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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 nonhazardous 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 measurement, control, and data I/O
connections, with low transient overvoltages, and must not be directly connected to mains voltage or to voltage sources with high
transient overvoltages. Measurement Category |l (as referenced in IEC 60664) connections require protection for high transient
overvoltages often associated with local AC mains connections. Certain Keithley measuring instruments may be connected to
mains. These instruments will be marked as category Il or higher.

Unless explicitly allowed in the specifications, operating manual, and instrument labels, do not connect any instrument to mains.

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
30 V RMS, 42.4 V peak, or 60 VDC are present. A good safety practice is to expect that hazardous voltage is present in any
unknown circuit before measuring.

Operators of this product must be protected from electric shock at all times. The responsible body must ensure that operators
are prevented access and/or insulated from every connection point. In some cases, connections must be exposed to potential
human contact. Product operators in these circumstances must be trained to protect themselves from the risk of electric shock. If
the circuit is capable of operating at or above 1000 V, 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.

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. ALWAYS 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.



For safety, instruments and accessories must be used in accordance with the operating instructions. If the instruments or
accessories are used in a manner not specified in the operating instructions, the protection provided by the equipment may be
impaired.

Do not exceed the maximum signal levels of the instruments and accessories. Maximum signal levels are defined in the
specifications and operating information and shown on the instrument panels, test fixture panels, and switching cards.
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 protective earth (safety 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 protective earth (safety ground) using the wire recommended in the user documentation.

The A symbol on an instrument means caution, risk of danger. The user must refer to the operating instructions located in the
user documentation in all cases where the symbol is marked on the instrument.

The A symbol on an instrument means caution, risk of electric shock. 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 / J 7 symbol indicates a connection terminal to the equipment frame.

If this symbol is on a product, it indicates that mercury is present in the display lamp. Please note that the lamp must be
properly disposed of according to federal, state, and local laws.

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. The detachable mains power cord provided with the
instrument may only be replaced with a similarly rated power cord. 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.

Unless otherwise noted in product-specific literature, Keithley instruments are designed to operate indoors only, in the following
environment: Altitude at or below 2,000 m (6,562 ft); temperature 0 °C to 50 °C (32 °F to 122 °F) ; and pollution degree 1 or 2.

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.

Safety precaution revision as of March 2016.
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Introduction
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Welcome

Thank you for choosing a Keithley Instruments product. The Model 4200A-SCS Parameter Analyzer
performs laboratory-grade DC, I-V, C-V, and pulse device characterization, real-time plotting, and
analysis with high precision and subfemtoamp resolution. The 4200A-SCS offers the most advanced
capabilities available in a fully-integrated characterization system, including a complete, embedded
computer with Microsoft Windows® operating system and mass storage. Its touchscreen interface
accelerates and simplifies the process of taking data, so users can begin analyzing their results
sooner. Additional features enable stress-measure capabilities suitable for a variety of reliability tests.

Introduction to this manual

This manual provides detailed applications to help you achieve success with your Keithley
Instruments 4200A-SCS. In addition, information is provided about the basics of the front panel to
familiarize you with the instrument. Finally, included is an overview of each application, followed by
instructions to complete the application.

More information about the commands that are used in these applications is available. Refer to the
Model 4200A-SCS Reference Manual, available from the Learning Center on your 4200A-SCS
desktop.

Extended warranty

Additional years of warranty coverage are available on many products. These valuable contracts
protect you from unbudgeted service expenses and provide additional years of protection at a fraction
of the price of a repair. Extended warranties are available on new and existing products. Contact your
local Keithley Instruments office, sales partner, or distributor for details.
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Contact information

If you have any questions after you review the information in this documentation, please contact your
local Keithley Instruments office, sales partner, or distributor. You can also call the corporate
headquarters of Keithley Instruments (toll-free inside the U.S. and Canada only) at 1-800-935-5595,
or from outside the U.S. at +1-440-248-0400. For worldwide contact numbers, visit the Keithley
Instruments website (http://www.tek.com/keithley).

USB flash drive contents

Each 4200A-SCS instrument is shipped with a USB flash drive that includes the software and the
product information documents.

The 4200A-SCS Product Information USB drive contains:

e Quick Start Guide: Provides unpacking instructions, describes basic connections, reviews basic
operation information, and provides a quick test procedure to ensure the instrument is
operational.

e User's Manual: Provides application examples that you can use as a starting point to create your
own applications.

e Reference Manual: Includes advanced operation topics, maintenance information,
troubleshooting procedures, and in-depth descriptions of programming commands.

e Accessories information: Documentation for accessories that are available for the 4200A-SCS.

For the latest drivers and additional support information, see the Keithley Instruments website
(http://www.tek.com/keithley).

Organization of manual sections

This manual is organized into the following sections:

e Introduction (on page 1-1): Provides an overview of the 4200A-SCS and this manual.

e (Getting started (on page 2-3): Provides high-level guidance on how to install, connect, and power
up the 4200A-SCS.

e Application examples (on page 3-1): Provides detailed examples of how to use the 4200A-SCS in
some typical situations.

e Next steps (on page 10-1): Provides information about additional resources that can help you use
the 4200A-SCS.

This manual is also available from the Learning Center, which you can access from your 4200A-SCS
desktop.

The PDF version of this manual contains bookmarks for each section. The manual sections are also
listed in the Table of Contents at the beginning of this manual.

For more information about bookmarks, see Adobe® Acrobat® or Reader® help.

1-2 4200A-SCS-900-01 Rev A. / September 2016


http://www.tek.com/keithley
http://www.tek.com/keithley
http://www.tek.com/keithley

Model 4200A-SCS Parameter Analyzer User's Manual

Section 1: Introduction

Application examples

This manual provides application examples that show you how to perform tests from the front panel
and over a remote interface. The applications include:

e Create a new project and test (on page 3-1)

e Use the RPM to switch the SMU, CVU, and PMU (on page 4-1)

e Configure and use a Series 700 Switching System (on page 5-1)

e Make |-V measurements on a solar cell (on page 6-1)

e Make C-V measurements on a MOSCAP (on page 7-1)

e Use the 4200A-CVIV Multi-Switch (on page 8-1)

e PMU for pulsed |-V measurements on a MOSFET (on page 9-1)

NOTE

The default settings used for the devices, tests, and projects in Clarius are generally sufficient to
produce usable data when executing a test. However, you may have additional settings you want to
apply when you configure your measurements.

General ratings

The 4200A-SCS instrument's general ratings and connections are listed in the following table.

Category

Specification

Supply voltage range

100 VRrwms to 240 Vrwms, 50 Hz or 60 Hz

Current rating

1000 VA

Input and output connections

See Front panel overview (on page 2-1) and Rear panel overview (on

page 2-4).

Environmental conditions

For indoor use only

Temperature range:
Operating: 10 °C to 40 °C (50 °F to 104 °F)
Storage: —15°Cto 60 °C (5 °F to 140 °F)

Humidity range:
Operating: 5 % to 80 % RH, non-condensing
Storage: 5 % to 90 % RH, non-condensing

Altitude
Operating: 0 to 2000 m (0 to 6252 ft)
Storage: 0 to 4600 m (0 to 150925 ft)

Pollution degree: 1 or 2

4200A-SCS-900-01 Rev A. / September 2016



Section 2

Getting started

In this section:

Front panel OVErVIEW ...........cooiiiiiiiiieai e 2-1
Rear panel OVEIVIEW ...........coooiiiiiiieiiiiiie e 2-4
INSEAlALION ..o 2-6

Front panel overview

Most of your controls and interfaces are on the front panel of the 4200A-SCS Parameter Analyzer.
The next figure shows the front panel of the 4200A-SCS. The components are summarized following
the figure.
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Figure 1: 4200A-SCS front panel
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1 Display A 1920 p x 1080 p resolution, touch-screen display.

2 Two v3.0 USB ports Allows you to connect to peripherals such as flash drives, pointing devices,
scanners, and external hard drives that are compatible with the USB v3.0
standard.

3 Two v2.0 USB ports Allows you to connect to peripherals such as flash drives, pointing devices,
scanners, and external hard drives that are compatible with the USB v2.0
standard.

4 Hard drive indicator Illuminates when the hard drive is being accessed.

5 Power switch Turns the main system power on or off.

6 Headphone connector Provides a 1/8" stereo output connection.

7 Interlock indicator Illuminates when the 12 VDC interlock circuit is closed.

8 Operate indicator Illuminates when any internal cards are energized.

NOTE

4200A-SCS-ND has no display and requires an external monitor.

2-2 4200A-SCS-900-01 Rev A. / September 2016
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Touch screen basics

You can operate the 4200A-SCS using the touch screen. You can use your fingers, clean room
gloves, or a stylus.

To select and move on the screen:

To scroll, swipe up or down on the screen.

To select an item, touch it on the screen.

To double-click an item, touch it twice.

To right-click an item, touch and hold, then release to see the options.

To enter information, you can use the on-screen keyboard. Swipe from the left side of the display to
open the keyboard.

The touch screen uses standard Microsoft® Windows® touch actions. For additional information on the
actions, refer to the Microsoft help information, available from the on-screen keyboard window menu
option Tool > Help Topics.

You can also adjust the touch settings using the Pen and Touch options in the Windows Control
Panel.

Connect a keyboard and mouse

Connect the keyboard to the 4200A-SCS with a USB cable. You can plug it into any of the eight USB
ports. The keyboard is shown in the next figure. To ensure proper operation, be sure that the
keyboard is connected before power-up.

Figure 2: 4200A-SCS keyboard

Frvierk Fared

If you want to use an optional mouse, connect a USB mouse to any of the 4200A-SCS USB ports.

4200A-SCS-900-01 Rev A. / September 2016 2-3
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Figure 3: Keyboard connections

USB
connectors

USB
connectors
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Rear panel overview

The following figure shows the rear panel of the 4200A-SCS. The connectors and components are
summarized following the figure.

Figure 4: 4200A-SCS rear panel
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I f 1 I I I i i
9 10 11 12 13 14
1 Fan Provides system cooling.
2 DP port Provides a standard DisplayPort connection.
3 HDMI port Provides a standard High Definition Multimedia Interface (HDMI®)
connection.
4 Serial port Connects to an RS-232 peripheral.
5 External monitor port 15-pin video connector.
6 Ground unit Provides system-level SENSE, FORCE, and COMMON connections.
7 IEEE-488 connector Connects to peripherals with a GPIB interface.
8 Grounding screw Connects to protective earth (safety ground)
9 Power receptacle and Connects to line power through supplied line cord. Two line fuses protect
line fuses the instrument.
10 |Fourv3.0 USB Allows you to connect to peripherals such as keyboards, pointing devices,
connectors printers, flash drives, external hard drives, and printers that are compatible
with the USB v3.0 standard.
11 | Microphone and speaker | Provides microphone, left speaker, and right speaker connections.
connectors
12 | Two LAN connectors Two gigabit LAN connectors interface the unit to ethernet local networks.

4200A-SCS-900-01 Rev A. / September 2016
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13 |12 VDC interlock Connects the instrument to a test fixture or prober interlock circuit.
connector

14 | Nine instrument slots Support the factory-installed SMU, CVU, and PMU/PGU cards.

Connect an external monitor

You can connect an external monitor to the 4200A-SCS. For best results, use a 1920x1080p HD
monitor to maintain the correct resolution when using the Clarius application.

Installation
This section contains information about handling and installing the 4200A-SCS:

e Locating the system: Describes how to select the best operating environment location for your
4200A-SCS.

e Basic system connections: Explains how to connect the grounding cable, LAN cable, GPIB-
compatible instruments, and the safety interlock to the 4200A-SCS.

e SMU connections: Describes the easiest method to make SMU connections to the device under
test (DUT).

e Powering the 4200A-SCS: Describes line power requirements for the 4200A-SCS, and shows
how to connect the power line cord.

A CAUTION

When you start one of the Clarius* software tools for the first time, you are required to respond
affirmatively to an on-screen license agreement before proceeding further. If you do not respond,
your system will not function until you reinstall the software.

NOTE

The condensed installation information in this section is intended to get your 4200A-SCS set up and
ready to turn on as quickly as possible. Detailed information on connections is provided in the Model
4200A-SCS Reference Manual.

2-6 4200A-SCS-900-01 Rev A. / September 2016
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Locating the system
Locate the 4200A-SCS so that it will operate within the following ambient temperature and humidity
limits:
e Temperature: +10 °C to +40 °C
e Relative humidity: 5 % to 80 %, non-condensing

NOTE

SMU and preamplifier accuracy specifications are based on operation at 23 °C 5 °C and between
5 % and 60 % relative humidity. See the 4200A-SCS datasheet at the Keithley Instruments website

(http://lwww.tek.com/keithley) for derating factors outside these ranges.

A CAUTION

To avoid overheating, operate the instrument only in an area with proper ventilation.Allow at least
eight inches of clearance at the back of the mainframe to assure sufficient airflow and comply with
the following guidelines:

Operate the instrument in a clean, dust-free environment.

Keep the fan vents and cooling vents from becoming blocked (sides and rear of the instrument).

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

When rack-mounting the instrument, ensure adequate airflow around the sides, bottom, and back.
Do not rack-mount high power dissipation equipment adjacent to the 4200A-SCS.

To ensure proper cooling in rack environments with only convection cooling, place the hottest
equipment (for example, power supply) at the top of the rack. Place precision equipment, such as the
4200A-SCS, as low as possible in the rack, where temperatures are the coolest. Adding spacer
panels below the instrument helps to ensure adequate airflow.

4200A-SCS-900-01 Rev A. / September 2016 2-7
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Basic system connections

This section provides basic system connections to get your 4200A-SCS set up and running. More
detailed connection information is in the "Connections and configuration" section of the Model 4200A-

SCS Reference Manual.

Connecting to protective earth

The 4200A-SCS must be connected to protective earth (safety ground) using the supplied
green-yellow ground cable.

Connect one lugged end of the supplied grounding cable to the protective earth (safety ground) screw
on the rear of your 4200A-SCS. See the next figure.

Figure 5: Grounding cable connected to the rear of the 4200A-SCS
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Connecting a LAN cable

The two LAN connectors on the 4200A-SCS are standard RJ-45 connectors intended for use with
unshielded twisted pair (UTP) cable. For best results, use only CAT 5 UTP cables equipped with
RJ-45 connectors to connect your LANSs, as shown in the following figure.

If IP addresses are statically assigned, you need to assign a different IP address to each LAN port.

Figure 6: LAN connections
® ® |
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A

(ORI O}

~ )

@ © @ ® @ @ @ © @

O cEpP O OO
or cEpP O OIO

— LAN connectors

CAT S /' LAN junction
UTP cable box or hub
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Connecting GPIB instruments

You can use the 4200A-SCS to control one or more external instruments using the IEEE-488 general
purpose instrument bus (GPIB). An example of typical instruments used in a test system with the
4200A-SCS are a switching system and an external C-V meter.

The following figure shows how to connect GPIB instruments to the 4200A-SCS.
Figure 7: 4200A-SCS GPIB instrument connections
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GPIB connector
GPIB instrument GPIB instrument

s D

GPIB cable

Connecting the interlock

The next graphic shows the location of the interlock connector on the rear panel of the 4200A-SCS.

To connect the interlock:

1. Connect one end of the supplied 236-ILC-3 interlock cable to the interlock connector on the rear
panel of the 4200A-SCS rear panel (see the next figure).
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Figure 8: Interlock connector on the rear panel of the 4200A-SCS

e &P OO |4
o> @O0 |-

Interlock /
connector

2. Connect the other end of the interlock cable to a compatible test fixture, such as the Keithley
Instruments LR:8028.

For more information, see the "Configuring the safety interlock" topic in the 4200A-SCS Reference
Manual.

SMU connections

The following topics explain how to connect the source-measure units (SMUSs) to the device under
test (DUT).

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

Do not turn on the 4200A-SCS until you have reviewed the safe power-up procedure in
Powering the 4200A-SCS (on page 2-16).

A CAUTION

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

If your 4200A-SCS includes preamplifiers, all tests should be performed using the preamplifiers, as
the installed SMUs were optimized at the factory to use them.

4200A-SCS-900-01 Rev A. / September 2016 2-11
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Triaxial cables

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

Figure 9: Triaxial cable 4200-TRX-X

If your system does not have preamplifiers installed, use the cables that have a miniature triaxial
connector on one end and a standard 3-slot triaxial connector on the other end. The cable end that is
terminated with the miniature connector connects directly to the SMU, and the other end connects to
the test fixture or probe station.

Figure 10: Triaxial cable 4200-MTRX-X

A CAUTION

With preamplifiers installed, NEVER make connections directly to any of the miniature triaxial
connectors on the SMU modules. This may result in damage to the SMU or DUT or may produce
corrupt data.
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Basic connections

The simplest method to connect SMUs to the device under test (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 the
"Connections and configuration" section of the Model 4200A-SCS Reference Manual.

The next figure 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 triaxial cable.

A CAUTION

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

4200A-SCS-900-01 Rev A. / September 2016 2-13
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Figure 11: SMU (with preamplifiers) connections to DUT

SMUs connected to a
2-terminal device

SMUs connected to a
3-terminal device

SMUs connected to a
4-terminal device

®
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Mounting preamplifiers in a probe station

You can mount the preamplifiers remotely on a probe station using an optional mounting kit. Follow
the steps below to mount and connect a remote preamplifier on a probe station. Details are provided
in the documentation provided with the mounting kit.

Three remote preamplifier mounting options are available:

e 4200-MAG-BASE: A magnetic base for mounting a preamplifier onto a probe station platen.
e 4200-VAC-BASE: A vacuum base for mounting a preamplifier onto a probe station platen.

e 4200-TMB: A triaxial mounting bracket option for mounting a preamplifier onto a probe station or
onto the triaxial mounting panel of a test fixture.

NOTE

Each preamplifier is matched to the SMU it is connected to. When you disconnect the preamplifiers
to mount them to a probe station, make sure to reconnect each one to its matching SMU.

To mount a preamplifier onto a probe station:
1. Turn off the system power for the 4200A-SCS from the front panel.

2. Disconnect the preamplifiers from the rear panel of the 4200A-SCS. They are secured to the rear
panel by a mounting bracket.

3. Mount the preamplifier at the remote location using the appropriate mounting Kit.

4. Connect the control cable between the preamplifier control connector on the preamplifier and the
PA CNTRL connector on the SMU.

5. Make sure that the connecting cable is secure at both ends.

For additional preamplifier details, see the Model 4200A-SCS Reference Manual.

Figure 12: Installing a preamplifier on the probe station

Preamplifier

Control

Preamplifier cable
control (4200-RPC-X)
connector
Probe
4200A-SCS station

mainframe
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Powering the 4200A-SCS

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

The power cord supplied with the 4200A-SCS contains a separate protective earth (safety
ground) wire 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. In the event of a failure, not using a properly grounded protective earth and grounded
outlet may result in personal injury or death due to electric shock.

Do not replace detachable mains supply cords with inadequately rated cords. Failure to use
properly rated cords may result in personal injury or death due to electric shock.

The 4200A-SCS operates from a line voltage in the range of 100 VAC to 240 VAC, at a frequency of
50 Hz or 60 Hz. Line voltage is automatically sensed, but line frequency is not.

To connect and power the unit:

1. Check to be sure that the operating voltage in your area is compatible.

2. Connect the female end of the supplied power cord to the AC receptacle on the rear panel. See
the Rear panel overview (on page 2-4) for details.

Figure 13: Line power receptacle

Line fuses (2) |

Power
receptacle

3. Connect the other end of the supplied line cord to a grounded AC line power receptacle.
4. Turn the power ON using the front-panel power switch.

NOTE

Although the instrument does not sense power line frequency at power-up, Keithley ships your
4200A-SCS with line frequency settings that match the line frequency that was specified on the order
— either for 50 Hz or 60 Hz. However, if necessary, you can change the line frequency setting using
the KCon utility. Refer to the Keithley Configuration Utility (KCon) section in the Model 4200A-SCS
Reference Manual.

2-16
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NOTE

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

5. Allow the instrument to warm up for at least 30 minutes to achieve rated measurement accuracy.
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Introduction

This section provides an example of how to create a new blank project and configure a new blank
test. You will create a test to be performed on a MOSFET, but the procedure is general and can be
applied to different devices and applications.

NOTE

The default settings used for the devices, tests, and projects in Clarius are generally sufficient to
produce usable data when executing a test. However, you may have additional settings you want to
apply when you configure your measurements.

Equipment required

e One 4200A-SCS, with the following instruments:
e Two 4200-SMUs or 4210-SMUs
e Two 4200-PAs

e Three 4200-TRX-2 or 4200-MTRX-2 triaxial cables (supplied with SMU)
e One shielded, three-terminal test fixture with triaxial inputs (such as the 8101-PIV)
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Device connections

Using the supplied cables, connect the output terminals of the instruments directly to the MOSFET
terminals in the shielded test fixture. The triaxial terminals on the shielded test fixture allow you to
connect to the device and maintain a completely shielded and guarded test setup.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

Connection schematic

The hardware connections from the output of the instruments in the 4200A-SCS chassis to the test
fixture that contains the MOSFET are shown in the following figure. All of the connections are 2-wire,
and only the Force terminal of each SMU is used. The SMUs and GNDU are each connected to a
different terminal of the 3-terminal MOSFET.

Figure 14: Connections from the 4200A-SCS to a MOSFET

4200-TRX-X or 4200-MTRX-X
Triaxial to triaxial cables

4200A-SCS chassis \4
SenseQ Drain
SMU1 [ R
Force O—————— [ [
Sense0 | [
SMU2 [ [
E s Gate | | |
orce O
Senseo : :
GNDU R
Force O 1

Source  MOSFET enclosed in
conductive shield
connected to Force LO
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Connect the 4200A-SCS to the DUT

The hardware connections from the output of the instruments in the 4200A-SCS chassis to the test
fixture that contains the MOSFET are shown in the next figure.

Figure 15: Rear panel connections from the 4200A-SCS to a MOSFET

Drain

r———=—7 -1
|
|
I

Gate |

! | P I —— |

|
.
|
I

Source MOSFET enclosed in
conductive shield
connected to Force LO

Set up the measurements in Clarius

This section describes how to set up the 4200A-SCS to generate a Vds-la family of curves for a 3-
terminal n-type MOSFET. This general procedure can also be used to create tests for other devices
and other applications.

For this example, you will use the Clarius application to:

e Select and rename new project
e Add a device

e Select a custom test

e Configure the test

e Execute the test

e View and analyze the test results

Select and rename a new project

To select and rename a new project:
1. Choose Select.

Figure 16: Select highlighted

Select Configure Analyze
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2.

In the Library, select Projects.

3. Select and then Create a New Project.

o

Figure 17: Select a New Project from the Project Library

Tests Devices Actions Wafer Plan [aifwé

Project Lib 52 =)
Sort By roject Library (52) |--3

port
Name Ascending v m image [ Description

rF

New Project I
m Creates an empty project.

Select Yes when prompted to replace the existing project.
Assign a title to the project by selecting Rename above the project tree.

Enter a project name into the text box, then select Enter. MOSFET_TEST has been chosen for this
example.

Figure 18: Toolbar with Rename function
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Copy Cut Rename Delete

Project: CVIV_COMPENSATION
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Add a device

To add a device:

1. Select Devices.

2. From the Filters pane, select the 3 checkbox under the Terminals heading and transistor under
the Device Type option from the Filters pane.

Figure 19: Searching for a device using Filters

b ) )
Tests m Actions  Wafer Plan  Projects ® m Help
Device Library (11) _E Terminals Device Type  Author
Sort By oo r ) —
! Import 2 | capacitor |__| Factory
Name Ascending | v | | m Descrupron .
} 3 | diode | |User
o I
CE Electrochemical cell, 3 terminal (3terminal-echem-cell) 4 generic
RE
» 5 nano-tech
TWE 6 echem
) ) ) ) 7 | solar cen
| Generic device, 3 terminal (3terminal-generic) j searce
- - 8 material
| resistor
transistor
MOSFET, n-type, 3 terminal (3terminal-n-fet)
m “ Metal-oxide semiconductor (MOS) field-effect transistor (FET)
JFET, n-type, 3 terminal (3terminal-n-jfet)
Junction field-effect transistor
I 7 RIT nnn 2 tarminal (2tarminalannchitl v
@ Y] AeS  Clarnys Hardware Serves started

3. Selectthe MOSFET, n-type, 3 terminal (3terminal-n-fet) device, then select Add to
copy it to the project tree.
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Select a custom test
To select a custom test:
1. Select Tests.
2. Select Custom Test, then select Add to create a new 3-terminal, n-type MOSFET test in the
project tree.

Figure 20: Custom Test option

m Devices Actions Wafer Plan Projects

Test Library (118) -]
Sort By Import

Name Ascending | v ‘ ‘ ‘ m Description

A
]

O Choose a test from the pre-programmed library (UTM).

Custom Test
. Add a blank test that can be cohjgured into a DC, Pulse, or CV test (ITI

3. Select Rename from the toolbar. Enter a test name in the text box, then select Enter. vds-id
was chosen for this example.

Figure 21: MOSFET_TEST project tree with one device and one test

B ¥ 7 1
Copy Cut Rename Delete
Project: MOSFET_TEST
4 {+ 3terminal-n-fet
vds-id |

Configure the test

To configure the test:
1. Select Configure.

Figure 22: Configure highlighted

EEQ nmp [l 2 @(‘

Select Configure Analyze
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2. Inthe project tree, select vds-id. Because this test is custom, you must assign functions to all
terminals connected to the MOSFET before you can run the test.

Figure 23: All MOSFET terminals unassigned in a blank test

vds-id#1

All Parameters

Drain | NONE v

Operation Mode | Not Connected |*

Operation Mode | Not Connected |v Operation Mode | Not Connected |Y

Gate | nonE |» ‘ | Bulk | none v
— B poe

SOUrceN| NoNE v

Operation Mode | Mot Connected | -

3. Set the Gate terminal connection to SMU2 and set the Operation Mode to Voltage Step.

4. Change gate the Start, Stop, Step, and Compliance settings to match the next figure or to the
gate settings appropriate for your device.

Figure 24: SMU2 steps from 2 to 5 volts, connected to MOSFET Gate terminal

Gate ;SMUQ | v
Operation Mode | Voltage Step ‘ b |
Start. 2 v
Stop| 5 \)

Step| 1 \)

Compliance | 0.1 A
Measure Current Report Voltage
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5. Set the Drain terminal connection to SMU1 and set the Operation Mode to Voltage Linear
Sweep.

6. Change the Start, Stop, Step, and Compliance settings to match the next figure.
Figure 25: SMU1 sweeps from 0 to 5 volts, connected to MOSFET Drain terminal

Drain | SMU1 ‘ b i

Operation Mode | Voltage Linear Sweep ‘ v

Start | 0 v
Stop| 5 |
Step| 0.1 V
Compliance | 0.1 A

Measure Current Report Voltage

7. Setthe Operation Mode of the Source terminal to GNDU.

Execute the test
Select Run to execute the test.

Figure 26: Run

>

Run

View and analyze the test results

While the test is running, you can view the data in the Analyze pane. Because you created a new

test, the axes of the results graph are not assigned. You must assign axes to the graph to view
graphical results.

To view and analyze the test results:

1. Select Analyze. The Analyze screen appears as a blank spreadsheet and a blank graph with
unassigned axes.

Figure 27: Analyze highlighted

Select Configure Analyze
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2. Select Graph Settings..., then Define Graph.
Select Define Graph.
4. In the Graph Definition screen, assign X to DrainV and Y1 to Drainl.

w

Figure 28: Define the graph

5. Select OK to apply the settings.

6. When you run the test, the sheet populates with the measured data and the graph displays the
Vds-1d family of curves.

Figure 29: Analyze Pane showing test results
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Introduction

The 4225-RPM Remote Amplifier/Switch Module is an accessory for the 4225-PMU 2-Channel
UltraFast I-V Module. The 4225-RPM has two purposes:

e To extend the current measurement ranges of the PMU to the 100 nA range
e To enable the user to switch between the instruments without changing cables
This section provides an example of how to use the 4225-RPM to switch the 4200-SMU or

4210-SMU, 4210-CVU, and 4225-PMU and make DC |-V, C-V, and pulsed |-V measurements to a
single device without having to reconnect the device between measurements.

For this example, make connections from two SMUs, one CVU, and the two-channel PMU to the
inputs of two 4225-RPMs. Then make connections from the outputs of the two 4225-RPMs to a diode.
Finally, generate DC I-V, C-V, and pulsed |-V measurements.

Update the RPM configuration in KCon

The KCon application is used to manage the configuration of the 4200A-SCS, including the
4225-RPM. Before using an RPM for automatic switching, you must update the RPM configuration in
KCon. This associates the instruments connected to each RPM and also enables automatic switching
between tests.

To update the RPM configuration in KCon:

1. Make sure your device is disconnected from the RPM output terminals.
2. Close the Clarius application.

3. Open the KCon application.

4. Select Update Preamp, RPM, and CVIV Configuration.

Figure 30: Update the RPM configuration in KCon
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5. Select Save.
6. Close KCon.
7. Open the Clarius application.

Equipment required

e One 4200A-SCS with the following instruments:

e Two 4200-SMUs or 4210-SMUs

e Two 4200-PAs

e One 4210-CVU

e  One 4225-PMU

o Two 4225-RPM
e Four 4200-TRX-2 or 4200-MTRX-2 triaxial cables (supplied with SMU)
e Four CA-447A SMA cables (supplied with CVU)
e Two CA-547-2A RPM interconnect cables (supplied with RPM)
e Four CA-534-24A triaxial cables
e Two 237-TRX-T triaxial tees

e One shielded test fixture with connection to GNDU (Force LO)

Device connections

Using the supplied cables, make connections from the output terminals of the instruments to the input
terminals of the two RPMs. Connect the output terminals of the RPMs to the diode in a 4-wire
configuration to provide the best measurement accuracy and eliminate the lead resistance effects on
I-V and C-V measurements.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

4-2
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Connection schematic

The hardware connections from the output terminals of the instruments in the 4200A-SCS are
connected to the input terminals of the two 4225-RPMs and then from the output terminals of the two
RPMs to the diode under test, as shown in the next figure.

The Sense and Force output terminals of 4200-SMU Channel 1 are connected to the SMU Sense and
SMU Force connections of 4225-RPM Channel 1 using 4200-TRX-2 or 4200-MTRX-2 triaxial to
triaxial cables. The same connection is made between 4200-SMU Channel 2 and 4225-RPM

Channel 2, using the same cable model.

The HPOT and HCUR output terminals of the 4210-CVU are connected to the CVU Pot and CVU Cur
inputs of 4225-RPM Channel 1 using CA-447A SMA cables. The LPOT and LCUR output terminals of
the 4210-CVU are connected to the CVU Pot and CVU Cur inputs of 4225-RPM Channel 2 using
CA-447A SMA cables.

The output terminals of the 4225-PMUs are connected to their respective channels' RPM Control
inputs on the 4225-RPMs.

The Force and Sense output terminals from 4225-RPM Channel 1 are connected to the anode of the
diode using two triaxial cables (part number CA-534-24A) and a triaxial tee (Model 237-TRX-T).
These triaxial cables are rated for accurate low current (I-V) and high frequency (C-V and pulsed I-V)
measurements.

The output terminals of 4225-RPM Channel 2 are connected to the cathode of the diode using the
same cables and triaxial tee as those for Channel 1. To prevent noisy measurements, enclose the
diode in a conductive shield connected to the Force LO terminal of the 4200A-SCS.

Figure 31: Connections from the 4200A-SCS and 4225-RPMs to the diode

4200A-SCS chassis | )00 1Rx-2 or 4200-MTRX-2 _CA-534-24A
4200-SMU1 )/ Triaxial to triaxial cables 4225RPM 1 | Triaxial to triaxial cables
Sense ©
Force é /

237-TRX-T

4200SMU2  gorce
Force < Triaxial tee
4210-CvU HPOT I - -
rour x | i
LCUR CA-447A SMA |
Cables —_—

4225-PMU
021 Diode enclosed in
Ch2 conductive shield
connected to Force LO

CA-547-2A RPM interconnect cables
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Connect the 4200A-SCS to the DUT

The next figure shows the 4200A-SCS rear-panel connections to the input terminals of two
4225-RPMs and from the outputs of the 4225-RPMs to the diode.

Figure 32: Rear panel connections to the inputs of the 4225-RPM units and from the units to
the device

Model 4225-RPM #1
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©
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g | &
18 G
Iy |
>
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o
<
3

]—DUTFLIT—l — — r%
A

Oulpt 2 DUT Diode enclosed in

9 S
. conductive shield
— r@ connected to Force LO
o of the 4200A-SCS

=%

Set up the measurements in Clarius

This section describes how to set up the 4200A-SCS to perform I-V, C-V, and pulsed I-V
measurements on a diode. You will create a new project and add a test to the project tree for each
measurement type.

For this example, you will use the Clarius application to:

Create a new project

Add a device

Search for and select existing tests in the Test Library
Configure the tests

Run the tests

View and analyze the test results
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Create a new project

To create a new project:
1. Choose Select.

Figure 33: Select highlighted

- o -

Select Configure Analyze

2. Inthe Library, select Projects.
3. Select and then Create a New Project.

Figure 34: Select a New Project from the Project Library

Tests Devices Actions Wafer Plan [aifwé
Project Library (52 b
Sort By ) y (52) I_”q_
Name Ascending | v | m Image Description

A
New Project I
m New Creates an empty project.

4. Select Yes when prompted to replace the existing project.
5. Assign a new title to the project by selecting Rename, then enter Diode Test.
6. Select Enter.
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Add a device

To add a device:
1. Select Devices.

2. To find a diode device in the Device Library, type diode into the search box, then select Search.
3. Select the Diode, 2 terminal device and Add it to the project tree.

Figure 35: Select and

add a diode device to the project tree

(
®
Project: Diode Test Sort By.

Name Ascending

7 ,m

Device Library (5)

|
image [ Description

v | | diode

e

Diode, 2 terminal (diode)

Light-emitting diode (LED). 2 terminal (led)

. 2 terminal (p

Diode, Schottky, 2 terminal (schottky-diode)

Diode, Zener, 2 terminal (zener-diode)
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Search for and select existing tests in the Test Library

To search for and select an existing test:

1. Select Tests.

2. To find a diode test in the Test Library, type the word diode in the search box, then select
Search.

3. Scroll to find the Diode Forward 1-V Sweep (vfd) test, then Add the test to the project
tree.

Figure 36: Adding the Diode Forward |-V Sweep (vfd) test to the project tree

F > T " PYp——.
Project: Diade Tests Sout By Test Library (13) :]
4 diode m cear  [Elmage A pescript
' rs
Do weep on a diode
Schottky Diode C-V Sweep (schottky-c-v-sweep)
L Generates a C-V sweep on a Schottky diode.
Sehottky Diode Forward |-V Sweep (schotiky-forward--v-sweep)
/_‘ Measures the current as a function of a farward voltage sweep of a Schottky diode
Diode Forward |-V Sweep (vid)
n / Measures the anode curment o a function af o forward-bias vollage sweep of a diade
Diode Reverse |-V Sweep (vrd)
Sweeps the reverse-bias voltage and measures the resulting current of a diode.
v
() Messages wosel/PreAmp configuration in saved test differs fram system configuration Performing suto adjustment

4. Scroll to find the Diode C-V Sweep (cv-diode) test, then Add this test to the project tree.
Figure 37: Diode C-V Sweep (cv-diode) test

Diode C-V Sweep (cv-diode)
-J Generates a capaciance-v D:'.i!gf‘ sweepona diode and extracts common FB[J'“!‘[!‘[‘_

5. Scrollto find the Diode Pulse 1-V Sweep (pulse-diode) test, then Add this test to the
project tree.

Figure 38: Diode Pulse |-V Sweep (pulse-diode) test

Diode Pulse |-V Sweep (pulse-diode)
/ Performs pulse forward |-V sweep on a diode
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Your project tree now has three tests.

Configure the test

To configure the tests:
1. Choose Configure.

Figure 39: Three tests added to project tree

Project: Diode Tests
4 ~D}— diode
vfd
cv-diode

pulse-diode

<<

Figure 40: Configure highlighted

o  Inmp
)

Select

Configure

O

Analyze

2. Inthe project tree, select the vFd test. Adjust the Anode settings in the Key Parameters pane as

needed.

Figure 41: Forward |-V sweep, vfd terminal settings

vid1#1

Anode | shu1 |_v |

Operation Mode | \Voltage Linear Sweep | ¥ |

Start| 0

Stop| 09

Step| 0.0V v
Compliance | 0.1 A

Measure Current Report Voitage

All Parameters

t:nnmh sMuz | *
Operation Mode : Vaoltage Bias ¥
E 3..;.-:! 0 v
Con-.pnancei [ 3] A
|| Report Current Report Voltage
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3. Inthe Test Settings pane, select Advanced. Adjust the parameters as needed. Be sure to include
the delay between sweep steps.
Figure 42: Test Settings pane and Test Settings Advanced dialog box
w Terminal Settings  Help [EsaiamnceaTensenng: =5
Measure Settings
vdil m ) Speed | Normal v Delay Factor [ 1
Measure Settings Filter Factor 1
Speed  Normal |v
| Report Timestamps Report Timestamps
Test Mode Test Mode
Mode | Sweeping | v . Sweeping Sweeo Delav 0 s
Sweep Delay | 0 8 () sampling Hold Time 0 | s
Hold Time | 0 5
SMU Power On Sequence
Anode
Disable Qutputs at Completion
4. Select OK to accept the settings.
5. Select Terminal Settings.
6. Select Advanced.
7. Adjust the voltage source and current measurement parameters as needed.
Figure 43: Terminal Settings pane and Terminal Settings Advanced dialog box
@ Test Settings BRIz IGERHGENE Help = Lo
Farce
Anode é | vottage Linear Sweep |
Sant o v
Force
— Stop 09 Select fixed source and measure ranges
Operation Mode | Voltage Linear Sweep | A | Sten o0 i to enable Pulse Mode optian
Start| 0 v Paints o
- [ buat Sweep
Stop | 09 v
Soutce Range BestFived | ¥
Step| 0.01 v Compliance o1 | &
" Dual Sweep Power On Delay U [ s Overvoltage Protection | OFF L4
c i o A Measure
ompliance | 0.1 [ cument [ voltage
Measure Range Limited Aute | * | | 100pa | * @ Programmed () Measured
Cunpm Column Name | Anode! Cotumn Name | AnodeY
- Repart Status
Range | Limited Aute | v |
BN e ] =3 =]
3 vorage
Report Value | Programmed | v
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8. Select OK to accept the changes.

9. Select the cv-diode test from the project tree.

10. Highlight the Anode terminal of the diode in the Key Parameters pane
11. Adjust the voltage source and test frequency settings as needed.

Figure 44: Key Parameters pane for the cv-diode sweep test

cv-diode#1 All Parameters

Anode | CvH1 v

Operation Mode | Voltage Linear Sweep | ¥

Start | -2 v V | |

Cathode | cvL1 v

Stop | 0.4 v Operation Mode | DC Gnd L
Step | 0.05 v

Frequency | 1MHz A
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12. From the Test Settings pane's Advanced dialog box, adjust the timing parameters as needed. Be
sure to include the sweep delay time in your adjustments.

Figure 45: Test Settings pane and the Test Settings Advanced and Formulator dialog boxes for
the cv-diode sweep test

@ EEREVOGEE Terminal Settings  Help Measure Settings
I m ’ SPeed | pormal | ¥ | Detay Factor 1
Filter Factor 1

Measure Settings

Speed | Normal | v Report Timestamps

L Report Timestamps Test Mode

@ cweeping Sweep Delay 0 s

() sampiing
Mode | Sweeping | v
Sweep Delay | 0 5

Hold Time | 0 s

Test Mode -

Hold Time o

Disable Outputs at Completion

i
E

!
HHUE
:

= " | e .

apply Set 1o .-.-,.-nw\—m...--.| -
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13. From the Terminal Settings pane and the Terminal Settings Advanced dialog box of the Anode
terminal, adjust the DC voltage source, AC voltage source, and measurement parameters.

NOTE

Before the corrections can be applied in the test, you can choose to run the CVU Connection
Compensation action from the toolbar.

Figure 46: Terminal Settings pane and the Terminal Settings Advanced dialog box for the cv-
diode sweep test

. . : TR ; = &=l
@ Test Settings RISEIRSZNLGEE Help b
Force Advanced E
g Lo Bag T AL Source ¥ ot |
Ad =
Prescak | 0 Ve Frequency Thitte i
DG Source ¥ o | v
Farce S v ;
DC Difset(CVLT) o L'
. . swop |04 v
Operation Mode | Voltage Linear Sweep | v . .
. I Ao shral | B B, Capacitance Fange Estimator
C Maxx 1.59mF
Presoak | 0 v Points (8 Dual Sweep
e — I Max [Range’ Tmi
Measure
Start | -2 4 Frequency Thiz
e Parsmeters Cpip * | [ nepont Tes Conditinns
AC Deveg Veltage 20mV RMS
Stop | 0.4 v
P Poram 1 Column Hame | Cp_AC DGV Cobamn Name | DCV_AG 1
— C - Max
Step| 0.05 v Param 2 Colume bame | Ga AT Freq Column bame | F_AC Max nfv,,
Faport Status HOTE
__| Dual Sweep - Calculsted resuns fepresent a direct connection to
Comgensation the e,
. - P— U . Al S1rEY CAOCAANGE dus to cabling or inercannect
Frequency | 1MHz | v Joper soort - [ Jtows: catteLangm 1,51 vt v e chus it tmemnred
' ' Capacitcss greater than 1uF may iequine additional saen delay
Monre =0 =
J
Parameters | Cp-Gp | v
- Compensation —
| |Open
|| Short
| |Load
Cable Length | 1.5m v
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14. In the project tree, select the pulse-diode test.
15. From the Key Parameters pane, adjust the pulse operation as needed.

Figure 47: Key Parameters pane for the pulse-diode test

pulse-diode#1

All Parameters

Anode | PMUT-T v

Operation Mode | Pulse Amplitude Sweeq v

Cathode | Pu1-2 v
Start| 0 v m“ ‘ |
I || | | Operation Mode | DC Bias v
Step | 0.7 v 'IJ-L
Base| 0 v
Step | 0.0 '
Base | 0 v
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16. Change the Cathode terminal setting to PMU1-2.

17. Select Test Settings.

18. Select Advanced to adjust the test mode or pulse timing settings, as needed.

Figure 48: Test Settings pane and the Test Settings Advanced dialog box for the Pulse-Diode

@m Terminal Settings  Help

pulse-diode#1

- Pulse Settings

Test Mode | Pulse IV | =
[v]

Measure Mode ! Discrete Pulses

Number of Pulses | 1
[
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Delay Time | O H
==

=
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Trm——

Pulze Settings
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essrn Moo | Dscinte Pulses |+

Hhsrmier of Psen | 1

Bl -

Timireg Parametons
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P a0

Pulse v

Pudse Timing Preview
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19. Select OK to accept the changes.
20. Select the Anode terminal.
21. Select Terminal Settings.

22. Select Advanced to configure the measurements as needed, including spot mean, PMU
compensation, and PMU threshold levels.

Figure 49: Terminal Settings pane and the Terminal Settings Advanced dialog box for Pulse-
Diode test
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A
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Run the test

Once the three tests have been configured, you can execute every test under the device by selecting
the diode device in the project tree and then Run. Select the check boxes for the three tests and the
device. The three tests run sequentially and the RPM automatically switches the outputs between the

SMU, CVU, and PMU.
Figure 50: Executing the test from the device level
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As the instruments switch between tests, the LEDs at the top of the RPMs change color. When the
output is connected to the SMU, the LED is blue. When the output is connected to the CVU, the LED
is red. When the output is connected to the PMU, the LED is green, which is also the default state.

Figure 51: Top of the 4225-RPM indicating the LED status
Top Panel

@)

LED Status

@ SMU Mode
@ CVU Mode
@ Pulse Mode
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Analyze the results

You can select Analyze when you run the project to view test results in real-time.

Figure 52: Analyze highlighted

::0 i ﬁg’ 12 @

Select Configure Analyze

Select a test from the project tree to display its results. The data for the vfd test is displayed in the
next graphic. Both the data and the graph are displayed in this view.

Figure 53: Analyze pane
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Section 5

Configure and use a Series 700 Switching System

In this section:

Lo o 18 o3 1o o H0 PPNt 5-1
EqQUIPMENt reqUIred..........oooeiiiiiiiii e 5-2
DEeVICE CONNECLIONS .....eeiiiiiieiiiiee ettt 5-2
Update the switch configuration in KCoN ..........cccoccvvvieeeeeninns 5-6
Set up the measurements in Clarius ..........ccccceeveeeieiiiiieneenn. 5-10

Introduction

This tutorial demonstrates how to configure a Keithley Instruments Series 700 Switching System
(707/A/B or 708/A/B) in KCon and then how to use the system to connect any instrument terminal to
any test system pin without changing connections. You will also create a new project for an n-channel
MOSFET transistor and use the project to make both I-V and C-V measurements using the switching
system.

Switching systems are controlled by the 4200A-SCS using the GPIB bus. Use a 7007-1 or 7007-2
GPIB cable to connect your switching system to the 4200A-SCS. Once the switching system and test
fixture have been defined in KCon, you use Clarius to set up the connections and automatically
connect the instruments to the test system pins using the switching system.

The connectpins action from the Action Library is used in Clarius to control switching systems. This
action controls the opening and closing of crosspoints in a switching system so that you can connect
any row of the matrix card to any (or multiple) columns of the matrix card.

The connectpins action is added to the project and runs twice in this example. Each run
establishes new connection settings.

For more details about switching system connections and the Action Library, refer to the Model
4200A-SCS Reference Manual.
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Equipment required

e One 4200A-SCS with the following instruments:
e Three 4200-SMUs or 4210-SMUs
e One 4210-CVU

e FEight 4200-MTRX-X cables or 4200-TRX-X cables if using preamplifiers

e Four CA-447A SMA cables (supplied with the CVU)

e Four CS-1247 SMA female to BNC male adapters (supplied with the CVU)
e Two CS-701A BNC Tee adapters (female, male, female)

e Two 7078-TRX-BNC BNC female to triaxial male adapters

e One Series 700 Switching System with 7072 Matrix Card

e One shielded four-terminal test fixture with triaxial inputs

e One n-channel MOSFET transistor

Device connections

The next topics detail the connections from the 7072 to the n-channel MOSFET and the connections
from the 4200-SMU or 4210-SMUs, 4210-CVU, and GNDU to the 7072 Matrix Card in the Series 700
Switching System.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

5-2
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Connect the 7072 to the DUT

The hardware connections from the 7072 Matrix Card to the 4-terminal MOSFET DUT are shown in
the following figure. Use four 4200-MTRX-X or 4200-TRX-X triaxial cables (if using a preamplifier) to
the input terminals of your test fixture.

Figure 54: Connections from the 7072 Matrix Card to the MOSFET DUT
Model 7072 Matrix Card

) 4200-MTRX-X or
- Y 4200-TRX-X triaxial cables (4)
A® /
€.
BO
— @ ~
cCO
© 4 r LB | I - 1
D@
@5 I I
| |
§ Gat Bulk]
@ 6 ate t
|
o7 — |
EO® Source
©J 9 MOSFET enclosed in
F @ conductive shield
@,10 connected to Force LO
=
GO
_ @11
HO
®12
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Connect the 4200A-SCS to the 7072

The hardware connections from the output of the instruments in the 4200A-SCS to the 7072 are
shown in the following figure.

To connect the 4200A-SCS and SMUs to the 7072:
Using four 4200-MTRX-X or 4200-TRX-X triaxial cables, make the following connections:

e 4200A-SCS GNDU to 7072 input terminal E
e  42x0 SMU channel 1 Force to 7072 input terminal A
e  42x0 SMU channel 2 Force to 7072 input terminal B
e 42x0 SMU channel 3 Force to 7072 input terminal C
To connect the 4210-CVU to the 7072:
1. Using the labeled parts in the following figure, assemble a tee adapter to connect the 4210-CVU
to the 7072
Figure 55: 4210-CVU to 7072 adapter tee assembly

7078-TRX-BNC
female to triaxial
male adapter

CS-70TA BNC
tee adapter

CS-1247 SMA female
to BNC male adapter

CS-1247 SMA female
to BNC male adapter
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2. Using four CA-447A SMA cables, make the following connections:
e 4210-CVU HCUR to adapter tee assembly 1
e 4210-CVU HPOT to adapter tee assembly 1
e 4210-CVU LPOT to adapter tee assembly 2
e 4210-CVU LCUR to adapter tee assembly 2
3. Connect adapter tee assembly 1 to input terminal G of the 7072.
4. Connect adapter tee assembly 2 to input terminal H of the 7072.

The connections are shown in the following figure.

Figure 56: 4200A-SCS to 7072 Matrix Card connections
4200-MTRX-X or

4200A-SCS rear panel :1;?6?)2;2':;:635 _
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1
22.0)
2
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| © ©@ @ @ ©® © q| ®@ © L 8
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| X ©10
Adapter tee > GO
g assembly 1 on
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Qsd:gr:-,et;;e; ? Tees and adapters connect @
directly to Model 7072 7072 Matrix Card

terminals G and H
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Update the switch configuration in KCon

After completing the switch and device connections, use KCon to manage the configuration of all
instrumentation controlled by the 4200A-SCS software. You use KCon to:

e Add a switching system to the 4200A-SCS configuration

e Add a test fixture to the system configuration

e Configure the test fixture

e Add a matrix card to the switching system

e Configure the matrix card connections

To add a switching system to the 4200A-SCS configuration:

1. From the desktop, open the KCon application.

2. Inthe bottom left of the KCon application window, select Add External Instrument.

3. Inthe dialog box that appears, select your switching system. The Series 700 Switching Systems
are highlighted in the next figure.

Figure 57: Add External Instrument box, Series 700 Switching Systems highlighted
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4. Select OK.
5. Select Add External Instrument again, then select Test Fixture.

Figure 58: Add External Instrument dialog box, Test Fixture highlighted

) Rdd Bttt =
Switch Matrix Probe Station / Test Fixture
0T, Prabe Statson

Capacitance Meter General Purpose Test Instrument

) Keithiey 590 CV Analyzes

95 Quasistatic CV Mater

Haysig! LEZ Meter

Pulse Generator

Keithley 3401 Pulse Generator-Single Channel

6. Select OK.
From the configuration navigator, select the test fixture you just added (TF1).

8. Set the number of pins equal to the number of output pins in your switching system (12 for this
example, using one 7072 matrix card).

~

Figure 59: Properties for a Generic Test Fixture

— o —
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Kl System Configuration

Keithley 4200A-5CS Parameter Analyzer
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TF1 Properties
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9. From the configuration navigator, select the switching system you just added (MTRX1).
10. In the Properties pane, add the 7072 Matrix Card to the correct slot of the switching system.

11. Confirm that the GPIB Channel of your device (0 to 30) matches the channel shown in the
Properties. The next figure shows a Keithley Instruments 707/707A/707B Switching System with
the matrix card installed in slot 1.

Figure 60: Properties pane of Keithley 708/708A/708B Switching System with one 7072 Matrix
Card

Kl System Configuration

— ¥ o —
C B =

K1 42008505 Keithley 42004-5CS Parameter Anslyzer
MTRX]1 Properties
+ SMUL et Model Keithley 708/ TOBA/TOBE Switching System
+ sMuZ ! GPIE Address: B |*
ot 2
Kethbey 4200 MPSML Co et Scheme: Row-Column hd
. s = PSy onnection Scheme ow-Colume |
Slot 3
Keithiey 4200 MPSMU Sense: Local | o
+ SMU4 ;
Slot 4
Keithley 4210 CVU ]
o Switch Cards
boEMUL Keithley 7072 Matrix Card v

GNDU
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NOTE

If you are using a 707B or 708B Switching System, you must use the control panel on the front of
your switching system to enable DDC and change the command set to 70XA by following these
steps:

1. Select Menu.

2. Select DDC.

3. Select Enable.

4. Select 70XA-VERSION.

This allows the switching system to be controlled by the 4200A-SCS.

12. Select the + symbol next to MTRX1 to see the settings for the added 7072 Matrix Card (CARD1).
13. Select the 7072 Matrix Card.

14. Complete the Card Rows Assignments according to how you connected the instruments to the
7072. For this example, the assignments are:

e Row A - SMU1 Force

e Row B - SMU2 Force

e Row C-SMU3 Force

e Row E - GNDU Force

e Row G-CVU1CVH_CUR

e RowH-CVU1CVL_CUR

15. Under the Card Columns Assignment heading, designate at least the first four columns with pin

assignments that match their column number. For example, Pin 1 Force to column 1.

Figure 61: Completed Properties pane for the 7072 Matrix Card

—
Clarius+ Viersion V1.0 o —
e

CARD1 Properties

KI System Configuration

+ K 42004505

= mr Modet Keithiey 7072 Semiconductor Matrix Card

Slot Nurmiber 1

Card Rows Assignment Card Columns Assignment

B SHUZ Force - 2

E GHOU Force v 5 MG

ne v 6 Mo

@ EVU1 CVILCUR -

16. From the KCon toolbar, select Validate Configuration to ensure that the switching system is
connected properly.

Figure 62: Validate Configuration icon

Validate
Configuration
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17. Select Save to save the system configuration.
18. Select System Configuration Summary, then scroll down to the Connections section. You can

select Save Configuration As or Print Configuration, as you will need these names when
setting the switching system connections in Clarius. The default values for the most common
instruments are shown in the next figure.

Figure 63: System Configuration Summary: Default Terminal ID Connections

I TROOR e Confrgr oo Sy P — i
Counections:
Instrament 1D Terminal Name Terminal ID Matrix Connection
SMU1 FORCE SMUI NC
SMUL SENSE - NC
SMU2 FORCE SMU2 NC
sSMU2 SENSE - NC
SMU3 FORCE SMU3 NC
SMU3 SENSE - NC
SMU4 FORCE SMU4 NC
SMU4 SENSE - NC
cvul CVH_CUR CVHI NC
cVul CVH_POT - NC
CcvVul CVL_CUR CVL1 NC
CVUl CVL_POT - NC
PMUL OUTPUT 1 PMUICHI NC
PMUL OUTPUT 2 PMUICH2 NC
PMUI GND1 PMUI-1GND NC
e ==

19. Close the window when you are finished.
20. Close the KCon application.

Set up the measurements in Clarius

After closing KCon, open the Clarius application from the desktop. In this section, you will use the
Clarius application to configure and run two tests on an n-channel MOSFET transistor: A plot of drain
current versus drain voltage using the SMUs and a C-V sweep. By using the Series 700 Switching
System, you do not need to rearrange cables between the tests.

For this example, you use the Clarius application to:

Create a new project

Add a device

Add an action

Configure the action

Search for and add two tests

Run the project and view the tests

5-10
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To create a new project:
1. Choose Select.

Figure 64: Select highlighted

- o = o

Select Configure Analyze

2. Inthe Library, select Projects.
3. Select and then Create a New Project.

Figure 65: Select a New Project from the Project Library

Tests Devices Actions Wafer Plan [aifwé
Project Library (52 b
Sort By ) y (52) I_”q_
Name Ascending | v | m Image Description

A
New Project I
m New Creates an empty project.

4. Select Yes when prompted to replace the existing project.

To add a device:
1. Select Devices.
2. Select Search.

3. Scroll to the MOSFET, n-type, 4 terminal device (4terminal-n-fet), then Add it to the
project tree.
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To add the connectpins action:
1. Select Actions.
2. Select Search.

3. Scroll to the connectpins action, then Add it to the project tree twice.

Figure 66: connectpins added twice

@ r % ‘///‘ iﬂ Tests  Devices Wafer Plan  Projects

Project: New_Praject

Action Libi 23 -
sort By ction Library (23) :]

HName Ascending - m Description

4 £ drerminal-n-fet

re

Beeper (beep)
Outputs a sound based on user-defined frequency and duration,

Series 700 Switching System - Connect Pins (connectpins)

“ _./ Connects the instrument terminals to the device under test (DUT) pins.

4200A-CVIV Configure (cviv-configure)
_./ Uses 42004-CVIV Multi-Switch to connect SMUs and/or the CVU to a device

CVU Connection Compensation Using 4200A-CVIV (evu-cviv-comp-collect)
-

Parfrrms

& connectpins_1

& connectpins

P11 Fannactinn romnanestion thensah & APMNASUIV M. Switeh nn

5 naer dafined

@ MeSSages  KITE Hardware Server started

To configure the connectpins action:

1. Select the first connectpins action you added to the project tree.
2. Select Configure.

Figure 67: Configure highlighted

= - m - by

Select Configure Analyze

5-12
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Section 5: Configure and use a Series 700 Switching System

3. Make the following connections using the pairs of TermldStr# and Pin# text fields in the action:

SMU1 - Pin 3
SMU2 — Pin 2
SMU3 -Pin 1
GNDU - Pin 4

When you are finished, the Key Parameters view of the action should look like the next graphic. The
listed order of the instruments does not matter so long as each instrument is paired with the correct
pin number.

In this example, assigning TermldStrl to SMU1 and Pin 1 to 3 connects SMUL1 to Pin 3 on the matrix.

Figure 68: connectpins device connections

TermidStr]

Pinl

TermldStr2

Pin2

TermldStr3

Pin3

TermldStrd

Pind

connectpins#1

Open All
Pairs 14 DpenAll
sMu

SMu2

SMU3

SMU4

TermidStrs

Pin5

TermldStre

PinG

TermldStr7

Pin?

TermidStrg

Ping

All Parameters

Pairs 5-8

GNDU

CMTR1
o
CMTRIL
0

PGUT

]
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NOTE

If you select the OpenAll check box, the connectpins action opens all crosspoints before closing
the specified pairs. This is usually the preferred behavior. However, since connectpins only has
eight field pairs, the action can only close eight crosspoints during each run. To close more
crosspoints, use multiple connectpins actions.

4. Select Save.
5. Select the second connectpins action you added to the project tree.
6. Make the following connections using the pairs of TermldStr# and Pin# text fields in the action:

e CVH1-Pinl
e CVL1-Pin2
e CVL1-Pin3
e CVL1-Pin4

When you are finished, the Key Parameters view of the action will look like the next graphic.

Figure 69: Second connectpins connections

connectpins1#1

. All Parameters

TermidStrl | CVH1 TermidStrS | GNDU

Pin1 PinS| 0

TermidStr2 | CVL1 TermidStré | CMTR1

Pinz| 2 FinG | 0

TermldStr3 | CVL1 TermidStr? | CMTRIL
Pn3 3 Pin7T 0
Ti.‘rmldSIM.-CVLl TermidStrd | PGU1
Pind .-4 1 Ping [ 0

7. Select Save.
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To search for and add existing tests from the Test Library:
1. Choose Select.

Figure 70: Select highlighted

- 8 - 1

Select Configure Analyze

Select Tests.

Type vds into the search box.

Scroll to the vds-id test and Add it to the project tree.

Drag the vds-id test between the two connectpins actions.
Clear the search box, then type cv into the search box.

Scroll to the cv-nmosfet test and Add it to the project tree.

Drag the cv-nmosfet test after the second connectpins action.

© N o Gk wDN

Your project tree will look like the next figure.

Figure 71: Project tree showing tests and actions in the proper order

o B % 7 1

Copy Cut Rename Delete

Project: New_Project
4 - Merminal-n-fet
& connectpins
vds-id
& connectpins_1

cv-nmosfet

P H<H<B<]

To run the project and view the tests:
1. Inthe project tree, select New_Project.

2. Select Run to start the test. The two actions and tests run sequentially with the connectpins
actions setting the crosspoints before the tests are executed.

You can select Analyze when you run the project to view test results in real-time.

Figure 72: Analyze highlighted

EE@ nmp ﬁg’ 112 &

Select Configure Analyze

To view the results of a test either as it runs or after it has completed, select the test in the project
tree.
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Section 6

Make I-V measurements on a solar cell

In this section:

Lo o 18 o3 1o o H0 PPNt 6-1
EqQUIPMENt reqUIred..........oooeiiiiiiiii e 6-1
DEeVICE CONNECLIONS .....eeiiiiiieiiiiee ettt 6-2
Setting up measurements in the Clarius software................... 6-4

Introduction

This example shows how to use a 4200-SMU or 4210-SMU instrument to perform a forward-biased
voltage sweep on a solar cell in a 4-wire configuration. Current is measured on each step of the
sweep and an |-V graph is generated from the collected data. The Formulator calculates common
electrical characteristics of the cell.

These instructions show you how to make connections from the SMU to the solar cell and how to add
the forward bias I-V test into a new project and automate the measurements.

From the I-V characteristics measured by the 4200A-SCS, you can determine important parameters
about the solar cell, including:

e Maximum current (Imax) and voltage (Vmax)
e  Maximum power (Pmax)

e Open-circuit voltage (Voc)

e Short-circuit current (Isc)

Equipment required

e One 4200A-SCS with one 4200-SMU or one 4210-SMU
e Four triaxial cables (4200-TRX-2 or 4200-MTRX-2)

e One solar cell

e One light source
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Device connections

Connect your preamplifier or SMU output terminals to the solar cell in a 4-wire configuration. This
provides the best measurement accuracy and eliminates the effects of the resistance of the test leads
and unwanted voltage drops.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

Device connection schematic

Connections to the solar cell can be made using two SMUs or one SMU and the Ground Unit
(GNDU). The next figure shows the connection schematic for the application.

Figure 73: Solar cell device connection schematic

Use 4200-TRX-2 or
SMU1  gense 4200-MTRX-2
HI triaxial cables

Force

N Cathode

GNDUorsmu2| , . | 7

Sense
LO

Force

6-2
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Connect the 4200A-SCS to the DUT

The following two figures show the 4200A-SCS rear-panel connections for the two methods
mentioned in the Device connection schematic (on page 6-2) topic. You can make the connections
shown in the following graphics using four 4200-TRX-2 or 4200-MTRX-2 triaxial cables.

Figure 74: Rear-panel connections using two SMUs

I
—— ® ® ®
;f@ ® ® ®

]
C
C,

O| O] |O
O] |© e
O |G

NI @

Figure 75: Rear panel connections using one SMU and GNDU
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[
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Setting up measurements in the Clarius software

This section demonstrates how to set up the 4200A-SCS to perform an I-V sweep on a solar cell. The
fwd-ivsweep test measures current at each step of a user-configured voltage sweep. An |-V curve
is generated from the acquired data, and device parameters are calculated in the Formulator.

For this example, use the Clarius application to:

e Create a new project

e Search for and select a test

e Configure the test

e Execute the test

e View and analyze the test results

Create a new project

To create a new project:
1. Choose Select.

Figure 76: Select highlighted

nm .ﬁ'g‘ - @

Select Configure Analyze

2. Inthe Library, select Projects.
3. Select and then Create a New Project.

Figure 77: Select a New Project from the Project Library

Tests Devices Actions Wafer Plan ZGIERH
Project Library (52) -a
Sort By

Imnpaort
Mame Ascending v m Image Description

rF

New Project I
m Creates an empty project.

4. Select Yes when prompted to replace the existing project.
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Search for and select a test

To search for and select the test:
1. Select Tests.
2. Select the PV Cell check box, then select Search.

Figure 78: Use filters to select the solar cell I-V voltage sweep test

® FE % "2}.\ m] E oo Chclare RN Ewiace oY - I

Test Library (10} =] | Technology Device
Project: New_Project.2 Son By ry (10) j
. Semiconductor Transistor
4 pvecell Name Ascending v m B imoge B Description
Hanatech Capacitor
T — = =
Custom Test Memory Diode
Add a blaric test that can be configured into a DC, Pulse, or CV best (ITH).
Custom v Materials Resigtor
Choose & best from the pre-peogeammed library (UTM}
E Chem EChem
PYC
Solar Cell C-f Sweep (clsweep) e
Generic

Genarstes 3 C4 sweep on & solar el
Other
Measurements Terminals

Solar Cell DLCP (dicp) SEi 3

Perfarms Drive Level Capacitance Profiling (DLCF) by measuring capacitance 58 AC voltsge is swept

TH-

Pulse 3
AC 4
2 [ 6
Solar Cell Forward |-V Sweep (fwd-ivaweep)

—/ Performs |-V sweep and calculates ls<, Voo, Pmax, imax, Vmax, and fill factor of a solar cell Reliabiity L

Resigtivity

Author
Salar Cell High Resistance (his) Factory
Q! e 3 ar 4 SMLS 10 S0URCe Curment and detormiing resistivity of high resistance semiconductar materials User
v
|

(A) MeSS8QES  LiodelFroamp configuration in saved test differs from system configuration. Performing suto sdjustment

3. Select the Solar Cell Forward |-V Sweep (fwd-ivsweep) test.
4. Select Add.
The test is displayed in the project tree.
Figure 79: Test added to the project tree

Project: New_Project_3
4 3} pvcell

fwd-ivsweep

Configure the test

To configure the test:
1. Select the fwd-ivsweep solar cell I-V test in the project tree.

2. Select Configure.
Figure 80: Configure highlighted

EE@ Il 2 1= @('

Select Configure Analyze
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3. Adjust the Anode settings as needed.

Figure 81: Key Parameters pane for the I-V sweep of a solar cell

fwd-ivsweep#1 All Parameters

Anode | sMu | »
Operation Mode | Voltage Sweep hd

Start | 0.05 v a
| | | Cathode | GNDU |'

Stop | 0.25 v P‘ ‘Y, .
| | Dperation Mode | Ground Unit | -

Step | 0.002 v -

Compliance | 0.1 A

Cument Voltage

4. Inthe Test Settings pane, adjust the Measure Settings and Test Mode as needed.

Figure 82: Test Settings pane

W Terminal Settings  Help
fwd-ivsweep#1

- Measure Settings

Speed [ Normal | v }

|' Report Timestamps

Test Mode
Mode | Sweeping ‘ v l
Sweep Delay | 0.1 :s
Hold Time | 0 Is

Output Values Exit Conditions
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NOTE

The Formulator is also located in the Test Settings pane. If you select the Formulator in the Test
Settings pane, the Formulator dialog box will appear as shown in the figure below.

Figure 83: Formulator dialog box
@ Formulator ﬂ

| Formula Set | e runs |v | |

il
Formulas List

Choose aformua | M m

Edit or Create New Formula

| Add/Update
Data Series Constants

Statistics —
Anodel
7 8 9 / - AVG MAVG MAX
AncdeV
| MEDIAN MIN STDEV
CURR 4 H 6 » EE -
Trigonometry
|
¥ ACOS ASIN ATAN
1 2 3 {
L €0 DEG RAD
hEE 0 F- . ) SN TAN
PMAX Array
e AT DIFF FINDD
I - FINDUIN FINDU FIRSTPOS
- INTEG INDEX LASTPOS
ABS SQRT EXP
MINPOS MAXPOS SUBARRAY
LOG N DELTA -

Apply Setto | ryiure and checked runs | ¥
m

This test calculates Vo, Isc, Pmax, and other device parameters. See the Electrical Characterization of
Photovoltaic Materials and Solar Cells with the 4200A-SCS Parameter Analyzer application note for
details on Formulator calculations. You can also add new formulas or edit existing formulas. See the
"Formulator" topic in the Model 4200A-SCS Reference Manual for more information.

Execute the test

1. Highlight the fwd-i1vsweep test in the project tree.
2. Select Run to execute the test.

Figure 84: Run

>

Run
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Analyze the test results
You can select Analyze when you run the project to view test results in real-time.

Figure 85: Analyze highlighted

EE@ i -n.g' i @

Select Configure Analyze

You can also use the View icons in the upper-right of the center pane to choose between Sheet only,
graph only, or Sheet + Graph. The Sheet only view is shown in the next figure.

Figure 86: Sheet only view selected, View icons highlighted

fwd-ivsweep#1 View: %
Run1 Formulas List f{:unn.— ABS(ANODEI) | » | “
] -

E F G H I
. woc PMAX IMAX VMAX FF
2 | 23BODOOE3|  W4SGITES|  289.3623E6 154 464 5616E-3)
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The sheet displays the results with the voltage and current data labeled Anode V and Anode |,
respectively. The formulas calculated in the Formulator are shown in the right-most columns. They
include the maximum power (PMAX), open circuit voltage (VOC), short circuit current (ISC), and fill
factor (FF). More information about the Sheet and Formulator function can be found in the Model
4200A-SCS Reference Manual.

To see an expanded view of the graphed test results, select the Graph only view. The following
graph shows the sweep of an illuminated silicon photovoltaic (PV) cell generated by the SMU.

Figure 87: Test results showing I-V graph of an illuminated solar cell

fwd-ivsweep#1 View: E @

/2172007 093529 Gragh Settngs... |

PV Cell Forward Biased

DDE+D +

Diata Varsbles

DataFMA = &4 561796
DatalSC = 802 GE7H e
DataVOC = 238000013 Anode

< 1D00E-3
200

Because the system SMUs can sink current, the curve can pass through the fourth quadrant and
allow power to be extracted from the device (I-, V+). If you want to have the data displayed in the first
quadrant, use the Formulator to multiply the current by -1 and plot this calculated result instead.

You can also show previous test runs in the graph window by selecting them under the Run History
tab. Select the check box next to the tests you want to display, and the test curves are displayed in
the graph window. If you select multiple run histories, the graphs are overlaid.

Additional tests

You can add other solar cell tests to the project. Search for solar cell in the Test library to find
additional tests.
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In this section:
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Introduction

Capacitance-voltage (C-V) measurements are commonly used in studying gate-oxide quality in detail.
These measurements are made on two-terminal devices called MOS capacitors, which are MOSFETs
without a source and drain. C-V test results offer device and process information, including bulk and
interface charges. Many MOS device parameters, such as oxide thickness, flat band voltage, and
threshold voltage, can also be extracted from the C-V test data.

This section provides an example of how to use the 4210-CVU CV Analyzer to make a C-V sweep on
a MOS capacitor and derive common parameter extractions from the C-V data using the Formulator.

Equipment required

e One 4200A-SCS with the following instruments and accessories:
e One 4210-CVU
e  Four CA-447A SMA cables
e Four CS-1247 SMA female to BNC male adapters
e Two CS-701 BNC tee adapters

Device connections

Using the supplied cables, make connections from the output terminals of the 4210-CVU to the MOS
capacitor.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.
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Connect the 4200A-SCS to the DUT

The hardware connections from the output terminals of the CVU to the MOS capacitor are shown in
the following figure. Connect one cable to each of the CVU terminals, then connect one SMA female
to BNC male adapter to the end of each cable.

The cables from the HCUR and HPOT terminals are coupled with the BNC tee adapter and are then
connected to the gate of the MOS capacitor. The cables from the LCUR and LPOT terminals are also
connected together with the BNC tee adapter and then are connected to the bulk of the MOS
capacitor.

In the Clarius application, you will configure HCUR to be the high terminal of the AC ammeter and
HPOT to be the high of the DC voltage source.

Figure 88: Connections from the 4210-CVU to the MOS capacitor
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7-2 4200A-SCS-900-01 Rev A. / September 2016



Model 4200A-SCS Parameter Analyzer User's Manual Section 7: Make C-V measurements on a MOSCAP

Set up the measurements in Clarius

This section describes how to set up the Clarius application to make a C-V sweep on a MOS
capacitor. You select an existing project from the project library and configure a C-V sweep test.

For this example, you will use Clarius to:

Search for and select a project in the Project Library
Configure the test

Perform offset compensation

Run the test and review the results

Search for and select a project

1.

a s wDn

6.

Choose Select.

Figure 89: Select highlighted

nm '&2 - @.

Configure Analyze

Select Projects.

Type MOS cap into the search bar, then select Search.
Select MOS Capacitor C-V project(cvu-moscap).
Select Create.

Select Yes when prompted to replace the existing project.

The project is displayed. This project has three C-V tests for a MOS capacitor, as shown in the next
figure.

Figure 90: MOS capacitor C-V project tree with three tests

Project: cvu-moscap
4 moscap
moscap-cvsweep
moscap-c-2vsv

moscap-dopingprofile

SECCRS
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Configure the test

To configure the C-V sweep test, you set the source and measure parameters, define the timing
parameters, and adjust the constants and formulas for extracting parameters from the C-V data.

This test makes a capacitance measurement at each step of a user-configured voltage sweep. A C-V
graph is generated from the acquired data and several device parameters are calculated in the
Formulator.

To configure the test:
1. Select Configure.

Figure 91: Configure highlighted

EE@ - m "y @.

Select C:mfig ure Analyze

2. Inthe project tree, highlight the moscap-cvsweep test.
3. Inthe Key Parameters pane, adjust the voltage sweep and test frequency values as needed.

Figure 92: Key parameters for the C-V sweep of a MOS capacitor

moscap-cvsweep#1 All Parameters

Gate | cvH1 ¥
Operation Mode | Voltage Linear Sweep | ¥

Start | -3 v V

Stop | 1 v

Bulk | cvi v

| .
| Operation Mode | DC Gnd

Step | 0.02

Frequency 30kHz b
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4. Inthe Test Settings pane, set the Speed to Quiet for sensitive capacitance measurements.

Figure 93: Test Settings pane

m Terminal Settings  Help
moscap-cvsweep#1

Measure Settings

Speed | Quiet ‘ v
[ ‘ReportTimestamps
Test Mode
Mode | Sweeping w
Sweep Delay | 0 3
Hold Time | 1 5

Output Values Exit Conditions
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5. Adjust the Sweep Delay as needed.

NOTE

The Formulator is located in the Test Settings pane.Select Formulator to display a dialog box,
shown in the next figure.

The Formulator in this test contains equations for deriving common MOS capacitor parameters from
the C-V data. Examples of these parameters include the oxide capacitance, oxide thickness, flatband
voltage, flatband capacitance, threshold voltage, and doping concentration. You can view, edit and
add equations in this dialog box.

Figure 94: Formulator dialog box
nForrmluuc - ﬁl

|
Formula Set | Fyiyre runs | v |
|

Formulas List

| Choose aformua | M “

Edit or Create New Formula

| Add/Update

Data Series Constants

Statistics —
Anodel
7 8 9 / - AVG MAVG MAX
Ancdel
MEDIAN MIN STDEV
CURR 4 5 [ . EE -
Trigonometry
il
¢ ACOS ASIN ATAN
1 2 3 {
L €0 DEG RAD
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PMAX Array
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- INTEG INDEX, LASTPOS
ABS SQRT EXP
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The next figure shows some of the equations that are included with this test. In the Constants area of

the Formulator, you can change the parameters that are used in the formulas, such as the gate area
and temperature.

Figure 95: Formulas listed in the Formulator

[ ==
Formula Set | oo i A

Formulas List

= e 1] P e —]
iy ariny

o w | Fmam

o Lt o FTR
e [ = = = WIED. e LasTROS
i L I W | oeLTa i i | R v

Apply ot 10 | Future and checied rans | ¥

1. Select OK to accept changes made in the Formulator.

2. From the Terminal Settings Advanced dialog box, adjust the DC voltage source, measurement
parameters, AC drive voltage, and enable compensation as needed.

Figure 96: Terminal Settings pane and Terminal Settings Advanced dialog box

T Tarminal Setting: - Gate T PR =
Force Advanced
T AL Source V o |w
Valtage Lingar Sweep g
AL Measure | Range{CVH1) 0ua |
Presosk | 0 DG Frequency 0kHz | v
0C Source V ool | v
Start |8 =
0C Offset{CVLY) 0 v
sop | ! v
Step | 002 v AC Drive Signal 25 my AMS Capacitance Range Estimator
€ Max ThduF
Points | 201 Dual Sweep
| Max (Range’ 30ud
Measure
Frequency 30KHZ
Parameters CpGp | ™ | Bl Report Test Conditions
AL Drive Voltage 25mV AMS
Param 1 Column Name | Cp_GB DLV Column Name | DCV_GB |
Coiis Max
. - Max™
Param 2 Column Name | Gp_G8 Freq Column Name | F_GB
P q 2nfv,.
Report Status NOTE

Calcutated results represent a direct connection 1o
the test device.
- — -~ Any stray capacit s2 1o cabli tercons
Open Short Load  CableLength | 1.5m = ny stray capecitance due to cabling or interconnect
y may reduce the actual current measured
Capacitors areater than 1UF may require additional Sweep deloy.

Compensation
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From the Advanced dialog box, adjust the settings for the CVH1 and CVL1 terminals of the CVU as
needed.

In this test, the CVH1 terminals are internally connected to the AC ammeter and the HI of the DC
voltage source by default. The CVH1 terminals are externally connected to the gate of the MOS
capacitor. The CVL1 terminals are internally connected to the AC voltage source and the LO of the
DC voltage source and are externally connected to the bulk of the MOS capacitor or to the prober
chuck.

Perform offset compensation

C-V measurements on a MOS capacitor are generally performed on a wafer using a prober. The
4210-CVU is connected to the MOS capacitor through cables, adapters, and a prober. Cabling adds
stray capacitance to measurements.

To correct for the stray capacitance, Clarius has tools for offset correction. Correction is a two-part
process: You perform the corrections for open, and then you enable the corrections in the Terminal
Settings pane.

Open compensation is generally used for high impedance measurements (< 10 pF or >1 MQ), while a
short compensation correction is generally performed for low impedance measurements (> 10 nF or <
10 Q). For a short compensation, you would select Measure Short, and then short the probe to the
chuck.

To perform the corrections:
1. Select Tools.

Figure 97: Tools icon in Clarius

K

Tools
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2. Select CVU Connection Compensation from the Clarius Tools dialog box.

Figure 98: Clarius Tools dialog box

ﬂ Clanus Tools
SMu

SMU Auto Calibration

cvu

CVU Connection Compensation

CVU Real-Time Measure Mode

CVU Confidence Check

PMU

PMU Connection Compensation

Exit

3. Disconnect the probes from the DUT.
4. Select Measure Open.

Figure 99: CVU Connection Compensation dialog box

CVUL Cannacticn Companistion

Cable Length 1.5m | A

Advanced Compensation ¥
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5. Select OK. You are prompted to verify that the probes have been disconnected from the DUT.

Figure 100: Prompt to remove probes from DUT

] (5]

Preparing for OPEN compensation...

Please lift probes or remove device from test fixture.

NOTE: This operation will take up to 30 seconds
and cannot be aborted.

= =
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6. Make sure that the probes have been disconnected from the DUT, then select OK. The
compensation runs, and a dialog box confirms that the compensation has run successfully.

7. From the Terminal Settings pane, enable the corrections by selecting the Open or Short
checkbox, as needed.

Figure 101: Enabling CVU Compensation

@ Test Settings [EEGNMEIRELGEE Help

Force
Operation Mode | Voltage Linear Sweep |v
Presoak 0 v
Slart.l3 v
Stop | 1 v
Step. 0.02 v
.DuaISweep
Frequency | 30kHz | v
Measure
Parameters | Cp-Gp | v

Compensation

Open

: Short

_Load

Cable Length ‘ 1.5m v

Run the test
Select Run to execute the test.
Figure 102: Run

>

Run
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View and analyze the test results

You can select Analyze when you run the project to view test results in real-time.

Figure 103: Analyze highlighted

Select

- o - @

Configure

Analyze

The C-V data is plotted on the graph as the moscap-cvsweep test executes.

Figure 104: Graph in the Analyze pane
moscap-cvsweep# 1 View: % E m
e T RN [ |
s MOSCAP GV Sweep 4200-CVU
: g g P et E
Datay ! c"-:r'F ) EE%‘IJ-; i
DaaVEE = 720 (€217 3 S St
CoaTORNM = 1013453
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You can also click the Run sheet of the Analyze pane, as highlighted in the next figure, to display
more data. For example, you can display a holistic view of the parameters for a device.

Figure 105: C-V data in the sheet

moscap-cvsweep# 1 View: % i@ t -
[ =]

Run1 Formulas List l RS= (AT{MAVG({GP_GB, 5)/({Z*PI*F_GB)*MAVG({CP_GB, 5)), MAXPC P_GB, SHP2/01
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Section 8

Use the 4200A-CVIV Multi-Switch

In this section:
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Introduction

This section provides an example of how to use the 4200A-SCS and Model 4200A-CVIV Multi-Switch
to perform I-V and C-V measurements on the same device without having to manually change
connections to the device between tests.

The 4200A-CVIV allows you to switch between I-V and C-V measurements as well as make C-V
measurements between output terminals of the 4200A-CVIV.

The 4200A-CVIV can be equipped with up to four 4200-PA Remote Preamplifiers or 4200-CVIV-SPT
SMU Pass-Thru modules.

A MOSFET is used as the device in this example, but the same procedure applies for all devices.
For additional information on the 4200A-CVIV, see the Model 4200A-CVIV Multi-Switch User's Guide.

Equipment required

e One 4200A-SCS with the following instruments:
e  Four 4200-SMUs or 4210-SMUs

e  Four 4200-PAs or 4200A-CVIV-SPTs (two 4200A-CVIV-SPTs are supplied with the 4200A-CVIV)
e One 4210-CVU

e One 4200A-CVIV

e Four 4200-TRX-2 or 4200-MTRX-2 triaxial cables (supplied with the SMU)
e Four 4200-TRX-0.75 Cables (triaxial cables, approximately 30 in. each)

e Four CA-447A SMA cables (supplied with the CVU)

e One shielded four-terminal test fixture with triaxial inputs
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Device connections

If you will use 4200-PA Remote Preamplifiers with the 4200A-CVI1V, the modules are installed directly
in the instrument. If you will not be using preamplifiers, the 4200A-CVIV-SPT SMU Pass-Thru
modules are installed in the instrument. You can then make connections from the output of the 4200-
SMU cards to the triaxial inputs of the 4200A-CVIV-SPT modules. To install preamplifiers or the
4200A-CVIV-SPT modules, see the Model 4200A-CVIV Multi-Switch User's Guide for instructions.

You will also make connections from the 4210-CVU to the SMA inputs of the 4200A-CVIV using the
CA-447A SMA cables supplied with the CVU. The Model 4200A-CVIV Multi-Switch User's Guide
contains additional connection information.

From the output of the 4200A-CVIV, use the 4200-TRX-0.75 triaxial cables to connect the CVIV to the
shielded test fixture. The triaxial terminals on the shielded test fixture allow you to connect directly to
the MOSFET while maintaining a completely shielded and guarded test setup. The triaxial cables can
also be connected to a wafer probing station. A triaxial-to-coaxial adapter can be used to connect to
test fixtures or probe stations that only have coaxial inputs.

NOTE

The inner shield of the triaxial cable can have voltages up to 200 V present during SMU operation.
Any triaxial-to-coaxial adapter used for conversion should connect the inner conductor and the outer
shield to the coaxial connector only.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

8-2 4200A-SCS-900-01 Rev A. / September 2016



Model 4200A-SCS Parameter Analyzer User's Manual Section 8: Use the 4200A-CVIV Multi-Switch

Connection schematic

Make the hardware connections from the output terminals of the 4200A-CVIV to the MOSFET, as
shown in the following figure. In this example, 2-wire (local sense) measurements are made at the
MOSFET, so four triaxial cables are connected from each Force output terminal of the 4200A-CVIV to
the device.

Each 4200A-CVIV output is connected to a different terminal of the 4-terminal MOSFET. The 4200-
TRX-0.75 triaxial cables are recommended for use on the output of the 4200A-CVIV. These cables
are used to ensure that both low current I-V measurements and high frequency C-V measurements
can be made with high accuracy.

Figure 106: Connections from the 4200A-CVIV to MOSFET

4200-TRX-0.75
triaxial-to-triaxial cables

MOSFET enclosed
in conductive shield
connected to FORCE LO
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Set up the measurements in Clarius

This section describes how to set up the 4200A-SCS to control the 4200A-CVIV to automatically
switch between |-V and C-V measurements.

For this example, you use the Clarius application to:

Create a new project

Add and configure a C-V compensation action
Add a MOSFET device

Add an action for switching the SMUs

Add a test for making I-V measurements

Add an action for switching the CVU

Add a test for making C-V measurements
Run the project

View and analyze the test results

The project created in this example is used for two different purposes:

1.

The project collects C-V connection compensation constants for all of the 4200A-CVIV channel
configurations that include C-V measurements. This step only needs to be performed once per
configuration.

The project runs the tests on the MOSFET. The 4200A-SCS is configured to connect the SMUs
to the MOSFET and produce a Vds-Id family of curves, then the project re-configures the 4200A-
SCS to connect the 4210-CVU to the MOSFET and perform a C-V measurement between the
gate of the MOSFET (CV HI) and the source, drain, and bulk (CV LO).

You can use this same general procedure to create tests for other devices and for other applications.
YOu can also configure the project to perform multiple I-V measurements and multiple C-V
measurements on the same device with different 4200A-CVIV configurations.

Create and rename a project for I-V and C-V measurements with
compensation

To create and rename a project for |-V and C-V measurements with compensation:

1.

To begin a new project, choose Select.
Figure 107: Select highlighted

P - b

Select Configure Analyze

8-4

4200A-SCS-900-01 Rev A. / September 2016



Model 4200A-SCS Parameter Analyzer User's Manual Section 8: Use the 4200A-CVIV Multi-Switch

2. Inthe Library, select Projects.
3. Select and then Create a New Project.

Figure 108: New project option, Projects tab

Tests Devices Actions Wafer Plan

Project Library (52) -ﬂ
Sort By: Import

Name Ascending v m Description

A
New Project I
New | Createsan empty project.

4. Select Yes when prompted to replace the existing project.

5. Give a new title to the project by selecting Rename from the toolbar. Enter a project name into
the text box, then select Enter. CVIV_COMPENSATION is the test name for this example.

Figure 109: Rename function located above the project tree

=

@ B X Z T

Copy Cut Rename Delete

Project: CVIV_COMPENSATION

Add an action to perform CVU compensation

The cvu-cviv-comp-collect action configures the 4200A-CVIV to the selected channel
configuration and performs compensation.

To add an action:

1. Select Actions.

2. Tofind the action, enter cviv into the search bar, then select Search.

3. Select the cvu-cviv-comp-collect action, then select Add to copy it to the project tree.

Configure the action

To configure the action:
1. Choose Configure.

Figure 110: Configure highlighted

EE@ 13 ey @.

Select Configure Analyze
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2. From the project tree, select the cvu-cviv-comp-col lect action.

Figure 111: cvu-cviv-comp-collect Action

cvu-cviv-comp-collect#1 1| All Parameters

ChlMode f"\l' HI |*
Ch2Mode | CV LO |» |
ChaMode | OPEN |» |
owwese[orm [
CV2ZW_Mode | Two Wire | = | vl
Cablelength | 1.5m CVIV 2 wire |*
Select_Open

|| setect_short

ChiTermName | One

[ select_Load
i ChZTermName | Two

LoadValue | 50

Ch3TermName | Three
Ch4TermName | Four

TestName | CVIV CV Comp

The maximum terminal name is & characters on the CVIV Display.
The maximum test name is 16 characters.

Names entered exceeding the limits will be truncated on the display.

3. From the CVIV Multi-Switch Configuration terminal settings box, set the output mode of the
4200A-CVIV to Two Wire.

NOTE

The following step changes the name of each channel to match each channel's corresponding
MOSFET terminal. This step is not necessary for the action to run, but you can see which terminals
correspond to each output terminal by viewing the 4200A-CVIV display.

4. Inthe CVIV Display Config box, change the name of each channel to match the corresponding
MOSFET terminal

5. Inthe CVIV Display Configuration box, Set channel 3 (Gate) to CV HI and the remaining channels
1,2,and 3to CV LO.

6. From the CVU Compensation Selections, enable open correction by selecting Select_Open.
Make sure that the DUT is disconnected.
8. Select Run to configure the 4200A-CVIV and collect compensation constants.

~

Figure 112: Run the action

>

Run
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10.
11.

A dialog box is displayed with instructions to remove the device-under-test (DUT) from the test
fixture or lift the probes before performing open compensation. Remove the DUT before selecting

OK.

Return the DUT to the test fixture when compensation completes.
In the project tree, clear the check box next to the cvu-cviv-comp-col lect action.

NOTE

Clearing this action alerts the software to not perform the compensation collection if the whole
project is executed. It is not necessary to collect compensation constants each time the test is
executed. To recollect the compensation constants, select the action and its check box in the project
tree, then select Run.

The compensation constants are stored in a database that links each 4200A-CVIV configuration to a
set of compensation values. These values are recalled if compensation is enabled in a CVU test while
using this 4200A-CVIV configuration.

For optimal results, the compensation collection action must be executed for every 4200A-CVIV

configuration that is used throughout the test sequence.

Add a device

To add a device:

1.
2.
3.

Choose Select.

Select Devices

In the Filters pane, select 4 under the Terminals column and Transistor under the Device Type

column.

Figure 113: Searching for a device using Filters

Device Library (4)

v =1

| MOSFET, n-type, 4 terminal {4terminal-n-fet)

=3 _| | Metatcxide semiconductor (MOS) field-effect transistcr (FET)

—

N

BJT, npn, 4 terminal (4terminal-npn-bjt)

Bipolar junction transistor

MOSFET, ptype, 4 terminal [4terminalp-fat)

Metal-oxide semiconductor (MOS) field-eftect transistor (FET)

BJT, prp, 4 terminal (4terminal-pap-bjt)

Bipolar junction transistor

o - K
..:.] Terminals Device Type  Author
- E apacitor Factory ¥
mage [B Description
3 diode U
-
—
3 nana-tech
[ echem

-

4. Selectthe MOSFET, n-type, 4 terminal (4terminal-n-fet) device, then select Add to copy it to

the project tree.
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Add an action for switching the SMUs to the device

To add an action:

1. Select Actions.

2. Type cviv into the search bar, then select Search.

3. Select the cviv-configure action, then select Add to copy it to the project tree.

Configure the action

To configure the action:
1. Select Configure.

Figure 114: Configure highlighted

= - E‘Z’Q

Sele” Configure Analyze
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2. Inthe project tree, highlight the cviv-configure action.
3. Inthe CVU 2/4 Wire Mode settings, set the output mode of the 4200A-CVIV to Two Wire.

4. Inthe CVIV Display Config settings, change the name of each channel to match the
corresponding MOSFET terminal. These names appear on the display of the 4200A-CVIV.

NOTE

This step is not necessary for the test to run, but it allows you to see which terminal each output is
connected to by viewing the 4200A-CVIV display.

5. Inthe CVIV Multi-Switch Channel Config box, set all of the terminals to SMU.
Figure 115: cviv-configure action for I-V testing

cviv-configure#1 (| All Parameters

ChiTermName | Source
ChiMode  smu | v

Ch2TermName | Drain

Ch2Mode | SMU |~ =
— Ch3TermName | Gate
ChaMode | SMU | * F
: 3 ChdTermName | Bulk
Chilode  SMU | *

Testlame | CVIV Test
| The maximum terminal name is 6 characters on the CVIV Display.
| The maximum test name is 16 characters

| Names entered exceeding the limits will be truncated on the display.

TwoWirehMode | Two Wire |

Add a test for making |-V measurements

To add a test:
1. Choose Select.

Figure 116: Select highlighted

- 8 = [

Select Configure Analyze
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Select Tests.

To find the test, type vds-1id into the search bar, then select Search.
Select the vds-id test, then select Add to copy it to the project tree.
Select Configure.

a bk wn

Figure 117: Configure highlighted

= -l - K

Select Configure Analyze

6. Configure the source and measure parameters of SMU 1 (Source), SMU 2 (Drain), and SMU 3
(Gate) as needed.

7. Assign the instrument of the Bulk terminal to be SMU 4 and set its Operation Mode to Voltage
Bias.

Figure 118: Bulk channel 4 SMU voltage bias configuration

Bulk | smua ‘ v ‘
Operation Mode | Voltage Bias | v ‘
Bias| 0 V

Compliance | 0.1 A
Measure Current Report Voltage

8. Verify that the Bias is set to 0 V and the Compliance is setto 0.1 A.

Add an action for switching the CVU to the output terminals of the
4200A-CVIV

To add an action:
1. Choose Select to return to the Library.

Figure 119: Select highlighted

1 ﬁ-? UL g @

Configure Analyze

2. Select Actions.
3. To find the action, type cviv into the search bar, then select Search.
4. Select the cviv-configure action, then select Add to copy it to the project tree.
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Configure the action

To configure the action:
1. Select Configure.

Figure 120: Configure highlighted

Select Configure

= @ - by

Analyze

2. Inthe project tree, highlight the cviv-configure action.

Figure 121: Populated cviv-configure action

cviv-configure#1

All Parameters

CVIV Display Config
CVIV Multi-Switch Channel Config
ChiTermMame | Source
ChiMode | cv LO | *
Ch2TermName | Drain
Ch2Mode | CV LO | »
Ch3TermMame | Gate
Ch3Mode | CV HI | »
ChdTermName | Bulk
ChéMode | CV LO | »
TestName | CVIV Test
The maximum terminal name is & characters on the CVIV Display
The maximum test name is 16 characters
Names entered exceeding the limits will be truncated on the display.
CVU 2/4 Wire Mode
TwoWireMode | Two Wire | -

3. Inthe CVU 2/4 Wire Mode box, set the output mode of the 4200A-CVIV to Two Wire.
4. Inthe CVIV Display Config box, change the name of each channel to match the corresponding

MOSFET terminal they are connected to.

5. Inthe CVIV Multi-Switch Channel Config box, set Ch3Mode to CV HI and the remaining three

terminals to CV LO.

4200A-SCS-900-01 Rev A. / September 2016
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Add a test for making C-V measurements

To add a test:
1. Choose Select.

Figure 122: Select highlighted

- -

Select Configure Analyze

2. Select Tests.
3. Type cv-nmosTfet into the search bar, then select Search.
4. Select the cv-nmosTet test, then select Add to copy it to the project tree.

Figure 123: Project tree before enabling open compensation

o B % | 7 W

Copy Cut Rename Delete

Project: CVIV_COMPENSATION

'ﬁ-ﬂ cvu-cviv-comp-collect
4 - 4terminal-n-fet
& cviv-configure
vds-id

& cviv-configure-1

<H<H<B<N< Nl

cv-nmosfet

5. Select Configure to configure the test.

Figure 124: Configure highlighted

) —
@ —
._o i [l @('
Select Configure Analyze
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6. Select the Gate terminal.
Figure 125: Selected Gate terminal

Gate | CVH1 | v

Operation Mode | Voltage Linear Sweep ‘ v

Start| 5 Vv

Stop | -6 ")

Step| -0.2 Vv
Frequency | 1TMHz v
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7. Configure the voltage settings and test frequency as needed.
8. Inthe right pane, select Terminal Settings and enable Open compensation.

9.

Figure 126: Terminal Settings panel with Open compensation selected

@ Test Settings [REUNNEISULIEE Help

Gate
Force
Operation Mode | Voltage Linear Sweep | v l
Presoak | 5
Start| §
Stop. -5
Step | -0.2
: Dual Sweep
Frequency[‘lMHz | v ‘
Measure

Parameters [ Cp-Gp

M

Compensation

|Openl

| Short

: Load

Cable Length l CVIV 1.5m 2W
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Run the project and review the results

To run the project and review the results:

1. Select the test name at the top of the project tree. In this example it is called
CVIV_COMPENSATION.

2. Select Run to start the test. The two actions and two tests run sequentially, and the 4200A-CVIV
is configured by the cviv-configure action.

3. Select Analyze to view the results.

Figure 127: Analyze highlighted

EEO ey g - Q

Select Configure Analyze

4. Select the cv—-nmosTet test to view the results of only the C-V test.
5. Select the vds-id test to view the results of only the |-V test.
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Introduction

The Model 4225-PMU Ultra-Fast |-V Module can be used to make both pulsed I-V measurements and
transient |-V measurements (waveform capture) on a device.

Pulsed I-V refers to a test with a pulsed voltage source and a corresponding high speed, time-based
current measurement that provides DC-like results. You can define the parameters of the pulse,
including the pulse width, duty cycle, rise/fall times, and amplitude.

Transient I-V, or waveform capture, is a time-based current and/or voltage measurement that is
typically the capture of a pulsed waveform. Transient |-V measurements can be used to test a
dynamic test circuit or as a diagnostic tool for choosing the appropriate pulse settings in the pulsed I-
V mode.

This section provides an example of how to use the 4225-PMU along with the optional Model 4225-
RPM Remote Preamplifier/Switch Module to make a pulsed |-V measurement on a MOSFET. The
example explains how to set up a pulsed voltage step applied to the gate terminal using PMU1
channel 1 and a pulsed voltage sweep to the drain terminal using PMU1 channel 2. The drain current
is measured as a function of the drain voltage and displayed in the graph in the Analyze pane.

Equipment required

e One 4200A-SCS with the following instruments:
e One 4225-PMU
o Two 4225-RPMs

e Two CA-547-2A RPM interconnect cables (supplied with the 4225-RPM)

e Two CS-712 male triaxial to female BNC adapters, guard removed (supplied with 4225-RPM)
e Two CS-1247 male BNC to female SMA adapters (supplied with the 4225-RPM)

e Two CA-452A SMA to SMA cables (supplied with the 4225-RPM)

e Two 4200-PRB-C SMA to SSMC Y adapter cables
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Device connections

Using the supplied cables, make connections from the output terminals of the two 4225-RPMs to the
MOSFET.

Hazardous voltages may be present on all output and guard terminals. To prevent electrical
shock that could cause injury or death, never connect or disconnect from the 4200A-SCS
while the output is on.

To prevent electric shock, test connections must be configured such that the user cannot
come in contact with test leads, conductors, or any device under test (DUT) that is in
contact with the conductors. It is good practice to disconnect DUTs from the instrument
before powering up the instrument. Safe installation requires proper shields, barriers, and
grounding to prevent contact with test lead and conductors.

9-2
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Connection schematic

The hardware connections from the output terminals of the PMU and the two RPMS to the MOSFET
are shown in the following figures. Connect one CA-547-2A RPM interconnect cable from each PMU

channel to the appropriate RPM. At the output of each RPM, connect the triax to BNC adapter, BNC
to SMA adapter, and finally the SMA to SMA cable.

Figure 128: Connections from the PMU to the RPM inputs

Model 4225-RPM 1
input panel
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input panel
FINI’UIﬂ

SMu
Sense

SMLU
CHz2 @ Force
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e

CA-547-2A RPM
interconnect cable
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Connect the SMA cables to either probes or a test fixture that is connected to the MOSFET. RPML1 is
connected to the gate of the MOSFET and RPM2 is connected to the drain of the MOSFET. The
shields of the SMA cables are the PMU LO connection and must be connected to the source and bulk
terminals of the MOSFET. The shields of the two SMA cables should be connected together as close
as possible to the device.

The example below illustrates connections from the RPMs to the SMA to SSMC adapter cables
(4200-PRB-C) and then to the probes and device terminals on a wafer. For more information on this
cable and similar connections, see the Model 4200A-SCS Reference Manual.

Figure 129: Connections from RPM outputs to the MOSFET on a wafer

Model 4225-RPM 1 Model 4225-RPM 2
output panel ouput panel

= CUTRUT -y

Triaxk}[to BNC adapter SMA to SMA cable

SMA to SSMC
adapter cable

Note: This connection method When using more than one
SMA to S5MC adapter cable,

eliminates triaxial guard e
! hield g make sure that all local grounds
(mner shie } are connected together.

Set up the measurements in Clarius

This section describes how to set up the Clarius application to make a pulsed I-V sweep on a
MOSFET.

For this example, you will use the Clarius application to:

e Create a new project

e Search for and select an existing test
e Configure the test

e Run the test and analyze the results
e View and analyze the test results

Create a new project

To create a new project:
1. Choose Select.

Figure 130: Select highlighted

,n,g @

Configure Analyze
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2. Inthe Library, select Projects.
3. Select and then Create a New Project.

Figure 131: Select a New Project from the Project Library

Tests Devices Actions Wafer Plan G

Project Lib 52 =)
Sort By roject Library (52) :]
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Mame Ascending v m Image Description

rF

New Project I
m Creates an empty project.

4. Select Yes when prompted to replace the existing project.
5. Assign a new title to the project by selecting Rename and then entering MOSFET Pulse 1-V.
6. Select Enter.

Search for and select an existing test

To search for and select an existing test:

1. Select Tests.

2. Type MOSFET into the search bar, then select Pulse in the Filters pane under Measurements.

3. Select the MOSFET Pulse I-V Drain Family of Curves (pulse-vds-id) test, then Add it to the
project tree.

Figure 132: Selecting the MOSFET Pulse |-V Drain Family of Curves test from the Test library
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Configure the test

To configure the test:
1. Select Configure.

Figure 133: Configure button highlighted

= @ - by

Select Configure Analyze

2. From the Key Parameters pane, adjust the pulse voltage sweep levels of PMU1-2 on the Drain
terminal and the Pulse Step Voltage of PMU1-1 on the Gate terminal, as needed.

Figure 134: Key Parameters pane for the pulse-vds-id test
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3. From the Test Settings pane and Advanced Test Settings dialog box, adjust the Pulse Settings
and Timing Parameters, as needed.

Figure 135: Test Settings pane and Test Settings Advanced dialog box
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4. From the Terminal Settings pane and Advanced Terminal Settings dialog box, you can adjust the
voltage source and current measurement parameters, as needed.

Figure 136: Terminal Settings pane and Terminal Settings Advanced dialog box
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Run the test and analyze the results

Select Run to execute the test.

Figure 137: Run

>

Run

You can select Analyze when you run the project to view test results in real-time.

Figure 138: Analyze highlighted
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Select Configure Analyze
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The data and the graph are displayed in the Analyze pane as shown in the next figure.
Figure 139: Analyze results pane with data and graph displayed
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Next steps

In this section:

Additional information............cceeeieiiiiieiiee e 10-1

Additional information

This manual has prepared you to start using your new 4200A-SCS Parameter Analyzer for your
applications. For more detailed information, refer to the Learning Center, which you can access by
selecting this icon on your desktop:

Figure 140: 4200A-SCS Learning Center icon

<

The Learning Center contains a variety of content to help you learn how to use your 4200A-SCS,
including

e The Model 4200A-SCS Parameter Analyzer Reference Manual

e Videos

e Application notes

e Release notes

e Test and device descriptions

e The Keithley Instruments Low-Level Measurements Handbook

Also see the Keithley Instruments website (http://www.tek.com/keithley) for support and additional
information about the instrument, including:

e Updated drivers
e Keithley forums
e Information about related products

Your local Field Applications Engineer can help you with product selection, configuration, and usage.
Check the website for contact information.
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