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Specifications

Product: Keithley 4225-PMU Pulse Measure Unit

Interface: Keithley External Control Interface (KXCI)

Compatibility: Works with 4200A-SCS Parameter Analyzer

Software: Clarius V1.13 or higher, KXCI software tool

Product Usage Instructions

Introduction:

The Keithley 4225-PMU Pulse Measure Unit is designed for pulse IV test automation, providing high-speed
measurements for characterizing devices with pulse signals. It offers features like waveform capture mode, pulsed
sourcing, and stress testing capabilities.

Getting Started Using KXCI:

1. Close the Clarius software and open the Keithley Configuration Tool (KCon) to configure communication

settings for GPIB or ethernet.

2. Open the KXCI application and start sending commands to the modules in the 4200A-SCS for test automation.

Samples:

Time Measure Window

Pulsed IV – Pulse/Measure with DC-like results in Train, Sweep, Step modes

Waveform Capture – Time-based I and V measurements in Transient IV mode



Sequence ARB Function:

The Segment ARB function allows for multi-level pulsing using an arbitrary waveform generator, enabling stress
testing and memory device programming.

FAQ

Q: What software version is required for using KXCI commands?

A: Clarius V1.13 or higher is needed to utilize KXCI commands for high-speed IV sourcing and

measuring.

Q: How can I access the PMU KXCI commands?

A: Tables of PMU KXCI commands can be found in Appendix A and B of the application note or in the

manual Model 4200A-SCS KXCI Remote Control Programming.

Using Remote Control in Keithley External Control Interface (KXCI) for High-Speed Measurements

Introduction

Ultra-fast IV sourcing and measuring is important to many semiconductor applications, including nonvolatile
memory, power device characterization, CMOS, reliability and MEMS devices. These semiconductor tests are
made using the Keithley 4225-PMU Pulse Measure Unit (PMU), a 2-channel high-speed voltage source and time-
based current measurement module for the \4200A-SCS Parameter Analyzer. The PMU has three modes of ultra-
fast IV source and measure modes: Pulse IV, Waveform Capture and Segment ARB™. These three modes are
illustrated in Figure 1. Using pulse IV signals to characterize devices instead of DC signals makes it possible to
reduce the effects of self-heating or to minimize current drift. Waveform capture mode, or transient IV, outputs
high-speed voltage pulses and measures the current and voltage response in the time domain. Pulsed sourcing,
or Segment ARB, can be used to stress a device using an AC signal during reliability cycling or in a multi-level
waveform mode to program and erase memory devices. The easy-to-use interactive Clarius software comes with
the 4200A-SCS and has a test library that includes many PMU applications. However, some PMU measurements
may need to be part of an automated test controlled by an external computer. In these cases, remote control of the
PMU is necessary. The Keithley External Control Interface (KXCI) enables remote control of the instrument
modules in the 4200A-SCS by sending commands from a computer. The controlling computer can be connected
to the 4200A-SCS through GPIB \or ethernet to remotely send the KXCI commands using a coding environment.
\Starting with Clarius V1.13, KXCI commands for high-speed IV sourcing and measuring have been added to the
Clarius software for remote controlling the PMU and the 4220-PGU Pulse Generator Unit (PGU). This enables test
automation outside of the Clarius interface software. These commands, along with programming examples for
each mode, are explained in this application note. Tables of PMU KXCI commands are listed in Appendix A and B
at the end of this application note.

Getting Started Using KXCI

With the Keithley External Control Interface (KXCI), an external computer is used to directly control the SMUs,
CVUs, PMUs and PGUs in the 4200A-SCS Parameter Analyzer. Each of the modules has its own command set
and can be used to configure a variety of different tests. The first step to using the KXCI software tool is to close
the Clarius software and open the Keithley Configuration Tool (KCon), located on the desktop, and configure
settings for either GPIB or ethernet communications. After these settings are configured, close KCon and open the
KXCI



application. Once you have KXCI opened, you can start sending commands to the modules in the 4200A-SCS.
More detailed configuration information about using KXCI and the command sets for all the instruments are in the
manual Model 4200A-SCS KXCI Remote Control Programming. Basic information on getting started using KXCI
with Python is in the application note Controlling the 4200A-SCS \Parameter Analyzer Using KXCI and Python 3.
This application note describes using Visual Studio code with Python 3 and NI VISA to control the 4200A-SCS
using KXCI commands.

Examples of Ultra-Fast IV: Pulse IV, Waveform Capture and Segment ARB

This section includes KXCI programming examples of the three modes of ultra-fast IV: Pulse IV, Waveform
Capture and Segment ARB.

Pulse IV

Pulse IV refers to any test with a pulsed voltage source and a corresponding high-speed, time-based current
measurement that provides DC-like results. The voltage and current measurements are an average, or spot
mean, of readings taken in a predefined measurement window on the pulse. The user defines the parameters of
the pulse, including the pulse width, period, rise/fall times and amplitude.

The following pulse IV programming example generates an IV sweep on a 1 kohm resistor. As illustrated in Figure
2, one end of the resistor is connected to the center conductor of the coax cable (HI) of PMU CH1 and the other
side of the resistor is connected to PMU common (LO), or the outside shield of the coax cable.



Part of a Python script to create a pulse IV sweep is shown in Figure 3. The code includes the amplitude sweep
parameters (including start V = −5 V, stop V = 5 V, step size = 0.1 V and base V = 0 V) and the pulse timing
parameters (period = 10e−6 s, pulse width = 5e −6 s, rise and fall times = 1e −7 s). Other defined parameters
include the measure window and the measure range. The measure window command (:PMU:TIMES:PIV) is the
percent range on the pulse top where the average, or spot mean, is derived. In this example, the measure window
is between 0.75 and 0.9 of the top of the pulse. For each pulse, one reading is derived. The current measure
range (:PMU:MEASURE:RANGE) is fixed at 10 mA, but autorange or limited autorange can also be used. Using
autorange enables the PMU to find the best current range and is useful for devices that have a large change in
current during a voltage sweep, such as a diode.

Once the code is executed, the PMU outputs a pulse IV sweep from −5 V to 5 V in 0.1 mV steps. Figure 4 shows
the scope capture from the Tektronix MSO5 Series Oscilloscope of the 101 pulses in the sweep. Only the spot
mean of each of these pulses is derived and used in the IV measurement of the resistor



Once the code is executed using the :PMU:EXECUTE command, all the commands sent to the PMU are logged in
the KXCI console, as shown in Figure 5, along with any messages or errors. Also listed in the KXCI console are
the commands sent that are used to retrieve the data. The :PMU:TEST:STATUS? command determines if the
sweep is finished executing. The :PMU:DATA:COUNT? command is used to determine how many readings are
stored in the data buffer. Finally, the :PMU:DATA:GET command retrieves the data from the buffer

Once the data is retrieved, the current can be plotted as a function of voltage using any plotting tool, as shown in
Figure 6. This plot was created by an additional Python tool that allows for visualization of the data return. Notice
there is one point plotted for each point in the sweep.



Waveform Capture

The waveform capture, or transient IV, mode outputs high speed voltage pulses and measures the resulting
current and voltage transients in the time domain. The next example uses the waveform capture mode of the PMU
to show the time-based response of the drain current and drain voltage of a MOSFET. Figure 7 shows the
connections between the two channels of the PMU to the three terminals of the MOSFET. CH1 outputs a single 2
V pulse to the gate. CH2 outputs a 1 V pulse to the drain and \captures the transient response of the drain current
and voltage. The source terminal of the MOSFET is connected to Common or the outside shell of the coax cable.
Python code that outputs voltage pulses on PMU CH1 (gate) and PMU CH2 (drain) and measures the resulting
drain current and voltage on PMU CH2 is shown in Figure 8. In this example, both channels are connected to the
device, so they both need to be configured. However, commands to configure measurements are only sent to
PMU CH2, since only PMU CH2 will return data. The :PMU:PULSE:TRAIN command configures the pulse base
and amplitude voltage for each channel. In this case, CH1 outputs a single 2 V pulse and CH2 outputs a 1 V pulse.
The :PMU:PULSE:TIMES command sets the timing parameters on each channel (period = 1e-6 s, pulse width =
5e-7 s, rise and fall times = 1e-7 s and delay time = 1e-7 s).



The measurements are made with the Load Line Effect Compensation (LLEC) feature enabled
(:PMU:LLEC:CONFIGURE 2, 1) on CH2. LLEC employs a mathematical algorithm that compensates for the
voltage drop across the 50 ohm output impedance of the PMU and the voltage drop across the lead resistance and
connections to the DUT

Once the :PMU:EXECUTE command is used to start the test, you can use the :PMU:TEST:STATUS? command to
check if the test finished. In waveform capture mode, the test will return the voltage, current, time and status from
each channel that was configured to make measurements, in this case, CH2. Figure 9 shows the transient drain
voltage and current of the MOSFET.

Segment ARB Waveform



Each channel of the PMU can be configured to output its own Segment ARB waveform composed of user-defined
line segments, up to 2048. There are separate commands for time interval, start and stop voltage values, start and
stop measure window values, output trigger and output relay state (open or closed). Each command defines that
parameter for all the segments in the waveform. Both spot mean and sample mode measurements are supported
for each segment.

Segment ARB sequences are constructed using the

:PMU:SARB commands, which are listed in Appendix B. The

:PMU:SARB commands define all parts of each segment, such as the start voltage, stop voltage, time and

measure type. For example, the time of every segment is defined sequentially using the

:PMU:SARB:SEQ:TIME command \and the starting voltages of each segment are defined by the

PMU:SARB:SEQ:STARTV command. The use of these commands is demonstrated in the following example.

This example will output a Segment ARB sequence that sources a 35 V, 1e-3 s pulse and then a −35 V, 1e −3 s
pulse on PMU CH1. PMU CH2 forces 0 V and measures the resulting current and voltage. The circuit diagram is
shown in Figure 10. Forcing voltage on one side of the resistor and measuring current on the other side is called
the lowside measurement technique and is used for ultra-fast high impedance measurements. This technique
avoids errors due to leakage current and longer settling time. Further information on this method can be found in
the Keithley application note, Making Low Current Pulse I-V Measurements with the 4225-PMU Pulse Measure
Unit and 4225-RPM Remote/Preamplifier Switch Modules

PMU CH1 is configured to output the Segment ARB sequence shown in Figure 11. (NOTE: The timing axis is not
to scale.) This sequence has nine segments that generate a +35 V pulse for 1e-3 s and then a −35 V pulse for
1e−3 s. There are 1e−3 s segments for rise and fall times. Each of the nine segments has a unique time, start
voltage and stop voltage, as configured by the following commands:



PMU CH1 is configured to output only. PMU CH2 is configured to force 0 V and measure the waveform capture
current and voltage on each segment. The start and stop measure times are also configured on CH2. The Python
code used to control CH1 and CH2 is listed in Figure 12

Once the code is executed, the commands are logged in the KXCI console, as shown in Figure 13.



The resulting current measurements of the 100 kohm resistor measured by CH2 are shown in Figure 14.

Conclusion

PMU KXCI commands enable automation of ultra-fast IV measurements for pulse IV, waveform capture and
Segment ARB modes of operation. The PMU is controlled either through ethernet or GPIB connections using an
external computer. Several\example Python programs using the PMU KXCI commands are available on the
Tektronix GitHub site.

Appendix A. Pulse IV and Waveform Capture Commands



Appendix B. Segment ARB Commands



Contact Information

Australia 1 800 709 465

Austria* 00800 2255 4835

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777

Belgium* 00800 2255 4835

Brazil +55 (11) 3530-8901

Canada 1 800 833 9200

Central East Europe / Baltics +41 52 675 3777

Central Europe / Greece +41 52 675 3777

Denmark +45 80 88 1401

Finland +41 52 675 3777

France* 00800 2255 4835

Germany* 00800 2255 4835

Hong Kong 400 820 5835

India 000 800 650 1835

Indonesia 007 803 601 5249

Italy 00800 2255 4835

Japan 81 (3) 6714 3086

Luxembourg +41 52 675 3777

Malaysia 1 800 22 55835

Mexico, Central/South America and Caribbean 52 (55) 88 69 35 25

Middle East, Asia, and North Africa +41 52 675 3777

The Netherlands* 00800 2255 4835

New Zealand 0800 800 238

Norway 800 16098

People’s Republic of China 400 820 5835



Philippines 1 800 1601 0077

Poland +41 52 675 3777

Portugal 80 08 12370

Republic of Korea +82 2 565 1455

Russia / CIS +7 (495) 6647564

Singapore 800 6011 473

South Africa +41 52 675 3777

Spain* 00800 2255 4835

Sweden* 00800 2255 4835

Switzerland* 00800 2255 4835

Taiwan 886 (2) 2656 6688

Thailand 1 800 011 931

United Kingdom / Ireland* 00800 2255 4835

USA 1 800 833 9200

Vietnam 12060128

* European toll-free number. If not accessible, call: +41 52 675 3777
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