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Keithley — The Leader in Test and Measurement For

Device and Component Industries

« Technology-leading solutions for more
than 60 years

« Expanded measurement capabilities
now include from DC to RF, from
materials to board level testing

e Test solutions for emerging
measurement needs from R&D to
production

 In-depth applications expertise

 Expert sales, service, and support
team worldwide

« Close collaboration and partnerships
with our customers

KEITHLEY
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Keithley Capabilities Expand Over Time
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Company Overview

e Founded in 1946

« Headquarters located in Cleveland, Ohio
« More than 650 employees

— Average length of service >9 years

strong cash Fusition
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Integrated Worldwide Network of Product Sales, Service,
and Application Support

Euro Americas

Asia

KEITHLEY
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Tremendous Growth of Wireless

Communication Market

« RF Market is at Inflection Point Today
— Mobile communications is the world’s largest consumer market
— Explosion of new, multi-function wireless communication devices
* iPhone
* Modules, chip sets as well
— More bandwidth, multiple formats
 WLAN (802.11x)
 WIMAX
e AGLTE
« UMB
— Shift from voice to data
* Need for more bandwidth
* Rise in MIMO (multiple input, multiple output) technology

KEITHLEY
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Continuing Evolution of RF Technology

GSM W-CDMA  TD-SCDMA HSPA DVB-H

! ! | : : » LTE
3GPP &
3GPP2 ™
Collular GMSK =) QPSK = QAM mm) OFDM 4G
A
cdmaOne cdma2000 1xEV- DV & 1XxEV-DO MediaFLO™ '///‘
| | I : 4’ UMB //
/
/
SISO = MIMO 5/
T
WLAN & /)
WirelessMAN 802;11a—b—g—j 8302.16e 8(I)2.11n 802.1I6e Wave?2 //
; . . . >
Signal 200kHz Emp 1.23MHz 5MHz 20MHz 40MHz
Bandwidth - 1 - - -

Frequency 800MHzmmp 1.8GHz mmp 2.1GHz mmp 2.4GHz mmp 5.8GHz
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More device demand is driving more C-V Testing

What Is C-V Testing?

A fundamental research and process
development tool

Helps assure quality and reliability of
semiconductor devices

Particularly important for gate dielectric quality

Provides a wealth of device and

process information:
o dielectric thickness
o bulk and interface charge characteristics
0 doping profiles
o0 and much more

KEITHLEY
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Keithley’s Industry Leading RF Test Systems
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Introducing the 2800, 2900 Family

4GHz and 6GHz VSA's and VSG's

 4/6GHz frequency range

« 40MHz analysis bandwidth

« 80MHz generation bandwidth
* Mobile-WiMAX

e WLAN 802.11n

« MIMO Ready

KEITHLEY
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Keithley’s Technical Leadership is Changing the Traditional Paradigm
with the Award-winning RF Vector Signal Analyzer & Generator

The first next-generation RF instrument platform for
RF communication test needs today, and tomorrow.

‘/High-speed measurements — reduces cost of test,
shortens time-to-market

‘/High accuracy and repeatability — ensures high product
quality and high production yields

‘/High flexibility — increases return on investment

‘/Low cost — extends capital budgets

KEITHLEY

2900-series VSG
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Keithley’s DSP-based SDR Architecture Optimized for

High Speed, Accuracy and Flexibility

Graphics Display [
and User Interface

Windows-CE

uP
Host

<::> External PC

LAN, USB or GPIB via SCPI
LXI Class C

500 MHz

100 Msa for VSG

32 Msa for VSA* Waveform< > RF Hardware
RAM \ ‘ Control
RF RF
Input _ | Dual Output
ADC FPGA #— P
40 MHz DAC 40 MHz
BW BW
DDS Synthesizer ~ 100 MHz { 100-200 MHz ~ DDS Synthesizer
Electronic Attenuator 14 bits Digital 16 bits Electronic Attenuator
~ i Up/Down - .
1 msec tune time , Converter \ 1 msec tune time

Y
Signal / Spectrum Analyzer

* Limited to 30 sec sweep times. Up to 50 Msa can be utiliz !<EITH I_EY

V
Signal Generator
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Model 2820 Vector Signal Analyzer

« 6GHz frequency range
40MHz signal bandwidth
Test a wide variety of signals
— 802.11x WLAN signals
— 802.16e mobile-WiMAX signals

— GSM, EDGE, W-CDMA,
cdma2000, SISO WLAN, and
more...

KEITHLEY
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Model 2920 Vector Signal Generator

Frequency range to 6GHz
Up to 80 MHz bandwidth
100 MSamples of arbitrary

waveform memory generator
Test a wide variety of signals

— 802.11x WLAN signals

— 802.16e mobile-WiMAX signals

— GSM, EDGE, W-CDMA,
cdma2000, SISO WLAN, and
more...

KEITHLEY
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MIMO: The Future of RF Technology

« MIMO uses multiple antennas for both
transmission and reception

e MIMO systems provide:
* Increased data transmission rates
* Increased signal bandwidth efficiency
e Up to 4X4 channels

KEITHLEY
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What is SISO?

Single-Input Single-Output

Traditional WiFi — SISO Architecture

. el o I
Y | Redio - Mac |

. J
Y

Single Data Channel

 Oneradio, only one antenna used at atime (e.g., 1 x 1)
* Antennas constantly switched for best signal path
 Only one data “stream” and a single data channel

KEITHLEY
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What is MIMO?

Multiple-Input Multiple-Output

MIMO Architecture
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Single Data Channel “~-_____ 4 signals received by each
] ] ] antenna = up to 16 signals to
 Multiple radios and antennas used at a time decode.

» Radios constantly optimizing best signal paths
 Multiple data “streams” in a single data channel
* Number of antennas may be different (e.g., 4x 3)

KEITHLEY
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The Need for MIMO Testing

« Who is using MIMO testing?
— Technology research
— Product development and production

— Wireless equipment designers and
manufacturers

— Manufacturers of modules and sub-assemblies
— RFIC devices
— Researchers investigating MIMO RF technology

— R&D designers and manufacturing engineers
working on wireless connectivity solutions and
defense/aerospace applications

KEITHLEY
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Introducing MIMO RF Test System

2895 Synchronization Unit, 28011 Measurement Software

« Taking single channel
instrument to the next step

KEITHLEY
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Industry’s Leading 4X4 MIMO RF Test System

* Industry-Leading Performance

— Flexible 2, 3, or 4-channel
configurations

— 40MHz signal bandwidth

— 1 nsec signal sampler synchronization

— 1 nsec peak-to-peak signal sampler
jitter

— 1° peak-to-peak RF-carrier phase jitter

— High-performance: -40dB EVM (Error
Vector Magnitude)

— Uses standard MIMO-ready
instruments

— Industry leading signal analysis MIMO

software
KEITHLEY
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Keithley’s MIMO RF Test Solution Solves MIMO Testing

Challenges

‘/High-speed measurements — reduces cost of test, shortens time-to-market

Keithley’s innovative, high-performance DSP SDR instruments make it fast and easy to test
Wide scope of test from R & D to production

‘/High accuracy and repeatability — ensures high product quality and high
production yields

Complicated OFDM/MIMO signal structures
‘/High flexibility — increases return on investment
Easy migration path from SISO to MIMO test

‘/ Low cost of test per channel — extends capital budgets

Unique DSP SDR architecture provides new industry leading price point

KEITHLEY
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Model 280111 MIMO Signal Analysis Software

Industry leading PC-based
signal analysis tool

Multi-channel analysis of
802.11n signals

Supports analysis of 4X4
MIMO signals

K
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Generator  Anclyeer  Displays  Options  Help
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Keithley’s RF Products Re-define Communications Test

e DSP-based Software Defined radio
platform supports testing for today
and tomorrow

‘/High-speed measurements

‘/High accuracy and repeatability

‘/ High flexibility

‘/ Low cost

KEITHLEY
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Expanding Keithley’s
Model 4200 Semiconductor
Characterization System with
New C-V Capability

Model 4200-CVU:
C-V As Easy As |-V

KEITHLEY

A GREATER MEASURE OF CONFIDENCE




www .keithley.com

¥ REC-VIA ) e 1Y) 5 B #4200 SFAA%FIE
SRS

4200-CVU:
HC-VIRE I-VIR—REA 5

KEITHLEY




www.keithley.com

Capacitance-Voltage Testing Built on Industry Leading

Model 4200 System

e Up to 8 medium- or high-power SMUs

 Dual-channel pulse and waveform
generators

* Integrated digital qscilloscope

e C-V Instrument

e All controlled by KTEI software environment

e Supports external instruments, switch
matrixes, probers, hot chucks, and test
fixtures

o Streamlines test setup, sequence control,

and data analysis
KEITHLEY
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What Is C-V Testing?

« A fundamental research and process
development tool

T » Helps assure quality and reliability of

< semiconductor devices

= R

- = o Particularly important for gate dielectric quality

e Provides a wealth of device and

process information:

- C o dielectric thickness

o bulk and interface charge characteristics
0 doping profiles

o0 and much more

KEITHLEY
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Who’s Making C-V Measurements?

d 95% of All Wafer Fabs  Typical Applications

« device characterization
modeling

process monitoring

new material development
reliability improvements

O 75% of All Wafer Labs

Model 4200-CVU will typically be used for on-wafer C-V testing

KEITHLEY
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Keithley’s Model 4200-CVU Instrument

* Integrated directly into the 4200-SCS
chassis

« Measure capacitance from attoFarads
nanoFarads (nF)

« Test at frequencies from 10kHz to 10M

* Fully-configured system, that includes
cables, connectors and test library

« Most comprehensive test libraries and
sample tests

* Integrated into KTEI software interface

 Users at all levels perform
C-V tests like experts
KEITHLEY
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Industry’s Most Comprehensive Software for

Immediate Expert C-V Measurements

« Ready to run right out of the box

x|
° Fam I | I ar po I nt_an d _CI I C k I nterface | Inst. rrrrr tlé: oV Instrument Madek KICWL et Smessing
 Setup, run, and sequence tests —
e Analyze and graph results | e—t3 { e
. Stop: |5 [v =l
« Manage projects, test, and data Y T
. . . DataPoints: [&1
« Bundled with a wide variety of B
sample projects for quick start up NS
|Cr_Ba |Gp_Ba |DCv_Ba |F_Ba J—c LG
Paameters: [CoGp 7| DCV. F [Hz) 7
[NOTE: B -» B to &) [V Status Eompensation|
Cancel |
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Forcing Functions / Measure Dptions - (Device Terminal: B Instrument

r Instrurnent Infarmation

Instrument 1D: CyvLA Instrurnent

Model: KICYL Mode: Sweeping

r— Forcing Function

LU Woltage Sweep

¥ Master [ Dual

Advanced |

— CWU Yoltage Sweep Function Parameter
— DC Bias Conditions
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Only System Offering Advanced Diagnostic Tools

e Confidence Check button
with advice

_p p
1.80e-9 241.66e-9

* Real-time front panel control e

EEIENDETE CVL Settings

« Isolate and validate portions ) (I
Of teSt SEtUp Frequency: m Hz " Fast J

Yolkage: 30 my RMS f* mMormal

Range: m 7 uiet

DiC Bias Conditions

DZ Bias: a W
oK | Cancel

Confids

oK Cancel
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Faster C-V Than Ever

e Shorter Test Program Development Time

61

8 bundled C-V test libraries

Broad range of sample tests with parameter extraction examples

Includes sample data from actual devices

Software supports user developed programs

Well documented and open environment allows users to easily modify sample projects

Enables customized analysis and parameter extractions

KEITHLEY
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Fully Integrated Hardware and Software

 Exceptional measurement speed, accuracy,
and efficiency

* Advanced digital design for high
performance

4200-CVU instrument speeds up
test times

KEITHLEY
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Model 4200-CVU

Keithley Takes the Lead in C-V Testing

-V, C-V, and pulse measurements in one test system
Smallest form factor

Easily move from one kind of test to another
Powerful software for test and data management

Investment protection

— Model 4200-CVU compatible with every 4200-SCS
ever built

— Easy upgrade path protects user investment while
providing latest technology

— Lowest cost of ownership
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Model 4200-CVU Re-defines C-V Testing

C-V as easy as |-V
« Best user experience with the shortest learning curve
Faster C-V than ever
* Included libraries and sample tests shorten or eliminate development
« Modern, high performance circuitry — eight patents pending
The most complete Semiconductor Characterization System
* Most applications served by a single semiconductor test instrument
Best cost of ownership
« Lab managers increase productivity in characterization and modeling

KEITHLEY
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