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WARRANTY

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

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

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

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

LIMITATION OF WARRANTY

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

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

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR
ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OF ITS INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS
BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAM-
AGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL AND INSTALLATION,
LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.
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Keithley Instruments, Inc. 28775 Aurora Road  Cleveland, Ohio 44139 « 440-248-0400 « Fax: 440-248-6168
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Manual Print History

The print history shown below lists the printing dates of all Revisions and Addenda created
for this manual. The Revision Level letter increases alphabetically as the manual undergoes
subsequent updates. Addenda, which are released between Revisions, contain important
change information that the user should incorporate immediately into the manual. Addenda
are numbered sequentially. When a new Revision is created, all Addenda associated with the
previous Revision of the manual are incorporated into the new Revision of the manual. Each
new Revision includes a revised copy of this print history page.

Revision A (Document Number 2500-900-01)......c.cccevieiierieeiieeieeeeeie e August 2000
Revision B (Document Number 2500-900-01). April 2001
Revision C (Document Number 2500-900-01).......c..ccoieiiiiiiieiiieiieceeeie e June 2002

All Keithley product names are trademarks or registered trademarks of Keithley Instruments, Inc.
Other brand names are trademarks or registered trademarks of their respective holders.
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NSNIMRY Safety Precautions

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

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

If the product is used in a manner not specified, the protection provided by the product may be impaired.
The types of product users are:

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

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

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

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

Keithley products are designed for use with electrical signals that are rated Installation Category I and Installation Category II,
as described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most measurement, control, and data
I/O signals are Installation Category I and must not be directly connected to mains voltage or to voltage sources with high tran-
sient over-voltages. Installation Category II connections require protection for high transient over-voltages often associated with
local AC mains connections. Assume all measurement, control, and data I/O connections are for connection to Category I sourc-
es unless otherwise marked or described in the Manual.

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

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

Do not connect switching cards directly to unlimited power circuits. They are intended to be used with impedance limited sourc-
es. NEVER connect switching cards directly to AC mains. When connecting sources to switching cards, install protective de-
vices to limit fault current and voltage to the card.

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

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

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

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

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

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

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

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

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

If @ or ,J7 is present, connect it to safety earth ground using the wire recommended in the user documentation.
The A symbol on an instrument indicates that the user should refer to the operating instructions located in the manual.

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

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

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

Instrumentation and accessories shall not be connected to humans.
Before performing any maintenance, disconnect the line cord and all test cables.

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

To clean an instrument, use a damp cloth or mild, water based cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill on the instrument. Products that consist of a circuit board with
no case or chassis (e.g., data acquisition board for installation into a computer) should never require cleaning if handled accord-
ing to instructions. If the board becomes contaminated and operation is affected, the board should be returned to the factory for
proper cleaning/servicing.
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General information — Covers general information that includes warranty informa-
tion, contact information, safety symbols and terms, inspection, and available options
and accessories.

Product overview — Summarizes the features of the Model 2500 Dual Photodiode
Meter.

Familiarization — Summarizes the controls and connectors on the unit.

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

Display — Provides information about the Model 2500 display.
Default settings — Covers factory default setups and saving and recalling user setups.

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

Warranty information

Warranty information is located at the front of this manual. Should your Model 2500
require warranty service, contact the Keithley representative or authorized repair facility
in your area for further information. When returning the instrument for repair, be sure to
fill out and include the service form at the back of this manual to provide the repair facility
with the necessary information.

Contact information

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

Manual addenda

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

Safety symbols and terms

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

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

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

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

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

letronics.com
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Inspection

The Model 2500 was carefully inspected electrically and mechanically before shipment.
After unpacking all items from the shipping carton, check for any obvious signs of physi-
cal damage that may have occurred during transit. (There may be a protective film over the
display lens, which can be removed.) Report any damage to the shipping agent immedi-
ately. Save the original packing carton for possible future shipment. The following items
are included with every Model 2500 Dual Photodiode Meter order:

¢ Model 2500 with line cord.
¢ Accessories as ordered.

¢ Certificate of calibration.

e User’s Manual.

¢ Service Manual

¢ Manual addenda, containing any improvements or changes to the instrument or
manual.

If an additional user’s manual is required, order the appropriate manual package (for
example, 2500-900-00). The manual packages include a manual and any pertinent
addenda.

Options and accessories

letronics.com

The following options and accessories are available from Keithley for use with the
Model 2500.

Manuals

Model 2500-902-00 — This manual package includes the service manual and any perti-
nent addenda.

Triax cables and adapters

Model 7078-TRX-1 — This low-noise 12-inch triax cable is terminated at both ends with
3-slot male triax connectors.

CS-751 Barrel Adapter — This is a barrel adapter that allows you to connect two triax
cables together. Both ends of the adapter are terminated with 3-lug female triax
connectors.

CS-1053 Barrel Adapter — This barrel adapter is terminated at both ends with 3-slot
male triax connectors.

Model 237-BNC-TRX Adapter — This is a male BNC to 3-lug female triax adapter
(guard disconnected). It is used to terminate a triax cable with a BNC plug.

Model 237-TRX-T Adapter — This is a 3-slot male to dual 3-lug female triax tee adapter
for use with triax cables.
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Model 7078-TRX-BNC Adapter — This is a 3-slot male triax to female BNC adapter.
This adapter lets you connect a BNC cable to the triax input of the Model 2500.

Model 237-TRX-TBC Connector — This is a 3-lug female triax bulkhead connector
with cap for assembly of custom panels and interface connections.

Interface cables

Models 7007-1 and 7007-2 shielded GPIB cables — Connect the Model 2500 to the
GPIB bus using shielded cables and connectors to reduce Electromagnetic Interference
(EMI). The Model 7007-1 is 1m long; the Model 7007-2 is 2m long.

Model 7009-5 shielded RS-232 cable — Connect the Model 2500 to computer serial port
using shielded cables and connectors to reduce EMI.

Models 8501-1 and 8501-2 trigger link cables — Connect the Model 2500 to other
instruments with Trigger Link connectors (e.g., Model 7001 Switch System). The Model
8501-1 is 1m long; the Model 8501-2 is 2m long.

Model 8502 trigger link adapter — Lets you connect any of the six Trigger Link lines of
the Model 2500 to instruments that use the standard BNC trigger connectors.

Model 8503 DIN to BNC trigger cable — Lets you connect Trigger Link lines one (Volt-
meter Complete) and two (External Trigger) of the Model 2500 to instruments that use
BNC trigger connectors. The Model 8503 is 1m long.

Rack mount kits

Model 4288-1 single fixed rack mount kit — Mounts a single Model 2500 in a standard
19-inch rack.

Model 4288-2 side-by-side rack mount kit — Mounts two instruments (Models 182,
428, 486, 487, 2000, 2001, 2002, 2010, 2015, 2016, 2400, 2410, 2420, 2430, 2500, 2510,
6430, 6517, 7001) side-by-side in a standard 19-inch rack.

Model 4288-3 side-by-side rack mount kit — Mounts a Model 2500 and a Model 199
side-by-side in a standard 19-inch rack.

Model 4288-4 side-by-side rack mount kit — Mounts a Model 2500 and a 5.25-inch
instrument (Models 195A, 196, 220, 224, 230, 263, 595, 614, 617, 705, 740, 775, etc.)
side-by-side in a standard 19-inch rack.

Model 4288-5 dual fixed rack mounting kit — Mounts a Model 2500 and another
3V%2-inch high instrument (Model 182, 428, 486, 487, 2000, 2010, 2400, 2410, 2420, 2430,
or 7001) side-by-side in a standard 19-inch rack.

Carrying case

Model 1050 padded carrying case — A carrying case for a Model 2500. Includes handles
and a shoulder strap.

letronics.com
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Product overview
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NOTE  This manual covers both the Model 2500 and 2502, which are virtually identical

except for the addition of analog outputs on the Model 2502. All references to
the Model 2500 apply to the Model 2502 unless otherwise noted.

The Model 2500 combines two stable DC bias voltage sources with two low-noise amme-
ters for dual-channel, low-current photodiode measurements. The unit has 0.1% basic
measurement accuracy with up to 6%2-digit resolution. At 5%2-digit resolution, the

Model 2500 can transfer up to 475 readings per second over the GPIB, and up to 900 read-
ings per second with 4Y2-digit resolution.

Each Model 2500 channel has the following measurement and voltage bias capabilities:

Measure current from 1fA to 20mA.
Source bias voltage from 500pV to 100V.

Some additional capabilities of the Model 2500 include:

Sweep capabilities: linear and logarithmic staircase, and custom sweeps of up to 2500
points.

Two hardware limit tests and four software limit tests with a built-in comparator for
pass/fail testing.

Digital I/O for stand-alone binning operations or interface to component handler.
Programming language and remote interfaces — The Model 2500 uses the SCPI pro-
gramming language and two remote interface ports (IEEE-488/GPIB and RS-232C).
Trigger-Link interface to Keithley Series 7000 switching hardware.

Math functions — V/I, I/V, optical power, electrical power, ratio, delta, and offset
functions.

Reading and setup storage — Up to 3000 5%2-digit readings for each channel and
seven setups (five user defaults, factory default, *RST default) can be stored and
recalled.

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

The Model 2502 adds an analog output for each channel. Each analog output provides
a-10V to +10V output voltage analogous to the input current.
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Front and rear panel familiarization

Front panel summary

The front panel of the Model 2500 is shown in Figure 1-1.

Figure 1-1
Front panel

KEITHLEY

CHANNEL
SELECT

DISPLAY

2500 DUAL PHOTODIODE METER

}—eor—

e

(toca] ReL ) (Furer) umir)  (TRIG [SWEEP) I(< )

0000

6 7 5 9 -
(DieiTs sPeeD)  (STOREJRECALD)  (CONFIG) ME!

NU) (BT |ENTER)

O

ON/OFF

OUTPUT

Model 2500

Measurement function keys:

MSR1
MSR2
DELTA
RATIO

Measure channel 1.
Measure channel 2.
Difference function.
Ratio function.

Voltage bias source function keys:

SRC1
SRC2

Range keys:

AUTO
A
v

EDIT keys:

VA<
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Channel 1 voltage bias source.
Channel 2 voltage bias source.

Enable/disable auto-range.
Increase manual range.
Decrease manual range.

Increase value.
Decrease value.
Move cursor left.
Move cursor right.
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Operation keys:

CHANNEL SELECT Select channel 1 or channel 2 measurement for display.
DISPLAY TOGGLE Toggle between channel 1/2 display (add MSR2 to display for dual display mode).

LOCAL
REL
FILTER
LIMIT
TRIG
SWEEP
DIGITS
SPEED
STORE
RECALL
CONFIG
MENU

EXIT
ENTER

Annunciators:

EDIT
ERR
REM
TALK
LSTN
SRQ
REL
FILT
AUTO
ARM
TRIG

*

Power control:
POWER

Cancel remote operation.

Enable/disable relative reading (MSR1 or MSR2 function only).

Display digital filter status for present function and toggle filter on/off.
Perform configured limit tests.

Trigger a measurement from the front panel.

Start configured sweep.

Change number of digits of display resolution.

Change measurement speed by selecting accuracy or specifying NPLC.

Set buffer size and enable reading storage.

Display stored readings and timestamp.

Press CONFIG and then appropriate key to configure function or operation.
Access and configure Main Menu selections. When entering numeric data, use to
clear reading to minimum absolute value.

Cancels selection. Use to back out of menu structures.

Accepts selection.

Instrument in edit mode.

Questionable reading, invalid cal step.
Instrument in GPIB remote mode.
Instrument addressed to talk over GPIB.
Instrument addressed to listen over GPIB.
Service request over GPIB.

Relative measure reading displayed.
Digital filter enabled.

Autoranging enabled.

Source-measure operations being performed.
External trigger source selected.

Reading being stored.

Turns the unit power on or off.

OUTPUT ON/OFF Turns the sources on or off.

Handle:

Pull out and rotate to desired position.
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Rear panel summary

The rear panel of the Model 2500 is shown in Figure 1-2 and the rear panel of the
Model 2502 is shown in Figure 1-3.

Figure 1-2
Model 2500 rear panel

WARNING: NO INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFIED PERSONNEL ONLY.

CHANNEL 1 CHANNEL 2

A

CATI
RATINGS MAX

@ 00V @ 20m @

VOLTAGE SOURCE VOLTAGE SOURCE
OUTPUT CHANNEL 1 OUTPUT CHANNEL 2

‘ u CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING.

INPUT connectors:

INPUT CHANNEL 1
INPUT CHANNEL 2

Triax connector terminals:

RATINGS MAX @
100V @ 20mA KEITHLEYI |EEE-488
DOCOR) @ (CHANGE IEEE ADDRESS
200V XXX ITH FRONT PANEL MENU)

DIGITAL 1/0O

cume ©(EEER)e

© TRIGGER LINK RS-232 @

LINE RATING
Sg VA MAZX
FUSE LINE
630 mAT | 100 VAC

(SB) | 120 VAC
A 315 mAT | 220 VAC

(sB) | 240 VAC

Model 2500

Use to measure on channel 1.
Use to measure on channel 2.

Center conductor — Input HI.
Inner shell — Floating input/output common.
Outer shell — Chassis ground.

VOLTAGE SOURCE connectors:

OUTPUT CHANNEL 1
OUTPUT CHANNEL 2

Use to output voltage bias on channel 1.
Use to output voltage bias on channel 2.

WARNING Maximum common-mode voltage (voltage between INPUT common
and chassis ground) is 200V. Exceeding this value may result in a shock

hazard.

CAUTION

Maximum INPUT and OUTPUT connector rating is 100V @ 20mA.

Exceeding these values may result in instrument damage.

Digital input/output port:
DIGITAL I/O
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Male DB-9 connector for digital output lines, output enable line, and
component handler signals.
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Power module:

Contains the AC line receptacle and the power line fuse.

Trigger link connector:
TRIGGER LINK

RS-

232 connector:

RS-232

GPIB connector:
IEEE-488 INTERFACE

8-pin micro-DIN connector for sending and receiving trigger pulses.
Use a trigger link cable or adapter, such as Models 8501-1, 8501-2,
8502, 8504.

Connector for RS-232 remote operation. Use a straight through (not
null modem) DB-9 cable such as a Keithley Model 7009-5.

Connector for GPIB remote operation. Use a shielded cable
(Model 7007-1 or 7007-2).

ANALOG OUT connectors (Model 2502 only):
ANALOG OUT

Figure 1-3
Model 2502 rear panel

#
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100V 20

CHANNEL 1 2oov CHANNEL 2

CAT I
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— SOU CE—

Triax connectors for CHANNEL 1 and CHANNEL 2 analog outputs.

WARNING::NO INTERNAL OPERATOR SERVICABLE PARTS,SERVICE BY QUALIFIED PERSONNEL ONLY.

I KEITH LEYI ( E ©
MADE IN ‘. e .’ CHANGE IEEE ADDHESS
USA. eeee V\‘I\TH FRONT PANEL MENU)
— O - O
TRIGGEH LINK RS-232 ®
LINE RATING
50, 60Hz
60 VA MAX
FUSE LINE

630 mAT | 100 VAC
f (SB) | 120 VAC
315 mAT | 220 VAC

(SB) | 240 VAC

CAUTION:FOR CONTINUED PROTECTION AGAINST FIRE HAZARD,REPLACE FUSE WITH SAME TYPE AND RATING.

Model 2502
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Power-up

Line voltage selection

The Model 2500 operates from a line voltage in the range of 100V/120V/220V/240V,
+10% at a frequency of 50 or 60Hz. Before plugging in the unit make sure the line voltage
setting seen through the small window in the power module (Figure 1-2) is correct for the
line voltage in your area.

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

If the voltage setting is not correct, change it as outlined below.

WARNING Disconnect the line cord and all cables and test leads from the instru-
ment before changing the line voltage setting.

1. Pry the small tab that secures the fuse holder to the power module, then remove the
fuse holder.

2. Pull out and rotate the fuse carrier to the correct line voltage setting, then install it in
the fuse holder. Make sure the line voltage shown in the window is correct. Also make
sure the fuse rating for the expected line voltage is correct. (See “Fuse replacement.”)

3. Reinstall the fuse holder in the power module making sure it is seated fully.

Line power connection

Perform the following steps to connect the Model 2500 to line power and turn it on:

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

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

WARNING The power cord supplied with the Model 2500 contains a separate
ground for use with grounded outlets. When proper connections are
made, instrument chassis is connected to power line ground through
the ground wire in the power cord. Failure to use a grounded outlet
may result in personal injury or death due to electric shock.

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

letronics.com



Model 2500 and 2502 User’s Manual Getting Started 1-11

Power-up sequence

On power-up, the Model 2500 performs self-tests on its EPROM 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.

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

REV A01 AO2

where: AO1 is the main board ROM revision.
AO02 is the display board ROM revision.

Also displayed is the line frequency (50 or 60Hz). (If the wrong frequency is displayed, it
can be manually set as covered below). The communication interface status is briefly dis-
played. If the IEEE-488 bus is the presently selected interface, the identification message
will include the primary address. For example, if the primary address is 25 (factory
default), the IEEE Addr=25 message is displayed. If the RS-232 interface is selected, the
RS-232 message is displayed.

After the power-up sequence, the instrument goes to its normal display state with the out-
put off (red ON/OFF OUTPUT indicator light off).

System identification

letronics.com

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

If the line frequency setting (50 or 60Hz) does not match the power line frequency in your
area, noisy measurement readings will result, and accuracy may be affected. You can man-
ually set the line frequency from the front panel or via remote as covered below.

Front panel line frequency
Set the line frequency from the front panel as follows:

1. Press the MENU key to display MAIN MENU.

2. Using the right arrow key, select AD-CTRL then press ENTER to display A/D
CONTROLS.

3. Select LINE-FREQUENCY, then press ENTER to display LINE FREQUENCY.
4. Place the cursor on 50Hz or 60Hz, and press ENTER.
5. Press EXIT to return to normal display.

Remote command line frequency
Use the following command to set the line frequency:
:SYSTem:LFRequency <Freq>

See Section 17 for additional information on using this command.

Programming example
50Hz operation:
:SYST:LFR 50

Fuse replacement

A rear panel fuse protects the power line input of the Model 2500. If the line fuse needs to
be replaced, perform the steps below:

WARNING Disconnect the line cord and all cables and test leads from the instru-
ment before changing the line fuse.

1. The fuse is located in a holder in the power module adjacent to the AC receptacle
(Figure 1-2). At the right of the fuse holder is a small tab. At this location, use a small
bladed screwdriver to release the fuse holder.

2. Slide the fuse holder out to gain access to the fuse carrier and fuse.

letronics.com
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3. Remove the carrier with blown fuse, and replace the fuse with the correct type listed in
Table 1-1.

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

4. Install the fuse carrier in the fuse holder then insert the fuse holder in the power
module.

Table 1-1
Line fuses
Line voltage Fuse rating Keithley part no.
100V, 120V 0.630A slow blow, 250V, 5 x 20mm FU-106-.630
220V, 240V 0.315A slow blow, 250V, 5 x 20mm FU-106-.315
[ ]
Display
Display format

letronics.com

The Model 2500 display is used primarily to display measured readings and voltage bias
source values. The top line displays measurement function readings, and the bottom line
shows voltage bias values. Channel 1 measurement function readings (MSR1) are dis-
played on the left, while channel 2 measurement function values (MSR2) appear on the
right. (You can select channel 1, channel 2, or dual-channel display with the CHANNEL
SELECT and DISPLAY TOGGLE keys; see “CHANNEL SELECT key” and “DISPLAY
TOGGLE key” below.)

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

Engineering units example: 1.234567pA
Scientific notation example: 1.234567e -6A

Annunciators, which are located along the top of the reading/message display, indicate
various states of operation as covered previously in “Front panel summary.”
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CHANNEL SELECT key

The CHANNEL SELECT key toggles between the channel 1 and channel 2 measurements
on the left-hand display when the single-channel display mode is selected (see below).

DISPLAY TOGGLE key

The DISPLAY TOGGLE key turns the dual-channel display mode on or off. When the
dual-channel mode is active, the channel 1 measurement function reading (MSR1) appears
on the left (I, V/L, I/V, I XV, or MX + B), while the channel 2 measurement function
(MSR?2) appears on the right of the top line. The DISPLAY TOGGLE key is also used to
select the channel and display statistical data on readings stored in the data store buffer.
These functions are performed from the data store RECALL mode. (See Section 8 for data
store information.)

Status and error messages

Status and error messages are displayed momentarily. During Model 2500 operation and
programming, you will encounter a number of front panel messages. Typical messages are
either status or error in nature and are listed in Appendix B.

Disabling front panel display

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

FRONT PANEL DISABLED

Press LOCAL to resume.

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

Front panel control

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

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

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

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

Remote display programming

The display can be controlled by various SCPI :DISPlay subsystem commands. Table 1-2
summarizes basic commands. See Section 17, “DISPlay subsystem,” for more information
on using these commands.

Table 1-2
Basic display commands

Command Description

:DISPplay:ENABIe <state> | Enable/disable display (state = ON or OFF).
:DISPlay:DIGits <n> Set display resolution (n = 3 to 6).
:DISPlay:MODE<name> Select display mode (name = CALC3,
CALC4, CALCS, CALC6, or DUAL).

Front panel tests

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

« KEYS — Front panel keys are tested. Pressing a key displays a message that identifies
that key. Pressing EXIT twice cancels this test.

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

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

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

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

Saving and restoring user setups

You can save and restore up to five of your own user setups using the following
procedures.

Saving setups

Select the various instrument operating modes you wish to save.

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

From the SAVESETUP MENU, select SAVE, then press ENTER.

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

e

Restoring setups

1. Press the MENU key, select SAVESETUP, then press ENTER.
2. From the SAVESETUP MENU, select RESTORE, then press ENTER.
3. Select the setup position (0-4) to restore, then press ENTER to complete the process.

Power-on configuration

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

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

2. From the SAVESETUP MENU, select POWERON, then press ENTER.

3. From the SET POWER-ON DEFAULT menu, choose the power-on configuration:
BENCH or GPIB (see below), or USER-SETUP-NUMBER.

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

Factory default settings

As summarized in Table 1-3, there are two sets of factory defaults, BENCH (front panel)
and GPIB (remote). You can restore either of these default conditions as follows:

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

2. From the GLOBAL SETUP MENU, select RESET, then press ENTER.

3. Select BENCH or GPIB defaults as desired, then press ENTER to complete the
process.

letronics.com
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Table 1-3
Factory default settings
Setting* BENCH default GPIB default

A/D Controls:

Auto-zero On On

Line frequency No effect No effect
Data Store No effect No effect
Digital output size** 150r7 150r7
Display digits 5.5 5.5
Display mode Dual-channel Dual-channel
Filter: Off Off

letronics.com

Average mode, state*
Average filter count™
Advanced state, tol. *
Median filter rank, state™

GPIB address
Ground connect
Limit tests:

DigOut:
Size
Mode:
Binning control
Auto clear:
Delay
Clear pattern**
H/W limits (1 and 2):
Control
Fail mode:
Digital I/O pattern®
S/W limits (3 to 6):
Control
Low limit:
Low pattern**
High limit:
High pattern**
Feed
Pass pattern**
EOT Mode

Math function and units:

M factor (gain)
B factor (slope)
State

Repeat, disabled
10

Off, 5%

0, Off

No effect
Disabled

4-bit
Grading
Immediate
Disabled
0.00001 sec
150r7

Disabled
In compliance
150r7

Disabled

-1.0

150r7

+1.0

150r7
Channel 1 measure
150r7

EOT

MX +B, MXB
1

0

Disabled

Repeat, disabled
10

Off, 5%

0, Off

No effect
Disabled

4-bit
Grading
Immediate
Disabled
0.00001 sec
150r7

Disabled
In compliance
150r7

Disabled

-1.0

150r7

+1.0

150r7
Channel 1 measure
150r7

EOT

MX + B, MXB
1

0

Disabled

* Settings are for both channel 1 and channel 2.

*## 15 if digout size is 4-bit, 7 if digout size is 3-bit.
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Table 1-3 (continued)
Factory default settings

Setting BENCH default GPIB default

Numbers No effect No effect
Optical power:

R 1 1

D 0 0
Output: Off Off

Output enable Disabled Disabled
Power-on default No effect No effect
Ranging (measure):

Auto range Enabled Enabled

Upper limit 20mA 20mA

Lower limit 2nA 2nA
Rel: Off Off

Value 0.0 0.0
RS-232 No effect No effect
Source delay: Ims Ims

Auto-delay Enabled Enabled
Speed 1 PLC 1 PLC
Sweep: None None

Start ov ov

Stop ov ov

Step ov ov

Direction Up Up

Sweep count 1 1

Sweep points 3000 3000

Source ranging Best fixed Best fixed
Triggered source:

Control Disabled Disabled

Amplitude 0 0
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Table 1-3 (continued)
Factory default settings
Setting BENCH default GPIB default
Triggering:
Arm layer:
Event Immediate Immediate
Count 1 1
Timer 0.1 0.1
Input line 1 1
Output trigger Line #2, Off Line #2, Off
Trigger layer:
Event Immediate Immediate
Count 1 1
Timer 0.1 0.1
Input line 1 1
Output triggers Line #2, All off Line #2, All off
Delay 0.0 sec 0.0 sec
Voltage bias sources:
Amplitude ov ov
Range 10V 10V
Mode Fixed Fixed
Remote setups
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You can also save and recall setups via remote using the following SCPI commands:

» Save and recall user setups using *SAV and *RCL (Section 15).

* Restore GPIB defaults using *RST (Section 15).

¢ Restore bench defaults using :SYSTem:PRESet (Section 17).
» Save the power-on configuration using :SYSTem:POSetup (Section 17).
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Menus
The following paragraphs discuss the main menu, configuration menus, and rules to navi-
gate menus.
Main menu
Use the MENU key to access the Main Menu to select, configure, and/or perform various
instrument operations. These include default setup conditions, communications (GPIB or
RS-232), calibration, front panel tests, digital output states, auto zero, timestamp, and
numeric display format.
The Main Menu structure is summarized in Table 1-4. Use the “Rules to navigate menus”
to check and/or change menu options. Figure 1-4 shows the main menu tree.
Table 1-4
Main menu
Menu item! Description Parameters
SAVESETUP Configure setup conditions.
SAVE Save present Model 2500 setup to memory location. |0to 4
RESTORE Return the Model 2500 to setup saved in memory. Oto4
POWERON Select the power-on default setup.
BENCH Powers-on to BENCH defaults. See Table 1-3.
GPIB Powers-on to GPIB defaults. See Table 1-3.
USER-SETUP-NUMBER | Powers-on to user setup. Oto4
RESET Returns unit to BENCH or GPIB defaults. See Table 1-3.
COMMUNICATION? Select and configure remote interface.
GPIB Select GPIB (IEEE-488 Bus), set primary address, 0to 30
GPIB protocol (Appendix G). (Default: 25)
RS-232 Select the RS-232 interface, set parameters.
BAUD Select baud rate. 57600, 38400,
19200, 9600,
4800, 2400,
1200, 600, 300
BITS Select number of data bits. 7or8
PARITY Select parity. NONE, ODD,
EVEN
TERMINATOR Select terminator. CR, CR+LF,
LF, or LF+CR
FLOW CTRL Select flow control. NONE or
XON/XOFF
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Table 1-4 (continued)

Main menu
Menu item! Description Parameters
CAL? Calibrate Model 2500.
TEST Perform tests on Model 2500.
DISPLAY-TESTS* Test front panel keys and display digits.
KEYS Test front panel keys.
DISPLAY-PATTERNS Test display pixels and annunciators.
CHAR SET Test special display characters.
A/D CTRL Control auto zero, line frequency, and NPLC caching.
AUTO-ZERO® Control auto zero.
DISABLE Disable auto zero.
ENABLE Enable auto zero.
LINE-FREQUENCY Set the line frequency. 50 or 60Hz
GENERAL Select general operations.
DIGOUT Set Digital I/O port bit pattern. 0-15
SERIAL# Display serial number, firmware revision, SCPI
version. YES or NO
TIMESTAMP Reset timestamp. ENGR,
NUMBERS Select engineering units or scientific notation display | SCIENTIFIC
format.
Notes:

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

2 When the remote operation interface selection (GPIB or RS-232) is changed, the Model 2500 performs a power-on reset. To check
or change options of the selected interface, you must re-enter the menu structure.
Password is required to unlock calibration. (See Service Manual.)

4 Press EXIT key to cancel test.

3 Disabling auto zero will reduce measurement accuracy.
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Figure 1-4
Main menu tree
Press MENU key (Use <and » to select item, then press ENTER)

—— SAVESETUP

— SAVE

— RESTORE

— POWERON

L BENCH

— GPIB

— USER-SETUP-NUMBER

—— RESET

—— COMMUNICATION

— PARITY
— TERMINATOR
— FLOW-CTRL

— CAL
— UNLOCK
—— EXECUTE
— VIEW-DATES
— SAVE
— LOCK
—— CHANGE-PASSWORD
— TEST
—— DISPLAY-TESTS
—— KEYS
— DISPLAY-PATTERNS
—— CHAR-SET

— A/D CTRL
AUTO-ZERO
LINE-FREQUENCY

—— GENERAL

— DIGOUT
—— SERIAL#
—— TIMESTAMP
—— NUMBERS
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Rules to navigate menus

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

* A menu item is selected by placing the cursor on it and pressing ENTER. Cursor posi-
tion is denoted by the blinking menu item or option. The edit left and right arrow keys
control cursor position.

¢ A displayed arrow on the bottom line indicates there are one or more additional items
(or messages) to select from. Use the appropriate cursor key to display them.

¢ A measurement or voltage bias source range is changed by selecting the channel and
function with the MSR1, MSR2, SRCI, or SRC2 key and using the RANGE A or ¥
keys. Note that when the next higher or lower range is selected, the reading increases
or decreases by a decade.

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

NOTE You can clear a parameter value by pressing the 0000 (MENU) key.

» Use the EDIT g or p or RANGE 4 or y keys to increment or decrement the digit.
» Use the number keys (0 through 9) to key in the value at the selected digit.
¢ Use the + key to change source value polarity, regardless of cursor position.

* Boolean selections (such as ON/OFF and HIGH/LOW) are toggled by placing the cur-
sor on the selection and pressing an EDIT « or p- or RANGE A or y key.

» A change is only executed when ENTER is pressed. Entering an invalid parameter
generates an error, and the entry is ignored. However, entering an out-of-range value
(too small or too large) selects the lower or upper limit, respectively.

¢ The EXIT key is used to back out of the menu structure. Any change that is not entered
is cancelled when EXIT is pressed.
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Editing voltage bias values

Use the following keys to edit voltage bias values:

SRC1 or SRC2: selects the channel 1 (Srcl) or channel 2 (Src2) source display field on
the lower line for editing. A blinking cursor will appear in the field to be edited. If no
key is pressed within a few seconds, the edit mode will be cancelled automatically.

EDIT « and p places the display cursor on the display digit to be changed.

EDIT A or y increments or decrements the source value. Note that pressing either of
these keys will automatically enable the source edit mode.

RANGE A or v selects the voltage bias source range (10V or 100V).
Numeric keys (0-9) allow you to directly enter source values.
EXIT exits the edit mode without waiting for the time-out period.

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

1.

Press the SRC1 or SRC2 key so the blinking cursor is in either the channel 1 (Srcl) or
channel 2 (Src2) source display field to be edited.

If desired, use the RANGE A and w keys to select the desired source range. (Use the
lowest range possible for best accuracy.)

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

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

Configuration menus

There are a number of configuration menus that can be accessed by pressing the CONFIG
key followed by the appropriate function or mode key. For example, you can configure the
measurement functions by pressing CONFIG then MSR1 (channel 1) or MSR2 (channel
2). Configuration menus, which are summarized in Table 1-5 through Table 1-11, are
available for the following operating modes:
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Measurement functions (MSR1, MSR2, RATIO, DELTA): Table 1-5.
Voltage source (SRC1 and SRC2): Table 1-6.

REL, FILTER, and RANGE: Table 1-7.

LIMIT: Table 1-8.

TRIG: Table 1-9.

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

ON/OFF OUTPUT and DISPLAY TOGGLE: Table 1-11.
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These various configuration menus are covered in detail in the pertinent sections of this

manual.

Table 1-5

Measurement configuration menus

Configuration menu item

Description

CONFIG MSR1
CONFIG MSR1 BUTTON
I
/v
\Zi
MX + B_UNIT
144
P

CONFIG MSR2
CONFIG MSR2 BUTTON
I
/v
\Zi
MX + B_UNIT
144
P

CONFIG RATIO

CONFIG RATIO BUTTON
MSR1/MSR2
MSR2/MSR1

CONFIG DELTA

CONFIG DELTA BUTTON
MSRI1-MSR2
MSR2-MSR1

Configure channel 1 measurement.

Current measurement.

Conductance (I/V) measurement.

Resistance (V/I) measurement.

MX + B measurement, program M and B values.
Electrical power (V x I) measurement.

Optical power [(Imeasured — Idark current)/Responsivity].

Configure channel 2 measurement.

Current measurement.

Conductance (I/V) measurement.

Resistance (V/I) measurement.

MX + B measurement, program M and B values.
Electrical power (V x I) measurement.

Optical power [(Imeasured — Idark current)/Responsivity].

Configure ratio function.

MSR1/MSR2 function.
MSR2/MSR1 function.

Configure delta function.

MSR1-MSR2 function.
MSR2-MSR1 function.
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Table 1-6
Source configuration menus
Configuration menu item Description
CONFIG SRC1 Configure delay and ground connect mode.
CONFIG SRCl1
DELAY Set source delay (0 - 9999.998s).
AUTO-DELAY Control source auto delay.
DISABLE Disable auto delay.
ENABLE Enable auto delay (delay depends on current range).
GND-CONNECT Control ground connect mode.
DISABLE Disable ground connect mode.
ENABLE Enable ground connect mode.
CONFIG SRC2 Configure delay and ground connect mode.
CONFIG SRC2 Configure voltage source.
DELAY Set source delay (0 - 9999.998s).
AUTO-DELAY Control source auto delay.
DISABLE Disable auto delay.
ENABLE Enable auto delay (delay depends on current range).
GND-CONNECT Control ground connect mode.
DISABLE Disable ground connect mode.
ENABLE Enable ground connect mode.
Table 1-7

Rel, filter, and range configuration menus

Configuration menu item

Description

CONFIG REL

CONFIG FILTER
CONFIGURE FILTERING
AVERAGE-MODE

MOVING

REPEAT
AVERAGE-COUNT
ADVANCED

DISABLE

ENABLE
MEDIAN-RANK

CONFIG A RANGE

CONFIG v RANGE

Program REL value.

Configure filter.

Select average mode filter.

Moving average.

Repeat average.

Set average filter count (1-100).
Enable/disable advanced filter.

Disable advanced filter.

Enable advance filter, set noise tolerance.
Select median rank (0 -5).

Program upper range limit.

Program lower range limit.
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Table 1-8
Limit configuration menu

Configuration menu item

Description

CONFIG LIMIT
CONFIG LIMITS MENU
DIGOUT
SIZE
3-BIT
4-BIT
16-BIT (2499-DIGIO)
MODE
GRADING
IMMEDIATE
END
SORTING
AUTO-CLEAR
DISABLE
ENABLE
H/W-LIMITS
CONTROL
DISABLE
ENABLE
FAIL-MODE
IN
OuUT
S/W-LIMITS
CONTROL
DISABLE
ENABLE
LOLIM
HILIM
PASS
FEED
PASS
DIGIO PATTERN
EOT-MODE
/BUSY
EOT
/EOT

Configure limit tests.

Program Digital I/O bit patterns for pass/fail.
Select I/O number of bits.

3-bit size.

4-bit size.

16-bit size (2499-DIGIO option only).

Select Digital I/O mode.

Pass if within HI/LO limits.

Stop test after first failure.

Stop test at end of sweep.

Fail if outside limits, program fail pattern.
Enable/disable auto clear.

Disable auto clear.

Enable auto clear, program pass/fail pattern.
Control and set fail mode for Limit 1, Limit 2 tests.
Control Limit 1 or 2 test.

Disable Limit 1 or 2 test.

Enable Limit 1 or 2 test.

Select Limit 1 or 2 fail mode.

Fail when in compliance, program bit pattern.

Fail when out of compliance, program bit pattern.
Control Limit 3 to Limit 6 tests.

Enable/disable Limit 3-6 tests.

Disable test.

Enable test.

Set low limit.

Set high limit.

Set pass Digital I/O bit pattern.

Select input path (MSR1, MSR2, RATIO, or DELTA).
Set limit test pass conditions.

Set pass conditions Digital I/O bit pattern.

Set Digital I/O line 4 to act as EOT or BUSY signal.
Set line 4 LO while unit is busy (3-bit mode).
Output line 4 HI pulse at end of test (3-bit mode).
Output line 4 LO pulse at end of test (3-bit mode).
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Table 1-9
Trigger configuration menu
Configuration menu item Description
CONFIG TRIG Configure triggering.
CONFIGURE TRIGGER
ARM LAYER Configure trigger model arm layer.
ARM-IN Select arm layer detection event.
IMMEDIATE Immediate event detection.
GPIB GPIB GET or *TRG.
TIMER After timer interval elapses, enter interval.
MANUAL Front panel TRIG key.
TLINK Enter TLINK line and state.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
t STEST When Digital I/O SOT line is pulsed high.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
L STEST When Digital I/O SOT is pulsed low.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
11 STEST When Digital I/O SOT line is pulsed low or high.
ONCE Bypass event detection once.
NEVER Never bypass event detection.
ARM-OUT Configure arm layer output trigger.
LINE Select trigger link output line (1-4).
EVENTS Enable/disable events.
TRIG-LAYER-DONE |Enable (ON) or disable (OFF) on exiting trigger layer.
COUNT Specify arm count.
FINITE Programmable count.
INFINITE Never ending count.
TRIG LAYER Configure trigger layer of trigger model.
TRIGGER-IN Select trigger layer detection event.
IMMEDIATE Trigger even occurs immediately.

Select trigger link line as event (1-4).
Configure trigger layer output trigger.
Select trigger link line (1-4).

Enable (ON) or disable (OFF).
Program trigger delay time.

Program trigger count.

Return unit to idle state.
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Table 1-10

Sweep, digits, speed, and data store configuration menus

Configuration menu item

Description

CONFIG SWEEP
CONFIGURE SWEEPS
TYPE
NONE
STAIR
LOG
CUSTOM
# POINTS
ADJUST-POINTS
INIT
SWEEP-COUNT
FINITE
INFINITE
SOURCE-RANGING
BEST-FIXED
AUTO-RANGE
FIXED

CONFIG DIGITS
DISPLAY DIGITS

CONFIG SPEED
SPEED-ACCURACY-MENU
FAST
MED
NORMAL
HI ACCURACY
OTHER

CONFIG STORE

STORE TIMESTAMP
ABSOLUTE
DELTA

Configure sweeps.

Select sweep type.

Disable sweep.

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

Program number of sweep points.

Set individual point values.

Set first point value.

Set sweep count.

Program sweep count value.

Never-ending sweep.

Set sweep ranging mode.

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

Set fixed source range.

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

Set measurement speed.

Fast speed.

Medium speed.

Normal.

Maximum accuracy.

Program NPLCs (number power line cycles).

Configure data store timestamp.

Absolute timestamp.
Delta timestamp.
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Table 1-11

Output and display configuration menus

Configuration menu item

Description

CONFIG ON/OFF OUTPUT
CONFIG OUTPUT
AUTO OFF
DISABLE
ENABLE
ALWAYS
AFTER-TRIG-COUNT
ENABLE
DISABLE
ENABLE

CONFIG DISPLAY TOGGLE
DISABLE DISPLAY

NOW

NEVER

SWEEP

STORE

Configure output.

Enable disable auto off mode.

Keep output on.

Turn output off after each measurement.
After each measurement.

When trigger count expires.
Enable/disable output enable.

Disable output enable.

Enable output enable.

Enable/disable display.

Disable display immediately.

Never disable display.

Turn display off during sweep.
Turn display off during buffer store.
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Connection precautions — Summarizes precautions that should be observed when
making test connections to the Model 2500.

INPUT and OUTPUT connectors — Shows the locations of the triax INPUT jacks
used for photodiode measurements and the OUTPUT jacks used to apply the voltage
bias to the photodiodes.

Connector terminals — Details the terminal configuration of the triax INPUT con-
nectors and the OUTPUT jacks.

Output enable — Briefly covers the output enable circuit, which can be used to inhibit
the voltage sources with external switching.

Photodiode connections — Provides detailed diagrams for connecting the
Model 2500 INPUT and OUTPUT connectors to the photodiodes in a laser diode test
system.

Alternate connecting methods — Provides connecting diagrams for using the
Model 2500 as a stand-alone ammeter or stand-alone voltage source.

Analog output connections (Model 2502 only) — Summarizes connections to the
analog outputs and gives equivalent circuits.
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Connection precautions

WARNING Maximum common-mode voltage (voltage between INPUT analog
common and chassis ground) is 200V. Exceeding this value may result
in a shock hazard.

When making connections, do not leave any exposed connections. Be
sure that all external circuits are properly insulated.

CAUTION Maximum INPUT and OUTPUT connector rating is 100V @ 20mA.
Exceeding these values may result in instrument damage.

INPUT and OUTPUT connectors

Figure 2-1 shows the location of the INPUT and OUTPUT connectors on the rear panel.
Each of these connectors has the following function:
e INPUT CHANNEL 1: A 3-lug triax connector for direct current input from the photo-
diode or other DUT to channel 1.

« INPUT CHANNEL 2: A 3-lug triax connector for direct current input from the photo-
diode or other DUT to channel 2.

* VOLTAGE SOURCE CHANNEL 1 OUTPUT: A safety banana jack used to apply the
channel 1 HI voltage bias source signal to the photodiode or other DUT.

* VOLTAGE SOURCE CHANNEL 2 OUTPUT: A safety banana jack used to apply the
channel 2 HI voltage bias source signal to the photodiode or other DUT.

Figure 2-1
Model 2500 rear panel showing INPUT and OUTPUT connectors

INPUT Connectors

/ARNING: NO/INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFIED PERSONNEL ONLY. qJ

@ @ 10%%ng KETHLEY] IEEE-488 @
MADE IN (e0ee 0) @) GHANGE IEEE ADDRESS
200V USA. @ eeee @ V‘{IITH FRONT PANEL MENU)
INPUT INPUT DIGITAL 110 ~
e ® e
@® TRIGGER LINK RS-232 @®
CATI LINE RATING —_———————
50, 60Hz
c E RATINGS MAX 60 VAMAX
100V @ 20mA FUSE | LINE
630 mAT | 100 VAC
f (SB) [ 120 VAC
315 mAT | 220 VAG
VOLTAGE SOUNCE VOLTAGE SN\URCE (SB) 240 VAC
OUTPUT CHANNEDN{  OUTPUT CHANNEL 2

&

I. CAUTION: FON CONTINUED\ PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING. ‘

Model 2500 . d

OUTPUT Connectors
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Connector terminals

Triax INPUT connectors

The electrical configuration of each triax INPUT connector is shown in Figure 2-2. Con-
nector terminals are designated as follows:

¢ Center conductor of the connector (and triax cable): input HI. This terminal connects
to one terminal of the photodiode being tested.

 Inner ring of the connector and inner cable shield: input LO (analog common).

 Outer ring of connector (shell) and outer cable shield: chassis ground.

Figure 2-2
INPUT connector terminals
INPUT HI
INPUT LO

(Analog Common)

Chassis Ground

INPUT Triax Connector

OUTPUT connectors

Each channel has a single OUTPUT banana jack for the voltage bias source. Each connec-
tor is the HI terminal for the corresponding voltage source channel and connects to one
terminal of the photodiode being tested.

NOTE There are no separate external connections for voltage source LO. The LO node

of each voltage bias source is internally connected to floating analog common.
See “Photodiode connections” later in this section for connection details.
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Output enable

An interlock switch can be used with the Model 2500 output enable line on the Digital I/O
Port to inhibit the voltage bias source outputs. When output enable is activated, the
Model 2500 outputs will turn off when the lid of the test fixture is opened. However, you
must ALWAY'S assume that power is present until you verify that the Model 2500 output is
off.

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

See Section 12 for complete details on using the output enable circuit.

Photodiode connections

Typical connections

Figure 2-3 shows typical connections to the back detector and forward detector photo-
diodes in a laser diode test setup.

NOTE The DUT can be biased and measured using only a triax cable with the ground
connect mode. See “Ground connect mode connections,” page 2-7.

The two channels are being used as follows:

¢ Channel 1 biases and measures the current for the back detector photodiode. The cen-
ter conductor of INPUT CHANNEL 1 HI is connected to photodiode terminal while
the VOLTAGE SOURCE CHANNEL 1 terminal is connected to the other photodiode
terminal.

¢ Channel 2 is used to bias and measure the forward detector photodiode. The center
conductor of INPUT CHANNEL 2 HI is connected to one photodiode terminal while
the VOLTAGE SOURCE CHANNEL 2 terminal is connected to the other photodiode
terminal.

See Section 4, “Photodiode Measurements,” for additional information on setting up
Model 2500 operating modes including making power measurements.

NOTE If an optional noise shield is used, connect the shield to INPUT LO (inner shield
of triax cable).
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Figure 2-3
Typical photodiode connections

_______1/INPUTHI

Forward
Photodiode

4
N

Laser | 7 INPUT LO Triax Cables
Diode /
"\ INPUT HI: center conductor

Back | TN INPUT LO: inner shield
Photodiode | 1 INPUT HI
! |

|

Optional Noise
Shield (Connect
to INPUT LO)

INPUTS

QRNINIG: No INTERNAL GPERATOR SERVICABLE PARTS, SERVICE BY QUALIFIED PERSONNEL ONLY. qJ

@ RATINGS MA @
100V @ 20mA KEITHLEY IEEE-488

COMMON MADE IN @ \® (CHANGE IEEE ADDRESS

HODE USA [T FRONT PANEL MEN)

INPUT INPUT DIGITAL /0
CHANNEL 1 CHANNEL 2 @ @
@ cwmme

A

TRIGGER LINK RS-232 @

CAT T LINE RATING
50, 60Hz

V- ,
< oS Max 60 VAMAX
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Equivalent circuit

Figure 2-4 shows an equivalent circuit for the connection scheme shown in Figure 2-3.
The circuit includes two ammeters to make current measurements and two voltage sources
to bias the DUTs. Note that channel 1 and channel 2 analog common terminals are floating
and independent of one another.

Figure 2-4
Equivalent circuit of photodiode test connections
I L L L L e e e e e MM
—_— INPUT HI Ir I
| Channel 1 |
I
; |
| I
| I
| |
I Channel 1 :
! Analog |
! Common |
: V-Source |
Back L% | :
Photodiode ¥ OUTPUT 1 |
. |
____________ |
I
Laser 24 : ————————————————————— 1
Diode 0 I
____________ I Channel 2 :
T
Forward k‘z/ OUTPUT | | !
Photodiode I :
I
I V-Source :
| |
| Channel 2 !
[ Analog |
! Common |
: |
INPUT HI | .
i I
I ! :
—_— Y .
Model 2500

Connection considerations

To avoid noise and offset currents that could degrade measurement accuracy, be sure to
use only quality, low-noise triax cables for INPUT connections. Also keep cables and test
fixtures away from vibration and varying temperatures to minimize generated cable cur-
rents. See Appendix F, “Measurement Considerations,” for information on these and other
possible measurement problems and how to avoid them.
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Ground connect mode connections

The VOLTAGE SOURCE output jack for either channel can either be connected to chassis
ground or left floating, depending on the selected ground connect mode. (See Section 3,
“Ground connect mode,” for details.) With ground connect disabled, you must make sepa-
rate connections to the VOLTAGE SOURCE OUTPUT jack, as shown in Figure 2-3.
However, with ground connect enabled, you can bias and measure the DUT using a single
triax cable, as shown in Figure 2-5. Note that one DUT terminal is connected to INPUT
HI, while the other DUT terminal is connected to chassis ground through the outer shield
of the triax cable connection. Figure 2-6 shows an equivalent circuit.

Figure 2-5

Test connections using ground connect mode

INPUT HI

I
I
Forwa}rd I ¥y
Photodiode : Chassis Ground
Y
Laser ! 7 INPUT LO Triax Cables
Diode !
T |
I
Back 0 5o !
Photodiode | % : INPUT HiI
! ]
I

Optional Noise
Shield (Connect
to INPUT LO)
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Chassis Ground
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INPUT
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CHANNEL 2

@wov @20mA @

VOLTAGE SOURCE  VOLTAGE SOURCE (s8)
OUTPUT CHANNEL 1  OUTPUT CHANNEL 2

INPUT HI: center conductor
INPUT LO: inner shield
Chassis Ground: outer shield

JG: NO INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFIED PERSONNEL ONLY. qu
KEITHLEY] s @
MADE N (CHANGE IEEE ADDRESS
eTme it
— l -
© ) e
TRIGGER LINK RS-232 @
LINE RATING
aoVAMAX
FUSE | LINE
630 mAT [ 100 VAG
A (s8) | 120VAG
15 mAT [ 220 VAG
240 VAC

’ « CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING.
Model 2500
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Figure 2-6
Ground connect mode equivalent circuit
I e e e e e e e e e e
e — INPUT HI I' I
| Channel 1T
| |
| |
| |
| |
! |
! Channel 1,
: Analog |
C
: V-Source ommen :
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"""""" ' 45 Chassis Ground :
Laser T : ————————————————————— I
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____________ | Chassis Ground Channel 2 :
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Photodiode Outer Shield | :
|
| V-Source :
|
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I Channel 2 !
| Analog |
! Common |
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|
T
I ! :
e - s
Model 2500
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Alternate connecting methods

Although the Model 2500 is designed primarily to bias and measure photodiodes in a laser
diode test system, it can also be used for stand-alone current measurements, or as a stand-
alone voltage source with any suitable device.

Current measurement connections

Figure 2-7 shows typical connections using channel 1 to measure the DUT current. Note
that the INPUT HI terminal (center conductor) is connected to DUT HI, while the INPUT
LO terminal (analog common) is connected to DUT LO.

Figure 2-7
Stand-alone current measurement connections

INPUT HI Channel 1 INPUT

(Center Conductor)
ﬂ / WARNING: No INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFIED PERSONNEL ONLY. qu

------- /

| | RATINGS MAX @
) ooV @ 20mA m eEass
| | | : “higne e @)@ )
: | Triax Cable oeuT cpuT DIGITAL 110 @ @
o (PuT A ® cume
| | @ TRIGGER LINK RS-232 @
1 \ CATI LN RATING
: INPUT LO s wix B
L (Inner Shield) @ @ e
______ A (SB) 120 VAC
. . . VOLTAGE SOURCE  VOLTAGE SOURCE BB | Baovac
Opt|ona| NOISQ Sh ]eld OUTPUT CHANNEL 1  OUTPUT CHANNEL 2

(ConneCt to IN PUT LO) ‘ ‘h CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING.
I! Model 2500 E
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Voltage source connections

Figure 2-8 shows the connecting scheme for using the Model 2500 as a stand-alone volt-
age source. Note that the DUT HI terminal is connect to the OUTPUT terminal for the
voltage source, while the DUT LO terminal is connected to analog common (inner ring of
INPUT jack). The maximum voltage source output is 100V @ 20mA.

Figure 2-8

Stand-alone voltage source connections

Channel T INPUT

/ WARNING: N INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIED PERSONNEL ONLY. qu

| | RATINGS MAX
LO DDV @ 2|7mA [KEITHLEY] E=m @
! ' WADEW @@ (cuaNGE e Aboress
| . o WITH FRONT PANEL MEND)
Triax Cable DIGITAL 110
| | CHANNEL 1 CHANNEL 2 @ @
" [our] L @ ewme
| 1 INPUT LO @ TRIGGER LINK RS-232 @®
i LINE RATING
I I (Inner Shield) oAt T i€ AT
| | RATINGS MAX SOVAMAX]
100V @ 20mA FUSE | LINE
! ' o | i
(SB) 1.
| HI | A 315 mAT | 220 VAG
_______ VACTAGE SOURCE  VOLTAGE SOURCE 8) | 240vaG
AUTPUT CHANNEL 1 OUTPUT CHANNEL 2

Optional Noise Shield
(Connect to INPUT LO)
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Channel 1 OUTPUT
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Analog output connections (Model 2502 only)

Analog output connector terminals

Figure 2-9 shows the terminal configuration of each triax ANALOG OUT connector.
Output terminals are as follows:

» Center conductor: analog output HI
« Inner shield: analog output LO (floating analog common)
¢ Outer shield: chassis ground

WARNING Analog output low can float up to £100V. Use care to avoid a shock
hazard when using the analog outputs.

Figure 2-9
Analog output connector terminals

Analog Output HI

Analog Output LO
(Analog Common)

Chassis Ground

ANALOG OUT
Triax Connector
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Non-isolated connections

Figure 2-10 shows typical non-isolated analog output connections. Note that analog
output HI (center conductor) is connected to INPUT HI of the measurement instrument,
while analog output LO (inner shield) is connected to INPUT LO.

CAUTION  With the ground connect mode enabled, analog output LO can float up
to +100V above chassis ground, depending on the voltage bias source
setting. Connecting the analog outputs to external equipment that does
not allow analog output low to float up to +100V may result in damage
to the Model 2502 voltage bias sources when the ground connect mode

is enabled.
Figure 2-10
Non-isolated analog output connections

Center
INPUT  Conductor
Measuring Instrument HI . Model 2502
SSSSS - ey
@ (E e
® ®
@®

Shield

!_J

INPUT CHANNEL 1
LO ANALOG
ouT
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Isolated connections

To maintain proper isolation between the analog outputs and chassis ground, it is strongly
recommended that you use the isolated connections shown in Figure 2-11. In this case, an
Analog Devices 3B41-03 Isolated Wideband Voltage Input is used to provide isolation
between the Model 2502 ANALOG OUT and the measuring instrument. Analog output HI
(center conductor) is connected to the HI input terminal of the isolator and analog output
LO (inner shield) is connected to the LO input. The two isolator Vg terminals are con-
nected to the measuring instrument HI and LO INPUT terminals as shown.

Refer to the 3B41-03 documentation for connections, power supply, and configuration

information for your application.

Figure 2-11
Isolated analog output connections

Analog Devices 3B41-03
Wideband Isolated
Voltage Input

Center

Conductor

Model 2502

KEITHLEY L2 Vourt

Vout
Common

HI
Input
LO

letronics.com

Shield

CHANNEL 1
ANALOG
OouT



2-14

Connections

Model 2500 and 2502 User’s Manual

Equivalent circuits

Figure 2-12 shows an equivalent circuit of the analog outputs with the ground connect
mode disabled. (Only one channel is shown; the other channel is identical.) Note that the
analog output circuit consists of a gain/buffer amplifier, and the analog output LO is con-

nected to floating common.

Figure 2-13 shows an equivalent circuit with the ground connect mode enabled. In this
case, since one side of the voltage bias source is connected to chassis ground, analog
output LO can float up to £100V above chassis ground depending on the voltage bias
source setting.

Figure 2-12

Analog output equivalent circuit with ground connect disabled

Triax
INPUT
20mA Max

I~
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Feedback
Ammeter

DUT
VOLTAGE

SOURCE
ouT

Ground
Connect
Disabled

/
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Converter
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Floating channel 1
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Note: One channel shown.
Other channel is identical.
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Figure 2-13
Analog output equivalent circuit with ground connect enabled
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—_— Hi To A/D
72N - Converter
LO + R
DUT Chassis
VOLTAGE Ground
SOURCE ANALOG
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Ground nable Bias Source  Floating channel 1 | LO
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Operation overview — Discusses current measurement and voltage bias source capa-
bilities, ranges, compliance, and fundamental measurement and voltage bias circuit
configuration.

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

Basic measurement procedure — Describes the basic procedure for setting up the
Model 2500 for measurement and voltage bias operation, including choosing the mea-
surement channel and range, selecting the source channel and setting output values,
and turning the output on and off.

Using the analog outputs (Model 2502 only) — Covers basic characteristics of the
analog outputs.



3-2 Basic Operation Models 2500 and 2502 User’s Manual

Operation overview

Measurement and voltage bias capabilities

The Model 2500 has the following measurement and voltage bias capabilities:

* Measure Current — Each Model 2500 channel can measure DC currents from £1fA
to £20mA. Each channel has eight current ranges: 2nA, 20nA, 200nA, 2pA, 20pA,
200pA, 2mA, and 20mA.

» Source Voltage — Each Model 2500 channel can output DC voltage from £500pV to
+100V. Each channel has two ranges: 10V and 100V.

NOTE Both channel 1 and channel 2 are floating and independent of one another:

Ranges

Table 3-1 summarizes current measurement ranges, resolutions, and maximum readings
while Table 3-2 lists voltage bias source ranges, resolutions, and maximum voltage and

current. See Section 6 for more details on ranging.

Table 3-1
Current measurement ranges
Model 2500 | Maximum | Maximum
I-range resolution | reading
2nA 1fA +2.1nA
20nA 10fA +21nA
200nA 100fA +210nA
2pA 1pA 2.1pA
20pA 10pA 21pA
200pA 100pA $210pA
2mA 1InA +2.1mA
20mA 10nA +21mA
Table 3-2
Voltage source ranges
Model 2500 Maximum | Maximum
V-range | Resolution | voltage current
10V 4001V 10V 20mA
100V 4mV 100V 20mA

letronics.com
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Compliance

Each voltage bias source has a maximum output level of 100V @ 20mA. If the load resis-
tance is low enough so that the unit exceeds the 20mA current limit, the unit is considered
to be in compliance, and the corresponding source display field (Srcl or Src2) will blink.
See Section 5, “Bias source operating boundaries,” for more information. You can also use
compliance for limit testing (Section 10), and the unit can be programmed to generate an
SRQ under compliance conditions over the GPIB (Section 14).

Basic circuit configuration

The fundamental circuit configuration for the Model 2500 is shown in Figure 3-1. Note
that the unit has two separate channels (one channel shown), each of which includes a
feedback ammeter and a 0 £10V or 0 £100V voltage bias source. Figure 3-1 also shows
the output enable circuit, which is shown enabled (Section 12), and the ground connect
relay (see “Ground connect mode,” page 3-8). Note that the DUT is connected between
the triax INPUT jack and the SOURCE OUTPUT terminal.

Figure 3-1
Basic circuit configuration
R
Triax /\/\/\/
| INPUT
20mA Max
5 PAN Hi To A/D
©) - Converter
Chassis
Feedback Ammeter
DUT Ground
SOURCE
OUTPUT
| | I Floating Channel 1 or
Output \/ Channel 2 Common
Bias Source
Connect 0to +10V or Note: One channel shoyvn. .
0to +100V Other channel is identical.
20mA Max
Chassis
Ground
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Operation considerations

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

Warm-up

The Model 2500 must be turned on and allowed to warm up for at least one hour to
achieve rated accuracies. See Appendix A for specifications.

Auto zero

Every A/D conversion (current reading) is calculated from a series of zero, reference, and
signal measurements. With auto zero enabled, all three of these measurements are per-
formed for each reading to achieve rated accuracy. With auto zero disabled, zero and refer-
ence are not measured. Disabling auto zero increases measurement speed, but zero drift
will eventually degrade accuracy. With auto zero disabled, periodically change measure-
ment speed.

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

NOTE Auto zero control affects both channels simultaneously.

Front panel auto zero

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

Press the MENU key.

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

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

ok wh =

Remote command auto zero

Use the :SYSTem:AZERo command to enable or disable auto zero via remote. For exam-
ple, send the following command to disable auto zero:

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

:SYST:AZER OFF
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Source delay
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The source delay options are used to set the settling time for the voltage bias source. This
source delay is the delay phase of the source-delay-measure cycle. (See Section 5, “Mea-

surement Concepts,” for more information.)

Auto delay period

The auto delay period depends both on the current range (Table 3-3) and, during sweeps
(Section 9), on the voltage step size. With the source auto delay mode enabled, the total

source delay for both channels will be the sum of the current-range-based-delay in

Table 3-3 and the voltage slew time for the channel that has the greater total delay. Worst-

case voltage slew time, Tyyg, is given by the equation:

Table 3-3

Ty = (3.07ms)/V

Auto source delay

I-range-based
I-range auto delay

2nA 16ms

20nA 16ms

200nA 12.25ms

2UA 12.25ms

20pA 3.55ms

200pA 3.55ms

2mA 530us

20mA 530us

For example, with the 2lUA range and a voltage step size of 0.5V, the total delay is:
Delay = 12.25ms + (0.5 % 3.07ms)

Delay = 13.785ms
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Output slew time

Figure 3-2 demonstrates the effect of output slew time on overall settling. Total time after
changing the source value before accurate measurements can be taken includes both the
slew time and the measure circuit settling time.

NOTE  When not performing a sweep, the output slew time is not part of the auto source
delay. Therefore, for best accuracy when turning the output on or changing the
voltage source value, allow a delay of 3.07ms/V of output change before trigger-
ing a reading. This delay can be programmed by setting the trigger delay
[Section 10, “Trigger model (front panel operation)”]. Also, while the output is
slewing, the compliance status bit for the channel will be set (Section 14,
“Status Structure”). You can poll the compliance bit to determine when the pro-
grammed source value is reached and an accurate reading can be taken.

Figure 3-2
Output slew time
A
Volts
1 1
1 ]
1 1
1 |
3.07ms/V ! :
1
1 1
1 1
1 1
1 1
i 1 1 R
1 1 ] . -
1 1 1 Time
I QOutput '  Measurement :
: Slew : Circuit .
1 1 Settling 1
1 1 |
Source  Output Accurate readings
Value Settled can be taken
Changed
Manual delay

Manual delay for each channel can be set from 0000.00000 to 9999.99800 seconds. Man-
ually setting the delay disables auto delay.
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Front panel source delay

To set the manual source delay from the front panel:

. Press CONFIG then SRC1 or SRC2.

1

2. Select DELAY from the displayed choices, then press ENTER.
3. Enter the desired DELAY value, then press ENTER.
4

. Press EXIT to return to normal display.

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

. Press CONFIG then SRC1 or SRC2.

1

2. Select AUTO-DELAY from the displayed choices, then press ENTER.
3. Select ENABLE or DISABLE as desired, then press ENTER.
4

. Press EXIT to return to normal display.

NOTE The delay period is the same for both sources. If you change the delay on one
channel, the delay period on the other source will change to the same value.

Remote command source delay

Use the appropriate command shown in Table 3-4 to program the source delay via remote.
(See Section 17 for details.) For example, the following command sets the source delay to

50ms:
:SOURI1:DEL 0.05

Table 3-4
Source delay commands

Command

Description

:SOURce[1]:DELay <Delay>
:SOURce[1]:DELay:AUTO <State>
:SOURce2:DELay <Delay>
:SOURce2:DELay:AUTO <State>

Set source delay.
Enable/disable auto delay (ON or OFF).
Set source delay.
Enable/disable auto delay (ON or OFF).
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Ground connect mode

The VOLTAGE SOURCE output jack for either channel can be left floating or connected
to chassis ground by selecting the appropriate ground connect mode. When ground con-
nect is enabled, the VOLTAGE SOURCE terminal will be connected to chassis ground, as
shown in Figure 3-3. This configuration allows you to bias and measure the DUT using a
single triax cable as shown. When ground connect is disabled (Figure 3-4), you must make
separate SOURCE OUTPUT connections to the DUT. (See Section 2 for connection
details.)

NOTE The ground connect mode can be individually controlled for each channel.

Front panel ground connect

Enable or disable the ground connect mode as follows:

1. Press CONFIG then SRC1 or SRC2.
2. Select GND-CONNECT, then press ENTER.
3. Choose ENABLE or DISABLE as required, then press ENTER.

Remote command ground connect

Use the appropriate command shown in Table 3-5 to program the ground connect mode
via remote. (See Section 17 for details.) For example, the following command enables
ground connect on channel 1:

:SOURI1:GCON ON

Table 3-5
Ground connect commands

Command Description

:SOURCce[1]:GCONnect <State> | Enable/disable channel 1 ground connect (ON or
OFF).
:SOURce2:GCONnect <State> Enable/disable channel 2 ground connect (ON or
OFF).
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Figure 3-3
Ground connect enabled
Triax
IN/F;%T HI  To Ammeter
AX Lo :
Chassis
DUT Ground
SOURCE
OUTPUT |
| I Floating
Output |
o ; Common
o n Bias Source
Ground Connect Note: One channel shown.
Relay Closed Other channel is identical.
Chassis
Ground
Figure 3-4
Ground connect disabled
Triax
INPUT
~ HI To Ammeter
LO
p
Chassis
DUT Ground
SOURCE
ouTPUT | | I Floating
Output | v Common
Ground On Bias Source
Connect
Relay Note: One channel shown.
Open Other channel is identical.
Chassis
Ground

letronics.com



3-10 Basic Operation Models 2500 and 2502 User’s Manual

Basic measurement procedure

NOTE The following procedures outline measurements on a generic DUT. See
Section 4, “Photodiode Measurements,” for procedures specific to photodiodes.

Output control

Use the ON/OFF OUTPUT key to turn both Model 2500 outputs on or off simultaneously
for basic source-measure situations. With either channel 1 or channel 2 output on, the red
ON/OFF OUTPUT indicator light will be on. The indicator light turns off when the out-
puts are turned off.

WARNING To prevent electric shock, do not make or break connections to the
Model 2500 while it is on.

Basic measurement circuit configuration

The circuit configuration for the basic measurement procedures that follow is shown in
Figure 3-5. In this example, channel 1 connections are shown, but channel 2 connections
are similar. See Section 2, “Connections,” for detailed connection information.

VOLTAGE SOURCE
OUTPUT CHANNEL 1

Figure 3-5
Circuit configuration for basic measurements
Model 2500
b INPUT HI
| | CHANNEL 1
| |
| |
| |
| |
I
I I DUT
| I
I \V4 -
| —_— |
| Floating T |
Analog |
| Common I
I

See Section 2 for detailed connections.
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Front panel measurement procedure
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Step 1. Select measurement channel and range.

Select the desired measurement channel by pressing MSR1 (channel 1) or MSR2 (channel
2). With autoranging turned off, use the RANGE A and V¥ keys to manually select the cur-
rent measurement range for that channel. You can also press AUTO to select autoranging.

Step 2. Select source channel and set source level.

The source level is the voltage setting of the selected source (channel 1 or channel 2).

NOTE The Model 2500 must be in the edit mode (EDIT annunciator ON) to set source
values. The edit mode is selected by pressing the SRCI or SRC2 key. The flash-
ing digit for the source value in the Srcl or Src2 display field indicates that the
Model 2500 is in the edit mode for that channel. If no editing operation is per-
formed within six seconds, the edit mode times out and is cancelled.

The EDIT A, V¥, 4 and W keys also enable the edit mode. They choose the last
edited source field channel.

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

The source value cannot be changed while the Model 2500 is performing a
sweep, which occurs with the Output ON and after the SWEEP key is pressed.

Perform the following steps to edit source values:

1. Press SRCI1 or SRC2 to enter the edit mode for the desired channel. The flashing digit
indicates which value (Srcl or Src2) is presently selected for editing.

2. Use the RANGE A and V¥ keys to select either the 10V or 100V range that will accom-
modate the value you want to set. For best accuracy, use the lowest possible source
range.

3. Enter the desired source value. There are two methods to edit the value: value adjust
and numeric entry.

NOTE 1o clear the source value to OV, press the 0000 (MENU) key while in the edit
source field.

 Value adjust — To adjust the value, use the EDIT < and p keys to place the cursor
at the appropriate position, and use the EDIT A and ¥ keys to increment or decre-
ment the value.
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* Numeric entry — When the edit mode is entered, the cursor is located on the most
significant digit of the value. From this position, you can key in the value using the
number keys (0 through 9). After each number is keyed in, the cursor moves one
position to the right. If desired, you can use the EDIT « and p keys to place the
cursor on a digit to be changed, and press the appropriate number key. The cursor
does not have to be on the polarity sign of the value to change polarity. If the 0000
(MENU) key is pressed, the source value will be clear to OV.

4. To edit the source on the other channel, press SRC1 or SRC2 to select it, and repeat
steps 2 and 3.

5. When finished editing source value(s), press ENTER or wait six seconds to exit from
the edit mode.

Step 3. Turn source outputs on.

Turn the voltage source outputs on by pressing the ON/OFF OUTPUT key. The red OUT-

PUT indicator will turn on to indicate that both channel outputs are on.

Step 4. Observe readings on the display.

Observe the current readings in the channel 1 (top left) or channel 2 (top right) display
field as appropriate. If in the MSR1 or MSR2 display mode, use the DISPLAY TOGGLE
key to toggle between channels if desired, or use the CHANNEL SELECT key to select
the displayed channel.

Step 5. Turn source output off.

When finished, turn both voltage source outputs off by pressing the ON/OFF OUTPUT
key. The red OUTPUT indicator light will turn off.

Remote command measurement procedure

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

Basic measurement and voltage source commands

Table 3-6 summarizes basic measurement and voltage source commands. See Section 17
for more information on using these commands as well as many other commands that con-
trol these functions.
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Table 3-6

Basic measurement and voltage source commands

Command

Description

:SENSe[1]:CURRent:RANGe <n>
:SENSe[1]:CURRent:RANGe:AUTO <state>

:SENSe2:CURRent:RANGe <n>
:SENSe2:CURRent:RANGe:AUTO <state>

:SOURCce[1]:VOLTage:MODE FIXed
:SOURCce[1]:VOLTage:RANGe <n>
:SOURCce[1]:VOLTage <n>
:SOURCce2:VOLTage:MODE FIXed
:SOURCce2:VOLTage:RANGe <n>
:SOURCce2:VOLTage <n>
:OUTPut[1] <state>

:OUTPut2 <state>
:FORMat:ELEMents <name>

:READ?

Set channel 1 current measure range (n = range).

Enable/disable channel 1 auto range (state = ON or
OFF).

Set channel 2 measure range (n = range).

Enable/disable channel 2 auto range (state = ON or
OFF).

Select fixed sourcing mode for channel 1 source.

Select channel 1 source range (n = range, 10 or 100).

Set channel 1 source amplitude (n = volts).
Select fixed sourcing mode for channel 2 source.

Select channel 2 source range (n = range, 10 or 100).

Set channel 2 source amplitude (n = volts).

Turn channel 1 output on or off (state = ON or OFF).
Turn channel 2 output on or off (state = ON or OFF).

Select reading channel. <name> =CURRent[1]
(channel 1), CURRent2 (channel 2).
Trigger and acquire reading.

Measurement programming example

Table 3-7 summarizes the command sequence for a basic measurement procedure using
channel 2. Note that the steps correspond to those listed previously in “Front panel mea-
surement procedure.” These commands set up the Model 2500 as follows:

¢ Channel 2 measurement range: 2HA

¢ Channel 2 source range: 10V

¢ Channel 2 source output level: 10V

NOTE See Appendix H for a complete program listing.
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Table 3-7
Basic measurement command sequence
Step1 Action Commands®? Comments
*RST Restore GPIB defaults.
1 |Select channel 2 measure range. |:SENS2:CURR:RANG 2e-6 | Select 2JA range.
Select channel 2 current reading. | :FORM:ELEM CURR2 Return channel 2 reading.
2 | Set channel 2 source range. :SOUR2:VOLT:RANG 10 Select 10V source range.
Set channel 2 source amplitude. |:SOUR2:VOLT 10 Source 2 output = 10V.
3 | Turn on channel 2 output. :OUTP2 ON Output on before measuring.
4 | Read data. :READ? Trigger, acquire reading.
5 | Turn off channel 2 output. :OUTP2 OFF Output off after measuring.

lSteps correspond to front panel steps previously in “Front panel measurement procedure.”

2Commands must be sent in order given.
3Instrument must be addressed to talk after :READ? to acquire data.

Using the analog outputs (Model 2502 only)

Each analog output provides a -10V to +10V DC output analogous to the input current.
The analog output signal will nominally source a £10V proportional, but inverted, signal

to the input current on all measurement ranges. For example, with a +1mA current on the

2mA measurement range, the analog output voltage would be -5V. Table 3-8 list typical
analog output voltages for various ranges and input currents.

Table 3-8
Analog output voltage examples
Range Input Current Analog Output
20nA +10nA -5V
2pA 2uA +10V
20pA +TpA 35V
2mA +0.5mA -2.5V
20mA -15SmA +7.5V
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4
Photodiode Measurements

» Configuring measurements — Outlines the configuration menu that allows you to set
up various channel 1 and channel 2 measurement aspects and covers a configuration
procedure.

 Front panel photodiode measurements — Provides a detailed procedure for making
photodiode measurements from the front panel.

* Remote photodiode measurements — Summarizes remote commands for making
photodiode measurements via remote and also gives a programming example.
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Configuring measurements

Measurement configuration menu

Press CONFIG then MSR1 or MSR2 to access channel 1 or channel 2 configuration menu
shown in Table 4-1. In Section 1 use the “Rules to navigate menus” to select the various
items in the menu tree, which is shown in Figure 4-1.

Table 4-1
MSR1 and MSR2 configuration menus
Configuration menu item Description
CONFIG MSR1 Configure channel 1 measurement.
CONFIG MSR1 BUTTON
1 Current measurement.
v I/V measurement (conductance).
V/1 V/I measurement (resistance).
MX + B_UNIT MX + B measurement.
P4 Electrical power measurement (V X I).
P Optical power [(Iyeasured — Idark current)/Responsivity].
CONFIG MSR2 Configure channel 2 measurement.
CONFIG MSR2 BUTTON
1 Current measurement.
v I/V measurement (conductance).
V/1 V/I measurement (resistance).
MX + B_UNIT MX + B measurement.
P4 Electrical power measurement (V X I).
P Optical power [(Ieasured — Idark current)/Responsivity].

Figure 4-1
Measurement configuration menu tree
Config
MSR1/MSR2

!

V/I

MX+B

4
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Configuring measurements

Follow the steps below to configure channel 1 or channel 2 measurement functions.

1.

Press CONFIG then the MSR1 or MSR2 key to access the configuration menu for the
channel you are configuring.

From the displayed configuration menu, select the math function you wish to use on
that channel (I, I/V, V/I, MX + B, P4, or P ), then press ENTER.

If you choose MX + B, configure the appropriate M (slope) and B (offset) parameters
for that function at the display prompts.

After configuring all parameters, press EXIT to return to normal display.

Optical power

The Model 2500 has a built-in function for converting photodiode current to optical
power.

1.

Press CONFIG then MSR1 or MSR2 to select the configuration menu for channel 1 or
channel 2.

2. Select P -, then press ENTER.

letronics.com

At the prompt, enter the desired R (responsivity) value, then press ENTER.

. At the prompt, enter the desired D (dark current), then press ENTER.
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Front panel photodiode measurements

Photodiode measurement circuit configuration

The basic circuit configuration for the photodiode measurement procedures in this section
is shown in Figure 4-2. This example shows channel 1 connections to one photodiode.
Channel 2 connections to the other photodiode are similar. See Section 2, “Connections,”
for detailed connection information.

VOLTAGE SOURCE
OUTPUT CHANNEL 1

Figure 4-2
Circuit configuration for photodiode measurements
Model 2500
e INPUT HI
| | CHANNEL 1
| I
| |
| |
|
| | ¥
| | Photodiode .
|
| |
| —_— |
| Floating T |
Analog |
| Common I
|

See Section 2 for detailed connections.

Front panel photodiode measurement procedure

Step 1. Configure measurement functions.

For this example, channel 1 will be used to measure the current of the back photodiode
detector, while channel 2 will measure the forward photodiode optical power. Configure
each channel as follows:

1. To configure channel 1, press CONFIG then MSR1.

2. From the CONFIG MSR1 BUTTON menu, select I, then press ENTER.
3. To configure channel 2, press CONFIG then MSR2.
4

. From the CONFIG MSR2 BUTTON display, select P -, then press ENTER. Set the
parameters R and D as desired.
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Step 2. Set bias voltage source values.
Set up channel 1 and channel 2 voltage sources as follows:

1. Press SRCI1 to edit the channel 1 source.

2. Use the RANGE A and V¥ keys to select the source range that will accommodate the
value you want to set. For this example, set the range to 10V.

3. Using either the EDIT or numeric entry keys, enter the desired source value. For this
example, set the source value to +10V.

4. Press SRC2 to select the channel 2 source.
5. Use the RANGE A key to select the 100V range.
6. Again, using either the EDIT or numeric entry keys, set the bias source value to +20V.

Step 3. Turn source outputs on.

Turn both voltage source outputs on by pressing the ON/OFF OUTPUT key. The red
OUTPUT indicator will turn on to indicate the outputs are on.

Step 4. Observe readings on the display.

Observe the current readings in display. For this example, press MSR1 to display the cur-
rent on channel 1, or use MSR2 to display channel 2 power. If necessary, use the RANGE
A and V¥ keys to manually select the current measurement range for that channel, or press
AUTO to select autoranging. Use the DISPLAY TOGGLE or CHANNEL SELECT keys
to display the desired readings.

Step 5. Turn source outputs off.

When finished making measurements, turn both voltage source outputs off by pressing the
ON/OFF OUTPUT key. The red OUTPUT indicator light will turn off.

Remote photodiode measurements

Photodiode measurement procedures can also be performed via remote by sending appro-
priate commands in the right sequence. The following paragraphs summarize the com-
mands and give a simple programming example.

Photodiode measurement commands

Table 4-2 summarizes commands used to make basic photodiode measurements. See
Section 17 for more information on using these commands as well as many other com-
mands that can be used for photodiode measurements.
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Table 4-2
Photodiode measurement commands

Command

Description

:CALCulate[1]:FORMat <name>

:CALCulate[1]:DATA?
:CALCulate[1]:STATe <state>
:CALCulate[1]:KMATh:MBFactor <n>
:CALCulate[1]:KMATh:MMFactor <n>
:CALCulate[1]:KMATh:MUNits “<string>"

:CALCulate[1]:KMATh:DC<n>
:CALCulate[1]:KMATh:RESP<n>
:CALCulate2:FORMat <name>

:CALCulate2:DATA?
:CALCulate2:STATe <state>
:CALCulate2:KMATh:MBFactor <n>
:CALCulate2:KMATh:MMFactor <n>
:CALCulate2:KMATh:MUN!its “<string>"

:CALCulate2: KMATh:DC<n>
:CALCulate2:KMATh:RESP<n>
:FORMat:ELEMents <name>

:FORMat:ELEMents:CALCulate <name>

AINIT

:OUTPut[1] <state>

:OUTPut2 <state>

:READ?

:SENSe[1]:CURRent:RANGe <n>
:SENSe[1]:CURRent:RANGe:AUTO <state>
:SENSe2:CURRent:RANGe <n>
:SENSe2:CURRent:RANGe:AUTO <state>
:SOURCce[1]:VOLTage:MODE FIXed
:SOURCce[1]:VOLTage:RANGe <n>
:SOURCce[1]:VOLTage <n>
:SOURCce2:VOLTage:MODE FIXed
:SOURCce2:VOLTage:RANGe <n>
:SOURCce2:VOLTage <n>

Define channel 1 math (name = MXB[1], COND[1],
POWER[1], RES[1], or OP[1]).

Request channel 1 math reading.

Enable/disable channel 1 math (state = ON or OFF).

Set channel 1 MX + B, B (offset) parameter (n = B).

Set channel 1 MX + B, M (slope) parameter (n = M).

Define Channel 1 MX + B units (string = 0 to 3-character
string).

Set channel 1 dark current (n = amps).

Set channel 1 responsivity (n = amps/watt).

Define channel 2 math (name = MXB2, COND2,
POWER2, RES2, or OP2).

Request channel 2 math reading.

Enable/disable channel 2 math (state = ON or OFF).

Set channel 2 MX + B, B (offset) parameter (n = B).

Set channel 2 MX + B, M (slope) parameter (n = M).

Define Channel 2 MX + B units (string = 0 to 3-character
string).

Set channel 2 dark current (n = amps).

Set channel 2 responsivity (n = amps/watt).

Select :READ? reading channel. (name = CURRent[1],
CURRent2, STATus or TIME).

Select CALCn:DATA? elements (name = CALCulate,
STATus or TIME).

Trigger reading.

Turn channel 1 output on or off (state = ON or OFF).

Turn channel 2 output on or off (state = ON or OFF).

Trigger and acquire reading.

Set channel 1 current measure range (n = range).

Enable/disable channel 1 auto range (state = ON or OFF).

Set channel 2 measure range (n = range).

Enable/disable channel 2 auto range (state = ON or OFF).

Select fixed sourcing mode for channel 1 source.

Select channel 1 source range (n = range, 10 or 100).

Set channel 1 source amplitude (n = volts).

Select fixed sourcing mode for channel 2 source.

Select channel 2 source range (n = range, 10 or 100).

Set channel 2 source amplitude (n = volts).
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Photodiode measurement programming example
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Table 4-3 summarizes the command sequence for a photodiode measurement procedure
using channel 1 to measure the current of the back photodiode detector, and channel 2
displaying optical power. Note that the steps correspond to those listed previously in
“Front panel photodiode measurement procedure.” See Figure 4-2 earlier in this section
for basic connections and Section 2 for detailed connection information.

These commands set up the Model 2500 as follows:

Channel 1 measurement: current measurement, auto range

Channel 2 measurement: optical power

Channel 2 responsivity constant (R) of detector for wavelength of interest: 1
Channel 2 dark current (D): 1

Channel 1 source: 10V range, +10V amplitude

Channel 2 source: 100V range, +20V amplitude

NOTE See Appendix H for a complete program listing.
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Table 4-3
Basic measurement command sequence
Step1 Action Commands®3 Comments
*RST Restore GPIB defaults.
1 | Configure channel 1 :FORM:ELEM CURRI1 Select channel 1 reading.
measurement.
Configure channel 2 :CALC2:FORM OP2 Optical power on chan. 2.
measurement. :CALC2:KMAT:RESP 1 R=1.
:CALC2:KMAT:DC 0 D=0.

Set channel 1 source range.

Set channel 1 source amplitude.

Set channel 2 source range.

Set channel 2 source amplitude.

Turn on channel outputs.

Set ranges, read data.

Turn off outputs.

:SOUR1:VOLT:RANG 10
:SOURI1:VOLT 10
:SOUR2:VOLT:RANG 100

:SOUR2:VOLT 20

:OUTP1 ON

:OUTP2 ON
:SENS1:CURR:RANG:AUTO ON
:SENS2:CURR:RANG:AUTO ON
:READ?

:CALC2:STAT ON
AINIT
:CALC2:DATA?
:OUTP1 OFF
:OUTP2 OFF

Chan. 1 10V source range.

Chan. 1 output = 10V.

Chan. 2 100V source
range.

Chan. 2 output = 20V.

Output 1 on.

Output 2 on.

Chan. 1 autorange.

Chan. 2 autorange.

Trigger, acquire C1
reading.

Enable C2 math.

Trigger C2 math reading.

Acquire C2 math reading.

Outputs off after
measuring.

lSteps correspond to front panel steps previously in “Front panel photodiode measurement procedure.”
2Commands must be sent in order given.
3Instrument must be addressed to talk after :INIT or :READ? to acquire data.
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Measurement Concepts
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Source-delay-measure cycle — Describes the various phases of the source-delay-
measure cycle.

Sweep waveforms — Covers the various types of sweeps that can be performed.

Bias source operating boundaries — Covers voltage output and current limit operat-
ing boundaries for the voltage bias sources.

Data flow — Describes measurement readings, ratio, delta, rel, and limits operation,
and how data is stored in the buffer.
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Source-delay-measure cycle

Overview

Model 2500 voltage bias and measurements operation for each channel can consist of a
series of source-delay-measure (SDM) cycles (Figure 5-1). During each SDM cycle, the
following occurs:

1. Set the voltage bias source output level.
2. Wait for the programmed delay period.
3. Make the measurement.

Figure 5-1
Source-delay-measure (SDM) cycle

End of A/D

Conversion

( Start of A/D Conversion

Source ( (0
Value ~( 7 7

Trigger

| I

’« Trigger Delay >| Measure ———

Latency
(100ps)

Triggering

Figure 5-2 shows how the SDM cycle fits into the trigger model. (See Section 10 for com-
plete details on the trigger model.) When the source is turned on (triggered), an approxi-
mate 100psec trigger latency occurs before the programmed source level is output. As
long as the source output stays on, trigger latency will not be included in subsequent SDM
cycles. Trigger latency only occurs when the output makes the transition from off to on.
(See the specifications in Appendix A for definitions of trigger latency as well as other
trigger specifications.)
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Figure 5-2
Simplified trigger model
Idle
Event —- Tr@ Léryngr
Arm
Measure
Euent — T@ Trigger
See Section 10
for trigger model details.

Delay phase

The delay phase of the SDM cycle allows the source to settle before the measurement is
performed. The delay period depends on how the source delay is configured. The source
delay can be manually set from 0000.0000 seconds to 9999.9980 seconds. If using auto
delay, the delay is set automatically; see Section 3 for details.

The manually set delay (up to 9999.998 sec) is available to compensate for longer settling
required by external circuitry. The more capacitance seen at the output, the more settling
time is required for the voltage bias source. The actual delay period needed can be calcu-
lated or determined by trial and error. The slew rate of the output circuit is constant at
about 3.07ms/V. Therefore, the minimum source delay must be 3.07ms X voltage step
size.

NOTE The delay period is the same for both channels. If you change the delay on one
channel, the delay period on the other channel will change to the same value.

Measurement time

The measure time depends on the selected measurement speed. For example, if speed is
set at 0.01 PLC (power line cycles), the measure time would be 167psec for 60Hz opera-
tion (0.01/60).
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Sweep waveforms

There are three basic sweep types to select from: linear staircase, logarithmic staircase,
and custom, as shown in Figure 5-3.

Staircase sweeps

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 is done on a log scale with a specified
number of steps per decade.

Custom sweep

The custom sweep lets you construct your own sweep by specifying the number of mea-

sure points and the source level at each point. See Section 9 for more details on sweep
operation.

Figure 5-3
Basic sweep waveform types

<— Stop

Start

Bias

Linear Staircase Sweep

Stop
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Bias shown for staircase steps.

Logarithmic Staircase Sweep

First Point Last Point
~ —

Bias

Custom Sweep
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SDM cycle during sweeps

An SDM cycle is performed on each step (or point) of the sweep. Thus, one measurement
will be performed at each step (level). The time spent at each step (level) depends on how
the SDM cycle is configured (i.e., source delay, measure speed) and the trigger delay (if
used).

Typical sweep applications

Typical applications for staircase sweeps include photodiode I-V curves. The custom
sweep can be used to configure a pulse sweep with a 50% duty cycle. For example, a 10V
pulse sweep can be configured by programming the odd numbered points for 10V and the
even numbered points for OV. When the sweep is run, the output will alternate between
10V and OV.

Sweep data storage
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For a sweep that has a finite sweep count, the data will automatically be stored in the
buffer. This data can be accessed from the front panel or sent to a computer (remote oper-
ation) for evaluation (plotting). Statistical information on readings stored in the buffer are
also available from the front panel or via remote.
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Bias source operating boundaries
Limit lines
Figure 5-4 shows the operating boundaries, or limit lines for the voltage bias sources in the
first quadrant (both voltage and current positive). Operation in the third quadrant (both
voltage and current negative) is similar. Note that each voltage bias source can output a
maximum of £100V @ +20mA. Although the voltage value can be set over a range of
+100V, the current compliance is fixed at 20mA.

Figure 5-4
Bias source limit lines

Current Compliance

A Limit Line
+20mA /
Max
Output
Current
< Voltage Source
Limit Line
Output Volt 100V
utput Voltage Max
Loading effects

Where within the boundaries each Model 2500 bias source operates depends on the resis-
tance of the load (DUT) that is connected to the output. Figure 5-5 shows operation exam-
ples for resistive loads that are 1kQ and 400Q, respectively. For these examples, the Model
2500 bias source is programmed to source 10V with a fixed current limit of 20mA.

In Figure 5-5A, the Model 2500 is sourcing 10V into the 1kQ load and subsequently
sources 10mA. As shown, the load line for 1kQ intersects the 10V voltage source line at
10mA.

Figure 5-5B shows what happens if the resistance of the load is decreased to 400Q. The
DUT load line for 400Q intersects the 20mA current compliance limit line placing the
Model 2500 in compliance. In compliance, the Model 2500 will not be able to source its
programmed voltage (10V). For the 400Q DUT, the unit will output only 8V (at the fixed
20mA limit).

Notice that as resistance increases, the slope of the DUT load line decreases. As resistance
approaches infinity (open output), the Model 2500 will source virtually 10V at OmA. Con-
versely, as resistance decreases, the slope of the DUT load line increases. At zero resis-
tance (shorted output), the Model 2500 will source virtually OV at 20mA.
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Regardless of the load, current will never exceed the fixed compliance of 20mA.

Figure 5-5
Loading effects
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Data flow

Data flow for front panel operation is summarized by the block diagrams provided in
Figure 5-6, while Figure 5-7 shows data flow through the various CALC blocks. Note that
if REL is enabled, the result of the rel operation is sent to the other blocks.

NOTE See Appendix C for remote operation data flow information that describes the
CALC blocks in detail.

Basic readings

With data store and limit tests disabled (Figure 5-6A), the Model 2500 simply displays the
selected measurement function readings (MSR 1, MSR2, RATIO, or DELTA). No data
storage or limit test is performed when those two functions are disabled.

Data storage enabled

With data store enabled (Figure 5-6B), all readings are stored in the data store buffer as
processed regardless of the selected measurement function before or during storage. The
type of recalled reading, or statistic, depends on the selected measurement function during
recall (MSR1, MSR2, RATIO, or DELTA).

Limit test enabled

With a limit test enabled (Figure 5-6C), the selected limit feed (MSR1, MSR2, RATIO, or
DELTA) is used for Limit 3 through Limit 6 tests. Pass/Fail (P or F) information is dis-
played on the front panel along with the readings. If data store is performed with a limit
test already enabled, pass/fail status information is also displayed with the readings during
data recall.
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Figure 5-6
Data flow front panel
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Figure 5-7
CALC block data flow
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Range, Digits, Speed, and Filters

» Range and digits — Discusses available ranges, maximum readings, ranging limita-
tions, manual and autoranging, and display resolution.

» Speed — Discusses speed settings, which are used to control the integration period of
the A/D converter.

« Filters — Provides information on the filtering process that can be used to reduce
reading noise.
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Range and digits

Measurement range

The selected measurement range affects the accuracy of the measurements as well as the
maximum signal that can be measured.

Available ranges

Table 6-1 lists the available current measurement ranges, resolution values, and maximum
readings for each Model 2500 channel.

NOTE The current measurement range can be individually set for each channel.

Table 6-1
Current measurement ranges
Model 2500 | Maximum | Maximum
I-range resolution | reading
2nA 1fA +2.1nA
20nA 10fA +21nA
200nA 100fA +210nA
2pA IpA +2.1pA
20pA 10pA +21pA
200pA 100pA +210pA
2mA InA +2.1mA
20mA 10nA +21mA

Maximum readings

As shown in Table 6-1, the full scale input for each current measurement range is 105% of
the selected range. For example, £21mA is the full scale reading for the 20mA range.
Input levels that exceed the maximum levels cause the “Oflo” message to be displayed.

Manual ranging

Press the MSR1 or MSR2 key, then use the RANGE A and ¥ keys to select a fixed chan-
nel 1 or channel 2 manual range.

NOTE  Use the lowest range possible without causing an overflow to ensure best accu-
racy and resolution.
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Auto ranging

Press the MSR1 or MSR2 key, then press AUTO RANGE to enable auto ranging on chan-
nel 1 or channel 2 respectively. The AUTO annunciator turns on when auto ranging is
selected. With auto ranging selected, the instrument automatically chooses the best range
to measure the applied signal. In 2-channel, RATIO, or DELTA display modes, the AUTO
annunciator appears if either channel is in auto range. Pressing the AUTO key in the 2-
channel display mode toggles auto range on both channels ON or OFF.

NOTE  With the median filter enabled, auto ranging could be very slow. See “Median
filter,” page 6-8 for details.

Auto range limits

Upper and lower auto range limits are included to support the auto range change mode.
The upper limit must be greater than or equal to the lower limit, and the lower limit must
be less than or equal to the upper limit. If the lower limit is equal to the upper limit, auto
ranging is effectively disabled. When auto ranging is disabled, you can manually change
to any range below the lower limit or any range above the upper limit.

Setting auto range limits

To set the upper or lower auto range limit, press CONFIG A or CONFIG V¥ respectively,
then use the manual RANGE keys to set the limit at the ULIMIT or LLIMIT prompt.

Auto range speed limitations

With auto range enabled, a minimum of two extra readings are required to move up range,
and one additional reading is needed to move down range. No additional readings are
required if no range change is required.

Auto range operation with range limits

The auto range limits are only evaluated when an auto range condition exists and forces
the limits to be re-evaluated. Only the upper limit is evaluated if the unit needs to up-
range; likewise, only the lower limit is evaluated if the unit needs to down-range. Both
limits are not checked simultaneously for any given auto range evaluation.

For example, if the unit is on a higher manual range that is above the programmed upper
range limit and auto range is then enabled, the unit will not re-evaluate the range limits
until a change in the input signal level forces a range change. In this example, the unit
would stay on a range above the programmed upper limit with auto range enabled until the
input signal level changes accordingly.
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Digits
The display resolution of the measured reading depends on the DIGITS setting. This set-

ting is global, which means the digits setting selects display resolution for both channels.

The DIGITS setting has no effect on the remote reading format. The number of displayed
digits does not affect accuracy or speed. Those parameters are controlled by the SPEED
setting.

Setting display resolution
There are two ways to set display resolution:

o DIGITS — Press the DIGITS key until the desired number of digits is displayed.

* CONFIG DIGITS — Press CONFIG and then DIGITS to display the digits menu.
Place the cursor on the desired number of digits (3.5, 4.5, 5.5, or 6.5) and press
ENTER.

NOTE The DIGITS setting affects only the single-channel display mode; it does not
affect dual-channel display. Changing SPEED changes DIGITS, but changing
DIGITS does not change SPEED.

Remote range and digits programming

Table 6-2 summarizes the commands necessary to control range and digits. See Section 17
for more details on these commands.

Table 6-2
Range and digits commands

Commands Description
:SENSe[1]:CURRent:RANGe <n> Select channel 1 manual amps range (n = range).
:SENSe[1]:CURRent:RANGe:AUTO <state> Enable/disable Ch. 1 auto range (state = ON or OFF).
:SENSe[1]:CURRent:RANGe:AUTO:ULIMit <n> | Set upper limit for Ch. 1 auto range (n = range).

:SENSe[1]:CURRent:RANGe:AUTO:LLIMit <n> | Set lower limit for Ch. 1 auto range (n = range).
:SENSe2:CURRent:RANGe <n> Select channel 2 manual amps range (n = range).
:SENSe2:CURRent:RANGe:AUTO <state> Enable/disable Ch. 2 auto range (state = ON or OFF).
:SENSe2:CURRent:RANGe:AUTO:ULIMit <n> | Set upper limit for Ch. 2 auto range (n = range).
:SENSe2:CURRent:RANGe:AUTO:LLIMit <n> | Set lower limit for Ch. 2 auto range (n = range).
:DISPlay:DIGits <n> Set display digits (n =4, 5, 6, or 7).
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Range and digits programming example
Table 6-3 shows a programming example for controlling range and digits. The Model
2500 is set up as follows:

¢ Channel 1 auto range: ON

e Channel 1 upper range limit: 2mA

¢ Channel 1 lower range limit: 200nA

» Display digits 5%2

Table 6-3
Range and digits programming example

Command Description
*RST Restore GPIB defaults.
:SOURI1:VOLT 10 Source 10V on Ch. 1.
:SENS1:CURR:RANG:AUTO ON Enable Ch. 1 auto range.

:SENS1:CURR:RANG:AUTO:ULIM 2e-3 2mA upper range limit.
:SENS1:CURR:RANG:AUTO:LLIM 200e-9 |200nA lower range limit.

:DISP:DIG 5 5Y display digits.

:OUTP1 ON Turn on output.

:READ? Trigger and acquire reading.
:OUTP1 OFF Turn off output.

Speed

The Speed/Accuracy menu is used to set the integration time of the A/D converter (period
of time the input signal is measured). The integration time affects the usable digits, the
amount of reading noise, and the ultimate reading rate of the instrument. The integration
time is specified in parameters based on the Number of Power Line Cycles (NPLC), where
1 PLC for 60Hz is 16.67msec (1/60) and 1 PLC for 50Hz is 20msec (1/50).

In general, the fastest integration time (FAST; 0.01 PLC) results in increased reading noise
and fewer usable digits. The slowest integration time (HI ACCURACY; 10 PLC) provides
the best common-mode and normal-mode noise rejection. In between settings are a com-
promise between speed and noise. The default power-on speed setting is NORMAL

(1 PLC).
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Setting speed

Speed is set from the SPEED ACCURACY MENU and is structured as follows. Use
Section 1, “Rules to navigate menus,” to check and/or change the speed setting.

SPEED-ACCURACY MENU
Press SPEED or CONFIG SPEED to display the menu (Figure 6-1).

FAST — Sets speed to 0.01 PLC and sets display resolution to 3%2 digits.

MED — Sets speed to 0.10 PLC and sets display resolution to 4V2 digits.

NORMAL — Sets speed to 1.00 PLC and sets display resolution to 5%2 digits.

HI ACCURACY — Sets speed to 10.00 PLC and sets display resolution to 6Y2 digits.

OTHER — Use to set speed to any PLC value from 0.01 to 10. Display resolution is
not changed when speed is set with this option.

NOTE The SPEED setting is global and affects both channels. After setting speed, dis-

play resolution for the single-channel display mode can be changed using the

DIGITS key.
Figure 6-1
Speed configuration menu tree
Speed
Y | ‘ v v
Fast Med Normal HI Accuracy Other
(0.01PLC, (0.1T0PLC, (1.00PLC, (TOPLC, (Set Speed
3% Digits) 4% Digits) 5% Digits) 6Y2 Digits) 0.01 to TOPLC)
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Remote speed programming

Filters

Speed commands

Table 6-4 summarizes commands to control speed. Although commands for both channel
1 and channel 2 are included, the NPLC setting is global and affects both channels. See
Section 17 for more information.

Table 6-4
Speed commands

Command Description

:SENSe[1]:CURRent:NPLCycles <n> Set speed (n = PLC, 0.01 to 10).
:SENSe2:CURRent:NPLCycles <n> Set speed (n = PLC, 0.01 to 10).

Speed programming example
Send the following command to set the speed for both channel 1 and channel 2 to 10 PLC:
:SENS1:CURR:NPLC 10

Filtering stabilizes noisy measurements caused by noisy input signals. However, the more
filtering that is used, the slower the measurement process becomes. The Model 2500 uses
two stages of filtering: average and median. The displayed, stored, or transmitted reading
is simply the result of the filtering processes.

Filter stages

letronics.com

The Model 2500 uses a 2-stage filtering system as shown in Figure 6-2. The first stage
applies the Average Filter (Moving or Repeat) to the measurement conversions. The sec-
ond stage applies the Median Filter to the output of the first stage. When a filter stage is
disabled, a reading simply passes through it.

Figure 6-2
2-stage filtering
. Final
A/D Average* Median > Fi
Conversions Filter “|  Filter I{égg{g(gjs

*Repeat or Moving
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Each filter stage uses a stack to temporarily store readings to be filtered. The size of a
stack, which is set by the user, determines how many readings will be filtered. A stack size
of one disables that filter.

NOTE A source level change due to a sweep step resets the filters. That is, readings are
flushed from stack, and the filtering process starts over at the beginning. When
not sweeping, source level changes do not reset the filters.

Any range change will also reset the filters.

Repeat filter

The Repeat Filter places the specified number of measurement conversions into a stack
and averages them to yield a single Repeat Filter reading. The stack is then cleared, and
the process starts over. For example, if the repeat count (stack size) is 10, every 10 mea-
surement conversions will yield a single reading. Figure 6-3 illustrates the Repeat Filter
process. The maximum count (stack size) for the Repeat Filter is 100. Note that setting the
count to one disables the Repeat Filter.

Choose the Repeat Filter for sweeping so readings for other source levels are not averaged
with the present source level.

Figure 6-3
Repeat filter (count 10)
Conversion #10 Conversion #20 Conversion #30
#9 #19 #29
#8 #18 #28
o #7 Repeat . #17 Repeat o #27 Repeat
o #6 > Reading . #16 —> Reading . #26|—> Reading
. #5 #1 . #15 #2 . #25 #3
#4 #14 #24
#3 #13 #23
#2 #12 #22
Conversion  #1 Conversion #11 Conversion #21
Median filter

The Median Filter is used to pass the middle-most reading from a group of readings that
are arranged according to size. For example, assume the following readings:

2mA, 1nA, 3nA
The readings are placed in a stack, rearranged in ascending order as follows:
1nA, 3nA, 2mA

From the above readings, it can be plainly seen that 3nA is the median (middle-most)
reading. Therefore, the 3nA reading is allowed to pass, while the other two readings are
discarded (filtered out). The Median Filter provides a good method to reject noise spikes.
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The number of reading samples (stack size) for the Median Filter is determined by the
selected rank (0 to 5) as follows:

Sample readings = 2n + 1
Where: n is the selected rank (0 to 5)

From the above equation, it can be seen that the minimum number of sample readings is 1
(n=0) and the maximum number is 11 (n=5). The following table shows the number of
sample readings for each rank setting.

Rank # of Sample
setting readings

0 1

1 3

2 5

3 7

4 9

5 11

The first-in, first-out stack for the Median Filter operates as a moving type after it fills. For
example, if the Median Filter is configured to sample 11 readings (Rank 5) as shown in
Figure 6-4, the first filtered reading will be calculated (and displayed) after 11 readings are
acquired and placed in its filter stack. Each subsequent reading will then be added to the
stack (oldest reading discarded) and another Median Filter reading will be calculated and
displayed.

NOTE  With auto range enabled, a range change cannot occur until a reading is yielded
by the median filter process. Therefore, auto ranging could be very slow when
the median filter is enabled.

If the Repeat Filter is enabled, the Median Filter operation will not start until
after the Repeat Filter operation yields a reading. In other words, after a Repeat
Filter reading is yielded, that reading will then be sent to the Median Filter

stack.
Figure 6-4
Median filter (rank 5)
Reading #11 Reading  #12 Reading  #13
#10 #11 #12
#9 #10 #11
. #8 Median . #9 Median o #10 Median
. #7 > Reading o #8 —> Reading o #9 |—> Reading
. #6 #1 . #7 #2 . #8 #3
#5 #6 #7
#4 #5 #6
#3 #4 #5
#2 #3 #4
Reading #1 Reading #2 Reading #3
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Moving filter
The moving average filter uses a first-in, first-out stack. When the stack (filter count)
becomes full, the readings are averaged, yielding a filtered reading. For each subsequent
reading placed into the stack, the oldest reading is discarded. The stack is reaveraged,
yielding a new reading.
When the filter is first enabled, the stack is empty. Keep in mind that a Moving Filter read-
ing is not yielded until the stack is full. The first reading is placed in the stack and is then
copied to the other stack locations in order to fill it. Therefore, the first filtered reading is
the same as the first reading that entered the stack. Now the normal moving average filter
process can continue. Note that a true average is not yielded until the stack is filled with
new readings (no copies in stack). For example, in Figure 6-5, it takes ten filtered readings
to fill the stack with new readings. The first nine filtered readings are calculated using cop-
ied readings.
Figure 6-5
Moving filter (count 10)
Reading #1 Reading #2 Reading #3
#1 #1 #2 'YX )
#1 #1 #1
#1 Moving #1 Moving #1 Moving
: #1 —> Reading . #1 —> Reading : #1 |—> Reading
. #1 #1 . #1 #2 . #1 #3
#1 #1 #1
#1 #1 #1
#1 #1 #1
Reading #1 Reading #1 Reading #1
Reading #10 Reading #11
#9 #10
#8 #9
#7 Moving #8 Moving
: #6 —> Reading . #7 —> Reading
. #5 #10 . #6 #11
#4 #5
#3 #4
#2 #3
Reading #1 Reading #1
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Advanced filter — The Advanced Filter is part of the Moving Filter. With the Advanced
Filter enabled, a user-programmable noise “window” is used with the Moving Filter. The
noise window, which is expressed as a percentage of range (0-105%), allows a faster
response time to large signal step changes. If the readings are within the noise window, the
Moving Filter operates normally as previously explained. If, however, a reading falls out-
side the window, the stack is flushed of old readings and filled with the new reading.

For example, assume the window is set to 10% and the 20mA range is selected. Therefore,
the noise window is £2mA (20mA X 10% = 2mA). Also assume the first reading is 2mA.
Per normal filter operation, the stack is filled with that reading. As long as each subsequent
reading is within £2mA of the previous reading, the filter operates normally. Now assume
a 10mA noise spike occurs. This noise window violation causes the stack to flush out the
old readings and fill it with 10mA reading.

NOTE  If the Repeat or Median Filter is enabled, the Moving Filter operation will not
start until after the previous filter yields a reading. In other words, after a read-
ing is yielded from the Repeat or Median Filter, that reading will then be sent to
the Moving Filter stack.

Filter configuration

Using Table 6-5 and Figure 6-6 as a guide, configure the filter as follows:
NOTE  The filter setting is global and affects both channels.

1. Press the CONFIG key and then the FILTER key to access the filter configuration
menu.

2. Select AVERAGE-MODE, then choose the REPEAT or MOVING filter as required.

3. Place the cursor on AVERAGE-COUNT and press ENTER to display the present aver-
age count for the filter.

4. Use the «, p, A, and ¥ keys to display the desired count (1 to 100) and press ENTER.

5. Place the cursor on ADVANCED and press ENTER. The blinking cursor will indicate
the state of Advanced Filter.

6. Use the g or pkey to place the cursor on the desired Advanced Filter selection (DIS-
ABLE or ENABLE), and press ENTER.

7. If you enabled the Advanced Filter, use the «, B>, A, and ¥ keys to display the desired
noise window (0% to 105%) and press ENTER.

8. Place the cursor on MEDIAN RANK and press ENTER to display the present median
rank for the Median Filter.

9. Place the cursor on the desired rank value (0 to 5) and press ENTER. Keep in mind
that a rank of O disables the Median Filter.

10. Use the EXIT key to back out of the menu structure.
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Filter control

When filtering is being applied to the input signal, the FILT annunciator will be on. The
FILTER key is used to control filtering. Pressing FILTER turns on the FILT annunciator to
indicate that the filter configuration is being applied to the input. Pressing FILTER a sec-
ond time turns the FILT annunciator off to indicate that filtering is turned off.

Table 6-5
Filter configuration menu

Menu item Description
CONFIGURE FILTERING Configure filter.
AVERAGE-MODE Select average mode filter.

MOVING Moving average.

REPEAT Repeat average.
AVERAGE-COUNT Set average filter count (1-100).
ADVANCED Enable/disable advanced filter.

DISABLE Disable advanced filter.

ENABLE Enable advance filter.
MEDIAN-RANK Select median rank (0 -5).

Figure 6-6

Configure filtering menu tree

Config

|

Filter

'

:
! ' |

Average Average Median
Mode Count Advanced Rank
] —
Moving Repeat Disable Enable
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Remote filter programming

Filter commands

Table 6-6 summarizes filter commands. See Section 17 for more details.

Table 6-6
Filter commands

Commands*

Description

for Average Filter:
[:SENSe[1]]:AVERage:COUNt <n>

[:SENSe[1]]:AVERage:TCONTtrol <name>

[:SENSe[1]]:AVERage[:STATe] <state>

[:SENSe[1]]:AVERage: ADVanced:NTOLerance <NRf>

[:SENSe[1]]:AVERage:ADVanced[:STATe] <state>
:SENSe2:AVERage:COUNt <n>
:SENSe2:AVERage: TCONtrol <name>

:SENSe2:AVERage[:STATe] <state>
:SENSe2:AVERage:ADVanced:NTOLerance <NRf>

:SENSe2:AVERage:ADVanced[:STATe] <state>
for Median Filter:

[:SENSe[1]]:MEDian:RANK <NRf>
[:SENSe[1]]:MEDian[:STATe] <state>

:SENSe2:MEDian:RANK <NRf>
:SENSe2:MEDian[:STATe] <state>

Set Ch. 1 average filter count (n = count, 1 to
100).

Select Ch. 1 filter type (name = MOVing or
REPeat).

Enable/disable Ch. 1 filter (state = ON or OFF).

Set Ch. 1 advanced filter noise window in %
(NRf = noise window, 0 to 105).

Enable/disable Ch. 1 advanced filter (state = ON
or OFF).

Set Ch. 2 average filter count (n = count, 1 to
100).

Select Ch. 2 filter type (name = MOVing or
REPeat).

Enable/disable Ch. 2 filter (state = ON or OFF).

Set Ch. 2 advanced filter noise window in %
(NRf = noise window, 0 to 105).

Enable/disable Ch. 2 advanced filter (state = ON
or OFF).

Set Ch. 1 median filter rank (NRf = rank, O to 5).

Enable/disable Ch. 1 median filter (state = ON or
OFF).

Set Ch. 2 median filter rank (NRf = rank, O to 5).

Enable/disable Ch. 2 median filter (state = ON or
OFF).

* Since filter commands are global, :SENSe[1] (channel 1) commands also affect equivalent :SENSe2 (channel 2) settings.
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Filter programming example

Table 6-7 summarizes the command sequence to program channel 1 filter aspects as
follows:

» Average filter off

¢ Median filter state: on

¢ Median filter rank: 5

» Average filter state: on

» Average filter type: moving

» Average filter count 20

¢ Advanced filter state: on

¢ Advance filter tolerance: 10%

Table 6-7
Filter programming example
Command Description

:MED:RANK 5 Set median rank to 5.
:MED ON Enable median filter.
:AVER:TCON MOV | Select moving filter type.
:AVER:COUN 20 Set moving count to 20.
:AVER ON Enable average filter.
:AVER:ADV OFF Disable advanced filter.
:AVER:ADV:NTOL 10 | Set filter tolerance to 10%.
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Relative, Math, Ratio, and Delta

« Relative — Discusses the relative (REL) mode that can be used to null offsets or sub-
tract a baseline value from readings.

¢ Measurement Math Functions — Provides detailed information on the following
math functions: I/V, V/I, MX + B, electrical power (V x I), and optical power.

» RATIO and DELTA — Discusses the ratio and delta functions, which can be used to
calculate the ratio or difference between channel 1 and channel 2 measurement func-
tion results.
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Relative

The rel (relative) feature can be used to null offsets or subtract a baseline reading from
present and future readings. With REL enabled, subsequent readings will be the difference
between the actual input value and the rel value as follows:

Displayed Reading = Actual Input - Rel Value

Once a rel value is established for a measurement, the value is the same for all ranges. For
example, if ImA is set as a rel value on the 20mA range, the rel value is also 1mA on the
2mA range.

Selecting a range that cannot accommodate the rel value does not cause an overflow condi-
tion, but it also does not increase the maximum allowable input for that range. For exam-
ple, on 2mA range, the Model 2500 still overflows for a >2.1mA input.

NOTE In single-channel display mode, the REL annunciator turns on for the displayed
channel. In dual-channel display mode, the REL annunciator turns on if rel is
enabled for either channel.

Front panel rel

Enabling and disabling rel

Rel can be used to null out zero offsets or to establish a zero baseline on the selected mea-
surement channel 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 channel from the front panel as

follows:

1. Press MSR1 or MSR2 to select either channel 1 or channel 2 measurement.

2. Press CONFIG and then REL. The present rel value will be displayed.

3. Set the desired rel value. See Section 1, “Rules to navigate menus,” for details.

4. With the desired rel value displayed, press ENTER. The Model 2500 will return to the

normal display with rel enabled. The reading will reflect the defined rel value.
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Using REL in the dual-channel mode

The REL key does not function while the display is in the dual-channel, RATIO, or
DELTA display modes. To view two rel readings simultaneously:

Press MSR1.
Press REL.
Press MSR2.
Press REL.

ok wh =

Remote rel programming
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Rel commands

Press TOGGLE to display two channels.

Table 7-1 summarizes rel commands. See Section 17 for additional information.

Table 7-1
Rel commands

Command

Description

:CALCulate3:NULL:OFFSet <n>
:CALCulate3:NULL:STATe <state>
:CALCulate3:NULL:ACQuire
:CALCulate3:FEED <name>
:CALCulate4:NULL:OFFSet <n>
:CALCulate4:NULL:STATe <state>
:CALCulate4:NULL:ACQuire
:CALCulate4:FEED <name>

Define Ch. 1 null (rel) value (n = rel value).
Enable/disable Ch. 1 rel (state = ON or OFF).
Acquire Ch. 1 rel value.

Select input feed (name = SENS1 or CALC1).

Define Ch. 2 null (rel) value (n = rel value).
Enable/disable Ch. 2 rel (state = ON or OFF).
Acquire Ch. 2 rel value.

Select input feed (name = SENS2 or CALC2).
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Rel programming example

Table 7-2 lists commands for setting up and enabling rel. These commands set up the
Model 2500 as follows:

¢ Channel 1 rel value: 1e-3
¢ Channel 1 feed: SENSI1 (current function block)
¢ Channel 1 rel state: enabled

Table 7-2
Rel programming example
Command Description
:CALC3:NULL:OFFS 1le-3 |Rel value = le-3.
:CALC3:FEED SENS1 Current measure feed.
:CALC3:NULL:STAT ON  |Enable rel.
:OUTP1 ON Output on.
AINIT Trigger reading.
:CALC3:DATA? Get reading.
:OUTP1 OFF Turn off output.

Measurement math functions

Math functions
Each Model 2500 channel has built-in math functions to calculate the following:
[ I/V
. V/I
« MX+B

 Electrical power
» Optical power

NOTE Math function uses the current and voltage from the same channel for
calculations.

v

This math function computes the ratio between the selected channel current measurement
and the voltage bias source value:

Reading = I/V

where: I = channel 1 or channel 2 current
V =channel 1 or channel 2 voltage bias
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V/i

This math function computes the ratio between the selected channel voltage bias source
value and the current measurement:
Reading = V/I

where: V =channel 1 or channel 2 voltage bias
I =channel 1 or channel 2 current

MX + B

This math function multiplies the measured current by an offset factor and adds an offset
value as follows:

Reading =MX + B

where: M = gain (slope) factor

X =channel 1 or channel 2 measured current
B = offset value

Electrical power
This math function calculates power using the bias voltage and measured current values as
follows:
Reading =V x1
where: V =channel 1 or channel 2 voltage
I =channel 1 or channel 2 current

Optical power

Optical power is calculated from the responsivity, measured current, and photodiode dark
current as follows:

Optical power = (I easured — Ldark current)/R€Sponsivity

where: [ = measured photodiode current (amps)

measured
Igark current = photodiode dark current (amps)
Responsivity = amps/watt

When you select this math function, you will be prompted to enter responsitivity (R) and

dark current (D) values in amps per watt and amps respectively. The Model 2500 will then
display optical power in watts.

NOTE Zero is not an acceptable value for responsivity, as this value would cause an
infinite result.
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Front panel math functions

Using Table 7-3 as a guide, configure measurement math functions as follows:

1. Press CONFIG then MSR1 or MSR2 to select channel 1 or channel 2 respectively.
2. Using the EDIT keys, place the cursor on the desired function, then press ENTER.
3. From normal display, press the MSR1 or MSR2 key to display the function reading.
4. To cancel the function and return to normal current measurement display, repeat steps
1 and 2, but select I in the configuration menu.
Table 7-3
Measurement function configuration menu
Configuration menu item Description
CONFIG MSR1 Configure channel 1 measurement.
CONFIG MSR1 BUTTON
1 Current measurement.
v Conductance (I/V) measurement (Ch. 11/ Ch. 1V).
V/1 Resistance (V/I) measurement (Ch. 1V / Ch. 1I).
MX + B_UNIT MX + B measurement.
P4 Electrical power (V % I) measurement
(Ch. 1V x Ch. 1I).
P Optical power [(Ieasured — Idark current)/Responsivity].
CONFIG MSR2 Configure channel 2 measurement.
CONFIG MSR2 BUTTON
1 Current measurement.
v Conductance (I/V) measurement (Ch. 21/ Ch. 2V).
V/1 Resistance (V/I) measurement (Ch. 2V / Ch. 2I).
MX + B_UNIT MX + B measurement.
P4 Electrical power (V % I) measurement
(Ch. 2V x Ch. 2I).
P Optical power [(Ieasured — Idark current)/Responsivity].
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Remote math functions

letronics.com

Table 7-4 summarizes commands to control the measurement math functions by remote.
See the :CALC1 and :CALC2 subsystems in Section 17 for detailed information.

Table 7-4
Math function commands

Command

Description

:CALCulate[1]:DATA?
:CALCulate[1]:FORMat <name>

:CALCulate[1]:KMATh:MBFactor <n>
:CALCulate[1]:KMATh:MMFactor <n>
:CALCulate[1]:KMATh:MUN!its “<string>"
:CALCulate[1]:KMATh:DC<n>
:CALCulate[1]:KMATh:RESP<n>
:CALCulate[1]:STATe <state>

:CALCulate2:DATA?
:CALCulate2:FORMat <name>

:CALCulate2: KMATh:MBFactor <n>
:CALCulate2: KMATh:MMFactor <n>
:CALCulate2:KMATh:MUNits “<string>"
:CALCulate2: KMATh:DC<n>
:CALCulate2: KMATh:RESP<n>
:CALCulate2:STATe <state>

:FORMat:ELEMents:CALCulate <name>

AINIT

Request Ch. 1 math reading.

Set Ch. 1 math function. Name =MXB[1]
(MX + B), COND[1] (I1/V1),
POWERT[1].

(I1 *V1), RES[1] (V1/I1), or OP[1].

Ch. 1 MX + B offset (n = B).

Ch. 1 MX + B slope (n = M).

Ch. 1 MX + B units. String = units.

Ch. 1 dark current (n = amps).

Ch. 1 responsivity (n = amps/watt).

Enable/enable Ch. 1 math. State = ON or
OFF.

Request Ch. 2 math reading.

Set Ch. 2 math function. Name = MXB2
(MX + B), COND2 (12/V2), POWER2
(I2 *V2), RES2 (V2/12), or OP2.

Ch. 2 MX + B offset (n = B).

Ch. 2 MX + B slope (n = M).

Ch. 2 MX + B units. String = units.

Ch. 2 dark current (n = amps).

Ch. 2 responsivity (n = amps/watt).

Enable/enable Ch. 2 math. State = ON or
OFF.

Define CALC data elements. Name =
CALCulate, TIME, or STATus.

Trigger CALC readings (must use before
sending CALCn:DATA?).
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Math function programming example

Table 7-5 summarizes commands that program the following math function parameters:

¢ Channel 2 math function: MX + B
¢ Channel 2 MX + B slope (M): 10
¢ Channel 2 MX + B offset (B): 5

Table 7-5
Math function programming example
Command Description

:CALC2:FORM MXB2 Select Ch. 2 MX + B function.
:CALC2:KMAT:MBF 5 Ch. 2 offset (B) = 5.
:CALC2:KMAT:MMF 10 Ch. 2 slope (M) =10.
:CALC2:STAT ON Enable Ch 2. math.
:OUTP2 ON Turn on Ch. 2 output.
AINIT Trigger math reading.
:CALC2:DATA? Request Ch. 2 MX + B result.
:OUTP2 OFF Output 2 off.

RATIO and DELTA

RATIO functions

The Model 2500 has built-in RATIO functions to calculate the following:

* MSRI1/MSR2
« MSR2/MSRI1

MSR1/MSR2

This function computes the ratio between the channel 1 measurement function (MSR1)
and the channel 2 measurement function (MSR2):

RATIO = MSR1/MSR2

where: MSR1 = channel 1 measurement function
MSR2 = channel 2 measurement function
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MSR2/MSR1

This function computes the ratio between the channel 2 measurement function and the
channel 1 measurement function:

RATIO = MSR2/MSR1

where: MSR1 = channel 1 measurement function
MSR2 = channel 2 measurement function

DELTA functions

letronics.com

The Model 2500 has built-in RATIO functions to calculate the following:

* MSR1-MSR2
« MSR2-MSRI1

MSR1-MSR2

This function computes the difference between the channel 1 measurement function and
the channel 2 measurement function:

DELTA = MSR1-MSR2

where: MSRI1 = channel 1 measurement function
MSR2 = channel 2 measurement function

MSR2-MSR1

This function computes the difference between the channel 2 measurement function and
the channel 1 measurement function:

DELTA = MSR2-MSR1

where: MSR1 = channel 1 measurement function
MSR2 = channel 2 measurement function
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Front panel RATIO and DELTA configuration

Using Table 7-6 as a guide, configure RATIO and DELTA functions as follows:

1. Press CONFIG then RATIO or DELTA to select the function to be configured.

2. Using the EDIT keys, place the cursor on the desired function, then press ENTER.

3. From normal display, press the RATIO or DELTA key to display the desired function
reading.

4. To cancel the function and return to normal display, press the MSR1 or MSR2 key.

Table 7-6
RATIO and DELTA configuration menus
Configuration menu item Description

CONFIG RATIO Configure RATIO function.
CONFIG RATIO BUTTON

MSR1/MSR2 MSR1/MSR?2 function.

MSR2/MSR1 MSR2/MSR1 function.
CONFIG DELTA Configure DELTA function.
CONFIG DELTA BUTTON

MSR1-MSR2 MSR1-MSR2 function.

MSR2-MSR1 MSR2-MSRI function.
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Remote RATIO and DELTA

Table 7-7 summarizes commands to control the RATIO and DELTA function via remote.
See the :CALCS and :CALCS6 subsystems in Section 17 for detailed information.

letronics.com

Table 7-7
RATIO and DELTA function commands

Command

Description*

:CALCulate5:DATA?
:CALCulate5:FORMat <name>

:CALCulate5:STATe <state>
:CALCulate6:DATA?
:CALCulate6:FORMat <name>

:CALCulate6:STATe <state>
:FORMat:ELEMents:CALCulate <name>

AINIT

Request ratio reading.
Set ratio function.
Name = C3C4 (CALC3/CALC4)
C4C3 (CALC4/CALC3)
Enable/enable ratio. State = ON or OFF.
Request delta reading.
Set delta function.
Name = C3C4 (CALC3-CALC4)
C4C3 (CALC4-CALC3)
Enable/enable delta. State = ON or OFF.
Define CALC data elements. Name =
CALCulate, TIME, or STATus.
Trigger CALC readings (must use before
sending CALCn:DATA?).

*CALCI (Ch. 1 math) feeds into CALC3 (Ch. 1 rel). CALC2 (Ch. 2 math) feeds into CALC4 (Ch. 2 rel). See

CALCulate subsystems in Section 17 for details.
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RATIO and DELTA function programming example
Table 7-8 summarizes commands that program the following RATIO and DELTA

functions:

* RATIO function: CALC3/CALC4
« DELTA function: CALC4-CALC3

Table 7-8
RATIO and DELTA programming example
Command Description

:CALC5:FORM C3C4 Select CALC3/CALC4 ratio.
:CALCS5:STAT ON Enable ratio function.
:OUTP1 ON;OUTP2 ON Turn on outputs.

AINIT Trigger ratio reading.
:CALC5:DATA? Request ratio reading.
:CALC6:FORM C4C3 Select CALC4-CALC3 delta.
:CALC6:STAT ON Enable delta function.

AINIT Trigger delta reading.
:CALC6:DATA? Request delta reading.
:OUTP1 OFF;OUTP2 OFF Turn off outputs.
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Data store overview — Outlines basic data store (buffer) capabilities.
Storing readings — Discusses the procedure for storing readings in the internal buffer.

Recalling readings — Provides detailed information for recalling readings stored in
the buffer.

Buffer statistics — Discusses the various statistics available on buffer data including
minimum and maximum values, average (mean), standard deviation, and peak-to-peak
values.

Timestamp format — Explains how to select the timestamp format (absolute or delta)
for recalled buffer readings.

Remote command data store — Summarizes the commands to control the data store
and provides a programming example.
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Data store overview

The Model 2500 has a data store (buffer) to store from 1 to 3000 voltage bias source val-
ues and measurement readings for both channels. Each reading includes the buffer loca-
tion number and a timestamp.

The data store buffer also provides statistical data on the measured readings stored in the
buffer. These include minimum, maximum, mean, and standard deviation.

NOTE For a sweep that has a finite sweep count, the readings are automatically stored
in the buffer.

Front panel data store

Storing readings
Perform the following steps to store readings:

1. Select the desired measurement configuration using the MSR1, MSR2, RATIO, or
DELTA keys.

NOTE Data storage cannot be performed when the dual-channel display mode is
selected.

2. Set the source value(s) using the SRC1 and SRC2 keys, and turn on the output.
Press the STORE key.
. Use the EDIT A, V¥, «, and p keys to specify the number of readings to store in the
buffer.
5. Press ENTER. The asterisk (*) annunciator turns on to indicate data storage operation
is in process. It will turn off when the storage is finished, at which point you can turn
off the output.

» oW

Recalling readings

Readings stored in the buffer are displayed by pressing the RECALL key. The source and
measure readings are positioned at the left side of the display, while the buffer location
number and timestamp are positioned at the right side.

NOTE RECALL cannot be used with the dual-channel display mode. RECALL will dis-
play buffer data of the presently selected function (MSRI, MSR2, RATIO, or
DELTA). You can display these different functions while the recall mode is active
by pressing the appropriate function key.
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Buffer location number

The buffer location number indicates the memory location of the source-measure reading.
Location #0000 indicates that the displayed source-measure reading is stored at the first
memory location. If limit testing was performed, a “P” or an “F” will precede the buffer
location number to indicate the pass/fail result of the test. Limit testing is covered in
Section 11.

Timestamp

The first source-measure reading stored in the buffer (#0000) is timestamped at
0000000.000 seconds. Subsequent readings can be recalled in absolute or DELTA
timestamp format. For the absolute format, the timestamp references readings to zero
seconds. For the DELTA format, the timestamp indicates the time between the displayed
reading and the reading before it. To set the timestamp format, see “Timestamp format,”
page 8-5.

Displaying other buffer readings

To display the other readings stored in the buffer, display the desired memory location
number. The EDIT 4 and ¥ keys increment and decrement the selected digit of the loca-
tion number. Cursor position is controlled by the EDIT « and p keys. When scrolling for-
ward past the last stored reading, the buffer wraps to the first stored reading. Conversely,
when scrolling in reverse past the first stored reading, the buffer wraps to the last stored
reading.

The memory location number can also be keyed in using the O through 9 number keys.
Position the cursor on the appropriate digit and press the desired number key. The cursor
then moves right to the next least significant digit. For example, to display reading #0236,
position the cursor all the way to the left (MSD) and press 0, 2, 3, 6. Note that if keying in
a number that exceeds the buffer size, the reading at the highest memory location is dis-
played.

To exit from the data store recall mode, press EXIT.
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Buffer statistics

With the data store in the recall mode, buffer statistics are displayed by using the DIS-
PLAY TOGGLE key. Use the DISPLAY TOGGLE key to sequence through the statistics
and return the Model 2500 to the normal data store recall state. Pressing EXIT at any time
returns the instrument to the normal display state.

NOTE Statistics calculations will be performed on the presently selected function
(MSRI1, MSR2, RATIO, or DELTA). You can display these different functions
while the statistics mode is active by pressing the appropriate function key. For
example, if V/I readings are displayed on MSR1, all buffer statistics displayed
are based on those readings.

Minimum and maximum

This mode displays the minimum and maximum readings stored in the buffer. The buffer
location number and timestamp are also provided for these readings. If desired, you can go
to those buffer locations to obtain more data about the readings.

Peak-to-peak

This mode displays the peak-to-peak reading (peak-to-peak = Maximum - Minimum).

Average

The average mode displays the mean (average) of all measured readings stored in the
buffer. The following equation is used to calculate mean:

z X;
—i=1
y= n
where: y is the average.
X, is a stored reading.

n is the number of stored readings.

Standard deviation

This mode displays the standard deviation of buffered readings. The following equation is
used to calculate standard deviation:

Z X; —%DZXHEI

n—1

where: vy is the average.
X; is a stored reading.
n is the number of stored readings.
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Timestamp format

Buffer readings can be recalled using the absolute timestamp format or the delta format.
For the absolute format, readings are referenced to zero seconds. For the delta format, the
timestamp indicates the time between the displayed reading and the previous reading.

Perform the following steps to set the timestamp format:

1. While in the normal display mode, press CONFIG and then STORE to display the
timestamp choices.

2. Place the cursor on ABSOLUTE or DELTA and press ENTER.

Timestamp accuracy

Because of internal timing methods, the timestamp value is only approximate. The method
in which the timestamp is implemented limits its use in time-critical applications. If accu-
rate test timing is crucial, it is recommended that an external timer be used in conjunction
with the Model 2500.

The timestamp is based on an oscillator with a frequency of approximately 8kHz. This
oscillator is used as the system clock and is divided by eight to generate system “ticks”
every millisecond. Therefore, the timestamp should provide Ims resolution for test timing.
However, since the actual oscillator frequency is 8.192kHz, a system tick occurs every
8.192kHz/8 or 1,024 times a second, which results in a system tick every 0.9765625ms.
As a result, the reported timestamp value is off by 24ms every second. Thus, to obtain
more accurate timestamp values, simply multiply the timestamp displayed on the front
panel or returned via remote by a factor of 0.9765625.

Buffer considerations
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From the front panel, 3000 source and measure readings can be stored and accessed using
the method described earlier in this section. Over the bus, however, there are actually two
separate 3000 reading buffers for a total of 6000 readings. The :TRACe buffer is a 3000
reading buffer used by front panel data store, bus :TRACe commands, and to store sweep
data. The READ? buffer is a separate 3000 reading buffer that can only be accessed over
the bus using the :READ? command (or INIT;FETCh?). You can store and access data
from these two buffers separately as outlined below.

Using :TRACe commands to store data

Use :TRAC:POIN <n> and :TRIG:COUN <n> followed by :TRAC:FEED:CONT NEXT
to store data (n = number of readings; 3000 maximum). Use FORM:ELEM:TRAC
CURRI1 | CURR? to select the channel. Turn on the output with :OUTP1 ON or :OUTP2
ON and then send :INIT to take the unit out of idle and store readings. After data is stored,
send :TRAC:DATA? to access it. See Table 8-1 in this section for a summary of these
commands and Section 17, “TRACe subsystem,” for more details.
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Using :READ? to store data

Use :TRIG:COUN <n> to set the number of readings to be stored (n = number of read-
ings; 3000 maximum). Use the :FORM:ELEM CURRI1 | CURR?2 to select the channel.
Turn on the output with :OUTP1 ON or :OUTP2 ON and then send the :READ? command
to trigger and access readings. (Once you access these readings, you will still be able to
access previously stored :TRACe buffer readings using :TRAC:DATA?.) See Section 10
and Section 17, “Trigger subsystem,” for triggering details, and Section 16 for information
on the :READ? command.

Remote command data store

Data store commands

Table 8-1 summarizes commands associated with data store operation. See Section 17,
“TRACe subsystem,” “DISPlay subsystem,” “FORMat subsystem,” and “CALCulate8,”
for more detailed information on these commands.

Table 8-1
Data store commands
Command Description
:TRACe:DATA? Read contents of buffer.
:TRACe:CLEar Clear buffer.
:TRACe:FREE? Read buffer memory status.
:TRACe:POINts <n> Specify buffer size (n = buffer size).
:TRACe:POINts:ACTual? Query number of stored readings.
:TRACe:FEED:CONTrol <name> Start or stop buffer. Name = NEXT (fill buffer and stop) or NE Ver
(disable buffer).

:TRACe: TSTamp:FORMat <name> Select timestamp format. Name = ABSolute (reference to first
buffer reading) or DELTa (time between buffer readings).

:CALCulate8:FORMat <name> Select buffer statistic (name = MEAN, SDEViation, MAXimum,
MINimum, or PKPK).
:CALCulate8:DATA? Read buffer statistic data.

:FORMat:ELEMents:TRACe <name> | Select buffer data elements. Name = CURRent[1], CURRent2,
CALCulatel, or CALCulate2, CALCulate3, CALCulate4,
CALCulate5, CALCulate6, CALCulate7, TIME, STATus, ALL,
or DEFault (CURRent[1] or CURRent2).

:DISPlay:MODE <name> Select CALCS8:DATA? source. Name = CALC3, CALC4,
CALCS5, or CALCEG.
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Data store programming example

Table 8-2 summarizes the commands for basic data store operation. These commands set
up the Model 2500 as follows:

e Number of points: 10

o Trigger count: 10

» Data store feed: channel 1 readings only

e Acquired data: all buffer readings, mean (average), and standard deviation.

NOTE See Appendix H for a complete program listing which also shows how to deter-
mine when the buffer is full by reading the appropriate status register bits. See
Section 14 for details on the status structure.

Table 8-2
Data store example
Command Description
*RST Restore GPIB defaults.
:SOURI1:VOLT 10 Source 10V.
:TRAC:POIN 10 Store 10 readings in data store buffer.

:FORM:ELEM:TRAC CURRI1 | Select channel 1 readings.
:TRAC:FEED:CONT NEXT | Enable buffer.

:TRIG:COUN 10 Trigger count = buffer points (10).
:OUTP1 ON Turn on output #1.

AINIT Trigger readings.

:OUTP1 OFF Turn off output.

‘TRACE:DATA? Request all buffer readings.
:DISP:MODE CALC3 Select channel 1 for statistics.
:CALCS8:FORM MEAN Select mean buffer statistic.
:CALCS8:DATA? Request buffer mean data.
:CALCS8:FORM SDEV Select standard deviation statistic.
:CALCS:DATA? Request standard deviation data.
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Sweep Operation

* Sweep types — Describes the three basic sweep types: Linear staircase, logarithmic
staircase, and custom sweep.

» Configuring and running a sweep — Discusses the procedure for setting up and per-
forming sweeps including selecting and configuring a sweep, setting the delay, and
performing a sweep.
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Sweep types

The three basic sweep types described in the following paragraphs include:

» Linear staircase

» Logarithmic staircase

¢ Custom

Linear staircase sweep

As shown in Figure 9-1, this sweep steps from a start voltage source value to an ending
(stop) voltage source value. Programmable parameters include the start, stop, and step
source voltage levels.

When this sweep is triggered to start, the output will go from the bias voltage level to the
start source voltage level. The output will then change in equal steps until the stop source
level is reached. With trigger delay set to zero, the time duration at each step is determined
by the source delay and the time it takes to perform the measurement (NPLC setting).

Note that the delay cannot change once a sweep is configured and running, and is the same

for all steps.

Figure 9-1

Linear staircase sweep

Start

Bias —

S

l<Delay—>|

T

Measure

X = Measurement Point
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Logarithmic staircase sweep

This sweep is similar to the linear staircase sweep. The steps, however, are done on a loga-
rithmic scale as shown in the example sweep in Figure 9-2. This is a 5-point log sweep
from 1 to 10V. As with the staircase sweep, the delay period is the same for all steps.

Figure 9-2
Logarithmic staircase sweep (example 5-point sweep from 1 to 10 volts)
Log
Scale <—De|ay:|
10 —
N Stop
(10
<—De|ay->|
5.6234 — A
Volts le«Delay.
3.1623 — _)I‘\
l«Delay.
1.7783 — _>| X
Log Points =5
<Delay.
1 _)I X
Start
Bias

L

Measure  Measure Measure Measure  Measure
#1 #2 #3 #4 #5

X = Measurement Point

The programmable parameters for a log sweep include the start and stop levels and the
number of measurement points for the sweep. The specified start, stop, and point parame-
ters determine the logarithmic step size for the sweep. Step size for the sweep in

Figure 9-2 is calculated as follows:

log10(stop) — log10(start)

Log Step Size =

Points — 1
_ log10(10) —log10(1)
5-1
- (1-9)
4
= 0.25
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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 voltage
bias levels at these points are listed in Table 9-1 (the voltage bias level is the anti-log of the

log step).

Table 9-1

Logarithmic sweep points

Measure point | Log step Bias level (volts)

Point 1 0 1
Point 2 0.25 1.7783
Point 3 0.50 3.1623
Point 4 0.75 5.6234
Point 5 1.0 10

When this sweep is triggered to start, the output will go from the bias level to the start
source level (1V) and sweep through the symmetrical log points. With trigger delay set to
zero, the time duration at each step is determined by the source delay and the time it takes
to perform the measurement (NPLC setting).

Custom sweep

This sweep type lets you configure a customized sweep. Programmable parameters
include the number of measurement points in the sweep and the voltage source level at
each point.

When this sweep is started, the output goes from the bias level to the first voltage bias and
measure point in the sweep. The sweep will continue through the points in the order they
were programmed and stop after the last voltage bias and measure point. With trigger
delay set to zero, the time duration at each step is determined by the source delay and the
time it takes to perform the measurement (NPLC setting). This delay is the same for all
sweep points.
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Custom sweep examples

The custom sweep can be configured to provide a 50% duty cycle pulse sweep. Figure 9-3
shows a pulse sweep that provides three 1V pulses on a OV bias level. This pulse sweep is
configured by specifying six points for the custom sweep. The specified voltage levels at

points PO, P2, and P4 are 1V, and the specified voltage levels at points P1, P3, and P5 are
0V. Six measurements are performed for this sweep, three at 1V and three at OV.

Figure 9-3
Custom pulse sweep
PO P2 P4
v N N N
le-Delay> l«Delay—> l<Delay—>
P1 l«-Delay—> P3 l<-Delay—>| P5 l«-Delay>
Bias OV

[ S S S

Measure Measure Measure Measure Measure Measure
#1 #2 #3 #4 #5 #6

Figure 9-4 shows a custom sweep example with different pulse widths. In this example,
the first two points are configured with the same source value so that the duration of the
first pulse is effectively doubled.

Figure 9-4
Custom sweep with different pulse widths

ov : v
T<— Delay ->T<—Delay —>T<— Delay —>T<— Delay —>T<— Delay —>T<— Delay—»T
#1 #2 #3 #4 #5 #6 #7

All have same delay, but pulse widths differ.
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Configuring and running a sweep

Front panel sweep operation

Configuring a sweep

The sweep configuration menu is structured as follows and shown in Figure 9-5. Note that
bullets indicate the primary items of the sweep menu and dashes indicate the options of
each menu item. Using Section 1, “Rules to navigate menus,” go through the following
menu to select and configure the desired sweep.

NOTE Before configuring a sweep, press SRCI or SRC2 to select the channel to be

used for the sweep. You can also switch between channel 1 and channel 2 by
pressing SRCI or SRC2 while in the CONFIGURE SWEEPS menu.

CONFIGURE SWEEPS menu:

Press CONFIG then SWEEP to display the sweep configuration menu.
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TYPE — Use this menu item to select the type of sweep:

NONE - Disables all sweeps.

STAIR — When the linear staircase sweep is selected, you will be prompted to enter
the START, STOP, and STEP levels.

LOG — When the logarithmic staircase sweep is selected, you will be prompted to
enter the START and STOP levels and specify the number of measurement points.

CUSTOM - With the custom sweep selected, you specify the number of measure-
ment points (#-POINTS) in the sweep and the source level at each point (ADJUST-
POINTS). With the INIT option, you can set a consecutive range of measurement
points in the sweep to a specific level. For example, assume that for a 20-point cus-
tom voltage sweep (# POINTS = 20), you want points 10 through 15 to be set for
1V. After selecting the INIT option, set the VALUE to +1.000000V, set the START
PT to 10, and set the STOP PT to 15.

SWEEP-COUNT — Use this menu item to specify how many sweeps to perform:

FINITE — Use this option to enter a discrete number of sweeps to perform with the
results stored in the data store buffer. The maximum number of finite sweeps that
can be performed is determined as follows:

maximum finite sweep count = 3000 / # Points in sweep

INFINITE - Select this option to continuously repeat the configured sweep. Use
the EXIT key to stop the sweep. Data is not stored in the buffer.
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Figure 9-5

* SOURCE-RANGING — Use this menu item to control voltage bias source ranging:

BEST-FIXED — With this option, the Model 2500 will select a single fixed source
range that will accommodate all of the source levels in the sweep. For example, if
the minimum and maximum source levels in the sweep are 1V and 30V, the 100V
source range will be used.

AUTO-RANGE — With this option, the Model 2500 will select the most sensitive
source range for each source level in the sweep. For example, for a 1V source level,
the 2V source range will be used, and for a 3V source level, the 20V source range
will be used. Note that the range changing process of AUTO-RANGE may cause
transients in the sweep. If these transients cannot be tolerated, use the BEST-
FIXED source range.

FIXED — With this option, the source remains on the range presently on when the
sweep is started. For sweep points that exceed the source range capability, the
source will output the maximum level for that range. For example, if the source is
on the 2V range when the sweep is started, it will remain on the 2V range for the
entire sweep. If the configured sweep points are 1V, 2V, 3V, 4V, and 5V, the sweep
will be 1V, 2V, 2.1V, 2.1V, and 2.1V.

Sweep configuration menu tree

Config
Sweep
Sweep Source

Type Count Ranging

v ) v v v } v r v
: L - Best Auto .
None Stair Log Custom Finite Infinite Fixed Range Fixed
Setting delay
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Generally, the time duration spent at each step (or point) of a sweep consists of the source
delay and the time it takes to perform the measurement (NPLC setting).

The source delay is part of the SDM cycle and is used to allow the source to settle before
the measurement is made. See Section 5, “Source-delay-measure cycle,” for details.

The total time period of the source delay could include an auto-delay and/or a user pro-
grammed delay. With auto-delay enabled, 1ms of delay is used. The user programmable
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source delay adds 0000.0000 to 9999.9980 seconds of delay. See Section 3, “Source
delay,” to set these delays.

Additional delay for a sweep is available by using the trigger delay. This user-specified
delay (0000.0000 to 9999.9990 seconds) occurs before each SDM cycle (device action) of
the sweep. Thus, the trigger delay is executed before each new source-point in the sweep.
See Section 10, “Trigger model (front panel operation)” and “Configuring triggering,” to
set trigger delay.

Trigger count and sweep points

The trigger count and number of sweep points should be the same or multiples of one
another. For example, with five sweep points and a trigger count of 10, the sweep will run
twice. See Section 10 for details on trigger count.

Performing sweeps

Procedures for the various sweep types are covered below.

NOTE The following procedure assumes that the Model 2500 is already connected to
the DUT as explained in Section 2.

Performing a linear staircase sweep

Step 1. Configure channel.
Configure the Model 2500 for the desired channel as follows:

1. Select the desired source function by pressing SRC1 or SRC2.
2. Set the source level to the desired value.

3. Press MSR1 or MSR2 to select the desired measurement channel, then choose the
desired measurement range.

See Section 3, “Basic Operation,” for more information.

The source level you set becomes the bias level for the sweep. When turned on, the output
will maintain this bias level until the sweep is started. Typically, OV is used as the bias
level.

If using a fixed measurement range, make sure it can accommodate every measurement
point in the sweep. Otherwise, use auto ranging.

Step 2. Configure sweep.

Configure the sweep as follows:

1. Press SRC1 or SRC2 to select the channel.
2. Press CONFIG then SWEEP.
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Select TYPE, then press ENTER.
Select STAIR, then press ENTER.
At the prompts, enter the desired START, STOP, and STEP values.

From the CONFIGURE SWEEPS menu, select SWEEP-COUNT, press ENTER, then
choose FINITE or INFINITE as desired.

7. Again from the CONFIGURE SWEEPS menu, choose SOURCE-RANGING, press
ENTER, then select BEST-FIXED, AUTO-RANGE, or FIXED as appropriate.

8. Press EXIT to return to normal display.

AN

Step 3. Set delay.
Set the source delay as follows:

Press CONFIG then SRC1 or SRC2 depending on the selected source channel.
Select DELAY, then press ENTER.

Set the delay to the desired value, then press ENTER.

Press EXIT to return to normal display.

R

Step 4. Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (red OUTPUT indicator turns on).
The Model 2500 will output the programmed bias level.

Step 5. Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 6. Read buffer.

Use the RECALL key to access the readings stored in the buffer. Use the DISPLAY TOG-
GLE key to display statistical information. (See Section 8, “Data Store.”)

Performing a log staircase sweep

Step 1. Configure channel.
Configure the Model 2500 for the desired operations as follows:

1. Select the desired source channel by pressing SRC1 or SCR2.
2. Set the source level to the desired value.

3. Press MSR1 or MSR2 to select the desired measurement channel, then choose the
desired measurement range.
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Step 2. Configure sweep.
Configure the sweep as follows:

Press SRC1 or SRC2 to select the channel.

Press CONFIG then SWEEP.

Select TYPE, then press ENTER.

Select LOG, then press ENTER.

At the prompts, enter the desired START, STOP, and NO-OF-POINTS values.

From the CONFIGURE SWEEPS menu, select SWEEP-COUNT, press ENTER, then
choose FINITE or INFINITE as desired.

7. Again from the CONFIGURE SWEEPS menu, choose SOURCE-RANGING, press
ENTER, then select BEST-FIXED, AUTO-RANGE, or FIXED as appropriate.

8. Press EXIT to return to normal display.

AN

Step 3. Set delay.
Set the source delay as follows:

1. Press CONFIG then SRC1 or SRC2 depending on the selected source channel.
2. Select DELAY, then press ENTER.

3. Set the delay to the desired value, then press ENTER.

4. Press EXIT to return to normal display.

Step 4. Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (red OUTPUT indicator turns on).
The Model 2500 will output the programmed bias level.

Step 5. Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.

Step 6. Read buffer.

Use the RECALL key to access the readings stored in the buffer. Use the DISPLAY TOG-
GLE key to display statistical information.

letronics.com
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Performing a custom sweep

Step 1. Configure channel.
Configure the Model 2500 for the desired source-measure operations as follows:

1. Select the desired source channel by pressing SRC1 or SRC2.
2. Set the source level to the desired value.

3. Press MSR1 or MSR2 to select the desired measurement channel, then choose the
desired measurement range.

Step 2. Configure sweep.
Configure the sweep as follows:

Press SRC1 or SRC2 to select the channel.
Press CONFIG then SWEEP.

Select TYPE, then press ENTER.

Select CUSTOM, then press ENTER.

Use the displayed menu selections to enter the desired #-POINTS, individual point val-
ues (ADJUST-POINTS), and INIT (initial) value.

6. From the CONFIGURE SWEEPS menu, select SWEEP-COUNT, press ENTER, then
choose FINITE or INFINITE as desired.

7. Again from the CONFIGURE SWEEPS menu, choose SOURCE-RANGING, press
ENTER, then select BEST-FIXED, AUTO-RANGE, or FIXED as appropriate.

8. Press EXIT to return to normal display.

A e

Step 3. Set delay.
Set the source delay as follows:

Press CONFIG then SRC1 or SRC2 depending on the selected source channel.
Select DELAY, then press ENTER.

Set the delay to the desired value, then press ENTER.

Press EXIT to return to normal display.

R

Step 4. Turn output on.

Press the ON/OFF OUTPUT key to turn the output on (red OUTPUT indicator turns on).
The Model 2500 will output the programmed bias level.

Step 5. Run sweep.

To run the sweep, press the SWEEP key. After the sweep is completed, turn the output off
by pressing the ON/OFF OUTPUT key.
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Remote sweep operation
Staircase sweep commands
Table 9-2 summarizes remote commands used for linear and log staircase sweep opera-
tion. See Section 17, “Configure sweeps,” for more details on these commands.
Table 9-2

Linear and log staircase sweep commands

Command

Description

:SOURCce[1]:VOLTage:MODE SWEep
:SOURCce[1]:VOLTage:STARt <n>
:SOURCce[1]:VOLTage:STOP <n>
:SOURCce[1]:VOLTage:STEP <n>
:SOURCce[1]:VOLTage:CENTer <n>
:SOURCce[1]:VOLTage:SPAN <n>
:SOURCce[1]:SWEep:RANGing <name>
:SOURCce[1]:SWEep:SPACing <name>

:SOURCce[1]:SWEep:POINts <n>
:SOURCce[1]:SWEep:DIRection <name>

:SOURCce2:VOLTage:MODE SWEep
:SOURCce2:VOLTage:STARt <n>
:SOURce2:VOLTage:STOP <n>
:SOURce2:VOLTage:STEP <n>
:SOURce2:VOLTage:CENTer <n>
:SOURCce2:VOLTage:SPAN <n>
:SOURCce2:SWEep:RANGing <name>
:SOURCce2:SWEep:SPACing <name>

:SOURCce2:SWEep:POINts <n>
:SOURCce2:SWEep:DIRection <name>

Select channel 1 sweep mode.

Specify Ch. 1 sweep start voltage (n = voltage).

Specify Ch. 1 sweep stop voltage (n = voltage).

Specify Ch. 1 sweep step voltage (n = voltage).

Specify Ch. 1 sweep center voltage (n = voltage).

Specify Ch. 1 sweep span voltage (n = voltage).

Select Ch. 1 source ranging (name = BEST, AUTO, or FIXed).

Select Ch. 1 staircase sweep type (name = LINear or
LOGarithmic).

Set Ch. 1 number of sweep points (n = points).

Set Ch. 1 sweep direction. Name = UP (sweep start to stop) or
DOWN (sweep stop to start).

Select channel 2 sweep mode.

Specify Ch. 2 sweep start voltage (n = voltage).

Specify Ch. 2 sweep stop voltage (n = voltage).

Specify Ch. 2 sweep step voltage (n = voltage).

Specify Ch. 2 sweep center voltage (n = voltage).

Specify Ch. 2 sweep span voltage (n = voltage).

Select Ch. 2 source ranging (name = BEST, AUTO, or FIXed).

Select Ch. 2 staircase sweep type (name = LINear or
LOGarithmic).

Set Ch. 2 number of sweep points (n = points).

Set Ch. 2 sweep direction. Name = UP (sweep start to stop) or
DOWN (sweep stop to start).

letronics.com
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Staircase sweep programming example

As an example of linear staircase sweep operation, assume the Model 2500 is to be used to
generate the reverse-biased V-1 characteristics of a photodiode. For the purposes of this
test, assume the following basic sweep parameters:

Source and measure channel: channel 2
Source mode: sweep

Start voltage: 1V

Stop voltage: 10V

Step voltage: 1V

Source delay: 100ms

Table 9-3 lists the command sequence for the photodiode programming example. See
Section 2, “Connections,” for details on how to connect the photodiode to the channel 2
INPUT and OUTPUT connectors.

NOTE See Appendix H for a complete program listing.

Table 9-3
Staircase sweep programming example (photodiode test)
Command Description

*RST Restore GPIB default conditions.
:FORM:ELEM CURR?2 Select channel 2 measurement data.
:SENS2:CURR:RANG:AUTO ON Enable channel 2 measure auto range.
:SOUR2:VOLT:START 1 1V channel 2 start voltage.
:SOUR2:VOLT:STOP 10 10V channel 2 stop voltage.
:SOUR2:VOLT:STEP 1 1V channel 2 step voltage.
:SOUR2:VOLT:MODE SWE Select channel 2 sweep mode.!
:SOUR2:SWE:RANG AUTO Channel 2 auto source ranging.
:SOUR2:SWE:SPAC LIN Select channel 2 linear staircase sweep.
‘TRIG:COUN 10 Trigger count = # sweep points.2
:SOUR2:DEL 0.1 100ms source delay.

:OUTP2 ON Turn on channel 2 source output.
:READ? Trigger sweep, request data.

:OUTP2 OFF Turn off channel 2 source output.

!This command should normally be sent after START, STOP, and STEP to avoid delays caused by
rebuilding sweep when each command is sent.

2For single sweep, trigger count should equal number of points in sweep: Points = (Stop-Start)/Step
+ 1. You can use SOUR:SWE:POIN? query to read the number of points.
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Custom sweep commands

Table 9-4 summarizes remote commands used for custom sweep operation. See
Section 17, “Configure list,” for more details on these commands.

Table 9-4
Custom sweep commands
Command Description

:SOURCce[1]:VOLTage:MODE LIST Select channel 1 voltage list (custom) sweep mode.

:SOURCce[1]:LIST:VOLTage < list> Define Ch. 1 V-source list (list = V1, V2,... Vn).

:SOURCce[1]:LIST:VOLTage:APPend <list> | Add Ch. 1 V-source list value(s) (list =V1, V2,...Vn).

:SOURCce[1]:LIST:VOLTage:POINts? Query length of Ch. 1 V-source list.

:SOURCce[1]:SWEep:RANGing <name> Select Ch. 1 source ranging (name = BEST, AUTO, or
FIXed).

:SOURce2:VOLTage:MODE LIST Select channel 2 voltage list (custom) sweep mode.

:SOURce2:LIST:VOLTage < list> Define Ch. 2 V-source list (list =V1, V2,... Vn).

:SOURce2:LIST:VOLTage: APPend <list> Add Ch. 2 V-source list value(s) (list =V1, V2,...Vn).

:SOURce2:LIST:VOLTage:POINts? Query length of Ch. 2 V-source list.

:SOURCce2:SWEep:RANGing <name> Select Ch. 2 source ranging (name = BEST, AUTO, or
FIXed).
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Custom sweep programming example

As an example of custom sweep operation, assume a five-point sweep with the following
parameters:

Source and measure channel: channel 1
Voltage sweep mode: list (custom sweep)
Sweep voltage points: 7V, 1V, 3V, 8V, 2V
Source delay: 100ms

Table 9-5 summarizes the basic remote command sequence for performing the custom
sweep described above.

Table 9-5
Custom sweep programming example
Command Description
*RST Restore GPIB default conditions.
:FORM:ELEM CURR1 Select channel 1 measurement data.

:SOURI1:VOLT:MODE LIST Channel 1 list volts sweep mode.
:SOURI:LIST:VOLT 7,1,3,8,2 |7V, 1V, 3V, 8V, 2V Ch. 1 sweep points.

‘TRIG:COUN 5 Trigger count = # sweep points.
:SOURI1:DEL 0.1 100ms Ch. 1 source delay.
:OUTP1 ON Turn on Ch. 1 source output.
:READ? Trigger sweep, request data.
:OUTP1 OFF Output 1 off.

letronics.com
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Trigger model — Discusses the trigger model, including various layers, event detec-
tion, delay, and device action.

Trigger link — Discusses the trigger link, including input triggers, output triggers, and
external triggering example.

Configuring triggering — Details how to configure the various triggering aspects.

Remote triggering — Details the remote trigger model, summarizes trigger com-
mands, and gives a basic triggering example.
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Trigger model (front panel operation)

The flowchart in Figure 10-1 summarizes triggering for front panel operation. The trigger
model is modeled after the remote commands used to control triggering. Refer to “Trigger
model (remote operation),” page 10-17. Key trigger model settings are included in the
flowchart. Note that the BENCH defaults are denoted by the “0J”” symbol.

The primary actions of the trigger model are Source, Delay, and Measure. The source
action outputs the programmed voltage bias value, and the programmed delay provides a
settling period for the voltage bias source before the measurement is performed.

The trigger model consists of two layers (Arm Layer and Trigger Layer) to provide versa-
tility. Programmable counters allow operations to be repeated, and various input and out-
put trigger options are available to provide source-measure synchronization between the
Model 2500 and other instruments (via the Trigger Link).

Unless otherwise noted, the programmable aspects of the trigger model are performed

from the CONFIGURE TRIGGER menu. See “Configuring triggering,” page 10-14.

NOTE  The trigger model and associated settings and commands affect both channels
simultaneously.

Idle

The Model 2500 is in idle when it is not operating in the Arm Layer or Trigger Layer of
the trigger model. When in idle, the ARM annunciator is off. To take the Model 2500 out
of idle, turn the output ON.

The Model 2500 can be returned to idle at any time by selecting the HALT menu item of
the CONFIGURE TRIGGER menu. See “Configuring triggering.”
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Figure 10-1
Trigger model (front panel operation)
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Event detection

In general, operation is held up at an Event Detector until the programmed event occurs.
Note however, that if an event detector has a bypass, operation can be programmed to loop
around the event detector.

Arm layer

Event detector bypass — As shown in Figure 10-1, there is a bypass for the Arm Event
Detector. This bypass can only be used if TLINK or STEST is the selected Arm-In Event.
The bypass serves to “jump-start” operation. With the event detector bypass set to ONCE,
operation will loop around the Arm Event Detector when the output is turned ON.

The programmable arm-in events for the Arm Layer are described as follows:
IMMEDIATE — Event detection occurs immediately allowing operation to continue.
GPIB — Event detection occurs when a bus trigger (GET or *TRG) is received.

TIMER — With the Timer selected, event detection occurs immediately when the output
is turned ON. On repeated passes via “Another Arm ? Yes”, event detection occurs when
the programmed timer interval expires. If operation takes the “Another Arm ? No” route,
the Timer resets allowing event detection to again occur immediately.

MANUAL — Event detection occurs when the TRIG key is pressed.

TLINK — Event detection occurs when an input trigger via the Trigger Link input line is
received (see “Trigger link” for more information). With TLink selected, you can loop
around the Arm Event Detector by setting the event detector bypass to ONCE.

I STEST — Event detection occurs when the SOT (start of test) line of the Digital I/O
port is pulsed low. This pulse is received from the handler to start limit testing. See
Section 11.

t STEST — Event detection occurs when the SOT line of the Digital I/O port is pulsed
high. This pulse is received from the handler to start limit testing. See Section 11.

11 STEST — Event detection occurs when the SOT line of the Digital I/O port is pulsed
either high or low. This pulse is received from the handler to start limit testing. See
Section 11.

NOTE STEST can be used only at the beginning of a sweep and should not be used to
trigger each point in a sweep.

letronics.com



Models 2500 and 2502 User’s Manual Triggering 10-5

Trigger layer

The Trigger Layer uses three event detectors; one for each action (Source, Delay, and
Measure).

Event Detector Bypass — As shown in Figure 10-1, there is a bypass for the Source
Event Detector. This bypass is in effect only if Trigger Link is the selected Trigger-In
Source. With this event detector bypass set to ONCE, operation will proceed around the
Source Event Detector.

The programmable trigger-in sources for the Trigger Layer are described as follows:

IMMEDIATE — With Immediate selected, event detection for the three detectors is satis-
fied immediately. Operation proceeds through the Trigger Layer to perform the Source,
Delay, and Measure actions.

TRIGGER LINK — With Trigger Link selected, event detection at each enabled detector
occurs when an input trigger via the Trigger Link input line is received. For example, if the
Trigger In Event for the Source Event Detector is ON, operation will hold up at that detec-
tor until an input trigger is received. If, however, the Source Event Detector is disabled
(OFF), operation will not hold up. Operation will simply continue and perform the Source
action.

With the Trigger Link Trigger-In Source selected, operation will go around the Source
Event Detector (Figure 10-1) by setting the event detector bypass to ONCE.

Trigger delay

A programmable delay is available before the Source Action. The Trigger Delay can be
manually set from 0.00000 to 999.99990 seconds. Note that this delay is separate from the
Delay Action of the SDM cycle. The Delay Action is discussed next.

Source, delay, and measure actions

letronics.com

The SDM cycle of the Model 2500 consists of three actions: Source, Delay, and Measure:
SOURCE Action — Any programmed output voltage level changes are performed.

DELAY Action — This programmable delay is used to allow the source to settle before a
measurement is performed. It can be manually set from 0.00000 to 9999.99800 seconds,
or Auto Delay can be enabled. With Auto Delay enabled, the Model 2500 automatically
selects a nominal delay period based on the selected current measurement range.

NOTE  The Delay Action is set from the CONFIGURE SRCI or CONFIGURE SRC2
menu. See Section 3, “Source delay.”

MEASURE Action — During this phase of the SDM cycle, the measurement process
takes place. If the repeat filter is enabled, as shown in the blow-up drawing for Measure
Action, the instrument samples the specified number of reading conversions to yield a sin-
gle filtered reading (measurement). If using the moving filter or if the filter is disabled,
only a single reading conversion will yield a reading.
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Counters

Programmable counters are used to repeat operations within the trigger model layers. For
example, if performing a 10-point sweep, the trigger counter would be set to 10. Operation
will stay in the Trigger Layer until the 10 source-delay-measure points of the sweep are
performed.

If you wanted to repeat the sweep three times, the arm counter would be set to three. Three
10-point sweeps can then be performed for a total of 30 source-delay-measure actions.

The maximum buffer size for the Model 2500 is 3000 readings. The product of the two
counter values cannot exceed 3000. For example, if you set an arm count of two, the max-
imum trigger count will be 1500 (3000 / 2 = 1500). However, you can set the arm count to
INFINITE. With an infinite arm count, the maximum trigger count is 3000.

NOTE When a sweep is configured, the trigger model settings will not change until the
sweep is started. After the sweep is finished, the trigger model will reset to the
previous settings.

Output triggers

The Model 2500 can be programmed to output a trigger (via rear panel Trigger Link con-
nector) after various trigger model operations. An output trigger is used to trigger another
instrument to perform an operation. See “Trigger link,” page 10-8, for more information.

Trigger Layer Output Triggers — After each action (Source, Delay, and Measure), the
Model 2500 can be programmed to send out an output trigger if Trigger Link is the
selected Trigger-In Source. For example, if the Trigger Out Event for Measure is ON, an
output trigger will be sent after the Measure action. When used with a scanner, an output
trigger after each measurement can signal the scanner to select the next channel in the
scan.

Arm Layer Output Trigger — The Model 2500 can also be programmed to output a trig-
ger when operation leaves the Trigger Layer and enters into the Arm Layer. This output
trigger is typically sent to another instrument to signal the end of a scan or sweep.
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Bench defaults

The bench defaults are listed as follows. They are also denoted in Figure 10-1 by the “[1”
symbol.

¢ Arm-In Event = Immediate

o Trigger-In Source = Immediate

e Arm Count =1

o Trigger Count = 1

e Trigger Delay = 0.0 sec

e Delay Action = 0.0005 sec

» Source Trigger In Event = On

e Delay Trigger In Event = Off

e Measure Trigger In Event = Off

» Trigger Out Events = All Trigger Out Events are disabled (off)

e Arm Out Events = Off

« Event Detection Bypasses = Never (both layers)
When the output is turned ON, the Model 2500 will run in a continuous loop around the

trigger model. After each Measure Action, operation will continue at the top of the trigger
model. The Model 2500 can be returned to idle by turning the output OFF.

Operation summary

letronics.com

The trigger model is designed to offer versatility for the various source and measure appli-
cations. Typically, it allows you to perform a specified number of measurements at various
source levels.

For example, assume you want to perform three measurements each at two different chan-
nel 1 voltage bias source levels (1V and 2V). To do this, set the arm count to two, the trig-
ger count to three, select SRC1, and use a 6-point Custom Sweep configured as follows:

P0000 =1V
P0001 =1V
P0002 =1V
P0003 =2V
P0004 =2V
P0005 =2V

When the sweep is started, operation falls into the Trigger Layer and performs three mea-
surements at the 1V source level. Operation then loops back into the Trigger Layer to per-
form three measurements at the 2V source level. The six readings are stored in the buffer.

Note that after the sweep is finished, the Model 2500 does not return to idle. Operation
continues at the top of the trigger model. Subsequent measurements are performed at the
2V level and are not stored in the buffer.

For details on the Custom Sweep, see Section 9.
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Trigger link

Input and output triggers are received and sent via the rear panel TRIGGER LINK connec-
tor. The trigger link has four lines. At the factory, line #2 is selected for output triggers,
and line #1 is selected for input triggers. These input/output line assignments can be
changed from the CONFIGURE TRIGGER menu. See “Configuring triggering,”

page 10-14. The connector pinout is shown in Figure 10-2.

Figure 10-2
Rear panel pinout

Rear Panel Pinout Pin Number

Description

1
(8X(7)6)
e 06
(2)(1)

o N O U bW

Input trigger requirements

Trigger Link 1
Trigger Link 2
Trigger Link 3
Trigger Link 4
Trigger Link 5
Trigger Link 6
Ground

Ground

An input trigger is used to satisfy event detection for a trigger model layer that is config-
ured for the TRIGGER LINK event. See “Trigger model (front panel operation).” The
input requires a falling-edge, TTL compatible pulse with the specifications shown in

Figure 10-3.
Figure 10-3
Trigger link input pulse specifications

Triggers on
Leading Edge

TTL High
(2V-5V)
TTL Low
(-0.8V)
l .10|.15 5
Minumum
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Output trigger specifications

The Model 2500 can be programmed to output a trigger after various trigger model
actions. See “Trigger model (front panel operation).” The output trigger provides a TTL-
compatible output pulse that can be used to trigger other instruments. The specifications
for this trigger pulse are shown in Figure 10-4. A trigger link line can source 1mA and
sink up to 50mA.

Figure 10-4
Trigger link output pulse specifications

Meter Complete

TTL High
(3.4V Typical)

TTL Low
(0.25V Typical)

10us
Minumum

External triggering example

In a simple test system, you may want to close a switching channel and then measure the
current of the DUT connected to that channel. This test system is shown in Figure 10-5,
which uses a Model 2500 to measure 10 DUTs switched by a Model 7011 multiplexer
card in a Model 7001/7002 Switch System.

Figure 10-5
DUT test system
|_ —l Triax # WARNING: NO INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFED PER SONNEL ONLY J
HI '
put—T—T° | Cable 1o gz ®
pr 1 e W @ R TED
| I INPUT INPUT DIGITAL 110
CHARNEL 1 cHiEL 2 @ @®
A @ cume
DUT | O/]/ [e; | @® TRIGGER LINK RS252 @®
2 CATI LINE RATING
w2 | CE_ oo
| | @ A (S8) | 120 VAC
. . 2 voumeesounce  vousce sounce S RS
OUTPUT CHANNEL 1 OUTPUT CHANNEL 2
L] L]
| | . CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING.
L] L]
oTo E
DUT 7 | Model 2500
#10 o

7011 MUX Card
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The Trigger Link connections for this test system are shown in Figure 10-6. Trigger Link
of the Model 2500 is connected to Trigger Link (IN or OUT) of the switching mainframe.
Note that with the default trigger settings of the switching mainframe, line #1 is an input,
and line #2 is an output.

Figure 10-6
Trigger link connections

7001 or 7002 Switch System

ﬂ[ WARNING: No INTERNAL OPERATOR SERVICABLE PARTS, SERVICE BY QUALIFED PERSONNEL ONLY. qu

MADE IN USA

C Jo @ C 1o

Ty
o
C
_'
©

‘h 1 CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUS/ WITH SIME TYPE AND RATING.

Trigger
Link
Trigger
) Link Cable
Trigger (8501)

Link

#ﬂ WARNING\ No INTERNAl OPERATOR SERVICABLE PARTS, SERVICE Y QUALIFED PERSONNEL ONLY. qJ
RATINGS MAX —
@)% @) o
MADRIN ®) @) -
wote G @® SR
INPUT INPUT DIGITAL /0
CHANNEL 1 CHANNEL 2 @ @

@ TRIGGER LINK RS-232 @

CATI LINE RATING
50, 60H:

RATINGS MAX 60 VAMAX

100V @ 20mA FUSE | LINE
630 AT | 100 VAG
é (SB) | 120 VAC

315 AT | 220 VAG
VOLTAGE SOURCE  VOLTAGE SOURCE (sB) | 240VAC
OUTPUT CHANNEL 1 OUTPUT CHANNEL 2

: ! CAUTION: FOR CONTINUED PROTECTION AGAINST FIRE HAZARD, REPLACE FUSE WITH SAME TYPE AND RATING.
Model 2500

For this example, the Model 2500 and Switching Mainframe are configured as follows.
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Model 2500 setup

Step 1. Restore bench defaults.

Press the MENU key, select SAVESETUP, then press the ENTER key. From the
SAVESETUP menu, select RESET, then press ENTER. Select BENCH, then press
ENTER.

Step 2. Configure channel.

Press MSR1 or MSR2 key to select the channel to measure, then select the desired range.
Press SRC1 or SRC2 to select the voltage source, then set the source to the desired value
using the EDIT or numeric keys.

Step 3. Set up trigger parameters.

Press the CONFIG key, and then the TRIG key to access the CONFIGURE TRIGGER
menu. Select TRIG-LAYER and then press ENTER to access the CONFIGURE TRIG-
LAYER menu.

Step 4. Set trigger-in event to TRIGGER-LINK.

Select TRIGGER-IN, then press ENTER. Select TRIGGER-LINK, then press ENTER.

Step 5. Set trigger input line to #2.
Select #2, then press ENTER three times to return to CONFIGURE TRIG-LAYER menu.

Step 6. Set trigger output line to #1.

Select TRIGGER-OUT, then press ENTER. Select LINE, then press ENTER. Select #1,
then press ENTER.

Step 7. Set trigger out events to MEAS=ON (all others to OFF).

Select EVENTS, then press ENTER. Select MEAS=OFF and toggle the value to ON
using the EDIT A and ¥ keys. Press ENTER, and then press EXIT to return to the CON-
FIGURE TRIG-LAYER menu.

Step 8. Set trigger count to 10.

Use EDIT p key to scroll to the far right of the menu selections and select COUNT, then
press ENTER. Set the count to 10, then press the ENTER key. Press the EXIT key twice to
leave CONFIGURE TRIGGER menus.
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Switching mainframe setup

Step 1. Restore bench defaults.

Press the MENU key, select SAVESETUP, and then press ENTER. From the
SAVESETUP menu, select RESET, then press ENTER. Press ENTER to confirm the
action. Press ENTER to return to the SETUP MENU. Press EXIT to leave the SETUP
MENU. Press EXIT to leave the MAIN MENU.

Step 2. Set up scan list: 1!1 - 1!10.
Press the SCAN LIST key. Press 1, 1 - 1, 1, 0, then press the ENTER key.

Step 3. Set the number of scans to 1.

Press the SCAN key, select SCAN-CONTROL, and then press ENTER. From the SCAN
CONTROL menu, select NUMBER-OF-SCANS, then press ENTER. Select ENTER-
SCAN-COUNT, then press ENTER. Set the count to 1, then press ENTER. Press the
EXIT key to return to the CONFIGURE SCAN menu.

Step 4. Set channel spacing to trigger-link.

Select CHAN-CONTROL from the CONFIGURE SCAN menu, then press ENTER.
Select CHANNEL-SPACING from the CHANNEL CONTROL menu, then press
ENTER. Select TRIGLINK, then press ENTER. Select ASYNCHRONOUS, then press
ENTER. Press ENTER, ENTER, then EXIT, EXIT, EXIT to leave the CONFIGURE
SCAN menu.

Operation

1. To store the readings in the Model 2500 buffer, press STORE, and set the buffer size
for 10. When ENTER is pressed, the asterisk (*) annunciator will turn on to indicate
the buffer is enabled. See Section 8 for details.

2. Turn the Model 2500 OUTPUT ON. The Model 2500 waits for an external trigger
from the switching mainframe.

3. Press STEP on the Model 7001/7002 to take it out of idle and start the scan. The scan-
ner's output pulse triggers the Model 2500 to take a reading and store it. The Model
2500 then sends a trigger pulse to the switching mainframe to close the next channel.
This process continues until all 10 channels are scanned, measured, and stored.

Details of this testing process are explained in the following paragraphs and are referenced
to the operation model shown in Figure 10-7.

letronics.com
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Figure 10-7
Operation model for triggering example
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A) Turning the Model 2500 OUTPUT ON places it at point A in the flowchart, where it
waits for an external trigger.

B) Pressing STEP takes the Model 7001/2 out of the idle state and places operation at
point B in the flowchart.

C) For the first pass through the model, the scanner does not wait at point B. Instead, it
closes the first channel (point C).

D) After the relay settles, the Model 7001/2 outputs a trigger pulse. Since the instrument is
programmed to scan 10 channels, operation loops back to point B, where it waits for an
input trigger.

E) and F) With the Model 2500 operation at point A, the output trigger pulse from the
Model 7001/2 triggers a measurement of DUT #1 (point E). After the measurement is
complete, the Model 2500 outputs a trigger pulse and then loops back to point A where it
waits for another input trigger.
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The trigger applied to the Model 7001/2 from the Model 2500 closes the next channel in
the scan, which then triggers the Model 2500 to measure that DUT. This process continues
until all 10 channels are scanned and measured.

Configuring triggering

Triggering is configured from the CONFIGURE TRIGGER menu and is structured as

follows.

NOTE  See “Trigger model (front panel operation),” page 10-2, for details on the fol-

lowing programmable aspects of triggering.

CONFIGURE TRIGGER menu

Press CONFIG and then TRIG to display the menu shown below and in Figure 10-8.
(Note that bullets indicate the primary items of the menu, while dashes and slashes indi-
cate options. See Section 1, “Rules to navigate menus,” to check and/or change trigger
options.)

« ARM-LAYER — Use this menu item to configure the arm layer of the trigger model:
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— ARM-IN — Use to select the detection event for the arm layer:

IMMEDIATE — Event detection occurs immediately.
MANUAL — Event detection occurs when the TRG key is pressed.
GPIB — Event detection occurs when a bus trigger (GET or *TRG) is received.

TIMER — Initially, event detection is satisfied immediately. Subsequent event
detection occurs after the timer interval elapses. After selecting this arm event,
you will be prompted to specify the timer interval (in seconds).

MANUAL — Event detection occurs when the TRIG key is pressed.

TLINK — After selecting this arm event, you will be prompted to select the
input line for the Trigger Link and the state of the event detection bypass. With
ONCE selected, operation will loop around the arm event detector on each new
pass through the trigger model. With NEVER selected, operation always waits
for the input trigger.

1 STEST — Event detection occurs when the SOT line of the Digital I/O port is
pulsed low. After selecting this arm event, you will be prompted to select the
state of the event detection bypass. With ONCE selected, operation will loop
around the arm event detector on each new pass through the trigger model.
With NEVER selected, operation always waits for the input trigger.

1 STEST — Event detection occurs when the SOT line of the Digital I/O port is
pulsed high. After selecting this arm event, you will be prompted to select the
state of the event detection bypass.
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/ 11 STEST — Event detection occurs when the SOT line of the Digital I/O port
is pulsed either high or low. After selecting this arm event, you will be
prompted to select the state of the event detection bypass.

— ARM OUT — Use to configure the arm layer output trigger:

/ LINE — Select the Trigger Link line for the output trigger: line #1, #2, #3, #4,
#5, or #6.

/ EVENTS — Enable (ON) or disable (OFF) the arm layer output triggers.
TRIG-LAYER-DONE ON enables an output trigger on exiting the trigger
layer.

— COUNT — Specify the arm count, FINITE (programmable count) or INFINITE
(never ending count).
e TRIG-LAYER — Use this menu item to configure the trigger layer of the trigger
model:
— TRIGGER-IN — Use to select the detection event for the trigger layer:
/ IMMEDIATE — Event detection occurs immediately.
/ TRIGGER-LINK — After selecting this trigger-in source, you will be
prompted in sequence as follows:
> TRIG-IN TLINK LINE — Select the input line (#1, #2, #3, #4, #5, or #0)
for the Trigger Link.

> EVENT-DETECT-BYPASS — Set the bypass for the Source Event Detec-
tor. With ONCE, operation will loop around the Source Event Detector.
With NEVER selected, operation will wait for an input trigger.

> TRIGGER-IN-EVENTS — Enable (ON) or disable (OFF) trigger-in events
(SOURCE, DELAY, and MEAS). With a trigger-in event ON, operation
will wait at that event for an input trigger. With the trigger-in event OFF,
operation will not wait. It will simply continue and perform the appropriate
action.

— TRIGGER OUT — Use to configure the trigger layer output trigger:

/ LINE — Select the Trigger Link line for the output trigger; line #1, #2, #3, #4,
#5, or #6.

/ EVENTS — Enable (ON) or disable (OFF) output triggers that occur after the
SOURCE, DELAY, and MEAS actions.

— DELAY — Specify the time delay (in seconds) for the trigger delay.
— COUNT — Specify the trigger count.

letronics.com
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* HALT — Use to return the Model 2500 to the idle state. HALT does not turn off the
output. The programmed source level will still be available at the OUTPUT terminals.
The following actions will take the Model 2500 out of idle:

— Turn the output off and then on again.
— Reselect the arm or trigger event.

— Exit from the menu structure, and then reenter it by pressing CONFIG and then

TRIG.
Figure 10-8
Configure trigger menu tree
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Layer Layer Halt
v v ¥ Y Y Y Y
Arm In Arm Count Trigger Trigger Dela Count
Out In Out Y
v v v v \ 2
Line Events Immediate Trlgger Line Events
Link
Y ¥ Y Y Y Y 2 Y

Immediate|| GPIB || Timer || Manual [| TLINK || USTEST || ' STEST |{UNSTEST

letronics.com



Models 2500 and 2502 User’s Manual Triggering  10-17

Remote triggering

Trigger model (remote operation)

The trigger model flowchart in Figure 10-9 summarizes remote trigger operation. Opera-
tion is controlled by SCPI commands from the Trigger Subsystem. Key remote commands
are included in the trigger model. Also note that the GPIB defaults are denoted by the “[1”
symbol.

The primary actions of the trigger model are Source, Delay, and Measure. The source
action outputs the programmed voltage or current value, and the programmed delay pro-
vides a settling period for the source before the measurement is performed.

The trigger model consists of two layers (Arm Layer and Trigger Layer) to provide versa-
tility. Programmable counters allow operations to be repeated, and various input and out-
put trigger options are available to provide source-measure synchronization between the
Model 2500 and other instruments (via the Trigger Link).

Idle and initiate
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The instrument is considered to be in the idle state (ARM annunciator off) when it is not
operating within the trigger model layers. While in the idle state, the instrument cannot
perform any measurements. An initiate command is required to take the instrument out of
idle. The following commands perform an initiate operation:

« :INITiate
« :READ?
« :MEASure?

Conversely, if the unit is taking readings, most commands (except DCL, SDC, IFC, and
ABORY) are queued up and will not be executed until the unit returns to idle.

The :MEASure? command will automatically turn the output on. Note that after the instru-
ment returns to the idle state, the output will remain on.

When auto output-off is enabled (:SOURce[1]1:CLEar:AUTO ON or
:SOURce2:CLEar:AUTO ON), any of the above three commands can be used to initiate
operation. The source output will automatically turn on at the beginning of each SDM
(source-delay-measure) cycle and turn off after each measurement is completed.
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Figure 10-9
Trigger model (remote operation)
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While operating within the trigger model (ARM indicator on), most commands will not be
executed until the Model 2500 completes all of its programmed source-measure opera-
tions and returns to the idle state. The IFC (interface clear), SDC (selected device clear)
and DCL (device clear) commands can be executed under any circumstance while operat-
ing within the trigger model. They will abort any other command or query.

* :ABORt

¢ :SYSTem:PRESet

e *TRG or GET

o *RST

« *RCL

NOTE SDC, DCL, or :ABORt place the Model 2500 in the idle state. For fastest
response, use SDC or DCL to return to idle.

Event detection

Once the instrument is taken out of idle, operation proceeds through the trigger model to
perform the Source, Delay, and Measure actions.

In general, operation is held up at an event detector until the programmed event occurs.
Note however, that if an event detector has a bypass (:DIRection), operation can be pro-
grammed to loop around the event detector.

Arm layer
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Event Detector Bypass — As shown in Figure 10-9, there is a bypass (ARM:DIRection)
for the Arm Event Detector. This bypass can only be used if TLINk, PSTest, NSTest, or
BSTest is the selected Arm-In Event. The bypass serves to jump-start operation. With the
bypass set to SOURCce, operation will loop around the Arm Event Detector when an
INITiate command is sent (assuming the output is turned ON).

The programmable arm-in events for the Arm Layer are described as follows:
IMMediate — Event detection occurs immediately allowing operation to continue.
BUS — Event detection occurs when a bus trigger (GET or *TRG) is received.

TIMer — Event detection occurs immediately on the initial pass through the trigger
model. Each subsequent detection is satisfied when the programmed timer interval
elapses. The timer resets to its initial state when the instrument goes into idle.

MANual — Event detection occurs when the TRIG key is pressed. The Model 2500 must
be in LOCAL mode for it to respond to the TRIG key. Press the LOCAL key or send GTL
over the bus to take the Model 2500 out of remote.

TLINk — Event detection occurs when an input trigger via the Trigger Link input line is
received (see “Trigger link” for more information). With TLINk selected, you can loop
around the Arm Event Detector by setting the event detector bypass (ARM:DIRection) to
SOURce.
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NSTest — Event detection occurs when the SOT (start of test) line of the Digital I/O port
is pulsed low. This pulse is received from the handler to start limit testing. See Section 11.

PSTest — Event detection occurs when the SOT (start of test) line of the Digital 1/O port
is pulsed high. This pulse is received from the handler to start limit testing. See Section 11.

BSTest — Event detection occurs when the SOT (start of test) line of the Digital I/O port
is pulsed either high or low. This pulse is received from the handler to start limit testing.
See Section 11.

NOTE NSTest, PSTest, and BSTest can be used only at the beginning of a sweep and
should not be used to trigger each point in a sweep.

Trigger layer

The Trigger Layer uses three event detectors; one for each action (Source, Delay, and
Measure).

Event Detector Bypass — As shown in Figure 10-9, there is a bypass
(TRIGger:DIRection) for the Source Event Detector. This bypass is in effect only if
TLINK is the selected Trigger-In Source. With this event detector bypass set to SOURCce,
operation will proceed around the Source Event Detector.

The programmable trigger-in sources for the Trigger Layer are described as follows:

IMMediate — With Immediate selected, event detection for the three detectors is satisfied
immediately. Operation proceeds through the Trigger Layer to perform the Source, Delay,
and Measure actions.

TLINk — With TLINKk selected, event detection at each enabled detector occurs when an
input trigger via the Trigger Link input line is received. A detector is enabled by including
its parameter name with the TRIGger:INPut command.

For example, to enable the Delay Event Detector and Measure Event Detector, the follow-
ing command must be sent:

TRIGger:INPut DELay, SENSe

The above command disables the Source Event Detector since its parameter name
(SOURCce) is not included in the parameter list.

With the Source Event Detector disabled, operation will not hold up. It will simply con-
tinue and perform the Source Action. Operation will hold up at the Delay Event Detector
until an input trigger is received, and then it will hold up at the Measure Event Detector
until another input trigger is received.
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Trigger delay

A programmable delay is available before the Source Action. The Trigger Delay can be
manually set from 0.00000 to 999.99990 seconds. Note that this delay is separate from the
Delay Action of the SDM cycle. The Delay Action is discussed next.

Source, delay, and measure actions
The SDM cycle of the Model 2500 consists of three actions: Source, Delay, and Measure:
SOURCE action — Any programmed output voltage level changes are performed.

DELAY action — This programmable delay is used to allow the source to settle before a
measurement is performed. It can be manually set from 0.00000 to 9999.99800 seconds,
or Auto Delay can be enabled. With Auto Delay enabled, the Model 2500 automatically
selects a nominal delay period based on the selected current range.

MEASURE action — During this phase of the SDM cycle, the measurement process
takes place. If the repeat filter is enabled, as shown in Figure 10-10, the instrument sam-
ples the specified number of reading conversions to yield a single filtered reading (mea-
surement). If using the moving filter or if the filter is disabled, only a single reading
conversion will yield a reading.

Figure 10-10
Measure action
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Counters

Programmable counters are used to repeat operations within the trigger model layers. For
example, if performing a 10-point sweep, the trigger counter would be set to 10
(TRIGger:COUNIt 10). Operation will stay in the Trigger Layer until the 10 source-delay-
measure points of the sweep are performed.

If you wanted to repeat the sweep three times, the arm counter would be set to three
(ARM:COUNt 3). Three 10-point sweeps can then be performed for a total of 30 source-
delay-measure actions.

The maximum buffer size for the Model 2500 is 3000 readings. The product of the finite
values of the two counters cannot exceed 3000. For example, if you set an arm count of
two, the maximum trigger count will be 3000 (3000 / 2 = 1500). However, you can set the
arm count to infinite (INF). With an infinite arm count, the maximum trigger count is
3000.

NOTE  With front panel operation only, when a sweep is configured, the trigger model
settings will not change until the sweep is started. After the sweep is finished, the
trigger model will reset to the previous settings.

Output triggers

The Model 2500 can be programmed to output a trigger (via rear panel Trigger Link con-
nector) after various trigger model operations. An output trigger is used to trigger another
instrument to perform an operation. See “Trigger link,” page 10-8, for more information.

Trigger layer output triggers — The Model 2500 can be programmed to output a trigger
after each action of the SDM cycle (Source, Delay, and Measure). Output triggers are con-
trolled with the TRIGger:OUTPut command.

For example, to output a trigger after the Measure Action, the following command must be
sent:

TRIGger:OUTPut SENSe

The above command disables output triggers for the Source and Delay Actions since their
parameter names (SOURce and DELay) are not included in the parameter list.

When used with a scanner, an output trigger after each measurement can signal the scan-
ner to select the next channel in the scan.

Arm layer output trigger — As shown in Figure 10-9, the Model 2500 can be pro-
grammed to output a trigger when operation leaves the Arm Layer and enters the Trigger
Layer. This output trigger is typically sent to another instrument to signal the end of a scan
or sweep. The ARM:OUTPut command is used to control this output trigger. The TRIGger
parameter enables the trigger on exiting the Trigger Layer, and the NONE parameter dis-
ables the output trigger.
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GPIB defaults

The GPIB defaults are listed as follows. They are also denoted in Figure 10-9 by the “0J”
symbol.

* Arm-In Event = Immediate

o Trigger-In Source = Immediate
e Arm Count =1

e Trigger Count = 1

o Trigger Delay = 0.0 sec

» Delay Action = 0.001 sec

» Enabled event detector = Source Event Detector (Delay and Measure detection
disabled)

« Enabled output triggers = None
< Event detection bypasses = Acceptor (both layers)
With output turned ON (OUTPutl ON or OUTPut2 ON), the Model 2500 will perform

one SDM cycle when the INITiate command is sent. After the measurement, the
Model 2500 returns to the idle state.

Operation summary
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The trigger model is designed to offer versatility for the various source-measure applica-
tions. Typically, it allows you to perform a specified number of measurements at various
source levels.

For example, assume you want to perform three measurements each at two different chan-
nel 1 voltage bias source levels (1V and 2V). To do this, set the arm count to two
(arm:count 2), the trigger count to three (trigger:count 3), and use the list sourcing mode
with the following defined list:

sourl:list:volt 1,1, 1,2,2,2

On the first pass through the trigger model, three measurements will be performed at the
1V source level. On the second pass, three measurements will be performed at the 2V
source level. After the last measurement, the Model 2500 returns to the idle state. Note
that the product of the arm count (finite value) and trigger count determines the number of
measurements that are performed. In this example, six measurements are performed
(2x3).

For details on the list source mode, see Section 17, “SOURce[1] and SOURce2.”
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Remote trigger commands

Table 10-1 summarizes remote trigger commands. These commands are covered in more
detail in Section 17, “Trigger subsystem,” except for *TRG, a common command covered
in Section 15.

Table 10-1

Remote trigger command

Command Description
:INITiate Take Model 2500 out of idle state.
:ABORt Abort operation, return to idle.

:ARM:COUNt <n>
:ARM:SOURce <name>

:ARM:TIMer <n>
:ARM:DIRection <name>
:ARM:ILINe <NRf>
:ARM:OLINe <NRf>
:ARM:OUTPut <event list>
:TRIGger:CLEar
‘TRIGger:COUNt <n>
‘TRIGger:DELay <n>
‘TRIGger:SOURce <name>
:TRIGger:DIRection <name>
:TRIGger:ILINe <NRf>
:TRIGger:OLINe <NRf>
:TRIGger:INPut <event list>

:TRIGger:OUTPut <event list>

*TRG

Set arm count (n = count).

Specify arm control source. (Name = IMMediate, TLINk, TIMer,
MANual, BUS, NSTest, PSTest, or BSTest.)

Set arm layer timer interval (n = interval).

Control arm bypass. (Name = SOURce or ACCeptor.)

Select arm layer input line (NRf = input line #).

Select arm layer output line (NRf = output line #).

Select arm layer output events. (Event list = TRIGger or NONE.)

Clear any pending input triggers immediately.

Set trigger count (n = count).

Set trigger delay (n = delay).

Specify trigger control source. (Name = IMMediate or TLINKk.)

Control trigger bypass. (Name = SOURce or ACCeptor.)

Select trigger layer input line (NRf = input line).

Select trigger layer output line (NRf = output line).

Select trigger input layer events. (Event list = SOURce, DELay,
SENSe, or NONE.)

Select trigger layer output events. (Event list = SOURce, DELay,
SENSe, or NONE.)

Trigger Model 2500 (if BUS source selected).
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Remote trigger example

Table 10-2 summarizes the command sequence for basic trigger operation. These com-
mands set up Model 2500 triggering as follows:

e Arm layer source: bus

e Arm layer count: 2

o Trigger layer delay: 0.1s
e Trigger layer count: 10

» Trigger layer output events: source and sense

o Trigger layer trigger link output line: 1

After the unit is set up, :INIT is sent to take the unit out of idle. *TRG is sent to trigger the
unit, after which it cycles 10 times through the trigger layer. A second *TRG is required to
trigger the unit the second time, and it then completes the second cycle through the trigger

layer.

NOTE  You must allow sufficient time between the first and second *TRG commands, or
the second trigger will be ignored.

Table 10-2
Remote triggering example
Command Description

*RST Restore GPIB defaults.
:SOUR1:VOLT 10 Source 10V on channel 1.
:ARM:SOUR BUS Select bus arm layer source (*TRG command).
:ARM:COUN 2 Arm layer count = 2.

:TRIG:DEL 0.1 0.1s trigger layer delay.
:TRIG:COUN 10 Trigger layer count = 10.
:TRIG:OUTP SOUR,SENS Source, sense output trigger events.
:TRIG:OLIN 1 Trigger output line = #1.

:OUTP1 ON Turn on channel 1 output.

ANIT Take unit out of idle.

*TRG Trigger first sequence.

*TRG Trigger second sequence.

:OUTP1 OFF Turn off output 1.

:FETC? Request readings.
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Types of limits — Discusses the two types of limits: hardware limits and software lim-
its. Also summarizes the two operating modes: grading and sorting.

Operation overview — Covers binning control and pass/fail conditions.

Binning systems — Details the handler interface, as well as single-element and
multiple-element binning.

Digital output clear pattern — Details the digital output bit pattern that occurs after a
binning operation.

Configuring and performing limit tests — Describes how to configure the Model
2500 for limit testing and summarizes a typical test procedure.

Remote limit testing — Summarizes limit commands and provides a basic program-
ming example.
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Types of limits

As shown in Figure 11-1, there are six limit tests that can be performed on a DUT.

Limit 1: channel 1 hardware (compliance) limit test.
Limit 2: channel 2 hardware (compliance) limit test.
Limits 3 to 6: software limits for channel 1, channel 2, ratio, and delta.

A test is only performed if it is enabled. Thus, you can perform one, two, or all six tests.

The tests are always performed in the order shown in the drawing.

Figure 11-1
Limit tests

Pass or Fail on Compliance

LO HI

<— Fail } Pass } Fail —>
Limit Limit
LO HI

<— Fail } Pass } Fail —>
Limit Limit

Pass/fail information

Limit 1 or
Limit 2 Test
(Compliance)

Limit 3 Test
(Coarse Limits)

Limit 4-6 Tests
(Fine Limits)

Pass/fail information for limit tests can be obtained as follows:

¢ A PASS or FAIL indication on the front panel display.

* By programming the unit to output specific pass/fail bit patterns on the Digital I/O
port, which can be used to control other equipment such as a device handler for bin-
ning operations. See “Binning systems,” page 11-10, and Section 12, “Digital I/O

port,” for more information.

e With the :CALCulate7:LIMit<n>:FAIL? query via remote, where <n> is the limit test

number (Section 17, “CALCulate7”).

« By reading various status bits (Section 14, “Status Structure,” and Section 17,

“FORMat subsystem”).

* By noting a P or F preceding buffer location numbers (Section 8, “Buffer location

number”).
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Data flow

All limit tests are part of the CALC7 data block. See Appendix C for an overview on how
limit testing fits into the overall data flow through the Model 2500.

Limit test feeds

You can use the following feeds (data sources) for the software limit tests (Limit 3 to Limit
6): MSR1, MSR2, RATIO, and DELTA. See “Configuring and performing limit tests,”
page 11-16.

Limit 1 and 2 tests (compliance)

These hardware (H/W) tests check the voltage source compliance states of the Model
2500. Limit 1 uses the channel 1 voltage source current compliance current value (20mA)
as the limit, while Limit 2 uses the channel 2 voltage source compliance current as the
limit. At or above the 20mA current limit, the instrument is in compliance. Below the cur-
rent limit, the instrument is not in compliance.

Limit 3 to 6 tests

These software (S/W) tests are used to determine if a DUT is within specified high and
low limits. Typically, the Limit 3 test is used to test for coarse tolerance limits, and the
Limit 4 through Limit 6 tests are used for progressively finer tolerance limits.

For example, assume you want to sort diodes into three groups: 10%, 15%, and >20% cur-
rent tolerance. To do this, configure the Limit 3 test for 20% HI and LO limits and Limit 4
for 15% HI and LO limits. If Limit 3 fails, the handler places the DUT in the bin labeled
>20%. If Limit 3 passes, the Limit 4 test is run. If Limit 4 fails, the DUT is placed in the
bin labeled 15%. If Limit 4 passes, the handler places the DUT in the bin labeled 10%.

Although Limit 1 and Limit 2 (discussed above) are dedicated to channels 1 and 2 respec-
tively, the Limit 3 through Limit 6 tests can be used with channel 1, channel 2, RATIO, or
DELTA measurements by selecting the corresponding data feed. See “Configuring limit
tests,” page 11-16, as well as Appendix C, “Data Flow.”

Limit test modes
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There are two modes of operation for limit tests: grading and sorting. For Limit 1 and 2
tests (compliance), operation is similar for both limit test modes. If Limit 1 or 2 test fails,
the FAIL message is displayed and the testing process for that DUT (or DUT element) is
terminated. A pass condition allows the testing process to proceed to the next enabled limit
test.
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With the grading mode selected, each enable software test (Limits 3 to 6) is performed
until a failure occurs. When a test fails, the FAIL message is displayed and the testing pro-
cess for that DUT is terminated.

With the sorting mode selected, each enabled software test (Limits 3 to 6) is performed
until a test passes. When a test passes, the PASS message is displayed and the testing pro-
cess for that DUT is terminated.

Binning

Even though no additional equipment is required to perform limit tests on the DUT, the
Model 2500 is typically used with a component handler to perform binning operations.
After the testing process, the DUT will be placed in an assigned bin.

For the grading mode, the binning system can be further automated by adding a scanner.
With the use of a scanner, the tests can be repeated (cycled) to test individual elements of a
single package. See “Binning systems,” page 11-10, for more information on using com-
ponent handlers and scanners to perform binning operations.

Operation overview
Grading mode

Grading mode limits operation is detailed by the flowchart in Figure 11-2. A test is only
performed if it is enabled. If disabled, operation proceeds to the next test. The following
assumes the first three limit tests are enabled and the digital output of the Model 2500 is
connected to a component handler for DUT binning. See “Binning systems,” page 11-10.
If a handler is not used, ignore digital input/output (handler interface) actions.

With the limit tests properly configured, turn the Model 2500 output on and press the
LIMIT key. The testing process will start when the component handler sends the SOT
(start-of-test) strobe pulse to the Model 2500. Note that if a handler is not used, testing
will start when LIMIT is pressed. Pressing LIMIT a second time terminates the testing
process.

As shown in the flowchart, limit tests are performed after a measurement conversion.

letronics.com
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Figure 11-2
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Binning control

The binning control selection determines when the testing process stops and the appropri-
ate binning operation occurs. The results are communicated through the Digital I/O port
based on limit test data. (See “Binning systems,” page 11-10.) There are two types of bin-
ning control for the grading mode: immediate and end.

Immediate binning — Use immediate binning when you want to stop all testing after the
first failure occurs. Any pending tests will be cancelled, and the DUT will be placed in the
bin assigned to that test failure. If no failures occur, all enabled tests will be performed,
and the DUT will be placed in the assigned pass bin. This process is demonstrated in
Figure 11-3.

Using a sweep with immediate binning lets you test different devices at different source
levels. For example, assume a 3-point linear sweep at 1V, 2V, and 3V step levels. The first
DUT is tested at 1V, the second DUT is tested at 2V, and the third DUT is tested at 3V.

End binning — End binning allows a sweep to finish before performing the binning oper-
ation. In the event of a failure, the first test failure determines the bin assignment. (See
Figure 11-4.)

Using a sweep with end binning lets you test a device at different source levels. For exam-
ple, assume a 3-point list sweep at 1.1V, 2.2V, and 3.3V source levels. Limit testing will be
performed at each source level. After the completion of the three test cycles, the DUT is
placed in the appropriate bin.

Figure 11-3
Immediate binning
Digital I1/O
Test1 > Test2 > Test3 Pass/Fail
l l Notification
Pass Fail Pass
Figure 11-4
End binning
Test1 Test2 Test3 Digital /O
(Pass) (Fail) (Pass) Notification
Fail
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Pass condition

For this discussion, assume that all grading mode limit tests pass. After the three limit tests
pass, the PASS message is displayed, and operation drops down to the Binning Control
decision block. (Note that the pass condition can also be determined with the
:CALCT7:LIM<n>FAIL? query via remote.)

Immediate binning — For immediate binning, the testing process stops. The Model 2500
outputs the pass pattern to the component handler to perform the binning operation.

End binning — For end binning, operation drops down to Another Test Cycle? decision
block. If programmed to perform additional tests (i.e., sweep) on the DUT package, oper-
ation loops back up to perform the next source-measure action. After all programmed test
cycles are successfully completed, the Model 2500 outputs the pass pattern to the compo-
nent handler to perform the binning operation.

If configured to test another DUT package, operation loops back to the top of the flowchart
and waits for the start-of-test (SOT) pulse from the component handler.

Fail condition

When a failure occurs, the FAIL message is displayed (and can also be read via remote
with :CALC7:LIM<n>FAIL?), and operation proceeds to the Binning Control decision
block.

Immediate binning — For immediate binning, the testing process is terminated and the
fail pattern for that particular failure is sent to the component handler to perform the bin-
ning operation.

End binning — For end binning, the fail pattern for the first failure is stored in memory
and operation proceeds to Another Test Cycle? decision block. If programmed to perform
additional tests (i.e., sweep) on the DUT package, operation loops back up to perform the
next source and measure action. Note that when a failure occurs, subsequent tests in the
test cycle are not performed.

After all programmed test cycles are completed, the Model 2500 outputs the fail pattern
stored in memory. This reflects the first failure that occurred in the testing process for the
device package. The component handler places the DUT in the appropriate bin.

If configured to test another DUT package, operation loops to the 