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Controlling the Keithley 4200A-SCS Parameter Analyzer Using

the External Control Interface (KXCl)and Python 3

Introduction

The Keithley External Control Interface (KXCI)allows
remote control of the instrument modules contained within
the Keithley 4200A-SCS Parameter Analyzer by sending
external commands from a PC. Each KXCl command has a
specific function for the different instruments. There are
different command sets for KXCI, including the following:
SMU commands, CVU commands, PMU/PGU commands,
and commands to call user libraries. These commands are
sent to the KXCIl User Interface on the 4200A-SCS, which is
used to graph desired results, log received commands and
display error messages.

The controlling PC can be connected to the 4200A-SCS

via GPIB or ethernet to remotely send KXCl commands

via a coding environment. Visual Studio Code, when used
with Python 3 and NI VISA, provides an easy use coding
environment to read, write and query KXCl commands for a
desired test.

This application note describes how to set up a PC and the
4200A-SCS for remote control using Visual Studio Code
and Python, as well as various examples of Python scripts
written with KXCl commands to perform tests.
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APPLICATION NOTE

How to Set Up a PC to Send Remote
Commands Using Python

Forinstructions on setting up Python and Visual Studio
Code forinstrument control, please refer to the guide
Getting Started with Instrument Control Using Python 3 - VS
Code Revision, which can be downloaded here in the Keithley
GitHub folder. This document describes the installation of
Python, Visual Studio Code, and NI-VISA tools for remote
commands. The document also includes a link to a file
written by Keithley that provides wrapper functions for

the PyVISA library. These wrapper functions are used
within each of the scripts to automate commands, whichis
included in alibrary called “instrcomms.py"”.

Install these tools and set them up according to the
instructions. This application note will explain how to write
program examples that are streamlined to the 4200A-SCS.



https://github.com/tektronix/keithley/tree/main/Instrument_Examples/General/Instructables/Get_Started_with_Instr_Control_Python

Controlling the Keithley 4200A-SCS Parameter Analyzer Using

the External Control Interface (KXCl)and Python 3

APPLICATION NOTE

How to Set Up the 4200A-SCS for Remote KXCI Commands Using Python

on Ethernet

Figure 1shows the back panel of the 4200A-SCS and the LAN connectors.
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Figure 1. Back panel of 4200A-SCS Parameter Analyzer.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using
the External Control Interface (KXCl)and Python 3

APPLICATION NOTE

To begin, connect an ethernet cable from the PC to the 4200A-SCS. On the 4200A-SCS, open the Keithley Configuration
Utility (KCon) application, which allows for configuration of the type of communication that is being used. Access the KXCI

Settingsinthe upperright as circled in Figure 2.

[E] Keithley Configuration Utility

Clarius* Version: V1.12 O

System Configuration Validate Update

Save Summary

- X
KXCI Settings Tools Learning Genter

Keithley 4200A-5CS Parameter Analyzer

4 4200A-5CS 4200A-SCS Properties
[> i) Keithley 4200 MPSMU
Slot 1 Model:
b smuz Keithley 4200 MPSMU
Slot 2 System Serial Number.
D — Keithley 4210 HPSMU
Slot 3 Platform Version:
SMIUL Keithley 4210 HPSMU
Slot 4 System Software Version:
D SMUS Keithley 4211 HPSMU
Sloti3 Clarius® Version:
T Keithley 4210 CVU
Slot 6 Powerline Frequency:
PMUI Keithley 4225 PMU
Siots SMU Autorange Method:
] Keithley 4200 Ground Unit
SMU Standby Range:
i Generic Test Fixture

Keithley 4200A-SCS Parameter Analyzer
1139258
4200A-300-3

4200A-852-1.5

viiz
60 Hz |~
Normal |~
100 mA |~

Instrument Cards

Slot 1: Keithley 4200 MPSMU
Slot 2: Keithley 4200 MPSMU
Slot 3: Keithley 4210 HPSMU
Slot 4 Keithley 4210 HPSMU
Slot 5: Keithley 4211 HPSMU
Slot 6: Keithley 4210 CVU
Slot 7: Empty

Slot 8: Keithley 4225 PMU
Slot 9: Empty

Add Extemnal Instrument Remove Extemal Instrument

Figure 2. KCon application KXClI settings.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

Within the settings screen, select Ethernet under the Communications section. Take note of the port number, as this will be
used in the Python script to communicate with the 4200A-SCS. Select the String Terminator as the Reading Delimiter, and
then select OK at the bottom of the window. Next, save and exit within KCon. Each KXCI command that is sent via ethernet
must be terminated with the NULL terminator, otherwise known as the string terminator. Figure 3 shows the KXCl settings
screen configured for ethernet connection.

1 KxCl Settings b4
Instrument Function Number Communications
SMUT: ‘SMU |v‘ ‘1 |v‘ O cri @ cthemet
SMU2: ‘SMU |v‘ ‘2 |v‘
SMU3: ‘ SMU | v ‘ ‘ 3 | b ‘ GPIB Address Port Number
SMU4: ‘SMU |v‘ ‘4 |v‘ ‘1? |v‘ ‘1225
SMUS: ‘ SMU | o ‘ ‘ 5 | w: ‘ Reading Delimiter String Terminator
cVUT: ‘ | o ‘ ‘ | s ‘ . String Terminator EOI On Character
Empty ‘ | v ‘ ‘ | v ‘ (O comma @ coioff
PMUT: ‘ | v ‘ ‘ | v ‘
ooy IS (I
Command Set
@ 42008 (Normal)  (O) 4145 Emulation

Figure 3. KXCl settings screen for ethernet.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

Next, search for NIMAXin the PC search bar. Nl MAX was installed from the Getting Started with Instrument Control Using
Python 3-VS Code Revision document that was previously described in the PC setup section. Once that is open, expand the
arrow next to My System. Expand the arrow under Devices and Interfaces, thenright click on Network Devices. Click on
Create New VISA TCP/IP Resource... Figure 4 shows the NI MAX screen.

m MNetwork Devices - Measurement & Automation Explorer == m} x
File Edit View Tools Help

v E1 My System % Add Metwork Device » 7 Hide Help
~ g Devices and Interfaces

- Dreeduist h Hostname IP Address Serial Mumber & Back B o
Enehioievices % Create New VISA TCP/IP Resource...
3 5] Software

» B Remote Systems Add!ng Network
Devices

Network Devices
contains network and
wireless devices
available from this
system. With Metwork
Devices, you can view
and configure devices
connected over a
network.

What is a network
device?

Adding a network
device

EI Submit feedback
on this topic.

8 Visit
ni.com/support for

technical support.

« 3 | =] Network Devices

Figure 4. NI-MAX.

Within this submenu, select Manual Entry of Raw Socket. Enter the IP address of the 4200A-SCS unit that is being used, as
well as the port number for ethernet that was found in the KCon KXClI settings.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

To find the IP address of the 4200A-SCS, open the Command

: . . BN Command Prompt
Prompt by searching for "cmd”in the Window's search bar.

Once the command prompt is open, type ipconfig /all and Connection-specific DNS Suffix
press enter. Alist of IP properties will appear, but the one iption

that is of interest is the "IPv4 Address.” An example of this Physical Address.

screenis shown in Figure 5. DHCP Enabled.

oconfiguration Enabled

Once thisinformation is entered, open up KXCI. With

KXCl running, select “Validate”in NI MAX. If successful
communication was established, a window will appear
saying “Successfully opened a VISA session”as shown in
Figure 6, and KXCI will show a connection was established
as shownin Figure 7.

DHCPvE

Figure 5. Command prompt ipconfig /all Results.

Enter the LAN resource details.

Enter the TCP/IP address of your VISA network resource in the
form of sxx. xxx. xxx. %1%, the hostname of the device, or a
computer@some. domain

Hostname or IP address

Port Number
1225 ; alidate

Measurement & Automation Explorer X

Successfully opened a VISA session to
“TCPIPO:: ::1225::SOCKET”
< Back Next > Cancel

Figure 6. NI Max Successful Communication
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using
the External Control Interface (KXCl)and Python 3

APPLICATION NOTE

GPIB Status
SAQ LTN TLE AMT

2023708115 -14:11:17
202370815 -14:11:22
202370815 -14:11:22
2023/0815-14:11:23
2023/08/15-14:11:24
2023/0815-14:11:24
2023/08115-14:11:24
2023/08/15-14:11:24
2023/08/15-14:11:24
2023/08/15-14:11:24
2023/08/15-14:11:24
2023/0815-14:11:30

STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:

Figure 7. KXCI Successful Connection

KPCI-488LP card detected
Running autozero on SMU1
Running autozero on SMU2
Running autozero on SMU3
Running autozero on SMU4
Ethernet communication started
Address=

Port= 1225

String Terminator= None
Reading Delimiter= String Terminator
Command Set= 4200A {(Normal)
Connected to

Next, select “Finish”in NIMAX. The 4200A-SCS VISA Resource Name will appear under the Network Devices section. The
resource name string will be in the format “TCPIPO: : XXX. XXX. XX. XXX::1225::SOCKET,” where the X's are replaced with the
respective 4200A-SCS IP address. Make note of this resource name, as it will be used to communicate with the 4200A-SCS
within the Python scripts for tests. The 4200A-SCS is now ready for communication from the PC using KXCl via ethernet.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using

the External Control Interface (KXCl)and Python 3

APPLICATION NOTE

How to Set Up the 4200A-SCS for Remote KXCI Commands Using

Python on GPIB

Figure 8 shows the back panel of the 4200A-SCS and GPIB connector.
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Figure 8. GPIB port on the 4200A-SCS.

To connect a PC to the 4200A-SCS using a GPIB cable, a
GPIB to USB adapteris needed if the PC does not have a

GPIB port. The KUSB-488B is a Keithley adapter that can be

used for this purpose (Figure 9).

To support the KUSB-488B on the PC, drivers must be
installed. The drivers can be found on the Tektronix
website here. Click on Download File, and then locate th

file in the PC's downloads folder. Extract the zip file to the
location of the user’s choosing. Next, right click on the file

called "KI-488.exe”and run as administrator. Follow the

e

on-screeninstructions for the installation of the drivers.

This application note uses a version of the driver that is
NI Command Compatible. Note that installation of this

device may conflict with previously installed USB to GPIB

converters such as a National Instruments model. The

installer may overwrite these conflicting files or request

that the other drivers be uninstalled first.

Figure 9. Keithley KUSB-488B USB to GPIB Interface Adapter.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using
the External Control Interface (KXCl)and Python 3

Connect the PC to the 4200A-SCS using the KUSB-488B adapter. Next, open the KCon application and locate the KXCI
settings (see Figure 2). Within the KXCl settings, select GPIB from the Communications section. Make note of the GPIB
address, as it will be needed for communication to the 4200A-SCS. Select comma as the reading delimiter and select EQl on.
Unlike ethernet commands, GPIB commands do not require the NULL terminator to be sent. Select OK, then save and exit the

KCon configuration after changing the settings. The settings will look like the ones shown in Figure 10.

I o st
Instrument Function Number
sMu1: ‘SMU |v‘ ‘1 | v
sMu2: ‘SMU | v ‘ ‘2 | v
SMU3: ‘SMU | v ‘ ‘3 | v
SMu4: ‘SMU | v ‘ ‘4 | v
o
CYE ‘ |~ ‘ ‘ |~
o S R
PMUI: ‘ |~ ‘ ‘ |~
o [
Command Set

@ +200a(Norma)) () 4145 Emulation

Communications

@ crs () Ethemet

GPIB Address Port Number

17 |v| | 1225 ‘

Reading Delimiter String Terminator

@ coion

(O Eeoloff LF x

O String Terminator Character

. Comma

Figure 10. KXCl settings screen for GPIB control.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using
the External Control Interface (KXCl)and Python 3

APPLICATION NOTE

Once the drivers are installed and the KUSB-488B is connected to the PC, it is possible to verify the connection from the PC
to the 4200A-SCS. The KUSB-488B driver includes the KI-488 Diagnostic Tool application, which can be found by searching
inthe PC search bar. Locate this tool on the PC and open it. Once opened, ensure that the Instrument Address at the top of
the tool matches the address that was shown in KCon. Once entered, click Initialize KI GPIB in the Communications Functions

section shown in Figure 11.

KI-488 Diagnostic Tool

File Board OutputTermn Input Term  Timeout

<=EhiEIEa% Kl-488 Diagnostic Tool

— Communications Functions

Initialize KI GPIB

Transmit Receive
Send Enter
Serial Poll

KI-488 Status Information

Instrument Address = |1 7

GPIB Command String to Send or Transmit

GPIB commands previously sent or transmitted
Do not use this box to send or transmit commands

~Interface Functions

Interface Clear Dewvice Clear
Remote Enable Go To Local
Local Lockout GET

GPIB Received Message

Activate Interface. Transmit and
Receive Functions

Figure 11. KI-488 Diagnostic Tool.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

Within the KI-488 Diagnostic Tool, it can be verified that the 4200A-SCS (with the KXCl application opened)is properly
connected to the PC via GPIB. To test the status of the 4200A-SCS, enter *IDN? to the GPIB Command String to Send or
Transmit box. Click Send to send the command to the 4200A-SCS. Once sent, the Enter button may be pressed to see the
received message in the GPIB Received Message box. An example of thisis shown in Figure 12. Once successfully connected,
the KI-488 Diagnostic Tool may be closed.

7 KI1-228 Diagnostic Tool - O e
g

File Beoard OutputTerm Input Term  Timeout  Help

<= M=% KI-488 Diagnostic Tool

Communications Functions Instrument Address = |17
Initialize KI GPIB GPIB Command String to Send or Transmit
Send
Serial Foll

GPIB commands previously sent or transmitted
Do not use this box to send or transmit commands

KI-488 Status Information

ﬂ:ﬂka}f *IDN?

Interface Functions

GPIB Received Message

KEITHLEY INSTRUMEMNTS.KI42004,1139258.1.12

Activate Interface, Transmit and
Receive Functions

Figure 12. Successful GPIB connection in KI-488 Diagnostic Tool.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using

the External Control Interface (KXCl)and Python 3

Next, verify if the 4200A-SCS can be found in NI-VISA.
Search for NI-VISA Interactive Control within the PC's
search bar. NI-VISA Interactive Control was installed from
the Getting Started with Instrument Control Using Python
3-VS Code Revision, which was previously described in the
PC setup section. There will be aresource string under the
devices that says GPIB Instrument Resources. This contains
all available GPIB resources by their resource strings such
as GPIBO::XX::INSTR, where XX is the address set in KCon
as shown in Figure 13.

ED 15 Interactive Control — d
File Help
Machine
< localhost _'J
Devices
| 3 (=] GPIB Instrument Resources ﬂ
GPIBO:: 17::INSTR

GPIB Miscellaneous Resources

Refresh

Resource To Open
GPIBO:: 17::INSTR

Figure 13. NI-VISA Interactive Control GPIB.

Take note of the resource string that is shown, as it will

be needed for the Python scripts communication to the
4200A-SCS. NI-VISA Interactive Control may be closed.
Open the KXCl Interface on the 4200A-SCS, and it is now
ready for communication from the PC using KXCl via GPIB.

APPLICATION NOTE

Example 1: MOSFET Drain Family of
Curves Using Ethernet

The first example generates the MOSFET family of curvesin
the KXCl interface on the 4200A-SCS. The ID-VD curves will
be displayed on the KXCI Interface graph when executed.

This example uses three source measure units (SMUs) at
each terminal of the MOSFET as configured in Figure 14.
SMUTis connected to the Source terminal, SMU2 is
connected to the Drain terminal, and SMU3 is connected
to the Gate terminal.

MOSFET ]
Drain Force HI

Gate | SMuU2
-
Source
Farce H Force HI
SMU3 SMUA

=l =
Force L% T L%

Figure 14. MOSFET circuit diagram using three SMUs.

IFo

Force LO

=

Ensure that the proper steps for configuring ethernet KXCI
connections were set in KCon as described in a previous
section of this application note. Before any scripting,
ensure that there is a device in the test fixture connected to
the 4200A-SCS.

To begin open Visual Studio Code, right click within Visual
Studio Code in the Explorer pane and select New File. Name
the file family_of_curves_ethernet.py or something similar
aslongasitisendingin.py. The code for this example is
shown below. The code may be copy and pasted. Ensure
that the instrcomms.py file is in the project folder, such
that it may properly be imported into the test that is being
created. Modifications may need to be made to the SMU
settings depending on the particular MOSFET that will

be tested.
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

Example Code #1: MOSFET Drain Family of Curves Using Ethernet
import time
from instrcomms import Communications

term = '\0' # terminating character for ethernet commands
INST RESOURCE STR = "TCPIP0::192.0.2.0::1225::SOCKET" # instrument resource string, obtained
from NI MAX

my4200 = Communications (INST RESOURCE STR) # opens the resource manager in PyVISA with the
corresponding instrument resource string

my4200.connect () # opens connections to the 4200A-SCS

my4200.write ("DE"+term)

my4200.write ("CH1, 'Vvs', 'IS', 1, 3"+term)
my4200.write ("CH2, 'vD', 'ID', 1, 1l"+term)
my4200.write ("CH3, 'VG', 'IG', 1, 2"+term)

my4200.write ("SS"+term)

my4200.write ("VR1, 0, 5, 0.1, 100e-3"+term)
my4200.write ("VP2, 1, 4, 100e-3"+term)
my4200.write ("VC1l, 0, 100e-3"+term)
my4200.write ("HT 0"+term)
my4200.write ("DT 0.001"+term)
my4200.write ("IT2"+term)
my4200.write ("RS 5"+term)
my4200.write ("RG 1, 100e-9"+term)
my4200.write ("RG 2, 100e-9"+term)
my4200.write ("RG 3, 100e-9"+term)
my4200.write ("SM"+term)

my4200.write ("DM1"+term)
my4200.write ("XN 'VD', 1, 0, 5"+term)
my4200.write("YA 'ID', 1, 0, 0.04"+term)
my4200.write ("MD"+term)

my4200.write ("ME1"+term)

# wait for measurement to complete
status = my4200.query ("SP"+term)

while int (status) != 1:
status = my4200.query ("SP"+term)
time.sleep (1)

my4200.disconnect () # close communications with the 4200A-SCS
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using

APPLICATION NOTE

the External Control Interface (KXCl)and Python 3

Ensure that the INST_RESOURCE_STR matches what was displayed in NI-MAX in the setup section for ethernet. Descriptions
of each of the KXCl commands are listed in Table 1. The action of the non-KXCl commands in the Python script are
commented such that their purpose is clear.

KXCl Command

Description

BC Clears allreadings from the buffer

DE Selects the channel definition page

CH1,VS, 1S, 1,3 Sets up SMUT(CH1)to V source, constant function
CH2,'VD’,'ID", 1,1 Setsup SMU2(CH2)to V source, sweep function

CH3,'VG','IG" 1,2

Sets up SMU3(CH3)to V source, step function

SS

Selects the source setup page

VR1,0,5,0.1,100e-3

Configures SMU1to start sweep at 0V, stop at 5V, and step 0.1V with a compliance of 100mA

VP2,1,4,100e-3

Configures SMU2 to step from 1V to 4V with a compliance of 100mA

VC1,0,100e-3 Configures SMU1to output constant voltage of OV with compliance of 100mA

HTO Setsahold time of Os

DT 0.001 Sets the time to wait between when the output voltage is set and when measurement is made in the sweep to Ims
IT2 Sets theintegration time to 1.0 PLC

RSb5 Sets the measurement resolution for all channels to 5 digits

RG1,100e-9 Setslowest range of SMU1to 100nA

RG 2,100e-9 Setslowest range of SMU2 to 100nA

RG 3,100e-9 Setslowest range of SMU3 to 100nA

SM Selects the measurement setup page

DM1 Prepares 4200A-SCS to receive graphics commands

XN'VD',1,0,5 Configures X-axis of graph to plot VD

YA'ID', 1,0, 0.04 Configures Y-axis of graph to plot ID

MD Selects the measurement control page

ME1 Runsasingle trigger test and stores readings in cleared buffer 1

sp Acquires the GPIB serial poll byte when ethernet communications are enabled. This returns 0 when the measurement is

complete

Table 1. KXCl command list for family of curves.
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To execute this code, select Run Python File that isin the top right of the Visual Studio Code window. Figure 15 shows the
results on the KXCl interface of the 4200-SCS after the test is executed. Notice the code is shown on the left-hand side of
the display, and the drain family of curvesis plotted on the right-hand side.

]
GPIB St
SRQ LTN TLX RMT s d
'YXy T

2023/08/10 - 093627 STATUS: KPCI-4881 P card detected
2023/08/10 - 09°:36°32 STATUS® Running autorern on SMU1
2023/08/10 - 09°36°32 STATUS Running autorero on SMUZ
2023/08/10 - 09:36:33 STATUS: Running autozero on SMU3
2023/08/10 - 3 STATUS: Running autozero on SMU4
2023/08/10 - 09:36:34 STATUS: Ethernct communication started

2023/08/10 - 09.36.34 STATUS. Address= 0 & 300E-02 . d gl i e
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4 STATUS: Reading Delimiter= String Terminator -
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INPUT. MET / ~
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3/0B/10 - 093649 INPUT: SP /e
2I2MII10 09:36:50 INPUT: SP -
2023/08/10 - 03:36:51 INPUT: SP
ZIZWHD- 36:52 INPUT: SP
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i
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Figure 15. KXCl interface output for family of curves ethernet.
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Example 2: MOSFET Drain Family of Curves Using GPIB

This next example also generates the MOSFET family of curvesin the KXCl interface, so it is the same circuit setup as the
first example (see Figure 14). However, this example is set up using GPIB rather than ethernet. Ensure that the proper steps
for configuring KXCI with GPIB connection within KCon were taken as described in the previous section on setting up GPIB.
To begin, open Visual Studio Code and right click in the Visual Studio Code’s Explorer pane and select New File. Name the file
family_of_curves_gpib.py or something similar and then Enter. The code can be copied and pasted for this example as shown
below. Ensure that the instrcomms.py file isin the project folder, such that it may properly be imported into the test that is
being created.

Example Code #2: MOSFET Drain Family of Curves Using GPIB
from instrcomms import Communications

INST RESOURCE STR = "GPIBO::17::INSTR" # instrument resource string, obtained from NI-VISA
Interactive

my4200 = Communications (INST RESOURCE STR) # opens the resource manager in PyVISA with the
corresponding instrument resource string

my4200.connect () # opens connections to the 4200A-SCS

my4200.write ("DE")

my4200.write("CH1, 'vs', 'IS', 1, 3")
my4200.write("CH2, 'vD', 'ID', 1, 1")
my4200.write ("CH3, 'VG', 'IG', 1, 2")

my4200.write ("SS")
my4200.write("VR1, 0, 5, 0.1, 100e-3")
my4200.write("VP2, 1, 4, 100e-3")
my4200.write ("VC1l, 0, 100e-3")
my4200.write ("HT 0")
my4200.write ("DT 0.001")
my4200.write ("IT2")
my4200.write ("RS 5")
my4200.write ("RG 1, 100e-9")
my4200.write ("RG 2, 100e-9")
my4200.write ("RG 3, 100e-9")
my4200.write ("SM")

my4200.write ("DM1")
my4200.write("XN 'VD', 1, 0, 5")
my4200.write("YA 'ID', 1, O, 0.04")
my4200.write ("MD")

my4200.write ("ME1")

my4200.disconnect () # close communications with the 4200A-SCS
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Controlling the Keithley 4200A-SCS Parameter Analyzer Using APPLICATION NOTE
the External Control Interface (KXCl)and Python 3

Ensure that the INST_RESOURCE_STR matches what was shown in NI-VISA Interactive Control window. Table 1shows the
same commands that are used for this example. Unlike the ethernet example, however, this example does not use the SP
command to wait for the measurement to complete. This example uses the DR command for service request of data ready
instead. The result can be seen on the KXCl interface when executed and is shown in Figure 16.

KXl
GFIE Status Help
SAE LTN TLK RMT

eo00 HideGreh

2023/08{10 - 14:17:38 INPUT:- BC

2023/08{10 - 14:17:38 INPUT: DR1

2023/08/10 - 14:17:38 INPUT: DE

2023/08/10 - 14:17:38 INPUT: CH1. 'VS". "I 1.3
2023/08/10 - 14:17:38 INPUT: CHZ, 'VD", ID*. 1. 1
2023/08{10 - 14:17:38 INPUT: CH3. 'VG". 'IG". 1. 2
2023708710 - 14:17:38 INPUT: SS

2023/08/10 - 14:17:38 INPUT:VR1, 0, 5, 0.1, 100e-3
2023/08/10 - 14:17:38 INPUT: VP2, 1. 4. 100e-3
2023/08/10 - 14:17:38 INPUT:VC1. 0. 100e-3
2023/08{10 - 14:17:38 INPUT: HT 0

2023/08{10 - 14:17:38 INPUT: DT 0.001
2023/08/10 - 14:17:38 INPUT- IT2

2023/08/10 - 14:17:38 INPUT: RS 5

2023/08{10 - 14:17:38 INPUT: RG 1. 100e-9
2023/08/10 - 14:17:38 INPUT: RG 2, 100e-9
2023708710 - 14:17:38 INPUT: RG 3, 100e-9
2023/08/10 - 14:17:38 INPUT: SM

2023/08/10 - 14:17:38 INPUT: DM1

2023/08/10 - 14:17:38 INPUT:XN'VD'. 1.0. 5
2023/08/10 - 14:17:38 INPUT: YAID". 1. 0. 0.04
2023/08/10 - 14:17:38 INPUT: MD

2023/08/10 - 14:17:38 INPUT: ME1

3.00E-02

2.00E-02

[I»)

1.00E-02

1.00E+00
2.00E+00
3.00E+00
4.00E+00
5.00E+00

VD

AutoCal

v Timestarmps Leg Censols Messages Esit

Figure 16. KXClinterface screen capture for drain family of curves GPIB example.

Example 3: CVU GPIB Example

The final example performs a capacitance-voltage sweep B D
on the MOSFET and outputs the resulting data into a csv HCUR o
file. This example, like the second example, uses a GPIB
connection to remotely send the KXCl commands. Ensure HPOT ©+ G | B
that KCon is configured for GPIB KXCI connections as -
. . o LPOT ©
described previously in this note. |
S . . - LCUR &+
The circuit diagram for this test is shown in Figure 17. The
Gate terminal of the MOSFET is connected to HCUR/HPOT g
and the Drain/Source/Bulk terminals are connected to the
LCUR/LPOT.
To begin, right click within Visual Studio Code’s Explorer Figure 17. MOSFET circuit diagram for CVU sweep.

pane and select New File. Name the file C_V_sweep_gpib.

py or something similar. Unlike the previous two examples that use KXCl commands for the SMUs, the CVU commands do not
have the capability to output a graph directly onto the KXCl interface. As a workaround, this example uses the functionality of
Microsoft Excel to plot the data directly from a csv file that is outputted. The code for this example is shown below, and it may
be copied and pasted. Ensure that the instrcomms.py file is in the project folder, such that it may properly be imported into
the test that is being created.
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Example Code #3: CVU GPIB Example
import time

from instrcomms import Communications
import csv

INST RESOURCE STR = “GPIBO::17::INSTR” # instrument resource string, obtained from NI-VISA
Interactive

my4200 = Communications (INST RESOURCE_STR) # opens the resource manager in PyVISA with the
corresponding instrument resource string

my4200.connect () # opens connections to the 4200A-SCS

my4200.write (“DR1")

my4200.write (“:CVU:RESET")

my4200.write (“:CVU:MODE 1”)

my4200.write (“:CVU:MODEL 2”)

my4200.write (“:CVU:SPEED 2”)

my4200.write (“:CVU:ACZ:RANGE 0")
my4200.write (“:CVU:FREQ 1E6”)

my4200.write (“:CVU:SWEEP:DCV 5, -5, -0.2")
my4200.write (“:CVU:DELAY:SWEEP 0.1")
my4200.write (“:CVU:TEST:RUN")

time.sleep(20) # time needed for test to finish

CpGp = my4200.query(“:CVU:DATA:Z?"”) # queries readings of Cp-Gp

Volt = my4200.query(“:CVU:DATA:VOLT?”) # queries readings of Voltage
sep = ‘;' # separator between Cp-Gp

VoltList = Volt.split(‘,’) # splits voltage list at commas

CpGpList = CpGp.split(',’) # splits Cp-Gp list at commas

CapList = [] # list only for capacitance values

for z in CpGpList: # separates the Cp-Gp list into only the Cp values, by removing the value
after the semi-colon
CapList.append(z.split (sep, 1) [0])

zipped list = zip(VoltList, CapList) # creates iterable zipped list

columns = [‘Voltage (V)’, ‘Capacitance (F)’] # column headers
with open(‘output.csv’, ‘w’, newline='’, encoding='utf-8’) as f: # opens and writes csv file
writer = c¢sv.writer (f)

writer.writerow (columns)
writer.writerows (zipped list)

f.close() # close stream
my4200.disconnect () # close communications with the 4200A-SCS
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This code receives the output data from the test and stores

itintoa Python list. It then uses the csv Python library to
write the output data to a csv file. Descriptions of each of

the KXCl commands that are used in this example are shown

in Table 2.

KXCI Command Description

BC Clears all readings from the buffer

DRI Enables service request for data
ready

:CVU:RESET Resets CVU to default settings

:CVU:MODE 1 Sets CVU to system mode

:CVU:MODEL 2 Sets CVU to Cp-Gp model

:CVU:SPEED 2 Sets CVU to quiet speed mode

:CVU:ACZ:RANGE O Sets AC measurement range to auto

:CVU:FREQ: 1E6 Sets AC frequency to IMHz

:CVU:SWEEP:DCV 5, -5,-0.2

Configures DC voltage sweep from
5Vto-5V, with-0.2V steps

:CVU:DELAY:SWEEP 0.1

Sets sweep delay to 0.1s

:CVU:TEST:RUN

Starts the CVU test

:CVU:DATA:Z?

Queries the Zmeasurement, being
Cp-Gp with this CVU model

:CVU:DATA:VOLT?

Queries the voltage measurement on
the CVU

Table 2. KXCl command list for CVU sweep GPIB example.

The command :CVU:DATA:Z? queries the Z measurement
of the CVU based off of the set CVU model. Since this
example is using model 2 of the CVU, this command will
return the Cp-Gp measurements, which is the measured
parallel capacitance and conductance model. The format
in which the command returns the data is the following:
Cp1:Gp1,Cp2:Gp2,... Cpl;Gplis the first capacitance and
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conductance measurement, Cp2;Gp2 is the second, and
soon. Since this example performs a C-V sweep, the Gp
measurement is not needed. As seen in the code for this
example, the Cp-Gp measurement data is split such that
only the Cp measurement remains. It removes everything
after the semicolon in each pair of measurements and then
appends only the Cp value to anew list.

Once the code is executed by pressing Run Python File in
the top right of Visual Studio Code, an output csv file is
created within the directory where Python is configured
onthe PC. This file contains all the data points needed

for a capacitance and voltage plot. An example resulting
graphis shownin Figure 18. Note that the graph will not
automatically be created, it must be done manually within
Microsoft Excel or another similar application.

CVU: C-V Sweep

4.80E-12F
4.70E-12F
4.60E-12F
4.50E-12F

4.40E-12F

itance (F)

4.30E-12F ——C

Capaci

4.20E-12F
4.10E-12F
4.00E-12F

3.90E-12F
-6.00 V -4.00 vV -2.00 vV 0.00V 20V 4.00 vV 6.00 v

Gate Voltage (V)

Figure 18. Graph for CVU C-V sweep.
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APPLICATION NOTE

A successful run will also show a small selection of measured values directly on the KXCl interface. This can be a tool
to determine if the test was configured properly based on the resulting values. The KXCl interface for this test is shown

in Figure 19.
GFIB Status
SRA LTH TLE RMT

2023408414 - 16:09:31
202340814 - 16:09:36
202340814 - 16:09:36
202340814 -16:09:37
202340814 -16:09:38
202340814 -16:09:38
202340814 -16:09:38
2023/08/14-16:09:38
2023/08/14-16:09:38
2023/08/14-16:09:38
2023/08/14-16:09:38
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
2023/08/14-16:11:55
202340814 -16:11:55
202340814 -16:11:55
202340814 -16:11:55
2023408414 -16:12:11
2023408414 -16:12:11
2023408414 -16:12:11
2023408414 -16:12:11

STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:

KPCI-488LP card detected
Running autozero on SMU1
Running autozero on SMU2
Running autozero on SMU3
Running autozero on SMUA4
GPIB communication started
Address=17

EQI= On

String Terminator= LF
Reading Delimiter= Comma
Command Set= 4200A {Normal)

INFUT: BC

INFUT: DR1

INFUT: :CVvU:RESET

INFUT: :CvU:MODE 1

INFUT: :CvU:MODEL 2

INFUT: :CvU:5PEED 2

INFUT: :CVU:ACZ:RANGE 0
INFUT: :CVvU:FREQ 1EBE

INFUT: :CVU:SWEEFP:DC¥ 5, -5, 0.2
INFUT: :CVU:DELAY:SWEEF 0.1
INFUT: :CVU.TEST:RUN
INFUT: :CVU:DATA:Z?

4.7095e-12;:-1.93498e-07,4.70814e-12.-1.9268e-07.4.70861e-1___

INFUT: :CVU:DATAVOLT?

5.48.46,444.2438.36,3.4,3.23.28,26,242221._

Figure 19. KXClinterface for CVU C-V sweep.

Conclusion

The Keithley 4200A-SCS Parameter Analyzer is a powerful tool to easily perform automated tests on devices. Using

Python with Visual Studio Code and the KXCl interface enables users to control each of the instrument modules within the
4200A-SCS. To see a full list of available KXCl commands and respective descriptions, see the document Model 4200A-SCS
KXCI Remote Control Programming.
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