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Keithley SMU Simplifies |-V Testing
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Simplified SMU Circuit

One SMU can replace entire rack of equipment!

Measures

SMU /-\ Current
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SMU vs. DMM: Measuring Resistance

DMM W' DMMs usually measure

resistance by sourcing a
Current Volt- fixed current and
Source Meter measuring the voltage drop

C‘) R across the resistor:

The user has no control over
the test current.




SMU for Measuring Resistance

Here are the two most common ways to measure resistance:

®

Source Voltage
Measure Current

Method for
High Resistances
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Source Current
Measure Voltage

Method for
Low Resistances




Model 2450 versus 2400
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_____
5-inch Touchscreen Graphical Interface

- Multi-point Gestural Operation

defbuffer1 Script: No CONT =

Measurement Row =)kl 55909 kQ

BN..1.00000 mA

Source row offers swipe
capability for multiple
screens

Local defbuffer1 Script: None CONT +3* &t W Local  defbuffer! MmmE  Scrip:None @~ CONT % 4 § GPIB T defbuffert

.....




lcon-based Menu System

Fewer configuration steps — faster speed to answer
« Everything you need to quickly configure the Model

2/

Trigger Scripts System

E ..[: A® ﬂ

Graph Templates Event Log

B &8 & -
i

Sheet Configurable Manage Communication

Create Config Settings
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Information




.
Graphing and Data Display

Convert raw data to informatiqn

Scale
2.2uA _
« Graph Plot d
2pA_
. . . 1.8pA_
o X-axis: Source, Time, or Points
1.6pA
14pA_
Versus 1.2uA_
. 1A —
o Y-axis: Measure or Source B00NA_

600nA
400nA —

200nA— | | | | | | | | | |
1.95V 2V 2,05V 21V 245V 22V 225V 2.3V 235V 24V 245V
X: defbuffer1: Source XMin: 2.0V XScale: 50mV/DI1V

Y: defbuffer1: Measure LIN YMin: 200.0nA YScale: 200nA/DIV

DATA SHEET
NGl defbuffer1 [P SR A Jump to [l Refresh |

Time Source Measure
12711 14:34 +1.900956 V +0.30032 pA

+ Display Data Sheet
o Swipe through table
o Use Navigation knob to scroll through data

o Click on a data point to get full details
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SR RSB R (Laser Diode)

LIVESEMLDAIR

[ Model 2500 |E Model 2500
measure measure back
sphere Ip, 2400/2420/2440 facet lpp
Sweep | & 112
measure V|

. Laser Diode L-1-V Sweep Test Demo
LIV Sy Test Pax:
KEITHLEYRE
01

Laser Diode L4V Sweep Test Demo

Optical
fiber

2510 or 2510-AT | .
Stabilize Temp N e

2500INT

Integrating Sphere
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Low Resistance Measurement Challenges & Solutions

(BRI bR SRR T 5

phit BRI B

Lead Resistance errors 4 wire (Kelvin) Technique
SFH&HEEIRE ABIETIAR

Thermal EMFs Offset Compensation or
H 1 Zh Delta Mode

B ME/Deltatii =,

Oxide Breakdown
Prevention (applies to
circuits that are opened
and closed often —
connectors, switches

Dry Circuit Protection
(Voltage Clamp)

T H B R

 relays)E 4L BRI




Lead Resistance in 2 Wire Ohms Circuit

285 PN R B PRy S fE

DMM/ohmmeter

RLEAD

I@ @ ng Measured

resistance

LO R EaD

Rieasured = Rs + Rieap + RiEaD




4-wire Ohms —to minimize Lead
Resistance Errors

A ZNIFE P —R/ VA SRR E

DMM or ohmmeter

Test current (1)

Source HI RLEAD
s
\
Sense HI RLEAD P el
@
y A
! @ Vv Vg Rs Measured
resistance
Sense LO RLEAD
()
Source LO RLEAD
O

V1 = Voltage measured by meter
Vg = \oltage across resistor
Because sense current is negligible, V, = Vx

ahd-measuredresistance = Vu _ Ve
I




Thermal EMF errors

IREE)ARE

DMM

Equivalent
signal source

Unwanted Thermocouples are created when

 Dissimilar metal are connected together

» Temperature gradients exist in the circuit




Delta Mode (Current Reversal Method)

Deltat®z\, ( BitRMAGZE )

Note: This Method is used with 2400 & 2182

VTHERM
1
+20 pA I"' Hi 1000 nV
Current Source 2182
DUT =
0 Source + 20 uAL L)  Delta <V> 10 mO VDELTA = 200 NV
-20 pA o LO
At+ 20 pA: At-20 pA:
V, = 200 nV + 1000 nV V, = - 200 nV + 1000 nV
=1200 nV =800 nV
V.-V -
VDELTA = 1 . 2 _ 1200 nV2 800 nV — 200 1V

By reversing current, Delta Mode significantly reduces effects from thermal voltages.




Imp

ESI

roved Delta Mode

HADeltatmz,

Note: This new Method is used with 6220 or 6221 & 2182A

VTHERM
1
+20 pA 7 1000 nV
! r Curent s 2182A "
0 urrent Source <> A<> DUT v = 200 1V
Source +20 \=/ Delta \V 10 mO DELTA

-20pA L MA

At+ 20 pA: At-20 pA: At+20 pA:

V, =200 nV + 1000 nV V, =-200nV + 1010 nV V, =200 nV + 1020 nV

=1200 nV =810 nV =1220nV
Vl B V2 V3 B V2
VDELTA = 5+ 5 - 1xnY +2205 WV =000V
2

Improved Delta Mode eliminates effects from thermal voltage drift
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Improved Delta Mode Is EASY to USE!
ESI HHYDeltatRVAEE ZFEF !

6220 or 6221 & 2182A

KEITHLEY

DELTA ARMED

Press TRIG to start.

6221 DC AND AC CURRBRENT SOURCE
MODE—Z
T
L
(] 1 z 4
. C ADOR o TRIG UNITS RE
POWER B 7 B
& aave pETUR)  (TRux | Ave M
1o CED @
L I

First Press DELTA to arm
Then Press TRIG to execute

@ e 6220 or 6221& 2182A also can be used with free software



The BEST Low Resistance Solution
EVER!

B R4 LEERIFAIEBE NIRRT 5% |

6220 or 6221/ 2182A Delta Mode

622X controls the 2182A. The pair act as a single
Instrument for trouble-free programming and operation.
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Electrometer Overview

BRI

Electrometers measure volts, ohms and amps - - just
like a DMM (plus charge)

* Low-current measurement{KEE i,
» High-input impedance on voltsi= i \ B E i
- High-resistance measurementsiE;NL;

NOTE: An electrometer is not a good choice
for low-voltage measurements.

T | R AAEEENTAVERILRRE

26



& BFIRENESIEAL~m : FREIT
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ZINge(FBIE, BB, FBRE)

QNEEEEEE - 1080
QNIEFEKER - 10aA

(10x10-18A) @R

QDCEEEMNESWMNETT -

200TQ
Q+1000ViR ({X6517B)

Model 6517B#%EE/ErENE TNESDH

iR REE Ex AFERE
FE 3R DMM DMM B3

Atto — Femto — Pico — Nano —Micro-Milli 1 Kilo — Mega — Giga — Tera — Peta — Exa
1018 10 1012 10° 106 103 10° 103 106 10° 102 10% 1018



High-Resistance Measurements

nl‘ﬂ")lhi\‘.

High-Resistance Measurements - -

200GQ to 200TQ
Built-In Current Source NN
€, > Rx
—AAN RN
n / 4+ A/D
S e R
\V/ \Y,
Model 6514 Model 6517B, 6487
(apply constant I, measure V) (apply constant V, measure )




LOW current measurement

plications -

uring FET Gate

FEIE R IR A,

\I

\W

1&%mui'ﬂ]1ﬁl‘" = O RiFai:
. :

Leakage & Channel Currents

A

* SRICIT Sy GEGN
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Eilicon Detector

100mm™ Apariurs ar e
\ with Photopic Fitar
— __[L;
[ J LED
Under
Tast |

Spectrometer

o

V

dededede

Model 6514

Photodiode |

(no incident

light)

o

v,
T EURDEN }Total nﬂset:

] I % CAL Vioprser | voltage = 0
I
I

648

5 Picoammeter




Low Current Measurement Capability
ZaMil=E<

(KRRt eE

e Current is most used function of electrometers

W R R I {E AR SHITIRE

* Low range — to fA and aA (1E-15 and 1E-18)
(REFE—rIEIA & aA

* Low offset current (<5fA vs. 100pA for DMM)
(RImERIR

* Low voltage burden

(AN D E

> Feedback ammeter not a shunt ammeterZEo. ZIEZEXMAE S mLEE
o <1mV ve 200m\ far DMM



High-Input Impedance, >200TQ
iR ., >200TQ

HI
vV _— Cy —— Electrometer
T LO

Example:
Electrometer used to measure voltage on a capacitor

NOTE: An electrometer is NOT a good choice for low voltage
measurements. A nanovoltmeter, like a 2182, should be used.

it FEREITAZENNAOIEREIRRE, MIEERMRAR , 112182,




High Impedance Voltage measurement
plications

n[‘ﬂ?)‘blﬁr Wﬁtr- F

° ReSIStIVIty measurements of semiconductors

FSAREYERRE ZR I
« PH electrode measurements
PHEEARIE
 Dielectric absorption of capacitors
% Glass electrode  HI
R, 3 [
Reference electrode LO
6 Model 6514

Electrometer

mmmmmmmmmmmmm ~ | Voltage Source Output

Model 6517A

— Electrometer/Voltage Source
Ry
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