Lab Notes

KEITHLEY

Device Characterization Techniques using
Keithley SourceMeter’ Instruments with

LabTracer Software

Introduction

SourceMeter instruments (sometimes referred to as Source-Measure
Units or SMUs) combine a programmible power source with the mea:
surement functions of adigital multimeter. The Keithley LabTracer
application alows usersto coordinate the measurement and sourcing
activitiesof up to four SourceMeter instruments a once, and collect volt-
age and/or current readings from any of the ingruments, aswell asa
timestamp for each measurement set. The example software developed
for this application note programs one SourceMeter ingtrument to sweep
voltage or current while another one is stepping current or voltage, alow-
ing collection of complete test sequences. Resullts can be exported to a
Soreadisheet for dataogging, cdculation, and andysis. This software rep-
resents asimple method of collecting important device characteriticsin
afamiliar format. The techniquesincorporated into the software can
simplify experiments.

Whilethe LabTracer software provided is only an unsupported
example programfor use with Keithley SourceMeter ingruments; this
modular gpproach offers severa advantages over atraditiond curve trac-
er sysem. For example, a SourceMeter ingrument’s automated measure-
ment features offer greeter flexibility for making awide array of other
lab experiments. These ingruments also provide more source/meesure
range options than a curve tracer becauseit’'s possble to choose an
ingtrument that offers the specific ranges needed. By using aWindows
pletform to collect and store data, the LabTracer software dlows control
and datainterpretation without using a floppy disk.

Keithley has dways taken its respongihility to provide affordable
technical solutions for researchers and students serioudy. This system
combines basic device characterization with greater functiondity and
versdility than ever before available at an economical cost. When used
in conjunction with Keithley's measurement handbooks and other lab
packages, this setup offers a useful upgrade for dmogt any teaching lab.

Test System Setup

Sdecting the most gppropriate SourceM eter ingtrument for a particular
applicationisacriticd first step in configuring atest sysem. This deci-
sionis based largely on the voltage and current levels required. All of the
ingrumentsin the SourceMeter line operate in dl four quadrants, i.e,
they can source or sink voltage or current while measuring both voltage
and current. Howevey, it'simportant to remember that each SourceMeter

ingtrument is designed to accommodate different current and/or voltage
ranges. For ingtance, if one of the sweeps for a particular test requires
sourcing more than 220V, aModel 2400 SourceMeter ingrument would
be inadequate—a Mode 2410 High Voltage version would be required
becauseit can source up to 1000V. Similarly, if high Step currentsare
needed, the Mode 2420 High Current version is probably the best choice
because it can source up to 3A. For even higher current levels, the Mode!
2440 5A ingrument may be required.

The example software was written to allow essy ingtrument swap-
ping as gpplication needs change. Therefore, aMode 2410 can replacea
Modd 2400 in atest rack to usethe Modd 2410's high voltage capabili-
tieswithout changing any other software settings. If more precise low
current measurements are required, the software d <o offers the option of
aubgtituting a more sengitive ingrument, like the Moddl 6430 Sub-
Femtoamp Remote SourceM eter instrument. The Model 6430 can be
used as a Source-Measure Unit (SourceMeter) with the LabTracer soft-
ware Smply by connecting it like a Series 2400 instrument, except thet it
requires sourcing and measuring between the red (HI) and green (LO)
leads on the triax-to-dligetor clip cable. The black leed from the triax
cableisthe guard, which must float to ensure proper functiondlity in this
setup. To dlow greater testing flexihility and more affordeble system
Upgrades as needs changes, the example software uses only commands
that are common to the entire SourceMeter line.

The next step after selecting the correct SourceMeter modelsisto
determine the number of these ingtruments required. LabTracer software
supports up to four SourceMeter ingtruments for testing four-terminal
devices such as FETs. To determine how many instruments will be need-
ed, first consider the types of devicesto be tested and how many sources
will be needed during any single test.

Once the types and number of ingruments needed are decided, it's
timeto integrate them into a system that the LabTracer software can con-
trol. Firgt, connect the set of SourceMeter ingrumentsto one GPIB bus
by daisy-chaining the GPIB cables. Then, connect the ingrumentsto the
computer using either a KPCl-488 or KPCMCIA-GPIB card. Also, con-
nect the SourceMeter instruments together usng Model 8501 and 8505
Trigger Link cables. For two ingruments, one Modd 8501 cable will be
required. To integrate athird SourceMeter instrument, add aModel 8505
cable and another Modd 8501 cable. For four instruments, two Model



8505 and three Modd 8501 cables are required. Refer to Figure 1 for pecific
connection guidance.
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Figure 1. GPIB connections

Finaly, after powering up the ingruments, use the menu key to enter the
communication configuration and set each ingrument to a unique GPIB Address
number. Be sure to record and save these numbers because it will be necessary
to enter themin the LabTracer gpplication in order to complete the communica:
tion link.

To help ensure measurement accuracy, make certain the output LOs of dl
the SourceM eter instruments are connected together when connecting the DUT
to theingruments. The only time to make an exception to this rule is when pur-
posdly attempting to float one of the sources. For the sake of brevity, Source-
Meter ingruments are referred to as SMUs in the LabTracer software interface.
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Figure 3. Configuration with two SourceMeter instruments

Example: In thistest setup, the trangstor emitter is grounded. The LO out-
puts of both SourceMeter instruments are connected to the device'sthird pinto
ground it. If abiasis needed on the third termindl, add another SourceMeter
ingtrument with the HI connected to the device and the LO connected to the LO
of SourceMeter 1 and SourceMeter 2. The output LO of every SourceMeter
ingrument should be connected to ensure the correct potentials are present.

The LabTracer software includes some important timesaving features,
including file- and data-saving functions. The Options panel dlows saving pro-
grammed test configurations for leter recell and reuse. The* Save Datd’ feature
on the Sheet panel can smplify preparing reports on multiple tests. Collecting
datainatabular format alows exporting it to a spreadsheet, where data from dif-
ferent tests can be compared or multiple elements from the same data set can be
grgphed. With the LabTracer program, the dropdown boxesfor thex and y axes
on the Graph pand make it easy to change the elements on the graph. Complete
test setups can be created and saved, including functions, values, and dll
SourceMeter settings. This makes testing easy once user test sets are defined.
Use the Open hutton on the Options tab to open these tests.
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Fi gure2. Trigger Link connections
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Test Descriptions BLabTracer

The LabiTracer software supports making many standard testswith SourceMeter # of Sweeps [Points per sweep | Execute | bt 4 RRY| M4

Clear Data mm

instruments. The following example describes atest that usestwo Model 2400s
to create atransistor curve family. The variables settings shown in Figures5-9

will return detasimilar to thet shown in Figures 10 and 11 when connected to a Definition s
gtandard BJT device like the PNP 3906 used for this example.

Alfter starting LebTreer from the start menu shortout, ashort splaeh mes it st window fo sach SHU. To onter setup chek the bultons below.
sage will appear, followed by the main interface window, displaying the Options \E
tab (Figure4). The sweep number and points per sweep displays areindica- SHU setup
tors celculated from the val ues sdlected in the SourceMeter set-up windows. The
Execute button is for running atest, the Abort button stops atest after its current sweep | |
sweep, the Clear Data button will erase al datafrom the Sheet and Graph tabs, SMUZ setwp | — DUT
and the Exit button exits the program. The Options tab allows opening and sav- bias e
ing configuration files, sdlecting anumber of SourceMeter instruments, and create a bitmap in MSPaint or select

. . from our list. To change the graphic
mng the hdp fllS. click below.

1. Sdlect the number of SourceMeter ingtruments connected to the GPIB bus @
and that are to be used for thistest.

2. Click the Definition tab to continue setting up the test.

Figure5. Definition tab

F=|LabTracer

# of Sweeps I Points per sweep Execute m KEITH L EY 3 ChOOSE ab'tmw o rqum the dB/ICE uma test from the Délnltlon

| Clear Data | Exit | LabTracer panel (Figure5). Click the Change Graphic button to sdlect from the

¥ avalableimages.
Definition Options . . .
4. Figures6 and 7 illugtrate the diaog boxes used to set up the SourceMeter
P——TIT ingruments. Note that the diaog boxes for the two SMUs are very similar.

LI 1 SHU only [sweep]

_I 2 5MUz only [one sweep per bias step)

LI 3 SMUsz [one sweep per bias step with a constant zource SMU)
LI 4 SMUz [one sweep per bias step with 2 constant zource SMUsz)

T
GP-IB address of SMU1 SMUT timeout (s)

Set values for source sweep SMU. Only OK saves changes.

|slarl!level 0 Sweep I ForceFunction
_I Linear _I Sweep Yoltage
Sy l:l ;I Logarithmic ;I Sweep Current

First. verify the number of Keithley Sourcemeters you have connected.
Then, click on the definition tab above to configure your SMU=z. Finally,
after executing the test. view pour results in the graph or sheet windows.

=If you would like to zave thiz configuration to a LabTracer file or open
a previously saved test configuration file click one of the options below.

HOTE: Saving configuration does not save test data only setup information.

Dpen test file ‘ Save As | ‘ Help |

|Flange!l:ompliance| 0.1

“ Eancel

Figure 4. Options tab

Figure 6. SMU1 Setup
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T
GP-IB address of SHU2 SMU2 timeout (s)

Set biaz values. [SMU 1 sweeps: at each biaz step value]

start/level Active Bias SMU?
yes

"

step ForceFunction

|Ealculaled # of Sweeps EI ﬂ Bias Voltage
Bias Current

5
Sweep Ranging || Measure NPLC

IF a selection is grayed out it must be enabled by either
activating the SMU in setup or adding SMUs under the options tab.

Data to be collected J on

| off

_ | sMut voltage | 5103 Valtage
_I SMU1 Current ;I SMU3 Current
_ | sMu2voltage  *| 5MU4 Valtage
_I SMU2 Current LI SMU4 Current

|F|anggj[:gmp|iancg ¥ |10 Only DK zave: changes.
T

Figure 7. sSMU2 Setup

;I timestamp J formula

5. SMU1 isthe sweeping SourceMeter ingrument and SMU2 isa bias unit. Dnly OK saves changes.
Make certain the hardware bus address of each instrument matchesthe ' ' ' Cancel |
correponding number in the GPIB address dropdown boxes. Set area “ -

sonable timeout period (typically 10-30 seconds) for communication and
et up your sweeps and bias levels. If SMIU2 is activated, then one sweep Figure8. Data configuration
of SMU1 occursfor each step value. The number of sweepsis updated

and displayed in the grayed out display box. Notice the voltages and cur- =lol x|
rents can be positive or negative. The dtart, top, and step values for each Formulator

SMU determine the direction and a“Fj'tUdeOf the SNa), aswel asthe Use the data set and function buttons below in addition to
number of p0|ntsth8t will be collected. One measurement is made for numbers and arithmetic operators [+.-.%.7.").

eech sweep vue of SMUL The complianceis asafety limit for thetest.

The assigned SMU will not exceed thislimit, but may cut off the graph if

thewmd|mce5£ too low. SMUl dso hasan autormgesﬁtlng When . SHMUT ¥ . -. .. . SMU4 Y .
enabled, this function dlows making more precise measurements through- i i i i |

out the sweep, but it will take longer between measurements, and the time : | .. .. L= |
between pointsis more likely tofluctuate dightly. When these variebles derivalive(data, Ydata) m log10(data)
are et correctly, click OK and return to the main window. Open only one : 1 = T
set-up window & atime. Click OK to save changes. ntegrateldata. Vdata) | _

e.g. formula: SMUTV/SMU2V+denivative[SMU2Y _SMU21)

6. Enter the data configuration panel (Figure 8) by clicking on the
Configure Data button on the Definition pandl (Figure 5). When the box
to theleft of the dataset is yellow this datawill be collected. Adjust these

setings as needed, then set the ranging and speed variables m
7. If theformuladatais activated (the light is turned on), then click the

formula button to bring up the Formulator (Figure 9). From here, enter a
formulausing the TestPoint function calls. For more informetion on func-

Figure 9. Formulator

tioncalls, open thgTESI‘ PT.hIpfiIein the de)Tra:a” I.nsdl pack The . 8. Sart thetest using the Execute button. To observe the resullts, dlick ether
math function section contains acompletelist of functions. Thisformulais the Data sheet tab (Figure 10) to see the datain atable or the Graph
not checked for vaidity, so if the formulaisincorrect, it may return incor- sheet tab (Figure 11) to seeit in graphical form.

rect data or cause errors like divide by zero during the test. Fed freeto
ignore any errors and continue the test because formula errorswon't affect
the collected data
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T LabTracer

- [ 3
# of Sweeps ||Points per sweep | Execute m KEITH LEY
N KR - oo 1) 7

Definition

Optiong

Data for additional sweepz are in separate columns.
To find the next sweep scroll right until column names repeat.

Save Data

DataSheet

SMU1 Current
4. 146467E-07
0.0001 435407
0.0002300901
0.0002344737
0.0002356899
0.0002367569
0.0002377404
0.0002386719
0.0002395605
0.0002404181
0.0002412434

[sMU2 Voltage
-0.4955759
-0.4955082
-0.3815415
-0.2818322
-0.1818173
-0.08182987
0.01816713
0.1182045
0.2181946
0.318188
0.4182034

| SMU2 Current
-9.999786E-07
-9.999779E-07
-9.999779E-07
-0.999782E-07
-9.999782E-07
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Figure 10. Sheet

# of Sweeps | | Points per sweep | Executs m KEITHLEY
. Clear Data EM

Options

To zave graph click ingpect below, then File->print to gend to printer or
Edit-> copy and then paste into M5Paint as a graphic or M5Word or
Motepad as tab delimited data. Select data to be graphed with menusz below.

Y Axis: SMU1 Current = || X Awis: [SMU1 Voltage x| _Inspect |

0.0014
0.0012

0.0010
0.0008 -
0.0006
0.0004
0.0002

0.0000

Figure 11. Graph

9. After thetest is complete, save the data or edit and save the graph as need-
ed. The Save Data button on the Sheet panel dlows saving comma:
separated valuesin text files that can be easily imported into mogt andlysis
and preadsheet programs. The graph can be saved asagraphic by dlick-
ing Ingpect on the graph, then selecting Copy from the Edit menu that
gopears on the window. Functions like zooming, auto-scaling, and printing
are ds avallable here. Double-click the graph to change propertieslike
trace markers, colors, titles, and linear or logarithmic axis scaling.

10. Return to the Options menu to save the test configuration.

Keithley Instruments, Inc.

For any further questions or information, refer to the help documentation
on the Options pand or contact Keithley Instruments directly. Refer to the peci-
fications for the SourceMeter family of instruments or call Keithley's applicar
tions department (1-838-KEITHLEY or 1-440-248-0400) to determine which
mode isbest for a particular application. Data sheets and specifications for these
indruments are avalable a www.keithley.com.

Test System Safety

All SourceMeter ingtruments are capable of outputting harmful or lethdl volt-
ages. Itis possble to reach the full power potentias of the instruments using this
example software. Take specid carein protecting the contacts during testing so
that injury will not result. As long as the instruments are plugged in, dangerous
levels may occur with or without the LabiTracer software running, depending on
programming, mechanicd failure, or other singlefault errors. Never operate the
ingruments while touching any part of the device or circuit and do not exceed
voltage or current specifications of the device under test.

It isthe responghility of the test syem integrators and indallersto make
Sure operator and maintenance personnel protection isin place and effective.
Thisresponsibility dso includestraining in the safe use of the tegt system.

Equipment List
The following equipment is needed to set up the LabTracer test system described
inthisnote.

¢ Oneto four SourceMeter instruments (2400, 2410, 2420, 2430%, 2440,
6430.) *LabTracer doesnot alow pulsed measurements, o the Model
2430 functions only in DC mode.

+ Modd 8501 and/or 8505 Trigger Link cables, based on number of
SourceMeter ingruments. Refer to Figure 2 and the accompanying expla:
nation of Trigger Link requirements.

+ Modd 7008-X GPIB cables (one per SourceMeter ingtrument)
 KPCI-488 or KPCMCIA-GPIB interface card.

+  Windows®-based PC to run example software.

+ Cabling to connect SourceMeter instrumentsto test devices.

o Ingtal pack for LabTracer example software available for download from
www.keithley.com
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