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A Tektronix Company Safety p recau t i 0 n S

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 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 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 Il (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 & symbol on an instrument means caution, risk of hazard. 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 warning, 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 I_l_l 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 hazards 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.

The CAUTION heading with the & symbol in the user documentation explains hazards that could result in moderate or minor
injury or damage the instrument. Always read the associated information very carefully before performing the indicated
procedure. Damage to the instrument 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. 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 to maintain accuracy and functionality of the product). If you are unsure about the applicability of a replacement
component, call a Keithley 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 cloth dampened with deionized water 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 June 2017.
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Section 1

Introduction

In this section:

WEICOME ...t 1-1
Introduction to this manual............c.ccceeviiiiieniicnieeee 1-1
Extended Warranty ..........c..oeeeieiiiiiiiiiee e e e 1-2
Contact INfOrmation ..........c..eeiiiiieii e 1-2
Organization of manual Sections..........cccccveiiiiieiiieiiiiiiieeeenn 1-2
Application eXamples ... 1-3
GeNneral FatiNgS......ciiiieie it 1-4

Welcome

Thank you for choosing a Keithley Instruments product. The Model 4200A-SCS Parameter Analyzer
performs laboratory-grade DC, |-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.
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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.

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 (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 2-1): Provides high-level guidance on how to install, connect, and power
up the 4200A-SCS.

e Application examples (on page 3-1): Provide 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-900-01 Rev. C/ January 2019
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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.

4200A-900-01 Rev. C / January 2019 1-3
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General ratings

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

Category

Specification

Supply voltage range

100 Vrws 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 °Cto 40 °C
Storage: -15°Cto 60 °C

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

Altitude
Operating: 0 to 2000 m (0 to 6562 ft)
Storage: 0 to 4600 m (0 to 15092 ft)

Pollution degree: 1 or 2

1-4
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Getting started

In this section:

Front panel OVEIVIEW..........cccoiiiiiiiiiiiee e 2-1
Rear panel OVEIVIEW ..........cccooiiiiiiiiiiee e 2-4
INSEAIALION ... 2-5

Front panel overview

Many 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.

Figure 1: 4200A-SCS front panel

== —

I

8 7

1 Display A 1920 x 1080 full HD 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 that are compatible with the USB v2.0
standard.

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

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

llluminates when any internal cards are energized.

NOTE

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

Touch screen basics

You can operate the 4200A-SCS using the touch screen. You can use your fingers, clean room
gloves, or any stylus manufactured for capacitive touch screens.

To select and move on the screen:

e To scroll, swipe up or down on the screen.

e To select an item, touch it on the screen.

e To double-click an item, touch it twice.

e Toright-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.

2-2
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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. To ensure proper operation, be sure that the keyboard is connected before power-up.

Figure 2: Keyboard and mouse connections

e
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connectors
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connectors

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

4200A-900-01 Rev. C / January 2019

2-3



Section 2: Getting started Model 4200A-SCS Parameter Analyzer User's Manual

Rear panel overview

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

Figure 3: 4200A-SCS rear panel
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1 Fan Provides system cooling.

2 DP port Provides a standard DisplayPort connection. Supports up to v1.2.
HDMI port Provides a standard High Definition Multimedia Interface (HDMI®)

connection. Supports up to v1.3.

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.

2-4 4200A-900-01 Rev. C/ January 2019
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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.
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.

The HDMI port on your 4200A-SCS supports up to v1.3. The DisplayPort (DP) supports up to v1.2.

Installation

This section contains information about handling and installing the 4200A-SCS:
e | ocating 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 how 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.

When you start one of the Clarius* applications for the first time, you must agree to the
license agreement before continuing. If you do not respond with "Yes", 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.
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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
(tek.com/keithley) for derating factors outside these ranges.

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.

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.
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Connecting to protective earth

A WARNING

The 4200A-SCS must be connected to protective earth (safety ground) using the supplied
green-yellow ground cable. Failure to attach the ground wires to a known protective earth
may result in electric shock.

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 4: Grounding cable connected to the rear of the 4200A-SCS

Grounding

/ cable attached
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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 5: LAN connections

o> Ep 0IOIO! ]|

| — LAN connectors

CAT 5 / 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 6: 4200A-SCS GPIB instrument connections

° (3o

ol|o

o |19©

N R Al (A
n@b\@@oaaoel

A
GPIB connector

GPIB instrument GPIB instrument

5 D

GPIB cable

e

Connecting the interlock
The next figure 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 (see the next figure).

4200A-900-01 Rev. C / January 2019 2-9



Section 2: Getting started Model 4200A-SCS Parameter Analyzer User's Manual

Figure 7: Interlock connector on the rear panel of the 4200A-SCS

= =
o@EDoe ofan)e

I i
DO = 6| &
g "z 000 ol |®
= ()9 8 ©
o
@e—0 , Y
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).

A WARNING

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 2-15).

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.
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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 8: 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 9: Triaxial cable 4200-MTRX-X

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 each SMU is connected to the device terminal. FORCE Hl is the
center conductor of the triaxial cable.

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

2-12
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Figure 10: SMU (with preamplifiers) connections to DUT

SMUs connected to a

2-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 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.

Mount the preamplifier at the remote location using the appropriate mounting Kkit.

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

Figure 11: Installing a preamplifier on the probe station

Preamplifier
control
connector

4200A-SCS
mainframe

Powering the 4200A-SCS

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

the warranty.

Preamplifier

S

Control
cable
(4200-RPC-X)

Probe
station

A WARNING

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.
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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.

The 4200A-SCS power switch allows you to either shut down the instrument without shutting down
the software, or shut down the instrument and the software. To shut down only the instruments, press
the power button briefly. To shut down the instrument and the software, hold the power button down
for a few seconds.

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 12: 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 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.

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

® One 4200A-SCS, with the following instruments:
=  Two 4200-SMUs or 4210-SMUs
= 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.

A WARNING

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 13: Connections from the 4200A-SCS to a MOSFET

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

4200A-SCS chassis \
Sense Drain
SMU1 -
Force I |
Sense I IJ |
SMU2 Gate : ] :
Force —
Sensei : :
GNDU L —— 1 __3J
Force 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 14: Rear panel connections from the 4200A-SCS to a MOSFET
o ]

Drain
° re—=-T ="
O I] | !
: T O
Gate | 4 |
A o I y I
© © ©6 © © 0 © I I
| L — = —_—

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 Vas-ld 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 a 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

4200A-900-01 Rev. C/ January 2019 3-3



Section 3: Create a new project and test Model 4200A-SCS Parameter Analyzer User's Manual

Select and rename a new project

To select and rename a new project:

1. Choose Select.

Figure 15: Select highlighted

- - IO

Select Configure Analyze

2. Inthe Library, select Projects.
3. Select New Project.
4. Select Create.

Figure 16: Select a New Project from the Project Library

PN rojects
- Praject Library (53) -E

Nama: Ao 2 v m Image Desitiplion

Y
MNew Praoject I
m Hew Creates an emply progect

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

Assign a title to the project by selecting Rename above the project tree.
7. Enter a project name into the text box, then select Enter. MOSFET TEST has been chosen for this
example.

Figure 17: Toolbar with Rename function

® 4

Rename

MOSFET_TEST
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Add a device

Tests must be placed in the project under a device.

To add a device:

1. Select Devices.

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

Figure 18: Searching for a device using Filters

Soit By

Bame Ata 7

Device Library ()

:

MOSFET, netype. 3 terminal (3terminaln-fed)
Metal-onide semiconducion (MOS) field-eflect Bransistor (FET)

E

JFET, netype, 3 terrninal (3nerminal-ngfed)

Jianaziboen fapld-afbect ransayion

BT, ipe, 3 termanal (3eeminal-ngn-bjt)

Bipodar junction transistor

=
Image Daescriphicn

F Y

Terminals

F:

[ E

4

Athaor

Factory

Dewice Type

Capaciiod

Dvode

Esestipetemintoy

T

1 taferal

Hanalech

Regigtin

Solar Cell
Tearmistor

Lea )

3. Select the MOSFET,

n-type, 3 terminal

4. Select Add to copy it to the project tree.

(3terminal-n-fet) device.
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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 19: Custom Test option

m Devices  Actions  Waler Plan Projects

Test Library (118) -]

Sort By, g
Hame: Ato £ v Search Image Description
F
Custom Test i

m T . Add a blank test that can be configured into a DC, Pulse, or C-V test (ITM).

O Choose a test from a preprogrammed library (UTM).

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 20: MOSFET_TEST project tree with one device and one test

h 3

© B X 7 1

Copy Cut Rename Delete

Project: MOSFET_TEST

4 H 3terminal-n-fet

vds-id
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Configure the test

To configure the test:

1. Select Configure.

Figure 21: Configure highlighted

= [y = by

Select Configure Analyze

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 22: All MOSFET terminals unassigned in a custom test

vds-id#1 0 . All Parameters

Drain | HOHE

Operation Mode | Not Connecled

Gate | NONE I" m
Operation Mode | Mot Connected |-

Source | HOHE

Operatoon Mode | Mot Connected
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3. Set the Gate terminal connection to SMU?2.
Set the Operation Mode to Voltage Step.

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

Figure 23: SMU2 steps from 2 Vto 5V, connected to MOSFET Gate terminal

Gate | smuU2 ‘ v
Operation Mode | Voltage Step ‘ v
Start | 2 .V
Stop | 5 lV
Step | 1 .V

Compliance | 0.1 VA
Measure Current Report Voltage

6. Setthe Drain terminal connection to SMU1.
7. Set the Operation Mode to Voltage Linear Sweep.
8. Change the Start, Stop, Step, and Compliance settings to match the next figure.

Figure 24: SMU1 sweeps from 0 V to 5V, connected to MOSFET Drain terminal

Drain | sMU1 | v

Operation Mode | Voltage Linear Sweep ‘ v

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

IMeasure Current Report Voltage

9. Set the Operation Mode of the Source terminal to GNDU.

3-8 4200A-900-01 Rev. C/ January 2019



Model 4200A-SCS Parameter Analyzer User's Manual Section 3: Create a new project and test

Execute the test

Select Run to execute the test.

Figure 25: Run

>

Run

View and analyze the test results

While the test is running, you can view the data in the spreadsheet of the Analyze pane. Because you
created a new test, the data must be assigned to the axes of the graph before you can view graphical
results.

To view and analyze the test results:

1. Select Analyze. The Analyze screen displays data as it is gathered in the spreadsheet and a
blank graph with unassigned axes.

Figure 26: Analyze highlighted

EE@ - .ﬁg‘ i &

Select Configure Analyze

2. Select Graph Settings.
3. Select Define Graph.

4. In the Graph Definition screen, assign X to DrainV and Y1 to Drainl.

Figure 27: Define the graph

Gatel* Data 3

GateV* Data 4
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5. Select OK.
6. The graph displays the vds-1d family of curves.

Figure 28: Analyze Pane showing test results

vds-id#1 vew [ BB |
Run2 Formulas List | v ‘

Drainl(1) DrainV(1) Gatel(1) GateV(1) Drainl(2) DrainV(2) Gatel(2) GateV(2) Drainl(3) DrainV(3) Gat
1 -3.7499E-6|  000.00D0E-3| -147.8908E-15 2.0000E+0 -5.6527E-6  000.0000E-3| 13.5306E-15 3.0000E+0 -6.8645E-6|  D00.0DOOE-3 Ao
2 506.1346E-6  100.0000E-3| -171.7002E-15 2.0000E+0| 950.9604E-6  100.0000E-3|  21.64B9E-15 3.0000E+0 1.1975E-3|  100.0000E-3 1I
3 1.1458E-3|  200.0000E-3| 122.6229E-15 2.0000E+0 1.8729E-3|  200.0000E-3| 109.4547E-15 3.0000E+0 23757E-3| 200.0000E-3| ¢
4 16400E-3| 300.0000E-3| 60 6543E-15 2 0000E+0 2751963  300.0000E-3| -20.1853E-15 3.0000E+0 3 5175E-3| 300.0000E-3
5 2.0820E-3|  400.0000E-3| -251.4225E-15 2.0000E+0 3.5938E-3) 400.0000E-3| -2.9625E-15 3.0000E+0 4.63056-3| 400.0000E-3| :
6 2 4684E-3|  500.0000E-3| -92 7156E-15 2 0000E+0 4392763 500.0000E-3| -19.7476E-15 3.0000E+0 57091E-3| 500.0000E-3| -
7 2.8021E-3| 600.0000E-3| 247.9746E-15 2.0000E+0 5.1649E-3)  600.0000E-3| -67.4454E-15 3.0000E+0 6.7542E-3|  600.0000E-3
8 3.0835E-3 700.0000E-3| 14.9881E-15 2.0000E+0 5.8732E-3  700.0000E-3| -129.9353E-15 3.0000E+0 77634E-3| 700.0000E-3] ¢
9 3.3143E-3|  800.0000E-3| -208.5969E-15 2.0000E+0 6.5476E-3)  800.0000E-3| -118.4666E-15 3.0000E+0 8.7338E-3| 800.0000E-3|
10 3500263 900.0000E-3| 98.6739E-15 2.0000E+0 71818E3|  900.0000£3| -120.5305E15 3.0000E+0 9.6701E3|  900.0000E3| -1
< I

4 » Run2

[02/07/201913:34:02
4.0E-027"

3.0E-02¢- -

Drain|

1.0E-02

0.0E+00

=1.0E-02

DrainV/

3-10 4200A-900-01 Rev. C/ January 2019



Section 4

Use the RPM to switch the SMU, CVU, and PMU

In this section:

INTFOAUCTION L. 4-1

EqQUIPMENt reqUIred..........ceveeiiiiiiiiiieee e 4-2

Update the RPM configuration in KCON ........cccccooovivivieeeeenin, 4-2

Device CONNECHIONS ........ueiiiieeeiiiiiei et 4-3

Set up the measurements in Clarius ...........cccceeeeeeiiiiiiiieeeenn. 4-5
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 I-V, C-V, and pulsed I-V measurements to a single device
without having to reconnect the device between measurements.

For this example, you will:

e Make connections from two SMUs, one CVU, and the two-channel PMU to the inputs of two
4225-RPMs.

e Make connections from the outputs of the two 4225-RPMs to a diode.

e Generate DC I-V, C-V, and pulsed I-V measurements.
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Equipment required

One 4200A-SCS with the following instruments:

Two 4200-SMUs or 4210-SMUs
Two 4200-PAs

One 4210-CVU

One 4225-PMU

Two 4225-RPMs

Four 4200-TRX-2 or 4200-MTRX-2 triaxial cables (supplied with SMU)
Four CA-447A SMA cables (supplied with CVU)

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

Four CA-534-24A triaxial cables

Two 237-TRX-T triaxial tees

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

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 enables automatic switching
between tests.

To update the RPM configuration in KCon:

1. Make sure your device under test 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 29: Update the RPM configuration in KCon

C

pdate Preamp

5. Select Save.
6. Close KCon.
7. Open Clarius.
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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.

A WARNING

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.

4200A-900-01 Rev. C / January 2019
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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 the RPM Control inputs of their respective
channels 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 (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 30: Connections from the 4200A-SCS and 4225-RPMs to the diode

4200A-SCS chassis | ;)0 1rx-2 or 4200-MTRX-2 _CA-534-24A

4200-SMU1 t Triaxial to triaxial cables s Jgéﬁ;‘iEM 1 | Triaxial to triaxial cables
Sense x Sense /
Force SMU Force

4200-SMU2

4210-CVU HPOT

CvUPpot ' O'C¢
Sense CVU Cur 237-TRX-T
Force PMU CH1 < Triaxial tee

HCUR .
LPOT X | Diode
LCUR CA-447A SMA | Tq
Cables —_— —_
4225-PMU 4225-RPM 2
Ch1 SMU Sense Diod losed i
Ch2 Sense iode enclosed in
SMU Force conductive shield
VUPot  Force connected to Force LO
CVU Cur
PMU CH2

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 31: Rear panel connections to the inputs of the 4225-RPM units and from the units to

the device

Model 4225-RPM #1

— INF‘UT—l
SMU

%

CVU Pot

cvu cur ()

-t
-k
-t

r QUTPUT b |

Output te DUT

Sense

I L

::‘;;t ] -
4200 L Control

Force

®: __x wEvm KRR

Model 4225-RPM #2 |

— INPUT |
A SMU
- Sense
€ ® ©® 6 ©
= e —
— orce
q CVU Pot
s

nput | -
|4200 ” Control

[ OUTPUT =

Quiput to DUT

Sense

Force

Set up the measurements in Clarius

-1y,

Diode enclosed in
conductive shield
connected to Force LO
of the 4200A-SCS

This section describes how to set up the 4200A-SCS to make |-V, C-V, and pulsed |-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:

e Create a new project

e Add a device

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

® Runthe tests

e View and analyze the test results

4200A-900-01 Rev. C / January 2019
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Create a new project

To create a new project:

1. Choose Select.

Figure 32: Select highlighted

1] 2 ﬁg i @

Select Configure Analyze

2. Inthe Library, select Projects.
3. Select New Project.

4. Select Create.

Figure 33: Select a New Project from the Project Library

CENLEUN Projects
- Praject Library (53) -E

Mam: At 2 v m Image Decaiplion

e
MNew Praoject I
m Hew Creates an emply progect

Select Yes when prompted to replace the existing project.

Select Rename to assign a new title to the project.

Enter Diode Test.

© N o o»

Select Enter.
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Section 4: Use the RPM to switch the SMU, CVU, and PMU

Figure 34: Select and add a diode device to the project tree

Add a device

To add a device:

1. Select Devices.

2. Type diode into the search box.

3. Select Search.

4. Select the Diode, 2 terminal device.

5. Select Add to add it to the project tree.
® 2 -
e Tirsl

- WS

Device Library (5)

Diode, 2 terminal (diode)

. ] Light-emitting diode, 2 termanal (lesd)

-

mage |_---,-,-|.p:.-,~-

F
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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. Tofind 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 I-V Sweep

4. Select Add to add the test to the project tree.

(vEd) test.

Figure 35: Add the Diode Forward |-V Sweep (vfd) test to the project tree

o @ ¥ Z 10 -
i =¥
s Tamt ort i Test Library (11) 3
diode Tithee: & b3 2 = | | diode m iinsge [ Descrption
-
Dicde Foreard |- Sweep (vid)
n / Measures e anode carent a8 8 function of a forwandbiss voltage sweep of a diode
] Digdae Pulse 1Y Sweep (pulpe-dicds)
-/ Performs puise borwand 1V sweep dipde
| Dicde Reverse | W Swoep {wrd)
/ Sweepi the neverse-biss woltage and mesdares the resulting curment of & dicde

5. Scroll to find the Diode C-V Sweep (cv-diode) test.
6. Select Add to add this test to the project tree.
Figure 36: Diode C-V Sweep (cv-diode) test
Diode C-V Sweep (cv-diode)
_J Generates a capacitance-voltage sweep on a diode and extracts common parameters
7. Scroll to find the Diode Pulse I-V Sweep (pulse-diode) test.
8. Select Add to add this test to the project tree.

Figure 37: 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.

Figure 38: Three tests added to project tree

Diode Test
4 [+ diode
vid
cv-diode
pulse-diode

Configure the vfd test

To configure the vfd test:

1. Choose Configure.

Figure 39: Configure highlighted

EE@ nmp 1= @

Select Configure Analyze
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2.

In the project tree, select the v£d test.

3. Adjust the Anode settings in the Key Parameters pane as needed.

4.

Figure 40: Forward I-V sweep, vfd terminal settings

vfd1#1

Anode | swu1 |

Operation Mode ‘ Voltage Linear Sweep | ¥ |

Start| 0 v
Stop ‘ 09 v
Sfep‘ 0.01 v
Compliance | 0.1 A

Measure Current Report Vollage

All Parameters

Cathode | sMu2 | =
Operation Modc| Voltage Bias ‘ v |
I v wlo
Compliance | 0.1 ‘A

Report Current | | Report Voltage

In the Test Settings pane, select Advanced.

5. Adjust the parameters as needed. Be sure to include the delay between sweep steps.

Figure 41: Test Settings pane and Test Settings Advanced dialog box

@ Terminal Settings  Help

vid#1

Measure Settings
Speed | Normal |'
‘ |Heporlﬂmeslamps

Test Mode

Mode | Sweeping |~
Sweep Delay | 0 s

outputvatues [l Exit condiion

—

I8 sMU Advanced Tast Settings 5|

Measure Settings

Speed | Normal v Delay Factor 1 |
Filter Factor 1 |
| Report Timestamps
Test Mode
. Sweeping Sweep Delay 0 |s
() sampling Hold Time 0 s

SMU Power On Sequence

Anode

Cathode

Disable Outputs at Completion

Cangel
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6. Select OK to accept the settings.
7. Select Terminal Settings.

8. Select Advanced.
9

Adjust the voltage source and current measurement parameters as needed.

Figure 42: Terminal Settings pane and Terminal Settings Advanced dialog box

@ Test Settings EREHHEIEILIEE Help

Anode é

Force
Operation Mode | Voltage Linear Sweep ‘ v |
Start| 0 Vv
Stop | 0.9 v
Step| 0.01 v
Dual Sweep
Compliance | 0.1 A

Measure
Current
Range | Limited Auto ‘ v

Low Range | 100pA ‘ v

Select fixed source and measure ranges

[ sMu Advanced Terminal Settings Terminal: SMUL Preamglifier
Force

Vaoltage Linear Sweep -

Start | 0 v

Stop 09 v

to enable Pulse Mode option

Step 001 v

Points | 9

[ bual Sweep
Source Range | Best Fixed -

Power On Delay s

Compliance 01 A
]

Measure

Current

Overvoltage Protection | OFF |* |

Voltage

Range Limited Auta | ¥ | | 100pa | ¥ @ Frogrammed () Measured

Column Name | Anodel

Column Name | AnodeV

Report Status

Voltage

Report Value | Programmed ‘ v |

10. Select OK to accept the changes.
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Configure the cv-diode test

To configure the cv-diode test:
1. Select the cv-diode test from the project tree.
2. Select the Anode terminal of the diode in the Key Parameters pane

3. Adjust the voltage source and test frequency settings as needed.

Figure 43: Key Parameters pane for the cv-diode sweep test

cv-diode#1 All Parameters

Anode | cvi |+

Operation Mode | Voltage Linear Sweep ‘ v

Start | -2 v V | | — Cathode | cvL1 v
Stop | 04 v ‘ | | Operation Mode | DC Gnd v
Step | 0.05 v

Frequency | 1MHz v

4-12
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4. On the Test Settings pane, select Advanced. Adjust the timing parameters as needed. Be sure to
include the sweep delay time in your adjustments.

Figure 44: Test Settings pane and the Test Settings Advanced and Formulator dialog boxes for
the cv-diode sweep test

@ ICECUNGEl Terminal Settings  Help oL =
Measure Settings
cv-diode#] q Speed [Nomal | ¥ | Delay Factor 1
Filter Factor 1
Measure Settings
Speed | Normal | v | Report Timestamps ~ A/D Aperture Time | Auto: PLC
| Report Timestamps Test Mode
. Sweeping Sweep Delay ] s
Test Mode
| () sampling Hold Time 0 s
Mode | Sweeping v
Sweep Delay | 0 5
Hold Time | 0 s
m Output Values
Disable Outputs at Completion
.
[ [ =
Formula Set  Future uns v

Formulas List

oeFTH [ S ) sm N
omG faray
ar oIFF oD
Ao oy FRSTROS.

wiEs woex Lastros

“n
MFaE MAFOS | SUEARRAY
LA -

Apply Setto | Future and checked runs |
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5. On the Terminal Settings pane and the Terminal Settings Advanced dialog box of the Anode

terminal, adjust the parameters.

NOTE

If you are including cable compensation values, run the Tools menu option CVU Connection
Compensation. Refer to Perform offset compensation (on page 7-10) for more detail.

Figure 45: Terminal Settings pane and the Terminal Settings Advanced dialog box for the

cv-diode sweep test

@ Test Settings Help
Force
Operation Mode | Voltage Linear Sweep | hd
Presoak | 0 v
Start | -2 v
Stop | 0.4 v
Step | 0.05 v
| | Dual Sweep
Frequency | 1MHz | v
Measure
Parameters | Cp-Gp | v .
Compensation
: Open
: Short
[ Jtoad
Cable Length | 1.5m | v

Force

Voltage Linear Swieep | = ‘
Presoak |0 VoG Frequency TMHz

Start 2 v
stop 04
Step 005 AC Drive Signal | 20
Paints 49 Dusl Sweep
Measure
Parameters CpGp M ‘ Repert Test Conditions

Param 1 Column Hame | Cp_AC | DGV Column Hame
Param 2 Column Mame | Gp_AC ‘

[ ] Repart Status

Compensation

[ Jopen ston [ Jioad  CableLengtn |1.5m

Freq Column Name | F_AC

Advanced
AC Source V v -
AC Measure | Range (V1) | o -
DC Source \ Vi -
DC Offset (CVL1) o

Capacitance Range Estimator

mVRMS
G Max 1.89mF
Max (Range) TmA
Frequency 1MHz
AC Drive Voltage 20mV RMS
DCV_AC I
Max
Cumax® 57—
ax
2nfV,.

Hote
Calculated results represent a direct connection to
the test device. Stray capacitance due to cabling may

| = | reduce the actual current measured. You may need

10 increase Sweep Delay for capacitances over 1.
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Configure the pulse-diode test

To configure the pulse-diode test:

1. Inthe project tree, select the pulse-diode test.

2. From the Key Parameters pane, change the Cathode terminal setting from PMU1-GND to
PMU1-2, as shown in the following figure.

3. Adjust the pulse operation as needed.

Figure 46: Key Parameters pane for the pulse-diode test

pulse-diode#1

Anode | FiUL-1 ¥ ‘

Operation Mode | Pulse Amplitude Swee; w
Start o
Stop | 0.7 v
Step | 0.0

Base | O W

Cathode

ol

N
e

Dperation Mode

[

Base

All Parameters

PMLN-2

bC Bias
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4. Select the Anode terminal.

5. Select Terminal Settings.

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

Figure 47: Terminal Settings pane and the Terminal Settings Advanced dialog box for
Pulse-Diode test

E=
@ Test Settings PINNEEIUNNEE Help Force Measure Compensation
Anode

Force

The Pulse IV Test Mode allows Spot Mean Short Connection

measurements, please chanae the Test Mode Load Line Effect
to Waveform Caoture in Test Settinas

Voltage
Max Voltage Estimator

Step | 0.01 v Spot Mean High
N — VMax 1000
Operation Mode | Pulse Amplitude Sweep ‘ v = Spot Mean Low

Points v Max 106005 A
R Current
Base 0 v V Range 10
Start| 0 v B Spot Mean High
S ) RDUT  1.064006  Ohms
S Dual Sweep [ Spot Mean Low
Stop| 0.7 v Thresholds
R Range |m\; |- Range Auto -
[ valtage
Step| 0.01 v Disable Outputs at Completion O
— [ current
Base| 0 v ) :
[] meport Status [ Power
Dual Sweep

=T =
Range | 10V ‘ v

Measure
Current Spot Mean High
f Current Spot Mean Low
Current Range \ Auto ‘ v ‘

Voltage Spot Mean High

: Voltage Spot Mean Low
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Select OK.
Select the Cathode terminal.
Select Test Settings.

10. Select Advanced to adjust the test mode and pulse timing settings, as needed.

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

test
. . = - =
@ RGNl Terminal Settings  Help P
Pulse Settings Pulse Timing Proview

pulse-diode#1

Pulse Settings

Test Mode | Pulse IV L1
B [

Measure Mode | Discrete Pulses | v Timing Parameters

Start G s

L)

Number of Pulses e | 0008 i
o o
Timing Parameters RiseTime. [ 14
Fall Tim TE0
Period | 0.0015 s ey .

Width

o

Rise Time | 1E-05

e Se ey 0 10 sl i)
et wavtom ceture.
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@

Delay

@

I

Ourput vakiea

11. Select OK to accept the changes.
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Run the test

Once the tests have been configured, you can execute every test under the device.

To run the tests for the device:

1.
2.
3.

4.

Select the diode device in the project tree.

Verify that the check boxes for the tests and the device are selected.

Select Run. The three tests run sequentially and the RPM automatically switches the outputs
between the SMU, CVU, and PMU.

Select the Analyze pane to see the results.

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 49: Top of the 4225-RPM indicating the LED status

Top Panel

O

LED Status

@ SMU Mode
@ CVU Mode
@ Pulse Mode

View and analyze the test results

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

Figure 50: Analyze highlighted

S R - |8

Configure Analyze

LA
D
I
a
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Select a test from the project tree to display its results. The data for the v£d test is displayed in the

next figure. Both the data and the graph are displayed in this view.

Figure 51: Analyze pane for the vfd test
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Section 5

Configure and use a Series 700 Switching System

In this section:

INEFOAUCTION ...t 5-1
EqQUIPMENt reqUIred..........ceveeiiiiiiiiiieee e 5-2
DeViCe CONNECHIONS .....c.vviiiiiiiieiiic e 5-2
Update the switch configuration in KCoN ...........ccoccoiieeeeennns 5-6
Set up the measurements in Clarius ...........ccccceveeeeeiiiiiieneennn. 5-11

Introduction

In this tutorial, you will configure a Keithley Instruments Series 700 Switching System (707, 707A,
707B, 708, 708A, or 708B) in the Keithley Configuration Utility (KCon). You will then 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 |-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.

In Clarius, the connectpins action from the Action Library is used 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

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

e Eight 4200-MTRX-X triaxial 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 a 7072 8x12 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.

A WARNING

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 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 triaxial cables to connect to the input terminals of your test fixture. For
systems without a preamplifier, use 4200-MTRX-X triaxial cables. For system with preamplifiers, use
4200-TRX-X triaxial cables.

Figure 52: Connections from the 7072 Matrix Card to the MOSFET DUT
Model 7072 Matrix Card

@ 4200-MTRX-X or

4200-TRX-X triaxial cables (4)
A@® I
€

BO
cO
DO

E v Source

° MOSFET enclosed in
F conductive shield

1 0 connected to Force LO
G

@11
H

1 2
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Connect the 4200A-SCS to the 7072

This section describes connections to the 7072.

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 FORCE 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 parts in the following figure, assemble a tee adapter to connect the 4210-CVU to the
7072.

Figure 53: 4210-CVU to 7072 adapter tee assembly

7078-TRX-BNC
female to triaxial
male adapter

CS-7T0TABNC
tee adapter

CS-1247 SMA female
to BNC male adapter
- | |

u
: -

CS-1247 SMA female
to BNC male adapter
~
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2. Using four CA-447A SMA cables, make the following connections:
= 4210-CVU HCUR to adapter tee assembly 1
=  4210-CVU HPOT to adapter tee assembly 1
= 4210-CVU LPOT to adapter tee assembly 2
=  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 54: 4200A-SCS to 7072 Matrix Card connections
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4200-TRX-X

| 4200A-SCS rear panel U triaxial cables @
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2 @7
I .‘KI
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CA-447A
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A‘cbpter tee \G©
assembly 1 1 1
e
©n2
Adapter tee ®
assembly 2

7072 Matrix Card
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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 the switching system to the 4200A-SCS configuration

e Add the 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. In the bottom left of the KCon window, select Add External Instrument.

3. Select your switching system. The Series 700 Switching Systems are highlighted in the next

figure.

Figure 55: Add External Instrument box, Series 700 Switching Systems highlighted

[ Add Extemal bustrament

Swatch Matrix

@ reithley 707/T07A/TOTE Switching IMatrix

] Keithbey TOET08A/TORBE 5'.\'|'.n;:h|r|n:] Ilatnx

Capacitance Meter
) Keithley 590 CV Analyzer
Keithley 595 Quasistatic CV Meter
System B2 Simullaneous CV
) Keysight 428474980 LCR Meter
() Keysight 4254 LCZ Meter
Pulse Generator
Keithley 3401 Pulse Generator - Single Channel
Keithley 3402 Pulse Generator - Dual Channd
) Keysight 8110 Pulse Generator - Singhe Channel
() Keysight 8110 Pulse Generator - Dual Channel
Keysight 81110 Pulse Generator - Single Channel

Keysight 81110 Pulse Generator - Dual Channel

=]
Probe Station / Test Fixture
() Probe Station
() Test Fixture
General Purpose Test Instrument
) 2-Terminal

-
) #-Terminal
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4. Select OK.
5. Select Add External Instrument again.

6. Select Test Fixture.

Figure 56: Add External Instrument dialog box, Test Fixture highlighted
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Keysight 8110 Pulse Generator - Singhe Channel
Keysight 8110 Pulse Generator - Dual Channel
Keysight 81110 Pulse Generator - Single Channel

-:I Keysight 81110 Pulse Generator - Dual Channel

Probe Station / Test Fixture

-

() Probe Station

. Test Fixture

General Purpose Test Instrument
() 2-Terminal

P
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Select OK.

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

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 57: Properties for a Generic Test Fixture

Clarius® Version: V1.2
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10. From the configuration navigator, select the switching system you just added (MTRX1).

11. In the Properties pane, add the 7072 Matrix Card to the correct slot of the switching system.

12. 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 58: Properties pane of Keithley 708/708A/708B Switching System with one 7072 Matrix

Card

Clammus® Viersmon: V1.2

7 C B =

tem Configuration e W
Sys g qu
AIONA-SES Kesthiey 42000505 Parameter Analyzer
’ MTRX1 Properties
4 MTRX1 KEtthiey FNORN O Mmmg;;::;; Bl Kaeithley TOT/TOTASTOTE Switching System
CARD Kgithiey 7072 Semiconductor Matrix Card GPIB address 18 b
Shat 1
" Genenic Test Fodure Connection Scheme Rosw-Column ud
Sense Local -
Switch Cards
Sot 1 Heithley T072 Matrix Card | r
Shot 2 Emply | v
Siot 3 Empty | =
Siot 4 Empty | b
Shot & Emply | L
Sot 6 Empty | =

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 70XB-VERSION.

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

5-8
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13. Select the arrow next to MTRX1 to see the settings for the 7072 Matrix Card.
14. Select CARD1.
15. Complete the Card Rows Assignments according to how you connected the instruments to the
7072. For this example, the assignments are:
=  Row A - SMUL1 Force
= Row B - SMU2 Force
= Row C - SMU3 Force
= Row E - GNDU Force
= Row G-CVU1CVH_CUR
= Row H-CVU1CVL_CUR

16. 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 59: Completed Properties pane for the 7072 Matrix Card

c B = O 2

Syvtern Configuration

s CAADT Froperties
4 WTEE T S
sy MIFE Saremonatin baten Carg
ot 1
v Tyt ot Card Rows Assigrement Card Columen Assigament

CARL

m

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

Figure 60: Validate Configuration icon

Validate
Configuration
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18. Select Save to save the system configuration.

19. Select System Configuration Summary, then scroll down to the Connections section. You need
the names from the Terminal ID column when setting the switching system connections in Clarius.
You can select Save Configuration As or Print Configuration to record the terminal IDs. The
default values for the most common instruments are shown in the next figure.

Figure 61: System Configuration Summary:

Default Terminal ID Connections

] ¥Con System Configuration Summany

Save Configuration As

Connections

Instrument 1D Terminal Name W‘Hﬂtﬁl Connection
SMU FORCE SMUN ROWA
SMu SEMSE HC
SMUZ FORCE SMuU2 ROWE
SMuz SEMSE - NC
cviLn CVH_CUR CVH1 ROWE
v CVH_POT - ROWE
v CVL_CUR CvL1 ROWF
v CVL_POT ROWF
PRI OQUTPUT 1 PMUTCHI NC
Pl OUTPUT 2 PRMUICH2 HNC
P GHD1 PRUT-1GHD HC
PR GHND2 PMUT-2GHD NC
GHDU FORCE GHDU ROWD
GHDU SENSE - NC

Print Configuration

20. Close the window when you are finished.

21. Close the KCon application.
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Set up the measurements in Clarius

After closing KCon, open the Clarius application from the desktop. In this section, you 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:
e Create a new project

e Add a device

e Add an action

e Configure the action

e Search for and add two tests

e Run the project and view the tests

Create a new project

To create a new project:

1. Choose Select.

Figure 62: Select highlighted

L - b

Configure Analyze

2. Inthe Library, select Projects.
3. Select New Project.

Select Create.

Figure 63: Select a New Project from the Project Library

Wates Flan [
Praject Library (53) 'E
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New Project I
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5. Select Yes when prompted to replace the existing project.

Add a device

Add the connectpins action

To add a device:
1.

o > D

Select Devices.
Enter MOSFET in the search box.

Select Search.

Scroll to the MOSFET, n-type, 4 terminal (4terminal-n-fet) device.

Select Add to add it to the project tree.

To add the connectpins action:

1. Select Actions.
2. Type connect in the search box.
3. Select Search.
4. Scroll to the connectpins action, then Add it to the project tree twice.
Figure 64: connectpins added twice
B ¥ 7 1 . o
e Fregue . — Action Library (2) ._E|
serminabndet Mamt: & to * | [ connect ER mage [ vescripaion
B connberp
& connectpina,1

Lehad 100 91'!1“"’!’ E}fﬂh‘.‘ﬂ"l - Connect Ping (Connssping)
m — Connaects The insinument tenminals 1o e Sevice under 1est [DUT) pins

~

£200A-CVTV Conlgure (evmv-oonlgura)

Uses

AP00A-CWITV Musiti-Santch 10 Conndct S and/or te CVL 02 & divne
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Configure the connectpins action

To configure the connectpins action:
1. Select the first connectpins action you added to the project tree.

2. Select Configure.

Figure 65: Configure highlighted

= E b

Select Configure Analyze

3. Make the following connections using the pairs of TermldStr# and Pin# fields in the action:
= SMUl-Pin3
= SMU2-Pin2
= SMU3-Pinl
= GNDU-Pin4

When you are finished, the Key Parameters view of the action should look like the next graphic. The
order of the instruments does not matter if each instrument is paired with the correct pin number.
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In this example, assigning TermldStrl to SMU1 and Pin 1 to 3 connects SMUL1 to Pin 3 on the matrix.

Figure 66: connectpins device connections

connectpins#1 All Parameters
Open All
Pairs 1-4 Openal Pairs 5.8
TermldStr1 | SMU1 TermldStr5 | GNDU
Pinl| 3 Pin5| 4
TermldStr2 | SMU2 TermldStr6 | CMTR1

Pin2| 2 Pin6 | 0

TermldStr3 | SMU3 TermldStr7 | CMTRIL
Pin3| 1 Pin7| 0

TermldStrd | SMU4 TermldStr8 | PGU1

Pin4| 0 Pin8| 0

NOTE

If the OpenAll check box is selected, the connectpins action opens all crosspoints before closing
the specified pairs. This is the default and 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.
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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:

= CVH1-Pinl
= CVL1-Pin2
= CVL1-Pin3
= CVL1-Pin4

When you are finished, the Key Parameters for the action look like the next figure.

Figure 67: Second connectpins connections

connectpins1#1 All Parameters
Open All
Pairs 1-4 OpenAll Pairs 5-8
TermldStr1 | CVH1 TermldStrS | GNDU
Pin1| 1 Pin5 0
TermldStr2 | CVL1 TermldStr6 | CMTR1

Pin2| 2 Pin6 0

TermldStr3 | CVL1 TermldStr7 | CMTRIL

Pin3| 3 Pin7 0

TermldStr4 | CVL1 TermldStr8 | PGU1

Pind| 4 Ping8 0

7. Select Save.
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Search for and add existing tests from the Test Library

To search for and add existing tests from the Test Library:

1. Choose Select.

Figure 68: Select highlighted

P - b

Select Configure Analyze

Select Tests.

Type vds into the search box.

Select Search.

Scroll to the vds-id test.

Select Add to add it to the project tree.

Drag the vds-id test to between the two connectpins actions.

Clear the search box.

© © N o g M w D

Type cv into the search box.
10. Select Search.
11. Scroll to the cv-nmosfet test. Select Add to add it to the project tree.

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

Your project tree looks like the next figure.

Figure 69: Project tree showing tests and actions in the proper order

o®B ¥ 7 1

Copy Rename Delete

Mew Project

A 1 $terminal-n-fet
i connectpins
vds-id

i connectpins_1

<M< E<H<M<

cv-nmosfet
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Run the project and view the tests

To run the project and view the tests:
1. Inthe project tree, select New Project.
2. Make sure the items in the project tree are checked.

3. Select Run to start the test. The two actions and tests run sequentially. The connectpins
actions set the crosspoints before the tests are executed.

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

Figure 70: Analyze highlighted

::e .Q.’g’

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 |-V measurements on a solar cell

In this section:

INTFOAUCTION L. 6-1
EqQUIPMENt reqUIred..........ceveeiiiiiiiiiieee e 6-1
DEeVICE CONNECHIONS .....eiiiiiiieeiiiie 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
® One 4200A-SCS with one 4200-SMU or one 4210-SMU
e Four triaxial cables (4200-TRX-2 or 4200-MTRX-2)
® 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.

A WARNING

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 71: Solar cell device connection schematic

Use 4200-TRX-2 or

SMU1  gepse 4200-MTRX-2
HI triaxial cables

Force
Cathode

GNDU or SMU2| , -

Sense

Force LO
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-SCS to the DUT

Connect the 4200A

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 figures using four 4200-TRX-2 or 4200-MTRX-2 triaxial cables.

Figure 72: Rear panel connections using two SMUs
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Figure 73: Rear panel connections using one SMU and GNDU
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Setting up measurements in the Clarius software

This section demonstrates how to set up the 4200A-SCS to perform an |-V sweep on a solar cell. The
fwd-ivsweep test measures current at each step of a user-configured voltage sweep. An I-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 Run the test

e View and analyze the test results

Create a new project

To create a new project:

1. Choose Select.

Figure 74: Select highlighted

2 - O

Configure Analyze

In the Library, select Projects.
Select New Project.

Select Create.

Figure 75: Select a New Project from the Project Library

Wt Flan F'I":'Fﬁl
Praject Library (53) 'E

Hama: Ao v m Image Deschiplion

F
MNew Project I
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5. 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. Inthe Filters pane, select Solar Cell.

Figure 76: Use filters to select the fwd-ivsweep test
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3. Select the Solar Cell Forward I-V Sweep (fwd-ivsweep) test.
4. Select Add.

The test is displayed in the project tree.

Figure 77: Test added to the project tree

MNew Project_1
4 T+ pv-cell

fwd-ivsweep

<J<
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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 78: Configure highlighted

B —
:__0 I nmp @
Select Configure Analyze

3. Adjust the Anode settings as needed.

Figure 79: Key Parameters pane for the |-V sweep of a solar cell

fwd-ivsweep#1 All Parameters

Anode | S1AU01 ""]

Operation Mode | Voltage Linear Sweep | v

Start | -D.05 v STa
; |\| Cathode | chou | = |
| B ]
' ‘ I//I Operation Mode | Ground Unit | ¥
Step | 0002 v
Compliance | 0.1 A

Measure Current Fepart Voltage

6-6 4200A-900-01 Rev. C/ January 2019




Model 4200A-SCS Parameter Analyzer User's Manual Section 6: Make 1-V measurements on a solar cell

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

Figure 80: Test Settings pane

W Terminal Settings  Help
fwd-ivsweep#1

Measure Settings

Speed | Normal ‘ v

| | Report Timestamps

Test Mode
Mode | Sweeping v
Sweep Delay | 0.1 s
Hold Time | 0 s

Output Values Exit Condition
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NOTE

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

Figure 81: Formulator dialog box
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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.
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Run the test

1. Highlight the fwd-ivsweep testin the project tree.

2. Select Run to execute the test.

Figure 82: Run

>

Run

Analyze the test results

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

Figure 83: Analyze highlighted

EE@ 1 2 ﬁg’ 02 @

Select Configure Analyze

You can also use the View icons in the upper-right of the center pane to display the sheet, graph, or
sheet and graph. The sheet only view is shown in the next figure.

Figure 84: Sheet only view selected, View icons highlighted
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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 can be found in the Model 4200A-SCS

Reference Manual.

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

Figure 85: Test results showing I-V graph of an illuminated solar cell

- B B

8/21/2007 163529 [ Grash settings.
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Data Variables
DatarPMEX = 44 5617926
Datx|SC = 4026878726
DataVOC = 23800007 e-3 Anode V (Volls,

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 test 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 Tests library to find
additional tests.

6-10
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Make C-V measurements on a MOSCAP

In this section:
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Introduction

Capacitance-voltage (C-V) measurements are commonly used to study 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 C-V 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

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
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Device connections

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

A WARNING

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.

7-2 4200A-900-01 Rev. C/ January 2019
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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 86: Connections from the 4210-CVU to the MOS capacitor
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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

View and analyze the test results

Search for and select a project

1.

N o o M w D

Choose Select.

Figure 87: Select highlighted

P - b

Configure Analyze

Select Projects.

Type MOScap into the search bar.

Select Search.

Select MOS Capacitor C-V project (cvu-moscap).
Select Create.

Select Yes when prompted to replace the existing project.

4200A-900-01 Rev. C/ January 2019
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The project is displayed. This project has three C-V tests for a MOS capacitor, as shown in the next

figure.

Figure 88: MOS capacitor C-V project tree with three tests

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.

cvu-moscap
4 moscap
moscap-cvsweep

moscap-Cc-2vsv

NEQNKN

moscap-dopingprofile

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 89: Configure highlighted

= m b

Select Configure Analyze
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2. Inthe project tree, select the moscap-cvsweep test.

3. Inthe Key Parameters pane, adjust the voltage sweep and test frequency values as needed.

Figure 90: Key parameters for the C-V sweep of a MOS capacitor

moscap-cvsweep#1 All Parameters

Gate | CvH1 hd

Operation Mode | Voltage Linear Sweep | ¥

Bulk | cvi1 v

Start | -3 v V | | | |
Stop | 1 v ‘ | | Operation Mode | DC Gnd L 4
Step | 0.02 \Y

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

Figure 91: Test Settings pane

@ Terminal Settings  Help
moscap-cvsweep#1

Measure Settings

Speed | Quiet | v

| ] Report Timestamps

Test Mode
Mode | Sweeping v
Sweep Delay | 0 s
Hold Time | 1 s
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5. Adjust the Sweep Delay as needed.

6. Select Formulator. In this test, the Formulator 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 92: Formulator dialog box
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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 constants that are used in the formulas, such as the

gate area and temperature.

Figure 93: Formulas listed in the Formulator
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7. Select OK to accept changes made in the Formulator.

8. From the Terminal Settings Advanced dialog box, adjust the parameters as needed.

Figure 94: Terminal Settings pane and Terminal Settings Advanced dialog box

I3 GVl Advanced Terminal Settings - Gate Terminal; CVH1 — Model KICVUIA210 - Sueeping Mode

Force
Voltage Linear Sweep M
Presoak 0 vDC Frequency I0kHz bl
start | 3 v
stop | ! v
Step | 002 v AC Drive Signal | 25 mVRMS
Points (1201 [] oual sweep

Measure
Parameters Cp-Gp | * | [ Report Test Conditions
Param 1 Column Name | Cp_GB DCV Column Mame | DCV_GB
Param 2 Column Name | Gp_GB Freq Column Name | F_GB

Report Status

Compensation

[TJopen  [Ishot [ JLoad CableLength |1.5m
=

Advanced
AC Source V o |
AC Measure | Range(CVH1) sjoua |
DC Source V ol |
DC Offset(CVL1) 0 v

Capacitance Range Estimator

© Max 7.14uF
I Max (Range] 30uA
Frequency 30kHz
AC Drive Voltage 25mV RMS
C = IMax
Max ZﬂfVac
NOTE

Calculated results represent a direct connection to
the test device.

Any stray capacitance due to cabling or interconnect

mav reduce the actual current measured

Capacitors greater than 1uF may require additional sweep delav.
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In this test, the CVH1 terminals are internally connected to the AC ammeter and the HI of the DC
voltage source by default. The CVHL1 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). A short
compensation correction is generally used for low impedance measurements (>10 nF or <10 Q). For
a short compensation, you select Measure Short, and then short the probe to the chuck.

To perform the corrections:

1. Select Tools.

Figure 95: Tools icon in Clarius

X

Tools

7-10

4200A-900-01 Rev. C/ January 2019



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

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

Figure 96: Clarius Tools dialog box

[ Toot: el

SMU

SMU funlo Calibration

Compensation

CVU Real-Time Measurement

C¥U Conhdence Check

PR

Pl Connectcn Com pensaticn

3. Disconnect the probes from the DUT.

4. Select Measure Open.

Figure 97: CVU Connection Compensation dialog box

CWU1 Connection Compensation

Cable Length

Measure Open

Measure Short

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

Figure 98: Prompt to remove probes from DUT

-

] =

Open Compensation

Lift probes or remove device from test fixture

Mote: This cannot be stopped and may last 45 seconds.

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.

Select Exit to close the Tools dialog box.

8. From the Terminal Settings pane, enable corrections by selecting the Open checkbox.

Figure 99: Enabling CVU Compensation

@ Test Settings EECENHERETHEE Help

Force
Operation Mode | Voltage Linear Sweep ‘ v ‘
Presoak 07 \
Start 37 v
Stop 17 Vv
Step 0.02 \
Dual Sweep
Frequency ‘ 30kHz ‘ v ‘
Measure
Parameters ‘ Cp-Gp ‘ v ‘

Compensation

Open

| short

:Load

Cable Length | 1.5m ‘ v ‘
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Run the test

Select Run to execute the test.

Figure 100: Run

>

Run

View and analyze the test results

Select Analyze when you run the project to view test results in real-time.

Figure 101: Analyze highlighted

O —
@ m—
= M
Select Configure Analyze

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

Figure 102: Graph in the Analyze pane

moscap-cvsweep# |

8/79/2007 1006 41

- =

Graph Settings. ..
MOSCAP CV Sweep 4200-CvU - 1

20E+0

-1 DE+D

0DE+D

1.0E+0

DCV_GB
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You can also click the data only view of the Analyze sheet, 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 103: C-V data in the sheet
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Introduction

This section shows you 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 and 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

One 4200A-SCS with the following instruments:

= Four 4200-SMUs or 4210-SMUs

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

One 4200A-CVIV

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

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

One shielded four-terminal test fixture with triaxial inputs



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

Device connections

To use 4200-PA preamplifiers with the 4200A-CVI1V, the preamplifiers are installed in the 4200A-CVIV
chassis. If you are not using 4200-PA preamplifiers, you must install 4200A-CVIV-SPT Pass-Thru
modules in the 4200A-CVIV chassis and connected to a 4200-SMU or 4210-SMU using triaxial cables.
For more information on installing and connecting preamplifiers and Pass-Thru modules, see the
Model 4200A-CVIV Multi-Switch User’s Guide.

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-CV1V, 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.

A WARNING

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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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 104: Connections from the 4200A-CVIV to MOSFET

4200-TRX-0.75
triaxial-to-triaxial cables

Source
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 I-V and C-V measurements.

For this example, you use the Clarius application to:

e Create a new project

e Add and configure a CVU compensation action

e Add a MOSFET device

e Add and configure an action for switching the SMUs
e Add a test for making I-V measurements

e Add and configure an action for switching the CVU
® Add a test for making C-V measurements

e Run the project

e 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 for
each configuration.

2. 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 make 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 make multiple I-V measurements and multiple C-V
measurements on the same device with different 4200A-CVIV configurations.
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Create and rename a project for I-V and C-V measurements with
compensation

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

1. Choose Select.

Figure 105: Select highlighted

- R - B

Select Configure Analyze

In the Library, select Projects.
Select New Project.

Select Create.

Figure 106: Select a New Project from the Project Library

CIRETN Frogects
- Praject Library (53) -E

Ham; A1 - m image I Description

A.
Mew Froject I
m Hew Creates an smpty progect

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

Select Rename above the project tree. Enter a project name into the text box, then select Enter.
CVIV_COMPENSATION is the test name for this example.

Figure 107: Rename function located above the project tree

Q@ 4

Rename

CVIV_COMPENSATION
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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. Selectthe cvu-cviv-comp-collect action.
4

Select Add to copy it to the project tree.

Configure the action

To configure the action:

1. Choose Configure.

Figure 108: Configure highlighted

= -5 -1

Select Configure Analyze
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Section 8: Use the 4200A-CVIV Multi-Switch

2. From the project tree, select the cvu-cviv-comp-collect action.

Figure 109: cvu-cviv-comp-collect Action

cvu-cviv-comp-collect#1

CVU Compensation Selections
CableLength | 1.5m CVIV 2 wire v
Select_Open
Select_Short
Select_Load

LoadValue | 50

All Parameters

CVIV Multi-Switch Configuration
Fs
ChiMode | CV HI |»
Ch2Mode €V LO |»
Ch3Mode | OPEN ‘v
ChdlMode OPEN |
CV2W_Mode | Two Wire || w
CVIV Display Configuration

Ch1TermName | One
Ch2TermName | Two
Ch3TermMName | Three
Ch4TermName | Four

TestName | CVIV CV Comp

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.

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 the corresponding MOSFET terminal

of each channel. This step is not necessary for the action to run, but it does allow you to see which

terminals correspond to each output terminal on the 4200A-CVIV display.

4. Inthe CVIV Display Configuration box, set channel 3 (Gate) to CV HI and the remaining channels

(1,2,and 3) to CV LO.

5. From the CVU Compensation Selections, enable open correction by selecting Select_Open.

Make sure that the DUT is disconnected.

7. Select Run to configure the 4200A-CVIV and collect compensation constants.

Figure 110: Run the action

>

Run

4200A-900-01 Rev. C / January 2019
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8. 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.

9. Return the DUT to the test fixture when compensation completes.

10. In the project tree, clear the check box next to the cvu-cviv-comp-collect 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 collect the compensation constants again, 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.

8-8
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Section 8: Use the 4200A-CVIV Multi-Switch

Add a device

To add a device:
1. Choose Select.

2. Select Devices.

3. Inthe Filters pane, select 4 under the Terminals column and Transistor under the Device Type

column.

Figure 111: Searching for a device using Filters

E

alala)

Device Library (4)

MOSFET, n-type, 4 terminal (4tenminadn-fet)

Metal-ccs semiconductor (LA0S) Tild-stfect traraistor (FET)

BJT, npn, 4 terminal (4terminalnpn-bit)

Bipodar junction transsstor

MOSFET, ptypa. 4 torminal {4terminal-p-fot)

Metaboride sermiconducton (IOS) feld-enect transistor (FET)

BT, prip, 4 terminal (4teminakpnp-bit)

Bipolar junction transistor

=
B image Description

Terminals

Author

Factony

© B

Hanolsch

Hesisto

Traststes

4. Select the MOSFET, n-type, 4 terminal (4terminal-n-fet) device.

5. Select Add to copy it to the project tree.

Add an action for switching the SMUs to the device

To add the action:

1. Select Actions.

Type cviv into the search bar, then select Search.

2
3. Selectthe cviv-configure action.
4

Select Add to copy it to the project tree.

4200A-900-01 Rev. C / January 2019
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Configure the action

To configure the action:

1. Select Configure.

Figure 112: Configure highlighted

= m b

Select Configure Analyze

2. Inthe project tree, select the cviv-configure action.
In the 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 on the 4200A-CVIV display.
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5. Inthe CVIV Multi-Switch Channel Config box, set all of the terminals to SMU.

Figure 113: cviv-configure action for |-V testing

cviv-configure#1 All Parameters
CVIV Display Config
CVIV Multi-Switch Channel Config ;
Ch1TermName | Source
Ch1Mode | SMU | * k
Ch2TermName | Drain
Ch2Mode | SMU |+ !
Ch3TermName | Gate
Ch3Mode | SMU |+ ;
Ch4TermName | Bulk
ChalMode | SMU | v !
TestName | 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.
CVU 2/4 Wire Mode
TwoWireMode | Two Wire v

Add atest for making |-V measurements

To add a test:

1. Choose Select.

Figure 114: Select highlighted

= 2 = P

Select Configure Analyze
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Select Tests.
To find the test, type vds-id into the search bar, then select Search.

Select the vds-id test, then select Add to copy it to the project tree.

o M~ WD

Select Configure.

Figure 115: Configure highlighted

S -

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 116: Bulk channel 4 SMU voltage bias configuration

Bulk | siius | v ‘
Operation Mode | Voltage Bias ’t
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 117: Select highlighted

F = K

Select Configure Analyze
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2. Select Actions.
3. To find the action, type cviv into the search bar, then select Search.

4. Selectthe cviv-configure action, then select Add to copy it to the project tree.

Configure the action

To configure the action:

1. Select Configure.

Figure 118: Configure highlighted

= -0 - o

Select Configure Analyze

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

Figure 119: Populated cviv-configure action

cviv-configure#1 All Parameters

CVIV Display Config
CVIV Multi-Switch Channel Config

Ch1TermName | Source

Ch1Mode | cv LO v
e — Ch2TermMame | Drain
Ch2Mode | CV LO v
Ch3TermName | Gate
Ch3Mode | CV HI v r
Ch4TermName | Bulk
ChdMode | cV LO v
TestName | 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.
CVU 2/4 Wire Mode
TwoWireMode | Two Wire v
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In the CVU 2/4 Wire Mode box, set the output mode of the 4200A-CVIV to Two Wire.

In the 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.

Add a test for making C-V measurements

To add a test:

1. Choose Select.

Figure 120: Select highlighted

Configure

F = K

2. Select Tests.

3. Type cv-nmosfet into the search bar, then select Search.

4. Select the cv-nmosfet test, then select Add to copy it to the project tree.

Figure 121: Project tree before enabling open compensation

© B ¥

Copy Cut
CVIV_COMPENSATION
‘&-L\ cvu-cviv-comp-collect
4 [ 4terminal-n-fet
& cviv-configure
vds-id
& cviv-configure-1

cv-nmosfet

‘ il
7 0

Rename Delete

<H<B<B<N< NN
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Section 8: Use the 4200A-CVIV Multi-Switch

5. Select Configure to configure the test.

Figure 122: Configure highlighted

o Inmp

Select

Configure

Analyze

6. Select the Gate terminal.

Figure 123: Selected Gate terminal

Gate

CVH1

| v

Operation Mode

Start

Stop

Step

Frequency

1MHz

v

v

v

Voltage Linear Sweep | v ‘

M
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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.

Figure 124: Terminal Settings panel with Open compensation selected

@ Test Settings [EMIEREUIEEE Help

Force
Operation Mode | Voltage Linear Sweep | v
Presoak | 5 v
Start| 5 v
Stop| -5 Vv
Step | -0.2 \Y
: Dual Sweep
Frequency | 1MHz | v
Measure
Parameters | Cp-Gp | v

Compensation

I Open

| short

Load

Cable Length | CVIV 1.5m 2W v

8-16 4200A-900-01 Rev. C/ January 2019



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

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, itis 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 125: Analyze highlighted

::O .n.g

Select Configure

4. Select the cv-nmosfet test to view the results of the C-V test.

5. Select the vds-id test to view the results of the |-V test.
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Section 9

PMU for pulsed I-V measurements on a MOSFET

In this section:

INTFOAUCTION L. 9-1
EqQUIPMENt reqUIred..........ceveeiiiiiiiiiieee e 9-2
DEeVICE CONNECHIONS .....eiiiiiiieeiiiie ettt 9-2
Set up the measurements in Clarius ..........cccccveeeeeeiiiiiiiieeeenn. 9-4

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 I-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 and 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.



Section 9: PMU for pulsed I-V measurements on a MOSFET Model 4200A-SCS Parameter Analyzer User's Manual

Equipment required

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

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

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

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

Two 4200-PRB-C SMA to SSMC Y adapter cables

Device connections

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

A WARNING

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.

4200A-900-01 Rev. C/ January 2019
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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.

Model 4225-PMU

4225-PMU

e

Input RPM
7500 Control

TRIG OUT

/

Figure 126: Connections from the PMU to the RPM inputs
Model 4225-RPM 1

input panel
'— INPUT—|

SMU
Sense

\_

Model 4225-RPM 2

input panel

- \NPUT—|
SMU
Sense
SMU
Force
@CVU Pot
Cvu Cur@

Input RPM
500 Control

CA-547-2A RPM

interconnect cable
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At the output of each RPM, connect the triaxial to BNC adapter, BNC to SMA adapter, and finally the
SMA-to-SMA cable.

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 these
and similar connections, see the Model 4200A-SCS Reference Manual.

Figure 127: Connections from RPM outputs to the MOSFET on a wafer

Model 4225-RPM 1

Model 4225-RPM 2
output pane

ouput panel
~ QUTPUT -1 rOUTF‘UT -1

Output to DUT Output to DUT

Triaxi:/lto BNC adapter 5’“’:?“’ SMA cable
@< [RErEE

Pulse Hi Needle holders

SMA to SSMC
adapter cable

BNC to SMA adapter

Note: This connection method
eliminates triaxial guard
(inner shield).

When using more than one

~ - - SMA to SSMC adapter cable,

make sure that all local grounds
are connected together.

Set up the measurements in Clarius

This section describes how to set up the Clarius application to make a pulsed |-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

9-4
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Create a new project

To create a new project:

1. Choose Select.

Figure 128: Select highlighted

1] 2 ﬁg i @

Select Configure Analyze

In the Library, select Projects.
3. Select New Project.

Select Create.

Figure 129: Select a New Project from the Project Library

CENLEUN Projects
- Praject Library (53) -E

Mam: At 2 v m Image Decaiplion

e
MNew Praoject I
m Hew Creates an emply progect

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

6. Assign a new title to the project by selecting Rename and then entering MOSFET Pulse I-V.
7. Select Enter.
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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 |-V Drain Family of Curves (pulse-vds-id) test, then Add it to the

project tree. Notice that the device is automatically added.

Figure 130: Selecting the MOSFET Pulse I-V Drain Family of Curves test from the Test library

o @ X s TR O
' Test Library (11) _:.] Technobogy Device Type
. == :
0
VSO -
| Charge Pumgeng Fall Tume Linear Seeep (faltimedn) -
e | Charge Pumping Frequency Linsar Sweep (freqin)
ST1 terep T spphed 4o the gate of & MOSTLT and messwres B
Moasurements Terrminals
| K | Charge Pumpeng Frequency Log Sweep (fregiog)
—] MOSFET Pulse 1V Dran Family of Curves (pulse vds-+d) -
n Carveraten & potie |V drum tamily of Curves o0 & NOSFET
i Avther
MOSFET Pulse Va8 Curve (pulse vgs o)
‘ / ‘ .
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Configure the test

To configure the test:

1. Select Configure.

Figure 131: Configure button highlighted

"o

Select

- m - @

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 132: Key Parameters pane for the pulse-vds-id test

pulse-vds-id#1

- Fur

M

Operation Mode | Pulse Amplitude Step |v

Start | 2

Stop | 4

v

v

Step | 05

Baze | 0

v

v

k-

Drain

LT Al Parameters

P2 |»

Operation Mode

I Start

Stop

Step

Base

ol

Pulse Amplitude Sweeq | -

] v
5 v
0z v

] v

- B | -

DC Gnd |»

|
|
|
|

1]

.|

1 | Operation hoge
|
!
|
|
|

Operation Mode

B¢ Gnd |1r-
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From the Test Settings pane and Advanced Test Settings dialog box, adjust the Pulse Settings

and Timing Parameters, as needed.

Figure 133: Test Settings pane and Test Settings Advanced dialog box

pulse-vds-id#1

Pulse Settings

Test Mode | Pulse IV |
Measure Mode | Discrete Pulses ‘v

Number of Pulses | 1

Timing Parameters

Period | 1E-06 s
Width | 5E-07 s
Rise Time | 1E-07 s
Fall Time | 1E-07 s
Delay | 0 s

PR

[ ErT———

Fulse Settings

Pulse Tirning Previewr

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

Figure 134: Terminal Settings pane and Terminal Settings Advanced dialog box

@ Test Settings REGNIMEIRTELEE Help

Drain [
Force
Operation Mode
Start| 0 v
Stop| 5 v
Step| 0.2 v

Base| 0 v
Dual Sweep
Measure
Current Spot Mean High
Current Spot Mean Low
Current Range _
Voltage Spot Mean High

Voltage Spot Mean Low

>

Pulse Ampltude Sweep -
et a v
iop v

Step 02 v
wint: % v

Base a v

Cual Sweep
ange 10V M

Disable Outputs at Completion

Measure Compensation
The Pulse IV Test Mode allows Spot Mean Shor! Connection
To enable Waveform
nessursments, olease cianos the Test Mode Load ine Eect
to Waveform Capture in Test Settings.
Vohage
X Max Voltage Estimator
Spot Mesn High
Viax 1000 v Yo b P
Spot Hean Low e
IMax 108006 A iRy

Current.

Thresholds
g [mow |-
| vottage
] Current
egort Status [ Porer

mm  =m
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[ spot biean High
RDUT 1088006  Ohms

Spot Mesn Low
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Run the test and analyze the results

Select Run to execute the test.

Figure 135: Run

>

Run

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

Figure 136: Analyze highlighted

::o .n.’g‘

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 137: Analyze results pane with data and graph displayed
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Next steps

In this section:

Additional information...........ccccccevviiii 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 138: 4200A-SCS Learning Center icon

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

o The Model 4200A-SCS Parameter Analyzer Reference Manual

e Videos

e Application notes

® Release notes

e Test and device descriptions

e The Keithley Instruments Low-Level Measurements Handbook

Also see the Keithley Instruments website (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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