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Model 4200-SCS

License Agreement

NOTICE TO USERS: CAREFULLY READ THE FOLLOWING LICENSE AGREEMENT (THE “AGREEMENT”). USE OF THE
SOFTWARE (THE "SOFTWARE") PROVIDED WITH THE 4200-SEMICONDUCTOR CHARACTERIZATION SYSTEM (THE
“4200-SCS”) CONSTITUTES YOUR ACCEPTANCE OF THESE TERMS. IF YOU DO NOT AGREE WITH THE TERMS OF
THIS AGREEMENT, PROMPTLY RETURN THE SOFTWARE AND THE ACCOMPANYING ITEMS, INCLUDING ANY
WRITTEN MATERIALS AND PACKAGING, TO THE LOCATION WHERE YOU OBTAINED THEM FOR A FULL REFUND.

Grant of License

Keithley Instruments ("Keithley") grants to you, subject to the terms and conditions of this Agreement, a non-exclusive, non-
transferable license to use the portion of the Software developed and owned by Keithley (the “Keithley Software”) on the 4200-
SCS and to use the manuals and other related materials pertaining to the Software which are necessary or desirable for the
implementation, training or use of the Software (the “Documentation”) for your own internal business use and not for the benefit
of any other person or entity. You may copy the Keithley Software into any machine-readable or printed form only for backup
purposes or as necessary to use the Keithley Software or the 4200-SCS in accordance with this Agreement. The Keithley
Software and Documentation and any copies or modifications thereof are referred to herein as the “Licensed Product.”

Ownership

Keithley and certain third party suppliers (the “Owners”) own all right, title and interest in and to the Licensed Product. You
acknowledge that all right, title and interest in and to the Licensed Product will remain the exclusive property of the Owners, and
you will not acquire any rights in or to the Licensed Product except as expressly set forth in this Agreement. The Licensed
Product contains material that is protected by U.S. copyright laws, trade secret laws and international treaty provisions.

Limitations on Use

You may not make the Software available over the Internet or any similar networking technology. You may not remove any
copyright, trademark or other proprietary notices from the Licensed Product or any media relating thereto. You agree that you
will not attempt to reverse compile, reverse engineer, modify, translate, adapt or disassemble the Software, nor attempt to
create the source code from the object code for the Software, in whole or in part.

Sublicense

You may sublicense the Keithley Software, subject to the sublicensee’s acceptance of the terms and conditions of this
Agreement. You may not rent, lease or otherwise transfer the Licensed Product.

Termination

This Agreement is effective until terminated. Either party shall have the right to terminate this Agreement if the other fails to
perform or observe any provision, term, covenant, warranty or condition of this Agreement (a “Default”) provided fifteen (15) days
notice of termination (the “Notice”) is provided to the defaulting party and the defaulting party fails to cure the claimed Default within
ten (10) days from the date of receipt of the Notice. Within three (3) days from the date of any termination of this Agreement, each
and every embodiment of the Software in any form whatsoever, and all documentation, files and other materials in any form
relating thereto, shall be destroyed, and all traces of the Software shall be permanently purged from the 4200-SCS.

Export Restrictions
You may not export or re-export the Software or any copy or adaptation in violation of any applicable laws or regulations.

U.S. Government Restricted Rights

Use, duplication and disclosure by the U.S. Government is subject to the restrictions as set forth in FAR §52.227-14 Alternates |, Il
and Il (JUN 1987), FAR §52.227-19 (JUN 1987), and/or FAR §12.211/12.212 (Commercial Technical Data/Computer Software),
and DFARS §252.227-7015 (NOV 1995) (Technical Data) and/or DFARS §227.7202 (Computer Software), as applicable.

Limited Warranty

Keithley does not warrant that operation of the Software will be uninterrupted or error-free or that the Software will be adequate
for the customer's intended application or use. Keithley warrants to you that the Keithley Software will substantially perform in
accordance with the specifications set forth in this manual for a period of ninety (90) days after your receipt of the Keithley
Software (the “Warranty Period”); provided the Keithley Software is used on the products for which it is intended and in
accordance with the Documentation. If the Keithley Software is not performing as warranted during the Warranty Period, as
determined by Keithley in its sole discretion (a “Nonconformity”), your exclusive remedy under this limited warranty is either a
correction of the Keithley Software or an explanation by Keithley of how to use the Keithley Software despite the Nonconformity,
at Keithley’s option. The foregoing limited warranty shall be null and void upon any modification of the Software, unless
approved in writing by Keithley. The portions of the Software not developed and owned by Keithley shall not be covered by this
limited warranty, and Keithley shall have no duty or obligation to enforce any third party supplier’s warranties on your behalf.
The failure to notify Keithley of a Nonconformity during the Warranty Period shall relieve Keithley of its obligations and liabilities
under this limited warranty.

EXCEPT FOR THE FOREGOING, THE SOFTWARE IS PROVIDED “AS IS” WITHOUT ANY WARRANTY OF ANY KIND,
INCLUDING BUT NOT LIMITED TO, THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

THE SOFTWARE IS NOT FAULT TOLERANT AND IS NOT DESIGNED OR INTENDED FOR USE IN HAZARDOUS
ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE INCLUDING WITHOUT LIMITATION, IN THE OPERATION OF



NUCLEAR FACILITIES, AIRCRAFT NAVIGATION OR COMMUNICATION SYSTEMS, AIR TRAFFIC CONTROL, WEAPONS
SYSTEMS, DIRECT LIFE-SUPPORT MACHINES, OR ANY OTHER APPLICATION IN WHICH THE FAILURE OF THE
SOFTWARE COULD LEAD TO DEATH, PERSONAL INJURY OR SEVERE PHYSICAL OR PROPERTY DAMAGE
(COLLECTIVELY "HAZARDOUS ACTIVITIES"). KEITHLEY EXPRESSLY DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY OF FITNESS FOR HAZARDOUS ACTIVITIES.

Limitation of Liability

KEITHLEY’S SOLE LIABILITY OR OBLIGATION UNDER THIS AGREEMENT IS SET FORTH ABOVE IN THE LIMITED
WARRANTY SECTION OF THIS AGREEMENT. IN NO EVENT SHALL KEITHLEY BE LIABLE FOR ANY DAMAGES.
WITHOUT LIMITING THE FOREGOING, KEITHLEY SHALL NOT BE LIABLE OR ASSUME LIABILITY FOR: (1)
ECONOMICAL, INCIDENTAL, CONSEQUENTIAL, INDIRECT, SPECIAL, PUNITIVE OR EXEMPLARY DAMAGES,
WHETHER CLAIMED UNDER CONTRACT, TORT OR ANY OTHER LEGAL THEORY, (2) LOSS OF OR DAMAGE TO YOUR
DATA OR PROGRAMMING, (3) PENALTIES OR PENALTY CLAUSES OF ANY DESCRIPTION, OR (4) INDEMNIFICATION
OF YOU OR OTHERS FOR COSTS, DAMAGES, OR EXPENSES RELATED TO THE GOODS OR SERVICES PROVIDED
UNDER THIS LIMITED WARRANTY.

Miscellaneous

In the event of invalidity of any provision of this Agreement, the parties agree that such invalidity shall not affect the validity of
the remaining portions of this Agreement. This Agreement shall be governed by and construed in accordance with the laws of
the state of Ohio, without regard to conflicts of laws provisions thereof. This is the entire agreement between you and Keithley
and supersedes any prior agreement or understanding, whether written or oral, relating to the subject matter of this license. Any
waiver by either party of any provision of this Agreement shall not constitute or be deemed a subsequent waiver of that or any
other provision.

Limited Hardware Warranty

Keithley warrants to you that the Keithley manufactured portion of the hardware (the “Keithley Hardware”) purchased by you will
substantially perform in accordance with the specifications set forth in this manual for a period of one (1) year after your receipt
of the Keithley Hardware (the “Warranty Period”); provided the Keithley Hardware is used on the products for which it is
intended and in accordance with the documentation. This limited warranty shall be null and void upon (1) any modifications of
the Keithley Hardware, unless approved in writing by Keithley, (2) any operation of the 4200-Semiconductor Characterization
System (the “4200-SCS”) with third party software, unless the software is explicitly approved and supported by Keithley, and (3)
any operation of the 4200-SCS on an operating system not explicitly approved and supported by Keithley.

If the Keithley Hardware is not performing as warranted during the Warranty Period, as determined in Keithley’s sole discretion
(a “Nonconformity”), your exclusive remedy under this limited warranty is the repair or replacement of the Keithley Hardware, at
Keithley’s option. The portions of the hardware not developed and owned by Keithley shall not be covered by this limited
hardware warranty, and Keithley shall have no duty or obligation to enforce a third party supplier’s warranties on your behalf.
The failure to notify Keithley of a Nonconformity during the Warranty Period shall relieve Keithley of its obligations and liabilities
under this limited hardware warranty.

EXCEPT FOR THE FOREGOING, THE HARDWARE IS PROVIDED “AS IS” WITHOUT ANY WARRANTY OF ANY KIND,
INCLUDING BUT NOT LIMITED TO, THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

KEITHLEY’S SOLE LIABILITY OR OBLIGATION UNDER THIS LIMITED HARDWARE WARRANTY IS THE REPAIR OR
REPLACEMENT OF THE KEITHLEY HARDWARE. IN NO EVENT SHALL KEITHLEY BE LIABLE FOR ANY DAMAGES.
WITHOUT LIMITING THE FOREGOING, KEITHLEY SHALL NOT BE LIABLE OR ASSUME LIABILITY FOR: (1)
ECONOMICAL, INCIDENTAL, CONSEQUENTIAL, INDIRECT, SPECIAL, PUNITIVE OR EXEMPLARY DAMAGES,
WHETHER CLAIMED UNDER CONTRACT, TORT OR ANY OTHER LEGAL THEORY, (2) LOSS OF OR DAMAGE TO YOUR
DATA OR PROGRAMMING, (3) PENALTIES OR PENALTY CLAUSES OF ANY DESCRIPTION, OR (4) INDEMNIFICATION
OF YOU OR OTHERS FOR COSTS, DAMAGES OR EXPENSES RELATED TO THE GOODS OR SERVICES PROVIDED
UNDER THIS LIMITED HARDWARE WARRANTY.

KEITHLEY

A GREATER MEASURE OF CONFIDENCE
Keithley Instruments, Inc.

Corporate Headquarters * 28775 Aurora Road * Cleveland, Ohio 44139
440-248-0400 * Fax: 440-248-6168 * 1-888-KEITHLEY (1-888-534-8453) « www.keithley.com 3/07



Model 4200-SCS
Semiconductor Characterization System®
Reference Manual

©2007, Keithley Instruments, Inc.
All rights reserved.
Cleveland, Ohio, U.S.A.
Document Number: 4200-901-01 Rev. G / March 2007



Manual Print History Model 4200-SCS Semiconductor Characterization System® Reference Manual

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 4200-901-01) ......ccceeiviiiriieeiiieeeiieee
Revision B (Document Number 4200-901-01) ......oovvieeiriieeiniieeeieeee
Revision C (Document Number 4200-901-01) ....cuveeeiieiiiiiiiee e
Revision D (Document Number 4200-901-01) .....ccceeeiiiierieee e
Revision E (Document Number 4200-901-01) .....cceveiiieeiiieeiiee e
Revision F (Document Number 4200-901-01)........coevveiiiiiiiieeieciiieee e
Revision G (Document Number 4200-901-01) ......ccoviuiiiiiiiiiiiiiiiie e

All Keithley Instruments product names are trademarks or registered trademarks of Keithley Instruments, Inc.

Other brand names are trademarks or registered trademarks of their respective holders.

................. June 2000
.................. May 2001
.................. July 2002
November 2003
November 2005
.................. May 2006
March 2007

4200-901-01 Rev. G / March 2007



KEITHLEY Safety Precautions

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

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

If the product is used in a manner not specified, the protection provided by the product warranty 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 equipment 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 user documentation. 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, perform safe installations, and repair products. Only properly trained service
personnel may perform installation and service procedures.

Keithley Instruments products are designed for use with electrical signals that are rated Measurement Category | and Measurement
Category ll, as described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most measurement, control, and
data I/O signals are Measurement Category | and must not be directly connected to mains voltage or to voltage sources with high transient
over-voltages. Measurement Category Il 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 | sources unless otherwise
marked or described in the user documentation.

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 1000V, no conductive part of the circuit may be exposed.

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

Before operating an instrument, ensure that the line cord is connected to a properly-grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks before each use.
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When installing equipment where access to the main power cord is restricted, such as rack mounting, a separate main input power
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.
ALWAY'S remove power from the entire test system and discharge any capacitors before: connecting or disconnecting cables 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. Always
make measurements with dry hands while standing on a dry, insulated surface capable of withstanding the voltage being measured.

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

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

When fuses are used in a product, replace with the 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 a @ screw is present, connect it to safety earth ground using the wire recommended in the user documentation.
The A symbol on an instrument indicates that the user should refer to the operating instructions located in the user documentaion.

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

The & symbol on an instrument shows that the surface may be hot. Avoid personal contact to prevent burns.
The /J7 symbol indicates a connection terminal to the equipment frame.

The WARNING heading in the user documentation 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 the user documentation explains hazards that could damage the instrument. Such damage may invalidate the
warranty.

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

To maintain protection from electric shock and fire, replacement components in mains circuits - including the power transformer, test leads,
and input jacks - must be purchased from Keithley Instruments. Standard fuses with applicable national safety approvals may be used if
the rating and type are the same. Other components that are not safety-related may be purchased from other suppliers as long as they
are equivalent to the original component (note that 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., a data acquisition board for installation into a computer) should never require cleaning if handled according 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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Section 1: Introduction

Model 4200-SCS Reference Manual

Introduction

This section introduces you to the Keithley Instruments Model 4200-SCS Semiconductor
Characterization System (SCS) and its documentation, as follows:

+ Embedded PC policy: Explains Keithley Instruments’ policy concerning the use of third-
party software and its “no-tamper” policy for the Windows® Operating System (OS).
* Model 4200-SCS system overview:

- An overall block diagram and verbal summary of the system.

- Basic configurations and capabilities of the Source-Measure Units (SMUs), PreAmps,
pulse generator card, and Digital Storage Oscilloscope that source and measure the
electrical signals that are connected to your Devices Under Test (DUTSs).

- Views and descriptions of the front and rear instrument panels.

- Options and accessories: Provides a description of the options and accessories
available for the Model 4200-SCS.

* Model 4200-SCS documentation overview: Describes how to use the documentation that
is provided with your Model 4200-SCS.

Embedded PC policy

CAUTION

Keithley Instruments warrants the performance of the Model 4200-SCS only
with the factory-approved Windows Operating System and application
software preinstalled on the Model 4200-SCS by Keithley Instruments.
Systems that have been modified by the addition of unapproved third-party
application software (software that is not explicitly approved and supported
by Keithley Instruments) are not covered under the product warranty. Model
4200-SCS systems with unapproved software may need to be restored to
factory-approved condition before any warranty service can be performed
(e.g., calibration, upgrade, technical support). Services provided by Keithley
Instruments to restore systems to factory-approved condition will be treated
as out-of-warranty service with associated time and material charges.

Approved software is listed under “Approved third-party software.” This third-
party software can be safely used by the Model 4200-SCS.

DO NOT reinstall or upgrade the Windows Operating System (OS) on any
Model 4200-SCS. This action should only be performed at an authorized
Keithley Instruments service facility. Violation of this precaution will void the
Model 4200-SCS warranty and may render the Model 4200-SCS unusable. Any
attempt to reinstall or upgrade the Windows Operating System will require a
return-to-factory repair and will be treated as an out-of-warranty service,
including time and material charges.

Return to Section Topics 4200-901-01 Rev. G / March 2007
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Model 4200-SCS system overview

The Model 4200 Semiconductor Characterization System (4200-SCS) is an automated system
that provides IV and CV characterization of semiconductor devices and test structures. Its
advanced digital sweep parameter analyzer combines speed and accuracy for deep sub-micron
characterization.

Tests are easily and quickly configured and run from the Keithley Interactive Test Environment
(KITE). KITE is an application program designed and developed specifically for characterizing
semiconductor devices and materials. Source and measurement functions for a test are provided
by up to eight Source-Measure Units (SMUs). Test capabilities are extended by support of a
variety of external components.

Pulse source-measure functions can be provided by pulse generator cards (Model 4205-PG2) and
a scope card (Models 4200-SCP2 or 4200-SCP2HR). One typical configuration with pulse source-
measure capability would be a Model 4200-SCS system that consists of four SMUs, three pulse
generator cards, and one scope card. The primary Model 4200-SCS components and typical
supported external components are illustrated in Figure 1-1.

Figure 1-1
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Software features

The Model 4200-SCS KTE Interactive Software is comprised of six software tools used to operate
and maintain the Model 4200-SCS. Each of these tools is described below:

+ KITE: Keithley Interactive Test Environment (KITE) is the main Model 4200-SCS device
characterization application. KITE is a versatile tool that facilitates both interactive
characterization of an individual device or automated testing of an entire semiconductor
wafer. Tests are organized into individual projects, which are managed and executed by
KITE.

* KULT: The Keithley User Library Tool (KULT) allows test engineers to integrate custom
algorithms (user modules) into KITE. Internal Model 4200-SCS instrumentation and external
instrumentation can be controlled via user modules written using the C programming
language. KULT is used to create and manage libraries of user modules.

+ KCON: The Keithley CONfiguration (KCON) utility allows test engineers to define the
configuration of external GPIB instruments, switch matrices, and analytical probers
connected to the Model 4200-SCS. KCON also provides basic diagnostic and
troubleshooting functions.

» KXCI: The Keithley External Control Interface (KXCI) allows the use of an external
computer to remotely control the SMUs, pulse generator cards, and a scope card over the
GPIB (IEEE-488) or Ethernet. You can do this in either of two modes: the 4145 emulation
mode or the more full-featured 4200 extended mode, which provides access to most of the
Model 4200-SCS commands and ranges. KXCI also provides a command set that allows
user modules created in KULT to be executed.

+ KPulse: KPulse is the Keithley Instruments virtual front panel application that allows direct
access to the features of the Model 4205-PG2 pulse generator cards.

+ KScope: KScope is the Keithley Instruments virtual front panel application that allows direct
access to the features of the Models 4200-SCP2 or 4200-SCP2HR scope cards.

Hardware features and capabilities

Important hardware features of the Model 4200-SCS mainframe include the following:

+ Eight module slots: For pulse source-measure, four slots may be used for pulse generator
cards (Model 4205-PG2s) and one other slot for a scope card.

» Display: Built-in 12.1 in. XGA Flat Panel Display (Model 4200-SCS/F) or external monitor
with a VGA plug (Model 4200-SCS/C) provides access to the various KTE Interactive
Software components. The Model 4200-SCS/F can drive the built-in FPD and an external
CRT/monitor simultaneously.

+ Computer: IBM PC-compatible computer running Microsoft® Windows XP® Professional.

» |IEEE-488 interface: Allows the Model 4200-SCS to control GPIB-equipped devices or to be
controlled by an external GPIB controller.

* RS-232 and parallel ports: Interfaces the unit to peripherals such as a printer, plotter, or
prober.

» Interlock connector: Interfaces to a test fixture or prober interlock circuit to ensure the
instrumentation is controlled in a safe manner.

* LAN connection: Built-in Ethernet interface for connections to a local area network.

» USB Ports: Three USB 1.1 ports which provide interfaces to peripherals such as pointing
devices, printers, scanners, thumb drives, external hard drives, and CD-ROMs.

Key hardware electrical and mechanical characteristics are described in more detail in the next
few subsections.

1-4 Return to Section Topics 4200-901-01 Rev. G / March 2007
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Source-Measure Hardware

Source-Measure Unit (SMU)

The fundamental instrument module utilized by the Model 4200-SCS is the source-measure unit
(SMU). The basic function of a SMU is to perform one of the following source-measure operations:

» Source voltage, measure current and/or voltage
» Source current, measure voltage and/or current

The source of the SMU can be configured to sweep or step voltages or currents, or to output a
constant bias voltage or current.

There are two models of source-measure units available. The Model 4200-SMU is a medium
power (2W) source-measure unit, and the Model 4210 is a high power (20W) SMU. Table 1-1 lists
the maximum limits of the two SMUs.

Table 1-1
Source-measure units

Maximum Maximum Maximum
Model Voltage Current Power
4200-SMU 210V 105mA 2.2W
4210-SMU 210V 1.05A 22W

The Model 4200-SCS can support up to eight Model 4200-SMUs, of which four can be Model
4210-SMUs. The mix of SMUs and PreAmps installed in the Model 4200-SCS can be customized
to address the specific needs of each application.

In general:

* The Models 4210-SMU and 4200-PA modules are optional and can be added.

* Only six SMU modules can be installed if a scope card and one pulse generator card are
also installed.

PreAmp

A Model 4200-PA PreAmp adds five low current source-measure ranges to an SMU. Without a
PreAmp, the 100nA range (100fA resolution) is the lowest current source-measure range for an
SMU. With a PreAmp installed, the 10nA, 1nA, 100pA, 10pA and 1pA source-measure ranges are
added.

If PreAmps are ordered, the Model 4200-SCS will be shipped from the factory with the PreAmps
installed on the rear panel of the mainframe. The PreAmps can be removed from the rear panel
and mounted remotely in order to reduce the effects of long cables on measurement quality (long
cables can add noise to low current measurements and can cause oscillation with some devices).

An installed PreAmp is matched to the SMU it is connected to. Therefore, if you disconnect the
PreAmps to mount them at a remote location, you must ensure that you reconnect each one to its
matching SMU.

For details, refer to “Source measure unit (SMU) with Model 4200-PA overview” in Section 3.

Ground unit (GNDU)

The ground unit on the rear panel of the Model 4200-SCS provides a convenient method of
making ground connections. This eliminates the need to use a SMU for this purpose. For details,
refer to “Ground unit (GNDU) overview” in Section 3.

4200-901-01 Rev. G / March 2007 Return to Section Topics 1-5
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Basic SMU measurement characteristics

Table 1-2 summarizes basic measurement characteristics of the Model 4200-SCS for both the
Models 4200-SMU and 4210-SMU, with and without the Model 4200-PA.

Table 1-2
Basic SMU measurement characteristics
4200-SMU with 4210-SMU with
Function 4200-SMU 4210-SMU 4200-PA 4200-PA
Current source ranges — — 1.05pA/50aA 1.05pA/50aA
(full scale/set resolution) — — 10.5pA/500aA 10.5pA/500aA
— — 100.5pA/5fA 100.5pA/5fA
— — 1.05nA/50fA 1.05nA/50fA
— — 10.5nA/500fA 10.5nA/500fA
105nA/5pA 105nA/5pA 105nA/5pA 105nA/5pA
1.05uA/50pA 1.05uA/50pA 1.05uA/50pA 1.05uA/50pA
10.5uA/500pA 10.5uA/500pA 10.5uA/500pA 10.5uA/500pA
105uA/5nA 105uA/5nA 105uA/5nA 105uA/5nA
1.05mA/50nA 1.05mA/50nA 1.05mA/50nA 1.05mA/50nA
10.5mA/500nA 10.5mA/500nA 10.5mA/500nA 10.5mA/500nA
105mA/5pA 105mA/5uA 105mA/5uA 105mA/5uA
— 1.05A/50pA — 1.05A/50pA
Current measurement ranges — — 1.05pA/10aA 1.05pA/10aA
(full scale/nominal resolution) — — 10.5pA/100aA 10.5pA/100aA
— — 100.5pA/1fA 100.5pA/1fA
— — 1.05nA/10fA 1.05nA/10fA
105nA/1pA — 10.5nA/100fA 10.5nA/100fA
1.05pA/10pA 105nA/1pA 105nA/1pA 105nA/1pA
10.5uA/100pA 1.05uA/10pA 1.05uA/10pA 1.05uA/10pA
105uA/1nA 10.5uA/100pA 10.5uA/100pA 10.5uA/100pA
1.05mA/10nA 105uA/1nA 105uA/1nA 105uA/1nA
10.5mA/100nA 1.05mA/10nA 1.05mA/10nA 1.05mA/10nA
105mA/1uA 10.5mA/100nA 10.5mA/100nA 10.5mA/100nA
— 105mA/1uA 105mA/1uA 105mA/1uA
— 1.05A/10pA — 1.05A/10pA
Voltage source ranges 210mV/5pVv 210mV/5uVv 210mV/5uVv 210mV/5uVv
(full scale/set resolution) 2.1Vv/50uv 2.1Vv/50uv 2.1v/50uv 2.1Vv/50uv
21Vv/500uV 21Vv/500uV 21Vv/500uV 21Vv/500uV
210V/5mV 210V/5mV 210V/5mV 210V/5mV
Voltage measurement ranges 210mVv/1pv 210mv/1pv 210mv/1uv 210mv/1uv
(full scale/nominal resolution) 2.1v/10uv 2.1v/10uv 2.1v/10uv 2.1v/10uv
21v/100uVv 21Vv/100uVv 21Vv/100uVv 21Vv/100uVv
210vV/1mVv 210vV/1mVv 210vV/1mV 210V/1mVv
Power 2.2W 22W 2.2W 22W

Pulse source-measure hardware

Keithley Instruments’ pulse source-measure hardware for the Model 4200-SCS includes one or
more pulse generator cards (Model 4205-PG2) and a scope card (Model 4200-SCP2 or 4200-
SCP2HR). Refer to “Pulse generator card” in Section 11 for details.

Instrument panels

All operator interfaces are on the front panel of the Model 4200-SCS, and all connection interfaces
are on the rear panel. The next two subsections describe the front and rear panels.
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Front panel

Figure 1-2 shows the front panel of the Model 4200-SCS. The various components are
summarized below the figure.

Figure 1-2
Front panel

Model 4200-SCS

© oNDOAw

. Display

CD-R/W drive

Floppy disk drive
Display brightness
POWER switch

HARD DISK indicator
INTERLOCK indicator
MEASURING indicator
Two v1.1 USB ports

Displays graphical user interface, data, graphs, and system
operation information. Note: Model 4200-SCS/C has no display
and requires an external CRT/monitor.

Provides a means to install or update system software, manuals,
and utilities.

Stores user data.

Allows you to set the FPD display to the desired brightness.
Turns main system power on or off.

Turns on when the hard disk is being accessed.

Turns on when the test fixture interlock is closed.

Turns on when measurements are in progress.

Interfaces to peripherals (e.g., pointing devices, printers, scanners,
thumb drives, external hard drives, and CD-ROMs).

4200-901-01 Rev. G / March 2007
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Rear panel

Figure 1-3 shows the rear panel of the Model 4200-SCS mainframe. The various components are
summarized below the figure.

Figure 1-3
Rear panel
Parallel Port Serial Port ~ Ground Unit
13 12 11
/ Model 4200-5CS
7
J
i I
o Gm)o
— T
B
/.ﬂ] ol | {1l lo
Po2 4 o 9, ©
Rece| \t/;iiie & 2 &y ®
p
Line Fuses \j 9 [} "
0 A STARIIRIRIRIN
/ / \ 4
Li’N 5 / 7/ \ ‘
Mouse/Keyboard Interlock IEEE-488
4 10
USB External Monitor ~ Trigger Link Instrument
Slots
1. Fan Provides system cooling.
2. Power receptacle and Connects to line power through supplied line cord. Two line
line fuses fuses protect the unit.
3. LAN connector Interfaces the unit to an ethernet local area network.
4. v1.1 USB connector Interfaces to peripherals (e.g., pointing devices, printers, scanners,
thumb drives, external hard drives, and CD-ROMs).
5. Mouse and keyboard Included Y-Cable to connect the mouse or other pointing
connector device and the system keyboard (see Figure 2-1).
6. External monitor port Used to connect an external CRT or other monitor.
7. Interlock connector Connects to test fixture or prober safety interlock.
8. Trigger link connectors  For factory use only.
9. IEEE-488 connector Connects to peripherals or computer with GPIB interface.
10. Instrument slots Any of the eight slots can be used for a SMU. Pulse generator
cards are installed starting in slot 8 and continuing to the right. A
scope card can be installed in the slot next to the last pulse
generator card. In Figure 1-3, a pulse generator card is installed in
slot 8 and a scope card is installed in slot 7. SMUs are installed in
slots 1 through 4.
11. Ground unit Provides a convenient way to make system level COMMON and
SENSE circuit connections.
12. Serial port Connects to RS-232 peripherals, such as a prober.
13. Parallel port Used to interface to printer or other parallel device.

NOTE The actual rear panel layout may vary slightly from the diagram shown in Figure 1-3.
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Options and accessories

SMU options

Model 4200-SMU: Medium-power source-measure unit; 2W, 200V, 100mA (factory installed; not
field-upgradable)

Model 4210-SMU: High-power source-measure unit; 20W, 200V, 1A (factory installed; not field-
upgradable)

Model 4200-PA: Remote PreAmp; extends the low-current capability of a Model 4200-SMU or
4210-SMU by adding the following five ranges: 1pA, 10pA, 100pA, 1nA, and 10nA (factory
installed; not field-upgradable)

Pulsing: Source and measure options

Model 4205-PG2: Dual channel pulse generator. Includes the following:

Model 4205-PG2 pulse generator card

Four SMA-to-SMA cables (male-to-male, 2-meters)

Four SMA-to-BNC adapters (male-to-female)

Two 50Q SMA pass-through terminators (female-to-male)
SMA 8 inch-pound torque wrench

Model 4200-SCP2 or 4200-SCP2HR: Dual channel digital storage oscilloscope (DSO). Includes
the following:

ZTEC ZT450PCI-50 (Model 4200-SCP2) or ZTEC ZT410PCI-50 (Model 4200-SCP2HR)
DSO card

Three BNC-to-BNC cables (male-to-male, 1.5 meters)
SMB-to-BNC adapter (female-to-female)
SMA-to-SMB adapter (male-to-female)

ZTEC Software Utilities CD

ZTEC User’s Manual

Model 4200-PIV-A: Pulse-1V solution bundle. Includes the following:

Model 4205-PG2 (includes everything listed for the pulse generator)
Model 4200-SCP2 (includes everything listed for the scope)

Two Model 4205-RBT Bias Tee adapters

Model 8101-PIV test fixture

Model 4200-PIV software

Cables and connectors

Model 4200-PIV-HR: Pulse-IV solution bundle. Includes the following:

Model 4205-PG2 (includes everything listed for the pulse generator)
Model 4200-SCP2HR (includes everything listed for the scope)

Two Model 4205-RBT Bias Tee adapters

Model 8101-PIV test fixture

Model 4200-PIV software

Cables and connectors

Model 4200-PIV-Q: Quiescent Point Pulse-1V solution bundle. Includes the following:

Three Model 4205-PG2s (includes everything listed for each pulse generator)
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* Model 4200-SCP2HR (includes everything listed for the scope)
*  Model 8101-PIV test fixture

* Model 4200-PIV-Q software

+ Cables and connectors

Model 4200-FLASH: Flash memory testing solution bundle. Includes the following:

+  Two Model 4205-PG2s (includes everything listed for each pulse generator)
* Model 4200-FLASH software
+ Cables and connectors

Model 4200-SCP2-ACC: ZTEC ZT500PRB-00 BNC probe

Service and calibration options

Model 4200-3Y-REPAIR: Model 4200-SCS 3-year return repair service
Model 4200-5Y-REPAIR: Model 4200-SCS 5-year return repair service
Model 4200-3Y-CAL: Model 4200-SCS 3-year calibration service

Model 4200-5Y-CAL: Model 4200-SCS 5-year calibration service

Model 4200-CAL: Model 4200-SCS calibration service

Model 4200-CERT: ANSI NCSL-Z540 calibration certification with test data

Model 4200-UPGRADE: Model 4200-SCS upgrade service; includes installation of new
instruments, PreAmps, calibration, and verification

Model 4200-KTEI-V6.2: Model 4200-SCS Keithley Test Environment Interactive (KTEI) software
test suite version 6.0; includes KTEI V6.2 CD and Complete Reference V6.2 CD

Model 4200-CPU-2GH/C: Model 4200-SCS upgrade service; includes installation of new 2GHz
single board computer (w/1GB SDRAM, 100-BaseT network port, ATI M6 graphics controller), 3
USB 1.1 ports (2 front, 1 back), fresh installation of Windows XP Professional Operating System
(not upgrade - see NOTE below). Also includes installation of Model 4200-KTEI-V6.2 software test
suite (for Model 4200-SCS/C (CRT) systems only)

Model 4200-CPU-2GH/F: Same as Model 4200-CPU-2G/C except for Model 4200-SCS/F (flat
panel) systems only

NOTE The Model 4200-CPU-2GH-* upgrade restores the Model 4200-SCS to factory
conditions. The hard drive will be reformatted and all old data and projects will NOT be
preserved. Please ensure you have backed-up all data and projects prior to ordering this
upgrade.

Computer accessories

Model 4200-MOUSE: Microsoft ambidextrous 2-button mouse

Remote PreAmp mounting accessories

Model 4200-MAG-BASE: Magnetic base to mount the Model 4200-PA or 4205-RBT remotely on
the platen of a probe station

Model 4200-VAC-BASE: Vacuum base to mount the Model 4200-PA or 4205-RBT remotely on
the platen of a probe station

Model 4200-TMB: Triaxial mounting bracket to mount the Model 4200-PA or 4205-RBT remotely
on the triaxial feed-through connectors of a probe-station dark box
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Other accessories

Model 4200-MAN: Printed manual set for the Model 4200-SCS (the manual set on CD-ROM is
included with the Model 4200-SCS base unit)

Model 4200-CART: Mobile cart that provides system portability for the Model 4200-SCS
mainframe

Model 8101-TRX: Transistor test fixture
Model 8101-PIV: Pulse 1V test fixture

Model 8007: Semiconductor test fixture

Switch matrices
Model 4200-UL-LS-XX series: An ultra-low current switch matrix, available with 12 to 72 pins; the
“XX” in the part number specifies the number of pins in 12-pin increments

Model 4200-UL-RS-XX series: An ultra-low current and remote sense switch matrix, available
with 6 to 30 pins; the “XX” in the part number specifies the number of pins in 12-pin increments

Model 4200-LC-LS-XX series: A cost-effective low current switch matrix, available with 12 to 72
pins; the “XX” in the part number specifies the number of pins in 12-pin increments

Model 4200-GP-RS-XX series: A general-purpose switch matrix that supports remote sense on
12 to 72 pins; the “XX” in the part number specifies the number of pins in 12-pin increments

Cabinets and mounting accessories

Model 4200-CAB-20UX: 20U cabinet (35 in.)

Model 4200-CAB-25UX: 25U cabinet (44 in.)

Model 4200-CAB-34UX: 34U cabinet (60 in.)

Model 4200-RM: Slide rack-mounting kit for the Models 4200-SCS/F and 4200-SCS/C
Model 4200-CRT-RM: Fixed rack-mounting kit for the Model 4200-CRT

Model 4200-KEY-RM: Slide rack-mounting kit for the keyboard and pointing device
Model 2288: Rack-mounting kit for the Model 4200-590 CV Analyzer

Cables

NOTE All Model 4200-SCS systems and instrument options are factory-supplied with required
cables.

Model 4200-RPC-X series: Remote PreAmp control cable connects the Model 4200-PA to a
Model 4200-SMU or 4210-SMU. Available in lengths of 0.3m (1.0 ft), 2m (6.5 ft), 3m (9.8 ft), or 6m
(19.7 ft). The “X” in the part number specifies the length.

Model 4200-TRX-X series: Ultra-low noise PreAmp triax cable is used to connect a Model 4200-
PA to a test fixture; terminated at both ends with 3-slot male triax connectors. Available in lengths
of 0.3m (1.0 ft), 1m (3.3 ft), 2m (6.5 ft), and 3m (9.8 ft). The “X” in the part number specifies the
length.

Model 4200-MTRX-X series: Miniature triax cable, 2m (6.5 ft), is used to connect a Model
4200-SMU or Model 4210-SMU to a test fixture; is equipped with a miniature male triax connector
on one end and a standard 3-slot male triax connector on the other end. Available in lengths of 1m
(3.3 ft), 2m (6.5 ft), and 3m (9.8 ft). The “X” in the part number specifies the length.
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Model 236-ILC-3: Interlock cable, 3m (9.8 ft), is used to connect the mainframe interlock
connector to the test fixture or prober interlock.

Model 7007-X series: Shielded GPIB cables that are used to connect the Model 4200-SCS
mainframe to the GPIB (IEEE-488) bus; use shielded cables and connectors to reduce
electromagnetic interference (EMI). The Model 7007-1 is 1m (3.3 ft) long; the Model 7002-2 is 2m
(6.5 ft) long.

Model 7078-TRX-BNC: 3-lug triax-to-BNC adapter.

Model 4200-SCS documentation overview

The Model 4200-SCS documentation, comprised of a Quick Start Manual, Applications Manual,
and Reference Manual, is overviewed below. Guidance for using the documentation is also
provided.

Surveying the documentation

The organization and content of the Model 4200-SCS documentation is surveyed below.

Quick Start Manual synopsis

The Quick Start Manual is organized as shown in Table 1-3.

Table 1-3
Quick Start Manual synopsis
Section
number | Section title Description
1 Understanding and Covers familiarization of the system, including software and
preparing the system hardware features. Explains the proper environment for the system.
Explains how to connect system components and DUT. Covers
power-up and explains how to configure the system.
2 Designing and executing | Explains the test hierarchy and terminology. Provides
tests familiarization with KITE. Explains how to build a project, define
and configure a project ITM, define and configure a project UTM,
and execute a project test.
3 Viewing test results Provides an overview of data files. Explains how to view test results
numerically and graphically.
4 Protecting user files and Explains how to protect software and file integrity.
system software

Applications Manual synopsis

The Applications Manual sections are organized as shown in Table 1-4.

Table 1-4
Applications Manual synopsis
Section
number | Section title Description
1 Graphical data analysis Provides tutorials to 1) use the Formulator to determine the slope of

and basic test sequencing |an IV curve; 2) use the cursors to analyze a graph; and 3) execute
a test sequence for a single device via its device plan.
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Table 1-4 (continued)
Applications Manual synopsis

Section
number

Section title

Description

2

Advanced applications

Provides tutorials to 1) use a switch matrix to automate connection
changes for different devices; 2) execute a test sequence to
automatically test all devices in a subsite plan; and 3) modify a
UTM using the Keithley User Library Tool (KULT).

Controlling external
equipment

Provides tutorials to 1) create a new project to control a Model 590
CV Analyzer; 2) control a pulse generator to stress a
semiconductor device and analyze the effects of the stress; and 3)
control a semi-automatic probe station to test two wafer sites.

Pulse applications

Provides tutorials covering Pulsed-1V (PIV) to eliminate self -
heating for new CMOS material and structure technologies, slow
single pulse charge trapping for high K gate structures, charge
pumping for interface characterization of CMOS, and AC stress for
WLR. Also includes applications for quiescent point PIV testing,
and NAND and NOR flash memory testing.

Reference Manual synopsis

The Reference Manual is organized as shown in Table 1-5.

Table 1-5

Reference Manual synopsis

Section
number/
letter

Section title

Description

1

Introduction

Overviews hardware/software features and characteristics,
surveys and guides use of the documentation, and lists available
options and accessories for the Model 4200-SCS.

Installation

Covers unpacking and inspection, system connections, basic SMU
connections, and power and environmental requirements.
Provides a brief summary of the pulse generator card and scope
card.

Source-measure hardware

Describes the Model 4200-SCS source-measure hardware in more
detail, including the following:

» Physical: Front and rear panel interfaces. Instrument terminals
and connectors for the Model 4200-SCS mainframe, Models
4200-SMU, 4210-SMU and 4200-PA (PreAmp).

* Needed services and environmental conditions. Mounting
options for the PreAmp.

» Electrical: Block diagrams, operating characteristics, and basic
connections for the Models 4200-SCS mainframe, Models
4200-SMU, 4210-SMU, and 4200-PA (PreAmp).

Connections and
configuration

Provides details for basic source-measure connections, external
test equipment connections, and control and data connections.

Source-measure concepts

Describes various source-measure concepts including guarding,
sensing, sink operation, source-measure configurations, and
sweeping. Covers how to make stable measurements, low-current
measurements, and discusses possible sources of interference.

Keithley Interactive Test
Environment (KITE)

Explains and illustrates the characteristics and operation of KITE.
Some topics covered include the Project Navigator, ITMs, and
UTMs. Explains how to run tests and view and analyze collected
data.

4200-901-01 Rev. G / March 2007

Return to Section Topics 1-13



Section 1: Introduction

Model 4200-SCS Reference Manual

Table 1-5 (continued)
Reference Manual synopsis

8110A/81110A Pulse
Generator

Section

number/

letter Section title Description

7 Keithley CONfiguration Explains how to use this utility to add components (switch matrix,

Utility (KCON) test fixture, CV analyzer, pulse generators, and probe station) to
the test system. Also provides diagnostic and troubleshooting
information for the Model 4200-SCS.

8 Keithley User Library Explains how to use this tool to create and manage libraries of

Tool (KULT) user modules.
9 Keithley External Control Explains how to use an external controller (PC) to remotely control
Interface (KXCI) (via GPIB or Ethernet) the SMUs, pulse generator cards, and a
single scope card of the Model 4200-SCS. It also explains how to
remotely execute user modules created in KULT.

10 System administration Explains basic system administration operations. These include
software upgrades, interfacing with networks and printers, limiting
system access, etc.

11 Pulse source-measure Provides documentation for using the Model 4205-PG2 (pulse

concepts generator card) and a Model 4200-SCP2 or 4200-SCP2HR (digital
storage oscilloscope card) to perform pulse source-measure tests.

12 Pulse projects Provides the documentation for the Keithley Instruments pulse
projects. Describes the tests (ITMs and UTMs) for each project.

13 KPulse Explains how to use the graphical user interface (GUI) that is used
to control the Model 4205-PG2 pulse generator.

14 KScope Explains how to use the graphical user interface (GUI) that is used
to control the Model 4200-SCP2 or 4200-SCP2HR digital storage
oscilloscope.

A Creating project prompts Explains how to add pop-up windows to a KITE project to prompt
the user to perform an action. You create these prompts via UTMs
that connect to the user modules of the Winlib user library.

B Using switch matrices Provides a tutorial to add a switch matrix to the test system. Also
provides signal connection information and discusses key matrix
concepts. Describes the user modules in the matrixulib user
library used to control the Keithley Instruments Model 707/708
Switch Matrices.

C Using a Keithley Provides a tutorial to add each CV Analyzer to the test system.

Instruments Model 590 CV | Also provides signal connection information and discusses key
Analyzer concepts. Describes the user modules in the ki590ulib and

D Using an Agilent Model hp4284 ulib user libraries that are used to control the Keithley

4284A LCR Meter Instruments 590 and Agilent 4284 CV meters.

E Using a Keithley Covers the following: key measurement concepts, instrument

Instruments Model 82 C-V | connections, system configuration, use of Keithley-supplied
System projects, measurement-parameter setup, user-library reference
information, and simultaneous C-V analysis principles.

F Using an Agilent Model Provides a tutorial to add the pulse generator to the test system.

Also provides signal connection information and discusses key
concepts. Describes the user modules in the hp8110ulib that
are used to control the Agilent 8110A pulse generator. Also
documents the user library for the Agilent 81110 pulse generator.
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Table 1-5 (continued)
Reference Manual synopsis

Section
number/
letter Section title Description
G Using a probe station Appendices G through L explain how to add a probe station to the
H Karl-Suss Model PA-200 test system. They also provide connection information and discuss
Prober key concepts. Describes the user modules in the prbgen user
I Micromanipulator 8860 library that are used to control the probe station(s).
Prober
J Using a manual or fake
prober
K Cascade Summit-12000
Prober
L Signatone CM500 Prober
M WLR testing Includes background information on HCI degradation, summaries
for using the Model 4200-SCS project plans, and supplemental
information for performing the JEDEC standard procedures for V-
Ramp and J-Ramp.
N Additional user libraries Documents Model 4200-SCS user libraries not covered in other
reference sections.
Other documentation

Your Model 4200-SCS documentation also includes:

» Application notes: Practical examples of how to use the Model 4200-SCS and other
related products to perform application-specific tasks.

» Data sheets: The Model 4200-SCS technical data sheet and other related product data
sheets.

The application notes and data sheets, as well as the Quick Start Manual, Applications Manual,
and Reference Manual, may be accessed in PDF format from the Model 4200-SCS Complete
Reference. The Model 4200-SCS Complete Reference is preinstalled on your system and can be
accessed using Microsoft Internet Explorer, which also comes preinstalled on your system. The
Complete Reference on your system resembles a website, but actually resides in your instrument.
Keithley Instruments also provides a copy of the Model 4200-SCS Complete Reference on a CD-
ROM that comes with each Model 4200-SCS.

Distinguishing special text items in the manuals

Italic, bold, and upper-case letters, the Courier font, quotation marks, and special characters
distinguish certain text items from the general text in this manual. The following text conventions
are used (exclusive of heading styles):

» 10 point Arial Bold distinguishes the following:

- All user-interaction items within a KTE Interactive or Windows XP Professional Graphical
User Interface (GUI): Project and Configuration Navigator Components, commands,
screen messages, menu names, menu selections, and dialog-box items, including
captions, user selections, and typed user inputs (however, the GUI title is not boldfaced,
but it is capitalized as on the screen).

- CAUTION statements

» 10 point Arial Italic distinguishes the following:

- Emphasis in general

- NOTE statements
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* 10 POINT ARIAL UPPER CASE distinguishes keyboard keys, such as ENTER and CTRL.
* 10 point Courier distinguishes the following:

- Software code statements and C-functions

- Calc worksheet functions

- Formulator functions

- Command-line commands

- User-module and user-library names

- Directory paths
*  “Double quote marks” distinguish the following:

- Cross references to sections/chapters in the manuals, such as “Keithley User Library
Tool (KULT)” in Section 8.

- Cross references to sections/chapters in other documents (the name of the other
document, not in quotes, accompanies the section/chapter name).

- Project and Configuration Navigator Components such as “default.”

- Literals, such when referring to the “5V” labels on 1/0O connectors.

* “Double-quote marks” and 10 Point Arial Bold distinguishes text that is both Project and
Configuration Navigator Component and user-interaction items within a KTE Interactive or
Windows XP Professional Graphical User Interface (GUI).

» Dual angle brackets, < >, typically enclose a generic, descriptive name for an essential
parameter, function, file, directory path, etc. in a command definition. In practice, the
generic, descriptive name must be replaced with a real name.

+ Dual rectangle brackets, [ ], typically enclose a generic, descriptive name for an optional
parameter, function, file, directory path, etc. in a command definition. In practice, the
generic, descriptive name must be replaced with a real name.

Moving around the electronic versions of the manuals

When reading the electronic, PDF version of the manuals, use Acrobat Reader View and Tools
menu selections to move generally through the manual. Additionally, you can mouse-click on
special links in the manuals to jump directly to the page of a referenced item:

* Mouse-click the top margin of any page to jump to the Table of Contents.
* Mouse-click on any Index or Table of Contents (TOC) page number to jump to the page.

* Mouse-click on any of these cross references to jump to the cross-referenced figure, table,
section, or subsection:’

- Figure number headings, such as Figure 1-1
- Table number headings, such as Table 1-2

- Section and subsection headings that are enclosed in quotes, such as in “Model 4200-
SCS system overview”

To return from the referenced item to what you were reading before you jumped to the referenced
item (the Index, TOC, top page margin, or cross reference) do either of the following:

* Hold down the CTRL key and press the [ -] key (i.e. press CTRL + -).
» In the Acrobat Reader View menu, click Go Back.

1. Cross references to sections, figures, and tables inside this manual are highlighted in blue.
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Introduction

This section contains information about handling and installing the Keithley Instruments Model
4200-SCS Semiconductor Characterization System:

* Unpacking and inspection: Covers unpacking and inspection for damage. Lists the items
shipped with every unit. Provides instructions for returning the unit to Keithley Instruments
should it become in need of repair.

+ System connections: Explains how to connect the keyboard (and optional mouse), probe
station, printer, and LAN to the Model 4200-SCS.

»  SMU connections: Describes the simplest method to make SMU connections to the device
under test (DUT).

» Pulsing: Source and measure hardware: Provides a brief summary of Keithley
Instruments modules (cards) used for pulsing and waveform capture (Model 4205-PG2
pulse generator card(s), and Model 4200-SCP2 or 4200-SCP2HR scope cards).

+ Power requirements: Covers line power requirements for the Model 4200-SCS, and shows
how to connect the power line cord.

CAUTION  When you start one of the KTE Interactive software tools for the first time, you
will be required to respond affirmatively to an on-screen license agreement
before proceeding further. If you do not respond with a “Yes” answer, your
system will be nonfunctional until you reinstall the software.

NOTE The condensed installation information in this section is intended to get your Model
4200-SCS set up and ready to turn on as quickly as possible. Detailed information on
connections is provided in “Connection considerations” in Section 4.

Unpacking and inspection

Inspection for damage

After unpacking the mainframe, carefully inspect the unit for any shipping damage. Report any
such damage to the shipping agent, as such damage is not covered by the warranty.

Shipment contents
The following items are included with the Model 4200-SCS:

*  Model 4200-SCS Semiconductor Characterization System with any ordered source-
measure units (SMUs) factory-installed

* Ordered Model 4200-PA modules factory-installed
* Ordered Model 4205-PG2 pulse generator cards factory-installed

* Ordered Model 4200-SCP2 or 4200-SCP2HR Digital Storage Oscilloscope card
factory-installed

» Ordered Model 4200-SCP2-ACC scope probe (BNC)
» Ordered pulse application packages (refer to “Pulsing: Source and measure options”)

+ Cables, connectors, adapters and other accessories that are supplied with the pulse
generator, scope, and pulse application packages. “Pulsing: Source and measure options”
lists the supplied accessories for the pulsing options

» Line cord

*  Model 4200-SCS Quick Start Manual
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- Miniature triaxial cables, two per Model 4200-SMU or 4210-SMU, 2m (6 ft)’
» Triaxial cables, two per Model 4200-PA, 2m (6 ft)

* Interlock cable

» Keyboard with integrated pointing device and Y-Cable

+ System software and manuals on CD-ROM

+  Microsoft® Windows® XP Professional

* Microsoft® Visual C++ 2005®

Manual package

System manuals are provided on a CD-ROM and are preinstalled on the hard drive. If a complete
set of printed manuals is required, order the optional manual package, Keithley Instruments Model
Number 4200-MAN. The manual package includes any pertinent addenda. Because the manuals
are provided in PDF format, they can be printed from any computer that is connected to a printer
by using Adobe Acrobat Reader.

Repacking for shipment

Should it become necessary to return the Model 4200-SCS for repair, carefully pack the entire unit
in its original packing carton or the equivalent, and follow these instructions:

» Call Keithley Instruments’ repair department at 1-888-KEITHLEY (1-888-534-8453) for a
Return Material Authorization (RMA) number.

» Let the repair department know the warranty status of the Model 4200-SCS Semiconductor
Characterization System.

+  Write ATTENTION REPAIR DEPARTMENT and the RMA number on the shipping label.
» Complete and include the Service Form located at the back of this manual.

System connections

Connecting the keyboard and mouse (optional)

The cable for the keyboard is terminated with two connectors. One connector is for the keyboard
functions and the other is for the integrated pointing device. Figure 2-1 shows the connections to
the Model 4200-SCS.

If you wish to use an optional mouse, unplug the connector for the pointing device and connect
your mouse.

"Not included when SMU is ordered with a Model 4200-PA.
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Figure 2-1

Keyboard connections
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Connecting GPIB instruments

The Model 4200-SCS can control one or more external instruments via the IEEE-488 General
Purpose Instrument Bus (GPIB). An example of typical instruments used in a test system with the
Model 4200-SCS are a switch matrix and a CV meter. Figure 2-2 shows how to connect GPIB
instruments to the Model 4200-SCS.
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Figure 2-2
GPIB instrument connections
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Connecting a probe station

A probe station can be controlled over the RS-232 interface and is connected to the Model 4200-
SCS, as shown in Figure 2-3.

Figure 2-3
Probe station connections
RS-232 Connector
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Connecting a printer

As shown in Figure 2-4, a printer can be connected to the parallel port of the Model 4200-SCS. If
you are using a USB printer, connect it to the v1.1 USB connector.

Figure 2-4
Printer connections
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Connecting a LAN

The LAN connector on the Model 4200-SCS is a standard RJ-45 10baseT connector intended for
use with UTP (Unshielded Twisted Pair) cable. For best results, use only CAT 5 UTP cables
equipped with RJ-45 connectors to connect your LAN, as shown in Figure 2-5.

Figure 2-5
LAN connections
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SMU connections

The following information explains how to connect the source-measure units (SMUs) to the device
under test (DUT):

WARNING Do not touch test cables or connectors when powering-up the Model 4200-
SCS. Hazardous voltage may be output momentarily, posing a safety hazard
that could result in personal injury or death.

Do not turn on the Model 4200-SCS until you have reviewed the safe power-up
procedure described later in this section under the heading, "Powering the
Model 4200-SCS."

CAUTION Do not connect the DUT to the Model 4200-SCS before powering it up, because
the hazardous voltage that may be output momentarily at power-up could
damage the DUT.

If optional PreAmps were ordered with your Model 4200-SCS, they have already been installed on
the rear panel. All tests should be performed using the PreAmps, because the installed SMUs
were optimized at the factory to use them.

Triax cables

Triax cables are supplied to make connections to the DUT (device under test). With PreAmps
installed, use the low noise triax cables, which are terminated with 3-slot triax connectors on both
ends. One end of the cable connects to the PreAmp and the other end connects to the DUT test
fixture or probe station.

Figure 2-6
Triax cable Model 4200-TRX-X

If your system does not have PreAmps installed, use the cables that have a miniature triax
connector on one end and a standard 3-slot triax connector on the other end. The cable end
terminated with the miniature connector connects directly to the SMU, and the other end connects
to the test fixture or probe station.
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Figure 2-7
Triax cable Model 4200-M TRX-X

CAUTION  With PreAmps installed, NEVER make connections directly to any of the
miniature triax connectors on the SMU modules; damage to the SMU, DUT,
and/or corrupt data may result.

Basic connections

The simplest method to connect SMUs to the DUT is to use one SMU for each terminal of the
device. When setting up a test, the FORCE terminal (center conductor) of the SMU is used to
apply voltage or current to the device. The FORCE terminal or ground unit can also be used to
connect the device terminal to the COMMON circuit.

NOTE Complete details on connections (including SENSE terminal connections) are provided in
Section 4, “Connections and Configuration.”

Figure 2-8 shows SMU connections to 2-terminal, 3-terminal, and 4-terminal devices. Notice that
only the FORCE HI terminal of the SMUs is connected to the device terminals. FORCE Hl is the
center conductor of the triax cable.

CAUTION  Connecting the SMU or ground unit SENSE terminal without the FORCE
terminal may damage the instrument and give erroneous results.
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SMU connections to DUT

Figure 2-8
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Ground unit (GNDU)

A device terminal can be connected directly to the SMU circuit COMMON at the ground unit
(GNDU) on the rear panel of the Model 4200-SCS (see Figure 2-9). The ground unit has four
connectors:

SENSE: The center conductor of this triax connector is connected directly to the common SENSE
LO signal that is shared by all installed SMUs.

FORCE: The center conductor of this triax connector is connected directly to the SMU circuit
COMMON and is rated for 2.6A maximum.

COMMON: This banana jack, or binding post, is also connected directly to the circuit COMMON
and is rated for 5A maximum.

Chassis ground: This banana jack, or binding post, is connected directly to chassis ground. Note
that with the ground link installed, the COMMON circuit is connected to the chassis ground.

For details, see “Using the ground unit” in Section 4.

Figure 2-9
Ground unit (GNDU) connectors
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The most obvious use of the ground unit is to make circuit COMMON connections in a system that
does not have enough SMUs for all device terminals. Another reason to use the ground unit is the
higher current capability of the ground unit connectors.

When a SMU is used to connect a device terminal to circuit COMMON, current is limited to either
105mA (Model 4200-SMU) or 1.05A (Model 4210-SMU). If a ground current for your test exceeds
these values, you can connect the device terminal directly to the ground unit. The FORCE triax
connector can safely handle up to 2.6A while the COMMON banana jack can handle up to 5A.

Figure 2-10 shows how a device terminal can be connected to the ground unit.
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Figure 2-10
Signal common connection using ground unit (GNDU)
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Test fixtures

There are two types of test fixtures for the Model 4200-SCS: low voltage fixtures (less than +20
volts) and high voltage (greater than +20 volts). High voltage fixtures require extra precaution to
ensure there are no shock hazards. Whenever the interlock of the Model 4200-SCS is asserted,
the FORCE and GUARD terminals of the SMUs and PreAmps should be considered high voltage,
even if they are programmed to a non-hazardous voltage and/or current.

Testing with less than 20 volts

For testing discrete devices, a test fixture equipped with 3-lug triax connectors is necessary to
allow the Model 4200-SCS to be connected to the discrete device. Figure 2-11 shows a basic test
fixture to test a two-terminal device. The test fixture’s exterior enclosure should be constructed of
metal, and the metal should be connected to COMMON. The DUT should be mounted on test
terminals that are insulated using a material that has high resistivity such as Teflon. Guarding will
improve the quality of the measurement by reducing leakage and parasitic capacitance. The
Keithley Instruments “Low Level Measurement” handbook provides an in-depth discussion on
guarding and other techniques that are useful for building quality test fixtures. Contact a Keithley
Instruments sales or service office to obtain a copy.

NOTE The Model 4200-SCS will function on all current ranges and up to 20 volts without the
interlock being asserted. The maximum voltage on the SMU and PreAmp terminals is not
hazardous when the interlock is not asserted.

Testing with more than *20 volts

If voltages greater than +20 volts are needed for testing, then the above step should be followed
and the following additional steps are required. An interlock switch must be added to the fixture to
ensure that hazardous voltages are not present when the fixture’s exterior enclosure is open and
to enable the Model 4200-SCS to output higher voltages when the fixture’s exterior enclosure is
closed. In addition, the exterior enclosure must be connected to COMMON and/or safety ground
using #18AWG wire or greater. Care must be taken to ensure that the wiring (FORCE, GUARD,
and SENSE) within the fixture does not electrically contact the exterior enclosure. For more details
on the Model 4200-SCS interlock system, see “Control and data connections” in Section 4.
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WARNING Asserting the interlock will allow the SMU and PreAmp terminals to become

hazardous, possibly exposing the user to high voltage that could result in
personal injury or death. SMU and PreAmp terminals should be considered
hazardous even if the outputs are programmed to be low voltage. Precautions
must be taken to prevent a shock hazard by surrounding the test device and
any unprotected leads (wiring) with double insulation for 250 volts, Category I.

Figure 2-11
Typical test fixture
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PreAmps in a probe station

The PreAmps can be mounted remotely on a probe station using one of the optional mounting kits
(see “Options and accessories” in Section 1). Follow the general steps below to remotely mount
and connect a PreAmp on a probe station (refer to Figure 2-12). Details are provided in the

packin

NOTE

5.

g list provided with the mounting kit.

A PreAmp is matched to the SMU it is connected to. Therefore, when you disconnect the
PreAmps to mount them in a probe station, you must make sure to reconnect each one to
its matching SMU.

Turn off the power for the Model 4200-SCS mainframe.

Disconnect the PreAmps from the rear panel of the Model 4200-SCS. They are secured to
the rear panel by a mounting bracket.

Mount the PreAmp at the desired remote location using the appropriate mounting kit.

Connect the control/power cable between the PreAmp Control connector on the PreAmp,
and the PA CNTRL connector on the SMU.

Ensure that the connecting cable is secure at both ends.

For details on PreAmp mounting, see “PreAmp mounting” in Section 3.
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Figure 2-12
Installing a PreAmp on the probe station
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Pulsing: Source and measure hardware

Keithley Instruments has additional instrumentation designed for pulsing, including the Model
4205-PG2 pulse generator, and the Model 4200-SCP2 or 4200-SCP2HR digital storage
oscilloscope (DSO). Up to four pulse generator cards and one scope card can be used in a Model
4200-SCS test system.

Pulse generator cards and a scope card are preinstalled at the factory when you order them with
your initial Model 4200-SCS purchase. The pulse generator card and scope card can also be
ordered separately or as part of a pulse package (for instance, the Model 4200-PIV-HR Pulse-IV
solution bundle). Pulse packages include the hardware and any special components required for
its intended applications. Refer to “Pulsing: Source and measure options“ in Section 1 for details
on all available pulsing options.

Pulse generators can be used along with DSO for AC (pulse) applications, or integrated into a
system with Keithley Instruments SMUs to include DC source and measure capability.

Model 4205-PG2: The dual-channel pulse generator provides voltage pulses as short as 20ns in
high speed mode or up to +20V (into 50Q) in high voltage mode. In addition to standard pulse
output, it also provides arb generator functions: full-arb or segment-arb. Also included is KScope,
which is a graphical user interface (GUI) to configure and control the scope card.

Model 4200-SCP2 or Model 4200-SCP2HR: The dual-channel DSO performs measurements in
both the time (frequency, rise/fall time) and voltage domains (amplitude, peak-peak, etc.). The two
scopes are similar, except the Model 4200-SCP2HR has a higher resolution. Also included is
KScope, which is a graphical user interface (GUI) to configure and control the scope card.

NOTE Complete details on the pulse generator card and scope card are provided in Section 11.
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Environmental requirements

Shipping and storage environment

To avoid possible damage or deterioration, the Model 4200-SCS should be shipped and stored
within the following environmental limits:

» Temperature: -10°C to +60°C
* Relative humidity: 5% to 90%, non-condensing

Operating environment

Temperature and humidity
The Model 4200-SCS should be operated within the following environmental limits:

» Temperature: +15°C to +40°C
* Relative humidity: 5% to 80%, non-condensing

NOTE SMU and PreAmp accuracy specifications are based on operation at 23°C +5°C and
between 5% and 60% relative humidity. See the product specifications for additional
temperature and humidity derating factors outside these ranges.

Proper ventilation

To avoid over-heating, the Model 4200-SCS should be operated in an area with proper ventilation.
Allow at least eight inches of clearance at the back of the mainframe to assure sufficient airflow.

CAUTION  To prevent damaging heat build-up and other harmful environmental
conditions and to ensure specified performance, adhere to the following
precautions:

« Keep the venting holes and fan free of dust, dirt, and contaminants, so that
the unit’s ability to dissipate heat is not impaired.

¢ Keep the fan vents and cooling vents from becoming blocked.

« Do not position any devices that force air (heated or unheated) adjacent to
the unit into cooling vents. This additional airflow could compromise
accuracy performance.

¢« When rack-mounting the unit, make sure there is adequate airflow around
the sides, bottom, and back to ensure proper cooling.

« Rack mounting high power dissipation equipment adjacent to the Model
4200-SCS could cause excessive heating to occur.

¢ To ensure proper cooling in rack situations with convection cooling only,
place the hottest equipment (i.e., power supply) at the top of the rack.
Precision equipment, such as the Model 4200-SCS, should be placed as
low as possible in the rack where temperatures are the coolest. Adding
spacer panels below the unit will help ensure adequate airflow.

CAUTION A large system (e.g., multiple SMUs, multiple pulse generators, and a scope)
draws more power than a small system. Therefore, the internal power supply
will generate more heat. However, it is imperative that a system of any size
have proper ventilation. Even for a small system, inadequate ventilation could
cause heat to build up and cause damage.
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Cleanliness

To avoid internal dirt build-up that could degrade performance and affect longevity, the
Model 4200-SCS should be operated in a clean, dust-free environment.

Powering the Model 4200-SCS

The following information covers power requirements for the Model 4200-SCS power connections,
power-up characteristics, and warm-up requirements.

Line power

The Model 4200-SCS operates from a line voltage in the range of 100V to 240V at a frequency of
50Hz or 60Hz. Line voltage is automatically sensed, but line frequency is not (see “Line frequency
setting”). Check to ensure the operating voltage in your area is compatible.

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

NOTE To avoid possible problems caused by electrical transients or line voltage fluctuations, the
Model 4200-SCS should be operated from a dedicated power source.

Line power connection
Perform the following steps to connect the unit 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
position.

2. Connect the female end of the supplied power cord to the AC receptacle on the rear panel
(Figure 2-13).

WARNING The large diameter line cord (supplied) must be used to power the Model
4200-SCS. DO NOT use a different line cord.

3. Connect the other end of the supplied line cord to a grounded AC line power receptacle.

WARNING The power cord supplied with the unit contains a separate ground for use with
grounded outlets. When proper connections are made, the 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.
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Figure 2-13
Line power receptacle and line fuses location
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Line frequency setting

The Model 4200-SCS can be operated either from 50Hz or 60Hz power line sources, but it does
not automatically sense the power line frequency at power-up. You can change the line frequency
setting using the KCON utility. See “Keithley CONfiguration Utility (KCON)” in Section 7.

NOTE COperating the Model 4200-SCS with the wrong line frequency setting may result in noisy
readings because the line frequency setting affects SMU line frequency noise rejection.

Line fuses

Rear panel fuses protect the power line input of the unit. If the line fuses need to be replaced,
perform the following steps:

WARNING Turn off the power and disconnect the line cord before replacing the fuses.

1. The fuses are located in two fuse holders above the AC receptacle (Figure 2-13).

2. Using a small slotted screwdriver to remove each fuse holder, push the fuses in and rotate
then counterclockwise to remove.

3. Remove the fuses from the fuse holders and replace them with the following type: 250V,
15A, 5 x 20mm, SLOWBLOW.

CAUTION  For continued protection against fire or instrument damage, replace the fuses
only with the type and rating shown above. If the instrument repeatedly blows
fuses, locate and correct the cause of the problem before replacing the fuses.

Power-up sequence

On power-up, the Model 4200-SCS performs a series of self-tests. If a failure is detected, the unit
displays an error message.

NOTE If a problem develops, return the Model 4200-SCS to Keithley Instruments, Inc. for repair.
Refer to “Repacking for shipment” at the beginning of this section for more information on
returning the Model 4200-SCS to the factory.

If the unit passes the self-tests, it will automatically boot the system software and display the start-
up screen.

Warm-up period

The Model 4200-SCS can be used immediately after being turned on. However, the unit should be
allowed to warm up for at least 30 minutes to achieve rated measurement accuracy.
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Introduction

This section provides detailed information about the various Model 4200-SCS hardware
components, and is arranged as follows:

Models 4200-SMU and 4210-SMU overview: Discusses Models 4200-SMU and
4210-SMU basic source and measure characteristics, basic circuit configurations, operating

boundaries, and connectors.

Source measure unit (SMU) with Model 4200-PA overview: Details how the Model
4200-PA extends Models 4200-SMU and 4210-SMU dynamic range, and covers source
and measure characteristics, basic circuit configurations, operating boundaries, connectors,

and mounting methods.

Ground unit (GNDU) overview: Provides basic information about using the ground unit,
including basic characteristics and connectors.

NOTE Details for the pulse generator card (Model 4205-PG2) and scope card (Models
4200-SCP2 or 4200-SCP2HR) are provided in Section 11.

Models 4200-SMU and 4210-SMU overview

The following paragraphs discuss these aspects of both the Models 4200-SMU and 4210-SMU:

Basic characteristics
Basic SMU configuration
Compliance limit
Operating boundaries
Connectors

Basic characteristics

Current characteristics

Current characteristics for both SMUs are summarized in Table 3-1.

Table 3-1
Models 4200-SMU and 4210-SMU current characteristics
Function 4200-SMU 4210-SMU
Current source ranges 105nA / 5pA 105nA / 5pA
(full scale/set resolution) 1.05uA / 50pA 1.05pA / 50pA
10.5uA / 500pA |10.5uA / 500pA
105pA / 5nA 105pA  / 5nA
1.05mA / 50nA | 1.05mA / 50nA
10.5mA / 500nA |10.5mA / 500nA
105mA / 5uA 105mA / 5pA
- 1.05A [ 50pA
Current measurement ranges | 105nA  / 1pA 105nA / 1pA
(full scale/nominal resolution) | 1.05pA / 10pA 1.05pA / 10pA
10.5uA / 100pA |10.5uA / 100pA
105pA / 1nA 105pA / 1nA
1.05mA / 10nA | 1.05mA / 10nA
10.5mA / 100nA |10.5mA / 100nA
105mA / 1pA 105mA / 1pA
- 1.05A [/ 10pA
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Voltage characteristics

Table 3-2 summarizes SMU voltage characteristics.

Table 3-2
Models 4200-SMU and 4210-SMU voltage characteristics
Function 4200-SMU 4210-SMU
Voltage source ranges 210mV / 5uV 210mV / 5uV
(full scale/set resolution) 2.1V / 50pVv 2.1V / 50pVv
21V / 500uV 21V / 500uV
210V / 5mV 210V / 5mV
Voltage measurement ranges | 210mV [/ 1uV 210mV [/ 1uVv
(full scale/nominal resolution) 2.1V [/ 10pV 21V [/ 10uv
21V / 100pV 21V / 100pV
210V / 1mV 210V / 1mV

Basic SMU circuit configuration

The basic SMU circuit configuration is shown in Figure 3-1. The SMU is essentially a voltage or
current source (depending on source function) in series with an I-Meter, and connected in parallel

with a V-Meter. The voltage limit (V-limit) and current limit (I-limit) circuits limit the voltage or
current to the programmed compliance value. In this local sensing example, the SMU FORCE

terminal is connected to DUT HI, while the DUT LO is connected to COMMON. See “Basic source-
measure connections” in Section 4, and "Source-measure configurations” in Section 5, for more

detailed information.
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Figure 3-1
Basic SMU source-measure configuration
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Compliance limit

When sourcing voltage, the Models 4200-SMU and 4210-SMU can be programmed to limit current
(I-limit). Conversely, when sourcing current, the SMUs can be programmed to limit voltage
(V-limit). The SMU will limit the output to the programmed compliance value regardless of load.

Types of compliance

There are two types of compliance: real and range. Depending on which value is lower, the output
will clamp at either the programmed compliance setting (real compliance) or at the maximum
possible compliance value for the fixed measurement range (range compliance). This clamping
action effectively limits the power that can be delivered to the device. When the SMU is acting as a
current source, the voltage will imit at the compliance value; conversely, the current will limit at the
compliance value when the SMU is acting as a voltage source. Note that range compliance cannot
occur if the SMU measurement circuit is configured for autorange (however, range compliance can
momentarily occur while the unit is up-ranging range). To avoid range compliance, use autorange.

When in range compliance, the source output will limit at the maximum compliance value for the
fixed measurement range (not the programmed compliance value). For example, if compliance is
set to 1V and the measurement range is 200mV, output voltage will clamp at 210mV.

When in real compliance, the source will limit at the programmed compliance value. For example,
if the programmed compliance voltage is set to 1V and the measurement range is 2V, output
voltage will clamp at 1V.

Maximum and minimum compliance values

Table 3-3 summarizes maximum and minimum current compliance limits according to range, while
Table 3-4 lists voltage compliance limits.

Table 3-3
Models 4200-SMU and 4210-SMU current compliance limits
Maximum Minimum
Measure range compliance value | compliance value
100nA +105nA +10nA
1uA +1.05pA +100nA
10uA +10.5pA +1uA
100pA +105pA +10pA
1TmA +1.05mA +100pA
10mA +10.5mA +1mA
100mA +105mA +10mA
1A* +1.05A +100mA

*Model 4210-SMU only.

Table 3-4
Models 4200-SMU and 4210-SMU voltage compliance limits
Maximum Minimum
Measure range compliance value | compliance value
200mV +210mV +20mV
2V 2.1V +200mV
20V 21V 2V
200V 210V 20V
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Using minimum compliance

The minimum compliance value is particularly applicable when measurement autorange is
disabled. When measurement autorange is disabled, the compliance value cannot be set below
the minimum value specified in Table 3-3 and Table 3-4. When autorange is enabled, the
programmed compliance value cannot be set below 10nA when sourcing voltage, or below 20mV
when sourcing current.

Operating boundaries

Source or sink

Depending on how they are programmed and what is connected to the output (load or source), the
SMUs can operate in any of the four quadrants. The four quadrants of operation for the Models
4200-SMU and 4210-SMU are shown in Figure 3-2 and Figure 3-3, respectively. When operating
in the first (1) or third (lll) quadrant, the SMUs are operating as a source (V and | have the same
polarity). As a source, the SMUs are delivering power to a load. When operating in the second (ll)
or fourth (IV) quadrant, the SMUs are operating as a sink (V and | have opposite polarity). As a
sink, they are dissipating power rather than sourcing it.

Model 4200-SMU: In the general operating boundaries in Figure 3-2, the 100mA, 20V and 10mA,
200V magnitudes are nominal values. The actual maximum output magnitudes of the Model
4200-SMU are 105mA, 21V and 10.5mA, 210V. Also note that the boundaries are not drawn to
scale.

Model 4210-SMU: In Figure 3-3, the 1A, 20V and 100mA, 200V magnitudes are nominal values.
The actual maximum output magnitudes of the Model 4210-SMU are 1.05A, 21V and 105mA,
210V. Again, the boundaries are not drawn to scale.

Figure 3-2
Model 4200-SMU operating boundaries

+I

100mA
— 10mA
(V) 0
Sink Source
V< : : > 4V
-200V 20V 20V 200V
(1) (I
Source Sink
—T--10mA
-100mA

Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 3: Source-Measure Hardware

Figure 3-3
Model 4210-SMU operating boundaries
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I-Source operating boundaries

Limit lines are boundaries that represent the operating limits of the SMU for a certain quadrant of
operation. The operating point can be anywhere inside (or on) these limit lines. The limit line
boundaries for the other quadrants are similar.

Figure 3-4 and Figure 3-5 show the operating boundaries for the I-Source. Only the first quadrant
of operation is covered; operation in the other three quadrants is similar.

Model 4200-SMU: As shown in Figure 3-4A, the Model 4200-SMU can output up to 105mA at
21V, or 10.5mA at 210V.

Model 4210-SMU: As shown in Figure 3-4B, the Model 4210-SMU can output up to 1.05A at 21V,
or 106mA at 210V.

Figure 3-5 shows the limit lines for the I-Source. The current source limit line represents the
maximum source value possible for the selected current source range. For example, the current
source limit line is at 105mA on the 100mA current source range. The voltage compliance limit line
represents the actual compliance that is in effect.
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Figure 3-4
Models 4200-SMU and 4210-SMU I-Source output characteristics
Limit Limit
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Figure 3-5
Models 4200-SMU and 4210-SMU I-Source limit lines
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I-Source operation examples

Figure 3-6 shows operation examples for resistive loads that are 2kQ and 8k, respectively. For
these examples, the SMU is programmed to source 10mA and limit (compliance) 40V. In Figure 3-
6A, the SMU is sourcing 10mA to the 2kQload, and subsequently measures 20V. As shown, the
load line for 2kQ intersects the 10mA current source line at 20V, which is below the programmed
voltage limit.

Figure 3-6B shows what happens if the resistance of the load is increased to 8kQ The DUT load
line for 8kQ intersects the 40V voltage compliance limit line, placing the SMU in compliance. In
compliance, the SMU will not be able to source its programmed current (10mA). For the 8kQ DUT,
the SMU will only output 5mA (at the 40V limit).

Notice that as resistance increases, the slope of the DUT load line increases. As resistance
approaches infinity (open output), the SMU will source virtually OmA at 40V. Conversely, as

resistance decreases, the slope of the DUT load line decreases. At zero resistance (shorted
output), the SMU will source 10mA at virtually OV.

Regardless of the load, voltage will never exceed the programmed compliance of 40V.
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Figure 3-6

I-Source operating examples
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V-Source operating boundaries

Figure 3-7 and Figure 3-8 show the operating boundaries for the V-Source. Only the first quadrant
of operation is covered; operation in the other three quadrants is similar.

Model 4200-SMU: As shown in Figure 3-7A, the Model 4200-SMU can output up to 21V at
105mA, or 210V at 10.5mA.

Model 4210-SMU: As shown in Figure 3-7B, the Model 4210-SMU can output up to 21V at 1.05A,
or 210V at 105mA.

Figure 3-8 shows the limit lines for the V-Source. The voltage source limit line represents the
maximum source value possible for the selected voltage source range. For example, the voltage
source limit line is at 21V for the 20V source range. The current compliance limit line represents
the actual compliance in effect. These limit lines are boundaries that represent the operating limits
of the SMU for this quadrant of operation. The operating point can be anywhere inside (or on)
these limit lines. The limit line boundaries for the other quadrants are similar.

Figure 3-7
Models 4200-SMU and 4210-SMU V-Source output characteristics
Limit | Limit |
A A
105mA 1.05A
10.5mA - 105mA-
T Source V T Source V
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Figure 3-8
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V-Source operation examples

Figure 3-9 shows operation examples for resistive loads that are 20kQ and 8k, respectively. For
these examples, the SMU is programmed to source 50V and limit SmA. In Figure 3-9A, the SMU is
sourcing 50V to the 20kQ load and subsequently measures 2.5mA, which is well within the 5SmA
programmed current limit. As shown, the load line for 20kQ intersects the 50V voltage source line
at 2.5mA.

Figure 3-9B shows what happens if the resistance of the load is decreased to 8kQ2 The DUT load
line for 8kQ intersects the current compliance limit line placing the SMU in compliance. In
compliance, the SMU will not be able to source its programmed voltage (50V). For the 8kQDUT,
the SMU will only output 40V (at the SmA limit).

Notice that as resistance decreases, the slope of the DUT load line increases. As resistance
approaches infinity (open output), the SMU will source virtually 50V at OmA. Conversely, as
resistance decreases, the slope of the DUT load line increases. At zero resistance (shorted
output), the SMU will source virtually OV at SmA.

Regardless of the load, current will never exceed the programmed compliance of 5mA.

Figure 3-9
V-Source operating examples
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Source | measure | and source V measure V

The SMU can measure the function it is sourcing. When sourcing a voltage, you can also measure
voltage. Conversely, if you are sourcing current, you can also measure the output current. For
these measure source operations, the measure range is always the same as the source range.

This feature is valuable when operating with the source in compliance, or when additional overall
accuracy is desired. When in compliance, the programmed source value is not reached. Thus,
measuring the source lets you measure the actual output voltage.

SMU terminals and connectors

The locations and configuration of the Models 4200-SMU and 4210-SMU terminals are shown
in Figure 3-10. Basic information about these terminals is summarized below. Refer to “Basic
source-measure connections” in Section 4 for additional information regarding SMU signal
connections.

WARNING Asserting the interlock will allow the SMU and PreAmp terminals to become
hazardous, exposing the user to possible electrical shock that could result in
personal injury or death. SMU and PreAmp terminals should be considered
hazardous even if the outputs are programmed to be low voltage. Precautions
must be taken to prevent a shock hazard by surrounding the test device and
any unprotected leads (wiring) with double insulation for 250 volts, Category I.
exposing the user to electrical shock that could result in personal injury or

death.
CAUTION  The maximum allowed voltage between COMMON and chassis ground is *32V
DC.
Figure 3-10
Models 4200-SMU and 4210-SMU connectors
4210
SMuU
SENSE LO
INSTRUMENT
Force CZTANUESLISNS
and SENSE SQUArs°
Sense @SENSE Lo
Connectors COMMON
FORCE SENSE LO
l SMU AND GNDU
PreAmp P
Control FORCE
Connector
PA CNTRL
A\
FORCE terminal

The FORCE terminal is a miniature triaxial connector used to apply the SMU FORCE signal to the
DUT when a PreAmp is not being used. Note that the center pin is FORCE, the inner shield is
GUARD, and the outer shield is circuit COMMON.
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SENSE terminal

The SENSE terminal is a miniature triaxial connector used to apply the SMU SENSE signal to the
DUT in a remote sense application when the PreAmp is not being used. The center pin is SENSE,
the inner shield is GUARD, and the outer shield is circuit COMMON. Nominal internal auto-sense
resistance appears between SENSE and FORCE.

NOTE The SENSE terminal does not need to be connected to the DUT for the SMU to operate
correctly. Remote sensing is automatic. If SENSE is connected to the DUT, errors due to
voltage drops in the FORCE path between the SMU and the DUT will be eliminated;
otherwise, the SMU will sense locally.

SENSE LO terminal

The SENSE LO terminal is a miniature triaxial connector used to apply the SMU SENSE LO signal
to the DUT in a full-kelvin remote sense application. The center pin is SENSE LO, the inner shield
is SENSE GUARD, and the outer shield is circuit COMMON. Nominal internal auto-sense
resistance appears between SENSE LO GUARD and COMMON.

NOTE Generally the remote sense capability of the ground unit should be used instead of the
SENSE LO of an SMU. If it is necessary to use the SENSE LO of an SMU, the SENSE
LO terminals of all SMUs being used in that Model 4200-SCS should be connected to the
DUT.

PA CNTRL connector

The PA CNTRL (PreAmp Control) terminal is a 15-pin D connector that provides both power and
signal connections to the Model 4200-PA Remote PreAmp. Note that the PreAmp can either be
mounted and connected directly to the SMU, or it can be connected to the SMU via a cable (Model
4200-RPC-X) when mounted remotely. Refer to Model “Source measure unit (SMU) with Model
4200-PA overview” bellow for more information on the PreAmp.

Source measure unit (SMU) with Model 4200-PA overview

The following paragraphs discuss these aspects of the Model 4200-PA Remote PreAmp:

» Basic characteristics

» Basic circuit configuration
» Compliance limit

* Operating boundaries

» Connectors

*  PreAmp mounting
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Basic characteristics

Current characteristics

Current characteristics of the Model 4200-SMU and 4210-SMU when used with the Model
4200-PA are summarized in Table 3-5. Note that the PreAmp extends the current source-measure
dynamic range of the Model 4200-SMU and 4210-SMU downward by five decades. The lowest
current range available without the PreAmp is 100nA full scale, while the lowest range with the

PreAmp is 1pA full scale.

Table 3-5
SMU with Model 4200-PA current characteristics

4200-SMU with

4210-SMU with

1.05mA/50nA
10.5mA/500nA

Function 4200-PA 4200-PA

Current source ranges 1.05pA/50aA 1.05pA/50aA

(full scale/set resolution) 10.5pA/500aA 10.5pA/500aA
100.5pA/5fA 100.5pA/5fA
1.05nA/50fA 1.05nA/50fA
10.5nA/500fA 10.5nA/500fA
105nA/5pA 105nA/5pA
1.05pA/50pA 1.05pA/50pA
10.51A/500pA 10.51A/500pA
105pA/5nA 105pA/5nA

1.05mA/50nA
10.5mA/500nA

1.05mA/10nA
10.5mA/100nA
105mA/1pA

105mA/5pA 105mA/5uA
- 1.05A/50uA
Current measurement ranges 1.05pA/10aA 1.05pA/10aA
(full scale/nominal resolution) 10.5pA/100aA 10.5pA/100aA
100.5pA/1fA 100.5pA/1fA
1.05nA/10fA 1.05nA/10fA
10.5nA/100fA 10.5nA/100fA
105nA/1pA 105nA/1pA
1.05pA/10pA 1.05pA/10pA
10.51A/100pA 10.51A/100pA
105puA/1nA 105pA/1nA

1.05mA/10nA
10.5mA/100nA
105mA/1uA
1.05A/10uA
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Voltage characteristics

Table 3-6 summarizes a SMU with Model 4200-PA voltage characteristics that are identical to

those for the SMUs alone.

Table 3-6

SMU with Model 4200-PA voltage characteristics

4200-SMU with

4210-SMU with

Function 4200-PA 4200-PA
Voltage source range 210mV/5uVv 210mV/5uVv
(full scale/set resolution) 2.1Vv/50uv 2.1Vv/50uv
21Vv/500uV 21Vv/500uV
210V/5mV 210V/5mV
Voltage measurement range 210mVv/1pVv 210mv/1pVv
(full scale/nominal resolution) 2.1v/10uv 2.1v/10uv
21Vv/100uV 21Vv/100uV
210vV/1mV 210V/1mV

Basic SMU/PreAmp circuit configuration

Basic SMU/PreAmp circuit configuration is shown in Figure 3-11. This configuration is similar to

the SMU configuration discussed earlier, with the exception of the PreAmp, which adds

low-current source-measure capabilities. Note that the PreAmp FORCE terminal is connected to
DUT HI, while DUT LO is connected to COMMON. See “Basic source-measure connections” in

Section 4, and Section 5, “Source-Measure Concepts,” for more detailed information.

PreAmplifier

[

DUT

Figure 3-11
Basic SMU/PreAmp source-measure configuration
4200-SMU 4200-PA
or
4210-SMU
FORCE =y
GUARD \'/
' PreAmp
' : Control
SENSE N
GUARD
SENSE LO
Ground SENSE
Unit
@
FORCE
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Compliance limit

A current limit can be programmed for a SMU with a Model 4200-PA when it is sourcing voltage.
Conversely, a voltage limit can be programmed when sourcing current. The compliance limit
characteristics are the same for a SMU with a Model 4200-PA as for a SMU alone. See
“Compliance limit” earlier in this section for more detailed information on types of compliance.

Maximum and minimum compliance values

Table 3-7 summarizes current compliance limits for the PreAmp according to range, while
Table 3-8 lists SMU PreAmp voltage compliance limits.

Table 3-7
SMU with Model 4200-PA current compliance limits
Maximum Minimum
Measure Range | Compliance Value | Compliance Value
1pA +1.05pA +100fA
10pA +10.5pA +1pA
100pA +105pA +10pA
1nA +1.05nA +100pA
10nA +10.5nA +1nA
100nA +105nA +10nA
1uA +1.05pA +100nA
10uA +10.5pA +1uA
100pA +105pA +10pA
1TmA +1.05mA +100pA
10mA +10.5mA +1TmA
100mA +105mA +10mA
1A* +1.05A +100mA

*1A range only with Model 4210-SMU.

Table 3-8
SMU with Model 4200-PA voltage compliance limits
Maximum Minimum
Measure Range | Compliance Value | Compliance Value
200mV +210mV +20mV
2V 2.1V +200mV
20V 21V 2V
200V 210V 20V

Using minimum compliance

The minimum compliance value is particularly applicable when measurement autorange is
disabled. When measurement autorange is disabled, the compliance value cannot be set below
the minimum value specified in Table 3-7 and Table 3-8. When autorange is enabled, the
programmed compliance value cannot be set below 100fA when sourcing voltage, or below 20mV
when sourcing current.
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Operating boundaries

As with the SMUs alone, adding Model 4200-PA PreAmp also allows operation in any of the four
quadrants. The four quadrants of operation for the Model 4200-PA with the Models 4200-SMU and
4210-SMU are shown in Figure 3-12 and Figure 3-13 respectively. For a more detailed discussion
on V-Source and I-Source operating boundaries, see “Operating boundaries” in the Models
4200-SMU and 4210-SMU overview earlier in this section.

Model 4200-SMU with Model 4200-PA: In the general operating boundaries in Figure 3-12, the
100mA, 20V and 10mA, 200V magnitudes are nominal values. The actual maximum output
magnitudes of the Model 4200-SMU/4200-PA are 105mA, 21V and 10.5mA, 210V. Also note that
the boundaries are not drawn to scale.

Model 4210-SMU with Model 4200-PA: In Figure 3-13, the 1A, 20V and 100mA, 200V
magnitudes are nominal values. The actual maximum output magnitudes of the Model 4210-SMU/
4200-PA are 1.05A, 21V and 105mA, 210V. Again, the boundaries are not drawn to scale.

Figure 3-12
Model 4200-SMU/4200-PA operating boundaries
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Figure 3-13
Model 4210-SMU/4200-PA operating boundaries
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PreAmp terminals and connectors

The locations and configuration of the Model 4200-PA terminals are shown in Figure 3-14. Basic
information about these terminals is summarized below. Refer to “Basic source-measure
connections” in Section 4 for additional information regarding making PreAmp signal connections.

WARNING The PreAmp terminals can carry hazardous voltage if the safety interlock is
asserted, exposing the user to possible electrical shock that could result in
personal injury or death. See “Control and data connections” in Section 4 for
additional information regarding safety interlock connections.

CAUTION  The maximum allowed voltages between the various PreAmp signals are as
follows:
« COMMON to chassis ground: 32Vpeak
* GUARD to COMMON: 250V peak
+ SENSE or FORCE to GUARD: 40V peak

FORCE terminal

The FORCE terminal is a standard triaxial connector used to apply the PreAmp FORCE signal to
the DUT. Note that the center pin is FORCE, the inner shield is GUARD, and the outer shield is
circuit COMMON.
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Figure 3-14
Model 4200-PA connectors
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SENSE terminal

The SENSE terminal is a standard triaxial connector used to apply the PreAmp SENSE signal to
the DUT in a remote sense application. The center pin is SENSE, the inner shield is GUARD, and
the outer shield is circuit COMMON. Nominal internal auto-sense resistance appears between
SENSE and FORCE.

NOTE The SENSE terminal does not need to be connected to the DUT for the PreAmp to
operate correctly. Remote sensing is automatic. If SENSE is connected to the DUT,
errors due to voltage drops in the FORCE path between the PreAmp and the DUT will be
eliminated. Otherwise, the PreAmp will sense locally.

PreAmp CONTROL connector

The PreAmp CONTROL connector connects to the SMU PA CNTRL connector and provides both
power and signal connections from the Models 4200-SMU or 4210-SMU to the Model 4200-PA
PreAmp.
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PreAmp mounting

The PreAmp may either be mounted directly to the Models 4200-SMU or 4210-SMU on the
mainframe rear panel, or mounted and connected remotely.

NOTE As shipped, any Model 4200-PA units ordered with the Model 4200-SCS will be
factory-mounted on the rear panel. Do not remove the PreAmps from the mainframe
unless they are to be mounted at a remote site.

NOTE The PreAmps are matched to the SMUs that they are connected to. If mounting PreAmps
at a remote site, make sure each PreAmp is connected to its original SMU.

WARNING The PreAmp terminals can carry hazardous voltage if the safety interlock is
asserted, exposing the user to possible electrical shock resulting in personal
injury or death. See “Control and data connections” in Section 4 for additional
information regarding safety interlock connections.

CAUTION  Turn off system power before connecting or disconnecting the PreAmp.
Failure to do so may result in SMU or PreAmp damage, possibly voiding the
warranty.

Rear panel mounting

NOTE Make sure system power is turned off before removing or installing the PreAmps.

A mounting foot (see Figure 3-14) secures the PreAmp to the rear panel. Also, a mounting bracket
provides extra support for all the PreAmps as shown in Figure 3-15. If you remove the PreAmps to
mount them at a remote site, ensure that you install the screws in the chassis and retain the
bracket for future use.

Figure 3-15
PreAmp rear panel mounting
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Remote PreAmp mounting

The Model 4200-PA can be mounted remotely using one of the optional mounting kits (see
“Options and accessories” in Section 1). Follow the general steps below to remotely mount and
connect the PreAmp. Refer to the instructions provided with the particular remote mounting kit for
detailed information on physically mounting the PreAmp module.

1. Ensure system power is turned off.

2. Mount the PreAmp at the desired remote location using the appropriate mounting kit.

3. Connect the control/power cable between the PreAmp control connector on the PreAmp
and the PA CNTRL connector on the SMU as shown in Figure 3-16.

NOTE The PreAmps are matched to the SMUs that they were originally connected to. Ensure
that each PreAmp is connected to its original SMU.
4. Ensure that the connecting cable is secure at both ends.

Figure 3-16
Typical PreAmp remote mounting
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Ground unit (GNDU) overview

These aspects of the Model 4200-SCS ground unit are covered below:

* Basic characteristics
» Basic circuit configurations
» Connectors

Basic characteristics

The ground unit (see Figure 3-17) provides convenient access to circuit COMMON, which is the
measurement ground signal shared by all installed Model 4200-SCS instrumentation. In addition,
the GNDU SENSE terminal provides access to the SMU SENSE LO signals.

Figure 3-17
Ground unit

moOIO™ mwnwZzmon

ZO0=E=00

Basic ground unit characteristics are summarized in Table 3-9.

Table 3-9

Basic ground unit characteristics

Characteristic Description
Maximum current (FORCE triax connector) 2.6A
Maximum current (COMMON binding post connector) 5A
Maximum FORCE path/cable resistance 1Q
Maximum SENSE path/cable resistance 10Q

Basic circuit configurations

Ground unit connections

Figure 3-18 shows how the various GNDU signals are related to the SMU signals. Note that the
GNDU FORCE signal is circuit COMMON. The GNDU SENSE terminal is connected to each SMU
SENSE LO signal through a unique auto-sense resistor. When the GNDU SENSE signal is
connected to a DUT, all measurements will be made relative to this DUT connection.
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Figure 3-18
Ground unit

Internal 4200-SCS connections
to each SMU SENSE LO signal
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Ground unit DUT connections

Figure 3-19 shows the connections necessary to use the GNDU in conjunction with a SMU to
make full-kelvin remote sense measurements. Similarly, Figure 3-20 includes the PreAmp. As
shown in these figures, the GNDU FORCE signal provides the return path for SMU or PreAmp
FORCE current. See “Basic source-measure connections” in Section 4 for detailed information on
the ground unit, SMU, and PreAmp connections.

Figure 3-19
Full-Kelvin SMU/ground unit connections
4200-SMU
or
4210-SMU

FORCE o

SENSE ®

SENSE LO
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Figure 3-20
Full-Kelvin PreAmp/ground unit connections
4200-SMU
or
4210-SMU 4200-PA
FORCE l FORCE @
Note: Not used when
PreAmp is attached.
SENSE SENSE @
SENSE LO
DUT
GNDU
FORCE @
SENSE @

Ground unit terminals and connectors

The locations and configuration of the GNDU terminals are shown in Figure 3-17. Basic
information about these connectors is summarized below. Refer to “Basic source-measure
connections” in Section 4 for additional information regarding ground unit signal connections.

CAUTION  The maximum allowed voltage between circuit COMMON and chassis ground
is ¥32V DC.

FORCE terminal

The FORCE terminal is a standard triaxial connector used as a return path for the SMU or PreAmp
FORCE current. The center pin is FORCE, the inner shield is GUARD, and the outer shield is
circuit COMMON.

NOTE The ground unit FORCE and GUARD signal terminals are connected to circuit
COMMON.

SENSE terminal

The SENSE terminal is a standard triaxial connector used to apply the ground unit SENSE signal
to the DUT in a remote sense application. The center pin is SENSE, the inner shield is GUARD,
and the outer shield is circuit COMMON. When the ground unit SENSE signal is connected to a
DUT, all SMU/PreAmp measurements will be made relative to this DUT connection.
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COMMON terminal
The COMMON terminal is a binding post that provides access to circuit COMMON.

NOTE Normally, a link is connected between ground unit COMMON and chassis ground, but it
may be necessary to remove the link to avoid measurement problems caused by ground
loops or electrical interference. See “Interference” in Section 5 for details.

Chassis ground

This binding post provides a convenient connecting point to system chassis ground for purposes
of shielding a test fixture.

Figure 3-21
Chassis ground
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Introduction

This section contains detailed information about connecting and configuring the Keithley
Instruments Model 4200-SCS Semiconductor Characterization System. The following topics are
discussed:

+ Basic source-measure connections: Provides basic information on making connections
to the Model 4200-SMU/4210-SMU, 4200-PA, and ground unit (GNDU). Both local and
remote sensing are discussed.

+ Test equipment connections: Discusses connecting the Model 4200-SCS system to a
switch matrix, test fixture, and prober.

» Control and data connections: Discusses connecting the Model 4200-SCS system to the
test fixture or prober safety interlock, the IEEE-488 bus, printer and serial ports, and a local
area network.

NOTE Pulse source-measure connections: Basic pulse source-measure connections using
the pulse generator card (Model 4205-PG2) and scope card (Model 4200-SCP2HR or
4200-SCP2) are covered in “Pulse source-measure connections” in Section 11. For
connections that are specific to pulse applications, refer to Section 4, “Pulse Applications
in the Model 4200-SCS Applications Manual.

”

Basic source-measure connections

Basic information on connecting source-measure units (SMUs), the PreAmp, and the ground unit
to DUTs is covered in the following paragraphs. This information includes:

» Connection considerations

» SMU connections

*  PreAmp connections

* Using the ground unit

» Circuit COMMON connections

Connection considerations

Maximum signal limits

WARNING Hazardous voltages that may result in personal injury or death can be present
on the signal connectors if the safety interlock is asserted. See “Safety
interlock connections” later in this section.

CAUTION  The maximum allowed voltage between circuit COMMON and chassis ground
is £32V DC.

The maximum allowed voltages between the various PreAmp signals are:

¢ COMMON to chassis ground: 32Vpeak
* GUARD to COMMON: 250V peak
 SENSE or FORCE to GUARD: 40V peak

Shielding and guarding

Many test situations require that the device under test (DUT) be shielded or guarded (or both) to
avoid detrimental effects caused by electrostatic interference, parasitic capacitance, system
leakage currents, etc.
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+ If the device is to be shielded (but not guarded), connect the DUT shield to COMMON
(see Figure 4-1).

» If the device is to be guarded, connect the DUT shield to GUARD (inner shield of triax cable;
see Figure 4-2).

WARNING Hazardous voltage can be present on GUARD if the safety interlock is
asserted. To avoid a shock hazard that could result in personal injury or death,
surround the guard with a safety shield that is properly connected to
COMMON and/or safety ground using #18AWG or larger wire.

See “Guarding” in Section 5 for more information on the principles and advantages of guarding.

Figure 4-1
Device shielding
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Figure 4-2
Device guarding
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Signal integrity

To maintain signal integrity, especially at low current levels, keep the following considerations in
mind when making signal connections between the Model 4200-SCS instrumentation and the
DUT:

» Use only low-noise triaxial cables such as those provided with the SMU (4200-MTRX-X)
and PreAmp (4200-TRX-X).

* Keep connecting cables as short as possible.
» Avoid flexing or vibrating connecting cables while making measurements.

* Do not touch connector insulators. Be sure to keep all connector insulators clean to
minimize contamination-induced leakage currents.

Refer to “Making stable measurements” and “Low current measurements” in Section 5 for more
information and these and other aspects of measurement integrity.

SMU connections

The SMU can be connected directly to the DUT with triaxial cables using either local or remote
sensing, as outlined below. Remote sensing is typically used when currents exceed 1mA and the
FORCE path resistance is large (around 1ohm). In this case, as much as TmV (= 1A X 1ohm) of
measurement error is generated due to FORCE path resistance. Remote sensing eliminates
errors of this nature.

NOTE When using more than one SMU, use the ground unit for circuit COMMON connections
instead of the outer shield of the SMU terminals. Refer to “Using the ground unit” later in
this section.

SMU local sense connections

Figure 4-3 shows typical SMU connections using local sensing. Using a triax cable, make your
connections as follows:

» Connect SMU FORCE (center conductor of FORCE terminal) to DUT HI.
» Connect circuit COMMON (outer shield of FORCE terminal) to DUT LO.
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Figure 4-3
SMU local sense connections
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PreAmp connections

NOTE When using more than one PreAmp, use the ground unit for circuit COMMON
connections instead of the outer shield of the PreAmp terminals (refer to “Using the
ground unit” later in this section).

Connecting the PreAmp to the SMU

The PreAmp must be connected to the SMU before use. The connecting method used depends on
the mounting method (rear panel or remote). See “PreAmp mounting” in Section 3 for details.
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CAUTION  Turn off system power before connecting or disconnecting the PreAmp.
Failure to do so may result in SMU or PreAmp damage, possibly voiding the
warranty.

PreAmp local sense connections

Figure 4-4 shows typical PreAmp connections using local sensing. Using a triax cable, make your
connections as follows:

» Connect PreAmp FORCE (center conductor of FORCE terminal) to DUT HI.
» Connect signal COMMON (outer shield of FORCE terminal) to DUT LO.

Figure 4-4
PreAmp local sense connections
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Using the ground unit

The ground unit (GNDU) provides convenient access to circuit COMMON via the GNDU FORCE
terminal or the GNDU COMMON binding post terminal. The GNDU has a SENSE terminal as well.
The SENSE LO signal of each instrument installed in the Model 4200-SCS is connected to the
GNDU SENSE terminal. As a result, all SMU measurements are made relative to GNDU SENSE,
which by default is connected to COMMON.

NOTE Although the ground unit is intended for circuit COMMON connections when using
multiple SMUs, it can also be used for circuit COMMON connections when using only one
SMU, if desired.

Ground unit and SMU local sense connections

Figure 4-5 shows a typical local sense connection scheme using two SMUs, two DUTs, and the
ground unit. Make connections as follows:

* Connect the two SMU FORCE terminals to the two DUT HI terminals.

» Connect both DUT LO terminals together, and connect GNDU FORCE to the common DUT
LO connection point.

Figure 4-5
Ground unit and SMU local sense connections
Model 4200-SCS
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Ground unit and SMU remote sense connections

Figure 4-6 shows a typical remote sense connection scheme using two SMUs, two DUTs, and the
ground unit. Make connections as follows:

» Connect the SMU FORCE and SENSE signals to the two DUT HI terminals.

» Connect both DUT LO terminals together, and connect GNDU SENSE and FORCE to the
common DUT LO connection point.

Figure 4-6
Ground unit and SMU remote sense connections
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Ground unit and PreAmp local sense connections

Figure 4-7 shows a typical local sense connection scheme using two PreAmps, two DUTs, and the
ground unit. Make connections as follows:

» Connect the two PreAmp FORCE signals to the two DUT HI terminals.

» Connect both DUT LO terminals together, and connect the GNDU FORCE signal to the
common DUT LO connection point.

Figure 4-7
Ground unit and PreAmp local sense connections
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Ground unit and PreAmp remote sense connections

Figure 4-8 shows a typical remote sense connection scheme using two PreAmps, two DUTs, and
the ground unit. Make connections as follows:

» Connect the PreAmp FORCE and SENSE signals to the two DUT HI terminals.

» Connect both DUT LO terminals together, and connect the GNDU SENSE and FORCE
signals to the common DUT LO connection point.

Using the ground unit with more than two SMUs

The ground unit should also be used for circuit COMMON connections when using more than two
SMUs. Make your connections using the same basic connection scheme shown in Figure 4-5,
Figure 4-6, Figure 4-7, and Figure 4-8. Be sure to connect all your DUT LO terminals to the GNDU
FORCE terminal (and SENSE terminal when using remote sensing).

Figure 4-8
Ground unit and PreAmp remote sense connections
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SMU circuit COMMON connections

Some test situations require SMUs to be connected to each DUT terminal. In these situations,
circuit COMMON is not hardwired to any of the DUT terminals. Therefore, the SMUs must be
able to internally connect circuit COMMON to their FORCE signal when the test requires a DUT
terminal to be connected to COMMON. Figure 4-9 shows typical SMU connections using three
SMUs to test a transistor. Any of the three SMUs could be used to provide access to circuit
COMMON simply by programming it accordingly. See “Keithley Interactive Test Environment
(KITE)” in Section 6 for more detailed instructions on configuring an SMU to provide a COMMON
connection.

Figure 4-9
Typical SMU common connections
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Test equipment connections

The various forms of test equipment that can be used with the Model 4200-SCS include:

*+ Recommended connecting cables
» Switch matrix connections

» Test fixture connections

» Prober connections

Recommended connecting cables

To ensure accurate, reliable connections, use only quality, low-noise triaxial cables such as those
supplied with the SMU (4200-MTRX-X) and PreAmp (4200-TRX-X) for all source-measure signal
connections (refer to “Pulsing: Source and measure options” in Section 1 for a complete
description of recommended triaxial cables).

NOTE For optimum measurement accuracy, noise immunity, and sefttling time keep cables as
short as possible.

Switch matrix connections

A switch matrix enhances the connectivity of the Model 4200-SCS by allowing any SMU or
PreAmp signal to be connected to any DUT pin. The following paragraphs summarize
recommended switching mainframes and matrix cards, and also show typical connecting schemes
with SMUs and PreAmps.

Switching mainframes

Table 4-1 lists recommended switching mainframes along with a brief description of each. The
Keithley Instruments Models 707 and 707A hold six matrix cards, while the Keithley Instruments
Models 708 and 708A hold one matrix card.

Table 4-1

Recommended switching mainframes

Mainframe Description

Models 707 and 707A 6-slot Switching Matrix Mainframe
Models 708 and 708A 1-slot Switching Matrix Mainframe

Integrated software control for the Keithley Instruments Model 70X Switching Matrix is provided
with the Model 4200-SCS KTE Interactive operating software. Refer to “Using Switch Matrices” in
Appendix B for additional information. The Model 4200-SCS can be interfaced with switch
matrices from other vendors. However, user-developed software will be needed to control these
matrices from KTE Interactive. See “Keithley User Library Tool (KULT)” in Section 8, for additional
information about developing user modules and libraries.
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Recommended matrix cards

Table 4-2 summarizes recommended Keithley Instruments matrix cards, along with a brief
description of each. Note that a key characteristic of these cards is low offset current to minimize
the negative effects of offset currents on low-current measurements.

Table 4-2

Recommended matrix cards

Matrix card Description

Model 7071 8 x 12 matrix, <100pA offset current
Model 7072 8 x 12 matrix, <1pA offset current
Model 7172 8 x 12 matrix, <500fA offset current
Model 7174A 8 x 12 matrix, <100fA offset current
Model 9174 8 x 12 matrix, <100fA offset current

Switch mainframe control

The switch matrix is controlled by the Model 4200-SCS via the GPIB (IEEE-488) interface. Refer to
“IEEE-488 connections” later in this section for detailed bus connection information.

Typical SMU matrix card connections

Figure 4-10 shows typical SMU matrix card connections using local sensing. Note that the four
SMU FORCE terminals are connected to the matrix card rows, while the DUT HI terminals are
connected to the matrix card columns. All 12 DUT LO terminals are connected together, and the
DUT LO signal is connected to the ground unit FORCE terminal. Note that any SMU FORCE
terminal can be connected to any DUT HI terminal simply by closing the appropriate matrix
crosspoint.
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Figure 4-10
Typical SMU matrix card connections

Model 4200-SCS

® ®

A AR AT AT
AT

INSTRUMENTS

T 1
stot sLot sLot ®smr stot sLor stot sLot ®
5 7 5 5 4 5 2 T

sssssssssss

@

FoRcE FoRce

4200-MTRX-X

]

Model 7174 Low Current Matrix Card

('\ VAR VAR VAR VA VA T
U N~ N~ N~ V V V J J N~ \J V
A N N N VAR VAR D N N N N VAR
L N~ N~ N~ VU VU UV G ¢ N~ N VU @
A N N N N N VA N N N N N
L N> N> N> N> N> YV 3 3 N> J N>
N VAR D D N N N N N D N N
U N\ N\ N\ > > " U U N\ U > @
N VAR D D N N N N N D N N
U N\ N\ N\ > > " U U N\ U > @
A N N N N N VA N N N N N
L N~ N> N> N> N> N 3 3 N> 3 N>

HI HI HI HI HI HI HI HI HI HI HI HI

DUT| |DUT| |DUT| |DUT| |DUT| [DUT| |DUT| |DUT| [DUT| [DUT| [DUT| [DUT

LO lLo lLO lLO lLO lLO lLo lLo lLO lLo lLo LO

4200-901-01 Rev. G / March 2007 Return to Section Topics 4-15



Section 4: Connections and Configuration Model 4200-SCS Reference Manual

Typical PreAmp matrix card connections

Figure 4-11 shows typical PreAmp matrix card connections using local sensing. This configuration
is similar to the SMU configuration shown in Figure 4-10, except that PreAmps are added for
low-current source-measure capabilities. The PreAmp FORCE terminals are connected to the
matrix card rows, while the DUT HI terminals are connected to the matrix card columns. All 12
DUT LO terminals are connected together, and the common DUT LO signal is connected to the
ground unit FORCE terminal. Again, any PreAmp FORCE terminal can be connected to any DUT
HI terminal by closing the appropriate matrix crosspoint.

Figure 4-11
PreAmp matrix card connections
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Test fixture connections

Test fixtures

Table 4-3 summarizes recommended Keithley Instruments test fixtures along with a brief
description of each.

Table 4-3

Test fixtures

Test fixture Description DUT/fixture connections
Model 8006 Component test fixture TO and DIP/triax connectors
Model 8007 Semiconductor test fixture | DIP/triax cables

WARNING To avoid a shock hazard that could result in personal injury or death, it is
strongly recommended that you connect the safety interlock switch on the
test fixture to the Model 4200-SCS interlock connector. Refer to “Safety
interlock connections” later in this section for complete details.

Prober connections

Probers

The Model 4200-SCS measurement signals can be connected to practically any commercially
available wafer prober. Probers that provide triaxial connections to their probes and chuck are the
easiest to interface with due to the triaxial nature of the connections on the 4200-SMU, 4210-SMU,
4200-PA, and GNDU. However, various adapters and cable kits are available from Keithley
Instruments that allow the Model 4200-SCS to be adapted to any connection environment. Refer
to “Options and accessories” in Section 1 for more information.

WARNING To avoid a shock hazard that could result in personal injury or death, it is
strongly recommended that you connect the safety interlock switch on the
probe station to the Model 4200-SCS safety interlock (INTLK) circuit. Refer to
“Safety interlock connections” later in this section for complete details.

Prober control

Semi-automatic and fully-automatic probe stations are typically controlled programmatically via an
IEEE-488 or RS-232 communication interface. In this situation, the Model 4200-SCS acts as the
system controller and is connected to the probe station using the appropriate communication
interface. Refer to “IEEE-488 connections” and “RS-232 connections” later in this section for more
information regarding interface connections.

The Model 4200-SCS facilitates automated wafer-level testing through various prober control
mechanisms. Standard prober drivers are included with the Model 4200-SCS, and a number of
commercially available automated probe stations are supported. The Model 4200-SCS can control
supported probers without requiring the user to develop any additional software. For probers that
are not supported by the standard drivers, the open architecture of the Model 4200-SCS software
makes it easy to integrate prober control into the test flow by creating a user library. Refer to
“Keithley User Library Tool (KULT)” in Section 8 for more information regarding user libraries. See
the following appendices for details on enabling and configuring prober control for supported
probers:

Appendix G, Using a Probe Station
Appendix H, Karl-Suss PA-200 Prober
Appendix |, Micromanipulator 8860 Prober
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Appendix J, Using a Manual or Fake Prober
Appendix K, Cascade Summit-12000 Prober
Appendix L, Signatone CM500 Prober

Control and data connections

The various control and data connections that interface the Model 4200-SCS to external
equipment and peripherals are covered below. Topics covered include:

» Safety interlock connections
+ |EEE-488 connections

* RS-232 connections

* Printer port connections

* LAN connections

* USB connections

Safety interlock connections

WARNING It is strongly recommended that you use the safety interlock circuit to avoid
personal injury or death caused by hazardous voltages.

The safety interlock feature on the Model 4200-SCS should be used to avoid possible shock
hazards. It provides a means by which the outputs of the Model 42XX-SMUs can be automatically
placed in a safe state, regardless of the state of the Model 4200-SCS operating software. When
the safety interlock signal is asserted (connected to +12V), all of the voltage ranges of the SMUs
will be functional. However, when the safety interlock signal is not asserted, the £200V supplies of
the SMUs will be disabled, limiting the nominal output to £40V. Under these conditions, all SMU
and PreAmp signal terminals will be non-hazardous. Component test fixtures and probe station
dark boxes typically have a safety switch that can be interfaced to the Model 4200-SCS safety
interlock circuit as outlined in the following paragraphs.

Interlock connector

Figure 4-12 shows the location of the safety interlock connector.

NOTE The Model 4200-TM IN and OUT terminals shown in Figure 4-12 are not currently
supported. Connecting cables to these terminals can cause unexpected system
operation.

Figure 4-12
Interlock connector location
Model 4200-SCS
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Interlock cables

Use the supplied interlock cable (236-ILC-3) or the equivalent to make interlock connections.

Typical interlock connections

Figure 4-13 shows typical interlock connections. In this example, the Model 4200-SCS is

connected to a component test fixture. The test fixture has a safety interlock switch connected to
its lid. When the lid is closed, the interlock circuit is closed (asserted), and SMU 200V ranges are

enabled. Conversely, the interlock circuit is open (deasserted) when the lid is open, and SMU

+200V ranges are disabled. A safety interlock cable is supplied with the Model 4200-SCS, allowing
it to directly interface to the interlock circuits of the Keithley Instruments Models 8006 and 8007

test fixtures.

Figure 4-13
Typical interlock connections
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Interlock connector wiring

Figure 4-14 shows typical interlock connector wiring. Note that a normally open switch should be
used. An open interlock condition occurs when the switch is open.

WARNING Ensure the interlock switch is operating correctly to assure proper, safe

interlock operation.
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Configuring safety interlock operation

Set up the safety interlock as described in “Control and data connections” earlier in this section.

Figure 4-14
Interlock connector wiring
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IEEE-488 connections

The built-in IEEE-488 interface allows you to interface the Model 4200-SCS to a variety of
GPIB-equipped devices, such as a CV meter or switching matrix. The unit can also be configured
as a GPIB slave and be controlled by an external host computer. The following paragraphs discuss
the IEEE-488 connector, recommended cables, typical IEEE-488 connections, and configuring

IEEE-488 controller and slave operation.
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IEEE-488 connector

The Model 4200-SCS has a standard IEEE-488 connector located on the rear panel, as shown in
Figure 4-15.

Figure 4-15
IEEE-488 connector location
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IEEE-488 Connector

Recommended cables

To avoid electrical interference, use only shielded IEEE-488 connecting cables such as the
Keithley Instruments Models 7007-1 and 7007-2.

Configuring IEEE-488 controller operation

As previously indicated, the Model 4200-SCS can be configured to operate either as a GPIB
controller or GPIB slave. The Model 4200-SCS acts as a GPIB controller when the Keithley
Interactive Test Environment (KITE) is running. Refer to “Keithley Interactive Test Environment
(KITE)” in Section 6 for more information about KITE. When operating as a controller, the Model
4200-SCS reserves primary address 0, making that address unavailable to GPIB slave devices
such as GPIB switch matrices, CV meters, and automatic probe stations. Drivers for these and
other instruments, typically integrated into semiconductor test systems, are included with the
Model 4200-SCS. These drivers, called user libraries, permit KITE and the Model 4200-SCS to
control GPIB slave devices directly. For instrumentation and equipment that is not supported by
the standard user libraries, the open architecture of the Model 4200-SCS allows you to create your
own user libraries using the Keithley User Library Tool (KULT). Refer to “Keithley User Library
Tool (KULT)” in Section 8 for more information regarding the standard user libraries, KULT,

and controlling external instrumentation.

Configuring IEEE-488 slave operation

The Model 4200-SCS acts as a GPIB slave when the Keithley External Control Interface (KXCI)
software is running. When KXCl is running, the Model 4200-SCS can be controlled by an external
computer using a command set nearly identical to the GPIB command set used to control an
Agilent 4145B Semiconductor Parameter Analyzer. Refer to “Keithley External Control Interface
(KXCI)” in Section 9 for detailed information regarding KXCI.
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RS-232 connections

The built-in RS-232 port allows you to interface the Model 4200-SCS to a variety of serial devices,
such as a serial printer or plotter. It can also be used to control semi-automatic probe stations and
other serial equipment. The following paragraphs discuss the RS-232 connector, recommended
cables, typical RS-232 connections, and configuring COM1 operation.

RS-232 connector

Figure 4-16 shows the location of the RS-232 (COM1) connector, which is a standard DB-9 (9-pin)
male connector (a 9-pin-to-25-pin adapter may be used if desired). Table 4-4 summarizes both
DB-9 and DB-25 connector terminals for the various RS-232 signals.

Figure 4-16
RS-232 connector location
RS-232
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Table 4-4
RS-232 connector terminals

DB-9 pin DB-25 pin

number number RS-232 signal
1 8 DCD, data carrier detect
2 3 RXD, receive data
3 2 TXD, transmit data
4 20 DTR, data terminal ready
5 7 GND, signal ground
6 6 DSR, data set ready
7 4 RTS, request to send
8 5 CTS, clear to send
9 22 RI, ring indicator

Recommended serial cables

To avoid electrical interference, use only properly-shielded serial cables. Shielded 25-pin cables
may be used with shielded 25-pin-to-9-pin adapters where needed. Refer to Table 4-4 for
equivalent pin numbers.
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Configuring COM1 operation

The Model 4200-SCS can control RS-232 devices using COM1, but it cannot be connected to an
external computer and controlled via COM1. The COM1 port can be used in one of three ways:

» Control a serial peripheral device such as a printer or plotter. When the Model 4200-SCS is
connected to an RS-232 printer or plotter, COM1 is configured when the associated
Windows XP Professional driver is installed.

» Control a semi-automatic prober. Each prober driver includes a configuration file that KITE
uses when it communicates with the prober. If the prober has an RS-232 interface, this file
contains all of the COM1 settings (e.g., baud rate, parity, etc.) that will be used when
communicating with the prober. See Appendix G, Appendix H, Appendix I, Appendix J,
Appendix K, and Appendix L for more information regarding prober control.

» Control some other type of serial instrument or equipment. For serial instrumentation or
equipment that is not supported by the standard test module libraries, the open architecture
of the Model 4200-SCS allows you to create your own user libraries using the Keithley User
Library Tool (KULT). See “Keithley User Library Tool (KULT)” in Section 8 for more
information regarding the standard user libraries, KULT, and controlling external
instrumentation.

Parallel port connections

The built-in parallel port allows you to interface the Model 4200-SCS to parallel peripherals such
as a printer or plotter. The following paragraphs discuss the parallel port connector, recommended
cables, and typical connections.

Parallel port connector

Figure 4-17 shows the location of the parallel port connector, which is a standard female DB-25

connector.
Figure 4-17
Parallel port connector location
Parallel Port
Connector Model 4200-SCS

HERlnn
| WNDDODIIDE
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Recommended parallel cables

To avoid electrical interference, use a shielded parallel cable. An IEEE-1284 compliant cable is
recommended for best results.
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LAN connections

The Model 4200-SCS can be connected to an ethernet LAN so that tests and data can be easily
accessed and archived. From a networking perspective, the Model 4200-SCS operates the same
as any other personal computer running Windows XP Professional. The following paragraphs
outline the LAN connection and recommended cables.

NOTE The drivers for the Model 4200-SCS LAN interface are pre-installed on the system.
Contact your system administrator before attempting to enable the LAN interface.

LAN connector

Figure 4-18 shows the location of the LAN connector, which is a standard RJ-45 10baseT
connector intended for use with UTP (Unshielded Twisted Pair) cable.

Figure 4-18
LAN connector location
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Recommended LAN cables

For best results, use only CAT 5 UTP cables equipped with RJ-45 connectors to connect the
Model 4200-SCS to your LAN.
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USB connections

The Model 4200-SCS has three v1.1 USB connectors. These allow connection to USB
peripherals, such as pointing devices, printers, scanners, thumb drives, external hard drives, and
CD-ROMs. As shown in Figure 4-19, there are two USB connectors on the front panel and one on
the rear panel.

Figure 4-19
USB connectors location
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USB cables
Use a USB series A/B plug cable to connect a USB device to the Model 4200-SCS.
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Introduction

Guarding

This section describes various source-measure concepts and is arranged as follows:

* Guarding: An overview of guarding, guarding concepts, guard connections, and test fixture
guarding.

* Remote sensing: Covers an overview of sensing, sensing concepts, and sense selection.

» Sink operation: Provides an overview of sink operation and summarizes sink operating
boundaries.

+ Source-measure configurations: Details various source-measure circuit configurations,
including Source V, Measure V, and measure-only.

+ Sweep concepts: Covers the source-delay-measure cycle and provides an overview of
sweep waveforms.

* Making stable measurements: Discusses various considerations when making stable
measurements, including single-SMU stability, multiple-SMU stability, and avoiding
oscillation.

* Low current measurements: Details various considerations for making low-current
measurements, including leakage currents, generated currents, noise and source
impedance, and voltage burden.

» Interference: Covers possible sources of interference such as electrostatic interference,
radio frequency interference, and ground loops.

Guarding overview

The purpose of guarding is to eliminate the effects of leakage current (and capacitance) that can
exist between FORCE and COMMON, or between SENSE and COMMON. The driven GUARD is
always enabled and provides a buffered voltage that is at the same level as the FORCE or SENSE
HI voltage (GUARD for both SOURCE and SENSE are the same signal that is referenced in
FORCE). In the absence of a driven guard, leakage in the external test circuit could be high
enough to adversely affect the performance of the SMU or PreAmp.

Leakage current can occur through parasitic or non-parasitic leakage paths. An example of
parasitic resistance is the leakage path across the insulation in a triax cable. An example of
non-parasitic resistance is the leakage path through a resistor that is connected in parallel to the
DUT.

WARNING GUARD is at the same potential as FORCE. If hazardous voltage is present at
FORCE, it is also present at the GUARD terminal. Precautions must be taken
to prevent a shock hazard that could result in personal injury or death.
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Guard connections

GUARD is available at the inner shield of the FORCE and SENSE triax connectors for both the
SMU and the PreAmp, as shown in Figure 5-1A. Figure 5-1B shows triax cable connections to the
DUT. Note that GUARD is not connected in this example, but it can be routed internally to a test
fixture as covered in “Test fixture guarding” later in this section.

Figure 5-1
GUARD connections

SMU or PreAmp Triax Connectors

FORCE SENSE
FORCE SENSE
GUARD GUARD
COMMON COMMON

A. Connectors

— FORCE or SENSE O

0
GUARD O o o' T
Triax DUT
Cable —
Conductors
—— COMMON O

B. Cable Connections

4200-901-01 Rev. G / March 2007 Return to Section Topics 5-3



Section 5: Source-Measure Concepts Model 4200-SCS Reference Manual

Guarding concepts

Guarding is especially important with high-impedance circuits. Consider the comparison of the
unguarded and guarded circuits shown in Figure 5-2. In both cases, FORCE is connected to DUT
HI, while COMMON is connected to DUT LO.

In the unguarded circuit of Figure 5-2A, the cable leakage resistance, R, is effectively in parallel
with the DUT, creating an unwanted leakage current I, . This leakage current may seriously affect
readings, particularly at low current levels.

In the guarded circuit of Figure 5-2B, however, the cable shield is driven by a unity-gain,
low-impedance amplifier (GUARD). Since the voltage across R, is nearly 0V, the leakage current
is effectively eliminated. Current through any leakage resistance (Rg) between the shield and
COMMON may be considerable, but it is of little consequence because it is supplied by the
unity-gain amplifier rather than the FORCE terminal of the SMU or PreAmp.

Figure 5-2
Guarding concepts
SMU or PreAmp Cable Shield
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Test fixture guarding

GUARD used to drive the inner shields of triax connecting cables can be routed within test fixtures.
Inside the test fixture, a triax cable can be used to extend the guard near to the DUT, and the

guard can be connected to a guard plate or shield that surrounds the DUT. The center conductor of
the cable is used for FORCE or SENSE, the inner shield is used for GUARD, and the outer shield

is COMMON.

WARNING

To prevent injury or death, a safety shield must be used to prevent physical

contact with a guard plate or guard shield that is at a hazardous potential
(>30Vrms or 42.4V peak). This safety shield must completely enclose the
guard plate or shield, and must be connected to common and/or to safety
earth ground. Figure 5-2B shows the metal case of a test fixture being used as
a safety shield. It is strongly recommended that you use the test fixture safety
interlock. Refer to “Safety interlock connections” in Section 4.

Figure 5-3 shows how GUARD can eliminate leakage current through the insulators in a test
fixture. In Figure 5-3A, leakage current (I,) flows through the insulators (R ; and R,) to COMMON,
adversely affecting the low-current (or high-resistance) measurement of the DUT.

In Figure 5-3B, the driven GUARD is connected to the metal guard plate for the insulators. Since
the voltage on either end of R, is the same (0V drop), no current can flow through the leakage
resistance path. As a result, the SMU or PreAmp measures only the current through the DUT.

NOTE The GUARD signal has an output impedance of 100kQ and is, therefore, effective only
when connected to high-impedance loads.

Figure 5-3

Test fixture guarding
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Remote sensing

Sensing overview

As shown in Figure 5-4, there are two types of sensing: local and remote. With local sensing
(Figure 5-4A), only two terminals are connected to the DUT: SMU FORCE and GROUND UNIT:
FORCE (COMMON). With remote sensing (Figure 5-4B), both SENSE terminals are connected to
the DUT, along with both FORCE terminals.

NOTE See “Basic source-measure connections” in Section 4 for detailed information on various
connection methods. GUARD connections are not shown in Figure 5-4 for the sake of
clarity.

Figure 5-4
Sensing overview

FORCE © T
SMU
DUT
FORCE & l
(COMMON)
Ground Unit

A. Local Sensing
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Ground Unit
B. Remote Sensing

Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 5: Source-Measure Concepts

Sense selection

The sensing method is automatically selected depending on the connection method used. To use
local sensing, connect only SMU FORCE and ground unit FORCE (COMMON) to the DUT (Figure
5-4A). To use remote sensing, add the SENSE connections shown in Figure 5-4B.

Sensing concepts

Local sensing

Measurements made on devices with impedances above approximately 1kQ are generally made
using the local sensing method shown in Figure 5-5. The SMU test current is forced through the
test leads and the DUT being measured, developing a voltage across the device (Vpyt). The SMU
then measures the voltage across the DUT (V),) through the same set of test leads.

The main problem with the local sensing method with low-impedance DUTs is the cable resistance
(Rc), as well as the connection resistance (such as matrix crosspoint resistance or prober-to-IC
pad resistance), can be as high as 1Q. Since the test current | causes a small, but significant
voltage drop across the cable resistance, the voltage measured by the SMU (V);) will not be
exactly the same as the voltage directly across the DUT (VpyT), and considerable error can result.
Typical cable resistances lie in the range of 1mQ to 100mg, so it may be difficult to obtain accurate
local sensing measurements with DUT resistances below 100Q to 1k, depending on the
magnitudes of both cable resistance and contact resistance.

Figure 5-5
Local sensing

Model 4200-SCS
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Remote sensing

Due to the limitations of local sensing, the remote sensing method shown in Figure 5-6 is generally
preferred for measurements on low-impedance DUTs. With this configuration, the test current | is
forced through the DUT through one set of test cables, while the voltage across the DUT is
measured through a second set of sense cables. Although some small current (Ig) may flow
through these sense cables, it is usually negligible (typically pA or less) and can generally be
ignored for all practical purposes. Since the voltage drop across the sense cables is negligible, the
voltage actually measured by the SMU (V) is essentially the same as the voltage across the DUT

(Vpur)-

Figure 5-6
Remote sensing

Model 4200-SCS

SMU FORCE Re [
—
W\, 0
SENSE
| /\/\/\/ A — >
Re Ig
I-Source V-Meter
Vv V,
SENSE LO M DUT DUT
____________________________ COMMON Re
y
SENSE /W\/
W\, O
Ground Unit FORCE R
(COMMON) c

R = Cable Resistance

| = Test Current Through DUT
I ¢ = Sense Current (Negligible)

V\4 = Measured Voltage

Vbur = Voltage Across DUT
Vpur = Vpu because of Negligible I

Sensing considerations

Local sensing is adequate for many test and measurement situations. However, for maximum
accuracy, it is recommended that you use remote sensing for the following source-measure
conditions:

» Test circuit impedance is <1kQ
+  Maximum V-Source, and/or V-Measure accuracy are required

NOTE Specified accuracies for both source and measure are achieved using remote sensing.
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Sink operation

Sink overview

When operating as a sink (V and | have opposite polarity), the SMU is dissipating power rather
than sourcing it. An external source (such as another SMU) or an energy storage device (like a
capacitor) can force operation into the sink region.

For example, if a second SMU that is sourcing +12V is connected to the first SMU programmed
for +10V, sink operation for the first SMU will occur in the second quadrant (source +V and
measure -l).

CAUTION  When using the I-Source as a sink, always set the voltage compliance to a
level that is higher than the external voltage level. Failure to do so could
damage the SMU or PreAmp due to excessive current that will flow into the
unit.

Sink operating boundaries

Sink operating boundaries for the Models 4200-SMU and 4210-SMU are shown in Figure 5-7 and
Figure 5-8, respectively. Note that sink boundaries are shown shaded, while source boundaries
are unshaded.

Model 4200-SMU sink boundaries

Nominal Model 4200-SMU boundaries are shown in Figure 5-7. Note that actual boundaries are
210V at 10.5mA or 21V at 105mA.

Figure 5-7
Model 4200-SMU sink operating boundaries

+1

}ooma
— 10mA
) ()
Sl Source
v I I +V
-200V 20V 20V 200V
(mnn ()
Source Sink
—-10mA
~100mA NOTE: Nominal Values Shown

Nl Sink areas shown shaded.
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Model 4210-SMU sink boundaries

Nominal Model 4210-SMU sink boundaries are shown in Figure 5-8. Actual boundaries are 210V
at 105mA or 21V at 1.05A.

Figure 5-8
Model 4210-SMU sink operating boundaries

+l

1A
— 100mA
vy (1)
Sink Source
Vo< | : > +V
-200V 20V 20V 200V
(1) (1)
Source Sink
—1—-100mA
A NOTE: Nominal Values Shown
7

| Sink areas shown shaded.

Source-measure configurations

Source |, measure V or |

When configured to source current (I-Source) as shown in Figure 5-9, the SMU functions as a
high-impedance current source with voltage limit capability that can measure current (I-Meter) or
voltage (V-Meter). The compliance circuit limits the output voltage to the programmed value.

For voltage measurements, the SENSE selection (local or remote) determines where the
measurement is made. In local SENSE, voltage is measured at the FORCE and COMMON
terminals of the SMU.

In remote SENSE, voltage can be measured directly at the DUT using the SENSE and SENSE LO
terminals. This method eliminates any voltage drops that may be in the test cables or connections
between the SMU or PreAmp and the DUT.

NOTE The current source does not require or use the SENSE leads to enhance current source
accuracy.
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Figure 5-9
Source |, measure V configuration

_ Local o FORCE

@

I-Source

L
V-Compliance
(Limit)

Remote

SENSE

Remote o

SENSE LO

Local

Source V, measure l or V

o COMMON

When configured to source voltage (V-Source) as shown in Figure 5-10, the SMU functions as a
low-impedance voltage source with current limit capability and can measure current (I-Meter) or
voltage (V-Meter). The compliance circuit limits the current to the programmed value.

Sense circuitry is used to continuously monitor the output voltage and make adjustments to the
V-Source as needed. The V-Meter senses the voltage at the FORCE and COMMON terminals
(local SENSE) or at the DUT (remote SENSE using the SENSE and SENSE LO terminals) and
compares it to the programmed voltage level. If the sensed level and the programmed value are
not the same, the V-Source is adjusted accordingly. Remote SENSE eliminates the effect of

voltage drops in the test cables, ensuring

that the exact programmed voltage appears at the DUT.

NOTE Feedback to the V-Source is an analog function. The V-Source is adjusted to compensate
for IR drop between the V-Source and the sense point.

Figure 5-10
Source V, measure | configuration

I-Limit _ Local
@ (Compliance) o FORCE
-------- Remote > SENSE
V-Source (¢
Sense Output
Adjust V-Source !
(Feedback) oRemote [ SENSE LO
dbocal o, cOMMON
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Measure only (V or I)

Figure 5-11 shows the configurations for using the SMU exclusively as a voltmeter or ammeter. As
shown in Figure 5-11A, the SMU is configured to measure voltage only by setting it to source 0A
and measure voltage. See caution below.

NOTE The configuration shown in Figure 5-11A applies to SMU voltmeter unit (VMU) operation.
See “Hardware features and capabilities” in Section 1 for VMU operating characteristics.

In Figure 5-11B, the SMU is configured to measure current only by setting it to source 0V and
measure current. Note that in order to obtain positive (+) readings, conventional current must flow
from FORCE to COMMON.

CAUTION For measure V, the voltage compliance should be set higher than the
measured voltage. For measure |, the current compliance should be set higher
than the measured current.

Figure 5-11
Measure only configurations
FORCE
I-Source <¢> DUT (V-Source)
(0.00000pA)
COMMON
A. Measure voltage only
Positive
Current

(0(\)/(_)5(())8&7?\/) C\L DUT (I-Source)

COMMON

NOTE: Positive current flowing out of
FORCE results in positive (+)
measurements.

B. Measure current only

NOTE: Use local sensing

5-12

Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 5: Source-Measure Concepts

Sweep concepts

Source-delay-measure cycle

Although the SMU can be used for static source and/or measure operation, SMU operation usually
consists of a series of source-delay-measure (SDM) cycles (see Figure 5-12) as part of a sweep
(refer to “Sweep waveforms”). During each SDM cycle, the following occurs:

1. The source output level is set.
2. There is a wait for the source delay.
3. The measurement is made.

The delay phase of the SDM cycle, which is programmed by software, allows the source and
external circuitry to settle before the measurement is performed. Although the source itself settles
quite quickly (provided the unit is not in compliance), external V or | settling may take considerably
longer due to interaction between the DUT and the SMU.

When there is more capacitance seen at the output, there will be more settling time required for
the source signal. The actual delay period needed can be calculated or determined by trial and
error. For purely resistive loads and at higher current levels, the programmable delay can be set to
a minimum.

The measure time depends on the selected integration period, and it also can be extended by
autorange.

Figure 5-12
SDM cycle

End of A/D

Start of A/D Conversion Conversion

Source ( / (

Value 7 7

N

Trigger
| [
TTrigger9<— Delay ‘ Measure————— |

Latency

Sweep waveforms

There are three general sweep types: linear staircase, logarithmic staircase, and custom (refer to
Figure 5-13). 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. The custom sweep lets you construct your own sweep by specifying
the number of measure points and the source level at each point.

An SDM cycle is performed on each step (or point) of the sweep; one measurement will be
performed at each step (level). The time spent at each step depends on how the SDM cycle is
configured for such aspects as the programmed delay.

Typical applications for staircase sweeps include: I-V curves for two- and three-terminal
semiconductor devices, characterization of leakage versus voltage, and semiconductor
breakdown.
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Figure 5-13
Sweep waveforms
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Making stable measurements

NOTE The Models 4200-SMU and 4210-SMU have been designed to be stable under a wide
variety of measurement situations; however, the following information has been provided
for those who may encounter instability problems.

Single SMU stability considerations

Current source stability

Driving inductive loads can cause current source instability; current source instability almost never
occurs in semiconductor applications.
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Voltage source stability

A SMU that is sourcing voltage is stable when driving capacitive loads up to 10nF. However, at the
lower current measurement ranges, large capacitive loads may increase settling time and may
cause overshoot and ringing. To reduce this effect, do one or both of the following:

* Increase the measurement Delay Factor for the test being performed, using the KITE ITM
timing panel (refer to “Configuring the Speed and Timing settings in the ITM Definition tab”
in Section 6).

» Add a small resistor in series with the capacitive load. Choose a resistor that provides an
RC time constant of 1ms to 10ms.

Multiple SMU stability considerations

Using two or more SMUs to test an active device, such as a field-effect transistor (FET) or bipolar
junction transistor (BJT), can aggravate system stability. Figure 5-14A shows an example of BJT
characterization curves determined under stable conditions. Figure 5-14B shows an example of
what can happen to a BJT characterization curve when the system oscillates.

Figure 5-14
Effects of oscillation on test data
A. Without Oscillation B. With Oscillation
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In general, oscillations can be classified in two categories: high-frequency oscillations (100kHz
through 200MHz), and low frequency-oscillations (below 100kHz). For solutions to both types of
oscillation, refer to “Eliminating oscillations,” below.

Eliminating oscillations

The measures needed to eliminate oscillations depend on whether the oscillations are high
frequency or low frequency oscillations. The next two subsections treat these situations
separately.

Eliminating high-frequency oscillations

One or more of the following remedies may help to eliminate high frequency oscillations; the
remedies are listed in order of preference:

* Mount the PreAmps as close to the DUT as possible.

» Connect the COMMONSs (outer shields) of all cables together at the DUT.

* Use loss ferrite beads or 100Q resistors in series with the DUT leads.
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» Disconnect the ground link between GNDU COMMON and chassis ground on the rear
panel of the mainframe. Connect the cable shields to the prober chassis.

» Add a high quality capacitor between the base and emitter of a bipolar junction transistor
(BJT) or between the gate and source of an FET. Use a 100pF to 1000pF capacitor
(Keithley Instruments part number C-138-100pF).

Eliminating low frequency oscillations

Oscillations at low frequencies (DC to 100kHz) occur when the gain of a transistor under test
interacts with the output impedances of the connected SMUs. The following ratios of impedance
(Z) determine the gains of the transistors:

* ForaFET, Zprain smu/ Zsource SMU
» For a BJT (bipolar junction transistor), Z¢ojiector sMu ! ZEmitter SMU

A SMU measures current via the voltage drop across a resistance, which is in series with the DUT.
This series resistance is high for low current ranges and low for high current ranges. Therefore, for
two SMUs connected to the transistor BJT collector and emitter terminals, or FET source and drain
terminals, a large current-range difference (oscillation) results in the following:

+ Alarge series-resistance difference

» Alarge impedance ratio between the two series resistances connected to the transistor
* A large circuit gain (potentially, the maximum, intrinsic transistor gain)

* A potentially unstable circuit

To avoid oscillations, try the following:

+ ForanFET:

— Set (Drain-SMU current measure range) = (Source-SMU current measure range)

— If necessary, set both SMUs to autorange.

— Do not configure the source SMU for the Common forcing function, which prevents you
from configuring a current measurement range for the source SMU and inevitably results
in 1) a lower impedance than at the drain SMU; 2) a potentially high gain; and 3) an
increased likelihood of low-frequency oscillation. Instead, configure the source SMU for
the Voltage-Bias forcing function and set it to OV. This allows you to configure the current
measurement range.

* ForaBJT:

— Set (Collector-SMU current measure range) = (Emitter-SMU current measure range)

— If necessary, set both SMUs to autorange.

— Do not configure the emitter SMU for the Common forcing function, which prevents you
from configuring a current measurement range for the emitter SMU and inevitably results
in 1) a lower impedance than at the collector SMU; 2) a potentially high gain; and 3) an
increased likelihood of low-frequency oscillation. Instead, configure the emitter SMU for
the Voltage-Bias forcing function and set it to OV. This allows you to configure the current
measurement range.

NOTE Both Drain/Collector and Source/Emitter (SMU) must be set to measure current if they
are set to auto-range.

Figure 5-15 contrasts undesirable and desirable KITE configurations for an Interactive Test
Module (ITM) that is used to test a BJT.
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Undesirable and desirable current measurement configurations for a BJT

Figure 5-15
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NOTE For instructions on configuring KITE ITMs, refer to “Configuring the Project Plan ITMs” in

Section 6.

Low current measurements

Low-current measurements made with a SMU or PreAmp are subject to a number of error sources
that can have a serious impact on measurement accuracy. The following paragraphs discuss
these low current measurement considerations.

Leakage currents

Sources of leakage currents

Leakage currents are generated by high-resistance paths between the measurement circuit and
nearby voltage sources. These currents can considerably degrade the accuracy of low-current

measurements.

Cable leakage currents

Typically, insulation resistance between conductors in the type of triax cables supplied with the
SMUs and PreAmps is approximately 1PQ (10159 . If the cables were used in an unguarded
configuration, leakage current would flow through the cable insulation, affecting the measurement.
Properly connecting the triax cables to the SMU or PreAmp automatically drives the inner cable
shield at guard potential, minimizing the effects of cable leakage currents. See “Guarding” near the
beginning of this section for details.
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Reducing leakage currents
Several methods to reduce leakage currents include:

* Use good quality insulators, such as Teflon or polyethylene, in the test fixture.

* Reduce the humidity of the test environment. Insulators and even the test circuit itself may
absorb water, causing spurious currents to be generated.

» Use guarding in the test fixture to isolate the high-impedance nodes from leakage current
due to voltage sources. See “Test fixture guarding” earlier in this section for details.

Generated currents

Any extraneous generated currents in the test system will add to the desired current, causing
errors. Currents can be internally generated, as in the case of PreAmp input offset current, or they
can come from external sources such as insulators and cables. The following paragraphs discuss
the various types of generated currents. Table 5-1 summarizes the typical ranges of a number of
generated currents discussed in this section.

Table 5-1
Typical generated currents
Effect Generated current range

Triboelectric 1fA to 10nA
Mechanical stress (Teflon) 1fA to 1pA
Mechanical stress (ceramics) 100aA to 100fA
Clean epoxy circuit board 100fA
Dirty epoxy circuit board 100pA

Offset currents

The PreAmp has a small current, known as the input offset current, that flows at all times. As
shown in Figure 5-16A, the input offset current adds to the measured current so that the SMU
measures the sum of the two currents. Note that input offset current can be nulled by performing
system calibration, as discussed in “Configuring the Project Plan ITMs” in Section 6.

NOTE The meaning of the word “nulled” in this context is to bring the offset current down to
within specifications.

Offset currents can also be generated externally from such sources as triboelectric and
piezoelectric effects (discussed below). As shown in Figure 5-16B, the external offset current also
adds to the source current, and the SMU again measures the sum of the two. These external
offset currents can be suppressed manually by subtracting them via the KITE Formulator or the
KITE Calc worksheet (for more information about the Formulator and the Calc worksheet, refer to
“Analyzing test data using the Formulator, and “Displaying and analyzing data using the Sheet
tab® in Section 6).
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Figure 5-16
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Triboelectric effects

Triboelectric currents are generated by charges created by friction between a conductor and an
insulator. Here, free electrons rub off the conductor and create a charge imbalance that causes the
current flow.

The triax cables supplied with the SMU and PreAmp greatly reduce this effect by using
graphite-impregnated insulation underneath the outer shield. The graphite provides lubrication and
a conducting cylinder to equalize and minimize charges generated by frictional effects of cable
movement. However, even this type of triax cable creates some noise when subjected to vibration
and expansion or contraction. Therefore, all connections should be kept short, away from
temperature changes (which would create thermal expansion forces), and supported by taping or
wiring the cable to a non-vibrating surface such as a wall, bench, or rigid structure.

Other solutions to movement and vibration problems include:

* Remove or mechanically decouple vibration sources such as motors, pumps, and other
electromechanical devices.

» Securely mount or tie down electronic components, wires, and cables.
*  Mount the PreAmps as close as possible to the DUT.

NOTE A temporary triboelectric current is generated when a triax cable is first connected. This
current is typically tens or hundreds of femtoamperes and can last as long as 5 to 10
minutes.

Piezoelectric and stored charge effects

Piezoelectric currents are generated when mechanical stress is applied to certain crystalline
materials used for insulated terminals and interconnecting hardware. In some plastics, pockets of
stored charge cause the material to behave in a manner similar to piezoelectric materials.

To minimize the current due to this effect, remove mechanical stresses from the insulator, and use
insulating materials such as polyethylene that have minimal piezoelectric and stored charge
effects.

Contamination and humidity

Error currents also arise from electrochemical effects when ionic chemicals create weak batteries
between two conductors on a circuit board. For example, commonly-used epoxy-printed circuit
boards, when not thoroughly cleaned of etching solution, flux, or other contamination, can
generate currents of a few nanoamps between conductors.

Insulation resistance can be dramatically reduced by high humidity or ionic contamination.
High-humidity conditions occur with condensation or water absorption, while ionic contamination
may be the result of body oils, salts, or solder flux.

To avoid the effects of contamination and humidity, select insulators that resist water absorption
(such as Teflon), and keep humidity to <50% RH. Also be sure that all insulators are kept clean
and free of contamination. If insulators become contaminated, clean them thoroughly with a pure
solvent such as methanol.
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Dielectric absorption

Dielectric absorption in an insulator can occur when a voltage across that insulator causes positive
and negative charges within the insulator to polarize. When the voltage is removed, the separated
charges generate a decaying current through circuits connected to the insulator as they
recombine.

To minimize the effects of dielectric absorption on current measurements, avoid applying voltages
greater than a few volts to insulators being used for sensitive current measurements. In cases
where this practice is unavoidable, it may take minutes (or even hours in some cases) for the
current caused by dielectric absorption to dissipate.

Voltage burden

As shown in Figure 5-17, the SMU or PreAmp ammeter may be represented by an ideal ammeter
(Iy), with zero internal resistance, in series with a resistance (Ry;). When a current source is
connected to the input of the ammeter, the current is reduced from what it would be with the ideal
resistance meter (Ry= 0€2). This reduction is caused by the resistance (Ry,), which creates an
additional voltage drop called the voltage burden (Vg rpen), Which reduces the measured current
from its theoretical value as follows:

;= Vs~ VsurDEN

M Ry

The percent error (E) in the measured reading due to voltage burden is:

%
o _ /BURDEN
Vs

If the voltage burden is 0V, the percent error is zero.

NOTE \Voltage burden for the SMUs is less than or equal to the offset specifications of the
source voltage. See “Hardware features and capabilities” in Section 1 for details on offset
specifications.

Figure 5-17
Effects of voltage burden
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Noise and source impedance

Noise can seriously affect sensitive current measurements. The following paragraphs discuss how
source resistance and source capacitance affect noise performance.

Source resistance

The source resistance of the DUT will affect the noise performance of the SMU or PreAmp. As the
source resistance decreases, the current noise increases. Because decreasing the source
resistance can have a detrimental effect on noise performance, there are usually minimum
recommended source resistance values based on measurement range. Table 5-2 summarizes
minimum recommended source resistance values for various measurement ranges.

Table 5-2
Minimum recommended source resistance values

Minimum recommended
Range source resistance
1pA to 100pA 1GQto 100GQ
1nA to 100mA 1MQto 100MQ
1uA to 100pA 1kQto 100kQ
1mA to 100mA 1Qto 100Q
Source capacitance

DUT source capacitance will also affect the noise performance of the PreAmp. In general, as
source capacitance increases, the noise gain also increases. Although there is a limit to the
maximum source capacitance value, you can usually measure at higher source capacitance
values by connecting a resistor in series with the source. Note, however, that doing so will
increase the voltage burden. For example, the source resistance values listed in Table 5-2 will
result in a voltage burden between 1mV and 1V.

Cable capacitance

Without guarding, the effects of cable capacitance would adversely affect the settling time when
sourcing current. The rise time of the source depends on the total shunt capacitance seen at its
output. For a high-impedance load, even a small amount of cable capacitance can result in long
rise times. For example, cable capacitance of 100pF and a load resistance of 1GQwill result in an
RC time constant of approximately 100msec. Guarding drastically reduces cable capacitance,
resulting in much faster rise times. With FORCE and GUARD at virtually the same potential, the
cable capacitance cannot charge, and rise time is not affected (refer to “Guarding” earlier in this
section).

When sourcing voltage, the rise time due to cable capacitance is usually insignificant. Because the
voltage source is low impedance (<1Q), the RC time constant of 10710 seconds 1Qx 100pF is
negligible.

5-22 Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 5: Source-Measure Concepts

Performance of an integrated semiconductor test system

When performing a semiconductor I-V measurement, there will always be a speed-noise trade-off.
Even with given measurement settings, changing the system configuration (such as cable length
or adding a switch matrix) will change the measurement results. The Model 4200-SCS has four
settings to allow optimal I-V measurements. There are three fixed settings: fast, normal, and quiet.
In addition, there is a custom setting to allow the measurement parameters to be customized.

To achieve a low-noise measurement, the quiet setting is recommended. The trade-off is that
measurement speed will be lower in comparison to the fast and normal settings. To make a fast
measurement, the fast setting can be selected, though the noise will be higher. Typically, the
normal setting is used to balance the speed and low-noise requirements. To further fine-tune the
measurement, the custom setting can be used.

The fast/normal/quiet settings are tuned to the Model 4200-SCS for a standard length of cables
connected to the DUT. In general, this should be sufficient to make good measurements. However,
when extra long cables and/or a switch matrix are used in the system, these settings may not be
adequate. A typical phenomenon will be the appearance of a glitch or offset error. The magnitude
of the error increases if the fast setting is used to make the measurement. This is caused by
insufficient settling time for the system. With added load or capacitance (cables or matrix relays), it
will take longer to let transient effects settle. Using the measurement parameters optimized for
short cables only may result in an erroneous measurement.

The best way to minimize this effect is to allow extra settling time. The normal or quiet settings
should improve the measurement result. Custom can also be used to fine-tune the measurement
settings; this may be a trial and error process. Various combinations of parameters can be used to
achieve the best results. In general, longer cables or slower settling of switch relays will require a
larger delay factor.

Interference

Various forms of interference that can degrade measurement integrity include:

» Electrostatic interference
* Radio frequency interference
* Ground loops

Electrostatic interference

Electrostatic interference occurs when an electrically charged object is brought near an uncharged
object, thus inducing a charge on the previously uncharged object. Usually the effects of such
electrostatic action are not noticeable because low impedance levels allow the induced charge to
dissipate quickly. However, the high impedance levels of many SMU or PreAmp measurements do
not allow these charges to decay rapidly, and erroneous or unstable readings may be caused in
the following ways:

» DC electrostatic fields can cause undetected errors or noise in the reading.

» AC electrostatic fields can cause errors by driving the amplifier into saturation, or through
rectification that produces DC errors.
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Electrostatic interference is first recognizable when hand or body movements near the DUT cause
fluctuations in the reading. Pick-up from AC fields can also be detected by observing the output on
an oscilloscope.

Means of minimizing electrostatic interference include:

» Shielding: Possibilities include: a shielded room, a shielded booth, shielding the sensitive
circuit (test fixture), and of course using shielded cable. The shield should usually be
connected to a solid connector that is connected to signal COMMON. Note, however, that
shielding can increase capacitance, possibly slowing down response time unless guarding
is used within the test fixture.

* Reduction of electrostatic fields: Moving power lines or other sources away from the DUT
reduces the amount of electrostatic interference induced into the test circuit.

Radio frequency interference

Radio Frequency Interference (RFI) is a general term frequently used to describe electromagnetic
interference over a wide range of frequencies across the spectrum. RFI can be especially
troublesome at low signal levels, but it may also affect higher level measurements in extreme
cases.

RFI can be caused by steady-state sources such as TV or radio broadcast signals, or it can result
from impulse sources, as in the case of arcing in high voltage environments. In either case, the
effect on measurement performance can be considerable if enough of the unwanted signal is
present. The effects of RFI can often be seen as an unusually large offset, or, in the case of
impulse sources, sudden, erratic variations in readings.

Different methods can be used to minimize the effects of RFI. The most obvious method is to keep
DUT as far away from the RFI source as possible. Shielding the test equipment, DUT, and test
cables often reduces RFI to an acceptable level. In extreme cases, a specially-constructed screen
room may be necessary to sufficiently attenuate the troublesome signal.

Ground loops and other SMU grounding considerations

Ground loops, which occur when more than one point in a test system is connected to earth
ground, can create error signals that cause erratic or erroneous performance. The configuration
shown in Figure 5-18 shows a ground loop that is created by connecting both Model 4200 signal
COMMON and DUT LO to earth ground. A large ground current flowing in the loop will encounter
small resistances, either in the conductors, or at the connecting points. This small resistance
results in voltage drops that can affect performance.

To prevent ground loops, the test system should be connected to ground at only a single point. If it
is not possible to remove the DUT ground, the ground link between the GNDU COMMON terminal
and chassis ground should be removed, as shown in Figure 5-19. Note, however, that removing
the COMMON-to-chassis link may result in oscillations (refer to “Making stable measurements”
earlier in this section).

5-24 Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 5: Source-Measure Concepts

Figure 5-18
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Introduction

This section of the manual explains and illustrates the characteristics and application of the
Keithley Interactive Test Environment (KITE). KITE is the main software component of the KTE
Interactive software tool set. KITE is the primary user interface for the Keithley Instruments Model
4200-SCS Semiconductor Characterization System. KITE is a versatile tool that facilitates
interactive characterization of an individual parametric test device or automated testing of an entire
semiconductor wafer.

Two additional KTE Interactive software tools augment the capabilities of KITE, as follows:

» The Keithley User Library Tool (KULT) is used to create test modules programatically, using
the C programming language. These test modules can then be executed by KITE.

» The Keithley CONfiguration utility (KCON) is used to manage the configuration and
interconnections between all of the test system components that are controlled by KITE.

A fourth KTE Interactive software tool, the Keithley External Control Interface (KXCI) allows the
Model 4200-SCS to be controlled remotely by an external GPIB controller.

NOTE KXCI and KITE are mutually exclusive software tools. That is, KXCI and KITE cannot run
simultaneously.

Beginning with KTE Interactive 6.0, two optional KTE Interactive tools have been added:

» The Keithley Pulse tool (KPulse) is a virtual front panel software application used to control
the optional Model 4205-PG2 cards. The Model 4205-PG2 is a dual-channel pulse
generator which is integrated inside the Model 4200-SCS mainframe.

» The Keithley Scope tool (KScope) is a virtual front panel software application used to control
the optional scope card. The scope card is a dual-channel Digital Storage Oscilloscope
which is integrated inside the Model 4200-SCS mainframe.

NOTE Although KScope and KPulse can be launched at the same time as KITE, KScope/
KPulse and KITE cannot communicate with hardware simultaneously.
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Overviewing KITE

This subsection overviews the primary features of KITE. These features allow you to create,
execute, and evaluate tests and complex test sequences, interactively and without programming.
This subsection also overviews use of an essential companion tool, KULT, that allows you to
create libraries of specialized user modules that run in KITE (KULT is discussed in detail in
“Keithley User Library Tool (KULT)” in Section 8).

KITE interface

KITE interface consists of a variety of graphical user interfaces (GUIs) that allow you to do the
following:

* Interactively build and edit test and execution sequences using the Project Navigator.

» Configure off-the-shelf interactive test modules (ITMs) or create new, customized ITMs from
off-the-shelf templates.

» Create user test modules (UTMs) from supplied or user-programmed C-code modules.

» Automatically execute tests and associated operations (switch matrix connections, prober
movements, etc)., including:

A single test for one selected device (transistor, diode, resistor, capacitor, etc)..

A test sequence for one selected device.
Test sequences for multiple devices, for example, all of the devices contacted by a prober
at a given touchdown, or subsite, location on a semiconductor wafer.

The test sequences of an entire Project Plan, which may include multiple prober
touchdowns for a single semiconductor site (or die):

* For one site
*  For multiple sites

* View test results, numerically and graphically.
* Analyze test results using built-in parameter extraction tools.
* View the analysis results, numerically, and graphically.

The KITE interface overviews the KITE interface. The next subsection, “Project Navigator,”
describes the Project Navigator in more detail.

6-4
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Figure 6-1
KITE interface overview
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Project Plan is to be executed.

Site Navigator:

Displays the current site—
typically a die on a
semiconductor wafer—that is
being evaluated by the Project
Plan. Allows selection of the
single site to be evaluated when
only part of the Project Plan is to
be executed.
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Project Navigator

The Project Navigator is the primary interface for building, editing, and viewing a Project Plan,
and for specifying and accessing each Project Plan component, as follows:

* Each Project Plan component may be added, sequentially or nonsequentially, via menu
items or toolbar buttons.
» Single-clicking on a Navigator component selects it as one of the following:
- Alocation where a new component may be added or an existing component may be
deleted.
- Anindividual test, device, or series of devices for which only part of the Project Plan may
be executed.
» Double-clicking on a Navigator component opens access to configuration screens for the
component and, as appropriate, test results, analysis tools, and status information.

Figure 6-2 describes typical Project Plan components that are displayed in a Project Navigator,
using the example Project Plan for illustration. The next subsection, “Interactive Test Modules
(ITMs) and User Test Modules (UTMs),” describes the ITM and UTM components in more detail.

For details about building a Project Plan using the Project Navigator, refer to “Building, modifying,
and deleting a Project Plan” later in this section.
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Figure 6-2
Project Navigator
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Project Navigator Checkboxes are used to
enable or disable the Project Plan, Init/Term
Steps, Subsite Plans, Device Plans, and
individual tests (ITMs and UTMs). Project
nodes that are checked will be executed
when the Run, Append, or Cycle buttons are

Project Plan:

Defines and sequences all subsites tested, all devices
tested, and all tests/operations to be performed at each
site—which typically corresponds to one die on a wafer.

Subsite Plan:

Defines and sequences all devices to be tested
and all tests to be performed at a given prober
touchdown location. There are typically multiple
subsites per site. Subsite cycling (up to 128 times)
can be performed to accommodate stress testing.
For the first cycle, the devices in the Subsite Plan
are not stressed. For each subsequent stress
cycle, the devices can be stressed with voltage or
current for a specified period of time before they

Device Plan:
Defines and sequences all tests for a specific device—
a transistor, diode, resistor, etc.—at a given subsite.

Interactive Test Module (ITM):

Completely defines a parametric test without programming,
using a series of easily configured graphical user interfaces
(GUIs). Provides for display of both raw data and analyzed
data, numerically and graphically, in real time.

User Test Module (UTM):

Defines an operation—a special test, a setting of switch-
matrix connections, a prober advance, an external instrument
operation, etc.—via a C-programmed user module that is
connected to the UTM and is configured with user-supplied
parameter values (Several UTMs may be associated with the
with the same user module). Configuration is done via a
simple graphical user interface. The user module that is
connected to the UTM may be available in a Keithley-
supplied library or may be created by the user with KULT.
Provides display of both raw and analyzed test data, where
applicable, numerically and graphically.

Initialization Steps (at top) and Termination Steps:
Define operations (UTMs only) that initialize test equipment
at the beginning of a test session and process results or reset
instrumentation at the end of an execution sequence. The
initialization and termination steps are executed only once
during a test session, even if the Project Plan is executed
several times (e.g., to evaluate multiple sites on a wafer).

Unique ID (UID) number:

A number assigned to each instance of a same-named project
component. If there is only one instance of a Project Plan
component of a given name (as in the Project Plan at left), each
component has a UID of 1. However, if multiple components,
e.g., ITMs or UTMs, of a given name are inserted into a project,
they are assigned multiple UIDs. As long as a component
remains in the Project Plan, its UID never changes—even if a
lower-numbered same-named component is deleted from the
Project Plan (Note: if UID = 0 for a component, that

component can occur only once in the Project Plan).
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Interactive Test Modules (ITMs) and User Test Modules (UTMs)

KITE tests and operations are performed through interactive test modules (ITMs) and user test
modules (UTMs), as called out in Figure 6-2. Figure 6-3 relates configuration windows of the
“vds-id” ITM and the “res_drain-to-source” UTM to their respective locations in the example

Figure 6-3

ITMs and UTMs in the Project Navigator

KITE Project Plan.

These windows and some associated windows are examined in more detail in the next two
subsections, “Defining an ITM,” and “Defining a UTM.”
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Table 6-1

The primary differences between ITMs and UTMs are summarized in Table 6-1.

Primary differences between an ITM and a UTM

I™

UTM

Is always configured via a series of
systematic, interactive graphical user
interfaces (GUIs), without programming.

Is created and configured by connecting the
UTM name to a user module and entering or
modifying the input parameter values.

Is flexible. Keithley Instruments provides
default ITM configurations for most standard
devices and tests; you may be able to perform
many of your evaluations with minimal or no
changes to the default parameters. However,
you can create a new |ITM, or customize any
existing ITM, to perform a wide variety of static
and dynamic evaluations. You can even
create an ITM for a generic “n-terminal”
device.

Is task-specific. However, you can modify the
source code for a user module that is
connected to a UTM and recompile it to create
a new user module. Keithley Instruments
provides the source code for most of the user
modules that are shipped with the Model
4200-SCS. User modules are modified using
KULT.

Performs exclusively tasks on internal
4200-SCS instrumentation.?

Performs tasks on internal Model 4200-SCS
instrumentation or on any instrument that is
connected to the Model 4200-SCS IEEE-488
bus or the Model 4200-SCS RS-232 port.

Is used exclusively for parametric testing.

May be used to perform almost any test-
related task.

Generated data updates the Data worksheet”
in real time, as the test executes.

Generated data updates the Data worksheet’
after test execution is complete.

Beginning with KTE Interactive v5.0, users
have the ability to add function calls to new
and existing user modules (UTMs) which
provide real-time data and graphing
capabilities (see “Enabling real time plotting for
UTMs”).

a. The pulse generator card (Model 4205-PG2) and scope card (Model 4200-SCP2 or 4200-SCP2HR) are

not supported by ITMs at this time.

b. Refer to “Viewing ITM or UTM results numerically: The Sheet tab Data worksheet” later in this section.

The following subsections explains how to enable real time plotting for UTMs and illustrate some
of the differences (and similarities) between ITMs and UTMs:

» “Enabling real time plotting for UTMs”

+ “Defining an ITM”
» “Defining a UTM”

*  “Viewing ITM or UTM results numerically: The Sheet tab Data worksheet”
* “Viewing ITM or UTM results graphically: The Graph tab”

4200-901-01 Rev. G / March 2007
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Enabling real time plotting for UTMs

A limitation of UTMs in KITE software in previous software releases is that they lacked the
capability of real time plotting. All data can only be plotted after the test is finished. This sometimes
becomes inconvenient when the test takes a very long time. It is not easy to know what is going on
during the test. Since the release of version 5.0, it has become possible to plot data in real time.
The following explains how to enable real time plotting in UTM.

Beginning with KTE version 5.0, there were three new functions added in the existing Linear
Parametric Test (LPT) library. Those are “PostDataDouble ()”, “PostDatalInt ()”, and

PostDataString ()” respectively. The protocols of the three functions are listed as follows:

PostDataDouble (char *, double *)
PostDatalInt (char *, int *)
PostDataString (char *, char *)

These functions are used right after one measurement point is finished and data value is assigned
to the corresponding output variable. They will transfer the data value from memory to the data
sheet in the UTM and plot it on the graph. “PostDataDouble ()” is used to transfer a “double”
type data point from memory back to the data sheet. “PostDataInt ()” is used to transfer an
“integer” type data point from memory back to the data sheet. “PostDataString()” is used to
transfer a string from memory back to the data sheet. Each function should be used according to
type defined for the corresponding output parameter. For example, if an output parameter is
defined as “double,” then “PostDataDouble ()” function should be used to bring data back to
the data sheet and then plot it in real time.

The first parameter in the three functions is the variable name, defined as “char *”. For example, if
the output variable name is Drainl, then “DrainI” (with quotes) should be used in the first
parameter. The second parameter is the value of the variable to be transferred. For example, if
Drainl[10] should be transferred, then one should call “PostDatabDouble (“*DrainI”,
&DrainI[10])”.

When using the new functions to transfer data into the data sheet in real time, make sure the data
is already located in the memory of the Model 4200-SCS. “Sweep” measurements are not suitable
for real time transfer because data is not ready until sweep finishes. The following examples show
how to enable real time plotting for a UTM.

1. 1-V measurement using SMUs of a Model 4200-SCS
As mentioned above, if real time plotting is desired, sweep type of measurement cannot be

used. Therefore, functions that are sweep related, such as “smeasx()”, “sintgx()”, and
“sweepx()”, cannot be used. Instead, one should form a “for” loop in the program to do
point-by-point measurement. Here is one example. In this example, SMU1 is used to force
voltage and then measure current. Programmed voltage and measured current are then

outputted for plotting.

Without real time plotting:

#include “keithley.h”

int IV(double startv, double stopv, int numpoint,
double * V, int Vsize, double * I, int Isize)

{

// error checking

if ((numpoint != Vsize) || (numpoint != Isize))
return -1;

rtfary(V); // return force array of Voltage
sintgi (SMUl, I); // measure current

// setup sweep with 0.01 second sweep delay and
then trigger the measurement

sweepv (SMU1, startv, stopv,numpoint-1,0.01);
return (OK) ;

}
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With real time plotting:

#include “keithley.h”

int IV(double startv, double stopv, int numpoint,
double * V, int Vsize, double * I, int Isize)
{

int index;

double stepv;

// error checking

if ((numpoint != Vsize) || (numpoint != Isize))
return -1;

//calculate stepv

if (numpoint != 1)

stepv = (stopv - startv)/ (numpoint -1);

// measurement loop

for (index = 0; index < numpoint; index ++)

{

// calculate voltage array

V[index] = startv + stepv*index;
forcev(SMU1l, V[index]); // force voltage
intgi (SMU1, &I[index]); // measure current

// transfer V data
PostDataDouble (“WV”, &V[index]) ;
// transfer I data
PostDataDouble (“*I”, &I[index]);
}

return (OK) ;

}
2. Taking measurements using external instruments

The same idea applies to measurements using external instruments. A trigger (sweep) data
method cannot be used because real time plotting requires real time data. In the above
method, the data will not be ready until the sweep is done. The following is an example of
getting real time data from external instruments.

Test sequence without real time plotting:

initialize instrument;

setup sweep;

setup trigger; trigger measurement;

serial poll the instrument until measurement is done;
retrieve data from instrument;

post measurement clean up;

done;

Test sequence with real time plotting:

initialize instrument;

setup single point measurement mode;

setup single trigger mode;

turn on output; calculate number

of data point;

// measurement loop

for (index = 0; index < numpoint; index ++)
{

setup force value in each step;

take measurement;

// transfer data for real time plotting
PostDataDouble (“Variable Name”, &MeasureArray[index]);
}

post measurement clean up;

done;
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Defining an ITM

An ITM is defined by the ITM Definition tab (displayed by double-clicking on the ITM name in the
Project Navigator). Figure 6-4 illustrates and explains the ITM Definition tab (Figure 6-4 defines

the “vds-id” ITM, one of the ITMs in the example Project Plan that was shown in Figure 6-2 and
Figure 6-3). See “Specifying environment preferences” later in this section.

Figure 6-4
ITM Definition tab

Sheet tab:

Numerical test and analysis
results and test settings.

Status tab:
Test definition and
configuration status.

Mode combo box:

Allows sampling vs. time
mode instead of sweeping
mode.

Graph tab:
Formulator: P . Timing button and Speed combo box:
Math tical Graphical test Custom and preconfigured test-
athematica and analysis results. - ind preconig )
test results timing/noise-rejection selections.
analysis tool.

\

Diefiritigr ] Sheet Grap Sitah \
Timing Exlt Conditions |‘Dutpul\u"alues | Speed: |Marmal | Mode:
Drrain SMUZ -
Exit Conditions button FURCE MEASLRE |
XI 1t u :
N . 5 Y [Mast M I:YES
Click to set the test exit — T;"pe: DLinéa,aS =1 Ltimé?1e-u1m
conditions. Start: [V Measure ¥: YES
Stop: 5 Range ' Best Fixed
Step: 01V Compl: 0,14
Points: 51
Output Values button: ity SM”3 = s GNDU v
Click to set export Output FORCE g MEASLIRE FORCE MEASURE |
Values for this test to the Step ¥ [Master) Measure |: NO Comman: Ch Measure | = NA
Subsite Data sheet. Start: 24 Measure ¥ YES L Measure ¥ = N&
Stop: B Range': Best Fix
Step: 1Y Compl: 0.14
Points: 4
Source SMU1
FORCE MEASLIRE
Bias V: OV Measure |: NO
Measure ¥ NO
Compl: 0.14
l& wgid-1x..)

\

Instrument-selection combo box:
Assigns a Model 4200-SCS instrument to
this device terminal.

Schematic of the device
being tested by this ITM.

FORCE MEASURE button:
Click to configure the selected instrument.

Instrument object:
Displays a summary of the settings for the instrument object.

Workspace window tab:

When workbook mode is enabled (per “Specifying environment
preferences” later in this section), each project-plan component
window that is active in the KITE workspace can be accessed quickly
by selecting its Workspace window tab.

For details about defining and configuring an ITM, refer to “Configuring the Project Plan ITMs” later
in this section.
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Defining a UTM

A UTM is defined using the UTM Definition tab (displayed by double-clicking on the UTM name in
the Project Navigator). Figure 6-5 illustrates and explains the UTM Definition tab (Figure 6-5
defines the res_drain-to-source UTM, one of the UTMs in the example Project Plan that was
shown in Figure 6-2 and Figure 6-3).

Figure 6-5
UTM Definition tab
Sheet tab:
Numerical test and analysis results
and test settings. Status tab:
Testf_defmtl_non ?ntd User modules combo box:
Formulator: Graph tab: contiguration status. Test module selection for the UTM.
Mathematical Graphical test
test results and analysis results.

S User libraries combo box:
analysis tool. Test library selection for the UTM.

/

» \J | Vg
Definitign l Sheet ] Graph ] Status] / /
i User Libraries: |Matrixulib r j
Output Values button: - Output Values | - User Modules: | ConnectPins Y =l
Click to set export Outpuf/
Values for this test to the I 1
Subsite Data sheet. Name In/Out Type Value T =]
1 Opendll Input INT 1 ] =
2 TermldStr Input CHAR_P St
3 Fin1 Input INT 3
4 TermldStr2 Input CHAR_P ShU2
5 Pin2 Input INT 4
6 TermldStr3 Input CHAR_P S
7 Pin3 Input INT 5
8 TermldStrd Input CHAR_P Skl \
9 Pind Input 4 NT 0 hd
T \ |
MODULE: ConnectPins e’
DESCRIPFTION:
;l:;_é;_u_\;;;_;h\l module allows you to control T switch
matrix. ¥ou can connect the instrument terminals to one or
more DUT pins. If the DUT pin number is less ghan 1, then
that connection is ignored (not performed), erwise the
specified instrument is connected to the desifed DOT pin
Tf you wish to connect an instrument to morefthan one DOT
pin, may specify that instrument terminal again in the
parameter list.
If the OpenAll parameter is 1, then all 1L g ey matTix
connections are d:arufl before =w connections.
If the OpenAll parameter is 0 (zero], r_h WO matTis B
Il / \ /

"B comnectii@n / / \ /

|

Cell display edit box:
Displays contents of selected cell
and allows data entry.

Parameter identity cells:
Spreadsheet-like cells where the test-module
parameter names and data types are specified.

Documentation area:

Displays important information

about the test module. Parameter entry cells:

Spreadsheet-like cells where the user enters test

Workspace window tab: parameter values.

When workbook mode is enabled (per Specifying
environment preferences), each Project-Plan component
window that is active in the KITE workspace can be
accessed quickly by selecting its Workspace window tab.

A UTM is created and configured by selecting a user library and user module and then entering
parameter values. For details about defining and configuring a UTM, refer to “Configuring the
UTMSs” later in this section.
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Figure 6-6

Viewing ITM or UTM results numerically: The Sheet tab Data worksheet

Two other tabs that are accessible from an ITM or UTM window display data and data-analysis
results. One of these, the Sheet tab displays the data numerically on the Microsoft Excel-
compatible Data worksheet. Figure 6-6 shows a Sheet tab Data worksheet containing data
generated by the “vds-id” ITM, one of the ITMs in the example Project Plan that was shown in

Figure 6-2 and Figure 6-3.

Sheet tab Data worksheet

Definition ~ Sheet |Graph| Statusl

Formulas: I j Save Az |
A B C D E F G -
1 |DrainCurrent DrainVolt(1) |GateVolt{1) |DrainCurrent DrainVolt(2) GateVolt(2) |DrainCurrentD
2 2.69733E-11| 0.00000E-01| 2.00000E+00) 2.35055E-11) 0.00000E-01| 3.00000E+00) 2.48573E-11) C
3 5.59179E-04 | 1.00000E-01 2.00000E+00) 1.25070E-03) 1.00000E-01| 3.00000E+00) 1.56022E-03) 1
4 1.65599E-03) 2.00000E-01 2.00000E+00) 2.45347E-03) 2.00000E-01) 3.00000E+00) 3.07960E-03) =
H] 2.392495E-03 3.00000E-01 2.00000E+00) 3.61199E-03 3.00000E-01| 3.00000E+00) 4.56253E-03) =
6 3.06545E-03 4.00000E-01| 2.00000E+00) 4.71752E-03 4.00000E-01| 3.00000E+00) 5.99535E-03) 4
7 3.68147E-03 5.00000E-01| 2.00000E+00) 5.77335E-03 5.00000E-01) 3.00000E+00) 7.321429E-03) £
8 4.23041E-03| £.00000E-01 2.00000E+00) 6.77790E-03 5.00000E-01)3.00000E+00) 8.73960E-03) £
9 4.71815E-03| 7.00000E-01| 2.00000E+00) 7.73332E-03 7.00000E-01) 3.00000E+00) 1.00452E-02) 7
10 | 5.14285E-03) 5.00000E-01) 2.00000E+10| 5.63255E-03) 5.00000E-01| 3.00000E+10| 1.12995E-02 £
11 | 5.50827E-03) 9.00000E-01) 2.00000E+10) 9.47832E-03) 9.00000E-01| 3.00000E+10| 1.25073E-02) &
12 | 5.81830E-03 1.00000E+00| 2.00000E+00) 1.02721E-02| 1.00000E+10| 3.00000E+10| 1.36621E-02 1.
13 | 6.07518E-03) 1.10000E+0| 2.00000E+10| 1.10084E-02 | 1.10000E+10| 3.00000E+10| 1.47774E-02| 1.
14 | 6.28476E-03) 1.20000E+10| 2.00000E+10) 1.16913E-02 | 1.20000E+10| 3.00000E+10| 1.58351E-02 1.
15 | 6.45256E-03) 1.30000E+10| 2.00000E+10) 1.23199E-02 | 1.30000E+10| 3.00000E+10| 1.68412E-02 1.
16 | 5.58471E-03) 1.40000E+10| 2.00000E+10| 1.28972E-02| 1.40000E+10| 3.00000E+10| 1.77992E-02 1.
17 | 6.68605E-03 ) 1.50000E+00| 2.00000E+10) 1.34201E-02 | 1.50000E+10| 3.00000E+10| 1.87017E-02 1.
18 | 6.75269E-03) 1.60000E+10| 2.00000E+10) 1.38916E-02 | 1.60000E+10| 3.00000E+10| 1.95622E-02 1.
19 | 6.81920E-03) 1.70000E+J0| 2.00000E+10) 1.43145E-02| 1.70000E+J0| 3.00000E+10| 2.03532E-02 1.
20 | G.56246E-03) 1.80000E+00) 2.00000E+00) 1.46851E-02) 1.80000E+00) 3.00000E+00) 2. 10999E-02 1.
21 | B.89466E-03 1.20000E+00) 2.00000E+00) 1.50178E-02 ) 1.20000E+00) 3.00000E+00) 217257E-02) 1.
22 | B.S1952E-03 2.00000E-+00) 2.00000E+00) 1.53037E-02) 2.00000E+00) 3.00000E+00) 2. 24406E-02 2.
23 | G.54024E-03 2. 10000E-+00) 2.00000E+00) 1.55508E-02) 2. 10000E+00) 3.00000E+00) 230381602 2.
24 | B.95734E-03 2.20000E+00) 2.00000E+00) 1.57602E-02 2. 20000E+00) 3.00000E+00) 235848602 2.
25 | B.A7Z0E-03) 2.30000E-+00) 2.00000E+00) 1.59371E-02 2.30000E+00) 3.00000E+00) 2. 40841E02 2.,
4| [\ Data A Cale A Seffings / 4] | Ll_‘
IE vasiami@n |

Note that the Workspace window tab at the bottom of the Sheet tab Data worksheet identifies the

ITM that generated the data.

For more information about the Sheet tab, refer to “Displaying and analyzing data using the Sheet

tab” later in this section.
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Viewing ITM or UTM results graphically: The Graph tab

The Graph tab displays user-specified data graphically in a user-specified format. A pop-up menu
(displayed when the Graph tab is displayed, by right-clicking on the Graph tab or selecting
Tools — Graph Settings) accesses configuration parameters for the plot.

Figure 6-7 shows a Graph tab containing data generated by the “vds-id” ITM, one of the ITMs in
the example Project Plan that was shown in Figure 6-2 and Figure 6-3.

Figure 6-7
Graph tab
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o
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Note that the Workspace window tab at the bottom of the Graph tab identifies the ITM (or UTM)
that generated the data.

For more information about the Graph tab, refer to “Viewing data using the Graph tab” later in this
section.
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Developing and using user libraries for UTMs

Developing test modules

A UTM is created and configured by selecting a user library and user module and then entering
parameter values. Keithley provides several user-module user libraries. You can create others to
meet special needs.

A user module is a C-language function (subroutine). A user library is a dynamic link library (DLL)
of user modules that are compiled and linked using the Keithley User Library Tool (KULT). Several
user libraries are provided with the Model 4200-SCS. You can use these as-is, customize them
(possible in most cases), or create completely new ones. Most user modules contain functions
from the Keithley-supplied Linear Parametric Test Library (LPTLib), as well as ANSI-C functions.
All user modules are created and built using KULT.

Figure 6-8 illustrates the KULT programming and definition interface for a user module, in this case
for the RDSon42XX user module, which is located in the Keithley Instruments-supplied
“ki42xxulib” user library.

NOTE RDSon42XX is the user module that is associated with the res_drain-to-source UTM,
one of the tests in the example Project Plan that was shown in Figure 6-2 and Figure 6-3.
It is also the user module that was specified per Figure 6-5. It measures the
drain-to-source resistance of an FET at saturation.
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Figure 6-8
KULT interface overview

File menu: Options menu:

Used to: open Edit menu: Used to: compile the
and close Used to: cut, active module; add/
libraries and copy and update the user module
modules; save, paste; select to the active user library;
copy, and delete  all; undo and hide the module to make
modules; etc. redo. it unavailable to KITE

user.

@ﬂ KULT: Wodule “Bdsond2Z<_c" Libraiy “kidZ2xxulib®.
e Edit Options Help

Library:

Displays
the name

of the
active
library

Module box:
Displays the
name of the
active
module.

Library: kidZnls &

Module: [ RdsondZd
Fieturn Type | int -

Library V|S|ble ﬁ

#include "keithley.h"

int Rdsond4ZXX( double Vg, double WVdl,

double VdZ, int GatePin, int LI

/% Make the connections +/
conpin (SMU1, GatePin, 0);
conpin (SMUZ, DrainPin, 0):
conpin (GND, SMU1L, SMUZL, SourcePin,

/% Force the first point and measure */
forcev (SMU1, Vgl
forcewv (SMU2, Vdl):
measi (3MUZ, Idil):

/% Force the second point and measure +/
forcewv (SMU2, Vdz2):
measi (3MUZ, Idz2):
devint ()
*Rdson =
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/% Clean up and clear the connections and the instrument ¥
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#include "keithley.h™

Return Type combo box:
Used to select the output data
type from one of the following
options: char, float, double, int,
long, void.

Library Visible or Library Hidden display:
Indicates if library is available or unavailable to KITE.
Visibility is controlled via the Options menu.

Apply button (one of two, both of which function identically):
Used to update active module to reflect additions and
changes. Creates new active module when Module name is
changed.

Module-parameter display area:
Displays—only—the includes, defines and function
prototype for the module, to reflect entries in the
Parameters entry tab and Includes entry tab areas.

Module code entry area:
Displays the C-code of the active module and, via its
integral text editor, enables code development and editing.

Terminating brace area:
Shows terminating brace for the module code; automatically
entered when you click either Apply button.

Parameters entry tab area:

Used to do the following for each module I/O parameter:

« Enter the parameter name.

« Select the parameter data type from a list of data types,
data-pointer types, and array types [outputs must always
be pointers (char *, float *, double *, etc., or arrays).

« Select whether the parameter is an input or output (only
selectable for pointers and arrays; others always inputs).
Optionally enter default, max, and min parameter values.

Add and Delete buttons:
Used to add or delete a selected parameter from
Parameters entry tab area.

Apply button (one of two, both of which function
identically):

Used to update active module to reflect additions and
changes. Creates new active module when Module name
is changed.

Status bar:

‘\QHiplays description of window area at cursor location.
Includes entry tab area:

Used to enter the module’s include and define

‘\;”\ statements.
Descriptions entry tab area:

Used to document the active module.

Parameters I Includes Build
MODULE: Rdson4&xx
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Build tab area:

Displays status and error messages for the
Compile and Library Build operations. A
double-click on an error message highlights
the trouble spot in the module code area.
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Creating and using user libraries

Figure 6-9 summarizes and ties together the creation of user libraries, user modules, and UTMs.

Figure 6-9

Creating and using user libraries

Create user module in KULT by:
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user library
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Basic test execution

NOTE If KITE detects an above-normal temperature condition at any SMU, it protects system
outputs by preventing or aborting a run and reporting the condition in the message area
of KITE window. If the condition occurs when a run is attempted, KITE prohibits
execution. If the condition occurs during a run, KITE aborts the run.

Project Navigator Checkboxes

As shown in Figure 6-10, each component of the Project Plan has a checkbox. A check mark in a
box indicates that the test or plan is enabled. The absence of a check mark indicates that the test
or plan is disabled. Clicking a checkbox either inserts a check mark to enable or removes a check
mark to disable. Only enabled (check marked) tests or plans can be run.

There is interaction between the Project Navigator Checkboxes and is explained by the following
actions:

Tests (ITMs and UTMs)

» A check mark can be inserted or removed for any test.

» Inserting a check mark for a test also inserts a check mark for its Device Plan, its Subsite
Plan, and the Project Plan.

Device Plan

* Removing a check mark for a Device Plan also removes the check marks for all its tests.
* Inserting a check mark for a Device Plan also inserts check marks for all its tests.

* Removing the check marks for all the tests in the Device Plan, also removes the check mark
for the Device Plan.

Subsite Plan

» Removing a check mark for a Subsite Plan also removes the check marks for all its Device
Plans and tests.

» Inserting a check mark for a Subsite Plan also inserts check marks for all its Device Plans
and tests.

» Removing the check marks for all the tests in the Subsite Plan, also removes the check
mark for the Subsite Plan.

Initialization and Termination Steps

* Removing a check mark for Initialization or Termination Steps also removes the check
marks for all its UTMs.

» Inserting a check mark for Initialization or Termination Steps also inserts check marks for all
its UTMs.

» Removing the check marks for all the UTMs in the Initialization or Termination Steps, also
removes the check mark for the Initialization or Termination Steps.

Project Plan

» Removing a check mark for a Project Plan also removes the check marks for all its plans
and tests.

* Inserting a check mark for a Project Plan also inserts check marks for all its plans and tests.

* Removing the check marks for all the tests in the project, also removes the check mark for
the Project Plan.
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NOTE Figure 6-16 shows an example of Project Plan structure that shows a mix of enabled and
disabled tests.

Executing an individual test

An enabled test must be selected before it can be run.

Selecting a test

An enabled (check marked) ITM or UTM is selected by clicking the test in the Project Navigator
(see Figure 6-10). The Run Test/Plan button ( B ) turns green to indicate that the test is enabled
and ready to be run. Also, the selected-test name is displayed in the Test/Plan Indicator box
located above the Project Navigator.

The test can also be selected by double-clicking the test in the Project Navigator. The double-click
action places the appropriate ITM or UTM window in the KITE workspace. The ITM and UTM
Definition tabs show the test configurations.! See Figure 6-4 and Figure 6-5.

NOTE Before executing a test for which data must be labeled with a specific site number, refer
to “Assigning a site-number label to individual test and test-sequence data” later in this
section.

Running the test

The selected test is run by clicking the green Run Test/Plan toolbar button ( B ), selecting Run in
the Run menu, or pressing the F6 keyboard key. While the test is running, test data is placed in a
data sheet. ITM data may usually be viewed dynamically, both numerically and, if the Graph tab
has been appropriately configured, graphically (new UTM data may be viewed only at the end of a
test). In the Message area of the KITE window, time stamps indicate start time, stop time, and total
execution time.

NOTE You can also start a test by pressing the F6 keyboard key. You can abort a test by clicking
the red Abort Test/Plan toolbar button, by selecting Abort in the Run menu, or by
pressing the PAUSE/BREAK keyboard key.

For detailed information on running individual tests, see
test sequences” later in this section.

Run’ execution of individual tests and

1. For details on using the ITM and UTM Definition tabs, see "Configuring the Project Plan ITMs", and “Configuring
the UTMs” later in this section.
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Figure 6-10
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Executing an individual test sequence

A test sequence can include all of the tests in a Device Plan or a Subsite Plan. For example, if you
run the “3terminal-npn-bjt” Device Plan in Figure 6-10,

then the ITMs for that plan execute in the following sequence:
vce-ic —» gummel ¥ vcsat

When a Subsite Plan is run, all the tests in that plan execute in the order presented in the Project
Navigator. For example, if you run the subsite_b plan in Figure 6-10, then the tests for that plan
execute in the following sequence:

gummel2 —» vce-ic2 —» vcsat2 —» res4t > move_prober_to_next_site

NOTE Before executing a test sequence for which data must be labeled with a specific
site number, refer to “Assigning a site-number label to individual test and test-sequence
data” later in this section.

A test sequence is run by: 1) enabling (with check marks) the plan or tests that you wish run; 2)
selecting the Subsite Plan or Device Plan in the Project Navigator; and 3) clicking the green Run
Test/Plan toolbar button ( B ), selecting Run in the Run menu, or pressing the F6 keyboard key.

For detailed information on running individual test sequences, see “Run’ execution of individual
tests and test sequences” later in this section.

Executing appended tests and test sequences

With Run execution, described above, there is only one Data worksheet for each specific test.
This Data worksheet contains the data from the last run of the test; each new run updates the
worksheet. KITE also provides Append execution, which generates multiple worksheets for
multiple runs of a specific test, in addition to the Data sheet generated by Run execution. Also, in
the Graph tab, the Append data curves for a test append to (layer on top of) the Run data curves.
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The Append mode may be applied to an entire test sequence (a Device Plan or Subsite Plan) as
well as to a solitary test. Each time the sequence is run, the results of each test in the sequence
appends to the appropriate graph.

Any of the following actions result in an Append execution of a selected test: clicking the green-in-
yellow Append Data toolbar button ( [ ), selecting Append in the Run menu, or simultaneously
pressing the SHIFT + F6 keyboard keys.

For details about the Append mode, refer to “Append execution of tests, test sequences, and
Project Plans”, and “Appending curves from multiple runs on a single graph” later in this section.

Assigning a site-number label to individual test and test-sequence data

If you run an individual test or test sequence at a specific site that must be identified in the data,
then the KITE site-number data label must match the prober site number. This applies particularly
when executing individual tests and sequences at multiple sites on a wafer.? However, it also
applies whenever you want to generate, identify, and retain distinct data files for the test(s).

Just before executing the individual test or test sequence, specify the site-number label for the
collected data via the Site Navigator, using its spin buttons (small arrows). The Site Navigator is
located at the top of the Project Navigator, as shown in Figure 6-14.

For example, before running a test or test sequence at site 3, set the Site Navigator to “3” and
move the prober to site 3. Then, when you run the test or test sequence, each data file that is
generated at site 3 will be labeled with the correct site number (for site labeling conventions, refer
to “Test data file naming conventions” later in this section).

NOTE The Site Navigator does not automatically specify which site a prober moves to. It only
allows you to specify the site-label for the data that is collected when you run a single
instance of a test or sequence of tests.

For details on executing individual tests and test-sequences, refer to “Executing Project Plans,
Subsite Plans, Device Plans, and tests” later in this section.

Executing an entire Project Plan

When a Project Plan is run, all the enabled plans and tests in the Project Plan execute. For
example, if you run the example Project Plan in Figure 6-10, all Project Plan components execute
in order.

Components of a Project Plan are enabled by inserting check marks in the checkboxes for the
plans and tests to be run. A Project Plan is selected to run by clicking the enabled plan in the
Project Navigator (plan name appears above it in the Test/Plan Indicator box). An entire Project
Plan is run by: 1) specifying the site label for the data (refer to “Multi-site setup”) and then; 2)
clicking the green Run Test/Plan toolbar button, selecting Run in the Run menu, or pressing the
F6 keyboard key.

As each individual test runs, the test name appears in the Test/Plan Indicator box. With an ITM
window open in the KITE workspace, you can view the ITM data being placed in its data sheet or
being graphed.

For details on running entire Project Plans, refer to “Run’ execution of Project Plans” later in this
section.

2. To specify site labels when executing entire Project Plans, refer to “Multi-site Project Plan execution” later in this
section.
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Test data

Data for an ITM or UTM is placed into a Microsoft Excel-compatible data sheet and, after axes are
defined, may be graphed. The Sheet tab Data worksheet and the Graph tab graphing tools are
accessed in the KITE workspace by: 1) double-clicking the test name in the Project Navigator to
open the ITM or UTM window; and then 2) clicking the Sheet or Graph tab.

Data analysis and graphing tools

Graph and Sheet tabs: Clicking the Sheet tab displays the Data worksheet; clicking the Graph
tab displays the graph. Figure 6-11 shows typical Sheet and Graph tabs for a test (in this case for
the example Project Plan “vds-id” test). While an ITM is running, you can watch the data populate
the data sheet or graph.

Figure 6-11
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For detailed information on using the Sheet and Graph tabs, refer to “Displaying and analyzing
data using the Sheet tab” and “Viewing data using the Graph tab” earlier in this section.

Graph tools: An assortment of graph tools is available to modify the graph characteristics, such
as scale, axis properties, zoom view, legends, title, and comments. You can also save the graph
as a bitmap (.bmp) file. With the graph displayed in the KITE workspace, open the graph menu,
Figure 6-12, by right-clicking on an open area of the graph.

For detailed information on using the graph tools, see “Viewing data using the Graph tab” later in
this section.
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Figure 6-12
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Formulator: Test data can be manipulated via user-defined formulas. When a formula is defined,
the results are automatically added to the Data worksheet of the Sheet tab and may be selectively
added to the Graph tab. To open the Formulator, click on the Formulator button in the Definition
tab for the selected test.

For detailed information on the Formulator, refer to “Analyzing test data using the Formulator”
later in this section.

Test data files

The data in the data sheet for each test is stored as a Microsoft Excel-compatible (.xIs) file. This
file is named and stored as described in the next two subsections (refer also to “Test data file
naming conventions” later in this section).

Data file name

A file name is composed from the following:
* Atest name: the ITM or UTM name.

* A Unique IDentifier number (UID). When a test is inserted into a Project Plan the first time, it
is assigned UID #1. For every additional instance of a same-named test in the Project Plan,
the UID number is incremented. Therefore, the second occurrence of that test is assigned
UID #2, the third is assigned UID #3, etc.

» A site number (refer to “Multi-site Project Plan execution” later in this section).
For example, data from the “vds-id” test in the example Project Plan is named as follows:
e vds-id#l@l.xls
where:
+ vds-idis the test name.
* #1 is the UID number.
» @1 denotes the site number at which the test was executed.
» .x1s is the extension for an Excel file.

NOTE See Figure 6-15 for a graphical representation of data file names.
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Data file location
By default, test data files are stored on the Model 4200-SCS hard disk in the following directory:3

e (C:\S4200\kiuser\Projects\<ProjectName>\tests\data
For example, the following path accesses the “vds-id” test data file for the example project:
e (C:\S4200\kiuser\Projects\example\tests\data\vds-id#1@1l.x1ls

For more information on test data file structure, refer to “Tests subdirectory” later in this section.

Multi-site Project Plan execution

For multi-site Project Plan execution, all tests in the entire Project Plan are repeated for a series of
wafer sites.

Multi-site setup

Multi-site execution is configured from the KITE Project window. This Project window is placed in
the KITE workspace by double-clicking the project name in the Project Navigator. Figure 6-13
shows the KITE Project window for the example Project Plan.

Figure 6-13
Multi-site execution setup
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single site, OR if the Model 4200-SCS is not connected to a semi-automatic
prober and/or the Project Plan does not contain a probe-step UTM, enter here
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Apply |
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3. You can also set up alternate user directories, including personal directories such as C:\S4200\YourName that
include C:\S4200\YourName\Projects\<ProjectName>\.
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CAUTION In the Project window, do not change the settings on the Project Initialization
Steps and/or Project Termination Steps checkboxes. They are to be used only
when building or modifying a Project Plan. Typically, UTMs under
InitializationSteps and TerminationSteps in the Project Plan perform such
tasks as external instrument initialization and prober setup and parking.
Unchecking Project Initialization Steps and/or Project Termination Steps
checkboxes, and then clicking Apply, deletes the UTMs. Checking these
checkboxes does not add UTMs.

Specify the Start Execution at Site and the Finish Execution at Site numbers as explained in
the callouts of Figure 6-13. Finish Execution at Site must be less than or equal to Number of
Sites, which specifies the maximum number of sites that can be tested. Apply these specifications
to the Project Plan by clicking Apply.

NOTE As described in Figure 6-13, you must specify, in the Project window, the site-number(s)
with which collected data is to be labeled. Before execution, you must also independently
position the prober such that the first site to be evaluated on the wafer is identical to the
first site that is specified in the Project window. This requirement applies whether you use
a manual or semi-automatic prober and whether you evaluate one site or several.

If you use a semi-automatic prober, understand that a KITE probe-step UTM only triggers
movements that are already programmed in the prober controller. Each execution of the
UTM advances the probe to the next site in this programmed sequence. Site numbers are
not communicated between the prober and KITE. Therefore, if you evaluate multiple
sites, the range of site numbers that you specify in the KITE Project window must agree
with the sequence of site numbers in the prober-controller program.

Multi-site execution

A multi-site test sequence is selected to run by clicking the Project Plan name in the Project
Navigator (Project Plan name appears in the Test/Plan Indicator box). The test sequence is started
by clicking the green Run Test/Plan toolbar button or selecting Run in the Run menu.

Figure 6-14 shows the test sequence for the example Project Plan, which is configured to test five
sites. At the start, the InitializationSteps are performed, and then the two Subsite Plans are
executed for site 1. Then the prober moves to site 2, and the two Subsite Plans are executed
again. This move prober = run Subsite Plans process repeats for sites 3, 4, and 5. After the
second Subsite Plan is finished at site 5, the TerminationSteps park the prober.
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Figure 6-14
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Multi-site test data

A set of data is generated for each of the selected sites. For example, five sets of data (one for
each site) are generated for the example Project Plan test sequence shown in Figure 6-14. This
subsection explains the following:

+ Naming of the Excel-compatible data files (refer also to “Test data files”).

+ Using the Site Navigator and Project Navigator to view the data collected at any site (the
Site Navigator is located just above the Project Navigator, as shown in Figure 6-14).

Test data file naming conventions

If the Workbook environment mode is enabled (refer to “Specifying environment preferences” later
in this section), the Workspace window tab at the bottom of an ITM or UTM window indicates:

1) the name of the ITM or UTM; 2) its UID (Unique IDentifier) number; and 3) the site number
where the data was collected. For example, in the Workspace window tab at the bottom of the
Sheet tab and Graph tab is labeled vds-id#1@1. The “vds-id” is the ITM name, the #1 indicates
a level-1 UID (Unique Identifier) number, and the @1 indicates that the data was collected at site
1.

Figure 6-15 illustrates naming of a specific test data file (in this case, for an ITM, but equally
applicable for a UTM).
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Figure 6-15
Workspace-window tab name and data file name format
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All data that is generated by a test is stored in a file having the same naming convention as for an
ITM/UTM Workspace window tab, except for the addition of an .xIs (Microsoft Excel) file
ex-tension. See Figure 6-15. Again, the name is made up of the test name, the UID number and
the site number. The file name vds-i1d#1@5.x1s indicates an Excel-compatible data file for the
vds-id ITM having UID number 1 that was generated at site number 5. If the Project Plan
contained second and third instances of the “vds-id” ITM, their respective UID numbers would be
2 and 3, and their site 5 data files would be labeled vds-id#2@5.x1s and vds-1d#3@5.x1s.
Figure 6-15 also shows the source of the information on the Workspace window tab.

Test-data viewing, using the Site Navigator to specify site numbers

Use the Site Navigator to locate data to be viewed, specifying the site at which the data was
collected. For example, to view data for an ITM that was executed at site 5, first set the Site
Navigator to 5, and then double-click the ITM in the Project Navigator. When the corresponding
ITM window opens, then display the Sheet tab or Graph tab by clicking it. You need not wait for a
test sequence or Project Plan execution to finish before navigating test data via the above
procedure. You can select and view data sheets and graphs for any ITM at any site in real time, as
the data is being acquired. The test name for the executing test, including UID number and site
number, displays in the Test/Plan Indicator box.

For details on viewing test data, refer to “Displaying and analyzing test results” later in this section.
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Understanding KITE

The Keithley Interactive Test Environment (KITE) is the main software component of the KTE
Interactive software tool set. KITE is the primary user interface for the Keithley Model 4200-SCS
Semiconductor Characterization System. KITE is a versatile tool that facilitates interactive
characterization of an individual parametric test device or automated testing of an entire
semiconductor wafer.

Two additional KTE Interactive software tools augment the capabilities of KITE, as follows:

» The Keithley User Library Tool (KULT) is used to create test modules programatically, using
the C programming language. These test modules can then be executed by KITE.

» The Keithley CONfiguration utility (KCON) is used to manage the configuration and
interconnections between all of the test system components that are controlled by KITE.

A fourth KTE Interactive software tool, the Keithley External Control Interface (KXCI) allows the
Model 4200-SCS to be controlled remotely by an external GPIB controller.

NOTE KXCI and KITE are mutually exclusive software tools. That is, KXCI and KITE cannot run
simultaneously.

Beginning with KTE Interactive 6.0, two optional KTE Interactive tools have been added:

» The Keithley Pulse tool (KPulse) is a virtual front panel software application used to control
the optional pulse generator cards. The dual-channel pulse generator cards are integrated
inside the Model 4200-SCS mainframe.

» The Keithley Scope tool (KScope) is a virtual front panel software application used to control
the optional scope card. The scope card is a dual-channel Digital Storage Oscilloscope
which is integrated inside the Model 4200-SCS mainframe.

NOTE Although KScope and KPulse can be launched at the same time as KITE, KScope/
KPulse and KITE cannot communicate with hardware simultaneously.

Project defined

Users interact with KITE in the context of project. A project specifies the start-to-finish, repetitive
and nonrepetitive actions and test locations involved in evaluating a semiconductor wafer (or other
collection of circuits). Projects are both created and executed using the KITE graphical user
interface.

NOTE Refer also to “Project Plan” later in this section. The term “project” is sometimes used to
refer to a “Project Plan.”

Project components

Because KITE is most valuable for automatic characterization of semiconductor wafers, KITE
projects are organized in a manner consistent with the organization of a modern semiconductor
wafer. A project visits and evaluates locations on the wafer in the following logical hierarchy:

* Project
» Sites
¢ Subsites
¢ Devices
* Tests
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These are the primary components that make up a project. Two other components, intitialization
steps and termination steps, are discussed under “Project structure” later in this section. These
components are defined contextually in the next subsections.

Sites

At the macroscopic level, one or more semiconductor dies are built up at a given wafer location.
This location is comprised not only of end product dies, but usually has one or more parametric
test structures or subsites. KITE refers to such a repeating pattern of dies and test structures as a
site.

Subsites

The terminals of each device on a test structure are connected to a uniformly spaced series of
contact pads. These pads are used to connect the devices to the probes of a prober. Every wafer
location that the prober moves to and contacts at any one time is called a subsite, sometimes
referred to as a Test Element Group or TEG.

The Model 4200-SCS-hardware/KITE software combination was optimized to evaluate test
structures, though it can be effectively used to evaluate dies and discrete components. KITE refers
to each such test structure (or combination of test devices that are tested as a group) as a subsite.

Devices

As described in context under “Sites,” each test structure contains a series of devices to be
characterized: transistors, diodes, resistors, capacitors, etc. A switch matrix is used to connect the
Model 4200-SCS sequentially if the SMUs cannot be connected to all devices simultaneously.

A device is also referred to as a test element, because subsites are often referred to as test
structures or Test Element Groups (TEGs), which are composed of devices.

Tests

Once the test device is in position, KITE automatically conducts one or more specified tests for
each device on the test structure. Each test generates data and, if desired, parametric curves. A
test includes the following for each terminal of a device:

» The desired voltage or current forcing functions (stimuli).
* The desired voltage or current measurements.
» The associated data analyses and parameter extractions.

The combination of forcing functions and measurements is referred to as the test definition.

There are two classes of tests or test modules in KITE: Interactive Test Modules (ITMs) and User
Test Module (UTMs). Both ITMs and UTMs share common data analysis functions, such as a
Microsoft Excel-compatible data sheet and a real-time graph tool. Key differences between ITMs
and UTMs include the following:

* Interactive Test Module (ITM): An ITM allows the user to define a test interactively via a
graphical user interface.

* User Test Module (UTM): A UTM is defined via the programming of its connected KULT
created user module, but allows the user to configure key test parameters via a graphical
user interface.

Differences between ITMs and UTMs were discussed in more detail under “Overviewing KITE”
earlier in this section.
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Project structure

The

entire series of operations of a project is structured in a hierarchical order that is determined

by the Project Plan. Similarly, at lower levels in the hierarchy, the series of operations that is
performed at each site, subsite, and device is determined by a Site Plan, Subsite Plan, or Device
Plan. Each plan level is discussed individually below.

Project Plan

The

following operations may be included in the Project Plan.

Initialization of the project.
Prober movement between project sites and subsites.

If necessary, cycling electrical connections from the Model 4200-SCS between the devices
of a subsite, using switch matrices.

Execution of the tests for each device at each subsite.
Termination of the project.

Figure 6-16 illustrates the hierarchy of an example Project Plan.

Figure 6-16

Project Plan hierarchy

Project

Project
— initialization
steps

Setup routine(s) [UTM(s) only]
V] Subsite A
L@ Device 1
—[v] Testa (ITM or UTM)
—[V] Testb (ITM or UTM)
L] Test ¢ (ITM or UTM)
[ Test d (ITM or UTM)
V] Test e (ITM or UTM)

+—[V] Device 2

—[v] Test f (ITM or UTM)

| [v] Test g (ITM or UTM) NOTE

L[] Test h (ITM or UTM) In this example, the following tests are disabled (check

Device 3 marks removed from the Project Navigator Checkboxes):
I evice
) Subsite A, Device 1 —Tests ¢ and d are disabled.
Testi (ITM or UTM) Subsite A, Device 4 — All tests (j and k) are disabled.

'—[] Device 4 Subsite B, Device 4 — Test m is disabled.

. Subsite B, Device 5 — All tests (p and q) are disabled.
— [ Test j (ITM or UTM)

L—[] Test k (ITM or UTM)
——[V] Subsite B

Device 4

L Test | (ITM or UTM)
[ Test m (ITM or UTM)
V] Test n (ITM or UTM)
—[V] Test o (ITM or UTM)
[] Device 5

[ Testp (ITM or UTM)
L[] Test g (ITM or UTM)

Project
— termination
steps

Termination routine(s) [UTM(s) only]
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The active Project Plan is displayed in the KITE Project Navigator, which is the window displayed
at the left of the KITE main screen. See Figure 6-17. The Project Navigator provides the following:

» Displays the Project Plan structure/hierarchy.

» Allows point-and-click opening of configuration screens and menus for each of the
individual Project Plan components.

» Allows point-and-click selection of where Subsite Plans, Device Plans, and tests are to be
added to or deleted from the Project Plan.

» Allows point-and-click control of the Project Navigator Checkboxes. Plans and tests are
enabled to run by inserting check marks in the checkboxes. Removing check marks
disables plans and tests (see NOTE in Figure 6-16).

» Allows point-and-click selection of individual Subsite Plans, Device Plans, or tests,
exclusive of other parts of the Project Plan.

The combo box labeled Site directly above the Project Navigator is the Site Navigator. The Site
Navigator does the following:

+ Determines the site that newly acquired data will be assigned to when the Run button is
clicked.

» Allows a site to be selected manually via the spin buttons (the arrows at the right side of the
Site Navigator edit box).

Figure 6-17 shows the Project Navigator and Site Navigator for a Project Plan called example. The
example Project Plan has the same structure as illustrated in Figure 6-16. Note that the Project
Plan name is displayed above the Site Navigator in the Test/Plan Indicator box.

Figure 6-17
Example Project Plan, as displayed in the Project Navigator
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- WL Fterminal-npr-bit2
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= }"’\,{ A-wireresistor
CILE resdt
@ move_prober_to_nest...
] £ TeminationSteps
@ park_prober

‘\ Project Navigator

1
I3
RRRPRRRRRE

AU P Y

Lower-level plans within this hierarchy are discussed in “Project structure” later in this section.
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Initialization and termination steps

If the Project Plan is to be initialized and terminated automatically, initialization and termination
steps are added. For example, initialization steps might be used to move a prober to a starting site
and subsite or to initialize switch matrix connections to a starting configuration. Termination steps
might be used to park a prober at a standby position, etc.

Two distinct features distinguish initialization and termination steps from other elements of a
Project Plan, as follows:

* Aninitialization or termination step is executed only at the Project Plan level, and only once
at the beginning or end of the Project Plan. That is, initialization and termination steps are
ignored as a Project Plan cycles between sites.

*  Only UTMs are used for initialization and termination steps.
Figure 6-18 highlights how initialization and termination steps are displayed in the Project

Navigator. Note that the selected initialization or termination step is also displayed above the Site
Navigator in the Test/Plan Indicator box.

Figure 6-18
Display of initialization and termination steps in the Project Navigator
H Project Initialization Plan: InitializationSteps H
S| S|
Site: |ﬁ B Site: |1 B
Project Tree | uin | Project Tree | uin |
o s : S s :
L[ e 1 e e~ W
B-3F subsite_a 0
. AR dteminabndet 1 - —
wds-id 1 L vesar2 |
wgs-id 1 B dwieresistor 1
:Sg‘vt 1 g :;j:a prober_to_next, ]\
-\ igva LN e
o -ﬁ‘%enﬁz;fﬁ:i::t-muwe 1 = 11"1@ palk_prsnher ?
[ e i I
Site Plan
A Site Plan includes all of the Subsite Plans, Device Plans, and tests of the project. All sites are
assumed to be identical. That is: 1) each site has the same type and number of subsites; and 2)
sites are repeated across the wafer. The number of sites to be visited, typically by a prober, is
specified in the Project window. The locations of sites to be visited are typically defined by the
prober’s software. However, the commands that initiate prober movement are defined by one or
more prober-movement UTMs (as highlighted later in Figure 6-27).
No sites are displayed on the Project Navigator tree. Instead, the Test/Plan Indicator box displays
the site number of the site currently being visited (as well as the test name and UID number) using
the same coding as described under “Test data file naming conventions” earlier in this section. See
Figure 6-19.
Figure 6-19

Active test and site number display in the Test/Plan Indicator box

JJ Interactive Test Module: vds-idit1@1
=l

Test/Plan Indicator box

Site: | (Note: The site number displayed here does not reflect the site
=-=f5 example number that is displayed in the Site Navigator, unless an individual
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CTE setpt test or test sequence is being executed. For more information, refer
B3 subsite_a to “/Run’ execution of individual tests and test sequences.”

E— terminal-n-fet
e MR weedeaid
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Each time the prober visits a new site, the Test/Plan Indicator box updates and displays the
number of the new site.

Figure 6-20 illustrates the following for a Project Plan that visits five sites:

+ Initialization of the Project Plan.
* Movement through the site plan.

* Repetition of the site plan each time it reaches move_prober_to_next_site, for a total of
five repetitions.

» Update of the site number, in the Site Navigator, after each site plan repetition.
» Termination of the Project Plan after the fifth site plan repetition.

Figure 6-20
Movement through the example Project Plan and repetition of the site plan
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Subsite Plan

A Subsite Plan is a collection of Device Plans and their associated tests. Figure 6-21 highlights
how a Subsite Plan is displayed in the Project Navigator. Note that the name of the selected
Subsite Plan is also displayed at the top of the Project Navigator in the Test/Plan Indicator box.

UTMs are required to automatically initiate prober movement between subsites and close matrix

channels between devices.

Figure 6-21
Subsite Plan example in Project Navigator
 sopste pron: subsite s |
]
Site:h -

Project Tree

= example
Elfé InitializationSteps
setupl
subsite_s
. 2-4E dteminalndet
Lo vdeid
oM vgsid
Lo E i

A Subsite Plan is associated with a Subsite Plan window, which facilitates adding, removing, and
rearranging subsite Device Plans (described in the next subsection). A Subsite Plan window also
allows you to submit Device Plans to a library. To open a Subsite Plan window, double-click on the
subsite on the Project Navigator. Figure 6-22 shows the Subsite Plan window for subsite_a of the

example Project Plan.

Figure 6-22
Subsite Plan window

Sequence | Subsite Setup | Subsite Data | Subsite Graph |
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Subsite cycling

NOTE For details on subsite cycling, see “Subsite cycling” later in this section.

Subsite cycling allows you to repeatedly cycle through the subsite tests. There are three modes of
subsite cycling: Cycle Mode and Stress/Measure Mode.

Cycle Mode: For the Cycle Mode, the subsite plan is repeated (cycled) a specified number of
times. The collected data for each cycle are stored in the data Sheet tabs for the individual ITMs
and UTMs. Measured readings (called Output Values) from individual ITMs and UTMs can be
exported into the Subsite Data sheet tab and graphed in the Subsite Graph tab (Output Values
versus cycle index).

Stress/Measure Mode: The Stress/Measure Mode integrates stressing with subsite cycling for
testing. The first cycle is stress-free. For each subsequent cycle, the devices in the subsite plan
are stressed with voltage or current for a specified period of time. After the stress period expires,
the tests in the subsite plan are run.

Like the Cycle Mode, Output Values can be exported from ITMs and UTMs into the Subsite Data
sheet. Listed in the data sheet is the % Change between each post-stress reading and the
corresponding pre-stress reading. For device degradation evaluation, Output Values can be
assigned as Targets (in %). When all the targets for a device are reached, then that device will no
longer be tested in subsequent cycles. When using Targets, the subsite plan will abort when all
Targets are reached or the specified number of cycles are completed.

Graphs for collected Subsite Plan data are plotted in the Subsite Graph tab (Degradation versus
stress time).

Segment Stress/Measure Mode: This mode is similar to the standard Stress/Measure Mode, but
is perfomed using Segment Arb waveforms for stressing.

Device Plan

A Device Plan includes the name of a device and the collection of tests to be performed on the
device. Figure 6-23 highlights how a Device Plan is displayed in the Project Navigator. Note that
the name of the selected Device Plan is also displayed at the top of the Project Navigator in the
Test/Plan Indicator box.

Figure 6-23
Device Plan example in Project Navigator
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A Device Plan is associated with a Device Plan window, which facilitates adding, removing, and
rearranging of ITMs and UTMs (described in the next two subsections). A Device Plan window
also allows you to submit ITMs and UTMs to a library. To open a Device Plan window, double-click
on the subsite on the Project Navigator. Figure 6-24 shows the Device Plan window for the
4terminal-n-fet device of the example Project Plan.

Figure 6-24
Device Plan window
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ITM (Interactive Test Module)

ITMs are parametric tests that are easily configured via a friendly graphical user interface. Double-
clicking a typical ITM displays a schematic of the device to be tested and, at each terminal, an
instrument object appears. No programming is necessary. KITE comes with a library of ITMs for
commonly used devices, including transistors, diodes, resistors, capacitors, etc. However, within
the constraints of the available forcing and measurement functions, existing ITMs may be modified
without programming to create a large variety of custom tests.

In Figure 6-25, one of the ITMs of the example Project Plan is shown selected. Note that the name
of the selected ITM is also displayed at the top of the Project Navigator in the Test/Plan Indicator

box.
Figure 6-25
ITM (Interactive Test Module) displayed in Project Navigator
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Figure 6-26

Figure 6-26 displays a typical ITM Definition tab that opens when an ITM in the Project Navigator
is double-clicked. An ITM Definition tab interfaces the user to a variety of configuration tools. Its
features include the following:

* Provides for internal instrument selection for each device terminal.
» Displays test settings, for each device terminal.

» Leads to a variety of windows, screens, menus, etc. used to configure forcing and
measurement functions, test timing, data filtering, and data analysis.

The Definition tab is just one of four primary interfaces available for each ITM (along with several
secondary interfaces). The other primary interfaces are the Sheet, Graph, and Status tabs. Sheet
and Graph tabs allow you to configure and display tabular and graphical test results. A Status tab
reports the test’s configuration status.

Typical ITM window, which accesses the Definition, Sheet, Graph, and Status tabs

Defintion | Sheet | Graph | Status |
[Famuor|  Timng | Exit Condtions | OutputValues | Speed: [Nomal _+] Mode
Drain SMU2 =
FORCE MEASURE |
Sween (Master]  Measurs | YES
Type: Linear Ltdbuta: 1e-070&
Stant 0V M sasrs - YES
Stop: BV Range \: Best Fived
Stepr D 1% Compk 014
Paints: 51
Gate SMU3 - I Bulk GNDU -
FORCE MEASURE | FORCE MEASURE |
Step ¥ [Master] Meastre |- NO Comman: 0 Measure | = ME.
Start: 2 Measure . YES Measure ¥ = NA
St Y Range V- Best Fixed
Step: 1V Compl: 0.14
Foirts: 4
Source SMUT =
FORCE MEASURE |
Bims W [ Meastis | NO
MeasureV: NO
Compk 014

For detailed information about defining and configuring ITMs, refer to “Configuring the Project Plan
ITMs” later in this section.

UTM (User Test Module)

A UTM is a user-named test module that connects to, configures, and runs a KULT created user
module: a dynamic link library (DLL). UTMs may be used to run special parametric tests that
cannot be performed with existing ITM functions. Additionally, UTMs may be used to manipulate
instrumentation that is external to the Model 4200-SCS. For example, a prober, a C-V meter, a
pulse generator, or a switch matrix can be manipulated using a UTM. A UTM can be inserted into
a Project Plan in much the same way as an ITM.

A completely new UTM is created by first inserting it into a Project Plan as a name. Then, via UTM
Definition tab, the UTM is connected to a user module and then configured. A UTM Definition tab
allows you to configure certain module input parameters.

Data generated by a UTM is displayed in its own Sheet and Graph tabs. UTM Sheet and Graph
tabs have the same features and characteristics as ITM Sheet and Graph tabs.

KITE includes user libraries containing precoded user modules for several commonly used
external instruments. Additionally, using KULT, you may program custom user-modules in C. KULT
includes a library of C-functions that are specially designed for parametric-tests: the Linear
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Figure 6-27

Parametric Test Library (LPTLib). However, any C routine that can be compiled using KULT may
be used as source code for a user module.

Figure 6-27 shows the Project Plan positions of two types of UTMs. The first,
res_drain-to-source, is a parametric test that measures FET drain-to-source resistance at
saturation. The second, move_prober_ to_next_site, signals a prober to move across a wafer to
the next site to be evaluated. Note that the Project Navigator displays a special icon next to each
UTM, to differentiate it from an ITM. Also note that the name of the selected UTM is displayed at
the top of the Project Navigator in the Test/Plan Indicator box.

UTMs (User Test Modules) displayed in Project Navigator

Figure 6-28
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Figure 6-28 illustrates the Definition tab for the res_drain-to-source UTM in the example Project
Plan. Here the UTM res_drain-to-source has been created by inserting res_drain-to-source as
a name in the Project Navigator and then connecting it to (associating it with) the Rdson42xx user
module. The Rdson42xx user module is a KITE supplied user module that is located in the
Kl42xxulib user library provided by Keithley Instruments.

Definition tab of a typical UTM window

Definition |Sheet | Elaphl Stalusl

User Libraries: Iklexxuhh
Farmulatar

User Modules: |k

T
Name In/Out Type Value =]

1 Wiy Input DOUBLE |2 —

2 w1 Input DOUBLE |3

3 W2 Input DOUBLE |5

4 GatePin Input INT 0

5 SourcePin Input INT 1]

6 DrainPin Input INT 1]

7 BulkPin Input INT 0

8 Id1 Output | DOUBLE P =
4 3
MODULE: Rdsond2sx ﬂ
DESCRIPTION
Measures the drain to source resistance of a saturated MOSFET.
Thiz i accomplished by:

o Connecting SMU1 to the source

o Connecting SMU2 to the drain

o Connecting SMU3 to the gate

o Connecting SMU4 to the bulk. -
il _'lJ

[S] res_drain-to-.. I

For detailed information about connecting UTMs to user modules, refer to “Configuring the UTMs”
later in this section. For detailed information about modifying and managing user modules and
managing user libraries, refer to “Keithley User Library Tool (KULT)” in Section 8.
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Building, modifying, and deleting a Project Plan

A Project Plan, such as the example Project Plan used to illustrate concepts in previous
subsections, is created from a series of building blocks. Most of these building blocks are available
in Keithley-supplied libraries. However, if custom ITMs are needed, they can be created as new
ITMs or by modifying existing ITMs. Custom user libraries can be created using KULT.

This manual approaches Project Plan creation as follows:

1. Building the entire Project Plan structure without regard to ITM and UTM configuration, as
discussed in the following paragraphs.

2. Configuring the ITMs and UTMs after the Project Plan structure is complete, as discussed in
“Configuring the Project Plan ITMs” and “Configuring the UTMs” later in this section.

However, ITMs and UTMs may be configured at any time.

NOTE The pulse generator card and scope card are not supported by ITMs at this time. UTMs
must be used to control the pulse generator cards and scope card. Alternatively, the new
KPulse and KScope applications can be used to interactively control the pulse generator
cards and scope card, respectively.

You can build a completely new Project Plan (from scratch) or modify an existing Project Plan.
Both approaches are presented here, in the following order:

+ “Building a completely new Project Plan” is presented first. Keithley Instruments
recommends reading this section first, because: 1) it systematically covers the insertion of
all Project Plan components; and 2) best relates to the Project Plan structure just discussed.

*  “Modifying an existing Project Plan” is presented next. Keithley Instruments recommends
reading this section second, because most of the needed principles discussed in “Building a
completely new Project Plan” are not repeated. However, the modification approach is
ultimately easier and faster if much of an existing Project Plan can be reused.

Occasionally, you may wish to delete a project plan. “Deleting a Project Plan” describes how to
delete a project plan without using Windows Explorer.

Building a completely new Project Plan

This section leads you through building a new Project Plan in the following order, as illustrated in
Figure 6-29:

1. Specifying initialization and termination steps, if needed.

2. Inserting all the Subsite Plans.

3. Inserting all the Device Plans.

4. Inserting all of the ITMs.

5. Inserting all of the UTMs.

The construction of an example Project Plan called “u_build” is used periodically to illustrate the
process.
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Figure 6-29
Hierarchical Project Plan construction

1st step: Open new Project
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The topic headings for this subsection are as follows:

» "Defining the new Project Plan"
» ‘"Inserting the Subsite Plans"

* "Inserting Device Plans"

* "Inserting the ITMs"

* ‘"Inserting the UTMs"

» "Saving the Project Plan"

Defining the new Project Plan

1. In the File menu, click New Project. The Define New Project window opens, with the default
settings as shown in Figure 6-30.

Figure 6-30
Define New Project window
KITE - Define Hew Project E2
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Environment
Location:
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#-2F Subite 2 — Praject Plan Initialization Steps —
& 0ff  0On
K Create Project — Project Plan Temination Steps —
& 0ff  0On
Ok I Lancel
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2. Configure the Define New Project window to meet the needs of your Project Plan, as
follows:

* Project Name edit box: Enter the Project Plan name, subject to the following rules.

¢ Any combination of alphanumerical characters, dashes, and underscores is allowed,
but no other special characters are allowed.

* No spaces are allowed.

* 260 characters, maximum, is allowed for the following combination: Project Plan
name plus all characters used in any directory path that includes the Project Plan
name.

» Location edit box: Specify the folder where the Project Plan is to be stored.
Keithley Configuration Utility (KCON).

* Number of Sites combo box: Specify the number of sites to be evaluated by the Project
Plan, either by typing in the number of sites or by using the spin buttons.

+ Restore Default Location button: If you change the Project Plan location, click this
button if you wish to restore the default folder as the Project Plan location.

* Project Plan Initialization Steps: Click On if you plan to insert one or more initialization
UTMs at the start of the Project Plan.

* Project Plan Termination Steps: Click On if you plan to insert one or more termination
UTMs at the end of the Project Plan.

Figure 6-31 shows the u_build Project Plan being configured to start with Project Plan

Initialization Steps, to evaluate five sites, and to conclude with Project Plan Termination

Steps. Note that place holders for initialization and termination steps have been added to a

mini-Project Navigator display at the left of the window, and that the Create Project caption

has changed to Create Project with Initialization and Termination Steps.

Figure 6-31
Define New Project window configured for the u_build Project Plan
KITE Define NowProject |
Froject Mame:
Interactive |u_bui|d
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3. Click OK. The Project Navigator appears, reflecting the chosen configuration. See
Figure 6-32.

Figure 6-32
Initial Project Navigator window for the u-build Project Plan
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NOTE After you configure the Define New Project window, the Project Plan, essentially empty,
exists in the selected file location. As you proceed with the construction, you can save the
Project Plan at any time by clicking the Save All toolbar button.

Figure 6-33
Save All toolbar button

I=L- 3=

To close the Project Plan at any time, select Close Project in the File menu. If you did
not save the Project Plan, a dialog box prompting you to save will appear; click Yes to
save.

If you change your mind about a Project Plan component that you insert, you can delete
the component by selecting it and pressing the DELETE key on the keyboard. Keep in
mind, however, that deleting a Device Plan simultaneously deletes all of its tests and that
deleting a Subsite Plan simultaneously deletes all of its Device Plans and tests.

Inserting the Subsite Plans

1. In the Project Navigator, select the Project Plan component below to insert the first Subsite
Plan. For the u_build Project Plan, the appropriate component to select is Initialization
Steps. See Figure 6-34.

Figure 6-34
Selecting where the first Subsite Plan should go
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2. Add a Subsite Plan to the Project Plan as follows:
a. Do either of the following:
¢ In the Project menu, click New Subsite Plan.
* On the Project Plan toolbar, click the Add Subsite Plan button. See Figure 6-35.

Figure 6-35
Add Subsite Plan button

e

The Add New Subsite Plan to Project dialog box appears. See Figure 6-36.

Figure 6-36
Add New Subsite Plan to Project dialog box
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b. Enter the name for the new Subsite Plan, subject to the following rules:

* Any combination of alphanumerical characters, dashes, and underscores is allowed,
but no other special characters are allowed.

* No spaces are allowed.

* 260 characters, maximum, is allowed for the following combination: Subsite Plan
name plus all characters used in any directory path that includes the Subsite Plan
name.

c. Click OK. The Subsite Plan is inserted below the selected component. See Figure 6-37.

Figure 6-37
Inserted Subsite Plan
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3. Leaving the added Subsite Plan selected, insert additional Subsite Plans as needed by
repeating steps 1 and 2. Figure 6-38 shows two Subsite Plans, total, inserted into the
u_build Project Plan.

Figure 6-38
Completed Subsite Plan insertions
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NOTE It is often most convenient to insert components into a new Project Plan sequentially,
from top to bottom by 1) selecting an existing component just above where you want the
new component and 2) inserting the component via the default After selected node
option. This procedure generally reflects that approach. However, where appropriate,
KITE also allows you to insert a new component before a selected existing component,
using the Before selected node option.

Inserting Device Plans

You insert a Device Plan into your Project Plan from the default device library in
C:\4200\kiuser\Devices or an equivalent personal device library such as
C:\4200\YourName\Devices. The devices available in the library include the standard set of
devices that come installed on the Model 4200-SCS, as well as any custom-name devices that you
have submitted (the submittal procedure is discussed under “Submitting devices to a library” later
in this section).

This section describes four scenarios for inserting Device Plans:

» "Inserting Device Plans using the default library name"

» "Inserting a Device Plan using a new name"

* "Inserting multiple instances of a Device Plan using the same name"
» "Inserting multiple instances of a Device Plan using different names"

For illustration purposes, the same type of Device Plan (for a four-terminal n-FET) is inserted in all
scenarios. However, the instructions apply equally to all Device Plans.

NOTE You cannot insert Device Plans under Initialization Steps and Termination Steps in the
Project Navigator.

Inserting Device Plans using the default library name

NOTE You can insert and rearrange Device Plans from the device library via the Subsite Plan
Window (refer to "Adding, rearranging, and deleting Device Plans"). However, the
methods described below are typically easier and faster when building completely new
Project Plans.

Insert a Device Plan using the default name, as follows:

1. In the Project Navigator, select the Subsite Plan component below to insert the first device.
To add the first Device Plan to subsite_a of the u_build Project Plan, the appropriate
component to select is subsite_a. See Figure 6-39.

4200-901-01 Rev. G / March 2007 Return to Section Topics 6-45



Section 6: Keithley Interactive Test Environment (KITE)

Model 4200-SCS Reference Manual

Figure 6-39

Selecting the location for the first library Device Plan in a Subsite Plan
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2. Add the Device Plan to the Project Plan as follows:
a. Do either of the following:
* In the Project menu, click New Device Plan.

* In the Project Plan toolbar, click the Add New Device Plan button as shown in

Figure 6-40.

Figure 6-40
Add New Device Plan button
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¢ The Add New Device Plan to Project window appears. See Figure 6-41.

Figure 6-41
Add New Device Plan to Project window
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b. Inthe Add New Device Plan to Project window, select a new Device Plan from the
default device library. For the u_build Project Plan, the first Device Plan to be added is
a MOSFET Device Plan called 4terminal-n-fet. See Figure 6-42.

Figure 6-42
Selecting a Device Plan
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c. Click OK. The Device Plan is inserted below the selected component. See Figure 6-43.

Figure 6-43
Device Plan inserted using default name
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Inserting a Device Plan using a new name

You may insert any Device Plan anywhere in the same Project Plan under a new name. To insert a
Device Plan using a new name, do the following:

1. Follow steps 1, 2a, and 2b as instructed just above under “Inserting Device Plans using the
default library name” earlier in this section.

To add a second Device Plan below an existing Device Plan, select the existing Device Plan
name in the Project Navigator. For example, to add a new Device Plan below 4terminal-n-
fet in subsite_a of the u_build Project Plan, select 4terminal-n-fet. See Figure 6-44.

Figure 6-44

Selecting locations for the 2nd, 3rd, etc. Device Plans in a Subsite Plan
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2. When the Add New Device Plan to Project window opens, do the following:

a. Select the device to be added. For the u_build Project Plan, 4terminal-n-fet was
selected again for insertion in subsite_a, to illustrate that multiple instances of a given
device are permitted anywhere in the Project Plan if each instance is given a different
name.

In the New Device Name edit box, replace the default name with a new name. For the
u_build Project Plan, the name 4terminal-n-fet was replaced with
4terminal-n-fet_2nd_in_subsite. See Figure 6-45.

Figure 6-45
Selecting and renaming a library Device Plan
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3. Click OK. The Device Plan is inserted below the selected component. See Figure 6-46.
Figure 6-46
Device Plan inserted using a new name
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Inserting multiple instances of a Device Plan using the same name

You may not insert multiple instances of a Device Plan with the same name in the same Subsite
Plan. However, by using device library management you may insert additional instances of a
library Device Plan using the same name in different Subsite Plans, as follows:

In the Project Navigator, double-click the Subsite Plan to open it. From the Sequence tab (see
Figure 6-47) copy the desired device into the Subsite Plan. Figure 6-47 shows the three steps to
copy a second instance of the 4terminal-n-fet into the Project Plan. Figure 6-48 shows the
4terminal-n-fet added to the “subsite_b” Subsite Plan.

Figure 6-47
Using device library management to add a Device Plan
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£ weons | to the Project Navigator
(see Figure 6-48).
Figure 6-48
Device Plan inserted into Project Navigator
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Inserting multiple instances of a Device Plan using different names

If you use a new Device Plan name each time, you may insert multiple instances of a Device Plan
anywhere in the same Project Plan, without restriction. Refer to the procedure above, “Inserting a
Device Plan using a new name” earlier in this section.

Editing the Device Plan insertions

For information on editing your Device Plan insertions, refer to “Adding, rearranging, and deleting
Device Plans” later in this section.
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Inserting the ITMs

The next step, after inserting Device Plans into your Project Plan, is to insert the ITMs and UTMs.
This manual discusses and illustrates ITM insertion before UTM insertion. However, depending on
your needs and preferences, the reverse order of insertion (or a mixed order of insertion) may be
advantageous.

You can insert an ITM into your Project Plan in two ways:

* From scratch: as a completely new, unconfigured ITM to be customized for your
requirements.

* From a test library: as a previously defined and configured ITM, either to be used
essentially as-is or to be customized for your requirements.

Both ways are discussed in the following paragraphs.
CAUTION If you need to insert multiple instances of an ITM under the same name, be

sure to first read “Inserting multiple instances of a library ITM using the same
name” later in this section. Also review Table 6-2 below.

Table 6-2

Shared and unique characteristics for same-named Project Plan ITMs
Characteristics that are shared between all Characteristics that are unique to each instance
instances of a Project Plan ITM having the same | of a Project Plan ITM having the same name. A
name. A change of one instance changes the change of one instance has no effect on any
definition of all instances identically.* other instance.
Everything on the Definition tab for the ITM, « Test data
including the following: + Formulas in the Calc worksheet of the Sheet tab

* The instrument selections for each instrument « Plot settings in the Graph tab
object « The Unique IDentifier number (UID)

» The instrument settings for each selected
instrument (the configurations implemented via
the Forcing-Function/Measure-Options windows
for all device terminals)

» All Formulator formulas*®

* All Timing settings

* Exit Conditions

¢ Output Values

* The Speed selection

* The Mode selection

* Some changes to an ITM result in the deletion of all Formulator formulas.

NOTE An ITM can be inserted into a KITE Project Plan and attached to any target device,
subject to the following rules:

e The number of device terminals required by the ITM must not be greater than the
number of terminals of the target device.

e Each terminal name required by the ITM must be present on the target device.

You cannot insert ITMs under Initialization Steps and Termination Steps in the Project
Navigator.
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Inserting ITMs from a test library

Insert a library ITM into your Project Plan from the default test library in c: \4200\kiuser\Tests
or an equivalent personal test library such as C:\4200\YourName\Tests. Such a library
typically includes the standard set of ITMs that come installed on the Model 4200-SCS, as well as
any custom ITMs that you have submitted (the submittal procedure is discussed under “Submitting
tests to a library” later in this section).

Factory-supplied library ITMs, if unmodified, are preconfigured with commonly used parameter
settings and are usually accompanied by a set of typical data for illustration purposes. Custom
library ITMs are also often preconfigured, though for special requirements. When appropriate,
inserting a library ITM (and then later reconfiguring it if necessary) is often the most efficient way to
add an ITM to your Project Plan.

This section describes four scenarios for inserting library ITMs:

* "Inserting a library ITM using the “default” library name"

* ‘"Inserting a library ITM using a new name"

» "Inserting multiple instances of a library ITM using the same name"
+ "Inserting multiple instances of a library ITM using a different name"

For illustration purposes, the same type of ITM (the “vds-id” ITM) is inserted in all scenarios.
However, the instructions apply equally to all ITMs.

Inserting a library ITM using the “default” library name

To insert an ITM from a library using the “default” name, do the following:

1. In the Project Navigator, select the Device Plan component below to insert the first ITM. To
add the first ITM to subsite_a of the u_build Project Plan, an appropriate component to
select is 4terminal-n-fet. See Figure 6-49.

Figure 6-49

Selecting the location in the device for the first library ITM
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2. Double-click the Device Plan name in the Project Navigator. The Device Plan window
appears, displaying a tree of device category folders. Each folder contains a list of device-
appropriate ITMs. See Figure 6-50.
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Figure 6-50

Device Plan Window
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3. Inthe Test Libraries combo box, select the test library that contains the desired ITM. The
default test library is c:\s4200\kiuser\Tests, unless another library, such as a
C:\S4200\YourName\Tests personal library was chosen as the default (using KCON, as
described in “Changing the active user-library directory” in Section 8).

NOTE If no other selections are present in the Test Libraries combo box, additional libraries
can be added via the Directories tab of the Tools —» Options menu. Refer to

“Customizing KITE” later in this section).
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4. Click the folder for the device type under which you are adding the ITM. A list of ITMs (and,
typically, UTMs) appears. Figure 6-51 shows the MOSFET ITM selections that were
available for insertion into the 4terminal-n-FET Device Plan of the u_build Project Plan.

Figure 6-51
Example of ITMs listed under a device type
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5. Select the desired test. Figure 6-52 illustrates selection of the “vds_id” ITM for the u_build
Project Plan.

Figure 6-52
Selecting an ITM
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6. Many ITMs contain sample data. If you wish to include this data when you insert the ITM,
make sure that the Include Data checkbox is checked.

Figure 6-53
Include Data check box

Include Data W
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The Include Data checkbox is located in the lower right corner of the Device Plan window.

7. In the Device Plan window, below the list of ITMs, click the Copy button. The ITM is added
to the Test Sequence Table of the Device Plan window. See Figure 6-54.

Figure 6-54
Adding an ITM to the Test Sequence Table

Seguence |

~ Test Sequence Table — Test Librar
[ Test Name [up [= |cs4200kiuser Tests =l
vidg-id 1

- BT
-1 Capacitor
- [2 Diode

[+ Resistar

8. If, under Test Sequence Table, an ITM is not at the preferred position in the sequence, do
this:
a. Select the ITM to be moved.
b. Use the Move Up button or the Move Down button to reposition the ITM.

9. In the Device Plan window, below the list of ITMs, click the Apply button. The ITM is added
to the Project Navigator. See Figure 6-55.

Figure 6-55
Library ITM inserted in the Project Plan using the default library name
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Inserting a library ITM using a new name

You may insert an ITM from the library anywhere in the same Project Plan under a new name. A
renamed ITM is independent of the originally named ITM. Therefore, a renamed ITM can be
custom-configured to meet the specific test requirements of the device with which it is associated.

To insert a library ITM using a new name, do the following:

1. Select the Device Plan under which to insert a renamed ITM. For the u_build Project Plan,
a second, somewhat modified n-FET, the 4terminal-n-fet-2nd_in-subsite, was selected.
See Figure 6-56.

Figure 6-56

Selecting the location for a second “vds-id” ITM for the u_build Project Plan
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2. Open the Device Plan, select a test library, and select a test as described in steps 2 through
6 of “Inserting a library ITM using the “default” library name” earlier in this section. For the
u_build Project Plan, the “vds-id” ITM was selected from the default test library,
C:\S4200\kiuser\Tests.

3. Inthe Device Plan window, below the list of ITMs, click the Copy As button. The Copy Test
dialog box appears. See Figure 6-57.

Figure 6-57
Copy Test dialog box
Copy test
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4. Inthe Copy Test dialog box, enter the new name for the ITM. For the u-build Project Plan,
the new name “vds-id2” was entered. See Figure 6-58.

Figure 6-58
New name entered for a library ITM
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5. Click OK. The renamed ITM is added under Test Sequence Table in the Device Plan
window. See Figure 6-59.
Figure 6-59

Renamed library ITM added to the Test Sequence Table
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6. If, under Test Sequence Table, an ITM is not at the preferred position in the sequence, do
this:
a. Select the ITM to be moved.
b. Use the Move Up button or the Move Down button to reposition the ITM.

7. Inthe Device Plan window, below the list of ITMs, click the Apply button. The renamed ITM
is added to the Project Navigator. See Figure 6-60.
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Figure 6-60

Renamed KITE library ITM inserted in the Project Plan

Figure 6-61
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Inserting multiple instances of a library ITM using the same name

You may insert multiple instances of any ITM (from any ITM library) anywhere in the Project Plan
using the same name. However, in a given Project Plan, KITE automatically keeps all same-
named ITMs configured identically (the data for each ITM remains independent). Although this
feature is very useful, for example, it enables multiple tests to be performed identically at multiple
environmental conditions; you must insert same-named ITMs cautiously. Before attempting to
insert multiple ITMs under the same name, ensure that you understand the following rules (also
refer to Table 6-2):

*  When you insert a same-named ITM, all of its Definition tab settings (including Formulator
formulas) permanently overwrite the Definition tab settings of all existing same-named
ITMs in the Project Plan. That is, all existing same-named ITMs take on the configuration of
the newly inserted same-named ITM, and the original configurations are lost.

» If you change the definition of any one ITM, all other same-named ITMs in the Project Plan
automatically change identically. Therefore, the Definition tabs of all same-named ITMs are
always identical.

» However, the data for each same-named ITM is unique. Therefore, the Sheet and Graph
tabs for each same-named ITM are unique.

» Likewise, the Unique IDentifier number (UID) for each same-named ITM is unique. Once
assigned, the UID is permanent. If you delete one or more of the same-named ITMs, the
UIDs for the remaining same-named ITMs remain the same.

To insert a same-named ITM in a Project Plan from a test library, use the procedure described
previously under “Inserting a library ITM using the “default” library name” earlier in this section.
However, when using that procedure, note that when you press Copy, a Test Already Exists
message box appears, warning you that the ITM that you are about to insert will permanently
overwrite all ITMs with the same name. This message appears regardless of where you insert the
ITM in the Project Plan, as illustrated by Figures 6-61, 6-62, and 6-63.

Result of pressing Copy to add a same-named ITM to a given Device Plan
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Figure 6-62

Result of pressing Copy to add a same-named ITM within a given Subsite Plan
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Figure 6-63
Result of pressing Copy to add a same-named ITM to a different Subsite Plan
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Note that a new Subsite Plan was added to the u_build Project Plan, without discussion,
for tutorial purposes.

When the Test Already Exists message box appears, do one of the following:

Option I. Rename the ITM: If you do not specifically need a same-named ITM and/or if the rules
for same-named ITM are contrary to your test objectives, rename the ITM before inserting it, as

follows:

1. Click Rename in the Test Already Exists message box. The Copy Test dialog box appears.
See Figure 6-64.

Figure 6-64
Copy Test dialog box

Copy test
Jwels-id
Az
Ok I Lancel

2. Enter a new name.

w

Click OK. The new ITM appears under Test Sequence Table.

4. If, under Test Sequence Table, an ITM is not at the preferred position in the sequence, do

this:

a. Select the ITM to be moved.
b. Use the Move Up button or the Move Down button to reposition the ITM.
5. Click Apply. The new ITM is added to the Project Plan.
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Option Il Insert the ITM as-is: If you specifically need a same-named ITM and the rules for
same-named ITM meet your test objectives, insert it without renaming it, as follows:

1. Click Overwrite in the Test Already Exists message box. A new instance of the same-
named ITM appears under Test Sequence Table in the Device Plan window.
Figure 6-65 shows the “vds-id” ITM added to the Test Sequence Table, at the location

that was selected in Figure 6-61. Note that the next sequential UID number, 2, is assigned
to this second-instance of “vds-id” in the Project Plan.

Figure 6-65
Second instance of a same-named ITM added to the Test Sequence Table
s 1|
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A dterminaln-fet 2 M idva
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2. If, under Test Sequence Table, an ITM is not at the preferred position in the sequence, do

this:
a. Select the ITM to be moved.
b. Use the Move Up button or the Move Down button to reposition ITM.

Figure 6-66 shows the results of reversing the order of the two “vds-id” ITMs, using
Move Up, so that their UID numbers are in numerical sequence.

Figure 6-66
Relocating an ITM

Seguence
— Test Sequence Table
Test Name uip |«
vds-id 2
ove llp | Subrmit > |
Move Down | Submit Az >>|
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3. Click Apply. The following occurs:
e The new ITM is added to the Project Plan.
¢ All previously inserted same-named ITMs match the newly inserted ITM (except for
their data, Sheet tabs, Graph tabs, and UID numbers).
A second instance of the “vds-id” ITM was added to the u-build Project Plan. See Figure

6-67.
Figure 6-67
Second instance of a same-named ITM added to the Project Plan
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Inserting multiple instances of a library ITM using a different name

If you use a new ITM name each time, you may insert multiple instances of an ITM anywhere in
the same Project Plan, without restriction. Refer to the procedure above, “Inserting a library ITM
using a new name.”

Inserting a completely new ITM

As discussed above, you can insert an ITM directly from a library. However, you can also insert a
completely new, unconfigured ITM. This ITM can then be customized and configured to meet
special needs, within the ITM-definition constraints for the device to be tested.

NOTE After inserting a completely new ITM, you cannot insert additional instances of this ITM
until you submit it to a test library. For information about submitting an ITM to a test
library, refer to “Submitting devices, ITMs, and UTMSs to libraries” later in this section.

Insert a completely new ITM as follows:

1. Select the device or test below which to add the completely new ITM. For the u_build
Project Plan, a newly added capacitor in subsite_b was selected. See Figure 6-68.

Figure 6-68
Selecting a location in the Device Plan for the completely new ITM

Froject Tree | (1]]] |
El-=fE u_build a
[ InitializationSteps
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=1 — = R = =]
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2. Do either of the following:
* In the Project menu, click New Interactive Test Module.
* In the Project Plan toolbar, click the Add New ITM button. See below.

Figure 6-69
Add New ITM button

e

| B

The Add New Interactive Test Module (ITM) to Project dialog box appears. See Figure 6-70.

Figure 6-70
Add New Interactive Test Module (ITM) to Project dialog box

Add Mew Interactive Test Module (ITM) to Project B3

Mew [T Mame:

) Beforeselested node & After selected node
Ok I Lancel |

3. Inthe Add New Interactive Test Module (ITM) to Project dialog box, type the name for the
completely new ITM. The name charg_char was entered as the new ITM for the capacitor
in the u_build Project Plan.

4. Click OK. The new, as yet unconfigured, ITM is added to the Project Plan. See Figure 6-71.

Figure 6-71

Completely new ITM added to the Project Plan
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Editing the ITM insertions

For information on editing your ITM insertions, refer to “Rearranging and deleting ITMs and UTMs”
later in this section.

Inserting the UTMs

In contrast to ITMs, relatively few UTMs are presently provided by Keithley Instruments in the
C:\S4200\kiuser\Tests library. If these are insufficient, you must initially create additional
UTMs (which you can subsequently submit to C:\S4200\kiuser\Tests or to a personal
library). The following steps summarize the required approach.

1. Insert a new UTM into the Project Plan only by name.

2. Connect the name of the UTM to an existing KULT created user library and user module via
a UTM Definition tab.

3. Inthe UTM Definition tab, edit/enter the required parameters.
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NOTE Connecting a UTM name with a user library and user module and entering the required
parameters is discussed subsequently under “Configuring the UTMs” later in this section.

If, after creating a UTM, you submititto C:\S4200\kiuser\Tests or to a personal library, you
can subsequently insert it from this library in the same way as an ITM.

This subsection covers the following topics:

* "Inserting a completely new UTM"
* "Inserting a library UTM"
» "Editing the UTM insertions"

CAUTION If you need to insert multiple instances of an UTM under the same name, be
sure that you understand the rules that apply. Review Table 6-3 below.

Table 6-3

Shared and unique characteristics for same-named Project Plan UTMs
Characteristics that are shared between all Characteristics that are unique to each instance
instances of a Project Plan UTM having the same | of a Project Plan UTM having the same name. A
name. A change of one instance changes the change of one instance has no effect on any
definition of all instances identically.* other instance.
Everything on the Definition tab for the UTM, except | « The parameter settings
for the parameter settings. The shared . Testdata
characteristics include the following: « Formulas in the Calc worksheet of the Sheet tab

» The specified user library * Plot settings in the Graph tab

» The specified user module » The Unique IDentifier number (UID)
» All Formulator formulas*

* Output Values.
* Changing the user module and/or the user library causes all Formulator formulas to be deleted.

Inserting a completely new UTM

If a UTM of a desired type does not already exist in a test library, you must enter a new UTM into a
Project Plan only by name, then connect it to, and configure it for, an existing user module.

When initially building a new Project Plan, it may be convenient to add all new UTMs first without
immediately connecting them to user modules; this allows you to focus on Project Plan structure
without becoming distracted with configurational details.

NOTE However, if you intend to insert additional instances of a new UTM under the same name,
you must first connect it to a user module and then insert the additional instances from
the test library. For information about connecting a UTM to a user library, refer
to“Configuring the UTMSs” later in this section. For information about submitting a UTM to
a test library, refer to “Submitting devices, ITMs, and UTMs to libraries” later in this
section.

Insert a new, name-only UTM into a Project Plan as follows:

1. In the Project Navigator, select the component below which (or in some cases, above
which) you'll insert the UTM. You can insert UTMs at the following places:

» Below Device Plans, initialization steps, and termination steps.

» Above and below ITMs and other UTMs. The instructions in this subsection reflect adding
the UTM below an ITM or UTM.

For illustration purposes, the UTM name will be added to the u_build Project Plan below a

Device Plan. See Figure 6-72.
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Figure 6-72

Selecting the device in which to insert a new UTM name
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2. Do either of the following:
* In the Project menu, click New User Test Module.
* In the Project Plan toolbar, click the Add New UTM button. See below.

Figure 6-73
Add New UTM button

B

The Add New User Test Module (UTM) to Project dialog box appears. See Figure 6-74.

Figure 6-74
Add New User Test Module (UTM) to Project dialog box
Add Hew User Test Module [UTM] to Project E2
Mew UTk Mame:
|
" Before selected node & After selected node
Ok I Lancel |
3. Inthe Add New User Test Module (UTM) to Project dialog box, enter the desired name for
the UTM. For the u_build Project Plan, the user library to be later connected to the UTM
measures the drain-to-source resistance for the FET at saturation. Therefore, the name
res_drain-to-source is typed in. See Figure 6-75.
Figure 6-75

Entering a new UTM name

Mew UTk Mame:

Ires_drain-to-sourcel

" Before selected node & After selected node
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4. Click OK. The new UTM is inserted into the Project Plan. See Figure 6-76.

Figure 6-76

New UTM entered into the Project Plan
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Inserting a library UTM

If a UTM of a desired type exists in a test library, you insert it from the library in exactly the same
way as you would insert an ITM from the library, except as follows:

* You caninserta UTM, and only a UTM, below Initialization Steps and Termination Steps
in the Project Navigator.

» If you insert multiple instances of a UTM under the same name, the parameter values are
unique for each instance.

With these exceptions in mind, insert library UTMs using the procedures under “Inserting ITMs
from a test library” earlier in this section.

Editing the UTM insertions

For information on editing your UTM insertions, refer to “Rearranging and deleting ITMs and
UTMs” later in this section.

Saving the Project Plan

When you have finished entering the Project Plan, save it by selecting File — Save All or by
clicking the Save All toolbar button.

Modifying an existing Project Plan

This subsection helps you to open and edit an existing Project Plan, either to upgrade the Project
Plan or to create a completely new one. This subsection also shows you how to delete a Project
Plan from within KITE. The topic headings are as follows:

» "Opening an existing Project Plan"

» "Saving a Project Plan under a new name"

+ "Adding and deleting initialization and termination steps"
« "Adding, rearranging, and deleting Subsite Plans"

+ "Adding, rearranging, and deleting Device Plans"

» "Rearranging and deleting ITMs and UTMs"

» "Deleting a Project Plan"
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Opening an existing Project Plan
To open an existing Project Plan, do the following:

1. Inthe File menu, select Open Project. The Open KITE Project File window appears,
displaying a file tree for the Project Plan that was last opened in KITE. See Figure 6-77.

Figure 6-77
Example of Open KITE Project File window as it initially opens
Lookjn |3 ivswitch =l =1
i
tests
ivswitch kpr
File name: | Open |
Files of type: |KITE Project Files [*.kpr) j Cancel |
2. In the File Name edit box of the Open KITE Project File window, enter the
<ProjectName>.kpr Project Plan name in the via one of the following methods:
* Method I: Type <ProjectDirectoryPath><ProjectName>.kpr directly in the File
Name edit box.
* Method II: Browse for the file name as follows:
a. Do one of the following:
 If the Project Plan is in the default user directory,4 then click the next-file-level-up
button, which is illustrated below.
Figure 6-78

Next-file-level-up button

t |

* If the Project Plan is not in the default user directory, in the Look In combo box,
browse for and insert the correct Project Plan directory (typically <Path>\Projects).

The Open KITE Project File window should now display the folders for all Project Plan files
in the default or otherwise specified Project Plan directory. See Figure 6-79.

Figure 6-79
Example display of all Project Plans in specified directory
Open KITE Project File EHE

Lock jn: Ia Prajects j gl

default [_1PRclose
ivcvawitch @ probesites
ivpgawitch ubsites
ivawitch 3
ki-comelation-dterm-nfet (23 sertodCheck
locktest

Files of lpe: IKITE Project Files [* kpr] j Cancel |

4. For example, the C:\S4200\kiuser\Projects factory-default directory or another directory that was specified as the
default using KCON, such as C:\S4200\YourName\Projects.
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b. Double-click on the <ProjectName> folder (the folder that contains the Project Plan to
be opened). The Open KITE Project File window displays the file tree for the Project
Plan to be opened.

The u_build Project Plan (created previously under “Building a completely new Project
Plan” earlier in this section) is used to illustrate the next procedure (see "Saving a
Project Plan under a new name"). Therefore, the u_build folder was selected, resulting
in the file tree shown in Figure 6-80.

Figure 6-80
Example of Project Plan file tree in the Open KITE Project File window

Look i |@ u_build j gl

| devices:

subsites

tests

u_build kpr

Files of lpe: IKITE Project Files [* kpr] j Cancel |

c. Click on the <ProjectName>.kpr file name; in our example, u_build.kpr. The file name
is entered in the File name edit box.

3. Click Open. The <ProjectName> Project Plan opens.
The opened u_build Project Plan is shown in Figure 6-81.

Figure 6-81
Opened u_build Project Plan
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Saving a Project Plan under a new name

To create a completely new Project Plan from an existing source Project Plan, start by saving the
source Project Plan under a new name. Do the following:

1. Take one or both of the actions below, as required:
a. If 1) the source Project Plan is already open, 2) you have made unsaved changes to the
source Project Plan, and 3) you also wish to save these changes under the source
Project Plan file name, be sure to click the Save All toolbar button (looks like a stack of
diskettes) or select File —» Save All.
b. If you need to open a source Project Plan other than the presently open Project Plan,
open it as described under “Opening an existing Project Plan” earlier in this section.
2. Inthe File menu, select Save Project As. The KITE Save Project As dialog box appears.
See Figure 6-82.

Figure 6-82
KITE Save Project As dialog box
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3. Inthe KITE Save Project As dialog box, do the following:

a. Inthe Project Name edit box, type in a new Project Plan name. For illustration
purposes, u_mod was typed in as the name under which the u_build Project Plan was
to be saved.

b. In the Location combo box, if the as-displayed destination for the new file is incorrect,
select a new location via one of the following:

* By clicking the Restore Default Location button, if you wish to store the new file in
the KCON specified default Project Plan directory.

¢ By browsing for a new location. Click the key to the right of the combo box to display
a file tree, a Drives combo box, and a Network button (the Network button allows
you to map a drive on a local-area network [LAN] on which to store the new Project
Plan).

c. Inthe Include Data checkbox, check or uncheck whether you wish to include, in the
new Project Plan, the data that was last generated by the source Project Plan.

d. If you wish to protect the new Project Plan by making it read-only, check the Make
project read only checkbox.

e. Click OK. The source Project Plan is closed and the new Project Plan is opened in its
place. Figure 6-83 shows the new u_mod Project Plan that was created from the
u_build Project Plan via a Save Project As operation.
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Figure 6-83
New u_mod Project Plan created from the u_build Project Plan via Save Project As
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Adding and deleting initialization and termination steps
Adding initialization or termination steps
Add initialization or termination steps as follows:
1. Double-click the Project Plan name at the top of the Project Navigator tree. The General tab
of the Project window opens, displaying Project Initialization Steps and Project
Termination Steps checkboxes.
For illustration purposes, the termination steps were previously deleted from the u_mod
Project Plan. Then, the u_mod name at the top of the u_mod Project Navigator was
double-clicked. KITE displayed the image shown in Figure 6-84.
Figure 6-84
Preparing to add initialization or termination steps
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2. Check the Project Initialization Steps checkbox to add initialization steps. Check the
Project Termination Steps checkbox to add termination steps.

3. At the lower right corner of the Project window, click the Apply button. The initialization
steps and/or termination steps are added to the Project Plan at the correct location(s).

Figure 6-85 shows the termination steps restored to the u_mod Project Plan.
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Figure 6-85
Termination steps added
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Deleting initialization or termination steps

CAUTION  Deleting initialization or termination steps deletes ALL UTMs in the
intitialization or termination steps.

Delete initialization or termination steps as follows:

1. In the Project Navigator, select the intitialization or termination steps.

2. Press the DELETE key on the keyboard. A message box appears, asking you to verify the
deletion. Figure 6-86 shows the box that appears when deleting termination steps. A similar
box appears when deleting initialization steps.

Figure 6-86
Message box that appears when deleting termination steps
& Are you sure you want to delete this Project Termination Plan?
Mo |
3. Click Yes. The initialization steps or termination steps, including all UTMs in the plan, are
deleted.

Adding, rearranging, and deleting Subsite Plans

Adding a Subsite Plan

Adding a Subsite Plan to an existing Project Plan is identical to adding a Subsite Plan to a new
Project Plan. For instructions, refer to “Inserting the Subsite Plans” earlier in this section.

Rearranging Subsite Plans
You can rearrange the order of Subsite Plans within a Project Plan, as follows:

1. In the Project Navigator, double-click the Project Plan (the top-most component in the
Project Navigator). The corresponding Project window opens.
For illustration purposes, the u_mod Project Plan was double-clicked, opening the Project
window shown in Figure 6-87.
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Figure 6-87
Project window
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2. Select the Sequence tab of the Project window. The Sequence tab opens, displaying the
Subsite Sequence Table. Figure 6-88 shows the Subsite Sequence Table for the u_mod
Project Plan.

Figure 6-88
Subsite Sequence Table for the u_mod Project Plan
General Seguence | Project ﬂotesl
— Subsite Sequence T able
Subsite Name uip |«
subsite_b 0
ove llp Move Down |
Appl |
‘=§ u_mod I

3. Select the Subsite Plan(s) to be moved.

NOTE To select a sequential group of Subsite Plans, hold down the SHIFT key and click on the
first and last subsite to be included.
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Figure 6-89 shows subsite_b selected in the Subsite Sequence Table of the u_mod
Project Plan.

Figure 6-89
Selected subsite_b plan to be moved
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4. Use the Move Up button or the Move Down button to reposition the selected Device Plan.

Figure 6-90 shows the Subsite Sequence Table after relocating the subsite_b Subsite Plan
above the subsite_a Subsite Plan, using the Move Up button.

Figure 6-90
Relocated subsite_b plan in Subsite Sequence Table
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5. Click Apply in the lower right corner of the Subsite Plan window. The Device Plan is
relocated in the Project Plan. Figure 6-91 shows subsite_b relocated in the u_mod Project

Plan.
Figure 6-91
Relocated subsite_b plan in u_mod Project Plant
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Deleting a Subsite Plan

CAUTION  Deleting a Subsite Plan deletes all Device Plans and tests in the Subsite Plan.
Delete a Subsite Plan as follows:

1. In the Project Navigator, select the Subsite Plan.
2. Press the DELETE key on the keyboard. A message box appears asking you to confirm the
deletion. Figure 6-92 shows a typical message box.
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Figure 6-92
Message box that appears when deleting a Subsite Plan
& Are you sure pou want to delete this Subsite Plan?
Mo |
3. Click Yes. The Subsite Plan, including all Device Plans and tests in the Subsite Plan, are
deleted.
Adding, rearranging, and deleting Device Plans
Adding a Device Plan
Adding a Device Plan to an existing Project Plan is identical to adding a Device Plan to a new
Project Plan. For instructions, refer to “Inserting Device Plans” earlier in this section.
Rearranging Device Plans
You can rearrange the Device Plans within a Subsite Plan, as follows:
1. In the Project Navigator, locate the Subsite Plan that contains the Device Plan. For
illustration purposes, the 4terminal-n-fet-2nd_in_subsite Device Plan of the u_mod
Project Plan was chosen for relocation. The Subsite Plan that contained this Device Plan
was subsite_a. See Figure 6-93.
Figure 6-93
Subsite Plan containing a Device Plan to be moved
Froject Tree | (1]]] |
E."BE;;mlonci'tializationSteps g
Elﬁ subsite_b 1]
E|-|E— dterminal-n-fet 2
[ res_drainto-source 1
El-4& capacitor 1
oW charg_char 1
Bl dterminalnfet 1
M wdsid 1
M wdsid 2
E|----|E: dterminal-n-fet-2nd_in_subsite 1
Lo wdsid2 1
----- £ TeminationSteps 1]

2. Double-click the Subsite Plan that contains the Device Plan to be relocated. The
corresponding Subsite Plan window opens.
For illustration purposes, the subsite_a Device Plan in the u_mod Project Plan was
double-clicked, opening the Subsite Plan window shown in Figure 6-94.
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Figure 6-94
Subsite Plan window opened for 4terminal-n-fet-2nd_in_subsite Device Plan to be relocated
Seguence |
— Device Sequence T able — Device Library
Device UID [ Terminal |~ |C\s42000kiuserDevices =l
derminal-n-fat BT
(2 Capacitor
7] Diode
-2 General
erminal-n-fet-2nd_in_subs 1 Dirain -3 JrET
023 MOSFET
Bulk : -2 Resistor
Source
Gate
ove llp | Subrmit > | << [Capy |
Move Qownl Submit Az >>| <4 Capyss |
3. Inthe Device Sequence Table of the Subsite Plan window, select the Device Plan(s) to be
moved.

NOTE To select a sequential group of Device Plans, hold down the SHIFT key and click on the
first and last Device Plan to be included.

Figure 6-95 shows the 4terminal-n-fet-2nd_in _subsite Device Plan selected in the
u_mod Project Plan.

Figure 6-95
Device Sequence Table selection of Device Plan to be moved

Seguence |

— Device Sequence T able — Device Library

Device [UID | Terminal [~ |C\s42000kiuserDevices =l
terminal-n-fet 1 Dirain
D BT

Bulk F-[20 Capacitor
Source #-(1] Diode
-1 General
-3 JFET
-2 MOSFET
D Riesistor

arminal-n-fet-2nd_in_subs

4. Use the Move Up button or the Move Down button to reposition the selected Device Plan.

Figure 6-96 shows the result of relocating the 4terminal-n-fet_2nd_in _subsite Device
Plan above the 4terminal-n-fet Device Plan, using the Move Up button.

6-72 Return to Section Topics 4200-901-01 Rev. G / March 2007



Model 4200-SCS Reference Manual Section 6: Keithley Interactive Test Environment (KITE)

Figure 6-96
Relocated 4terminal-n-fet-2nd_in _subsite Device Plan in Device Sequence Table
Seguence |
— Device Sequence T able — Device Library
Device UID [ Terminal |~ |C\s42000kiuserDevices =l
terminal-n-fet 1 Dirain
Bulk
Source
Gate

5. Click Apply in the lower right corner of the Subsite Plan window. The Device Plan is
relocated in the Project Plan. See Figure 6-97.

o JE wdsid

[ move_me

ol vds-id

----- £ TeminationS teps

Figure 6-97
Relocated 4terminal-n-fet-2nd_in _subsite Device Plan in the u_mod Project Plan
Froject Tree | Ui |
E-=fE u_mod o
----- }é InitializationSteps 0
Elﬁ subsite_b o
E|‘|E' Aterminal-n-fet 2
- e[ res_drainto-source 1
capacitar 1
L jﬁ charg_char 1
[-]ﬁ subsite_a 0
E|‘|E' Aterminal-n-fet-2nd_in_subsite 1
) vdsid2 !
E|‘|E' Aterminal-n-fet 1
f 1
.
2
0

Deleting a Device Plan

CAUTION  Deleting a Device Plan deletes ALL tests in the Device Plan.
Delete a Device Plan as follows:

1. In the Project Navigator, select the Device Plan.
2. Press the DELETE key on the keyboard. A message box appears asking you to confirm the
deletion. Figure 6-98 shows a typical message box.

Figure 6-98
Message box that appears when deleting a Device Plan

Keithley Interactive Test Environment ]

& Are you sure pou want to delete this Device Plan?
Mo |

3. Click Yes. The Device Plan, including all tests in the Device Plan, are deleted.

Rearranging and deleting ITMs and UTMs

Rearranging ITMs and UTMs

You can rearrange the order of ITMs and UTMs within a Device Plan, as follows:
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1. In the Project Navigator, locate the Device Plan that contains the ITM(s) and/or UTM(s) to
be relocated (hereafter, simply referred to as “test(s)” if appropriate).
For illustration purposes, the move_me UTM was added to the u_mod Project Plan and
was chosen for relocation. The 4terminal-n-fet Device Plan in subsite_a contains the
move_me UTM. See Figure 6-99.

Figure 6-99

Device Plan containing a UTM to be moved
Froject Tree | (1]]] |
E|=§ u_mod 1]

[ }é InitializationSteps

Elﬁ subsite_b

E|-|E— Aterminal-n-fet
[ @ res_drain-to-source
E--€ capacitar
e LE charg_char
Elﬁ subsite_a

E|-|E— Aterminal-n-fet-2nd_in_subsite
LR wdsid?

Aterminal-n-fet
o JE vdsid
o wdsid

...... [©) move_me

0
0
2
1
1
1
0
1
1
1
1
2
1
----- £ TeminationS teps a

2. Double-click the Device Plan that contains the test to be relocated. The corresponding
Device Plan window opens.
For illustration purposes, the 4terminal-n-fet Device Plan was double-clicked, opening the
Device Plan window shown in Figure 6-100.

Figure 6-100
Device Plan window opened for the move_me UTM to be relocated
Seguence |
— Test Sequence Table — Test Library
Test Name uip [~ [ Cs 4200 kiuser Tests =l
: : ERE
wds-id 2 D Capacitar
maove_te 1 [:| Dinde
D General
D Mosfet
D Frober
-[C1 Resistor
ove llp | Subrmit > | << [Capy |
Submit Az >>| <4 Capyss |
Include Data ¥ Apply |
| 1‘} 4terminal-n-fet|

3. Inthe Test Sequence Table of the Device Plan window, select the test(s) to be moved.
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NOTE To select a sequential group of tests, which can be a mixture of ITMs and UTMs, hold
down the SHIFT key and click on the first and last test to be included.

Figure 6-101 shows the move_me UTM selected.

Figure 6-101
Test Sequence Table selection of move_me UTM to be moved

Seguence |

— Test Sequence Table — Test Library

Test Name [up [« [ Cs 4200 kiuser Tests =l
vils-id 1

D BT
D Capacitor
-2 Diode
-1 General
-2 Mosfet
-2 Praber
D Riesistor

4. Use the Move Up button or the Move Down button to reposition the ITM or UTM.

Figure 6-102 shows the result of relocating the move_me UTM to between the two “vds-
id” ITMs, using the Move Up button.

Figure 6-102
Relocated move_me UTM in Test Sequence Table
Seguence |
— Test Sequence Table — Test Library
[ Test Name [up [« [ Cs 4200 kiuser Tests =l
RSy
move_tne -2 Capacitor
vds-id 2 -2 Diode
-1 General
-2 Mosfet
-2 Praber
D Fiesiztor

5. Click Apply in the lower right corner of the Device Plan window. The ITM or UTM is
relocated in the Project Plan. See Figure 6-103.

Figure 6-103
Relocated move_me UTM in Project Plan

Froject Tree | (1]]] |

E|=§ u_mod 1]
[ }é InitializationSteps

Elﬁ subsite_b

E|-|E— Aterminal-n-fet

P € res_drain-bo-soures
El-4é capacitor

LM charg_char

Elﬁ subsite_a

E|-|E— Aterminal-n-fet-2nd_in_subsite
C L) wdsid?

E|-|E— dterminal-n-fet

M wds-id

€] move_me

...... lﬁ wdz-id

----- £ TeminationS teps
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Deleting an ITM or UTM
Delete an ITM or UTM as follows:
1. In the Project Navigator, select the ITM or UTM.
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2. Press the DELETE key on the keyboard (alternatively, right-click on the ITM or UTM and, in
the pop-up menu that appears, select Delete). A message box appears asking you to
confirm the deletion. Figure 6-104 shows a typical message box that appears when deleting
an ITM. A similar box appears when deleting a UTM.

Figure 6-104
Message box that appears when deleting an ITM
& Are you sure you want to delete this Interactive Test Module?

o |

3. Click Yes. The ITM or UTM is deleted.

Deleting a Project Plan

CAUTION ltis possible to delete a Project Plan from within KITE, without opening the
Windows Explorer. However, before deleting a Project Plan, ensure that you
and others will not need it in the future.

1. Inthe File menu, select Open Project. The Open KITE Project File window appears,
displaying a file tree for the Project Plan that was last opened in KITE. See Figure 6-105.

Figure 6-105
Example of Open KITE Project File window as it initially opens
Look jn: Ia ivawitch j gl
devices
subsites
tests
ivswitch. kpr
File name: || Open I
Files of lpe: IKITE Project Files [* kpr] j Cancel |
2. Inthe large central area of the Open KITE Project File window, display the <ProjectName>
folder of the Project Plan to be deleted, as follows:
« If the Project Plan to be deleted is located in the default user directory,® click the
next-file-level-up button (illustrated below).
Figure 6-106

Next-file-level-up button

=

+ If the Project Plan to be deleted is not in the default user directory, in the Look In combo

box browse for and insert the correct Project Plan directory (typically <Path>\Projects).
The Open KITE Project File window should now display the folders for all Project Plan files
in the default or other specified Project Plan directory.

5. For example, the C:\S4200\kiuser\Projects factory-default directory or another directory that was specified as the
default using KCON, such as C:\S4200\YourName\Projects.
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In Figure 6-107, note that the Open KITE Project File window displays a folder for the
delete_this Project Plan.

Figure 6-107
Example of Open KITE Project File window, displaying all Project Plans in the specified directory
Lok in: ID Projects j gl
|1 default [ locktest [_J UserMadCheck
) delete_this [ZJ PRelose
|3 ivevswitch @ probesites
) ivpgswitch @ probesubsites
|20 ivawitch (3w build
|1 ki-carrelation-dtemen-fet [0 u_mod
1 | |
File name: || Open I
Files of lpe: IKITE Project Files [* kpr] j Cancel |
3. Select the <ProjectName> folder of the Project Plan to be deleted. For illustration
purposes, the delete_this folder that was shown in Figure 6-107 was selected.
4. Press the DELETE key. A message box appears, naming the Project Plan and asking you
to confirm the deletion. Figure 6-108 shows a typical message box.
Figure 6-108
Message box that appears when deleting a Project Plan
@ Are YU SIS YO want ta remave the folder 'delete_this' and move all
itz contents ta the Recycle Bin?
Mo |
NOTE If you hold down the SHIFT key while pressing the DELETE key, the Project Plan is
removed without placing it in the recycle bin.
5. Click Yes. The Project Plan is deleted, as can be seen in the Open KITE Project File
window. See Figure 6-109.
Figure 6-109
Open KITE Project File window, reflecting deletion of the delete_this Project Plan
Lok in: Iaproiects j gl
idefault L3 PRchse
ivcvawitch @ probesites
ivpgawitch @ probesubsites
ivswitch (23 u_buid
ki-cormelation-dterm-n-fet Du_mod
locktest (23 UserMadCheck
File name: I Open I
Files of lpe: IKITE Project Files [* kpr] j Cancel |

6. Inthe Open KITE Project File window, click Cancel. The Open KITE Project File window
closes.
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Configuring the Project Plan ITMs

After inserting ITMs and UTMs into your Project Plan, they must be configured to meet your test
requirements. This subsection describes use of the powerful and flexible features of KITE to
configure your Project Plan ITMs. UTM configuration is discussed subsequently under
“Configuring the UTMSs” later in this section.

CAUTION  If your Project Plan contains multiple same named instances of the ITM to be
configured/reconfigured, ensure that you understand the shared and unique
characteristics of same named ITMs before configuring/reconfiguring an ITM.
Refer to Table 6-4 below.

Table 6-4

Shared and unique characteristics for same-named Project Plan ITMs
Characteristics that are shared between all Characteristics that are unique to each instance
instances of a Project Plan ITM having the same | of a Project Plan ITM having the same name. A
name. A change of one instance changes the change of one instance has no effect on any
definition of all instances identically.* other instance.
Everything on the Definition tab for the ITM, « Test data
including the following: + Formulas in the Calc worksheet of the Sheet tab

» The instrument selections for each instrument « Plot settings in the Graph tab
object. * The Unique IDentifier number (UID)

» The instrument settings for each selected
instrument (the configurations implemented via
the Forcing Function/Measure Options windows
for all device terminals).

* All Formulator formulas.*

» All Timing settings.

+ Exit Conditions.

* Output Values.

* The Speed selection.

» The Mode selection.

* Some changes to an ITM result in the deletion of all Formulator formulas.

Configuration of ITMs is discussed under the following topics:

* "Opening an ITM window"

* "Becoming acquainted with the ITM Definition tab"

» "Matching Definition tab terminal connections to physical connections"
+ "Selecting the ITM test mode"

» "Assigning/reassigning forcing functions to the device terminals"

» "Configuring SMU Forcing Functions/Measure Options window"

» "Configuring the Speed and Timing settings in the ITM Definition tab"
» "Configuring Formulator calculations"

» "Saving the ITM configuration"

* "ITM compliance exit conditions"

* "ITM Output Values"
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Opening an ITM window

Each ITM is associated with a specific ITM window. An ITM window is the user interface to every
aspect of an ITM: its definition/configuration, its numerical and graphical test data, and its data
analysis.

To open an ITM window, in the Project Navigator double-click on the ITM that you wish to
configure. The Definition tab of the ITM window opens by default. Also, the labels of the Sheet
tab, Graph tab, and Status tab are displayed in the ITM window for ready access to these tabs.
Figure 6-110 shows an example ITM window.

Figure 6-110
ITM window displaying its Definition tab
Definition l Shest ] Graph ] Status]
{Farmuiator Timing | Exit Conditions | Output Values | Speed: |Mormal + | Mode:
Cirain SMU2 -
FORCE MEASURE |
Sweep ¥V [Master) Meazure |: YES
Type: Linear LtdAuto: Te-07 04
Stanrt: O Measure ¥: YES
Stop: BY Fange . Best Fixed
Step: 0.1% Compl: 0,14
Paints: 51
Gate SMU3 - I Bulk. GNDU -
FORCE MEASURE | FORCE MEASURE |
Step W [Master) Meazure |: MO Commorn: Meazure | = MA
Start: 2 Measure ¥: YES Measure V¥ = NA
Stop: BY Fange . Best Fixed
Step: 1% Compl: 0,14
Faints: 4
Source SMUT -
FORCE MEASURE |
Bias W: OV Measure I: MO
Measure ¥: MO
Compl: 0,14
UE vdsidtt@t

NOTE An ITM window for a chosen ITM may already be open but hidden behind another ITM or
UTM window. If so, double-click on the ITM in the Project Navigator. The ITM window will
be brought into the foreground (If Workbook Mode has been selected in the Options
window [Tools —» Options], you can bring an ITM window into the foreground by
clicking on its displayed Workspace window tab).

The four tabs of the ITM window are used as follows:

» The Definition tab is the primary interface for configuring an ITM. A Definition tab allows
you to configure an interactive test and display the current configuration. The included
Formulator analysis tool of the Definition tab allows you to perform calculations on test
results and include the calculation results in Sheet and Graph tabs (see the following) (in
most cases, in real time as the ITM executes).

» The Sheet tab displays the test results in its Data worksheet, in spreadsheet format and in
real time as the test executes. An independent spreadsheet in the Sheet tab, the Calc
worksheet, allows the user to perform custom, test-specific data analysis. A third worksheet,
the Settings worksheet, displays the same settings information as in the Definition tab, but
in spreadsheet format. Optional Append executions generate a fourth type of worksheets:
Append1, Append2 ... etc.
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Cells in the Calc worksheet may be hot-linked to cells in Data, Settings, and Append

worksheets. The Data, Settings, and Append worksheets are read-only. However, you
may modify the contents of the Calc worksheet.

The Graph tab allows the user to create and export graphs of the test and test analysis

results, which in most cases may be displayed in real time as the ITM executes. The Graph
tab provides for flexible plot-data selection, formatting, annotation, and numerical
coordinate display (via precision cursors).

The Status tab monitors the configuration status of the test and provides resolution

suggestions if there are configuration problems.

Becoming acquainted with the ITM Definition tab

Figure 6-111 shows an example Definition tab for a library FET test. Added callouts contextually
define terms that are used subsequently in the manual.

Figure 6-111
ITM Definition tab example

Definition l Shest ] Graph ] Status]
{Famulator | Timing | Exit Conditions | Output Values | Speed: |Mormal | hMode: Instrument-
Drain sMU2 ~||l--—————— selection
FORCE/MEASURE——= FiRCE MEASURE | combo boxes
buttons Sweep ¥ [Master)  |Measure | YES
Type: Linear LtdAuto: Te-07 04
Stanrt: O Measure ¥: YES
Stop: BY Fange . Best Fixed InStrument'
Step: 0L1Y Compl: 0.14 objects
Paints: 51
Gate SMU3 - Bulk. \ GNDU -
FORCE MEASURE | FORCE MEASURE |
Step W [Master) Meazure |: MO Commorn: Meazure | = MA
Start: 2 Measure ¥: YES Measure V¥ = NA
Stop: BY Fange . Best Fixed
Step: 1% Compl: 0,14
Faints: 4
Source SMUT -
FORCE MEASURE |
Bias W: OV Measure I: MO
Measure ¥: MO
Compl: 0,14
UE vdsidtt@t
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An ITM Definition tab does the following:

» Displays the test device schematically.

» Displays an instrument object next to each terminal of the device under test. The instrument
object represents the SMU (or ground or open circuit) to which the device terminal is
connected and provides the following:

- ldentifies the terminal (e.g. as gate, drain, source, collector, anode, etc).

- Via its instrument-selection combo box allows each terminal to be assigned to match the
SMU, GNDU or open circuit that is physically connected to the terminal during the test.

- Displays the present forcing-function and measuring-options configurations for the
terminal.

- For each terminal that is connected to an SMU, allows assignment and configuration/
reconfiguration of the forcing function and measuring options. A single-click of the
FORCE MEASURE button of the associated instrument object displays a Forcing
Functions/Measure Options window for the terminal.

» Provides access to the Formulator, which allows simple in-test and complex post-test data
computations.

» Allows you to set Exit Conditions.

» Allows you to select Output Values to be exported to the Subsite Data sheet.

» Allows setting of preconfigured Speed and/or custom Timing parameters for the ITM.

» Displays the current test Mode, Sweeping or Sampling, for all configurations, and allows
preselection of the Mode prior to configuring a completely new ITM (preselection of the
mode simplifies the configuration process).

The ITM window displaying the Definition tab shown in Figure 6-111 was opened by double-
clicking a “vds-id” ITM in the Project Navigator for the u_build Project Plan (for more information
about the u_build Project Plan, refer to a preceding subsection, “Building a completely new
Project Plan” earlier in this section). The “vds-id” ITM is an existing, library ITM, and comes
preconfigured with default settings.

If you double-click a completely new ITM in the Project Navigator, the ITM window opens and
displays a blank Definition tab. Based on the device that owns the ITM, the appropriate number of
instruments are displayed (one for each device terminal).

Figure 6-112 shows the blank Definition tab for the charg_char ITM. The charg_char ITM is an
undefined capacitor test that was inserted into the u_build illustration Project Plan during the
course of “Building a completely new Project Plan” earlier in this section.
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Figure 6-112
Blank Definition tab for a completely new ITM
Definition l Shest ] Graph ] Status]
{Famulator | Timing | E it Eonditions| Output Values | Speed: |Mormal ~ | Mode: | Sweeping +
Instrument-selection
combo box
Instrument
object \
A MOME - B MOME -
| |
] —n-
] lﬁ charge_char...

All configuration information remains to be supplied for the charge_char ITM of Figure 6-112.

Remaining subsections under “Configuring the Project Plan ITMs” earlier in this section further
explain the features of an ITM Definition tab and how they are used to configure an ITM.

ITM Status tab

Before configuring an ITM you can check the present configuration status of the ITM via the ITM
Status tab. The Status tab reports the ITM’s readiness for use and typically recommends
additional preparations if necessary.

For example, a check of the Status tab for the charge_char ITM, per Figure 6-112 above, shows
its improper configuration status and suggests required actions. See Figure 6-113.

Figure 6-113
Status tab report for the unconfigured charge_char ITM
—1E]
ol |1 Definitionl Shest I Graph Status
Froject Tree | (1]]] |
E-=fF u_buid [ Test Status Code: 4
----- }é InitializationSteps 1]
Elﬁ subsite_a 1] Test Status Description:
= 4termina!-n-fet 1 TEST INFO
L wdsid 1 =========
HE wdsid 2 Mot Executable:  Mothing to execute.
-IE— terminal-n-fet-2nd_in_subsite 1 Cause: Mo instruments specified in test.
el visid2 - 1 Resolution: Corfigure at least ome SMUAMU for thiz [ TH |
Elﬁ subsite_b 1]
E|-|E— Aterminal-n-fet 2
o8] res_drain-to-source 1
El-4€ capacitor 1
o JF [eharg_char 1
----- £ TeminationSteps 1]
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By contrast, the Status tab indicates that the first “vds-id” ITM of the u_build Project Plan is
ready to execute. See Figure 6-114.

Figure 6-114
Status tab report for the configured “vds-id” ITM
5 ot 1
Site: |1 I:I Definitionl Sheet I Graph Status
Froject Tree | (1]]] |
E“’E w_build il Test Status Code: 1
----- }é InitializationSteps 1]
Elﬁ subsite_a i} Test Statuz Description:
= Aterminal-n-fet 1
16 [ 1 SR
: JE wdsid 2 Test is configured and executable.
=] E— dterminal-n-fet-2nd_in_subsite 1
L) vds-id2 1
Elﬁ subsite_b 1]
= Aterminal-n-fet 2
- e[ res_drainto-source 1
El-4é capacitor 1
LM charg_char 1
----- £ TeminationSteps 1]

Matching Definition tab terminal connections to physical connections

CAUTION  The software connections must accurately reflect the physical hardware
connections at the time the ITM is executed. Incorrect terminal configurations
result in anomalous test results at best or device damage at worst.

Match the Definition tab terminal connections to the physical connections as follows:

1. Inventory the physical connection of each test device terminal shown in the Definition tab,
whether it is unconnected (open circuit), connected to the Ground Unit (GNDU), or
connected to a particular SMU.

2. Check the instrument selection combo box for each device to see if the Definition tab
terminal connection is already properly matched to a physical connection.

3. For each device terminal in the Definition tab that is improperly matched, or not yet
matched, to a physical connection, assign/reassign the terminal connection as follows:

a. Using the arrow key next to the instrument selection combo box, display a list of
possible connections.

b. Select the connection in the instrument selection combo box that matches the physical
connection of the device terminal.

Figure 6-115 illustrates assignment of a terminal connection.

Figure 6-115
Assigning a terminal connection in the Definition tab

A [nane =] A SMUT = &
FOFFEE HESSIIRE | FORCE MEAS|NONE FORCE MEASURE |
Commaon: O Measure panC Comman;: 0 Measure |: MO
Measure i Measure ¥: MO
— Comp: 0. M3 — Comp: 014
Skll4

Figure 6-116 shows instrument objects of the previously blank Definition tab for the charg_char
ITM. The terminal settings (Figure 6-112) are now matched to physical connections: SMU1 and the
Ground Unit (GNDU).

4200-901-01 Rev. G / March 2007 Return to Section Topics 6-83



Section 6: Keithley Interactive Test Environment (KITE) Model 4200-SCS Reference Manual

Figure 6-116

Connected terminal settings example

A [sm01 =] B [arou=]|
FORCE MEASURE | FORCE MEASURE |
Commaon: O Measure |: MO Commaon: O Measure | = NA

Measure ¥: MO Measure V¥ = NA
Comp: 014

In Figure 6-116, note that instrument object connected to SMU1 is now assigned, by default, to an
unconfigured Common forcing function (to be described later).

To configure or reconfigure each SMU, continue with the next five subsections, “Selecting the ITM
test mode,” “Assigning/reassigning forcing functions to the device terminals,” “Configuring SMU
Forcing Functions/Measure Options window,” and “Configuring Formulator calculations” later in
this section.

Selecting the ITM test mode

The Sweeping test mode applies to any ITM in which one or more forced voltages/currents vary
with time. The Sampling test mode applies to any ITM in which all forced voltages or currents are
static, with measurements typically being made at timed intervals. For example, sampling mode
would be used to record a few static measurements or to time profile the charging voltage of a
capacitor while forcing a constant current.

Understanding the Mode combo box
The Mode combo box (Figure 6-111) is used to observe and/or change the test mode as follows:

» For a completely new ITM, the Mode combo box allows you to select the Sweeping or
Sampling test mode. Selecting the appropriate test mode simplifies configuration options
and helps to avoid errors, as follows.

- Only the static forcing functions are configurable in the Sampling mode.

- Only mode-appropriate timing options are configurable (refer to “Timing window” later in
this section).

» For an existing, library ITM that is in the Sampling mode, the Mode combo box allows you
to change to the Sweeping mode if you wish to change some of the static forcing functions
to dynamic forcing functions.

» For an existing library ITM that is in the Sweeping mode, the Mode combo box allows you
only to observe that it is in the Sweeping mode. You cannot change the Sweeping mode to
Sampling mode, unless you first change all of the dynamic forcing functions of the ITM to
static forcing functions. This lockout helps to avoid errors by allowing only mode-appropriate
timing options (see “Timing window” later in this section).

Selecting Sweeping or Sampling Mode

Select the test mode prior to configuring a completely new ITM, or prior to reconfiguring an existing
ITM that is currently in the Sampling mode. Select the test mode by first clicking the scroll arrow at
the right of the Mode combo box and then clicking on the desired mode.

NOTE If you select the sampling mode, you must ultimately specify the sampling interval and
number of samples in the ITM timing window (otherwise, KITE uses default parameters).
This is discussed later under “Understanding and configuring the Sweeping Mode area of
the Timing window” later in this section.
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Assigning/reassigning forcing functions to the device terminals

A forcing function defines how an SMU applies a current or voltage to a device terminal (including
possibly maintaining a zero-voltage/current state). You must initially assign at least one forcing
function to a completely new ITM. You can reassign a forcing function(s) to an existing, library ITM,
thereby effectively converting it to a new ITM. This subsection helps you to assign forcing
functions.

Reviewing the available forcing functions

KITE provides four forcing functions in the Sampling test mode and six additional forcing
functions in the Sweeping test mode (for more information about test modes, refer to the last
subsection). These functions are summarized in Table 6-5. The forcing functions that can provide
pulse output are also identified in Table 6-5 (see “Pulse Mode” later in this section).

4200-901-01 Rev. G / March 2007 Return to Section Topics 6-85



Section 6: Keithley Interactive Test Environment (KITE)

Model 4200-SCS Reference Manual

Table 6-5

Forcing function summary

Category

Name

Description

Availability

* | Sweeping
¢ | Sampling
Pulse Mode

Static

Open

Maintains a zero-current state at the terminal, subject to the maximum voltage
compliance of the connected SMU.

Common

Maintains a zero-voltage state at the terminal, subject to the maximum current
compliance of the connected SMU.

Current Bias

Maintains a selected constant-current state at the terminal, subject to the user-
specified voltage compliance for the connected SMU.

Voltage Bias

Maintains a selected constant-voltage state at the terminal, subject to a user-
specified current compliance of the connected SMU.

Sweep

Current
Sweep

Increments a series of current values at a rate that is determined by the Timing
and Speed settings in the ITM Definition tab. Generates parametric curve data
that is recorded in the Sheet tab Data worksheet for the ITM and can be plotted in
the ITM Graph tab. A dual current sweep can also be performed by an SMU (see
“Understanding a Dual Sweep” later in this section).

Voltage
Sweep

Increments a series of voltage values at a rate that is determined by the Timing
and Speed settings in the ITM Definition tab. Generates parametric curve data
that is recorded in the ITM Sheet tab Data worksheet and can be plotted in the ITM
Graph tab. A dual voltage sweep can also be performed by an SMU (see
“Understanding a Dual Sweep” later in this section).

List sweep

Current
List Sweep

Steps through a list of user-specified current values, at a rate that is determined by
the Timing and Speed settings in the ITM Definition tab. Generates parametric
data that is recorded in the ITM Sheet tab Data worksheet and can be plotted in
the ITM Graph tab, if appropriate.

Voltage
List Sweep

Steps through a list of user-specified voltage values, at a rate that is determined by
the Timing and Speed settings in the ITM Definition tab. Generates parametric
data that is recorded in the ITM Sheet tab Data worksheet and can be plotted in
the ITM Graph tab, if appropriate.

Step

Current Step

Increments a current to two or more levels, each of which is held constant during
the progress of a Current Sweep, a Voltage Sweep, a Current List Sweep, or a
Voltage List Sweep at another terminal. For each Current Step level, parametric
curve data is recorded in the ITM Sheet tab Data worksheet. The combined data
can be plotted in the ITM Graph tab, resulting in a series (family) of curves.

Voltage Step

Increments a voltage to two or more levels, each of which is held constant during
the progress of a Current Sweep, a Voltage Sweep, a Current List Sweep, or a
Voltage List Sweep at another terminal. For each Voltage Step level, parametric
curve data is recorded in the ITM Sheet tab Data worksheet. The combined data
can be plotted in the ITM Graph tab, resulting in a series (family) of curves.

For detailed information about each forcing function, refer to “The <ForcingFunctionName>
function parameters area” later in this section.
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Assigning forcing functions for a completely new ITM

As illustrated in Figure 6-116, all SMU-connected terminals for a completely new ITM are assigned
by default to a Common forcing function. For the ITM to be useful, at least one of the device
terminals must be reassigned to a forcing function that applies a voltage or current. However, to
access the new forcing function, you must first open the default, Common Forcing Functions/
Measure Options window for the terminal.

NOTE A Forcing Functions/Measure Options window is the configuration interface for an SMU.
The window is used to configure the selected forcing function and measurements
implemented by the SMU. Forcing Functions/Measure Options windows are
subsequently discussed in detail under “Configuring SMU Forcing Functions/Measure
Options window” later in this section.

Opening a Common default Forcing Function/Measure Options window for a terminal

To open the Common default Forcing Function/Measure Options window for a terminal, click the
FORCE MEASURE button of the associated instrument object. The Common window appears.
See Figure 6-117.

Figure 6-117
Common Forcing Functions/Measure Options window

Forcing Functions / Measure Options - [Device Terminal=A InstrumentiD=5MU1]
 Instrument [nformation
Instrument [0 SMLA Instrument Model: KI14200 MPSMLU with Predmp Mode: Sweeping
r— Eorcing Function
— Comman Function P.
Lewel: +0.00000%
LCompliance: ID.‘I A
Corce |
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Replacing the default forcing function with a new forcing function
To assign a replacement forcing function to a device terminal, do the following:

1. On the Forcing Function/Measure Options window, click the arrow key next to the Forcing
Functions combo box. A list of the available forcing functions appears. Figure 6-118 shows
the available selections for the Sampling test mode. Figure 6-119 shows the available
selections for the Sweeping test mode.

Figure 6-118
Forcing functions available for the Sampling test mode

Forcing Functions / Measure Options - [De

Instrument Information
’7 Instrumnent 10 SMLT Instrument Mod

Forcing Function

[

I Common

Current Biaz [V
“oltage Bias

Figure 6-119
Forcing functions available for the Sweeping test mode

Forcing Functions / Measure Options - [De|

 Instrument [nformation
Instrumnent 10 SMLT Instrurnent Mod:

r— Eorcing Function

Common j

Open

Current Biaz [V
Current Sweep
Current List Sweep

Current Step
Yoltage Biaz
Yoltage Sweep
Yoltage List Sweep
“Yoltage Step
il

2. Inthe displayed list, click on the desired forcing function. A new Forcing Function/Measure
Options window appears. Figure 6-120 shows a window that appeared when the Voltage
Bias forcing function was clicked to replace the Common forcing function (in this case, for
the charg_char ITM shown previously in Figure 6-116).
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Figure 6-120
Example of a reassigned forcing function

Forcing Functions / Measure Options - (Device Terminal: Source Instrument ID: SM... @

Instrument Information
Instrument [0 SMILA Instrument Model: KI14200 MPSMLU with Predmp Mode: Sampling

Forcing Function
Yoltage Biaz j

Woltage Bias Function Parameters

Lewvel: 1] Yoo r

Compliance: (0.1 A -

Src Range: |Best Fized -

P u]

S I

Select fixed source and measure ranges
ta enable Pulse Mode selection

Meazuring Options
Iv Current ™ Yoltage

[ Status
Mame: |Sourcel |
Range: |Limted sute v | [100p8 | & o
Cancel

3. Click OK. The new Forcing Function/Measure Options window closes.

4. Save the change by clicking Save in the File menu, by clicking the single floppy-disk button
in the toolbar, or by pressing [ctrl + s] at the keyboard.

Figure 6-121 shows the result of the reassignment that was made per Figure 6-120 to the
charg_char ITM.

Figure 6-121

New ITM after forcing function reassignment
& [sm01 = B [arou ]|
[k FORCE WEASIRE FORCE MEASURE |
Bias \: OV Measure |: YES Commaon: O Measure | = NA

Ltddwto: 1e-07024 Measure V¥ = NA
Measure ¥: MO
Comp: 014

Note that a newly assigned forcing function is configured with defaults that may not meet your
needs. You may need to reconfigure the newly assigned forcing function, as discussed generally
under “Configuring SMU Forcing Functions/Measure Options window” later in this section.

Reassigning forcing functions for an existing library ITM

The principles for reassigning forcing functions for an existing library ITM are identical to the
principles previously discussed in “Assigning forcing functions for a completely new ITM,” except
that the existing/default forcing function may not be the Common forcing function.

CAUTION  Before reassigning a forcing function to an ITM, make sure that you want the
change, which effectively creates a different ITM.
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Figure 6-122

Configuring SMU Forcing Functions/Measure Options window

A Forcing Functions/Measure Options window is associated with an instrument object that is
assigned to a device terminal. The Forcing Functions/Measure Options window is used to
configure the selected forcing function and measurements implemented by the instrument. This
subsection helps you to do the following:

» Open a Forcing Functions/Measure Options window.

» Understand and configure each of the ten available forcing functions.

» Understand and configure the measurement options that are associated with a forcing
function (Discussed generically, for all forcing functions, at the end of this subsection. Refer
to “Understanding and configuring the Measuring Options area” later in this section).

» Understand and configure the other controls on the Forcing Functions/Measure Options
window.

Opening a Forcing Functions/Measure Options window

To open a Forcing Function/Measure Options window for a terminal, first open the Definition tab
for the ITM (refer to “Opening an ITM window” earlier in this section). Then, at the displayed
terminal, click the FORCE MEASURE button of the associated instrument object. The Forcing
Function/Measure Options window for that instrument object appears.

Figure 6-122 shows an existing Forcing Functions/Measure Options window that illustrates typical
window features.

Forcing Functions/Measure Options window for an existing library ITM

Forcing Functions / Measure Options - (Device Terminal: Gate Instrument ID: SMU3) @

Instrument Information
Instrument [0 SMU3 Instrument Model: KI14200 MPSMLU with Predmp Mode: Sweeping
Forcing Function
Yoltage Sweep j v Master
Woltage Sweep Function Parameters
Sweep Type
@ Linear 1 Log [~ Dual Sweep Eoe‘l’;imn 0 3
Start: |0 Voo
Sl | v :|v ™ Pulse Mode
Step: |01 Voo ’7
D ata Points: |51 ’7
Src Range: |20 - ’7
Compliance: 0.1 A
Meazuring Options
[~ Current ¥ ‘altage ™ Status
| Mame: |GateV
| J| J @ Programmed  © Measured
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Reviewing a typical Forcing Functions/Measure Options window

A typical Forcing Functions/Measure Options window, as shown in Figure 6-122, is divided as
follows:

* The Instrument Information area.

* The Forcing Function area.

» The <ForcingFunctionName> Function Parameters area.

» The Measuring Options area (absent in the Open and Common windows).

Each of these areas is discussed below under a separate heading. Configuration parameters are
explained in detail for the Function Parameters and Measuring Options areas.

Understanding the Instrument Information area

The display-only Instrument Information area of a Forcing Functions/Measure Options window
summarizes the following selections in the ITM Definition tab:

* Information about the SMU selected for the corresponding device terminal.

* The test mode of the test being performed by the ITM (Sweeping mode or Sampling
mode).

Understanding the Forcing Function area

Master checkbox

The Master checkbox is used to specify whether a current/voltage sweep, list sweep, or step
forcing function acts as a master or slave.

For the significance of master and slave forcing functions, refer to one of the following subsections
under “The <ForcingFunctionName> function parameters area” later in this section:

* "Understanding Master Sweeps vs. Slave Sweeps"
* "Understanding Master List Sweeps vs. Slave List Sweeps"
* "Understanding Master Steps vs. Slave Steps"

For clarifications of sweep, list sweep, or step forcing functions, refer to one of the following
subsections under "The <ForcingFunctionName> function parameters area":

* "Understanding Linear Current and Voltage Sweeps"

» "Understanding log Current and Voltage Sweeps"

* "Understanding List Sweeps in general"

» "Understanding Step forcing functions vs. Sweep forcing functions"

Forcing Function combo box

When you open a default Forcing Functions/Measure Options window for a device terminal, the
default forcing function for that terminal appears in the Forcing Function combo box. One of the
following ten available forcing functions, listed below by category, is displayed:

+ Static (unswept/unstepped) forcing-functions
- The Open forcing function
- The Common forcing function
- The Current Bias forcing function
- The Voltage Bias forcing function
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» Sweep forcing-functions (displayed only in the Sweeping test mode)
- The Current Sweep forcing function
- The Voltage Sweep forcing function
+ List-sweep forcing functions (displayed only in the Sweeping test mode)
- The Current List Sweep forcing function
- The Voltage List Sweep forcing function
» Step forcing functions (displayed only in the Sweeping test mode)
- The Current Step forcing function
- The Voltage Step forcing function

NOTE The Forcing Function combo box is used to assign, as well as display, forcing functions.
Refer to “Assigning/reassigning forcing functions to the device terminals” earlier in this
section.

Power On Delay

When an ITM test is run, the SMUs for the given test power-on in a specific sequence. The first
SMU in the sequence powers-on immediately.

Power-on delays can be set between all the SMUs in the test. The set delay for an SMU occurs
after it powers-on, assuming there is another SMU in the power-on sequence.

For example, assume there are three SMUs in a test and the power-on sequence is SMU1, SMU2
and SMU3. Also assume that the power-on delay for SMU1 is set to 50ms and the delay for SMU2
is set for 100ms. When the test is started, the power-on sequence for the SMUs will be as follows:

SMU1 powers-on > 50ms delay > SMU2 powers-on > 100ms delay > SMU3 powers on

For Each SMU in the test, the Power On Delay field in the Forcing Functions / Measure
Options window is used to set this delay, which can be set from 0 to 0.100s.

The power-on sequence for the SMUs is set from the ITM Timing window that is launched by
clicking the Timing button at the top of the ITM Definition tab. See “Timing window” later in this
section for details.

Pulse Mode

To avoid device overheating in some tests, voltages or currents can be applied to a device only for
brief periods at widely spaced intervals. For sweep (linear, log and list) and bias forcing functions,
an SMU can be set to provide pulse output. With Pulse Mode enabled, the following pulse
parameters can be set: On Time, Off Time and Base Voltage (or Base Current). The base is the
level the SMU goes to between sweep points. Pulse “on” and “off” times determine pulse period
and pulse width as follows:

Pulse period = On Time + Off Time + cumulative measure time (if set to measure)
Pulse width = On Time

Pulse Mode can be selected ONLY when source and measure ranges are fixed. In other words,
Pulse Mode is disabled if the source or measure range is set to AUTO.

Pulse “on” and “off” times can be set from 5ms to 10s. The base voltage (or current) that can be
set is dependent the present source range (Src Range).

An example pulse output for the Voltage Bias forcing function is shown in Figure 6-123. Pulse
output goes to the specified pulse level during the pulse “on” time. If the SMU is set to measure,
the measurement will occur after the “on” time expires and before the transition to the “off” time
level. This effectively increases the “on” time by the amount of time required to make the
measurement. Minimize this extra time by choosing ‘custom’ in the timing tab and setting delay
and filter factor to 0, and A/D Integration factor to 0.01. This is the fastest (but least accurate)
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measurement timing scheme. If not set to measure, the output will simply transition from “on” to
“off.”

During pulse “off” time, the pulse output returns to the specified Base Voltage level. After the “off’
time expires, the output returns to OV.

For a sweep forcing function, pulse output steps to the sweep step levels during the pulse “on”
times. During the “off” times, pulse output returns to the specified Base Voltage (or Base Current)
level. Figure 6-124 shows an example of a single sweep and a dual sweep with the SMU set to
measure. If not set to measure, the output will simply transition from the “on” levels to the “off”
levels. The single sweep halts after reaching the Stop step. With Dual Sweep enabled, the test
continues by sweeping from the Stop level back to the Start level. For details, see “Understanding
a Dual Sweep” later in this section.

NOTE More than one SMU in the test can be pulsing. If the pulse “on” and/or “off” times for the
SMUs are different, the longer “on” and “off” times will take precedence in order for the
SMUs to operate in a synchronized manner and run at the same speed.

Figure 6-123
Pulse Mode example: Voltage bias; 2V level, 1V base

On Time |<J+T Cumulative Measurement Time
Level 2V
Off Time |
Base Voltage 1V
oV - >Time
Figure 6-124
Pulse Mode examples: Single and dual sweep
Dual Sweep Disabled:
(single sweep) On
y Time
]
Stop 4V - On
|<me, 3
3V On Data Points
Time
]
Start 2V Off Off Off
_Time Time Time |
Base Voltage 1V
ov > Time

[] = Cumulative Measure Time (Data Point)

Dual Sweep Enabled: On On
y | Time I: | Time I: 6
Stop 4V - On On Data Points
Time Time
e [BULLES)
3V On On
| Time I:l Time I:
Start 2V Off Off Off Off Off Off
Time Time Time Time Time Time
< > < > < > - < > >
Base Voltage 1V
ov > Time

The next subsection helps you to effectively use and configure the forcing functions.
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The <ForcingFunctionName> function parameters area
This subsection provides the following:

» Explains each of the ten forcing functions, with amplification and examples as needed.
» Shows an example of each of the ten Forcing Functions/Measure Options windows.
» Discusses the parameters for each forcing function.

If you wish to make no changes in the Forcing Function combo box and retain a default Forcing
Functions/Measure Options window, this subsection helps you to understand and configure the
default function.

If you wish to create a custom ITM, the Forcing Function combo box allows you to select one of
the alternative forcing functions (and an alternative Forcing Functions/Measure Options window)
for the device terminal (refer to “Assigning/reassigning forcing functions to the device terminals”
earlier in this section). This subsection helps you to understand each function before making a
selection and then to configure the function that you select.

Static forcing functions

Each of the four static forcing functions applies a nondynamic (unswept/unstepped) condition at a
device terminal. The static condition is typically applied for one of the following reasons:

» To maintain a fixed condition at one terminal of a device while sweeping and/or stepping
another terminal(s) of the device (refer also to “Sweep forcing functions” later in this
section).

+ To maintain fixed conditions at device terminals while measuring a parameter change vs.
time in the ITM Sampling mode (refer also to “Selecting the ITM test mode” earlier in this
section).

Understanding and configuring the Open forcing function

The Open forcing function maintains a zero-current state at the terminal, subject to the maximum
voltage compliance of the connected SMU. A typical Open Forcing Functions/Measure Options
window is shown in Figure 6-125.
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Figure 6-125
Open Forcing Functions/Measure Options window

Forcing Functions / Measure Options - (Device Terminal: Gate Instrument ID: SMU3) g|

Instrument Information
Instrument [0 SMU3 Instrument Model: KI14200 MPSMLU with Predmp Mode: Sweeping
Forcing Function
Open j
Open Function Parameters
Level: +0.00000 &
Compliance: (21 W

No function parameters are user configurable for the Open forcing function.

Understanding and configuring the Common forcing function

The Common forcing function maintains a zero-voltage state at the terminal, subject to the
maximum current compliance of the connected SMU. A typical Common Forcing Functions/
Measure Options window is shown in Figure 6-126.
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Figure 6-126
Common Forcing Functions/Measure Options window

Forcing Functions / Measure Options - (Device Terminal: Source Instrument ID: SM... g|

Instrument Information
Instrument [0 SMILA Instrument Model: KI14200 MPSMLU with Predmp Mode: Sweeping

Forcing Function
Common j

Common Function Parameters

Level: +0.00000%
Compliance: |0.105 A

Cancel

NOTE Compliance can be 105mA or 1.05A, depending on whether the SMU is a Model
4200-SMU or 4210-SMU, respectively.

No function parameters are user configurable for the Common forcing function.

Understanding and configuring the Current Bias forcing function

The Current Bias forcing function maintains a constant current state at the terminal, subject to the
maximum voltage compliance of the connected SMU. A typical Current Bias Forcing Functions/
Measure Options window is shown in Figure 6-127.
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Figure 6-127

Current Bias Forcing Functions/Measure Options window

Forcing Functions / Measure Options - (Device Terminal: Drain Instrument ID: SMUZ2) @

Instrument Information

Instrument [0 SMU2 Instrument Model: KI14200 MPSMLU with Predmp Mode: Sweeping
Forcing Function

Current Biaz [V j
Current Biaz [VMU] Function Parameters

Level: 0.000m A I Pulse Made

Compliance: |20 Voo

Src Range: | 100us -

Power On ’7

Drelay: 0 8

Meazuring Options

™ Current ¥ “oltage ™ Status

| Mame: |BaseV
o) i Fange: | 200 -

The Current Bias (VMU) Function Parameters are configurable as follows:

The Level parameter edit box specifies the SMU current to be forced, the units for which are
selected via the combo box at the right of the edit box.

The Compliance parameter edit box specifies any valid SMU voltage compliance (or limit),
the units for which are specified via the combo box at the right of the edit box.

The Src Range (source range) combo box specifies the SMU current range used to force
the bias current. For example, when forcing 30nA you would typically choose the 100nan
SMU range or the Best Fixed SMU range, which allows the SMU to select the most
appropriate range, based on the forcing value.

Power On Delay: When an ITM test is run, the SMUs for the given test power-on in a
specific sequence. A power-on delay can be set between the SMUs in the test. The Power
On Delay field is used to set this delay, which can be set from 0 to 0.100s. For details, see
“Power On Delay” earlier in this section.

When selected, the Pulse Mode combo box allows definition of pulse “on” and “off” times,
and pulse base current. The “on” and “off” times can be set from 5ms to 10s. Pulse output
goes to the specified current level during the pulse “on” time. During the “off” time, pulse
output returns to the specified Base Current level. For details, see “Pulse Mode” earlier in
this section.

NOTE Pulse Mode can be selected ONLY when source and measure ranges are fixed. In other

words, Pulse Mode is disabled if the source or measure range is set to AUTO.

Understanding and configuring the Voltage Bias forcing function

The Voltage Bias forci