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Welcome to SW-Test Workshop !

e SW Test is a Probe Technology Forum ...
— Focused Technical Workshop for Wafer Test Professionals
— Practical solutions to real problems
— Balanced mixture of semiconductor manufacturer, and supplier as well as collaborative presentations

e Informal Conference ...
— Friendly workshop format focused on technical exchange
— Great social activities to facilitate networking and informal discussions
— Meet new people, talk about probe and technology, and have some fun !

e SW Test pursues a “Green Initiative” ...

— Downloadable eProceedings and enviro-friendly practices
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SW Test 2017 e-Proceedings ?

www.swtest.org

Password for Sunday = poppy
Password for Monday = columbine
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SW Test is focused on a green initiative and reduced waste
from unnecessary printing.

Each day of the workshop will be available in an e-Version
for download in a password protected file.

— Goto.. http://www.swtest.org
—  Ballroom WiFi Password =

Free WiFi access will be available during the entire
workshop to allow attendee access to the downloads.

Daily passwords to the download files will be announced
through each day, respectively.

The non-password locked files will be made available in the
SW Test Archives after the workshop adjourns.



Twenty-Seven Years of Probe Technology !

Thanks more than 8500 attendees that have attended !
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SW Test 2017 International Participation

2017

477 Pre-Registered
(~16% more than 2016)

PAC - RIM

T

:; ~_EUROPE

9%
ROW
1%

29 out of the 48 Presentations have at least one international author !
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Ever Changing Semiconductor Landscape
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Merger Fever Continues into 2017

Biggest Semiconductor Acquisition Agreements

Ranking Acquisition-Buyer (Year Announced) Price Tag (5B)
1 NXP by Qualcomm (2016) 539.0
Broadcom by Avago (2015) 537.0
NXP (Qualcomm)
4085 T ARM by SoftBank (2016) 532.0
' Broadcom (Avago) SanDisk b"," Western Digit-ﬂ| [1ﬂ15} 519.D
Freescale by U.5 Investment Companies (2006) 517.6
Altera by Intel (2015) 516.7
Linear Technology by Analog Devices (2016) 514.8
LTI (ADI) Freescale 0fv. Groug) Freescale by NXP (2015) 511.8
Altera (Intel) Burr Brown by Tl (2000) 57.6
/ Freescale (NXP) LSl |:,1:|,- Avago (2013) 55_.5
Spansion (Cypress) - -
Burr Brown (T) National Semiconductor by TI (2011) 56.5
LSI (Avago)  National (TI) ATl (AMD) ATI b‘g" AMD [EUDE} 554
Chartered (GF) .
Spansion by Cypress (2014) 55.0

i Agere (LS))
Agere by L5l (2006) 54.0
Chartered by GlobalFoundries (2009) 53.9

Semiconductor Merger Season Over?

Top 15 Semiconductor Acquisitions by Announcement Date

SanDisk (Western Digital)

Acquisition Price
o]
o
(ve)
L

icinsights il Source: Companies, |C Insights (2017 McClean Report)
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Merger Fever Timelines

Semiconductor Merger Timelines

a Rumour Toshiba F

o Announced NXP G Qualcomm
Linear Technology Q e Analog Devices

e Completed

Canyon Bridge

e Renesas

Fairchild 0
PMC-Sierra o—e Microsemi
Micrel o—e Microchip Atmel o—e Microchip
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J. Broz

1Q16 Top 20 Semiconductor Sales Leaders
(SM, Including Foundries)

1Q15 ; 1Q15 1Q16 1Q16/1Q15
Compan : Headquarters
Rank pany 9 Tot Semi | TotSemi | % Change
1

Intel® Us.
Samsung . South Korea
TSMC (1) Taiwan
Broadcom Ltd. (2)* |  Singapore
Qualcomm (2 U.5.
SK Hynix . South Korea
Micron (VA
TI U.S.
Toshiba Japan
Euro
Infineon Europe
MediaTek (2) Taiwan
ST Europe
Renesas Japan
U.S.
GlobalFoundries (1)* | U.s.
Nvidia (2) U.5.
Sony Japan

1Q16
Rank

UMC (1) . Taiwan

.S,
[ 6% |
(1) Pure-play foundry {2) Fabless supplier
* Includes IntelfAltera, Avago/Broadcom, NXP/Freescale, and GlobalFoundries/IBM sales for 1Q15 and 1Q16.
**Custom processors for internal use made by TSMC and Samsung foundry services.
Source: Companies, |G Insights’ Strategic Reviews Database
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1

2
3
4
5
[
7
8
9

10

Overall Semi Industry Trending

Top 10 Worldwide Semiconductor Sales Leaders
(Excluding Foundries, SB)

1993 | a0 | s | 2o 117

Intel 4 Intel Intel Intel 57.0 Intel

MNEC . Toshiba Samsung Samsung 44 3 Samsung
Toshiba : NEC T Qualcomm (1) 154 5K Hymix
Motorola v Samsung Toshiba Broadcom (1) 15.2 Micron

Hitachi - Tl L 5T 1 SK Hynix 149 | Broadcom (1)
Ti J Motorala Renesas . Micron 135 | Qualcomm (1)

Samsung . 5T L Hynix ' Tl 12.5 LL

Mitsubishi J Hitachi Freescale Tashiba 10.9 Tashiba
Fujitsu 1 Infineon MXP J NXP 2.5 NXP

Matsushita . Philips MEC . MediaTek (1) 8.8 Infinean

Top 10 Total ($6) ar2 | woea| 0 ws2| 2021
SemiMarket($B) 1088 | 2186 2655 | 3656
Topl0%ofTotalSemi a3% | 4o |  4s% | 5%

Source: IC Insights (1) Fabless
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Global Market Demand and Market Share

2016 Total Global Semiconductor Market: $339 Billion
Percent of Semiconductor Demand, by End Use

Communications

—L

PC/Computer

Automotive

Consumer

Industrial/Gov't

Note: Gov't is <2% of the Industrial/Gov’t category, and military end-use is included in Gov't.
Sources: World Semiconductor Trade Statistics (WSTS).
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Global NAND flash market share

Unit: %

Samsung Toshiba
Electronics 194
35.4

Others

0.2
Intel Western Digital
6.7 154

SK Hynix Micron
10.1 119

Expanding NAND flash market

Unit: & billion

a7 425 443 o

36.2

2016 2007 2018 2019 2020

Source: HS




Changing of the Guard ?

Intel has been the world's biggest chipmaker by revenue since January of 1993

Samsung Could Displace Intel in Top Spot in 2Q17

Intel ==O==Samsung
$16,000
$15,197 515,759
$15,000

$13,000 o
_ $11,758

$11,000

$10,000
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$9,000

$8,000
1Q16 2Q16 4Q16 1Q17 2Q17E

Source: Comapny reports, IC Insights Quarter
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Changing of the Guard ?

Intel has been the world's biggest chipmaker by revenue since January of 1993

Top Semiconductor Companies Revenue
Change versus pricr quarter in local Curmenc

H E
1017 Comments om 20 reveflie
B.6%

2.7% high end +0.7%
SAMsUng Semicondustorn A% wa  solid demand
Qualcomm - 3, high end 11.6%
Broadcam na 10 guidance, 20 on June 1
SK Hynmin mia strong ORAM demand, pricing
Micran Technology % Includes Inotera as of 1017
Texas Instruments 4.3%  high end +8.7%
Tozhiba na  delayed financials
NXF Semiconductors -3.4% n'a pending acquisfbicen by Qualcormm
MediaTek “18% high &nd +4.5%
Infineen Technolboges A high end +5.0%
STNSTOMSCIONNGE 20% Inigh 8hg +0. %
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Changes to the Semiconductor Landscape

Worldwide total in US$bhn

O = US$30bn

$256.3

ving from a #1 Consumer to becoming a Device Producer

$305.6

$208.3 $299.5 $291.6

$248.6
$226.3

2008 2009 2010 2012 2m3

China's 2008-2014 share of consumnption market basad upon McClean Report 2015
(MCR 15) market history. Regional share of worldwide consumption market is based
upon Gartner and adjusted for dislocated purchases.

$335.8

$353.6

Source: Semiconductor Industry Association (SIA), McClean Report 2015 (MCR 15), Gartner Dataquest (GDQ), CCID Consulting (CCID)

Alpha & Omega
Fujian Jin Hua
GigaDevice
GlobalFoundries
Hua Li Micro
Fowerchip
Samsung

SMIC

Tacoma
Semiconductor

Tsinghua Unigroup

TSMC
UMC

Yangtze River
MemoryXMC

Chongging Power Discrele
Fujian DRAM

Hefei DRAMFlash
Chengdu Foundry
Shanghai Foundry

Hefei Foundry

Xian 3D NAND (Phase 2}
Beijing Foundry

Shanghai Foundry

Shenzhen Foundry

Manjing CMOS Image Sensor thd

Chengdu Foundry tbd
Manjing DRAM thd
Manjing Foundry 2016
Xiamen Foundry 2015

Wuhan 30 NAND 2016

thd

2018/201%

2018

2017
thd

Source: SEMI World Fab Forecast, 2016
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Changes to the Semiconductor Landscape

oving from a #1 Consumer to becoming a Device Producer

i Begin Begin
® Company . Loil uct' Construction ~ Production
o Ch I na to be 15% Of Wo rld Fa b Alpha & Omega Chongging Power Discrete
Fujian Jin Hua Fujian DRAM 2018
H GigaDevice Hefei DRAM/Flash
CapaCIty by 2018 GlobalFoundries Chengdu Foundry 2018720159
e Once (if) all FABs move into production AR I b o
e China’s total 300mm-equalvent output is R A -
. . | Fona
projected to more than triple Shenzhen | Foundy 2018
Tan:qua tor MNanjing CMOS Image Sensor
» From 400,000 wafer starts per month today to |l SRR N N
more than 1.4 million by 2020 e e >
TSMC Manjing Foundry
e 60% of the output is geared for memory and L N Eanay

Yangtze River Wuhan 3D MAND

40% f or I o) gi C. Memory/XMC

Source: SEMI World Fab Forecast, 2016
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Semi Market Growth Predictions

e —— Worldwide Semiconductor Revenues

Year-to-Year Percent Change

O% 2% 10% Ele Billions/$

| | | | 35 80
C nsights (1c), [N 1% = 2017

March ! 30 60
2018

25 40

Gartner, April
20 20

Mike Cowan, May ; ; ; ) 15 \‘.\r, Y - 0
i ) : 1 v -20
Semiconductor v /
Intelligence, May ' '

March 17 = 18.1% Y/Y -40

-60
Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan. Jan. Jan.
'96 '97 'S8 '99 00 'O1 ‘02 03 'O4 OS5 06 O7 ‘OB '09 M0 11 M2 13 44 15 6 "7

—Revenue s Y[Y % Change

Source: WSTS
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Ever Changing Semiconductor Landscape
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J. Broz

Probe Card Industry Revenues

$1,849

TOTAL PROBE CARD RELATED REVENUES ($M USD)

$1.751
$1620 °L659
$1.516
$1362  $1,368  $1,370

2013 2014 2015 2016 2017 2018 2019 2020

Copyright © 2017 by VLSI RESEARCH INC. All rights reserved. Thanks to John West and Risto Puhakka!
Reprinted by SWTW with permission from VLSI RESEARCH INC.

SW Test Workshop | June 4-7,2017

21



2016 Revenues by Technology

2015, $1,304M

Blade/Tung

o ﬂl
Other Advanced 7% sten 1%

Epoxy/Cantilever
17%

Vertical 23%

MEMS 52%

Copyright © 2017 by VLSI RESEARCH INC. All rights reserved.
Reprinted by SWTW with permission from VLSI RESEARCH INC.

Thanks to John West and Risto Puhakka!

2016, $1,307M

Blade/Tung
5 e
Other Advanced 8% sten 1%
Epoxy/Cantilever
15%

Vertical 23%

J. Broz SW Test Workshop | June 4-7,2017

22



Top Probe Card Vendors in 2016

Top 10 Semiconductor Probe Card Vendors 2016
Revenues in $M, Calendar Year (excludes service and spares)
Rank
2016 2015 Company 2015 2016 % Change

(D) FormFactor, Inc. 280 335 16.4%
(2) Micronics Japan Co., Ltd. 230 180 -27.8%
(3) Technoprobe 120 124 3.2%

(4) Japan Electronic Materials 100 95 -5.3%
(5) MPI Corporation 75 90 16.7%
(7) SVTCL 45 50 10.0%
(10) Microfriend 30 40 25.0%
(9) Korea Instrument 35 40 12.5%
(6) Cascade Microtech 65 35 -85.7%
(11) FEINMETALL 30 30 0.0%

1
2
3
4
5
6
7
8
9

Other (Rest of the Industry) 294 288 -2.1%

Semiconductor Probe Cards 1304 1307 0.2%

Copyright © 2017 by VLSI RESEARCH INC. All rights reserved. Thanks to John West and Risto Puhakka!
Reprinted by SWTW with permission from VLS| RESEARCH INC.
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27th Annual SW Test Workshop

e Technical Program for 2017
— Technical Tutorial on Sunday
— Nine Podium Sessions and Two Poster Sessions across Three Days
— 32 Podium and 8 Poster Presentations

e Products / Services EXPO
— 42 full size booths ... SOLD OUT !
— EXPO does not compete with Technical Program

e Corporate Sponsors Program ... MANY THANKS !

J. Broz SW Test Workshop | June 4-7,2017
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G%a @ TECHNOPROBE

J. Broz

Falvnl GoBAL SERVICES SRGANLIATION

Platinum Sponsors

L’Ii)’f “HARBOR
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Gold and Silver Sponsors

Gold Sponsors

SYNERGIE »
CAD PROBE star 2

STAr Technologies

Silver Sponsors

R&D [J ADVANTEST EH s ()J

Altanova.

J. Broz SW Test Workshop | June 4-7,2017 20



“We’re not in it for the money ...”

e SW Test Team has worked closely with the RBI staff such that every
attendee has free parking, in-room internet, no resort fees, WiFi access
during the entire workshop, and the best on-site conference room rate for
this level of property.

e SW Test Executive Team ...
— Jerry Broz, Ph.D., General Chair and Sr. Member IEEE
— Rey Rincon, Freescale Semiconductor, Technical Program Chair
— Maddie Harwood, CEM Inc., Finance Chair & Registration Coordinator

J. Broz SW Test Workshop | June 4-7,2017 2



“Who’s Really to Blame ...”

e Program Committee ...

John Caldwell (Micron Technology)
Darren James (Rudolph Technologies)
Patrick Mui (JEM America)

e Steering Committee ...

J. Broz

Gunther Boehm (FeinMetall GmbH)
Michael Huebner, Ph.D. (FormFactor)

Amy Leong (FormFactor)
Clark Liu (PTI - Taiwan) SW Test is organized, coordinated,

Mark Ojeda (Cypress Semiconductor) and executed through the efforts

Joey Wu (MPI - Taiwan) of your colleagues.
Karen Armendariz (Celadon Systems)

Al Wegleitner (Texas Instruments)

Sang Kyu (SK) Yoo (Samsung Electronics — Korea

Fred Taber (Taber Consulting) ... Emeritus Member

Gary Maier (IBM) ... Emeritus Member

Stevan Hunter, Ph.D. (ON Semi / BYU Idaho) ... Emeritus Member

SW Test Workshop | June 4-7,2017
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Technical Program / Agenda

e Sunday, June 4, Technical Tutorial on Sensors and Sensors Testing

— Sensors at Test - “Magnetic” Probe Cards
Dr. Rainer Gaggl and Georg Franz (T.I.P.S. - Austria) and Al Wegleitner (Texas Instruments, Inc., USA)

— Multiplexer™ - Innovative Vertical Probe Card Structure for High Parallelism Image Sensor Probe Card
Daisuke Miyamoto and Koji Ogiwara (SV TCL - Tokyo, Japan)

— Typical "Pain Points" in Wafer Level Testing of Mixed-Mode Sensor SOCs’

Ranauld Perez (Johnstech International - USA)

— New Inspection Solution for Probing Technology
Clark Liu (PTI - Taiwan)

J. Broz SW Test Workshop | June 4-7,2017 22



J. Broz

Keynote Speaker

Phil Nigh, Ph.D.

Distinguished Member of Technical Staff
GLOBALFOUNDRIES

@S FOUNDRIES

Emerging Test Methods ...

How Auto IC Requirements, Adaptive Testing and
Multichip Products are Changing the Industry

SW Test Workshop | June 4-7,2017 e



Technical Program / Agenda

e Monday, June 5

Registration and Breakfast
Diverse Probe Challenges
Modelling and Measurement

e Lunch (Aragon Lawn)
Memories (HBM, Cu-Pillars)
Poster Session 1 during the Afternoon Break

— Contact and Performance
— SW Test EXPO 2017 w/ Dinner served that the Reception Stations

J. Broz

e Hospitality Suites for more networking

e Even more networking at La-Taberna Bar

SW Test Workshop | June 4-7,2017
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SW Test EXPO 2017

Advantest ... Silver Sponsor

Aehr Test Systems

Celadon Systems

Chunghwa Precision Test Tech.Co.,Ltd ... Platinum Sponsor
Cohu

Complete Probe Solutions Inc.

Daeduck Electronics Co., LTD.

Everbeing Int'l Corp.

Feinmetall GmbH

Ferrotec (USA) Corporation

FormFactor / Cascade Microtech ... Platinum Sponsor

Harbor Electronics ... Platinum Sponsor

Integrated Technology Corporation
International Test Solutions ... Platinum Sponsor

InTEST Corporation
IWIN CO.,Ltd.
JEM America Corp. ... Platinum Sponsor

Johnstech International ... Silver Sponsor
Kita USA

Klet Laser Tek Inc.

MarTek, Inc.

Microfriend Inc.
Micronics Japan (MJC) ... Platinum Sponsor

MPI Corporation ... Platinum Sponsor

Nidec-Read Corporation

NTK Technologies

OpTek Systems Inc.

Oxford Lasers

Prober.com

R&D Altanova ... Silver Sponsor
Reid-Ashman Mfg., Inc.

Rika Denshi America Inc.

Rudolph Technologies

Specialty Coating Systems

STAr Technologies, Inc. ... Gold Sponsor
SV TCL ... Gold Sponsor

Synergie CAD Group ... Gold Sponsor

Tanaka Precious Metals
Technoprobe America Inc.

Teradyne Global Services ... Platinum Sponsor

T.I.P.S. Messtechnik Gmbh ... Gold Sponsor
Vermont Microtechnologies

. Broz SW Test Workshop | June 4-7,2017
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ENTRANCE

SERVICE

SW Test EXPO 2017

* QR codes on the
backside of the badges
— First and Last Name
— Organization
— Email Address

Rika Danshi

e Many Free Readers
— iTunes Store

— Android Store
Inlagrated
Technalogy D 3 g L _ D

FOOD

Reid-Ashman | Feinmetall SERVICE

SW Test Workshop | June 4-7,2017
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Technical Program / Agenda

e Tuesday, June 6
— Registration and Continental Breakfast
— Substrates - Space Transformers

— Poster Session 02 during the morning break
— CCC & MAC Methods

e Lunch (Aragon Lawn)
— Challenges of Probing Ever-Finer Geometries
— EXPO 2017 w/ Refreshments will be served

— “New Orleans River Boat” ... Casino Night and Social Club

J. Broz SW Test Workshop | June 4-7,2017
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Tuesday Social Celebrates New Orleans

e Network and Socialize from 6:00 to 9:00PM
e Cocktails, Dinner and Gambling, Golfing, Lounge Singing

J. Broz SW Test Workshop | June 4-7,2017 3



Technical Program / Agenda

e Wednesday, June 7
— Registration
— RF and Radar Applications
— Process Improvement
— Awards and Adjournment
— Box Lunch (Aragon Lawn)

J. Broz SW Test Workshop | June 4-7,2017
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Recognition & Awards

e Most “Inspirational” Presentation

e Best Presentation, Tutorial in Nature
e Best Data Presented

e Best Overall Presentation

e A presentation from SW Test 2017 will be selected for /2 semr

the TESTVISION 2020 TEST VISION
— Program on July 12 to 13, 2017

— SW Test will award a travel grant to each speaker 2020

J. Broz SW Test Workshop | June 4-7,2017



SW Test 2016 Awards

Most Inspriational Presentation

Automated Probe Card Exchange and Docking for
RADAR Products

Jory Twitchell (NXP Semiconductor)

w

Best Presentation, Tutorial in Nature

Production Test RF Calibration for Multi-DUT Probe
Cards: How to get the most accurate measurements

Daniel Bock, Ph.D. (Cascade Microtech, USA)

J. Broz SW Test Workshop | June 4-7,2017



SW Test 2016 Awards

Best Data Presentation

AMD High Pin Count Probing Challenges on Leading Edge GPU

Foo Xin Reng (AMD), Raffaele Vallauri (Technoprobe) and Claus
Ploetz (Advantest)

Nominated for Best ATE Publication of the Year

(to be announced at Test Vision 2020)

Best Overall Presentation

Probing Cu Pillar Application w/ Vertical Technologies

Brandon Mair (Texas Instruments, Inc., USA)

Nominated for Best ATE Publication of the Year

(to be announced at Test Vision 2020)

J. Broz SW Test Workshop | June 4-7,2017
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That “Special” Award ...

B i
‘-fL | Bill Mann’s
Poorest Disguised
Sales Pitch

“What happens at SW Test
stays at SW Test !!”
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Want to Learn More ?

INDUSTRY SPONSOR

INDUSTRY SPONSOR

o IEEE Holm Conference on Electrical Contacts
http://www.ieee-holm.org

e IS-Test Workshop
http://www.is-test.com

e

e  SEMITESTVISION 2020 e |EEE North Atlantic Test Workshop INDUSTRY SPONSOR

http://www.is-test.com ﬁ

e Electronic Components and Technology Conference
http://www.ectc.net

e BurnIn & Test Strategies Workshop
http://www.bitsworkshop.org

Burn-in & Test Strategles Workshop

e VLSI Research e —— e  ProbeCard Insider
https://www.vlsiresearch.com/ Technology Blog by Paul Meyer on Probe Cards
VLSlresearch http://probecardinsider.com

J. Broz SW Test Workshop | June 4-7,2017 fi



COPYRIGHT NOTICE

e The presentations included in the SW Test proceedings reflect the authors opinions and are presented
without change.

e Inclusion in any workshop proceedings (past or present) does not constitute an endorsement by the SW
Test Workshop Committee, CPMT Society, Computer Society, and/or the Test Technology Council.

e Papers previously copyrighted or with copyright restrictions cannot be presented. In keeping with a
workshop environment and to avoid copyright issues, SW Test does not officially seek a copyright
ownership / transfer from authors.

e Authors agree by submitting their work that their presentation is original work and substantially not
published previously or copyrighted, may be referenced in the work of others, will be assembled /
distributed in the SW Test Proceedings, and made available for download by anyone from the SW Test
website.
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Thanks for your Support !

e Contact the SW Test Team with any questions ...

Author

Jerry Broz, Ph.D.
General Chair

SW Test Workshop

(303) 885-1744

E: jerry.broz@swtest.org

Maddie Harwood

EXPO / Registration Coordinator
CEM, Inc.

(540) 937-5066

E: expo@swtest.org

Rey Rincon

Technical Program Chair
SW Test Workshop

(214) 402-6248

E: Rey.Rincon@nxp.com

Maddie Harwood

Finance Chair

CEM, Inc.

(540) 937-5066

E: maddie@cemamerica.com
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