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I What is a Source Measure Unit (SMU)?

= SMUs are precision instruments for sourcing current or voltage and
simultaneously measuring current, voltage and/or resistance with high
speed and accuracy.

Source Measure Unit (SMU)

True Current Source
Electronic Load
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What is a Source Measure Unit (SMU)?

SMU Compared to DMM: Resistance Measurements

User can chose which method to use based on DUT and tests:

DMM

ﬂl Method
L 2 O

SMU
Force-V Both Force-l|

Measure -l Methods Measure-V

Best for Best for
High Resistances Low Resistances
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What is a Source Measure Unit (SMU)?
SMU Compared to Power Supply: What are the differences?

Power Supply

SKIU Instrument

Typical Power Supply
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Versus
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Speed l
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Resolution Currant Currant
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Application
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I SMU Applications Span Electronics R&D and Industries

Transistors

Solar Panels Diode BEN CEtSE
LED’s, Lights OLED Displays Power Semi Discrete
& Cells Modules : :
Semi Devices
_——

Implantable Electro- Nano-materials, Printed/ Baticies

Medical Chemistry nano- Flexible components,

Devices electronics Electronic sensors

Research, Design Validation, Characterization,
Performance Testing Versatile!
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Resistivity Measurement

The Model 2450 or 2460 can be used to measure the resistivity of a wide range of materials
including conductive coatings, semiconductor wafers, solar cell materials, e-Inks, etc.

Indium Tin Oxide

Model 2450 SourceMeter
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Four-Point Measurement

-The four-point collinear probe resistivity measurement technigue involves bringing
four equally spaced probes in contact with the material of unknown resistance. The
probe array is placed in the center of the material.

- A known current is passed through the two outside probes and the voltage is sensed at
the two inside probes. The resistivity is calculated as follows:

n \Y
p = ™% X T xtxk
where: p = the volume resistivity (Q-cm)

V = the measured voltage (volts)
| = the source current (amps)
t = the wafer thickness (cm)
k = a correction factor based on the ratio of the probe to wafer diameter and
on the ratio of wafer thickness to probe separation

] Vv
o = T_ X x k
In2 I
where: o = the sheet resistance (£2/square or just Q)
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Four-Point Measurement

A correction factor (K)
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Correction
0.5
0.5734
0.6462
0.7419
0.8089
0.8665
08972
0.9204
0.9475
0.9628
0.9788
0.888%
0.8945
0.9981
1

The table shown directly below pertains to sheet
resistance measurements made in the center of
a circular slice.

d/s = diameter of sample divided by probe
spacing (probe spacing being the distance
between any two adjacent probes).

For example, a 4mm diameter sample probed
with a four point probe with 1mm tip spacing
would have a correction factor of 0.6462.

A 100mm wafer measured with a four point
probe head that has 1mm tip spacing would
have a correction factor of 0.9991.

Source: SEMI MF84-02 -Test Method for
Measuring Resistivity of Silicon Wafers With an
In-Line Four-Point Probe.
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LED |-V Characterization

With the ability to source and measure current and voltage all in one unit,
the SMU is an ideal tool for testing optoelectronic devices such as LED I-V

characterization.

LED I-V Characteristics
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LED, HBLED Characterization

= Common measurements made in | I

I/V characterization of HBLED’s
Vs test l

* Forward Voltage (V¢)
» Reverse Leakage Current (I;) —)_/

V
- Reverse Breakdown Voltage (V) 7\ test

/VR test
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Short circuit

I Photovoltaic Solar Cells (PV Diodes) — Source & Sink

Maximum Power

V=0

I=Isc
I-V Curve
A

Current (a)
g 85858¢5 8¢
= = = p-J b= = =

Irradiated

Dark
0

Ve=Vmp
I=Imp

2 215 5

When lit a PV
cell creates
voltage/current
so SMU acts
as a settable

| active load
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Solar Panel Testing Using the Model 2450

0.8 Force HI
0.6 f Sense HI
04 Solar Cell
5 Light OFF g e
E— 02 | Sense LO &
o 0 i Force LO
= 1] 0.2 04 0.6
E 02 Solar cell graphs can be generated over the bus or on
3 Eg Light ON the front pael user interface of the Model 2450
- GPIBE T defbuffer] Script: Mone
08
. -0.15197A
Voltage (volts) .
T
I-V Sweeps of solar cell taken with the cell 288

in the dark and with the cell illuminated.

Large user interface can display derived solar cell I-V
parameters such as the maximum power, short circuit
current, and the open circuit voltage.
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Battery Discharge Test Using the Model 2450

2300mAH AA Battery

Discharged at 460 mA (0.2 C)
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2 4
Time (Hours)

Local

~0.45943 A
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Model 2450 Touchscreen
Display can be programmed
to provide updated test
data to user such as battery
voltage, load current, and

elapsed test time.
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Battery Charge/Discharge

Charge Cycle Discharge Cycle
SourceMeter SourceMeter
Force HI Force HI
-
A N\
+ +
—1 Ve —1— Vs
— Vs — Vs
| Force LO | Force LO
SourceMeter in Source Mode SourceMeter in Sink Mode
Vs> Vg Vs < Vg
SourceMeter Functions as Power Supply SourceMeter Functions as Electronic Load
Charge Current (i) is Positive Discharge Current (i) is Negative
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Battery Discharge Test

ENERGIZER NH50-2500

Classification:
Chemical System:
Designation:

Specifications

Rechargeable
Nickel-Metal Hydride (NiMH)
ANSI-1.2H4

Nominal Voltage: 1.2 Volts
Rated Capacity: 2500 mAh* at 21°C (70°F)
1.4
13 __________________________________________________
1250 mA
2l P T (0.5C) —
o 2500 mA
=11 | (1.00) |
3 5000 mA
1.0 (2.0C)
0.9
0.0 0.5 1.0 1.5 2.5

Hours of Discharge
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FET Test Using Two Model 2450’s or 2460’s or both

MOSFET , , ‘
3.5E-02 Drain Force HI

-—
3.08-02 A Sweeps Drain
Force HI Voltage (Vo)
2.5E-02 Y Source and Measures
- y —_— Drrain Current
a——\/G =3V -1 “E".:'
2.0E-02

3 =
:‘% T eo4v Steps Gate A L
5 = Voltage (Vg) L Force LO ]
élSE-OZ Ve =Sy —_— .
3
5

1.0E-02 - .

7 Force LO
5.0E-03 -
0.0E+00 T T T T \
0 . N 2 3 4 > Controller (with gpibinterface) | TSP-Link is used
ain Voltage (volts)
to synchronize
Anyone recognize these??? Gpb nertace the gate voltage

with cable

stepping and
drain voltage
2450 #1 (TSP-Link set to Node 1) 2450 #2 (TSP-Link set to Node 2)

sweeping of the
two units.

CA-180-3A Crossover Cable for tsp Link
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App Note Available to Support Model 2450 or 2460
Resistivity Measurement and Battery Cycling

KEITHLEY Number 3247

A Tetronix Company

Application Note
Series

Introduction

Electrical resistivity is a basic marerial properry thar quantifies

2 marerial’s oppositon o ourrent fow; i is the reciprocal

of condwcrivity. The resistivity of 2 marerial depends upon
several factors, inchuding the marterial doping, processing, and
environmental fBcrors such as remperarure and humidity. The
resastiviry of the marerial can affect the characteristics of 2 device
of which irs made, such as the series resistance, threshold
voluage, capacitanoe, and other paramerers.

Dierermining the resistivity of a marerial is common in both
research and fabrication environmenes. There are many methods
for derermining the resistivity of 2 marerial, bur the rechnique
may vary depending upon the rype of marerial, magnitude of
the resisance, shape, and thickness of the marerial. One of the
most common ways of measuring the resistivity of some thin, flar
materials, such as semicondwcrors or conductive coarings, uses
a four-point collinear probe. The four-point probe technigue
involves bringing four equally spaced probes in comact with a
material of unknown resistance. A DC current is forced berween
the ourer rwo probes, and a volimeter measures the voluage
difference berween the inner two probes. The resistivity is
calculared from geomerric factors, the source current, and the
volmpe measurement. The instrumentation used for this vest
includes a DO currens source, a sensitive voltmeter, and a four-
poin collinear probe.

To simplify measuremenis, a single inscrument, the Model
2450 SourceMeter® Source Measure Unit (SMU) Instrument,
can be used. This instrument can source and measure both

Figure 1. Model 2450 SourceMicter SMU Instrument with the Lucas, Signatane
Corparation (Cilrey, CA) Model SP4 4-Paint Prabe Head and 5-302 Test Stand
measuring the resistivity of a sample.

Resistivity Measurements Using the
Model 2450 SourceMeter SMU Instrument
and a Four-Point Collinear Probe

current and voluage and can be configured w display resistance
or resistivity. The Model 2450 enables the user to choose a test
current over many decades (from picoamps o amps), as well
as measure volage with resolution in the microvolt range. The
Model 2450 is picoured in Fipnre I connected 1o a Signatone
four-point collinear probe. This configurarion is ser up o
measure the resistivity of a semiconductor wafer.

This application nowe explains how o perform resistiviry
measurements on marerials using the Model 2450 and a four-
point collinear probe.

The Four-Point Collinear Probe Method

The four-point collinear probe technigue involves bringing four
equally spaced probes in contao with a maverial of unknown
resistance. The probes, mounted ineo a probe head, are gentdy
placed in the center of the wafer as shown in the resistiviy test
circuir in Fignre 2.

Source current
from 1 toa

Mezasure voltage
between 2 and 3

4-Point
Callinear Probe

Number 3221
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Application Note
Series

Introduction

Bechargeable, or secondary, bareries are commondy wsed

ini place of disposable baneries in elscronic devices such as
lzpiops, video game conrallers, mobile phones, digiz] cmeras,
and remoee controls. In an effon w improve upon o replace
existing bamery wechnologies, researchers are sudying ways
increase hamery (e and, an the mme time, decease e cost of
rechargeable banesies. Common types of rechargeable hareries
inchude Li-ion (Lithium Jon), S-MEH (Nicke] Mem| Hydride), and
B (Mackel Cadmirem). The charamenisics of 2 rechargeable
bantery are commonly resied wsing discharge and charge oydling.
Cycle wems provide mibomason abow the banery soch as is
imaemal cheminry, capaciy, number of useable cpdes, and
liferime. In production w=ming, a dischargeicharge cpde is ofien
pericamed a0 verify bamery specifications and o ensure it s

o defecve

A rypical baneery dischargecharge west serup ofien inchudes
2 programmable power supply, an alecomanic load, 2 volomeer,
and an ammeter. Narery wming can be simplified by using a
single instrument, the Model 2450 ar Model 2480 SourceMerer
Source Measure Unit (SM17) [nstnamem, cthar has the Bexibilny
o sourcefsink currem 25 well 2s meansre vohsge and current
By using the Mode] 2450 or 2460, the user only nesds w sz up
a2 single unit instead of an endre rack Full of squipment Asa
resuly, the SourreMeer can charge up the banery by sourcing
currens, discharge the banery by dissipasing powes, and monims
the banery’s volmge and load osrrene

Figure 2. Four-paint prabe resistivity test circait.

The two outer probes, 1 and 4, are used for sourdng cwrrent.
The vwo inner probes, 2 and 3, arc used for measuring the
resulting volage drop across the surface of the sample.

The volume or bulk resistivity (p) is caloulared as follows:

x V L
P =453 ik
where:

p = the volume resistivity (C2-cm)

V = the voltage measured berween probes 2 and 3 (volape)

I' = the magnirude of the source current (amps)

Mode! U50 W40
=100 ¥ g =L 05 &
=21V g =154 =MW =4 A
Chutpus =210V o =105 mh =0 ¥ =5 &
STV =Th

Figwre I ilhsmines a rypical sysem far chargeddischame
cyding using the Model 2450 or 2460

Rechargeable Battery Charge/Discharge
(Galvanic) Cycling Using the Keithley Model 2450
or Model 2460 SourceMeter™ SMU Instrument

Battery Charging,/Discharging

Bares for consmne ourrent charging and discharging are
defired in erms of the bawery's capadry, which is the amount
of elecrical charge than the bamery n store. The capacty &
spedfied in milliampere-hours (mAH) available and should be
expressed in werms of 2 discharge, or load, currena. The rae a
which the discharge currens will discharge the endre banery in
one hour is known as the Corme. Far example, 2 baery raed ar
HHHimAH willl ougpu 1000mA for one hour if discharged ax 10
W2 S00mAH cell is discharged an S0mA, then it is discharged ar
one-ench the Corawe (0LIC) and therefore mn source $imA for
en hours.

Test Diescription

For hodh the charging and discharging cycles, the Model 2450
or Model 2460 SowrceMeter SMU Iesmnamen is confliguered o
soumrce volzge and mezsure ourrene. A simplified cirouit dagram
of both the charge and discharge oycles is shown in Figure 2.

Charge Cyde Discharge Cycle
Forca HI Foaca HI
——, -—
iy i
+
! r Yo
W= W=
Foeoa LO Fore LO
1450 or 2460 Sowro=MetEr 2450 or 1450 SouroeMeber
SourcaMatar in Sourm Moda Sourrakatar in Sink Moda
% ey Ny

Sourcaiitor funcions
= Hedronic Load
Discherpe: Dumont () b Nogaive

Sourciiotnr funcions
= Power Supply

Charga Current (1) & Pt

Figure 1. Madcl 1450 SaerccMicicr SHU nwirumcnd shows reslb of fcating
 AAA baticry.

Figurs 1. Charge and discharge dircuit dagram.

A banery is wenally charged using 2 consmne current. This
is acromplished using the SourceMeer 25 2 volage souree se
o the volage rating of the banery with the desired charging
ourren se1 2 the currem limin. Ar the smn of the e, the
bantery volmge & less than the voha ge owipun setcng of the
SourceMmer. As a resulr, thiz volage difference drives 2 currene
thar is immedimely Emited vo the wseradefined current Emic
When in current Emit, the SourceMecer is acring as 2 consane
curren source uniil i reaches the programmed volrage level. As
the banery becomes fully charged, the currens will decrease wmil

ral KEITHLEY

A Tektronix Company

Tektron/iX®




App Note Avallable to Su
Photovoltaic Cells and Characterization of Diodes

port Model 2450 or 2460

KEITHLEY Number 3234

A Tekironix Company

|-V Characterization of Photovoltaic Cells

Application Note
Series

Introduction

Solar or phowvolwaic (PY) cells are devices thar absorb photons
from a light source and then release clecrons, causing an electric
current o flow when the cell is connected o a load. Solar
panels are just a collection of solar cells connected in series and
parallel thar provide more power than just a single, smaller cell.
Researchers and manufacourers of PY cells and panels surive
e achicve the highest possible cificicncy with minimal losscs.
As a resulr, electrical characwerization of the cell as well as PY
materials is performed as part of research and development and
during the manufacruring process. The curren-voleage (1-V)
characterization of the cell is performed o derive imporant
parameters abour the cell's performance, including its maximum
current {1, and voltage (V). open circuit volage (V, ), shoro
circuir current (L), and its efficiency ().

These 1V characteristics can easily be generared using
a Keithley Model 2450 or Model 2460 SourceMerer SML
Instrumens, which can source and measure both currene and
volage. Because both SourceMeter instruments have four-
quadrant source capability, they can sink the cell currens as
a funcrion of an applied voloage. Table 1 shows the power
envelope of both the Models 2450 and 2460,

Model 2450 3460
ZI00 V@ T105 A
=20V @ £105 mA THVE td 4
Ourpur® 31V @ LB A =MV 154
STVE LT

#To sink higher currens levels, use Kenbley Mode] 26514 High Power Sysem
Source Meter Inmrument, which cam sink up w 204 ar MWD,

Table 1. Power Envelopes of Model 2850 and Model 2460 SourceMeter

instraments

This application nowe explains how o simplify 1V
characterization of solar cells and panels by using the Model
2450 or 2460, shown in Figure 1. In particular, this applicaion
note explains how o perform 1V westing from the front pand of
the instrument, including how to generare graphs and save data
o a USE drive. It also derails how to suromare the measurements
OVeT 4 communication bus.

The Solar Cell

The solar cell may be represented by the equivalent cirouit
muxdel shown in Figure 2, which consists of a lighrinduced
current source (1), a diode thar generanes a samuration current
[Ig(es™ — 1)), series resistance (r,), and shunt resistance (ry,).
The series resistance is due 1o the resistance of the mexal
contaces, ohmic losses in the front surface of the cell, impuriy

and Panels Using the Keithley Model 2450 or
Model 2460 SourceMeter® SMU Instrument

Solar Cell

Mool 2450 Solar Panes

Figure 1. Models 2450 and 2450 making |V messurements on a salar el
and = salar panel

concenrations, and junction depth. The series resistance is an
important parameter because it reduces both the cell's shore-
wircuit current and its maximum power ourpur. Ideally, the series
resistance should be zero ohms. The shunr resistance represents
tthe loss due w surface leakage along the edge of the cell or o
wrystal defeows. Ideally, the shune resistance shoubd be infinite.

Figure 2. dealized equivalent circuit of a photovaltaic cell.
If a load resistor (R,) is connected w an illuminared solar
«cell, then the ol curren: becomes:
I=Igfet™ -1 -1,
where: 1, = current due to diode sanration
I, = current due w optical generation
Several parameters are used o characerize the efficiency
«of the solar cell, including the maximum power point (P,

KEITHLEY Number 3225
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Introduction

Diodes are rwo-terminal elecoronic devices thar typically enable
current i flow in one dircoion (forward bias) and block the
curremt from fowing (reverse bias) in the opposie direction.
However, there are many rypes of diodes thar perform various
funcrions suwch as Zener, light emiting (LEDs), organic light
emiming (OLEDs), Shocklkey, avalanche, phowodiode, ec.
Each of these specific types of diodes can be differentiared
by their currentvoltage (1V) characreristics. 1V westing of
dicsdes is performed in research kabs as well as in a production
environment on packaged devices or on a wafer.

1V characterization of a diode rypically requires a sensitive
ammerer, volrmeter, vidtage source, and current sounce. Being
able to program, synchronize, and connect all these separare
instruments can be cumbersome and dme consuming, as well
as require a considerable amount of rack or bench space. To
simplify testing and recwee rack space, a single unit, such as
Keithley's Model 2430 SourceMerer SMU Instrument, is ideal
for diode characierization because it can source and measurc
both current and voleage. The Model 2450 can sweep the source
volrape and measure current over many decades (1094 mo 14),
which is required for diode westing. These measurements can
be generared awmomarically over the bus or just as easily via the
large wuchscreen, which enables the user o set up tests and
graph them on the screen. The Model 2450 is picrured in Fipure
I sowrcing volrage and measuring current on a red LED har is
connected 1o its inputs in a four-wire configuracion.

= e

+0,12341 A

Figgure 1. Model 2450 SourceMeter SMU Instrument measwring the 1-W
characteristics of & red LED.

This application nowe explains how o perform 1V
characrerization on diodes easily using the Model 2450
SourceMerer SMU Instrument. In particular, it describes how
wr take, graph, and store measurements using the frons pancl
user interface, as well as how w amomare the measurements
over the bus.

Easy I-V Characterization of Diodes
Using the Model 2450 SourceMeter"
SMU Instrument

Diode IV Tests

In general, the paramerer resting of diodes typically involves
being able o source and measure both current and volage over
a wide range. For example, while sweeping a forwand voluage
from OV to abour 1V, the resulting measured current can range
from 10724 w 1A However, the acual magninedes, the types

of IV wests, and the parameters exwracted are dependent on the
pamicular dindes w be tested. To vest an LET), the user will wanr
w measure the luminous intensity 2s 2 function of an applied
current, whereas an engineer westing a Zener diode will want vo
know the “clamped” or Zener voltage at a pardoular st curment.
However, there are many common tests among the various types
of dicdes.

A rypical diode IV curve is shown in Figure 2 indicating the
forward, reverse, and breakdown regions, as well as common
test points, the forward volage (Ve), leakage current (Ty), and
the breakdown voltage (V). The forward volage west (Vi)
involves sourcing a specified forward bias current within the
normal operatng range of the diode, then measuring the
resulting volrage drop. The leakage current est {1g) determines
the low lovel of currcnt that leaks across the diode under reverse
volage conditions. This vest is performed by sourdng a specified
reverse voltage, then measuring the resuling leakage current.

In the reverse breakdown voltage test (Vy), 2 specified reverse
curremt bias is sowrced and the resulting volage drop across the
dinde is measured.

Forward Ve

Vpd & Ravars
Ereakdown

Figure 2. Carrent-valtage curve of a typical diode showing the forward,
reverse, and breskdown regions.

Making Connections from the
Diode to the Model 2450

The diode is connected w the Model 2450 as shown in Figure 3.
A four-wire connection is made 1o eliminate the effects of lead
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I The World’s First Touchscreen
Source-Measure Unit Instrument

* Touchscreen GUI
for Simplified User Experience

* Wider Operating
Range to Meet Future Test
Requirement

« Serve New Applications
Beyond Traditional Electronics

The Keithley Model 2450 or 2460 SourceMeter
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