and includes the following:

¢ “Digital I/O port”, page 10-2
e “Output enable”, page 10-8

Digital /O port

The SourceMeter has a digital input/output port that can be used to control external
digital circuitry. For example, a handler that is used to perform binning operations
can be used with a Digital I/O port.

Port configuration
The Digital I/O Port is located on the rear panel and is shown in Figure 10-1. Note
that a standard female DB-25 connector is used with the Digital 1/0 port.
Connecting cables
Use a cable equipped with a male DB-25 connector (Keithley part number CA-
126-1), or a Model 2600-TLINK cable to connect the Digital I/O port to other Kei-
thley instruments equipped with a Trigger Link (TLINK).
Digital /O lines
The port provides 14 digital I/O lines. Each output is set high (+5V) or low (0V)
and can read high or low logic levels.
+5V output

The Digital 1/0 Port provides a +5V output that is used to drive external logic cir-
cuitry. Maximum current output for this line is 600mA. This line is protected by a
self-resetting fuse (one hour recovery time).

Return to Section 10 topics
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Figure 10-1
Digital I/O port
Model 2601
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8 = Digital 1/0 #8
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10 = Digital I/0 #10
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11 = Digital 1/0 #11

12 = Digital I/0 #12 CAUTION:ror conma —
13 = Digital I/0 #13
14 = Digital I/0 #14

Model 2602

Output enable line

The OE (output enable) line of the Digital I/0O can be used with a switch in the test
fixture or component handler. With proper use, power is removed from the DUT
when the lid of the fixture is opened. See “Output enable” on page 10-8 for opera-
tion details.

Return to Section 10 topics
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WARNING When an interlock is required for safety, a separate circuit
should be provided that meets the requirements of the applica-
tion to reliably protect the operator from exposed voltages. The
Digital I/O port of the 2600 Series SourceMeter is not suitable
for control of safety circuits and should not be used to control
a safety interlock.

Digital /O configuration

Figure 10-2 shows the basic configuration of the Digital /0 port. Writinga 1 to a
line sets that line high (~ +5V). Writing a O to a line sets that line low (~0V). Note
that an external device pulls an I/O line low by shorting it to ground, so that a
device must be able to sink at least 480uA per I/O line.

Figure 10-2
Digital I/O port configuration

SourceMeter
FoS T TS TS T T TS e T ' Digital I/O
: 9 +5V : Port Caution: External device
. . must be able to sink a

< minimum of 480uA per line.

} Read 10kQ g | Pins 1-14 HAP
1 O Y —O0
1 440Q ! In/Out
1 1
r I I Write 1 = In/Out Set High (~5V)
: | : Write 0 = In/Out Set Low (~0V)
. Write .
1 1 Pins 15-21
! o— —0
: — : Ground

Controlling digital /O lines

Although the digital I/O 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 logic circuits. You can control lines either from the front panel or via
remote as follows.

Return to Section 10 topics
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Digital /O bit weighting
Bit weighting for the digital I/O lines is shown in Table 10-1.

Table 10-1
Digital I/O bit weighting
Decimal Hexadecimal
Line # Bit weighting weighting

1 B1 1 0x0001
2 B2 2 0x0002
3 B3 4 0x0004
4 B4 8 0x0008
5 B5 16 0x0010
6 B6 32 0x0020
7 B7 64 0x0040
8 B8 128 0x0080
9 B9 256 0x0100
10 B10 512 0x0200
11 B11 1024 0x0400
12 B12 2048 0x0800
13 B13 4096 0x1000
14 B14 8192 0x2000

Front panel digital /O control
To enable the digital I/O lines:

oD~

Press the CONFIG key followed by the OUTPUT key.

Choose DIO-CONTROL, then press ENTER or the Rotary Knob.
Select ON or OFF as desired, then press ENTER or the Rotary Knob.
Press EXIT as needed to return to the normal display.

Return to Section 10 topics
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Setting digital /O values

To set digital 1/0 values:

ok~ own =

6.

Press the MENU key.

Select GENERAL, and then press ENTER or the Rotary Knob.
Choose DIGOUT, and then press ENTER or the Rotary Knob.

Select DIG_IO_OUTPUT, and then press ENTER of the Rotary Knob.

Set the decimal value as required to set digital I/O line(s) within the range of
0 to 16,383 (see Table 10-1), then press ENTER or the Rotary Knob.

Press EXIT as needed to return to the normal display.

Write protecting digital /O lines

You can also write protect specific digital I/O lines to prevent their values from
being changed as follows:

1.

U

o

Press the MENU key.

Select GENERAL, and then press ENTER or the Rotary Knob.
Choose DIGOUT, and then press ENTER or the Rotary Knob.
Select WRITE_PROTECT, then press ENTER or the Rotary Knob.

Set the decimal value as required to write protect digital I/O line(s) within
the range of 0 to 16,383 (see Table 10-1), then press ENTER or the Rotary
Knob.

Press EXIT as needed to return to the normal display.

To remove write protection, simply repeat the above procedure, entering
the same value.

Remote digital /O commands

Commands that control and access the digital I/O port are summarized in Table
10-2. See Section 12 for complete details on these commands. See Table 10-1 for
decimal and hexadecimal values used to control and access the digital I/O port
and individual lines.

Basic digital /0 commands

Use these commands to perform basic steady-state digital I/O operations such as
reading and writing to individual I/O lines or reading and writing to the entire port.

Return to Section 10 topics
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Digital I/O trigger commands

Use these commands to trigger the Model 260x using external trigger pulses
applied to the digital 1/0O port, or to provide trigger pulses to external devices.

used as inputs.

NOTE The digital I/O lines can be used for both input and out-
put. You must write a 1 to all digital I/O lines that are to be

Table 10-2
Digital /O commands

Command

Description

Commands for basic 1/0O:

digio.readbit(bit)
digio.readport()
digio.writebit(bit, data)
digio.writeport(data)
digio.writeprotect = mask

Read one digital I/0 input line.

Read digital 1/0 port.

Write data to one digital I/O output line.
Write data to digital I/O port.

Write protect mask to digital I/O port.

Commands for digital I/O triggering:

digio.trigger{line].assert()
digio.trigger{line].clear()
digio.trigger[line].mode = mode

digio.trigger{line].pulsewidth = width
digio.trigger[line].release()
digio.trigger[line].wait(timeout)

Generate a trigger on digital 1/0 line.

Clear the event detector for a trigger.

Control I/O trigger event detector mode:
digio. TRIG_FALLING (falling edge triggers).
digio. TRIG_RISING (rising edge triggers).
digio. TRIG_EITHER (falling or rising triggers).
digio. TRIG_SYNCHRONOUS(detect and latch

falling edge triggers).

Set trigger pulse width.

Release latched trigger.

Wait for a trigger.

Return to Section 10 topics
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Digital /O programming examples

Basic digital I/0 programming example

The commands below set bit 1 of the digital I/O port high, and then read the entire

port value.
digio.writebit (1,1) --Set bit 1 high.
data = digio.readport () --Read digital I/0 port.

Digital I/O trigger example

The commands below set the line 2 pulse width to 10us, trigger mode to falling
edge, and then assert a trigger pulse on that digital I/O line:

digio.trigger[2] .pulsewidth = le-5--Setline 2 pulse width to 10us.

digio.trigger[2] .mode = --Set line 2 mode to falling edge.
digio.TRIG FALLING
digio.trigger[2] .assert () --Assert trigger on line 2.

Output enable

Overview

The Digital 1/0 Port provides an output enable line for use with a test fixture
switch. When properly used, the output of the SourceMeter will turn OFF when the
lid of the test fixture is opened. See Section 3 for important safety information
when using a test fixture.

WARNING When an interlock is required for safety, a separate circuit
should be provided that meets the requirements of the applica-
tion to reliably protect the operator from exposed voltages. The
Digital I/O port of the 2600 Series SourceMeter is not suitable
for control of safety circuits and should not be used to control
a safety interlock.

Operation

When enabled, the output of the SourceMeter can only be turned on when the
output enable line is pulled high through a switch to +5V as shown in Figure 10-
3A. If the lid of the test fixture opens (Figure 10-3B), the switch opens, and the
output enable line goes low, turning the output of the SourceMeter off. The output
will not be automatically turned on when output enable is set high. The output
cannot be turned back on until the output is set high.

Return to Section 10 topics
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Control

Use one of these commands to control output enable action:

smuX.source.outputenableaction = smuX.OE NONE
smuX.source.outputenableaction = smuX.OE OUTPUT OFF

When set to smuX .OE_NONE, the SourceMeter will take no action when the output
enable line goes low. When set to smuX.0OE_OUTPUT_OFF, the SourceMeter will
turn its output off as if the smuX. source.output = smuX.OUTPUT OFF com-
mand had been received. The SourceMeter will not automatically turn its output
on when the output enable line returns to the high state. For example, the follow-
ing command enables output enable off action for Channel A:

smua.source.outputenableaction = smua.OE_OUTPUT OFF

Figure 10-3
Using output enable
SourceMeter Test Fixture

OE
(pin 24)

Digital /0

A. OUTPUT can be turned on.

SourceMeter Test Fixture

Digital I/O

+5V
(pin 23)

B. OUTPUT cannot be turned on.

Return to Section 10 topics
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Overview

The documentation in this section provides detailed information on using commu-
nications interfaces:

e “Selecting an interface”, page 11-2

e “GPIB operation”, page 11-3

e “General bus commands”, page 11-7

¢ “Front panel GPIB operation”, page 11-9
e “RS-232 interface operation”, page 11-10

NOTE See Section 2 for more information on the GPIB and RS-232
communications interfaces. The TSP-Link is also a commu-
nications interface. See Section 9 for details.

Selecting an interface

The Model 260x SourceMeter supports two built-in remote interfaces:

¢ GPIB (General Purpose Interface Bus)
e RS-232 interface

You can manually select the GPIB or RS-232 interface, or have the unit automati-
cally select the interface (the default) by using the COMMUNICATIONS menu
accessed with the MENU key. The unit can only be remote to one interface at a
time. In auto-select, the unit will remote to the first interface on which it receives a
message. It will ignore the other interface until the unit is taken back to local oper-
ation.

When the unit powers up, it will display the communication parameters of the
selected interface. If auto-selection is enabled, the unit will display the communi-
cation parameters of both interfaces.

Return to Section 11 topics
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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 program-
ming standards originally adopted by the IEEE (Institute of Electrical and Elec-
tronic Engineers) in 1975. The SourceMeter is IEEE-488.1 compliant and
supports IEEE-488.2 common commands and status model topology.

GPIB connections

To connect the SourceMeter to the GPIB bus, use a cable equipped with standard
IEEE-488 connectors as shown in Figure 11-1.

Figure 11-1
IEEE-488 connector

4

To allow many parallel connections to one instrument, stack the connectors. Two
screws are located on each connector to ensure that connections remain secure.
Figure 11-2 shows a typical connecting scheme for a multi-unit test system.

To avoid possible mechanical damage, stack no more than three connectors on
any one unit. To minimize interference caused by electromagnetic radiation, use
only shielded IEEE-488 cables. Available shielded cables from Keithley are listed
in “Options and accessories” on page 1-5.

Return to Section 11 topics
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Figure 11-2
IEEE-488 connections

Instrument Instrument Model 260x

Controller

To connect the SourceMeter to the IEEE-488 bus, line up the cable connector with
the connector located on the rear panel. Install and tighten the screws securely,
making sure not to overtighten them.(Figure 11-3 shows the location of the con-
nections.)

Connect any additional connectors from other instruments as required for your
application. Make sure the other end of the cable is properly connected to the con-
troller. You can only have 15 devices connected to an IEEE-488 bus, including the
controller. The maximum cable length is either 20 meters or two meters multiplied
by the number of devices, whichever is less. Not observing these limits may cause
erratic bus operation.

Return to Section 11 topics
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Figure 11-3
IEEE-488 and RS-232 connector locations
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Primary address

The SourceMeter ships from the factory with a GPIB primary address of 26. If the
GPIB or AUTO interface selection is used, it momentarily displays the primary
address on power-up. You can set the address to a value from 0 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 0 or 21).

Return to Section 11 topics
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Front panel primary address

To set or check the primary address:

Press the MENU key.

Select COMMUNICATIONS, then press ENTER or the Rotary Knob.
Select INTERFACE_CFG, then press ENTER or the Rotary Knob.
Select GPIB, then press ENTER or the Rotary Knob.

Set the primary address to the desired value, then press ENTER or the
Rotary Knob.

6. Press EXIT to back out of the menu structure.

ok own =

Remote primary address

Use the following command to set the primary address by remote:
gpib.address = address

For example, the following command sets the address to 20:

gpib.address = 20

Note that changing the GPIB address takes effect when the command is pro-
cessed. Any response messages generated after processing this command will
be sent with the new settings. If command messages are being queued (sent
before this command has executed), the new settings may take effect in the mid-

dle of a subsequent command message, so care should be exercised when set-
ting this attribute from the remote interface.

Terminator

When receiving data over the GPIB, the Model 260x will terminate on any line

feed character or any data byte with EOI asserted (line feed with EOI asserted is
also valid). When sending data, it will append a line feed character to all outgoing
messages. The EOI line will be asserted with the terminating line feed character.

Return to Section 11 topics
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General bus commands

General commands are those commands, such as DCL, that have the same
general meaning regardless of the instrument. Table 11-1 lists the general bus

commands.
Table 11-1
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.

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.

Transfer of command messages to the instrument and transfer of response mes-
sages from the instrument are not interrupted by IFC. If a response message was
suspended by IFC, transfer of the message will resume when the unit is
addressed to talk. If a command message transfer was suspended by IFC, the
rest of the message can be sent when the unit is addressed to listen.

Return to Section 11 topics
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LLO (local lockout)

When the unit is in remote operation, all front panel controls are disabled except
the LOCAL and OUTPUT OFF keys (and of course the POWER switch). The LLO
command disables the LOCAL key, but it does not affect OUTPUT OFF, which
cannot be disabled.

GTL (go to local)

Use the GTL command to put a remote-mode instrument into local mode. Leaving
the remote state also restores operation of all front panel controls.

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 pre-
vents the processing of any other device command. A DCL does not affect instru-
ment 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 instru-
ments instead of clearing all instruments simultaneously, as is the case with DCL.

GET (group execute trigger)

GET is a GPIB trigger that is used to trigger the instrument to take readings by
remote.

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
Appendix D.) Generally, the serial polling sequence is used by the controller to
determine which of several instruments has requested service with the SRQ line.
The serial polling sequence may be performed at any time to obtain the status
byte from the SourceMeter.

Return to Section 11 topics
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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 status and error messages associated with IEEE-488
programming. The instrument can be programmed to generate an SRQ, and com-
mand queries can be performed to check for specific error conditions.

GPIB status indicators

The REM (remote), TALK (talk), LSTN (listen), and SRQ (service request) annun-
ciators show the GPIB bus status. Each of these indicators is described below.

REM

This indicator shows when the instrument is in the remote state. When the instru-
ment is in remote, all front panel keys, except for the LOCAL and OUTPUT OFF
keys, are locked out. When REM is turned off, the instrument is in the local state,
and front panel operation is restored.

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 talk command. TALK is off
when the unit is in the talker idle state. Place the unit in the talker idle state by
sending a 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 listen command.
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 (Inter-
face 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.

Return to Section 11 topics
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LOCAL key

The LOCAL (EXIT) 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 normal if a user-defined message was displayed.

If the LLO (Local Lockout) command is in effect, the LOCAL key is also inopera-
tive. For safety reasons, the OUTPUT OFF key can be used to turn the output off
while in LLO. Note that pressing LOCAL or OUTPUT OFF will also abort any com-
mands or scripts that are being processed.

RS-232 interface operation

Setting RS-232 interface parameters

Front panel RS-232 parameters

To set interface parameters:

Press the MENU key.

Select COMMUNICATIONS, then press ENTER or the Rotary Knob.
Select INTERFACE_CFG, then press ENTER or the Rotary Knob.

Select RS-232, then press ENTER or the Rotary Knob. Set these interface
parameters as outlined in the following paragraphs:

¢ Baudrate

*  Number of bits

e Parity

* Flow control

5. Press EXIT as needed to back out of the menu structure.

oD~

Remote RS-232 parameters

Commands to set RS-232 parameters are listed in Table 11-2. See Section 12 for
more information.

Note that changing the serial port settings take effect when the command is pro-
cessed. Any response messages generated after processing these commands
will be sent with the new settings. If command messages are being queued (sent
before these commands have executed), the new settings may take effect in the
middle of a subsequent command message, so care should be exercised when
setting these attributes from the remote interface.

Return to Section 11 topics
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Table 11-2
RS-232 interface commands

Command Description
serial.baud = baud Set baud rate (300, 600, 1200, 2400, 4800, 9600,
19200, 38400, 57600, or 115200)
serial.databits = bits Set number of bits (7 or 8)

serial.flowcontrol = flow |Set flow control:

serial. FLOW_NONE(no flow control)

serial. FLOW_HARDWARE (hardware flow control)
serial.parity = parity Set parity:

serial. PARITY_NONE (no parity)

serial. PARITY_EVEN (even parity)

serial. PARITY_ODD (odd parity)

RS-232 programming example

Send the following commands to set the baud rate to 9600 with no flow control:

serial .baud = 9600
serial.flowcontrol = serial.FLOW_ NONE

Sending and receiving data
The RS-232 interface transfers data using 7 or 8 data bits, 1 stop bit, and no,

even, or odd parity. Make sure the device you connect to the SourceMeter also
uses the same settings.

Terminator
When receiving data over the RS-232 interface, the Model 260x will terminate on

any line feed character. When sending data, it will append a line feed character to
all outgoing messages.

Return to Section 11 topics
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Baud rate

The baud rate is the rate at which the SourceMeter and the programming terminal
communicate. Choose one of the following available rates:
* 115200
e 57600
e 38400
* 19200
e 9600
e 4800
* 2400
e 1200
* 600
e 300
The factory selected baud rate is 9600.
When you choose a baud rate, make sure the programming computer that you are

connecting to the SourceMeter can support the baud rate you selected. Both the
SourceMeter and the other device must be configured for the same baud rate.

Data bits and parity

The RS-232 interface can be configured to send/receive data that is 7 or 8 bits
long using even, odd, or no parity. No parity is only valid when using 8 data bits.

Flow control (signal handshaking)

Signal handshaking between the controller and the instrument allows the two
devices to communicate to each other regarding being ready or not ready to
receive data.

The RS-232 interface provides two control lines (RTS and CTS) for this purpose
(see Figure 11-4 and Table 11-3). When the Model 260x is ready to send (RTS)
data, it will transmit when it receives the clear to send (CTS) signal from the com-
puter.

To enable or disable flow control, use the RS-232 configuration menu. Select
HARDWARE to enable flow control, or NONE to disable it.

Return to Section 11 topics
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RS-232 connections

The RS-232 serial port is connected to the serial port of a computer using a
straight-through RS-232 cable terminated with DB-9 connectors. Do not use a null
modem cable. The serial port uses the transmit (TXD), receive (RXD), CTS and
RTS (if flow control is enabled), and signal ground (GND) lines of the RS-232
standard. Figure 11-4 shows the rear panel connector for the RS-232 interface,
and Table 11-3 shows the pinout for the connector. The connector location is
shown in Figure 11-3 on page 11-5.

If your computer uses a DB-25 connector for the RS-232 interface, you will need a
standard cable or adapter with a DB-25 connector on one end and a DB-9 con-
nector on the other. An available RS-232 cable from Keithley is listed in “Options
and accessories” on page 1-5.

Figure 11-4
RS-232 interface connector

RS-232

54321

© ) @

Rear Panel Connector

Table 11-3
RS-232 connector pinout

Pin number Description

Not used

TXD, transmit data
RXD, receive data
Not used

GND, signal ground
Not used

RTS, ready to send
CTS, clear to send
Not used

O©CoONOOOHA~WN =
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Table 11-4 provides pinout identification for the 9-pin (DB-9) or 25-pin (DB-25)
serial port connector on the computer (PC).

Table 11-4
PC serial port pinout

DB-9 pin | DB-25 pin
Signal* number | number

DCD, data carrier detect
RXD, receive data

TXD, transmit data

DTR, data terminal ready
GND, signal ground
DSR, data set ready
RTS, request to send
CTS, clear to send

RI, ring indicator

O©CoOoONOOOPr~WN =
I\ N
NOPRrONSND WO

* The Model 260x does not use all RS-232 signals. See
Table 11-3.

Error messages
See Appendix B for RS-232 error messages.

Return to Section 11 topics
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Command programming notes

Conventions

For the following command reference, it is necessary to understand the following
conventions:

Wild characters

Many SMU commands are expressed in a generic form using wild characters. A
wild character indicates an SMU channel, function or trigger line. Keep in mind
that wild characters used in the generic form are NOT to be included in the com-
mand sent to the instrument.

xand v

The x character is used for functions and attributes to indicate the SMU channel (a
or b) and Y is used to indicate the SMU function (v, i, r or p). For example, the
attribute for the source output setting is generically expressed as follows:

smuX.source.levelY

To program SMU channel A to 5 volts, the following command statement is to be
sent to the instrument:

smua.source.levelv = 5.0

To program SMU channel B to 1 milliampere, the following command statement is
to be sent to the instrument:

smub.source.leveli = 0.001

The wild characters x and/or Y are NEVER sent to the instrument. They are used
in this command reference for notational convenience only.

[N]

The N character, enclosed by brackets ([ ]), is used in functions and attributes for
the Digital I/O line (1 to 14). For example, the function to assert an output trigger is
generically expressed as follows:

digio.trigger [N] .assert

To program the Model 260x to assert an output trigger on trigger line 5, the follow-
ing command statement is sent to the instrument.

digio.trigger[5] .assert ()

The wild character N should NOT to be sent to the instrument. However, the
brackets ([ 1) must be included in the command. Also, note that the above com-
mand requires that a set of open and closed parenthesis ( () ) be appended to the
function (see “Functions” on page 12-3).

Return to Section 12 topics
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Functions and attributes
Commands can be function based or attribute based.

Functions

Function based commands are used to control actions or activities. For example,
performing a voltage measurement is a function (action) of an SMU. A function
based command is not necessarily directly related to a Model 260x operation. For
example, the bit .bitand function will logically AND two numbers.

Each function consists of a function name followed by a set of parenthesis (()). If
the function does not have a parameter, the parenthesis set is left empty. Exam-

ples:

digio.writeport (15) Sets digital I/0 lines 1, 2, 3 and 4 high.
digio.writebit (3, 0) Sets line 3 low (0).

smua.reset () Returns SMU A to its default settings.
digio.readport () Reads the digital 1/0 port.

The results of a function call are used by assigning the return values to variables
and accessing those variables. The following code will measure SMU A voltage
and return the reading:

reading = smua.measure.v ()
print (reading)

Output: 2.360000e+00
The above output indicates that the voltage reading is 2.36V.

For a function that returns one value, the function call can be used in an expres-
sion. For example:

if smua.measure.v() > 5 then

end

Attributes

An attribute is a characteristic of an instrument feature or operation. For example,
some characteristics of an SMU source include the source function, range and
output level.

Assigning a value to an attribute

An attribute-based command can be used to assign a new value to an attribute.
For many attributes, the value can be in the form of a discrete number or a pre-
defined identifier. For example, filter type is an attribute. The moving average filter
is selected by assigning the attribute to either of the following values:

0 OF smuX.FILTER MOVING_ AVG.

Return to Section 12 topics
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Either of the following command messages will configure SMU A for the moving
average filter:

smua.measure.filter.type = 0
smua.measure.filter.type = smua.FILTER MOVING_AVG

Some attributes can take any numeric value that is within a valid range. For exam-
ple, the voltage source can be set from -40.4V to +40.4V. The following command
message sets the SMU A source level to 1.53V:

smua.source.levelv = 1.53

Reading an attribute

Reading an attribute is accomplished by passing it to a function call as a parame-
ter or by assigning it to another variable.

Parameter passing example — The following command reads the filter type for
SMU A by passing the attribute to the print function, which outputs a value:
print (smua.measure.filter.type)

Output: 0.000000e+00

The above output indicates that the moving average filter is selected.

Variable assignment example — The following command reads the filter type by
assigning the attribute to a variable named filtertype:

filtertype = smua.measure.filter.type

Syntax rules

e Commands for functions and attributes are case sensitive. As a general
rule, all function and attribute names must be in lower case, while parame-
ters use a combination of lower and upper case characters. Upper case
characters are required for attribute constants. Example:
smua.source. func = smua.OUTPUT DCVOLTS

In the above command to select the volts source function, oUTPUT DCVOLTS
is the attribute constant.

¢ Whitespace in a function is not required. The function to set digital /O line 3
low can be sent with or without whitespaces as follows:
digio.writebit (3,0) -- Whitespaces NOT used in string.
digio.writebit (3, 0) -- Whitespaces used in string.

¢ Some commands require multiple parameters. Multiple parameters must be
separated by commas (,), as shown above for the digio.writebit func-
tion.
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TSP-Link nodes

Each instrument or enclosure attached to the TSP-Link bus must be uniquely
identified. This identification is called a TSP-Link node number and the enclosures
are called nodes. Each node must be assigned a unique node number.

From a TSP point of view, nodes look like tables. There is one global table named
node that contains all the actual nodes that are themselves tables. An individual
node is accessed as node [N] where N is the node number assigned to the node.
Each node has certain attributes that can be accessed as elements of its associ-
ated table. These are listed as follows:

id The node number assigned to the node.
model The product model number string of the node.
revision The product revision string of the node.
serialno  The product serial number string of the node.

There is also an entry for each logical instrument on the node (see “Logical instru-
ments”).

It is not necessary to know the node number of the node running a script. The
variable localnode is an alias for the node entry the script is running on. For
example, if a script is running on node 5, the global variable 1ocalnode will be an
alias for node [5] .

Logical instruments

You would normally refer to all instrumentation within one enclosure or node as a
single instrument. From an TSP/ICL point of view, it is useful to think of individual
SMUs as instruments. To avoid confusion, SMUs and other subdivisions of the
instrumentation within an enclosure will be referred to as “logical instruments.”

Each logical instrument is given a unique identifier in a system. These identifiers
are used as part of all ICL function calls that control a given logical instrument. A
Model 260x SMU has the following logical instruments per enclosure:

beeper errorqueue smua status
digio gpib smub tsplink
display serial timer

Logical instruments also look like TSP tables. In addition to the logical-instrument-
specific attributes and the commands to which they respond, there are a few
attributes that provide information about the logical instrument. These attributes
are listed below:

name A string that represents the logical instrument’s name. For example,
smua.
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node A reference to the TSP-Link node of which the logical instrument is a
part.

Each logical instrument has an element for each command that it supports. These
commands are documented in this section. Note that smua and smub support the
same command set and are documented jointly as smuX.

On any given node, the logical instrument identifiers from that node are also glo-
bal variables. They can be accessed as elements of the node they belong or
directly if running on that node. For example, to execute the measure.v command
on smua on node [5], one could use node [5] . smua.measure.v (). If the com-
mand is being issued (executed) on node[5], then smua.measure.v () is suffi-
cient. Only be concerned with node numbers when controlling multiple units via
the TSP-Link.

Reading buffers

Readings can be obtained in multiple ways. Reading acquisition can be synchro-
nous or overlapped. Furthermore, the routines that make single point measure-
ments can be configured to make multiple measurements where only one would
ordinarily be made. Also, consider that the measured value is not the only compo-
nent of a reading. The measurement status (e.g. “In Compliance” or “Over
ranged”) is also data associated with a particular reading.

All routines that return measurements can return them as reading buffers. Over-
lapped measurements are always returned in a reading buffer. Synchronous mea-
surements return a single value or both a single value and a reading buffer. The
more advanced user can use the reading buffer to access the additional informa-
tion stored in the reading buffer.

A reading buffer is based on a TSL table. The measurements themselves are
accessed by ordinary array access. If rb is a reading buffer, the first measurement
is accessed as rb[1] and the 9" measurement as rb [9], etc. The additional
information in the table is accessed as additional members of the table. The fol-
lowing values are all available per reading buffer, i.e., rb.appendmode:

appendmode Off (default) or on. If off, a new measurement to this buffer
will overwrite the previous contents. If on, the first new
measurement will be stored at what was formerly

rb[n+1].

basetimestamp The timestamp of when the reading at rb [1] was stored,
in seconds, from time of power-up.

capacity The total number of readings that can be stored in the

reading buffer.

collectsourcevalues  When on, source values will be stored with readings in
the buffer. This requires four extra bytes of storage per
reading. This value, off (default) or on, can only be
changed when the buffer is empty.
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collecttimestamps

n

When on, timestamps will be stored with readings in the
buffer. This requires four extra bytes of storage per read-
ing. This value, off (default) or on, can only be changed
when the buffer is empty.

The number of readings in the reading buffer.

timestampresolution  The timestamp resolution, in seconds. The default resolu-

tion is 0.000001 seconds. At this resolution, the reading
buffer can store unique timestamps for up to 71 minutes.
This value can be increased for very long tests.

The following values are available per reading, i.e., rb.measurefunctions [3],
as enabled. Each is actually a nested table. Related entries are stored at the
same index as the relevant measurement.

measurefunctions

measureranges

readings

sourcefunctions

sourceoutputstates

sourceranges

sourcevalues

statuses

timestamps

An array (TSL table) of strings indicating the function mea-
sured for the reading (Current, Voltage, Ohms or Watts).

An array (TSL table) of full scale range values for the
measure range used when the measurement was made.

An array (TSL table) of the readings stored in the reading
buffer. This array holds the same data that is returned when
the reading buffer is accessed directly, i.e., rb[2] and
rb.readings [2] are the same value.

An array (TSL table) of strings indicating the source function
at the time of the measurement (Current or Voltage).

An array (TSL table) of strings indicating the state of the
source (Off or On).

An array (TSL table) of full scale range values for the source
range used when the measurement was made.

If enabled (see collectsourcevalues above), an array
(TSL table) of the sourced value in effect at the time of the
reading.

An array (TSL table) of status values for all of the readings in
the buffer. The status values are floating-point numbers that
encode the status value into a floating-point value.

An array (TSL table) of timestamps, in seconds, of when
each reading occurred. These can be compared to the base-
timestamp for the buffer for time lapsed.

For example, the number of readings the reading buffer can store is accessed as

rb.capacity.
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Time and date values

Date/time values are represented as a number of seconds since some base.
There are three time bases:

1. UTC 12:00 am Jan 1 1970.

2. When the Model 260x is powered on.

3. Time referenced to an event, such as the first reading stored in a reading
buffer.

Time can be represented as the number of seconds since UTC 12:00 am on Jan-
uary 1, 1970. The commands that utilize this format are commands that require an
absolute time reference such as setting the calibration date.

Time can also be represented as the number of seconds since the unit was pow-
ered on. The os.clock () function returns values in this format.

Representing time as a number of seconds will be referred to as “standard time
format.” Note that because numbers are floating point numbers, the precision of
date/time values will decrease the farther the elapsed time gets from its reference
base. This decrease in precision is approximately 0.06ppm of the total elapsed
time. This precision is generally more accurate than the time base of the instru-
ment and should not present any problems. It is worth noting, however, because
you can directly see the affects as compared to the less obvious time-base drift.
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ICL functions and attributes list

beeper function and attribute, page 12-11
beeper.beep beeper.enable

bit functions, page 12-12

bit.bitand bit.clear bit.set bit.toggle
bit.bitor bit.get bit.setfield

bit.bitxor bit.getfield bit.test

delay function, page 12-18

delay

digio functions and attributes, page 12-19

digio.readbit digio.trigger[N].clear digio.trigger[N].release digio.writeport
digio.readport digio.trigger[N].mode digio.trigger[N].wait digio.writeprotect
digio.trigger[N].assert digio.trigger[N].pulsewidth  digio.writebit

display functions and attributes, page 12-24

display.clear display.inputvalue display.prompt display.smuX.digits
display.getannunciators display.loadmenu.add display.screen display.smuX.measure.func
display.getcursor display.loadmenu.delete display.sendkey display.trigger.clear
display.getlastkey display.locallockout display.locallockout display.trigger.wait
display.gettext display.menu display.settext display.waitkey

errorqueue functions and attribute, page 12-40
errorqueue.clear errorqueue.count errorqueue.next

exit function, page 12-42
exit

format attributes, page 12-42
format.asciiprecision format.byteorder format.data

gpib attribute, pg. 12-45
gpib.address

localnode attributes, page 12-46
localnode.linefreq localnode.prompts localnode.showerrors

makegetter functions, page 12-48
makegetter makesetter

opc function, page 12-50
opc
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printbuffer and printnumber functions, page 12-51
printbuffer printnumber

reset function, page 12-53
reset

serial functions and attributes, page 12-53

serial.baud serial.flowcontrol serial.read
serial.databits serial.parity serial.write
setup functions and attribute, page 12-56

setup.poweron setup.recall setup.save

smuX functions and attributes, page 12-57

smuX.cal.date smuX.measure.filter.type
smuX.cal.due smuX.measure.interval
smuX.cal.lock smuX.measure.lowrangeY
smuX.cal.password smuX.measure.nplc
smuX.cal.polarity smuX.measure.overlappedY
smuX.cal.restore smuX.measure.rangeY
smuX.cal.save smuX.measure.rel.enableY
smuX.cal.state smuX.measure.rel.levelY
smuX.makebuffer smuX.measure.Y
smuX.makebuffer smuX.measureYandstep
smuX.measure.autorangeY smuX.nvbufferY
smuX.measure.autozero smuX.nvbufferY.appendmode
smuX.measure.calibrateY smuX.nvbufferY.basetimestamp
smuX.nvbufferY.capacity
smuX.nvbufferY.clear
smuX.nvbufferY.collectsourcevalues

smuX.measure.count
smuX.measure.filter.count
smuX.measure.filter.enable

smuX.nvbufferY.collecttimestamps
smuX.nvbufferY.n
smuX.nvbufferY.timestampresolution
smuX.reset

smuX.sense
smuX.source.autorangeY
smuX.source.calibrateY
smuX.source.compliance
smuX.source.func
smuX.source.levelY
smuX.source.limitY
smuX.source.lowrangeY
smuX.source.offmode
smuX.source.output
smuX.source.outputenableaction
smuX.source.rangeY

status functions and attributes are documented in Appendix D.

timer functions, page 12-86
timer.measure.t timer.reset

trigger functions, page 12-87

trigger.clear trigger.wait

tsplink function and attributes, page 12-88
tsplink.node tsplink.reset

tsplink.state

userstring functions, page 12-89
userstring.add userstring.catalog

userstring.delete

userstring.get

waitcomplete function, page 12-91
waitcomplete
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beeper function and attribute

The beeper generates a beep tone. It is typically used to announce the start and/or com-
pletion of a test or operation.

beeper.beep

Function

Generates a beep tone.

Usage

beeper.beep (duration, frequency)

duration Set from 0.1 to 100 (seconds).
frequency Set to 453, 621, 987 or 2400 (Hz).

Remarks

e There are four beeper frequencies: 453Hz, 621Hz, 987Hz and 2400Hz. If you set
frequency to a different value, the closest supported frequency will be selected.

¢ The beeper will not sound if it is disabled (see beeper.enable attribute).

¢ This function is an overlapped command. Script execution will continue and not wait
for the beep to finish. If another beep command is issued before the previous beep
finishes, the first beep will be terminated. The waitcomplete function can be used to
hold up script execution until the beep command finishes.

Also see

beeper.enable

Example

Enables the beeper and generates a two-second, 2400Hz beep:
beeper.enable = 1
beeper.beep (2, 2400)

beeper.enable

Attribute Beeper control (on/off).
Usage beeperstate = beeper.enable -- Reads beeper state.
beeper.enable = beeperstate -- Writes beeper state.
Set beeperstate to one of the following values:
0 Beeper disabled
1 Beeper enabled
Remarks |* This attribute enables or disables the beeper. Disabling the beeper also disables front
panel key clicks.
¢ Cycling power enables the beeper. The reset function does not affect the beeper
state.
Also see beeper.beep
Example Enables the beeper and generates a two second, 2400Hz beep:

beeper.enable = 1
beeper.beep (2, 2400)

Return to Section 12 topics




12-12 Instrument Control Library Series 2600 Reference Manual

bit functions

Logic and bit operations

The bit functions are used to perform bitwise logic operations on two given numbers, and
bit operations on one given number. Logic and bit operations truncate the fractional part of
given numbers to make them integers.

NOTE The TSP stores all numbers internally as single precision IEEE-754 floating
point values. The internal number representation only stores 24 bits of
numeric data. The logic operations will work correctly for all integer values
between 0 and 4294967295. However, only the 24 most significant bits will
be stored for the return value.

Logic operations — The bit.bitand, bit.bitor and bit.bitxor functions in this group
perform logic operations on two numbers. The TSP will perform the indicated logic opera-
tion on the binary equivalents of the two integers. Logic operations are performed bitwise.
That is, bit 1 of the first number is AND’ed, OR’ed or XOR’ed with bit 1 of the second num-
ber. Bit 2 of the first number is AND’ed, OR’ed or XOR’ed with bit 2 of the second number.
This bitwise logic operation is performed on all corresponding bits of the two numbers. The
result of a logic operation will be returned as an integer.

Bit operations — The rest of the functions in this group are used for operations on the bits
of a given number. These functions can be used to clear a bit, toggle a bit, test a bit, set a
bit (or bit field) and retrieve the weighted value of a bit (or field value). All of these functions
use an index parameter to “point” to the bit position of the given number. The least signifi-
cant bit of a given number has an index of 1, and the most significant bit has an index of 32.

bit.bitand

Function Performs a bitwise logical AND operation on two numbers.

Usage value = bit.bitand(valuel, value2)
valuel First number for the AND operation.
value2 Second number for the AND operation.
value Returned result of the AND operation.

Remarks ¢ This function performs a logical AND operation on two numbers.

¢ Any fractional parts of valuel and value2 are truncated to make them integers.
The returned value is also an integer.
* See “Logic and bit operations” on page 12-12 for more information.

Also see bit.bitor, bit.bitxor

Return to Section 12 topics




Series 2600 Reference Manual Instrument Control Library 12-13

Example AND’ing decimal 10 (binary 1010) with decimal 9 (binary 1001) will return a value of
decimal 8 (binary 1000):
value = bit.bitand (10, 9)
print (value)
Output: 8.000000e+00
bit.bitor
Function Performs a bitwise logical OR operation on two numbers.
Usage value = bit.bitor (valuel, value2)
valuel First number for the OR operation.
value2 Second number for the OR operation.
value Returned result of the OR operation.
Remarks |* This function performs a logical OR operation on two numbers.
* Any fractional parts of valuel and value2 are truncated to make them integers.
The returned value is also an integer.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.bitand, bit.bitxor
Example OR’ing decimal 10 (binary 1010) with decimal 9 (binary 1001) will return a value of
decimal 11 (binary 1011):
value = bit.bitor (10, 9)
print (value)
Output: 1.100000e+01
bit.bitxor
Function Performs a bitwise logical XOR (Exclusive OR) operation on two numbers.
Usage value = bit.xor(valuel, value2)
valuel First number for the XOR operation.
value2 Second number for the XOR operation.
value Returned result of the XOR operation.
Remarks |* This function performs a logical Exclusive OR operation on two numbers.
¢ Any fractional parts of valuel and value2 are truncated to make them integers.
The returned value is also an integer.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.bitand, bit.bitor
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Example XOR’ing decimal 10 (binary 1010) with decimal 9 (binary 1001) will return a value of
decimal 3 (binary 0011):
value = bit.bitxor (10, 9)
print (value)
Output: 3.000000e+00
bit.clear
Function Clears a bit at a given index position.
Usage value = bit.clear(valuel, index)
valuel Given number.
index Index position of the bit to be cleared (1 to 32).
value Returns the result of the manipulation.
Remarks |* This function clears a bit at a given index position.
* Any fractional part of valuel is truncated to make it an integer. The returned value
is also an integer.
* The least significant bit of the given number is at index 1. The most significant bit is
at index 32.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.get, bit.getfield, bit.set, bit.setfield, bit.test, bit.toggle
Example The binary equivalent of decimal 15 is 1111. If you clear the bit at index position 2, the
returned decimal value would be 13 (binary 1101):
value = bit.clear (15, 2)
print (value)
Output: 1.300000e+01
bit.get
Function Retrieves the weighted value of a bit at a given index position.
Usage value = bit.get (valuel, index)
valuel Given number.
index Index position of the bit to be retrieved (1 to 32).
value Returned weighted value of the bit.
Remarks |* This function returns the value of the bit in valuel at the given index. This is the

same as returning valuel with all other non-indexed bits set to zero.

* Prior to retrieving the indexed bit, any fractional part of the given number will be trun-
cated to make it an integer. The least significant bit of the given number has an index
of 1 and the most significant bit has an index of 32.

* |f the indexed bit for the number is set to 0, the result will be 0.

* See “Logic and bit operations” on page 12-12 for more information.
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Also see bit.clear, bit.getfield, bit.set, bit.setfield, bit.test, bit.toggle
Example The binary equivalent of decimal 10 is 1010. Getting the bit at index position 4 will
return decimal value 8:
value = bit.get (10, 4)
print (value)
Output: 8.000000e+00
bit.getfield
Function Returns a field of bits starting at a given index position.
Usage value = bit.getfield(valuel, index, width)
valuel Given number.
index Index position of the first bit; 1 to (33 — width).
width Field width — number of bits to be included in the field; 1 to 24.
value Returned value of the bit field.

Remarks * A field of bits is a contiguous group of bits. This function retrieves a field of bits from
valuel starting at the given index position. The index position is the least signifi-
cant bit of the retrieved field. The number of bits to return is given by width.

* Prior to retrieving the field of bits, any fractional part of the given number will be trun-
cated to make it an integer.
¢ The least significant bit of the given number has an index of 1 and the most signifi-
cant bit has an index of 32.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.clear, bit.get, bit.set, bit.setfield, bit.test, bit.toggle
Example The binary equivalent of decimal 13 is 1101. The field at index 2 and width 3 consists
of the binary bits 110. The returned value will be decimal 6 (binary 110):
value = bit.getfield (13, 2, 3)
print (value)
Output: 6.000000e+00
bit.set
Function Sets a bit at a given index position.
Usage value = bit.set(valuel, index)

valuel Given number.
index Index position of the bit to be set (1 to 32).
value Returned value of the new number.
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¢ This function returns value, which is valuel with the indexed bit set. The index

Remarks iy - .
must be a value between 1 and 32. The least significant bit of the given number has
an index of 1 and the most significant bit has an index of 32.
¢ Any fractional part of value1 will be truncated to make it an integer.
* See “Logic and bit operations” on page 12-12 for more information.
Also see bit.clear, bit.get, bit.getfield, bit.setfield, bit.test, bit.toggle
Example The binary equivalent of decimal 8 is 1000. If the bit at index 3 is set to 1, the returned

value will be decimal 12 (binary 1100):
value = bit.set (8, 3)
print (value)

Output: 1.200000e+01

bit.setfield

Function Overwrites a bit field at a given index position.
Usage value = bit.setfield(valuel, index, width, fieldvalue)
valuel Given number.
index Index position of the least significant bit of the field; 1 to (33 —
width).
width Field width — number of bits in the field; 1 to 24.
fieldvalue Value to write to the field.
value Returned value of the new number.

Remarks |* This function returns value, which is value1 with a field of bits overwritten, starting
at the given index position. The index specifies the position of the least significant
bit of the given field. The width bits starting at the given index will be set to the value
given by fieldvalue. The least significant bit in value1 has an index of 1 and the
most significant bit has an index of 32.

* Prior to setting the field of bits, any fractional parts of valuel and fieldvalue will
be truncated to make them integers.
¢ |f the fieldvalue is wider than the width, the extra most significant bits of the
fieldvalue will be truncated. For example, assume the width is 4 bits, and the
binary value for fieldwidth is 11110 (5 bits). The most significant bit of field-
width will be truncated, and a binary value of 1110 will be used as the fieldvalue.
* See “Logic and bit operations” on page 12-12 for more information.
Also see bit.clear, bit.get, bit.getfield, bit.set, bit.test, bit.toggle
Example The binary equivalent of decimal 15 is 1111. After overwriting it with a decimal 5

(binary 101) at index position 2, the returned value will be decimal 11 (binary 1011):
value = bit.setfield (15, 2, 3, 5)
print (value)

Output: 1.100000e+01

Return to Section 12 topics




Series 2600 Reference Manual

Instrument Control Library 12-17

bit.test
Function Returns the Boolean value (true or false) of a bit at a given index position.
Usage value = bit.test(valuel, index)
valuel Given number.
index Index position of the bit to be tested (1 to 32).
value Returned decimal value of the bit.
Remarks |* This function returns value, which is the result of the tested bit. The least significant
bit of the given number is at index 1. The most significant bit is at index 32.
¢ Any fractional part of value1 will be truncated to make it an integer. If the indexed bit
for valuel is set to 0, the returned value will be false. If the indexed bit for valuel is
set to 1, the returned value will be true.
* If the index is bigger than the number of bits in valuel, the result will be false.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.clear, bit.get, bit.getfield, bit.set, bit.setfield, bit.toggle
Example The binary equivalent of decimal 10 is 1010. Testing the bit at index position 4 will
return a Boolean value of true:
value = bit.test (10, 4)
print (value)
Output: true
bit.toggle
Function Toggles the value of a bit at a given index position.
Usage value = bit.toggle(valuel, index)
valuel Given number.
index Index position of the bit to be toggled (1 to 32).
value Returned value of the new number.
Remarks |* This function returns value, which is the result of toggling a bit in valuel.
¢ Any fractional part of valuel is truncated to make it an integer. The returned deci-
mal value is also an integer. The least significant bit of the given number is index 1.
The most significant bit is index 32.
¢ The indexed bit for valuel is toggled from 0 to 1, or 1 to 0.
¢ See “Logic and bit operations” on page 12-12 for more information.
Also see bit.clear, bit.get, bit.getfield, bit.set, bit.setfield, bit.test
Example The binary equivalent of decimal 10 is 1010. Toggling the bit at index position 3 will

return a decimal value of 14 (binary 1110).
value = bit.toggle (10, 3)
print (value)

Output: 1.400000e+01
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delay function

This function is used to hold up system operation for a specified period of time. It is typi-
cally used to soak a device at a specific voltage or current for a period of time.

delay
Function Delays system operation.
Usage delay (seconds)
seconds Set delay in seconds (100000 seconds maximum).

Remarks |* This function will delay for the specified number of seconds. It is impossible to delay
for zero seconds.

¢ Delays smaller than 50us will be dominated by overhead such that the actual delay
might be as long as 50us (typical). For delays longer than 50ps, the delay may be as
much as 10ps (typical) more than the requested delay.

Example Sets the SMU A output to 1V, soaks the DUT for 50ms and then turns the output off:
smua.source.levelv = 1.0

delay (0.050)

smua.source.off ()
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digio functions and attributes

The functions and attributes in this group are used to control read/write and trigger opera-
tions for the digital I/O Port.

NOTE The digital I/O lines can be used for both input and output. If a line is being
driven low, then a “0” value will be read by a command for that line. You
must write a “1” to all digital 1/0O lines that are to be used as inputs.

digio.readbit
Function Reads one digital I/O line.
Usage data = digio.readbit (line)
line Digital I/O line number to be read (1 to 14).
Remarks A returned value of “0” indicates that the line is low. A returned value of “1” indicates
that the line is high.
Details See “Digital 1/0 port” in Section 10.
Also see digio.readport, digio.writebit, digio.writeport
Example Assume line 4 is set high, and it is then read:

data = digio.readbit (4)
print (data)

Output: 1.000000e+00

digio.readport

Function Reads the digital I/O port.

Usage data = digio.readport ()

Remarks The binary equivalent of the returned value indicates the input pattern on the I/O port.
The least significant bit of the binary number corresponds to line 1 and bit 14 corre-
sponds to line 14. For example, a returned value of 170 has a binary equivalent of
00000010101010. Lines 2, 4, 6 and 8 are high (1), and the other 10 lines are low (0).

Details See “Digital I/0 port” in Section 10.

Also see digio.readbit, digio.writebit, digio.writeport

Example Assume lines 2, 4, 6 and 8 are set high, and the I/O port is then read:

data = digio.readport ()
print (data)

Output: 1.700000e+02 (binary 10101010)
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digio.trigger[N].assert N is a digital I/O trigger line: 1 to 14

Function Asserts a trigger on one of the digital 1/O lines.

Usage digio.trigger [N] .assert ()

Remarks The set pulsewidth determines how long the trigger is asserted.

Details See “Controlling digital 1/0 lines” in Section 10.

Also see digio.trigger[N].pulsewidth

Example Asserts trigger on /O line 2:
digio.trigger[2] .assert ()

digio_trigger[N]_c|ear N is a digital I/O trigger line: 1 to 14

Function Clears a trigger event on a digital 1/O line.

Usage digio.trigger [N] .clear ()

Remarks A trigger’s event detector remembers if a trigger event has been detected since the last
digio.trigger[line] .wait call. This function clears a trigger’s event detector and
discards the previous history of the trigger line.

Details See “Controlling digital 1/O lines” in Section 10.

Also see digio.trigger[N].wait

Example Clears trigger event on /O line 2:
digio.trigger[2] .clear ()

digio_trigger[N]_mode N is a digital I/O trigger line: 1 to 14

Attribute Trigger operation and detection mode.

Usage tmode = digio.trigger [N] .mode -- Reads trigger mode.
digio.trigger [N] .mode = tmode -- Writes trigger mode.

Set tmode to one of the following values:

1 0rdigio.TRIG_FALLING Input: Detects falling edge triggers.
Output: Asserts TTL-low trigger pulse.

2 0r digio.TRIG RISING Input: Detects rising edge triggers.
Output: Asserts TTL-high trigger pulse.

3 0rdigio.TRIG EITHER Input: Detects rising or falling edge triggers.
Output: Asserts a TTL-low trigger pulse.

5 Or digio.TRIG SYNCHRONOUS Input: Detects falling edge-triggers, and then

latch and drive them low.
Output: Asserts a TTL-low trigger pulse.
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Remarks |°® tmode can be expressed as a number (1, 2, 3 or 5) or as one of the pre-defined con-
stants (see “Usage”).
* When reading the trigger mode, it is returned as a number.

Details See “Controlling digital I/O lines” in Section 10.

Example Sets the trigger mode for I/O line 4 to TRIG_RISING:
digio.trigger[4] .mode = 2

digio_trigger[N]_pu|sewidth N is a digital I/O trigger line: 1 to 14

Attribute The length of time that the trigger line will be asserted for output triggers.

Usage width = digio.trigger[N].pulsewidth -- Reads pulsewidth.
digio.trigger[N] .pulsewidth = width -- Writes pulsewidth.

width Pulsewidth length (seconds).
Remarks |* The trigger line is guaranteed to be asserted for at least the specified time, and it
might be asserted slightly longer.
* Setting pulsewidth to 0 (seconds) asserts the trigger indefinitely.
¢ The default pulsewidth time is 10us.

Details See “Controlling digital 1/0 lines” in Section 10.

Also see digio.trigger[N].release

Example Sets pulsewidth for trigger line 4 to 20ps:
digio.trigger[4] .pulsewidth = 20e-6

digio_trigger[N]_re|ease N is a digital I/O trigger line: 1 to 14

Function Releases an indefinite length or latched trigger.

Usage digio.trigger [N] .release()

Remarks Releases a trigger that was asserted with an indefinite pulsewidth, as well as a trigger
that was asserted in response to receiving a synchronous mode trigger. Only the spec-
ified trigger line (N) is affected.

Details See “Controlling digital 1/0 lines” in Section 10.

Also see digio.trigger[N].pulsewidth

Example Releases trigger line 4:
digio.trigger[4] .release()
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digio_trigger[N]_wait N is a digital I/O trigger line: 1 to 8
Function Waits for a trigger.
Usage triggered = digio.trigger [N] .wait (timeout)
timeout Set timeout in seconds.
triggered Returns ‘true’ if a trigger was detected, or ‘false’ if no triggers were
detected during the timeout period.

Remarks This function will wait up to timeout seconds for an input trigger. If one or more trigger
events were detected since the last time digio.trigger [N] .wait Or digio.trig-
ger [N] .clear was called, this function will return immediately. After waiting for a trig-
ger with this function, the event detector will be automatically reset and re-armed. This
is true regardless of the number of events detected.

Details See “Controlling digital 1/O lines” in Section 10.

Also see digio.trigger[N].clear

Example Waits up to three seconds for a trigger to be detected on trigger line 4, then displays if
the trigger was detected:
triggered = digio.trigger[4] .wait (3)
print (triggered)

Output: false (no triggers detected)
true (trigger detected)
digio.writebit
Function |Sets a digital I/O line high or low.
Usage digio.writebit (bit, data)
bit Digital I/0 line number (1 to 14)
data Value to write to the bit; 0 (low) or 1 (high)
Remarks |* If the output line is write protected, via the digio.writeprotect attribute, the command
will be ignored.
* The reset function does not affect the present states of the digital 1/O lines.

Details See “Digital I/0 port” in Section 10.

Also see digio.readbit, digio.readport, digio.writeport

Example Sets digital I/O line 4 low (0):
digio.writebit (4, 0)
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digio.writeport

Function Writes to all digital I/O lines.
Usage digio.writeport (data)
data Value to write to the port; 0 to 16383.
Remarks |* The binary representation of data indicates the output pattern to be written to the 1/0
port. For example, a data value of 170 has a binary equivalent of 00000010101010.
Lines 2, 4, 6 and 8 are set high (1), and the other 10 lines are set low (0).
¢ Write protected lines will not be changed (see digio.writeprotect).
¢ The reset function does not affect the present states of the digital 1/O lines.
Details See “Digital I/0 port” in Section 10.
Also see digio.readbit, digio.readport, digio.writebit
Example Sets digital I/O lines 1 through 8 high (binary 00000011111111):

digio.writeport (255)

digio.writeprotect

Attribute Write protect mask that disables bits from being changed with the digio.writebit
and digio.writeport functions.
Usage mask = digio.writeprotect -- Reads write protect mask.
digio.writeprotect = mask -- Writes write protect mask.
mask Set to the value that specifies the bit pattern for write protect.
Remarks |* Bits that are set to one cause the corresponding line to be write protected.
* The binary equivalent of mask indicates the mask to be set for the I/O port. For
example, a mask value of 7 has a binary equivalent 00000000000111. This mask
write protects lines 1, 2 and 3.
Details See “Digital I/O port” in Section 10.
Also see digio.writebit, digio.writeport
Example Write protects lines 1, 2, 3 and 4:

digio.writeprotect = 15
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display functions and attributes

The functions and attributes in this group are used for various display operations, which
are explained in Section 14.

display.clear

Function |Clears all lines of the display.

Usage display.clear ()

Remarks * This function will switch to the user screen and then clear the display. Annun-
ciators are not affected.

e The display.clear(), display.setcursor, and display.settext functions
are overlapped, non-blocking commands. That is, the script will NOT wait for one of
these commands to complete. These non-blocking functions do not immediately
update the display. For performance considerations, they write to a shadow and will
update the display as soon as processing time becomes available.

Details See “Clearing the display” on page 14-5.

Also see display.setcursor, display.settext

display.getannunciators

Function Reads the annunciators that are presently turned on.

Usage annun = display.getannunciators ()
annun Returns the bitmap value for annunciators that are turned on.

Remarks This function returns a bimap value that indicates which annunciators are turned on.
The 16-bit binary equivalent of the returned value is the bitmap. For example, assume
the returned value is 1028. The binary equivalent for this value is as follows:
0000010000000100

The above bitmap indicates that bits 3 and 11 are set. From the chart below, bit 3 and
bit 11 corresponds to the annunciators that are turned on (4W and REM). Notice that
the sum of the weighted values for bits 3 and 11 is the returned value (1028).

Annunciator Bit Weighted Value Annunciator Bit Weighted Value

FILT 1 1 EDIT 9 256
MATH 2 2 ERR 10 512
4w 3 4 REM 11 1024
AUTO 4 8 TALK 12 2048
ARM 5 16 LSTN 13 4096
TRIG 6 32 SRQ 14 8192
* (star) 7 64 REAR 15 16384
SMPL 8 128 REL 16 32768
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Details

See “Annunciators” on page 14-11.

Example

Reads the annunciators that are turned on:
annun = display.getannunciators ()
print (annun)

Output: 1.280000e+03

For the returned value of 1280, the binary equivalent is 0000010100000000. Bits 9 and
11 are set. Using the above chart in “Remarks”, the REM and EDIT annunciators are
turned on.

display.getcursor

Function

Reads the present position of the cursor for the user display.

Usage

row, column, style = display.getcursor()
row Returns the row for the present cursor position.

column Returns the column for the present cursor position.
style Returns the cursor style.

Remarks

» This function switches the display to the user screen, and then returns values to indi-
cate row and column position, and cursor style.

e The row value is returned as 1 (top row) or 2 (bottom row).

¢ With the cursor in the top row, the column is returned as a value from 1 to 20. With
the cursor in the bottom row, the column is returned as a value from 1 to 32. Col-
umns are numbered from left to right on the display.

¢ The returned value for style is O (invisible) or 1 (blink).

Details

See “Cursor position” on page 14-5.

Also see

display.gettext, display.screen, display.setcursor, display.settext

Example

Reads cursor position (row and column):
row, column = display.getcursor ()
print (row, column)

Output: 1.000000e+00 3.000000e+00
The above output indicates that the cursor is in Row 1 at Column 3.
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display.getlastkey
Function Retrieves the keycode for the last pressed key.
Usage key = display.getlastkey ()
Remarks |* This read-only function returns the keycode for the last pressed key. key returns one
of the following values:
0 (display.KEY NONE) 82 (display.KEY ENTER)
65 (display.KEY RANGEUP) 83 (display.KEY MEASB)
67 (display.KEY RELB) 84 (display.KEY DIGITSB)
68 (display.KEY MENU) 85 (display.KEY RECALL)
69 (display.KEY MODEA) 86 (display.KEY MEASA)
70 (display.KEY RELA) 87 (display.KEY DIGITSA)
71 (display.KEY RUN) 90 (display.KEY LIMITB)
72 (display.KEY DISPLAY) 91 (display.KEY SPEEDB)
73 (display.KEY AUTO) 92 (display.KEY TRIG)
74 (display.KEY FILTERB) 93 (display.KEY LIMITA)
75 (display.KEY EXIT) 94 (display.KEY SPEEDA)
76 (display.KEY SRCB) 95 (display.KEY LOAD)
77 (display.KEY FILTERA) 97 (display.WHEEL ENTER)
78 (display.KEY STORE) 103 (display.KEY RIGHT)
79 (display.KEY SRCA) 104 (display.KEY LEFT)
80 (display.KEY CONFIG) 114 (display.WHEEL_ RIGHT)
81 (display.KEY RANGEDOWN)
¢ A history of the keycode for the last pressed front panel key is maintained by the
Model 260x. When the instrument is powered-on, (or when transitioning from local to
remote), the keycode is set to 0 (display.KEY NONE).
e The OUTPUT ON/OFF keys for SMU A and SMU B cannot be tracked by this func-
tion.
¢ Pressing the EXIT/LOCAL key normally aborts a script. In order to use this function
with the EXIT key, display.locallockout must be used.
Details See “Sending keycodes” on page 14-16.
Also see display.sendkey, display.locallockout
Example On the front panel, press the MENU key and then send the following code:

key = display.getlastkey ()
print (key)

Output: 6.800000e+01
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display.gettext

Function

Reads the text presently displayed.

Usage There are five ways to use this function:

text = display.gettext ()

text = display.gettext (embellished)

text = display.gettext (embellished, row)

text = display.gettext (embellished, row, column start)

text = display.gettext (embellished, row, column_start, column_end)

embellished Set to false to return text as a simple character string. Set to
true to include all character codes.
row Set to 1 or 2 to select which row to read text. If not included, text
from both rows are read.
column_start Set to starting column for reading text. Default is 1.
column_end Set to ending column for reading text. Default is 20 (Row 1) or
32 (Row 2).
Note: The range of valid column numbers depends on which row is specified. For
Row 1, valid column numbers are 1 to 20. For Row 2, valid column numbers
are 1 to 32.

Remarks ¢ Sending the command without any parameters returns both lines of the display. The
$N character code will be included to show where the top line ends and the bottom
line begins.

* With embellished setto true, all other character codes will be returned along with
the message. With embellished set to false, only the message and the $n
character code will be returned. See the display.settext function for details on the
character codes.

* The display will not be switched to the user screen. Text will be read from the active
screen.

Details See “Displaying text messages” on page 14-6.

Also see display.getcursor, display.setcursor, display.settext

Example Returns all text in both lines of the display:

text = display.gettext ()
print (text)
Output: User Screen $N

The above output indicates that the message “User Screen” is on the top line. The bot-
tom line is blank.
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display.inputvalue

Function Displays a formatted input field that the operator can edit.

Usage There are four ways to use this function:

value = display.inputvalue (format)

value = display.inputvalue (format, default)

value = display.inputvalue (format, default, min)
value = display.inputvalue (format, default, min, max)

format Define format string for the input field using ‘0’s, the decimal point (.),
polarity sign (+) and ‘E’ for exponent.

default Set the default value for the parameter.

min Set the minimum input value that can be set.

max Set the maximum input value that can be set.

Remarks |* This function will make use of text to create an editable input field on the user screen
at the present cursor position. The first write to the display after poweron will clear
the user screen.

e Examples of the input field:
+0.00 00 +00.0000E+00  0.00000E+0

Value field:

+ Include a “+” sign for positive/negative value entry. Not including the “+” sign
prevents negative value entry.

0's' Defines the digit positions for the value. Up to six ‘0’s can be used for the
value (as shown above in the third and fourth examples).
If used, include the decimal point (.) where needed for the value.

Exponent field (optional):

E Include the “E” for exponent entry.

+ Include a “+” sign for positive/negative exponent entry. Not including the “+”
sign prevents negative exponent entry.

0’'s* Defines the digit positions for the exponent.

¢ Along with specifying the format for the input field, there are options to specify min-
imum and maximum limits for the input field. When NOT using the “+” sign for the
value field, the minimum limit cannot be set to less than zero. When using the “+”
sign, the minimum limit can set to less than zero (e.g., -2).

* There is also an option to specify a default value. When this command is executed,
the initially displayed value for the field will be the default value.

* Message prompts to instruct the operator should be displayed prior to calling this
function. Make sure to position the cursor where the edit field should appear.

e The input value is limited to +1e37.
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Remarks
(cont.)

* After sending this command, script execution holds up and waits for the operator to
enter a value and press ENTER:

e |f limits are used, the operator will not be able to input values outside the mini-
mum and maximum limits.

* For positive and negative entry (“+” sign used for the value field and/or the expo-
nent field), polarity of a non-zero value or exponent can be toggled by positioning
the cursor on the polarity sign and turning the wheel. Polarity will also toggle
when using the wheel to decrease or increase the value or exponent past zero. A
zero value or exponent (e.g. +00) is always positive and cannot be toggled to
negative polarity.

* After sending this command and pressing the EXIT key, value will return nil.

Details

See “Parameter value prompting” on page 14-10.

Also see

display.prompt, display.setcursor, display.settext

Example

Displays an editable field (“+0.50”) for operator input — Valid input range is -0.10 to
+2.00, with a default of 0.50:

display.clear ()

value = display.inputvalue("+0.00", 0.5, -0.1, 2.0)

display.loadmenu.add

Function

Adds an entry to the “USER TESTS” submenu of the “LOAD TEST” menu.

Usage

There are two ways to use this function:
display.loadmenu.add (displayname, chunk)
display.loadmenu.add (displayname, chunk, memory)
displayname Name to display in the menu.
chunk Chunk is the code to be executed.
memory Save or don’t save chunk and displayname in non-volatile
memory.
Set memory to one of the following values:
0 or display.DONT SAVE
1 ordisplay.SAVE

The default memory setting is display.SAVE.

Remarks

¢ This function adds an entry to the “USER TESTS” submenu of the “LOAD TEST”
menu. If the given item is subsequently selected via the front panel, the chunk will
be executed when the RUN key is pressed.

¢ The chunk can be made up of scripts, functions, variables and commands. With
memory Set to display.SAVE, commands are saved with the chunk in non-volatile
memory. Scripts, functions and variables used in the chunk are not saved by dis-
play.SAVE. Functions and variables need to be saved along with the script (see
“Saving a user script” page 14-13). If the script is not saved in non-volatile memory;, it
will be lost when the Model 260x is turned off. See Example 1 below.

* |t does not matter what order the menu items are added. They will be displayed in
alphabetical order when the “USER TESTS” menu is selected.
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Details See “Load test menu” on page 14-13.
Also see display.loadmenu.delete
Examples |Example 1 — Assume a script with a function named “DUT1” has already been loaded

into the Model 260x, and the script has NOT been saved in non-volatile memory.

Now assume you want to add a test named “Test” to the USER TESTS menu. You want
the test to run the function named “DUT1” and sound the beeper. The following com-
mand will add “Test” to the menu, define the chunk, and then save displayname and
chunk in non-volatile memory:

display.loadmenu.add("Test", "DUT1() beeper.beep(2, 500)",
display.SAVE)

When “Test” is run from the front panel USER TESTS menu, the function named
“DUT1” will execute and the beeper will beep for two seconds.

Now assume you cycle power on the Model 260x. Since the script was not saved in
non-volatile memory, the function named “DUT1” is lost. When “Test” is again run from
the front panel, the beeper will beep, but “DUT1” will not execute because it no longer
exists in the chunk.

Example 2 — Adds entry called “Part1” to the front panel “USER TESTS” load menu for
the chunk “testpart([[Part1]], 5.0)”, and saves it in non-volatile memory:
display.loadmenu.add("Partl", "testpart([[Partl]], 5.0)",
display.SAVE)

display.loadmenu.delete

Function Deletes an entry from the “USER” submenu of the “LOAD TEST” menu.
Usage display.loadmenu.delete (displayname)
displayname Name to remove from the menu.
Remarks |This function is used to delete an entry (displayname) from the front panel USER
TESTS submenu of the LOAD TEST menu.
Details See “Load test menu” on page 14-13.
Also see display.loadmenu.add
Example Removes the entry named “Part1” from the front panel “USER TESTS” load menu:

display.loadmenu.delete ("Partl")
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display.locallockout

Attribute LOCAL key disabled.

Usage lockout = display.locallockout -- Reads state of lockout.
display.locallockout = lockout -- Writes state of lockout.

Set lockout to one of the following values:
0 Oor display.UNLOCK Unlocks LOCAL key.
10rdisplay.LOCK Locks out LOCAL key.

Remarks Setting display.locallockout t0 display.LOCK prevents the user from interrupt-
ing remote operation by pressing the LOCAL key. Set this attribute to dis-
play.UNLOCK to allow the LOCAL key to abort script/remote operation.

Details See “LOCAL lockout” on page 14-12.

Example Disables the front panel LOCAL key:

display.locallockout = display.LOCK

display.menu

Function

Presents a menu on the front panel display.

Usage

selection = display.menu(name, items)

name Menu name to display on the top line.
items Menu items to display on the bottom line.

Remarks

e The menu consists of the menu name string on the top line, and a selectable list of
items on the bottom line. The menu items must be a single string with each item
separated by whitespace. The name for the top line is limited to 20 characters.

* After sending this command, script execution holds up and waits for the operator to
select a menu item. An item is selected by rotating the wheel (or using the cursor
keys) to place the blinking cursor on the item, and then pressing the wheel (or
ENTER key). When an item is selected, the text of that selection is returned.

* Pressing the EXIT key will not abort the script while the menu is displayed, but it will
return nil. The script can be aborted by calling the exit function when nil is
returned.

Details

See “Menu” on page 14-8.

Example

Displays a menu with three menu items. If the second menu item is selected,
selection will be given the value Test2:

selection = display.menu("Sample Menu", "Testl Test2 Test3")
print (selection)

Output: Test2

Return to Section 12 topics




12-32 Instrument Control Library Series 2600 Reference Manual

display.prompt

Function Prompts the user to enter a parameter from the front panel.
Usage There are four ways to use this function:
value = display.prompt (format, units, help)
value = display.prompt (format, units, help, default)
value = display.prompt (format, units, help, default, min)
value = display.prompt (format, units, help, default, min, max)
format Define format string for the input field using ‘0’s, the decimal point (.),
polarity sign (+) and ‘E’ for exponent.
units Set units text string for top line (8 characters maximum).
help Text string to display on the bottom line (32 characters maximum).
default Set the default value for the parameter.
min Set the minimum input value that can be set.
max Set the maximum input value that can be set.
Remarks |* This function will create an editable input field at the present cursor position, and an

input prompt message on the bottom line. Example of a displayed input field and

prompt:

0.00v

Input O to +2V

¢ The format configures the editable input field. Four examples for the format:

+0.00 00  +00.0000E+00  0.00000E+0

Value field:

+ Include a “+” sign for positive/negative value entry. Not including the “+” sign
prevents negative value entry.

0's*  Defines the digit positions for the value. Up to six ‘0O’s can be used for the
value (as shown above in the third and fourth examples).
If used, include the decimal point (.) where needed for the value.

Exponent field (optional):

E Include the “E” for exponent entry.

+ Include a “+” sign for positive/negative exponent entry. Not including the “+”
sign prevents negative exponent entry.

0's' Defines the digit positions for the exponent.
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Remarks
(cont.)

* units is a string that indicates the units (e.g., “V” or “A”) for the value and help pro-
vides a message prompt on the bottom line.

¢ Along with specifying the format for the input field, there are options to specify min-
imum and maximum limits for the input field. When NOT using the “+” sign for the
value field, the minimum limit cannot be set to less than zero. When using the “+”
sign, the minimum limit can set to less than zero (e.g., -2).

e There is also an option to specify a default value. When this command is executed,
the initially displayed value for the field will be the default value.

* Message prompts to instruct the operator should be displayed prior to calling this
function. Make sure to position the cursor where the edit field should appear.
¢ The input value is limited to +1e37.
¢ After sending this command, script execution holds and waits for the operator to
enter a value and press ENTER:
e |f limits are used, the operator will not be able to input values outside the mini-
mum and maximum limits.
¢ For positive and negative entry (“+” sign used for the value field and/or the expo-
nent field), polarity of a non-zero value or exponent can be toggled by positioning
the cursor on the polarity sign and turning the wheel. Polarity will also toggle
when using the wheel to decrease or increase the value or exponent past zero. A
zero value or exponent (e.g. +00) is always positive and cannot be toggled to
negative polarity.
* After sending this command and pressing the EXIT key, value will return nil.

Details

See “Parameter value prompting” on page 14-10.

Also see

display.inputvalue

Example

Prompts the operator to enter a voltage value — Valid input range is 0 to +2.00, with a
default of 0.50:

value = display.prompt("0.00", "V", "Input 0 to +2V" 0.5, 0, 2)
The above command will display the following input prompt:
0.50V

Input 0 to +2V

display.screen

Attribute The selected display screen.
Usage displayid = display.screen -- Reads display screen.
display.screen = displayid -- Writes display screen.

Set displayid to one of the following values:
0 ordisplay.SMUA Displays source-measure and compliance for SMU A.
1ordisplay.SMUB Displays source-measure and compliance for SMU B.
2 ordisplay.SMUA SMUB Displays source-measure for SMU A and SMU B.
3 0rdisplay.USER Displays the user screen.
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Remarks Setting this attribute selects the display screen for the front panel. This attribute can be
read to determine which of the four available display screens was last selected
by the user. The user can select the screen by value or one of the enumerations.
Details See “Display screen” on page 14-3.
Example Selects the source-measure and compliance limit display for SMUA:

display.screen = display.SMUA

display.sendkey

Function Sends a keycode to simulate the action of a front panel control.

Usage display.sendkey (keycode)
Set keycode to one of the values shown below:
display.KEY AUTO or 73 display.KEY OUTPUTA or 88
display.KEY CONFIG Or 80 display.KEY OUTPUTB or 96
display.KEY DIGITSA Or 87 display.KEY RANGEDOWN Or 81
display.KEY DIGITSB Or 84 display.KEY RANGEUP or 65
display.KEY DISPLAY Of 72 display.KEY RECALL or 85
display.KEY ENTER O 82 display.KEY RELA or 70
display.KEY EXIT or 75 display.KEY RELB or 67
display.KEY FILTERA Or 77 display.KEY RIGHT or 103
display.KEY FILTERB Or 74 display.KEY RUN or 71
display.KEY LEFT or 104 display.KEY SPEEDA or 94
display.KEY LIMITA Or 93 display.KEY SPEEDB or 91
display.KEY LIMITB O 90 display.KEY SRCA or 79
display.KEY LOAD or 95 display.KEY SRCB or 76
display.KEY MEASA  Of 86 display.KEY STORE or 78
display.KEY MEASB  Or 83 display.KEY TRIG or 92
display.KEY MENU or 68 display.WHEEL ENTER or 97
display.KEY MODEA  OrF 69 display.WHEEL LEFT or 107
display.KEY MODEB O 66 display.WHEEL RIGHT or 114

Remarks Sending this command simulates the pressing of a front panel key or wheel, or turning

the Wheel one click to the left or right.
Details See “Sending keycodes” on page 14-16.
Example “Press” the RUN key:

display.sendkey (display.KEY RUN)
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display.setcursor

Function Sets the position of the cursor.
Usage There are two ways to use this function:

display.setcursor (row, column)

display.setcursor (row, column, style)
row Set row number for the cursor (1 or 2).
column Set column number for the cursor. For row 1, column can be set

from 1 to 20. For row 2, column can be set from 1 to 32.
style Set cursor style to be invisible (0) or blink (1).
Remarks |* Sending this command selects the user screen and then moves the cursor to the
given location.

* An out of range parameter for row will set the cursor to row 2. An out of range
parameter for column will set the cursor to column 20 (for row 1) or 32 (for row 2).

¢ An out of range parameter for style sets it to O (invisible).

¢ A blinking cursor will only be visible when it is positioned over displayed text. It can-
not be seen when positioned over a space character.

e The display.clear, display.setcursor, anddisplay.settext functions
are overlapped, non-blocking commands. That is, the script will NOT wait for one of these
commands to complete. These non-blocking functions do not immediately update the dis-
play. For performance considerations, they write to a shadow and will update the display
as soon as processing time becomes available.

Details See “Cursor position” on page 14-5.
Also see display.clear, display.getcursor, display.gettext, display.settext
Example Positions cursor on row 2 column 1:

display.setcursor (2, 1)
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display.settext

Function

Displays text on the user screen.

Usage

display.settext (text)
text  Text message string to be displayed.

Remarks

* This function selects the user display screen, and displays the given text. The first
write to the display after poweron will clear the user screen.

* The text starts at the present cursor position. After the text is displayed, the cursor
will be located after the last character in the display message.

* Top line text will not wrap to the bottom line of the display automatically. Any text that
does not fit on the current line will be truncated. If the text is truncated, the cursor will
be left at the end of the line.

* The text remains on the display until replaced or cleared.

* The following character codes can be also be included in the text string:

SN Newline — Starts text on the next line. If the cursor is already on line 2, text will
be ignored after the ‘SN’ is received.

$R Sets text to Normal.

$B Sets text to Blink.

$D Sets text to Dim intensity.

$F Sets text to background blink.

$s Escape sequence to display a single “$”.

e The display.clear, display.setcursor, and display.settext
functions are overlapped, non-blocking commands. That is, the script will NOT wait for
one of these commands to complete. These non-blocking functions do not immediately
update the display. For performance considerations, they write to a shadow and will
update the display as soon as processing time becomes available.

Details

See “Displaying text messages” on page 14-6.

Also see

display.clear, display.getcursor, display.gettext, display.setcursor

Example

Displays a message on the user screen:

display.clear ()

display.settext ("Message Test $N$Bwith Row 2 Blinking")

The top line displays “Message Test” and the bottom line displays the blinking message
“with Row 2 Blinking”.
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display.smuX.digits X = SMU channel (a or b)
Attribute The selected measurement display resolution.
Usage digits = display.smuX.digits -- Reads resolution.
display.smuX.digits = digits -- Writes resolution.
Set digits to one of the following values:
4 ordisplay.DIGITS 4 5 Selects 4-1/2d resolution.
50rdisplay.DIGITS 5 5 Selects 5-1/2d resolution.
6 Or display.DIGITS 6 5 Selects 6-1/2d resolution.
Remarks |°® This attribute selects the measurement display resolution; 4-1/2 digit, 5-1/2 digit or
6-1/2 digit.
* SMU A and SMU B can be set for a different measurement display resolution.
Details See “Display resolution” on page 14-4.
Example Selects 5-1/2d resolution for SMU A:
display.smua.digits = display.DIGITS 5 5
display.smuX.measure.func X = SMU channel (a or b)
Attribute The type of measurement being displayed.
Usage func = display.smuX.measure.func -- Reads function.
display.smuX.measure.func = func -- Writes function.
Set func to one of the following values:
0 ordisplay.MEASURE DCAMPS Selects current measure function.
10rdisplay.MEASURE DCVOLTS Selects volts measure function.
2 Or display.MEASURE_ OHMS Selects ohms measure function.
3 ordisplay.MEASURE WATTS Selects power measure function.
Remarks |* Selects the displayed measurement function: Amps, volts, ohms or watts.
e SMU A and SMU B can be set for different measurement functions.
Details See “Measurement functions” on page 14-3.
Example Selects the current measure function for SMU A:
display.smua.measure.func = display.MEASURE DCAMPS
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display.trigger.clear

Function Clears the front panel trigger event detector.

Usage display.trigger.clear ()

Remarks The trigger event detector remembers if an event has been detected since the last
display.trigger.wait call. This function clears the trigger’s event detector and
discards the previous history of TRIG key presses.

Details See “Display triggering” on page 14-15.

Also see display.trigger.wait

display.trigger.wait

Function Waits for the TRIG key on the front panel to be pressed.
Usage triggered = display.trigger.wait (timeout)
timeout Set timeout in seconds.
triggered Returns a true if a trigger was detected. Returns a false if the
operation timed out.

Remarks » This function will wait for the TRIG key on the front panel to be pressed. If the trigger
key was previously pressed and one or more trigger events were detected, this func-
tion will return immediately.

» After waiting for a trigger with this function, the event detector will be automatically
reset and rearmed. This is true regardless of the number of events detected.
e Usethe display.trigger.clear call to clear the trigger event detector.

Details See “Display triggering” on page 14-15.

Also see display.trigger.clear

Example Waits up to five seconds for the TRIG key to be pressed:

triggered = display.trigger.wait (5)
print (triggered)

Output: true

The above output indicates that the TRIG key was pressed (trigger detected) before
the five second timeout expired.
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display.waitkey

Function Captures the keycode value for the next key press.

Usage key = display.waitkey ()

Remarks |* After sending this function, script execution will hold up until a front panel key or the
wheel is pressed, or the wheel is turned to the right or left. After pressing a control or
turning the wheel, the keycode value for that key will be returned. The chart shown
below lists the keycode value for each front panel control. The controls are listed
alphabetically.

* |If the EXIT key is pressed while this function is waiting for a keypress, the script will
not be aborted.

* A typical use for this function is to prompt the user to press EXIT to abort the script
or press any other key to continue. If keycode value 75 is returned (EXIT key
pressed), then the exit () function can be called to abort the script. Sample code
for this process is provided in “Capturing key-press codes” on page 14-17.

Control Keycode Control Keycode Control Keycode

AUTO 73 LIMIT (B) 90 REL (A) 70

CONFIG 80 LOAD 95 REL (B) 67

CURSOR (left) 104 MEAS (A) 86 RUN 71

CURSOR (right) 103 MEAS (B) 83 SPEED (A) 94

DIGITS (A) 87 MENU 68 SPEED (B) 91

DIGITS (B) 84 MODE (A) 69 SRC (A) 79

DISPLAY 72 MODE (B) 66 SRC (B) 76

ENTER 82 OUTPUT (A) 88 STORE 78

EXIT 75 OUTPUT (B) 96 TRIG 92

FILTER (A) 77 RANGE (down) 81 Wheel (press) 97

FILTER (B) 74 RANGE (up) 65 Wheel (left) 107

LIMIT (A) 93 RECALL 85 Wheel (right) 114

The above chart lists the numeric keycode values for the front panel controls. The key-

code value identifiers are listed in the documentation for display.sendkey (e.g., dis-

play.KEY RUN is the identifier for the RUN key)

Details See “Capturing key-press codes” on page 14-17.

Also see display.sendkey, display.settext, display.getlastkey

Example The following code will hold up script execution and wait for the operator to press a key

or the wheel, or rotate the wheel:

key = display.waitkey ()

print (key)

Output: 8.600000e+01

The above output (86) indicates that the MEAS (A) key was pressed.
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errorqueue functions and attribute

The functions and attribute in this group are used to read the entries in the error/event

queue.

errorqueue.clear

Function Clears all entries out of the error/event queue.

Usage errorqueue.clear ()

Remarks This function removes all entries from the error/event queue.

Details SeeAppendix B (error and status messages) and Appendix D (status model).
Also see errorqueue.count, errorqueue.next

errorqueue.count

Attribute The number of entries in the error/event queue.

Usage count = errorqueue.count

Remarks This attribute can be read to determine the number of messages in the error/event
queue. This is a read-only attribute. Writing to this attribute will generate an error.

Details See Appendix B (error and status messages) and Appendix D (status model).

Also see errorqueue.clear, errorqueue.next

Example Reads number of entries in the error/event queue:

count = errorgqueue.count
print (count)

Output: 4.000000e+00
The above output indicates that there are four entries in the event/error queue.
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errorqueue.next

Function

Reads an entry from the error/event queue.

Usage

errorcode, message, severity, node = errorqueue.next ()
errorcode Returns the error code number for the entry.
message Returns the message that describes the entry.
severity Returns the severity level (0, 10, 20, 30 or 40).
node Returns the node number where the error originated.

Remarks

¢ Entries are stored in a first-in, first-out (FIFO) queue. This function reads the oldest
entry and removes it from the queue.

* Error codes and messages are listed in Table B-2 in Section B.

* If there are no entries in the queue, code 0, “Queue Is Empty” is returned.

* Returned severity levels include the following:

0 Informational — Indicates no error: “Queue is Empty”.

10 Informational — Indicates an event or a minor error. Examples: “Reading
Available” and “Reading Overflow”.

20 Recoverable — Indicates possible invalid user input. Operation will continue
but action should be taken to correct the error. Examples: “Exponent Too
Large” and “Numeric Data Not Allowed”.

30  Serious — Indicates a serious error and may require technical assistance.
Example: “Saved calibration constants corrupted”.

40 Fatal — Indicates that the Model 260x is non-operational and will require
service. Contact information for service is provided in Section 1. Examples:
“Bad SMU AFPGA image size”, “SMU is unresponsive” and “Communication
Timeout with DFPGA”.

* In an expanded system, each TSP-Link enabled instrument is assigned a node num-
ber. node returns the node number where the error originated.

Details

See Appendix B (error and status messages) and Appendix D (status model).

Also see

errorqueue.clear, errorqueue.count

Example

Reads the oldest entry in the error/event queue:

errorcode, message = errorqueue.next ()
print (errorcode, message)

Output: 0.000000e+00 Queue Is Empty

The above output indicates that the queue is empty.
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exit function
This function is used to terminate a script that is presently running.
exit
Function Stops execution of a script.
Usage exit ()
Remarks Aborts script execution. This command will not wait for overlapped commands to com-

plete before terminating script execution. If overlapped commands are required to fin-
ish, use the waitcomplete function prior to calling exit.

format attributes

The format attributes are used to configure the output formats used by the printnumber
and printbuf fer functions. These attributes are used to set the data format (ASCII or binary),
ASCII precision (number of digits) and binary byte order (normal or swapped).

format.asciiprecision

Attribute The precision (number of digits) for all numbers printed with the ASCII format.
Usage precision = format.asciiprecision -- Reads precision.
format.asciiprecision = precision -- Writes precision.
precision Set from 1 to 16.
Remarks » This attribute selects the precision (humber of digits) for data printed with the print,
printnumber and printbuffer functions. The precision attribute is only used with
the ASCII format. The precision must be a number between 1 and 16.

* Note that the precision is the number of significant digits printed. There will always
be one digit to the left of the decimal point. Be sure to include this digit when setting
the precision.

* The default (reset) precision is 6.

Also see format.byteorder, format.data, printbuffer, printnumber
Example Sets the ASCII precision to 7 digits and prints a number:

format.asciiprecision = 7
print (2.5)

Output: 2.500000E+00
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format.byteorder

Attribute

The binary byte order for data printed using the printnumber and printbuffer func-
tions.

Usage

order = format.byteorder -- Reads byte order.

format.byteorder = order -- Writes byte order.
Set order to one of the following values:
0 or format . NORMAL Most significant byte first.
0 or format . BIGENDIAN Most significant byte first.
0 or format .NETWORK Most significant byte first.
1 or format . SWAPPED Least significant byte first.
1 0r format.LITTLEENDIAN Least significant byte first.

Remarks

* This attribute selects the byte order that data is written when printing data values
with the printnumber and the printbuffer functions. The byte order attribute is
only used with the SREAL, REAL, REAL32, and REAL64 data formats.

* NORMAL, BIGENDIAN, and NETWORK select the same byte order. SWAPPED
and LITTLEENDIAN select the same byte order. They are alternative identifiers.
Selecting which to use is a matter of preference.

» Select the SWAPPED or LITTLEENDIAN byte order when sending data to an IBM
PC compatible computer.

Also see

format.asciiprecision, format.data, printbuffer, printnumber

Example

Selects the SWAPPED byte order:
format .byteorder = format.SWAPPED
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format.data

Attribute The data format for data printed using the printnumber and printbuf fer functions.

Usage fmt = format.data -- Reads data format.
format.data = fmt -- Writes data format.

Set £mt to one of the following values:
10r format.ASCII ASCII format.
2 or format . SREAL Single precision |IEEE-754 binary format.
2 or format .REAL32 Single precision |IEEE-754 binary format.
3 or format .REAL Double precision IEEE-754 binary format.
3 Or format .REAL64 Double precision IEEE-754 binary format.

Remarks |* This attribute selects the data format used to print data values with the printnum-
ber and printbuffer functions.

¢ The precision of the ASCII format can be controlled with the format.asciiprecision
attribute. The byte order of SREAL, REAL, REAL32, and REAL64 can be selected
with the format.byteorder attribute.

* REAL32 and SREAL select the same single precision format. REAL and REAL64
select the same double precision format. They are alternative identifiers. Selecting
which to use is a matter of preference.

* The IEEE-754 binary formats use 4 bytes each for single precision values and 8
bytes each for double precision values.

¢ When data is written with any of the binary formats, the response message will start
with “#0” and end with a new line. When data is written with the ASCII format, ele-
ments will be separated with a comma and space.

Also see format.asciiprecision, format.byteorder, printbuffer, printnumber

Example Selects the ASCII data format:
format.data = format.ASCII
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gpib attribute

The following attribute is used to set the GPIB address.

gpib.address

Attribute GPIB address.

Usage address = gpib.address -- Reads address.

gpib.address = address -- Writes address.
address Set from 0 to 30.

Remarks |* A new GPIB address takes effect when the command is processed. If there are
response messages in the output queue when this command is processed they
must be read at the new address.

¢ The user should allow ample time for the command to be processed before attempt-
ing to communicate with the instrument again. After sending this command, make
sure to use the new address to communicate with the instrument.

¢ The GPIB address is stored in non-volatile memory. The reset function has no
effect on the address.

Details See “GPIB operation” in Section 11.

Example Sets the GPIB address of the Model 260x to 26 and then reads the address:

gpib.address = 26
address = gpib.address
print (address)

Output: 2.600000e+01
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localnode attributes

The attributes in this group are used to set the power line frequency, control (on/off)
prompting and control (hide/show) error messages on the display.

localnode.linefreq

Attribute Power line frequency.

Usage frequency = localnode.linefreqg -- Reads line frequency.
localnode.linefreq = frequency -- Writes line frequency.

frequency Set to 50 or 60.

Remarks » To achieve optimum noise rejection when performing measurements at integer
NPLC apertures, the line frequency setting must match the frequency (50Hz or
60Hz) of the AC power line.

¢ When used in an expanded system (TSP-Link), localnode.linefreqis sentto the
Remote Master node only. Use node [N] . linefreq (Where N is the node number)
to send the command to any node in the system. See Section 9 for details on TSP-
Link.

Example Sets the line frequency to 60Hz:
localnode.linefreq = 60
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localnode.prompts

Attribute

Prompting mode.

Usage

prompting = localnode.prompts -- Reads prompting state.
localnode.prompts = prompting -- Writes prompting state.

prompting Set to 0 to disable or 1 to enable.

Remarks

e This attribute controls prompting. When it is set to 1, prompts are issued after each
command message is processed by the instrument. When it is set to 0, prompts are
not issued.

* The command messages do not generate prompts. The Model 260x generates
prompts in response to command messages.

* When the prompting mode is enabled, the Model 260x generates prompts in
response to command messages. There are three prompts that might be returned:

e “TSP>”is the standard prompt. This prompt indicates that everything is normal
and the command is done processing.

e “TSP?”is issued if there are entries in the error queue when the prompt is issued.
Like the “TSP>" prompt, it indicates the command is done processing. It does not
mean the previous command generated an error, only that there are still errors in
the queue when the command was done processing.

* “>>>>”is the continuation prompt. This prompt is used when downloading scripts
or flash images. When downloading scripts or flash images, many command mes-
sages must be sent as a unit. The continuation prompt indicates that the instru-
ment is expecting more messages as part of the current command.

¢ Test Script Builder (TSB) requires prompts. It sets the prompting mode behind the
scenes. If you disable prompting, use of the TSB will hang because it will be waiting
for the prompt that lets it know that the command is done executing. DO NOT disable
prompting with the use of the TSB.

e When used in an expanded system (TSP-Link), Localnode.prompt is sent to the
Remote Master node only. Use node [N] .prompt (where N is the node number) to
send the command to any node in the system. See Section 9 for details on TSP-
Link.

Also see

localnode.showerrors

Example

Enables prompting:
localnode.prompts = 1
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localnode.showerrors

Attribute Automatic display of errors.

Usage errormode = localnode.showerrors
localnode.showerrors = errormode

errormode SettoOor1.

-- Reads show errors state.
-- Writes show errors state.

Remarks * If this attribute is set to 1, for any errors that are generated, the unit will automatically

prompt if prompts are enabled).

read or cleared.

on TSP-Link.

display the errors stored in the error queue, and then clear the queue. Errors will be
processed at the end of executing a command message (just prior to issuing a

* |f this attribute is set to 0, errors will be left in the error queue and must be explicitly
* When used in an expanded system (TSP-Link), localnode. showerrors is sent to

the Remote Master node only. Use node [N] . showerrors (Where N is the node
number) to send the command to any node in the system. See Section 9 for details

Details See “errorqueue functions and attribute”

Also see localnode.prompts

Example Displays errors:
localnode.showerrors = 1

makegetter functions

These functions are used to set and retrieve a value for an attribute.

makegetter

Function Creates a function to set the value of an attribute.

Usage getter = makegetter(table, attributename)
table Read-only table were the attribute is located.
attributename The string name of the attribute.
getter Function that returns the value of the given attribute.

Remarks |* This function creates a function that when called returns the value of the attribute.

accessing the attribute directly.

This function is useful for aliasing attributes to improve execution speed. Calling the
getter function will execute faster than accessing the attribute directly.

¢ Creating a getter function is only useful if it is going to be called several times.
Otherwise the overhead of creating the getter function outweighs the overhead of
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Example

Creates a getter function called getlevel:

getlevel = makegetter (smua.source, "levelv")

v = getlevel ()

When getlevel is called, it returns the value of smua.source.levelv.

makesetter

Function

Creates a function to set the value of an attribute.

Usage

setter = makesetter (table, attributename)
table Read-only table were the attribute is located.
attributename The string name of the attribute.
setter Function that sets the value of the given attribute.

Remarks

 This function creates a function that when called sets the value of the attribute. This
function is useful for aliasing attributes to improve execution speed. Calling the
setter function will execute faster than accessing the attribute directly.

¢ Creating a setter function is only useful if it is going to be called several times.
Otherwise the overhead of creating the setter function outweighs the overhead of
accessing the attribute directly.

Example

Creates a setter function called setlevel:

setlevel = makesetter (smua.source, "levelv")
for v = 1, 10 do

setlevel (v)
end

Using setlevel in the loop sets the value of smua.source.levelv, thereby
performing a source sweep.
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opc function

This function sets the OPC bit in the status register when all overlapped commands are

completed.
opc

Function Sets the Operation Complete status bit when all overlapped commands are completed.

Usage opc ()

Remarks |* This function will cause the Operation Complete bit in the Standard Event Status
Register to be set when all previously started local overlapped commands are
complete. Note that each node will independently set their Operation Complete bits
in their own status models.

* Any nodes not actively performing overlapped commands will set their bits
immediately. All remaining nodes will set their own bits as they complete their own
overlapped commands.

Details See “Status Model” in Section D.

Also see waitcomplete
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printbuffer and printnumber functions

These functions are used to print data and numbers.

printbuffer

Function Prints data from reading buffer sub-tables.
Usage The(;e are multiple ways to use this function, depending on how many sub-tables are
used:

printbuffer (start index, end index, st 1)

printbuffer(start index, end index, st 1, st 2)

printbuffer(start index, end index, st 1, st 2, ..., st n)
start_index Starting index of values to print.

end index Ending index of values to print.
st 1, st 2, .. st n Sub-tables from which to print values.
Remarks ¢ Correct usage when there are no outstanding overlapped commands to acquire
data:
1 <= start_index <= end_index <= n
Where n refers to the index of the last entry in the tables to be printed.
If end _index < start index Orn < start_index, no data will be printed. If
start_index < 1, 1 will be used as the firstindex. If n < end index, n will be
used as the last index.

* When any of the given reading buffers are being used in overlapped commands that
have not yet completed at least to the desired index, this function will return data as
it becomes available.

¢ When there are outstanding overlapped commands to acquire data, n refers to the
index that the last entry in the table will have after all the measurements have com-
pleted.

¢ This function prints values from reading buffers. If a specific sub-table is not speci-
fied (e.g., “rb1” rather than “rb1.statuses”), the default “readings” sub-table will be
used.

* At least one sub-table must be specified. There is an upper limit that is dictated by
the output format and the maximum output message length. Values will be inter-
leaved in one message. Care must be taken not to exceed the maximum output
message length.

¢ All the data will be put in one response message. The response message will be for-
matted as dictated by format .data and other associated attributes.

Also see format.data, printnumber
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Example This example prints all timestamps and readings in one buffer and all readings from
another buffer, where n is 4:
format.data = format.ASCII
printbuffer (1, rbl.n, rbl.timestamps, rbl, rb2)
Example of returned data (timestamps, rb1.readings, rb2.readings):
1.02345E-04, 8.76542E-04, 5.29372E-01, 1.02445E-04, 8.66543E-04,
5.24242E-01, 1.02545E-04, 8.56547E-04, 5.19756E-01, 1.02645E-04,
8.44546E-04, 5.14346E-01
printnumber
Function Prints numbers using the format selected for printing reading buffers.
Usage There are multiple ways to use this function, depending on how many numbers are to
be printed:
printnumber (v1)
printnumber (vl ,v2)
printnumber (vl ,v2, ..., vn)
vl, v2, ..., vn Numbers to print.
Remarks |* This function will print the given numbers using the data format specified by for-
mat .data and other associated attributes.
* At least one number must be given. There is an upper limit that is dictated by the
output format and the maximum output message length. All values will be written in
a single message. Care must be taken not to exceed the maximum output message
length.
Also see printbuffer, format.data
Example Prints three measurements that were previously performed:

format.data = format.ASCII
printnumber (i, v, t)

Example of returned data (i, v, t):
1.02345E-04, 8.76542E-02, 5.29372E-01
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reset function

This function is used to return all logical instruments to the default settings.

reset

Function Resets the logical instruments to the default settings.

Usage reset ()

Remarks * This function resets all logical instruments in the system. This function is equivalent
to iterating over all the logical instruments in the system and calling the reset method
of each.

o Default settings are listed in Table 1-3.

Details See “Default settings” in Section 1.

serial functions and attributes

The functions and attributes in this group are used to configure the RS-232 Interface:

serial.baud
Attribute Baud rate for the RS-232 port.
Usage baud = serial.baud -- Reads baud rate.
serial.baud = baud -- Writes baud rate.
baud Set to 300, 600, 1200, 2400, 4800, 9600, 19200, 38400, 57600 or
115200.
Remarks |* A new baud rate setting takes effect when the command to change it is processed.
¢ The user should allow ample time for the command to be processed before attempt-
ing to communicate with the instrument again. It is recommended that the baud rate
be set from the GPIB interface or from the front panel.
¢ The baud rate is stored in non-volatile memory. The reset function has no effect on
the baud rate.
Details See “RS-232 interface operation” in Section 11.
Also see serial.databits, serial.flowcontrol, serial.parity
Example Sets the baud rate to 1200:

serial.baud = 1200
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serial.databits

Attribute Character width (data bits) for the RS-232 port.
Usage bits = serial.databits -- Reads data width.
serial.databits = bits -- Writes data width.
bits Setto 7 or 8.
Remarks |* A new data width setting takes effect when the command to change it is processed.
¢ The user should allow ample time for the command to be processed before attempt-
ing to communicate with the instrument again. It is recommended that the data width
be set from the GPIB interface or from the front panel.
¢ The data bits value is stored in non-volatile memory. The reset function has no
effect on data bits.
Details See “RS-232 interface operation” in Section 11.
Also see serial.baud, serial.flowcontrol, serial.parity
Example Sets data width to 8:

serial .databits = 8

serial.flowcontrol

Attribute

Flow control for the RS-232 port.

Usage

flow = serial.flowcontrol -- Reads flow control.
serial.flowcontrol = flow -- Writes flow control.

Set £1ow to one of the following values:

"none" or serial.FLOW NONE Selects no flow control.
"hardware" Of serial.FLOW_ HARDWARE Selects hardware flow control.

Remarks

* A new flow control setting takes effect when the command to change it is processed.

e The user should allow ample time for the command to be processed before attempt-
ing to communicate with the instrument again. It is recommended that the flow
control be set from the GPIB interface or from the front panel.

¢ The flow control value is stored in non-volatile memory. The reset function has no
effect on flow control.

Details

See “RS-232 interface operation” in Section 11.

Also see

serial.baud, serial.databits, serial.parity

Example

Sets flow control to none:
serial.flowcontrol = serial.FLOW NONE
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serial.parity

Attribute Parity for the RS-232 port.

Usage parity = serial.parity -- Reads parity.

serial .parity = parity -- Writes parity.
Set parity to one of the following values:
"none" Or serial.PARITY NONE Selects no parity.
"even" Or serial.PARITY EVEN Selects even parity.
"odd" oOr serial.PARITY ODD Selects odd parity.

Remarks * A new parity setting takes effect when the command to change it is processed.

¢ The user should allow ample time for the command to be processed before attempt-
ing to communicate with the instrument again. It is recommended that the parity be
set from the GPIB interface or from the front panel.

* The parity setting is stored in non-volatile memory. The reset function has no effect
on parity.

Details See “RS-232 interface operation” in Section 11.

Also see serial.baud, serial.databits, serial.flowcontrol

Example Sets parity to none:
serial.parity = serial.PARITY NONE

serial.read

Function Reads data from the serial port.

Usage data = serial.read(maxchars)
maxchars Sets the maximum number of characters to read.
data Returns a string consisting of all data read from the serial port.

Remarks |* This function will read available characters from the serial port. It will not wait for new
characters to arrive. As long as maxchars is a relatively small number (less than
several hundred characters), all characters received by the serial port prior to the
call will be returned. This might be less than maxchars. If too many characters are
received in between calls to this function, the RS-232 buffers will overflow and some
characters may be lost.

¢ This function can be called as many times as necessary to receive the required
number of characters. For optimal performance, it is suggested that a small delay be
used between repeat calls to this function.

¢ The data returned is the raw data stream read from the port. Control characters, ter-
minator characters, etc. will not be processed nor will the data stream be altered in
any way.

¢ This function cannot be used if the serial port is enabled as a command interface. A
settings conflict error will be generated if the serial port is enabled as a command
interface when this function is called.

Return to Section 12 topics



12-56 Instrument Control Library Series 2600 Reference Manual

Also see serial.write

Example Reads data from the serial port:
data = serial.read(200)
print (data)

Output: John Doe
The above output indicates that the string “John Doe” was read from the serial port.
serial.write

Function Writes data to the serial port.

Usage serial.write (data)

data Specify the data string to write.

Remarks This function will write the given string to the serial port where it can be read by equip-
ment (e.g., component handler) connected to the other end of the serial port. No termi-
nator characters are added to the data. The data will be written exactly as is.

Also see serial.read

Example Writes data string “1 2 3 4” to the serial port:

serial.write ("1 2 3 4")

setup functions and attribute

The functions and attribute in this group are used to save/recall setups and to set the
power-on setup.

setup.poweron

Attribute The saved setup to recall when the unit is turned on.

Usage n = setup.poweron -- Reads the power-on setup.
setup.poweron = n -- Writes the power-on setup.

n Setup number to recall on power up (0 to 5).

Remarks For an n setting of 0, the unit powers up to the factory default (reset) setup. For an
n setting of 1 to 5, the unit powers up to a user saved setup.

Details See “Remote operation setups” in Section 1.

Example Sets unit to power on to the factory defaults:

setup.poweron = 0
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setup.recall
Function Recalls settings from a saved setup.
Usage setup.recall (n)
n Setup number to recall (0 to 5).
Remarks For an n setting of 0, the unit recalls the factory default (reset) setup. For an n setting of
1 to 5, the unit recalls a user saved setup.
Details See “Remote operation setups” in Section 1.
Example Recalls the user-setup at location 2:
setup.recall (2)
setup.save
Function Saves the present setup as a user-setup.
Usage setup.save (n)
n Setup number to save (1 to 5).
Remarks Numbers 1 through 5 are used to designate user-setup locations. When you save at
one of these locations, the previous setup at that location is overwritten.
Details See “Remote operation setups” in Section 1.
Example Saves the present setup at location 5:

setup.save (5)

smuX functions and attributes

The functions and attributes in this group are used to control basic source-measure opera-
tions of the SMUs and perform calibration.

smuX.cal.date

X = SMU channel (a or b)

Attribute

Calibration date for the active calibration set.

Usage

-- Reads calibration date.
-- Writes calibration date.

caldate = smuX.cal.date

smuX.cal.date = caldate

Set caldate to the following value:
os.time ({year=yr, month=mo, day=da})

where: yr 2005102037
mo 1to12
da 1to31
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Remarks

¢ This attribute stores the calibration date associated with the active calibration set.
The calibration date can be read at any time but can only be assigned a new value
when calibration has been enabled with the smux.cal.unlock function.

¢ This attribute is stored with the active calibration set. If a different calibration set is
restored, this attribute will reflect the date stored with that set.

¢ Hour and minute can also be included in caldate as follows:
os.time ({year=yr, month=mo, day=da, hour=hr, minute=mn})
Seconds can be included, but will essentially be ignored due to the precision of the
internal date storage format.

¢ The date is stored as the number of seconds since UTC 12:00 am Jan 1, 1970.

Details

See Section 17 (calibration).

Also see

smuX.cal.due, smuX.cal.restore, smuX.cal.save, smuX.makebuffer

Example

Sets calibration date for SMU A (July 1, 2005):
smua.cal.date = os.time({year=2005, month=7, day=1})

smuX.cal.due X = SMU channel (a or b)

Attribute

Calibration due date for the next calibration.

Usage

caldue = smuX.cal.due -- Reads calibration due date.
smuX.cal.due = caldue -- Writes calibration due date.

Set caldue to the following value:
os.time ({year=yr, month=mo, day=da})

where: yr 2005102037
mo 1to12
da 1to31

Remarks

e This attribute stores the calibration due date associated with the active calibration
set. The calibration due date can be read at any time but can only be assigned a
new value when calibration has been enabled with the smuX.cal.unlock function.

¢ This attribute is stored with the active calibration set. If a different calibration set is
restored, this attribute will reflect the due date stored with that set.

¢ Hour and minute can also be included in caldate as follows:
os.time ({year=yr, month=mo, day=da, hour=hr, minute=mn})

Seconds can be included, but will essentially be ignored due to the precision of the
internal date storage format.

¢ The date is stored as the number of seconds since UTC 12:00 am Jan 1, 1970.

Details

See Section 17 (calibration).

Also see

smuX.cal.date, smuX.cal.restore, smuX.cal.state, smuX.makebuffer

Example

Sets calibration due date for SMU A (July 1, 2006):

smua.cal.due = os.time({year=2005, month=7, day=1})
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smuX.cal.lock X = SMU channel (a or b)
Function Disables commands that change calibration settings.
Usage smuX.cal.lock()
Remarks This function will disable the calibration functions that can change the calibration set-
tings. It is an error to call this function while the calibration state is
smuX.CALSTATE CALIBRATING. The calibration constants must be written to non-vol-
atile memory, or a previous calibration set must be restored prior to locking calibration.
Details See Section 17 (calibration).
Also see smuX.cal.restore, smuX.cal.save, smuX.cal.state, smuX.makebuffer
Example Disable calibration functions for SMU A:
smua.cal.lock()
smuX.cal.password X = 8MU channel (a or b)
Attribute Password to enable calibration.
Usage smuX.cal.password = newpassword
newpassword The new password (string).
Remarks |* A new password can only be assigned when calibration has been unlocked.
* The calibration password is write-only and cannot be read.
Details See Section 17 (calibration).
Also see smuX.makebuffer
Example Assign a new calibration password for SMU A:
smua.cal.password = "LetMeIn"
smuX.cal.polarity X = SMU channel (a or b)
Attribute Control which calibration constants are used for all subsequent measurements.
Usage calpolarity = smuX.cal.polarity  -- Reads cal polarity.
smuX.cal.polarity = calpolarity  -- Writes cal polarity.
Set calpolarity to one of the following values:
0 Of smuX.CAL_ AUTO Automatic polarity detection.
1 0or smuX.CAL POSITIVE Measure with positive polarity calibration constants.
2 Or smuX.CAL NEGATIVE Measure with negative polarity calibration constants.

Return to Section 12 topics




12-60 Instrument Control Library Series 2600 Reference Manual

Remarks

* This attribute controls which polarity calibration constants are used to make all
subsequent measurements. This attribute does not affect the
smuX.measure.calibrateY or the smuX.source.calibrateY function. The
polarity for those commands are dictated by the range parameter given to the
command.

* The measurement calibration commands require the measurements provided to
have been made using the polarity being calibrated. When the calibration points are
sufficiently far away from zero the desired polarity constants are inherently used
when making those measurements. When measuring near zero, it is possible for the
measurement to be made using the calibration constants from either polarity without
knowing which was used. Setting this attribute to positive or negative forces mea-
surements to be made using the calibration constants for a given polarity rather than
basing the choice on the raw measurement data.

¢ This attribute can only be set to positive or negative when calibration is unlocked.
This attribute will automatically be set back to CAL_AUTO when calibration is locked.

Details

See Section 17 (calibration).

Also see

smuX.makebuffer, smuX.measure.calibrateY, smuX.source.calibrateY

Example

Selects positive calibration constants for all subsequent measurements:
smua.cal.polarity = smua.CAL POSITIVE

smuX.cal.restore X = SMU channel (a or b)

Function

Loads a stored set of calibration constants.

Usage

There are two ways to use this function:
smuX.cal.restore ()
smuX.cal.restore (calset)

calset Calibration set to be loaded.
Set calset to one of the following values:

smuX.CALSET NOMINAL A set of calibration constants that are uncalibrated
but set to nominal values to allow rudimentary func-
tioning of the instrument.

smuX .CALSET FACTORY The calibration constants when the instrument left
the factory.

smuX .CALSET DEFAULT The normal calibration set.

smuX.CALSET PREVIOUS The calibration set that was used before the last
default set was overwritten.

If calset is not specified, smux.CALSET DEFAULT will be used.

Remarks

¢ This function will overwrite the current set of calibration constants from non-volatile
memory.

¢ This function will be disabled until a successful call to smux.cal.unlock is
made.

Details

See Section 17 (calibration).

Return to Section 12 topics




Series 2600 Reference Manual Instrument Control Library 12-61

Also see smuX.makebuffer

Example Restores factory calibration for SMU A:

smua.cal.restore (smua.CALSET FACTORY)
smuX.cal.save X = 8MU channel (a or b)

Function Stores the calibration constants in non-volatile memory.

Usage smuX.cal.save ()

Remarks |* This function will store the current set of calibration constants in non-volatile mem-
ory. The previous calibration constants (from the default calibration set) will be cop-
ied to the previous calibration set (CALSET PREVIOUS) prior to overwriting the
default calibration set.

 This function will be disabled until a successful call to smux.cal.unlock is
made.If any of the calibration constants have been changed, this function will be dis-
abled unless both the calibration date and the calibration due date have been
assigned new values.

Details See Section 17 (calibration).

Also see smuX.cal.date, smuX.cal.due, smuX.cal.restore, smuX.makebuffer

Example Stores calibration constants for SMU A in non-volatile memory:

smua.cal.save ()
smuX.cal.state X = SMU channel (a or b)

Attribute Calibration state.

Usage calstate = smuX.cal.state

Remarks When reading this read-only attribute, calstate returns one of the following values:
0 smuX.CALSTATE LOCKED Calibration is locked.

1 smuX.CALSTATE CALIBRATING The calibration constants or dates have
been changed but not yet saved to non-
volatile memory.

2 smuX.CALSTATE UNLOCKED Calibration is unlocked but none of the
calibration constants or dates have
changed since the last save/restore.

Details See Section 17 (calibration).

Also see smuX.cal.due, smuX.cal.restore, smuX.cal.save, smuX.makebuffer
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Example Reads calibration state for SMU A:
calstate = smua.cal.state
print (calstate)
Output: 0.000000e+00
The above output indicates that calibration is locked.
smuX.cal.unlock X = SMU channel (a or b)
Function Enables the commands that change calibration settings.
Usage smuX.cal.unlock (password)
password Calibration password.
Remarks |* This function enables the calibration functions to change the calibration settings.
* The password when the unit is shipped from the factory is “KI002602”.

Details See Section 17 (calibration).

Also see smuX.cal.password

Example Unlocks calibration for SMU A:

smua.cal.unlock ("KI002602")
smuX.makebuffer X = SMU channel (a or b)

Function Creates a RAM buffer.

Usage mybuffer = smuX.makebuffer (buffersize)

buffersize Number of readings that can be stored.

Remarks |* RAM reading buffers can be allocated dynamically. These are created and allocated
with the smux .makebuffer (buffer) function, where buf fersize is the number of
readings the buffer can store.

* Dynamically allocated reading buffers can be used interchangeably with the
smuX .nvbuffery buffers.

* A RAM buffer can be deleted using nil. The following command deletes mybuffer:
mybuffer = nil

Details See “Reading buffers” in Section 7.

Also see smuX.nvbufferY

Example Creates a 200 reading RAM buffer named “mybuffer2” for SMUA:

mybuffer2 = smua.makebuffer (200)
smuX.measure.autorangeY X = SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current

Attribute Measure auto range setting.
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Usage

autorange = smuX.measure.autorangeY -- Reads measure auto range.
smuX.measure.autorangeY = autorange -- Writes measure auto range.

Set autorange to one of the following values:

0 Or smuX .AUTORANGE OFF Disables measure auto range.
1 Or smuX.AUTORANGE ON Enables measure auto range.

Remarks

e This attribute indicates the measurement auto range state. Its value will be
smuX . AUTORANGE OFF when the SMU measure circuit is on a fixed range and
smuX . AUTORANGE_ON when it is in auto range mode.

¢ Setting this attribute to smuX . AUTORANGE_OFF puts the SMU on a fixed range. The
fixed range used will be the range the SMU measure circuit was currently using.

¢ Setting this attribute to smuX . AUTORANGE_ON puts the SMU measure circuit into auto
range mode. It will remain on its present measure range until the next measurement
is requested.

Details

See “Range” in Section 6.

Also see

smuX.measure.rangeY

Example

Enables voltage measure autoranging for SMU A:

smua.measure.autorangev = smua. AUTORANGE_ON

smuX.measure.autozero X = 8MU channel (a or b)

Attribute

Behavior of the SMU’s A/D internal reference measurements (autozero).

Usage

azmode = smuX.measure.autozero -- Reads autozero.
smuX.measure.autozero = azmode -- Writes autozero.

Set azmode to be one of the following values:
0 Ofr smuX.AUTOZERO_ OFF Autozero disabled.
1 Or smuX.AUTOZERO ONCE Performs autozero once, then disables autozero.

2 Of smuX .AUTOZERO AUTO Automatic checking of reference and zero mea-
surements. An autozero is performed when
needed.
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Remarks * The Model 260x uses a ratio metric A/D conversion technique. To ensure
accuracy of readings, the instrument must periodically obtain fresh mea-
surements of its internal ground and voltage reference. The time interval
between needing to update these reference measurements is determined
by the integration aperture being used for measurements. Separate refer-
ence and zero measurements are used for each aperture.

By default, the instrument automatically checks these reference measure-
ments whenever a signal measurement is made. If the reference measure-
ments have expired when a signal measurement is made, the instrument
will automatically take two more A/D conversions, one for the reference and
one for the zero, before returning the result. Thus, occasionally, a measure-
ment takes longer than normal.

This extra time can cause problems in sweeps and other test sequences in
which measurement timing is critical. To avoid the extra time for the reference
measurements in these situations, the smux.measure.autozero attribute can
be used to disable the automatic reference measurements. Keep in mind that
with automatic reference measurements disabled, the instrument may gradually
drift out of specification.

To minimize the drift, a reference and zero measurement should be made just
prior to the critical test sequence. The smuX.AUTOZERO ONCE setting can be
used to force a refresh of the reference and zero measurements used for the

current aperture setting.

Autozero reference measurements for the last 5 used NPLC settings are
stored in a reference cache. If an NPLC setting is selected and an entry for
it is not in the cache, the oldest (least recently used) entry will be discarded
to make room for the new entry.

Example Perform autozero once for SMU A:

smua.measure.autozero = smua.AUTOZERO_ONCE

smuX.measure.calibrateY X'=SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current

Function Generates and activates new measurement calibration constants.
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Usage

smuX.measure.calibrateY (range, cplmeasured, cplreference,
cp2measured, cp2reference)

range The measurement range to calibrate.

cplmeasured The value measured by this SMU for calibration point 1.

cplreference The reference measurement for calibration point 1 as mea-
sured externally.

cp2measured The value measured by this SMU for calibration point 2.

cp2reference The reference measurement for calibration point 2 as mea-
sured externally.

Remarks

¢ This function generates and activates new calibration constants for the given range.
The positive and negative polarities of the instrument must be calibrated separately.
Use a positive value for range to calibrate the positive polarity and a negative value
for range to calibrate the negative polarity.

Typically the two calibration points used will be near zero for calibration point 1 and
90% of full scale for calibration point 2.

All four measurements (cplmeasured, cplreference, cp2measured, and
cp2reference) must be made with the active calibration set. Corruption of the cali-
bration constants may result if this is not heeded.

The new calibration constants will be activated immediately but they will not be writ-
ten to non-volatile storage. Use smux.cal.save to commit the new constants to
nonvolatile storage. The active calibration constants will stay in effect until the instru-
ment is power cycled or a calibration set is loaded from non-volatile storage with the
smuX.cal.restore function.

This function will be disabled until a successful call to smux.cal.unlock is made.

Details

See Section 17 (calibration).

Also see

smuX.cal.restore, smuX.cal.save, smuX.makebuffer, smuX.source.calibrateY

smuX.measure.count X = SMU channel (a or b)

Attribute

Number of measurements performed when a measurement is requested.

Usage

count = smuX.measure.count -- Reads measure count.
smuX.measure.count = count -- Writes measure count.

count Number of measurements.

Remarks

¢ This attribute controls the number of measurements taken any time a measurement
is requested. When using a reading buffer with a measure command, the count also
controls the number of readings to be stored.

¢ The reset function sets the measure count to 1.

Details

See “Triggering” in Section 4.

Also see

smuX.measure.overlappedY, smuX.measure.Y

Example

Sets measure count for SMU A:
smua.measure.count = 10
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smuX.measure.filter.count X = SMU channel (a or b)
Attribute Number of measured readings to yield one filtered measurement.
Usage count = smuX.measure.filter.count -- Reads filter count.
smuX.measure.filter.count = count -- Writes filter count.
count Set filter count from 1 to 100.
Remarks |* This attribute is the number of measurements that will be performed to yield one fil-
tered measurement.
¢ The reset function sets the filter count to 1.
Details See “Filters” in Section 6.
Also see smuX.measure.filter.enable, smuX.measure. filter.type
Example Sets filter count for SMU A:
smua.measure.filter.count = 10
smuX.measure.filter.enable X = SMU channel (a or b)
Attribute Enables/disables filtered measurements.
Usage filter = smuX.measure.filter.enable -- Reads on/off state of the filter.
smuX.measure.filter.enable = filter -- Writes on/off state of the filter.
Set £ilter to one of the following values:
0 Or smuX.FILTER OFF Disables the filter.
1 Of smuX.FILTER ON Enables the filter.
Remarks |* This attribute enables or disables the filter.
e The reset function disables the filter.
Details See “Filters” in Section 6.
Also see smuX.measure.filter.count, smuX.measure filter.type
Example Enable the filter for SMU A:
smua.measure.filter.enable = smua.FILTER_ON
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smuX.measure.filter.type

X = SMU channel (a or b)

Attribute

Type of filter for measurements.

Usage

type = smuX.measure.filter.type
smuX.measure.filter.type = type
Set type to one of the following values:

0 Or smuX.FILTER MOVING AVG Selects the moving average filter.
1 Or smuX.FILTER REPEAT AVG Selects the repeat filter.

-- Reads filter type.
-- Writes filter type.

Remarks

* There are two averaging filter types to choose from: Repeating and moving. 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.

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 dis-
carded. The stack is re-averaged, yielding a new reading.

¢ The reset function selects the repeat filter.

Details

See “Filters” in Section 6.

Also see

smuX.measure.filter.count, smuX.measure.filter.enable

Example

Selects the moving average filter for SMU A:

smua.measure.filter.type = smua.FILTER_MOVING_AVG

smuX.measure.interval

X = SMU channel (a or b)

Attribute Interval between multiple measurements.

Usage interval = smuX.measure.interval -- Reads measure interval.

smuX.measure.interval = interval -- Writes measure interval.
interval Set interval (in seconds) from 0 to 1.

Remarks |* This attribute sets the time interval between groups of measurements when
smua.measure.count is set to a value greater than 1. The SMU will do its best to
start the measurement of each group when scheduled.

* [f filtered measurements are being made, this interval is from the start of the first
measurement for the filtered reading to the first measurement for a subsequent fil-
tered reading. Extra measurements made to satisfy a filtered reading are not paced
by this interval.

¢ |If the SMU cannot keep up with the interval setting, measurements will be made as
fast as possible.

¢ The reset function sets the measure interval to 0.

Details See “Triggering” in Section 4.

Also see smuX.measure.overlappedY, smuX.measure.Y

Example Sets measure interval for SMU A:

smua.measure.interval = 0.5
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smuX.measure.lowrangeY X = SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current

Attribute Lowest measure range that will be used during autoranging.

Usage rangeval = smuX.measure.lowrangeY -- Reads low range.
smuX.measure.lowrangeY = rangeval -- Writes low range.
rangeval Set to the lowest voltage or current measure range.

Remarks |* This attribute is used with auto-ranging to put a lower bound on the range used.
Lower ranges generally require greater settling times. By setting a low range value,
measurements might be able to be made with less settling time.

e |f the instrument is set to auto range and it is on a range lower than the one speci-
fied, the range will be changed to the range specified.

Details See “Range” in Section 6.

Also see smuX.measure.autorangeY

Example Sets volts lowrange for SMU A to 1V:
smua.measure. 1owrangev =1

smuX.measure.nplc X = SMU channel (a or b)

Attribute Integration aperture for measurements.

Usage nplc = smuX.measure.nplc -- Reads nplc.
smuX.measure.nplc = nplc -- Writes nplc.
nplc Set from 0.001 to 25.

Remarks ¢ The integration aperture is based on the number of power line cycles (NPLC), where
1PLC for 60Hz is 16.67msec (1/60) and 1 PLC for 50Hz is 20msec (1/50).
* The reset function sets the aperture to 1.0.

Details See “Speed” in Section 6.

Example Sets integration time for SMU A (0.5/60 seconds):

smua.measure.nplc = 0.5
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smuX.measure.overlappedY X = SMU channel (a or b)

smuX.measure.overlappediv

Y = SMU measure function (v, i, r or p) where:
v = voltage, i = current, r = resistance, p = power

Function

Starts an asynchronous (background) measurement.

Usage

There are two ways to use this function:
smuX.measure.overlappedY (rbuffer)
smuX.measure.overlappediv (ibuffer, vbuffer)

rbuffer A reading buffer object where the reading(s) will be stored.
ibuffer A reading buffer object where current reading(s) will be stored.
vbuffer A reading buffer object where voltage reading(s) will be stored.

Remarks

¢ This function will start a measurement and return immediately. The measurements,
as they are performed, are stored in a reading buffer (along with any ancillary infor-
mation also being acquired). If the instrument is configured to return multiple read-
ings where one is requested, the readings will be available as they are made.

* The smuX.measure.overlappediv function stores both current and voltage read-
ings in respective buffers (current and then voltage are stored in separate buffers).

¢ This function is an overlapped command. Script execution will continue while the
measurement(s) is made in the background. Attempts to access result values that
have not yet been generated will cause the script to block and wait for the data to
become available. The waitcomplete function can also be used to wait for the
measurement(s) to complete before continuing.

* If a given reading buffer contains any data, it will be cleared prior to taking any mea-
surements, unless the reading buffer has been configured to append data.

Details

See “Reading buffers” in Section 7.

Also see

smuX.nvbufferY, smuX.nvbufferY, waitcomplete

Example

Starts background voltage measurements for SMU A:
smua.measure.overlappedv (smua.nvbufferl)
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smuX.measure.rangeY X = SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current

Attribute Fixed measure range for voltage or current.

Usage rangeval = smuX.measure.rangeY -- Reads measure range.
smuX.measure.rangeY = rangeval -- Writes measure range
rangeval Set to the expected voltage or current to be measured.

Remarks |* Reading this atiribute returns the positive full-scale value of the measure range the
SMU is currently using.

* Assigning to this attribute sets the SMU on a fixed range large enough to measure
the given value. The instrument will select the best range for measuring a value of
rangeval.

¢ This attribute is primarily intended to eliminate the time required by the automatic
range selection performed by a measuring instrument. Because selecting a fixed
range will prevent auto-ranging, an over-range condition can occur, for example,
measuring 10.0V on the 6V range will cause an over-range. The value 9.91000E+37
is returned when this occurs.

¢ |f the source function is the same as the measurement function (for example, sourc-
ing voltage and measuring voltage), the measurement range is locked to be the
same as the source range. However, the setting for the voltage measure range is
retained and used when the source function is changed to current, and the present
voltage measurement range will be used.

For example, assume the source function is voltage. The source range is 1V and you
set the measure range for 6V. Since the source range is 1V, the SMU will perform
voltage measurements on the 1V range. If you now change the function to current,
measurements will be performed on the 6V range.

* Explicitly setting either a source or measurement range for a function will disable
auto ranging for that function. Auto ranging is controlled separately for each source
and measurement function: source voltage, source current, measure voltage and
measure current. Auto ranging is enabled for all four by default.

¢ Changing the range while the output is off will not update the hardware settings, but
querying will return the range setting that will be used once the output is turned on.
Setting a range while the output is on will take effect immediately.

¢ With source auto ranging enabled, the output level controls the range. Querying the
range after the level is set will return the range the unit chose as appropriate for that
source level.

¢ With measure auto ranging enabled, the range will be changed only when a mea-
surement is taken. Querying the range after a measurement will return the range
selected for that measurement.

Details See “Range” in Section 6.

Also see smuX.measure.autorangeY

Example Selects 1V measure range for SMU A:
smua.measure.rangev = 0.5
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smuX.measure.rel.enableY X = SMU channel (a or b)

Y = SMU measure function (v, i, r or p) where:
v = voltage, i = current, r = resistance, p = power

Attribute Relative measurement control (on/off).

Usage rel = smuX.measure.rel.enableY -- Reads relative state.
smuX.measure.rel.enableY = rel -- Writes relative state.

Set rel to one of the following values:
0 Of smuX.REL_OFF Disables relative measurements.
1 or smuX.REL_ON Enables relative measurements.

Remarks When relative measurements are enabled, all subsequent measured readings will be
offset by the specified relative offset value (see smuX.measure.rel.levelY).
Specifically, each returned measured relative reading will be the result of the following
calculation:

Relative reading = Actual measured reading — Relative offset value

Details See “Rel” in Section 6.

Also see smuX.measure.rel.levelY

Example Enables relative voltage measurements for SMU A:
smua.measure.rel.enablev = smua.REL_ON

smuX.measure.rel.levelY X = SMU channel (a or b)
Y = SMU measure function (v, i, r or p) where:
v = voltage, i = current, r = resistance, p = power

Attribute Offset value for relative measurements.

Usage relval = smuX.measure.rel.levelY -- Reads relative offset level.
smuX.measure.rel.levelY = relval -- Writes relative offset level.

relval Relative offset value.

Remarks When relative measurements are enabled (see smuX.measure.rel.enableY), all subse-
guent measured readings will be offset by the specified relative offset value. Specifi-
cally, each returned measured relative reading will be the result of the following
calculation:

Relative reading = Actual measured reading — Relative offset value

Details See “Rel” in Section 6.

Also see smuX.measure.rel.enableY

Example Performs a voltage measurement and uses it as the relative offset value:
smua.measure.rel.levelv = smua.measure.v()
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smuX.measure.Y X = SMU channel (a or b)
. Y = SMU measure function (v, i, r or p) where:
smuX.measure.iv v = voltage, i = current, r = resistance, p = power

Function Performs one or more measurements.

Usage There are three ways to use this function:

reading = smuX.measure.Y ()

reading = smuX.measure.Y (rbuffer)

reading = smuX.measure.iv (ibuffer, vbuffer)
reading Returns the last reading of the measurement process.
rbuffer A reading buffer object where all the reading(s) will be stored.
ibuffer A reading buffer object where current reading(s) will be stored.
vbuffer A reading buffer object where voltage reading(s) will be stored.

Remarks |* This function returns only the last actual measurement as reading. To use the addi-
tional information acquired while making a measurement, a reading buffer must be
used. If the instrument is configured to return multiple readings when a measure-
ment is requested, all readings will be available in rbuf fer if one is provided, but
only the last measurement will be returned as reading.

* The smuX.measure. iv function stores both current and voltage readings in respec-
tive buffers (current and then voltage are stored in separate buffers).

e The smuX.measure.count attribute determines how many measurements are per-
formed. When using a buffer, it also determines the number of readings to store in
the buffer.

Details See “Reading buffers” in Section 7.

Also see smuX.nvbufferY, smuX.nvbufferY

Example Performs ten voltage measurements using SMU A and stores them in a buffer:

smua.measure.count = 10
smua.measure.v (smua.nvbufferl)
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smuX.measureYandstep ¢= gmg channel (=fa ortt;) i " wh
. = measure function (v, i, iv, ror p) where:
smux'measurelvandStep v = voltage, i = current, r = resistance, p = power

Function

Performs one or two measurements and then steps the source.

Usage

This function can be used in two ways:

reading = smuX.measureYandstep (sourcevalue)

readings = smuX.measureivandstep (sourcevalue)
reading Returns the measured reading before stepping the source.
readings Returns the two measured readings before stepping the source.
sourcevalue Source value to be set after the measurement is made.

Remarks

¢ The smuX.measureYandstep function performs a measurement and then sets the
source to sourcevalue. The smuX.measureivandstep function is similar, but per-
forms two measurements; one for current (i) and one for voltage (v).

¢ The specified source value should be appropriate for the selected source function.
For example, if the source voltage function is selected, then sourcevalue is
expected to be a new voltage level.

* Both source and measure auto range must be disabled before using this function.

¢ This function is provided for very fast execution of source-measure loops. The mea-
surement will be made prior to stepping the source. Prior to using this function, and

before any loop this function may be used in, the source value should be set to its
initial level.

Also see

smuX.measure.Y

Example

This measure and step function measures current starting at a source value of OV.
After each current measurement, the source is stepped 100mV for the next current
measurement. The final source level is 1V where current is again measured.
local ivalues = {}

smua.source.rangev = 1
smua.source.levelv = 0
smua.measure.rangei = 0.01
smua.source.output = smua.OUTPUT_ON
for index = 1, 10 do
ivalues [index] = smua.measureiandstep (index / 10)
end
ivalues[11l] = smua.measure.i()
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smuX.nvbufferY X = SMU channel (a or b)
Y = NV buffer (1 or 2)

Attribute Non-volatile reading buffers.

Usage smuX.nvbufferyY

Remarks |* There are two reading buffers: smux .nvbufferl and smuX.nvbuffer2.

¢ All routines that return measurements can return them in reading buffers. Over-
lapped measurements are always returned in a reading buffer. Synchronous mea-
surements return either a single-point measurement or can be stored in a reading
buffer if passed to the measurement command.

* The non-volatile reading buffers will retain their data between power cycles.

Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.

Also see smuX.makebuffer, smuX.measure.overlappedY, smuX.measure.Y

Example Store current readings from SMU A into buffer 1:
smua.measure.overlappedi (smua.nvbufferl)

smuX.nvbufferY.appendmode X = SMU channel (a or b)
Y = NV buffer (1 or 2)

Attribute Append mode for the reading buffer.

Usage state = smuX.nvbufferY.appendmode -- Reads append mode.
smuX.nvbufferY.appendmode = state -- Writes append mode.
Set state to one of the following values:
0 Append mode off — New measure data overwrites the previous buffer content.
1 Append mode on — Appends new measure data to the present buffer content.

Remarks |* Assigning to this attribute enables or disables the buffer append mode.

¢ With append mode on, the first new measurement will be stored at rb [n+11, where
n is the number of readings stored in the buffer.

¢ The default is buffer append mode off.

Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.

Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY

Example Append new readings for SMU A to contents of buffer 1:
smua.nvbufferl.appendmode = 1
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smuX.nvbufferY.basetimestamp  X=SMU channel (a or b)

Y = NV buffer (1 or 2)

Attribute Timestamp of when the first reading was stored from time of power-up.
Usage basetime = smuX.nvbufferY.basetimestamp
Remarks |* Reading this attribute returns the timestamp (in seconds) for the first reading
(rb[11) stored in a buffer. The timestamp is based on the number of seconds from
power-up that the measurement was performed and stored.
e This is a read-only attribute.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Read the timestamp for the first reading stored in buffer 1 of SMU A:
basetime = smua.nvbufferl.basetimestamp
print (basetime)
Output: 2.369900+03
The above output indicates that the timestamp is 2369.9 seconds.
smuX.nvbufferY.capacity X = SMU channel (a or b)
Y = NV buffer (1 or 2)
Attribute Capacity of the buffer.
Usage capacity = smuX.nvbufferY.capacity
Remarks |* Reading this attribute returns the number of readings that can be stored in the buffer.
A buffer with only basic collection items turned on can store over 100,000 readings.
Capacity does not change as readings fill the buffer. Turning on additional collection
items, such as timestamps and source values, decreases the capacity of the buffer.
¢ This is a read-only attribute.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Read the capacity of SMU A buffer 1:
capacity = smua.nvbufferl.capacity
print (capacity)
Output: 1.123410+05
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smuX.nvbufferY.clear X = SMU channel (a or b)

Y = NV buffer (1 or 2)

Function Clears the buffer.
Usage smuX.nvbufferY.clear ()
Remarks This function clears all readings from the indicated buffer.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Clears SMU A buffer 1:
smua.nvbufferl.clear ()
smuX.nvbufferY.collectsourcevalues X'= 8MU channel (a or b)
Y = NV buffer (1 or 2)
Attribute Source value collection for the buffer.
Usage state = smuX.nvbufferY.collectsourcevalues -- Reads collection state.
smuX.nvbufferY.collectsourcevalues = state -- Writes collection state.
Set state to one of the following values:
0 Source value collection disabled (off).
1 Source value collection enabled (on).
Remarks |* Assigning a state value to this attribute enables or disables the storage of source
values. Reading this attribute returns the state of source value collection.
* When on, source values will be stored with readings in the buffer. This requires four
extra bytes of storage per reading.
* This value, off (default) or on, can only be changed when the buffer is empty. The
buffer can be emptied using the smuX.nvbufferY.clear function.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Include source values with readings for SMU A buffer 1:
smua.nvbufferl.collectsourcevalues = 1
smuX.nvbufferY.collecttimestamps X = SMU channel (a or b)
Y = NV buffer (1 or 2)
Attribute Timestamp collection for the buffer.
Usage state = smuX.nvbufferY.collecttimestamps  -- Reads collection state.
smuX.nvbufferY.collecttimestamps = state -- Writes collection state.

Set state to one of the following values:
0 Timestamp collection disabled (off).
1 Timestamp collection enabled (on).
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Remarks |°® Assigning a state value to this attribute enables or disables the storage of times-
tamps. Reading this attribute returns the state of timestamp collection.
e When on, timestamps will be stored with readings in the buffer. This requires four
extra bytes of storage per reading. The first reading is timestamped at zero seconds.
Subsequent readings are timestamped relative to the time storage was started.
¢ This value, off (default) or on, can only be changed when the buffer is empty. The
buffer can be emptied using the smuX.nvbufferY.clear function.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Include timestamps with readings for SMU A buffer 1:
smua.nvbufferl.collecttimestamps = 1
smuX.nvbufferY.n X = SMU channel (a or b)
Y = NV buffer (1 or 2)
Attribute Number of readings in the buffer.
Usage bufferreadings = smuX.nvbufferY.n
Remarks |°® Reading this atiribute returns the number of readings that are stored in the buffer.
¢ This is a read-only attribute.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Read the number of readings stored in SMU A buffer 1:
bufferreadings = smua.nvbufferl.n
print (bufferreadings)
Output: 1.250000+02
The above output indicates that there are 125 readings stored in the buffer.
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smuX.nvbufferY.timestampresolution X = SMU channel (a or b)

Y = NV buffer (1 or 2)

Attribute Timestamp resolution.
Usage tsres = smuX.nvbufferY.timestampresolution -- Reads collection state.
smuX.nvbufferY.timestampresolution = tsres -- Writes collection state.
tsres Timestamp resolution in seconds.
Remarks |* Assigning to this attribute sets the resolution for the timestamps. Reading this
attribute returns the timestamp resolution value.
¢ The default timestamp resolution is 0.000001seconds (1ps). At this resolution, the
reading buffer can store unique timestamps for up to 71 minutes. This value can be
increased for very long tests.
e The minimum value that can be set is 1ps.
¢ When setting this value it will be rounded to an even power of 2ps.
Details See “Reading buffers” on page 12-6 and “Reading buffers” in Section 7.
Also see smuX.measure.overlappedY, smuX.measure.Y, smuX.nvbufferY
Example Set the timestamp resolution for SMU A buffer 1 to 10ys:
smua.nvbufferl.timestampresolution = 0.00001
smuX.reset X = SMU channel (a or b)
Function Turns off the output and resets the SMU to the default settings.
Usage smuX.reset ()
Remarks Returns the SMU to the default settings listed in Table 1-3.
Details See “Default settings” in Section 1.
Also see reset

smuX.sense

X = SMU channel (a or b)

Attribute Remote/local sense mode.
Usage sense = smuX.sense -- Reads sense mode.
smuX.sense = sense -- Writes sense mode.
Set sense to one of the following values:
0 Or smuX.SENSE LOCAL Selects local sense (2-wire).
1 Or smuX.SENSE REMOTE Selects remote sense (4-wire).
3 Or smuX.SENSE_CALA Selects calibration sense mode.
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Remarks

¢ Source-measure operations are performed using either 2-wire local sense con-
nections or 4-wire remote sense connections. Writing to this attribute selects the
sense mode.

* The smuX.SENSE_CALA mode is only used for calibration and may only be selected
when calibration is enabled.

* The sense mode can be changed between local and remote while the output is on.

¢ The calibration sense mode cannot be selected while the output is on.

* The reset function selects the local sense mode.

Details

See “Sensing methods” in Section 3.

Example

Selects remote sensing for SMU A:
smua.sense = smua.SENSE_REMOTE

smuX.source.autorangeY X = SMU channel (a or b)

Y = SMU measure function (v ori) where v = voltage, i = current

Attribute

Source auto range control (on/off).

Usage

sautorange = smuX.source.autorange¥Y -- Reads source auto range.
smuX.source.autorangeY = sautorange -- Writes source auto range.
Set autorange to one of the following values:

0 Or smuX . AUTORANGE OFF Disables source auto range.
1 or smuX.AUTORANGE ON Enables source auto range.

Remarks

* This attribute indicates the source auto range state. Its value will be
smuX . AUTORANGE_OFF when the SMU source circuit is on a fixed range and
smuX . AUTORANGE_ON when it is in auto range mode.

» Setting this attribute to smuX . AUTORANGE_OFF puts the SMU on a fixed source
range. The fixed range used will be the range the SMU source circuit was currently
using.

 Setting this attribute to smuX . AUTORANGE_ON puts the SMU source circuit into auto
range mode. If the source output is on, the SMU will immediately change range to
the range most appropriate for the value being sourced if that range is different from
the SMU range.

* Auto range will disable if the source level is edited from the front panel.

Details

See “Range” in Section 6.

Also see

smuX.measure.autorangeY, smuX.source.rangeY

Example

Enables volts source auto range for SMU A:
smua.source.autorangev = smua.AUTORANGE ON
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smuX.source.calibrateY X = 8MU channel (a or b)

Y = SMU measure function (v or i) where v = voltage, i = current

Function Generates and activates new source calibration constants.
Usage smuX.source.calibrateY (range, cplexpected, cplreference,
cp2expected, cp2reference)
range The measurement range to calibrate.
cplexpected The source value programmed for calibration point 1.
cplreference The reference measurement for calibration point 1 as mea-
sured externally.
cp2expected The source value programmed for calibration point 2.
cp2reference The reference measurement for calibration point 2 as mea-
sured externally.
Remarks |* This function generates and activates new calibration constants for the given range.
The positive and negative polarities of the source must be calibrated separately. Use
a positive value for range to calibrate the positive polarity and a negative value for
range to calibrate the negative polarity.

 Typically the two calibration points used will be near zero for calibration point 1 and
90% of full scale for calibration point 2. Full scale for calibration point 2 should be
avoided if the SMU’s source is substantially out of calibration.

¢ Do not use 0.0 for a negative calibration point as 0.0 is considered a positive num-
ber.

¢ The two reference measurements must be made with the source using the active
calibration set. For example, source a value, measure it, and do not change the
active calibration set before issuing this command.

* The new calibration constants will be activated immediately but they will not be writ-
ten to non-volatile storage. Use smuX.cal.save to commit the new constants to
nonvolatile storage. The active calibration constants will stay in effect until the instru-
ment is power cycled or a calibration set is loaded from non-volatile storage with the
smuX.cal.restore function.

» This function will be disabled until a successful call to smux.cal.unlock is made.

Details See Section 17 (calibration).
Also see smuX.cal.restore, smuX.cal.save, smuX.makebuffer, smuX.measure.calibrateY
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smuX.source.compliance X'=SMU channel (a or b)
Attribute Source compliance state.
Usage compliance = smuX.source.compliance
Remarks |* Use this attribute to read the state of source compliance. true indicates that the limit
function is in control of the source (source in compliance). false indicates that the
source function is in control of the output (source not in compliance).
* This is a read-only attribute. Writing to this attribute will generate an error.
¢ Reading this attribute also updates the status model and the front panel with gener-
ated compliance information.
Details See Section 4 (basic operation) and Appendix D (status model).
Also see smuX.source.limitY
Example Reads the source compliance state for SMU A:
compliance = smua.source.compliance
print (compliance)
Output: true
The above output indicates that the voltage limit has been reached (if configured as a
current source), or that the current limit has been reached (if configured as a voltage
source).
smuX.source.func X = SMU channel (a or b)
Attribute Source function.
Usage iv = smuX.source.func -- Reads source function.
smuX.source.func = iv -- Writes source function.
Set iv to one of the following values:
0 Or smuX.OUTPUT DCAMPS Selects current source function.
1 Oof smuX.OUTPUT DCVOLTS Selects voltage source function.
Remarks * Reading this attribute gives the output function of the source. Setting this attribute
configures the SMU as either a voltage source or a current source.
¢ The reset function selects the voltage function.
Details See Section 4 (basic operation).
Also see smuX.source.output, smuX.source.levelY
Example Selects the source amps function for SMU A:
smua.source.func = smua.OUTPUT_ DCAMPS
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smuX.source.levelY X = SMU channel (a or b)

Y = SMU measure function (v or i) where v = voltage, i = current

Attribute Source levels.
Usage sourceval = smuX.source.levelY -- Reads source value.
smuX.source.levelY = sourceval -- Writes source value.
sourceval Set voltage from 0 to £40 (volts).
Set current from 0 to 3 (amps).
Remarks |* This attribute configures the source level of the voltage or current source.

* [f the source is configured as a voltage source and the output is on, the new
smuX.source. levelv setting will be sourced immediately. If the output is off or if
the source is configured as a current source, the voltage level will be sourced when
the source is configured as a voltage source and the output is turned on.

* [f the source is configured as a current source and the output is on, the new
smuX.source. leveli setting will be sourced immediately. If the output is off or if
the source is configured as a voltage source, the current level will be sourced when
the source is configured as a current source and the output is turned on.

* The sign of sourceval dictates the polarity of the source. Positive values generate
positive voltage or current from the high terminal of the source relative to the low ter-
minal. Negative values generate negative voltage or current from the high terminal of
the source relative to the low terminal.

* The reset function sets the source levels to 0V and OA.

Details See Section 4 (basic operation)
Also see smuX.source.func, smuX.source.output
Example Sets V-source to 1V for SMU A:
smua.source.levelv = 1
smuX.source.limitY X = SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current
Attribute Compliance limits.
Usage limit = smuX.source.limitY -- Reads compliance limit.
smuX.source.limitY = limit -- Writes compliance limit.
limit Voltage compliance from 0 to +40 (volts).
Current compliance from 0 to +3 (amps).
Remarks |°* Use the smuX.source.limiti attribute to limit the current output of the voltage
source. Use smuX . source.limitv to limit the voltage output of the current source.
The SMU will always choose (auto range) the source range for the limit setting.

¢ This attribute should be set in the test sequence before the turning the source on.

* Reading this attribute indicates the presently set compliance value. Use
smuX.source.compliance to read the state of source compliance.

Details See Section 4 (basic operation).
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Also see smuX.source.compliance, smuX.source.func, smuX.source.output
Example Sets V-compliance to 30V for SMU A:
smua.source.limitv = 30
smuX.source.lowrangeY X = SMU channel (a or b)
Y = SMU measure function (v or i) where v = voltage, i = current
Attribute Lowest source range that will be used during autoranging.
Usage rangeval = smuX.source.lowrangeY -- Reads low range.
smuX.source.lowrangeY = rangeval -- Writes low range.
rangeval Set to the lowest voltage or current to be sourced.

Remarks |* This attribute is used with source autoranging to put a lower bound on the range
used. Lower ranges generally require greater settling times. By setting a low range
value, sourcing small values might be able to be made with less settling time.

* If the instrument is set to auto range and it is on a range lower than the one specified
by rangeval, the source range will be changed to the range specified by rangeval.

Details See “Range” in Section 6.

Also see smuX.source.autorangeY, smuX.source.rangeY

Example Sets volts lowrange for SMU A to 1V. This prevents the source from using the 100mV

range when sourcing voltage:
smua.source.lowrangev = 1
smuX.source.offmode X = SMU channel (a or b)

Attribute Source output-off mode.

Usage offmode = smuX.source.offmode -- Reads output-off mode.

smuX.source.offmode = offmode -- Writes output-off mode.

Set of fmode to one of the following values:

0 Or smuX.OUTPUT_NORMAL Outputs 0V when the output is turned off.

1 Of smuX.OUTPUT ZERO Zero the output (in either volts or current) when off.
2 Ofr smuX.OUTPUT HIGH Z Opens the output relay when the output is turned off.
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Remarks |* Reading this attribute gives the output-off mode of the source. Setting this attribute
configures the SMU output-off mode.

* The default of fmode iS smuX.OUTPUT NORMAL. In this mode, the SMU will source 0
volts and set the compliance to 10% of the current source range or 100uA, which-
ever is smaller. If the source function is voltage, the 10% compliance will inherently
be a reduction in compliance current. If the source function is current, the 10% com-
pliance value may be more or less than the current that was being sourced.

* When offmode is set to smuX.0UTPUT HIGH Z, the SMU will open the output relay
when the output is turned off.

* When the offmode is set to smuX.oUTPUT ZERO, the SMU will source 0 volts just as
OUTPUT NORMAL mode does. If the source function is voltage, the current limit will
not be changed. If the source function was current, the current limit will be set to the
current source level or 10% of the current source range, whichever is greater.

Details See “Output-off states” in Section 3.

Also see smuX.source.output

Example Sets output-off mode for SMU A:
smua.source.offmode = smua.OUTPUT HIGH Z

smuX.source.output X = SMU channel (a or b)

Attribute Source output control (on/off).

Usage state = smuX.source.output -- Reads output state.
smuX.source.output = state -- Writes output state.
Set state to one of the following values:

0 Or smuX.OUTPUT OFF Turns the source output off.
1 Of smuX.OUTPUT ON Turns the source output on.

Remarks Reading this attribute gives the output state of the source. Setting this attribute will turn
the output of the source on or off. The default for the source is off. When the output is
turned on, the SMU will source either voltage or current as dictated by the

smuX . source . func setting.

Details See Section 4 (basic operation).

Also see smuX.source.func, smuX.source.offmode

Example Turns SMU A source output on:
smua.source.output = smua.OUTPUT_ON
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smuX.source.outputenableaction X=SMuU channel (a orb)

Attribute

Output enable action for the source.

Usage

action = smuX.source.outputenableaction -- Reads enable action.
smuX.source.outputenableaction = action  -- Writes enable action.

Set action to one of the following values:

0 Or smuX.OE_NONE No action.
1 Of smuX.OE_OUTPUT_ OFF Turns the source output off.

Remarks

¢ This attribute controls the SMU action taken when the output enable line is asserted/
de-asserted. The default setting is smuX .0OE_NONE.

* When set to smux . OE_NONE, the SMU will take no action when the output enable
line goes low (de-asserted).

* When set to smuX.0E_OUTPUT OFF and the output enable line is de-asserted, the
SMU will turn its output off as if the smuX. source.output = smuX.OUTPUT OFF
command had been received.

e The SMU will not automatically turn its output on when the output enable line returns
to the high state.

* |f the output enable line is not asserted when this attribute is set to
smuX.OE_OUTPUT OFF and the output is on, the output will turn off immediately.

¢ Detection of the output enable line going low will not abort any running scripts. This
may cause execution errors.

Details

See “Output enable” in Section 10.

Also see

smuX.source.offmode, smuX.source.output

Example

Reconfigures the SMU to turn the output off if the output enable line goes low (de-
asserted):

smua.source.outputenableaction = smua.OE_OUTPUT_OFF

smuX.source.rangeY X = SMU channel (a or b)

Y = SMU measure function (v or i) where v = voltage, i = current

Attribute

Source range.

Usage

rangeval = smuX.source.rangeY -- Reads source range.
smuX.source.rangeY = rangeval -- Writes source range.

rangeval The expected voltage or current to be sourced.

Remarks

* Reading this attribute returns the positive full-scale value of the source range the
SMU is currently using. Assigning to this attribute sets the SMU on a fixed range
large enough to source the given value. The instrument will select the best range for
sourcing a value of rangeval.

* smuX.source.rangeX is primarily intended to eliminate the time required by the
automatic range selection performed by a sourcing instrument. Because selecting a
fixed range will prevent auto-ranging, an over-range condition can occur, for exam-
ple, sourcing 10.0V on the 6.0V range.
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Details See “Range” in Section 6.
Also see smuX.source.autorangeY
Example Selects 1V source range for SMU A:
smua.source.rangev = 1
timer functions

The functions in this group are used for the timer. The timer can be used to measure the
time it takes to perform various operations. Use the timer.reset function at the beginning of
an operation to reset the timer to zero, and then use the timer.measure.t at the end of the
operation to measure the elapsed time.

timer.measure.t
Function Measures the elapsed time since the timer was last reset.
Usage time = timer.measure.t ()
time Returns the elapsed time in seconds. (1us resolution).
Remarks |* This function will return the elapsed time in seconds since the timer was reset.
¢ The returned resolution for t ime depends on how long it has been since the timer
was reset. It starts with 1pus resolution and starts to lose resolution after about 2.8
minutes.
Also see timer.reset
Example Resets the timer and then measures the time since the reset:
timer.reset ()
time = timer.measure.t ()
print (time)
Output: 1.469077e+01
The above output indicates that timer.measure.t was executed 14.69077 seconds
after timer.reset.
timer.reset
Function Resets the timer to 0 seconds.
Usage timer.reset ()
Remarks This function will restart the timer at zero.
Also see timer.measure.t

Return to Section 12 topics




Series 2600 Reference Manual Instrument Control Library 12-87

Example Resets the timer and then measures the time since the reset:
timer.reset ()

time = timer.measure.t ()

print (time)

Output: 1.469077e+01

The above output indicates that t imer . measure .t was executed 14.69077 seconds
after timer.reset.

trigger functions

The functions in this group are used to control triggering.

trigger.clear

Function Clears the command interface trigger event detector.

Usage trigger.clear ()

Remarks The trigger event detector remembers if an event has been detected since the last
trigger.wait call. This function clears the trigger's event detector and discards the
previous history of command interface trigger events.

Details see “Triggering” in Section 4.

Also see trigger.wait

trigger.wait

Function Wait for a trigger event.

Usage triggered = trigger.wait (timeout)
timeout Maximum amount of time in seconds to wait for the trigger.
triggered Returns true if a trigger was detected. Returns £alse if no trig-

gers were detected during the timeout period.

Remarks |* This function will wait up to timeout seconds for a GPIB GET command or a *TRG
message on the GPIB interface if that is the active command interface or a *“TRG
message on the command interface for all other interfaces. If one or more of these
trigger events were previously detected, this function will return immediately.

o After waiting for a trigger with this function, the event detector will be automatically
reset and rearmed. This is true regardless of the number of events detected.

Details see “Triggering” in Section 4

Also see trigger.clear
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Example Waits up to 10 seconds for a trigger:
triggered = trigger.wait (10)
print (triggered)

Output: false
The above output indicates that no trigger was detected during the 10 second timeout.

tsplink function and attributes

The function and attributes in this group are used to assign node numbers to Model 260x
instruments and initialize the TSP-Link system.

tsplink.node

Attribute TSP-Link node number.

Usage mynode = tsplink.node -- Reads the node number.
tsplink.node = mynode -- Writes the node number.
mynode Set node number from 1 to 64.
Remarks |* This attribute sets the TSP-Link node number and saves the value in non-volatile
memory.

e After changing the node number, it will not take effect until the next time
tsplink.reset is executed on any node in the system.
¢ Each node connected to the TSP-Link must be assigned a different node number.

Details See Section 9 (system expansion).

Also see tsplink.reset, tsplink.state

Example Sets the TSP-Link node to number 2:
tsplink.node = 2

tsplink.reset

Function Initializes (resets) all nodes (instruments) in the TSP-Link system.

Usage tsplink.reset ()

Remarks This function will erase all knowledge of other nodes connected on the TSP-Link and
will regenerate the system configuration. This function must be called at least once
before any remote nodes can be accessed. If the node number for any instrument is
changed, the TSP-Link must again be initialized.

Details See Section 9 (system expansion).

Also see tsplink.node, tsplink.state
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tsplink.state

Attribute TSP-Link on-line state.
Usage state = tsplink.state
Remarks * This attribute stores the TSP-Link status, either online or offline. The state will
be “offline” after the unit is powered on. After tsplink.reset is successful, the
state will be “online”.
¢ This attribute is read-only.
Details See Section 9 (system expansion).
Also see tsplink.node, tsplink.reset
Example Reads the on-line state of the TSP-Link:
state = tsplink.state
print (state)
Output: online
userstring functions
The functions in this group are used to store/retrieve user-defined strings in non-volatile
memory.

userstring.add

Function Adds a user-defined string to non-volatile memory.
Usage userstring.add(name, value)

name The name for the string.

value The string to associate with the name.

Remarks This function will associate the string value with the string name and store the pair in
non-volatile memory. The value associated with the given name can be retrieved with
the userstring.get function.

Also see userstring.catalog, userstring.delete, userstring.get

Example Stores user-defined strings in non-volatile memory:

userstring.add ("assetnumber", "236")
userstring.add("department", "Widgets")
userstring.add("contact", "John Doe")

Return to Section 12 topics
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userstring.catalog

Function Creates an iterator for the user string catalog.

Usage for name in userstring.catalog() do ... end

Remarks Accessing the catalog for user string names allows the user to print or delete all string
name values in non-volatile memory. The entries will be enumerated in no particular
order.

Also see userstring.add, userstring.delete, userstring.get

Example Deletes all user strings in non-volatile memory:

for name in userstring.catalog() do
userstring.delete (name)
end

Prints all user string name value pairs in non-volatile memory:
for name in userstring.catalog() do

print (name .. " = " .. userstring.get (name))
end

Output: department = Widgets
assetnumber = 236
contact = John Doe

The above output lists the user strings added in the “Example” for the userstring.add
function. Notice that they are not listed in the order that they were added.

userstring.delete

Function Deletes a user-defined string from non-volatile memory.
Usage userstring.delete (name)
name Name of the user string.
Remarks This function will delete from non-volatile memory the string that is associated with the
string name.
Also see userstring.add, userstring.catalog, userstring.get
Example Deletes user-defined strings from non-volatile memory:

userstring.delete ("assetnumber")
userstring.delete ("department")
userstring.delete ("contact")
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userstring.get

Function Retrieves a user-defined string from non-volatile memory.
Usage value = userstring.get (name)
name Name of the user string.
value Returns the string value associated with name.
Remarks This function will retrieve from non-volatile memory the string that is associated with
the string name.
Also see userstring.add, userstring.catalog, userstring.delete
Example Retrieves the value for a user string from non-volatile memory:
value = userstring.get ("assetnumber")
print (value)
Output: 236

This function waits for all overlapped commands to complete.

waitcomplete

Function Waits for all overlapped commands to complete.
Usage waitcomplete ()
Remarks This function will wait for all previously started overlapped commands to complete.

Return to Section 12 topics
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Introduction

The Model 260x is shipped with one or more Factory Scripts saved in its flash
firmware memory. A factory script is made up of a number of functions that can be
called from the front panel LOAD TEST menu, or called using remote program-
ming.

As Keithley develops additional factory scripts, they will be made available on

the Keithley web site (www.keithley.com) as a flash firmware upgrade for the
Model 260x. See “Flash firmware upgrade” for instructions on upgrading the flash
firmware of your Model 260x.

Factory script

KiGeneral

The KlGeneral factory script is made up of the following functions:

PulseIMeasureV (smu, bias, level, ton, toff, points)
PulseVMeasurel (smu, bias, level, ton, toff, points)
SweepILinMeasureV (smu, starti, stopi, stime, points)
SweepVLinMeasurel (smu, startv, stopv, stime, points)
SweepILogMeasureV (smu, starti, stopi, stime, points)
SweepVLogMeasurel (smu, startv, stopv, stime, points)
SweepIListMeasureV(smu, ilist, stime, points)

SweepVListMeasurel (smu, vlist, stime, points)

Details on the above functions are provided in the following tables.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:
PulseIMeasureV(smu, bias, level, ton, toff, points)

Description: |Performs a specified number of pulse I, measure V cycles:

¢ Sets the smu to output bias amps and dwell for ton seconds.

¢ Sets the smu to output 1evel amps and dwell for ton seconds.
e Performs voltage measurement with source at 1evel amps.

¢ Sets the smu to output bias amps for tof £ seconds.

* Repeats the above sequence for points pulse-measure cycles.

Voltage measurement

level , —
bias bias
) ton e ton . toff g

Parameters: |smu, bias, level, ton, toff, points

smu : SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

bias: Bias level in amps.

level: Pulse level in amps.

ton: Pulse on-time in seconds.

toff: Pulse off-time in seconds.

points: Number of pulse-measure cycles.

Data: | Pulsed voltage measurements, current levels and timestamps are stored in
smuX.nvbufferl.

Example: |PulseIMeasureV (smua, 0.001, 1.0, 20E-3, 40E-3, 10)

SMU A will output 1TmA and dwell for 20ms, output 1A and dwell for 20ms,
and then perform a voltage measurement. After the measurement, the output
will return to TmA and dwell for 40ms. This pulse-measure process will repeat
9 more times.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:
PulseVMeasurel (smu, bias, level, ton, toff, points)

Description: |Performs a specified number of pulse V, measure | cycles:

¢ Sets the smu to output bias volts and dwell for ton seconds.

¢ Sets the smu to output 1evel volts and dwell for ton seconds.

e Performs current measurement with source at 1evel amps.

¢ Sets the smu to output bias volts for tof £ seconds.

* Repeats the above sequence for points pulse-measure cycles.

Current measurement

level /
bias bias
) ton o ton o toff -

Parameters: |smu, bias, level, ton, toff, points

smu : SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

bias: Bias level in volts.

level: Pulse level in volts.

ton: Pulse on-time in seconds.

toff: Pulse off-time in seconds.

points: Number of pulse-measure cycles.

Data: | Pulsed current measurements, voltage levels and timestamps are stored in
smuX.nvbufferl.

Example: PulseVMeasurelI (smub, -1, 1, 1E-3, 2E-3, 20)

SMU B will output -1V and dwell for 1ms, output 1V and dwell for 2ms, and
then perform a current measurement. After the measurement, the output will
return to -1V and dwell for 2ms. This pulse-measure process will repeat 19
more times.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:

SweepILinMeasureV (smu, starti, stopi, stime, points)

Description:

Performs a linear current sweep with voltage measured at every step (point):
¢ Sets the smu to output starti amps, allows the source to settle for
stime seconds and then performs a voltage measurement.
¢ Sets the smu to output the next amps step, allows the source to settle for
stime seconds and then performs a voltage measurement.
* Repeats the above sequence until the voltage is measured on the stopi
amps step.
The linear step size is automatically calculated as follows:
step = (stopi — starti)/(points —1)
stopi

<«— stime—»|

(XX ]

«— stime—»|

«— Stime—>|

m = Voltage measurement

Parameters:

smu, starti, stopi, stime, points

smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

starti: Sweep start currentin amps.

stopi:  Sweep stop current in amps.

stime:  Settling time in seconds. Occurs after stepping the source and
before performing a measurement.

points: Number of sweep points (must be >2).

Data:

Voltage measurements, current source values and timestamps are stored in
smuX.nvbufferl.

Example:

SweepILinMeasureV (smua, -1E-3, 1E-3, 0, 100)

This function performs a 100-point linear current sweep starting at -1mA and
stopping at +1mA. Voltage is measured at every step (point) in the sweep.
Since stime is set for Os, voltage will be measured as fast as possible after
each current step.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:

SweepVLinMeasurel (smu, startv, stopv, stime, points)

Description:

Performs a linear voltage sweep with current measured at every step (point):
¢ Sets the smu to output startv volts, allows the source to settle for st ime
seconds and then performs a current measurement.
¢ Sets the smu to output the next volts step, allows the source to settle for
stime seconds and then performs a current measurement.
* Repeats the above sequence until the current is measured on the stopv
volts step.
The linear step size is automatically calculated as follows:
step = (stopv — startv)/ (points — 1)

stopv

<«— stime—»]
[ ]

LX)

«— Stime—»l

«— stime—»|

M = Current measurement

Parameters: [smu, startv, stopv, stime, points

smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

starti: Sweep start voltage in volts.

stopi: Sweep stop voltage in volts.

stime:  Settling time in seconds. Occurs after stepping the source and
before performing a measurement.

points: Number of sweep points (must be >2).

Data: |Current measurements, voltage source values and timestamps are stored in
smuX.nvbufferl.
Example: |SweepVLinMeasurel (smua, -1, 1, 1E-3, 1000)

This function performs a 1000-point linear voltage sweep starting at -1V and
stopping at +1V. Current is measured at every step (point) in the sweep after
a 1ms source settling period.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:

SweepILogMeasureV (smu, starti, stopi, stime, points)

Description:

Performs a logarithmic current sweep with voltage measured at every step
(point):
e Sets the smu to output starti amps, allows the source to settle for
stime seconds and then performs a voltage measurement.
¢ Sets the smu to output the next amps step, allows the source to settle for
stime seconds and then performs a voltage measurement.
* Repeats the above sequence until the voltage is measured on the stopi
amps step.
The source level at each step (SourceStepLevel) is automatically calculated
as follows:
MeasurePoint = The step point number for a measurement. For example,
for a 5-point sweep (points = 5), a measurement will be performed at
MeasurePoint 1, 2, 3, 4 and 5.
LogStepSize = (log10(stopi) — log10(starti)) / (points —1)
LogStep = (MeasurePoint — 1) x (LogStepSize)
SourceStepLevel = antilog(LogStep) x starti

stopi

<—stime—>|

L[]
3
L]

<—Stime—>|
starti

«— stime—»| W = Voltage measurement

Parameters:

smu, starti, stopi, stime, points

smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

starti: Sweep start currentin amps.

stopi: Sweep stop current in amps.

stime:  Settling time in seconds. Occurs after stepping the source and
before performing a measurement.

points: Number of sweep measure points (must be >2).

Data:

Voltage measurements, current source values and timestamps are stored in
smuX.nvbufferl.

Return to Section 13 topics
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Example:

SweepILogMeasureV(smua, 0.01, 0.1, 0.001, 5)

This function performs a 5-point logarithmic current sweep starting at 10mA
and stopping at 100mA. Voltage is measured at every step (point) in the
sweep. The source will be allowed to settle on each step for 1Ims before a
measurement is performed.

The following log values and corresponding source levels for the 5-point log
sweep are listed as follows:

MeasurePoint  LogStepSize LogStep SourceStepLevel

1 0.25 0.0 0.01A

2 0.25 0.25 0.017783A

3 0.25 0.5 0.031623A

4 0.25 0.75 0.056234A

5 0.25 1.0 0.1A

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral
Version: 1.0.3RCH1
Function:
SweepVLogMeasurel (smu, startv, stopv, stime, points)
Description: |Performs a logarithmic voltage sweep with current measured at every step
(point):
¢ Sets the smu to output startv volts, allows the source to settle for stime
seconds and then performs a current measurement.
¢ Sets the smu to output the next volts step, allows the source to settle for
stime seconds and then performs a current measurement.
¢ Repeats the above sequence until the current is measured on the stopi
amps step.
The source level at each step (SourceStepLevel) is automatically calculated
as follows:
MeasurePoint = The step point number for a measurement. For example,
for a 5-point sweep (points = 5), a measurement will be performed at
MeasurePoint 1, 2, 3, 4 and 5.
LogStepSize = (log10(stopi) — log10(starti)) / (points —1)
LogStep = (MeasurePoint — 1) x (LogStepSize)
SourceStepLevel = antilog(LogStep) x starti
stopv
«— Stime—»l
.
(]
«— stime—»|
«— stime—s] m = Current measurement
Parameters: [smu, startv, stopv, stime, points
smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.
starti: Sweep start voltage in amps.
stopi: Sweep stop voltage in amps.
stime:  Settling time in seconds. Occurs after stepping the source and
before performing a measurement.
points: Number of sweep measure points (must be >2).
Data: |Current measurements, voltage source values and timestamps are stored in
smuX.nvbufferl.

Return to Section 13 topics
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Example:

SweepVLogMeasurel (smua, 1, 10, 0.001, 5)

This function performs a 5-point logarithmic voltage sweep starting at 1V and
stopping at 10V. Current is measured at every step (point) in the sweep. The
source will be allowed to settle on each step for 1ms before a measurement is
performed.

The following log values and corresponding source levels for the 5-point log
sweep are listed as follows:

MeasurePoint LogStepSize LogStep SourceStepLevel

1 0.25 0.0 1.0000V
2 0.25 0.25 1.7783V
3 0.25 0.5 3.1623V
4 0.25 0.75 5.6234V
5 0.25 1.0 10.000V

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:

SweepIListMeasureV(smu, ilist, stime, points)

Description:

Performs a current list sweep with voltage measured at every step (point):
¢ Sets the smu to output the first i1ist amps value, allows the source to
settle for stime seconds and then performs a voltage measurement.
¢ Sets the smu to output the next 11ist amps value, allows the source to
settle for stime seconds and then performs a voltage measurement.

* Repeats the above sequence until the voltage is measured for the last
amps value. The last point in the list to be measured is points.

Parameters:

smu, ilist, stime, points

smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

ilist:  Arbitrary list of current source values:
ilist = {valuel, value2, ....valueN}

stime:  Settling time in seconds. Occurs after sourcing a value and before
performing a measurement.

points: Number of sweep measure points (must be >2).

Data:

Voltage measurements, current source values and timestamps are stored in
smuX.nvbufferl.

Example:

myilist = {-100E-9, 100E-9, -1E-6, 1E-6, -1E-3, 1E-3}
SweepIListMeasureV (smua, myilist, 500E-6, 6)

This function performs a 6-point current list sweep starting at the first point in
myilist. Voltage is measured at every step (point) in the sweep. The source
will be allowed to settle on each value for 500us before a measurement is
performed.

Return to Section 13 topics
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TSP Project Name: KlIFactoryGeneral
TSP Test Script Name: KlGeneral

Version: 1.0.3RCH1

Function:

SweepVListMeasurel (smu, vlist, stime, points)

Description:

Performs a voltage list sweep with current measured at every step (point):
¢ Sets the smu to output the first v1ist volts value, allows the source to set-
tle for st ime seconds and then performs a current measurement.
¢ Sets the smu to output the next v1ist volts value, allows the source to
settle for stime seconds and then performs a current measurement.
* Repeats the above sequence until the current is measured for the last
volts value. The last point in the list to be measured is points.

Parameters:

smu, vlist, stime, points

smu: SourceMeter Channel (A or B). Defaults to smua if all parameters
are omitted when function is called.

vlist:  Arbitrary list of voltage source values:
vlist = {valuel, value2, ....valueN}

stime:  Settling time in seconds. Occurs after sourcing a value and before
performing a measurement.

points: Number of sweep measure points (must be >2).

Data:

Current measurements, voltage source values and timestamps are stored in
smuX.nvbufferl.

Example:

myvlist = {-0.1, 0.1, -1, 1, -6, 6, -40, 40, 0, 0}
SweepVListMeasurel (smua, myvlist, 500E-6, 10)

This function performs a 10-point voltage list sweep starting at the first point
in myvlist. Current is measured at every step (point) in the sweep. The
source will be allowed to settle on each value for 500us before a measure-
ment is performed.

Return to Section 13 topics
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Flash firmware upgrade

As Keithley develops additional factory scripts, they will be made available on
the Keithley web site (www.keithley.com) as a flash firmware upgrade for the
Model 260x.

CAUTION External circuitry connected to input/output terminals while
attempting a flash upgrade may cause instrument and/or
DUT damage. Disconnect input/output terminals before per-
forming a flash upgrade.

After downloading the new flash file from the Keithley website, use the Test Script
Builder (TSB) to upgrade the firmware of your Model 260x:

1. On the PC desktop, double-click the icon for the Test Script Builder.

2. On the Instrument Console toolbar, click the Open Instrument icon and then
select your communication interface from the Select Instrument Resource dia-
log box. Details on opening communications are provided in Figure 2-6.

= Instrurnent Console ©7 Tasks  Command Help | Language Help * =0

Open Instrument icon

o Instrument Selected

3. On the Instrument Console toolbar, click the Menu icon to display the menu.

= Instrument Console 52 Tasks Command Help Language Help @ E m W > =0
GPIEN: 26 TNSTR.

Menu icon

4. From the drop-down menu, select Instrument and then click Flash.

Clear Console Window
Zonfigure. .. Inskrument L4
Close Save Console, .,
Fun k
@ Abort
|R| Reset
E Send Software Trigger
W Delete From MYRAM. ..
Flash...

5. From the Select A Firmware Data File dialog box, use the browser to select
the File name of the new firmware and click Open to upgrade the firmware of
the Model 260x.

Return to Section 13 topics
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Display functions and attributes

The display functions and attributes are used to perform the display operations
covered in this section. Table14-1 lists each display function/attribute (in alpha-
betical order) and cross references it to the section topic where the function/

attribute is explained.

Section 12 provides additional information on the display functions and attributes.

Table14-1

Cross referencing functions/attributes to section topics

Function/Attribute

Section Topic

display.

trigger.wait

display.clear Clearing the display, page 14-5
display.getannunciators Annunciators, page 14-11
display.getcursor Cursor position, page 14-5
display.gettext Displaying text messages, page 14-6
display.input Capturing key-press codes, page 14-17
display.inputvalue Parameter value prompting, page 14-10
display.loadmenu.add Load test menu, page 14-13
display.loadmenu.delete

display.locallockout LOCAL lockout, page 14-12
display.menu Menu, page 14-8

display.prompt Parameter value prompting, page 14-10
display.screen Display screen, page 14-3
display.sendkey Sending keycodes, page 14-16
display.setcursor Cursor position, page 14-5
display.settext Displaying text messages, page 14-6
display.smuX.digits Display resolution, page 14-4
display.smuX.measure.func |Measurement functions, page 14-3
display.trigger.clear Display triggering, page 14-15

Return to Section 14 topics
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Display features

Display screen

The Model 260x can display source-measure values/readings or user defined
messages. The display screen options include the following:

¢ Source-measure, compliance screens:
» Display source and compliance values, and measure readings for SMU A.
* Display source and compliance values, and measure readings for SMU B.

* Source-measure screen — Display source values and measure readings for
SMU A and SMU B.

e User screen — Display user-defined messages and prompts.

The display.screen attribute is used to select the display screen:
display.screen = displayId

where: displayId is setto one of the following values or names:

0 Or display.SMUA
1 0rdisplay.SMUB
2 Ordisplay.SMUA SMUB
3 Ordisplay.USER

Display screen example:

The following command displays source-measure and compliance for SMU A:
display.screen = display.SMUA

Measurement functions

With a source-measure screen selected, the measured reading can be displayed
as volts, amps, ohms or watts.

The display.smuX.measure . func attribute is used to select the displayed mea-
sure function:
display.smuX.measure.func = function
where: smuX = sma Of smub
function is set to one of the following values:
0 or display.MEASURE_DCAMPS
1 or display.MEASURE_DCVOLTS
2 or display.MEASURE_OHMS
3 or display.MEASURE WATTS
Measurement function example:
The following command sets SMU A to display ohms measurements:
display.smua.measure.func = display.MEASURE OHMS
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Display resolution

Display resolution for measured readings can be set to 4-1/2, 5-1/2 or 6-1/2 digit
resolution.

The display.smuxdigits attribute is used to set display resolution for measured
readings:
display.smuX.digits = digits

Where: smux = smua Of smub
digits is set to one of the following values:

4 ordisplay.DIGITS 4 5
5o0rdisplay.DIGITS 5 5
6 ordisplay.DIGITS 6 5
Display resolution example:
The following command sets SMU A for 5-1/2 digit resolution for measured read-
ings:
display.smua.digits = display.DIGITS 5 5

Display messages

NOTE Most of the display functions and attributes that are
associated with display messaging will automatically
select the user screen. The attribute for the display
screen is explained in “Display screen” on page 14-3.

The reset functions (reset or smux.reset) have no effect
on the defined display message or its configuration, but
will set the display mode back to the previous source-
measure display mode.

The display of the Model 260x can be used to display user-defined messages. For
example, while a test is running, the following message can be displayed on the
Model 260x.

Test in Process
Do Not Disturb

The top line of the display can accommodate up to 20 characters (including
spaces). The bottom line can display up to 32 characters (including spaces) at a
time.
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NOTE The display.clear, display.setcursor, and
display.settext functions (which are explained in
the following paragraphs) are overlapped, non-blocking
commands. The script will NOT wait for one of these
commands to complete.

These non-blocking functions do not immediately update
the display. For performance considerations, they write to a
shadow and will update the display as soon as processing
time becomes available.

Clearing the display

When sending a command to display a message, a previously defined user mes-
sage is not cleared. The new message starts at the end of the old message on
that line. It is good practice to routinely clear the display before defining a new
message.

After displaying an input prompt, the message will remain displayed even after the
operator performs the prescribed action. The clear function must be sent to clear
the display.

The following command clears both lines of the display, but does not affect any of
the annunciators:

display.clear ()

Cursor position

When displaying a message, the cursor position determines where the message will
start. On power-up, the cursor is positioned at Row 1, Column 1 (see Figure 14-1). At
this cursor position, a user-defined message will be displayed on the top row (Row 1).

Top line text will not wrap to the bottom line of the display automatically. Any text
that does not fit on the current line will be truncated. If the text is truncated, the
cursor will be left at the end of the line.
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Figure 14-1
Row/column format for display messaging
1—— Columns (for Row 1) ——— 20

| |
Model 260x Display

v
Row 1| XXXXXXXXX XX XXX XXX XXX
Row 2 | XXOXOOHXXXNHXXXXHXXNHXXHNXX

A
I l
1 ——— Columns (for Row 2) ——— 32

X = display character

The function to set cursor position can be used two ways:

display.setcursor (row, column)
display.setcursor (row, column, style)
where: row = 1 or 2

column = 1 to 20 (Row 1)
= 1 to 32 (Row?2)
o (invisible)
1 (blink)

style

When set to 0, the cursor will not be seen. When set to 1, a display character will
blink to indicate its position.

The display.getcursor function returns the present cursor position, and can be
used three ways:

row, column, style = display.getcursor ()
row, column = display.getcursor ()
row = display.getcursor ()

Example: The following code positions the cursor on Row 2, Column 1, and then
reads the cursor position:

display.setcursor (2, 1)
row, column = display.getcursor ()
print (row, column)

Output: 2.000000e+00 1.000000e+00
Displaying text messages

The display.settext function is used to define and display a message. The
message will start at the present cursor position.

display.settext (text)

where: text is the text string to be displayed.

Example: The following code will display “Test in Process” on the top line, and “Do
Not Disturb” on the bottom line:

display.clear ()
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display.setcursor(l, 1, 0)
display.settext ("Test in Process")
display.setcursor (2, 6, 0)
display.settext ("Do Not Disturb")

Character codes

The following special codes can be imbedded in the text string to configure and
customize the message:

SN Newline — Starts text on the next line. If the cursor is already on line 2, text
will be ignored after the ‘$N’ is received.

$R Sets text to Normal.

$B Sets text to Blink.

$D Sets text to Dim intensity.

SF Set text to background blink.

$% Escape sequence to display a single “$”.

Examples:

The following code uses the $x and #B character codes to display the message
“Test in Process” on the top line and the blinking message “Do Not Disturb” on the
bottom line:

display.clear ()
display.settext ("Test in Process $N$BDo Not Disturb")

The following code uses the $$ character code to display the message “You owe
me $8” on the top line:

display.clear ()
display.setcursor (1, 1)
display.settext ("You owe me $$8")

If the extra $ character is not included, the $8 would be interpreted as an unde-
fined character code and will be ignored. The message “You owe me” will instead
be displayed.

NOTE Care must be taken when imbedding character
codes in the text string. It is easy to forget that the
character following the s is part of the code. For
example, assume you want to display “Hello” on the
top line and “Nate” on the bottom line, and so you
send the following command:
display.settext ("Hello$Nate")

The above command displays “Hello” on the top line
and “ate” on the bottom line. The correct syntax for the
command is as follows:

display.settext ("Hello$NNate")
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Returning a text message

The display.gettext function returns the displayed message and can be used
in five ways:

text = display.gettext ()

text = display.gettext (embellished)

text = display.gettext (embellished, row)

text = display.gettext (embellished, row, column start)

text = display.gettext (embellished, row, column start, column end)

embellished Setto false to return text as a simple character string. Set to true
to include character codes.

row Set to 1 or 2 to select which row to read text from. If not included, text
from both rows are read.

column start Set to starting column for reading text.

column end Set to ending column for reading text.

Sending the command without the row parameter returns both lines of the display.
The sn character code will be included to show where the top line ends and the
bottom line begins. The $n character code will be returned even if embellished is
setto false.

With embellished set to true, all other character codes that were used in the cre-
ation of each message line will be returned along with the message. With embel -
lished set to false, only the message will be returned.

Sending the command without the column start parameter defaults to Column
1. Sending the command without the column end argument defaults to the last
column (Column 20 for Row 1, Column 32 for Row 2).

Input prompting

Display messaging can also be used along with front panel controls to make a
user script interactive. For an interactive script, input prompts are displayed so
that the operator can perform a prescribed action using the front panel controls.
While displaying an input prompt, the test will pause and wait for the operator to
perform the prescribed action from the front panel.

Menu

A user-defined menu can be presented on the display. The menu consists of the
menu name on the top line, and a selectable list of menu items on the bottom line.
The following function is used to define a menu:

display.menu(menu, items)
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where: menu is the name of the menu (string up to 20 characters, including
spaces). The items string is made up of one or more menu items, where
each item must be separated by whitespace.

When the display.menu function is executed, script execution will wait for the
operator to select one of the menu items. Rotate the Wheel to place the blinking
cursor on the desired menu item. Items that don’t fit in the display area will be dis-
played by rotating the wheel to the right. With the cursor on the desired menu
item, press the Rotary Wheel (or the Enter key) to select it.

Pressing the EXIT key will not abort the script while the menu is displayed, but it will
return nil. The script can be aborted by calling the exit function when nil is
returned.

Example: The menu for the following code will present the operator with the
choice of two menu items; Test1 or Test2. If Test1 is selected, the message “Run-
ning Test1” will be displayed. If Test2 is selected, the message “Running Test2”
will be displayed.

display.clear ()
menu = display.menu ("Sample Menu", "Testl Test2")
if (menu == "Testl") then
display.settext ("Running Testl")
else display.settext ("Running Test2")
end
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Parameter value prompting

There are two functions to create an editable input field on the user screen at the
present cursor position: display.inputvalue and display.prompt.

The display.inputvalue function uses the user screen at the present cursor
position. Once the command is finished, it returns the user screen back to it's pre-
vious state. The display.prompt function creates a new edit screen and does
not use the user screen.

Each of these two functions can be used in four ways:

display.inputvalue (format)

display.inputvalue (format, default)
display.inputvalue (format, default, min)
display.inputvalue (format, default, min, max)

display.prompt
display.prompt
display.prompt
display.prompt

format, units, help)

format, units, help, default)

format, units, help, default, min)
format, units, help, default, min, max)

(
(
(
(

format — The format string creates an editable input field on the user screen at
the present cursor position. Examples of the format for an input field:
+0.00 00 +00.0000E +00 0.00000E+0
Value field:
+ Include a “+” sign for positive/negative value entry. Not including the “+”
sign prevents negative value entry.

0's' Defines the digit positions for the value. Up to six ‘0’s can be used for the
value (as shown above in the third and fourth examples).

If used, include the decimal point (.) where needed for the value.
Exponent field (optional):
E Include the “E” for exponent entry.
+ Include a “+” sign for positive/negative exponent entry. Not including the

+” sign prevents negative exponent entry.
0’'s’ Defines the digit positions for the exponent.

default — Use this option to set a default value for the parameter. The default value
will be displayed when the command is sent.

min and max — There are options to specify minimum and maximum limits for the

input field. When NOT using the “+” sign for the value field, the minimum limit can-
not be set to less than zero. When using the “+” sign, the minimum limit can be set
to less than zero (e.g., -2).

units and help —units is a text string to identify the units for the value (8 charac-
ters maximum). Example units text is “V” for volts and “A” or amps. help is an infor-
mation text string to display on the bottom line (32 characters maximum).
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The two functions are similar in that they both display the editable input field, but
the display.inputvalue function does not include the text strings for units
and help.

After one of the above functions is executed, script execution will pause and wait
for the operator in input the source level. The program will continue after the oper-
ator enters the value by pressing the Rotary Wheel or the Enter key.

Examples:
The following code will prompt the operator to enter a source value:

display.clear ()

value = display.prompt("0.00", "V", "Enter source voltage")
display.screen = display.SMUA

smua.source.levelv = value

The script will pause after displaying the prompt message and wait for the opera-
tor to enter the voltage level. The display will then toggle to the source-measure
display for SMU A and set the source level to value.

NOTE If the operator presses EXIT instead of entering a source
value, value will be set to nil.

The second line of the above code can be replaced using the other input field
function:

value = display.inputvalue("0.00")

The only difference is that the display prompt will not include the “V” units designa-
tor and the “Enter source value” message.

Annunciators

Send the following code to determine which display annunciators are turned on:

annun = display.getannunciators ()
print (annun)

The 16-bit binary equivalent of the returned value is a bitmap. Each bit corre-
sponds to an annunciator. If the bit is set to “1”, the annunciator is turned on. If the
bit is set to “0”, the annunciator is turned off.

Table14-2 identifies the bit position for each annunciator. The table also includes
the weighted value of each bit. The returned value is the sum of all the weighted
values for the bits that are set.
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For example, assume the returned bitmap value is 34061. The binary equivalent
of this value is as follows:

1000010100001101

For the above binary number, the following bits are setto “1”: 16, 11,9, 4, 3 and 1.
Using Table14-2 , the following annunciators are on: REL, REM, EDIT, AUTO, 4W
and EDIT.

Table14-2
Bit identification for annunciators

Bit| 16 15 14 13 12 11 10 9
Annunciator | REL |REAR | SRQ |LSTN | TALK | REM | ERR | EDIT
Weighted Value* | 32768 | 16384 | 8192 | 4096 | 2048 | 1024 | 512 256
Binary Value | 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

Bit| 8 7 6 5 4 3 2 1
Annunciator | SMPL | STAR | TRIG | ARM |AUTO | 4W | MATH | FILT
Weighted Value* | 128 64 32 16 8 4 2 1

Binary Value | 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
* The weighted values are for bits that are set to “1”. Bits set to “0” have no value.

Note that not all of the above annunciators shown in Table14-2 are used by the
Model 260x.

LOCAL lockout

The front panel LOCAL key is used to cancel remote operation and return control
to the front panel. However, the LOCAL key can be locked out to prevent a test
from being interrupted. When locked, the LOCAL key becomes a NO-OP (no
operation). Use the following attribute to lock or unlock the LOCAL key:

display.locallockout = lockout

where lockout is set to one of the following values:

0 Or display.UNLOCK
1 0rdisplay.LOCK

LOCAL lockout example:

The following command locks out the LOCAL key:
display.locallockout = display.LOCK
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Load test menu

The LOAD TEST menu lists script tests (USER and FACTORY) that can be run
from the front panel. Factory script tests (functions) are pre-loaded and saved in

non-volatile memory at the factory. They are available in the FACTORY TESTS
submenu.

After a user script is loaded into the Model 260x, it is not automatically added to
the front panel USER TESTS submenu. A menu name and a chunk is added by
the user.

Saving a user script

After a user script is loaded into the Model 260x it can be saved in non-volatile
memory. If it is not stored in non-volatile memory, the script will be lost when the
Model 260x is turned off.

When loading a script from the Test Script Builder, the launch can be configured to
save the script in non-volatile memory (see “Using Test Script Builder” on
page 2-12).

When loading a user script from another program, myscript.save () is used to
save the script in non-volatile memory (see “Saving a user script” on page 2-43).

Adding USER TESTS menu entries

The following function can be used in two ways to add an entry into the USER
TESTS submenu:

display.loadmenu.add (displayname, chunk)
display.loadmenu.add (displayname, chunk, memory)

displayname Name string to add to the menu.

chunk Chunk is the code to be executed.
memory Save or don’t save chunk and displayname in non-volatile mem-
ory.

Set memory to one of the following values:
0 Of display.DONT SAVE
1 Ordisplay.SAVE

The default memory setting is display.SAVE.

The chunk can be made up of scripts, functions, variables and commands. With
memory Set to display.SAVE, commands are saved with the chunk in non-volatile
memory. Scripts, functions and variables used in the chunk are not saved by
display.SAVE. Functions and variables need to be saved along with the script
(see “Saving a user script”). If the script is not saved in non-volatile memory, it will
be lost when the Model 260x is turned off. See Example 1 below.
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Example 1:

Assume a script with a function named “DUT1” has already been loaded into the
Model 260x, and the script has NOT been saved in non-volatile memory.

Now assume you want to add a test named “Test” to the USER TESTS menu. You
want the test to run the function named “DUT1” and sound the beeper. The
following command will add “Test” to the menu, define the chunk, and then save
displayname and chunk in hon-volatile memory:

display.loadmenu.add (“Test”, “DUT1() beeper.beep(2, 500)”",
display.SAVE)

When “Test” is run from the front panel USER TESTS menu, the function named
“DUT1” will execute and the beeper will beep for two seconds.

Now assume you cycle power on the Model 260x. Since the script was not saved
in non-volatile memory, the function named “DUT1” is lost. When “Test” is again
run from the front panel, the beeper will beep, but “DUT1” will not execute
because it no longer exists in the chunk.

Example 2:

The following command adds an entry called “Part1” to the front panel “USER
TESTS” submenu for the chunk “testpart([[Part1]], 5.0)”, and saves it in non-
volatile memory:

display.loadmenu.add ("Partl", "testpart([[Partl]], 5.0)",
display.SAVE)

Deleting USER TESTS menu entries
The following function can be used to delete an entry from the front panel USER
TESTS submenu:
display.loadmenu.delete (displayname)
displayname Name to delete from the menu.
Example:

The following command removes the entry named “Part1” from the front panel
USER TESTS submenu:

display.loadmenu.delete ("Partl")

Running a test from the front panel

Front panel user tests and factory tests can be run as follows:
1. Press the LOAD key to display the LOAD TEST menu.

2. Select the USER or FACTORY menu item.

3. Position the blinking cursor on the test to be run.

4. Press the RUN key to run the test.
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Display triggering

Script execution can be held up for a specified period of time and wait for the oper-
ator to press the TRIG key to continue. The script will continue when the TRIG key
is pressed, or the specified wait period has expired.

The following two functions are used for display triggering:

display.trigger.wait (timeout)
display.trigger.clear()

where: timeout = timeout period in seconds

Pressing the TRIG key sets the front panel trigger detector. The detector has to be
cleared before you can again effectively use the display.trigger.wait function.
If you send the trigger wait call while the detector is set, the trigger will be detected
immediately and the script will continue. Send the display.trigger.clear
function to clear the trigger detector.

The trigger wait function can be read to determine if trigger detection was caused
by the TRIG key or the timeout:

triggered = display.trigger.wait (timeout)
print (triggered)

Output: 1.000000e+00 (if TRIG key was pressed)
0.000000e+00 (if operation timed out)

Display triggering example:

The following code will pause a script and prompt the operator to press the TRIG
key when ready to continue. If the TRIG key is not pressed, the test will continue
after waiting 10 minutes (600s).

display.clear()

display.setcursor (1, 1, 0)
display.settext ("Take a Break")
display.setcursor (2, 1, 0)
display.settext ("Press TRIG to continue")
display.trigger.wait (600)
display.trigger.clear()

display.clear ()

After trigger detection is satisfied (TRIG key pressed or timeout occurred), the trig-
ger detector and the display will clear.
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Key-press codes
Sending keycodes

Keycodes are provided to remotely “press” a front key or the Rotary Knob. There
are also keycodes to “rotate” the Knob to the left or right (one click at a time). Use
the display.sendkey function to perform these actions:

display.sendkey (keycode)

where: keycode is the value of the front panel control. The keycode for each con-
trol is listed alphabetically in Table14-3 .

Key press example:
Either of the following commands will press the MENU key:

display.sendkey (display.KEY MENU)
display.sendkey (68)

Table14-3

Keycodes to send for display.sendkey

display.KEY AUTO or 73 |display.KEY OUTPUTA Of 88
display.KEY CONFIG Or 80 |display.KEY OUTPUTB Or 96
display.KEY DIGITSA Or 87 |display.KEY RANGEDOWN Or 81
display.KEY DIGITSB Or 84 |display.KEY RANGEUP Or 65
display.KEY DISPLAY Or 72 |display.KEY RECALL or 85
display.KEY ENTER oOr 82 |display.KEY RELA or 70
display.KEY EXIT or 75 |display.KEY RELB or 67
display.KEY FILTERA Or 77 |display.KEY RIGHT or 103
display.KEY FILTERB Orf 74 |display.KEY RUN or 71
display.KEY LEFT or 104 |display.KEY SPEEDA or 94
display.KEY LIMITA oOr 93 |display.KEY SPEEDB or 91
display.KEY LIMITB oOf 90 |display.KEY SRCA or 79
display.KEY LOAD or 95 |display.KEY SRCB or 76
display.KEY MEASA Or 86 |display.KEY STORE or 78
display.KEY MEASB  Or 83 |display.KEY TRIG or 92
display.KEY MENU or 68 |display.WHEEL ENTER Of 97
display.KEY MODEA Of 69 |display.WHEEL LEFT or 107
display.KEY MODEB Of 66 |display.WHEEL RIGHT oOr 114
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Capturing key-press codes

A history of the keycode for the last pressed front panel key is maintained by the
Model 260x. When the instrument is powered-on, (or when transitioning from local
to remote), the keycode is set to 0 (display.KEY NONE).

When a front panel key is pressed, the keycode value for that key can be captured
and returned. There are two functions associated with the capture of key-press
codes: display.getlastkey and display.waitkey.

display.getlastkey

The display.getlastkey function is used to immediately return the keycode for
the last pressed key:

key = display.getlastkey ()

print (key)

The above code will return the keycode value (see Table14-4). Keep in mind that a
value of 0 (display.KEY NONE) indicates that the keycode history had been

cleared.

Table14-4

Keycode values returned for display.getlastkey

0 (display.KEY NONE) 82 (display.KEY ENTER)
65 (display.KEY RANGEUP) 83 (display.KEY MEASB)
67 (display.KEY RELB) 84 (display.KEY DIGITSB)
68 (display.KEY MENU) 85 (display.KEY RECALL)
69 (display.KEY MODEA) 86 (display.KEY MEASA)
70 (display.KEY RELA) 87 (display.KEY DIGITSA)
71 (display.KEY RUN) 90 (display.KEY LIMITB)
72 (display.KEY DISPLAY) 91 (display.KEY SPEEDB)
73 (display.KEY AUTO) 92 (display.KEY TRIG)

74 (display.KEY FILTERB) 93 (display.KEY LIMITA)
75 (display.KEY EXIT) 94 (display.KEY SPEEDA)
76 (display.KEY SRCB) 95 (display.KEY LOAD)
77 (display.KEY FILTERA) 97 (display.WHEEL ENTER)
78 (display.KEY STORE) 103 (display.KEY RIGHT)
79 (display.KEY SRCA) 104 (display.KEY LEFT)
80 (display.KEY CONFIG) 114 (display.WHEEL RIGHT)
81 (display.KEY RANGEDOWN)

NOTE The OUTPUT ON/OFF keys for SMU A and SMU B cannot be tracked
by this function.
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display.waitkey
The display.waitkey function captures the keycode value for the next key press:
key = display.waitkey ()

After sending the display.waitkey function, the script will pause and wait for the
operator to press a front panel key. For example, if the MEAS key is pressed, the
function will return the value 86, which is the keycode for that key. The keycode
values are listed in Table14-3 .

Example: The following code will prompt the user to press the EXIT key to abort
the script, or any other key to continue it:

display.clear()

display.setcursor (1, 1)

display.settext ("Press EXIT to Abort")
display.setcursor (2, 1)
display.settext ("or any key to continue")
key = display.waitkey ()

display.clear()

display.setcursor (1, 1)

if (key == 75) then
display.settext ("Test Aborted")
exit ()
else display.settext ("Test Continuing")
end

The above code captures the key that is pressed by the operator. The keycode
value for the EXIT key is 75. If EXIT is pressed, the script aborts. If any other key
is pressed, the script will continue.
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Introduction

Use the procedures in this section to verify that the Model 260x accuracy is within
the limits stated in the instrument’s one-year accuracy specifications. Perform the
verification procedures:

When you first receive the instrument to make sure that it was not damaged
during shipment.

To verify that the unit meets factory specifications.
To determine if calibration is required.
Following calibration to make sure it was performed properly.

WARNING The information in this section is intended for qualified service

personnel only. Do not attempt these procedures unless you
are qualified to do so. Some of these procedures may expose
you to hazardous voltages, which could cause personal injury
or death if contacted. Use appropriate safety precautions when
working with hazardous voltages.

NOTE

If the instrument is still under warranty and its performance
is outside specified limits, contact your Keithley representa-
tive or the factory to determine the correct course of action.

Verification test requirements

Be sure that you perform the verification tests:

Under the proper environmental conditions.

After the specified warm-up period.

Using the correct line voltage.

Using the proper test equipment.

Using the specified output signal and reading limits.

Environmental conditions

Conduct your performance verification procedures in a test environment with:

An ambient temperature of 18-28°C (65-82°F).
A relative humidity of less than 70% unless otherwise noted.
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Warm-up period

Allow the Model 260x to warm up for at least two hours before conducting the ver-
ification procedures. If the instrument has been subjected to temperature
extremes (those outside the ranges stated above), allow additional time for the
instrument’s internal temperature to stabilize. Typically, allow one extra hour to
stabilize a unit that is 10°C (18°F) outside the specified temperature range.

Also, allow the test equipment to warm up for the minimum time specified by the
manufacturer.

Line power

The Model 260x requires a line voltage of 100V to 240V and a line frequency of
50Hz or 60Hz. Verification tests should be performed within this range.

Recommended test equipment

Table 15-1 summarizes recommended verification equipment. You can use alter-

nate equipment as long as that equipment has specifications equal or greater than
those listed in Table 15-1. Keep in mind, however, that test equipment uncertainty
will add to the uncertainty of each measurement. Generally, test equipment uncer-
tainty should be at least four times better than corresponding Model 260x specifi-
cations. Table 15-1 lists the uncertainties of the recommended test equipment.

Return to Section 15 topics
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Table 15-1
Recommended verification equipment
Manufacturer/
Description Model Accuracy
Digital Multimeter | Agilent 3458A DC VoItage1 90mV: +8ppm

0.9V: +5ppm
5.4V: +8ppm
36V: +11ppm

DC current’  90nA: +430ppm
0.9pA: +55ppm
9uA: +25ppm
90pA: +23ppm
0.9mA:  +20ppm
9mA: +20ppm
90mA: +35ppm
0.9A: +110ppm

0.5Q, 250W, 0.1% | Isotek Resistance? 0.5Q: +125ppm
Precision Resistor | RUG-Z-R500-0.1-TK3

1. 90-day specifications show accuracy of recommended model at specified measurement point.
2. Resistor used to test 3A range only should be characterized to uncertainty shown using resis-
tance function of digital multimeter before use.

Verification limits

The verification limits stated in this section have been calculated using only the
Model 260x one-year accuracy specifications, and they do not include test equip-
ment uncertainty. If a particular measurement falls outside the allowable range,
recalculate new limits based both on the Model 260x specifications and corre-
sponding test equipment specifications.

Example limits calculation

As an example of how verification limits are calculated, assume you are testing
the 6V DC output range using a 5.4V output value. Using the Model 260x one-
year accuracy specification for 5.4V DC output of + (0.02% of output + 1.8mV
offset), the calculated output limits are:

Output limits = 5.4V = [(5.4V x 0.02%) + 1.8mV]
Output limits = 5.4V = (0.00108 + 0.0018)
Output limits = 5.4V + 0.00288V

Output limits = 5.39712V to 5.40288V

Return to Section 15 topics
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Restoring factory defauits

Before performing the verification procedures, restore the instrument to its factory
front panel (bench) defaults as follows:
1. Press the MENU key. The instrument will display the following prompt:
MAIN MENU
SAVE-SETUP COMMUNICATION TEST
2. Select SAVE-SETUP, and then press ENTER. The unit then displays:

SAVE SETUP MENU
SAVE RECALL POWERON

3. Select RECALL, and then press ENTER. The unit displays:

RECALL SETUP
FACTORY USER-1 USER-2 USER-3 USER-4 USER-5

4. Select FACTORY, then press ENTER to restore defaults.

Performing the verification test procedures

Test summary

¢ DC voltage output accuracy
e DC voltage measurement accuracy
e DC current output accuracy
¢ DC current measurement accuracy

If the Model 260x is not within specifications and not under warranty, see the cali-
bration procedures in Section 16 for information on calibrating the unit.

Test considerations

When performing the verification procedures:

e Be sure to restore factory front panel defaults as outlined above.

¢ Make sure that the test equipment is properly warmed up and connected to
the Model 260x output terminals (use 4-wire sensing for voltage).

¢ Make sure the Model 260x is set to the correct source range.

* Be sure the Model 260x output is turned on before making measurements.
* Be sure the test equipment is set up for the proper function and range.

e Allow the Model 260x output signal to settle before making a measurement.

¢ Do not connect test equipment to the Model 260x through a scanner, multi-
plexer, or other switching equipment.

Return to Section 15 topics
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WARNING The maximum common-mode voltage (voltage between LO and

chassis ground) is 250VDC. Exceeding this value may cause a
breakdown in insulation, creating a shock hazard.

The terminals of the Model 260x are rated for connection to
circuits rated Installation Category | only. Do not connect the
Model 260x terminals to CAT Il, CAT lll, or CAT IV circuits.
Connection of the SourceMeter terminals to circuits higher
than CAT | can cause damage to the equipment or expose the
operator to hazardous voltage.

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 Model 260x
while the unit is on. Power off the equipment from the front
panel or disconnect the main power cord from the rear of the
Model 260x 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 software fault
occurs.

Setting the source range and output value

Before testing each verification point, you must properly set the source range and
output value as outlined below.

1.
2.

3.

Press the SRC key to select the appropriate source function.

Press the Rotary Knob or ENTER to enable the edit mode (EDIT
annunciator on).

When the cursor in the source display field is flashing, set the source range
to the lowest possible range for the value being sourced. Use the up or
down RANGE key to set the value. For example, you should use the 6V
source range to output a 5.4V source value. With a 5.4V source value and
the BV range selected, the Model 2602 Channel A source field display will
appear as follows:

SrcA:+5.40000 V

Use the Rotary Knob and CURSOR keys to set the source value to the
required value, then press ENTER or the Rotary Knob to complete editing.

Setting the measurement range

When simultaneously sourcing and measuring either voltage or current, the mea-
sure range is coupled to the source range, and you cannot independently control
the measure range. Thus, it is not necessary for you to set the range when testing
voltage or current measurement accuracy.

Return to Section 15 topics
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Output voltage accuracy

Follow the steps below to verify that the Model 260x output voltage accuracy is
within specified limits. This test involves setting the output voltage to each full-
range value and measuring the voltages with a precision digital multimeter.

1.  With the power off, connect the digital multimeter to the Model 260x output
terminals using 4-wire connections, as shown in Figure 15-1.
2. Select the multimeter DC volts measuring function.

3. Select the Model 2602 single-channel display mode. Press the Model 260x
SRC key to source voltage, and make sure the source output is turned on.

4. Enable the Model 260x 4-wire (remote sense) mode by pressing CONFIG
then SRC, then select V-SOURCE > SENSE-MODE > 4-WIRE.

5. Verify output voltage accuracy for each of the voltages listed in Table 15-2.
For each test point:

¢ Select the correct source range.
* Set the Model 260x output voltage to the indicated value.
* Verify that the multimeter reading is within the limits given in the table.

Figure 15-1
Connections for voltage verification
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Model 2602 Channel A
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6. Repeat the procedure for negative output voltages with the same magni-
tudes as those listed in Table 15-2.
7. For the Model 2602, repeat the above procedure for the other channel.
Table 15-2
Output voltage accuracy limits
Model 260x Model 260x Output voltage limits
source range output voltage setting (1 year, 18°C-28°C)
100mV 90.000mV 89.732 t0 90.268mV
1V 0.90000V 0.89942 to 0.90058V
6V 5.4000V 5.39712 to 5.40288V
40V 36.000V 35.9808 to 36.0192V

Voltage measurement accuracy

Follow the steps below to verify that the Model 260x voltage measurement accu-
racy is within specified limits. The test involves setting the source voltage, as mea-
sured by a precision digital multimeter, and then verifying that the Model 260x
voltage readings are within required limits.

1.

7.

8.

With the power off, connect the digital multimeter to the Model 260x output
terminals using 4-wire connections, as shown in Figure 15-1.

Select the multimeter DC volts function.

Select the Model 2602 single-channel display mode.

Enable the Model 260x 4-wire (remote sense) mode by pressing CONFIG
then MEAS, then select V-MEAS > SENSE-MODE > 4-WIRE.

Set the Model 260x to both source and measure voltage by pressing the
SRC and MEAS keys, and make sure the source output is turned on.

Verify voltage measurement accuracy for each of the voltages listed in
Table 15-3. For each test point:

e Select the correct source range.

e Set the Model 260x output voltage to the indicated value as measured
by the digital multimeter.

¢ If necessary, press the TRIG key to display readings.

¢ Verify that the Model 260x voltage reading is within the limits given in
the table. It may not be possible to set the voltage source to the
required value. Use the closest possible setting, and modify reading
limits accordingly.

Repeat the procedure for negative source voltages with the same magni-
tudes as those listed in Table 15-3.

For the Model 2602, repeat the above procedure for the other channel.

Return to Section 15 topics
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Table 15-3
Voltage measurement accuracy limits
Model 260x source and Model 260x voltage reading
measure range’ Source voltage? | limits (1 year, 18°C—28°C)

100mV 90.000mV 89.8365 to 90.1635mV
1V 0.90000V 0.899665 to 0.900335V
6V 5.4000V 5.39819 t0 5.40181V
40V 36.000V 35.9866 to 36.0134V

1. Measure range coupled to source range when simultaneously sourcing and measuring voltage.
2. As measured by precision digital multimeter. Use closest possible value, and modify reading limits
accordingly if necessary.

Output current accuracy

Follow the steps below to verify that the Model 260x output current accuracy is
within specified limits.

1. With the power off, connect the digital multimeter to the Model 260x output
terminals, as shown in Figure 15-2.

2. Select the multimeter DC current measuring function.

Select the Model 2602 single-channel display mode.

4. Press the Model 260x SRC key to source current, and make sure the
source output is turned on.

5. Verify output current accuracy for each of the currents for the 100nA to 1A
ranges listed in Table 15-4. For each test point:

¢ Select the correct source range.
¢ Set the Model 260x output current to the correct value.
* Verify that the multimeter reading is within the limits given in the table.

6. Repeat the procedure for negative output currents with the same magni-
tudes as those listed in Table 15-4.

7. Turn the output off, and change connections as shown in Figure 15-3 (use
4-wire connections to the 0.5Q resistor as shown).

8. Select the DMM DC volts function.

9. Repeat steps 4 through 7 for the 3A range. Calculate the current from the
DMM voltage reading and characterized 0.5Q resistance value: 1=V/R.

10. For the Model 2602, repeat the above procedure for the other channel.

w

Return to Section 15 topics



15-10 Performance Verification Series 2600 Reference Manual

Figure 15-2
Current verification connections (100nA to 1A ranges)
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Table 15-4
Output current accuracy limits
Model 260x | Model 260x output Output current limits
source range | current setting (1 year, 18°C-28°C)
100nA 90.000nA 89.846 to 90.154nA
1A 0.90000pA 0.89913 to 0.90087pA
10pA 9.0000pA 8.9953 to 9.0047pA
100pA 90.000pA 89.943 to 90.057pA
TmA 0.90000mA 0.89953 to 0.90047mA
10mA 9.0000mA 8.9943 t0 9.0057mA
100mA 90.000mA 89.953 t0 90.047mA
1A 0.90000A 0.89885 to 0.90115A
3A 2.40000A 2.39706 to 2.40294A

Return to Section 15 topics
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Figure 15-3
Current verification connections (3A range)
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Current measurement accuracy

Follow the steps below to verify that Model 260x current measurement accuracy is
within specified limits. The procedure involves applying accurate currents from the
Model 260x current source and then verifying that Model 260x current measure-
ments are within required limits.

1. With the power off, connect the digital multimeter to the Model 260x termi-
nals as shown in Figure 15-2.

2. Select the multimeter DC current function.
3. Select the Model 2602 single-channel display mode.

4. Set the Model 260x to both source and measure current by pressing the
SRC and MEAS keys, and make sure the source output is turned on.

Return to Section 15 topics
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5. Verify measure current accuracy for each of the currents listed in Table 15-5.
For each measurement:

* Select the correct source range.

¢ Set the Model 260x source output to the correct value as measured by
the digital multimeter.

¢ |f necessary, press the TRIG key to display readings.

* Verify that the Model 260x current reading is within the limits given in
the table. It may not be possible to set the current source to the
required value. Use the closest possible setting, and modify reading
limits accordingly.

6. Repeat the procedure for negative calibrator currents with the same magni-
tudes as those listed in Table 15-5.
7. Turn the output off, change connections as shown in Figure 15-3, then
select the DMM volts function.
8. Repeat steps 4 through 6 for the 3A range. Calculate the current from the
DMM voltage reading and characterized 0.5Q resistance value.
9. For the Model 2602, repeat the above procedure for the other channel.
Table 15-5
Current measurement accuracy limits
Model 260x source
and Source Model 260x current reading limits
measure range’ current? (1 year, 18°C—28°C)
100nA 90.000nA 89.855 to 90.145nA
1pA 0.9000pA 0.899475 to 0.900525pA
10pA 9.0000pA 8.99715 to 9.00285pA
100pA 90.000pA 89.973 to 90.027pA
1mA 0.9000mA 0.89976 to 0.90024mA
10mA 9.0000mA 8.9973 to0 9.0027mA
100mA 90.000mA 89.976 t0 90.024mA
1A 0.90000A 0.89923 to 0.90077A
3A 2.4000A 2.3981 to 2.4019A

1. Measure range coupled to source range when simultaneously sourcing and measuring current.
2. As measured by precision digital multimeter. Use closest possible value, and modify reading limits
accordingly if necessary.

Return to Section 15 topics
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Introduction

Use the procedures in this section to calibrate the Model 260x. The procedures
require accurate test equipment to measure precise DC voltages and currents.

WARNING The information in this section is intended for qualified service
personnel only. Do not attempt these procedures unless you
are qualified to do so. Some of these procedures may expose
you to hazardous voltages.

Environmental conditions

Temperature and relative humidity

Conduct the calibration procedures at an ambient temperature of 18-28°C (65-
82°F) with relative humidity of less than 70% unless otherwise noted.

Warm-up period
Allow the Model 260x to warm up for at least two hours before performing calibra-
tion.

If the instrument has been subjected to temperature extremes (those outside the
ranges stated above), allow additional time for the instrument’s internal tempera-
ture to stabilize. Typically, allow one extra hour to stabilize a unit that is 10°C
(18°F) outside the specified temperature range.

Also, allow the test equipment to warm up for the minimum time specified by the
manufacturer.

Line power

The Model 260x requires a line voltage of 100V to 240V at line frequency of 50Hz
or 60Hz. The instrument must be calibrated within this range.

Return to Section 16 topics



Series 2600 Reference Manual Calibration 16-3

Calibration considerations

When performing the calibration procedures:

¢ Make sure that the test equipment is properly warmed up and connected to
the correct Model 260x terminals.

¢ Always allow the source signal to settle before calibrating each point.

* Do not connect test equipment to the Model 260x through a scanner or
other switching equipment.

e |f an error occurs during calibration, the Model 260x will generate an appro-
priate error message. See “Error summary” on page B-2 for more informa-
tion.

WARNING The maximum common-mode voltage (voltage between LO and
chassis ground) is 250VDC. Exceeding this value may cause a
breakdown in insulation, creating a shock hazard.

The terminals of the Model 260x are rated for connection to cir-
cuits rated Installation Category | only. Do not connect the Model
260x terminals to CAT Il, CAT lll, or CAT IV circuits. Connection
of the SourceMeter terminals to circuits higher than CAT I can
cause damage to the equipment or expose the operator to haz-
ardous voltage.

Hazardous voltages may be present on the output and guard ter-
minals. To prevent electrical shock that could cause injury or
death, NEVER make or break connections to the Model 260x
while the unit is on. Power off the equipment from the front panel
or disconnect the main power cord from the rear of the Model
260x before handling cables connected to the outputs. Putting
the equipment into standby mode does not guarantee the out-
puts are not powered if a hardware or software fault occurs.

Calibration cycle

Perform calibration at least once a year to ensure the unit meets or exceeds its
specifications.

Return to Section 16 topics
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Recommended calibration equipment

Table 16-1 lists the recommended equipment for the calibration procedures. You
can use alternate equipment as long as that equipment has specifications equal
to or greater than those listed in the table. When possible, test equipment specifi-
cations should be at least four times better than corresponding Model 260x speci-

fications.
Table 16-1
Recommended calibration equipment
Manufacturer/
Description Model Accuracy
Digital Multimeter Agilent 3458A DC Voltage! 90mV: +8ppm

0.9V: +5ppm
5.4V: +8ppm
36V: +11ppm

DC current'  90nA: +430ppm
0.9pA: +55ppm
9pA: +25ppm
90pA: +23ppm
0.9mA: +20ppm
9mA: +20ppm
90mA: +35ppm
0.9A: +110ppm

0.5Q, 250W, 0.1% | lsotek Resistance® 0.5Q: +125ppm
Precision Resistor | RUG-Z-R500-0.1-TK3

1. 90-day specifications show accuracy of recommended model at specified calibration point.
2. Resistor used to calibrate 3A and 10A ranges should be characterized to uncertainty shown using
resistance function of a digital multimeter before use.

Return to Section 16 topics
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Calibration errors

The Model 260x checks for errors after each calibration step, minimizing the pos-
sibility that improper calibration may occur due to operator error.

You can detect errors while in remote by testing the state of EAV (Error Available)
bit (bit 2) in the status byte. (Use the *STB? query to request the status byte.)
Query the instrument for the type of error by using the errorqueue .next com-
mand. The Model 260x will respond with the nature of the error. See Appendix B
for error messages and Appendix D for status byte information.

Calibration

Use the following procedure to perform remote calibration by sending commands
over the IEEE-488 bus or RS-232 port. The remote commands and appropriate
parameters are separately summarized for each step.

Calibration steps

Step sequence

Calibration steps must be performed in the order shown in Table 16-2. Note that
all steps are performed using 2-wire (local sensing) except as noted. Calibration
of each range is performed as a four-point calibration:

¢ +ZERO

e + FULL SCALE

e -ZERO

e - FULL SCALE

Parameter values

The full-scale parameters are actually 90% of full scale as indicated in Table 16-2.
Note that you cannot send a value of exactly 0 for the two zero parameters, but
must instead send a very small value, for example 1e-60 or -1e-60.

Sense modes

Table 16-2 lists sense modes for the calibration steps. Note that all source and
measure ranges are calibrated using the LOCAL sense mode. In addition, the
100mV source and measure ranges are also calibrated using the REMOTE sense
mode, and the 1TmA and 1V source ranges are also calibrated using the CALA
sense mode.

Return to Section 16 topics
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Table 16-2

Calibration steps

Function Calibration steps® | Calibration points* Sense mode®
Voltage Source 100mV +1e-60, £90mV smuX.SENSE_LOCAL
and Measure' 100mV +1e-60, £90mV smuX.SENSE_REMOTE

1V +1e-60, +0.9V smuX.SENSE_LOCAL
1V +1e-60, +0.9V smuX.SENSE_CALA
6V +1e-60, 5.4V smuX.SENSE_LOCAL
40V +1e-60, +36V smuX.SENSE_LOCAL
Current Source 100nA +1e-60, x90nA smuX.SENSE_LOCAL
and Measure' 1uA +1e-60, +0.9uA  |smuX.SENSE_LOCAL
10uA +1e-60, +9uA smuX.SENSE_LOCAL
100pA +1e-60, +90uA smuX.SENSE_LOCAL
1mA +1e-60, +0.9mA smuX.SENSE_LOCAL
1mA +1e-60, +0.9mA smuX.SENSE_CALA
10mA +1e-60, £9mA smuX.SENSE_LOCAL
100mA +1e-60, x90mA smuX.SENSE_LOCAL
1A +1e-60, +0.9A smuX.SENSE_LOCAL
3A +1e-60, +2.4A smuX.SENSE_LOCAL
10A3 +1e-60, +2.4A smuX.SENSE_LOCAL

A WND =

. Calibrate only the source for the SENSE_CALA sense steps.
. Steps must be performed in the order shown.

. 10A range for changing calibration of range only and is not available for normal use.

. Do not use actual 0 values for zero calibration points. Send very small values such as +1e-60. Calibration

polarities must also be set as shown in the procedures.
5. Output must be off before changing to the CALA sense mode.

Calibration commands

Table 16-3 summarizes remote calibration commands. For a more complete
description of these commands, refer to Section 12.
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Table 16-3
Calibration commands

Command’

Description

smuX.cal.date = caldate
smuX.cal.due = caldue
smuX.cal.lock()

smuX.cal.password = "newpassword"
smuX.cal.polarity = polarity

smuX.cal.restore([calset])

smuX.cal.save()

calstate = smuX.cal.state

smuX.cal.unlock("password")

smuX.measure.calibratei(range,
cpimeasured, cpireference,
cp2measured, cp2reference)

smuX.measure.calibratev(range,
cpimeasured, cpireference,
cp2measured, cp2reference)

Set calibration date.

Set calibration due date.

Lock out calibration.

Change password to "newpassword".

Set polarity:
smuX.CAL_AUTO (auto polarity).
smuX.CAL_NEGATIVE (negative polarity).
smuX.CAL_POSITIVE (positive polarity).

Load calibration set of constants:
smuX.CALSET_NOMINAL (nominal constants).
smuX.CALSET_FACTORY (factory constants).
smuX.CALSET_DEFAULT (normal constants).
smuX.CALSET_PREVIOUS (previous constants).

Store constants in non-volatile memory as DEFAULT
calibration set.

Request calibration state:
smuX.CALSTATE_CALIBRATING
smuX.CALSTATE_LOCKED
smuX.CALSTATE_UNLOCKED

Unlock calibration (Default password: KI002601 or KI2602.)

Calibrate current measure range:2
+range (measurement range to calibrate).
cpimeasured (Model 260x measured value for cal. point 1).
cplireference (reference measurement for cal. point 1).
cp2measured Model 260x measured value for cal. point 2).
cp2reference (reference measurement for cal. point 2).

Calibrate voltage measure range:?
+range (measurement range to calibrate).
cpimeasured (Model 260x measured value for cal. point 1).
cpireference (reference measurement for cal. point 1).
cp2measured (Model 260x measured value for cal. point 2).
cp2reference (reference measurement for cal. point 2).

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.
2. Calibration point 1 should be performed at approximately 0% of range; calibration point 2 should be performed at
approximately 90% of range. See Table 16-2 for calibration points.
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Table 16-3 (continued)

Calibration commands

Command’ Description
smuX.source.calibratei(range, Calibrate current source range:?
cplexpected, cpireference, +range (range to calibrate).
cp2expected, cp2reference) cplexpected (source value programmed for cal. point 1).

cplireference (reference measurement for cal. point 1).
cp2expected (source value programmed for cal. point 2).
cp2reference (reference measurement for cal. point 2).

smuX.source.calibratev(range, Calibrate voltage source range:?
cplexpected, cpireference, +range (range to calibrate).
cp2expected, cp2reference) cplexpected (source value programmed for cal. point 1).

cplireference (reference measurement for cal. point 1).
cp2expected (source value programmed for cal. point 2).
cp2reference (reference measurement for cal. point 2).

1. smuX = smua for the Model 2601; smuX = smua (Channel A) or smub (Channel B) for the Model 2602.
2. Calibration point 1 should be performed at approximately 0% of range; calibration point 2 should be performed at
approximately 90% of range. See Table 16-2 for calibration points.

Calibration procedure

Step 1. Prepare the Model 260x for calibration

1.

Connect the Model 260x to the controller IEEE-488 interface or RS-232
port using a shielded interface cable.

Turn on the Model 260x and the test equipment, and allow them to warm up
for at least two hours before performing calibration.

Make sure the IEEE-488 or RS-232 interface parameters are set up prop-
erly. (Use the MENU key and the COMMUNICATION menu to configure the
interface.)

Step 2. Voltage Calibration

1.

Connect the Model 260x to the digital multimeter using the 4-wire connec-
tions shown in Figure 16-1, and select the multimeter DC volts function.

Send the following commands in order to initialize voltage calibration:
smua.cal.unlock ("KI002602")

smua.reset ()

smua.source.func = smua.OUTPUT_ DCVOLTS

(Substitute the actual calibration password in the smua.cal.unlock com-

mand. The default Model 2601 password is "KI002601"; the default Model
2602 password is "KI002602".)

Return to Section 16 topics
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Figure 16-1
Connections for voltage calibration
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3. Perform each calibration step listed in Table 16-2 on page 16-6 as follows:

a. Select the range being calibrated with this command:
smua.source.rangev = range
(Note that it is not necessary to set the measure range for calibration.)
For example, for the 1V range, the following command would be sent:
smua.source.rangev = 1

b. Select the correct sense mode based on the calibration step from Table
16-2, for example:
smua.sense = smua.SENSE LOCAL

c. Select positive polarity, then set the source output to the positive zero
value:
smua.cal.polarity = smua.CAL POSITIVE
smua.source.levelv = 1le-60

d. Turn on the output:
smua.source.output = smua.OUTPUT_ ON

Return to Section 16 topics
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Allow the readings to settle, then get both the multimeter and Model 260x
voltage readings at the positive zero value. (The Model 260x measure-
ment is not necessary if this calibration step is being done on the CALA
sense mode.) The two measurements should be made as close as pos-
sible in time. Use this command for the Model 260x:
Z rdg = smua.measure.v()
Turn off the output:
smua.source.output = smua.OUTPUT_OFF
Set the source output to the positive full scale value for the present
range, for example:
smua.source.levelv
Turn on the output:
smua.source.output = smua.OUTPUT_ON
Allow the readings to settle, then get both the multimeter and Model 260x
voltage readings at the positive full-scale output value. (The Model 260x
measurement is not necessary if this calibration step is being done on
the CALA sense mode.) The two measurements should be made as
close as possible in time. Use this command for the Model 260x:
FS rdg = smua.measure.v ()
Turn off the output:
smua.source.output = smua.OUTPUT_ OFF
Send the source calibration command using the range, +zero and +FS
multimeter readings, and +zero and +FS source values for the parame-
ters:
smua.source.calibratev(range,src Z,DMM Z rdg,
src_FS,DMM FS rdg)
Where: range = present calibration range

src_Z = +zero 260x source output value

DMM Z rdg = +zero DMM measurement

src_FS = +FS 260x source output value

DMM FS_ rdg = +FS DMM measurement
Typical values for the 1V range:
smua.source.calibratev(l,1le-60,1e-5,0.9,0.903)

0.9

Return to Section 16 topics
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I. If this step is not on the CALA sense mode, send the measure calibra-
tion command using the multimeter and Model 260x readings, and
range setting for the parameters:

smua.measure.calibratev(range,Z rdg,DMM Z rdg,
FS rdg,DMM FS rdg)
Where: range = present calibration range

Z_rdg = +zero 260x measurement

DMM Z rdg = +zero DMM measurement

FS_rdg = +FS 260x measurement

DMM_FS_rdg = +FS DMM measurement
Typical 1V range values:
smua.measure.calibratev(l,le-4,1e-5,0.92,0.903)
m. Select negative polarity, then set the source output to the negative zero
value, for example:
smua.cal.polarity = smua.CAL NEGATIVE

smua.source.levelv = -1le-60
n. Turn on the output:
smua.source.output = smua.OUTPUT_ON

o. Allow the readings to settle, then get both the multimeter and Model 260x
voltage readings at the negative zero value. (The Model 260x measure-
ment is not necessary if this calibration step is being done on the CALA
sense mode.) The two measurements should be made as close as pos-
sible in time. Use this command for the Model 260x:

Z rdg = smua.measure.v()

p. Turn off the output:
smua.source.output = smua.OUTPUT_OFF

g. Setthe source output to the negative full scale value, for example:
smua.source.levelv -0.9

r.  Turn on the output:
smua.source.output = smua.OUTPUT_ON

s. Allow the readings to settle, then get both the multimeter and Model 260x
voltage readings at the negative full-scale output value. (The Model 260x
measurement is not necessary if this calibration step is being done on
the CALA sense mode.) The two measurements should be made as
close as possible in time. Use this command for the Model 260x:

FS rdg = smua.measure.v()

t. Turn off the output:

smua.source.output = smua.OUTPUT_ OFF

Return to Section 16 topics
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u. Send the source calibration command using the range, -zero and -FS

multimeter readings, and -zero and -FS source values for the parame-
ters:
smua.source.calibratev(-range,src_Z,DMM Z rdg,
src_FS,DMM_FS rdg)
Where: -range = negative of the present calibration range

src_Z = -zero 260x source output value

DMM Z rdg = -zero DMM measurement

src_FS =-FS 260x source output value

DMM FS rdg = -FS DMM measurement

Typical values for the 1V range:
smua.source.calibratev(-1,-1e-60,-1e-4,-0.9,-0.896)

v. If this step is not on the CALA sense mode, send the measure calibra-

tion command using the multimeter and Model 260x readings, and
range setting for the parameters:
smua.measure.calibratev(-range,Z rdg,DMM Z rdg,
FS rdg,DMM FS rdg)
Where: -range = negative of the present calibration range
Z_rdg = -zero 260x measurement
DMM Z rdg = -zero DMM measurement
FS_rdg = -FS 260x measurement
DMM_FS_rdg = -FS DMM measurement
Typical 1V range values:
smua.measure.calibratev(-1,-1e-4,-1e-6,-0.89,-0.896)
Be sure to complete steps a through v for all six voltage steps in Table 16-2
before continuing with current calibration.

Select auto polarity mode:
smua.cal.polarity = smua.CAL AUTO

Return to Section 16 topics
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Figure 16-2
Connections for current calibration (100nA to 1A ranges)
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Step 3. Current Calibration

1.

Connect the Model 260x to the digital multimeter (see Figure 16-2), and
select the multimeter DC current function.

Send this command to initialize current calibration:

smua.source. func =

smua .OUTPUT_DCAMPS

Perform each calibration step listed in Table 16-2 on page 16-6:

a

Select the range being calibrated with this command:

smua.source. rangei = range

(Note that it is not necessary to set the measure range for calibration.)
For example, for the 1A range, the following command would be sent:
smua.source. rangei =1

Select the correct sense mode based on the calibration step from Table
16-2, for example:

smua.sense = smua.SENSE LOCAL

Return to Section 16 topics
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Select positive polarity, then set the source output to the positive zero
value:
smua.cal.polarity = smua.CAL POSITIVE
smua.source.leveli = le-60
Turn on the output:
smua.source.output = smua.OUTPUT ON
Allow the readings to settle, then get both the multimeter and Model 260x
current readings at the positive zero value. (The Model 260x measure-
ment is not necessary if this calibration step is being done on the CALA
sense mode.) The two measurements should be made as close as pos-
sible in time. Use this command for the Model 260x:
Z rdg = smua.measure.i ()
Turn off the output:
smua.source.output = smua.OUTPUT OFF
Set the source output to the positive full scale value for the present
range, for example:
smua.source.leveli
Turn on the output:
smua.source.output = smua.OUTPUT_ON
Allow the readings to settle, then get both the multimeter and Model 260x
voltage readings at the positive full-scale output value. (The Model 260x
measurement is not necessary if calibration is being done on the CALA
sense mode.) The two measurements should be made as close as pos-
sible in time. Use this command for the Model 260x:
FS rdg = smua.measure.i()
Turn off the output:
smua.source.output = smua.OUTPUT_OFF
Send the source calibration command using the range, zero and +FS
multimeter readings, and zero and +FS source values for the parame-
ters:
smua.source.calibratei (range,src_Z,DMM_Z rdg,
src_FS,DMM_FS rdg)
Where: range = present calibration range

src_Z = +zero 260x source output value

DMM Z rdg = +zero DMM measurement

src_FS = +FS 260x source output value

DMM_FS_rdg = +FS DMM measurement
Typical values for the 1A range:
smua.source.calibratei(1l,1le-60,1e-4,0.9,0.88)

0.9

Return to Section 16 topics
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I. If this step is not on the CALA sense mode, send the measure calibra-
tion command using the multimeter and Model 260x readings, and
range setting for the parameters:

smua.measure.calibratei (range,Z rdg,DMM Z rdg,
FS rdg,DMM FS rdg)
Where: range = present calibration range

Z_rdg = +zero 260x measurement

DMM Z rdg = +zero DMM measurement

FS_rdg = +FS 260x measurement

DMM_FS_rdg = +FS DMM measurement
Typical 1A range values:
smua.measure.calibratei(1l,1le-5,1e-4,0.89,0.88)
m. Select negative polarity, then set the source output to the negative zero
value, for example:
smua.cal.polarity = smua.CAL NEGATIVE

smua.source.leveli = -1le-60
n. Turn on the output:
smua.source.output = smua.OUTPUT_ON

o. Allow the readings to settle, then get both the multimeter and Model 260x
current readings at the negative zero full-scale value. (The Model 260x
measurement is not necessary if this calibration step is being done on
the CALA sense mode.) The two measurements should be made as
close as possible in time. Use this command for the Model 260x:

Z rdg = smua.measure.i()

p. Turn off the output:
smua.source.output = smua.OUTPUT_OFF

g. Setthe source output to the negative full scale value, for example:
smua.source.leveli -0.9

r.  Turn on the output:
smua.source.output = smua.OUTPUT_ON

s. Allow the readings to settle, then get both the multimeter and Model 260x
current readings at the negative full-scale output value. (The Model 260x
measurement is not necessary if this calibration step is being done on
the CALA sense mode.) The two measurements should be made as
close as possible in time. Use this command for the Model 260x:

FS rdg = smua.measure.v()

t. Turn off the output:

smua.source.output = smua.OUTPUT_ OFF

Return to Section 16 topics
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u. Send the source calibration command using the -range, -zero and -FS

multimeter readings, and -zero and -FS source values for the parame-
ters:
smua.source.calibratei (-range,src_Z,DMM Z rdg,
src_FS,DMM_FS rdg)
Where: -range = negative of the present calibration range

src_Z = -zero 260x source output value

DMM Z rdg = -zero DMM measurement

src_FS =-FS 260x source output value

DMM FS rdg = -FS DMM measurement
Typical values for the 1A range:
smua.source.calibratei(-1,-1e-60,-1e-5,-0.9,-0.892)

v. If this step is not on the CALA sense mode, send the measure calibra-
tion command using the multimeter and Model 260x readings, and
range setting for the parameters:
smua.measure.calibratei (-range,Z rdg,DMM Z rdg,

FS rdg,DMM FS rdg)
Where: -range = negative of the present calibration range
Z_rdg = -zero 260x measurement
DMM Z rdg = -zero DMM measurement
FS_rdg = -FS 260x measurement
DMM_FS_rdg = -FS DMM measurement
Typical 1A range values:
smua.measure.calibratei(-1,-1le-4,-1e-5,-0.91,-0.892)

Be sure to complete steps a through v for the 100nA to 1A ranges before

continuing with 3A and 10A range calibration.

Change connections as shown in Figure 16-3 (use 4-wire connections to

the 0.5Q resistor as shown).

Select the DMM DC volts function.

Repeat steps a through v for the 3A and 10A ranges. Compute the current

reading from the DMM voltage reading and characterized 0.5Q resistance

value: | = V/R.

Select auto polarity mode:
smua.cal.polarity = smua.CAL AUTO

Return to Section 16 topics
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Figure 16-3
Connections for current calibration (3A and 10A ranges)
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Step 4. Program calibration dates

Use the following commands to set the calibration date and calibration due date:

smua.cal.date = os.time({year=2005, month=1, day=1})
smua.cal.due = os.time({year=2006, month=1, day=1})

The actual year, month, day, and optionally hour, and minute should be used.
(Seconds can be given but will essentially be ignored due to the precision of the
internal date storage format.) The allowable range for the year is from 2005 to
2037, the month is from 1 to 12, and the day is from 1 to 31.

Step 5. Save calibration constants

Calibration is now complete, so you can store the calibration constants in non-vol-
atile memory by sending the following command:

smua.cal.save ()

Calibration just performed will be temporary unless you send the save command.

Return to Section 16 topics
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Step 6. Lock out calibration

To lock out further calibration, send the following command after completing the
calibration procedure:

smua.cal.lock()

Step 7. Repeat calibration procedure for Model 2602 Channel B

For the Model 2602 only, repeat the entire procedure above for Channel B. Be
sure to:

¢ Make test connections to Channel B terminals.
e Substitute “smub” for “smua” in all commands.

Return to Section 16 topics
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Introduction

The information in this section deals with routine maintenance that can be per-
formed by the operator.

Line fuse replacement

WARNING Disconnect the line cord at the rear panel, and remove all test
leads connected to the instrument before replacing the line
fuse.

The power line fuse is accessible from the rear panel, just below the AC power
receptacle (Figure 17-1).

Figure 17-1
Line fuse replacement

Model 2601
# WARNING o wr

remE] o(V)ys CE

MADE IN
USA

LISTED
urceMeter
4ZA4

DIGITAL O

® e

|EEE-488

(CHANGE IEEE ADDRESS ®
WITH FRONT PANEL MENU) %Q TSP-Link!
© @ “

4

CAUTION:FoR CONTINUED PROTECT. INST FIRIE HAZARD, REPLACE FUSE WITH SAME TYPE 2 RATING.
E Line Fuse

Model 2602

CHANNEL B.

DIGITAL 10

A TSP-Lik®

° © (gl il

Line Fuse

Return to Section 17 topics



Series 2600 Reference Manual Routine Maintenance 17-3

Perform the following steps to replace the line fuse:

1. Carefully grasp and squeeze together the locking tabs that secure the fuse
carrier to the fuse holder.

2. Pull out the fuse carrier, and replace the fuse with the type specified in
Table 17-1.

CAUTION To prevent instrument damage, use only the fuse type speci-
fied in Table 17-1.

3. Reinstall the fuse carrier.

If the power line fuse continues to blow, a circuit malfunction exists and must be
corrected. Return the unit to Keithley Instruments for repair.

Table 17-1
Line fuse
Line voltage Rating Keithley part no.
100-240V 250V, 3.15A, Slow FU-106-3.15
Blow 5 x 20mm
Front panel tests

There are two front panel tests: one to test the functionality of the front panel keys
and one to test the display.

KEYS test

The KEYS test lets you check the functionality of each front panel key. Perform the
following steps to run the KEYS test.

1. Display the MAIN MENU by pressing the MENU key.
2. Select TEST, and press ENTER or the Rotary Knob to display the SELF-
TEST MENU.

3. Select DISPLAY-TESTS, and press ENTER or the Rotary Knob to display
the following menu:
FRONT PANEL TESTS
KEYS DISPLAY_PATTERNS

4. Select KEYS, and press ENTER or the Rotary Knob to start the test. When
a key is pressed, the label name for that key will be displayed to indicate
that it is functioning properly. When the key is released, the message “No
keys pressed” is displayed.

Return to Section 17 topics
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5. Pressing EXIT tests the EXIT key. However, the second consecutive press
of EXIT aborts the test and returns the instrument to the SELF-TEST
MENU. Continue pressing EXIT to back out of the menu structure.

DISPLAY PATTERNS test

The Display Patterns test lets you verify that each pixel and annunciator in the
vacuum fluorescent display is working properly. Perform the following steps to run
the display test:

1. Display the MAIN MENU by pressing the MENU key.

2. Select TEST, and press ENTER or the Rotary Knob to display the SELF-
TEST MENU.

3. Select DISPLAY-TESTS, and press ENTER or the Rotary Knob to display
the following menu:
FRONT PANEL TESTS
KEYS DISPLAY_PATTERNS

4. Select DISPLAY_PATTERNS, and press ENTER or the Rotary Knob to start
the display test. There are three parts to the display test. Each time ENTER
or Rotary Knob is pressed, the next part of the test sequence is selected.
The three parts of the test sequence are as follows:

e Checkerboard pattern and the annunciators that are on during normal
operation.

¢ Checkerboard pattern (alternate pixels on) and all annunciators.

e Each digit (and adjacent annunciator) is sequenced. All of the pixels of
the selected digit are on.

5. When finished, abort the display test by pressing EXIT. The instrument
returns to the FRONT PANEL TESTS MENU. Continue pressing EXIT to
back out of the menu structure.

Return to Section 17 topics
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2601 and 2602 System SourceMeter® Specifications

SPECIFICATION CONDITIONS

This document contains specifications and supplemental information for the
2601 & 2602. Specifications are the standards against which the 2601 & 2602
are tested. Upon leaving the factory the 2601 & 2602 meet these specifications.
Supplemental and typical values are non-warranted, apply at 23°C and are
provided soley as useful information.

The source and measurement accuracies are specified at the SourceMeter
CHANNEL A (2601 & 2602) or SourceMeter CHANNEL B (2602) terminals
under the following conditions:

1. 23°C + 5°C <70% relative humidity.

2. After 2 hour warm up.

3. Speed normal (1 NPLC).

4. A/D auto-zero enabled.

5. Remote sense operation or properly zeroed local sense operation.
6. Calibration period = 1 year.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): +(0.15 x accuracy
specification)/°C.

MAXIMUM OUTPUT POWER AND SOURCE/SINK LIMITS?: 40.4W per
channel maximum. +1.01A @ +40.0V, £3.03A @ +6.0V, four quadrant
source or sink operation.

CURRENT REGULATION: Line: 0.01% of range. Load: 0.01% of range +
100pA.

VOLTAGE LIMIT/COMPLIANCE*: Bipolar voltage limit (compliance) set
with a single value. Minimum value is 10mV. Accuracy same as voltage
source.

OVERSHOOT: <0.1% typical (step size = 10% to 90% of range, resistive
load, see CURRENT SOURCE OUTPUT SETTLING TIME for additional
test conditions).

SOURCE SPECIFICATIONS

Voltage Programming Accuracy'

Accuracy (1 Year) Noise

Programming 23°C £5°C (peak-peak)

Range Resolution +(% rdg. + volts) 0.1Hz-10Hz
100.000mV 1uv 0.02% +250uV 20puV
1.00000V 10uVv 0.02% + 400V 50pV
6.00000V 10pV 0.02% + 1.8mV 100pV
40.0000V 100pV 0.02% + 12mV 500V

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): +(0.15 x accuracy
specification)/°C.

MAXIMUM OUTPUT POWER AND SOURCE/SINK LIMITS?: 40.4W
per channel maximum. £40.4V @ +1.0A, + 6.06V @ +3.0A, four quadrant
source or sink operation.

VOLTAGE REGULATION: Line: 0.01% of range. Load: 0.01% of range +
100pV.

NOISE 10Hz-20MHz (peak-peak): 25mV typical into a resistive load.

CURRENT LIMIT/COMPLIANCE?: Bipolar current limit (compliance) set
with single value. Minimum value is 10nA. Accuracy same as current source.

OVERSHOOT: <0.1% + 10mV typical (step size = 10% to 90% of range,
resistive load, maximum current limit/compliance).

GUARD OFFSET VOLTAGE: <10mV typical (Iout <= 100mA).

Current Programming Accuracy

Accuracy (1 Year) Noise
Programming 23°C £5°C (peak-peak)
Range Resolution +(% rdg. + amps) 0.1Hz-10Hz
100.000nA 1pA 0.06 + 100pA SpA
1.00000pnA 10pA 0.03% + 600pA 15pA
10.0000pnA 100pA 0.03% + 2nA S0pA
100.000pnA InA 0.03% + 30nA 2nA
1.00000mA 10nA 0.03% + 200nA SnA
10.0000mA 100nA 0.03% + 3uA 200nA
100.000mA 1pA 0.03% + 20pA 500nA
1.00000A 10pA 0.05% + 900puA 50pA
3.00000A? 10pA 0.06% + 1.5mA 150uA

Specifications subject to change without notice.

ADDITIONAL SOURCE SPECIFICATIONS

TRANSIENT RESPONSE TIME: <70ps for the output to recover to 0.1% for
a 10% to 90% step change in load.

VOLTAGE SOURCE OUTPUT SETTLING TIME: Time required to reach

0.1% of final value after source level command is processed on a fixed range.
100mV, 1V Ranges: <50us typical.
6V Range: <100us typical.
40V Range: <150us typical.

CURRENT SOURCE OUTPUT SETTLING TIME: Time required to reach
0.1% of final value after source level command is processed on a fixed range.
Values below for Iout Rload = 2V unless noted.

3A-10mA Ranges: <80us typical (current less than 2.5A, Rload
greater than 1.5Q).

ImA Ranges: <100us typical.

100pA Range: <150us typical.

10pA Range: <500us typical.

1A Range: <2ms typical.

100nA Range: <20ms typical.

DC FLOATING VOLTAGE: Output can be floated up to £250VDC from
chassis ground.

REMOTE SENSE OPERATING RANGE":

Maximum voltage between HI and SENSE HI = 3V.
Maximum voltage between LO and SENSE LO = 3V.

VOLTAGE OUTPUT HEADROOM:
40V Range: Max. output voltage = 42V — total voltage drop across source
leads (Maximum 1Q per source lead).
6V Range: Max. output voltage = 8V — total voltage drop across source
leads.

OVER TEMPERATURE PROTECTION: Internally sensed temperature
overload puts unit in standby mode.

VOLTAGE SOURCE RANGE CHANGE OVERSHOOT: Overshoot into a
100kQ load, 20MHz BW, 300mV typical.
CURRENT SOURCE RANGE CHANGE OVERSHOOT: <5% +

300mV/Rload of larger range typical. (See CURRENT SOURCE OUTPUT
SETTLING TIME for additional test conditions.)

NOTES

1. Add 50pV to source accuracy specifications per volt of HI lead drop.

2. Full power source operation regardless of load to 30°C ambient. Above 30°C and/or power
sink operation, refer to Section 8 - Operating boundaries in the Series 2600 Reference
Manual for additional power derating information.

3. For sink mode operation (quadrant 1I and IV), add 12% of limit range and £0.02% of limit
setting to corresponding current limit accuracy specifications. For 1A range add an
additional 40mA of uncertainty.

FS

. For sink mode operation (quadrant IT and IV), add 10% of compliance range and +0.02%
of limit setting to corresponding voltage source specification. For 100mV range add an
additional 60mV of uncertainty.

HW 5/20/05
Rev A
Page 1 of 4
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METER SPECIFICATIONS

VOLTAGE MEASUREMENT ACCURACY'
Accuracy (1 Year)

Display 23°C £5°C
Range Resolution® Input Resistance +(% rdg. + volts)
100.000mV Ipv >10GQ 0.015% + 150V
1.00000V 10pnv >10GQ 0.015% + 200V
6.00000V 10pnv >10GQ 0.015% + 1mV
40.0000V 100V >10GQ 0.015% + 8mV

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): +(0.15 x
accuracy specification)/°C.

CURRENT MEASUREMENT ACCURACY

Accuracy (1 Year)

Display Voltage 23°C £5°C

Range Resolution® Burden’ +(% rdg. + amps)
100.000nA IpA <lmV 0.05% + 100pA
1.00000pnA 10pA <lmV 0.025% + 300pA
10.0000pnA 100pA <lmV 0.025% + 600pA
100.000pnA 1nA <lmV 0.02% + 12nA
1.00000mA 10nA <lmV 0.02% + 60nA
10.0000mA 100nA <lmV 0.02% + 1.2pA
100.000mA 1pA <lmV 0.02% + 6pA
1.00000A 10pA <lmV 0.03% + 700pA
3.00000A 10pA <lmV 0.05% + 1mA

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): +(0.15 x
accuracy specification)/°C.

ADDITIONAL METER SPECIFICATIONS
LOAD IMPEDANCE: Stable into 10,000pF typical.

COMMON MODE VOLTAGE: 250VDC.

COMMON MODE ISOLATION: >1G€Q, <4500pF.
OVERRANGE: 101% of source range, 102% of measure range.
MAXIMUM SENSE LEAD RESISTANCE: 1kQ for rated accuracy.
SENSE INPUT IMPEDANCE: >10GQ.

1. Add 50V to source accuracy specifications per volt of HI lead drop.
2. Four-wire remote sense only.
3. Applies when in single channel display mode.

Specifications subject to change without notice.

General

HOST INTERFACES: Computer control interfaces.

IEEE-488: 1EEE-488.1 compliant. Supports IEEE-488.2 common commands
and status model topology.

RS-232: Baud rates from 300 bps to 115200 bps. Programmable number of data
bits, parity type, and flow control (RTS/CTS hardware or none). When not
programmed as the active host interface, the SourceMeter can use the RS-232
interface to control other instrumentation.

EXPANSION INTERFACE: The TSP-Link expansion interface allows TSP
enabled instruments to trigger and communicate with each other.

Cable Type: Category Se or higher LAN crossover cable.
Length: 3 meters maximum between each TSP enabled instrument.

DIGITAL 1/0 INTERFACE:

Connector: 25-pin female D
Input/Output Pins: 14 1/O bits. See figure below.

45V CAUTION
An external device pulls an I/O
line low (0) by shorting it to
ground. Therefore, the external
device must be capable of
10kQ sinking a minimum of 480uA
(5V/104400) per 1/O line.

SourceMeter

4400

Read O————————AAA—— INOUT

Write 1 turns FET off - In/Out pulled high (5V)

Write Write 0 turns FET on - In/Out pulled low (0V)

TAT

1=MOSFET off

0=MOSFET on { GND

Output Enable Pin: Active high input. When the output enable input has been

activated, each SourceMeter output will be disabled when Output Enable is

<L.5V.

5V Power Supply Pin: Limited to 600mA, solid state fuse protected.
POWER SUPPLY: 100V to 240VAC, 50—60Hz (manual setting), 240V A max.

COOLING: Forced air. Side intake and rear exhaust. One side must be
unobstructed when rack mounted.

WARRANTY: 1 year.
EMC: Conforms to European Union Directive 89/336/EEC, EN 61326-1.

SAFETY: Conforms to European Union Directive 73/23/EEC, EN 61010-1,
and UL 61010-1.

DIMENSIONS: 89mm high x 213mm wide x 460mm deep (3 1/2 in x 8 3/8 in
x 17 1/2 in). Bench Configuration (with handle & feet): 104mm high x
238mm wide x 460mm deep (4 1/8 inx 9 3/8 inx 17 1/2 in).

WEIGHT: 2601: 4.75kg (10.40 Ibs). 2602: 5.50kg (12.00 Ibs).

ENVIRONMENT: For indoor use only.
Altitude: Maximum 2000 meters above sea level.
Operating: 0°-50°C, 70%R.H. up to 35°C. Derate 3% R.H./°C, 35°-50°C.
Storage: —25°C to 65°C.

ACCESSORIES SUPPLIED:
Cables & Connectors: SourceMeter DUT interface connector kit for each
SourceMeter channel. Kit includes one hooded screw terminal connector that
mates with the SourceMeter measurement terminals. TSP-Link cable, power
cable.
Printed Documentation: User’s Manual
Electronic Media: CD-ROMs containing

- User’s and Reference manual .PDF files

- Test Script Builder script development software

- IVI/VISA drivers for VB, VC/C++, LabVIEW, and

LabWindows/CVI

HW 5/20/05
Rev A
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SPEED SPECIFICATIONS'

MAXIMUM SWEEP OPERATION RATES (operations per second) FOR 60Hz (50Hz):

SOURCE SOURCE
A/D SOURCE SOURCE MEASURE MEASURE
CONVERTER | TRIGGER MEASURE TO | MEASURE TO | MEASURE TO | MEASURE TO | PASS/FAIL TO | PASS/FAIL TO
SPEED ORIGIN MEMORY GPIB MEMORY GPIB MEMORY GPIB
0.001 NPLC Internal 10000 (10000) 8000 (8000) 5500 (5500) 3600 (3600) 4900 (4900) 3100 (3100)
0.001 NPLC Digital /O 2700 (2650) 2100 (2100) 2300 (2300) 1900 (1875) 2200 (2150) 1800 (1775)
0.01 NPLC Internal 4000 (3500) 3600 (3200) 2750 (2700) 2300 (2100) 2800 (2500) 2100 1975)
0.01 NPLC Digital /O 1900 (1775) 1600 (1500) 1700 (1600) 1450 (1400) 1600 (1500) 1400 (1325)
0.1 NPLC Internal 565 (475) 555 (470) 540 (450) 510 (440) 535 (455) 505 (430)
0.1 NPLC Digital /O 490 (420) 470 (405) 470 (410) 450 (390) 470 (400) 450 (390)
1.0 NPLC Internal 59 (49) 59 (49) 58 (49) 58 (48) 58 (49) 58 (48)
1.0 NPLC Digital /O 58 (48) 58 (48) 58 (48) 57 (48) 57 (48) 57 (48)

Maximum SINGLE MEASUREMENT RATES (operations per second) FOR 60Hz (50Hz):

SOURCE MEASURE TO SOURCE MEASURE
A/D CONVERTER SPEED TRIGGER ORIGIN MEASURE TO GPIB GPIB PASS/FAIL TO GPIB
0.001 NPLC Internal 1100 (1000) 880 (880) 840 (840)
0.01 NPLC Internal 950 (900) 780 (760) 730 (710)
0.1 NPLC Internal 390 (345) 355 (310) 340 (305)
1.0 NPLC Internal 57 (48) 56 (47) 56 (47)

MAXIMUM MEASUREMENT RANGE CHANGE RATE: >4500/second typical.
MAXIMUM SOURCE RANGE CHANGE RATE: >1000/second typical.
MAXIMUM SOURCE FUNCTION CHANGE RATE: >500/second typical.

EXTERNAL TRIGGER INPUT: The Digital I/O interface signals can be configured to behave as trigger inputs.
Input Latency (time from trigger input to start of measurement or source change): <150us, typical.

Input Jitter: <100us, typical.

COMMAND PROCESSING TIME: Maximum time required for the output to begin to change following the receipt of the smux.source.levelv or
smux.source.leveli command. <lms typical.

NOTES

1. See the Speed Specifications Test Conditions Appendix in the Series 2600 Reference Manual for more information regarding test conditions.

Specifications subject to change without notice.
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SUPPLEMENTAL INFORMATION

FRONT PANEL INTERFACE: 2-line Vacuum Florescent Display (VFD) with keypad and
rotary knob.
Display:
«  Show error messages and user defined messages.
«  Display source and limit settings.
+  Show current and voltage measurements.
*  View measurements stored in non-volatile reading buffers.
Keypad Operations:
«  Change host interface settings.
«  Save and restore instrument setups.
+  Load and run factory, and user defined, test scripts (i.e. sequences) that prompt for
input and send results to the display.
«  Store measurements into non-volatile reading buffers.

PROGRAMMING: Embedded Test Script Processor (TSP) accessible from any host
interface. Responds to individual instrument control commands. Responds to high-speed
test scripts comprised of instrument control commands and Test Script Language (TSL)
statements (e.g. branching, looping, math, etc...). Able to execute high-speed test scripts
stored in memory without host intervention.

Minimum Memory Available: 3 Mbytes (approximately 50,000 lines of TSL code).
Test Script Builder: Integrated Development Environment for building, running, and
managing TSP scripts. Includes an Instrument Console for communicating with any TSP
enabled instrument in an interactive manner. Requires:

*  VISA (NI-VISA included on CD).

*  Microsoft .NET Framework (included on CD).

«  Keithley I/O Layer (included on CD).

+  Pentium III 800MHz or faster personal computer.

*  Microsoft Windows 98, NT, 2000, or XP.

Drivers: IVI/VISA drivers for VB, VC/C++, LabVIEW, TestPoint, and
LabWindows/CVI.

READING BUFFERS: Non-volatile storage area(s) reserved for measurement data. Reading
buffers are arrays of measurement elements. Each element can hold the following items:
¢ Measurement
¢ Measurement status
+  Timestamp
«  Source setting (at the time the measurement was taken)
«  Range information

Specifications subject to change without notice.

Two reading buffers are reserved for each SourceMeter channel. Reading buffers can be filled

using the front panel STORE key and retrieved using the RECALL key or host interface.
Buffer Size, with timestamp and source setting: >50,000 samples.

Buffer Size, without timestamp and source setting: >100,000 samples.

Battery Backup: Lithium-ion battery backup. 30 days of non-volatile storage @ 23°C, and
>4 hours of charge time. 3 year battery life @ 23°C. 1.5 year battery life @ 50°C.

FACTORY TSP SCRIPTS: See www.keithley.com for Keithley-supported application-

specific scripts.

SYSTEM EXPANSION: The TSP-Link expansion interface allows TSP enabled

instruments to trigger and communicate with each other. See figure below:

To Host To Nodes 3-64
Computer

Each SourceMeter has two TSP-Link connectors to facilitate chaining instruments together.
+  Once SourceMeters are interconnected via TSP-Link, a computer can access all of the
resources of each SourceMeter via the host interface of any SourceMeter.

* A maximum of 64 TSP-Link nodes can be interconnected. Each SourceMeter
consumes one TSP-Link node.

TIMER: Free running 47 bit counter with IMHz clock input. Reset each time instrument

powers up. Rolls over every 4 years.

Timestamp: TIMER value automatically saved when each measurement is triggered.
Resolution: 1us.

Accuracy: 50ppm.
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Introduction

This appendix includes information on error levels, how to read errors, and a com-
plete listing of error messages.

Error summary

Errors are listed in Table B-2 starting on the next page. Error levels are listed
below:

* NO_SEVERITY: not severe

¢ INFORMATIONAL: informational status message only

* RECOVERABLE: error not serious, can be recovered

e SERIOUS: error serious, but unit still operational by correcting error

e FATAL: unit non-operational

Reading errors

When errors occur, the error messages will be placed in the error queue (see
“Queues” on page D-29). Table B-1 lists commands associated with the error
queue (see Section 12 for more information). For example, the following com-
mands request the next complete error information from the error queue and

returns the message portion of the error:

errorcode, message, severity, node = errorqueue.next ()
print (message)

Table B-1
Error queue commands
Error queue command Description
errorqueue.clear() Clear error queue of all errors.
errorqueue.count Number of messages in the error/event queue.
errorqueue.next() Request error message.

Return to Appendix B topics
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Error and Status Messages B-3

Table B-2
Error summary

Error number Error level Error Message

-440 RECOVERABLE Query Unterminated After Indefinite Response

-430 RECOVERABLE Query Deadlocked

-420 RECOVERABLE Query Unterminated

-410 RECOVERABLE Query Interrupted

-363 RECOVERABLE Input Buffer Over-run

-362 RECOVERABLE Framing

-361 RECOVERABLE Parity

-360 RECOVERABLE Communications

-350 RECOVERABLE Queue Overflow

-330 RECOVERABLE Self Test Failed

-315 RECOVERABLE Configuration Memory Lost

-314 RECOVERABLE Save/ Recall Memory Lost

-292 RECOVERABLE Referenced name does not exist

-286 RECOVERABLE TSP Syntax error, TSP Runtime error, TSP Double error, TSP
File error, or TSP Unrecognized error

-285 RECOVERABLE Program Syntax

-284 RECOVERABLE Program Currently Running

-282 RECOVERABLE lllegal Program Name

-281 RECOVERABLE Cannot Create Program

-260 RECOVERABLE Expression

-241 RECOVERABLE Hardware Missing

-230 RECOVERABLE Data Corrupt or Stale

-225 RECOVERABLE Out of Memory or TSP Memory allocation error

-224 RECOVERABLE lllegal Parameter Value

-223 RECOVERABLE Too Much Data

-222 RECOVERABLE Parameter Data Out of Range

-221 RECOVERABLE Settings Conflict

-220 RECOVERABLE Parameter

-215 RECOVERABLE Arm Deadlock

-214 RECOVERABLE Trigger Deadlock

-213 RECOVERABLE Init Ignored

-212 RECOVERABLE Arm Ignored

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message
-211 RECOVERABLE Trigger Ignored

-210 RECOVERABLE Trigger

-203 RECOVERABLE Command protected

-202 RECOVERABLE Settings Lost Due to RTL
-201 RECOVERABLE Invalid While in Local

-200 RECOVERABLE Execution

-178 RECOVERABLE Expression Data Not Allowed
-171 RECOVERABLE Invalid Expression

-170 RECOVERABLE Expression

-168 RECOVERABLE Block Data Not Allowed
-161 RECOVERABLE Invalid Block Data

-160 RECOVERABLE Block Data

-158 RECOVERABLE String Data Not Allowed
-154 RECOVERABLE String Too Long

-151 RECOVERABLE Invalid String Data

-150 RECOVERABLE String Data

-148 RECOVERABLE Character Data Not Allowed
-144 RECOVERABLE Character Data Too Long
-141 RECOVERABLE Invalid Character Data

-140 RECOVERABLE Character Data

-128 RECOVERABLE Numeric Data Not Allowed
-124 RECOVERABLE Too Many Digits

-123 RECOVERABLE Exponent Too Large

-121 RECOVERABLE Invalid Character In Number
-120 RECOVERABLE Numeric Data

-114 RECOVERABLE Header Suffix Out Of Range
-113 RECOVERABLE Undefined Header

-112 RECOVERABLE Program Mnemonic Too Long
-111 RECOVERABLE Header Separator

-110 RECOVERABLE Command Header

-109 RECOVERABLE Missing Parameter

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message
-108 RECOVERABLE Parameter Not Allowed
-105 RECOVERABLE Trigger Not Allowed
-104 RECOVERABLE Data Type

-103 RECOVERABLE Invalid Separator

-102 RECOVERABLE Syntax

-101 RECOVERABLE Invalid Character

-100 RECOVERABLE Command

0 INFORMATIONAL | No Error

100 INFORMATIONAL | Limit 1 Failed

101 INFORMATIONAL | Low Limit 2 Failed

102 INFORMATIONAL | Low Limit 2 Failed

103 INFORMATIONAL | Low Limit 3 Failed

104 INFORMATIONAL | High Limit 3 Failed

105 INFORMATIONAL | Active Limit Tests

106 INFORMATIONAL | Reading Available

107 INFORMATIONAL | Reading Overflow

108 INFORMATIONAL | Buffer Available

109 INFORMATIONAL | Buffer Full

110 INFORMATIONAL | Limit 4 Failed

111 INFORMATIONAL | Output Interlock Asserted
112 INFORMATIONAL | Temperature Limit Exceeded
113 INFORMATIONAL | Voltage Limit Exceeded
114 INFORMATIONAL | Source In Compliance
200 INFORMATIONAL | Operation Complete
300 INFORMATIONAL | Device Calibration

303 INFORMATIONAL | Device Sweeping

305 INFORMATIONAL | Waiting in Trigger Layer
306 INFORMATIONAL | Waiting in Arm Layer
310 INFORMATIONAL | Entering Idle Layer

408 INFORMATIONAL | Question Calibration
414 INFORMATIONAL | Command Warning

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message
500 RECOVERABLE Date of Calibration Not Set

501 RECOVERABLE Next Date of Calibration Not Set
502 RECOVERABLE Calibration Data Invalid

503 RECOVERABLE Calibration Overflow

504 RECOVERABLE Dac Calibration Underflow

505 RECOVERABLE Source Offset Data Invalid

506 RECOVERABLE Source Gain Data Invalid

507 RECOVERABLE Measurement Offset Data Invalid
508 RECOVERABLE Measurement Gain Data Invalid
509 RECOVERABLE Not Permitted With Cal Locked
510 RECOVERABLE Not Permitted With Cal Unlocked
601 RECOVERABLE Reading Buffer Data Lost

602 RECOVERABLE GPIB Address Lost

603 RECOVERABLE Power On State Lost

604 RECOVERABLE DC Calibration Data Lost

605 RECOVERABLE Calibration Dates Lost

606 RECOVERABLE GPIB Communication Language Lost
700 RECOVERABLE Invalid System Communication
701 RECOVERABLE ASCII Only With RS232

702 FATAL Unresponsive digital FPGA

800 RECOVERABLE lllegal With Storage Active

801 RECOVERABLE Insufficient Vector Data

802 RECOVERABLE Output Blocked By Interlock

803 RECOVERABLE Not Permitted With Output Off
804 RECOVERABLE Expression List Full

805 RECOVERABLE Undefined Expression Exists

806 RECOVERABLE Expression Not Found

807 RECOVERABLE Definition Not Allowed

808 RECOVERABLE Expression Cannot Be Deleted
809 RECOVERABLE Source Memory Location Revised
810 RECOVERABLE Output Blocked By Over Temperature

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message
811 RECOVERABLE Not An Operator Or Number
812 RECOVERABLE Mismatched Parentheses

813 RECOVERABLE Not a Number of Data Handle
814 RECOVERABLE Mismatched Brackets

815 RECOVERABLE Too Many Parentheses

816 RECOVERABLE Entire Expression Not Parsed
817 RECOVERABLE Unknown Token

818 RECOVERABLE Parsing Mantissa

819 RECOVERABLE Parsing Exponent

820 RECOVERABLE Parsing Value

821 RECOVERABLE Invalid Data Handle Index

822 RECOVERABLE Too Small For Sense Range
823 RECOVERABLE Invalid With Source Read Back On
824 RECOVERABLE Cannot Exceed Compliance Range
825 RECOVERABLE Invalid With Auto Ohms On
826 RECOVERABLE Attempt to Exceed Power Limit
827 RECOVERABLE Invalid With Ohms Guard On
828 RECOVERABLE Invalid On 1 Amp Range

829 RECOVERABLE Invalid On 1KV Range

830 RECOVERABLE Invalid With Infinite Arm Count
831 RECOVERABLE Invalid In Pulse Mode

900 FATAL Internal System

1100 RECOVERABLE Command Unavailable

1101 RECOVERABLE Parameter Too Big

1102 RECOVERABLE Parameter Too Small

1103 RECOVERABLE Max Greater Than Min

1104 RECOVERABLE Too many digits for param type
1105 RECOVERABLE Too Many Parameters

1106 RECOVERABLE Battery Not Present

1107 RECOVERABLE Cannot modify factory menu
1108 RECOVERABLE Menu name does not exist

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message
1109 RECOVERABLE Menu name already exists

1200 RECOVERABLE TSPIlink initialization failed

1201 RECOVERABLE TSPlink initialization failed

1202 RECOVERABLE TSPIlink initialization failed

1203 RECOVERABLE TSPIlink initialization failed (possible loop in node chain)
1204 RECOVERABLE TSPIlink initialization failed

1205 RECOVERABLE TSPIlink initialization failed (no remote nodes found)
1206 RECOVERABLE TSPlink initialization failed

1207 RECOVERABLE TSPIlink initialization failed

1208 RECOVERABLE TSPlink initialization failed

1209 RECOVERABLE TSPIlink initialization failed

1210 RECOVERABLE TSPIlink initialization failed (node ID conflict)
1211 RECOVERABLE Node %u is inaccessible

1212 RECOVERABLE Invalid node ID

1400 RECOVERABLE Expected at least %d parameters

1401 RECOVERABLE Parameter %d is invalid

1402 RECOVERABLE User scripts lost

1403 RECOVERABLE Factory scripts lost

1404 RECOVERABLE Invalid byte order

1405 RECOVERABLE Invalid ASCII precision

1406 RECOVERABLE Invalid data format

1500 RECOVERABLE Invalid baud rate setting

1501 RECOVERABLE Invalid parity setting

1502 RECOVERABLE Invalid terminator setting

1503 RECOVERABLE Invalid bits setting

1504 RECOVERABLE Invalid flow control setting

1505 RECOVERABLE Unknown error

1600 RECOVERABLE Maximum GPIB message length exceeded
1800 RECOVERABLE Invalid Digital Trigger Mode

1801 RECOVERABLE Invalid Digital 1/0 Line

1802 RECOVERABLE Digital Bit in Parameter Write Protected

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message

2000 RECOVERABLE Flash download error

2001 RECOVERABLE Cannot flash with error in queue

4900 RECOVERABLE Reading buffer index %s is invalid

4901 RECOVERABLE The maximum index for this buffer is %d

4902 RECOVERABLE Reading buffers must be able to contain at least one element
4903 RECOVERABLE Reading buffer expired

4904 SERIOUS ICX parameter count mismatch, %s (Line #%d)
4905 SERIOUS ICX parameter invalid value, %s (Line #%d)

4906 SERIOUS ICX invalid function id, %s (Line #%d)

5000 FATAL Bad SMU AFPGA Image size

5001 FATAL SMU is unresponsive

5002 FATAL Communication Timeout with DFPGA

5003 SERIOUS Saved calibration constants corrupted

5004 SERIOUS Operation conflicts with CALA sense mode

5005 SERIOUS Value too big for range

5006 SERIOUS Value too small for range

5007 SERIOUS Operation would exceed safe operating area of the instrument
5008 SERIOUS Operation not permitted while output is on

5009 SERIOUS Unknown sourcing function

5010 SERIOUS No such SMU function

5011 SERIOUS Operation not permitted while cal is locked

5012 SERIOUS Cal data not saved - save or restore before lock
5013 SERIOUS Cannot save cal data - unlock before save

5014 SERIOUS Cannot restore cal data - unlock before restore
5015 SERIOUS Save to cal set disallowed

5016 SERIOUS Cannot change cal date - unlock before operation
5017 SERIOUS Cannot change cal constants - unlock before operation
5018 SERIOUS Cal version inconsistency

5019 SERIOUS Cannot unlock - invalid password

5020 SERIOUS Error saving cal data to non-volatile storage

5021 SERIOUS Cannot restore default calset. Using previous calset

Return to Appendix B topics
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Table B-2 (cont.)
Error summary

Error number Error level Error Message

5022 SERIOUS Cannot restore previous calset. Using factory calset

5023 SERIOUS Cannot restore factory calset. Using nominal calset

5024 SERIOUS Cannot restore nominal calset. Using firmware defaults

5025 SERIOUS Cannot set filtercount > 1 when measure.count > 1

5026 SERIOUS Cannot set measure.count > 1 when filtercount > 1

5027 SERIOUS Unlock cal data with factory password

5028 SERIOUS Cannot perform requested operation while source autorange
is enabled

5029 SERIOUS Cannot save without changing cal date and cal due values

5030 SERIOUS Not implemented yet

5031 RECOVERABLE Cannot modify built-in reading buffers

5032 RECOVERABLE Cannot change this setting unless buffer is cleared

5033 RECOVERABLE Reading buffer not found within device

5034 RECOVERABLE No readings exist within buffer

5035 RECOVERABLE Table not found within buffer

5036 RECOVERABLE Attribute not found

5037 RECOVERABLE Cannot delete NVRAM Reading Buffer

5038 RECOVERABLE Index exceeds maximum reading

5039 RECOVERABLE Measure count exceeds buffer capacity

5040 RECOVERABLE Cannot use same reading buffer for multiple overlapped mea-
surements

5041 SERIOUS Output Enable not asserted

5042 SERIOUS Invalid while overlapped measure

5043 SERIOUS Cannot perform requested operation while voltage measure
autorange is enabled

5044 SERIOUS Cannot perform requested operation while current measure
autorange is enabled

5045 SERIOUS Cannot perform requested operation while filter is enabled

5046 SERIOUS SMU too hot

5047 RECOVERABLE Minimum timestamp resolution is 1ps.

Return to Appendix B topics
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Introduction

This appendix includes information on common commands and their script com-
mand equivalents.

Common commands

Command summary

Common commands supported by the Model 260x SourceMeter are summarized
in Table C-1. Although commands are shown in upper-case, common commands
are not case sensitive, and either upper or lower case can be used. Note that

although these commands are essentially the same as those defined by the IEEE-

488.2 standard, the Model 260x does not strictly adhere to that standard.

Table C-1
Common commands
Mnemonic Name Description
*CLS Clear status Clears all event registers and Error Queue."

*ESE <mask>
*ESE?

Event enable command
Event enable query

Program the Standard Event Enable Register."
Read the Standard Event Enable Register.’

*ESR? Event status register query Read/clear the Standard Event Enable Register.’

*IDN? Identification query Returns the manufacturer, model number, serial
number, and firmware revision levels of the unit.

*OPC Operation complete command | Set the Operation Complete bit in the Standard
Event Register after all pending commands have
completed.

*OPC? Operation complete query Places an ASCII “1” into the Output Queue when
all selected device operations have completed.

*RST Reset command Returns the SourceMeter to default conditions.

*SRE <mask>

Service request enable
command

Programs the Service Request Enable Register."

*SRE? Service request enable query Reads the Service Request Enable Register.’
*STB? Status byte query Reads the Status Byte Register.’

*TRG Trigger command Sends a remote trigger to the SourceMeter.
*TST? Self-test query Returns a 0.

*WAI Wait-to-continue command Waits until all previous commands have

completed.

1. Status commands are covered in Appendix D.

Return to Appendix C topics
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Script command equivalents

Script command equivalents for the common commands in Table C-1 are summa-
rized in Table C-2. See Section 12 for details on script commands.

Table C-2
Script command equivalents
Common
command Script command equivalent
*CLS status.reset()
*ESE? print(tostring(status.standard.enable))

*ESE <mask>

status.standard.enable = <mask>

*ESR? print(tostring(status.standard.event))

*IDN? print([[Keithley Instruments Inc., Model]]..localnode.model..
[[, 1].-localnode.serialno..[[, ]]..localnode.revision)

*OPC? waitcomplete() print([[1]])

*OPC opc()

*RST reset()

*SRE? print(tostring(status.request_enable))

*SRE <mask>

status.request_enable = <mask>

*STB? print(tostring(status.condition))
*TRG N/A

*TST? print([[0]])

*WAI waitcomplete()

Return to Appendix C topics
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Command reference

Details on all common commands except those associated with the status model
are covered below. See Appendix D for information on using status commands.

*IDN? — identification query Reads ID information

The identification string includes the manufacturer, model number, serial number,
and firmware revision levels and is sent in the following format:
Keithley Instruments Inc., Model nnnn, XxXxxxxx, yyyyy

Where: nnnn is the model number (Model 2601 or Model 2602).
XXXXXXX is the serial number.
yyyyy is the firmware revision level.

*OPC — operation complete Sets OPC bit
*OPC? — operation complete query Places a “1” in output queue

When *OPC is sent, the OPC bit in the Standard Event Register (see Appendix D)
will set when all overlapped commands complete. An ASCII “1” is also placed in
the Output Queue to be read by the *OPC? query when overlapped commands
complete.

*RST — reset Return SourceMeter to defaults
When the *RST command is sent, the SourceMeter returns to the default condi-
tions (see Table 1-3 on page 1-24).

*TRG — trigger Send remote trigger to SourceMeter
Use the *TRG command to issue a GPIB or RS-232 trigger to the SourceMeter. It
has the same effect as a group execute trigger (GET).

*TST? — self-test query Return 0

This command always places a 0 in the Output Queue. It is included for common
command compatibility, but the Model 260x does not actually perform a self-test.

Return to Appendix C topics
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*WAI — wait-to-continue Wait until commands are completed

Two types of device commands exist:

¢ Sequential commands — A command whose operations are allowed to fin-
ish before the next command is executed.

e Overlapped commands — A command that allows the execution of subse-
quent commands while device operations of the overlapped command are
still in progress.

The *WAI command is used to suspend the execution of subsequent commands
until the device operations of all previous overlapped commands are finished. The
*WAI command is not needed for sequential commands.

Return to Appendix C topics
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Overview

The SourceMeter provides a number of status registers and queues allowing the
operator to monitor and manipulate the various instrument events. The status
model is shown in Figure D-1 through Figure D-5. The heart of the status model is
the Status Byte Register. This register can be read by the user's test program to
determine if a service request (SRQ) has occurred, and what event caused it.

Status byte and SRQ

The Status Byte Register receives the summary bits of five status register sets
and two queues. The register sets and queues monitor the various instrument
events. When an enabled event occurs, it sets a summary bit in the Status Byte
Register. When a summary bit of the Status Byte is set and its corresponding
enable bit is set (as programmed by the user), the RQS/MSS bit will set to indicate
that an SRQ has occurred, and the GPIB SRQ line will be asserted.

Status register sets

A typical status register set is made up of a condition register, an event register
and an event enable register. (Many also have negative and positive transition
registers.) A condition register is a read-only register that constantly updates to
reflect the present operating conditions of the instrument.

When an event occurs, the appropriate event register bit sets to 1. The bit remains
latched to 1 until the register is reset. When an event register bit is set and its cor-
responding enable bit is set (as programmed by the user), the output (summary)
of the register will set to 1. This in turn sets another bit in a lower-level register,
and ultimately sets the summary bit of the Status Byte Register.

Queues

The SourceMeter uses an Output Queue and an Error Queue. The response mes-
sages, such as requested readings, are placed in the Output Queue. As various
programming errors and status messages occur, they are placed in the Error
Queue. When a queue contains data, it sets the appropriate summary bit of the
Status Byte Register (EAV for the Error Queue; MAV for the Output Queue).

Return to Appendix D topics
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Figure D-1
Status model overview

Error/Event Queue Status Byte Service Request Enable
. (status.condition/STB) (request_enable/SRE)
\— Measurement Summary Bit (MSB) 0 —\2 0
—_— Queue Not Empty System Summary Bit (SSB) 1 & 1
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Event Summary Bit (ESB) 5 5
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GPIB Output Queue
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System Summary Bit (SSB) —{ 1 X
Error Available (EAV) —] 2 & 2
Questionable Summary Bit (QSB) — 3 BN 3
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Figure D-2
Status model (system summary and standard event registers)
System Summary System Summary
Register 3 (system3) Register 2 (system2)
—> Extension Bit —F ——» Extension Bit —F
Node 29 —— 1 Node 15 —— 1 To Extension Bit in
Node 30 — 2 Node 16 —— 2 System Summary
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14 Node 56 ——14
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Standard Event Status Event Status Enable
Register (standard/ESR) (standard/ESE)
Operation Complete (OPC) 0 4@4— 0
1 1
Query Error (QYE) 2 @ 2
Device Dependent Error (DDE) 3 @ 3
Execution Error (EXE) 4 @ 4
Command Error (CME) 5 @ 5
User Request (URQ) 6 @ 6
Power On (PON) 7 & 7
status.standard.event status.standard.enable
(*ESR?) ("ESE)

To Event Summary Bit (ESB) in
Status Byte (status.condition/STB)
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Figure D-3
Status model (operation event registers)

Operation Status Operation Status
Calibration Summary Register (operation/OSR)
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Figure D-4

Status model (questionable event registers)
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Figure D-5

Status model (measurement event registers)
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Status function summary

The following functions control and read the various registers. (Table D-1). Com-
mon status commands are listed in Appendix C. Additional information is included
later in the section in command listings for the various register sets.

Table D-1
Status functions and registers

Type Function' Reference
System summary status.reset Page D-15

status.node_enable
status.request_enable
status.node_event
status.request_event
status.condition

Measurement event | status.measurement.” Page D-26
status.measurement.instrument.smuX.*
status.measurement.instrument.*
status.measurement.voltage_limit.*
status.measurement.current_limit.*
status.measurement.buffer_available.*
status.measurement.reading_overflow.*

Operation event status.operation.* Page D-21
status.operation.instrument.smuX.*
status.operation.instrument.*
status.operation.calibrating.”
status.operation.measuring.*
status.operation.user.”

Questionable event status.questionable.* Page D-24
status.questionable.instrument.smuX.*
status.questionable.instrument.”
status.questionable.calibration.*
status.questionable.over_temperature.”

Standard event status.standard.enable Page D-19

1. *=".ntr', ".ptr' and ".enable’; smuX = smua or smub.
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Table D-1 (cont.)
Status functions and registers

Type

Function! Reference

System events

status.system.enable Page D-17
status.system2.enable
status.system3.enable
status.system4.enable
status.system5.enable

Clearing registers and queues

When the SourceMeter is turned on, various register status elements will be set
as follows:

The PON bit in the status.condition register will be set.

Bits such as the output enable and over-temperature bits will be set appro-
priately.

All enable registers will be set to 0.

Al NTR registers will be set to 0.

All used PTR register bits will be set to 1.

The two queues will be empty.

Commands to reset the status registers and the Error Queue are listed in Table D-2.
In addition to these commands, any programmable register can be reset by sending
the O parameter value with the individual command to program the register.

Table D-2

Commands to reset registers and clear queues
Commands Description

To Reset Registers:

*CLS Reset bits of status registers to 0.

or

status.reset()
To Clear Error Queue:

errorqueue.clear() Clear all messages from Error Queue.

Return to Appendix D topics
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Programming and reading registers

Programming enable and transition registers

The only registers that can be programmed by the user are the enable and transi-
tion registers. All other registers in the status structure are read-only registers.
The following explains how to ascertain the parameter values for the various com-
mands used to program enable registers. The actual commands are summarized
in Appendix C and Table D-1 on page D-8.

A command to program an event enable or transition register is sent with a param-
eter value that determines the desired state (0 or 1) of each bit in the appropriate
register. The bit positions of the register (Figure D-6) indicate the binary parame-
ter value and decimal equivalent. To program one of the registers, send the deci-
mal value for the bit(s) to be set. The registers are discussed further in “Enable
and transition registers” on page D-15, while specific command parameters to
program these registers are outlined later in this section.

Figure D-6
16-bit status register

Bit Position | B7 | B6 | B5 | B4 | B3 | B2 | Bf BO
Binary Value | 0/1 | 01 | o/1 | o1 | o1 | o1 | 01 | 0O/
Decimal 128 64 32 16 8 4 2 1
Weights | (27) | (2% | @3 | @9 | )| @3] @) | (29

A. Bits 0 through 7

Bit Position | B15 | B14 | B13 | B12 | B11 | B10 | B9 B8
Binary Value | 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

Decimal |32768|16384| 8192 | 4096 | 2048 | 1024 | 512 | 256
Weights | (2%) | (2) | (29| (") | ") | ") | (9] (29)

B. Bits 8 through 15

When using a numeric parameter, registers are programmed by including the
appropriate <mask> value, for example:

*ege <mask>
status.standard.enable = <mask>

Return to Appendix D topics
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To convert from decimal to binary, use the information shown in Figure D-6. For
example, to set bits B0, B4, B7, and B10, a decimal value of 1169 would be used
for the mask parameter (1169 =1 + 16 + 128 + 1024).

Reading registers

Any register in the status structure can be read either by sending the common
command query (where applicable), or by including the script command for that
register in either the print() or print (tostring () ) command. The print ()
command returns a numeric value, while the print (tostring()) command
returns the string equivalent. For example, any of the following commands
requests the Service Request Enable register value:

*SRE?
print (tostring(status.request enable))
print (status.request enable)

The response message will be a decimal value that indicates which bits in the regis-
ter are set. That value can be converted to its binary equivalent using Figure D-6.
For example, for a decimal value of 37 (binary value of 100101), bits B5, B2, and BO
are set.

Status byte and service request (SRQ)

Service request is controlled by two 8-bit registers; the Status Byte Register and
the Service Request Enable Register. Figure D-7 shows the structure of these
registers.

Status byte register

The summary messages from the status registers and queues are used to set or
clear the appropriate bits (B0, B1, B2, B3, B4, B5, and B7) of the Status Byte Reg-
ister. These summary bits do not latch, and their states (0 or 1) are solely depen-
dent on the summary messages (0 or 1). For example, if the Standard Event
Register is read, its register will clear. As a result, its summary message will reset
to 0, which in turn will reset the ESB bit in the Status Byte Register.

Return to Appendix D topics
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Figure D-7
Status byte and service request (SRQ)

Status Summary Message

| | l <«—— Read by Serial Poll

Service

( *STB?
Request '
Generation Serial Poll
< é <«—— Read by *STB?
5 or print(status.condition)

ESB |MAV |QSB | EAV |SSB | MSB| status Byte
(B5) | (B4) | (B3)| (B2) | (B1)| (BO) | Register

)
™

)
\Z

)
U

)
ZJ

Service
<*SRE or OSB| — |ESB |MAV [QSB|EAV [SSB |[MSB| Request Read by *SRE?

status.request_enable | (B7)| (B6) | (B5) | (B4) | (B3)| (B2) | (B1) | (B0)| Enable  or print(status.request_enable)
Register

OSB = Operation Summary Bit
MSS = Master Summary Status
RQS = Request for Service

ESB = Event Summary Bit

Mav = Message Available

QSB = Questionable Summary Bit
EAV = Error Available

SSB = System Summary Bit

MSB = Measurement Summary Bit
& = Logical AND

OR = Logical OR
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The bits of the Status Byte Register are described as follows:

¢ Bit B0, Measurement Summary Bit (MSB) — Set summary bit indicates
that an enabled measurement event has occurred.

¢ Bit B1, System Summary Bit (SSB) — Set summary bit indicates that an
enabled system event has occurred.

* Bit B2, Error Available (EAV) — Set bit indicates that an error or status
message is present in the Error Queue.

e Bit B3, Questionable Summary Bit (QSB) — Set summary bit indicates
that an enabled questionable event has occurred.

* Bit B4, Message Available (MAV) — Set bit indicates that a response
message is present in the Output Queue.

e Bit B5, Event Summary Bit (ESB) — Set summary bit indicates that an
enabled standard event has occurred.

e Bit B6, Request Service (RQS)/Master Summary Status (MSS) — Set
bit indicates that an enabled summary bit of the Status Byte Register is set.
Depending on how it is used, Bit B6 of the Status Byte Register is either the
Request for Service (RQS) bit or the Master Summary Status (MSS) bit:

¢ When using the GPIB serial poll sequence of the SourceMeter to obtain
the status byte (serial poll byte), B6 is the RQS bit. See “Serial polling
and SRQ” for details on using the serial poll sequence.
*  When using the *STB? common command or status.condition
(Table D-3 on page D-15) to read the status byte, B6 is the MSS bit.
e Bit B7, Operation Summary (OSB) — Set summary bit indicates that an
enabled operation event has occurred.

Service request enable register

The generation of a service request is controlled by the Service Request Enable
Register. This register is programmed by the user and is used to enable or disable
the setting of bit B6 (RQS/MSS) by the Status Summary Message bits (B0, B2,
B3, B4, B5, and B7) of the Status Byte Register. As shown in Figure D-7, the sum-
mary bits are logically ANDed (&) with the corresponding enable bits of the Ser-
vice Request Enable Register. When a set (1) summary bit is ANDed with an
enabled (1) bit of the enable register, the logic “1” output is applied to the input of
the OR gate and, therefore, sets the MSS/RQS bit in the Status Byte Register.

The individual bits of the Service Request Enable Register can be set or cleared

by using the *SRE common command or its script equivalent. To read the Service
Request Enable Register, use the *SRE? query or script equivalent. The Service
Request Enable Register clears when power is cycled or a parameter value of 0 is
sent with the *SRE command (i.e. *SRE 0). The commands to program and read
the SRQ Enable Register are listed in Table D-3 on page D-15.

Return to Appendix D topics
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Serial polling and SRQ

Any enabled event summary bit that goes from 0 to 1 will set bit B6 and generate
an SRQ (service request). In your test program, you can periodically read the Sta-
tus Byte to check if an SRQ has occurred and what caused it. If an SRQ occurs,
the program can, for example, branch to an appropriate subroutine that will ser-
vice the request.

SRQs can be managed by the serial poll sequence of the SourceMeter. If an SRQ
does not occur, bit B6 (RQS) of the Status Byte Register will remain cleared, and
the program will simply proceed normally after the serial poll is performed. If an
SRQ does occur, bit B6 of the Status Byte Register will set, and the program can
branch to a service subroutine when the SRQ is detected by the serial poll.

The serial poll automatically resets RQS of the Status Byte Register. This allows
subsequent serial polls to monitor bit B6 for an SRQ occurrence generated by
other event types.

For common and script commands, B6 is the MSS (Message Summary Status)
bit. The serial poll does not clear MSS. The MSS bit stays set until all Status Byte
summary bits are reset.

SPE, SPD (serial polling)

For the GPIB interface only, the SPE, SPD General Bus Command sequence is
used to serial poll the SourceMeter (see “General bus commands” on page 11-7).
Serial polling obtains the serial poll byte (status byte). Typically, serial polling is
used by the controller to determine which of several instruments has requested
service with the SRQ line.

Status byte and service request commands

The commands to program and read the Status Byte Register and Service
Request Enable Register are listed in Table D-3. Note that the table includes both
common commands and their script command equivalents. For details on pro-
gramming and reading registers, see “Programming enable and transition regis-
ters” on page D-10, and “Reading registers” on page D-11.

To reset the bits of the Service Request Enable Register to 0, use 0 as the param-
eter value for the command (for example, *SRE 0).
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Table D-3

Status Byte and Service Request Enable Register commands

Command

Description

*STB?
or
print(status.condition)

Read Status Byte Register.

*SRE <mask>
or
status.request_enable = <mask>

Program the Service Request Enable Register:

<mask> = 0 to 255

*SRE?
or
print(status.request_enable)

Read the Service Request Enable Register.

Enable and transition registers

In general, there are three types or user-writable registers that are used to config-
ure which bits feed the register summary and when it occurs. The registers are
identified in the command table footnotes as follows:

e Enable register (identified as “enable” in the table footnotes): allows various
associated events to be included in the summary bit for the register.

* Negative-transition register (NTR; identified as “ntr” in the table footnotes):
a particular bit in the event register will be set when the corresponding bit in
the NTR is set, and the corresponding bit in the condition register transi-
tions from 1 to 0.

* Positive-transition register (PTR; identified as “ptr” in the table footnotes): a
particular bit in the event register will be set when the corresponding bit in
the PTR is set, and the corresponding bit in the condition register transi-
tions from O to 1.

Controlling node and SRQ enable registers

Attributes to control system node and SRQ enable bits and read associated regis-
ters are summarized in Table D-4. For example, either of the following will set the
system node MSB enable bit:

status.node enable = status.MSB
status.node_ enable = 1
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Table D-4
System node and SRQ enable register bit attributes

Attribute Description Bit
To set system node enable register bits:
status.node_enable = status. MEASUREMENT_SUMMARY_BIT Enable MSB. BO
status.node_enable = status.MSB Enable MSB. BO
status.node_enable = status. ERROR_AVAILABLE Enable EAV bit. B2
status.node_enable = status.EAV Enable EAV bit. B2
status.node_enable = status. QUESTIONABLE_SUMMARY_BIT Enable QSB. B3
status.node_enable = status.QSB Enable QSB. B3
status.node_enable = status. MESSAGE_AVAILABLE Enable MAYV bit. B4
status.node_enable = status.MAV Enable MAV bit. B4
status.node_enable = status. EVENT_SUMMARY_BIT Enable ESB. B5
status.node_enable = status.ESB Enable ESB. B5
status.node_enable = status. MASTER_SUMMARY_STATUS Enable MSS bit. B6
status.node_enable = status.MSS Enable MSS bit. B6
status.node_enable = status. OPERATION_SUMMARY_BIT Enable OSB. B7
status.node_enable = status.OSB Enable OSB. B7
To set service request enable register bits:
status.request_enable = status. MEASUREMENT_SUMMARY_BIT | Enable MSB. BO
status.request_enable = status.MSB Enable MSB. BO
status.request_enable = status.SYSTEM_SUMMARY_BIT Enable SSB. B1
status.request_enable = status.SSB Enable SSB. B1
status.request_enable = status. ERROR_AVAILABLE Enable EAV bit. B2
status.request_enable = status.EAV Enable EAV bit. B2
status.request_enable = status. QUESTIONABLE_SUMMARY_BIT | Enable QSB. B3
status.request_enable = status.QSB Enable QSB. B3
status.request_enable = status. MESSAGE_AVAILABLE Enable MAV bit. B4
status.request_enable = status.MAV Enable MAV bit. B4
status.request_enable = status.EVENT_SUMMARY_BIT Enable ESB. B5
status.request_enable = status.ESB Enable ESB. B5
status.request_enable = status. OPERATION_SUMMARY_BIT Enable OSB. B7
status.request_enable = status.OSB Enable OSB. B7
To read registers:
print(status.node_enable) Request system enable register.
print(status.request_enable) Request SRQ enable register.
print(status.condition) Request status byte register.
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Status register sets

As shown in Figure D-1 through Figure D-5, there are five status register sets in
the status structure of the SourceMeter; System Summary Event Status, Stan-
dard Event Status, Operation Event Status, Measurement Event Status, and
Questionable Event Status.

System Summary Event Registers

As shown in Figure D-1 on page D-3 and Figure D-2 on page D-4, there are five
register sets associated with System Event Status. These registers summarize
system status for various nodes connected to the TSP-Link (see Section 9). Note
that all nodes on the TSP-Link share a copy of the system summary registers
once the TSP-Link has been initialized. This feature allows all nodes to access the
status models of other nodes, including SRQ.

Commands are summarized in Table D-5.
For example, either of the following commands will set the EXT enable bit:

status.system.enable = status.system.EXT
status.system.enable 1

The following command will request the system enable register value:
print (status.system.enable)
The used bits of the System Event Registers are described as follows:

¢ EXT — Set bit indicates that an extension bit from a another system status
register is set.

¢ NODEnN — Indicates a bit on TSP-Link node n has been set (n =1 to 64).

Table D-5
System summary event commands

Command’ Bit!
To set register bits:
status.system.enable = status.system.EXTENSION_BIT BO
status.system.enable = status.system.EXT BO
status.system.enable = status.system.NODEn Bn

To read registers:
print(status.system.enable)
print(status.system.condition)
print(status.system.event)

1. n=1 through 14 for status.system; 15 through 28 for status.system2; 29 through 42 for status.system3;
43 through 56 for status.system4; 57 through 64 for status.system5.
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Table D-5 (cont.)
System summary event commands

Command’ Bit!
To set register bits:
status.system2.enable = status.system2. EXTENSION_BIT BO
status.system2.enable = status.system2.EXT BO
status.system2.enable = status.system2.NODEn Bn
To read registers:
print(status.system2.enable)
print(status.system2.condition)
print(status.system2.event)
To set register bits:
status.system3.enable = status.system3.EXTENSION_BIT BO
status.system3.enable = status.system3.EXT BO
status.system3.enable = status.system3.NODEn Bn
To read registers:
print(status.system3.enable)
print(status.system3.condition)
print(status.system3.event)
To set register bits:
status.system4.enable = status.system4.EXTENSION_BIT BO
status.system4.enable = status.system4.EXT BO
status.system4.enable = status.system4.NODEn Bn
To read registers:
print(status.system4.enable)
print(status.systemd4.condition)
print(status.system4.event)
To set register bits:
status.system5.enable = status.system5.EXTENSION_BIT BO
status.system5.enable = status.system5.EXT BO
status.systemb5.enable = status.system5.NODEn Bn
To read registers:
print(status.system5.enable)
print(status.system5.condition)
print(status.system5.event)

1. n=1 through 14 for status.system; 15 through 28 for status.system2; 29 through 42 for status.system3;

43 through 56 for status.system4; 57 through 64 for status.system5.
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Standard Event Register

The bits used in the Standard Event Register (shown in Figure D-8) are described
as follows:

Bit B0, Operation Complete — Set bit indicates that all pending selected
device operations are completed and the SourceMeter is ready to accept
new commands. The bit is set in response to an *OPC command. The ICL
function opc () can be used in place of the *OPC command. See
Appendix C for details on *OPC.

Bit B1 — Not used.

Bit B2, Query Error (QYE) — Set bit indicates that you attempted to read

data from an empty Output Queue.

Bit B3, Device-Dependent Error (DDE) — Set bit indicates that an instru-
ment operation did not execute properly due to some internal condition.
Bit B4, Execution Error (EXE) — Set bit indicates that the SourceMeter
detected an error while trying to execute a command.

Bit B5, Command Error (CME) — Set bit indicates that a command error
has occurred. Command errors include:

e |EEE-488.2 syntax error — SourceMeter received a message that does
not follow the defined syntax of the IEEE-488.2 standard.

e Semantic error — SourceMeter received a command that was mis-
spelled or received an optional IEEE-488.2 command that is not imple-
mented.

e The instrument received a Group Execute Trigger (GET) inside a pro-
gram message.

Bit B6, User Request (URQ) — Set bit indicates that the LOCAL key on
the SourceMeter front panel was pressed.

Bit B7, Power ON (PON) — Set bit indicates that the SourceMeter has
been turned off and turned back on since the last time this register has
been read.

Commands to program and read the register are summarized in Table D-6, and
bits are summarized in Table D-7.
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Figure D-8
Standard event register
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PON [ URQ | CME | EXE | DDE | QYE

status.standard.enable (B1 5- BB) (B?) (BG) (B5) (B4) (BS) (82) (B1)

print(status.standard.enable)

OPC
(BO)

PON = Power On QYE = Query Error
URQ = User Request OPC = Operation Complete
CME = Command Error & = Logical AND
EXE = Execution Error OR = Logical OR
DDE = Device-Dependent Error

Table D-6

Standard event commands

Command Description
*ESR? Read Standard Event Status Register.
or

print(status.standard.event)

*ESE <mask>
or
status.standard.enable = <mask>

Program the Event Status Enable Register:

<mask>=0to 255 See Table D-7.

*ESE?
or
print(status.standard.enable)

Read Event Status Enable Register.

Return to Appendix D topics
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Table D-7

Status event status registers and bits

Command Bit

To set register bits:

status.standard.enable = status.standard. OPERATION_COMPLETE BO
status.standard.enable = status.standard.OPC BO
status.standard.enable = status.standard. QUERY_ERROR B2
status.standard.enable = status.standard.QYE B2
status.standard.enable = status.standard. DEVICE_DEPENDENT_ERROR B3
status.standard.enable = status.standard.DDE B3
status.standard.enable = status.standard. EXECUTION_ERROR B4
status.standard.enable = status.standard.EXE B4
status.standard.enable = status.standard. COMMAND_ERROR B5
status.standard.enable = status.standard. CME B5
status.standard.enable = status.standard. USER_REQUEST B6
status.standard.enable = status.standard.URQ B6
status.standard.enable = status.standard. POWER_ON B7
status.standard.enable = status.standard.PON B7
To read registers:

print(status.standard.enable)

print(status.standard.condition)

print(status.standard.event)

Operation Event Registers

As shown in Figure D-3 on page D-5, there are seven register sets associated
with Operation Event Status. Commands are summarized in Table D-8. For exam-
ple, either of the following commands will set the CAL enable bit:

status.operation.enable = status.operation.CAL
status.operation.enable = 1

The bits used in the Operation Event Registers are described as follows:

e CAL — Set bit indicates that one or more channels are calibrating.

* MEAS — Bit will be set when taking an overlapped measurement, but it will
not set when taking a normal synchronous measurement.

¢ PRMPT — Set bit indicates that command prompts are enabled.

¢ USER — Set bit indicates that an enabled bit in the operation status user
register is set.

¢ INST — Set bit indicates that an enabled bit in the operation status instru-
ment summary register is set.

e PROG — Set bit indicates that a program is running.

Return to Appendix D topics
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Table D-8
Operation event commands

Command’ Bit
To set register bits:
status.operation.” = status.operation.CALIBRATING BO
status.operation.* = status.operation.CAL BO
status.operation.* = status.operation. MEASURING B4
status.operation.” = status.operation.MEAS B4
status.operation.” = status.operation.PROMPTS B11
status.operation.* = status.operation.PRMPTS B11
status.operation.* = status.operation.USER B12
status.operation.” = status.operation.INSTRUMENT_SUMMARY B13
status.operation.* = status.operation.INST B13
status.operation.” = status.operation.PROGRAM_RUNNING B14
status.operation.* = status.operation.PROG B14
To read registers:
print(status.operation.*)
print(status.operation.condition)
print(status.operation.event)
To set register bits:
status.operation.instrument.smuX.* = status.operation. CALIBRATING BO
status.operation.instrument.smuX.* = status.operation.CAL BO
status.operation.instrument.smuX.* = status.operation. MEASURING B4
status.operation.instrument.smuX.* = status.operation.MEAS B4
status.operation.instrument.smuX.* = status.operation.PROMPTS B11
status.operation.instrument.smuX.* = status.operation.PRMPTS B11
status.operation.instrument.smuX.* = status.operation.USER B12
status.operation.instrument.smuX.* = status.operation.PROGRAM_RUNNING B14
status.operation.instrument.smuX.* = status.operation.PROG B14
To read registers:
print(status.operation.instrument.smuX.*)
print(status.operation.instrument.smuX.condition)
print(status.operation.instrument.smuX.event)
To set register bits:
status.operation.instrument.” = status.operation.instrument. SMUA B1
status.operation.instrument.* = status.operation.instrument. SMUB B2
To read registers:
print(status.operation.instrument.*)
print(status.operation.instrument.condition)
print(status.operation.instrument.event)

1. *=".ntr', ".ptr' and ".enable’; smuX = smua or smub.
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Table D-8 (cont.)
Operation event commands

Command’ Bit
To set register bits:
status.operation.calibrating.” = status.operation.calibrating. SMUA B1
status.operation.calibrating.” = status.operation.calibrating.SMUB B2
To read registers:
print(status.operation.calibrating.*)
print(status.operation.calibrating.condition)
print(status.operation.calibrating.event)
To set register bits:
status.operation.measuring.* = status.operation.measuring.SMUA B1
status.operation.measuring.* = status.operation.measuring.SMUB B2
To read registers:
print(status.operation.measuring.*)
print(status.operation.measuring.condition)
print(status.operation.measuring.event)
To set register bits:
status.operation.user.” = status.operation.user.BITO BO
status.operation.user.” = status.operation.user.BIT1 B1
status.operation.user.” = status.operation.user.BIT2 B2
status.operation.user.” = status.operation.user.BIT3 B3
status.operation.user.” = status.operation.user.BIT4 B4
status.operation.user.” = status.operation.user.BIT5 B5
status.operation.user.” = status.operation.user.BIT6 B6
status.operation.user.” = status.operation.user.BIT7 B7
status.operation.user.” = status.operation.user.BIT8 B8
status.operation.user.” = status.operation.user.BIT9 B9
status.operation.user.” = status.operation.user.BIT10 B10
status.operation.user.” = status.operation.user.BIT11 B11
status.operation.user.” = status.operation.user.BIT12 B12
status.operation.user.” = status.operation.user.BIT13 B13
status.operation.user.” = status.operation.user.BIT14 B14
To read registers:
print(status.operation.user.*)
print(status.operation.user.condition)
print(status.operation.user.enable)

1. *=".ntr', "ptr' and '.enable; smuX = smua or smub.
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Questionable Event Registers

As shown in Figure D-4 on page D-6, there are six register sets associated with
Questionable Event Status. Commands are summarized in Table D-9.

For example, either of the following commands will set the CAL enable bit:

status.questionable.enable = status.questionable.CAL

status.questionable.enable = 256

The following command will request the questionable enable register value:

print (status.questionable.enable)

The bits used in the Questionable Event Registers are described as follows:

¢ CAL — Set bit indicates that calibration is questionable.

* OTEMP — Set bit indicates that an over temperature condition was

detected.

¢ INST — Set bit indicates that a bit in the questionable instrument summary

register is set.

Table D-9
Questionable event commands

Command’ Bit
To set register bits:
status.questionable.” = status.questionable. CALIBRATION B8
status.questionable.” = status.questionable.CAL B8
status.questionable.” = status.questionable. OVER_TEMPERATURE B12
status.questionable.” = status.questionable. OTEMP B12
status.questionable.” = status.questionable.INSTRUMENT_SUMMARY B13
status.questionable.” = status.questionable.INST B13
To read registers:
print(status.questionable.)
print(status.questionable.condition)
print(status.questionable.event)
To set register bits:
status.questionable.instrument.smuX.* = status.questionable. CALIBRATION B8
status.questionable.instrument.smuX.* = status.questionable.CAL B8
status.questionable.instrument.smuX.* = status.questionable. OVER_TEMPERATURE B12
status.questionable.instrument.smuX.* = status.questionable. OTEMP B12
To read registers:
print(status.questionable.instrument.smuX.*)
print(status.questionable.instrument.smuX.condition)
print(status.questionable.instrument.smuX.event)

1. *=".ntr', ".ptr' and ".enable’; smuX = smua or smub.
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Table D-9 (cont.)
Questionable event commands

Command’

Bit

To set register bits:

status.questionable.instrument.” = status.questionable.instrument. SMUA
status.questionable.instrument.” = status.questionable.instrument.SMUB
To read registers:

print(status.questionable.instrument.*)
print(status.questionable.instrument.condition)
print(status.questionable.instrument.event)

B1
B2

To set register bits:

status.questionable.calibration.* = status.questionable.calibration.SMUA
status.questionable.calibration.* = status.questionable.calibration.SMUB
To read registers:

print(status.questionable.calibration.*)
print(status.questionable.calibration.condition)
print(status.questionable.calibration.event)

B1
B2

To set register bits:

status.questionable.over_temperature.* = status.questionable.over_temperature. SMUA
status.questionable.over_temperature.* = status.questionable.over_temperature. SMUB
To read registers:

print(status.questionable.over_temperature.*)
print(status.questionable.over_temperature.condition)
print(status.questionable.over_temperature.event)

B1
B2

1. *="ntr', "ptr' and ".enable'; smuX = smua or smub.
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Measurement Event Registers

As shown in Figure D-5 on page D-7, there are seven register sets associated
with Measurement Event Status. Commands are summarized in Table D-10.

For example, either of the following commands will set the VOLTAGE_LIMIT
enable bit:

status.measurement.enable = status.measurement.VOLTAGE LIMIT
status.measurement.enable = 1

The bits used in the Measurement Event Registers are described as follows:

VLMT — Set bit indicates that the voltage limit was exceeded. This bit will
be updated only when (1) a measurement is taken or (2) the
smuX.source.compliance command is invoked

ILMT — Set bit indicates that the current limit was exceeded. This bit will be
updated only when (1) a measurement is taken or (2) the
smuX.source.compliance command is invoked.

ROF — Set bit indicates that an overflow reading has been detected.

BAV — Set bit indicates that there is at least one reading stored in either or
both of the non-volatile reading buffers.

OE — Set bit indicates that output enable has been asserted.

INST — Set bit indicates that a bit in the measurement instrument sum-
mary register is set.

Return to Appendix D topics
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Table D-10
Measurement event commands

Command’ Bit
To set register bits:
status.measurement.” = status.measurement.VOLTAGE_LIMIT BO
status.measurement.” = status.measurement.VLMT BO
status.measurement.” = status.measurement. CURRENT_LIMIT B1
status.measurement.” = status.measurement.ILMT B1
status.measurement.” = status.measurement. READING_OVERFLOW B7
status.measurement.* = status.measurement.ROF B7
status.measurement.” = status.measurement.BUFFER_AVAILABLE B8
status.measurement.” = status.measurement.BAV B8
status.measurement.* = status.measurement. OUTPUT_ENABLE B11
status.measurement.* = status.measurement.OE B11
status.measurement.* = status.measurement.INSTRUMENT_SUMMARY B13
status.measurement.” = status.measurement.INST B13
To read registers:
print(status.measurement.”)
print(status.measurement.condition)
print(status.measurement.event)
To set register bits:
status.measurement.instrument.smuX.* = status.measurement.VOLTAGE_LIMIT BO
status.measurement.instrument.smuX.* = status.measurement.VLMT BO
status.measurement.instrument.smuX.* = status.measurement. CURRENT_LIMIT B1
status.measurement.instrument.smuX.* = status.measurement.ILMT B1
status.measurement.instrument.smuX.* = status.measurement. READING_OVERFLOW B7
status.measurement.instrument.smuX.* = status.measurement.ROF B7
status.measurement.instrument.smuX.* = status.measurement.BUFFER_AVAILABLE B8
status.measurement.instrument.smuX.* = status.measurement.BAV B8
To read registers:
print(status.measurement.instrument.smuX.*)
print(status.measurement.instrument.smuX.condition)
print(status.measurement.instrument.smuX.event)
To set register bits:
status.measurement.instrument.* = status.measurement.instrument.SMUA B1
status.measurement.instrument.” = status.measurement.instrument.SMUB B2

To read registers:
print(status.measurement.instrument.*)
print(status.measurement.instrument.condition)
print(status.measurement.instrument.event)

1. *=".ntr'", ".ptr' and '.enable’; smuX = smua or smub.
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Table D-10 (cont.)
Measurement event commands

Command’ Bit
To set register bits:
status.measurement.voltage_limit.* = status.measurement.voltage_limit. SMUA B1
status.measurement.voltage_limit.* = status.measurement.voltage_limit. SMUB B2

To read registers:
print(status.measurement.voltage_limit.*)
print(status.measurement.voltage_limit.condition)
print(status.measurement.voltage_limit.event)

To set register bits:
status.measurement.current_limit.* = status.measurement.current_limit. SMUA B1
status.measurement.current_limit.* = status.measurement.current_limit. SMUB B2
To read registers:
print(status.measurement.current_limit.*)
print(status.measurement.current_limit.condition)
print(status.measurement.current_limit.event)

To set register bits:
status.measurement.buffer_available.” = status.measurement.buffer_available. SMUA B1
status.measurement.buffer_available.” = status.measurement.buffer_available. SMUB B2
To read registers:
print(status.measurement.buffer_available.*)
print(status.measurement.buffer_available.condition)
print(status.measurement buffer_available.event)

To set register bits:
status.measurement.reading_overflow.* = status.measurement.reading_overflow.SMUA B1
status.measurement.reading_overflow.* = status.measurement.reading_overflow.SMUB B2
To read registers:
print(status.measurement.reading_overflow.*)
print(status.measurement.reading_overflow.condition)
print(status.measurement.reading_overflow.event)

1. *=".ntr', ".ptr' and ".enable’; smuX = smua or smub.
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Register programming example

The command sequence below programs the instrument to generate an SRQ and
set the system summary bit to TSP-Link nodes when the current limit on Channel A
is exceeded.

status.reset () --Clear all registers.

status.measurement.current limit.enable --Enable current limit bitin
= status.measurement.current limit.SMUA  current limit register.

status.measurement .enable = --Enable status measure
status.measurement . ILMT current limit bit.
status.node_enable = status.MSB --Set system summary;
enable MSB.
status.node enable = status.MSB --Enable status SRQ MSB.

Queues

The SourceMeter uses two queues, which are first-in, first-out (FIFO) queues:
e Output Queue — Used to hold response messages.
¢ Error Queue — Used to hold error and status messages. (See Table B-2 on

page B-3.)
The SourceMeter status model (Figure D-1 on page D-3) shows how the two
queues are structured with the other registers.
Output queue

The output queue holds data that pertains to the normal operation of the instru-
ment. For example, when a print command is sent, the response message is
placed in the Output Queue.

When data is placed in the Output Queue, the Message Available (MAV) bit in the
Status Byte Register sets. A response message is cleared from the Output Queue
when it is read. The Output Queue is considered cleared when it is empty. An
empty Output Queue clears the MAV bit in the Status Byte Register.

A message is read from the Output Queue by addressing the SourceMeter to talk.

Error queue

The Error Queue holds error and status messages. When an error or status event
occurs, a message that defines the error or status is placed in the Error Queue.

When a message is placed in the Error Queue, the Error Available (EAV) bit in the
Status Byte Register is set. An error or status message is cleared from the Error
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Queue when it is read. The Error Queue is considered cleared when it is empty.
An empty Error Queue clears the EAV bit in the Status Byte Register.

The commands to control the Error Queue are listed in Table D-11. When you
read a single message in the Error Queue, the “oldest” message is read and then
removed from the queue. On power-up, the Error Queue is initially empty. If there
are problems detected during power-on, entries will be placed in the queue. When
empty, the error number 0 and “No Error” is placed in the queue.

Messages in the Error Queue include a code number, message text, severity, and
TSP-Link node number. The messages are listed in Table B-2 on page B-3.

Table D-11
Error queue commands

Error queue command

Description

errorqueue.clear()
errorqueue.count

errorcode, message, severity,
node = errorqueue.next()

Clear error queue of all errors.
Number of messages in the error/event queue.

Request error code, text message, severity, and
TSP-Link node number.
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Introduction

The purpose of this appendix is to provide a general procedure for obtaining
speed results similar to those listed in the Series 2600 Specifications in
Appendix A. Tests were performed using Visual Basic and VISA calls.

Test system used

PC Hardware: Pentium IV 2.4 GHz, 512MB RAM, National Instruments
PCI-GPIB
Model 260x Unit: Model 2602 (test runs on smuA only)
Software: Microsoft Windows 2000, Microsoft Visual Basic 6.0,
VISA version 3.1
Drivers: (PCI-GPIB) NI-488.2 version 2.2
Overview

Speed tests are separated into four categories: Sweep Operation Rates, Single
Operation Rates, Function/Range Change Rates, and Command Processing.
More detail on the tests is provided in the following paragraphs.

Sweep Operation Rate tests use a script to set up the instrument to record a large
number of measurements. The script sends a single print command at the end of
the test to signal the test program when it is done. Single Operation Rate tests
also use a script to send out measure commands. Samples are received one at a
time from the test program instead of collected inside a script. Function/Range
Change Rate tests measure the time it takes to change either a function or range.
Command Processing tests measure the time it takes to receive and process a
command.

Sweep Operation Rates

The procedure for Sweep Operation Rates test is listed below:
1. Short pins 1 and 2 of the digital I/O connector and power on the unit. Tests
involving the digital I/0 include time to receive a trigger from pin 2 to pin 1.

2. A script puts the Model 260x into a known test state, maximizing perfor-
mance of the instrument. It is sent to the instrument but not yet executed. A
large number of samples are taken once the script is run. This is necessary
to minimize error due to resolution of the Timer() function in Visual Basic.
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Unit is placed in sync with the test program to guarantee that the timing
results will not include execution time from previous commands. A simple
way to sync the unit is to issue a print command.
Private Sub Sync_Unit()

ReceiveBuffer = "

TransmitBuffer = "print(‘done")" & CRLF

VisaStatus = viWrite(VisaSession, TransmitBuffer, Len(TransmitBuffer), ReturnCount)

VisaStatus = viRead(VisaSession, ReceiveBuffer, MAX_BUFFER, ReturnCount)
End Sub
A snapshot of the timer is taken, after which the script mentioned in step 2
is sent to the unit. The test program collects all data returned from the
instrument. In the case of “X to memory” tests, a single result is sent to the
test program notifying that the test is done. In the case of "X to gpib” speed
tests, the program receives all measured data. Finally, another snapshot of
the timer is taken. The difference between the start and end time is the
speed result.

Single Measurement Rates

The procedure for a Single Measurement Rate test is listed below:

1.

A script puts the Model 260x into a known test state maximizing perfor-
mance of the instrument. It sets up the unit to return one measurement at a
time.

The unit is placed in sync with the test program to guarantee that the timing
will not include an execution time from a previous command.

A snapshot of the timer is taken after which the script is sent to the unit. A
loop in the test program sends a series of measure commands and obtains
results one at a time. When the loop is completed, another snapshot of the
timer is taken. The difference between the start and end time is the speed
result.

Function and Range Change Rates

The procedure for a Function and Range Change Rate test is listed below:

1.

A script puts the Model 260x into a known test state, maximizing perfor-
mance of the instrument. It is sent to the instrument but not executed. It
configures the unit to take a large number of samples that either make
range or function changes.

The unit is placed in sync with the test program to guarantee that the timing
will not include an execution time from previous commands.

A snapshot of the timer is taken after which the script is sent to the unit. The
test program gets a signal from the unit notifying that the test is complete.
Another snapshot of the timer is taken. The difference between the start
and end time is the speed result.
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Command Processing

The procedure for a Command Processing test is listed below:

1.

Using an oscilloscope, connect a probe to GPIB ATN line. Connect another
probe to the output of smua. Set up the scope to display both inputs on the
appropriate scales.

2. Again, a script is used to put the Model 260x into a known test state. It is
sent to the instrument but not executed. The script configures the unit to
take a large number of samples.

3. The script is executed causing the output of the smu to change levels.

4. Time is recorded on the scope, measuring the period between the time the
GPIB ATN line stops moving, and when the output of the smu begins to
change.

Sweep Operation Rates

All tests in this section use a setup script with the following procedure if internal
handshaking is involved. All tests use smua.

1.

—_ =

12.
13.

S 0N Ok DD

Set the source range to 1V, turning autorange off.

Measure range is set to 1V, turning autorange off.

Measurement filter is off.

Set the source function to volts.

The NPLC is set.

Turn output ON.

Autozero is set to smua.AUTOZERO_ONCE.

A voltage measurement is taken to get a background reference reading.
Autozero is turned off.

A for-loop takes the desired number of samples.

Measurements are taken, data is saved to a buffer, and an array is created
in Lua to store the samples. If the test is a “to GPIB” test, data is returned
using the printnumber() function.

Turn output OFF.

A print command is issued to the test program when the test is complete if
the test is “to MEMORY”.

For Digital I/O handshaking:

1.
2.
3.

Set the source range to 1V, turning autorange off.
Measure range is set to 1V, turning autorange off.
Measurement filter is off.
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4. Set the trigger mode of line 1 to FALLING, digio.trigger[1].mode =
digio. TRIG_FALLING.

5. Set the pulse width of line 2, digio.trigger[2].pulsewidth = 1E-6
6. Sets the source function to volts.
7. The NPLC is set.
8. Turn output ON.
9. Autozero is set to smua.AUTOZERO_ONCE.
10. A measurement is taken internally to get a background reference reading.
11. Autozero is turned off.
12. A for-loop takes the desired number of samples.

13. Aloop generates a series of measurements. Before each measurement,
digio.trigger[1].wait is issued. A voltage measurement is then stored to a
buffer. If the test is a “to GPIB” test, data is returned with the printnumber()
function. Finally, digio.trigger[2].wait is sent.

14. Turn output OFF.

15. A print command is issued to the test program when the test is complete if
the test is “to MEMORY”.

Measure to Memory

The script uses smua.measure.v(nvbuffer1) to take measurements. The measure
count is set to a large number such as 1,000 instead of taking data in a for-loop.
Results are saved to nvbuffer1 instead of an array created in Lua.

The following shows how the speed results are obtained in Visual Basic.
TestScript() is the setup script.
tstart = Timer* Starts timer
TransmitBuffer = "TestScript()" & CRLF
ReceiveBuffer = "
VisaStatus = viWrite(VisaSession, TransmitBuffer, Len(TransmitBuffer), ReturnCount)
VisaStatus = viRead(VisaSession, ReceiveBuffer, MAX_BUFFER, ReturnCount)
tstop = Timer ‘Stops timer

Result = NumPoints/ (tstop — start) ‘ NumPoints is the number of samples taken

Measure to GPIB

This test is similar to Measure to Memory. Instead of storing data to a buffer, data
is returned to the test program one at a time. It also sets the return data format to
SREAL instead of ASCII. The command printnumber() returns the data.

The following shows how the results are obtained in Visual Basic. TestScript() is
the setup script.

Return to Appendix E topics
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tstart = Timer
TransmitBuffer = "TestScript()" & CRLF
VisaStatus = viWrite(VisaSession, TransmitBuffer, Len(TransmitBuffer), ReturnCount)
For i =1 To NumPoints’ Number of samples to take
VisaStatus = viRead(VisaSession, ReceiveBuffer, MAX_BUFFER, ReturnCount)
Next i
tstop = Timer

Result = NumPoints/ (tstop — start) ‘ NumPoints is the number of samples taken

Source Measure to Memory

The setup for this test is similar to Measure to Memory.

The smua.measurevandstep(Levelv) function is used instead of smua.mea-
sure.v() (refer to command documentation in Section 12). Levelv increments
throughout the test. Data is stored to an array created in Lua.

Source Measure to GPIB

The setup for this test is similar to Measure to GPIB except the smua.measure-
vandstep(Levelv) function is used instead of smua.measure.v(). Levelv incre-
ments throughout the test.

Source Measure Pass/Fail to Memory

This test is similar to the Source Measure to Memory test, and it adds some
addition logic. Each measurement is compared to a value, and a flag is setto 1 or
0 depending on whether the measurement is above a threshold or not.

Source Measure Pass/Fail to GPIB

The setup for this test is similar to Source Measure to GPIB and adds some addi-
tion logic. Each measurement is compared to a value and a flag is setto 1 or 0
depending on whether the measurement is above a threshold or not.

Single Measurement Rates

Each test in this section uses a setup script that perrforms the following:
1. Set the source range to 1V, turning autorange off.

Measure range is set to 1V, turning autorange off.

Measurement filter is off.

Set the source function to volts.

The NPLC is set.

Al A

Return to Appendix E topics
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Turn output ON.

Autozero is set to smua.AUTOZERO_ONCE.

A measurement is taken internally to get a background reference reading.
9. Autozero is turned off.

10. The format.data command is set to format.SREAL.

11. A function is issued to take a single measurement.

12. Data is returned using printhnumber().

13. Turn output OFF.

Measure to GPIB

Single voltage measurements are recorded using smua.measure.v().

© N o

The following shows how the results are obtained in Visual Basic. TestScript() is
the setup script.

TransmitBuffer = "printnumber(smua.measure.v())" & CRLF
tlen = Len(TransmitBuffer)

tstart = Timer
For i = 1 To NumPoints * NumPoints is the number of samples taken
VisaStatus = viWrite(VisaSession, TransmitBuffer, tlen, ReturnCount)
VisaStatus = viRead(VisaSession, ReceiveBuffer, MAX_BUFFER, ReturnCount)
Next i
tstop = Timer

Result = NumPoints/ (tstop — start)

Source Measure to GPIB

This test is similar to Measure to GPIB. The smua.measurevandstep(Levelv)
function is used instead of smua.measure.v(). Levelv increments are used
throughout the test.

Source Measure Pass/Fail to GPIB

The setup for this test is similar to Source Measure to GPIB and adds some addi-
tion logic. Each measurement is compared to a value and a flag is setto 1 or 0
depending on whether the measurement is above the threshold or not.

Return to Appendix E topics
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Function/ Range Change Rates

The tests in this section have the following setup:

1. Set the source range to 1V, turning autorange off.
Measure range is set to 1V, turning autorange off.
Measurement filter is off.

Set the source function to volts.
The NPLC is set.

Turn output ON.

Range or function is altered.
Turn output OFF.

© N oA~ ®DN

Source Range Change Rate

This test uses the previous setup to alternate between two source ranges.

The following shows how the results are obtained in Visual Basic. TestScript() is
the setup script.

tstart = Timer
TransmitBuffer = "TestScript()" & CRLF
ReceiveBuffer = ""
VisaStatus = viWrite(VisaSession, TransmitBuffer, Len(TransmitBuffer), ReturnCount)
VisaStatus = viRead(VisaSession, ReceiveBuffer, MAX_ BUFFER, ReturnCount)
tstop = Timer

Result = NumPoints/ (tstop — start) * NumPoints is the number of samples taken

Measure Range Change Rate

This test method is the same as the Source Range Change Rate test, but this
one alternates between two measurement ranges.

Function Change Rate

This test method is the same as the Source Range Change Rate test, but this
one alternates between voltages and current.

Return to Appendix E topics
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Command Processing

This test has the following setup:

1.

2.
3.
4

Set the source range to 1V, turning autorange off.
Set the source function to volts.
Turn output ON.

A series of smua.source.levelv() commands are sent out to alternate the
smu voltage level between 1V and 0V.

Time is recorded on the scope measuring the period between the time the
GPIB ATN line stops moving and when the output of the smu begins to
change.

Turn output OFF.

Return to Appendix E topics
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KEITHLEY Service Form

Model No. Serial No. Date
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List all control settings, describe problem and check boxes that apply to problem.

U Intermittent U Analog output follows display U Particular range or function bad; specify
Q IEEE failure 1 Obvious problem on power-up O Batteries and fuses are OK
QO Front panel operational Q All ranges or functions are bad 1 Checked all cables

Display or output (check one)

U Drifts U1 Unable to zero U Unstable
U Overload U Will not read applied input
U Calibration only U Certificate of calibration required U Data required

(attach any additional sheets as necessary)

Show a block diagram of your measurement including all instruments connected (whether power is turned on or
not). Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F
Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.



Specifications are subject to change without notice.
All Keithley trademarks and trade names are the property of Keithley Instruments, Inc.
All other trademarks and trade names are the property of their respective companies.

KEITHLEY

A GREATER M EASURE O F CONFIDENCE

Keithley Instruments, Inc.
Corporate Headquarters - 28775 Aurora Road « Cleveland, Ohio 44139 « 440-248-0400 * Fax: 440-248-6168 + 1-888-KEITHLEY (534-8453) « www.keithley.com

12/04



	Series 2600 System SourceMeter® Instruments Reference Manual
	Warranty
	Manual Print History
	Safety Precautions
	Table of Contents
	List of Illustrations
	List of Tables
	1 Getting Started
	Introduction
	General information
	Front and rear panel familiarization
	Cooling vents
	Power-up
	Display modes
	Editing controls
	Menus
	Interface selection
	Error and status messages
	Default settings
	Remote programming

	2 TSP Programming Fundamentals
	Introduction
	Programming overview
	Installing the TSP software
	System connections
	Using Test Script Builder
	Sending commands and statements
	User scripts
	Factory scripts
	Differences: remote vs. local state
	Memory considerations
	Test Script Language (TSL) reference

	3 DUT Test Connections
	Input/Output terminal blocks
	Input/Output LO and chassis ground
	Sensing methods
	Multiple SMU connections
	Guarding and shielding
	Test fixture
	Floating an SMU
	Output-off states

	4 Basic Operation
	Overview
	Operation overview
	Operation considerations
	Triggering
	Basic source-measure procedure
	Measure only
	Sink operation
	Ohms measurements
	Power measurements

	5 Sweep Operation
	Overview
	Sweep characteristics
	Sweep functions
	Running sweeps

	6 Range, Digits, Speed, Rel, and Filters
	Overview
	Range
	Digits
	Speed
	Rel
	Filters

	7 Buffer (Data Store)
	Overview
	Data store overview
	Front panel data store
	Remote data store

	8 Source-Measure Concepts
	Overview
	Compliance limit
	Sweep waveforms
	Overheating protection
	Operating boundaries
	Basic circuit configurations
	Guard
	Pulse concepts

	9 System Expansion (TSP-Link)
	Overview
	Connections
	Initialization
	Using the expanded system

	10 Digital I/O and Output Enable
	Overview
	Digital I/O port
	Output enable

	11 Communications Interfaces
	Overview
	Selecting an interface
	GPIB operation
	General bus commands
	Front panel GPIB operation
	RS-232 interface operation

	12 Instrument Control Library
	Command programming notes
	ICL functions and attributes list
	beeper function and attribute
	bit functions
	delay function
	digio functions and attributes
	display functions and attributes
	errorqueue functions and attribute
	exit function
	format attributes
	gpib attribute
	localnode attributes
	makegetter functions
	opc function
	printbuffer and printnumber functions
	reset function
	serial functions and attributes
	setup functions and attribute
	smuX functions and attributes
	timer functions
	trigger functions
	tsplink function and attributes
	userstring functions
	waitcomplete function

	13 Factory Scripts
	Introduction
	Factory script
	Flash firmware upgrade

	14 Display Operations
	Display functions and attributes
	Display features
	Display messages
	Input prompting
	Annunciators
	LOCAL lockout
	Load test menu
	Display triggering
	Key-press codes

	15 Performance Verification
	Introduction
	Verification test requirements
	Restoring factory defaults
	Performing the verification test procedures
	Output voltage accuracy
	Voltage measurement accuracy
	Output current accuracy
	Current measurement accuracy

	16 Calibration
	Introduction
	Environmental conditions
	Calibration considerations
	Calibration

	17 Routine Maintenance
	Introduction
	Line fuse replacement
	Front panel tests

	A Specifications
	2601 and 2602 System SourceMeter® Specifications

	B Error and Status Messages
	Introduction
	Error summary
	Reading errors

	C Common Commands
	Introduction
	Common commands

	D Status Model
	Overview
	Clearing registers and queues
	Programming and reading registers
	Status byte and service request (SRQ)
	Status register sets
	Queues

	E Speed Specification Test Conditions
	Introduction
	Test system used
	Overview
	Sweep Operation Rates
	Single Measurement Rates
	Function/ Range Change Rates
	Command Processing

	Index
	A
	B
	C
	D
	E
	F
	G
	I
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /Formata-Bold
    /Formata-BoldCondensed
    /Formata-BoldCondensedItalic
    /Formata-BoldItalic
    /Formata-CnItalicExpert
    /Formata-CnItalicSC
    /Formata-Condensed
    /Formata-CondensedExpert
    /Formata-CondensedItalic
    /Formata-CondensedOutline
    /Formata-CondensedSC
    /Formata-Italic
    /Formata-ItalicExpert
    /Formata-ItalicSC
    /Formata-Light
    /Formata-LightCnExpert
    /Formata-LightCnItalicExpert
    /Formata-LightCnItalicSC
    /Formata-LightCnSC
    /Formata-LightCondensed
    /Formata-LightCondensedItalic
    /Formata-LightExpert
    /Formata-LightItalic
    /Formata-LightItalicExpert
    /Formata-LightItalicSC
    /Formata-LightSC
    /Formata-Medium
    /Formata-MediumCondensed
    /Formata-MediumCondensedItalic
    /Formata-MediumItalic
    /Formata-Outline
    /Formata-Regular
    /Formata-RegularExpert
    /Formata-RegularSC
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Medium-Italic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Garamond-Normal
    /Garamond-Normal-Bold
    /Garamond-Normal-BoldItalic
    /Garamond-NormalCondensed
    /Garamond-NormalCondensed-Bold
    /Garamond-NormalCondensed-BoldItalic
    /Garamond-NormalCondensed-Italic
    /Garamond-Normal-Italic
    /Garamond-NormalThin
    /Garamond-NormalThin-Bold
    /Garamond-Thin-Italic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HelvCondensed-Normal
    /HelveNueThin
    /Helvetica
    /Helvetica33-ExtendedThin
    /Helvetica35-Thin
    /Helvetica37-CondensedThin
    /Helvetica43-ExtendedLight
    /Helvetica53-Extended
    /Helvetica56-Italic
    /Helvetica57-Condensed
    /Helvetica63-ExtendedMedium
    /Helvetica65-Medium
    /Helvetica67-CondensedMedium
    /Helvetica73-ExtendedBold
    /Helvetica75-Bold
    /Helvetica75Outline-Bold
    /Helvetica83-ExtendedHeavy
    /Helvetica85-Heavy
    /Helvetica87-CondensedHeavy
    /Helvetica87-CondHvyObl
    /Helvetica93-ExtendedBlack
    /Helvetica95-Black
    /Helvetica-Black
    /Helvetica-BlackHo-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /HelveticaCndObl-Thin
    /Helvetica-Compressed
    /Helvetica-CondBlkObl
    /Helvetica-CondBoldObl
    /Helvetica-Condensed
    /Helvetica-CondensedBlack
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Black-Se
    /Helvetica-CondensedBold
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /HelveticaCondensedDestressed
    /Helvetica-CondensedLight
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-CondensedOblique
    /Helvetica-Condensed-Oblique
    /HelveticaCondensedStressed
    /Helvetica-Condensed-Thin
    /Helvetica-CondLtObl
    /Helvetica-Conth
    /HelveticaCyr-Bold
    /HelveticaCyr-BoldInclined
    /HelveticaCyr-Inclined
    /HelveticaCyr-Upright
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaFractions
    /HelveticaFractions-Bold
    /HelveticaInserat
    /HelveticaInseratCyr-Upright
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldItalic
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Italic
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /Helvetica-NarrowProfi-Bold
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-BoldOutline
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumExtOblique
    /HelveticaNeue-MediumItalic
    /HelveticaNeueRegular
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinExt
    /HelveticaNeue-ThinExtObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /HelveticaRounded-Black
    /HelveticaRounded-BlackObl
    /HelveticaRounded-BlackOblique
    /HelveticaRounded-Bold
    /HelveticaRounded-BoldCond
    /HelveticaRounded-BoldCondObl
    /HelveticaRounded-BoldObl
    /HelveticaRounded-BoldOblique
    /HelveticaRounded-CondBold
    /HelveticaRounded-CondBoldObl
    /Helvetica-UltraCompressed
    /HelvFB
    /HelvFBBold
    /HelvFBBoldOblique
    /HelvFBOblique
    /HelvFE
    /HelvFEBold
    /HelvFEBoldOblique
    /HelvFEOblique
    /HelvFE-Oblique
    /HelvLight-Normal
    /HelvMono
    /HelvMono-Bold
    /HelvMono-Bold-Oblique
    /HelvMono-Oblique
    /HelvNueOutline
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /Optima
    /Optima-Black
    /Optima-BlackItalic
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-DemiBold
    /Optima-DemiBoldItalic
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Medium
    /Optima-MediumItalic
    /Optima-Oblique
    /Optima-Thin
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /QuickType
    /QuickType-Bold
    /QuickTypeCondensed
    /QuickTypeCondensed-Bold
    /QuickTypeCondensed-Italic
    /QuickType-Italic
    /QuickTypeMono
    /QuickTypePi
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /TimesCgATT
    /TimesCgATT-Bold
    /TimesCgATT-BoldItalic
    /TimesCgATT-Italic
    /TimeScrD-Bold
    /TimeScrD-Ligh
    /TimeScrD-Medi
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /Times-ExtraBold
    /Times-Italic
    /TimesItalicLefty
    /Times-ItalicOsF
    /TimesLeftyNormal
    /TimesMirror
    /TimesNewRoman-Bold
    /TimesNewRoman-BoldItalic
    /TimesNewRomanEuroPS-BoldItalicMT
    /TimesNewRomanEuroPS-BoldMT
    /TimesNewRomanEuroPS-ItalicMT
    /TimesNewRomanEuroPSMT
    /TimesNewRoman-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesNewRomanSpecialG1-Italic
    /TimesNewRomanSpecialG2-BoldItalic
    /TimesNewRomB
    /TimesNewRomI
    /TimesNRMT
    /TimesNRMT-Bold
    /TimesNRMT-BoldItalic
    /TimesNRMT-Italic
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesTen-Bold
    /TimesTen-BoldItalic
    /TimesTen-BoldItalicOsF
    /TimesTen-BoldOsF
    /TimesTenCyr-Bold
    /TimesTenCyr-BoldInclined
    /TimesTenCyr-Inclined
    /TimesTenCyr-Upright
    /TimesTen-Italic
    /TimesTen-ItalicOsF
    /TimesTen-Roman
    /TimesTen-RomanSC
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Universal-NewswithCommPi
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-BoldItalicOsF
    /Utopia-BoldOsF
    /UtopiaExp-Black
    /UtopiaExp-Bold
    /UtopiaExp-BoldItalic
    /UtopiaExp-Italic
    /UtopiaExp-Regular
    /UtopiaExp-Semibold
    /UtopiaExp-SemiboldItalic
    /Utopia-Headline
    /Utopia-Italic
    /Utopia-ItalicOsF
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-RegularSC
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /Utopia-SemiboldItalicOsF
    /Utopia-SemiboldSC
    /Utopia-Titling
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




