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Teef M= AJEFEETF: source Measure Unit (SMU)

« Simultaneously source and measure voltage and/or current

 Perform resistance measurements

Source Measure Unit (SMU)

True Current Source

Electronic Load
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3D V-NAND Structure Innovation
( Floating Gate = CTF = 3D V-NAND )
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Floating Gate Charge Trap Flash 3D Vertical NAND
(1971) (2006) (2013)

3D Nand Flash tech. — , ,

makes the massive data I N i 15.3TB SSD

store more easier and P e
faster.

from
Samsung

From How Samsung connects to

the wordlines in the array
e 8 OCTOBER 2016 ( courtesy Techinsights) KEITHLEY

A Tektronix Company




Example of Flash Memory Cell Test Setup

All connections -' “t =
made via the '
probe station
4200-SMU 1
SENSE [T} . —{|  4225-RPM #1
FORCE D Triax cables  rorce l:
£ ]
4200-SMU 2 S -
SENSE S
FORCE
NOTE: Connect outer i ~
shields together ! ~
! ~
. 4225-RPM #2 S
Triax cables ~
~
4225-PMU e g g REN
RPM1 [J——/ e : z N
CVU Cur -
RPM2 ]—\\ o \\
RPM cable L CONTROL
GATE
(C — FLOATING
 SMUs are used to accurately o £/ &
measure V, and I
« PMU and RPM are used to
/
generate program/erase /
segments )
/

i
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[— T (10-100A TRt/ SRR (1dss, Ir/Icbo,Iceo)
Force HI ' _ ' .
rm - | — L BoR) [B3{Eak Ak LEFB E(Vth, Vf, Vbeon)
! ! 4 SenselO :
| | T | EiR R lgss, 1b)
I e N =
: : Force LO 1E[A{E#i(yfs, Gfs, Hfe, gain)
| VGS |
: — : E3ZS (Ciss, Coss, Crss)
| _— |
T isMUiE A E LRSS
Force LO ; .
SHEf/RREiE BB 22
BE mw | Dl/dm | A
RS st st 2 :
{RThER 2600-PCT-1B| 200 V/10 A 200 V/10 A| 200 V/10 A N/A
= 2600-PCT-2B| 200 V/10 A 40 V/50 A | 200 V/10 A | 200 V/10 A
BE 2600-PCT-3B| 3 kV/120 mA 200 V/10 A| 200 V/10 A | 200 V/10 A
=y
(%) AN 2600-PCT-4B | 3KV/120mA 40 V/50 A | 200 V/10 A | 200 V/10 A
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Keithley SMU Family - Instruments

2400 SourceMeter SMU Instruments

e Family of single-channel models with |-V capability from 1100V to 100nV and 10.5A pulse to 1pA
e Smart alternative to separate Power Supplies and Digital Multimeters (DMMs)
e Convenient DMM-like user interface

2450 & 2460 Touchscreen SourceMeter SMU Instruments

Industry-first 5” color capacitive touchscreen GUI
Test up to 200V and 1A (2450) or up to 100 V and 7A (2460)
Sub pA and sub pV resolution

-
2600B System SourceMeter SMU Instruments
-‘.l  Family of dual- or single-channel models with |-V capability from 10A pulse to 0.1fA and 200V to 100nV
__::“ g‘f:‘e"; s = 0 ]« TSP® (Test Script Processor) technology for best-in-class throughput and lowest cost of test
* Browser-based GUI enables testing on any PC from anywhere in the world
.
( L]
2650A Hi-Power System SourceMeter SMU Instruments
e Source and measure up to 3kV or 50A pulse, with best-in-class low current resolution
e Up to 2000W pulse or 200W DC power
e Optimized for characterizing and testing high power semiconductors, electronics, and materials
\_
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Keithley SMU Family - Systems

s ; a\
Parametric Curve Tracers

e Power device characterization up to 3kV and 100A including high quality instruments, cables, test
fixturing, and software

¢ ACS Basic Edition software features real-time curve tracing and full parametric characterization
modes

e Easily re-configurable to meet changing test needs J
. N\
4200-SCS Semiconductor Parameter Analyzer
¢ An integrated analyzer for complete and precise characterization: |-V, C-V, Ultra-Fast |-V, and Pulse
measurements
e Characterize devices, materials, and semiconductor processes with sub-fA resolution
¢ Easy-to-use Windows® GUI, modular architecture, and over 450 user-modifiable test applications
simplify complex measurement )
. )
$530 Parametric Test Systems
¢ High-speed semiconductor parametric testing with low cost of ownership
¢ Designed for production and lab environments managing a broad range of devices and product
wafers
¢ Proven SMU instrumentation technology ensures high measurement accuracy and repeatability
J
)

S500 Parametric Test Systems

¢ Highly configurable and scalable SMU instrument-based system
e Semiconductor device testing along with Automated Characterization Suite (ACS) at the device, wafer,
or cassette level

¢ |deal for SMU-per-pin Wafer Level Reliability (WLR) testing, high speed parallel test, die sort, and
Process Control Monitoring (PCM) y

KEITHLEY
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Source Measure Units Are Used in Many Places

For designers/researchers of lighting, power management,
power conversion & control circuits and related devices

Power transistor forward characteristics
Battery Load Curves
Charger simulation
Dynamic load simulation
7A DC, 10A pulsed
2460/2461 SMU
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Model 2461 SourceMeter SMU

KEITHLEY CONTINUES TO INVEST IN ITS LINE OF
GRAPHICAL SOURCE MEASURE UNITS

/: 10A @ 100V 1000W Pulse version of the

~ Model 2460 B

> 1000W Pulse Source/Sink, 100W DC 1020412V
Source/Sink 1 “100000A

o Pulses as fast as 150uS. Dedicated pulse —
screen and commands

- Dual 18-Bit 1MS/s Digitizers for
- simultaneous I&V. Store up to 5 million rdgs.

- Contact Check
74

e Succeeds the Model 2430, 2420-C, 2425-C, |
2430-C, 2440-C SourceMeter SMUSs.
Opportunity to upsell to the 2461.

e 8 OCTOBER 2016 KEITHLEY E&
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Force HI
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SolarCell-24 2450 +1.05A DC +210V 10fA/10nV
ACS Basic
2460 +7A DC +100V 10fA/10nV
+3A DC/
2601B +40V 100fA/100nV
+10A Pulse
+1.5A DC/
2611B +200V 100fA/100nV
+10A Pulse
ACS Basic
+1.5A DC/
2635B +200V 10fA/10nV
+10A Pulse
+20A DC/
2651A +40V 0.1fA/100nV
+50A Pulse

T
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1 LIGHTEFF _[vmax_ |max ISC VOLTS POWER CELLEFF __ |voc SWPCNT _|FILLFACTOR. |LIGHTPOW|INFOWER _|AMPS PMAX [
Yy
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Finish standard Solar cell characterization test in ONE MINUTE!
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Common \
(outside shield of Source W Drain
PMU coax cable) _ N
SiO, AN
Si Gate v
PMU1 Ch 1 J time
Steps Gate V PMU1 Ch 2 e
Sweeps Drain V Measure Window
Measures Drain |
Pulsed |-V Transient |-V
° ° Pulse/Measure with DC-Like Results Time-Based | and V Measurements
Train, Sweep, Step Modes Waveform Capture
50Q G) 50Q 6/> General Device Characterization Dynamic Device Testing

WA v A v PulseWidth

ch1 Ch 2 Poissipated = Vbc * lpc * _
4225-PMU PulsePeriod

XA 1 ik i B T
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= 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, etc.
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I\/Ild_-range | Keithley 4200 with 4 SMUs
esistance or 6220, 2700, 7709, software
ow _
tesistancel Kelthley 6220, 2182A, 7001, 7012-S, software
ide _
Vgsistamel Keithley 6220, 2182A, 7001, 7065, software
Id-10 Keithley 4200 with 4 SMUs and 4 Preamps
uper-high or Keithley 6220, (2) 6514, 7001, 7152, software
esistance or (2) Keithley 2636A, software
1 1 | 1 1
1uQ 1 mQ 10 1 kQ 1 MQ 1GQ 1TQ
FESHERE ()

(52Fr Total Resistance = Sample Resistance + Contact Resistance)

Sample Resistance ~ p/t
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Keithley SMU for Electrochemistry Applications

» Cyclic Voltammetry
 Linear Sweep Voltammetry
* Open Circuit Potential

« Potential Pulse and Square
Wave with Current Measure

« Current Pulse and Square Wave
with Voltage Measure

« Chronoamperometry

« Chronopotentiometry

(%) KEITHLEY B4
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Distinctive differences STl TG
SIMPLICITY and test set-up

o Configure test, run experiment, generate voltammogram plot, analyze
results

defbuffert 1 No Script i eocBuffer — ] CyclicVoltammet| 3 IDLE == A

CyclicVoltammetry Enter sampling interval units:

OpenCircuitPotential I —
PotentialPulseAndSquareWave TSI EEE—
CurrentPulseAndSquareWave F ; Ainhll

Chronoamperometry [ secrpt N maAmpt |
Chronopotentiometry O TR

W W A [ +0.00000pA | -lﬂlm

Graph Data Scale Graph Scale

+060.0pA
+044.0pA
+028.0pA
+012.0pA
-004.0pA
-020.0pA

+59.64pA
+49.70pA
+39.76pA

+20.82pA

N e
036.0pA =
052.0pA

+19.88pA

+00.94pA

-068.0pA
-084.0pA

100.0pA
+000.0mV +132.0mV +264.0mV +396.0mV +528.0mV

-00.00pA
N D RO o I s
+074.1mV +222.4mV +370.8mV +519.1mV
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Ethernet

Figure 16: Schematic for the Model 3727
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4

e 10 Card choices J = .: o0 cc
« Up to 576 two-pole e e
switching channels

per mainframe

'
| 3 remote interfaces
(Ethernet/USB/GPIB)

3700 Series should be the first consideration in any new application
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27190REKBINHRA

LV Supplies High Voltage I-Limiter

DUT Switching & Removable
Screw.Terminal Connections......

1dln § ToleMaed ‘rloﬂm

SRt L
{k.‘-*":x:;

e 0- 50mA I SourceS | s
50-500V Source (deleted in 7752) AL

& Callbratlon i LEARAN BRI SR
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27190REKBINHRA

Standard Models (Catalog Items)
2790-H: One 7751 HV card
For single- and dual-stage inflators
2790-A: One 7753 HV card
For single- and dual-stage inflators
2790-HH: Two 7751 HV cards
For dual-stage and/or parallel soak applications
2790-HL: One 7751 HV card plus one 7752 LV card
For safety integrated steering wheel applications
2790-L: One 7752 LV card
For LV-only continuity

Sub-Modules (Available only as spares)
7751 — Source/switch module with 50mA and 500V I/V sources
7752 — Source/switch module with 50mA I-source only
7753 — Source/switch module with 50mA and higher power 500V I/V sources
7702 — 20/40 channel multiplexer module (standard)
2790 — Two-slot mainframe

(7<)
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¢ DC power analysis using a
DMM7510 Graphical Sampling

Multimeter and 2280S High
Performance Power Supply.
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Example Application

More Detailed Power Consumption Info

Graph Data Trigger IDLE

Graph
+72.28mA —
+63.24mA —
+54.21mA —

+73.54mA —

+61.28mA — - - —
+45.17mA — AN Ny
+36.14mA —
+27.10mA — +36.77mA
+18.07mA —
+09.03mA —
+00.00mA

-09.03mA —
|

+24.51mA

+12.25mA

\ | | | \ | +00.00mA

114.8ms 121.8ms 128.8ms 135.9ms 142.9ms 149.9ms 157.0ms 164.
. -12.25mA

-24.51mA

|
s 8ms

o

Graph Scale Trigger IDLE ==

L
+67.23mA —
+66.21mA —
+65.19mA —
+64.17mA —

+63.15mA —

143.28752ms A2ms .32ms  .22ms .. 12ms  ..02ms  ..92ms ..82ms ..72ms

with DMM7510

Graph Data Scale Trigger IDLE ==

+73.54mA —

+61.28mA —

+36.77mA —
+24.51TmA —

+12.25mA _ — i

|
143.12651ms
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--Lawrence Berkley National Laboratory.
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Device under test

«

Ypk+ 164 02 v || Apk+ 189 97 ma

i vm 18. 46 v nm 87 48 ma
\-/ Vo Vio ALO
1 At ) N e 7498 w [va 10.362 va |

Vpk- —164 02 v | apk- -187 09 ma
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