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Presentation / Copyright Notice

The presentations in this publication comprise the pre-workshop
Proceedings of the 2016 BiTS Workshop. They reflect the authors’
opinions and are reproduced here as they are planned to be presented
at the 2016 BiTS Workshop. Updates from this version of the papers
may occur in the version that is actually presented at the BiTS
Workshop. The inclusion of the papers in this publication does not
constitute an endorsement by the BiTS Workshop or the sponsors.

There is NO copyright protection claimed by this publication. However,
each presentation is the work of the authors and their respective
companies: as such, it is strongly encouraged that any use reflect
proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the
author/s or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks
of BiTS Workshop.
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Distinguished Speaker — Abstract

The semiconductor markets have been going through
downturn in recent quarters. At the time of this speech,
the recovery is around the corner if not already
underway. Is semiconductor industry ready to exploit
new technologies to drive the next cycle? What will be
China's role this time? What is required from test? We
will have numerous opportunities, technologies and
devices that will drive the business for years to come.
Risto Puhakka The presentation will explore and define these
opportunities.
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Distinguished Speaker — Biography

Risto Puhakka is President of VLSIresearch, leading
the company's commercial operations and market
research activities. He is an expert in Semiconductor
Capital Equipment markets as well as
Semiconductor Manufacturing. Risto advises
managers, boards, and investors about
semiconductor market trends and strategic industry
statistics. He is a regularly invited speaker at
conferences about various topics in semiconductor
manufacturing and equipment markets.

Risto Puhakka

Risto is a graduate of Helsinki University of
Technology (MSc) and UC Berkeley, Haas School of
Business (MBA). When Risto is not working he
cherishes time with his family, runs very long
distances, and is occasionally spotted flying model
airplanes.
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Recovery from the Downturn:
Drivers for the Coming Years

Risto Puhakka
VLSIresearch

VLSlresearch



March 2016

I‘IQTG -2016

* Current Events

— Downturn — is it over?

— Mergers and Acquisitions
 Strategic Shifts

— China

— 10T and Next Big Thing
* Forecast

This report has been reproduced for 2016 BiTS Workshop .
Further distribution requires written approval of VLS| Research Inc.
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China’s Leaders Put Economy on
Bubble Watch o~

China’s leaders made clear
they are emphasizing
growth over restructuring
this year, but suggested they
are trying to avoid inflating
debt or asset bubbles as they send massive
amounts of money coursing through the
economy.

WSJ 3/6/16

3/6/16
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Top Semiconductor Suppliers
Mixed results

LEADING SEMICONDUCTOR MANUFACTURERS
(sales by company, $B)

2014 2015 Growth
INTEL MPU 55.9 55.4 -0.9%
SAMSUNG Memory + Logic 37.7 42 11.3%
TSMC Foundry 25.1 26.6 5.7%
TI Analog 13 13 -0.2%
INFINEON Power 5.9 6.9 15.9%

Chart approved for public release with attribution
Copyright @ VLSI Research Inc. All rights reserved
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Weakness Continues
Electronics is below long term growth trends

Electronics 6.6% 2.2% -1.1% 2.0% 5.0%

ICs 8.6% 5.0% -1.3% 3.4% 5.9%

IC Eqpt 8.1% 1.3% -0.6% -5.0% 5.7%




Electronics Pricing: weexy trends for

PC notebooks Tablets Smartphones Cell phones Digital Cameras Appliances TVs

* Price Trend:
Firming
— Mobile & Tablets
behind trend

Chart approved f
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Electronics Markets by Application

« Smart Phones are
still the biggest driver

« Automotive is
significant
— But beware
 Real loT and
Wearables still too
small to have an
impact
 Wearables still an
PCs Tablets  CellPhones  Wireless  Automotive loP limited market

Infrast
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m2016-15
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Raw IC Sales

Raw: data has not been ‘cooked’ with a moving average or some other statistical manipulation

IC Sales soared but with

poor Y/Y comps
===2015 «  W/W Rocketed + 16%
am2016 « W/Q Soared +11%

 Y/Y Dropped - 9%

, \ IC Weather Report

Warms to Chilly

IC Billings
u

4 * Memory: Clear, Warmer
* Foundry: Cold, Warmer
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Raw: data has not been ‘cooked’ with a moving average or some other statistical manipulation
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MERGERS AND ACQUISITIONS




A bit of history: Scale driven industries experience
a Cambrian explosion and a Cretaceous mass extinction

Fabbed Chip Makers :
o It’s a ~20 year cycle
— Start-up era: 1960’s-70’s
o , , — At ~40 years of age,

Semiconductor Equipment their stride

_ Start-up era: 70’s-80’s — By ~60 years most are

' ready to move on

— Consolidation era: 90’s-00’s
Fabless Chip Companies

— Start-up era: 90’s-00’s

— Consolidation era: 10’s-20’s

3/6/16
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Companies Developing Leading Edge Processes with their own Fabs
Year 2001 2003 2005 2007 2009 2010 2012 2015
Fabbed Pac Man= =

65 40 30 20 14 10
~ Intel Intel Intel Intel Intel Intel Intel Intel
TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC
Samsung Samsung Samsung Samsung Samsung Samsung Samsung Samsung
AMD AMD AMD GF GF GF GF GF
o On y 9 e t ST ST ST ST ST ST ST ST
IBM IBM 1BM 1BM 1BM 1BM IBM

e 5 |eft in L0g|C SoC émg émg émg émg émg

Matsushita Matsushita Matsushita Matsushita Matsushita

Logic\SoC

. —_— Renesas Renesas Renesas
Chartered Chartered Chartered
* 4 |left in Memory Tl T, r
Freescale Freescale Freescale
Own ro > Infineon Infineon
- Down from >100
Cypress Cypress
Sharp Sharp
)
Atmel
* In the early 80’s A
. T Inotera Inotera Inatera Inatera
[ J St t | D Intel Intel Intel Intel
ruc ura rlverS Spansion Spansion Spansion Spansion
Qimonda Qimonda Qimonda Qimonda ® o .
Nanya Nanya Nanya Nanya
° Scale > ProMOS ProMOS ProMOS ProMOS ProMOS
C — Powerchip Powerchip Powerchip Powerchip Powerchip
g Winbond Winbond Winbond Winbond Winbond
Elpida Elpida Elpida Elpida Elpida Elpida
® Fab &, R&D COStS = Micron Micron Micron Micron Micron Micron Micron Micron
Toshiba Toshiba Toshiba Toshiba Toshiba Toshiba Toshiba Toshiba
. . . . Hynix Hynix Hynix Hynix Hynix Hynix Hynix Hynix
Samsung Samsung Samsung Samsung Samsung Samsung Samsung Samsung
 Financial Crisis -
Mode 130 90 66 40 30 20 14 10

° TeC h n O I Ogy fai I u reS Copyright @ VLS| Research Inc. All rights reserved
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Concentration of the Leading Semiconductor Equipment Companies

Year 1950 1985 1830 1995 2000 2005 210 2015
[ ] B AMAT AMAT AMAT AMAT AMAT AMAT AMAT AMAT
Philips ASML ASML ASML ASML ASML ASML ASML
TEL TEL TEL TEL TEL TEL TEL TEL
Lam Lam Lam Lam Lam Lam Lam Lam
DnE DnE DS DS DnS onS DnE DnE
Mikon Mikon Mikon Mikon Mikon Pikon Mikon Mikon
Hitachi HT Hitachi HT Hitachi HT Hitachi HT Hitachi HT Hitachi HT Hitachi HT Hitachi HT
ASMI ASM ASM ASMI ASMI ASh ASMI ASMI
KLA KLA KLA KLA KLA-T KLA-T KLA-T KLA-T?
Mowellus Movellus Movellus Movellus Movellus
o O n I 1 7 | eft arian arian arian Varian Warian Warian arian
BAzyst BAzyst Azyst BAsyst Azyst
y Canon Canon Canon Canon Canon Canon
% Anelva Anelva Anelva Anelva Anelva
IS peed peed peed peedfam peed
- 5 — Steag Steag Steag
+ 9 left in WFE j 0 EemE OB OE
g Eatan Eaton Eaton Eaton
MRC MRC MRC MRC
Tencar Tencar Tencar Tencar
Ll W uid uid W
« 8 leftin Test & Ass
ETEC ETEC ETEC
y GS GS GS
MTI MTI MTI
Diones Dicnes
LFE LFE
* Down tfrom >500
Airco Temescal
Thermco
Diatatron Diatatron
- Die Hard Die Hard
. Alphazem Alphazem Alphazem
Daymare Daymare Daymare
Genrad Genrad Genrad
MCT MCT MCT ® ° .
Tektronix Tektronix Tektronix
Datacon Datacon Datacon Datacon Datacon
[ ] aC O O a Ca e Fairchild Test Sys.  Schlumberger Schlumberger Schlumberger Schlumberger
o Ando Ando Ando Ando Ando
o =] ESEC ESEC ESEC ESEC ESEC ESEC
w E MEC Mach MEC Mach MEC Mazh MEC Mach MEC Mach MEC Mach
- 8 $ ) Fiasco Fiasco Fazco Fazco Fazco
[ ) I e C h n O I O F al I u re — ) Credence Credence Credence Credence Credence Credence
g Eagle Eagle Eagle Eagle Eagle Eagle
Izmeca lzmeca lzmeca Izmeca Izmeca Ismeca Izmeca
Lauffer Lauffer Lauffer Lauffer Lauffer Lauffer Lauffer
. . . . HF HF HP HP Agilent Agilent Yerigy
* Financial Crisis | Lo | | |
ASMPT ASMPT ASMPT ASMPT ASMPT ASMPT ASMPT ASMPT
=3] EESI EESI EESI EESI EESI =3] =3]
Shink.awa Shink.awa Shink.awa Shink.awa Shinkawa hink.aw. hink.aw. hink.aw.
Ki&S Ki&S K KiS Ki&S K&S Ki&S Ki&S
LTH LTH LTH LTH LTH LTH LTH Herma
[ ] Advantest d d d Advantest Advantest Advantest Advantest
| Teradyne Teradyne Teradyne Teradyne Teradyne Teradyne Teradyne Teradyne
1930 1985 1990 1995 2000 2005 2010 2015

3/6/16
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Fabless Pac Man

* Lots left
* 19 majors left

« 4 folding into merger

e Down from 100’s

e Structural Drivers
 Cost of Design
e Lack of IP Scale

» Shift back to Horizontals

VLSIresearch ... intelligence to make better decisions faster

Concentration of the Leading Fabless Semiconductor Companies

2009
30
Qualcomm
Apple
Tl
Sandisk
Renesas
MediaTek
Infineon
Avago
NXP
ANMD
Nvidia
Marvell
Hizilicon
Silicon Labs
Triguint
Altera
Broadcom
Freescale
Maxim
Axxia
CER
Hittite
IRT
1551
LS
MStar
Omnivision
RFMD

Silicon Image

Spansicn
Synaptics
“Volterra

Year 2001 2003 2005 2007
Node 130 90 65 40
Qualcomm Qualcomm Qualcomm Qualcomm
Tl
Sandisk Sandisk Sandisk Sandisk
Renesas Renesas Renesas Renesas
MediaTek MediaTek MediaTek MediaTek
Infineon Infineon Infineon Infineon
Avago Avago Avago Avago
NXP NXP NXP NXP
Nvidia Nvidia Nvidia Mvidia
Marvell Marvell Marvell Marvell
Hizilicon Hisilicon Hisilicon Hizilicon
Silicon Labs Silicon Labs Silicon Labs Silicon Labs
Triguint Triguint Triguint Triguint
Altera Altera Altera Altera
Broadcom Broadcom Broadcom Broadcom
Freescale
I axim Mazim Maxim Maxim
Aocxia Axxia Aocdia Aocxia
CER CER CSR CER
Hittite: Hittite Hittite: Hittite:
IRT IRT IRT IRT
1SS! 1SS! 1SS! 1SS1
LSI
M Star MStar W Star
Omnivision Omnivision Omnivision Omnivision
RFMD RFMD RFMD RFMD
Siicon Image  Silicon Image  Silicon Image  Silicon Image
Spansicn Spansion Spansion Spansicn
Synaptics Synaptics Synaptics Synaptics
“Volterra ‘olterra Volterra Volterra
Sun Wicrosys  Sun Microsys  Sun Microsys  Sun Microsys  Sun Microsys
PA Semi P& Semi P& Semi PA Semi
Node 130 S0 65 40

30

2010
20
Qualcomm
Apple
Ti
Sandisk
Renesas
MediaTek
Infineon
Avago
NXP
ANMD
Nvidia
Marvell
Hisilicon
Silicon Labs
Triguint
Altera
Broadcom
Freescale
Wazim
Axxia
CER
Hittite:
IRT
1SS!
LSI
I Star
Omnivision
RFMD

Silicon Image

Spansion
Synaptics
Volterra

20

2012
14
Qualcomm
Apple
Tl
Sandisk
Renesas
MediaTek
Infineon
Avago
NXP
AND
Nvidia
Marvel
Hizilicon
Silicon Labs
Triguint
Altera
Broadcom
Freescale
Maxim
Aocdia
CSR
Hittite:
IRT
1551
LSl
MStar
Omnivision
RFMD

Silicon Imag

Spansion
Synaptics
Volterra

14

2015
10
Qualcomm
Apple
Tl
Sandisk
Renesas
MediaTek
Infineon
Avago
NXP
AMD
Nvidia
Marvell
Hizilicon
Silicon Labs
Qorvo

10

Copyright @ VLS| Research Inc. All rights reserved.
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The M&A Driver Time Triangles

Growth Innovation
in a flat |dea flow shifts from
slows exponential to

market incremental

Operational Scale shifts

Personal Efficiency

from incremental
to exponential

3/6/16
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Were do we go from here ...

 M&A has just started for the fabless world

* Technology earthquakes will rock today’s
structures

—Merchant Fabless versus Captive Fabless
—Distinction between IDM and Foundry will blur

//////

VLSIresearch ... intelligence to make better decisions faster
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HOW WILL CHINA CHANGE
SEMICONDUCTOR BUSINESS?

VLSIresearch ... intelligence to make better decisions faster
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The National IC Industry Development Policy

1. Investment Fund: China’s « Facilitate IC industry
Government Funds for National consolidation
|IC Industry Support « Enhance the

2. Amount of Money: 120 billion competitiveness of the
RMB($19.5B) between 2014- leading IC enterprises
2017 4. Allocation of funds:

3. Purpose: . Wafer manufacturing (40%)
* National level support and « Chip design (30%)

funding « Chip packaging and testing

« Support target IC enterprises (30%)

3/6/16
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Local Government Support in China

1. Investment fund: local 4.
government and private equity
Investments in China

2. Amount of Money: 600 billion
RMB($97.4B)

3. Purpose:

 Promote resource
Integration and M&A

* |Investin key enterprises,
project and innovation
entities or platforms

VLSIresearch ... intelligence to make better decisions faster

Sources of fund:

« Beljing IC industry Equity
Investment Fund ($4.9B)

« Wuhan, Shanghai, Shenzhen
are following Beiljing Fund
Model to support local IC
iIndustry

3/6/16
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Made in China 2025

1. The "Made in China 2025" was 4. Open up its market and attract

published by China’s State foreign investors to invest in key
Council in May 2015. areas

2. The plan proposed a “three 1. new information technology
step” strategy 2. bio-medicine
« Leading manufacturing power 5. Foreign companies and

by the year 2049 institutions should be

3. The "Made in China 2025" encouraged to set up R&D

clearly outlines target to raise centres in China.

its self-sufficiency rate for ICs to
40% in 2020, and 70% in 2025

3/6/16
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2015 China IC Industry Investment Map

2015FPEXAREESHTIURRE
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NEXT BIG THING; WHAT WILL DRIVE
OUR INDUSTRY NEXT DECADE

VLSIresearch ... intelligence to make better decisions faster



loT market potential clouded
by definitional differences

loT’s Definition Confusion

- Several Studies

— Can’t define it
o a — Butit’s big
 |oT versus lIoP

@ @ @@ « Wearables
loT loT

prominence in loT

3 @ marketing
‘lop — Ro-10T not exciting

) Things talking to Things
Things connected to the Internet o (|, des the Internet of People
can be EVERYTHING and keeps connectivity in focus

3/6/16
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Volume of Devices Will Explode

Connected Devices Worldwide

50b
40b
30b
20b
M2M -
10b Consumer Electronics

PCs
Fixed phones / IP phones

5 Mobile phones

2007 2010 2014 2020
Source: Erickson, NXP

VLSIresearch ... intelligence to make better decisions faster

 Two fold increase In
connected devices In
today’s applications

* Five fold increase, if
M2M* driven expansion
materializes

*Machine-to-machine

© 2015 VLSI Research Inc. All rights reserved. Distribution rights contained in T&Cs.



IC ASPs Have to Be Significantly Lower

c

o
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=
=
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@
©
W

2022

2022
Copyright © 2014 VLS| Research Inc. All rights reserved.
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VLSI’'s View:

0T Is Like Touch Screen for Smart Phones

YES, High Growth ~38%
CAGR

— But < $20B in five years

— Almost all of the growth in
these segments

* Low cost, low profit
* High volumes

 Lack of differentiation at the N
semiconductor level 2015 2020

Chart approved for public release with attribution. Copyright © VLS| Research Inc. All rights reserved.
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What if We Consider This:

0T Is a low cost automated data generator

« AllloT Devices are generating data
and sometimes lots of it

— Either personal behavior information
— Machine information

— Data collection is automated

« The semiconductor value is E‘“’“
captured at the data center level 5 300
— Data storage and delivery 20.0
— Memory 10.0
— Hi [ 0.0 |
High Performance Computing so15 -

3/6/16




EQUIPMENT FORECAST




VLSI's forecast summary

Forecast as of March 2016: 2015 2016
Semi Equipment ($B): $ 493| % 46.8
From January Sequential Change -0.6% -2.0%
* ICs: Downgraded Capacity Utilization: 87.4% | 86.4%
« Equipment: Unchanged ICs ($B): $ 284.2 | $293.9
« Electronics: Downgraded Sequential Change -1.3% 3.4%
IC Units (BU): 240.8 253.2
Sequential Change 5.5% 5.1%
Electronics ($B) : $ 1,981 | $2,021
Sequential Change -1.1% 2.0%

VLSIresearch ... intelligence to make better decisions faster
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Equipment Trend for 2015 and 2016

2016 outlook is improving

Semiconductor Equipment Sales
(worldwide sales, M, Calendar Year)

2014 2015 2016
Wafer Process Equipment 32247.0 32153.5 30072.9
y-o-y growth 14% 0% -6%
Test & Related Equipment 3875.7 3690.2 3653.2
¥-o-y growth 24% -5% -1%
Assembly Equipment 3932.5 3398.6 3266.7
-0 growth 28% -14% -4%
Total Systems 40055.1 39243.3 36992.8
y-0-y growth 16% -2% -6%
Service 5096.6 8646.1 8442 1
-0 growth 13% 6% -2%
Total Semiconductor Equipment 49151.7 488894 464348
y-0-y growth 15% -1% -5%

Chart approved for public release with attribution
Copyright ® VL5l Research Inc. All rights reserved.

Growth (%)
S ¢
= =

15% -
-20% -
-25% -
-30% -

Semiconductor Equipment Sales
Sales and Q-0-Q growth rates

- 14,000

12,000

- 10,000

- 8,000

les ($M)

- 6,000 &
- 4,000

- 2,000

-0

Copyright © VLS| Researc h Inc_ All rights reserve d
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Trends In Test

 High-end test continues to expand — SOC tester demand is expected to
— Both memory and SOC improve from previous years’ trends
» Productivity gains from parallel testing are

* Other segments mixed with over expected to diminish, leading to increased
capacity tester demand
— SOC test at $1.9B in 2018 « Memory test continues to be
— Leading mobile device and systems challenging
suppliers continue to need high-end — Only high-end capacity is needed
SOC test : — Low COO requirements drive sales
* They need high-end testers to cover
mobile device functionality  Handler and prober demand
— Analog, MCU, and power are drivers continues to be challenging
- Strongly driven by Automotive test — OSAT share gains drive productivity
requirements but new capacity is also needed
* loT devices will require new test — Multi-site testing drives higher ASPs
capabilities

3/6/16
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SOC Leads Test Spending

—Memory ATE —80C ATE
Other ATE ~——Probers

——Handlers ——0QOther Handling

1000

Sales ($M)

L — e ——
500 A\df =

0 T T T T T T T T
2010 201 2012 2013 2014 2015 2016 2017 2018

2019 2020

Copyright © VLSI Research Inc. All rights reserved.
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Summary

1. Semiconductor industry has been in recession and the recovery
may still take awhile

2. M&A Iin Semiconductors will continue

3. China will be a significant factor is semiconductor industry in
coming decade

e Its success is highly dependent on IP
4. 1oT will drive semiconductor business

« But it will not be specific for 10T devices

« Data Center business is likely to thrive
5. Equipment sales will decline ~5% in 2016

3/6/16
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about VL Slresearch

VLSlIresearch is an award-winning provider of market research and economic analysis
on the technical, business, and economic aspects within semiconductor,
nanotechnology, and related industries. VLSIresearch provides intelligence for faster
and better decision making in the areas of semiconductors, photovoltaics, LEDs,
manufacturing, materials, and critical subsystems. VLSIresearch was founded in 1976.
The company’s website is www.vlisiresearch.com.

Research and Services

 The Chip Insider® « Semiconductor Analytics ¢ Customer Satisfaction
« The trusted advisor « Know when it’s turning « Brand management

« The ForecastPro as it turns - Test Consumable Markets
* The semi ecosystem  * Critical Subsystems « Photovoltaics

- Equipment Databases * Eq Supply Chain » Consulting

e Semi Equipment ° |ndUStry Pulse Pro®
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http://www.vlsiresearch.com/

VLSIresearch Web sites

VLSIresearch.com
 Award-winning market research and analysis
» For research on semiconductors, manufacturing, and photovoltaics

ChipHistory.org
» Preserving the history of semiconductors for future generations
* Virtual history museum
« Based on industry donations

weSRCH.com

 Where Technology = Opportunity
» Avirtual science & engineering conference

 Ads reach > 1M visitors per month
« 15-20 mins/visit, >1 visit/week
» High signature authority and income viewership
« High Yield on Targets for your business

VLSIresearch ... intelligence to make better decisions faster
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Terms and Conditions, Notices, and Disclaimers, etc.

By accepting this report, opening it, or using it you are agreeing to these terms. This report contains valuable proprietary information developed or acquired by VLSI Research at great expense. You have a
limited license to hold these materials but do not become the owner of any material. The materials provided are protected by copyright, trade secret, and trademark law. This presentation has been
approved by VLSI Research for public release with attribution. The information in the materials may be used by you on a limited basis in your own documents, provided that those documents are not-for-
sale, VLSI Research is clearly referred to as the source of such information, and you obtain written approval prior to use.

This report is provided on an "AS IS," "WHERE IS", "WHERE AVAILABLE", “WITH ALL FAULTS” basis. VLSI Research does not warrant these materials or the information provided therein, either
expressly or impliedly, for any particular purpose and VLSI Research specifically disclaims any express or implied warranties, including but not limited to, any express or implied warranties of TITLE,
ACCURACY, NON-INFRINGEMENT, MERCHANTABILITY or FITNESS FOR ANY PARTICULAR PURPOSE OR USE.

The sources of the information in this report include numerous individual reports, memos and bulletins from various segments of the industry, annual reports, financial reports, interviews, questionnaires,
surveys, technical symposia, trade journals, technical journals and individual assessments by knowledgeable company or industry representatives as well as our own analysis and judgment. Some
companies are more cooperative about providing information than others and some companies decline to provide or validate the accuracy of any information. Although the information provided is obtained
or compiled from sources VLS| Research believes to be reliable given the oftentimes difficult circumstances under which it is collected, VLS| Research cannot and does not warrant or guarantee the
accuracy, validity, truthfulness, timeliness, or completeness of any information or data made available to you for any particular purpose. In no event will VLSI Research be liable to you or any third party,
whether in contract, tort or under any other legal theory, for any direct, indirect, special, consequential or incidental damages, or any other damages of any kind even if VLS| Research has been advised of
the possibility thereof.

We receive letters and e-mails on current topics covered in our services and/or reports that are of interest to our subscribers, as well as comments on our reports. We value that subscriber input and like to
use it. By submitting such material to us, unless you tell us specifically not to publish it, or except to the extent that you give us an embargo date before which you instruct us not to publish it, you authorize
us to publish and republish it in any form or medium, to edit it for style and length, and to comment upon or criticize it and to publish others’ comments or criticisms concerning it, as the case may be.

This report may contain information concerning stocks that is obtained from the opinions of industry analysts. Quoted past results are not necessarily indicative of future performance. None of the
information should be seen as a recommendation to buy or sell any securities. We are not stock analysts or investment advisors. You should contact a registered investment advisor as to the nature,
potential, value or suitability of any particular investment action. No information provided is investment advice and any such information is just an opinion and is not tailored to the investment needs of any
specific person. Certain statements in this report, other than statements of historical fact, and other written or oral statements made by VLSI Research may be forward-looking. In some cases, you can
identify forward-looking statements by terminology such as "may", "will", "should", "expects”, "intends", "plans", "anticipates", "believes", "thinks", "estimates", "seeks", "predicts", "potential", and similar
expressions. Although VLSI believes that these statements are based on reasonable assumptions, they are subject to numerous factors, risks and uncertainties that could cause actual results and
outcomes to be materially different from those stated or projected. Those factors, among others, could cause actual results and outcomes to differ materially from the results and outcomes stated or
projected in, or implied by, the forward-looking statements. You should understand that forward-looking statements are not guarantees of results or outcomes. New risks and uncertainties arise from time to
time, and VLSI Research can not predict those events or how they may affect you, the reader. VLS| Research Inc does not have any intention or obligation to update forward-looking statements after the

date of this report.

No part of this report may be used in any legal proceedings nor may any of these materials or the information contained therein be disclosed to any third party, including investors or affiliated firms belonging
to investors, outside directors or to your affiliated companies, or reproduced or transmitted to any third party, in any form or by any means — mechanical, electronic, photocopying, duplication, microfilming,
videotape, verbally or otherwise — without the prior written permission of VLS| Research.

The Chip Insider®, The Industry Pulse Pro®, and the CSS 10 BEST logo are registered trademarks of VLS| Research Inc. All other trademarks, service marks, and logos are the property of their respective
owners.

3/6/16

VLSIresearch ... intelligence to make better decisions faster

Copyright © 2015 VLSI Research Inc. All rights reserved. Distribution rights contained in T&Cs.



