www.keithley.com

Automated Characterization Suite (ACS)

Basic Edition

Libraries Reference Manual

ACSBASIC-908-01 Rev. A/ August 2012

An Interworld Highway, LLC Company

ACSBASIC-908-01

KEITHLEY



TEquipment.net
TEquipment.net

http://www.tequipment.net

Automated Characterization Suite (ACS)
Basic Edition

Libraries Reference Manual

© 2012, Keithley Instruments, Inc.
Cleveland, Ohio, U.S.A.
All rights reserved.

Any unauthorized reproduction, photocopy, or use the information herein, in whole or in part,
without the prior written approval of Keithley Instruments, Inc. is strictly prohibited.

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

The Lua 5.0 software and associated documentation files are copyright © 1994-2008, Tecgraf,
PUC-Rio. Terms of license for the Lua software and associated documentation can be accessed at the Lua
licensing site (http://www.lua.org/license.html).

Keithley's standard terms and conditions of sale in effect at the time of acceptance of buyer's order by Keithley
shall apply to all purchase of goods and performance of services from Keithley, to the exclusion of any additional
or different terms and conditions, including any terms or conditions which buyer may purport to apply under any
buyer's request for quotation, purchase order or similar document, or which buyer may offer in response to these
terms. A copy of Keithley's current terms can be accessed at
http://www .keithley.com/company/termsandconditions (these "Terms"). To obtain a printed copy of these Terms,
please contact your local sales office or send an email to orders@keithley.com. Buyer's assent to these Terms,
and only these Terms, shall be conclusively presumed from buyer's acceptance of delivery of the products and/or
services provided by Keithley.

Document number: ACSBASIC-908-01 Rev. A / August 2012



KEITHLEY Safety Precautions

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

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

If the product is used in a manner not specified, the protection provided by the product warranty may be impaired.

The types of product users are:

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

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

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

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

Keithley Instruments products are designed for use with electrical signals that are rated Measurement Category | and
Measurement Category Il, as described in the International Electrotechnical Commission (IEC) Standard IEC 60664. Most
measurement, control, and data I/O signals are Measurement Category | and must not be directly connected to mains voltage or
to voltage sources with high transient overvoltages. Measurement Category Il connections require protection for high transient
overvoltages often associated with local AC mains connections. Assume all measurement, control, and data I/O connections are
for connection to Category | sources unless otherwise marked or described in the user documentation.

Exercise extreme caution when a shock hazard is present. Lethal voltage may be present on cable connector jacks or test
fixtures. The American National Standards Institute (ANSI) states that a shock hazard exists when voltage levels greater than
30 VRMS, 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.

The instrument and accessories must be used in accordance with its specifications and operating instructions, or the safety of
the equipment may be impaired.
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Do not exceed the maximum signal levels of the instruments and accessories, as defined in the specifications and operating
information, and as shown on the instrument or test fixture panels, or switching card.

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

Chassis connections must only be used as shield connections for measuring circuits, NOT as safety earth ground connections.
If you are using a test fixture, keep the lid closed while power is applied to the device under test. Safe operation requires the use
of a lid interlock.

If a @ screw is present, connect it to safety earth ground using the wire recommended in the user documentation.

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

The A symbol on an instrument means caution, risk of electric shock. Use standard safety precautions to avoid personal
contact with these voltages.

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

The / J 7 symbol indicates a connection terminal to the equipment frame.

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

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

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

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

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

To clean an instrument, use a damp cloth or mild, water-based cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill on the instrument. Products that consist of a circuit board with
no case or chassis (e.g., a data acquisition board for installation into a computer) should never require cleaning if handled
according to instructions. If the board becomes contaminated and operation is affected, the board should be returned to the
factory for proper cleaning/servicing.
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Section 1

LPT Library Reference

In this section:

TSP LPT lIBrary .......cooueeiiieiiee i 1-1
Series 2600B TSP LPT library commands............cccccevcvvveennnee 1-2
Python LPT library.......ccuevveiieiiiiieeeee e 1-15

TSP LPT library
NOTE

When the Series 2600B System SourceMeter® instruments are referenced, it also includes the Series
2600A System SourceMeter instruments, since these two series of instruments are fully
interchangeable. However, the following instruments are not supported in ACS Basic: Model 2604B,
Model 2614B, and Model 2634B.

The Keithley Instruments Linear Parametric Test Library (LPTLib) is a high-speed data acquisition
and instrument control software library. It is the ACS Basic programmer’s lowest level of command
interface to the system’s instrumentation.

ACS Basic incorporates two LPT libraries. The ACS Basic TSP LPT library contains commands that
are compatible with the Keithley Instruments Series 2600B System SourceMeters®. Most of the
commands in the ACS Basic TSP LPT Library contain the same format as those in the Model 4200-
SCS library.

The ACS Basic TSP LPT library is built with the TSP builder and is programmed with Lua language.
TSP builder can be used in STM. For more information about STM, refer to Configuring a Script Test
Module (STM) in the ACS Basic Reference manual.

The second library contains commands that are generally used when creating ACS Basic Python
Test Modules (PTM) and can be used with the Model 4200-SCS, Series 2600B System
SourceMeters, Series 2400 instruments, and Series 23X instruments. In addition, the Python LPT
library contains commands that allow you to control other GPIB-based instruments.

NOTE

The Keithley Instruments Series 2600B System SourceMeter includes its own instrument control
library (ICL). Refer to the Series 2600B Reference Manual for detailed information.
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Series 2600B TSP LPT library commands

NOTE

The Series 2600B LPT commands are listed in alphabetical order.

avgilavgv

Purpose: Performs a series of measurements and averages the results.
Format:

avgi (SMUX, Itable, step num, step time)
avgv (SMUX, Vtable, step num, step time)

X = SMU number (1,2,3,...)
Itable = The table created by you; the measured current value is saved to Ttable[1].
Vtable = The table created by you; the measured voltage value is saved to Vtable [1].

step_ num = The number of steps averaged in the measurement. This number ranges from 1 to
160,000.

step time = The interval in seconds between each measurement. Minimum practical time is
approximately 0.0001s (nplc must be set as 0.001).

clrscn

Purpose: Clears the measurement scan tables associated with a sweep.
Format:

clrscn ()

crtbf

Purpose: Creates a buffer for a specified SMU to store its measurements.
Format:

buff name = crtbf (SMUX, buff cap, append flag, timestamp flag)
X = SMU number(1,2,3,...)

buff name = The name of the buffer.

buff cap = The capacity of the buffer.

append flag = Use KI_EBAP to enable buffer append mode and KI_DBAP to disable buffer
append mode.

timestamp flag = Use KI_EBTS to enable collecting buffer timestamps and KI_DBTS to disable
collecting buffer timestamps.

delay/rdelay

Purpose: Provides user-programmable delay within a test sequence. The units are in seconds.
Format:

delay (second)
rdelay (second)

1-2
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devclr

Purpose: Sets all sources to zero.
Format:

devclr ()

devint

Purpose: Resets all instruments.
Format:

devint ()

disable

Purpose: Stops the timer and sets the time value to zero. Timer reading is also stopped.
Format:

disable (ntimer[Y])

Y = Timer number (1,2,3,...)

enable

Purpose: Provides real-time measurements of voltage, current, conductance, and capacitance.
Format:

enable (ntimer([Y]) Y = Timer number(1l,2,3,..)

forceclr

Purpose: Turns the Source output off on the specified SMU.
Format:

forceclr (SMUX)

X = SMU number (1,2,3,...)

forceil/forcev

Purpose: Programs a sourcing instrument to generate a voltage or current at a specific level.
Format:

forcei (SMUX, value)
forcev (SMUX, value)

X =S8MU number (1,2,3,...)

ACSBASIC-908-01 Rev. A/ August 2012 1-3
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intgi/intgv

Purpose: Performs voltage or current measurements averaged over a user-defined period (usually
one AC-line cycle). This averaging is done in the hardware by integration of the analog measurement
signal over a specified time period. The integration is automatically corrected for 50 or 60Hz power
mains.

Format:

intgi (SMUX, Itable)
intgv (SMUX, Vtable)

X = SMU number (1,2,3,...)
Itable = The table created by You; the measured value is saved to Ttable[1].

Vtable = The table created by You, the measured value is saved to vtable[1].

ioli/iolv/ioliv

Purpose: Measure current, voltage, or current and voltage using overlap mode. The integration time
is set by setmode (), and the measure count is set by setcount (). The only difference between
this function and mso1i () is the integration time (msoli () uses fixed 0.001 nplc).

Format:

ioli (SMUX, i buff name)
iolv (SMUX, v buff name)
ioliv (SMUX, i buff name, v _buff name)

X =S8MU number (1,2,3,...)
i buff name = The buffer to store current measurements. The buffer must be created by crtbf (),
and must be created for the same SMU.

v_buff name = The buffer to store voltage measurements. The buffer must be created by crtbf (),
and must be created for the same SMU.

limiti/limitv/limitp

Purpose: Allows the programmer to specify a current, voltage, or power limit other than the
instrument’s default limit.

Format:

limiti (SMUX, value)
limitv (SMUX, value)
limitp (SMUX, value)

X =S8MU number (1,2,3,...)

lorangei/lorangev

Purpose: Defines the bottom auto range limit for current or voltage measurements.
Format:

lorangei (SMUX, wvalue)
lorangev (SMUX, value)

X = SMU number (1,2,3,...)

ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 1: LPT Library Reference

measi/measv/meast

Purpose: Allows the measurement of voltage, current, or time.
Format:

measi (SMUX, Itable)
measv (SMUX, Vtable)
meast (ntimer[Y], Ttable)

X =S8SMU number (1,2,3,...)

Y = Timer number (1,2,3,...)

Itable = The table created by you. The measured current value is saved to Ttable[1].
Ttable = The table created by you. The measured time value is saved to Ttable[1].

Vtable = The table created by you. The measured voltage value is saved to vtable[1].

moli/molv/moliv

Purpose: Measures current (moli), voltage (molv), or current/voltage using overlap mode (moliv)
using a fixed 0.001 nplc.

Format:

moli (SMUX, i buff name)
molv (SMUX, v buff name)
moliv (SMUX, i buff name, v _buff name)

X = SMU number (1,2,3,...)

i buff name = The buffer to store current measurements. The buffer must be created by crtbf (),
and must be created for the same SMU.

v_buff name = The buffer to store voltage measurements. The buffer must be created by crtbf (),
and must be created for the same SMU.

postscript

Purpose: Prints a list of scripts that are currently stored in the parent of the Series 2600B
instruments, according to the location parameter.

Format:

postscript (location)
location = 0: volatile memory
location = 1:non-volatile memory

Default 1ocation value: 1
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postbuffer

Purpose: Prints buffered data to a GPIB output buffer in binary format. ACS Basic software can only
recognize buffered data printed by the postbuffer function.

Format:
postbuffer ("name", start index, end index, buff name, avg num)

name = A string that represents the values in the script, defined by the script writer.

start index = The starting index of values to post and print.

end index = The ending index of values to post and print.

buff name = The name of the buffer to print; it could be a default name or a user-defined name.

avg num = The average number (must be an integer). If this number is equal to 2 or greater, the
DATA Engine will automatically calculate the average result of each avg num value. If this
parameter is not given by you, the system will give a default value of 1 (print every value point).

postbuftime

Purpose: Prints timestamps of buffered data in binary format. ACS Basic software can only recognize
buffered timestamp data printed by the postbuftime function.

Format:

postbuftime ("name", start index, end index, buff name, avg_num)

name = A string that presents the values in the script, defined by script writer.

start index = The starting index of values to post and print.

end index = The ending index of values to post and print.

buff name = The name of the buffer to print. It could be a default name or a user-defined name.

avg num = The average number (must be an integer). If this number is equal to 2 or greater, the
DATA Engine will automatically calculate the average result of each avg num value.

NOTE

In the same buffer, always use the same avg_num with the one in postbuffer (), or the
timestamps’ number will not match with the values’ number. If this parameter is not given by you, the
system will give a default value of 1 (print every value point).

postdata

Purpose: Prints a single value. ACS Basic software only recognizes single values printed by the post
data function.

Format:
postdata ("name", wvalue)
name = A string that represents the value in the script, defined by the script writer.

value = The value to print (for example, it could be an execution like

"node[2] .smua.measure.i ()", or "measi (SMU1)").
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posterror

Purpose: Prints all errors in the error queue separately.
Format:

posterror ()

postsmuinfo

Purpose: Prints information for all SMUs.
Format:

postsmuinfo ()

posttable

Purpose: Prints table data. Each item in the table must be a numeric value.
Format:

posttable ("name", table name)

rangei/rangev

Purpose: Selects the current/voltage measurement range and prevents the selected instrument from
auto ranging. By selecting a range, the time required for auto ranging is eliminated.

Format:

rangei (SMUX, value)
rangev (SMUX, value)

X = SMU number (1,2,3,...)

savgi/savgv

Purpose: Performs an averaging current or voltage measurement for every point in a sweep.
Format:

savgi (smu _num, Itable, step num, step time)
savgv (smu_num, Vtable, step num, step time)

X = SMU number(1,2,3,...)
Itable = The table created by you. The measured value is saved to Ttable[1].

Vtable = The table created by you. The measured value is saved to Vtable[1].
step num = The number of measurements made at each point before the average is calculated.

step_time = The time delay in seconds between each measurement within a given ramp step.
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scnmeas

Purpose: To perform a single measurement on multiple instruments at the same time.
Format:
scnmeas ()

Remarks: This function behaves like a single point sweep. It performs a single measurement on
multiple instruments at the same time. Any forcing or delaying must be done prior to calling scnmeas.
And smeasX, sintgX, or savgX must be used to set up result arrays which is also done for a sweep
call. Each call to scanmeas will add one element to the end of each array. Calls to scnmeas may
be mixed with calls to sweepx and all results will be appended to the result arrays the same way
multiple sweepX calls behave.

setauto

Purpose: Sets SMU measurement auto range.
Format:

setauto (SMUX)

X = SMU number (1,2,3,...)

setcount

Purpose: Sets the number of measurements performed when a measurement is requested.

e This attribute controls the number of measurements taken any time a measurement is requested. When
using a reading buffer with a measure command, the count also controls the number of readings to be
stored.

e The reset function sets the measure count to 1.
Format:
setcount (SMUX, value)

X = SMU number (1,2,3,...)

setitv

Purpose: Sets the interval between multiple measurements. The unit of value is seconds.

e This attribute sets the time interval between groups of measurements when setcount () issetto a
value greater than 1. The SMU will attempt to start the measurement of each group when scheduled.

o |f the SMU cannot keep up with the interval setting, measurements will be made as fast as possible.
e The reset function sets the measure interval to 0.

Format:
setitv (SMUX, value)

X = SMU number (1,2,3,...)
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setmode

Purpose: Set instrument-specific operating mode parameters. Modifies instruments’ specific
operating characteristics (see next table).

Format:
setmode (SMUX, modifier, wvalue)
X = SMU number (1,2,3,...)

Setmode parameters:

Parameters
Comments
smu[X] | Modifier Value
KI_INTGPLC <value> (in units of line cycles) | Specifies the integration time the SMU will use for the intgx
command. The default devint value is 1.0. The valid range is
0.001 to 25.0.
KI_AVGMODE | KI_MEASX Controls what kind of readings are taken for avgX calls. The
KI_INTEGRATE deviqt_default \{alue is KI‘_MEASX. V_V‘hen KI_INTEGRATE is
specified, the time used is that specified by the setmode
(KI_INTGPLC) call.
smu[x] |KI_OFFMODE | KI_OFF_NORM Set Source output-off mode.
KI OFF ZERO KI_OFF_NORM: Outputs OV when the output is turned off.
= = KI_OFF_ZERO: Zero the output (in either volts or current)
KI_OFF_OPEN when off.
KI_OFF_OPEN: Opens the output relay when the output is
turned off.
KI_SENSE KI_SENSE_LOCA Sets the sense mode to remote, local, or calibration.
KI_SENSE_REMO KI_SENSE_LOCA: selects local sense (2-wire).
KI_SENSE_CALA KI_SENSE_REMO: selects remote sense (4-wire).
KI_SENSE_CALA: selects calibration sense mode.
sintgi/sintgv

Purpose: Performs an integrated current or voltage measurement for every point in a sweep.
Format:

sintgi (SMUX, Itable)
sintgv (SMUX, Vtable)

X = SMU number (1,2,3,...)
Itable = The table created by You, the measured current value is saved to Ttable[1].

Vtable = The table created by You, the measured voltage value is saved to vtable[1].

slorangei/slorangev

Purpose: Defines the bottom auto range limit for current or voltage Source.
Format:

slorangei (SMUX, value)
slorangev (SMUX, value)

X = SMU number (1,2,3,...)
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smeasi/smeasv/smeast

Purpose: Allows a number of current/voltage/time measurements to be made by a specified
instrument during a sweepXx function. The results of the measurements are stored in the defined
array.

Format:

smeasi (SMUX, Itable)
smeasv (SMUX, Vtable)
smeast (ntimer[Y], Ttable)

X = SMU number (1,2,3,...)
Y = Timer number (1,2,3,...)
Itable = The table created by you. The measured current value is appended into Itable.
Vtable = The table created by you. The measured voltage value is appended into Vtable.

Ttable = The table created by you. The measured time value is appended into Ttable.

srangei/srangev

Purpose: Selects the current/voltage Source range and prevents the selected instrument from auto-
ranging. By selecting a range, the time required for auto-ranging is eliminated.

Format:

srangei (SMUX, value)
srangev (SMUX, value)

X = SMU number (1,2,3,...)

ssetauto

Purpose: Sets SMU Source to auto range.
Format:
ssetauto (SMUX)

X = SMU number (1,2,3,...)
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sweepi/sweepv

Purpose: Generates a ramp consisting of ascending or descending currents or voltages. The sweep
consists of a sequence of steps, each with a user-specified duration.

Format:

sweepi (SMUX, start, end, step number, delay time)
sweepv (SMUX, start, end, step number, delay time)

X = SMU number (1,2,3,...)

start = The initial voltage or current level output from the sourcing instrument is applied for the first
sweep measurement. This value can be positive or negative.

end = The final voltage or current level applied in the last step of the sweep. This value can be
positive or negative.

step num = The number of current or voltage changes in the sweep. The actual number of forced
data points is one greater than the number of steps specified.

delay time = The delay in seconds between each step and the measurements defined by the
active measure list.

sysinit

Purpose: Sets nplc to 0.001 and measure count to 1. It affects every SMU in the system. Clears the
error queues and resets all registers.

Format:

sysinit ()

syquery

Purpose: Queries every node and every SMU in the system and gives every SMU a unique name,
for instance, SMUX. Displays node number and SMU number on every Series 2600B instruments'
screen. Sets the integration nplc to 1 and average mode to KI MEASX on every SMU in the system.

Format:

sysquery ()

ACSBASIC-908-01 Rev. A/ August 2012 1-11



Section 1: LPT Library Reference

ACS Basic Libraries Reference Manual

Examples

The following LPT examples are provided for your reference.

Example 1:

Function: R single (sensemode,

testdelay, Rvalue)

local v value = {}
local i value = {}
local error = {}

if sensemode ~= 0 and sensemode ~=
table.insert (error,-10100)

posttable ("error",error)
return
end

if testmode ~= 0 and testmode ~=
table.insert (error,-10100)

posttable ("error",error)
return
end

setmode (RSMU1, KI INTGPLC, myNPLC)
sensemode)

setmode (RSMU1, KI SENSE,
if RSMU2 ~= KI _GND then
setmode (RSMU2, KI SENSE,
limiti (RSMU2, 1)

end

if testmode == 0 then
limiti (RSMU1l, myLIMIT)
forcev (RSMU1, forcevalue)
elseif testmode == 1 then
limitv (RSMU1l, myLIMIT)
forcei (RSMU1l, forcevalue)
end

if RSMU2 ~= KI GND then--if

forcev (RSMU2, 0)

end ==ilif

delay (testdelay)
intgv (RSMU1l, v _value)
intgi (RSMU1l, i value)

Rvalue[l] = v _value[l]/i value[l]
posttable ("Rvalue", Rvalue)

table.insert (error, 0)
posttable ("error",error)

devint ()

end -—-function
--CALL--

local sensemode = 0

local testmode = 1
local RSMU1l = SMU1
local RSMU2 = KI GND
local forcevalue = le-3
local myLIMIT = 20
local myNPLC = 1

local testdelay = 0.01
local Rvalue = {}

sensemode)

RSMU1, RSMU2, forcevalue, myLIMIT, myNPLC,

--set RSMUl’s NPLC

--set RSMUl in sensemode

--set RSMU2 current limit

==il i

--set RSMUl current limit

--force RSMUl voltage Source value
--set RSMU1l voltage limit

--force RSMUl current Source value
--force RSMU2 voltage Source value
--set delay time before measure

--measure RSMUl voltage
--measure RSMUl current

--reset all instruments after test
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R single (sensemode, testmode, RSMUl, RSMU2, forcevalue, myLIMIT, myNPLC, testdelay,
Rvalue)

Example 2:

Function: Four term MOSFET idvg (DSMU, GSMU, SSMU, BSMU, Vg start, Vg stop,
Vgﬁpoints,-ﬁcomﬁiianceij Gcompliancei, Scompliancei, Bcdﬁpliancei;_VD, vsS,
VBULK, myNPLC, holdtime, sweepdelay, error, time, Id, Vg)

local vg

local 1

local Vg inc
local id tl={}
local dummy={}

setmode (DSMU, KI INTGPLC, myNPLC) --set the NPLC of DSMU
limiti (GSMU, Gcompliancei) --set current compliance to GSMU
limiti (DSMU, Dcompliancei) --set current compliance to DSMU
setauto (DSMU) --set DSMU measure range to auto
if SSMU~=KI GND then
limiti (SSMU, Scompliancei) --set current compliance to SSMU
forcev (SSMU, VSS) -—apply SSMU voltage Source
end
if BSMU~=KI GND then
limiti (BSMU,Bcompliancei) --set current compliance to BSMU
forcev (BSMU, VBULK) --apply BSMU voltage Source
end
Vg inc=(Vg stop-Vg start)/ (Vg points-1)
forcev (DSMU, VD) --apply DSMU voltage Source
forcev (GSMU, Vg start) -—apply GSMU voltage Source
delay (holdtime) --set time delay before measure
intgi (DSMU, dummy) —--perform current measure on DSMU
forcev (DSMU, VD) -—apply DSMU voltage Source

timer.reset ()
for i=1,Vg points do
vg=Vg_ start+(i-1)*Vg inc

forcev (GSMU, vg) --apply GSMU voltage Source
table.insert (Vg, vg)

delay (sweepdelay) --set time interval between every point
intgi (DSMU, id t1) —--perform current measure on DSMU

table.insert (Id,id t1[1])
table.insert (time, timer.measure.t ())
end
-—-for
table.insert (error, 0)
posttable ("error",error)
posttable ("time", time)
posttable ("Vg",Vg)
posttable ("Id", Id)
devint ()
end
--CALL--
local DSMU=SMU2
local GSMU=SMU1
local SSMU=KI GND
local BSMU=KI GND
local Vg start=0
local Vg stop=2
local Vg points=21
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local Dcompliancei=0.

local Gcompliancei=0.

local Scompliancei=0.

local Bcompliancei=0.

local VD=1

local VBULK=0

local VSS=0

local myNPLC=1

local holdtime=0.01

local sweepdelay=0.001

local error={}

local time={}

local Id={}

local Vg={}

Four term MOSFET idvg(DSMU, GSMU, SSMU, BSMU, Vg start, Vg stop, Vg points,
5Eompiiancei;_Gcompliancei, Scompliancei, Bcdﬁpliancei[_VD, VSS, VBULK, myNPLC,
holdtime, sweepdelay, error, time, Id, Vg)

R e e
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Python LPT library

Introduction

For the PTM (python test module), ACS Basic includes another special LPT library: ACSLPT. The

ACSLPT has functions that let you configure one or multiple instrumentation to perform parametric
tests.

The commands in ACSLPT can be used to configure some general instruments. To use these
commands, first, you need to import ACSLPT to a PTM. The commands can control the following
instruments: Series 23x, Series 2400 SourceMeter, Series 2600B SourceMeter, Series 3700 System
Switch, Model 4200 CVU, Model 4200/4210 SMU, Switch Matrix 707/707A/707B and 708/708A/708B,
and LCR 4284/4980 capacitance meter (see next figure). For more information about Configuring a
PTM, refer to the Configure a PTM topic in the ACS Basic Reference manual.

Figure 1: LPT call flow

PTM
Import ACSLPT

ACSLPT.py(pyc) -M
Define the LPT

ki24xxIpt.py function by calling
function defined in

xxxxIpt.py file \“ -M

kid2xxIpt.py

W

ik

Package LPT commands via GPIB
Package LPT commands via KXCI
Call C package library

NOTE

In the following table, you will learn how the CTM modules and the ACS Basic software function and
interact.

ACS Basic software and CTM modules table:

ACS Basic installed on | Interface Compatible library

Model 4200-SCS Normal (non-KXCI) CTM functions
KXCI and Ethernet cable | Kicvulpt commands

PC KXCI and Ethernet cable | Kicvulpt commands
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LPT Functions

In the following tables, function calls are grouped by different instruments. The details on functions for

the SMUs and general operations are listed alphabetically.

Models 236, 237, 238 LPT function list

Models 236, 237, 238 LPT functions

devclr devint

forcei forcev intgi intgi
limiti limitv lorangei lorangev
measi measv rangi rangev
setauto setmode srangei srangei

1 . -
These two functions are similar to auto range, no
matter what value the parameter is set to.

Series 2400 LPT function list

Series 2400 SourceMeter instruments LPT functions
delay devclr devint forcei

forcev | intgi intgv limiti

limitv measi measv rangi

rangev |setauto |setmode srangei

srangev | sweepi sweepv

Series 2600B LPT function list

Series 2600B SourceMeter instruments LPT functions
avgi avgv devclr | devint

forcei forcev intgi intgv

limiti limitv lorangei | lorangev

measi measv rangi rangev

setauto | setmode |srangei |srangev

Series 3700 LPT function list

Series 3700 System Switch LPT functions

addcon addconrc | addpth clrcon
conpin conpth conrowcol delcon
delconrc | delpth devint
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Model 4200-SCS LPT function list

Model 4200-SCS LPT functions

avgi avgv clrscn clrtrg
delay devclr devint disable
enable execut forcei forcev
getinstatrr getinstid getstatus imeast
intgi intgv limiti limitv
lorangei lorangev measi measv
measz rangi rangev

rdelay setauto setfreq setlevel
setmode smeasz_sweepv sweepi sweepv
tstdsl tstsel

Models 707A/707B, 708A/708B LPT function list

Models 707A/707B, 708 A/708B LPT functions

addcon addconrc | addpth clrcon
conpin conpth conrowcol | delcon
delconrc delpth devint

Model 4200 CVU (KXCI) LPT function list

Model 4200 CVU LPT functions

devclr devint forcev
measz rangei setauto
setfreq setlevel setmode

Capacitance Meter LPT function list

Model 4284 LCR Meter LPT functions

devclr devint forcev getstatus
measz rangei setauto | setfreq
setlevel setmode

ACSBASIC-908-01 Rev. A/ August 2012



Section 1: LPT Library Reference ACS Basic Libraries Reference Manual

ACS Basic LPT library commands

Before using the ACSLPT commands, you need to import ACSLPT and ptmlpt.constantlp to the
header lines of a PTM (see next figure). The ACSLPT commands are listed in alphabetical order.

Figure 2: Import ACSLPT

Setup | Data | Status

1 from ACS_PostData import*

2 from ACSLPT import*

3 from ptmipt.constantlpt import*
4

addcon

Purpose: Add terminal-pin connections.
Format:

addcon (*instMTRX, ter, pin, *more pin)

instMIRX = The matrix name in the hardware configuration (this is optional).
ter = List of terminals to connect.

pin = List of pins to connect.

more pin = More pins to connect.

Remarks: Terminal and pin lists must have the same number of items. Terminals and pins will be
matched according to the sequence. If the numbers in the terminal and pin lists are not the same, a
connection will be performed according to the shorter list.

Normally addcon supports ROW_COLUMN mode of matrix. When matrix is set to
INSTRUMENT_CARD mode, a row will be assigned automatically to connect the terminal and the
pin.

For more information on the how to set the INSTRUMENT_CARD mode and ROW_COLUMN mode,
refer to the Hardware Configuration topic in the ACS Basic Reference manual.

Example:

addcon (MTRX1, SMU1, 1)

addcon (SMU1, 1)

addcon (SMU1H, 1)

addcon (SMU1L, 1)

addcon (SMU1, 1, 2, 3)

addcon ([SMU1l, SMU2], [1,2])
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addconrc

Purpose: Add connections of rows and columns in matrix.

Format:

addconrc (unitname, row list,
unitname = The matrix name in the hardware configuration.
row list = List of rows to be connected.

col list = Listof columns to be connected.

Remarks: For more information on the how to set the INSTRUMENT_CARD mode and
ROW_COLUMN mode, refer to the Hardware Configuration topic in the ACS Basic Reference

manual.
Example:
Model 70X

addconrc (MTRX1,1,"A’)

addconrc (MTRX1, [1,2], [‘A’,

Series 3700 System Switch

addconrc (MTRX1, 1, ’'17")
addconrc (MTRX1, [1,2],

[\1![!2!])

ACSBASIC-908-01 Rev. A/ August 2012



Section 1: LPT Library Reference ACS Basic Libraries Reference Manual

addpth

Purpose: Add terminal-pin connections by path.

Format:

addpth (*instMTRX, ter, pin, row)

instMTRX = The matrix name in hardware configuration (this is optional).
ter = List of terminals to be connected.

pin = List of pins to be connect.

row = The row used to connect terminals and pins.

Example:

Model 70X

addpth (MTRX1,SMU1,1, ’A’)

addpth (SMU1,1,’A’)

addpth (SMU1H, 1, "A’)

addpth (SMU1L, 1, "A’)

addpth ([SMU1, SMU2], [1,2], ‘A’)
addpth (MTRX1, [SMUL, SMU2], [], ‘A’)
addpth ([1, [1,2],‘A")

Series 3700 System Switch

addpth (MTRX1, SMU1,1,”1")

addpth (SMU1,1,"1")

addpth (SMU1H,1,’1’)

addpth (SMU1L,1,’1’)

addpth ([SMU1, SMU2], [1,2], ‘1")
addpth (MTRX1, [SMUL, SMU2], [], ‘1)
addpth ([], [1,2], ‘1")

Remarks: All terminals and pins will be connected together in the row. One command cannot connect
paths in multiple matrices (see next figure).

You can only connect terminals or pins with this function. However, when connecting terminals only
instMTRX is required, otherwise the function will not know which instrument to send the command
to.

For more information on the how to set the INSTRUMENT_CARD mode and ROW_COLUMN mode,
refer to the Hardware Configuration topic in the ACS Basic Reference manual.

Figure 3: Example add path connections

COLUMN COLUMN
pint pin2 pin3 SMU1SMU2 pin1 pin2 pin3 SMU1SMU2
A A
ROW B B
c c
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avgilavgv

Purpose: Performs a series of measurements and averages the results.

Format:

avgil (unitname, iStepNo, dStepTime)
avgv (unitname, iStepNo, dStepTime)

iStepNo = The number of steps averaged in the measurement. This number ranges from 1 to
160,000 (for Model 4200-SCS the limit is 32,767).

dstepTime = The interval in seconds between each measurement. Minimum practical time is
approximately 0.0001s (nplc must be set as 0.001, for Model 4200-SCS set as 2.5us).

Example:
T1= avgi (SMU1, 100, 0.001)

checkparam

Purpose: Checks the hardware limits parameter according to the hwlimits file. Only applies to the
DC range and limit check.

Format:

checkparam (unitname, **kwargs)
unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

**kwargs = (dictionary type) A dictionary of arbitrary keyword arguments supplied using callback.
The names are the same as defined in C:\S4200\sys\kcon\hwlimits.ini. ['dc_srange_v","dc_srange_i",
"dc_range_v","dc_range_i", "dc_Imt_v", "dc_Imt_i"]
Example usage:
dc_range_v=10, dc_i_Imt=0.1
return value: dictionary/number
dc_range_v---(INVAL_PARAM,correct_range) / (OK, the lowest range if input value less
than it) / (OK, input_range)
dc_Imt_i---(ERR_CHECKPARAM, input_range) / (INVAL_PARAM, correct_Imt) / (OK,
input_range)
INVAL_INST_ID---invalid instrument ID
ERR_CHECKPARAM---An error will be reported if check limits and no Source range in
input dict.
Example:

checkparam(SMUl,dc Imti i=1, dc srange v = 10)

clrattrset

Purpose: Clear current instrument setting in memory.
Format:
clrattrset ( *args)

*args = A tuple of arbitrary positional arguments supplied using the callback args option
attribute.

Example:
Clrattrset (SMU1, SMU2)
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clrcon

Purpose: Clear all connections of all the matrices or specified matrices (for example, MTRX1)(see
next figure)..

Format:

clrcon (unitname)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
Example:

clrcon( )
clrcon (MTRX1)

Figure 4: Example clear all connections

COLUMN COLUMN
pini pin2 pin3 pin1  pin2 pin3
SMU1 ¥ SMU1
ROW SMu2 E 2 SMU2
SMU3 SMU3

clrscn

Purpose: Clears the measurement scan tables associated with a sweep, only used in the Model
4200-SCS.

Format:
clrscn (*args)

*args = A tuple of arbitrary positional arguments supplied using the callback args option
attribute.

Example:

clrscn ()
clrscn (SMU1, SMU2, CVU1)

1-22
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clrtrg

Purpose: Clears the user-selected voltage or current level used to set trigger points. This permits the
use of trigXl or trigXg more than once with different levels within a single test sequence. Only
used in Model 4200-SCS (see next figure).

Format:

clrtrg(*args)

Figure 5: Example clear trigger points

5 -

I tmaj
. Pin 1 HI Current
2 Meter
| -1
[ T I
13 _I; 1 L] 1 I N 1
) SR Pin2 . 10] [ volage
-2 Vivolts) 1 Source
i B SMU1
4k
-6

conpin (SMU1, 1, 0)

conpin (GND, SMU1lL, 2, 0)

trigil (SMUl, 5.0e-3)# Increase ramp to I = 5mA.

smeasi (SMUl, forcur’)# Measure forward

sweepv (SMU1, 0.0, 0.5, 10, 5.0e-3)# Output 0 to 0.5V in 10 steps, each 5ms
duration. clrtrg() # Clear 5mA trigger point.

clrscn() # Clear sweepv

trigil (SMUl, -0.5e-3)4# Decrease ramp to I = -0.5mA.

cur=smeasi (‘'SMULl’)# Measure reverse

sweepv (SMU1, 0.0, -30.0, 10, 5.00e-3)
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conpin

Purpose: Clear old connections and adds new terminal-pin connections
Format:

conpin (*instMTRX, ter, pin, *more pin)

instMTRX = The matrix name in the hardware configuration (this is optional).
ter = List of terminals to connect.

pin = List of pins to connect.

more pin = More pins to connect.

Remarks: Normally conpin() supports ROW_COLUMN mode of matrix. When matrix is set to
INSTRUMENT_CARD mode, rows will be assigned automatically to connect the terminals and pins.

For more information on the how to set the INSTRUMENT_CARD mode and ROW_COLUMN mode,
refer to the Hardware Configuration topic in the ACS Basic Reference manual.

Example:

conpin (MTRX1,SMUL, 1)

conpin (SMU1,1)

conpin (SMU1H, 1)

conpin (SMU1L, 1)

conpin (SMU1,1, 2, 3)

conpin ([SMU1l, SMuU2], [1,2])
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conpth

Purpose: Clear all connections and adds new terminal-pin connections by path.
Format:

conpth (*instMTRX, ter, pin, row)

instMTRX = The matrix name in the hardware configuration (this is optional).
ter = List of terminals to connect.

pin = List of pins to connect.

row = The row used to connect terminals and pins

Remarks: All terminals and pins will be connected together by the assigned row. One command
cannot connect two paths. One command cannot connect paths in multiple matrices.

You can only connect terminals or pins with this function. But when connecting only terminals,
instMTRX is required. Otherwise, the function does not know which instrument to send the
commend to.

Example:

Model 70X

conpth (MTRX1,SMUL,1,'A")

conpth (SMU1,1,"A’")

conpth (SMU1H,1,’A’)

conpth (SMU1L,1,’A’)

conpth ([SMU1, SMU2], [1,2], ‘A’)
conpth (MTRX1, [SMU1,SMU2], [], ‘A")
conpth ([],[1,2], *A")

Series 3700 System Switch

conpth (MTRX1,SMUL1,1,"1")

conpth (SMU1,1,’1")

conpth (SMU1H,1,"1")

conpth (SMU1L,1,"1")

conpth ([SMU1, SMU2], [1,2], '1")
conpth (MTRX1, [SMU1l,SMU2], [], ‘1)
conpth ([],[1,2],'1")
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conrowcol

Purpose: Clear old connections and add new row-column connections.
Format:

conrowcol (unitname, row list, col list)

unitname = The matrix name in the hardware configuration.

row list = List of rows to be connected.

col list = Listof columns to be connected.

Example:

Model 70X

conrowcol (MTRX1,1,"A")
conrowcol (MTRX1, [1,2],[‘A’,'B’])
Series 3700 System Switch
conrowcol (MTRX1,1,"1")
conrowcol (MTRX1, [1,2],['1’,"2"])

delay

Purpose: Provides user-programmable delay within a test sequence. The units are in milliseconds.
Format:

delay (iDelayTime)

delcon

Purpose: Delete terminal-pin connections.

Format:

delcon (*instMTRX, ter, pin, *more pin)

instMTIRX = The matrix name in the hardware configuration (this is optional).
ter = List of terminals to connect.

pin = List of pins to connect.

more pin = More pins to connect.

Remarks: Normally delcon () supports ROW_COLUMN mode for a matrix. For more information on
the how to set the INSTRUMENT_CARD mode and ROW_COLUMN mode, refer to the Series 3700
System Properties dialog box and 70x Switch matrix.

Example:

delcon (MTRX1,SMU1, 1)
delcon (SMU1, 1)

delcon (SMU1H, 1)

delcon (SMU1L, 1)

delcon (SMU1,1,2, 3)

delcon ([SMU1,SMU2], [1,2])
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delconrc

Purpose: Delete connections of rows and columns in matrix.
Format:

delconrc (unitname, row list, col list)

unitname = The matrix name in the hardware configuration.
row list = List of rows to be disconnected.

col list = Listof columns to be disconnected.

Remarks: Terminal and pin lists must have the same number of items. Terminals and pins will be
matched according to the sequence. If the number of terminal and pin lists are not the same,
connections will be disconnected according to the shorter list.

Example:
Model 70X

delconrc (MTRX1,1,"A’)

delconrc (MTRX1, [1,2],[‘A",’B'])
Series 3700 System Switch
delconrc (MTRX1,1,"1")

delconrc (MTRX1, [1,2],['1",’2"])
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delpth

Purpose: Delete terminal-pin connections by specified path.

Format:

delpth (*instMTRX, ter, pin, row)

instMTRX = The matrix name in hardware configuration, it's optional.
ter = List of terminals to be disconnected.

pin = List of pins to be disconnected.

row = The row used to connecting the terminals and pins.

Remarks: Note that the ter-pin-row has to be the actual group when they were connected,
otherwise there is no action on the matrix.

Example:
Model 70X

delpth (MTRX1,SMU1,1,’A’)

delpth (SMU1,1,"A")

delpth (SMU1H,1,’A’)

delpth (SMU1L, 1, ’A’)

delpth ([SMU1,SMU2], [1,2], ‘A7)
delpth (MTRX1, [SMU1, SMU21, [], ‘A")
delpth ([], [1,2], ‘A")

Series 3700 System Switch

delpth (MTRX1,SMUL,1,"1")
delpth (SMU1,1,’1")

delpth (SMU1H,1,’1")

delpth (SMU1L,1,’1")

delpth ([SMU1,SMU2], [1,2], ‘17)
delpth (MTRX1, [SMUL, SMU2], [, ‘1")
delpth ([],[1,2],1")

devclr

Purpose: Sets all sources to a zero state.
Format:

devclr (*args)

Example:

devclr ()
devclr (SMU1)
devclr (SMU1, CVU1)

Remarks: This function will send output off commands or call the Model 4200 devclr function. It
will not work on a matrix. If the system is configured using KCON the Model 4200 devclr function
will execute. This function will clear all sources sequentially. Prior to clearing all Keithley Instruments
supported instruments, GPIB based instruments will be cleared by sending all strings defined with
kibdefclr. Devclr is implicitly called by clrcon, devint, execut, and tstdsl.
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devint

Purpose: Resets the instruments and clears the system by opening all relays and disconnecting the
pathways. Meters and sources are reset to the default states. Refer to the specific hardware manuals
for listings of the default conditions and ranges for the instrumentation.

Format:

devint (*args)

Example:

devint ()

devint (SMU1)

Remarks: This function will send reset commands or call the Model 4200 devint function. If the
system is configured using KCON the Model 4200 devclr function will execute. The Model 4200
devclr function will execute as follows:

e Reset all instruments in the system to their default states.
e Perform the following actions prior to resetting the instruments:
e  Clear all sources by calling devclr.
e  Clear the matrix cross-points by calling c1rcon.
e  Clear the trigger tables by calling c1rtrg.
e  Clear the sweep tables by calling c1rscn.
e Reset GPIB instruments by sending the string defined with kibdefint.
e  Stop the pulse generator card, and check the standard pulse mode and its default settings (like *RST).

® devint isimplicitly called by execut and tstdsl.

disable

Purpose: Stops the timer and sets the time value to zero. Timer reading is also stopped.

Format:

disable (unitname)

unitname = The instrument name of the timer module.
Example:

disable (‘TIMER1’)

enable

Purpose: Provides correlation of real time to measurements of voltage, current, conductance, and
capacitance.

Format:

enable (unitname)

unitname = The instrument name of the timer module.
Example:

enable (‘TIMER1')
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execut

Purpose: Causes the system to wait for the preceding test sequence to be executed.
Format:

execut (*args)

Example:

execut ()
execut (SMU1)

Remarks: For the Model 4200-SCS or Series 2600B SourceMeter instruments, this function will wait
for all of the previous LPT commands to finish testing and then will issue a devint.

forcei/forcev

Purpose: Programs a sourcing instrument to generate a voltage or current at a specific level.
Format:

forcei (unitname, dValue)
forcev (unitname, dvValue)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

dvalue = The level of the bipolar voltage or current forced in volts or amperes

get common

Purpose: Get common attributes from the global_dict and return the key list: [UNITLIST, PLC, pin]
Format:

getcommon ()

Example:

print getcommon ()
{'"PLC': '60HZ', 'UNITLIST': ['GNDU', 'PRBR1', 'SMU1l', 'TIMER1']}
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getinstattr

NOTE

You can programmatically read the GPIB address, and other instrument properties, on the system
configuration using the LPTLib getinstattr function. Proper usage of getinstattr allows you
to develop user libraries in an independent configuration manner.

Purpose: Get instrument attributes from the attribute string.
Format:
getinstattr (unitname, attr str)

unitname = The instrument name in that is found in the ACS_hdcon_Online.kcf file (see next
figure).
attr str = The attribute string list that is found in the ACS_hdcon_Online.kcf file.

Figure 6: Unit name and attribute string in .kcf file

B ACS_hdcon_Online.kef - Motepad

Eie Edt Format Yiew Help

[INSTRUMENTATION] ~
LIST=GNDU, PREBRL, SMUL, SMUZ, SMU3, SMU4 , SMUS, SMUG, TIMERL
HARDWARE_OMNLINE=TRUE

PLC=50HZ

Unit name

LPT_MODEL=KI42xx
UNIT_MAME=TIMERL

MODEL=FAKE
PINCOUNT =2
UDE COUNT =0

Attribute string

D

MOTEL=F I3 200 |
LPT_MODEL=KI42xx
UMIT_MAME =SMUL
GPIB_ADDRESS=
IP_apDR=127.0.0.1
FORCE=MC

SENSE=NC

SLOT=1
FREAMP_ENABLE=FALSE
SERIAL NUMBER=AGQ]S41

=

Return value:

INVAL INST ID
-1 (this function does not apply on this unit)
None (nothing to get from the unit’s attribute)
attribute value

Example:

getinstattr (SMU1, "GPIB_ADDRESS")
print getinstattr (SMUl, "MODEL")
KI4200
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getinstid

Purpose: Get the instrument identifier (ID) from the instrument name string (only used for the Model

4200).

Format:

getinstid (unitname)

unitname = The instrument name in that is found in the ACS_hdcon_Online.kcf file.

Return value:

instrument identifier

(ID)

Example: print getinstid (SMU1)

4100

getstatus

Purpose: Returns the operating state of the desired instrument (only used for the Model 4200).

Format:

getstatus (unitname,

iCode)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

iCode = The parameter of query.

Return value: The data returned from the instrument. getstatus returns one item.

Valid Errors: The UT INVLDPRM invalid parameter error is returned from getstatus. The status

item parameter is illegal for this device. The requested status code is invalid for the selected device.

A list of supported getstatus query parameters for an SMU are provided in the next table.

Getstatus: query parameters

iCode Comment
KI_IPVALUE The presently programmed Current value (I output value)
KI_VPVALUE output value. Voltage value (V output value)
KI_IPRANGE The presently programmed Current range (full-scale range value, or 0.0 for auto-
range. range)
KI_VPRANGE Voltage range (full-scale range value, or 0.0 for auto-
range)
KI_IARANGE The presently active range. Current range (full-scale range value)
KI_VARANGE Voltage range (full-scale range value)
KI_IMRANGE The range used when the last For auto-range, the range at which the previous |
measurement was performed. measurement was performed
KI_VMRANGE For auto-range, the range at which the previous V
measurement was performed
KI_COMPLNC Active compliance status. Bitmapped values:

2 = LIMIT (at the compliance limit set by limitX)
4 = RANGE (at the top of the range set by rangeX)

KI_RANGE_COMPLIANCE

Active compliance status for
fixed range.

In range compliance if 1

KI_COMPLNC_EVER

Compliance history

Reset by reading compliance history and by devint

Valid Errors: The UT_INVLDPRM invalid parameter error is returned from getstatus. The status
item parameter is illegal for this device. The requested status code is invalid for selected device.

Example:

gstatus=getstatus (SMUl, KI COMPLNC)
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gpibenter

Purpose: Used to read a device dependent string from an instrument connected to the GPIB
interface.

Format:

gpibenter (unitname, max size)
unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

max_size = A value specifying the maximum number of characters you want to receive.
maxlength can be a number from 0 to 65535.

Return value: (tupple type)(receive str, length, status) or error code

Example:
rvalue = gpibenter (SMU2, 100)

gpibsend

Purpose: Sends a device dependent command to an instrument connected to the GPIB interface.
Format:

gpibsend (unitname, cmd str)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

cmd str = A string to be sent to the device. Note: Terminating character(s) are automatically added
to the end of this string when it is sent. The default terminator is a line feed character.

Return value: A variable, which indicates the success or failure of the data transfer.
Example:

gpibsend(SMU1, ‘devint()’)

gpibsend(GPI1, "L2X")

gpibspl

Purpose: A serial poll reads the status of an instrument connected to the GPIB interface.
Format:

gpibspl (unitname)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
Return value: (tupple type)(receive number, status) or error code

Example:

polll = gpibspl (SMU1)
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imeast

Purpose: Force a read of the timer and return the result.

Format:

imeast (unitname)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
Return value: Elapsed time from enable (TIMER1).

Remarks: This command applies to all timers. Must call enable (TIMERN) first.

Example:

tl= imeast (TIMER1)

intgi/intgv

Purpose: Performs voltage or current measurements averaged over a user-defined period (usually
one AC line cycle). This averaging is done in the hardware by integration of the analog measurement
signal over a period of specified time. The integration is automatically corrected for 50 or 60Hz power
mains.

Format:

intgi (unitname)
intgv (unitname)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
Return value: Result data
Example:

il= intgi (SMU1)

limiti/limitv/limitp

Purpose: Allows the programmer to specify a current, voltage, or power limit other than the
instrument's default limit.

Format:

limiti (unitname, dValue)
limitv (unitname, dValue)
limitp (unitname, dValue)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

dvalue = The maximum level of the current, voltage, or power. The value is bidirectional. For
example, a limitv ("SMU1", 10.0) limits the voltage of the current Source of SMU1 to £ 10.0V. A limiti
("SMU1", 1.5E-3) limits the current of the voltage Source of SMU1 to £ 1.5mA. And limitp ("SMU1",
20) limits the power of the Source of SMU1 to + 20W.

Remarks: Use limiti to limit the current of a voltage Source. Use limitv to limit the voltage of a current
Source. Use limitp to limit the power of the SMU Source.
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lorangei/lorangev

Purpose: Defines the bottom auto-range limit.
Format:

lorangei (unitname, dValue)
lorangev (unitname, dValue)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
dvalue = The value of the desired instrument range, in volts or amperes.

Remarks: lorange is used with auto-ranging to limit the number of range changes which saves test
time.

For the Model 4200-SCS, if the instrument was on a range lower than the one specified by 1orange,
the range is changed. Model 4200-SCS automatically provides any range change settling delay that
may be necessary due to this potential range change. Once defined, 1orange is in effect until a
devclr, devint, execut, or another lorangeX executes.

For the the Model 23x instruments, this function works as auto-range. The second dvalue will be
ignored.

It cannot be used for the Series 2400 SourceMeter instruments.

Example:
lorangei (SMU1, 2.0E-6)

measi/measv

Purpose: Allows the measurement of voltage or current.

Format:

measi (unitname)
measv (unitname)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.
Return value: Result data.

Remarks: For this measurement, the signal is sampled for a specific period of time. This sampling
time for the measurement is called the integration time. For the measX function, the integration time
is fixed at 0.01PLC. For 60Hz line power, 0.01PLC = 166.67us (0.01PLC/60HZz). For 50Hz line power,
0.01PLC = 200ps (0.01PLC/50Hz).

Example:

il= measi (SMU1)

ACSBASIC-908-01 Rev. A/ August 2012 1-35



Section 1: LPT Library Reference ACS Basic Libraries Reference Manual

measz

Purpose: Performs an impedance measurement on a CVU or other capacitance measuring
instrument.

Format:

measz (unitname, iModel, iSpeed)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file. Only CVUn and
CMRTn are supported.

iModel = Measurement Model (see next table).

iSpeed =Measure speed: KI CVU SPEED FAST, KI_CVU SPEED NORMAL, Of
KI_CVU_SPEED QUIET

Return value: [result1, result2]

resultl = The first result data of the selected measure model.

result2 = The second result data of the selected measure model.

Remarks: The measurement models are listed in the next table..

Measurement speed settings: KI CVU_ SPEED FAST performs fast measurements (higher noise)

Measurement mode table

Model name | Measurement model Parameter values
ZTH Impedance (Z) and phase (in radians) KI_CVU_TYPE_ZTHor 0
RjX Resistance and reactance KI_CVU_TYPE_RJX or 1
CpGp Parallel capacitance and conductance KI_CVU_TYPE_CPGP or 2
Cvu1 CsRs Series capacitance and resistance KI_CVU_TYPE_CSRS or 3
CpD Parallel capacitance and dissipation factor KI_CVU_TYPE_CPDor 4
CsD Series capacitance and dissipation factor KI_CVU_TYPE_CSDor 5
RAW Raw data from measure KI_CVU_TYPE_RAW or 6
Z-thr Impedance (Z) and phase (in radians) KI_AGCV_TYPE_CPD or 0
R-X Resistance and reactance KI_AGCV_TYPE_RXor 1
Cp-G Parallel capacitance and equivalent parallel conductance | KI_AGCV_TYPE_CPG
Cs-Rs Series capacitance and resistance KI_AGCV_TYPE_CSRS
Cp-D Parallel capacitance and dissipation factor KI_AGCV_TYPE_CPD
Cs-D Series capacitance and dissipation factor KI_AGCV_TYPE_CSD
Cp-Q Parallel capacitance and Quality factor (inverse of D) KI_AGCV_TYPE_CPQ
Cs-Q Series capacitance and Quality factor (inverse of D) KI_AGCV_TYPE_CSQ
Lp-D Inductance value measured with parallel-equivalent KI_AGCV_TYPE_LPD
circuit Model and dissipation factor
CMTR1 Lp-Q Inductance value measured with parallel-equivalent KI_AGCV_TYPE_LPQ
circuit Model and Quality factor (inverse of D)
Lp-G Parallel inductance value and equivalent parallel KI_AGCV_TYPE_LPG
conductance
Lp-Rp Parallel inductance value and Equivalent parallel KI_AGCV_TYPE_LPRP
resistance
Ls-D Series inductance value and dissipation factor KI_AGCV_TYPE_LSD
Ls-Q Series inductance value and Quality factor (inverse of D) | KI_AGCV_TYPE_LSQ
Ls-Rs Series inductance value and equivalent resistance KI_AGCV_TYPE_LSRS
Z-thd Impedance (Z) and phase (in degrees) KI_AGCV_TYPE_ZTD
Cp-Rp Parallel capacitance and equivalent resistance KI_AGCV_TYPE_CPRP
G-B Equivalent parallel conductance and capacitance KI_AGCV_TYPE_GB
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Y-thd Admittance and phase (in degrees) KI_AGCV_TYPE_YTD
Y-thr Admittance and phase (in radians) KI_AGCV_TYPE_YTR
Vdc-ldc | Direct-current voltage and Direct-current electricity KI_AGCV_TYPE_VDID

Example:

measData = measz (CVUl, KI CVU TYPE CSRS, KI CVU SPEED NORMAL)

rangei/rangev

Purpose: Selects the measurement range and prevents the selected instrument from auto-ranging.
By selecting a range, the time required for auto-ranging is eliminated.

Format:

rangei (unitname str,dvalue)
rangev (unitname str,dvalue)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

dvalue = The value of the highest measurement to be taken. The most appropriate range for this
measurement will be selected. If range is set to 0, the instrument will auto-range. However, auto-
range will not occur on the Series 2600B SourceMeter instruments.

Example:

rangei (SMU1l, 2.0E-3) # Click current range of 2mA.

rdelay

Purpose: A user-programmable delay in seconds.
Format:
rdelay (dDelayTime)

Example:
rdelay (0.02) # Pause for 20ms

setauto

Purpose: Re-enables auto-ranging and cancels any previous rangeX command for the specified
instrument.

Format:
setauto (unitname)
unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file.

Remarks: When an instrument is returned to the auto-range mode, it will remain in its present range
for measurement purposes. The Source range will change immediately.

Due to the dual mode operation of the SMU (v versus i) setauto places both voltage and current
ranges in auto-range mode.

Example:

setauto (SMU1l) # Enable auto range mode.
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setfreq

Purpose: A CV test command. Sets the frequency for the AC drive.
Format:
setfreqg(unitname, dFreq)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file. Only CVUn and
CMRTn are supported.

frequency = Frequency of the AC drive in hertz.
Example:

status = setfreq(CVU1l,10000)

setlevel

Purpose: A CV test command. Sets the AC drive voltage level.
Format:
setlevel (unitname,dSignallevel)

unitname = The instrument name that is found in the ACS_hdcon_Online.kcf file. Only CVUn and
CMRTn are supported.

dSignallevel = Voltage level of the AC drive (10mV to 100mVRMS) in volts. Different valid ranges
for CVU and CMTR

Example:
status = setlevel (CVU1l,0.05)

setmode

Purpose: Sets the instrument's specific operating mode parameters.
Format:
setmode (unitname, iModifier, dValue)

Remarks: Setmode allows control over certain instrument specific operating characteristics. Refer to
the specific instrument documentation for more information on what each instrument supports.

Setmode: Model 23x table

Model 23x LPT parameters

Model | Modifier Value Comments
name

KI_INTGPLC <value> (in units of line cycles) Specifies the integration time the SMU will
use for the intgx command. The default devint
value is 1.0. The valid range is 0.001 to 25.0.

KI_SENSE KI_SENSE_LOCA (or 0) Set remote, local, sense mode:
KI_SENSE_LOCA: selects local sense (2-
wire)

KI_SENSE_REMO( or 1) KI_SENSE_REMO: selects remote sense (4-
wire)

KI_TRIG_IN KI_TRIG_IN_CONT =0 Input triggers. Input trigger are used to control

when Source, delay, and measure operations
occur:

KI_TRIG_IN_CONT: Continuously process all
SDM (Source delay measure) cycles.
KI_TRIG_IN_SRC =1 KI_TRIG_IN_SRC: Each trigger will process
an SDM cycle.
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SMU1

KI_TRIG_IN_DLY =2

KI_TRIG_IN_DLY: Initial trigger sets Source.
Each subsequent trigger initiates a delay and
measure then sets Source of next SDM cycle.

KI_TRIG_IN_SRCDLY = 3

KI_TRIG_IN_SRCDLY: Two trigger process
each SDM cycle. First trigger sets Source.
Second trigger initiates a delays and
measure.

KI_TRIG_IN_MSR = 4

KI_TRIG_IN_MSR: Initial trigger sets Source
and causes a delay. Second trigger initiates

measure, and then, for next SDM cycle, sets
Source and initiates a delay.

KI_TRIG_IN_SRCMSR = 5

KI_TRIG_IN_SRCMSR: Two triggers process
each SDM cycle. First trigger sets Source and
initiates a delay. Second trigger initiates a
measure.

KI_TRIG_IN_DLYMSR = 6

KI_TRIG_IN_DLYMSR: Initial trigger sets
Source. Two triggers process each SDM
cycle. First trigger initiates a delay. Second
trigger initiates a measure and sets Source of
nest SDM cycle.

KI_TRIG_IN_SRCDLYMSR = 7

KI_TRIG_IN_SRCDLYMSR: Three triggers
process each SDM cycle. First trigger sets
Source. Second trigger initiates a delay. Third
trigger initiates a measure.

KI_TRIG_IN_PULSE = 8

KI_TRIG_IN_PULSE: Pulse sweep trigger.
Each trigger process the on the time and off
time of each pulse in the sweep. Two
measurements are made on each pulse.

KI_TRIG_SOURCE

KI_TRIG_X=0

Input trigger origin. The input trigger stimulus
may be provided by front manual trigger
function, and external device that applies a
TTL level pulse to the TRIGGER connector
on the rear panel, or an appropriate IEEE-488
operation.

KI_TRIG_X: IEEE X origin. "X" sent over
IEEE-488 bus.

KI_TRIG_GET = 1

KI_TRIG_GET: Group execute trigger.

KI_TRIG_TALK =2

KI_TRIG_TALK: Unit address to talk over
IEEE-488 bus.

KI_TRIG_EXTERNAL =3

KI_TRIG_EXTERNAL: Negative going TTL
level pulse applied to TRIGGER connector.

KI_TRIG_INTERNAL =4

KI_TRIG_INTERNAL: Front panel MANUAL
trigger function or HO command over IEEE-
488 bus.

KI_TRIG_OUT

KI_TRIG_OUT_NONE =0

Output trigger generation:
KI_TRIG_OUT_NONE: No output triggers.

KI_TRIG_OUT_SRC = 1

KI_TRIG_OUT_SRC: Output trigger pulse
after every Source phase.

KI_TRIG_OUT DLY =2

KI_TRIG_OUT_DLY: Out put trigger pulse
after every delay phase.

KI_TRIG_OUT_SRCDLY =3

KI_TRIG_OUT_SRCDLY: Out put trigger
pulse after every Source phase and delay
phase.

KI_TRIG_OUT MSR =4

KI_TRIG_OUT_MSR: Out put trigger pulse
after every Source phase and measure
phase.

KI_TRIG_OUT_SRCMSR =5

KI_TRIG_OUT_SRCMSR: Output trigger
pulse after every Source phase and measure
phase.

KI_TRIG_OUT DLYMSR = 6

KI_TRIG_OUT_DLYMSR: Out put trigger
pulse after every delay phase and measure
phase.
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KI_TRIG_OUT_SRCDLYMSR: Out put trigger
pulse after every Source phase, delay phase
and measure phase.

KI_TRIG_OUT_PULSE: For pulse sweeps .
Output trigger pulse after end of each off time
measure.

When enabled, an output trigger pulse occurs
at the end of the sweep.

KI_TRIG_OUT_SRCDLYMSR =7

KI_TRIG_OUT PULSE =8

KI_SWEEPEND_TRIGOUT | KI_SWEEPEND_TRIGOUT_EN =1

KI_SWEEPEND_TRIGOUT_DIS =0
0,2,4,8, 16,32

KI_AVGNUMBER Number of readings to take average.

0 means disable average filter.

Setmode: Series 2400 SourceMeter table

Series 2400 instrument

s LPT parameters

Model name | Modifier Value Comments
SMU1 KI_INTGPLC <value> (in units of line cycles) Specifies the integration time the SMU will
use for the intgx command. The default
devint value is 1.0. The valid range is
0.01~10(DC) and 0.004~0.1(2430 Pulse
mode).
SMU1 (only KI_TRIG_IN_CONT <value> Sets the output pulse count.
2430 SMU)
PULSE_MODE_PULSE |VOLT Select pulse mode and pulse Source
function:
SMU1 VOLT: voltage Source
CURR: current Source
PULSE_MODE_WID <value> Select pulse mode and set pulse width.
PULSE_MODE_DELAY | <value> Select pulse mode and set pulse delay.

Setmode: Series 2600B SourceMeter table

Series 2600B instrumen

ts LPT parameters

Model name

Modifier

Value

Comments

SMU1

KI_INTGPLC

<value> (in units of line cycles)

Specifies the integration time the SMU will
use for the intgx command. The default
devint value is 1.0. The valid range is 0.001
to 25.0.

KI_AVGMODE

KI_MEASX

Controls what kind of readings are taken

KI_INTEGRATE

for avgX calls. The devint default value is
KI_MEASX. When KI_INTEGRATE is
specified, the time used is that specified by
the setmode call.

KI_OFFMODE

KI_OFF_NORM

Set Source output-off mode.
KI_OFF_NORM: Outputs 0V when the
output is turned off.

KI_OFF_ZERO

KI_OFF_ZERO: Zero the output (in either
volts or current) when off.

KI_OFF_OPEN

KI_OFF_OPEN: Opens the output relay
when the output is turned off.

KI_SENSE

KI_SENSE_LOCA

Set remote, local, sense mode, or
calibration.

KI_SENSE_LOCA: Selects local sense (2-
wire).

KI_SENSE_REMO

KI_SENSE_REMO: Selects remote sense
(4-wire).

KI_SENSE_CALA

KI_SENSE_CALA: Selects calibration
sense mode.
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Setmode: Model 4200 CVU table

Model 4200 CVU LPT parameters

Comments
Model | Modifier Value
name
KI_CVU_CABLE_CORRECT 0,150r3 Cable length setting (in meters), can be set
to any floating point number between 0 and
3.0, but will be coerced to 0, 1.5 or 3.
KI_CVU_OPEN_COMPENSATE 0= OFF Enables or disables compensation
Kl CVU SHORT COMPENSATE |1=ON constants for open load and short.
KI_CVU_LOAD_COMPENSATE
KI_CVU_FILTER_FACTOR 0to 100 Sets the custom speed filter factor.
KlI_CVU_MEASURE_SPEED KI_CVU_SPEED_FAST =0 Sets CVU speed.
CVU1 KI_CVU_SPEED_NORMAL =1

KI_CVU_SPEED_QUIET = 2
KI_CVU_SPEED_CUSTOM = 3

KI_CVU_MEASURE_MODEL

KI_CVU_TYPE_ZTH=0
KI_CVU_TYPE_RJX = 1
KI_CVU_TYPE_CPGP =2
KI_CVU_TYPE_CSRS =3
KI_CVU_TYPE_CPD =4
KI_CVU_TYPE_CSD =5
KI_CVU_TYPE_RAW =6

For more information about the CVU mode
see the measz library topic.

KI_CVU_MODE

Oor1

0: sets CVU to user mode
1: sets CVU to system mode

Setmode: Model 4284 table

Model 4284 LPT parameters

Model | Modifier Value Comments
name
KI_CVU_CABLE_CORRECT 0,1.50r3 Cable length setting (in meters),
can be set to any floating point
number between 0 and 3.0, but
will be coerced to 0, 1.5 or 3.
KI_CVU_OPEN_COMPENSATE |0 = OFF Enables or disables
KI CVU SHORT COMPENSATE | 1=ON compensation constants for
KI_CVU_LOAD_COMPENSATE open load and short
KI_CVU_FILTER_FACTOR 0to 100 Sets the custom speed filter

factor.

KI_CVU_MEASURE_SPEED

KI_CVU_SPEED_FAST =0
KI_CVU_SPEED_NORMAL = 1
KI_CVU_SPEED_QUIET = 2

KI_CVU_SPEED_CUSTOM = 3

Sets CVU speed.

KI_CVU_MEASURE_MODEL

KI_CVU_TYPE_ZTH=0
KI_CVU_TYPE_RJX = 1
KI_CVU_TYPE_CPGP =2
KI_CVU_TYPE_CSRS =3
KI_CVU_TYPE_CPD =4
KI_CVU_TYPE_CSD =5
KI_CVU_TYPE_RAW = 6

For more information about the
CVU mode see the measz
library topic.

KI_CVU_MODE

Oor1

0: sets CVU to user mode
1: sets CVU to system mode
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CMTR1

KI_AGCV_CORRECT_METHOD

KI_AGCV_CORRECT_METHOD_MULT =0
KI_AGCV_CORRECT_METHOD_SING = 1

Selects the correction mode
(single or multi). Scanner I/F
should be installed for multi-
mode.
KI_AGCV_CORRECT_METHO
D_SING: Sets the correction
mode to "SINGLE."
KI_AGCV_CORRECT_METHO
D_MULT: Sets the correction
mode to "MULTIL."

KI_AGCV_TRIG_SOURCE

KI_AGCV_TRIG_INTERNAL = 0
KI_AGCV_TRIG_HOLD = 1
KI_AGCV_TRIG_EXTERNAL = 2
KI_AGCV_TRIG_BUS = 3

Selects the trigger mode:
KI_AGCV_TRIG_INTERNAL:
Sets trigger Source to "internal.”
KI_AGCV_TRIG_HOLD: Sets
trigger Source to "manual.”
KI_AGCV_TRIG_EXTERNAL:
Sets trigger Source to "external
connector on the rear panel."
KI_AGCV_TRIG_BUS: Sets
trigger Source to
"GPIB/LAN/USB."

KI_AGCV_INIT_CONTINUE

0=OFF
1=0N

Enables the automatic trigger to
change state from the "Idle" to
"Wait for Trigger."

ON or 1: Enables automatic
trigger state change.

OFF or 0 (preset value):
Disables automatic trigger state
change.
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KI_AGCV_DISPLAY_PAGE

KI_AGCV_DISPLAY_MEAS =0
KI_AGCV_DISPLAY_BNUMBER = 1
KI_AGCV_DISPLAY_BCOUNT = 2
KI_AGCV_DISPLAY_LIST =3
KI_AGCV_DISPLAY_MSETUP = 4
KI_AGCV_DISPLAY_CSETUP =5
KI_AGCV_DISPLAY_LTABLE =6
KI_AGCV_DISPLAY_LSETUP =7
KI_AGCV_DISPLAY_CATALOG = 8
KI_AGCV_DISPLAY_SYSTEM =9
KI_AGCV_DISPLAY_SELF = 10
KI_AGCV_DISPLAY_MLARGE = 11
KI_AGCV_DISPLAY_SCONFIG = 12
KI_AGCV_DISPLAY_SERVICE = 13

Selects the page to be
displayed.
KI_AGCV_DISPLAY_MEAS:
Sets displayed page to <MEAS
DISPLAY>
KI_AGCV_DISPLAY_BNUMBE
R: Sets displayed page to <BIN
No. DISPLAY>
KI_AGCV_DISPLAY_BCOUNT:
Sets displayed page to <BIN
COUNT DISPLAY>
KI_AGCV_DISPLAY_LIST: Sets
displayed page to <LIST
SWEEP DISPLAY>
KI_AGCV_DISPLAY_MSETUP:
Sets displayed page to <MEAS
SETUP>
KI_AGCV_DISPLAY_CSETUP:
Sets displayed page to
<CORRECTION>
KI_AGCV_DISPLAY_LTABLE:
Sets displayed page to <LIMIT
TABLE SETUP>
KI_AGCV_DISPLAY_LSETUP:
Sets displayed page to <LIST
SWEEP SETUP>
KI_AGCV_DISPLAY_CATALO
G: Sets displayed page to
<CATALOG>
KI_AGCV_DISPLAY_SYSTEM:
Sets displayed page to
<SYSTEM INFO>
KI_AGCV_DISPLAY_SELF:
Sets display page to <SELF
TEST>
KI_AGCV_DISPLAY_MLARGE:
Sets page to display
measurement results in large
characters.
KI_AGCV_DISPLAY_SCONFIG
: Sets displayed page to
<SYSTEM CONFIG>
KI_AGCV_DISPLAY_SERVICE:
Sets displayed page to
<SERVICE>

Setmode: Model 4200 table

Support LPT Parameters Comments
Instrument ID | Modifier Value
KI_TRIGMODE KI_MEASX Redefines all existing triggers to use a new
KI_INTEGRATE method of measurement.
KI_AVERAGE
Supported KI_SYSTEM KI_ABSOLUTE
KI_NORMAL
KI_AVGNUMBER <value> Number of readings to take when
KI_TRIGMODE is to KI_AVERAGE.
KI_AVGTIME <value> Time between readings when KI_TRIGMODE
(in unit of seconds) is set to KI_AVERAGE.
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No operations
performed

KI_SYSTEM

KI_MX_DEFMODE

KI_HIGH
KI_LOW

Sets the default mode to high current mode or
low current mode. This setting will remain in
effect until the end of the current session and
is not reset by devint.

KI_HICURRENT

KI_ON

Forces the matrix into high current mode. The
mode will revert to the default at the next
devint unless the configuration file sets this
parameter to reset on a clrcon.

KI_CC_AUTO

KI_ON
KI_OFF

Turns automatic compliance clear processing
on or off (devint will reset this value to
KI_ON).

KI_CC_SRC_DLY

<value>

The minimum time after a Source value
change before a compliance clear scan may
start. This represents the time after a Source
value change that takes the circuit under test
to settle and prevent false compliance
detection due to transients.

KI_CC_COMP_DLY

<value>

The time between compliance scans while
processing compclr. This also represents the
time after a Source value change that takes
the circuit under test to settle and prevent
false compliance detection due to transients.
However, the Source value changes are only
due to removing the instrument from an
artificial compliance state.

KI_CC_MEAS_DLY

<value>

The minimum time after the last Source value
change before a measurement can be made.
This represents the time it takes the circuit
under test to settle to the level desired for the
subsequent measurements.

Supported

SMUn

KI_INTGPLC

<value>
(in units of line cycles)

Specifies the integration time the SMU will use
for the intgx and sintgx commands. The
default devint value is 1.0. The valid range is
0.01 to 10.0.

KI_AVGMODE

KI_MEASX
KI_INTEGRATE

Controls what kind of readings are taken for
avgX calls. The devint default value is
KI_MEASX. When KI_INTEGRATE is
specified, the integration time used is that
specified by the KI_INTGPLC setmode call.

No operations
performed

SMUn

KI_IMTR

Sets up the SMU as a current meter. The
ranges used are representative of the type of
instrument being simulated. Note, this
setmode will turn the Source on.

KI_S400

Sets the SMU to use ranges equivalent to the
Model S400.

KI_DMM

Sets the SMU to use ranges equivalent to a
DMM (lowest range = 100ua). Provides a
lower resolution, fast measurement. Used for
high current applications.

KI_ELECTROMETER

Sets the SMU to use ranges equivalent to an
electrometer. Provides best measurement
resolution, but has a slower measurement
time. Used for low current measurements.

KI_LIM_INDCTR

Any

Controls what measured value is returned if
the SMU is at its programmed limit. The devint
default is SOURCE_LIMIT (7.0e22). Note, the
SMU always returns INST_OVERRANGE
(1.0e22) if it is on a fixed range that is too low
for the measured signal.

KI_LIM_MODE

KI_INDICATOR
KI_VALUE

Controls whether the SMU will return an
indicator value when in limit or over range, or
the actual value is measured. The default
mode after a devint is to return an indicator
value.
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KI_RANGE_DELAY | <value> (in seconds) | Specifies an additional delay time for the SMU

ranges from driver to add to the range settle delay time
-2147493.647 to whenever it is changing a preamp range.
+2147483.647 Value may be negative to shorten rather than
seconds lengthen the overall range change delay. In no

event will the overall delay time be less than
the preamp circuit hardware switching time.
The devint default value is 0.0.

KI_RANGE_SETTL |0.01 Controls how long the SMU driver will delay
E 0.1 when changing a preamp range. Value is
1.0 specified in percent settling accuracy,
2.5 although at present only six percent values
5.0 are valid. The actual delay time depends on
10.0 which range the preamp is switched from and
the range it is switched to. The devint fault
value is 1.00.

Sets up the SMU as a volt meter. The ranges
used are representative of the type of
instrument being simulated. Note, this
setmode will turn the Source on.

KI_VMTR KI_S400 Sets the SMU to use ranges equivalent to the
Model S400.
KI_DMM Sets the SMU to use range equivalent to a

DMM. Provides a low impedance, fast
measurement. Used for low voltage
applications.

KI_ELECTROMETER | Sets the SMU to use ranges equivalent to an
electrometer. Provides a high input
impedance, but has a slower measurement
time. Used for high resistance measurements.

2These modifiers do not perform any operations in the Model 4200-SCS. These are included for compatibility reference only for existing S600
programs that use the setmode function which can be ported to the Model 4200-SCS.

Example:
status = setmode ("CVULl", KI CVU OPEN COMPENSATE, isCmpstOpen=0)

smeasz_sweepv

Purpose: Performs and returns CD measurements for a voltage sweep with a specified frequency
bias. Posts data after the sweep is completed.

Format:

smeasz_sweepv (unitname, iSpeed,dVStart, dVStop, iStepNum, dDelayTime)
Return value: [rvalue1, rvalue2]

resultl = The first result data of the selected measure model.

result2 = The first result data of the selected measure model.

Example:
smeasz_sweepv (CVUl, KI CVU SPEED FAST,-3,3,10,0.01)

ACSBASIC-908-01 Rev. A/ August 2012 1-45



Section 1: LPT Library Reference ACS Basic Libraries Reference Manual

srangei/srangev

Purpose: Selects the current/voltage Source range and prevents the selected instrument from auto-
ranging. By selecting a range, the time required for auto-ranging is eliminated.

Format:

srangei (SMUX, value)
srangev (SMUX, value)

X =SMU number(1,2,3,...)

tstsel

Purpose: Used to enable or disable a test station. Only used for the Model 4200-SCS. To relinquish
control of an individual test station, a new test station must now be selected using tstsel before
any subsequent test control functions are run. The tstdsl command has the same effect as the
tstsel (0) command

Format:

tstsel (1Status = 1)

Remarks: tstsel is normally called at the beginning of a test program.
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PTM Examples
The following ACSLPT examples are provided for your reference:

ACSLPT example: vgsid1

##outputlist=GateV,DrainI, Time##
from ACS PostData import *
from ACSLPT import *
from ptmlpt.constantlpt import *
from math import *
Get4200HWCtrl ()
def vgsidl (DrainSMU, DrainPin, GateSMU, GatePin, SourceSMU, SourcePin, BulkSMU,
BulkPin, GateVStart,GateVStop, numberofpoint, SweepDelay, DrainV,
SourceV,BulkV,RangeDrainI, ComplianceDrainI,StoponCompliance,NPLC) :
GateV=[]
DrainI=[]
Time meas=[]
tstsel (1)
#Some input checking is needed
if GateVStart < -200 or GateVStart > 200:
return INVAL PARAM
if GateVStop < -200 or GateVStop > 200:
return INVAL PARAM
if numberofpoint < 1 or numberofpoint > 4096:
return INVAL PARAM
if SweepDelay < 0 or SweepDelay > 100:
return INVAL PARAM
if DrainV < -200 or DrainV > 200:
return INVAL PARAM
if SourceV < -200 or SourceV > 200:
return INVAL PARAM
if BulkV < -200 or BulkVv > 200:
return INVAL PARAM
if RangeDrainI < 1 or RangeDrainI > 12:
return INVAL PARAM
if ComplianceDrainI < -0.1 or ComplianceDrainI > 0.1:
return INVAL PARAM
# Switch Matrix connection
T
clrcon ()
if GatePin > O0:
conpin (GateSMU, GatePin)
if DrainPin > 0:
conpin (DrainSMU, DrainPin)
if SourcePin > 0:
conpin (SourceSMU, SourcePin)
if BulkPin > O0:
conpin (BulkSMU, BulkPin)
T
#Set the SMUs range
rangei (GateSMU, 0.1)
rangei (BulkSMU, 0.1)
rangei (SourceSMU,0.1)
setauto (DrainSMU)
limiti (DrainSMU, ComplianceDrainT)
# best fix for voltage range
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if fabs (SourceV) < 0.2:
rangev (SourceSMU, 0.2)
elif fabs (SourceV) < 2:
rangev (SourceSMU, 2)
elif fabs (SourceV) < 20:
rangev (SourceSMU, 20)
else:
rangev (SourceSMU, 200)
if fabs (BulkV) < 0.2:
rangev (BulkSMU, 0.2)
elif fabs (BulkV) < 2:
rangev (BulkSMU, 2)
elif fabs (BulkV) < 20:
rangev (BulkSMU, 20)
else:
rangev (BulkSMU, 200)
if fabs(DrainV) < 0.2:
rangev (DrainSMU, 0.2)
elif fabs(DrainV) < 2:
rangev (DrainSMU, 2)
elif fabs (DrainV) < 20:
rangev (DrainSMU, 20)
else:
rangev (DrainSMU, 200)

if fabs (GateVStart) > fabs (GateVStop) :

temp = fabs (GateVStart)
else:

temp = fabs (GateVStop)
if temp < 0.2:

rangev (GateSMU, 0.2)
elif temp < 2:

rangev (GateSMU, 2)
elif temp < 20:

rangev (GateSMU, 20)
else:

rangev (GateSMU, 200)
if RangeDrainl ==

setauto (DrainSMU)
elif RangeDrainl ==

lorangei (DrainSMU, le-11)
elif RangeDrainI ==

lorangei (DrainSMU, 1le-10)
elif RangeDrainI ==

lorangei (DrainSMU, 1le-9)
elif RangeDrainl ==

lorangei (DrainSMU, 1le-8)
elif RangeDrainl ==

lorangei (DrainSMU, le-7)
elif RangeDrainI ==

lorangei (DrainSMU, le-6)
elif RangeDrainI ==

lorangei (DrainSMU, le-5)
elif RangeDrainl ==

lorangei (DrainSMU, le-4)

elif RangeDrainI == 10:
lorangei (DrainSMU, le-3)
elif RangeDrainI == 11:

# auto range

# limited auto 10pA

#limited auto 100pA
#limited auto 1nA
#limited auto 10nA
#limited auto 100nA
#limited auto 1uA
# limited auto 10uA
# limited auto 100uA
# limited auto 1mA

# limited auto 10mA
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lorangei (DrainSMU, le-2)
elif RangeDrainl == 12:
lorangei (DrainSMU, 0.1)

# limited auto 100mA

else: #limited auto 10mA

lorangei (DrainSMU, le-2)
# set integration time
setmode (GateSMU, KI INTGPLC, NPLC)
#Activate the range
if SourceSMU!=GNDU:
forcev (SourceSMU, SourceV)
if BulkSMU!=GNDU:
forcev (BulkSMU, BulkV)
forcev (GateSMU, GateVStart)
forcev (DrainSMU, DrainV)
idummy = measi (DrainSMU)
enable (TIMER1)
# sweep setup
if numberofpoint>1:
for indexl in range (numberofpoint) :

GateV_tmp = GateVStart+ (GateVStop-GateVStart)*indexl/ (numberofpoint-1)

print GateV_ tmp
GateV.append (GateV tmp)
forcev (GateSMU, GateV_tmp)
delay (int (SweepDelay*1000))
DrainI tmp = intgi (DrainSMU)
if DrainI tmp > ComplianceDrainI:
break
DrainI.append (DrainI tmp)
Time meas.append (imeast (TIMERL) )
else:
forcev (GateSMU, GateVStart)
GateV.append (GateVStart)
delay (int (SweepDelay*1000) )
DrainI.append (intgi (DrainSMU) )
Time meas.append (imeast (TIMERL) )
# check compliance
Dstatus = getstatus (DrainSMU, KI COMPLNC)

if Dstatus == 2:

return KI RANGE COMPLIANCE
if Dstatus == 4:

return K17COMPLIANCE
devint ( )

#clrcon (MTRX1)

# test finished

for index2 in range (numberofpoint) :
ACSPostDataDouble ("GateV", GateV[index2])

ACSPostDataDouble ("DrainI",DrainI [index2])
ACSPostDataDouble ("Time", Time meas[index2])

return GateV,DrainI, Time meas

FHE#H A A A A HHHCALLEH S A A A H S HHHHH
DrainSMU=SMU1

DrainPin=1

GateSMU=SMU2

GatePin=2

SourceSMU=GNDU

SourcePin=3

BulkSMU=GNDU
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BulkPin=4

GateVStart=0.0

GateVStop=3.0

numberofpoint=21

SweepDelay=0.001

Drainv=0.1

SourceV=0

Bulkv=0

RangeDrainI=1

ComplianceDrainI=0.1

StoponCompliance=0

NPLC=1

vgsidl (DrainSMU, DrainPin, GateSMU, GatePin, SourceSMU, SourcePin, BulkSMU,
BulkPin, GateVStart,GateVStop, numberofpoint, SweepDelay, DrainV, SourceV,
BulkV, RangeDrainI, ComplianceDrainI, StoponCompliance,NPLC)
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Device Library

In this section:

INErOAUCHION ... 2-1
NPNBJT lIBrary ......oooovie e 2-6
NPNPoWerBJT library........ccccceveeiiiiiiiiieee e 2-31
PNPBIT lIDrary .......oueeeeiieiiiiiiiiiiiiiiie e 2-49
PNPPOWErBJT liDrary..........ueeeeeviieeiiiiiiiiiiiieieieieieeeeeeeeereeeeenenees 2-75
NMOSFET lIBrary ......coooeoiiiiiiiee e 2-93
NPowerMOSFET library ... 2-119
PMOSFET IBrary .....cccocueiiieeiiie e 2-136
pPowerMOSFET library ..o 2-171
Diode liDrary .........oooeiiiiiii e 2-187
[GBT lIBrary ....ccovveiiee ittt 2-197
Two-terminal resistor library..........ccooooiiiis 2-211
Four-terminal resistor library ...........ccccoiiiii 2-216
TRIAC TDIary..c.coiiiiiiieieeee e 2-221
ZENEr lIDrary ......cooiiiii i 2-233
Capacitor WLRlIbrary ... 2-236
CommON lIBrary ... 2-252
High-voltage and high-current PTM .........cccocoiiiiiiiiiinene 2-293
Mixed SMUs in pulse mode..........cccceeeeeiiiiiiiiieeeecccciieeeen 2-297
Switch control PTM ......oooiiiiiiieee e 2-324
Introduction

ACS Basic has a large device test library, including the parametric libraries, WLR library, and
common library. In ACS Basic, you can also build a library to import and use. The tables below
indicate all of the test modules in the device libraries, WLR libraries, and common libraries.

npnBJT parametric library
BVCBO BVCEI BVCEO
BVCEV BVEBO BVECO
HFE_SW IBCO IBEO
IblcVbe IbVbe ICBO
ICEO ICEV IcVcb
IcVce_Biaslb IcVce_BiasVb Steplb
IcVce_StepVb IEBO IECO
leVeb VBCO VCE
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npnPowerBJT parametric library
BVCBO ICES VbeSAT
BVCEO ICEV VceSAT
BVEBO IcVce_Steplb VCESUS
HFE IcVce_StepVbe VceSAT_MIX
ICBO IEBO IcVce_Steplb_MIX
ICEO VbeON IcVce_StepVbe_MIX
pnpBJT device parametric library
BVCBO BVCEI BVCEO
BVCEV BVEBO BVECO
HFE_SW IBCO IBEO
IblcVbe IbVbe ICBO
ICEO ICEV IcVcb
IcVce_Biaslb BiasVb Steplb
IcVce_StepVb IEBO IECO
leVeb VBCO VCE
pnpPowerBJT parametric library
BVCBO ICES VbeSAT
BVCEO ICEV VceSAT
BVEBO IcVce_Steplb VCESUS
HFE IcVce_StepVbe VceSAT_MIX
ICBO IEBO IcVce_Steplb_MIX
ICEO VbeON IcVce_StepVbe_MIX
nMOSFET parametric library
BVDSS BVDSV BVGSO
BVGDS BVGDO IDL
IDS_ISD IdVd_BiasVg IdVd_StepVg
IdVg_BiasVd IdvVg_StepVvd IdVg_StepVsub
IGL MOSFET IgVg |ISL
IsubVg MOSFET_Vtci Vtext
Vtext_lIsq
nMOSFET WLR_script library
HCI

nPowerMOSFET parametric library
BVDSS IGSSF VSD
GFS IGSSR IJON_MIX
IdON RdsON IdVd_StepVg_MIX
IDSS VdsON RdsON_MIX
IdvVd_StepVg VgsON VgsON_MIX
IdVd_StepVd VGSTH
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PMOSFET parametric library
BVDSS BVDSV BVGSO
BVGDS BVGDO IDL
IDS Idvd_BiasVg | dVd_StepVg
IdVg_BiasVd IdVg_StepVd | IdVg_StepVsub
IGL IgVg MOSFET_ISL
IsubVg Vtci Vtext
Vtext_llsq
PMOSFET WLR_script library
HCI NBTI
NBTI_on_the _fly NBTI_meas

pPowerMOSFET parametric library
BVDSS IGSSF VSD
GFS IGSSR IdON_MIX
IdON RdsON IdVd_StepVg_MIX
IDSS VdsON RdsON_MIX
Idvd_StepVg VgsON VgsON_MIX
Idvd_StepVd VGSTH
Diode parametric library

DynamicZ Spot_IfdVfd Spot_IrdVrd

Spot_Vbrird Spot_VfdIfd Spot_Vrdird

Sweep_IfdVfd | Sweep_IrdVrd

IGBT parametric library

BVCES IGESF VGETH

ICES IGESR IcVce_StepVge_MIX
IcON VceSAT IcVge_MIX
IcVce_StepVge VF VceSAT_MIX

IcVge VgeON

Two-terminal resistor parametric library

Spot_IV_2SMU

Spot_VI_2SMU

Sweep_IV_2SMU

Sweep_VI_2SMU

Four-terminal resistor parametric library

Spot_IV_4SMU

Spot_VI_4SMU

Sweep_IV_4SMU

Sweep_VI_4SMU
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TRIAC parametric library

IDRM ILpos
IGT IRRM
IHneg VGT

IHpos VTneg

ILneg VTpos

Zener parametric library

BVZ | IR |VF

Capacitor_MOS WLR_script library

gbd_rmpj gbd_rmpv
TDDB_CCS TDDB_per_pin
Common library

CV_4200CVU CV_HP4284 Switch_Control
TEKSCOPE_ReadWave KI237_Vdsld KI37XX_DMM_R_2Wire
KI23X_SweepV KI237_Vdsld KI37XX_DMM_R_2Wire
KI37XX_DMM_R_4Wire KI37XX_DMM_Switch KI24XX_ldVg
KI24XX_ldVg_Pulse KI24XX_ldvd KI24XX_IdVd_Pulse
KI24XX_BiasV_Pulse KI24XX_Biasl_Pulse KI24XX_SweepV
K124 XX_Sweepl
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General notes

NOTE

When the Series 2600B System SourceMeter® instruments are referenced, it also includes the Series
2600A System SourceMeter instruments, since these two series of instruments are fully
interchangeable. However, the following instruments are not supported in ACS Basic: Model 2604B,
Model 2614B, and Model 2634B.

You can use the Test Script Language on the Keithley Instruments Series 2600B System
SourceMeter or the Linear Parametric Test Library (LPT Library) or the python language or Script
Editor in ACS Basic to create a new library. The TSP script must use the postdata, postbuffer,
or the posttable function to retrieve data from the Series 2600B. For examples, refer to the
directory: WACS \Library\26Library folder. The 261ibrary is used with a Series 2600B to create test
script files, based on the Series 2600B LPT library. The 421ibrary is used with a Model 4200 using
the Keithley User Library Tool (KULT) files, based on the Model 4200 LPT library.

The parametric library is used to test the normal parameters of the device.
The WLR_script library is for wafer reliability test. They are STM with a GUI.

If you would like to create a test library with a graphical user interface (GUI), the following rules apply:

e The first line must be the name of the .xrc GUI file, and the .xrc GUI file must be saved to the
\\ACS \Library\26Library\xrc folder. ACS Basic will then load the GUI file automatically when
importing the script file.: -—--<<xrc=HCI.xrc>>----

The types of input variables must be:
instid (SMU input)

string

double

integer

table

® You can set a default value for every input variable. You can also set the input range for double
and integer-type input variables:

instid smu_S=SMU3 -- SMU1, SMU2, SMUS,..., SMU64, KI_GND
double vg stress=-2.0 in [-40,40] -- Gate stress voltage; -40 < vg_stress <40
double V_rd=0 in ['',0] -- reverse voltage, Vrd <=0

double meas delay=0 in [0, ] -- measure delay after stress is off, meas_delay
>=(

integer navg=1 in [1,20] -- points for average, average = 1, 2, 3,...19, 20

table t_array={1,2,5,10,20,50,100} --stresstime array

e The input variables must be defined in the first section of the test script, after the .xrc line, listed
between "--INPUT--" and "--END of INPUT--";

-— INPUT --

instid CSMU=SMU3 -- SMU1, SMU2, SMU3,..., SMU64

double Vb stop=1.2 -- stop voltage(Units:V)

double Vb points=100 -- sweep points

integer resetflag=1 in [0,1] --"1"will resetinstruments after test, '0' will not.

-—- END OF INPUT --

e The Call function must start with a "--CALL--" line, then assign a value for every input variable
and a call test function.
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NOTE

Refer to the following directory for examples: WACS \Library\26Library\WLR.

npnBJT library

npnBJT overview

The BJT library components are located in the following directory:
\ACS\library\devLibrary\npnBJT\Parametric

This npnBJT parametric library is used to test parameters of a npn-type power BJT, including
leakage, breakdown, gain, on-state, and characteristic curves.
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npnBJT parametric library
BVCBO

Description:
Module Name: BVCBO
DUT: Three-terminal BJT

Function: Tests the Collector-Base breakdown voltage of the BJT, with the Emitter open.

Pin connections: Open the Emitter, and apply the desired current to the Collector. The Base connects
to ground.

Intended results: Measure the Collector-Base breakdown voltage (see next figure).
Figure 7: Three_term_npnBJT_BVCBO
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SMU

— ® ®

E Vv

BVCBO ITM

Module type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVCBO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVCEI

Description:
Module Name: BVCEI
DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter breakdown voltage of the npnBJT with a bias Base-forced
current.

Pin connections: Apply the desired current to the Collector, and set the Base bias current (emitters
usually connect to ground)(see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 8: Three_term_npnBJT_BVCEI pin connection
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BVCEI ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVCEI General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVCEO

Description:

Module Name: BVCEO

DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter breakdown voltage, with the Base opened.

Pin connections: Open the Base; apply the desired current to the Collector; the Emitter connects to
ground (see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 9: Three_term_npnBJT_BVCEO pin connection

C

SMU

B © ®

\V4

BVCEO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVCEO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVCEV

Description:

Module Name: BVCEV

DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter breakdown voltage with a biased Base.

Pin connections: Apply the desired current to the Collector; set the Base as bias voltage, and connect
the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 10: Three_term_npnBJT_BVCEV pin connection
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BVCEV ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVCEYV General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVEBO

Description:

Module Name: BVEBO

DUT: Three-terminal npnBJT

Function: Tests the Emitter-Base breakdown voltage of the npnBJT with the Collector opened.

Pin connections: Open the Collector, set the Emitter at the desired current, and connect the Base to
ground (see next figure).

Intended results: Measure the Emitter-Base breakdown voltage.

Figure 11: Three_term_npnBJT_BVEBO pin connection
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Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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BVECO

Description:

Module Name: BVECO

DUT: Three-terminal npnBJT

Function: Tests the Emitter-Collector breakdown voltage of the npnBJT with the Base opened.

Pin connections: Open Base, apply the desired current to Emitter, and connect Collector to the
ground (see next figure).

Intended results: Measure the Emitter-Collector breakdown voltage.

Figure 12: Three_term_npnBJT_BVECO pin connection
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BVECO ITM
Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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HFE

Description:

Module Name: HFE

DUT: Three-terminal npnBJT

Function: Tests the HFE (DC current gain) of the npnBJT with a sweeping Collector voltage.

Pin connections: Share the Base connection, apply a sweep voltage on the Collector, and connect
the Emitter to ground. The Base is typically connected to ground, but can be set to a desired bias
voltage (see next figure):.

e Force collectorV sweep

e Measure Iband Ic

® Check for measurement problems
e Calculate HFE(= Ic/Ib)

Intended results: Measure the Collector current, Base current, and DC current gain based on the
Collector sweep voltage.

Figure 13: Three_term_npnBJT_HFE_SW pin connection
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Sweep

SMU

HFE_SW ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
HFE_SW General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IBCO

Description:

Module Name: IBCO

DUT: Three-terminal npnBJT

Function: Tests the Base-Collector current with the Emitter opened.

Pin connections: Open the Emitter, apply a voltage on the Base, and apply a voltage to the Collector
(if not connected to ground)(see next figure).

Intended results: Measure the Base-Collector current.

Figure 14: Three_term_npnBJT_IBCO pin connection
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IBCO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IBCO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IBEO

Description:

Module Name: IBEO

DUT: Four-terminal npnBJT

Function: Tests the Base-Emitter current with the Collector opened.

Pin connections: The Collector is open, 0 volts are applied to the Emitter, and a bias voltage is
applied to the (see next figure).

Figure 15: Three_term_npnBJT_IBEO pin connection
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IBEO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IBEO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IblcVbe

Description:
Module Name: IblcVbe
DUT: Three-terminal npnBJT

Function: Tests the Base current and Collector current of the npnBJT by sweeping a specified Base
voltage.

Pin connections: Share the Emitter connection, apply a sweep voltage to the Base, and apply a bias
voltage to the Collector. The Emitter is typically connected to ground, but can be set to the desired
bias voltage (see next figure).

Intended results:

e Measure Base current and Collector current of npnBJT
e Measure the Ib-Vbe and IcVbe curves

o Measure the gummel plot if the axis properties of result have changed (logarithm instead of right-
angle coordinate)

Figure 16: Three_term_npnBJT_ IblcVbe pin connection
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IblcVbe ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IblcVbe General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IbVbe

Description:

Module Name: IbVbe

DUT: Three-terminal npnBJT

Function: Tests the Base current of the npnBJT by sweeping a specified Base voltage.

Pin connections: Share the Emitter connection, apply a sweep voltage to the Base, and apply a bias
voltage to the Collector. The Emitter is typically connected to ground, but can be set to a desired bias
voltage (see next figure).

Intended results:
® Measure the Base current based on the Base voltage sweep
e Measure the Ib-Vbe curve

Figure 17: Three_term_npnBJT_lbVbe pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IbVbe General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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ICBO

Description:

Module Name: ICBO

DUT: Three-terminal npnBJT

Function: Tests the Collector-Base cut off current with the Emitter opened.

Pin connections: Open the Emitter, apply a desired voltage to the Collector, and connect the Base to
ground (see next figure).

Intended results: Measure the Collector-Base cut off current.

Figure 18: Three_term_npnBJT_ICBO pin connection
o— +
ICBO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
ICBO General Test Module

Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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ICEO

Description:

Module Name: ICEO

DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter cut off current with the Base opened.

Pin connections: Open the Base, apply a desired voltage to the Collector, and connect the Emitter to
ground (see next figure).

Intended results: Measure the Collector-Emitter cut off current.

Figure 19: Three_term_npnBJT_ICEO pin connection
) -
+

Vv

E ®

ICEO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
ICEO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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ICEV

Description:

Module Name: ICEV

DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter cut off current with a bias Base voltage.

Pin connections: Apply a desired voltage to the Collector, apply a voltage bias to the Base, and
connect the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter cut off current.

Figure 20: Three_term_npnBJT_ICEV pin connection
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SMU

ICEV ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
ICEV General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IcVcb

Description:

Module Name: IcVcb

DUT: Three-terminal npnBJT

Function: Tests the Collector current of the npnBJT by sweeping a specified Collector voltage.

Pin connections: Share the Base connection (connected to ground), apply a sweep voltage to the
Collector, and apply a bias voltage to the Emitter (see next figure).

Intended results: Measure the Collector current based on sweeping the Collector voltage.

Figure 21: Three_term_npnBJT_lcVcb pin connection
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IcVcb ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IcVcb General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IcVce_Biaslb

Description:

Module Name: IcVce_Biaslb

DUT: Three-terminal npnBJT

Function: Tests a series of IcVce curves of the npnBJT while stepping the Base current.

Pin connections: Share the Emitter connection (connect Emitter to ground), step the Base current,
and sweep the Collector voltage (see next figure).

Intended results:

e Measure the Collector current based on a Base step current and a Collector sweep voltage
e Measure a series of IcVce curves with a Base current step

Figure 22: Three_term_npnBJT_IlcVce_Biaslb pin connection
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IcVce_Biaslb ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IcVce_Biaslb General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IcVce_BiasVb

Description:

Module Name: IcVce_ BiasVb

DUT: Three-terminal npnBJT

Function: Tests a series of IcVce curves of the npnBJT with a fixed Base voltage.

Pin connections: Share the Emitter connection (connect Emitter to ground), bias the Base voltage,
and sweep the Collector voltage (see next figure).

Intended results: Measure the Collector current based on the Collector sweep voltage and a fixed
based voltage.

Figure 23: Three_term_npnBJT_lcVce_BiasVb pin connection
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IcVce_BiasVb ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IcVce_BiasVb General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IcVce_Steplb

Description:

Module Name: IcVce_Steplb

DUT: Three-terminal npnBJT

Function: Tests a series of IcVce curves of the npnBJT while stepping the Base current.

Pin connections: Share the Emitter connection (connect Emitter to ground), step the Base current,
and sweep the Collector voltage (see next figure).

Intended results:
e Measure the Collector current based on the Base step current and the Collector sweep voltage
e Measure a series of IcVce curves with a Base current step

Figure 24: Three_term_npnBJT_lcVce_Steplb pin connection
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IcVce_Steplb ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IcVce_Steplb General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IcVce_StepVb

Description:

Module Name: IcVce_StepVb

DUT: Three-terminal npnBJT

Function: Tests a series of IcVce curves of the npnBJT while stepping the Base voltage.

Pin connections: Share the Emitter connection (connect Emitter to ground), step the Base voltage,
and sweep the Collector voltage (see next figure).

Intended results:

e Measure the Collector current based on the Base step and the Collector sweep voltage
e Measure the series of IcVce curves with a Base voltage step

Figure 25: Three_term_npnBJT_IlcVce_StepVb pin connection
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IcVce_StepVb ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IcVce_StepVb General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IEBO

Description:

Module Name: IEBO

DUT: Three-terminal npnBJT

Function: Tests the Emitter-Base cut off current with the Collector opened.

Pin connections: Open the Collector, apply a desired voltage to the Emitter, and connect the Base to
ground (see next figure).

Intended results: Measure the Emitter-Base cut-off current.

Figure 26: Three_term_npnBJT_IEBO pin connection
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IEBO ITM
Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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IECO

Description:

Module Name: IECO

DUT: Three-terminal npnBJT

Function: Tests the Emitter-Collector current with the Base opened.

Pin connections: Open the Base, and apply a desired voltage to the Emitter. The Emitter is typically
connected to ground, if voltage is not applied (see next figure).

Intended results: Measure the Emitter-Collector current.

Figure 27: Three_term_npnBJT_IECO pin connection
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Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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leVeb

Description:

Module Name: leVeb
DUT: Three-terminal npnBJT
Function: Tests the Emitter current of the npnBJT with a specified sweeping Emitter voltage.

Pin connections: Share the Base connection, apply a sweep voltage to the Emitter, and apply a bias
voltage to the Collector. Connect the Base to ground, if voltage is not applied (see next figure).

Intended results:
® Measure the Emitter current based on the Emitter voltage sweep
e Measure the leVeb curves

Figure 28: Three_term_npnBJT_leVeb pin connection
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Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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VBCO

Description:

Module Name: VBCO

DUT: Three-terminal npnBJT

Function: Tests the Base-Collector voltage of the npnBJT with the Emitter opened.

Pin connections: Open the Emitter, and apply a current to the Base. The Emitter usually connects to
ground, but can be set to the desired bias voltage (see next figure).

Intended results: Measure the Base-Collector voltage.

Figure 29: Three_term_npnBJT_VBCO pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
VBCO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

ACSBASIC-908-01 Rev. A/ August 2012 2-29



Section 2: Device Library ACS Basic Libraries Reference Manual

VCE

Description:

Module Name: VCE

DUT: Three-terminal npnBJT

Function: Tests the Collector-Emitter voltage the npnBJT.

Pin connections: Apply a voltage to the Base, set the Collector current to a desired level, and connect
the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter voltage.

Figure 30: Three_term_npnBJT_VCE pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
VCE General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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npnPowerBJT library

npnPowerBJT overview

The npnPowerBJT library components are located in the following directory:
\WACS_BASIC\library\devLibrary\npnPowerBJT

This npnPowerBJT parametric library is used to test parameters of a npn-type power BJT, including
leakage, breakdown, gain, on-state, and characteristic curves.
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npnPowerBJT parametric library
BvVCBO

Description:

Module Name: BVCBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Base breakdown voltage with the Emitter opened. The voltage is
measured with a specific Collector current that is given in the data sheet.

Pin Connections: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Base. The Emitter is open or has no current bias from a SMU (see next figure).

Figure 31: npnPowerBJT BVCBO pin connection
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BVCEO

Description:

Module Name: BVCEO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter breakdown voltage with the Base opened. The voltage is
measured with a specific Collector current that is given in the data sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Emitter. The Base is opened or has no current bias from a SMU.

Figure 32: npnPowerBJT BVCEO pin connection
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BVEBO

Description:

Module Name: BVEBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Emitter-Base breakdown voltage with the Collector opened. The voltage is
measured with a specific Base current or Emitter current in reverse direction that is given in the data
sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Base to Emitter. The Collector is opened or has no current bias from a SMU.

Figure 33: npnPowerBJT BVEBO pin connection
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HFE

Description:

Module Name: HFE

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter static forward current transfer ratio with the output voltage
(Vce) held constant (HFE = Ic/Ib).

Pin Connection: Two SMUs are used. One SMU applies voltage bias and takes current
measurements from the Collector to Emitter. The other SMU applies a current sweep at the Base.

Figure 34: npnPowerBJT HFE pin connection
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ICBO

Description:

Module Name: ICBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Base cut-off current. Measures the current on the Collector with a
reverse bias on the Collector-Base and with the Emitter opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Base. The Emitter is opened or has no current bias from a SMU.

Figure 35: npnPowerBJT ICBO pin connection
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ICEO

Description:

Module Name:ICEO

Test Type:ITM

Instrument:KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter cut-off current with the Base opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Emitter. The Base is opened or has no current bias from a SMU.

Figure 36: npnPowerBJT ICEO pin connection
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ICES

Description:

Module Name: ICES

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter cut-off current with the Base short-circuited to the Emitter.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Emitter. The Base is shorted to the Emitter, or has no voltage bias from the other
SMU.

Figure 37: npnPowerBJT ICES pin connection
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ICEV

Description:

Module Name: ICEV

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter cut-off current with a reverse bias on the Emitter-Base.

Pin Connection: Two SMU are used. One SMU applies voltage and takes current measurements from
the Collector to Emitter. The Base is biased with a specified voltage from the other SMU.

Figure 38: npnPowerBJT ICEV pin connection
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IcVce_Steplb

Description:

Module Name: IcVce_Steplb

Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a current step at the Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a current step to the Base.

Figure 39: npnPowerBJT IcVce_Steplb pin connection
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IcVce_StepVbe

Description:

Module Name: IcVce_Steplb

Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a voltage step at the
Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a voltage step to the Base.

Figure 40: npnPowerBJT IcVce_StepVbe pin connection
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IEBO

Description:

Module Name: IEBO

Test Type: ITM

Instrument: KI2600B

DUT: Three-terminal npnPowerBJT

Function: Determines the Emitter-Base cut-off current. Measures the current on the Emitter with
reverse bias on the Emitter-Base and with the Collector opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Base to Emitter. The Collector is opened or has no current bias from a SMU.

Figure 41: npnPowerBJT IEBO pin connection
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VbeON

Description:

Module Name: VbeON

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal npnPowerBJT

Function: Determines the on voltage of the Base-Emitter when the BJT is in the active region. The
voltage is measured with the Base-Emitter forward biased and the Collector-Emitter voltage higher
than the VceSAT.

Pin Connection: Two SMUs are used. One SMU applies a current sweep and takes voltage
measurements from the Base to Emitter. The other SMU applies a voltage bias to the Collector.

Figure 42: npnPowerBJT VbeON pin connection
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VbeSAT

Description:

Module Name: VbeSAT

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal npnPowerBJT

Function: Determines the Base-Emitter saturation voltage. The voltage is measured at a specific
Base current and a Collector current that is given in the data sheet to ensure that both the Emitter-
Base and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Base to Emitter. The other SMU applies a current bias to the Collector.

Figure 43: npnPowerBJT VbeSAT pin connection
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VceSAT

Description:

Module Name: VceSAT

Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured at a specific
Base current and Collector current that is given in the data sheet to ensure that both the Emitter-Base
and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies a current bias to the Base.

Figure 44: npnPowerBJT VceSAT pin connection
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VCESUS

Description:

Module Name: VCESUS

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter sustaining voltage with the Base opened. The voltage is
measured at a specific Collector current that is given in the data sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Emitter. The Base is opened or has no current bias from a SMU.

Figure 45: npnPowerBJT VCESUS pin connection
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VceSAT_MIX

Description:

Module Name: VceSAT_MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU.
DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured at a specific
Base current and Collector current that is given in the data sheet to ensure that both the Emitter-Base
and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies a current bias to the Base.

Figure 46: npnPowerBJT VceSAT_MIX pin connection
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IcVce_Steplb_MIX

Description:

Module Name: IcVce_Steplb_MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a current step at the Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a current step to the Base.

Figure 47: npnPowerBJT IcVce_Steplb_MIX pin connection
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IcVce_StepVbe_ MIX

Description:

Module Name: IcVce_StepVbe

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal npnPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a voltage step on the
Emitter-Base junction.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a voltage step to the Base-
Emitter junction

Figure 48: npnPowerBJT IcVce_StepVbe_MIX pin connection
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pnpBJT library

pnpBJT device overview

The pnpBJT device library components are located in the following directory:
\ACS_BASIC\library\devLibrary\pnpBJT

The pnpBJT device parametric library is used to test parameters of a pnp-type BJT, including
leakage, breakdown, gain, on-state and characteristic curves.
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pnpBJT parametric library
BvVCBO

Description:

Module Name: BVCBO

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Base breakdown voltage of the pnpBJT device with the Emitter opened.

Pin connections: Open the Emitter, apply a desired current to the Collector, and connect the Base to
ground (see next figure).

Intended results: Measure the Collector-Base breakdown voltage.

Figure 49: Three_term_pnpBJT_BVCBO pin connection
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BVCEI

Description:
Module Name: BVCEI
DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter breakdown voltage of the pnpBJT device with a bias Base-
forced current.

Pin connections: Apply a desired current to the Collector, and set the Base bias current (emitters
usually connect to ground)(see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 50: Three_term_pnpBJT_BVCEI pin connection
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BVCEO

Description:

Module Name: BVCEO

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter breakdown voltage with the Base opened.

Pin connections: Open the Base, and apply a desired current to the Collector. The Emitter should be
connected to ground (see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 51: Three_term_pnpBJT_BVCEO pin connection
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BVCEV

Description:

Module Name: BVCEV

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter breakdown voltage with the Base forced with a voltage bias.

Pin connections: Apply a desired current to the Collector, set the Base with a bias voltage, and
connect the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter breakdown voltage.

Figure 52: Three_term_pnpBJT_BVCEV pin connection
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BVEBO

Description:

Module Name: BVEBO

DUT: Three-terminal pnpBJT

Function: Tests the Emitter-Base breakdown voltage of the pnpBJT device with the Collector opened.

Pin connections: Open the Collector, set the Emitter at a desired current, and connect the Base to
ground (see next figure).

Intended results: Measure the Emitter-Base breakdown voltage.

Figure 53: Three_term_pnpBJT_BVEBO pin connection
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BVECO

Description:

Module Name: BVECO

DUT: Three-terminal pnpBJT

Function: Tests the Emitter-Collector breakdown voltage of the pnpBJT device with the Base opened.

Pin connections: Open the Base, apply a desired current to the Emitter, and connect the Collector to
ground (see next figure).

Intended results: Measure the Emitter-Collector breakdown voltage.

Figure 54: Three_term_pnpBJT_BVECO pin connection
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HFE

Description:

Module Name: HFE

DUT: Three-terminal pnpBJT

Function: Tests the HFE (DC current gain) of the pnpBJT device with a Collector voltage sweep.

Pin connections: Sharing the Emitter connection, apply a sweep voltage on the Collector, and apply a
bias voltage to the Base (see next figure):

e Force collectorV sweep

e Measure lb and Ic

® Check for measurement problems

e (Calculate HFE= Ic/Ib

Intended results: Measure the Collector current, Base current, and DC current gain based on the
Collector sweep voltage.

Figure 55: Three_term_pnpBJT_HFE_sw pin connection
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IBCO

Description:

Module Name: IBCO

DUT: Three-terminal pnpBJT

Function: Tests the Base-Collector current with the Emitter opened.

Pin connections: Open the Emitter, apply a voltage to the Base, and apply a voltage to the Collector
(if not connected to ground)(see next figure).

Intended results: Measure the Base-Collector current.

Figure 56: Three_term_pnpBJT_IBCO pin connection
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IBEO

Description:

Module Name: IBEO

DUT: Three-terminal pnpBJT

Function: Test the Base-Emitter current with the Collector opened.

Pin connections: Open the Collector and apply a voltage to the Base and Emitter (if not connected to
ground)(see next figure).

Figure 57: Three_term_pnpBJT_IBEO pin connection
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IblcVbe

Description:
Module Name: IblcVbe
DUT: Three-terminal pnpBJT

Function: Tests the Base current and Collector current of the pnpBJT device with a specified Base
voltage sweep.

Pin connections: Sharing the Emitter connection, apply a sweep voltage to the Base, and apply a bias
voltage to the Collector. The Emitter is typically connected to ground, but can be set to a desired bias
voltage (see next figure).

Intended results:

e Measure the Base current and Collector current of the pnpBJT device
e Measure the IbVbe and IcVbe curves

e Measure the gummel plot if the axis properties of the data plot have changed (the logarithm
instead of right-angle coordinate).

Figure 58: Three_term_pnpBJT_lblcvbe pin connection
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IbVbe

Description:

Module Name: IbVbe

DUT: Three-terminal pnpBJT

Function: Tests the Base current of the pnpBJT device with a specified Base voltage sweep.

Pin connections: Sharing the Emitter connection, apply a sweep voltage to the Base, and apply a bias
voltage to the Collector. The Emitter is typically connected to ground, but can be set to a desired bias
voltage (see next figure).

Intended results:
® Measure the Base current based on the Base voltage sweep
e Measure the IbVbe curve
Figure 59: Three_term_pnpBJT_lbVbe pin connection
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ICBO

Description:

Module Name: ICBO

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Base cut off current with the Emitter opened.

Pin connections: Open the Emitter, apply a desired voltage to the Collector, and connect the Base to
ground (see next figure).

Intended results: Measure the Collector-Base to cut off current.

Figure 60: Three_term_pnpBJT_ICBO pin connection
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ICEO

Description:

Module Name: ICEO

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter cut off current with the Base opened.

Pin connections: Open the Base, apply a desired voltage to the Collector, and connect the Emitter to
ground (see next figure).

Intended results: Measure the Collector-Emitter to cut off current.

Figure 61: Three_term_pnpBJT_ICEO pin connection
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ICEV

Description:

Module Name: ICEV

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter cut off current with the Base voltage biased.

Pin connections: Apply a desired voltage to the Collector, apply a voltage bias to the Base, and
connect the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter to cut off current.

Figure 62: Three_term_pnpBJT_ICEV pin connection
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IcVcb

Description:

Module Name: IcVcb

DUT: Three-terminal pnpBJT

Function: Tests the Collector current of the pnpBJT device with a specified Collector voltage sweep.

Pin connections: Sharing the Base connection, apply a sweep voltage to the Collector, and apply a
bias voltage to the Emitter (see next figure).

Intended results: Measure the Collector current based on the Collector voltage sweep.

Figure 63: Three_term_pnpBJT_lcVcb pin connection
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IcVce_Biaslb

Description:

Module Name: IcVce_Biaslb

DUT: Three-terminal pnpBJT

Function: Collects an IcVce curve of a pnpBJT device at a fixed Base current.

Pin connections: Sharing the Emitter connection (connect Emitter to ground), bias the Base current,
and sweep the Collector voltage (see next figure).

Intended results:
e Measure the Collector current based on the Base bias current and Collector sweep voltage
e Measure the IcVce curve

Figure 64: Three_term_pnpBJT_IlcVce_Biaslb pin connection
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IcVce_BiasVb

Description:

Module Name: IcVce_BiasVb

DUT: Three-terminal pnpBJT

Function: Collects an IcVce curve of a pnpBJT device at a fixed Base voltage.

Pin connections: Sharing the Emitter connection (connect Emitter to ground), bias the Base voltage,
and sweep the Collector voltage (see next figure).

Intended results:
e Measure the Collector current based on the Base bias voltage and the Collector sweep voltage
e Measure the IcVce curve

Figure 65: Three_term_pnpBJT_lcVce_BiasVb pin connection
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IcVce_Steplb

Description:

Module Name: IcVce_Steplb

DUT: Three-terminal pnpBJT

Function: Tests a series of IcVce curves of the pnpBJT device when stepping the Base current.

Pin connections: Sharing the Emitter connection (connect Emitter to ground), step the Base current,
and sweep the Collector voltage (see next figure).

Intended results:
e Measure the Collector current based on the Base step current and the Collector sweep voltage
e Measure the series of IcVce curves with a Base current step

Figure 66: Three_term_pnpBJT_lcVce_Steplb pin connection
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IcVce_StepVb

Description:

Module Name: IcVce_StepVb

DUT: Three-terminal pnpBJT

Function: Tests a series of IcVce curves of the pnpBJT device when stepping the Base voltage.

Pin connections: Sharing the Emitter connection (connect Emitter to ground), step the Base voltage,
and sweep the Collector voltage (see next figure).

Intended results:
o Measure the Collector current based on Base step and the Collector sweep voltage
e Measure the series of IcVce curves with a Base voltage step

Figure 67: Three_term_pnpBJT_IcVce_StepVb pin connection
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IEBO

Description:

Module Name: IEBO

DUT: Three-terminal pnpBJT

Function: Tests the Emitter-Base cut off current with the Collector opened.

Pin connections: Open the Collector, apply a desired voltage to the Emitter, and connect the Base to
ground (see next figure).

Intended results: Measure the Emitter-Base cut-off current.

Figure 68: Three_term_pnpBJT_IEBO pin connection
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IECO

Description:

Module Name: IECO

DUT: Three-terminal pnpBJT

Function: Tests the Emitter-Collector current with the Base opened.

Pin connections: Open the Base, and apply a desired voltage to the Emitter. The Collector is typically
connected to ground, if voltage is not applied (see next figure).

Intended results: Measure the Emitter-Collector current.

Figure 69: Three_term_pnpBJT_IECO pin connection
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leVeb

Description:

Module Name: leVeb

DUT: Three-terminal pnpBJT

Function: Tests the Emitter current of the pnpBJT device with a specified Emitter voltage sweep.

Pin connections: Sharing the Base connection, apply a sweep voltage on the Emitter, and apply a
bias voltage on the Collector. Connect the Base to ground, if voltage is not applied (see next figure).

Intended results:
® Measure the Emitter current based on the Emitter voltage sweep
e Measure the leVeb curves

Figure 70: Three_term_pnpBJT_leVeb pin connection
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VBCO

Description:

Module Name: VBCO

DUT: Three-terminal pnpBJT

Function: Tests the Base-Collector voltage of the pnpBJT device with the Emitter opened.

Pin connections: Open the Emitter, and apply a current to the Base. The Collector usually connects to
ground, but can be set to the desired bias voltage (see next figure).

Intended results: Measure the Base-Collector voltage.

Figure 71: Three_term_pnpBJT_VBCO pin connection
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VCE

Description:

Module Name: VCE

DUT: Three-terminal pnpBJT

Function: Tests the Collector-Emitter voltage of the pnpBJT device.

Pin connections: Apply a voltage to the Base, set the Collector current to the desired level, and
connect the Emitter to ground (see next figure).

Intended results: Measure the Collector-Emitter voltage.

Figure 72: Three_term_pnpBJT_VCE pin connection
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VCE General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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pnpPowerBJT library

pnpPowerBJT overview

The pnpPowerBJT library components are located in the following directory:
\WACS_BASIC\library\devLibrary\pnpPowerBJT

The pnpPowerBJT parametric library is used to test parameters of a pnp-type power BJT, including
leakage, breakdown, gain, on-state and characteristic curves.
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pnpPowerBJT library
BvVCBO

Description:

Module Name: BVCBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector Base breakdown voltage with the Emitter opened. The voltage is
measured with a specific Collector current that is given in the data sheet.

Pin Connections: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Base. The Emitter is open or has no current bias from a SMU (see next figure).

Figure 73: pnpPowerBJT BVCBO pin connection
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BVCEO

Description:

Module Name: BVCEO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter breakdown voltage with the Base opened. The voltage is
measured with a specific Collector current that is given in the data sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Emitter. The Base is open, or has no current bias from a SMU.

Figure 74: pnpPowerBJT BVCEO pin connection
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BVEBO

Description:

Module Name: BVEBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Emitter-Base breakdown voltage with the Collector opened. The voltage is
measured with a specific Base current or Emitter current in a reverse direction that is given in the
data sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Base to Emitter. The Collector is open, or has no current bias from a SMU.

Figure 75: pnpPowerBJT BVEBO pin connection
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HFE

Description:

Module Name: HFE

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter static forward current transfer ratio with the output voltage
(Vce) held constant (HFE = Ic/Ib).

Pin Connection: Two SMUs are used. One SMU applies voltage bias and takes current
measurements from the Collector to Emitter. The other SMU applies a current sweep to the Base.

Figure 76: pnpPowerBJT HFE pin connection
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ICBO

Description:

Module Name: ICBO

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Base cut-off current. Measures the current on the Collector by
reverse biasing the Collector-Base and with the Emitter opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Base. The Emitter is open.

Figure 77: pnpPowerBJT ICBO pin connection
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ICEO

Description:

Module Name:ICEO

Test Type:ITM

Instrument:KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter cut-off current with the Base opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Emitter. The Base is open, or has no current bias from a SMU.

Figure 78: pnpPowerBJT ICEO pin connection
) .
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ICES

Description:

Module Name: ICES

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter cut-off current with the Base shorted to the Emitter.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
Collector to Emitter. The Base is shorted to the Emitter, or has no voltage bias from the other SMU.

Figure 79: pnpPowerBJT ICES pin connection
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ICEV

Description:

Module Name: ICEV

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter cut-off current with reverse biasing at the Emitter-Base
junction.

Pin Connection: Two SMUs are used. One SMU applies voltage and takes current measurements
from the Collector to Emitter. The Base is biased with a specified voltage from the other SMU.

Figure 80: pnpPowerBJT ICEV pin connection
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IcVce_Steplb

Description:

Module Name: IcVce_Steplb

Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with the current step at the
Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a current step to the Base.

Figure 81: pnpPowerBJT IcVce_Steplb pin connection
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IcVce_StepVbe

Description:

Module Name: IcVce_StepVbe
Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a voltage step at the
Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a voltage step to the Base-
Emitter junction.

Figure 82: pnpPowerBJT IcVce_StepVbe pin connection
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IEBO

Description:

Module Name: IEBO

Test Type: ITM

Instrument: KI2600B

DUT: Three-terminal pnpPowerBJT

Function: Determines the Emitter-Base cut-off current. Measures the current on the Emitter by
reverse biasing the Emitter-Base junction with the Collector opened.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Base to Emitter. The Collector is open, or has no current bias from a SMU.

Figure 83: pnpPowerBJT IEBO pin connection

C

SMU \
E®

2-86 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

VbeON

Description:

Module Name: VbeON

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal pnpPowerBJT

Function: Determines the Base-Emitter junction on voltage when the BJT is in an active region. The
voltage is measured with the Base-Emitter junction forward biased and the Collector Emitter voltage
higher than the VceSAT.

Pin Connection: Two SMUs are used. One SMU applies a current sweep and takes voltage
measurements from the Base to Emitter. The other SMU applies a voltage bias to the Collector.

Figure 84: pnpPowerBJT VbeON pin connection
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VbeSAT

Description:

Module Name: VbeSAT

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal pnpPowerBJT

Function: Determines the Base-Emitter saturation voltage. The voltage is measured at a specific
Base current and Collector current that is given in the data sheet to ensure that both the Emitter-Base
and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Base to Emitter. The other SMU applies current bias to the Collector.

Figure 85: pnpPowerBJT VbeSAT pin connection
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VceSAT

Description:

Module Name: VceSAT

Test Type: ITM

Instrument: 2651A, 2600B

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured at a specific
Base current and Collector current that is given in the data sheet to ensure that both the Emitter-Base
and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies current bias to the Base.

Figure 86: pnpPowerBJT VceSAT pin connection
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VCESUS

Description:

Module Name: VCESUS

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter sustaining voltage with the Base opened. The voltage is
measured at a specific Collector current that is given in the data sheet.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements from
the Collector to Emitter. The Base is open, or has no current bias from a SMU.

Figure 87: pnpPowerBJT VCESUS pin connection
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VceSAT_MIX

Description:

Module Name: VceSAT_MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured at a specific
Base current and Collector current that is given in data sheet to ensure that both the Emitter-Base
and Collector-Base junctions are forward biased.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies current bias to the Base.

Figure 88: pnpPowerBJT VceSAT_MIX pin connection
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IcVce_Steplb_MIX

Description:

Module Name: IcVce_Steplb_MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a current step at the Base.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes voltage
measurements from the Collector to Emitter. The other SMU applies current step to the Base.

Figure 89: pnpPowerBJT IcVce_Steplb_MIX pin connection
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IcVce_StepVbe_ MIX

Description:

Module Name: IcVce_StepVbe MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal pnpPowerBJT

Function: Determines the Collector-Emitter output characteristic curve with a voltage step on the
Emitter-Base junction.

Pin Connection: Two SMUs are used. One SMU applies a voltage sweep and takes current
measurements from the Collector to Emitter. The other SMU applies a voltage step to the Base-
Emitter junction.

Figure 90: pnpPowerBJT IcVce_StepVbe_MIX pin connection
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NnMOSFET parametric library

NnMOSFET parametric library overview
The nMOSFET library components are located in the following directories:
\ACS_BASIC\library\dev_libraryAnMOSFET
\ACS_BASIC\library\dev_library\AnMOSFET\WLR _script\

The nMOSFET parameter library is used to test some parameters of a n-type power MOSFET,
including leakage, breakdown, gain, on-state and characteristic curves.

The WLR script library provides certain wafer-level reliability tests on devices with Series 2600B
instruments, with an XRC GUI. Note that the HCI module is a test script file based on the Series
2600B LPT library and is available in this library. .
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NMOSFET parametric library
BVDSS

Description:

Module Name: BVDSS

DUT: Four-terminal NMOSFET

Function: Tests the Drain-Source breakdown voltage of the nMOSFET with the Gate-Source shorted.

Pin connections: Apply a breakdown current on the Drain. Connect the bulk to ground, or force the
voltage to zero. Connect the Gate and Source to ground, or you can force the voltage to zero (see
next figure).

Intended results: Measure the breakdown voltage between the Drain and Source with the Gate-
Source shorted.

Figure 91: nMOSFET_BVDSS pin connection
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ACSBASIC-908-01 Rev. A/ August 2012 2-95



Section 2: Device Library ACS Basic Libraries Reference Manual

BVDSV

Description:

Module Name: BVDSV

DUT: Four-terminal NMOSFET

Function: Tests the Drain-Source breakdown voltage of the nMOSFET with the Gate biased.

Pin connections: Connect the Source and bulk to ground. With the Gate biased, apply a breakdown
current on the Drain (see next figure).

Intended results: Measure the breakdown voltage between the Drain and Source with the Gate

biased.
Figure 92: Four_term_nMOSFET_BVDSV pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVDSV General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGSO

Description:

Module Name: BVGSO

DUT: Four-terminal NMOSFET

Function: Tests the Gate-Source breakdown voltage of the nMOSFET with the Drain opened.

Pin connections: Open the Drain, and connect the bulk and Source to ground. Apply a breakdown
current on the Gate (see next figure).

Intended results: Measure the breakdown voltage between the Gate and Source with the Drain

opened.
Figure 93: Four_term_nMOSFET_BVGSO pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGSO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGDS

Description:

Module Name: BVGDS

DUT: Four-terminal NMOSFET

Function: Tests the Gate-Drain breakdown voltage of the nMOSFET with the Source-Drain shorted.

Pin connections: Connect the Source, bulk, and Drain to ground. Apply a breakdown current on the
Gate (see next figure).

Intended results: Measure the breakdown voltage between the Gate and Drain with the Source-Drain

shorted.
Figure 94: Four_term_nMOSFET_BVGDS pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGDS General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGDO

Description:

Module Name: BVGDO

DUT: Four-terminal NMOSFET

Function: Tests the Gate-Drain breakdown voltage of the nMOSFET with the Source opened.

Pin connections: Open the Source, and connect the bulk and Drain to ground. Apply a breakdown
current on the Gate (see next figure).

Intended results: Measure the breakdown voltage between the Gate and Drain when the Source is

open.
Figure 95: Four_term_nMOSFET_BVGDO pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGDO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IDL

Description:
Module Name: IDL

Function: Measures the Drain leakage current with the Gate-Source shorted.

Pin connections: Short the Gate and Source. Apply a voltage to the Drain, and connect the bulk,
Gate, and Source to ground (see next figure).

Intended results: Measure the Drain leakage current with the Gate-Source shorted.

Figure 96: Four_term_nMOSFET_IDL pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IDL General Test Module

Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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IDS_ISD

Description:

Module Name: IDS_ISD

DUT: Four-terminal NMOSFET

Function: Measures the Drain-Source and Source-Drain current with the Gate biased.

Pin connections: Apply a separate voltage on the Gate, Source, and Drain. The bulk is typically
connected to ground, but can be set to a desired bias voltage (see next figure).

Intended results: Measure the Drain-Source and Source-Drain current with the Gate biased.
Figure 97: Four_term_nMOSFET_IDS_ISD pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IDS_ISD General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdVd_BiasVg

Description:

Module Name: |dVd_BiasVg

DUT: Four-terminal NMOSFET

Function: Tests the Drain current during a specified Drain voltage sweep.

Pin connections: Apply a voltage bias to the Gate, and sweep the Drain. Connect the bulk and Source
to ground, if voltage is not applied (see next figure).

Intended results:
e Measure the Drain current during a specified Drain voltage sweep
e Measure the Drain current and the Drain voltage curve

Figure 98: Four_term_nMOSFET_IdVd_BiasVg pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVd_BiasVg General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdvVd_StepVg

Description:
Module Name: IdVd_StepVg
DUT: Four-terminal NMOSFET

Function: Tests a series of IdVd curves for a four-terminal nNMOSFET device that executes tests on
the Series 2600B instruments.

Pin connections: Sweep the Drain, and step the Gate. Connect the bulk and Source to ground, if
voltage is not applied (see next figure).

Intended results:

e Measure the Drain current during a specified Drain voltage sweep
® Measure the series of Drain current tests and the Drain voltage curve

Figure 99: Four_term_nMOSFET_IldVd_StepVg pin connection
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Instrument: Keithley Instruments Series 2400 SMU
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IdVg_BiasVd

Description:

Module Name: IdVg_BiasVd

DUT: Four-terminal NMOSFET

Function: Tests the Drain current during a specified Gate voltage sweep.

Pin connections: Apply a voltage bias to the Drain, and sweep the Gate. Connect the bulk and Source
to ground, if voltage is not applied (see next figure).

Intended results:

e Measure the Drain current at the Gate voltage sweep
® Measure the Drain current and the Gate voltage curve

Figure 100: Four_term_nMOSFET_IldVg_BiasVd pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVg_BiasVd General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

2-104 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

IdVg_StepVd

Description:

Module Name: IdVg_StepVd

DUT: Four-terminal NMOSFET

Function: Tests the Drain current during a specified Gate voltage sweep with the Drain step.

Pin connections: Step the Drain, and sweep the Gate. Connect the bulk and Source to ground, if
voltage is not applied (see next figure).

Intended results:

e Measure the Drain current during a Gate voltage sweep
e Measure a series of Drain currents and a Gate voltage curve

Figure 101: Four_term_nMOSFET_IdVg_StepVd pin connection
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Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
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Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdVg_StepVsub

Description:

Module Name: IdVg_StepVsub

DUT: Four-terminal NMOSFET

Function: Tests the Drain current during a specified Gate voltage sweep with a bulk step.

Pin connections: Step the bulk, sweep the Gate, and apply a voltage bias to the Drain. Connect the
Source to ground, if voltage is not applied (see next figure).

Intended results:
e Measure the Drain current during a Gate voltage sweep
e Measure a series of Drain currents and a Gate voltage curve

Figure 102: Four_term_nMOSFET_IldVg_StepVsub pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVg_StepVsub General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IGL

Description:

Module Name: IGL

DUT: Four-terminal NMOSFET

Function: Measures the Gate leakage current with the Source-Drain shorted.

Pin connections: Apply voltage to the Gate, and connect the Source, Drain, and bulk to ground (see
next figure).

Intended results: Measure the Gate leakage current when the Source and Drain are shorted.

Figure 103: Four_term_nMOSFET_IGL pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IGL General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IgvVg

Description:

Module Name: IgVg

DUT: Four-terminal NMOSFET

Function: Tests the Gate current during a specified Gate voltage sweep when the Drain is biased.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate. Connect the bulk and Source
to ground (see next figure).

Intended results:

e Measure the Gate current during a Gate voltage sweep
e Measure the Gate current and Gate voltage curve

Figure 104: Four_term_nMOSFET_IgVg pin connection
D SMU

SMU
Sweep Se

3 ‘

IlgVg ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IgVg General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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ISL

Description:

Module Name: ISL

DUT: Four-terminal NMOSFET

Function: Measures the Source leakage current when the Gate-Drain is shorted.

Pin connections: Apply a voltage to the Source. Connect the bulk, Gate, and Drain to ground (see
next figure).

Intended results: Measure the Source leakage current when the Gate-Drain is shorted.

Figure 105: Four_term_nMOSFET_ISL pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
ISL General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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Vtci

Description:

Module Name: Vtci

DUT: Four-terminal NMOSFET

Function: Determines the constant current threshold voltage of the nMOSFET device.

Pin connections: Apply a voltage bias to the Drain, and sweep the Gate. The input of the Source and
bulk voltage are usually connected to ground for NMOS, and connected to the normal power supply
voltage (VDD) for PMOS (see next figure).

Procedure: The constant current threshold voltage:

Vth ci=VGS (QID=1uA.W/L) -- NMOS
Vth ci=VGS (QID=-0.025uA.W/L) -- PMOS

Where W and L are the Gate width and Gate length as printed on the wafer. Set a target Drain
current Id_tar (Id_tar=1uA.W/L, or -0.025uA.W/L), which is the sign to be near threshold, then search
the Gate voltage to make the Drain current equal to Id_tar.

NOTE

The Four term nMOSFET Vth ci measurement procedure must determine vth ci to within a1
mV resolution. If the VGS step size is larger than 1 mV, then a linear interpolation method may be
used to achieve the 1 mV resolution.

Typical DC bias voltages for vth _ci measurements are VDS = VDS 1lin, VBS = VBB for linear
region measurement, or VDS = VDS sat, (VBS = VBB for saturation region measurement).
Typically, for PMOS, vDS_1in = -0.1 V(QVDD=5V); for NMOS, VDS 1in=0.1V (QVDD=5V).

Intended results:

e Measure the constant current threshold voltage
e Measure the Drain current and the Gate voltage curve

Figure 106: Four_term_nMOSFET_Vtci pin connection
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Vtci ITM
Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU

Vtci General Test Module
Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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Vtext

Description:

Module Name: Vtext

DUT: Four-terminal NMOSFET

Function: Determines the threshold voltage while measuring the maximum slope.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate voltage. Input the Source and
bulk voltage when needed. Usually, they are connected to ground for NMOS, and connected to the
normal power supply voltage (VDD) for PMOS (see next figure).

Procedure: The threshold voltage is extrapolated from the measurement of the maximum slope
(Gmmax) of the ID-VGS curve:
Vth ex=VGS (Q@Gmmax)-ID(@Gmmax) /Gmmax

Where: VGS @Gmmax) is the Gate voltage at the point of the maximum slope of the ID-VGS curve;
ID (@Gmmax) is the Drain current at the point of the maximum slope of the ID-VGS curve; Gmmax is
the maximum slope of the ID-VGS curve.

NOTE

DC bias voltages for vth ex measurements are VDS = VDS lin, VBS = VBB for linear
measurement.

VDS=VDS_sat, VBS=VBB for saturation. Typically, for PMOS, vDS 1in = -0.1 V(@VDD=5V); for
NMOS, vDS 1in=0.1V (@VDD=5V).

Intended results:

e Measure the Drain current during a Gate voltage sweep

e Extract the trans-conductance (Gm) and measure the maximum trans-conductance (Gmmax)
e Measure the extracted threshold voltage (Vth_ex)

® Measure the Drain current and the Gate voltage curve

e Measure the Gm Drain current or the Gm Gate voltage curve

Figure 107: Four_term_nMOSFET_Vtext pin connection

D SMU
B
+
G |
SMU '
Sweep S

o2 1

2-112 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

Vtext ITM
Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU

Vtext General Test Module
Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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Vtext_lisq

Description:

Module Name: Vtext_lIsq

Module Type: Standard STM

Instrument: Keithley Instruments Series 2600B SMU
DUT: Four-terminal NMOSFET

Function: Extracts the threshold voltage from the measurement of the slope. In this test, the least-
square approximation is used as the result.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate voltage. Input the Source and
bulk voltage when needed. Typically, they are connected to ground for NMOS, and connected to the
normal power supply voltage (VDD) for PMOS (see next figure).

Procedure: The threshold voltage is extrapolated from the measurement of the maximum slope
(Gmmax) of the IDVGS curve:

Vth ex=VGS (Q@Gmmax)-ID(CGmmax)/Gmmax

Where: VGS (@Gmmax) is the Gate voltage at the point of the maximum slope of the IDVGS curve;
ID (@Gmmax) is the Drain current at the point of the maximum slope of the IDVGS curve; Gmmax is
the maximum slope of the IDVGS curve.

NOTE

DC bias voltages for vth ex measurements are VDS = VDS 1lin, VBS = VBB for linear
measurement.

VDS=VDS sat,VBS = VBB for saturation. Typically, for PMOS, vDS 1in = -0.1 V(@VDD = 5V);
for NMOS,vDS 1in = 0.1V (@QVDD = 5V).

Intended results:

e Measure the Drain current at the Gate voltage sweep

e Extract the trans-conductance (Gm) and extract the maximum trans-conductance (Gmmax)
e Measure the extracted threshold voltage (Vth_ex)

® Measure the Drain current and the Gate voltage curve

e Measure the Gm Drain current or the Gm Gate voltage curve

Figure 108: Four_term_nMOSFET_Vtext_lIsq pin connection
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NMOSFET WLR script library overview

The WLR script components are located in the following directory:
C:\ACS\library\devLibraryAnMOSFET\WLR _script\tsp\HCI

nMOSFET WLR script library command
nMOSFET HCI

Description:

Pin connection: A four-terminal nMOSFET is considered in this test. Source and bulk could be
connected to ground manually and two to four SMUs are needed. The test consists of a TEST and a
STRESS.

The stress time setting: linear/logarithmic/input-array is supported according to a different time mode
determined by the user. Addtionally, the Gate current can also be monitored during stress.

Supported tests:

Threshold voltage ‘Vtex’' / ‘Vtic’, maximum conductance ‘gm’ and linear Drain current ‘Id_lin’ tests. If
start Gate voltage ‘Vg_start’ is not empty, this test will be performed. If Id_target is not empty, Vtic (Vt
extracted by constant current method) will be provided instead of Vtex (Vt extracted by maximum gm
method).

Saturate Drain current ‘Id_sat’ test. If saturate Drain voltage ‘Vd_sat’ is not empty, measure:
Id sat@vd=vd sat, Vg=Vd sat.

Drain leakage current ‘Id_leak’ test. If Drain leakage voltage ‘Vd_leak’ is not empty, measure:
Id leak@vd=vd leak, Vg=Vb.

Gate leakage current 'lg_leak' test. If Gate leakage voltage ‘Vg_leak’ is not nil, measure:
Ig leak@vg=Vg leak, Vd=Vs.

NOTE

The test will stop if a parameter exceeds its preset limit, or the period (set by the user) is completed.

Intended outputs:

"Time' --- stress time section

'Vtci', 'Vtex', 'gm’, 'Id_lin', 'ld_sat', 'ld_leak’, 'lg_leak’
--- absolute value of measured parameters

'Vici_shift', 'Vtex_shift', 'gm_shift', 'ld_lin_shift', 'ld_sat_shift', 'ld_leak_shift' and 'lg_leak_shift'
--- relative shift of measured parameter

‘Idi’ and “Vgi’' (1 =1,2,3) --- Id_Vg curves
‘Ig’ and ‘Ig_time’ --- monitored Gate leakage current and time during stress
Syntax:

HCI(t_mode, t_ max, npdec_delta, time_input, SSMU, BSMU, GSMU, DSMU, myNPLC, VSS,
S _comp, VBB, B_comp, Id_Vg, Vg_start, Vg_stop, Vg_points, G_comp, Vd_lin, D_comp,
Id_target, Vd_sat, Vd_leak, Vg_leak, Abort_shift, Abort_Vt, Abort_Ig, time_interval, Vg_stress,
Vd_stress, Vb_stress, G_stress_comp, D_stress _comp).

INPUTS:

integer t mode=0 in [0,2] --0: linear 1: logarithmic 2: take input time array
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integer t max=1000 in [O,]

integer npdec delta=3 in

instid SSMU=KI GND

instid BSMU=KI GND

instid GSMU=SMUl
instid DSMU=SMU2

double myNPLC=0.001 in [0.001,

double VSS=0

(0,]

double S comp=0.1 in [O0,]

double VBB=0

double B comp=0.1 in [0, ]

integer Id Vg=0 in [0,1]
double Vg start=0

double Vg stop=1.5
integer Vg points=101 in

(0,1

double G comp=0.1 in [0, ]

double Vd 1in=0.1

double D comp=0.1 in [0, ]

double Id target=le-4

double Vd sat=1.5
double Vd leak=1.5
double Vg leak=l1

double Abort shift=10 in

double Abort Vt=0.05 in

integer Abort Ig=1000 in

(0,1

(0,1

(0,1

--maximum time for the test. Not in use when t_mode is
2

--when t_mode is 0 is the time interval; when t_mode is
1 is the number of point --in one decade

table time_input={0,1,2,5,10} --when t mode is 2 time
array should be input from outside

-- SMU1, SMU2, SMU3,..., SMU64, if KI_GND is
chosen, the Source terminal should be connected to
GND manually’

-- SMU1, SMU2, SMUS3,..., SMU64, if KI_ GND is
chosen, the bulk terminal should be connected to GND
manually’

--Gate SMU

--Drain SMU

25] -- set PLC value

--voltage applied on Source if not connected to GND
--compliance on Source during test and stress (Unit:A)
--voltage applied on substrate if not connected to GND
--compliance on Source during test and stress (Unit:A)

--1:1d_Vg curve will be outputted 0: the curve will not be
outputted

--if 'nil', no Vth output. Start voltage for sweep on Gate
(Unit:V)

--stop voltage for sweep on Gate (Unit:V)

--number of points of sweep

--compliance on Gate during test (Unit:A)

--Drain voltage in linear district (Unit:V)

--compliance on Drain during test (Unit:A)

--if not nil, Vtci will be calculated and outputted instead of
Viex

--Enter positive value for NMOS and negative value for
PMOS

--nil: not measure Id_sat double: measure Id_sat
(Unit:V)

--nil: not measure Id_leak double: measure Id_leak
under given Vd_leak (Unit:V)

--nil: not measure Ig_leak double: measure Ig_leak
under given Vg_leak (Unit:V)

--when relative shift of parameters ((value[now] -
value[fresh])/value[fresh]) reaches this value, abort (Vt
does not use this criteria )

--when absolute shift of Vt (value[now] - value[fresh])
reaches this value, abort --(Unit:V)

--nil: not monitor on Gate current during stress Integer:
when --Ig[now]>=Ig[fresh]*Abort_Ig, abort
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double time interval=le-3 in [O,]
double Vg stress=3

double Vd stress=3.5

double Vb stress=0

double G stress comp=0.1 in [O,]
double D stress comp=0.1 in [0, ]

GUI related:

--time interval between sampling of Ig if Ig is to
be monitored during stress (Unit:s)

--stress voltage on Gate (Unit:V)

--stress voltage on Drain (Unit:V)

--stress voltage on bulk (Unit:V)

--current limit on Gate during stress (Unit:A)
--current limit on Drain during stress (Unit:A)

The next figure shows the GUI for HCI testing. If the Test Script Processor (TSPTM) file imported has a
corresponding .xrc GUI file, ACS Basic automatically loads and opens the GUI.

Refer to Configure an XRC STM and Configure a standard STM in the ACS Basic Reference manual

for more information on importing .xrc files.

Figure 109: GUI for HCI
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HCI GUI descriptions

Terminal Stress: Set the SMUs arranged to each terminal, voltage applied and corresponding
compliances during STRESS and TEST. If Source and/or bulk are set to KI_GND, they should be
connected to ground manually.

Time: Set the STRESS time. If Linear or Log is selected, the Stress time array edit box can be left
blank. If Custom is selected, the time array must be entered into the Stress time array edit box.

Measure: Several tests can be performed. If any green items are empty, the corresponding test will
not be performed.

NOTE

If the Vg_start edit box is completed, but the Id(A) for Vtci edit box is empty, the threshold voltage
(Vth) will be extracted through the method of maximum gm. If the Id(A) for Vtci edit box is also
completed, the Vth will be extracted through the method of constant current instead.

Abort test: Set parameters controlling the procedure of the test. If the Ig stress shift edit box is
completed, the Gate current Ig will be monitored during stress and if Ig[now] >= ‘Ig stress
shift*Ig[fresh] the test ends.
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Example call:

local VBB=0

local npdec delta=4

local Abort shift=50

local Vd sat=nil

local B comp=0.1

local t max=20

local D comp=0.1

local Vg stop=1.4

local DSMU=SMU1

local t mode=1

local time input=nil

local G stress comp=0.1

local Id Vvg=1

local Vd stress=0.5

local myNPLC=0.001

local time interval=1l

local D stress comp=0.1

local BSMU=KI GND

local SSMU=KI GND

local Vg start=nil

local Vd leak=2

local Vg points=141

local vd 1in=0.1

local Id target=nil

local Abort Ig=1000

local Vb stress=0

local G comp=0.1

local Vg leak=2

local S comp=0.1

local Abort Vt=0.1

local VSs=0

local GSMU=SMU2

local Vg stress=0.5

HCI (t mode, t max, npdec delta, time input, SSMU, BSMU, GSMU, DSMU, myNPLC, VSS,
S;Eomp, VBB, Bicomp,-id7Vg, Vgﬁsf&rt, Vg _stop, Vg points, G comp, Vd lin,
D comp, Id target, Vd sat, Vd leak, Vg leak, Abort shift, Abort Vt, Abort Ig,
tIme_inter;al, Vg_strgss, Vd_gtress, Vg_stress, G_gtress_comp, B_stress_cgmp)

nPowerMOSFET library

nPowerMOSFET overview

The nPowerMOSFET library components are located in the following directory:
\ACS_BASIC\library\dev_library\nPowerMOSFET

The nPowerMOSFET parametric library is used to test some parameters of a n-type power MOSFET,
including leakage, breakdown, gain, on-state and characteristic curves.
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nPowerMOSFET parametric library
BVDSS

Description:

Module Name: BVDSS

Module Type: ITM

Instrument: KI2657A

DUT: Three-terminal nPowerMOSFET

Function: Determines the breakdown voltage from the Drain to Source. Measures voltage on the
Drain-Source by applying a breakdown current to the Drain and Gate that is shorted to the Source.

Pin Connection: One or two SMUs are used. The Model 2657A instrument applies current and takes
voltage measurements at the Drain. The Gate and Source are connected to ground or have no
voltage bias from the other SMU.

Figure 110: nPowerMOSFET_BVDSS pin connection
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GFS

Description:

Module Name: GFS

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the forward transconductance. Measures the current on the Drain by applying a
voltage sweep from the Gate to the Source and calculates the ratio of change in the Id for a change in
the Vgs: GFS = delta (Id)/delta(Vgs).

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 111: nPowerMOSFET GFS pin connection
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IdON

Description:

Module Name: IdON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the on-state Drain current. Measures the current on the Drain by applying a
voltage sweep to the Drain-Source with a specific Gate voltage to turn on the device at a specific Id
current value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 112: nPowerMOSFET IdON pin connection
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IDSS

Description:

Module Name: IDSS

Module Type: ITM

Instrument: KI2657A

DUT: Three-terminal nPowerMOSFET

Function: Determines the leakage current from the Drain to the Source when the device is off.
Measures the current on the Drain by applying a maximum permissible voltage between the Drain
and Source, while the Gate is shorted to the Source.

Pin Connection: One or two SMUs are used. The Model 2657A SMU applies voltage and takes
current measurements at the Drain. The Gate and Source are connected to ground, or has no voltage
bias from the other SMU.

Figure 113: nPowerMOSFET IDSS pin connection
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IdvVd_StepVg

Description:

Module Name: IdVd_StepVg

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Generates the standard family of IdVd curves. Each time the voltage steps on the Gate-
Source, a voltage sweep and a set of current measurements occur on the Drain.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 114: nPowerMOSFET IdVd_StepVg pin connection
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IdVg_StepVd

Description:

Module Name: IdVg_StepVd

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Tests the transfer characteristic of the nPowerMOSFET. Each time the voltage steps on the
Drain-Source, a voltage sweep is performed on the Gate-Source and set of current measurements
occurs on the Drain.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage step and takes
current measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 115: nPowerMOSFET IdVg_StepVd pin connection
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IGSSF

Description:

Module Name: IGSSF

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the Gate forward leakage current. Measures the current on the Gate at the
maximum permissible positive voltage from the Gate to the Source.

Pin Connection: One or two SMUs are used. One SMU applies voltage and takes current
measurements at the Gate. The Drain and Source are connected to ground, or have no voltage bias
from the other SMU.

Figure 116: nPowerMOSFET IGSSF pin connection
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IGSSR

Description:

Module Name: IGSSR

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the Gate body reversed leakage current. Measures current on the Gate at the
maximum permissible negative voltage from Gate to Source.

Pin Connection: One or two SMUs are used. One SMU applies voltage and takes current
measurements at the Gate. The Drain and Source are set to ground, or have no voltage bias from the
other SMU.

Figure 117: nPowerMOSFET IGSSR pin connection
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RdsON

Description:

Module Name: RdsON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the Drain to Source on-state resistance. Measures resistance by applying a
current sweep to the Drain with a specific Gate voltage that is calculated by dividing the measured
Drain voltage by the sourced current: Rds = Vds/Id.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a current sweep and takes
voltage measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 118: nPowerMOSFET RdsON pin connection
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VdsON

Description:

Module Name: VdsON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the Drain to Source on-state voltage. Measures voltage on Drain-Source by
applying a current sweep to the Drain with a specific Gate voltage to turn on the device to a certain
resistance value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a current sweep and takes
voltage measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 119: nPowerMOSFET VdsON pin connection
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VgsON

Description:

Module Name: VgsON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the Gate to Source on-state voltage. Measures current on the Drain by applying
a voltage sweep to the Gate-Source with a specific Drain to Source voltage to turn on the device to a
certain Id current value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 120: nPowerMOSFET VgsON pin connection
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VGSTH

Description:

Module Name: VGSTH

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the threshold voltage from the Gate to Source which is required to turn on the
device at a specific Id current value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU sweeps voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 121: nPowerMOSFET VGSTH pin connection
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VSD

Description:

Module Name: VSD

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal nPowerMOSFET

Function: Determines the forward voltage drop of the parasitic diode between the Drain and Source.
Measures current on the Drain by applying a voltage sweep from the Source to Drain with the Gate
shorted to the Source.

Pin Connection: One or two SMUs are used. The Model 2651A applies a voltage sweep and takes
current measurements at the Drain. The Gate and Source are connected to ground, or has no voltage
bias from the other SMU.

Figure 122: nPowerMOSFET VSD pin connection
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IdON_MIX

Description:

Module Name: IdON_MIX

Module Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal nPowerMOSFET

Function: Determines the on-state Drain current. Measures current on the Drain by applying a voltage
sweep to the Drain-Source with a specific Gate voltage to turn on the device at a certain Id current
value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 123: nPowerMOSFET IdON_MIX pin connection
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IdVd_StepVg_MIX

Description:

Module Name: IdVd_StepVg_MIX

Module Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal nPowerMOSFET

Function: Generates the standard family of IdVd curves. Each time the voltage steps on the Gate-
Source, a voltage sweep and a set of current measurements occur on the Drain.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a step voltage at the Gate.

Figure 124: nPowerMOSFET IdVd_StepVg_MIX pin connection

SMU
Sweep

SMU
Step

2 1 Ls

2-134 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

RdsON_MIX

Description:

Module Name: RdsON

Module Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal nPowerMOSFET

Function: Determines the Drain to Source on-state resistance. Measures resistance by applying a
current sweep to the Drain with a specific Gate voltage that is calculated by dividing the measured
Drain voltage by the sourced current: Rds = Vds/Id.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a current sweep and takes
voltage measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 125: nPowerMOSFET RdsON_MIX pin connection
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VgsON_MIX

Description:

Module Name: VgsON

Module Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal nPowerMOSFET

Function: Determines the Gate to Source on-state voltage. Measures current on the Drain by applying
a voltage sweep to the Gate-Source with a specific Drain to Source voltage to turn on the device at a
certain Id current value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 126: nPowerMOSFET VgsON_MIX pin connection
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PMOSFET library
PMOSFET overview

The pMOSFET library components are located in the following directory:
\ACS_BASIC\library\dev_library\pMOSFET

The pMOSFET parametric library is used to test parameters of a p-type power MOSFET, including
leakage, breakdown, gain, on-state and characteristic curves.
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PMOSFET parametric library
BVDSS

Description:

Module Name: BVDSS

DUT: Four-terminal pMOSFET

Function: Tests the Drain-Source breakdown voltage of the pMOSFET with the Gate-Source shorted.

Pin connections: Apply a breakdown current on the Drain. Connect the bulk to ground, or force the
voltage to zero. Connect the Gate and Source to ground, or force the voltage to zero (see next
figure).

Intended results: Measure the breakdown voltage between the Drain and Source with the Gate-
Source shorted.

Figure 127: Four_term_pMOSFET_BVDSS pin connection

SMU
D

BVDSS ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVDSS General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVDSV

Description:

Module Name: BVDSV

DUT: Four-terminal pMOSFET

Function: Tests the Drain-Source breakdown voltage of the pMOSFET with the Gate biased.

Pin connections: Connect the Source and bulk to ground and apply a voltage bias to the Gate. Apply
a breakdown current on the Drain (see next figure).

Intended results: Measure the breakdown voltage between the Drain and Source with the Gate

biased.
Figure 128: Four_term_pMOSFET_BVDSV pin connection
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BVDSV ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVDSV General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGSO

Description:

Module Name: BVGSO

DUT: Four-terminal pMOSFET

Function: Tests the Gate-Source breakdown voltage of the pMOSFET with the Drain opened.

Pin connections: Open the Drain and connect the bulk and Source to ground. Apply a breakdown
current on the Gate (see next figure).

Intended results: Measure the breakdown voltage between the Gate and Source with the Drain

opened.
Figure 129: Four_term_pMOSFET_BVGSO pin connection
o |
SMU ‘
BVGSO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGSO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGDS

Description:

Module Name: BVGDS

DUT: Four-terminal pMOSFET

Function: Tests the Gate-Drain breakdown voltage of the pMOSFET with the Source-Drain shorted.

Pin connections: Connect the Source and Drain to ground. Apply a breakdown current on the Gate
(see next figure).

Intended results: Measure the breakdown voltage between the Gate and Drain with the Source-Drain

shorted.
Figure 130: Four_term_pMOSFET_BVGDS pin connection
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SMU S ‘
BVGDS ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGDS General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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BVGDO

Description:

Module Name: BVGDO

DUT: Four-terminal pMOSFET

Function: Tests the Gate-Drain breakdown voltage of the pMOSFET with the Source opened.

Pin connections: Open the Source and connect the bulk and Drain to ground. Apply a breakdown
current on Gate (see next figure).

Intended results: Measure the breakdown voltage between the Gate and the Drain when Source is

open.
Figure 131: Four_term_pMOSFET_BVGDO pin connection
G 9
@
SMU S |
BVGDO ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
BVGDO General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IDL

Description:

Module Name: IDL

DUT: Four-terminal pMOSFET

Function: Measures the Drain leakage current with the Gate-Source shorted.

Pin connections: Short the Gate and Source and apply a voltage on the Drain. Connect the bulk,
Gate, and Source to ground (see next figure).

Intended results: Measure the Drain leakage current with the Gate-Source shorted.

Figure 132: Four_term_pMOSFET_IDL pin connection
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Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IDL General Test Module
Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IDS

Description:

Module Name: IDS

DUT: Four-terminal pMOSFET

Function: Measures the Drain-Source and Source-Drain current with the Gate biased.

Pin connections: Apply a separate voltage to the Gate, Source, and Drain. The bulk is typically
connected to ground, but can be set to a desired bias voltage (see next figure).

Intended results: Measure the Drain-Source and Source-Drain current with the Gate biased.

Figure 133: Four_term_pMOSFET_IDS pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IDS General Test Module

Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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IdVd_BiasVg

Description:

Module Name: |dVd_BiasVg

DUT: Four-terminal pMOSFET

Function: Tests the Drain current during a specified Drain voltage sweep.

Pin connections: Apply a voltage bias to the Gate and sweep the Drain. Connect the bulk and Source
to ground, if voltage is not applied (see next figure).

Intended results:

e Measure the Drain current at a specified Drain voltage sweep
® Measure the Drain current and Drain voltage curve

Figure 134: Four_term_pMOSFET_IldVd_BiasVg pin connection

Sweep

IdVd_BiasVg ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVd_BiasVg_General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdvVd_StepVg

Description:

Module Name: IdVd_StepVg
DUT: Four-terminal pMOSFET

Function: Tests a series of IdVd curves for the four-terminal pMOSFET which performs on the Series
2600B instruments.

Pin connections: Sweep the Drain and step the Gate. Connect the bulk and Source to ground, if
voltage is not applied (see next figure).

Intended results:

e Measure the Drain current during a specified Drain voltage sweep
e Measure a series of Drain currents and the Drain voltage curve (see next figure)

Figure 135: Four_term_pMOSFET_IdVd_StepVg pin connection
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IdVd_StepVg ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVd_StepVg General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdVg_BiasVd

Description:

Module Name: IdVg_BiasVd
DUT: Four-terminal pMOSFET

Function: Tests the Drain current during a specified Gate voltage sweep.

Pin connections: Apply a voltage bias to the Drain, and sweep the Gate. Connect the bulk and Source
to ground, if voltage is not applied (see next figure).

Intended results:

e Measure the Drain current value at the Gate voltage sweep
e Measure the Drain current value and the Gate voltage curve

Figure 136: Four_term_pMOSFET_IdVg_BiasVd pin connection
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IdVg_BiasVd ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVg_BiasVd General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IdVg_StepVd

Description:

Module Name: IdVg_StepVd

DUT: Four-terminal pMOSFET

Function: Tests the Drain current at a specified Gate voltage sweep with a Drain step.

Pin connections: Step the Drain and sweep the Gate. Connect the bulk and Source to ground, if
voltage is not applied (see next figure).

Intended results:

e Measure the Drain current at the Gate voltage sweep
e Measure the series of Drain currents and Gate voltage curve

Figure 137: Four_term_pMOSFET_IdVg_StepVd pin connection
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IdVg_StepVd ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IdVg_StepVd General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IGL

Description:

Module Name: IGL

DUT: Four-terminal pMOSFET

Function: Measures the Gate leakage current with a Source-Drain short.

Pin connections: Apply a voltage to the Gate. Connect the Source, Drain, and bulk to ground.

Intended results: Measure the Gate leakage current when the Source and Drain are shorted (see next

figure).
Figure 138: Four_term_pMOSFET_IGL pin connection
¢ |77
|
SMU ' ‘
IGL ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IGL General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IgvVg

Description:

Module Name: IgVg
DUT: Four-terminal pMOSFET
Function: Tests the Gate current at a specified Gate voltage sweep when the Drain is biased.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate. Connect the bulk and Source
to ground, or force the voltage to zero (see next figure).

Intended results:

e Measure the Gate current at the Gate voltage sweep
e Measure the Gate current and Gate voltage curve

Figure 139: Four_term_pMOSFET_IgVg pin connection
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IlgVg ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IgVg General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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ISL

Description:

Module Name: ISL

DUT: Four-terminal pMOSFET

Function: Measures the Source leakage current when the Gate-Drain is shorted.

Pin connections: Apply a voltage to the Source. Connect the bulk, Gate, and Drain to ground (see
next figure).

Intended results: Measure the Source leakage current when the Gate-Drain is shorted.

Figure 140: Four_term_pMOSFET_ISL pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
ISL General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU
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IsubVg

Description:

Module Name: IsubVg

DUT: Four-terminal pMOSFET

Function: Tests the bulk current at a specified Gate voltage sweep.

Pin connections: Apply a voltage bias to the Drain and bulk, and sweep the Gate. Connect the Source
to ground, if voltage is not applied (see next figure).

Intended results:

e Measure the bulk current at the Gate voltage sweep
e Measure the bulk current and the Gate voltage curve
e Measure the maximum bulk current and the corresponding Gate voltage

Figure 141: Four_term_pMOSFET_IsubVg pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
IsubVg General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

Figure -: Four_term_pMOSFET _IsubVg General PTM Setting

2-152 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

Vtci

Description:

Module Name: Vtci
DUT: Four-terminal pMOSFET
Function: Determines the constant current threshold voltage of the pMOSFET device.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate. The input of the Source and
bulk voltages are usually connected to ground for NMOS, and connected to the normal power supply
voltage (VDD) for PMOS (see next figure).

Procedure: The constant current threshold voltage:

Vth ci=VGS (QID=1uA.W/L) -- NMOS
Vth ci=VGS (@ID=-0.025uA.W/L) --PMOS

Where W and L are the Gate width and Gate length as printed on the wafer. Set a target Drain
current Id_tar (Id_tar=1uA.W/L, or -0.025uA.W/L), which is the sign to be near threshold, then search
the Gate voltage to make the Drain current equal to Id_tar.

NOTE

The Four_term_pMOSFET_Vth_ci measurement procedure must determine Vth_ci to within a 1 mV
resolution. If the VGS step size is larger than 1 mV, then a linear interpolation method may be used to
achieve the 1 mV resolution.

Typical dc bias voltages for Vth_ci measurements are VDS = VDS _lin, VBS = VBB for linear region
measurement, or VDS = VDS_sat, (VBS = VBB for saturation region measurement). Typically, for
PMOS, VDS _lin = -0.1 V(@VDD=5V); for NMOS, VDS _Iin=0.1V(@VDD=5V).

Intended results:

e Measure the constant-current threshold voltage
e Measure the Drain current and the Gate voltage curve

Figure 142: Four_term_pMOSFET_Vtci pn connection
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Vtci ITM
Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU

Vtci General Test Module
Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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Vtext

Description:

Module Name: Vtext

DUT: Four-terminal pMOSFET

Function: Determines the threshold voltage from measurement of the maximum slope.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate voltage. Input the Source and
bulk voltages when needed. Typically, they are connected to ground for NMOS, and connected to the
normal power supply voltage (VDD) for PMOS (see next figure).

Procedure: The threshold voltage is extrapolated from the measurement of the maximum slope
(Gmmax) of the IDVGS curve:

Vth ex=VGS (@Gmmax)-ID (Q@Gmmax) /Gmmax

VGS (@Gmmax) is the Gate voltage at the point of the maximum slope of the IDVGS curve;
ID(@Gmmax) is the Drain current at the point of the maximum slope of the IDVGS curve; Gmmax is
the maximum slope of the IDVGS curve.

NOTE

DC bias voltages for the Vth_ex measurements are VDS = VDS _lin, VBS = VBB for linear
measurement.

VDS=VDS_sat, VBS=VBB for saturation. Typically, for PMOS, VDS_lin = -0.1 V(@VDD=5V); for
NMOS, VDS_lin=0.1V(@VDD=5V).

Intended results:

e Measure the Drain current at the Gate voltage sweep

e Extract the trans-conductance (Gm) and measure the maximum trans-conductance (Gmmax)
e Measure the extracted threshold voltage (Vth_ex)

® Measure the Drain current and the Gate voltage curve

e Measure the Gm and the Drain current or the Gm and the Gate voltage curve

Figure 143: Four_term_pMOSFET_Vtext pin connection
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Vtext ITM
Module Type: ITM
Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU

Vtext General Test Module
Module Type: General Test Module
Instrument: Keithley Instruments Series 2400 SMU
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Vtext_lisq

Description:
Module Name: Vtext_lIsq
DUT: Four-terminal pMOSFET

Function: Extract the threshold voltage from the measurement of the slope. In this test, the least-
square approximation is used.

Pin connections: Apply a voltage bias to the Drain and sweep the Gate voltage. Input the Source and
bulk voltages when needed. Typically, they are connected to ground for NMOS, and connected to the
normal power supply voltage (VDD) for PMOS (see next figure).

Procedure: The threshold voltage is extrapolated from the measurement of the maximum slope
(Gmmax) of the IDVGS curve:

Vth ex=VGS (Q@Gmmax)-ID(QGmmax)/Gmmax

VGS(@Gmmax) is the Gate voltage at the point of the maximum slope of the IDVGS curve;
ID(@Gmmax) is the Drain current at the point of the maximum slope of the IDVGS curve; Gmmax is
the maximum slope of the IDVGS curve.

NOTE

DC bias voltages for the Vth_ex measurements are VDS = VDS _lin, VBS = VBB for linear
measurement.

VDS=VDS_sat,VBS = VBB for saturation. Typically, for PMOS, VDS_lin =-0.1 V(@VDD = 5V); for
NMOS,VDS_lin = 0.1V(@VDD = 5V).

Intended results:

e Measure the Drain current at the Gate voltage sweep

e Extract the trans-conductance (Gm) and measure the maximum trans-conductance (Gmmax)
e Measure the extracted threshold voltage (Vth_ex)

® Measure the Drain current and the Gate voltage curve

e Measure the Gm and the Drain current or the Gm and the Gate voltage curve

Figure 144: Four_term_pMOSFET_Vtext_lIsq pin connection
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PMOSFET WLR script library overview

The WLR script components are located in the following directory:
C:\ACS\library\devLibrary\pMOSFET\WLR _script

There are four modules for pMOSFET WLR _script Library: HCI, NBTI, NBTI_meas, and
NBTI_on_the fly.

PMOSFET WLR script library
HCI

Description:

The pMOSFET’s HCI module is same as the nMOSFET. To set the HCI test module, refer to the
nMOSFET HCI topic.

The next figure shows an example setting of the pMOSFET device.
Figure 145: Set the HCI of pMOSFET in WLR_script library
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Figure 146: HCI sequence and device connection
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NBTI

Description:

This is a script used to perform the NBTI test. It supports two or four SMUs, with Gate to do the
STRESS, and Drain to do the measurement. Usually Source and bulk are set to be zero or KI_GND.

Possible outputs: time, idO (fresh value of Drain current), id (absolute value of Drain current), and
id_shift (relative shift of Drain current).

Syntax:

NBTI(smu_D, smu_G, smu_S, smu_B, vg_stress, vd_stress, vg_meas, vd_meas, myNPLC,
meas_delay, navg, t_array, modeflag, compliancei, time, did)

INPUTS:
instid smu D=SMU1 -- SMU1, SMU2, SMUS3,..., SMU64
instid smu G=SMU2 -- SMU1, SMU2, SMU3,..., SMU64
instid smu S=KI GND -- SMU1, SMU2, SMUS,..., SMU64, KI_GND
instid smu B=KI GND -- SMU1, SMU2, SMUS,..., SMU64, KI_GND
double vg stress=-2.0 in [-40,40] -- Gate stress voltage
double vd stress=0 in [-40,40] -- Drain stress voltage
double vg meas=-1.2 in [-40,40] -- Gate measure vlotage
double vd meas=-1.2 in [-40,40] -- Drain measure voltage
double myNPLC=0.001 in [0.001,25] -- NPLC, 0.001 ~ 10
double meas delay=0 in [0, ] -- measure delay after stress is off
]

integer navg=1l in [1,20 -- double of points for average

table t array={1,2,5,10,20,50,100} --stress time array

integer modeflag=1 in [0, 1] -- Gate first or Drain first

double compliancei=0.1 in [0, ] -- current compliance
OUTPUTS:

time={} -- time table
did={} -- Drain current shift table

GUI related:

The next figure shows the NBTI GUI and illustrates the testing method. A general description of this
GUI is included below.
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Figure 148: NBTI sequence and device connection

ov
Vd_meas -J L

Vg_meas I_
Vg_stress

Stress Stress

3

NBTI GUI descriptions

Terminal: SMUs are assigned to terminals. For Source and bulk, KI_GND could be set (manual
connection). Voltage is changeable only on Gate and Drain. Measurement is made on Drain only, and
compliance should be set.

Meas Meas

Test Speed: The Meas Delay edit box sets the time before each measurement. The Test Speed edit
box sets the PLC value. The Average # edit box decides the number of measurements on which
average is taken.

Gate/Drain: As shown in the inner plot of the figure, voltages applied on Gate and Drain change
when measurement begins and ends. The Gate/Drain checkbox is used to determine which terminal
will change first. If the Gate Change First checkbox is selected, the Gate terminal changes first. If the
Gate Change First checkbox is left deselected, the Drain terminal changes first.

Stress array: Used to input the time array.
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Example call:

local compliancei=le-1
local modeflag=0

local vd meas=0.1
local navg=1l

local t array={0,1,2,5,10,20}
local smu B=SMU4

local smu_ D=SMU2

local smu G=SMU3

local myNPLC=0.01
local vg meas=1.5
local meas delay=0
local smu_ S=SMU1

local vd stress=0
local vg stress=2
local time={}

local did={}

NBTI (smu D, smu G,smu S,smu B,vg stress,vd stress,vg meas,vd meas,myNPLC,meas delay,
navg,t array,modeflag,compliancei,time,did)
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NBTI_meas

Description:
This module performs NBTI test xx, with pre and post Id_Vg testing.
Syntax:

NBTI_meas(smuD,smuG,smuS,smuB,flag0,flag1,flag2,p_Vg_lo,p_Vg_hi,p_Vg_points,p_Vds,p_Dran
gei,p_sweepdelay,a,b,A,W,L,Vg_ini,Vd_ini,Vg_stress,Vd_stress,Vg_meas,Vd_meas,myNPLC meas_
delay,inter_delay,t mode,t_max,npdec_delta,time_input,modeflag,Gcompi,Dcompi,rng,Nsam)

INPUTS:

instid smuD=SMU2 -- SMU1, SMU2, SMUS,..., SMU64

instid smuG=SMU1l -- SMU1, SMU2, SMU3,..., SMU64

instid smuS=KI GND -- SMU1, SMU2, SMUS3,..., SMU64, KI_GND

instid smuB=KI GND -- SMU1, SMU2, SMUS,..., SMU64, KI_GND

integer flag0=1 in [0,1] -- flag of idvg test. "1" meas enable pre/post idvg
test, "0" meas disable it.

integer flagl=1l in [0,1] -- flag of NBTI test. "1" means enable NBTI
stress-measure test, "0" means disable it.

integer flag2=1 in [0,1] -- flag of Vcti test. "1" meas enable Vcti test, "0"
meas disable it.

double p Vg lo=0 in [-40, 40] -- start of Gate voltage sweep in pre/post test

double p Vg hi=2 in [-40, 40] -- stop of Gate voltage sweep in pre/post test

double p Vg points=21 in [0, 4096] -- Gate voltage sweep number of points in
pre/post test

double p Vds=1 in [-40, 40] -- Drain-Source bias in pre/post test

double p Drangei=le-3 in [0, 0.1] -- Drain current range in pre/post test

double p sweepdelay=0 in [0, ] -- sweep delay in pre/post test

double a=0 in [0,40] -- low extent of Vici sweep

double b=1 in [0, 40] -- high extent of Vici sweep

double A=1 in [0, ] -- target current density

double W=1 in [0, ] -- wide of device

double L=1 in [0, ] -- length of device

table Vg ini in [-40, 40] -- Gate voltage for initial Drain current
measurement

table Vd ini in [-40, 40] -- Drain voltage for initial Drain current
measurement

double Vg stress=-2.0 in [-40, 40] -- Gate stress voltage

double Vd stress=0 in [-40, 40] -- Drain stress voltage

table Vg meas in [-40, 40] -- Gate measure voltage

table Vd meas in [-40, 40] -- Drain measure voltage

double myNPLC=0.05 in [0.001, 25] -- NPLC, 0.001 ~ 25

double meas delay=0.001 in [0,] -- measure delay after stress is off

double inter delay=0.1 in [0, ] -- delay between measure voltage trian pulses.
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integer t mode=1 in [0, 2]

double t max=20 in [0, ]

double npdec delta in [0, ]

table time input in [0, ]

integer modeflag=1 in [0, 1]

double Gcompi 100e-6 in [0, 0.1]
double Dcompi = 100e-6 in [0, 0.1]
table rng in [0, 0.1]

integer Nsam = 5 in [1, 20]
Outputs:

error -- working condition flag

Vg pre -- Gate voltage of pre test
Id pre -- Drain current of pre test
Vg pos -- Gate voltage of post test

Id pos -- Drain current of post test

-- "0" for time array given by customer; "1" for
logrithmic time; "2" for linear time array

-- the maximum stress time. valid when t_mode
is 1or2

-- means number-of-point-per-decade when
t_mode is 1; means delta time when t_mode is 2

-- if t_mode is 0, this array will be taken as stress
time list

-- measurement force Gate first or Drain first.
modeflag=0, Drain first; modeflag=1, Gate first

-- Gate voltage Source compliance
-- Drain voltage Source compliance
-- Drain current measure range.

-- number of sampling.

Vtei -- Gate voltage at target Drain current

Idini -- initial current of Drain
Idend
time -- time table

Id1l -- Drain current table
Id2

Id3

Id4

Id5

Id6

Ida7

Id8

Id9

Id10

Idl1l

Id12

Id13

Id1l4

Id1l5

Idle6

Id1l7

Id18

Id19

-- current of Drain after stress sequence
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1420
GUI related:

The next figure shows the NBTI_meas test GUI and illustrates the testing method. A general
description of this GUI is included below.

Figure 149: NBTI_meas sequence and device connection
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Figure 150: GUI for NBTI_meas
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Example call:

local p sweepdelay=le-4

local vd ini={0.6,0.7,0.8}

local modeflag=1

local p Vds=0.5

local Nsam=5

local npdec delta=1

local meas delay=le-4

local t max=10

local Dcompi=le-1

local t mode=2

local Gcompi=le-1

local time input={0,1,2,3,4,5,6,7,8,9,10}

local inter delay=5e-4

local flag2=1

local flagl=l

local flag0O=1

local Vd stress=0

local myNPLC=0.005

local A=le-5

local Vg ini={0.8,0.9,1.0}

local rng={le-5,1le-4,1e-4}

local L=1

local p Drangei=0

local p Vg hi=2

local w=1

local p Vg points=101

local p Vg 1o=0

local a=0.1

local b=0.1

local Vd meas={0.6,0.7,0.8}

local smuS=KI GND

local smuB=KI GND

local Vg meas={0.8,0.9,1.0}

local smuG=SMU1l

local smuD=SMU2

local Vg stress=2

NBTI meas (smuD, smuG, smuS, smuB, flag0, flagl, flag2,p Vg lo,p Vg hi,p Vg points,p Vds,p
;Brangei,pisweepdelay,a,b,A,W,L,Vgﬁini,Vdiinifﬁgiétreég,Vaistfés57Vg7meas;9dimea
s, myNPL,meas delay,inter delay,t mode,t max,npdec delta,time input,modeflag,Gcom
pi,Dcompi,rnE,Nsam) - - a a -
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NBTI_on_the_fly

Description:

Reference: " ‘On-the-fly’ characterization of NBTI in ultra-thin Gate oxide PMOSFET's", M. Denais, et.
al, IEDM 2004. This code is copyright of Keithley Instruments, Inc.

This is a method to monitoring threshold voltage degradation and relaxation for NBTl and Charge
trapping on high K Gate stacks.

Vg_stress is for stress and measurement during STRESS phase.

Vg_relax is for measurement during recovery.

Zero is set for recovery voltage during time other than measurement.
This program can only be used for one device, one stress on period, and one stress off period.
Possible outputs:

‘ERROR’ (possible error type) --- -1 stands for wrong inputs

‘Time_stress’, ‘dVt_stress’ and ‘Id_stress’ --- time, V1 shift and Drain current during stress phase

‘Time_relax’, ‘dVt_ relax’ and ‘Id_ relax’ --- time, Vt shift and Drain current during relax phase
Syntax:

NBTI on the fly(Test mode, Vg stress, Vg relax, Vg dist, Vd, Stress time,
Monitor time stamp, GSMU, DSMU, SSMU, BSMU, myNPLC)

INPUTS:

integer Test mode=2 --0: Monitor Vt degradation during stress only. 1: Monitor
Vt relaxation during stress off only. 2: monitoring both
degradation and relaxation during stress on and off
period

double Vg stress=3 --voltage on Gate during stress. measurement during
stress is made at this voltage, too.

double Vg relax=1 --measure voltage on Gate during recovery; the stress
voltage during recovery is set as 0

double Vg dist=0.05 --delta Vg for different Id measurement

double vd=0.1 --Drain voltage only applied during monitoring, other time
itis OV

integer Stress time=1000 --Time for stress in seconds

table Monitor time stamp={} --Time in seconds. This is an input array for guiding time
between two monitorings. The actual time stamp for
monitoring might not be exactly the same due to
measurement time. Also, this time stamp is the same for
both stress on (degradation monitoring) and off
(relaxation monitoring).

instid GSMU=SMU1 --Gate SMU number, SMU1 for example

instid DSMU=SMU2 --Drain SMU number, SMU2

instid SSMU=KI_ GND --Source SMU number., if KI_GND is chosen, this
terminal should be connected to GNDU manually.

instid BSMU=KI_ GND --bulk SMU number.

double myNPLC=0.01 --PLC setting
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Outputs:
ERROR
Time_stress
dVt_stress
Id_stress
Time_relax
dVt_relax
Id relax

GUI related:

The next figure shows the NBTI_on_the fly test GUI and illustrates the testing method. A general
description of this GUI is included below.

Figure 151: Sequence of NBTI_on_the_fly
Time
vd I | »

Vg

Spot
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Figure 152: GUI for NBTI_on_the_fly
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NBTI on-the-fly GUI descriptions

Terminal: For Source and bulk, KI_GND could be set (manual connection to ground). If specific
SMUs are assigned to these two terminals, OV will be applied internally.

Gate/Drain: Voltage during stress phase and relax phase on Gate and Drain should be set here.

Time: Arranges time during stress and relaxation. For Vit test mode, when On stress is selected, there
is no relax phase and stress is applied following the monitor time array. If On relax is selected,
measurement is made during relax phase only following the monitor time array, and stress time is
decided by Stress time. If both are selected, measurement is made during both the stress phase and
the relax phase, and they both follow monitor time array.

Example call:

local Test mode = 2

local Vg stress 3

local Vg relax = 1.5

local Vg dist = 0.05

local vd = 0.1

local Stress time = 1000

local Monitor time stamp = {1,5,10,20}

local GSMU = SMU2

local DSMU = SMU1

local SSMU = KI GND

local BSMU = KI GND

local myNPLC = 0.1

NBTI on the fly(Test mode, Vg stress, Vg relax, Vg dist, Vd, Stress time,
Monitor time stamp, GSMU, DSMU, SSMU, BSMU, myNPLC)
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pPowerMOSFET library
pPowerMOSFET overview

The pPowerMOSFET library components are located in the following directory:
\ACS_BASIC\library\dev_library\pPowerMOSFET

The pPowerMOSFET parametric library is used to test parameters of a p-type power MOSFET,
including leakage, breakdown, gain, on-state and characteristic curves.
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pPowerMOSFET parametric library
BVDSS
Description:
Module Name: BVDSS
Module Type: ITM
Instrument: KI2657A, KI2600B
DUT: Three-terminal pPowerMOSFET

Function: Determines the breakdown voltage from the Drain to Source. Measures voltage on the
Drain-Source by applying a breakdown current to the Drain and the Gate is shorted to the Source.

Pin Connection: One or two SMUs are used. The Model 2657A applies current and takes voltage
measurements at the Drain. The Gate and Source are connected to ground, or has no voltage bias
from the other SMU.

Figure 153: pPowerMOSFET_BVDSS pin connection
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GFS

Description:

Module Name: GFS

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the forward transconductance. Measures the current on the Drain by applying a
voltage sweep from the Gate to Source and calculates the ratio of change in Id for a change in the
Vgs: GFS=delta(ld)/delta(Vgs).

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 154: pPowerMOSFET GFS pin connection
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IdON

Description:

Module Name: IdON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the on-state Drain current. Measures current on the Drain by applying a voltage
sweep to the Drain-Source with a specific Gate voltage to turn on the device at a certain Id current
value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 155: pPowerMOSFET IdON pin connection
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IDSS

Description:

Module Name: IDSS

Module Type: ITM

Instrument: KI2657A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the leakage current from the Drain to Source when device off. Measures
current on the Drain by applying a maximum permissible voltage between the Drain and Source and
the Gate is shorted to Source.

Pin Connection: One or two SMUs are used. The Model 2657A applies voltage and takes current
measurements at the Drain. The Gate and Source are connected to ground, or has no voltage bias
from the other SMU.

Figure 156: pPowerMOSFET IDSS pin connection
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IdvVd_StepVg

Description:

Module Name: IdVd_StepVg

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Generates the standard family of IdVd curves. Each time the voltage steps on the Gate-
Source, a voltage sweep and a set of current measurements occur on the Drain.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 157: pPowerMOSFET IdVd_StepVg pin connection
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IdVg_StepVd

Description:

Module Name: IdVg_StepVd

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Tests the transfer characteristics of the pPowerMOSFET device. Each time the voltage
steps on the Drain-Source a voltage sweep is performed on the Gate-Source and a set of current
measurements occur on the Drain.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage step and takes
current measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 158: pPowerMOSFET IdVg_StepVd pin connection
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IGSSF

Description:

Module Name: IGSSF

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the Gate body forward leakage current. Measures current on the Gate at the
maximum permissible negative voltage from the Gate to Source.

Pin Connection: One or two SMUs are used. One SMU applies voltage and takes current
measurements at the Gate. The Drain and Source are connected to ground, or has no voltage bias
from the other SMU.

Figure 159: pPowerMOSFET IGSSF pin connection
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IGSSR

Description:

Module Name: IGSSR

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the Gate body reversed leakage current. Measures current on the Gate at the
maximum permissible positive voltage from the Gate to Source.

Pin Connection: One or two SMUs are used. One SMU applies voltage and takes current
measurements at the Gate. The Drain and Source are set to ground, or has no voltage bias from the
other SMU.

Figure 160: pPowerMOSFET IGSSR pin connection
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RdsON

Description:
Module Name: RdsON
DUT: Four-terminal pPowerMOSFET

Function: Determines the Drain to Source on-state resistance. Measures resistance by applying a
current sweep to the Drain with a specific Gate voltage that is calculated by dividing the measured
Drain voltage by the sourced current: Rds = Vds/Id.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a current sweep and takes
voltage measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Intended results: Measure the Drain-Source voltage at a specified Drain current sweep.

Figure 161: pPowerMOSFET RdsOn pin connection
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VdsON

Description:

Module Name: VdsON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the Drain to Source on-state voltage. Measures voltage on the Drain-Source by
applying a current sweep to the Drain with a specific Gate voltage to turn on the device at a certain

resistance value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a current sweep and takes
voltage measurements at the Drain. The other SMU sources a specific voltage at the Gate.

Figure 162: pPowerMOSFET VdsON pin connection
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VgsON

Description:

Module Name: VgsON

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the Gate to Source the on-state voltage. Measures current on the Drain by
applying a voltage sweep to the Gate-Source with a specific Drain to Source voltage to turn on the
device at a certain Id current value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 163: pPowerMOSFET VgsON pin connection
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VGSTH

Description:

Module Name: VGSTH

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the threshold voltage from the Gate to Source which is required to turn on the
device at a certain Id current value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies sweep voltage and takes
current measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 164: pPowerMOSFET VGSTH pin connection
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VSD

Description:

Module Name: VSD

Module Type: ITM

Instrument: KI2651A, KI2600B

DUT: Three-terminal pPowerMOSFET

Function: Determines the forward voltage drop of the parasitic diode between the Drain and Source.
Measures current on the Drain by applying a voltage sweep from the Source to Drain with the Gate
shorted to the Source.

Pin Connection: One or two SMUs are used. The Model 2651A applies a voltage and takes current
measurements at the Drain. The Gate and Source are connected to ground, or has no voltage bias
from the other SMU.

Figure 165: pPowerMOSFET VSD pin connection
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IdVd_StepVg_MIX

Description:

Module name: IdVd_StepVg_MIX

Test Type: PTM

Instrument: Keithley 265xA, 26xxB SMU, 24xx SMU and 42xx SMU
DUT: Three-terminal pPowerMOSFET

Function: Tests the Drain current at the Drain voltage sweep and specified Gate voltage with
measurements at the Drain terminal while it is in pulse mode using the Keithley 265xA instrument.

Intended results: Measure the Drain current at the specified Gate voltage and sweep the Drain in
pulse mode.

Figure 166: pPowerMOSFET IdVd_StepVg_MIX pin connection
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RdsON_MIX
Description:

Module name: RdsOn_MIX

Test Type: PTM

Instrument: Keithley 265xA, 26xxB SMU, 24xx SMU and 42xx SMU
DUT: Three-terminal pPowerMOSFET

Function: Tests the Drain current at the Drain voltage sweep and specified Gate voltage with
measurements at the Drain terminal while it is in pulse mode. And it calculates the Rds: Rds = Vds/Id.

Intended results: Measure the Drain voltage at the specified Gate voltage and sweep the Drain in
pulse mode.

Figure 167: pPowerMOSFET RdsON_MIX pin connection
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VgsON_MIX

Description:

Module Name: VgsON_MIX

Module Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal pPowerMOSFET

Function: Determines the Gate to Source on-state voltage. Measures current on the Drain by applying
a voltage sweep to the Gate-Source with a specific Drain to Source voltage to turn on the device at a
certain Id current value.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Drain. The other SMU sweeps voltage at the Gate.

Figure 168: pPowerMOSFET VgsON_MIX pin connection
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Diode parametric library

Diode parametric overview

The Diode library components are located in the following directory:
\ACS_BASIC\library\dev_library\DIODE

The diode test library is used to test some parameters of a diode, such as the forward voltage and
current, reverse voltage and current, I-V curve, and dynamic impedance. The TSP files are used with
a Series 2600B instrument to create test script files based on the Series 2600B LPT library.
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Diode parametric library

DynamicZ

Description:
Module Name: DynamicZ
DUT: Diode

Function: Calculates the Dynamic Impedance based on two forward voltage measurements or two
reverse voltage measurements: DynamicZ = (v2 - v1) /(12 - I1)

Pin connections: Uses one SMU to force the forward current, while the other terminal is connected to
ground (see next figure).

Intended results: Measure the dynamic impedance.

Figure 169: Diode DynamicZ pin connection
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DynamicZ ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
DynamicZ General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

DynamicZ PTM

Module Type: standard PTM

Instrument: Keithley Instruments Series 4200 SMU
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Spot_IfdVfd
Description:

Module Name: Spot_IfdVfd
DUT: Diode

Function: Tests the forward current of a diode at a specified forward voltage.

Pin connections: The P terminal forces a forward voltage, and the N terminal is grounded (see next
figure).

Intended results: Measure the forward current.

Figure 170: Diode_ Spot_IfdVfd pin connection
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Spot_IfdVfd ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
Spot_IfdVfd General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

Spot_IfdVfd PTM

Module Type: standard PTM

Instrument: Keithley Instruments Series 4200 SMU
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Spot_IrdVrd
Description:

Module Name: Spot_IrdVrd
DUT: Diode

Function: Tests the leakage current of a diode at a specified reverse voltage.

Pin connections: Force a reverse voltage to terminal N; connect the P terminal to ground (see next

figure).
N

Intended results: Measure the reverse leakage current.

Figure 171: Diode_Spot_IrdVrd pin connection
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Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
Spot_IrdVrd General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

Spot_IrdVrd PTM

Module Type: standard PTM

Instrument: Keithley Instruments Series 4200 SMU

ACSBASIC-908-01 Rev. A/ August 2012 2-191



Section 2: Device Library ACS Basic Libraries Reference Manual

Spot_Vbrird
Description:

Module Name: Spot_Vbrird
DUT: Diode

Function: Tests the breakdown voltage of a diode at a specified reverse current.

Pin connections: Force a reverse current to the P terminal and connect the N terminal to ground (see
next figure).

Intended results: Measure the breakdown voltage.

Figure 172: Diode_Spot_Vbrird pin connection
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Spot_VifdIfd
Description:

Module Name: Spot_VfdIfd
DUT: Diode

Function: Tests the forward voltage of a diode.

Pin connections: Uses one SMU to force forward current, while the other terminal is grounded. The
forward voltage is measured at the current (see next figure).

Intended results: Measure the forward voltage.

Figure 173: Diode_Spot_VfdIfd pin connection
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Spot_Vrdird
Description:

Module Name: Spot_Vrdird
DUT: Diode

Function: Tests the reverse voltage of a diode at a specified reverse current.

Pin connections: Force a reverse current to terminal P and connect the N terminal to ground (see
next figure).

Intended results: Measure the reverse voltage.

Figure 174: Diode_Spot_Vrdird pin connection

P

® N

® O

Spot_Vrdird ITM

Module Type: ITM

Instrument: Keithley Instruments Series 2600B SMU / 4200 SMU
Spot_Vrdird General Test Module

Module Type: General Test Module

Instrument: Keithley Instruments Series 2400 SMU

Spot_Vrdird PTM

Module Type: standard PTM

Instrument: Keithley Instruments Series 4200 SMU
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Sweep_IfdVfd
Description:

Module Name: Sweep_IfdVfd
DUT: Diode

Function: Tests the forward current with a forward voltage sweep to indicate a forward I-V
characteristic of a diode.

Pin connections: Apply a forward voltage sweep to terminal P, and connect the N terminal to ground
(see next figure).

Intended results: Measure the forward voltage based on the forward current sweep.

!

Figure 175: Diode_Sweep_IfdVfd pin connection
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Sweep_IrdVrd

Description:

Module Name: Sweep_IrdVrd
DUT: Diode

Function: Tests the reverse current with a reverse voltage sweep to indicate the reverse |-V
characteristics of a diode.

Pin connections: Apply a reverse voltage sweep to the N terminal, and connect the P terminal to
ground (see next figure).

Intended results: Measure the reverse current at each reverse voltage sweep point.

Figure 176: Diode_Sweep_IrdVrd pin connection
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IGBT parametric library

IGBT parametric overview

The IGBT library components are located in the following directory:
\ACS_BASIC\library\dev_library\IGBT

The IGBT parametric library is used to test parameters of an IGBT device, including leakage,
breakdown, gain, on-state and characteristic curves.
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IGBT parametric library
BVCES

Description:

Module Name: BVCES
Test Type: ITM
Instrument: KI2657A
DUT: Three-terminal IGBT

Function: Determines the breakdown voltage from the Collector to Emitter. The voltage is measured
by applying a breakdown current to the Collector and the Gate-Emitter is shorted.

Pin Connection: One SMU is used. The SMU applies current and takes voltage measurements at the
Collector. The Gate and Emitter are connected to ground, or has no voltage bias from the other SMU.

Figure 177: IGBT BVCES pin connection
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ICES

Description:

Module Name: ICES

Test Type: ITM

Instrument: KI2657A

DUT: Three-terminal IGBT

Function: Determines the Collector-Emitter cut-off current with the Gate shorted to the Emitter.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Collector to Emitter. The Gate is shorted to the Emitter, or has no voltage bias from the other

SMU.
Figure 178: IGBT ICES pin connection
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IcON

Description:

Module Name: IcON

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Determines the on-state Collector current. Measures current on the Collector by applying
voltage to the Collector-Emitter with a specific Gate voltage to turn on the device at a certain Collector
current value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Collector. The other SMU sources a sweep voltage at the Gate.

Figure 179: IGBT IcON pin connection
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IcVce_StepVge

Description:

Module Name: IcVce_StepVge
Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Generates the standard family of IcVce curves. Each time the voltage steps on the Gate-
Emitter, a voltage sweep and a set of current measurements occur on the Collector.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Collector. The other SMU sources a step voltage at the Gate.

Figure 180: IGBT IcVce_StepVge pin connection
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IcVge

Description:

Module Name: IcVge

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Tests the transfer characteristics of the IGBT with a specific voltage bias from the Collector
to Emitter.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Collector. The other SMU sweeps voltage at the Gate.

Figure 181: IGBT IcVge_StepVce pin connection
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IGESF

Description:

Module Name: IGESF
Test Type: ITM
Instrument: KI2600B

DUT: Three-terminal IGBT

Function: Determines the Gate body forward leakage current. Measures current on the Gate at a
maximum permissible positive voltage from the Gate to Emitter.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
the Gate to Emitter. The Collector is connected to ground, or has no voltage bias from the other SMU.

Figure 182: IGBT IGESF pin connection

SMU

C
\
+ E@——

ACSBASIC-908-01 Rev. A/ August 2012 2-203



Section 2: Device Library ACS Basic Libraries Reference Manual

IGESR

Description:

Module Name: IGESR
Test Type: ITM
Instrument: KI2600B

DUT: Three-terminal IGBT

Function: Determines the Gate body reversed leakage current. Measures current on the Gate at a
maximum permissible negative voltage from the Gate to Emitter.

Pin Connection: One SMU is used. The SMU applies voltage and takes current measurements from
Gate to the Emitter. The Collector is connected to ground, has no voltage bias from the other SMU.

Figure 183: IGBT IGESR pin connection
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VceSAT

Description:

Module Name: VceSAT

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured with a
specific Gate-Emitter voltage and Collector current that is given in the data sheet.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies a voltage bias to the Gate.

Figure 184: IGBT VceSAT pin connection
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VF

Description:

Module Name: VF

Test Type: ITM
Instrument: KI2600B
DUT: Three-terminal IGBT

Function: Determines the forward voltage of the Emitter-Collector diode with the Gate shorted to the
Emitter.

Pin Connection: One SMU is used. The SMU applies a specific current and takes voltage
measurements from the Collector to Emitter. The Gate is connected to ground, or has no voltage bias
from the other SMU.

Figure 185: IGBT VF pin connection
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VgeON

Description:

Module Name: VgeON

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Determines the Gate to Emitter on-state voltage. Measures current on the Collector by
applying a voltage sweep to the Gate-Emitter, applying a specific Collector-Emitter voltage to turn on
the device at a certain Collector current value that is given in the data sheet, while measuring the
Collector current.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Collector. The other SMU sweeps voltage at the Gate.

Figure 186: IGBT VgeON pin connection
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VGETH

Description:

Module Name: VGETH

Test Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal IGBT

Function: Determines the threshold voltage from the Gate to Emitter which is required to turn on the
device at a certain Collector current value that is given in the data sheet.

Pin Connection: Two SMUs are used. The Model 2651A SMU sweeps voltage and takes current
measurements at the Collector. The other SMU sweeps voltage at the Gate.

Figure 187: IGBT VGETH pin connection
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IcVce_StepVge_MIX

Description:

Module Name: IcVce_StepVge MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal IGBT

Function: Generates the standard family of IcVce curves. Each time the voltage steps on the Gate-
Emitter, a voltage sweep and a set of current measurements occur on the Collector.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies a voltage sweep and takes
current measurements at the Collector. The other SMU sources a voltage step at the Gate.

Figure 188: IGBT IcVce_StepVge_MIX pin connection
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IcVge_MIX

Description:

Module Name: IcVge_MIX

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal IGBT

Function: Tests the transfer characteristics of the IGBT with a specific voltage bias from the Collector
to Emitter.

Pin Connection: Two SMUs are used. The Model 2651A SMU applies voltage and takes current
measurements at the Collector. The other SMU sweeps voltage at the Gate.

Figure 189: IGBT IcVge_MIX pin connection

C
SMU

SMU =

Sweep

2-210 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

VceSAT_MIX

Description:

Module Name: VceSAT

Test Type: PTM

Instrument: KI2651A, KI2600B, KI24XX, KI42XX-SMU
DUT: Three-terminal IGBT

Function: Determines the Collector-Emitter saturation voltage. The voltage is measured with a
specific Gate-Emitter voltage and Collector current that is given in the data sheet.

Pin Connection: Two SMUs are used. One SMU applies current and takes voltage measurements
from the Collector to Emitter. The other SMU applies a voltage bias to the Gate.

Figure 190: IGBT VceSAT_MIX pin connection
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Two-terminal resistor library

Two-terminal resistor overview

The two-terminal resistor library components are located in the following directory:
\ACS_BASIC\library\dev_library\RESISTOR_2T

The two-terminal resistor library is used to test parameters of a two-terminal resistor, such as
resistance (Source V measure | or Source | measure V, 2-wire or 4-wire). This library is used with a
Series 2600B instrument to create test script files based on Series 2600B LPT library.
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Two-terminal resistor library
Spot_IV_2SMU
Description:
Module Name: Spot_IV_2SMU

DUT: Two-terminal generic device

Function: Measures resistance at a specified voltage.

Pin connections: Ensure that you set the sense mode of the SMU in the software toolbar (Tools >
Preferences). If remote sense mode is used, which corresponds to four-wire measurement
instruments, connect Sense High of the SMU closer to the device than the Force High (see next
figure).

Intended results: Measure the current at a specified voltage to determine the resistance.

Figure 191: Two_term_resistor_spot_IV_2SMU pin connection
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Spot_VI_2SMU
Description:
Module Name: Spot_VI_2SMU

DUT: Two-terminal generic device

Function: Measures resistance at a specified current.

Pin connections: Ensure that you set the sense mode of the SMU in the software toolbar (Tools >
Preferences). If remote sense mode is used, which corresponds to a four-wire measurement
instruments, connect Sense High of the SMU closer to the device than the Force High (see next
figure).

Intended results: Measure the voltage at a specified current to determine the resistance.

Figure 192: Two_term_resistor_spot_VI_2SMU pin connection
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Sweep_IV_2SMU

Description:
Module Name: Sweep_IV_2SMU

DUT: Two-terminal generic device

Function: Measures resistance during a voltage sequence.

Pin connections: Ensure that you set the sense mode of the SMU in the software toolbar (Tools >
Preferences). If remote sense mode is used, which corresponds to four-wire measurement
instruments, connect Sense High of the SMU closer to the device than the Force High (see next
figure).

Intended results: Measure the current reading during a voltage sweep and use the values to calculate
the resistance.

Figure 193: Two_term_resistor_sweep_IV_2SMU pin connection
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Sweep_VI_2SMU

Description:

Module Name: Two-terminal Resistor _ Sweep VI _2SMU
DUT: Two-terminal generic device
Function: Measure resistance during a current sequence.

Pin connections: Ensure that you set the sense mode of the SMU in the software toolbar (Tools >
Preferences). If remote sense mode is used, which corresponds to four-wire measurement
instruments, connect Sense High of the SMU closer to the device than the Force High (see next
figure).

Intended results: Measure the resistance reading during a current sequence.

Figure 194: Two_term_resistor_sweep_VI_2SMU pin connection
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Four-terminal resistor library

Four-terminal resistor overview

The four-terminal resistor library components are located in the following directory:
\ACS_BASIC\library\dev_library\RESISTOR_4T

The four-terminal resistor library is used to test parameters of a four-terminal resistor, such as
resistance (Source V measure | or Source | measure V, 2-wire or 4-wire).
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Four-terminal resistor library
Spot_IV_4SMU
Description:
Module Name: Spot_IV_4SMU

DUT: Four-terminal generic device
Function: Measures resistance at a specified voltage.

Pin connections: One SMU can be used. Any Series 2400 or Series 2600B instrument is capable of
forcing and sensing (see next figure).

Figure 195: Four_term_resistor_spot_IV_4SMU pin connection
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Spot_VI_4SMU
Description:
Module Name: Spot_VI_4SMU

DUT: Four-terminal generic device
Function: Measure resistance at a specified current.

Pin connections: One SMU can be used. Any Series 2400 or Series 2600B instrument is capable of
forcing and sensing (see next figure).

Figure 196: Four_term_resistor_spot_VI_4SMU pin connection
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Sweep_IV_4SMU
Description:
Module Name: Sweep_IV_4SMU

DUT: Four-terminal generic device

Function: Measures resistance during a voltage sequence.

Pin connections: One SMU can be used. Any Series 2400 or Series 2600B instrument is capable of
forcing and sensing (see next figure).

Figure 197: Four_term_resistor_sweep_IV_4SMU pin connection
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Sweep_VI_4SMU
Description:
Module Name: Sweep_VI 4SMU

DUT: Four-terminal generic device

Function: Measure resistance during a current sequence.

Pin connections: One SMU can be used. Any Series 2400 or Series 2600B instrument is capable of
forcing and sensing (see next figure).

Figure 198: Four_term_resistor_sweep_VI_4SMU pin connection
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TRIAC parametric library

TRIAC parametric overview

The TRIAC library components are located in the following directory:
\ACS_BASIC\library\devLibrary\TRIAC

The TRIAC parametric library is used to test parameters of a TRIAC device, including leakage, on-
state, trigger, latch and hold properties.
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TRIAC parametric library
IDRM

Description:

Module Name: IDRM
Module Type: ITM
Instrument: KI2657A

DUT: Three-terminal TRIAC

Function: Determines the peak repetitive blocking current. Measures the maximum instantaneous
value of the off-state current that results from the application of repetitive peak off-state voltage.

Pin Connection: One SMU is used. The SMU applies voltage and measures current between
terminals A2 (or MT2) to A1 (or MT1) with the Gate open.

Figure 199: TRIAC IDRM pin connection
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IGT

Description:

Module Name: IGT

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the Gate trigger current. Measures the minimum current required between the
Gate and cathode (MT1) to turn on the device.

Pin Connection: Two SMUs are used. One SMU applies a specified voltage and measures the
current between terminals A2 (or MT2) to A1 (or MT1). The other SMU applies voltage and measures
current between the Gate and cathode (MT1). If required, connect a resistance load (RL) at a
specified value in series with the TRIAC device to achieve a defined on-state current IT.

Figure 200: TRIAC IGT pin connection
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IHneg

Description:

Module Name: IHneg

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the holding current. Measures the minimum current across the main terminals
to keep the device in the on-state.

Pin Connection: Two SMUs are used. One SMU applies current between terminals A2 (or MT2) to A1
(or MT1). The other SMU applies a specified current between the Gate and cathode (MT1).

Figure 201: TRIAC IHneg pin connection
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IHpos

Description:

Module Name: IHpos

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the holding current. Measures the minimum current across the main terminals
to keep the device in the on-state.

Pin Connection: Two SMUs are used. One SMU applies current between terminals A2 (or MT2) to A1
(or MT1). The other SMU applies a specified current between the Gate and cathode (MT1).

Figure 202: TRIAC IHpos pin connection
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ILneg

Description:

Module Name: ILnheg

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the latching current. Measures the minimum current across the main terminals
to keep the device in the on-state. This occurs immediately after switching from off-state to on-state
and the triggering Gate signal has been removed.

Pin Connection: Two SMUs are used. One SMU applies current between terminals A2 (or MT2) to A1
(or MT1). The other SMU applies a specified current between the Gate and cathode (MT1).

Figure 203: TRIAC ILneg pin connection
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ILpos

Description:

Module Name: ILpos

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the latching current. Measures the minimum current across the main terminals
to keep the device in the on-state. This occurs immediately after switching from off-state to on-state
and the triggering Gate signal has been removed.

Pin Connection: Two SMUs are used. One SMU applies current between terminals A2 (or MT2) to A1
(or MT1). The other SMU applies a specified current between the Gate and cathode (MT1).

Figure 204: TRIAC ILpos pin connection
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IRRM

Description:

Module Name: IRRM
Module Type: ITM
Instrument: KI2657A

DUT: Three-terminal TRIAC

Function: Determines the peak repetitive reverse blocking current. Measures the maximum
instantaneous value of the reverse off-state current that results from the application of repetitive peak
off-state voltage.

Pin Connection: One SMU is used. The SMU applies voltage and measures current between
terminals A2 (or MT2) to A1 (or MT1) with the Gate open.

Figure 205: TRIAC IRRM pin connection
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VGT

Description:

Module Name: VGT

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the Gate trigger voltage. Measures the minimum voltage required between the
Gate and cathode in order to reach the Gate trigger current and then to trigger the device.

Pin Connection: Two SMUs are used. One SMU applies a specified voltage and measures current
between terminals A2 (or MT2) to A1 (or MT1). The other SMU applies voltage and measures current
between the Gate and cathode (MT1). If required, connect a resistance load (RL) at a specified value
in series with the TRIAC device to achieve a defined on-state current IT.

Figure 206: TRIAC VGT pin connection
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VTneg

Description:

Module Name: VTneg

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the peak on-state voltage. Measures the maximum voltage drop across the
main terminals at stated conditions when the devices are in the on-state. Typically measured at a
short pulse width and low duty cycle to prevent heating of the junction.

Pin Connection: One or two SMUs are used. One SMU applies a specified current and measures
voltage between terminals A2 (or MT2) to A1 (or MT1). The other SMU may be required to apply a
Gate current to turn the device on. The Gate current >= IGT must be applied until the load current is
>= L.

Figure 207: TRIAC VTneg pin connection
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VTpos

Description:

Module Name: VTpos

Module Type: ITM

Instrument: KI2651A, KI2600B
DUT: Three-terminal TRIAC

Function: Determines the peak on-state voltage. Measures the maximum voltage drop across the
main terminals at stated conditions when the devices are in the on-state. Typically measured at a
short pulse width and low duty cycle to prevent heating of the junction.

Pin Connection: One or two SMUs are used. One SMU applies a specified current and measures
voltage between terminals A2 (or MT2) to A1(or MT1). The other SMU may be required to apply a
Gate current to turn the device on. The Gate current >= IGT must be applied until the load current is
>= L.

Figure 208: TRIAC VTpos pin connection
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Zener parametric library

Zener parametric overview

The ZENER library components are located in the following directory:
\WACS_BASICl\library\devLibrary\ZENER

The ZENER parametric library is used to test parameters of a ZENER device, including leakage, on-
state, and breakdown properties.
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Zener parametric library
BVZ

Description:

Module Name: BVZ
Module Type: ITM
Instrument: KI2600B

DUT: Two-terminal ZENER

Function: Determines the regulator voltage from the cathode to anode at the maximum rated current
that is given in the data sheet.

Pin Connection: One SMU used. The SMU applies a negative current (IZM) and takes voltage
measurements from the anode to cathode.

Figure 209: ZENER BVZ pin connection
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IR

Description:

Module Name: IR

Module Type: ITM
Instrument: KI2600B

DUT: Two-terminal ZENER

Function: Determines the reverse leakage current at a specific reverse voltage from the cathode to
anode that is given in the data sheet.

Pin Connection: One SMU used. The SMU applies a negative voltage and takes current

measurements from the anode to cathode.
Figure 210: ZENER IR pin connection
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VF

Description:

Module Name: VF

Module Type: ITM

Instrument: KI2600B

DUT: Two-terminal ZENER

Function: Determines the forward voltage at a specific forward current from the anode to cathode.

Pin Connection: One SMU used. The SMU applies a positive current and takes voltage
measurements from the anode to cathode.

Figure 211: ZENER VF pin connection

A

C
s l

®» ®

+

v

2-236 ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

Capacitor WLR script library

Capacitor WLR script overview

The WLR script components are located in the following directory:
\ACS_BASIC\library\devLibrary\CAPACITOR_MOS\WLR_script

There are four modules in the pMOSFET WLR_script Library:
1. TDDB_per_pin

2. TDDB_CCS

3. qgbd_rmpj

4. gbd_rmpv
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Capacitor WLR script library

TDDB_CCS

Description:

Performs the constant current time dependent dielectric breakdown (TDDB) test. Up to four SMUs are
supported and voltage is measured. A hard breakdown (HBD) occurs when:

A. If the Vg is below breakdown voltage (abs(Vg)<abs(Vmin))
B. If the Vg falls dramatically (abs(Vg[now]) <= HBDL * abs(Vg[preV])).
Syntax:

TDDB_CCS (sample interval, time max, holdtime, V min, HBDL, myPLC, smu 1, compl,
stressl, measl, smu 2, comp2, stress2, meas2, smu 3, comp3, stress3, meas3,
smu 4, comp4, stressd4, measd).

INPUTS:

double sample interval=1l in (0, ) --time between sample (Unit:s)

double HBDL=0.6 in [0,0.999] --limit of hard BD.when Ig[now]>=Ig[prev]*HBDL
then abort.

double V min=0.06 in [0,200] --minimum voltage

double time max=nil in (0, )/nil --max time of experiment. if 'nil' appears, test
until BD

double holdtime=0 in [0, ) --time before stress begin (Unit:s)

double myPLC=1 in [0.001,25] --PLC setting

integer smu 1=1 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

double compl=2 --compliance of corresponding smu (Unit:A for
current;V for voltage).

double stressl=le-6 --stress value required on the smu (Unit:A for
current 'V for voltage).

integer measl=1 in [0,1] --1: current stress and make measurement O:
voltage stress no measurement

integer smu 2=2 in [0,1,2..64] --maximum 4 smus are supported. if not input '0’

double comp2=0.1 --compliance of corresponding smu (Unit:A for
current 'V for voltage).

double stress2=0 --stress value required on the smu (Unit:A for
current 'V for voltage).

integer meas2=0 in [0,1] --1: current stress and make measurement O:
voltage stress no measurement

integer smu 3=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0’

double comp3=nil --compliance of corresponding smu (Unit:A for
current;V for voltage).

double stress3=nil --stress value required on the smu (Unit:A for
current V for voltage).

integer meas3=nil --1: current stress and make measurement 0:
voltage stress no measurement

integer smu 4=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'
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double comp4=nil

double stress4=nil

integer meas4=nil

OUTPUTS:

error
timel
Vgl
TBD1
BD typel
time2
Vg2
TBD2
BD type?2
time3
Vg3
TBD3
BD type3
timed
Vg4
TBD4
BD type4
GUI related:

--error message
--time array of SMU1
--voltage of SMU1
--Tbd of SMU1

--compliance of corresponding smu (Unit:A for
current;V for voltage).

--stress value required on the smu (Unit:A for
current 'V for voltage).

--1: current stress and make measurement O:
voltage stress no measurement

--breakdown type of SMU1:1 for HBD; 2 for timeout

--time array of SMU2
--voltage of SMU2

--Tbd of SMU2
--breakdown type of SMU2
--time array of SMU3
--voltage of SMU3

--Tbd of SMU3
--breakdown type of SMU3
--time array of SMU4
--voltage of SMU4

--Tbd of SMU4
--breakdown type of SMU4

The next figure shows the GUI for the TDDB_CCS test. A general description of this GUI is included

below.
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Figure 212: GUI for TDDB_CCS
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TDDB CCS GUI descriptions:
Terminal: If the SMU is NONE, Stress (V), Measure and Compliance (A) can be empty.

Measure: Set the Measure column to 1 if you want to measure the SMU; set to zero if you only want
to run a stress test.

Hard BD limit & V minimum: Set the hard breakdown limit and voltage minimum. The unit is volts.
Time: Time Max can be left empty. In this case, the test will continue until all devices fail.

Example call:

local sample interval=1l

local time max=50

local holdtime=0

local V. min = 0.06

local HBDL=0.6

local myPILC = 1

local smu 1=1

local compl=20

local stressl=3e-6

local measl=1

local smu 2=2

local comp2=0.1

local stress2=0

local meas2=0

local smu 3=0

local comp3=nil

local stress3=nil

local meas3=nil

local smu_ 4=0

local compé4=nil

local stressé4=nil

local meas4=nil

TDDB CCS (sample interval, time max, holdtime, V min, HBDL, myPLC, smu 1, compl,
éiressl, meégl, smu 2, comﬁé, stress2, meast smu 3, comp3, stresé@, meas3,
smu 4, comp4, stresg4, measd) . B
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TDDB_per_pin

Description:

Performs a time dependent dielectric breakdown (TDDB) test. Up to four SMUs are supported and
voltage is forced and current is measured.

If breakdown mode is zero, only the hard breakdown (HBD) will be monitored. If breakdown mode is
1, a soft breakdown (SBD) will also be monitored.

HBD happens when compliance is met or Ig[now]>=HBDL*Ig[pre][now] >= HBDL*Ig[preV]

To evaluate SBD, noise of the Gate current (Inoise) will be calculated using the formula listed in
JESD92 (JDEX standard number 92 "Procedure for Characterizing Time-Dependent Dielectric
Breakdown of Ultra-Thin Gate Dielectrics"). Base noise (Inoise_Base) is calculated using the ‘Inoise’
average value (AVL) and the Base number (bas_num)(see JESD92 for details).

If the DUT is a MOSFET, some of the SMUs do not require measurements and will set the
corresponding 'meas' to zero.

Possible outputs: time, Ig, Ig_noise (when SBD is required), and breakdown-type of SMUs requiring
measurement.

Syntax:

TDDB _per pin(time interval, HBDL, BD mode, time max, SBDL, holdtime, , smul, compl,
stressl, measl, smu2, comp2, stress2, meas2, smu3, comp3, stress3, meas3, smu4,
comp4, stress4, measé)

INPUTS:

double time interval=0.01 in (0, ) --time between sample (Unit:s)

integer HBDL=1000 in[1l, ) --limit of hard BD.when Ig[now]>=Ig[prev]*HBDL
then abort.

integer BD mode=0 in[0,1] --0: HBD only. All the parameters related to SBD
could be set to nil: also SBD

double time max=nil in(0, )/nil --max time of experiment. if 'nil' appears, test
until BD

integer SBDL=500 in[1l, )/nil --limit of SBD. when Inoi[now] >=
Inoi[Base]*SBDL then abort.

double holdtime=0 in[0, ) --time before stress begin (Unit:s)

double myPLC=1 in[0.001,25] --PLC setting

integer smu 1=1 in[0,1,2..64] --maximum four SMUs are supported. if not input
IOI

double compl=0.1 in[0,0.1] --compliance of corrensponding smu (Unit:A).

double stressl=3 in[-200,200] --stress value required on the smu (Unit:V).

integer measl=1 in[0,1] --1: make measurement on this smu 0: no
measurement

integer smu 2=2 in[0,1,2..64] --maximum four SMUs are supported. if not input
IOI

double comp2=0.1 in[0,0.1] --compliance of corrensponding smu (Unit:A).

double stress2=3 in[-200,200] --stress value required on the smu (Unit:V).

integer meas2=1 in[0,1] --1: make measurement on this smu 0: no
measurement
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integer smu 3=0 in[0,1,2..64]

double comp3=nil in[0,0.1]
double stress3=nil in[-200,200]

integer meas3=nil in[0,1]

integer smu 4=0 in[0,1,2..64]

double comp4=nil in[0,0.1]
double stress4=nil in[-200,200]

integer meas4=nil in[0,1]

measurement

Outputs:

error
timel
I1
Inoil
BD typel
TBD1
time2
I2
InoiZ2
BD type?2
TBD2
time3
I3
Inoi3
BD type3
TBD3
time4
14
Inoi4
BD_ type4
TBD4

GUI related:

--maximum four SMUs are supported. if not input
IOI

--compliance of corrensponding smu (Unit:A).
--stress value required on the smu (Unit:V).

--1: make measurement on this smu 0: no
measurement

--maximum four SMUs are supported. if not input
IOI

--compliance of corrensponding smu (Unit:A).
--stress value required on the smu (Unit:V).

--1: make measurement on this smu 0: no

--indicate whether the modules runs OK or not -1: illegal input 0: OK

--time array of SMU1
--current of SMU1
--noise current of SMU1

--breakdown type of SMU1 1: HBD 2: SBD 3: time out

--time to BD of SMU1
--time array of SMU2
--current of SMU2

--noise current of SMU2
--breakdown type of SMU2
--time to BD of SMU2
--time array of SMU3
--current of SMU3

--noise current of SMU3
--breakdown type of SMU3
--time to BD of SMU3
--time array of SMU4
--current of SMU4

--noise current of SMU4
--breakdown type of SMU4
--time to BD of SMU4

The next figure shows the GUI for the TDDB test. A general description of this GUI is included below.
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Figure 213: TDDB sequence
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TDDB GUI descriptions:
Terminal: If the SMU is NONE, Stress (V), Measure and Compliance (A) can be empty.

Measure: Set the Measure column to 1 if you want to measure the SMU; set to zero if you only want
to run a stress test.

Breakdown: If breakdown mode is set to Hard, the Soft BD limit can be empty. For Soft BD limit Soft
breakdown details, see JESD92 (JDEX standard number 92 "Procedure for Characterizing Time-
Dependent Dielectric breakdown of Ultra-Thin Gate Dielectrics").

Time: Time Max can be empty. In this case, the test will continue until all devices fail.
Example call:

local time interval=1l
local HBDL=1000
local BD mode=0
local time max=20
local SBDL=500
local holdtime=0
local myPLC=1
local smul=1
local compl=0.1
local stressl=2
local measl=1
local smu2=0
local comp2=nil
local stress2=nil
local meas2=nil
local smu3=0
local comp3=nil
local stress3=nil
local meas3=nil
local smuéd=2
local comp4=0.1
local stress4=2
local meas4=1

TDDB per pin(time interval, HBDL, BD mode, time max, SBDL, holdtime, myPLC smul,
compl, stressl, measl, smu2, comp2, stress2, meas2, smu3, comp3, stress3, meas3,
smu4, comp4, stressd4, measi4).
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qbd_rmpj

Description:

Performs a charge-to-breakdown test using the QBD Ramp J test algorithm described in JESD35-A,
"Procedure for Wafer Level Testing of Thin Dielectrics." This algorithm forces a logarithmic current
ramp until the oxide layer breaks down. This algorithm is capable of a maximum current of +/- 1A if a
high power SMU is used.

Syntax:

function gbd rmpj (HiSMUId, LoSMUIdl, LoSMUId2, LoSMUId3, myplc, v use, I init,
I start, F, t step, EXIT volt mult, V max, I max, g max, area)

INPUTS:

integer HiSMUId=1 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

integer LoSMUId1=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

integer LoSMUId2=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

integer LoSMUId3=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0’

double myplc=1 in [0.001,25] --PLC setting

double v _use=1 in [-200,200] --oxide voltage under normal operating
conditions (V). Typically the power supply
voltage of the process. This voltage is to
measure pre- and post-voltage ramp oxide
current.

double I init=le-5 in [-0.1,0.1] --Oxide breakdown failure current when biased
atv_use. (A) Typical value is 10uA/cm”2 and
may change depending oxide area. For
maximum sensitivity the specified value should
be well above the worse case oxide
current of a "good" oxide and well above system
noise floor. Higher value must be specified for
ultra-thin oxide because of direct tunneling
effect.

double I start=le-5 in [-0.1,0.1] --starting current for current ramp (A). Typical
value is |_init

double F=1.5 in [1,100] --Current multiplier between two successive
current steps.

double t step=0.1 in (0,) --current ramp step time in s

double EXIT volt mult=0.85 in (0,2] --multiplier factor of successive voltage
measurement. When the next measured voltage
is below this factor multiplying previous
measured voltage, oxide is considered
breakdown and test will EXIT. Typical value,

0.85

double V max=20 in [-200,200] --the voltage limit; pls. pay attention to inter lock
(A)

double I max=0.1 in [-0.1,0.1] --maximum ramp up current (A)

double g max=100 in (0,) --Maximum accumulated oxide charge per oxide

area(C/cm”2). Used to terminate a test where
breakdown occurs but was not detected during
the test.
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double area=2 in (0,) --area of oxide structure (cm*2)
OUTPUTS:

V_stress --voltage stress array

I stress --measured current array

T stress --time stamp array representing when current is measured

g stress --accumulated charge array

V_init pre --voltage at |_init in pre test

V_init post --voltage at |_init in post test

Q bd --Charge to breakdown. Cumulative charge passing through the oxide

prior to breakdown (C)

g bd --charge to breakdown density (C/cm*2)

v_bd --applied voltage at the step just before oxide breakdown

I bd --measured current at v_bd just before oxide breakdown

t bd --time stamp when measuring |_bd

Failure mode --failure mode

--1: Initial test failure

--2: Catastrophic failure (initial test pass, ramp test fail, post test fail)

--3: Masked Catastrophic (initial test pass, ramp test pass, post test fail)

--4: non-Catastrophic (initial test pass, ramp test fail, post test pass)

--5: Others (initial test pass, ramp test pass, post test pass)
Test_status

--0: no test errors (EXIT due to
measured voltage < EXIT_volt_mult*V_previous)

--(-1): failed pre-stress test
--(-2): cum charge limit reached
--(-3): current limit reached
--(-4): voltage limit reached
--(-5): masked Catastrophic Failure
--(-6): non-Catastrophic Failure
--(-7): Invalid specified t_step

GUI related:

The next figure shows the QBD Ramp J GUI and illustrates the testing method.
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Figure 215: GUI for qbd_rmpj
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If the above routine is modifie

NOTE

d, change the function name to avoid possible programming errors.

Example call:

HiSMUId=1
LoSMUId1=2
LoSMUId2=0
LoSMUId3=0
myplc=1
v_use=0.005
I init=le-8
I start=le-8
F=1.5

t step=0.1

local
local
local
local
local
local
local
local
local
local
local
local
local
local
local

V_max=20

I max=le-5
g max=0.1
area=1

gbd rmpj (HisMUId, LoSMUIdl, LoSMUId2, LoSMUId3, myplc, v_use,

t step, EXIT volt mul

EXIT volt mult=0.85

I init, I start, F,

t, V. max, I max, g max, area).
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qbd_rmpv

Description:

Performs a charge-to-breakdown test using the QBD Ramp V test algorithm described in JESD35-A,
"Procedure for Wafer Level Testing of Thin Dielectrics". This algorithm forces a linear voltage ramp
until the oxide layer breaks down. This algorithm is capable of a maximum voltage of +-200 volts.

Syntax:

gbd rmpv (HiSMUId, LoSMUIdl, LoSMUIdZ2, LoSMUId3, myplc, v use, I init, hold time,
v_start, v_step, t step, measure delay, I crit, I box, I max, EXIT curr mult,
EXIT slope mult, g max, t max, v _max, area, EXIT mode)

INPUTS:

integer HiSMUId=1 in [0,1,2..64] --maximum 4 smus are supported. if not input '0’

integer LoSMUId1=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

integer LoSMUId2=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0’

integer LoSMUId3=0 in [0,1,2..64] --maximum 4 smus are supported. if not input '0'

double myplc=1 in [0.001,25] --PLC setting

double v _use=1 in [-200,200] --oxide voltage under normal operating
conditions (V). Typically the power supply
voltage of the process. This voltage is to
measure pre- and post-voltage ramp oxide
current.

double I init=0.001 in [-0.1,0.1] --Oxide breakdown failure current when biased
at v_use. Typical value is 10uA/cm”2 and may
change depending oxide area. For maximum
sensitivity the specified value should be well
above the worst-case oxide current of a "good"
oxide and well above system noise floor. Higher
value must be specified for ultra-thin oxide
because of direct tunneling effect.

double holdtime=0 in [0, ) --time after Vuse is applied (Unit:s)

double v _start=0.01 in [-200,200] --starting ramp voltage (V). Typical value is
v_use

double v _step=0.01 in [-200,200] --voltage ramp step size (V). This value has a

maximum value of 0.1MV/cm. for example, the
maximum value can be calculated using
Tox*0.1MV/cm, where Tox is in unit of
centimeters. This is 0.1V for a 10nm oxide.

double t step=0.1 in (0,) --Voltage ramp step time(Unit:s). This is used to

determine the voltage ramp rate. This time
should be less or equal than 100ms. Typically

40 - 100 ms.

double measure delay=0.05 in (0,) --time delay for measurement after each voltage
stress step(Unit:s). This delay should be less
than t_step.

double I crit=5e-4 in [-0.1,0.1] --At least 10 times the test system current

measurement noise floor. This oxide current is
the minimum value used in determining the
change of slope breakdown criteria. (A)
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double I box=3e-4 in [-0.1,0.1] --An optional measured current level for which a
stress voltage is recorded. This value provides
an additional point on the current-voltage curve.
A typical value is 1uA.

double I max=le-3 in [-0.1,0.1] --Oxide breakdown criteria. |_bd is obtained
from |-V curves and is the oxide current at the
step just prior to breakdown.

double EXIT curr mult=10 in (0,) --Change of current failure criteria. This is the
ratio of measured current over previous current
level, which, if exceeded, will result in failure;
recommended value: 10-100

double EXIT slope mult=3 in (0,) --Change of slope failure criteria. This is the
factor of change in FN slope, which, if exceeded,
will result in failure; recommended value: 3

double g max=100 in (0,) --Maximum accumulated oxide charge PER
OXIDE AREA! Used to terminate a test where
breakdown occurs but was not detected during
the test (C/cm”2).

double t max=10 in (0,) --maximum stress time allowed(Unit:s).
Reaching the limit will result in test finish.
double v _max=2 in (-200,200) --The maximum voltage limit for the voltage

ramp. This limit is specified at 30MV/cm for
oxides less than 20nm thick and 15MV/cm for
thicker oxides. For example, v_max can be
estimated from Tox*30Mv/cm where Tox is in
centimeters. This is 35V for a 10.0nm Oxide

double area=2 in (0,) --area of oxide structure (cm”2)

integer EXIT mode=0 in (0,1) --failure criteria mode 0O: judge by current
(I_max) and (EXIT_curr_mult) and q_max,
v_max, t_max 1:also judge slope
EXIT_slope_mult)

OUTPUTS:
V_stress --voltage stress array
I stress --measured current array
T stress --time stamp array representing when current is measured
g stress --accumulated charge array
I use pre --Measured oxide current at v_use prior to starting the ramp
I use post --Measured oxide current at v_use after the ramp finished
Q bd --Charge to breakdown. Cumulative charge passing through the oxide
prior to breakdown (C)
g bd --charge to breakdown density (C/cm”"2)
v_bd --applied voltage at the step just before oxide breakdown
I bd --measured current at v_bd just before oxide breakdown
t bd --time stamp when measuring |_bd
v_crit --applied voltage at the step when the oxide current exceeds |_crit
v_box --applied voltage at the step when the oxide current exceeds |_box
Failure mode --failure mode
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--1: Initial test failure

--2: Catastrophic failure (initial test pass, ramp test fail, post test fail)
--3. Masked Catastrophic (initial test pass, ramp test pass, post test fail)
--4. non-Catastrophic (initial test pass, ramp test fail, post test pass)
--5. Others (initial test pass, ramp test pass, post test pass)

Test status --2: no test errors (EXIT due to measured current >
EXIT_curr_multi*l_previous

--1: no test errors (EXIT due to measured current > calculated failure
slope ONLY)

--0: no test errors (EXIT due to measured current > |_max ONLY)
--(-1): failed pre-stress test

--(-2): cumulative charge limit reached

--(-3): voltage limit reached

--(-4): maximum time limit reached

--(-5): masked Catastrophic Failure

--(-6): non-Catastrophic Failure

--(-7): Invalid specified t_step, hold_time or measure_delay

GUI related:
The next figure shows the QBD Ramp V GUI and illustrates the testing method.
Figure 216: GUI for gqbd_rmpv

gbd rmpv
HiSMU LasMLU1 LaSMuZ LoSMU3
SHU1 i SMUZ w HOHE " HONE ki
arealem~2) | 2
WV use(\V) Iinit{A) W start(V) W step(V]) 1 bax{4) I criticallA)
0,001 0.01 Ja-6 Se-
@l 5t
I rra V max(V) q max{cfom™2) t_mans)
le-3 10 1 50
il made currgnt Fuki sope rrulti
a 10 3
tme step(s) meas daly(s] Hobkdtimals) HPLE
0.1 0.08 1]
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Example call:

local HiSMUId=1

local LoSMUId1=2

local LoSMUId2=0

local LoSMUId3=0

local myplc=1

local v_use=l

local I init=0.001
local hold time=0

local v_start=0.01
local v _step=0.01

local t step=0.1

local measure delay=0.05
local I crit=5e-4

local I box=3e-4

local I max=le-3

local EXIT curr mult=10
local EXIT slope mult=3
local g max=100

local t max=100

local v _max=2

local area=2

local EXIT mode=1

gbd rmpv (HiSMUId, LoSMUIdl, LoSMUIdZ2, LoSMUId3, myplc, v use, I init, hold time,

v_start, v _step, t step, measure delay, I crit,

I box, I max, EXIT curr mult,

EXIT slope mult, g max, t max, v max, area, EXIT mode) .
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Common library

Common library introduction

ACS Basic has a common library, including the CV test, matrix control, and scope control. All test
modules in the Common Library can be added to any device. You can also build a common library to
import and use.
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Common library
CV_HP4284

Description:

Tests the capacitive parameters at a specified frequency and voltage of the AC drive, with
measurements of DC voltage bias or sweep.

Instrument:

Agilent 4284 or 4980 LCR meter.

Syntax:

CVITM.cv4284 (CMTR name, force func,preSoak,v bias,v biasPts,v start,v stop,v step,ho
1d time,delay time,speed, freq bias,v AC,meas param,meas_range,cable length, isCmp
stOpen, isCmpstShort, isCmpstLoad, output DCV, output resultl,output result2,output

error)

INPUTS:

CMTR name (string):
force func (int):

preSoak (double):

v_bias (double):
v_biasPts (int):
v_start (double):
v_stop (double):
v_step (double):
hold time (double):
delay time (double):
Speed (string):

freq bias (double):

vAC (double) :

measParam:

measRange:

cablelLength

Instrument name defined in syscon.kcf file.

0: bias, 1: sweep.

Force voltage after test start and before measurement sequence.
Unit: V.

Force value for the bias. Unit: V.

The number of bias points.

Initial force value for the sweep (-40V to 40V). Unit: V.

Final force value for the sweep (-40V to 40V). Unit; V.

Step force value for the sweep (-40V to 40V). Unit: V.

Hold time after force value changed. Unit: seconds.

Delay before each measurement (0 to 999s). Unit: seconds.
Measurement time setting.

Frequency of the AC drive for normal measurement. Valid value
is from 20 Hz to 2MHz.

The oscillator output voltage level, the valid input is 5mV to 20V.
Unit: V.

Valid input ['Z,Theta', 'R+jx', 'Cp-Gp', 'Cs-Rs', 'Cp-D', 'Cs-D']
KI_AGCV_TYPE_ZTR=0"ZTR"

KI_AGCV_TYPE_RX =1 "RX"

KI_AGCV_TYPE_CPG =2 "CPG"

KI_AGCV_TYPE_CSRS = 3 "CSRS"

KI_AGCV_TYPE_CPD =4 "CPD"

KI_AGCV_TYPE_CSD =5 "CSD"

The measurement range to use. Valid values for this parameter
are 0 (Auto), 100, 300, 1000, 3000, 10000, 30000, and 100000
Ohms.

Cable length setting for connect compensation. Unit: meter.
When you do not need compensation, cable length should be
assigned to 0.
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1isCmpstOpen (bool):
isCmpstShort (bool):
isCmpstLoad (bool):
OUTPUTS:

0:

-10000:

-10001:

-10090:

return dictionary:
result["DCV"]:

result["resultl"]:

result["result2"]:

GUI related:

Enable or disable compensation constants for open.
Enable or disable compensation constants for Short.
Enable or disable compensation constants for Load.

OK.
Specified CVU does not exist.
(INVAL_PARAM) Parameter setting error occurred.

(GPIB_ERROR_OCCURED) A GPIB communications error
occurred.

Force DC voltage

The first parameter of the result according to the measurement
model.

The second parameter of the result according to the
measurement model.

Figure 217: CV_HP4284 setting example

Force Func Tirmirg
CMTR_name (TMTR1 + Obiss @ sweep Hold Trme (0.1 s DelayTime|0.01 |s Speed [Short
Force Func Parameter
Biaz Setup Sweoop Setup
PreSoak |3 v Start -3 Stop 2 Step 0.02
A" Driver Conditions CV Voltage Sweep output
Frequency 1000000 Mz Stop v aVavavaV

S:EF] %E[Delay | Meas

Voltage 30 W
il «
izasuring Setting Sta I ._|.___ﬂ.____.
S0 | Detay | Meas
Parameter Cp-iGp w “'P
Start 1V Frequency = 100kHz
Impedance Range O bt T2 b |-I'.>E- “Neas A Valtage = 15mVRMS
LA Number of Steps = 3
Compersation Setting L
o
Cabile Length O w al HT = Hold Time Disable outputs
S0 = Buill-In System Delay at completion
Conmecion Compensation Deday = Programmed Delay enabled
Flopen  [Flehart  [load PreSoak -5V - Meas = Measure Tme
output parameter name setting
output DOV DOV output resultl resultl output result2  result2 output error | error

ACSBASIC-908-01 Rev. A/ August 2012

2-255



Section 2: Device Library ACS Basic Libraries Reference Manual

Figure 218: CV_HP4284 Data Tab

Satup | Dats | Status
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CV_4200CVU

Description:

Tests the capacitive parameters at a specified frequency and voltage of the AC drive, with
measurements at the DC voltage bias or sweep using a Model 4200-CVU.

Syntax:

CVITM.cv42CVU (CVU_name, force func,preSoak,v bias,v biasPts,v _start,v stop,v step,ho
1d time,delay time,speed, freq bias,v AC,meas param,meas_range,cable length, isCmp
stOpen, isCmpstShort, isCmpstLoad, output DCV, output resultl,output result2,output

error)
INPUTS:

CVU _name (string):

force func (string):

preSoak (double) :

v_bias (double):
v_biasPts (int):
v_start (double):
v_stop (double):
v_step (double):

hold time (double):
delay time (double):

Speed (int):

freq bias (double):

V AC (double):

measParam:

measRange:

cablelLength (float):

Instrument ID of the Model 4200-CVU: CVUA1.

0: bias, 1: sweep.

Force voltage after test start and before measurement sequence.
Unit: V.

Force value for the bias. Unit: V.

The number of bias points.

Initial force value for the sweep (0.001V to 30V). Unit: V.
Final force value for the sweep (-30V to 30V). Unit; V.
Step force value for the sweep (-30V to 30V). Unit: V.

Hold time after force value changed. Unit: second.

Delay before each measurement (0 to 999s). Unit: second.
KI_CVU_SPEED_FAST =0

KI_CVU_SPEED_NORMAL = 1
KI_CVU_SPEED_QUIET =2

Frequency of the AC drive. Supported frequency: 10kHz to
100kHz in 10kHz steps, 100kHz to 1MHz in 100kHz steps, 1MHz
to 10MHz in 1MHz steps. If an entered value is not a supported
frequency, the closest supported frequency will be selected (for
example, 15kHz input will select 20kHz). Unit: Hz.

Voltage level of the AC drive (10mV to 100mVRMS). Unit:
mVRMS

Valid input ['Z,Theta', 'R+jx', 'Cp-Gp', 'Cs-Rs', 'Cp-D’, 'Cs-D]
KI_CVU_TYPE_ZTH =0

KI_CVU_TYPE_RJX =1

KI_CVU_TYPE_CPGP =2

KI_CVU_TYPE_CSRS =3

KI_CVU_TYPE_CPD =4

KI_CVU_TYPE_CSD =5

Current measure range for impedance measurements. Setting
range to zero selects auto range.

Cable length setting for connect compensation. unit: meter.
Values from zero to 3 are valid, but only 0, 1.5, and 3 are
supported lengths. Any other number from zero to 3 will be
changed to one of the three values. When you do not need
compensation, cable length should be assigned to zero.
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(bool) :
(bool) :
(bool) :

1sCmpstOpen
isCmpstShort
isCmpstLoad
OUTPUTS:
Error list:
0:
-10000:
-10001:
-10090:

return dictionary:
result["DCV"]:

result["resultl"]:

result["result2"]:

Enable or disable compensation constants for open.
Enable or disable compensation constants for Short.
Enable or disable compensation constants for Load.

OK.
Specified CVU does not exist.
(INVAL_PARAM) Parameter setting error occurred.

(GPIB_ERROR_OCCURED) A GPIB communications error
occurred.

Force DC voltage
The first parameter of the result according to the measurement
model.

The second parameter of the result according to the
measurement model.

GUI related:
Figure 219: CV_4200CVU setting example
Setup Data | Status
User Module
K420 General Test
Force Func Tirming
CVU_name |CWU1 ¥ Obiss () swesp Hold Time 0.1 |5 Delay Time 0.01 |5 Speed Fast v
Force Funt Parameter
Bias Setup Sweep Setup
Aot | s Start -3 Stop 3 Step |0.02
AL Driver Conditions Voltage Sweep output
Frequency 1000000 v Mz Stop 3v AN
$p| |35 | oty | eas
S0 | Delay | Meas
Voltage |30 MVEMS W yi .
™
Measunng Settng Smui ._-,l,_-,lq_..l
SO | Delay | Meas
Parameter Cp-Gp v v ¥
[R u] ~ Start TV | [ Frequency = 100kHZ
2Nge —| | AC Voltage = 15mVRMS
M
HT | S0 Delay| Meas Number of S1eps = 3
Cormpersation Setting -
o
Cable Length |15M “ A HT = Hold Time Disable outputs
Lo 50 = Bullt-In System Delay at completion
Connection Compersation Delay = Programmed Delay enabied
= open [Flshort [igad PrSoak -5V = Meas = Measure Time
Output Parameter Name Setting
Output DCY DOV Cutput Resultl resultl Output Result2  result2 Output Error error
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TEKSCOPE_ReadWave

Description:

Reads the waveform on the scope. It reads data one channel at a time. Some modification is needed
to enable it to read data from more channels simultaneously.

Known issues: Returns 2 bytes of binary data.
Instrument: TEKSCOPE
GUI related:
Figure 220: Waveform reading GUI

Tektronix Scope Waveform Reading Utility

Inputs

Channel: 1i " Record Length: s00

Data Format: BIM w Precision (# of bytes) 1 -
Yertical Scale (W) 1 o

Cutputs

Time Array: tirne Woltage Array: wolt
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Figure 221: Waveform reading data
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KI23X_BiasVSamplel

Description:

Determines the bias voltage and takes current readings for the Model 236, 237, or 238.

Instrument: Keithley Model 236, 237, or 238 Source measure unit.

INPUTS:

instAddr:

BiasV:

RangeV:

DelayV:

Compliance:

RangeCurr:

NumSamples:

interval:
OUTPUTS:

output Curr:

output time:

GPIB address, 0 through 30, default is 17, change the address according to
instrument setting.

Bias Voltage. Limit of value differs by model of the meter.

Source range: 0. Auto range. 0 through 4. Otherwise, the range is the smallest
that can accommodate the input value. The Source range limit differs by different
models of the meter.

Source Delay, 0 through 65000, default 0.

Current compliance of the sweep. 1E-9 through 1E-1. Value differs by model of
the meter.

Measurement range for current. 0 through 9. 0: Auto range. Otherwise, the range
is the smallest that can accommodate the input value. The Source range limit
differs by model of the meter.

Sampling interval,(s),Valid input 0 to 1000 s.

Measured current
Timestamp at each point

output error: Error value

0
-10090

OK
(GPIB_ERROR_OCCURRED) A GPIB communications error occurred.
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GUI related:
Figure 222: KI23X_BiasVSamplel standard GUI

Setup |Data | Status

User Maodule

B Input B output Description

instaAddr 17 output_Curr Current
Bz 10 autput_time tima This module is used to bias voltage and take current
— readings for 2367237238

Rangey D output_error error --instaddr:GPIE address, 0~30, default is 17, change the
Delayy 0 address according to instrument setting
--Biasv:Bias WVoltage. Limit of value differs by model of the
Compliance 0.001 meter, Please refer to the user marual for correct voltage
RangeCurr u] firmit.
NUmSampkes 100 LHRangeV:Source range:d: Auto range, O~4, Otherwise,

e

interval a range is the smallest that can accomadate the input
value, The source range limit differs by different
models af the meter, Please refer to user manual for
correct range value
---Delayy:Source Delay, 0~65000, default O
---Compliance: Current compliance of the sweep, 1E-9 ~
1E-1, Value
differs by different model of the meter. Please refer
to theuser manual for correct compliance limit.
---RangeCurrmeasurement range for current, 0~9, O:
Auto
range. Otherwise, the range is the smallest that can
accomodate the input value, The source range limit
differs by different models of the meter. Please
refer to user manual for correct range value.
--MumSamples:
teryval:Sampling interval, (s),valid input 0 to 1000 s,
-output_Curr : Measured current
---output_time @ Timestamp at each point
--output_error : error value

Time interval -10090: GPIB_ERROR_OCCUR

V_bias

Holdtime

Time

Sohipt UL
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KI23X_Sweepl

Description:

Sweeps current and takea I/V/Time readings for the Model 236, 237, or 238.

Instrument: Keithley Models 236, 237, and 238 Source measure units.

INPUTS:

instAddr:
SweepMode:
StartI:

StoplI:

NumofPoints:

ComplianceV:

SourceRange:

MeasureRange:

HoldTime:
SweepDelay:

Integration:

OUTPUTS:
output VI
output T
output time:

output_error:

GPIB address, 0 through 30, default is 17; change the address according
to instrument setting.

Sweep Mode. 0: fixed bias, sampling measurement 1: Linear sweep; 2:
Log sweep.

Start current of the sweep. If in sampling mode, this is the output Source
value. Value differs by model of the meter.

Stop current of the sweep. Value differs by model of the meter.

Number of sweep points. Valid input 1 to 1000 for fixed bias mode and
linear mode. For log sweep mode, valid input is:

0: 5 points per decade sweep
1: 10 points per decade sweep
2: 25 points per decade sweep
3: 50 points per decade sweep
Voltage compliance of the sweep. Value differs by model of the meter.

Source range. 0: Auto range. Otherwise, the range is the smallest that
can accommodate the input value. The Source range limit differs by
model of the meter.

Measurement range for current. 0: Auto range. Otherwise, the range is
the smallest that can accommodate the input value. The Source range
limit differs by model of the meter.

Time sitting at the first point of sweep. Valid input Os to 9999.999
seconds.

Delay time between each sweep point. Valid input Os to 9999.999
seconds.

A/D integration speed:
0: fast

1: medium

2: long, 1PLC (60Hz)
3: long, 1PLC (50Hz)

Measured voltage

Measured current

Timestamp at each point

Error value

0: OK

-10090: GPIB_ERROR_OCCUR
-10100: INVAL_PARAM
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GUI Related:
Figure 223: KI23X_Sweepl standard GUI

Setup | Data | Status

User Module

B Input B output

instaddr 17 outpUt_Y W
This miodule is used to sweep current and take [V Time &
Sweephode u output_L L readings for 235/257/236.
Startl 0.01 output_time time -—-instAddr:GPIE address, 0~30, default is 17, change the
Stopl ol output_errar arror address according to instrurment setting
" - ---SweephMode:Sweep Mode. D fied bias,sampling
MurmafPoints 10 measurement
Compliancey 10 1: Linear sweep; 2: Log sweep
-—-Startl:Start current of the sweep. If in sampling
SourceRange o mode, this is the output source value Walue differs
MeasLreRangs 0 by different model of the meter, Please refer to the
HoldTime 1 user manual for correct limit
-—-Gtopl:Stop current of the sweep, Value differs by
SWEEDD_EIW 0.1 different model of the meter. Please refer to the
Integration 2 user manual for correct limit
---murnofPoints:nurnber of sweep points, Valid input 1 to
1000 for fixed
biaz mode and linear mode, For log sweep mode, valid
input is
0 5 points per decade sweep
0 points per decade sweep
5 points per decades sweep
3 50 points per decade sweep
---Compliancey:Yoltage compliance of the sweep, Value
differs by different model of the meter, Please refer
to theuser manual for correct compliance limit.
--SourceRange:Source range, O: Auto range, Otherwise,

Description

3
range is the smallest that can accomodate the input
value. The source range limit differs by different
models of the meter, Please refer to user manual for
'm' correct range value.
-—-MeasureRange:measurement range for current. O Auta
range. Otherwise, the range is the smallest that can
Sweep accomodate the input walue. The source range limit
differs by different models of the meter. Please
refer to user manual for correct range value.
-—HoldTime: Time sitting at the first point of sweep.
Valid input 0s to 9999.999 seconds
-—-SweepDelay:Delay time between each sweep point.
— Walid input 0s to 9999.999 seconds
— --Integration: A/D integration speed
0: fast

1. mediurm

2! long, 1PLC (60Hz)

3¢ long, 1PLC (50Hz)
---oUtpUt_Y ¢ Measured voltage
utpLt_I : Measured current:
---output_time ¢ Timestamp at each point

Script UL
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KI23X_SweepV

Description:
Sweeps voltage and takes I/V/Time readings for the Model 236, 237, or 238.

Instrument: Keithley Models 236, 237, and 238 Source measure units.

INPUTS:

instAddr: GPIB address, 0 through 30, default is 17; change the address according
to instrument setting.

SweepMode: Sweep Mode. 0: fixed bias, sampling measurement. 1: Linear sweep; 2:
Log sweep.

StartV: Start Voltage of the sweep. If in sampling mode, this is the output bias
value.

StopV: Stop Voltage of the sweep. Limit of value differs by model of the meter.

NumofPoints: Number of sweep points. Valid input 1 to 1000 for fixed bias mode and
linear mode. For log sweep mode, valid input is:

0: 5 points per decade sweep
1: 10 points per decade sweep
2: 25 points per decade sweep
3: 50 points per decade sweep

ComplianceT: Current compliance of the sweep. Value differs by different model of the
meter.

SourceRange: Source range. 0: Auto range. Otherwise, the range is the smallest that
can accommodate the input value. The Source range limit differs by
model of the meter.

MeasureRange: Measurement range for current. 0: Auto range. Otherwise, the range is
the smallest that can accommodate the input value. The Source range
limit differs by model of the meter.

HoldTime: Time sitting at the first point of sweep. Valid input Os to 9999.999
seconds.

SweepDelay: Delay time between each sweep point. Valid input Os to 9999.999
seconds.

Integration: A/D integration speed:

0: fast

1: medium

2: long, 1PLC (60HZz)

3: long, 1PLC (50Hz)
OUTPUTS:

output V: Measured voltage

output I: Measured current

output time: Timestamp at each point

output error: Error value
0 OK.

-1 23x not found on GPIB

-10000  (INVAL_INST_ID) The specified instrument ID does not exist.
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-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
occurred.
-10091  (GPIB_TIMEOQOUT) A timeout occurred during communications.
-10100  (Invalid Parameter) An error occurred on an input parameter.
GUI Related:
SElD Dats  Stahus
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Starty L2} oatpurt_time time M.le.
Stogv 2 Apt_serce e ~rEtadd:GPIR sckkeds, 030, defuit i 17, change the
waoboris 1 R S I Y e
Corrphancs] 0.1 [orST o
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whurmoRoints rumber of Swisep ponts, Vald mput 10
J'i'l:lﬂ for Ewied

b e and Iresar mocks, For log swien mode, vald
nput 6

0c 5 ponts per decada sweep
10 10 ponts per decads sweep

¥
==Complance]:Curmant compliance of the sweap. Valua
ciffers by different model of the meter, Mesxe refe
to thavser manual foe comect compliance met
wmxceﬁame Saurce ranga. 0 Auto ranga, Othenme

range b the smalest that can accomodate the input
wam, The source range Imit differs by diferent
modsls of the meter, Maase refer to user manud for
'm' cotrect range valse
--Mesnrefangamesnrement range for cument. 0 Auto
range, Otherwse, the ranga i the smalest that can
Kizax || Sweep accomodate the input valse, The source rangs bmit
ciffiers by differant modets of the mater, Peacs
refer to user manual foe comect range value
-—HiokdTime: Tare atting at the fiest point of sweep,
Wald mput s to 9999,999 seconds

-~SweapDelzy Delyy tme between each swesp pont

—— WVald st 05 1o 9999,999 seconds
-— -~ Integration: AT integraton speed
O fast
1

2 long, 1PLC (60Hz)

3 long, 1ALC (S0Hz)
--ptput W Meansed voltags
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A
g
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KI237_Vdsld

Description:

High voltage measurement of the current Id at the same time forcing Vd and stepping Vg.
Instrument: Keithley Model 236, 237, or 238 Source measure unit; Model 4200-SCS.

Device connection:
Drain: KI237

Gate, sub, well: Each corresponds with a SMU (for example, SMU1, SMU2, etc. or SMUS of in the

Model 4200).
INPUTS:

instAddr:
GateSMU:

SourceSMU:
SubSMU:

WellSMU:

VgStart:
VgStop:

VgPoint:
VdStart:
vdStop:

VdPoint:
IdLimit:

Integration:

DelayTime:
VscForce!:
VsbForce:
VwForce:
VgMsrFlag:
IgMsrFlag:
VscMsrFlag:
IscMsrFlag:
VsbMsrFlag:
IsbMsrFlag:

GPIB address of 237. Valid from 0 through 30.

The system terminal is attached to the Gate of the MOS-FET. If 'GNDU'
is chosen, the terminal should be connected to GND manually.

The system terminal is attached to the Source of the MOS-FET. If
'GNDU' is chosen, the terminal should be connected to GND manually.
The system terminal is attached to the sub of the MOS-FET. If 'GNDU' is
chosen, the terminal should be connected to GND manually.

The system terminal is attached to the well of the MOS-FET. If 'GNDU' is
chosen, the terminal should be connected to GND manually; if there is

not a well terminal, choose 'NONE'.
Start Voltages of Gate in volts.

End Voltages of Gate in volts.

Number of intervals of forced Vg.

Start Voltages of Drain in volts.

End Voltages of Drain in volts.

Number of intervals of forced Vd.
Current Limitation on measured sites in Ampere.
A/D integration speed:

0: fast

1: medium

2: long, 1PLC (60Hz)

3: long, 1PLC (50Hz)

Delay Time of one measurement in seconds.
Voltage bias force to Source.

Voltage bias force to Sub.

Voltage bias force to Well.

Flag for determining if Vg is measured.
Flag for determining if Ig is measured.
Flag for determining if Vsc is measured.
Flag for determining if Isc is measured.
Flag for determining if Vsb is measured.
Flag for determining if Isb is measured.
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VwMsrFlag:
IwMsrFlag:

OUTPUTS:

output error:

occurred.

GUI related:

Flag for determining if Vw is measured.
Flag for determining if lw is measured.

Error value
0 OK
-1 23x not found on GPIB

-10000 (INVAL_INST_ID) The specified instrument ID does not exist.
-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
-10091 (GPIB_TIMEOQUT) A timeout occurred during communications.
-10100  (Invalid Parameter) An error occurred on an input parameter

Figure 224: KI237_Vdsld standard GUI

Setup |Data || Status

User Module:

B Input
instAddr
GatesSmML
SourceSMU
SubSMLU
WellSMLU
WgStart
WgStop
waPaint
WelStart
widStop
wilPoint
TdlLirnit;
Integration

DelayTime
Ecs

118 output
output_eror errar

Description

High voltage Measurement of current Id while forcing vd »
with stepping vog.

Device Connection:

Crain-ki237

(Gate, Source, Sub, Well -- each corresponds with one
of SMUL or SMUZ or ..., or SMUE of 4200
---instAddr GRIB address of 237, valid from 0~30
---GateSMU: The systemn terminal touch to Gate of the
MOS-FET.if '"GNDU' is chiosen, the terrminal should be
connected to GRD rnanually
---SourceSMU: The systern terminal touch to Source of
the MOS-FET.if 'GHNDL' is chosen, the terrminal should be
connected to GRD rnanually
—-SubSMU: The systern terminal touch to Sub of the
MOS-FET.if "GNDL" is chiosen, the terrminal should be
connected to GHD manually
---WellSMU: The systern terminal touch to Well of the
MOS-FET.if '"GNDU' is chosen, the terrminal should be
v connected to GHD manually; if there is not Well terminal,

pls. choose "NOMNE',
---\gStart:Start voltages of Gate in Volt
---gStop:End woltages of Gate in volt
---vgPoint:Murmber of intervals of forced wg.
---vdStart:Start Woltages of Drain in Wolt.
---vdStop:End woltages of Drain in Wolt.
---VidPaint:Mumber of intervals of forced wd.
---IdlLimit:Current Limitation on measured sites in Ampere.
--Integration: &/D integration speed

0: fast

1; medium

2: long, 1PLC (60Hz)

3: long, 1PLC (S0Hz)
---Dielay Time:delay Time of with once measurement in s.
---WscForce:voltage bias force to Source.
---WsbForce:voltage bias force to Sub.
---ywForce:voltage bias force to wel
---vgMstFlag:Flag for determining weather Wg is measured
of not
---IgMstFlag:Flag for determining weather Ig is measured
or not
-—-\fscMstFlag:Flag for determining weather Wsc is
measured or not
---IscMsrFlag:Flag for determining weather Isc is measured
or not
---\sbMstFlag:Flag for determining weather Ysb is
measured or not
---IsbMstFlag:Flag for determining weather Isb is measured
of not

Soript GUI
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Figure 225: KI237_Vdsld test result

1d(3)

0.0010 oo T A S

YLid { 3 13KIZ37_vdsid
YLod [ 2 13KI237 _Vdsld
YLid {4 )$KI237_Vdsld
YLod [ 1 )3KI237_Vdsld

oooood S Lo Fo i e = 1
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Ki24XX_Biasl_Pulse

Description:

Performs current pulse and voltages measurements with a Keithley Model 2430 in pulse mode. The
Model 2430 SourceMeter is controlled over the GPIB bus only.

Module name: BiasIMeasV_Pulse

Instrument: Keithley Model 2430 SourceMeter.

Results: Measures the results by forcing a current pulse.

-1

-2

-200
-300
-400
-10000
-10100

-10090
occurred.

-10091

INPUTS:
gpib addr (int): Instrument GPIB address. Valid input: 0 through 30.
current (double): Pulse level forced.
points (int): The number of forced pulses. The valid input: 1 through 2500.
pulse width (double): Duration of the output ON time. Unit: second. The valid value is
from 0.15ms to 5ms.
pulse delay (double): Duration of the output OFF time. Unit: second. The valid value is
from Os to 9999.999s.
plc (double): Number of Power Line Cycles for integration time. In pulse
mode, valid input 0.004 to 0.1.
limitv (double): Compliance value.
rangev (double): The range for measurement
OUTPUTS:
I
\Y%
time
Error: Error value
0 OK.

24xx not found on GPIB.
2430 not found on GPIB.
Initialize error occurred.
Configuration error occurred.
Reading error occurred.
(INVAL_INST_ID) The specified instrument ID does not exist.
(INVAL_PARAM) Parameter setting error occurred.
(GPIB_ERROR_OCCURRED) A GPIB communications error

(GPIB_TIMEOQOUT) A timeout occurred during communications.
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GUI related:
Figure 226: KI24XX_Biasl_Pulse standard GUI

ata | Status

User Madule

B Input output

gpib_addr 24

Module name: BiasIMeasy_Pulse ~

current 0.001 Instrument: Keithley 2430,
points 20 Function: This module is used to perform Pulse I
pulse_width 0.002 measure 'V with keithley 2430

= in pulse mode. SourceMeter controled over the GPIE
pulse_delay 01 b oy,
plc 0.1 Results: Get results by forcing I pulse,
firity 10 IMPUTS:
gpib_addr {int ) Instrument GPIB address, walid input:

rangey 1n 030,

current{double}: Pulse lewvel forced.

points(int}: The number of forced pulses. The valid
input: 1--2500

pulse_width{double): Duration of the output OM time.
unit: second.

The valid value is from 0.15ms to Sms.

pulse_delay({double): Duration of the output OFF time.
unit: second. The

walid value is from Os to 9999,999s,

ple{double): Murmber of Power Line Cydes for
integration time. In pulse

mode, walid input 0.004 to 0.1,

limitvi{double); Compliance value,

rangev(double): The range for measurement.

QUTRUTS:

result = {'curr’, volt', time}

RETURM WALUES:

-1 Zehy ot found on GRIE

-2 2430 not. found on GPIE
243 -200 Initialize error oocurred,
300 Configuration error occurred.
-400 Reading error occurred,
A -10000 (INWAL_INST_ID) The specified
instrument 1D does not exist.
-10100 (INVAL_PARAM) Parameter setting errar

Description

+ occurred,
r -10090 (GPIE_ERROR_OCCURRED) 4 GPIB
comrmunications ertor occurred,
-10091 (GPIB_TIMEQUT ) A timeout occurred
cluring communications.
-—-gpib_addr:
urrent;

Script GUr
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Ki24XX_BiasV_Pulse

Description:

Performs voltage pulse and current measurements with a Keithley Model 2430 in pulse mode. The
Model 2430 SourceMeter is controlled over a GPIB bus only.

Module Type:

PTM

Instrument: Keithley Model 2430 SourceMeter.

Results: Measures the results by forcing a voltage pulse.

INPUTS:

gpib_addr (int):

voltage

points

(double):
(int):

pulse width (double):

pulse delay (double):

plc (double):

limiti
rangei

OUTPUTS:

(double):
(double):

Error: Error value

time

Instrument GPIB address. Valid input: 0 through 30.
Pulse level forced.
The number of forced pulses. The valid input: 1 through 2500.

Duration of the output ON time. Unit: second. The valid value is
from 0.15ms to 5ms.

Duration of the output OFF time. Unit: second. The valid value is
from Os to 9999.999s.

Number of Power Line Cycles for integration time. In pulse
mode, valid input 0.004 to 0.1.

Compliance value.
The range for measurement.

0 OK.

-1 24xx not found on GPIB

-2 2430 not found on GPIB

-200 Initialize error occurred.

-300 Configuration error occurred.

-400 Reading error occurred.

-10000 (INVAL_INST_ID) The specified instrument ID does not exist.
-10100 (INVAL_PARAM) Parameter setting error occurred.

-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
occurred.

-10091 (GPIB_TIMEOQOUT) A timeout occurred during communications.
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GUI related:
Figure 227: KI24XX_BiasV_Pulse standard GUI

Sotus Data | Status

Ul dececs s
B Ingut output Dessergtion
g _adce 24
wolt 1 Module name: BasyMeas]_Puks -~
Qe = Irstrument: Kesthiay 2430,
points 21 Furction: This moduis i weed to periem Puke
puss_width o.o0s rraas e [ owith kosthiry 2430
i pukse mode., Sourcetater controded over the GRIR
ot chliy 0.1 bus oy,
pic 0.0l Fesuts: Get results by forong W puke.
it 0.1 ]gm ::I:r:t-'n']- Irstrument GPE address. vabd rgut:
. o1 _addring): 1 :

0-30.

woltage(double ); Pube kevel forced

posnts(nt); The number of forced pulses, Tha vald
nout: 12500

puse_wadthidouble ): Duration of the output O tme.
uril; st

Thaar waled v b5 from 0. 15 to Sms.

pulse_delay(doubls ) Duration of the output OFF tme:
urit: second. The

wabd valse i from Os to 99059995,

ol (o |- Mumnibes of Powser Line Cyckes fior
nibigration e In pokie

o, vald nput 00004 to 0.1,

bt (double ) Complance vale,

rangas{doubie]): The range for measiremeant,

OUTAUTS:
—— (=T L] ['Eul',"n’td[','!ﬂ'e']
RETURN WaLLES:
M- R
| d -1 2dxx ot found on GRIE
-2 2430 not found on GRIB
243 -200 Iritigize sror oooumed,
- 200 Confguration error oooumresd,
400 Ripachineg oeror ocouerped.
A - 10000 (INVAL_INST_ID) The spectied
restrument 10 does ot st
-10100 [INVaL_PaRaM) Parameter settng ermod
& oCouered,
= - 10050 (ZF1B_ERROR_QCCURRED) A GPE
7 COMTLICations enor acourned.
-1008L (308 _TIMECUT ) A timeout occurred
chEEg CommeCations.
—-goby_adick:
—-voltage:
it
e widithe
~pube_delay
e
~miti:
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KI124XX_1dVd

Description:

Tests the Drain current at a specified Gate voltage and Drain voltage sweep.
Module Type: PTM

Instrument: Keithley Model 2400 SourceMeter.

DUT: MOSFET, Source and bulk to be grounded.

Pin connection: Drain swept, Gate biased. The bulk and Source are connected to ground, if not
applied voltage.

Results: Measures the Drain current at the Drain voltage sweep and the ten Gate bias voltages.

INPUTS:
Drain addr (int): Drain terminal 24xx GPIB address.
Gate addr (int): Date terminal 24xx GPIB address.
vd start (double): Start pulse voltage of Drain.
vd stop (double): Stop pulse voltage of Drain.
points (int): The number of points for Drain sweep.
limiti (double): Compliance value for Drain voltage force. The valid input is from
-10A to 10A.
rangei (double): The current range for Drain current measure. For pulse mode,
auto range is not allowed. Valid input: -10 through 10.
plc (double): Number of Power Line Cycles for integration time. For pulse
mode, valid input 0.004 to 0.1.
vg_start (double): Start voltage of Gate.
vg_stop (double): Stop voltage of Gate.
vg step (double): Step voltage of Gate.
hold time (double): Sweep first point hold time.
delay time (double): Sweep delay time.
OUTPUTS:

vd  (D_ARRAY_T) Drain voltage programmed.

1d1  (D_ARRAY_T) Drain current measured at the 1st Gate bias voltage.
1d2 (D_ARRAY_T) Drain current measured at the 2nd Gate bias voltage.
1d3 (D_ARRAY_T) Drain current measured at the 3rd Gate bias voltage.
1d4 (D_ARRAY_T) Drain current measured at the 4th Gate bias voltage.

Error: Error value

0 OK.

-1 24xx not found on GPIB.
-200 Initialize error occurred.
-400 Reading error occurred.

-10000 (INVAL_INST_ID) The specified instrument ID does not exist.
-10100 (INVAL_PARAM) Parameter setting error occurred.
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-10090
-10091

GUI related:

(GPIB_ERROR_OCCURRED) A GPIB communications error occurred.
(GPIB_TIMEOQOUT) A timeout occurred during communications.

Figure 228: KI24XX_ldVd

Setup Data | Status

Ui MO

B Input
Oran_add
Gate_addr
wio_start
wil_stop
ponts
et

output

DeEscription

Mochue rame: 1dvd

Irstnrent: Kedthdey 249,

CUIT: MOSFET, sourci nd bub: 10 B Qrourckisd

Furction: The moce i wiied 10 best dran ourment at
specifiod gate voltage and dran voitage sweep.

Pin Conrection: Dran sweeped, Gate biased. Bul and
Source connected to grourd If rat sppled voltage,

Femuts: Gat megsred Oran curent 3t Dran voitage
sweep and 10 Gate bixs voltages at most

INPUTS:

drain_adde (it o dean termina 24 gpdb addeess,

Qate_acdr (Nt © gate tesrmna 24 oo adcress,

wil_staxt {double) Start putse voltags of
Dran.

wil_stop [double) Stop puise voltage of Drarn.

ports (fe) The rumrber of ports for Dean sweep.

L it (choubie) Coplance Vs for dramn voitage
Fonce. Thee wiabd rgut & from -204 to 108,

rarged (double) The curnent rarge for draim cuent
marsr . For pubsi mode, auto range i not slowed, Vald
nput: <1010

Pk (douible s Humber of Power Line Cycles for
ntegraton time, For pukse mode, vabd nput 0.004 to
0.1,

wig_start (double Start woltage of gate

vil_stop (oo ) Stop voltage of gate:

wg_step {doube) Step voltage of gate.

Fukdd_time (doubiia ) sweep frst point hoid time

delay_time {double) sweep delay bime

OUTPUTS:

Wi (D_ARRAY_T b Duain vOItape poogy amed

Idl (D _ARRAY _T) Dran Current medsured at the
15t Gate bus voltage.

12 (D_ARRAY _T) Dran current eredasured at the
Zrucl Gt b wolt 0e

143 (D_ARRAY _T) Drin current i at the
3rd Gate bl wvoltage.

Idd  (D_ARRAY_T) Dran current measured at the
4t Gate bus voltaga,

g5 (D_ARRAY _T) Dran current measred at the
Sth Gate bis voltage,

Ids  (D_ARRAY _T) Dran current meassred at the
6th Gate s voltage,

107 (D_ARRAY _T) Dran cuerent maassed at the

bz voltags,

1d3  (D_ARRAY _T) Dran current medasured at the
Bih Gate s voltage.
Id3  (D_ARRAY _T) Dran current measured at the

Figure 229: Ki24XX_IdVd test result

YL:Id59KI24%X_IdVd_PLSSLD2T3
YL:Id4$KI 24X _Idvd_PLSSLD2T3
¥L:Id 24KI24%%_|dVd_PL5SLD2T32
YL:1d 29KI24%%_|dVd_PL5SLD2T3
0.006 —| YL:1dL4KIZ4XK_ldvd_PLSS1D2T3

0.007 —

1d4

ACSBASIC-908-01 Rev. A/ August 2012 2-275



Section 2: Device Library ACS Basic Libraries Reference Manual

KI24XX_IdVd_Pulse

Description:

This module is Tests Drain current at specified Gate voltage and Drain voltage sweep, with
measurement at Drain terminal in sweep pulse mode using the Keithley 2430 SourceMeter controlled
over the GPIB bus only.

Module Type: PTM
Instrument: Keithley Model 2400 SourceMeter, at least one Model 2430 SourceMeter.
INPUTS:

Drain addr (int): Drain terminal 2430 GPIB address.

Gate addr (int): Gate terminal 24xx GPIB address.

vd start (double): Start pulse voltage of Drain.

vd stop (double): Stop pulse voltage of Drain.

points (int): The number of points for Drain sweep.

Limiti (double): Compliance value for Drain voltage force. The valid input is from
-10A to 10A.

Rangei (double): The current range for Drain current measure. For pulse mode,
auto range is not allowed. Valid input: -10 through 10.

plc (double): Number of Power Line Cycles for integration time. For pulse
mode, valid input 0.004 to 0.1.

vg_start (double): Start voltage of Gate.

vg _stop (double): Stop voltage of Gate.

vg_step (double): Step voltage of Gate.

pulse width (double): Duration of the output ON time. The valid value is from 0.15ms to
5ms.

pulst delay (double): Duration of the output OFF time. The valid value is from Os to
9999.999s.

OUTPUTS:

vd (D_ARRAY_T) Drain voltage programmed.
Idi (D_ARRAY_T) Drain current measured at the first Gate bias voltage.
Error: Error value

0 OK.

-1 24xx not found on GPIB.

-2 2430 not found on GPIB.
-200 Initialize error occurred.

-300 Configuration error occurred.
-400 Reading error occurred.

-10000 (INVAL_INST_ID) The specified instrument ID does not exist.

-10100 (INVAL_PARAM) Parameter setting error occurred.

-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error occurred.
-10091 (GPIB_TIMEOQUT) A timeout occurred during communications.

2-276

ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

GUI related:
Figure 230: KI24XX_IdVd_Pulse

S Dats | St

Lisar Mo e
B8 Ingut output Descrigtion
dran_addr 24
gate ad = Mioch b name: [dvd_Pulse -
= Irstrument: Keithisy 249:, at Bast one 2430
vl_start o (CRUT: MIDEFET, siirce and bk to be grounded
vil_stop 3 Function: This module & used to test drain curent at
- specified Gate voltage and Dran voltage sween, with
poants £l ez rement at Dran T8 & n sweep puke mode wing
rriti 0.1 e kathiery 2430 Sourcebeter controded over the GPIB
rangel 0.1 bt oy
Py Corrmc tion: Dram swiipid, Gati buked, Buk and
s ool Source conrictid 1o ground if net aoped voitage.
v _start 0s Bests: Got messuned Dran curment in sweep puke
va_ston 2 mode at 10 Gate biss woltages ot most
= INEUTS:
vo_itep ] dhan_addr  (nt) : dran termnal 2430 opb addess.
putse_wadth 0,001 gate_addr {int) : gate terminal 24xx gob address.
prstdhebary 0.1 vid_start (double ) Start puse volt age of
<! . Cran.
vi_stom {doubie ) Stop puse voltage of Dran.
poanits i) The romnbes of poants foe Dran sweep,

it §doubls ) Comphance value for dean voltage
force, The wabd rgut = fromn - 100 to 108,

e (doubie) The current Fangs for dran Current
mezre. For pule mods, auto range & not dowed. Vakd
mput: -10-~10

e {cdoudse ) Nurrber of Power Lime Cycles for
Pty ation g, For pubse mode, valkd nput 00004 o
0.1.

vig_start [chowat Fotart woltaga of gate,

vg_stoo idoubia ) Ston voltage of gate.

vg_step (doubla ) Sten voltage of gate,
pusa_wndth  (dhoubls) Duration of the output Of
trre, Thee vabd vabee i fiom 0, 15ms to Sms

puist_delay  (double) Curaton of the output OFF
tirz, The vald value & fiom Os to 9999.995:,

OUTRUTS:

Vd  (D_ARRAY_T) Cran voitage programed

I (D_ARRAY_T) Cran cuerent measured at the ist
3ate bias voiltage.

RETURMN WALUES:

L] [

-1 24 it found on GRIR

2 2420 rat found on GPIB

200 Imitisize error oooumed.

e 1 1] Configueation gror acourred.

400 R esrow ooouened

- 10000 (EAL_INST_ID) The specified

— strurment B0 dioas not exist
_ 1010 (BFAL_BaRAM) Paamater setting efror
v

Evat

Figure 231: Ki24XX_IdVd_Pulse test result

YL:Id4§KI2axX_ldvd_Pulse_PLS51D2T5
WLold 3§ 24KN_IdVd_Pulse_P15510275
WLold 241K 24KH_IdVd_Pulse_P15510275
WL L§HKI24XN_|dVd_Pulss_PLSSLD2TS
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Ki124XX_1dVg

Description:

Tests the Drain current at a specified Drain voltage and Gate voltage sweep.

Module Type: PTM

Instrument: Keithley Model 2400 SourceMeter.

Pin connection: Gate swept, Drain biased. The bulk and Source are connected to ground, if not

applied voltage.

Results:

e Measures the Drain current at the Gate voltage sweep (see next figure)

o Measures the results of Vix and Vt0

INPUTS:

Drain_addr
Gate addr

(int):
(int):

Drain terminal 2430 GPIB address.
Gate terminal 24xx GPIB address.

vg_start (double):
vg_stop (double):
points (int):

vd (double):

hold time (double):

delay time (double):

limiti (double):

rangei (double):

plc (double):

Start voltage of Gate.

Stop voltage of Gate.

The number of points for Gate sweep.
Drain bias voltage.

Hold time in second before Gate sweep. The valid value is from
0 to 9999.999.

Delay time in seconds between each Gate sweep point. The
valid value is from 0 to 9999.999.

Compliance value for Drain voltage force. The valid input is from
-10A to 10A.

The current range for Drain current measure. For pulse mode,
auto range is not allowed. Valid input: -10 through 10.

Number of Power Line Cycles for integration time. For pulse
mode, valid input 0.004 to 0.1.

OUTPUTS:

1d (D_ARRAY_T) Drain current measured at Gate sweep voltage

Vg (D_ARRAY_T) Gate voltage programmed

Gm (D_ARRAY_T) Gm=dld/dVg

Vtx (double*) Vix = Vt0-Vs/2

Error: Error value
0 OK.
-1 24xx not found on GPIB.
-200 Initialize error occurred.
-10000 (INVAL_INST_ID) The specified instrument ID does not exist.
-10100 (INVAL_PARAM) Parameter setting error occurred.
-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
occurred.
-10091 (GPIB_TIMEOQOUT) A timeout occurred during communications.
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GUI Related:
Figure 232: KI24XX_IdVg

Setup |Data | Status
Lser Modlule
B Input autput Description
drain_addr 25 - =y
odule name: Idg -
gate_addr 24 Instrument: Keithley 24w,
wg_start o DUT: MOSFET, source and bulk to be grounded
vg_stop 2 Function: This madule is used to test drain curent at
= specified Drain
points 51 voltage and Gate voltage sweep.
vl 0s Fin Connection: Gate sweeped, Drain biased, Bulk and
hold_time o1 Source connected to
ground if not applied voltage.
delay_tirme 0.001 Results:
lirniti 0.1 1) get measured Drain current at Gate voltage sweep
rangei 0 IZN)pgj_F;;esu\ts Whx and w0
plc 1 drain_addr (int) : drain terminal 2430 gpb address.
gate_addr (int) : gate terminal 24xx gpib address,
wg_start (double) Start voltage of Gate.
wg_stop (double) Stop voltage of Gate,
points (int) The number of points for Gate sweep.
wdl (double): drain hias woltage
Y hold_tirme (double) Hold time in second
before Gate sweep, The valid value is from O to
| 24XXsMU 9959.999,
delay_time (double) Delay time in second between
each Gate sweep point. The valid walue is from O to
A 0999,999,
limiti (double) Compliance valus for drain voltage
force, The walid input is from -104 to 104,
rangei (double) The current range for drain curent
+
measure. For pulse mode, auto range is not alowed. Valid
v nput: -10~10
plc {double) Number of Power Line Cycles for
integration time. For pulse mode, valid input 0.004 to
0.1,
QUTPUTS:
Id {D_ARRAY _T) Drain current measured at Gate
sweep woltage.
24 SML g (D_MRRAY_T) Gate voltage programed
&m (D_ARRAY_T) Gm=dId/dvg
iy (double™) Wiy = wiD-vsi2
errarlist:
A o QK.
-1 24 not found on GRIB
+ -200 Initialize errar occurred.
-10000 (INVAL_INST_ID) The specified
r instrument 1D does not exist.
— 10100 (INYAL_PARAM) Parameter setting error
- occurred,
-10090 (GPIE_ERROR_OCCURRED) A GPIB
Script GUI
Figure 233: KI24XX_IdVg test result
e A 1 P LA I s A L |
=
fna an

ACSBASIC-908-01 Rev. A/ August 2012 2-279



Section 2: Device Library ACS Basic Libraries Reference Manual

KI24XX_IdVg_Pulse

Description:

Tests the Drain current at the Gate voltage sweep and a specified Drain voltage, with measurements
at the Drain terminal in pulse mode using the the Keithley Model 2430 SourceMeter that is controlled
through a GPIB bus only.

Module Type: PTM
Instrument: Keithley Model 2400 SourceMeter (at least one Model 2430 SourceMeter).

Pin connection: Gate sweep, Drain bias. The bulk and Source are connected to ground, if not
applied voltage.

Results:

e Measures the Drain current at the Gate voltage sweep and the Drain in pulse mode (see next
figure)

e Measures the results of Vix and Vt0

INPUTS:

Drain addr (int): Drain terminal 2430 GPIB address.

Gate addr (int): Gate terminal 24xx GPIB address.

vg start (double): Start voltage of Gate. The valid input is from -200V to 200V.

vg stop (double): Stop voltage of Gate. The valid input is from -200V to 200V.

points (int): The number of points for Gate sweep.

vd (double): Drain bias voltage.

hold time (double): Hold time in second before Gate sweep. The valid value is from
0 t0 9999.999.

delay time (double): Delay time in second between each Gate sweep point. The valid
value is from 0 to 9999.999.

limiti (double): Compliance value for Drain voltage force. The valid input is from
-10A to 10A.

rangei (double): The current range for Drain current measure. For pulse mode,
auto range is not allowed. Valid input: -
10 through 10.

plc (double): Number of Power Line Cycles for integration time. For pulse
mode, valid input 0.004 to 0.1.

pulse width (double): Output on time of the pulse for Drain voltage force. The valid

input is from 150pus to 5ms

NOTE

Pulse width should be longer than 200us if measurement is in pulse mode. If pulse width is shorter
than measurement time (which is based on NPLC and line frequency) pulse width will broaden
automatically.

pulse delay (double): Output off of the pulse for Drain voltage force. The valid input is
from 0 to 9999.999.
OUTPUTS:
1d (D_ARRAY_T) Drain current measured at Gate sweep voltage.

2-280

ACSBASIC-908-01 Rev. A/ August 2012



ACS Basic Libraries Reference Manual Section 2: Device Library

Vg (D_ARRAY_T) Gate voltage programmed
Gm (D_ARRAY_T) Gm=dld/dVg
Vtx (double*) Vix= Vt0-Vs/2
Vt0 (double*) Calculate Gm=dld/dVg. Find Gmmax and extrapolate back to lds=0 to
find Vi0
Error: Error value
0 OK.
-1 24xx not found on GPIB.
-2 2430 not found on GPIB.
-200 Initialize error occurred.
-300 Configuration error occurred.
-400 Reading error occurred.

-10000 (INVAL_INST_ID) The specified instrument ID does not exist.
-10100 (INVAL_PARAM) Parameter setting error occurred.

-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
occurred.

-10091 (GPIB_TIMEOQOUT) A timeout occurred during communications.
GUI related:
Figure 234: KI24XX_IdVg_Pulse

Sotuo Data | Status

ks Mo e

8 Inpast output Diescription

train,_add = Modue name: Idvg_Pulse "~
@it _ikk el Istiument: Kethley 24, at ket one 2430,
vg_start 0 DUT: MOSFET, dourc ancd Bol 1o b grourciad
V_Stop El Furetion: Thes mocude i used 10 test drar cunent at
- Gate woltage sweep and specfed Crain voltage, with
oot 51 magarament 3t Dran term s N pube mode wing the
vd 01 kethiey 2430 Sourcedeter condrolied by over the GRIB
v b ondy
hioid_time it P Connechion: Gate sween, Dran bas. Buk and
cheduy_tirer 0.001 Source connectad to ground if not aopked voitage
et 01 Feaudts:
— o1 1) et ressured Dran cument 2t Gate voltage sweep
- ared Dvar in pulie miode

ol 0.01 2} @t resuts Vs ol WID
Die e Lom. gf‘f?r:u {nt) - chrain & i 2430 g sk

i _d (k) - chrar tormiry n L (19
puse_delay ol gate_ackl (nt) : gate toermnal 24 gob address.

wg_start (double ) Start woitage of Gate,
The vald input i Som 200V to 200V,

wg_stop (diowibie) Stom voltags of Gate. The vald
rout s from -200V to 200V

porits (k) The number of ponts for Gate sweep,

wid {doubie ) dran buas voltage

P _tinne: (oo ) Hold) b i second
bafore Gata sweep. The vabd value i fioin 0 10
35599,

delay_time  (double) Delsy tme in second betwesen
GACH Gt fwiinig pont. Thad vl vl i€ friom O ta
R .

it [coubia) Cormpliance value for oran woltage
force. The vabd input &5 from <104 to 108,

rangel (double) The current rangs for drain ousrent
megre, For pukse mode, auto range & not alowed. Vakd
input: -10-10

q\l“pg

[i (dnuinle ) Mumber of Power Line Cyoes for
integration time. For puse mode, vahd ingut 00004 to
24X XSMU 0.1

putze_width  {oouble) Oulput on tine of the puke
fior cra violtage force. The wad rput & fom 1500

A S
Mot 1) Puls width shouid be longer thar 2000 if
masLUrETent 5 n pue moda,

2] If pubse wadth 5 shorfer than measrement time
which i based on NELC and ne Seguecy, Pulse width wil
broaden automat,

_— puke_delsy  (double) Output off of the puks for

— o voitage force. The vald nput 5 from O to 9999.909,

QUTPUTS:

+

o\
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Figure 235: KI24XX_1dVg_Pulse test result
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Ki24XX_Sweepl

Description:

Sweep the current signal and takes I/V/Time readings for the Model 2400, 2410, 2420, 2425, or 2430
SourceMeter.

Module name: Sweepl_MeasV
Instrument: Keithley Models 2400, 2410, 2420, 2425, or 2430 SourceMeter.

INPUTS:

gpib addr (int): Instrument GPIB address. Valid input: 1 through 30.

starti (double): Start signal level of the sweep. Value differs by model of the
meter.

stopi (double): Stop signal level of the sweep. Value differs by model of the
meter.

points (int): Number of sweep points. Valid input 1 to 2500.

limitv (double): Compliance of the sweep. Value differs by model of the meter.

srangei (double): Source range. 0: Auto range. Otherwise, the range is the

smallest that can accommodate the input value. The Source
range limit differs by model of the meter.

mrangev (double): Measurement range for current. 0: Auto range. Otherwise, the
range is the smallest that can accommodate the input value. The
Source range limit differs by model of the meter.

hold time (double): Time sitting at the first point of sweep. Valid input: Os to
9999.999 seconds.

delay time (double): Delay time between each sweep point. Valid input Os to
9999.999 seconds.

plc (double): A/D integration time in terms of Power Line Cycles (PLCs). Valid
input 0.01 to 10.

OUTPUTS:

I

\Y

time

Error: Error value

0 OK.

-200 Instrument initialize error.
-300 Configuration error occurred.
-400 Reading error occurred.

-10000  (INVAL_INST_ID) The specified instrument ID does not exist.

-10090 (GPIB_ERROR_OCCURRED) A GPIB communications error
occurred.

-10091 (GPIB_TIMEOQOUT) A timeout occurred during communications.
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GUI related:
Figure 236: KI24XX_Sweepl standard GUI

Setup |Data | Status
User Module
B Input output Description
gpib_addr 24
- MODULE: Sweepl_Measy ~
starti 0.0001 Function: This module is used to sweep I signal and
stopi 0.001 take Iv{Time readings
paints 51 for 2400/2410/2420/2425/2430.
MNPUTS:
fimity 1 gpib_addr(int): Tnstrument GPIE address. valid input:
srangel i} 1~30
rrrangey 0 ) stgrg&fdouble): Start signal level of the sweep, Yalue
hoid_time 0.01 different model of the meter. Please refer to the user
delay_time 0.001 rranual for
ol il correct fimits.
stopi{double): Stop signal level of the sweep. Value
differs by different
rnodel of the rmeter, Please refer to the user manual
for carrect limit,
points{int): number of sweep points, Yalid input 1 to
500
lirnity (double): compliance of the sweep, Value differs
by different
rmodel of the rmeter. Please refer to theuser rmanual for
correct
compliance limit,
srangei{double): Source range. O Auto range.
Otherwise, the range
is the smallest that can accomodate the input value.
The source range
lirnit dliffiers by different modeks of the meter, Please
refer to user
matual for correct range value,
'm' mrangevidouble); measurement range for current, 0;
Auto range.
Otherwise, the range is the smallest that can
Sweep accomodate the input
value. The source range limit differs by different
rnodels of the meter,
Please refer to user manual for correct range value,
hold_time({double): Time sitting at the first paint of
Sweep,
o— Walid input: Os to 9999,999 seconds,
-— delay_timeidouble): Delay time between each sweep
point.
Walid input 0s to 9999,999 seconds.,
plcidoubla): /D integration time in term of Power
Line Cydles (PLCs)
Walid input 0,01 to 10,
OUTPUTS:
result = {'volt', 'curr’, 'tima"}
v
Script - Gur
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Ki24XX_SweepV

Description:

Sweeps the voltage signal and takes I/V/Time readings for the Model 2400, 2410, 2420, 2425, or

2430 SourceMeter.

Module name: SweepV_Measl

Instrument: Keithley Models Model 2400, 2410, 2420, 2425, or 2430 SourceMeter.

INPUTS:

gpib_addr (int):
startv (double):

stopv (double):

points (int):
sweepMode (int):
limiti (double):

srangev (double):

mrangei (double):

hold time (double):

delay time (double):

plc (double):

OUTPUTS:

I
\
time

Error: Error value

0 OK.

Instrument initialize error.

Configuration error occurred.

Reading error occurred.
(INVAL_INST_ID) The specified instrument ID does not exist.
(GPIB_ERROR_OCCURRED) A GPIB communications error

-200
-300
-400
-10000
-10090

occurred.

-10091

Instrument GPIB address. Valid input: 1 through 30.

Start signal level of the sweep. Value differs by model of the
meter.

Stop signal level of the sweep. Value differs by model of the
meter.

Number of sweep points. Valid input 1 to 2500.
Sweep Mode. 0: Linear sweep; 1: Log sweep.
Compliance of the sweep. Value differs by model of the meter.

Source range. 0: Auto range. Otherwise, the range is the
smallest that can accommodate the input value. The Source
range limit differs by model of the meter.

Measurement range for current. 0: Auto range. Otherwise, the
range is the smallest that can accommodate the input value. The
Source range limit differs by model of the meter.

Time sitting at the first point of sweep. Valid input: Os to
9999.999 seconds.

Delay time between each sweep point. Valid input: Os to
9999.999 seconds.

A/D integration time in terms of Power Line Cycles (PLCs). Valid
input 0.01 to 10.

(GPIB_TIMEOQOUT) A timeout occurred during communications.
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GUI related:
Figure 237: KI24XX_SweepV standard GUI

Satup | Data | Status
Lk Module
B [nput oukput Dscrpbion
b _ackk =
tarty a MOOLLE: Swoop_Maasi -~
§ Function: Thes mocdule & used to sweep W agnal and
shop 2 tae [PV Time rescrgs
ponts 51 fior 24002410/ 2920024252430,
i BRLITS:
o 01 gob_addr{nt); Instrument GPIB address, vald input:
Hangey a 1~30
frepenen 0 4 startwicouble); Start sgnd level of the sweep. value
Fers oy
Pkt 0.1 different model of the meter, Plese refer to the user
celay_time 01 il for
e 1 coerect lmits.
stopricoubie ): Stop sgnal keed of the sweep, Value
differs by different
rewcded of the rester. Please refer 1o the user manusal
fow correct it
points(rit): rumbes of sweep ponts, Vad rnput 1 to
2500
seebiodaing ) Sweep Mode. 0 Lines twedp; 1:
Lo Swisp
it chovible ): comphance of the Swisip, Vil difers
[y chifferent
moockl of the rrter. Pl rofr to thause maral for
comact
complance bmit
sranger(doubke); Source ranga. [ Auto ranga.
Otferwea, the rangs
5 the smaliest that can accomaodate the nput vaise,
The source range
bt chffens by chfferennt modets of the meter. Pouse
rafier by s
marusa for correct range value,
e angedoubla | mexrement range for ourent, O
LFZE # Aaito rangs.
Otherwizs, the range & the smalsst that can
the
vaue, The source range it difers by different
rracieds of tre mater,
Pl rafer 1o user marusl for correct range valua,
— hiokd_ e double ) Tirme 21ting 2t the frst ponit of
-— TEED.
Wabd imguit: 05 10 9950999 weconds.
chedary_ bl ) Dby e betwien exch Swissp
it
Wl gt 06 b 9900990 datand,
i {cdoide 1 4D inter ation T i term of Powe
L Cycloes (PLCS)
Wb gt (U0 1o 10. 3
Sopt G
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KI37XX_DMM_R_2Wire

Description:

Measures resistance using a DMM.

Module type: STM

Instrument: Keithley Series 3700 System Switch/Multimeter and plug-in cards.
DUT: Two-terminal generic device.

Pin connection: If a multiplexer card is used, connect each terminal of the resistor to one channel on
the multiplexer card. Otherwise, connect one terminal to Pin1 of the analog backplane connector and
connect another terminal to Pin (2 or 9).

GUI related:
Figure 238: KI37XX_DMM_R_2Wire standard GUI

Setup |Data | Status
User Module
B Input B output Descriptian
channelist 2 resistor resistor -
ot 1 Mocule Name: K137XDMM2wWireResistor
siatnum Module Type: STM
myrange 100000.0 Instrument: Keithley Series 3700 System Switch/Multimeter and Plug-in
rplc 0.1 Cards ) ) )
DUT: Two terminal generic device
Function: Measure resistance using DMM
Pin Connection: If Multiplexer Card is to be used, connect each terminal of
resistor to one channel on the Multiplexer card, Otherwise, connect one terminal
to Pinl of Analog backplane connector and connect another terminal to Fin (2 or
a).
---channelist:Channel number in use
---slotrurn: The: slot number in use
---Myrange:Measure range
—-nplc:nple value
---resistor The resistar value
e —
KI3700
A
-—
Seript Ul
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KI37XX_DMM_R_4Wire

Description:

Measures resistance using a DMM.

Module type: STM

Instrument: Keithley Series 3700 System Switch/Multimeter and plug-in cards.
DUT: Four-terminal generic device.

Pin connection: If a multiplexer card is used, a channel pair is used for four-wire measurements;
channels 1 through 20 are used as the INPUT terminals and channels 21 through 40 are used as the
SENSE terminals. Otherwise, connect the input HI terminal of the resistor to Pin1 of the analog
backplane connector, input LO terminal to Pin (2 or 9), Sense HI to Pin3, and Sense LO to Pin4.

GUI related:
Figure 239: KI37XX_DMM_R_4Wire standard GUI

Sengy Data  Status
Lizar MO
B Ingaat B oulput Description
chanredst ] 9 restitor resttor .
t2 2 Modiue Hame, KI370MMWreResstor
channelsts Modda Type: 5TM
shatrum 1 " Instrument: Kerhiay Seres 3700 System Switch/Mutmeter and Plugn
Tyt arege 100000 Can
ok o1 CUIT: Four terrninad genenc device
i FunCtion: Messure resstanos usng Dem
B Connection; 1F Mutipleser Card & 1o be used, a channel par & wesed for
dowra megmrement; charmel] throwgh 210 are weed 35 the INFUT terminads and
charred 21 theough 40 are used a5 the SENSE terminats, Otherwise, connect the
Enpast HI tesrningl of Resistor to Pnd of Analog backplane connector, Input LO
texrmenadl 1o P (2 or 9), Serse HI to Pn3 and Sense LO to B,
s=Chanrmedist 1: Charmel rumbes for BEUT terrningds
-channedist2; Charnel number for SENSE terminals
-~shotruam; Siot rember
- angesMe e g
- Fiplsonpas alm
-—resistor Resstor value
Sensg High
Sorpt Gl
o
1
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KI37XX_DMM_Switch

Description:

Supports two types of cards: 6x16, High Density, Matrix Card (3730) and Dual 1x30 Multiplexer Card
(3720).

Module Type: PTM

Module Name: Series 3700 Switch control

Instrument: Keithley Series 3700 System Switch/Multimeter and plug-in cards.
INPUTS:

GPIB_ Address: GPIB address

Open_all: Open all the channels
SlChannell: Channel list for 6*16 High Density, Matrix Card
S1lChannell

S1lChannel2

S1Channel3

S1Channel4

S1lChannellé6

List 1: Channel list for Multiplexer Card
List 1

List 2

SlotNumberCardl: Slot number for Matrix Card
SlotNumberCard2: Slot number for Multiplexer Card
ModuleCardNum:
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GUI related:
Figure 240: KI37XX_DMM_Switch GUI
Series 3700

EF‘IEI Address|

Card | Module Card

6* 16,‘High Dgnsig,Matrix Card

W1z (13 14 15 16 Slot Number (1-6) v

bbb

|’_' ) iy (ot )

D ‘ D ‘

Al |A2|A3 A4 |A5 | AB |A7 |A8 |A9 |AT0lAT1A12|A13/AT4 A15|A1B
B1 B2 /B3 |B4|B5|B6|B7 BS |BY|B10 B11 B12/B13 B14 B15 B16
C1/Cc2/Cc3|c4|cs|ce|C7/C8/C9|C10C11/C12/C13 C14 C15/C16
D1/ D2 D3|D4|D5|D6 | D7 D8 D9|D10 D11 D12/ D13 D14 D15 D16
E1 E2|E3|E4|E5|E6|E7 |ES|EQ|E10 E11/ E12|E13 E14 E15/E16
F1 F2 |F3|F4 |F5|F6 |F7 |F8 |F9 |F10/ F11 F12|F13/F14 F15/F16
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Control the 3700 matrix in the GUI (see previous figure):

e Input the GPIB address number in the GPIB edit box.
e Select the matrix card tab by clicking the matrix card.
e Select the slot number from 1 to 6.

Click the cells on the panel, the related rows and columns of the matrix will connect. For example,
click A1, and the 1 column and the A row will connect. The corresponding cell will highlight (see next
figure). Click the highlighted cells again, and the connections will be canceled.

Figure 241: Matrix control setting example

Series 3700
] _ B == -'[ [GPIB Address]

" Jn!

Tia G0 00 20 00
I T S ) -
b et A

12

Module Card | Module Card
6*16,High Density,Matrix Card
I PR P K ) 2113 (1415 16 Slot Number (1-6) 1 v

ATOAN AT A3 AT4 AIS AIE

A9

B1 [E¥)(B3 |B4 B5 [EM| B7 | BS |BY |B10|B11|/B12/B13/B14 B15 B16
c1|c2|[#8|c4 cs ce |8l cs c9/c10/ci1/c12C13 C14 C15/C16
D1 /D2 03 |8 D5 D6 | D7 B8] D9 | D10/D11/D12 D13 D14 D15 D16
E1|E2 E3|E4 E5 E6|E7 ES E9 E10/E11 E12 E13 E14 E15/E16
F1|F2 |F3|F4 |F5 |F6 |F7 F8 | F9 |F10|F11/F12/F13/ F14 F15|F16
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Control the multiplexer card in the GUI:

e Input the GPIB address number in the GPIB edit box.
e Select the matrix card tab by clicking the multiplexer card.
e Select the slot number from 1 to 6.

Click the cells on the panel, the related rows and columns of the matrix will connect. For example,
click A1, and the 1 column and the A row will connect. The corresponding cell will highlight (see next
figure). Click the highlighted cells again, and the connections will be canceled.

Figure 242: Multiplexer control setting example

Series 3700
] s T T [ GPIE Addresy
ST 12
F_____________ =

Module Card | Module Card

Dual 1*30 Multiplexer Card

Slot Nurnber (1-6) 1

Multiplexer Bark 1] Multiplexer Bark 2|

17 2 |18 3147|3248
3 11914 |20 33|49 |34 |50
s Ble 22 35|513652
7 12318 |24| 37|53|38 |54
9 |25 f6Y 26 39|55 40 |56
11 |27 |12 P&l 41 |57 |42 |s8
13129 /14 |30 | 43|59 |44 |50
15 16 45| |46
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High-voltage and high-current PTM

High-voltage and high-current PTM overview

This PTM module is for the Model 4200-CVU-PWR C-V power package (in the Model 4200-SCS)
where you can take C-V measurements with a DC voltage bias of up to £200V or 400V differential (0
to £400V), and a current output of up to 300mA. In this module, the Model 4200-CVU measures the
capacitance and either one or two 4200-SMUs (or Model 4210-SMUs for current up to 300mA) are
used to supply the DC bias or sweep voltage. The hardware of the C-V power package includes two
bias tees that enable coupling of the AC signals from the Model 4200-CVU and the DC signals from
the Model 4200-SMU (see next figure). For more details about the principle of the C-V power
package and high-voltage and high-current CV measurements, you can refer to the related

application note that is located at http://www.keithley.com/.

Figure 243: HIV_CV measurement hardware connections

4200-CVU
H CUR O c
SMA Tee o J| }
HPOT O— ‘ Dc'[evice
T
LPOT O Under Test
SMA Cables
LCUR 00— SMA
Tee
4200-SMU AC Input 4205-RBT
SENSE O————C SENSE Rgl?toui
Cables P
FORCE O—————— O FORCE

The high-voltage and high-current PTM library module is located in the following directory:

\ACS_BASICl\library\pyLibrary\hivcvulib.py.

Import the .py file to your test and the module will open. This module has two functions:

e CvsT = uses a constant DC bias voltage.
e SweepV. = uses sweeping DC bias voltages.
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CvsT

CVU_name: selects the CVU that does the HIV CV measurements.
Measl_SMU: selects the SMU that does the current measurements.
Timing:

e Interval: The interval time in the Sample Count times of measurements.

e Speed: Selects the CVU measure speed. Fast: fast measurements (higher noise). Normail:
balance between speed and low noise.

® Quiet: Low-noise measurements.

e Force Func Parameter: Sets the four SMU DC voltage bias values.In addition to an SMU
supplying a voltage for the C-V sweep, up to four more SMUs can be used to bias other parts of
the test circuit. Only the Model 4200 SMU can be selected.

e AC Driver Conditions:

Frequency - Test frequency of CVU, which can be set to 10kHz, 20kHz, 30kHz, 40kHz, 50kHz, 60kHz,
70kHz, 80kHz, 90kHz, 100kHz, 200kHz, 300kHz, 400kHz, 500kHz, 600kHz, 700kHz, 800kHz, 900kHz,
1MHz, 2MHz, 3MHz, 4MHz, 5MHz, 6MHz, 7MHz, 8MHz, 9MHz, and 10MHz. For higher capacitance
values, the test frequency may need to be lowered through the bias tee to avoid errors due to
resonance.

Voltage (mMVRMS) - The amplitude of the AC voltage output of the CVU.
e Measuring Setting: Sets the AC measurement conditions.
e Sample Count: Number of samples to acquire during test (0-10000).
e | Range: Current measure range for impedance measurements. O for auto range.

Compensation Setting:

e Cable Length: Selects the cable length, 0, 1.5M or 3M.

e Connection Compensation: enables open or short compensation constants.

Output Parameter Name Setting: Input the output parameter names, which lists in the Data Tab.
Error: If an error occurs, an error code displays in the data tab under "error."

Error Code:

0: OK, test completes successfully.

-10000(INVAL_INST_ID): Specified CVU or SMU not exist. If an instrument
specified by the input parameter is not present in the
system.

-10100(INVAL_PARAM): Parameter setting error occurred.

-10090(GPIB_ERROR_OCCURED): A GPIB communications error occurred.

e The following error codes are returned if the measurement status of a CVU reading indicates a

problem:
CVU_MEAS_TIMEOUT -900
CVU_MEAS_CVHI1_ABB_UNLOCK -901
CVU_MEAS_CVHIM1_VOFLO -902
CVU_MEAS_CVHI1_IOFLO -903
CVU_MEAS_CVLO1_ABB_UNLOCK -904
CVU_MEAS_CVLO1_VOFLO -905
CVU_MEAS_CVLO1_IOFLO -906
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Figure 244: CvsT module GUI settings

User Modle CwsT

Tirarsy
CVU_name  CYUL  »  Maml SMU SMUL v

Irkerval 0.01 5 Speed Fast w
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SweepV

CVU_name: Selects the CVU that does the HIV CV measurements.
SweepSMU: Selects the SMU that does the sweeping voltage.
Measl_SMU: Selects the SMU that does the current measurements.
Timing:

e Hold Time: Time to apply soak voltage.

e SweepDelay: Time between voltage steps.

e Speed: Selects the CVU measure speed. Fast: fast measurements (higher noise). Normail:
balance between speed and low noise.

e Quiet: Low-noise measurements.

Force Func Parameter:
e Presoak: Sets the pre-soak voltage, the voltage bias by the SweepSMU prior to the start of
sweep.

e Bias setup: Sets the four SMU DC voltage bias values. In addition to an SMU supplying a
voltage for the C-V sweep, up to four more SMUs can be used to bias other parts of the test
circuit. Only the Model 4200 SMU can be selected.

e Sweep setup: Sets the start voltage, stop voltage, and step voltage of sweep.

e AC Driver Conditions: Sets the AC conditions, frequency and voltage (mMVRMS).

e Measuring Setting: Sets the AC measurement conditions.

e | Range: Current measure range for impedance measurements. 0 for auto range.
Compensation Setting:

e Cable Length: Selects the cable length, 0, 1.5M or 3M.

e Connection Compensation: Enables open or short compensation constants.

Output Parameter Name Setting: Input the output parameter names, which lists in the Data Tab.

Error: If an error occurs, an error code displays in the data tab under "error."

Error Code:
0: OK, test completes successfully.
-10000(INVAL_INST_ID): Specified CVU or SMU not exist. If an instrument
specified by the input parameter is not present in
the system.
-10100(INVAL_PARAM): Parameter setting error occurred.

-10090(GPIB_ERROR_OCCURED): A GPIB communications error occurred.

e The following error codes are returned if the measurement status of a CVU reading indicates a

problem:
CVU_MEAS_TIMEOUT -900
CVU_MEAS_CVHI1_ABB_UNLOCK  -901
CVU_MEAS_CVHI1_VOFLO -902
CVU_MEAS_CVHI1_IOFLO -903
CVU_MEAS_CVLO1_ABB_UNLOCK -904
CVU_MEAS_CVLO1_VOFLO -905
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CVU_MEAS_CVLO1_IOFLO -906
Figure 245: SweepV module GUI settings
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Mixed SMUs in pulse mode

The mixed model of SMUs in pulse mode is an explanation of the mixed use-case for the Model
265xA SMU with the 26xx(B) SMU, 24xx SMU, and 4200 SMU. In these tests the 265xA SMUs are in
pulse mode, while other SMUs are in DC mode.

Mixed SMUs introduction
Open the Mixed_SMUs_pulselib PTM

Click the PTM icon to add a new PTM to the project configuration navigator. Open the PTM, and click
the Import button. In the dialog box that opens, choose a python test script. Select the
Mixed_SMUs_pulselib.py script (see next figure).

Figure 246: Import the Mixed_SMUs_pulselib PTM
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The Mixed_SMUs_pulselib PTM GUI opens (see next figure).
Figure 247: Mixed_SMUs_pulselib PTM GUI
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Test modules of Mixed_SMUs_pulselib PTM

Mixed_SMUs_pulselib PTM includes twelve modules: IdVd_BiasVg, 1dVd_stepVg, IdVg, RdsOn,
BVdsv, IcVce_steplb, IcVce_stepVb, Vcesat, BVcei, BVcev, IcVce_StepVge, Vcesat. For all of these
tests the high-power SMU is used in pulse mode and other SMUs are used in DC mode.
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Mixed SMUs library
BVcei

Description:

Tests the Collector-Emitter breakdown voltage of a BJT with the Base forcing current (see next

figure).

User ModuR | gyes

Figure 248: BVCEI

I
|& input 8 Output Destription
o el hics ki Module name: BVeel
L2 ] SAEL - L Instrusment: Kekhiey 26524, 3t east one 265xA, and
Ic_puke 0.001 low-power SMU(26xx SMU, 24000 SMU and 42c SMU)
lc_bas 0 DUT: BIT, Ernitter to be grounded
ponts 1 Function: This test 5 uded to test Cobector-Emtler
Complanci 20 breakdown vokage of BIT, wth Base forced a curent.
Meas_Rangev 20 Resuts: Get CobectorEmtter breakdown vokage,
e 01 MPUTS:
C5MU Model 26554 SMU connected to Colector
Pulse 0¥ 0.0235 parairal
PulsaWidth 0.005 BSMU =5MU connected to Base tenmnal.
1] 5&-006 Ic_puke (doublel:Pubse level n amps on Collector
B2C_delry 0 rermnal
Ie_bas  (double): Bas level n amps on Colector
Input Parameters Output Parameters L
_— Complancey (double) «Complance value for Cobactor

Collector: 265XA SMU B

{doulle l-STart voRage of Sweep on Biie

Base: 26X X 243X 42X X SMU SMU wokage force.
or Maas_Rangev (doubl): Tha vokage range for
Colector cument measure. For pubse mode, auto rnge &
265XA SMU not alowed.
PLT ({double): PLC for SMU on Collector
-5 M U termnal.
+ pube_widih  {double): Duration of the output ON
.
pube_delry  (double): Durabion of the eutput OFF
| T
+ p—
= B2C_deby (double]: The time between Base step
and eutput of Cobactor pulse.
Emitter: GND Sense_modedBSMU :Sense mode for SHU on Base
termnal

terminal,

Pin and Connection Module Description

Test pulse sequence: Base bias |, Collector pulse | (see next figure).

Figure 249: BVcei test pulse sequence
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INPUTS:

CSMU: Model 265xA SMU connected to Collector terminal.

BSMU: SMU connected to Base terminal.

Ic pulse: Pulse level in amps on Collector terminal.

Ic bias: Bias level in amps on Collector terminal.

points: The number of pulse.

Compliancev: Compliance value for Collector voltage force.

Meas Rangev: The voltage range for Collector current measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Collector terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Ib: Start voltage of sweep on Base terminal.

B2C delay: The time between Base step and output of Collector pulse.

Sense mode4BSMU:  Sense mode for SMU on Base terminal.
Sense mode4CSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.

End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.

Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.
OUTPUTS:

Vce:  Collector-Emitter breakdown voltage.

DUT: A BJT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB SMU,
24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Base terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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BVcev

Description:

Tests the Collector-Emitter breakdown voltage of a BJT with the Base forcing voltage (see next

figure).

User Module | gyeey

Figure 250: BVcev

] Input
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Ic_pulse
Ic_bas
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Pin and Connection

Descrpton

Module name: BVeel =
Instrument: Kethley 265xA, at least one 265xA, and
low-power SMUJ26mx SMU, 24 SMU and 4200 SMUY
DUT: BT, Emicter to be grounded
Function: This test s used to test Colector-Emtier
breakdown vokage of BIT, wih Base forced a volage.
Resuls: Get Colector-Emitter breakdown woRage,
FPUTS:

fu=Cll] “Model 265xA SMU connected to Colector
vermnal

BEMU = SMU connected to Base termminal

k_pube ([double): Pulse kvel n amps on Coléctor
termnal,

lc_bas  (double): Bas kevel n amps on Cobector
terminal,

ponts  :The number of pulse N the tes.

Complancev (double)-=Complance value for Colector
wokage force

Meas_Rangev (doubke): The voltage range for dram
Cument measure, For pule mode, auto ANQE & nat
abowed.

PLC {double): PLC for SMU on Collector
terminal

pule_width {double): Duration of the sutput ON
[

pube_delry  (doublke): Duration of the cutput OFF
tme.

Vb (double):Volkage on Base termnal,

B2C_deby (double): The tme batwaen Base step
and output of Colector pulse,

Sense_modedBSMU :Sense mode for SMU on Base
rerminal.

Sense_moded CSMU:Sense mode for SMU on Collector | .

Module Description

Test pulse sequence: Base bias V, Collector pulse | (see next figure).

Figure 251: BVcev test pulse sequence
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INPUTS:
CSMU: Model 265xA SMU connected to Collector terminal.
BSMU: SMU connected to Base terminal.
Ic pulse: Pulse level in amps on Collector terminal.
Ic bias: Bias level in amps on Collector terminal.
points: The number of pulse in the test.
Compliancev: Compliance value for Collector voltage force.
Meas Rangev: The voltage range for Drain current measure. For pulse mode, auto
range is not allowed.
PLC: PLC for SMU on Collector terminal.
Pulse Off: Duration of the output OFF time.
Pulse Width: Duration of the output ON time.
Vb: Voltage on Base terminal.
B2C delay: The time between Base step and output of Collector pulse.

Sense mode4BSMU:  Sense mode for SMU on Base terminal.
Sense mode4CSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.

End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.

Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.
OUTPUTS:

Vce:  Collector-Emitter breakdown voltage.

DUT: A BJT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB SMU,
24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Base terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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BVdsv

Description:
Tests the Drain-Source breakdown voltage of a MOSFET with the Gate biasing voltage (see next
figure).
Figure 252: BVdsv
User Module Bvdsy -
E Input i@ Output : Descrption
sMU SMUl vd vd
G5MU SMUZ I u Module name: BVdse -
Instrument: Kethiey 265x4, at least one 265xA, and
I6_pulse 0.001 low-power SMUL26xx SMU, 24:0¢ SMU 3nd 4200 SMU)
18_bas 0 DUT: MOSFET, source and buk to be grounded
ponts 1 Funchion: This test & used to test Dain-Scurce
Corplanoay 2 Bbreakdown vokage of MOSFET with Gate Based voltage.
Meas Rangev 0 Resuls: Get Dran-Source bresadown woRage.
PLC 0.01 PITS:
DSMU  :Model 26504 SMU connected to Dran
Pulsalff 0.0225 tamuinal.
PulsaWidth 0.005 GSMU  :SMU connected to Gate termnal.
Vg 1 I pulie (double)Pulle veln amMds on Dran
G20_debay 0 tarminal
I-d_blnn (double]): Bas kel n amps on Drain
berminal,
Input Parameters Output Parameters L ey
torroflin-:ef {double)-Complance value for Dran
- wokage force
Gate:26XX, 24XX 42XXSMU) SMU Meas_Fangev (double):The vokage range for Dran
or culment measure, Fof pulse mode, auto range & not
abowed.
265XA SMU T PLC (double): PLC for SMU on Dvan termmnal
+ pube_width  (double): Duration of the output ON
SMU ume.
pube_delry  (double): Duration of the output OFF
me.
Vg (double):Start voltage of sweep on Gate
= Eermnal,
+ | Drain: 265XA SMU I G20_deby (double):Gate to Dran deby, the trme
between Gate step and output of Dran pulse,
Sense_modedGSMU:Sense mode for SMU on Gate
— terminal
I Source and Bulk: GND | Sense_modedDSMUzSense mode for SMU on Dan |
Pin and Connection Module Description

Test pulse sequence: Gate bias V, Drain pulse | (see next figure).

Figure 253: BVdsyv test pulse sequence
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INPUTS:
DSMU: Model 265xA SMU connected to Drain terminal.
GSMU: SMU connected to Gate terminal.
Id pulse: Pulse level in amps on Drain terminal.
Id bias: Bias level in amps on Drain terminal.
points: The number of pulse in the test.
Compliancev: Compliance value for Drain voltage force.

Meas Rangev:

The voltage range for Drain current measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Drain terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Vg Start voltage of sweep on Gate terminal.

G2D_delay: Gate to Drain delay, the time between Gate step and output of Drain

pulse.
Sense mode for SMU on Gate terminal.
Sense mode for SMU on Drain terminal.

Sense mode4GSMU:
Sense mode4DSMU:
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:
vd: Drain-Source breakdown voltage I.

DUT: A MOSFET and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB
SMU, 24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Drain terminal.
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IcVce_Steplb

Description:

Measures the voltage and current at the Collector terminal while sweeping the Collector voltage for
each voltage step at the Base terminal (see next figure).

Figure 254: IcVce_Steplb
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Output Parameters

42X XEMU Collector: 265XA SMU

Descrpton

Module name; IcVice_stepld -
Instrument: Kedhley 265x4, at least one 265x4, and ow-power
SMIU 26:0c SMU, 24300 SMIU and 4 2ox SMU

DUT:BIT, emditer to be grounded

Function: This best module measures the voltage and curent at
the Collector termmnal whie sweepng the Colector voltape it
each voltage step at the Base termnal,

Rasults: Get measured Colector current.

NPUTS:
C5MUY
BSMU

Model 2654 SMU connected to Colector terminal,
$SMU connected to Base termnal

voe_start (double): Start pube vokage of Colactor.

Wee_stop  (double): Stop pulse vokage of Colector

base_level (double):Base level of pube n volts,

ponis (int) :The number of ponts for Collector sweep.
Complancel {double):Complance value for Cobector voltage force.
Mexs_Ranged (double):The cumrent ange for Cobector current
measure. For pulse mode, auto range s not alowed.

or
265XA SMU

SMuU

sSMU
Step

®

FLC (double): PLC for SHU on Dran termnal
pulse_width  [double): Duration of the output ON tme.
pulse_deby  (double): Duration of the output OFF tme.
Tb_start (double):Start vokage of step on Base termnal
Bb_stop (doublk)-5t0p vokage of step on Base terminal,
rumskep {nt):The number of step on Base terminal,

A Sweep
+

Emitter: GND

Pin and Connection

B2C_dely  (double):The tme between the Base step and

output of first pulse n Colector sweep

Senss_modedBSMUESense mode for SMU on Base termnal

Sense_modedCSMUSense mode for SMU on Colector termnal,

stfar[_ﬁal'p_nau_rnan'e or dsable Soft-Ramp function at the start

of bas.

End_Ramp_Fag:Enable or deable Soft-Ramp function at the end of
as.

Module Description

Test pulse sequence: Collector sweep pulse V, Base step | (see next figure).

Baze

Collectar

Figure 255: IcVce_Steplb test pulse sequence
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INPUTS:
CSMU: Model 265xA SMU connected to Collector terminal.
BSMU: SMU connected to Base terminal.

Vce start:
Vce stop:
Base level:
points:
Compliancei:

Meas Rangei:

Start pulse voltage of Collector.

Stop pulse voltage of Collector.

Base level of pulse in volts.

The number of points for Collector sweep.
Compliance value for Collector voltage force.

The current range for Collector current measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Drain terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Ib start: Start voltage of step on Base terminal.

Ib stop: Stop voltage of step on Base terminal.

numstep: The number of step on Base terminal.

B2C delay: The time between the Base step and output of first pulse in Collector

sweep.
Sense mode4BSMU:  Sense mode for SMU on Base terminal.
Sense mode4CSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp

OUTPUTS:

vce:  Collector voltage programmed.
Ic: Collector current measured at the specified Base bias current.
DUT: A BJT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB SMU,

24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Base terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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IcVce_StepVb

Description:

Measures the voltage and current at the Collector-terminal while sweeping the Collector voltage for
each voltage step at the Base terminal (see next figure).

Figure 256: IcVce_StepVb

User Module  pevieq_Stepii -
'E Inpast |.E Ot st ] Descrption
CsMuy SHU1 I Ic

Module name: kVioe_steoVvb

BSML M2 Vg Wie
Wee_stat o Instrument: Kethley 265, at kast one 265xA, and ow-power
- S 2oc SMU, 28:0¢ SMU and 4230 SHU)
Vie_stop 10 DUT:BIT, emiter to be grounded
base_level o Function: Ths test module measures the voltage and cwrent at
oS 101 the Colector termnal whie sweepng the Colector voltage for
Corccal s each voltage step at the Base terminal
Fesuls: Get measured cobector cument.
Meas_Rangei 5 INPUTS:
Lte 001 CSMU  :Moded 265xA SMU connected to Colector terminal
PubkeDff 00225 BsMU MU connedted To Base terminal
PuleWidth 0.005 Vee_start  (double): Start pulse voltage of Colector.
Whb_stant 0 Vee_stop  (double): Stop pube woRage of Colector.

base_level ([double):Base kewel of puse n vols.

|nput Pa rameters OLItP ut Parameters ponts (int) :The number of ponts for Cobéctor sweep.

Complancel (double):Complance value for Colector volage force.

Mexs_Rangei (double):The current range for Collector current
Basa: 263X 243X 42XKSMU | Collector: 265XA SMU meagure. For pulie mode, Juto range & not akowed.
& o PLC {double): PLC for SMU on Drain terminal.
or sSMuU pule_width  [double): Duration of the cutput ON time,
265XA SMU pulse_deby  [double): Duration of the cutput OFF time.
Sweep Vb_start (doubla)-5tart vokage of step on Bave terminal
SMU Vo _stoo [double]):5top vokage of step on Base termmal
Step + numStep (mt):The numbar of step on Base terminal,

B2C_dely  [double):The tme between the Base step and
output of frst pube n Colactor sweep,

+ — Sense_modedBSMUSense mode for SMU on Base terminal
Sense_mode4CSMU:Sense mode for SMU on Colector termnal,

X Start_Ramp_Fag:Enable or dsable Soft-Ramo functon 3t the start
Emitter: GND of bas.

End_Famo_Fleg:Enzble or deable Soft-Ramp functon at the end of
bas.

Pin and Connection Module Description

Test pulse sequence: Collector sweep pulse V, Base step V (see next figure).

Figure 257: IcVce_StepVb test pulse sequence

Step

Baze —

Sueep puse VW

Collectar
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INPUTS:
CSMU: Model 265xA SMU connected to Collector terminal.
BSMU: SMU connected to Base terminal.

Vce start:
Vce stop:
Base level:
points:
Compliancei:

Meas Rangei:

Start pulse voltage of Collector.

Stop pulse voltage of Collector.

Base level of pulse in volts.

The number of points for Collector sweep.
Compliance value for Collector voltage force.

The current range for Collector current measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Drain terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Vb start: Start voltage of step on Base terminal.

Vb_stop: Stop voltage of step on Base terminal.

numstep: The number of step on Base terminal.

B2C delay: The time between the Base step and output of first pulse in Collector

sweep.
Sense mode4BSMU:  Sense mode for SMU on Base terminal.
Sense mode4CSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:

vce:  Collector voltage programmed.
Ic: Collector current measured at the specified Base bias current.
DUT: A BJT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB SMU,

24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Modes 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Base terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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IcVce_StepVge

Description:

Measures the voltage and current at the Collector terminal while sweeping the Collector voltage for
each voltage step at the Gate terminal (see next figure).

Figure 258: IcVce_StepVge

User Meduk | jeves srapvge -
= Input B Output Descrption
csMu sMu Ie e Had oo b
- f i narme ICVoE_sted' 3
GSMU SMU2 Ve Ve = -
Vee Tt il Instrument: Kethley 26504, at least one 263xA, and low-power
= SMU( 2t SMU, 280 SMU and 420 SMU)
Vice_stop 10 DUT:IGET, Emtter to be grounded
base_level 0 Function: Ths test module measures the volage and cument at
ot 161 the Cobector terminal whie sweepng the Cobectod voltage for

each volage step at the Base terminal.

Complancel S Resuls: Get medsured coléctor cuirent.

Maas_Rangel 5 BEUTS:

PLC 0.0 Csmu :Moded 2654 SMU connected to Colector termnal.
PubseOff 0.0225 GSMY *5MU connected to Gate termnal,

PubeWidth 0.005 Vee_start  (double): Start puke vokage of Colector,
Vipe_start 0 Vea_stop  (double): Stoo pube vokage of Cobactor,

| t P - t base_level (double):Base kevel of pube in vols,
npu arameters O ut ut param Eters ponts (nt) :The nuwmber of ponts for Colector sweep.

p p Complancel (double):Complance valug for Colector voRage force.
Meas_Rangel (double):The cumrent ange for Coléctor current

Gate: 26300 240 4220 SMU SMIL measure. For pube mode, auto range & not alowed.
of P {double]: PLC for SMU on Dram tenmnal
2E5XA SMU pube_width  (double): Duration of the output ON time.

pube_delry  (double): Duration of the output OFF tme.

i _start (double):Star vokage of step on Gate termmnal
Wipie_stop (double)=Stop wolage of shep on Gabe terminal
I T (int): The nusmber of ep on Gate termnal
SMU GIC_delay  (double):The time between the Gate step and

Collecton: 265X SMU output of first pube n Colactor sweep.
o Sense_modedG5MU;Sense mode for SMU on Gate termnal,

Sense_moded4CSMUSensa mode for SMU on Collector termmnal,

z{w‘:_mﬂ'n_ﬂac:irﬁle or deable Soft-Ramp function at the s
i bias.

-
g End_Rarmp_Fag:Erable or deable Soft-Ramp function at the end of
bias, -

Pin and Connection Module Description

Test pulse sequence: Collector sweep pulse V, Gate step V (see next figure).

Figure 259: IcVce_StepVge test pulse sequence

Step W

Gae —

Sweep pulse W

Collector
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INPUTS:

CSMU:

GSMU:

Vce start:
Vce stop:
Base level:
points:
Compliancei:

Meas Rangei:

PLC:

Pulse Off:
Pulse Width!
Vge start!
Vge stop:
numstep:
G2C_delay:

Model 265xA SMU connected to Collector terminal.
SMU connected to Gate terminal.

Start pulse voltage of Collector.

Stop pulse voltage of Collector.

Base level of pulse in volts.

The number of points for Collector sweep.
Compliance value for Collector voltage force.

The current range for Collector current measure. For pulse mode, auto
range is not allowed.

PLC for SMU on Drain terminal.

Duration of the output OFF time.

Duration of the output ON time.

Start voltage of step on Gate terminal.

Stop voltage of step on Gate terminal.

The number of step on Gate terminal.

The time between the Gate step and output of first pulse in Collector

sweep.
Sense mode4GSMU:  Sense mode for SMU on Gate terminal.
Sense mode4CSMU:  Sense mode for SMU on Collector terminal.

Enable or disable Soft-Ramp function at the start of bias.
Enable or disable Soft-Ramp function at the end of bias.

Start Ramp Delay: Time delay at each step of start ramp.

Start Ramp Flag:
End Ramp Flag:
End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:

vce:  Collector voltage programmed
Ic: Collector current measured at the specified Gate bias current.
DUT: An IGBT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB

SMU, 24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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IdVd_BiasVg

Description:

Tests the Drain current over a Drain voltage sweep at a specified Gate voltage, with measurements
at the Drain terminal, which is in pulse mode using the Keithley Model 265xA SourceMeter (see next
figure).

Figure 260: Idvd_BiasVg

User Modu'e | oy Basvg -
B Input B Output [T er—
DEMLY SMU W W
GEMU SMUZ " 1 Module narms: [dVa_Bashg
g Enstrumagnt: Kelhiey 265uA, 3t Wast one 260xA, and
_start Q lowepower SMUC 260 SMU, 2400 SMU and 42w SHIU)
Wl _stop i DUT: MOSFET, source and bulk to be grounded
base_lvel [:] Function: Ths module & used to test dian current at
ponts 101 Oran voRtage sweep and specfied Gate voRage wih
maasurertn gt Drain term which & in pule mode uEng
Complance 1 the kethiey T65wA SourceMeter.
Meas_Rangel 1 Resuls: Get massured Dran current at Gate specified
PLC 0.02 vorage and Dran sweep n pulse mode.
PulbeOff 00225 BPUTS:
W DMy Model 265xA SMU conmected e Dran
F.uuihld!h 0.00% cearinal
Vo L GSMU  1SMU connected 1o Gate terminal
i - wed_searr  [double): Start puse voltage of Dran.
Input Parameters Output Parameters vd ston  {doubie): Ston pubie volage of Dran.

ate:26XX, 24X X 42XXSMU
or
265XA SMU

$

smu [
+

sMuU
J} | Drain: 265xa smu |
e
1

base_level (double)iBase level of pulse n vols,

ponts [nT) 1 The number of ponts for Dran sweep,

Complancel [deubls) :Complance value for dran
volage force.

Meas_Rangel (double): The cument range for dram
cument measne. For pulse mode, Juto range & not
alowed.

e {double): PLE for SMU on Dvain terminal

pube_width {double): Duration of the output O

pube_delsy (double): Duration of the cutout OFF
ome.

L] (double):Vokage apphed on Gate termnal,

GID_debrvidouble iGate to Dran delay, the trme

batween Gate 5tep and output of frst pulie n Dan
SueRED.
Senge_moded G5MSense mode for SMU on Gate .

Module Description

| Source and Bulk: GND |

Pin and Connection

Test pulse sequence: Gate bias V, Drain sweep pulse V(see next figure).

Figure 261: Idvd_BiasVg test pulse sequence

Bias V

Gate

-

Sweep pulse WV
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INPUTS:
DSMU: SMU connected to Drain terminal.
GSMU: SMU connected to Gate terminal.
vd start: Start pulse voltage of Drain terminal.
vd_ stop: Stop pulse voltage of Drain terminal.

Base level:
Points:
Compliancei:

Meas Rangei:

Base level of pulse in volts.
The number of points for Drain sweep.
Compliance value for Drain voltage force.

The current range for Drain current measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Drain terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

vg: Voltage applied on Gate terminal.

G2D_delay: Gate to Drain delay, the time between Gate step and output of first pulse

in Drain sweep.
Sense mode4GSMU:  Sense mode setting for SMU on Gate terminal.
Sense mode4DSMU:  Sense mode setting for SMU on Drain terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.
End Ramp Delay: Time delay at each step of end ramp.
Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:
vd: Drain voltage programmed.
Id: Drain current measured at the specified Gate bias voltage.

DUT: A MOSFET and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB
SMU, 24xx SMU, and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type or the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Drain terminal.
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IdvVd_StepVg

Description:

Tests the Drain current at the Drain voltage sweep and the specified Gate voltage, with
measurements at the Drain terminal, which is in pulse mode using the Keithley Model 265xA

SourceMeter (see next figure).

Usar Module  [30vd Srepvg

Figure 262: Idvd_StepVg

8 Input
DSMU SMu1
GEMU SMy2
wd_start o
wd_stop 10
base_lvel ]
ponts 101
Comrplancel 5
Meas_Rangel 5
PLC 001
Pulse0ff 0.0225
PusaWidth 0.005
Vg_stat o

Input Parameters

|[@ output
Vd Wd
id i

Output Parameters

Gate: 26XX, 24XX 42XXSMU
or
265XA SMU

SMU

@

SMU

I

| Drain: 265XA SMU |

| Source and Bulk: GND |

Pin and Connection

Description

Module name: Idvd_stepiig

Instrsment: Kethiey 26534, 3t keast one 265xA, and
Kow-power SMU(Z60c SHU, 24x0c SHU and 4 2o SML)

DUT; MOSFET, source and buk to be grounded

Function: This module 5 used to test dran current at
Dran vokage sweep and specfied Gate vokage with
megsurerment at Deain tem which & in pulse mode usng
the kekhley 265xA ScurceMater,

Resuls: Gat measured Dran cument at Gate spacfiad
vokage and Dran sweed n pube mode.

HPUTS:

DSy sModel 265xA SMU connected to Dran
terminal.

G5HU : SMU conmacted to Gate terminal

wd_gmart  (double): Start pulse vokage of Dain.

wvd_stop  (double): Stop pulke vokage of Dran,
base_level (doubla):Base keeel of pube in volts.
ponts (int) :The number of points for Drain sweep.

Complancei (double) :Complance valse for dran
votage force,

Heas_Rangei (double): The current range for dran
curent measure. For pulbe mode, auto ENgE & not
akywed.

PLE (double): PLC for SHU on Drain terminal.

puke_width  (doubie): Dunaton of the output ON

puke_dely  (doublel: Duration of the cutput OFF
e

Vg _start (double):Start vokage of step on Gate
terminal.

Vg_stop (double):Stop woktage of step on Gate
ermrinal.

ALTETED {ntlThe number of step on Gate

Module Description

Test pulse sequence: Gate step V, Drain sweep pulse V (see next figure).

Figure 263: Idvd_StepVg test pulse sequence

Gate

Crrain

Step v

Sweep puze

2-314
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INPUTS:
DSMU: SMU connected to Drain terminal.
GSMU: SMU connected to Gate terminal.
vd start: Start pulse voltage of Drain terminal.
vd_ stop: Stop pulse voltage of Drain terminal.

Base level:
Points:
Compliancei:

Meas Rangei:

PLC:
Pulse Off:
Pulse Width!

Base level of pulse in volts.
The number of points for Drain sweep.
Compliance value for Drain voltage force.

The current range for Drain current measure. For pulse mode, auto
range is not allowed.

PLC for SMU on Drain terminal.
Duration of the output OFF time.
Duration of the output ON time.

Vg_start: Start voltage of step on Gate terminal.
Vg stop: Stop voltage of step on Gate terminal.
Numstep: The number of step on Gate terminal.
G2D delay: Gate to Drain delay, the time between Gate step and output of first pulse

in Drain sweep.

Sense mode4GSMU:
Sense mode4DSMU:

Sense mode setting for SMU on Gate terminal.
Sense mode setting for SMU on Drain terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp

OUTPUTS:
vd: Drain voltage programmed.
Id: Drain current measured at the specified Gate bias voltage.

DUT: A MOSFET and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB
SMU, 24xx SMU, and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Drain terminal.
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IdVg

Description:

Tests the Drain current at the Gate voltage sweep and the specified Drain voltage, with
measurements at the Drain terminal, which is in pulse mode (see next figure).

Figure 264: Idvg

Usas Module Vg -
B Input B8 Output Descrption

D5SMU SMU1 va L]
GEMU MUz W Module name: idva

Irstrurment: Kekhley 26504, at least one 265xA, and
vd_pute ! low-powie SMU{ 260 SHU, 243 SMU 3nd 42xx SHU)
vil_base o DUT: MOSFET, source and buki to be grounded
Comglance 5 Function: This rodule & used to test drain current at
Maas_Rangsi 5 Gate voRage sweep and edfd Drin volage, with
BLC 0.01 maasurgmant at Dan termnal 5 0 pulses mode.

= Results: Get measured Dran curent at Gate sweep
Pulse0ff 00225 volage
PulseWidth 0.005 INPUTS:
Wg_start o D5MU iModel 26504 SMU connected to Dram
Vo_g=p . te"{:‘;‘t SHU &d 1o G .
1SMU connectad to Gate termmnal
OINTS_Svid 5
s vd_pube (Gouble):Pulse kvel n volts on Dran
I t P t rerminal
n pu arame ers‘ outpU1 Pal’am et'Bl'S wd_base (double): Base kvel in volts on Dran
terminal.
Complancel (double):Complance value for Dran
voktage force.

Gate: 260 24 XX 42XX SMU|

MU Meas_Rangel (double):The current range for Drain
or curent measure. For pube mode, auto range & not
abowed.
263XA SMU T PLC {double): PLC for SMU on Dain terrmnal,

pule_with  (double): Duration of the cutput OM

SMu $ tme.
puke_delry  (double): Duration of the cutput OFF
tme,
i N Wo_start (double):Start vokage of sweep on
= I Drain: 265XA SMU Gate termnal,
Wg_stop {double):5top vokage of sweep on
Gate Termnal,
ponts_sweep [(ntl:The number of ponts for Gate
| Source and Bulk: GND | e

GIN Askrs  (Asaibla) Gare 1A Nivsn Adsline tha Feve

Pin and Connection Module Description

Test pulse sequence: Gate sweep V, Drain pulse V (see next figure).
Figure 265: Idvg test pulse sequence

—

Sweap V

T,

Gale

Crrain
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INPUTS:

DSMU:

GSMU:

vd pulse:

vd Base:
Compliancei:

Meas Rangei:

PLC:

Pulse Off:
Pulse Width!
Vg _start!
Vg_stop:
points_ sweep:
G2D_delay:

SMU connected to Drain terminal.

SMU connected to Gate terminal.

Pulse level in volts on Drain terminal.
Base level in volts on Drain terminal.
Compliance value for Drain voltage force.

The current range for Drain current measure. For pulse mode, auto
range is not allowed.

PLC for SMU on Drain terminal.
Duration of the output OFF time.
Duration of the output ON time.

Start voltage of sweep on Gate terminal.
Stop voltage of sweep on Gate terminal.
The number of points for Gate sweep.

Gate to Drain delay, the time between Gate step and output of Drain
pulse.

Sense mode for SMU on Gate terminal.

Sense mode4GSMU:
Sense mode4DSMU:  Sense mode for SMU on Drain terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:
Vg: Gate voltage programmed.
Id: Drain current measured at the specified Gate bias voltage.

DUT: A MOSFET and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB
SMU, 24xx SMU, and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Drain terminal.
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Vcesat_bjt

Description:

Measures the Collector-Emitter saturation voltage. A current sweep occurs at the Collector terminal
with a fixed current applied to the Base and Emitter terminals (see next figure).

Figure 266: Vcesat_BJT

Usas Moduke Veesat_bit -
2 Input :B Dutpaut Descrption
sH MU | viee Wie
| Module nama:ycesat -
asHU sMu2 |1 K
i+ | £ Instrument: Kethley 265xA, at least one 265xA, and
Ic_start d low-power SHU{26xx SMU, 24xx SMU and 42i SMU)
le_sten ! DUT: BIT, emittes to be grounded
basa_lavel ] Function: This test module measures the
ponts 1oy Colector-Emtter satunation wokage, A Curmént swedp
Cormplance P occurs at the Colactor terminal with a fued curent
Ll s apphed from Base to Emitter terminak.
Maas_Rangev e Resuks: Get the Colector-Emtter saturaton voltags,
PLC o001 MPUTS:
PulsaOFf 00225 CSMU ‘Medel 26504 SHU connected to Colector
Puszwidth 0.0005 LRt
= oo BSMLI : SMU connected to Base terminal,
s — e_staet (double): Start pule curent of Cobector.
lc_stop (double): Stop pube current of
Input Parameters Output Parameters Cotedtor.
basa_level (double): Base kvl of pulse in amps.
Base: FEXN, 2400 42X SMU SM ponts (int) :The number of points for Collector
or U weep.
265%A SMU Collector: 265XA SMU Complancev {double) :Complance value for Cobector
cument force,
Meas_Fangey (double): The vokage range for
sSMU Colectod voltage mexsure, For pulbe mode, Juto ANge &
+ not alowed.
PLC (double): PLC for SMU on Collector
tarminal,
pubsa_width  (double): Duraton of the output ON
me:
<+ — pule_deby  (double): Duration of the output OFF
- tme.
b (duuble):Current appbed on Base temmnal
D s e e o
and output of st pulse in Cobector sweep. L
. . 0 -
Pin and Connection Module Description

Test pulse sequence: Collector sweep pulse |, Base bias | (see next figure).

Figure 267: Vcesat_BJT test pulse sequence

Bias |

Base —

&

ﬂ Sweep pulse |
Callector
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INPUTS:

CSMU:

BSMU:

Ic start:

Ic stop:
Base level:
points:
Compliancev:

Meas Rangev:

PLC:

Pulse Off:
Pulse Width!
Ib:

B2C delay:

Model 265xA SMU connected to Collector terminal.
SMU connected to Base terminal.

Start pulse current of Collector.

Stop pulse current of Collector.

Base level of pulse in amps.

The number of points for Collector sweep.
Compliance value for Collector current force.

The voltage range for Collector voltage measure. For pulse mode, auto
range is not allowed.

PLC for SMU on Collector terminal.

Duration of the output OFF time.

Duration of the output ON time.

Current applied on Base terminal.

The time between Base step and output of first pulse in Collector sweep.

Sense mode4BSMU:  Sense mode for SMU on Base terminal.

Sense modedCSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp

OUTPUTS:

vece:  Collector-Emitter voltage measured at the specified Base bias current.
Ic: Current programmed at Collector terminal.
DUT: A BJT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB SMU,

24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Base terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Collector terminal.
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Vcesat_IGBT

Description:

Measures the Collector-Emitter saturation voltage. A current sweep occurs at the Collector terminal
with a fixed voltage applied at the Gate terminal (see next figure).

Figure 268: Vcesat_IGBT
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Pin and Connection Module Description

Test pulse sequence: Collector sweep pulse |, Gate bias V (see next figure).

Figure 269: Vcesat_IGBT test pulse sequence
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INPUTS:
CSMU: Model 265xA SMU connected to Collector terminal.
GSMU: SMU connected to Gate terminal.
Ic start: Start pulse current of Collector.
Ic stop: Stop pulse current of Collector.

Base level:
points:
Compliancev:

Meas Rangev:

Base level of pulse in amps.
The number of points for Collector sweep.
Compliance value for Collector current force.

The voltage range for Collector voltage measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Collector terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Vg: Voltage applied on Gate terminal.

G2C_delay: The time between Gate step and output of first pulse in Collector sweep.

Sense mode4GSMU:  Sense mode for SMU on Gate terminal.

Sense mode4CSMU:  Sense mode for SMU on Collector terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.

End Ramp Delay: Time delay at each step of end ramp.

Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:

vece:  Collector-Emitter voltage measured at the specified Gate bias voltage.
Ic: Current programmed at Collector terminal.
DUT: An IGBT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB

SMU, 24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to Collector terminal.
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Rdson

Description:

Tests the Drain current at the Drain voltage sweep and the specified Gate voltage with
measurements at the Drain terminal, which is in pulse mode using the Keithley Model 265xA
SourceMeter (see next figure).

Figure 270: RdsOn
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Pin and Connection Module Description

Test pulse sequence: Gate bias V, Drain sweep pulse | (see next figure).

Figure 271: RdsOn test pulse sequence
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INPUTS:
DSMU: Model 265xA SMU connected to Drain terminal.
GSMU: SMU connected to Gate terminal.
vd start: Start pulse voltage of Drain.
vd_stop: Stop pulse voltage of Drain.

Base level:
points:
Compliancev:

Meas Rangev:

Base level of pulse in amps.
The number of points for Drain sweep.
Compliance value for Drain current force.

The voltage range for Drain voltage measure. For pulse mode, auto
range is not allowed.

PLC: PLC for SMU on Drain terminal.

Pulse Off: Duration of the output OFF time.

Pulse Width: Duration of the output ON time.

Vg Voltage on Gate terminal.

G2D_delay: Gate to Drain delay, the time between Gate step and output of first pulse

in Drain sweep.
Sense mode4GSMU:  Sense mode for SMU on Gate terminal.
Sense mode4DSMU:  Sense mode for SMU on Drain terminal.
Start Ramp Flag: Enable or disable Soft-Ramp function at the start of bias.
End Ramp Flag: Enable or disable Soft-Ramp function at the end of bias.
Start Ramp Delay: Time delay at each step of start ramp.
End Ramp Delay: Time delay at each step of end ramp.
Start Ramp_ Steps: The number of steps at the start of Soft-Ramp.

End Ramp Steps: The number of steps at the end of Soft-Ramp.

OUTPUTS:
Id: Drain current programmed.
vd: Drain voltage measured at the specified Gate bias voltage.

RdsOn: Drain-Source resistance when the MOSFET is fully on.

DUT: An IGBT and the instruments are Keithley Model 265xA (at least one 265xA) and a 26xxB
SMU, 24xx SMU and 42xx SMU. Lower power model SMUs must be classified as the same type, for
example, the Model 2651A SMUs are the same type and the Model 2657A SMUs are the same type.

NOTE

If the Gate terminal is connected to a Model 265XA SMU, make sure it is the same type as the Model
265XA SMU that is connected to the Drain terminal.
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Switch control PTM

This PTM module is used to control the Model 707 or 708 Matrix. This module supports both Model
707A/708A and Model 707B/708B (both DDC mode and ICL mode). It's used to open or close any
specific relays of the matrix cards and it can be done before you connect the SMU, CVU or other
instruments to the device under test (DUT).

This test module can be found in single-test mode in the CommonLib, or it can be imported in multi-
test mode from the following directory: \ACS\library\pyLibrary\PTMLib\switchctrl.py.

Figure 272: Switch control module
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This module lists six cards (the maximum supported). You must select the relays on the matrix card
that you have in your matrix. For example, you only have card 2 and card 3 in your matrix, you can
ignore cards 1,4,5, and 6 in this module. The Model 708 matrix has only one card (that means cards
2,3, 4,5, and 6 are not available).

Switch Name: Select the matrix that you want to control for relay opening or closing.

Open All: If it is checked, the module will first open all the relays before closing any selected relays.
Clear All: Clears all of the selected relays in the relays selecting area.

Select relays: Select any relay that you want to close. Clicking on the selected relay will de-select it.

After selecting all the relays that you want to close, click the Run icon on the tool bar, and these
relays will close in the matrix. If you want to open all of the closed relays, check the Open All option
and de-select all relays that are selected, then Run the module.
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