


Model4200A-SCS
Pulse Card (PGU and PMU)

User's Manual



© 2024, Keithley Instruments
Cleveland, Ohio, U.S.A.
All rights reserved.

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

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

Actuate®
Copyright © 1993-2003 Actuate Corporation.
All Rights Reserved.

Microsoft, Visual C++, Excel, and Windows are either registered trademarks or trademarks of
Microsoft Corporation in the United States and/or other countries.

Document number: 4200A-PMU-900-01 Rev. C May 2024




A Tektronix Company S a.fety p recau ti 0 n S

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

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

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

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

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

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

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

Keithley products are designed for use with electrical signals that are measurement, control, and data I/0O connections, with low
transient overvoltages, and must not be directly connected to mains voltage or to voltage sources with high transient overvoltages.
Measurement Category Il (as referenced in IEC 60664) connections require protection for high transient overvoltages often
associated with local AC mains connections. Certain Keithley measuring instruments may be connected to mains. These
instruments will be marked as category Il or higher.

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

The CAUTION heading with the A symbol in the user documentation explains hazards that could result in moderate or minor
injury or damage the instrument. Always read the associated information very carefully before performing the indicated procedure.
Damage to the instrument may invalidate the warranty.

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

To maintain protection from electric shock and fire, replacement components in mains circuits 8 including the power transformer,
test leads, and input jacks 8 must be purchased from Keithley. Standard fuses with applicable national safety approvals may be
used if the rating and type are the same. The detachable mains power cord provided with the instrument may only be replaced with
a similarly rated power cord. Other components that are not safety-related may be purchased from other suppliers as long as they
are equivalent to the original component (note that selected parts should be purchased only through Keithley to maintain accuracy
and functionality of the product). If you are unsure about the applicability of a replacement component, call a Keithley office for
information.

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

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

Safety precaution revision as of June 2018.
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Section 1

Introduction

In this section:

Models 4220-PGU and 4225-PMU.........cccccoviivieiiiiiieniieee 11

Models 4220-PGU and 4225PMU

The 4220-PGU High Voltage Pulse Generator Unit and 4225-PMU Ultra-Fast Pulse Measure Unit are
high-speed pulse-generator cards for the 4200A-SCS. The 4220-PGU provides pulse output only. The
4225-PMU provides both pulse output and pulse measurement. The PGU and PMU have similar pulse
output characteristics.

The 4225-PMU can be paired with one or two 4225-RPM Remote Preamplifier/Switch Modules. The
RPM is a remote amplifier and automatic switch. When the RPM is used as a preamplifier for the PMU,
it provides additional low-current measurement ranges. When the RPM is used as a switch, it switches
between the PMU, SMUs, and CVUs.

LPT functions that pertain to the PGU and PMU are
P MU s dModeind200A-SCS LPT Library Programming.

To do quick tests with minimal interaction with other 4200A-SCS test resources, you can use the
Keithley Pulse Application (KPulse). KPulse is a nonprogramming alternative that you can use to
configure and control the installed Keithley pulse cards. Refer to KPulse (on page 5-1) for
additional information.
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The simplified circuits of the 4220-PGU and 4225-PMU pulse generators are shown in the

following figure.

Figure 1 Simplified circuits of the PGU and PMU
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Proper connection methods are critical to perform stable and accurate measurements using the PMU,
with or without the RPM. The guidelines in this chapter help prevent pulse voltage overshoot
and oscillations.

You can use the Multi-measurement Prober Cable Kits (4210-MMPC) to connect the 4200A-SCS to
perform pulse I-V measurements. These kits help maximize signal fidelity by eliminating the
measurement errors that often result from cabling errors. The prober cable kits include:

I 4210-MMPC-C Multi-Measurement (I-V, C-V, Pulse) Prober Cable Kit for Cascade Microtech
12000 prober series

I 4210-MMPC-S Multi-Measurement (I-V, C-V, Pulse) Prober Cable Kit for SUSS MicroTec
PA200/300 prober series

1 4210-MMPC-L Multi-Measurement (I-V, C-V, Pulse) Prober Cable Kit for Lucas Signatone probers

9 4210-MMPC-W Multi-Measurement (I-V, C-V, Pulse) Prober Cable Kit for Wentworth
Laboratories probers

Connection guidelines

The following guidelines describe PMU common connections, shield connections, cable length, high
frequency connections, and prober chuck connections for the PMUs and PGUs.
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PMU common connections

Common LO for the PMU is the outer shells of the two SMA connectors. With an SMA cable connected
(see following figure), common LO is the outside shield of the cable.

Figure 2: PMU common low terminals

Common LO
terminal is
outside shield
of SMA cables

Because pulsing requires high frequency signal propagation, reduce cable inductance by minimizing
the loop area of the connection to the device under test (DUT).

Do not use the GNDU as common low for the PMU to avoid creating a large loop area. When using the

GNDU, an inductive loop area is created when the HI and LO leads are separated. Fast rise times (dt),

high current (di), and large inductances (L) can cause voltage overshoots, oscillations, and ringing in

thehigh-s peed measurement circuit. This is based on Len

Shield connections

For multiple PMU channels, you should connect the shields (common LO) from all PMU channels as
close as possible to the DUT. You reduce inductance by minimizing the loop area of the shield
connections. The figure in Using an adapter cable to connect pulse card to DUT (on page 2-15) and
the Local sensing (on page 2-16) figures illustrate proper shield connection schemes using the
supplied cabling.
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Cable length

Use the shortest possible cable length to achieve the highest frequency output, the best pulse shape,
and the best results. Here are reasons to avoid using longer cable lengths:

9 Longer cable lengths have longer reflection times, which can slow down transmission times.
9 Longer cables may have impedance mismatches, which can cause distortions.

9 Higher capacitance in longer cables causes higher capacitive charging effects during the pulse
transitions (see PMU capacitive charging/discharging effects (on page 3-33)).

Only use the white SMA coaxi al cables that are supp
cables that match the internal 50 q resiftyY2ng 8MAe of t
cables and the RPM is supplied with 8 in. (20 cm) SMA cables. Always use the 8 in. (20 cm) SMA

cables with the RPM.

High frequency connections
Use these connection guidelines for high-speed testing (pulse width<le s ) .

9 Use cables and connectors optimized for high frequency (at least 150 MHz). The SMA coaxial
cables supplied with the PMU and RPM are rated for high frequency.

9 Probe manipulators must be rated at least 150 MHz.

9 Properly connect the shields of the coaxial cables and minimize the loop area of the shield
connections (see Shield connections (on page 2-2)).

I Minimize cable length (see Cable length (on page 2-3)).

9 Use a signal path that matches the impedance of the instrument (50q) . The SMA cabl es
with the PMU and RPM are 50 q .

Prober chuck connections

When possible, avoid pulse connections to the prober chuck. If unavoidable, use these guidelines
when connecting to the prober chuck:

 When making connections to the back side of the wafer, PMU functionality will be diminished. Use
caution and verify waveforms.

9 Generally, the chuck adds capacitance and noise. This reduces both low-current and high-speed
sampling performance.

9 If one of the device terminals is the back side of the wafer, then pulse only on that terminal (on
chuck) and measure at another terminal using the second channel. If possible, do not measure
from the PMU channel connected to the chuck.
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I For a two-terminal device, refer to Two-terminal device connections (on page 2-9), using figure
"Two-terminal device connections to a PMU using both channels" as a guide.

I For a four-terminal device, use the Four-terminal device connections (on page 2-12) to two PMUs
figure, or the Local sensing (on page 2-16) four-terminal figure as a guide (as applicable). This
cabling approach permits the low-side measurement approach described in PMU capacitive
charging/discharging effects (on page 3-33).

PGU and PMU connectors

The connectors for the PGU and PMU pulse cards are shown in the following figure.

Figure 3: 4220-PGU and 4225PMU connectors

4220-PGU 4225-PMU
® SMA female
TRIG IN connector © Sggﬁrfgg:glre
(1 of 4) (1 of 4)

P RPM connector
i (10f2)
dl

CH2 2

TR\G?T CHZ@

@ TRIG OUT
®

pio Do

Model 4225-RPM

The 4225-RPM is a remote amplifier/switch that is used as a current preamplifier for the 4225-PMU.
The RPM provides additional high-speed, low-current measurement ranges.

The RPM can also be used as a switch for the 4200-SMU, 4201-SMU, 4210-CVU, and 4215-CVU.
See Using the RPM as a switch (on page 2-8).
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RPM input, output, and top panels

The input, output, and top panels for the RPM are shown in the following figure.

Figure 4: 4225-RPM panels

Input panel Output panel Top panel

— INPUT — — OUTPUT — O

T“Sé‘r'FAJS{Q? le__ SMU LED Status
(10f2) Sense @ SMU Mode
Triaxial female @ CVU Mode
SMU connector ——— @ @ Pulse Mode
Force (10f2)

SMA female Sense
connector —+— @ CVU Pot
(10of2)
CVU Cur
A Force
CAT | RPM
Control | ppM connector A
input from CAT |
4200A

The RPM connector on the input panel connects to one of the RPM connectors (channel 1 or channel
2) on the 4225-PMU. The RPM also has input connectors for a 4200-SMU or 4201-SMU
(source-measure unit) and a 4210-CVU or 4215-CVU (capacitance-voltage unit).

The previous figure shows modes for the RPM LED colors. During normal Clarius operation, only the
red, green, or blue lights are shown. However, other colors or color combinations are possible. For
example, during the 4225-PMU self-test, the RPM LED alternates between purple and green for the
majority of the test, but there is a portion of the test where the LED flashes red and green. During
firmware upgrade of the 4225-PMU, the RPM LED is green, but flashes red and green near the end of
the process. During firmware upgrade of the 4225-RPM, the RPM LED is blue at the start, and
changes to green for the remainder of the process.

The output status of the 4200A-SCS is indicated by the Operate light on the front of the
4200A-SCS chassis.

RPM wiring diagram

The internal wiring diagram of the RPM is shown in the following figure.

Signals from the 4200A-SCS instrument cards are routed through the RPM to the output Force and
Sense connectors. Switching is used to control which card is connected to the output. See Using the
RPM as a switch (on page 2-8) for more information on switching.

4200A-PMU-900-01 Rev. C May 2024 2-5



Section 2: Connections Model 4200A SCSPulse Card (PGU and PMU3er's Manue

The LEDs on the top panel (see the previous figure) indicate which card is connected to the output. By
default, the RPM (pulse mode) is connected to the output unless a SMU or CVU is switched in.

Figure 5: Wiring diagram of the RPM

4225-RPM
i — INPUT — i
: . — :
i SMU =T I i
1 . ' 1
I Sense (/ § ;
; =< E i
' SMU ) g !
i Force @ i
I CVU POT @ I i
i cvucur (e e ;
i Pulse LO i
E RPM i
E control Pulse HI |\<| i
' L~ '

Connecting the RPM to the PMU

Turn off the system and disconnect the power cord before connecting or disconnecting the
RPM to or from the PMU. Failure to do so may result in RPM or PMU damage, possibly voiding
the warranty.

NOTE

The RPM is matched to a PMU card and channel. Make sure to connect the RPM only to that PMU
card and channel. Labels on top of the RPM indicate the specific connection channel and PMU. For
example, "PMU1-2" indicates PMU1, channel 2.
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With system power off, use the supplied RPM cable to connect a 4225-RPM to the matching RPM
channel of the 4225-PMU, as shown in the following figure.

Figure 6: 4225-PMU connection to an RPM

4225-PMU

4225-PMU

CH1@

TRIG IN 4225-RPM
input panel

INPUT
: ]
"

SMU
Sense

m SMU

CH2 @

TRIG OUT

O

NETDO

RPM interconnect
cable (CA-547-2A)

With an RPM installed, never make connections directly to any of the SMA connectors (CH1

and CH2) on the PMU. This may result in damage to the PMU or DUT. It may also produce
corrupt data.

NOTE

After connecting or removing an RPM, always perforn

in Model 4200A-SCS Setup and Maintenance to ensure that KCon accurately represents the present
4200A-SCS hardware configuration.

Mounting the RPM

When mounting the 4225-RPM, make sure that there is a minimum of 5 cm (2 in.) of space
between multiple RPM base assemblies. Spacing multiple 4225-RPM or 4200-PA instruments
closer than 5cm (2 in.) from the 4200-MAG-BASE can cause the internal relays to malfunction.
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RPM diagrams for local and remote sensing

The following figure shows the diagram for local sensing. The center conductor of the Force triaxial
connector is connected to the high side of the device under test (DUT) while the outer shield is
connected to DUT LO. The Sense connector is not used.

Figure 7: RPM wiring diagram for local sensing

4225-RPM

| Pulse LO Sense |
{  RPM i
i control <| i 1
1 Pulse HI : '
! D i /.\ Force : HI DUTL LO

The following figure shows the diagram for remote sensing. Both Sense and Force are connected to
DUT HI.

Figure 8: Diagram for remote sensing

4225-RPM

Pulse LO

' RPM
; control Pulse HI :] i

Using the RPM as a switch

You can use the RPM to switch a PMU, CVU, or SMU to a DUT terminal. The RPM wiring diagram (on
page 2-5) figure shows the switches. The following figure shows a typical test configuration for using
an RPM as a switch for a PMU, SMU, and CVU. In general, one RPM per device terminal is
recommended. By default, the PMU (with RPM) is connected to the output unless a SMU or CVU is
switched in.
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Figure 9: Test configuration for using RPM as a switch

4200A-SCS

4225-RPM1
4200-SMU1
Force Force
Sense j: Sense SMU
; Force
4200-SMU2 HIPOt oVl Sense
Force j): Hi Cur
Sense RPM Control
4210-CvU
Hi Pot 4225-RPM2
Hi Cur
Lo Pot Force
Lo Cur Sense SMu2
Force
4225-PMU to POL GVU  sense
o Cur
Ch1
Ch2 RPM Control

Both the red cables (supplied with the CVU) and the blue cables (supplied with the optional
4210-MMPC cable kits) are 100 q . Y o u renaote setsing (on page 2-17) using the optional
4210-MMPC cable kits with the RPMs.

Control RPM switching
Before using an RPM, configure the 4200A-SCSby doi ng the steps in AUpdate

in Model 4200A-SCS Setup and Maintenance. This properly associates the instruments connected to
each RPM.
There are two methods to control RPM switching:

T I'TM operation using automatic switching (after do

I UTM testing from within the user module, use the LPT function rpm_config

You must update the RPM configuration in KCon before using the RPM to control switching. If
you do not, corrupt test data may result due to incorrect switch settings in the RPM.

Two-terminal device connections

The following figure shows connections to a two-terminal device using a single channel. Connect one
end of the device to the center conductor of Ch 1 and connect the other side to pulse card common
(outside shield of the SMA cable).
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Figure 10 Two-terminal device connections to a pulse card using one channel

Connected to
common terminal

SMA coaxial

cables Loop area

2

(=}
<)
/)

You can also connect a two-terminal device to the two channels of a PMU, as shown in the following
figure. In this case, channel 1 sources/pulses voltage and channel 2 measures the resulting current.
Make sure you connect the shields of the SMA cables close to the device under test to avoid problems
of capacitive charging (see PMU capacitive charging/discharging effects (on page 3-33)).

Figure 11 Two-terminal device connections to a PMU using both channels

Loop area
K

SMA coaxial
cables

~ 7 ~
Channel 1 Channel 2
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Three-terminal device connections

A three-terminal device can be connected using either two or three PMU channels, depending on if
source and/or measuring must be performed at each device pin. An example of both channels of a
single PMU connected to a three-terminal MOSFET is shown in the following figure. In this example,
connect the gate terminal to channel 1 of the PMU and connect the drain terminal to channel 2.
Connect the source terminal to the outside shield of channel 2.

Figure 12 Three-terminal device connections to a PMU using both channels

Channel 1 steps
V. (pulsed or dc)

_—— e e === — oy

Keep loop area of ) I
shields to a minimum Drain E

—
f]

~ Gate |
1

Source

Connect shields

~ 7 ~

Channel 1 Channel 2

Channel 2 sweeps V,
(pulsed or dc) and
measures |, and V,

If ultra-fast 1-V sourcing and measuring is required at each device terminal, then a second PMU is
required for the source terminal. Up to four PMUs (eight channels) can be installed in one

4200A-SCS mainframe.
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Four-terminal device connections

To test a four-terminal device, two PMUs are usually required. The following figure shows the four
PMU channels connected to a four-terminal MOSFET. This configuration enables you to have
complete flexibility to enable pulsing and measuring at any terminal on the device. Notice that the
shields of the SMA cables from all four channels are connected as closely as possible to the device
under test.

Figure 13 Four-terminal device connection to two PMUs
Shields of coaxial

cables need to be I,
connected - . w
Drain

A Gate |
v | |+
SourlgL

Keep loop area of /
shields to a minimum

o

N ~
Channel 2

N
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The following illustrates the connection to a 4-terminal device using the cabling and adapters that are

included with either RPM or the 4225-PMU.

Figure 14 RPM output connection to 4-terminal device

Needle holder with dual or
4200-PRB-C single SSMC connectors

g;;l;cliaehj&ith\ / (not included)

BULK

SOURCE

CA-452: 20 cm (8 in)
white SMA cable

CS-1247 BNC male to SMA
female adapter

CS-712 male triaxial to
female BNC adapter

Force Sense
Output

4225-RPM

Second RPM and
connections shown for
illustration purposes only

{To PMU CH1 or CHZ ||
To SMU Force
To SMU Sense
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Pulse source-measure connections

NOTE

TRIGGER OUT of a pulse generator card can be connected to TRIGGER IN of other pulse generator
cards to synchronize the start of pulse outputs. For details on using the trigger connectors, refer to

Triggering (on page 4-20).

The cables used for SMU connections are supplied with the SMUs and preamplifiers.

NOTE

To achieve optimum performance, only use the cables, connectors, and adapters that are included
with Keithley Instruments pulse source or measure Kkits.

A WARNING

For the pulse source-measure configurations, ensure the 4200A-SCS high voltage is
disabled. This will prevent a safety hazard that could result in possible injury or death because
of SMU voltages greater than 42 V being applied to the device under test or fixture.

Pulse generator connections

The following figure shows a system that uses basic 2-channel pulse generator connections to DUTSs.

NOTE

Use the torque wrench supplied with the 4200A-SCS to tighten the SMA connections to 8 in. Ib.

Figure 15 Basic pulse generator connections

Equivalent circuit (each channel):

4200A-SCS [ Pulse generator card 4200A-SCS T
~ : Puse 1 Tput
© ©__} : generator 5
= CHo0oonoaeancnonaonoanoNdN e 1 card "
e
g“:? 0po0000on i N e Pulse output 50T
& T - - - = (Channel 1)
£l Common
o
O U ) © Pulse output
2 (channel 2) buT
oo;oooooo 3, Common

White SMA cable (2 m)
(male-to-male)

2-14

4200A-PMU-900-01 Rev. C May 2024



Model 4200A SCSPulse Card (PGU and PMU3er's Manual Section 2: Connections

Using an adapter cable to connect pulse card to DUT

The following figure shows an example of how to make pulse card connections to the device under test
(DUT) using the supplied SMA to SSMC adapter cable.

Figure 16 Pulse card connections using the SMA to dual SSMC adapter cable
D
Ch1 Pulse Hi G B
Pulse Card Pulse Lo s

422x-PxU Connect to pulse
CHA1 card channel

TRIG IN

®

Needle Holders

Pulse Hi

Use supplied torque wrench to tighten
SMA connections to eight inch-lbs.

Gate

o O

Source  Bulk

Drain

-—
Local ground

A White SMA cable (2 m (6.5 ft), included with the PGU and PMU)
SMA to SSMC Adapter Cable (4200-PRB-C, included with the PGU and PMU)

The needle holders shown in the previous figure are supplied by the user.

Connections to prober or test fixture bulkhead connectors

The 4200-PMU-Prober-Kit (available from Keithley Instruments) is a collection of standard and custom
connectors and accessories used to connect the pulse generator to a common variety of probe
stations. This kit can also be used for pulse card connections to a test fixture.

The following figure shows an example of how a PMU or PGU can be connected to a triaxial connector
of a prober or test fixture.

NOTE

If connecting to a prober or test fixture that uses BNC connectors, adapter C is not used.
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Figure 17 Pulse card connections to triaxial prober or test fixture

Connect to triax
connector of prober
or test fixture

Pulse Card

Connect to pulse
card channel

Triax
Connector

3 X Pulse Hi
N
B C Pulse Lo

Inner shield not used

422x-PxU

TRIG IN

©®

NOTE Use supplied torque wrench to tighten
SMA connections to eight inch-lbs.

Prober_or test
fixture bulkhead

A White SMA cable (2 m (6.5 ft) included with the PGU or PMU)

SMA socket to BNC plug (included with the 4200-PMU-Prober-Kit)
c BNC socket to three-lug triaxial plug (included with the 4200-PMU-Prober-Kit)

RPM connections to DUT

With an RPM installed, never make connections directly to any of the SMA connectors (CH1
and CH2) on the PMU module. This may result in damage to the PMU or DUT or may produce
corrupt data.

A device under test (DUT) can be tested using local sensing or remote sensing. Local sensing is
performed at the RPM, while remote sensing is performed at the DUT. When using remote sensing,
errors due to voltage drops in the Force path between the RPM and the DUT are eliminated. With
proper cabling, SMU or CVU tests provide remote sensing through the RPM.

Two-terminal test connections

For local sensing, only the Force output terminal of the RPM is connected to the DUT. The Sense
output terminal is not used. The following figure shows local sense connections using the supplied
adapter cable and adapters. For the two-terminal test shown in the following figure, the local ground is
left unconnected. Test circuit low is connected to the shield of the Force connector through the cables.
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Figure 18 Two-terminal local sense connections using the SMA to SSMC adapter cable

Model 4225-RPM
OUTPUT panel

™ OUTPUT ==y

D

Qutput to DUT :
Force PulseHi 3 I
Pulse Lo S

Sense

Connect to RPM Force

Needle holders

< |ua|luﬁ| Pulse Hi

Force

See Note

|

Source

Local ground
grou Bulk

NOTE

This connection method eliminates the triaxial guard (inner shield).

o o w >

Triaxial plug to BNC socket adapter (supplied with the RPM)

BNC plug to SMA socket adapter (supplied with the RPM)

White SMA cable, 20.32 cm (8 in.) (supplied with the RPM)

SMA to SSMC adapter cable (4200-PRB-C, supplied with the PMU)

The needle holders shown in the previous two figures are supplied by the user.

NOTE

When using two RPMs for four-terminal testing, two Y-cable assemblies are required. Make sure to
connect the two local grounds of the two cable assemblies together (see the figure in RPM
connections to a prober (on page 2-17)).

Remote sensing using RPM connections to a prober

Optional prober cable kits are available from Keithley Instruments. These kits provide connections to

a DUT:

Model 4210-MMPC-S: Use this cable kit with the Suss Micro Tec PA200/300 series prober.

9 Model 4210-MMPC-C: Use this cable kit with the Cascade Microtech 12000 series prober
(manipulator type DCM-200 series).

Model 4210-MMPC-L: Use this cable kit with a Lucas Signatone Wavelink series prober.

I Model 4210-MMPC-W: Use this cable kit with the Wentworth prober.
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Figure 19 RPM connections to a prober

Needle holder with dual or
single SSMC connector(s)
(not included)

c
When using more than one
_ SMA to SSMC adapter cable,
make sure that all local grounds
are connected together B
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Force Sense Sense Force
Output Output
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2 N E sl 3 K
5 : b H I 5
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Triaxial plug-to-BNC socket adapter (supplied with the RPM)
BNC plug-to-SMA socket adapter (supplied with the RPM)
White SMA cable (20.32 cm (8 in.), supplied with the RPM)

o 0O W >

SMA-to-SSMC Adapter Cable (4200-PRB-C, supplied with the PMU)

NOTE

For details on using these prober cable kits, refer to PA-1000 for the Suss prober, PA-1001 for the
Cascade prober, PA-1080 for the Lucas Signatone prober, and PA-1085 for the Wentworth prober.
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PMU connection compensation

You can correct errors caused by connections and cable length between the 4225-PMU and the
device under test (DUT) by using connection compensation. When connection compensation is
enabled, the default or measured compensation values are factored into each DUT measurement.

Connection compensation includes short and offset current compensation options.

You have the option to use either default connection compensation values (PMU or RPM) or custom
connection compensation values. The default values can be used for typical connection setups that
use the supplied cables. The custom connection compensated values are generated when connection
compensation is done from the Clarius software. The custom values provide optimum compensation.
Custom connection compensation data is generated for offset current and short conditions. The
custom connection compensation values can be enabled or disabled from a test in Clarius.

If connection compensation is disabled, the compensation values will not be applied to
the measurements.

NOTE

For optimum performance, you should do connection compensation any time the connection setup is
changed or disturbed. Changes in temperature or humidity do not affect connection compensation.

Short compensation

NOTE

For UTMs, the default connection compensation values for short can only be enabled using the LPT
function pulse_conncomp

You can perform short compensation to remove measurement errors due to stray resistance in your
test configuration. When you run short connection compensation, the following status messages
are generated:

i Starting PMU Cable Compensation...
Y R =% Ohms

 PMU Cable Compensation complete.
1

% = value (V and | measured, Ohms calculated).
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Offset current compensation

Error currents can be introduced into your pulsed measurements setup by PMUs. PMU offset
compensation reduces error currents by subtracting measurements taken at 0 V from all
subsequent readings.

Perform connection compensation

To compensate for connections:

1. In Clarius, select Tools. The Clarius Tools dialog opens.

Figure 20: Clarius Tools dialog

| Teoks

f ShU

| Data Export

SMU Auto Calibration

]

VU

CVU Connection Compensation

CVU Feal Time Measurement

CVU Confidence Check

PRI

PMU Connection Compensation

2. Select PMU Connection Compensation. The Short and Offset Current Connection
Compensation Values and Defaults dialog opens.

3. From the PMU list, select the PMU that you want to perform compensation for.
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Figure 21 PMU Connection Compensation dialog
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100nA

0.00
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Default

Note: N/A indicates that a measurement could not be made at RPM range because RPM is not connected.

4. To perform short connection compensation, select Measure Short, then follow the on-screen
instructions or replace the DUT in the test fixture with a short.

5. To perform offset current compensation, select Measure Offset, then follow the

on-screen instructions.

Compensation results are displayed when compensation is complete. If an error occurred, it is
displayed in the Clarius Messages area. The compensation data is displayed in the Short and Offset
Current Connection Compensation Values and Defaults dialog.

If your test setup uses both PMU channels, you will have new custom data for both channels.

Enabling connection compensation

NOTE

This procedure is for ITMs. For UTMs, you need to enable connection compensation data using the

LPT command pulse_conncomp or setmode functions.

To apply the connection compensation data to DUT measurements, you must enable connection

compensation for the test.
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To enable connection compensation:

L e o

Select OK.

Select the test.

Select Configure.

Select the terminal to be compensated.

In the right pane, select Terminal Settings.

Select Advanced. The PMU Advanced Terminal Settings dialog is displayed.

Figure 22: Enabling connection compensation

Select either Short Connection or Offset Current Correction. Refer to the following figure.

B PMU Advanced Terminal Settings ~ Drain Terminak: PMUT-1 ~ KIPMU4225 with 4225-RPM - Pulse IV
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Voltage
Spot Mean High
Spot Mean Low
Current
Spot Mean High
[ |'spot Mean Low

Range | TOmA [+

Report Status

Compensation

Short Connection

|__| Offset Current Correction

Load Line Effect

DUT Resistance | 1-0e+006
Maximum Voltage Estimator

VMax 10.00

| Max 1.0e005 A

VRange 10 v

RDUT 1.0e+006 Q
Thresholds
] Voltage
Current

Power

8. To disable connection compensation, clear either Short Connection or Offset Current
Correction, then select OK. When disabled, connection compensation values are not applied to
DUT measurements.

Load-line effect compensation (LLEC) for the PMU

NOTE

Load-line effect compensation (LLEC) is only performed for standard pulse I-V testing using PMU

measure ranges. It is not performed when using 4225-RPM measur e

reaAge sT heOha t i v

RPM circuitry provides its own analog LLEC (assuming there is a short cable from the RPM to

the DUT).
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The basic pulse output system is a series circuit that consists of the pulse generator resistance (fixed
at50q) , i nt er c onne ctb-paf)cesitidnderand the resistapce of the DUT. In this series
circuit, the sum of the voltage drops across these components is equal to the output voltage of the
pulse generator. Therefore, if the resistance of the DUT changes, the voltage seen at the DUT also
changes. This effect is called the load-line effect. See DUT resistance determines pulse voltage
across DUT (on page 4-15) for details on how the resistance of the DUT affects the voltage across it.

For example, consider a PMU set to output voltage t
pulse card outputs twice the programmed pulse voltage. If the interconnect resistance is negligible

©Oq), half the pulse card voltage appeargs) aacnrdo stsh et h e
other half (which is the programmed pulse voltage) appears acrossthe50q DUT. For exampl e

pulse card is programmed to output a 5 V pulse, the pulse card sources a 10 V pulse. Five volts will
drop across theinternal50q pul se car d r\ewliageanatthes50 @ DUT. 5

The 4225-RPM also exhibits the load-line effect. The RPM has resistance in series with its output
(typically between20Y andy )50

NOTE

Descriptions of the LPT functions discussed in the following topics are provided in Model 4200A-SCS
LPT Library Programming.

Methods to compensate for load -line effect

The methods to compensate for load-line effect include:

9 Use the built-in load-line effect compensation (LLEC) in the PMU for the standard 2-level pulse
mode. Ideally (when LLEC is enabled), the PMU adjusts its output levels such that the
programmed output voltage appears at the DUT. For ITMs, see Load-line effect compensation (on
page 2-22). For UTMs, use the LPT pulse_meas_sm function to control LLEC.

9 Manual adjustment of the PMU output until the target pulse level is measured across the DUT. For
a pulse sweep, this manual process must be repeated for every step in the sweep.

If you are not using LLEC, you can manually set the output impedance to match the impedance of the

DUT. For example, if the impedance of the DUTis1k q, set the out kut iMaxe daunc
power transfer is achieved when the DUT impedance matches the output impedance setting. In a real

test environment, you may not know the exact resistance value of the DUT, and you will have the

added affect of cabling and pin-to-pad resistance. The output impedance can be set from an ITM (see

Disable LLEC and set the output impedance (on page 2-29)) or from a UTM (see the LPT

pulse_load function).

How LLEC adjusts pulse output to the target levels

LLEC is an algorithm that adjusts the output of a PMU channel. When enabled, the algorithm performs
a set number of iterations in an attempt to output the target voltage to the DUT.
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The algorithm used for LLEC is shown in the following figure. The diagram shows that the PMU
standard pulse source (with measure) uses a burst-measure-analyze-reburst method. This method
allows for range changing, threshold comparison, load-line effect compensation, and pulse timing.
This means there is separation between each set, or burst, of pulses. The number of pulses output for
each attempt is controlled by the Number of Pulses setting for ITMs or the pulse_meas_timing

function for UTMs. Note that LLEC is available only in the standard 2-level pulse mode. LLEC is not
available in the Segment Arb mode.

Figure 23: LLEC algorithm for two-level pulsing (PMU)
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Note that after the first action, "Output Pulse Burst," all pulse channels in the test stop pulsing and
output 0 V while performing the actions in the remaining boxes in the diagram. The time between
pulses is determined by the time required to process the measurements and perform the calculations
and comparisons shown in the previous figure. Wider pulses, longer pulse periods, and a higher
number of pulses increases the time between pulses where the output is at 0 V. Note that both Pulse
I-V and Waveform Capture Test modes use this algorithm and both will output 0 V between pulses for
each step in a sweep. For strict control over the pulse voltage versus time, see the Segment Arb
feature of the PMU.

The "Get Good Measurement” step shown in the previous figure also must ensure that the current
measure range is correct (if ranging is enabled) and check the measured voltage and current against
the thresholds. See PMU - all terminal parameters (on page 3-6).

There are two parameters that control how the LLEC algorithm functions: Maximum number of
iterations and tolerance window. For ITMs, the maximum number of iterations is fixed at 20 and the
tolerance window is 0.3 percent. For UTMs, use the setmode function. The LLEC algorithm iterates,
trying to reach the target voltage until one of the following occurs:

9 The target voltage is reached (within tolerance specified).

9 The maximum number of iterations is reached. The maximum number of iterations must be equal
for each channel in the test.

Coping with the load-line effect

There are several ways of working with this effect. The simplest one is to program the DUT load into

the pulse card channel using the pulse_load function, or setting the Pulse Load value in the KPulse

(on page 5-1) virtual front panel. The pulse card calculates the appropriate Vint to output so that the

Vout pulse waveform, specified by pulse_vlow and pulse_vhigh , has the correct levels. This

works well for high impedance devices or device terminals(Routr= 1 kq), such as the g
a CMOS field effect transistor (FET). Unfortunately, many times Ropur is hot known or varies. A key

example of a varying Rour is the drain-source resistance during a Vo-lo sweep, where Ros is changing

from point-to-point and sweep-to-sweep.

There is basically only one way to handle this situation, with two different levels of implementation. In
general, assume the DUT is a FET. If the test consists of a single or limited number of gate and drain
test points, the necessary voltages can be determined by pre-characterizing each unique set of test
conditions.

This pre-characterization requires some way to measure the pulse heights, which is typically done
using an oscilloscope and an iterative trial and error approach. Each test voltage needs to be
measured, with the pulse levels adjusted until the correct voltage is reached. Record each pulse level
required to reach the required Vour levels.

For information on the LPT commands listed above, refer to Model 4200A-SCS LPT
Library Programming.
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NOTE

The 4225-PMU has built-in load-line effect compensation. For details, see Load-line effect
compensation (LLEC) for the PMU (on page 2-22).

LLEC maintains even voltage spacing

Another advantage of using LLEC is that it maintains even voltage spacing during the test. For
example, if the pulse sweep uses 250 mV steps, DUT voltage and current measurements are made at
every 250 mV step. Data that is generated using even voltage spacing is ready to be fed into a
mathematical model.

When not using LLEC, uneven voltage spacing may result due to load-line effect. The following figure
shows load-line effect on a FET family of curves. The blue curves were generated with LLEC enabled
and the green curves were generated with LLEC disabled. The Vg was increased for the green curves
to provide separation between the curves.

Figure 24: Load-line effect on FET family of curves

BO00E-3 - vrvrrvcvrdiaiainininan ............ ............
LLE Comp ON, V = Voltage at DUT drain
A00.0E-3 F- rrrrrorrvms e g SOOI, =¢¢¢¢¢v"vvvv
: : : Load-Line Effect Comp :
+—+ Enabled - :
= 300.0E-3 -1 —-aDisabled - -<-croreeeo
£ ' e
200.0E-3 ¢~ """ “.-;"‘?‘ ........... e =N\ eise amcs ............ ............ ............ )
100.0E-3 -1
0.0E+0 4 + + + + - + + +
(=) =] ] (=] o o (=]
T - - - 4 - -
& & & & & =] =1
o - o™ ™M - Ue] ge
DrainV

Load Line Effect Compensation ,
Blue = LLE Comp Enabled Vd: 0 to 6V sweep, 0.25V steps, 24 points for all curves

Green = LLE Comp Disabled
PIY-0 on Demo DUT in Dema Fisture

In the previous figure, each blue curve (LLEC on) is the result of a sweep from 0 to 6 V using 250 mV
steps. Notice that the 24 pulse-measure points are evenly spaced.

The same sweep is used to generate the green curves (LLEC off). The best green curve is the one at
the bottom (bias Vg = 2.5 V). However, load-line effect prevents the PMU from sourcing 6 V to the DUT
and the 24 pulse-measure points are not evenly spaced. Modifying the sweep to 0 to 6.5 V will ensure
that at least 6 V is output to the DUT, but voltage spacing will still be uneven. The green curves for the
other two bias voltages (Vg = 3.0 V and 3.5 V) are even more adversely affected by load-line effect.

2-26
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Test considerations

The magnitude of the pulse steps affects overall test time. Wider pulses, a higher number of pulses,
and larger voltage steps at each sweep point, all increase the amount of time required for the LLEC
algorithm at each sweep point, which lengthens the overall test time.

There may be some high-gain devices that will not test properly with LLEC enabled. In this case, you
can disable LLEC. To disable LLEC in ITMs, see Disable LLEC and set the output impedance (on
page 2-29). For UTMs, see the pulse_meas_sm and pulse_meas_wfm functions.

Figure 25: Curve showing poor LLEC compensation

A

LPT functions used to configure LLEC
The LPT functions used to configure LLEC for the PMU are:

9 pulse_load : Use this function to set the output impedance for the DUT when LLEC is disabled.
Setting the DUT resistance is useful when the DUT resistance is known and is relatively constant

9 setmode : Use this function to set the number of iterations for the LLEC algorithm or the tolerance
window that determines if load-line effect compensation is reached. The tolerance window is
expressed as a percentage of the target voltage. The maximum number of iterations sets the
maximum number of iterations that will be attempted by the LLEC algorithm. If the algorithm does
not reach the target window, the measurements from last attempt are returned.

9 pulse_meas_sm and pulse_meas_wfm : Use these functions to enable or disable LLEC.
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Enable LLEC

This option is available for ITMs.

To enable LLEC:

Select the pulse test.

Select Configure.

In the right pane, select Terminal Settings.

Select Advanced.

Select Load Line Effect, as shown in the following figure.
Select OK.

o g M w NP

Figure 26: Enabling LLEC

8 PMU Advanced Terminal Settings - Drain Terminak PMU1-1 ~ KIPMU4225 with 4225-RPM - Pulse IV x
Force Measure Compensation
Pulse Trai v The Pulse IV Test Mode allows Spot Mean Short Connection
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Base 0 v measurements, change the Test Mode [ ] offset Current Correction
to Waveform Capture in Test Settings. Load Line Effect
Voltage
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Spot Mean High .
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Spot Mean Low
P VMax 10.00 v Vi * hane X Ry
[ Current .=
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Spot Mean High
VRange 10 v
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Disable LLEC and set the output impedance

These options are available for ITMs.

With LLEC disabled, you can input the known resistance of the DUT. The resistance value is then
used in a compensation process to output the voltage.

The Max Voltage Estimator is a tool that you can use to calculate the maximum voltage and current
based on the selected voltage range and the entered DUT resistance value. The estimator does not
affect the pulse output.

For a more accurate maximum voltage estimate, add the interconnect resistance to the DUT

resistance value. The typical resistance of a white SMA cableis0.75q and t he typical pr
pin-to-pad resistanceis1q t q . 3 P o o #toepad cpntacts could be in the range from
10q tol1l5q .

The LLEC setting does not change the maximum output voltage or current of the PMU. The V Max and

I Max values are the maximum output of the PMU and are valid if LLEC is enabled or disabled. The

DUT Resistance setting also does not affect the maximum output voltage. For example, the 10 V

range can output 10 Vinto a high-i mpedance DUT (1 Mq) and a | ower vol
DUTs. Refer to DUT resistance determines pulse voltage across DUT (on page 4-15) for details on

calculating DUT resistance.

To disable LLEC and set the output impedance:

1. Todisable LLEC, clear Load Line Effect.

2. Inthe DUT Resistance box, enter the resistance value.
3. Review the Max Voltage Estimator values.

4. Select OK.
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Introduction

This section provides basic information on creating a PMU project in Clarius and specific information
on the options available for PMUs and PGUs.

For additional detail on working with Clarius, refer to the Model 4200A-SCS Clarius User's Manual.

Configure the PGU, PMU, and RPM using tests

To configure and control the PGU, a user test module (UTM) is needed. You can also use UTMs to
configure and control the PMU and RPM preamplifier.
PGUs and mMEdglsA200A-ICS LPT Library Programming.

You can use interactive test modules (ITMs) to configure and control a PMU and RPM preamplifier.
Refer to fiConf i g Model4200AsSCHnqidries Users dMandal formnformation on
configuring an ITM for the PMU.

An ITM automatically controls the RPM based on the type of test (pulse, CV, SMU). RPM switching
can only be controlled using the rpm_config  LPT function in a UTM. For details, refer to Using the
RPM as a switch (on page 2-8).

NOTE

For automatic switching of the RPM in ITMs, the RPM must already have all instrument cabling
connected and recognized by the system. I nfor mati on
RPM conf i gMaodel 4200A156S Setop and Maintenance.
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Create a PMU project

To create a new project:

1. Select Save to save your existing project.
2. Choose Select.

3. Select the Projects tab.

4

In the Search box, type PMU and select Search. The Library displays projects that are set up for
PMUs.

5. Select Create for the project you want to open. The project replaces the previous project in the
project tree.

Figure 27: Filter and search for the bjt project
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6. Assign a new title to the project by selecting Rename and then entering an appropriate name.
7. Select Enter.

Configure the tests

To configure a test:

1. Select Configure.

Figure 28: Configure highlighted
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3-2 4200A-PMU-900-01 Rev. C May 2024



Model 4200ASCSPulse Card (PGU and PMU3er's Manual Section 3: Setting up PMUs and PGUs in Clar

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

Figure 29: Key Parameters pane for the pulse-vds-id test

pulse-vds-id#1 _-':f_':J Farameters All Parameters

Drain | Puu-2 | »

DOperation Mode | Pulse Amplitude smeql -

St |0 ¥
Sop |5 L
Step (0.2 v
Baze O v

Operation Mode | Pulse Amplitude Step | ¥

St |2 v I
. | - S | ’
Sop |4 1% — ﬂ

Operation Mode | DC Gnd | =

A

Step | 05 v

o

Baze | D v

Operation Mode | DC Gind | =

3. From the Test Settings pane and Advanced Test Settings dialog, adjust the Pulse Settings and
Timing Parameters as needed.
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Figure 30: Test Settings pane and Test Settings Advanced dialog
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4. From the Terminal Settings pane and Advanced Terminal Settings dialog, you can adjust the
voltage source and current measurement parameters, as needed.

Figure 31 Terminal Settings pane and Terminal Settings Advanced dialog
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PMU operation modes

The operation mode determines what type of test is run on the terminal. Selecting the appropriate
mode simplifies configuration options.

A Pulse Sweep and Pulse Step function are identical. However, in a test where two or more PMUs are
used, the sweep for one PMU is performed on each step of the pulse step of the other PMU. A pulse
step requires that at least one channel be configured for Pulse Sweep.

A Pulse Train outputs one or more pulses of the same magnitude and base level.
The DC Gnd operation mode is used for the PMU GND terminal.

When there are two or more PMUs in the test system, the Sweep Master (on page 3-20) option is used
to select one of them as the master PMU.

Figure 32: Pulse operation modes
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Figure 33: Pulse train
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When DC Bias operation mode is selected, the PMU outputs the DC base voltage. The following figure
shows a representation of a DC voltage waveform.

Figure 34: DC Bias waveform
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The terminal settings available for each operation mode are described in the following topics.

PMU- all terminal parameters

When you select All Parameters, the Configure pane displays all available parameters for the test that
is selected in the project tree.

Parameter descriptions are provided in the following topics.

Start (PMU Amplitude Sweep)

The voltage source level at which the sweep starts.

Stop (PMU Amplitude Sweep)

The voltage source level at which the sweep stops.
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Step (Pulse Amplitude Sweep)

The voltage size of each step of the sweep. The source level changes in equal steps of this size from
the start level to the stop level. A measurement is made at each source step (including the start and
stop levels).

Clarius never steps the force voltage beyond the value specified by the stop parameter, even if you
specify a step value that is larger than the stop value.

Use a step value that does not result in a fractional number of points. If the point is fractional, the step
value is forced to a value that results in a whole number of points. To calculate the points:

points = (stop - start) e
step
The points are rounded to the nearest value.

For example, if Start =0V, Stop =5V, and Step =0.6 V:

points = (-0 +1
0.6

In this case, the Step value is forced to 0.625 V, which results in a point value of 9.333, which is
rounded to 9. The instrument forces nine voltages at 0 V, 0.625V, 1.25V, 1.875V, 2.5V, 3.125 V,
3.75V,4.375V,and 5 V.

Points

The number of points that are measured. This value is calculated by Clarius using the information
entered for the Start, Stop, and Step parameters, using the following equation:

points = (stop - start) 1

step

Base

The voltage offset (from 0 V) that is the reference for the pulse amplitude.

Amplitude

The amplitude voltage.
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Dual Sweep (pulse)

When you enable Dual Sweep, the instrument sweeps from start to stop, then from stop to start. When
you disable Dual Sweep, the instrument sweeps from start to stop only.

The amplitude, base, and DC sweeps have an option for Dual Sweep. The figure below shows the
difference between a single pulse sweep and a dual pulse sweep. This following figure illustrates a
linear voltage sweep that sweeps from 0 Vto 4 Vin 1V steps.

Figure 35: Single and dual pulse amplitude sweep examples
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Force Range (PMU)

The range that is used when sourcing. Select one of the listed ranges. The source remains on the
range that is set. If you are sweeping and a sweep point exceeds the source range capability, the
source outputs the maximum level for that range. This range must be equal to or greater than the
largest value in the sweep.

Note that the 40 V range has a higher maximum output voltage and current, but does not have the
faster transition times of the 10 V range or the lower current measure ranges of the 4225-RPM.

Disable outputs at completion

Select this option to disable the outputs when the test completes.

Clear this option to leave the outputs enabled when the test completes.
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Current Spot Mean High

Makes current measurements on the amplitude. Available when the Test Mode is set to Pulse I-V.

The following figure shows an example of a spot mean measurement on pulse high (amplitude) and
pulse low (base level). For a more detailed example, refer to Test Mode (PMU) (on page 3-17).

Figure 36: Spot mean measurements
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Spot Mean Low

Current Spot Mean Low
Makes current measurements on the base level. Available when the Test Mode is set to Pulse V.

The following figure shows an example of a spot mean measurement on pulse high (amplitude) and
pulse low (base level). For a more detailed example, refer to Test Mode (PMU) (on page 3-17).

Figure 37: Spot mean measurements
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Measure Current Range (PMU)

The measure range determines the full-scale measurement span that is applied to the signal.
Therefore, it affects both the accuracy of the measurements and the maximum signal that can
be measured.

The current measure range affects the time required to obtain settled measurements. Lower current
ranges require additional time to reach a settled signal level. If the pulse timing parameters are too
short for one or more current measure ranges, some ranges are unavailable.
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As shown in the following table, available current measurement ranges for the PMU depend on the
selected voltage source range. The 10 mA measure range for the 10 V source range has better
accuracy than the 10 mA range for the 40 V source range.

Fixed current measurement ranges (PMU only)

10 V range 40 V range
10 mA 100 €A
200 mA 10 mA

- 800 mA

If you are using an RPM, additional current measurement ranges become available to the PMU. The
following table lists the current measurement ranges for the PMU when using the RPM. The 10 mA
measure range for the 10 V source range has better accuracy than the 10 mA range for the 40 V
source range.

Current measurement ranges for the PMU with RPM

10 V range 40 V range
100 nA 100 ¢A
1pA 10 mA

10 pA 800 mA

100 pA o)

1mA o)

10 mA o)

200 mA o)

The current range options are:

9 Auto: The instrument automatically optimizes the measurement range as the test progresses.
This option provides the best resolution when the measurements span several decades. However,
time delays can occur with range changes that can limit the measurement speed.

 Limited Auto: A compromise between Auto and a fixed range option. It allows you to specify the
minimum range that the PMU uses when it automatically optimizes the current measurements.
This option reduces test time when you do not need maximum resolution at minimum currents.
The available ranges are limited by the chosen pulse timing parameters. For additional information,
see PMU minimum settling times versus current measure range.

9 Specific ranges: You can select a fixed measurement range.

The available ranges are limited by the pulse timing parameters. For additional information, see PMU
minimum settling times versus current measure range (on page 3-25).

Low Range

Available when the Measure Range is set to Limited Auto. This sets the minimum range that the
instrument uses.
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Current Sample Waveform

Makes current measurements on the waveform. Available when the Test Mode is set to
Waveform Capture.

Voltage Spot Mean High

Makes voltage measurements on the amplitude. Available when the Test Mode is set to Pulse IV.

The following figure shows an example of a spot mean measurement on pulse high (amplitude) and
pulse low (base level). For a more detailed example, refer to Test Mode (PMU) (on page 3-17).

Figure 38: Spot mean measurements

-

Zpet Mzan kigh
| —

Spot Mean Low

Voltage Spot Mean Low

Makes voltage measurements on the base level. Available when the Test Mode is set to Pulse IV.

The following figure shows an example of a spot mean measurement on pulse high (amplitude) and
pulse low (base level). For a more detailed example, refer to Test Mode (PMU) (on page 3-17).

Figure 39: Spot mean measurements

Spot Msan Figh

B
Spot Mean Low

Voltage Sample Waveform

Makes voltage measurements on the waveform. Available when the Test Mode is set to
Waveform Capture.

Report Timestamps

Available when the Test Mode is set to Waveform Capture. When Report Timestamps is enabled,
each measurement includes a timestamp and the waveform is graphed (voltage/current versus time)
in the Analyze graph.
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Report Status (PMU)

When this option is selected, Clarius records measurement status information when the test executes.
A column of the Analyze spreadsheet displays this information. Hover over a cell to review the
information. An example of the status information is displayed in the following figure.

Figure 40: Report Status for PMU in the Analyze sheet

AT AWFMV AWFMI PMUT-1_S

780.0000E-9 -11.9080E-3 10.28296-9| 01020031

785.0000E-9 15.4501E-3| -252.4937E-9| 01020031

790.0000E-9 -14.7878E-3 -31.1376E-9) 01020031

795.0000E-9 19.7697E-3| -252.5360E9| 01020031

800.0000E-9 -20.54T4E-3 10.3676E9

805.0000E-9 14.0101E-3| -128.1334E9 ’ﬂf =

T o o [ & @ 0=

Meas V 10V
Meas | 100uA
Runl Waveform
RPM

810.0000E-9 -3.2687E-3 -45.0667E-9

For PMU measurements, this information is also available as a 32-bit word. The status code bit map is
listed in the LPT pulse_fetch ~ command description.

PMU measurement status

ITMs can provide status information for the 4225-PMU measurements in the Analyze sheet Run tab.
The column for the status codes is labeled PMUx_y_S, where x is the PMU instrument number (PMU1,
PMUZ2, and so on), and y is channel number (channel 1 or 2). The PMU status code indicates pulse
measurement status, source and measure ranges, whether an RPM is connected, and load-line effect
compensation (LLEC) status, and flags any faults (errors).

If a pulse measurement fault occurs, the data values in the entire row are displayed in a different color.
A single measurement may have more than one condition. Hover over a cell to review the
status information.

The data values identify the fault type as follows:

f Red = Source in compliance

 Magenta = Measurement overflow

I Orange = LLEC failed

I Blue = Current, voltage, or power threshold reached

An example of the Analyze sheet when a measurement overflow occurred is shown in the following

figure. The figure also shows an example of the message that is displayed when you place the cursor
on a flagged PMU1_1_Scell.
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Figure 41 Status tab showing faults

Drain_T DrainWFMVY | DrainWFMI PMLN_Z2_S Gate_T GateWFMV GateWFMI PMLI_1_S

1 0.0000E*0 90 0662E-3 213.31156-6| 01020042 0.0000E+0 -094. TO04E-3 173.34TBE-6| 01020041
2 5 DI:IIZIIZIE-'B. 46 EIAS-TE-EI-. 436 ?DSEE-E. 01020042 . 5.0000E-9 34 EH']E-‘!. 396, 1551E-6| 01020041
3 10.0000E -':1. 950.12T1E-3 642 6028E-6| 01020042 . 10, 0000E-9 BD4.0382 E-‘_'-l. 618.2225E-6| 01020041
4 15 DIJI:IIZIE-‘?. 20097E+D|  B24.BB49E-G| 01020042 . 15.0000E-9 1 SéSE‘E*ﬂ. 809.998TE-6 01020041
5 20.00008 -'ZI. 3 3532E+0. a1 ?*}BEE-L‘u. 01020042 . 20.0000E-9 3 IZII3‘JEH:]. 991.90 E‘QE-E. 01020041

Status codes

Each measurement includes an 8-digit status code. Assign the following letters to the code and use
the following table to determine status:

ABCDEFGH

In the figure shown in PMU measurement status (on page 3-12), the circled status code is 11010021:

A. 1= LLEC failed, sweep not skipped (yellow indicates that LLEC failed)
B. 1 = RPM being used

C. 0 = Not applicable (always 0)

D. 1 = Spot mean measurement type

E. 0 = Source not in compliance, no threshold reached

F. 0 = No measurement overflows

G. 2 = 10 €A measure range

H. 1 = Channel 1, 10 V measure range
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PMU measurement status codes

Code | Summary or description Value

letter

A Load-line effect compensation (LLEC) and ' 0 = LLEC disabled, sweep not skipped
sweep 1 = LLEC failed, sweep not skipped

3 = LLEC successful, sweep not skipped
4 = LLEC disabled, sweep skipped
5 = LLEC failed, sweep skipped
7 = LLEC successful, sweep skipped
B RPM mode settings 0 =No RPM
1=RPM
2 = Bypass; PMU
3 = Bypass; SMU
4 = Bypass; CVU

C Reserved for future use Always 0
D Measurement type 1 = Spot mean
2 = Waveform
E Current threshold, voltage threshold, power 0 = None
threshold, and source compliance 1 = Source compliance
2 = Current threshold reached or surpassed
4 = Voltage threshold reached or surpassed
8 = Power threshold reached or surpassed
F Voltage measure overflow and current 0 = No overflow
measure overflow 1 = Negative voltage overflow
2 = Positive voltage overflow
4 = Negative current overflow
5 = Negative voltage and negative current overflow
6 = Positive voltage and negative current overflow
8 = Positive current overflow
9 = Negative voltage and positive current overflow
A = Positive voltage and positive current overflow
G Current measure range 0 =100 nA (RPM only)
1 = 1 €A (RPM only)
2 = 1(BPMecoAly)
3 = 100 €A
4 =1 mA (RPM only)
5=10 mA
6 = 200 mA
7 =800 mA
H Channel number and voltage 1=Chi, 10V
measure range 2=Ch2,10V
5=Chl,40V
6 =Ch2,40V
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Compensation Short Connection

Use to enable or disable short connection compensation. Refer to PMU connection compensation (on
page 2-19) for details on setting up and using connection compensation.

Load Line Effect Compensation

Use to enable or disable load-line effect compensation (LLEC). Refer to Load-line effect compensation
(LLEC) for the PMU (on page 2-22) for details on setting up and using load-line effect compensation.

DUT Resistance (R DUT)

The DUT resistance value. Refer to DUT resistance determines pulse voltage across DUT (on page
4-15) for details on calculating DUT resistance.

Max Voltage Estimator

The Maximum Voltage Estimator is a tool that enables you to calculate the maximum voltage and
current based on the selected voltage range and the DUT resistance value you type in. The estimator
does not affect the pulse output.

For a more accurate maximum voltage estimate, add the interconnect resistance to the DUT
resistance value. The typical resistance of a white SMA cableis0.75q and t he typical pr
pin-to-pad resistanceis1q t q . 3 P o @a-padcontacts could be intherangeof 10q t oq .1 5

The V Max and | Max values are valid with LLEC enabled or disabled. It is the maximum output of the
PMU. The LLEC does not change the maximum output voltage or current of the PMU.

Threshold Current

The current threshold allows you to set a threshold. If the threshold is reached or exceeded, the
present sweep is stopped. Testing continues with any subsequent sweeps.

This threshold is a comparison of the measurement after the pulse has been applied to the DUT (the
threshold value will be exceeded, at least slightly). The degree to which the signal exceeds the
threshold before the threshold is triggered is a function of the DUT response and test configuration.
Generally, smaller voltage step sizes will reduce the amount that the signal exceeds the threshold.
You can specify more than one threshold for each channel.
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Threshold Voltage

The voltage threshold allows you to set a voltage threshold. If the threshold is reached or exceeded,
the present sweep is stopped. Testing continues with any subsequent sweeps.

This threshold is a comparison of the measurement after the pulse has been applied to the DUT (the
threshold value will be exceeded, at least slightly). The degree to which the signal exceeds the
threshold before the threshold is triggered is a function of the DUT response and test configuration.
Generally, smaller voltage step sizes will reduce the amount that the signal exceeds the threshold.
You can specify more than one threshold for each channel.

Threshold Power

The power threshold allows you to set a power threshold. If the threshold is reached or exceeded, the
present sweep is stopped. Testing continues with any subsequent sweeps.

This threshold is a comparison of the measurement after the pulse has been applied to the DUT (the
threshold value will be exceeded, at least slightly). The degree to which the signal exceeds the
threshold before the threshold is triggered is a function of the DUT response and test configuration.
Generally, smaller voltage step sizes will reduce the amount that the signal exceeds the threshold.
You can specify more than one threshold for each channel.

On the 40 V range, you may see the error message, "Pulse waveform configuration exceeded output
power limits." To solve this issue, try increasing the period or using the 10 V range.

PMU Test Settings

The settings that are available for PMU tests are described in the following topics.

Pulse Settings

Under Pulse Settings, you can select the type of pulse test, how measured pulse values are handled,
and the number of pulses.

3-16
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Test Mode (PMU)

The Test Mode selects the type of pulse test. You can select:

I Pulse IV: This test mode performs spot mean measurements (V or 1) of the amplitude or base
portions of one or more pulses. Typically, current versus voltage is graphed in the Analyze graph.
The pmu- iv - sweep project provides an example of a pulse drain family of curves using the pulse
test mode.

9 waveform Capture: This test mode samples the entire waveform. The waveform is graphed
(voltage and/or current versus time) in the Analyze graph. The pmu 1ch - wfm project provides an
example of a waveform capture. Note that the Timing Sweep Step option (in the Advanced dialog)
is disabled when Waveform Capture is selected.

For pulse I-V, spot mean measurements are made on pulse amplitude and base level. You can
measure voltage and current. The following figure shows the measure windows for spot mean
measurements. The start measure and stop measure points for ITMs are fixed at 75 percent and 90
percent for both amplitude and base level.

Figure 42: Pulse }V (spot mean measurements)

0% 100%
| Amplitude |

x %X x Spot Mean Samples

Stop 90%

Start 75%
0% —l 100%

VAV o
FCICITITICTIT

Start 75%
Stop 90%

Base Level

The number of measurement samples that are made is relative to the widths of the magnitude and
base |l evel. For example, if the width ofnstoB®nsmagni t
If the width of the base levelis2e s, t he measur enstoil@@ne.w i s 1500

For waveform capture, measurement samples are acquired on pulse rise, pulse amplitude, pulse fall,
and a small portion before the rise (pre-data) and after the fall (post-data) on the base level, as shown
in the following figure.
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Figure 43: Waveform capture

Amplitude
X % x Waveform Samples
S1 S17  Base Level
100% X
t t
Pre-Data Post-Data

>
>

Time

For details on spot mean measurements, refer to Spot mean measurements (on page 4-24). For user
test module (UTM) programming, refer to the pulse_meas_sm function.

For details on waveform measurements, refer to Waveform measurements (on page 4-25). For UTM
programming, the pulse_meas_wfm function is used to configure waveform measurements.

For UTMs, the pulse_meas_timing function allows you to adjust the measure window for the pulse
I-V test mode or the pre-data and post-data settings for the waveform measurements. For ITMs, the
measure window and pre-data and post-data settings are fixed.

Function descriptions are provided in Model 4200A-SCS LPT Library Programming.

Measure Mode

For Measure Mode, you can select Average Pulses or Discrete Pulses.

When Average Pulses is selected for Pulse 1V, the measured values of two or more pulses are
averaged. See the Pulse IV (Average pulses) measurement example (on page 3-18). For Waveform
Capture, select Average Pulses to average each sample in the waveform with the same point in
subsequent waveforms, for each pulse specified by the number of pulses.

When Discrete Pulses is selected for Pulse 1V, the measured value of each pulse is acquired. Refer to
the Pulse IV (Discrete pulses) measurement example (on page 3-19). For Waveform Capture, each
sample for every waveform is recorded in the Analyze sheet. Refer to the Waveform Capture (Discrete
Pulses) measurement example (on page 3-20).

Pulse FV (Average pulses) measurement example

For the example shown in the following figure, the mean of three pulses is averaged into a single
reading (also called a spot mean). One averaged reading is yielded for each pulse. The result of the
three averaged readings is placed in the Analyze sheet.

3-18
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Figure 44: Pulse FV: Average pulses

Mean of n Data Points = Average (of n pylses)

Above example: Mean of 3 Data Points =|Average [of 3 pulses)

Pulse FV (Discrete pulses) measurement example

For the example shown in the following figure, the readings are the result of a pulse I-V sweep from 2
Vto 5V (in 1V steps) with the discrete number of pulses set to three. This test yields the spot mean of
the three pulses for each step of the sweep. The Analyze sheet for the 12 readings are also included in
the following figure.

Figure 45: Pulse FV: Discrete pulses

X W1

RESUK Time
FPul Mean
i Al

2 Y2
3 va< |
Individual Mean Data Points (Do not average all pulses into 1 reading:
A B
1
2 1.9326E+0
3 1.9330E+0
4
5 2.9023E+)
6 2.9028E+]
i .
8 3.8683E+0
9 3.8685E+0
10 3.8680E+]
1 4,
12 4 8339E+0
13 4 8339E+0
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Waveform Capture (Discrete Pulses) measurement example

For the example shown in the following figure, the samples of three pulses are captured. The 51
samples (17 samples x 3 pulses) are placed in the Analyze sheet.

Figure 46: Waveform capture - Discrete pulses

\Besults !

Time “Pulsel PulseZ Pulse 3
10 X1-1 X1-2 X113
15 X2-1 Xe-2 X2-3
20 X3-1 X3-2 X33
30 X4-1 X4-2 X4-3

170 X17-1 X172 X173

Non-averaged Waveform

Number of Pulses

The number of pulses for the PMU channel to output and measure for each step in the sweep (1 to
10,000). If you enabled autorange, load-line effect compensation (LLEC), or thresholds, the number of
pulses is output multiple times for each step in a sweep.

Sweep Master

If there are multiple steps or sweeps in a test, use this to designate which instrument is the master.
Refer to Step or sweep multiple device terminals in the same test (on page 3-37) for details.

Timing Parameters

The Timing Parameters group in the Test Settings tab allows you to set up the timing for the test.
These parameters are described in the following topics.

Period

The pulse period is the time interval between the start of the rising transition edge of consecutive
output pulses, as shown in the following figure. To minimize self-heating effects, set a pulse period that
is 10 to 100 times longer than the pulse width to produce a duty cycle that is 1 percent to 10 percent.

3-20
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Figure 47: Pulse period
Amplitude

Pulse period

Width

The pulse width is the interval between the rising-edge and falling-edge medians. For a pulse with fast
edges (a short transition time), the pulse width is essentially equal to the interval from the start of the
rising edge to the start of the falling edge.

Rise and fall times are set independently. The pulse width is not affected by a change to the transition
time. However, start points may shift with changes in transition time.

The dashed line pulse in the following figure shows how increased transition time can affect the rising
edge and falling edge of the pulse. The shaded areas of the pulse show the changes in the slopes.
Notice that the pulse width interval is not affected. If the transition time is increased, the pulse would
not reach its programmed amplitude (100%).

Figure 48: Pulse width

Amplitude

»—Start of falling edge
100 0/0

50 % b

L Specified pulse width
Start of rising edge

Rise Time

The rise transition time for the pulse output.

Fall Time

The fall transition time for the pulse output.
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Pulse Delay

The pulse delay is the time interval between the start of the rising pulse edge of the trigger output
pulse and the output pulse. You can set the rising or falling polarity of the trigger output pulse edge to
the output pulse. The pulse delay has a variable delay with respect to the trigger output.

Figure 49: Pulse delay

Trigger:
output ;

Outputi
signal :

Variable delay

NOTE

If you are using waveform capture in an ITM test, provide an initial delay that is at least as long as the
shortest timing parameter (rise time, pulse width, or fall time).

Formulator

Opens the Formulator. The Formulator allows you to make data calculations on test data and on the
results of other Formulator calculations.

Refer to fAThe HAVodeldR0DASCE ClariusiUser's Marual for details on using
the Formulator.

Output Values

If you are using subsites, each time a subsite is cycled, the measurements for the selected Output

Values are placed in the Analyze sheet for the subsite. For example, if the subsite is cycled five times,

there wild.l be five measured readings (Output Values
the Model 4200A-SCS Clarius User's Manual.
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Stepping and sweeping examples

The following figure shows parameter stepping and sweeping examples. In these examples, the
Number of Pulses parameter is set to 3, so there are three pulses per period.

Figure 50: Parameter stepping sweeping examples

UL, . ML [ L[] Period
1 I I S I W L
/L L LT _Rise
NN N N [V VW A =1

I Period: The pulse period steps or sweeps from a short period to a long period (or from a long
period to a short period).

I PW: The pulse width (PW) steps or sweeps from a short pulse width to a long pulse width (or from
a long width to a short width).

I Rise: The pulse rise time steps or sweeps from a long rise time to a short rise time (or from a long
rise time to a short rise time).

I Fall: The pulse fall time steps or sweeps from a long fall time to a short fall time (or from a long fall
time to a short fall time).

In the figure above, the ellipsis (...) between each burst of pulses indicates additional time that the
pulse channel is outputting 0 V DC (the pulse channel is not pulsing). This time allows for
analog-to-digital (A/D) sample processing and, if enabled, measure ranging and LLEC. For more
information on LLEC, see How LLEC adjusts pulse output to the target levels (on page 2-23).

PMU Advanced Test Settings

To access these settings, on the Test Settings tab, select Advanced.

The Pulse Settings and Timing Parameters are described in the PMU Test Settings (on page 3-16).

The Timing Sweep determines which timing parameters control the step or sweep. You can only step

the timing parameters if the Operation Mode is set to pulse sweep or pulse train and if the Test Mode

is set to Pulse IV. You can only sweep the timing parameters if the Operation Mode is set to pulse step
or pulse train.

The Timing Sweep Step option is disabled when Waveform Capture is selected.
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Settling Times

The settling time is the time that it takes for pulse levels to stabilize after the voltage or current is
changed, such as during execution of a sweep.

The Typical Minimum Timing Recommendations dialog displays typical minimum timing versus current
measure range recommendations. These are the recommended minimums for each current measure
range. Longer times may be required to accommodate DUT and interconnect settling.

Figure 51 Typical minimum timing recommendations

m Typical Minimum Timing Recommendations 4223-PMU and 4225-RPM *x

Recommended Minimum Timing versus Current Measure Range

The table below shows the recommended minimum pulse width and rise times that provide a
settled measurement. Using a pulse width that is smaller than what is shown in the table disables
the lower current measure ranges. For additional information, see the Learning Center topic "PMU
minimum settling times versus current measure range”.

Use the values in the table to determine the timing that provides a settled reading. Additional time
is required to accommodate interconnect and test device resistor-capacitor (RC) settling.

Current Measurement | Recommended Minimum | Recommended Minimum
Range Pulse Width Time Rise and Fall Times

RPM 10V 100 nA 134 ps' 1ps'

RPM 10V 1 pA 204 ps 360 ns
RPM 10V 10 uA 8.36 us 360 ns
RPM 10V 100 pA 1.04 ps 40 ns
RPM 10V 1mA 370 ns 30 ns
RPM 10V 10 mA 160 ns 20 ns
PMU 10V 10 mA 160 ns® 20 ns®
PMU 10V 200 mA 70 ns 20 ns
PMU 40V 100 pA 6.4 ps® 1ps®

PMU 40V 10 mA 770 ns 100 ns
PMU 40V 800 mA 770 ns 100 ns

1. For full autorange using the 4225-RPM, using the timing values in blue or larger.
2. For full autorange using the PMU 10V range, using the timing values in green or larger.
3. For full autorange using the PMU 40V range, using the timing values in purple or larger.

When using autorange with an RPM connected, use the timing values on the top row (or longer/slower
values). If using limited autorange, start with the timing values for that range.

NOTE

If pulse width or period timing parameters are too narrow for a chosen measure range, a message is
displayed showing the change to the current measure range for each effected channel. To avoid
these changes, follow the guidelines shown in the previous figure. See PMU minimum settling times
versus current measure range (on page 3-25) for more information.
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Settling time i ndthuptinesnstaiise f ol | owi ng U
T Ul nst r waniesmiainly with current range.

1 USy s tuento cables, switches, and probers.
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Settling time is measured from the 90 percent point on the rising edge to the point where the pulse
level remains in the accuracy band, as shown in the following figure.

Figure 52: Settling time

Amplitude
o Amplitude
‘]00 /A L Y T R QIR R accuracy
band

: Settling time

PMU minimum settling times versus current measure range

The PMU and RPM current measure ranges require time to reach a settled value. The amount of
settling time that is required increases for the lower current measure ranges.

You can set the pulse timing parameters (pulse width, rise, and fall) to any valid values and are
independent from the recommended minimum timing values required to obtain settled readings. If the
chosen pulse width is too narrow, the lower current measure ranges are not available. The timing of
the pulse top and pulse base are used, along with the minimum timing in the chart to determine which
current measure ranges are available.

In ITMs, when you modify the PMU timing settings in the Advanced Test Settings, if you make a pulse
timing change that affects the measure range of a PMU channel, a message noting the unavailable
ranges is displayed. You should check the recommended pulse width and period for the measure
ranges noted in the message. When setting the PMU force measure options, if a timing parameter
prevents use of one or more PMU or RPM measure ranges, the note in the center of the window turns
red and lists the unavailable ranges. Access the PMU force measure options by selecting the FORCE
MEASURE button.
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The Typical Minimum Timing Recommendations dialog shows the recommended minimum pulse
widths and transition (rise and fall) times for each current measurement range. These times are the
minimum time necessary for the PMU, or PMU with RPM, to reach a settled value (into an open).
Additional time must be entered to account for DUT settling time, usually due to RC effects.

If you need to use autoranging with the RPM, note that the appropriate minimum timing values are the
first row in the table. Note that the pulse timing values are not altered during the test, unless a time
sweep or time step is configured. This means that the pulse width is not changed as the measure
range changes. When using autoranging or limited autoranging, choose the recommended minimum
timing values for the lowest chosen measure range.

You can override the settled measurement requirement for the PMU or PMU+RPM measurements. In
the Clarius My Settings, Environment Settings, select PMU: Allow unsettled measurements.

The following figure contains a graph of the current signal settling time of three current measure
ranges of the 4225-RPM. The graph shows the settling time of a 1 V amplitude pulse in to an open
(high impedance) with a 300 ms pulse width and a 1 ms transition time. Note that this figure does not
show the voltage signal.

Figure 53: 4225-RPM current signal settling time
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PMU pulse timing preview

Before executing an ITM test, you can preview a waveform generated using the settings. This can help
you understand the behaviors of the test settings without applying signals to the test device. The Pulse
Timing Preview is in the PMU Advanced Test Settings dialog.

To open the PMU Advanced Test Settings dialog, select Test Settings, then Advanced, as shown in
the following figure.
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Figure 54: Advanced button for PMU Test Settings
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An example is shown in the following figure.

Figure 55: Pulse Timing Preview example
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The preview displays representations of the waveforms for the different PMU channels in the test. The
illustrated pulse waveforms are defined by the Pulse Timing settings for the specific PMU. This
preview provides a representation of parameter values (no signals are output to the test device). It is
not intended to be a strict definition of the actual number of pulses or pulse voltages to be applied to
the device under test (DUT). When the actual test is running, the actual number of pulses or pulse
voltages may be different than the preview.

Enabling current measure ranging or load-line effect compensation (LLEC) requires pulses that are in
addition to what is shown in the preview. To learn how the PMU handles DUT load variation and
measure ranging during a test, refer to How LLEC adjusts pulse output to the target levels (on

page 2-23).

You can zoom in or out of the view in the Extended View and Entire graphs as follows:
I Use the cursor to define an area to zoom into. The area is magnified when the area is released.

9 Double-click or select Refresh to restore the magnification to the initial view.
Each channel has a unique color.

The gaps between the pulse waveforms in the Entire Test graph indicate the time between sweep
points where the PMU performs calculations for the test while the pulse channels output 0 V. To learn
more about how these gaps relate to how the PMU handles DUT load variation and measure ranging
during a test, see How LLEC adjusts pulse output to the target levels (on page 2-23).

It is possible to have a test with too many pulses to be suitably graphed. This may be from too many

pulses from a large number of sweep points or step points, or a large number of pulses. In this case,

the message AToo many pulses to grapho is shown on
you select OK on the PMU Advanced Test Settings dialog and it does not generate any warning or

error messages, the test is valid and runs even if the entire test waveform cannot be displayed on the

preview graphs.

NOTE

For the 40 V range for the 4220-PGU and 4225-PMU in pulse mode, the pulse generator is limited to
slew no more than 160 MV/s when pulsing more than 10 s.

Review the following examples to understand the Pulse Timing Preview feature.
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PMU amplitude sweep example (onechannel)

This figure illustrates the advanced terminal settings for a pulse amplitude sweep using a single

PMU channel.

Figure 56: One-channel PMU amplitude sweep
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The following figure illustrates the Advanced Test Settings for a six-step pulse amplitude sweep. In this
sweep, the PMU Advanced Terminal Settings dialog (see previous figure) defines the test parameters.

Figure 57: Six-point pulse amplitude sweep
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I n the Pulse Timing Preview, there are two graphs.
complete test. This graph shows each sweep and step point for the entire test. The graphed points

reflect the PMU Advanced Settings for the PMU channel in the test. The cursor (the pair of vertical

black |ines on the Entire Test graph) defines the ¢
The test settings shown in the previous figure define the six sweep points that are shown in the bottom

graph of the following figure as six pulse periods. In this example, the pulse periods have voltage

amplitudes that increase from 0 Vto 5 V.

The graph | abel ed A EXx pdepthdnéonatign oa thedsection designdted oy thien
cursor lines on the Entire Test graph. The graphed points reflect the timing parameters (Pulse Timing
Preview) and settings from the PMU Advanced Settings dialog for each PMU channel in the test, but
only for the area specified by the cursor.

Select Preview Test to animate the waveform. The cursor moves from left to right on the bottom graph
while displaying the point waveform of each sweep within the cursor on the top graph.

NOTE

Selecting Preview Test does not output any pulses, but it does illustrate how the test will progress as
a result of the test parameter settings.

PMU amplitude sweep and step example (twechannel)

In this two-channel example, one channel is sweeping while the other channel is stepping. The
sweeping channel is performing pulse amplitude sweeps with nine sweep points. On each inner loop,
PMU1-2 sweeps 0 V through 4 V in 0.5 V increments. The stepping channel is performing pulse
amplitude steps with four step points. On the outer loop, PMU1-1 pulses the four steps of 1 V through
2.5V in 0.5V increments.

Terminal Settings for the following figure

PMU11 (blue waveform) PMU12 (red waveform)
Operation modes Pulse Amplitude Step Pulse Amplitude Sweep
Start Voltage 1 0
Stop Voltage 25 4
Step Voltage 0.5 0.5
Number of steps or | 4 (automatically calculated) 9 (automatically calculated)

sweep points

To preview the test, select the Test Settings tab, then select Advanced. Under Pulse Timing Preview,
you can preview a single channel or all channels in the test. The following figure has Show All selected,
which graphs all channels in the test. The Entire Test graph shows four steps of nine points each. The
sweep and step count displays the position of the cursor in the overall test. This example has the
Number of Pulses set to 1.
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Figure 58: PMU Timing Preview, two channels
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If you change the number of pulses to three (instead of one) and only display one channel (PMU1-1,
instead of Show All), the preview of the waveform changes as shown in the following figure. Each point
in the step now uses three periods, so there are three pulses shown in the Expanded View. In the
Expanded View, the x-axis shows the time in seconds. This is three times longer than the Expanded
View graph when the number of pulses is set to one, as shown in the previous figure.

Figure 59: Two-channel test (stepping and sweeping) with three points (only PMUZL1 displayed)
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If you configure the preview to all channels, both the sweeper and stepper are displayed for the
three-pulse test, as shown in the following figure.

The Number of Pulses parameter determines the number of pulses that are output and measured for
each attempted point in the sweep or step. The PMU amplitude sweep and step example (two-channel)
test figure shows PMUL1-1 (the stepper) with the number of pulses changed to three. Notice that each
sweep point of the displayed waveform in the figure has three pulses (number of pulses set to three).
Because the cursor in the lower graph always contains the complete waveform of each point in a test,
the top graph shows the three pulses. The following figure shows both channels for the sweep and
step test with the number of pulses set to three. Note that the value for the number of pulses does not

affect the number of sweep or step points in the test.

Figure 60: Two-channel test with three points (PMU21-1 and PMUZ2 displayed)

Test Mode

Timing Sweep
Sweep

None

Period
Width
Rise Time
Fall Time

Delay

HNumber of Py

K Pt Advarsced Test Settings

Pulse Settings

Pulse IV

Measure Mode Discrete Pulses

ulses | 3

Step

Hone

Timing Parameters

Stant

0.001 s

0.0003

2E05 s

2E05 "

0

Set Delay > 0s to enable pre-pulse
waveform capture.

Timing Parameters determine the
available current measure ranges. Select
Settling Times button for relationship.

*

Fulse Timing Preview
.

Expanded View:

1, Sweeenr 2
Duy Cele: 32.00%

voltage (V)

A H H =

T T ' J
0 0D00S 000 Q0OIS 002 00025 000D

Entiee Test

Al

The time between steps is not deterministic and can be 10ms or greater

=

Voltage (¥)

Higher channel count test example

This example shows how to use the Pulse Timing Preview for tests with higher channel counts.

The following figure uses the key test parameters shown in the following table.
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Operation mode and voltages for the four channels

PMU11 PMU12 PMU21 PMU22
Pulse amplitude
Operation mode Pulse amplitude step  sweep Pulse voltage train Pulse voltage train
Start or base voltage 1.5 0 15 0.5
Stop voltage 3 4 * *
Step voltage 0.5 1 * *
Number of points 4 5 * *

* Not applicable. The pulse voltage trains are fixed pulse voltage levels; they do not vary during the sweep or
step points.

Figure 61 Four-channel sweep and step (2 pulse trains)

[ P vanced Tet et %

Pulse Settings Pulse Timing Preview

. Pulse IV v
Test Mode showall | ¥ Preview Test
‘

Measure Mode | Discrete Pulses v
Expanded Veew
Humber of Pulses | 1 e 1, Sweryr &

3
-
T
Timing Sweep ?
Sweep Step 3 -
s

Timing Parameters

Start

Period 1E06
Entire Test.
Width 6E-0T a8
.
Rise Time | 1E07 s
11
Fall Time | 1E07 s ,
Delay 0 s z
Set Delay » 03 1o enable pre-pulse .—E 2
wavelorm caplure. =
available current measure ranges. Select
Settling Times button for relationship.
The time between steps is not deterministic and can be 10ms of greater

PMU capacitive charging/discharging effects

During pulse transitions, the measured current charges and discharges the capacitance in the system
(see following figure, red waveform). This system capacitance consists of the cable capacitance, PMU
(with RPM, if connected) capacitance, and device capacitance. The following figure shows the pulse
waveform showing capacitive charging and discharging current waveform in relation to the applied
voltage waveform of the PMU connected to the supplied 2 m (6.5 ft) SMA cable (no DUT connected).
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Figure 62: Capacitive charging and discharging
4225-PMU channel
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The setup used to generate these waveforms is shown in the previous figure, and also shows the
capacitance and the charging effect (red arrows) seen during pulse transitions. This setup shows a
single channel of a PMU, with the supplied 2 m (6.5 ft) white SMA cable connected to the channel
output. Note that the other end of the SMA cable is open (no connection).

The current shown in the previous figure is measured by the PMU, but is not flowing through a device
under test (DUT). The measured current is the sum of this charging or discharging current, as well as
the current flowing through the DUT. This current is primarily caused by the capacitance in the cable
and is described by the following equation:

| =C*dv/dt

Where:
{ Iisthe measured current
I Cis the capacitance

I dVv/dtis the pulse voltage amplitude divided by the rise (or fall) time

The equation shows that this effect is a function of the capacitance, as well as the dV/dt. Therefore,
minimizing the capacitance will reduce this measurement artifact. The cabling is typically the largest
contributor to the system capacitance. Slowing down the pulse transitions will also reduce the height of
the current charging effect.

This capacitive charging current is primarily a measurement artifact, as the current does not flow
through the DUT. Note that if a spot mean is taken during the settled portion of the pulse, then this
charging does affect the spot mean measurement.
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The following two figures show the waveforms and setup for a pulse test on a resistor DUT and
illustrates a configuration to eliminate this artifact. The following figure shows that the channel 2
current waveform does not have this current charging artifact. This is because channel 2 is not pulsing,
so dV/dt = 0. Using channel 2 in this configuration is sometimes called "low-side measurement." This
measurement approach is useful when analysis of the current signal pulse transitions is required.

Figure 63: Low-side measurement waveforms
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The previous figure shows the current waveforms for both PMU channel 1 (high side) and channel 2
(low side) current measurements. Note that channel 2 does not show the capacitive charging effects.
Also, note that the channel 2 current measurement is negative because the current is flowing into
channel 2.

Figure 64: Setup for low-side measurement
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In the previous figure, the voltage pulse is applied by channel 1; channel 2 does not pulse. Therefore,
there is no dV/dt, and therefore there are no charging or discharging currents during the pulse
transition. The red arrows show charging and DUT current for channel 1. The green arrow illustrates
the DUT current only for channel 2.

PMU and RPM measure ranges are not source ranges

Unlike a source-measure unit (SMU), the PMU and RPM current measure ranges are measure ranges
only, not source and measure ranges. For example, the SMU 10 mA measure range has a maximum
source and measure value of £10.5 mA, including the five percent overrange. The 10 mA measure
range of the PMU 10 V range has a maximum measurement of about 10 mA, but the full source
capability of the 10 V source, which is £200 mA. An alternate way to present this difference is that the
SMU range has a source compliance equal to the measurement limit, but the PMU and RPM ranges
have a source compliance larger than the measure range. Note that for the maximum PMU current
measure ranges (200 mA for the 10 V range, 800 mA for the 40 V range), the source limit is the same
as the measure limit, so the 200 mA and 800 mA ranges act similar to the SMU current range.

This measure-only limit is necessary for the best performance of the pulse when using the PMU alone
or with the RPM. Generally, the purpose of a pulse measurement is to minimize the time required to
make a measurement in order to minimize device self-heating or some other time-based device
behavior.

To minimize the measurement time, the signal at the device under test (DUT) must get to the specified
voltage level and settle as quickly as possible. A key aspect of this goal is handling the capacitive
charging effects during the pulse transitions.

Since the interconnect and the DUT always have some capacitance, it is best to charge up this
capacitance as quickly as possible. This can be done by allowing the maximum amount of current to
flow into the capacitor during charging. This may cause an overflow for the measure range during
transitions, especially on the lower RPM measure ranges. Note that the measurement range cannot
be changed within a pulse, so a single measure range must be used for the entire pulse.

If the PMU or RPM was current limited to the measure range, the charging rate would require a longer

time to reach a settled signal. With the maximum current available at all measure ranges, the signal

will settle as fast as possible, allowing for a good DC-like current measurement using the shortest

possible pulse. This is especially important at the lower current measure ranges, when the settled part

of the pulse may have a signal Il evel in the nA (or
tens of €A (or mA, respectively).

See PMU capacitive charging/discharging effects (on page 3-33) for information on the cause of the
capacitive charging effect and how to work around it.
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4220-PGU and 4225PMU output limitations

In addition to the maximum output of the PMU and PGU instrument cards (see DUT resistance
determines pulse voltage across DUT (on page 4-15)), the pulse instrument cards also have a limit for
the number of large amplitude pulse transitions within a period. The 4200A-SCS system enforces
limits on the quantity and amplitude of waveforms that the 4220-PGU and 4225-PMU may generate. A
test exceeding these internal limits generates error code - 830. To fix this problem, increase the pulse
period, decrease the voltage amplitude, or both. For information on the pulse default values, see the
pulse_init LPT command description.

Configure the PGU, PMU, and RPM using tests

To configure and control the PGU, a user test module (UTM) is needed. You can also use UTMs to
configure and control the PMU and RPM preamplifier.
PGUs and RMMEdeglsA200A-SCS LPT Library Programming.

You can use interactive test modules (ITMs) to configure and control a PMU and RPM preamplifier.
Refer to fAConf i g Wodel 4200AsSCanqdriies Users Mandial formnformation on
configuring an ITM for the PMU.

An ITM automatically controls the RPM based on the type of test (pulse, CV, SMU). RPM switching
can only be controlled using the rpm_config  LPT function in a UTM. For details, refer to Using the
RPM as a switch (on page 2-8).

NOTE

For automatic switching of the RPM in ITMs, the RPM must already have all instrument cabling
connected and recognized by the system. I nformati on
RPM conf i gModel 420005GS Setop and Maintenance.

Step or sweep multiple device terminals in the same test

Multiple steps or sweeps in an interactive test module (ITM) must track with regard to step number and
duration. For example, you might want to apply multiple steps to multiple device terminals, such as
when stepping the biases on two transistor terminals and sweeping voltage or current on the third
terminal. In this setup, Clarius automatically sets the step operations to occur simultaneously, with one
terminal set up as the master. All other step functions are automatically designated as subordinates.
The following figure illustrates this concept.
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Figure 65: Master step versus subordinate step
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In the following figure, the step width and the number of steps of the subordinate track the step width
and number of steps of the master sweep.

Figure 66: Master and subordinate sweeps
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In the following figure, the step width and number of steps of the subordinate list sweep tracks the step
width and the number of steps of the master list sweep.

Figure 67: Master list sweeps versus subordinate list sweeps
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If you do not specify an instrument to be the master, the first instrument that was assigned to the step
or sweep operation mode is assigned to be the master. You can change this designation in the Test
Settings pane.
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When a master is set, Clarius sets the points and step size values for the subordinate terminal to be
the same as the settings for the master terminal. You cannot change the subordinate points value for
the subordinate terminal. For list sweeps, the number of points in the list items for the subordinate is
changed to match the number of points in the master. If points are added to the master, the last point
of the subordinate list is repeated. If points are removed from the master, the same number of points
are removed from the end of the subordinate list.

You can have a dual sweep on a subordinate terminal even if the master is not set to dual sweep. In
this case, the dual sweep of the subordinate terminal has a total number of steps equal to the number
of steps in the master terminal. For example, if the master terminal is set to measure ten points, the
subordinate dual sweep will measure five points on the first side of the sweep and five points on the
second side of the dual sweep. If the master is set to an odd number of points, the subordinate
terminal will repeat the measurement of the last sweep point.

The subordinate SMUs are not automatically set for dual sweep when Dual Sweep is enabled for the
master SMU. Dual Sweep must be individually enabled for each SMU.

To specify the master sweep:
1. Select the test.
2. Inthe right pane, select Test Settings.

3. For Sweep Master, select the instrument that you want to designate as the master.

Basic troubleshooting procedure

If the test pulse I-V results do not meet expectations, use the following steps as a guide for
troubleshooting. Because the pulse |-V results extract the spot mean measurements from the top of
the pulse, good pulse I-V results require a reasonable pulse shape.

Step 1. Verify prober connections from the PMU or RPM to the DUT

1. Use cabling and connections optimized for high frequency (>150 MHz).

2. Connect the low side of the device under test (DUT) to the shield of the coaxial cable (see Shield
connections (on page 2-2)), or connect the low side to another PMU or RPM channel (see
Connections to prober or test fixture bulkhead connectors (on page 2-15) or Pulse -V (Average
pulses) measurement example (on page 3-18)).

3. Connect the shields (refer to the figure in Local sensing (on page 2-16) that shows four-terminal
local sense connections).

4. If you are not using the supplied cabling, minimize the loop area created by the shield and center
conductor. Do not use the GNDU connection for the return or ground path for any pulse |-V signal.
Refer to Shield connections (on page 2-2).

5. Minimize the cable length. See Cable length (on page 2-3).
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Step 2. Verify the pulse shape

To check that the pulse shape provides a flat, settled portion near the end of the pulse top:
1. Configure the test for Waveform Capture.

2. Ensure that voltage, current, and time waveforms are measured. See Waveform capture
measurement configuration (on page 3-11).

3. Enable the status for each PMU channel in the test. See PMU - all terminal parameters (on page
3-6).

4. Select a voltage level for each channel that puts the device into the area of the curve that is
guestionable. If a large portion of the pulse I-V curve is under question, viewing the waveform
shape at two or three different voltage levels may be necessary.

5. Configure the ranges to match the pulse |-V test.

Configure the connection and load-line effect compensation (LLEC). To match the pulse I-V test
conditions, enabling LLEC allows the PMU to compensate for lower voltage levels at the test
device when current is flowing. See Enable LLEC (on page 2-28).

7. Configure the graph with the time value on the x-axis, all voltage measurements on Y1, and
current measurements on Y2. On the graph, select Graph Settings and select Define Graph to
open the Graph Definition dialog. By default, the voltage waveforms are blue and use the left (Y1)
axis; the current waveforms are red and use the right (Y2) axis.

Save the project.

Run the test and view the waveform on the graph. While viewing the graph, check that the voltage
has a fairly flat top, without significant ringing or oscillations.

There may be current peaks during the pulse transitions. The peaks during the transitions are
expected; see PMU capacitive charging/discharging effects (on page 3-33). The current waveform
may show settling, but should not have significant ringing. An example of a good waveform shape is
shown in PMU and RPM measure ranges are not source ranges (on page 3-36).

Due to interconnect and DUT settling time requirements, low current measurements

(< ~10 mA) may require a wider pulse than the recommended minimum timing values. This is
especially important for <1 mA level current measurements using the 4225-RPM. See PMU minimum
settling times versus current measure range (on page 3-25)

A waveform graph may show a Measurement Overflow condition.

This overflow during the pulse transitions does not affect the spot mean measurements, because the
spot mean is taken during the settled portion of the pulse top. Note that this error would not occur
during pulse I-V, because the spot mean measurement window does not include the rising or falling
edges of the pulse. Refer to Test Mode (PMU) (on page 3-17), PMU and RPM measure ranges are not
source ranges (on page 3-36), and Measure Mode (on page 3-18) for more information.
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Step 3. Is the pulse level correct for each channel?

1. Ifthe pulse level is not correct for each channel, enable load-line effect compensation (LLEC). To
compensate for the IR drop effect, the LLEC algorithm applies multiple pulses at each sweep step;
make sure that the DUT behavior is not adversely affected by the LLEC approach.

2. Run the test again and compare results. If the results match the test settings, the issue was the
lack of LLEC.

The load-line effect can reduce the voltage level at the DUT terminal when current is flowing. See
Load-line effect compensation (LLEC) for the PMU (on page 2-22).

Refer to Step 4. Is the pulse |-V curve suspect? (on page 3-42) for examples with LLEC disabled
and enabled.

Step 4. Is the pulse FV curve suspect?

If the waveform has a good shape (Step 2. Verify the pulsed shape), and the pulsed level is correct
(Step 3. Is the pulsed level correct for each channel?), but the pulse I-V curve is suspect, perform the
steps below.

In this procedure, you set test parameters to provide boundaries for the test envelope. When load-line
effect compensation (LLEC) is disabled, the source voltage must be bounded.

NOTE

LLEC may not respond properly for a high-gain transistor (for example, a compound
semiconductor-based amplifier or power transistor).

If the pulse |-V curve is suspect:

1. Disable the load line for the gate and drain in the Key Parameters. For an ITM, see Load-line effect
compensation (on page 2-22).

2. Choose the maximum voltage for the selected source range. For example, many high-power
transistors require fairly high voltages and currents, so the PMU 40 V source range is common.

3. Setthe thresholds in the All Parameters pane (see following figure and PMU - all terminal
parameters (on page 3-6) for more detail). Enter the maximum voltage for the DUT. For a
transistor, set the ThresholdVoltDrain voltage for the maximum voltage for the drain.
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Figure 68: PMU IV sweep All Parameters thresholds

pmu-iv-sweep#1

Parameter Name

Parameter Value

Key Parameters

VRangeGate av |» |~
IRangeGate 10mA | ¥
LtdAutoCurrGate 0

VRangeDrain av |
IRangeDrain 800 mA | A
LtdAutoCurrDrain 0

GateCh 1

DrainCh 2

ThresholdCurrGate 1

ThresholdVoltGate 40

ThresholdPwrGate 8
ThresholdCurrDrain 1

ThresholdVoltDrain 40 I

ThresholdPwrDrain 8

PMUMode Simple v
SMUV 0 v
SMUIrange 0.01

v

4. Enter the maximum power for the test device.

An example of a transistor test with LLEC disabled with a power threshold of 3 W and a voltage
threshold of 12 V is shown in the following figure. Note that each threshold allows the test to be
bounded. Also note that the thresholds do not stop the test at exactly the threshold value, but only after
the threshold has been exceeded. One test point always exceeds the threshold. You can reduce the
amount that the threshold is exceeded by using smaller sweep step sizes.

Drain Current

Figure 69: Vd-Id family of curves with LLEC disabled
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The following figure shows a family of curves from a fairly high-powered device with the
load-line effect.

Figure 70: Vd-Id family of curves showing load-line effect (LLECdisabled)
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The following figure shows the same device tested with load-line effect compensation enabled. With
LLEC enabled, the curves stop at the programmed V4 = 12 V. Note that the top curve, in the red circle,
did not reach the 12 V setting. This is because the PMU 40 V source range reached source
compliance. In this case, the PMU is at its limit and cannot source any more voltage or current to this
resistance. See the 4200A-SCS Parameter Analyzer Datasheet for information on the PMU maximum
source power versus device resistance. You can access the datasheet from the Learning Center.

Figure 71 Vd-Id family of curves with LLEC enabled (every curve finishes at Vd = 12 V)
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For user test modules (UTMs), although the process described above applies, there are a few
differences. Although ITMs and UTMs can perform similar tests, UTMs are based on user modules.
UTMs have a much wider range of test behaviors and possibilities than ITMs. This document provides
a framework for troubleshooting UTMs (individual UTM issues are not covered).

In addition to the above procedure based on unexpected results, UTM troubleshooting also involves
error messages or codes. Typically, the user modules are written for a specific test or requirement and
have minimal error checking. This means that parameter values or combinations of parameter settings
may cause an error, which is the primary feedback about the test status.

This error may be generated from within the user module, or by an LPT command. The following figure
shows the user module description for PMU_IV_sweep_Example . This description is part of the user
module and may contain a description of the test, hardware requirements, individual parameter
descriptions, and error code listings. The error code listings are after the parameter descriptions,
which are typically at the bottom of the description content (you will need to scroll down the

Help pane).

Figure 72: PMU IV sweep Help pane description

B® 09 S

eaming Cente
@ Test Settings m
5

MODULE: PMU_IV_sweep_Example

The purpose of this module is a functional programming
reference to illustrate the basic LPT commands
necessary to do a single Vd-Id sweep.

This module performs a voltage amplitude Pulse IV

sweep using 2 channels of a single 4225-PMU card. One
channel sweeps (Drain}, while the other uses a fixed il
pulse amplitude (Gate).

This routine allows for independent pulse width, rise, fall
and delay parameters to be set for the 2 channels. Note
that the period is the same for both channels.

v Also note that the recommended minimum pulse width
and rise/fall times vary by current measure range. Lower
measure ranges should have wider pulses, or unexpected
results may occur.

The measurement window is also the same for both
channels and is set by MeasStartPercGate and
MeasStopPercGate (more information in INPUTS below)
By definition, the measure window for the spot mean will

v be within the pulse top of the gate, but this routine also
checks to ensure that the spot mean is also within the

v pulse top of the drain. If the spot mean for the gate pulse
top is not within the drain pulse top, an error results. To

v fix the error, adjust the timing parameters for the drain so
that there is some overlap (in time) between the gate and

v drain pulse tops.

Optional SMU available for voltage biasing of a device
terminal that does not react to the pulse. For example, do
not connect SMU to DUT drain, gate, or source of a
transistor. Note that the SMU cannot be connected to an
RPM, or a -233 error (“forcev(): Cannot force when not
connected.”) will occur.

The sample rate is automatically chosen to ensure that
NUM

This user module allows for an optional SMU to DC bias a transistor bulk while performing a pulse I-V
sweep with a 4225-PMU and optional 4225-RPM. However, due to system restrictions, this SMU must
not be connected to the test device through the 4225-RPM (an error results).
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This example test is configured to use SMU1. SMUL1 is connected through RPM1 of the system.

1. Setthe SMU_ID from NONE to SMUL1.

2. Select Analyze and view the Messages area at the bottom of the screen for error messages. For
example, if you get a message indicating "forcev(): Cannot force when not connected," you can
check the Return Values in the Help pane for more troubleshooting information (see following
figure). Note that value - 233 indicates, "Ensure that the specified SMU is not connected through
or associated with an RPM. If all SMUs are associated with RPM modules, choose NONE to
permit the test to run."

Figure 73: PMU IV sweep Return Values

@ Run History ~ Terminal Settings m
RETURN VALUES ]

0
OK, no errors.

-122
pulse_ranges(): lllegal value for parameter #7
Ensure that current measure range is appropriate
for the chosen voltage range.

-233

Cannot force when not connected. Ensure that
specified SMU is not connected through or
associated with an RPM. If all SMUs are associated
with RPM modules, choose NONE to permit the test
to run.

-829

pulse_sweep_linear(): The sum of base and
amplitude voltages (XX.XV) exceeds maximum
(YYV) for present range. The Base + Amplitude
voltage is too large for the chosen PMU voltage
range. Check the BaseVCh1, StartVCh1 and
StopVCh1 for voltages that exceed VRangeCh1. If
necessary, increase VRangeCh1 to the maximum
40V range

-824

pulse_exec(): Invalid pulse timing parameters. One
or more timing parameters (PulseWidthCh1,
RiseTimeCh1, FallTimeCh1, DelayCh1 or Period) are
too small for the chosen VRangeCh1. Increase the
time of the appropriate parameters, using the
ToolTip text for each timing parameter as a guide.

-17001
Wrong card ID. Check PMU and SMU names

17002
Failure to assign card ID handle. Check PMU and/or
SMU names.

-17100

NOTE

It may also be necessary to research further using additional error codes. Three-digit negative error
codes are most likely LPT-c o mmand error codes. Refer to ALPT
Model 4200A-SCS LPT Library Programming. One-digit, four-digit, or five-digit error numbers are

most likely from the user module, so refer to the user module description for information about these
type of errors.
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Section 4

In this section:

Models 4220-PGU and 4225-PMU...........cccceriiiiiiieiiieiieenne.
4200A-SCS power supply limitations ..........cccoeecivieieeeeenniiinene.
Pulse source-measure CONCEPLS ........ecvveerreerrieiiieenieeeiee e
MeasUIremMeNt LYPES.....cc.uiiiriieiieeiie et

Models 4220-PGU and 4225PMU

Pulse card concepts

The 4220-PGU High Voltage Pulse Generator Unit and 4225-PMU Ultra-Fast Pulse Measure Unit are

high-speed pulse-generator cards for the 4200A-SCS. The 4220-PGU provides pulse output only. The

4225-PMU provides both pulse output and pulse measurement. The PGU and PMU have similar pulse

output characteristics.

The 4225-PMU can be paired with one or two 4225-RPM Remote Preamplifier/Switch Modules. The
RPM is a remote amplifier and automatic switch. When the RPM is used as a preamplifier for the PMU,
it provides additional low-current measurement ranges. When the RPM is used as a switch, it switches

between the PMU, SMUs, and CVUs.

LPT functions that pertain
P MU s dModeind200A-SCS LPT Library Programming.

t

(0]

the PGU and PMU

To do quick tests with minimal interaction with other 4200A-SCS test resources, you can use the
Keithley Pulse Application (KPulse). KPulse is a nonprogramming alternative that you can use to
configure and control the installed Keithley pulse cards. Refer to KPulse (on page 5-1) for

additional information.

The simplified circuits of the 4220-PGU and 4225-PMU pulse generators are shown in the

following figure.

ar

e



Section 4: Pulse card concepts Model 4200A SCSPulse Card (PGU and PMU3er's Manue

Figure 74: Simplified circuits of the PGU and PMU
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PMU block diagram

The following figure shows the block diagram of the PMU. Each channel has two dedicated A/D
converters to simultaneously measure current and voltage. The PMU controller controls the two output
channels and any RPMs connected to it. The solid-state relays (SSRs) are high-speed and are used to
test flash memory. The mechanical output relays are low-leakage. The block diagram for the PGU is
similar, except it does not have measure capability and does not have the RPM connectors.

Figure 75: 4225-PMU block diagram
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Pulse modes
The PGU and PMU support the following pulse modes:

9 Standard pulse mode: For this two-level pulse mode, the user defines a high and low level for the
pulse output. The test modes for standard pulse are pulse I-V and waveform capture. See PMU
Test Settings (on page 3-16) for the standard (two-level) pulse mode.

I Segment Arb® waveform: For this multi-level pulse mode, the user defines a pulse waveform that
consists of three or more line segments. Segment Arb pulse mode for the PGU and PMU includes
sequencing and sequence looping (see seg_arb_sequence and seg_arb_waveform . Also
see Segment Arb waveform (on page 4-11) for details on parameters.

I Full-arb pulse mode: For this multilevel pulse mode, the waveform consists of a number of
user-defined points (see arb_array and arb_file ). Also see Full Arb waveform (on page 4-13)
for details on parameters.

KPulse supports all of these pulse modes.

Descriptions of the LPT functions are provided in Model 4200A-SCS LPT Library Programming.

Pulse measurement types (PMU)

The following table summarizes pulse measurement types that are available through LPT commands
for the 4225-PMU. See Measurement types (on page 4-23) for detailed information.

Pulse measurement types

Measurement type Description

Spot mean discrete Samples a portion of the high and low levels. The samples are averaged to yield a
single current and voltage reading for the high level and low level (see the Spot mean
measurements example figure; Measurement types (on page 4-23)).

Spot mean average A specified number of pulse periods are output for the burst sequence. Spot mean
discrete measurements are performed for each pulse and then averaged to yield a
single voltage and current reading for the high and low levels.

Waveform discrete The entire pulse is sampled. Sampling is performed on the rise time, top width, and
fall time portions of the pulse. A voltage and current reading is yielded for every
sample taken on the pulse (see Measurement types (on page 4-23) Waveform
measurements and Waveform measurements (with pre-data and post-data) figures).

Waveform average A specific number of pulses are output for the burst sequence. Waveform discrete
measurements are performed on each pulse. The corresponding samples for each
pulse are then averaged to yield a group of voltage and current readings for the burst
sequence.
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Measure modes

The measure modes for the PMU are discrete pulses and average pulses.

Discrete pulses

For pulse I-V (spot mean), the averaged voltage or current readings for every sampled pulse period
are acquired.

For waveform capture, enabled voltage and current readings and timestamps for every sample of the
waveform are acquired.

For ITM operation, the readings are placed in the Analyze sheet.

NOTE

See Spot mean discrete readings (on page 4-24) for details on the discrete pulses measure mode for
pulse I-V. For UTM programming, the discrete pulse measure mode is called spot mean discrete. The
pulse_meas_sm function is used to select the discrete acquisition type.

See Waveform discrete readings (on page 4-26) for details on the discrete pulses measure mode for
waveform capture. For UTM programming, the discrete pulse measure mode is called waveform
discrete. The pulse_meas_wfm function is used to select the discrete acquisition type.

Average pulses

For pulse I-V (spot mean), the mean values of two or more pulses are averaged. Think of it as the
"mean of the means."

For waveform capture, each acquired reading is a mean average of the corresponding samples for all
the pulses in the burst.

NOTE

See Spot mean average readings (on page 4-25) for details on the average pulses measure mode for
pulse I-V. For UTM programming, the average pulse measure mode is called spot mean average. The
pulse_meas_sm function is used to select the average acquisition type.

See Waveform average readings (on page 4-27) for details on the average pulses measure mode for
waveform capture. For UTM programming, the average pulses measure mode is called waveform
discrete. The pulse_meas_wfm function is used to select the average acquisition type.

4-4
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4200A-SCSpower supply limitations

In some system configurations, the 4200A-SCS power supply cannot supply enough current if a test
has too many high-power instruments enabled. Some system configurations may have enough
instruments installed to exceed the power supply limit if the selected test has too many

channels enabled.

Clarius tracks the instruments used in a test and calculates the maximum power required and
compares it to the maximum available power. If the test requires too much power, a message is
displayed and the test will not run.

The following table and the equations below it show how the power is calculated. The maximum power
available for each instrument in the test module is used in the calculation. The 4210-SMU High Power
SMU, 4211-SMU High Power SMU, 4225-PMU Ultra-Fast Pulse Measure Unit, and 4220-PGU High
Voltage Pulse Generator draw the majority of the power in the 4200A-SCS chassis.

There are two parts to the total power supply draw. The first part is the power required for the
instruments while the 4200A-SCS is idle (on, but not testing). The second part is the power required by
the instruments taking part in the test. Note that medium power SMUs (4200-SMUs and 4201-SMUs),
4200 preamplifiers (4200-PAs), and 4210-CVU and 4215-CVU modules are not included in the
equations, as their power draw is not significant.

4200A-SCSpower requirements

Instrument Idle power (watts) Test power (watts)
High Power SMU (4210-SMU or 4211-SMU) Not significant 45

4225-PGU 29.4 Not available
4225-PMU 50.4 Not available
4225-RPM 4.2 Not available

10 V PGU or PMU channel* Not available 8.4

40 V PGU or PMU channel* Not available 54.6

Medium Power SMU (4200-SMU or 4201-SMU) | Not significant Not significant
4210-CVU or 4215-CVU Not significant Not significant

* There are two channels for each PGU and PMU instrument card.
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Equations to calculate power:

PowerIDLE = [(29.4 x nPGU) + (50.4 x nPMU) + (4.2 x nRPM)]
PowerTEST = [(45 x nHPSMU) + (8.4 x nC10) + (54.6 x nC40)]
PowerTOTAL = PowerlDLE + PowerTEST

PowerTOTAL = 500 W maximum. If PowerTOTAL is less than or equal to 500 W, the test
proceeds.

nPGU = number of 4220-PGU cards in the 4200A-SCS chassis (idle power draw)
nPMU = number of 4225-PMU cards in the 4200A-SCS chassis (idle power draw)

nHPSMU = number of High-Power SMUs (4210-SMUs or 4211-SMUSs) in the test

1
1
 nRPM = number of 4225-RPM modules connected to PMUs (idle power draw)
1
 nC10 = number of 10 V PGU or PMU channels in the test

1

nC40 = number of 40 V PGU or PMU channels in the test

Example 1: 4200A-SCS with two 4210-SMUs or 4211-SMUs, four 4225-PMUs, and eight 4225-RPMs.
The test uses all eight PMU+RPM channels set to the 10 V range (no SMUs in test).

PowerIDLE = [(29.4 x nPGU) + (50.4 x nPMU) + (4.2 x nRPM)] = [(29.4 x 0) + (50.4 x 4) + (4.2 x
8)] = 201.6 + 33.6 = 235.2

PowerTEST = [(45 x nHPSMU) + (8.4 x nC10) + (54.6 x nC40)] = [(45 x 0) + (8.4 x 8) + (54.6 x 0)]
=67.2

PowerTOTAL = PowerlDLE + PowerTEST = 235.2 + 67.2 = 302.4
This test has PWywethistatwi procées.0 0

Example 2: 4200A-SCS with two 4210-SMUs or 4211-SMUs, four 4225-PMUs, and eight 4225-RPMs.
The test uses five PMU+RPM channels set to the 40 V range (no SMUs in test).

PowerIDLE = [(29.4 x nPGU) + (50.4 x nPMU) + (4.2 x nRPM)] =[(29.4 x 0) + (50.4 x 4) + (4.2 x
8)] = 201.6 + 33.6 = 235.2

PowerTEST = [(45 x nHPSMU) + (8.4 x nC10) + (54.6 x nC40)] = [(45 x 0) + (8.4 x 0) + (54.6 x 5)]
=273

PowerTOTAL = PowerIDLE + PowerTEST = 235.2 + 273 = 508.2

This test has PowerTOTAL >500 W, so this test will not proceed. Reduce the number of
PMU+RPM channels that are set to the 40 V range to less than five.

The following table shows the 4200A-SCS power requirements for valid combinations for the
4225-PMU, 4225-RPM, and high-power SMU.
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4200A-SCSpower requirements for valid combinations of internal system instruments

Idle power (watts) Power used in test (watts)

nPMU nRPM nC10 nC40 nHPSMU | PowerIDLE
2 4 0 4 0 117.6
2 4 0 4 1 117.6
2 4 0 4 2 117.6
2 4 4 0 2 117.6
3 6 6 0 0 176.4
3 6 6 0 1 176.4
3 6 6 0 2 176.4
3 6 0 5 0 176.4
3 6 0 5 1 176.4
4 8 8 0 0 235.2
4 8 8 0 1 235.2
4 8 8 0 2 235.2
4 8 0 4 0 235.2
4 8 0 4 1 235.2
5 10 10 0 0 294
5 10 10 0 1 294
5 10 10 0 2 294
5 10 0 3 0 294
5 10 0 2 1 294
5 10 0 2 2 294
6 12 12 0 0 352.8
6 12 12 0 1 352.8
6 12 0 2 0 352.8
6 12 0 1 1 352.8

PowerTEST

218.4
263.4
308.4
123.6
50.4
95.4
140.4
273
318
67.2
112.2
157.2
218.4
263.4
84
129
174
163.8
154.2
199.2
218.4
263.4
308.4
123.6

PowerTOTAL

336
381
426
241.2
226.8
271.8
316.8
449.4
494.4
302.4
347.4
392.4
453.6
498.6
378
423
468
457.8
448.2
493.2
336
381
426
241.2

The power limit check is performed in both ITMs and UTMs. In ITMs, exceeding the power limit will
display a message similar to the one shown in the following figure when configuring PMU.

Figure 76: ITM maximum power exceeded message

n Clanus

System Power Limit will be exceeded by 146.8 watts

40V range on PMU Channel (requires 54.6 watts)
10V range on PMU Channel (requires 8.4 watls)

=

Reduce power by removing one or more of the following:

For UTMs, the message appears in the Clarius Messages pane.
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Pulse source-measure concepts

Ultra-fast I-V sourcing and measurement have become increasingly important capabilities for many
technologies, including compound semiconductors, medium-power devices, nonvolatile memory,
microelectromechanical systems (MEMSs), nanodevices, solar cells, and CMOS devices. Using pulse
I-V signals to characterize devices rather than DC signals makes it possible to study or reduce the
effects of self-heating (joule heating) or to minimize current drift or degradation in measurements due
to trapped charge. Transient I-V measurements allow scientists and engineers to capture ultra
high-speed current or voltage waveforms in the time domain or to study dynamic test circuits. Pulsed
sourcing can be used to stress test a device using an AC signal during reliability cycling or in a
multi-level waveform mode to program or erase memory devices. The 4225-PMU Ultra-Fast |-V
Module for the 4200A-SCS supports many of these high-speed sourcing and

measurement applications.

Ultra-fast |-V tests

You can use the 4225-PMU to do these types of ultra-fast |-V tests:
{ Pulsel-Vv
9 Transient I-V

I Pulsed sourcing

Pulse |-V tests

Pulse I-V tests are tests with a pulsed source and a corresponding high speed, timed-based
measurement that provides DC-like results. The current plus voltage measurement is an average of
readings made in a predefined measurement window on the pulse. This average of readings is called
the spot mean. You can define the parameters of the pulse, including the pulse width, duty cycle, rise
and fall times, and amplitude. You can use the train, sweep, or step mode.

Figure 77: Pulse }V tests

X

X

X
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Transient |-V tests

Transient I-V, or waveform capture, is a time-based current or voltage measurement that is typically
the capture of a pulsed waveform. A transient test is typically a single pulse waveform that is used to
study time-varying parameters, such as the drain current degradation versus time due to charge
trapping or self-heating. Transient I-V measurements can be made to test a dynamic test circuit or can
be used as a diagnostic tool for choosing the appropriate pulse settings in the pulse 1-V mode.

Figure 78: Transient |-V tests

Pulsed sourcing tests

Pulsed sourcing can involve any of the following:

9 Outputting user-defined two-level pulses.

9 Outputting multi-level pulses using the built-in Segment Arb® function.

9 Outputting an arbitrarily defined waveform using the arbitrary waveform generator in the KPulse
software. The Segment Arb feature allows you to create waveforms from segments defined with
separate voltages and time durations.

In addition to its pulse generator capabilities, the 4225-PMU can measure AC or DC voltage and
current, thereby reducing the need for additional measurement hardware and more complicated
programming. The 4220-PGU is a two-channel pulse generator with output capabilities identical to the
capabilities of the 4225-PMU, but without its measurement functions.
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