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Presentation / Copyright Notice

The presentations in this publication comprise the pre-workshop
Proceedings of the BiTS Workshop Shanghai. They reflect the authors’
opinions and are reproduced here as they are planned to be presented
at the BiTS Workshop Shanghai. Updates from this version of the
papers may occur in the version that is actually presented at the BiTS
Workshop Shanghai. 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 Shanghai.
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Keynote Address — Abstract & Biography

As Principal Author of PricewaterhouseCoopers’ “China’s Impact on the
Semiconductor Industry — 2015 Update”, Mr. Pausa will provide an overview of
China and the global semiconductor market. In particular, he will cover why and
how China's semiconductor consumption has grown to represent more than half
of the worldwide market for the last three years. Even though China’s
semiconductor production has grown at a faster rate than consumption, China
still only represents about 14% of worldwide output. What are the implications of
China's ever-increasing integrated circuit (IC) consumption / production gap
which reached a record $120bn in 2014?

Mr. Pausa has been an author of this annual PricewaterhouseCoopers report for
over a decade and has significant insight into the dynamics of the semiconductor
market. The report is available at www.pwc.com/chinasemicon.

Ed Pausa has been associated with PricewaterhouseCoopers (PwC) for more than twenty years. An experienced multinational
corporate executive, Mr. Pausa has more than 40 years of broad experience in the semiconductor industry. This includes 25 years’
experience at the corporate officer level in all four segments of the industry: integrated device manufacturer, semiconductor
equipment and materials, semiconductor manufacturing services, and fabless semiconductor. During his career he has directed 33
plants and subsidiary companies in 18 foreign countries and 11 plants in six states in the United States. In 1990 Mr. Pausa began
his association with PwC when he started consulting with Coopers & Lybrand Managing Consulting Service after his retirement
from National Semiconductor Corporation where he had served as Corporate Vice President of International Manufacturing and
Services.

Mr. Pausa earned a Bachelor of Science Engineering with honors, a Master of Science in Metallurgy, and a graduate certificate in
Business Management from the University of California at Berkeley. He holds the rank of Captain, United States Naval Reserve.
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Worldwide Semiconductor Consumption Market by Region —

2003-2014

Worldwide semiconductor consumption market by region, 2003-2014

Worldwide total in US$bn
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{MCR 15) market history. Regional share of workdwids comsumption markst is based
upon Gartner and adjusted for disiocated purchasss.

_t For more information, please visit:
www.pwc.com/chinasemicon

). Gartner Dataquest (GDQ), CCID
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China’s Semiconductor Market Growth—2000-2014

China’s semiconductor market growth, 2000-2014

Annual growth
50%

O Fined exchange rate
43,55 @ Annual US dollar growth
a8 41.4% ® Annual RMB growth

40%
0%
20%

10%

0%

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
IVBIKBLVAING | oo e e
usgbn 144 170 214 207 424 565 71.0 880 1038 1012 1220 1512 181 180.8 2085
RMBbn 119.5  141.1 1776 28564 00 4830 7.7 6761 7215  6el6  &ead  oFTs 10366 1,117 12409

Note: Market reporting has changed since 2003 with sensors and optical semiconductors included as part of the
optoelectronics-sansors-discrete (0-5-D) segment which along with intagrated curcuits make up the total semiconductor market.

_t For more information, please visit:
pwe WwWWw.pwc.com/chinasemicon

Source: CCID Consulting (CCID), Semiconductor Industry Association (SIA)

©2015 PricewaterhauseCoopers LR a Delaware limited liability parnerchip. All rights resarved, PwC rafers to the LIS member fim, and may semetimes rfar to the PwC network.
Each member fim i a ssparate legal entity. Plaase ses v pwe.com/siructuns for further detalls. This content ks for genaral infarmation purposas only, and shoukd not be used
&8 a substituts for consutation with professional advisors, MW-15-2404
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Analysis of China/Hong Kong Consumption vs.
Purchasing TAM Semiconductor Market History

60% [l Consumption market
M Purchase (ship to) market
Dislocated market

? aemm= == Dislocated market as percent
of consumption

40%
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10%
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Source: CSIA, Ministry of Industry and Information Technology (MIT), Gartner
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China’s IC and O-S-D Market Growth — 2000-2014

China’s IC and 0-8-D market growth, 2000-2014

Annual growth P
O Same level %

Bo% 54.1% ® Optoelectronics-sensors-discretes market
@ Integrated circuit market

14.9 7.9 181 265 .
1248 1356 149.0 169.2

7349 859 a3

MNote: Market reporting has changad since 2003 and the definition of 0-5-D (Optoslectronics-Sensors-Discrates) now includes sensors and eptical semiconductors.

_L For more information, please visit:
pwc www.pwc.com/chinasemicon
Seurce: GCID Cansulting (CCI0), Semicondusctor Industry Associatian (S14)

nes refer o the Pw netwark
d showld not be wsed
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Application — 2014

by application, 2014

Percentage by application

0
Military/
Aerospace | 1

0.8
Industrial/
Medical/Other 95

Automotive

Consumer

Communications

Data processing

PwC

China Compared with Worldwide Semiconductor Market by

China compared with worldwide semiconductor market

2014 China revenue values

estimated based from 2013
actuals factored by Asia
Pac's relative overall semi-
conductor growth in 2014.

. China

Worldwide

For more information, please visit:
www.pwc.com/chinasemicon
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China Semiconductor Market by Application and Device — 2003-
2013
Percentage by application Percentage by device
Military/ Non-optical
Aerospace sensors|
Optoelectronics
Industrial/’ I
Medical/Other
Discrete
Automotive Gen'l. purpose|
logic
Gen'l. purpose
Consumer’ analog
Micro-
component|
Communications
Memo
Total
application-
0 10 20 30 40 50
- 2013
China/HKG 2013
US$141.5bn or 44.8% of worldwide Il 2003
China/HKG 2003
US$29.5bn or 17.7% of worldwide
Source: Gartner Dataquest
October 2015
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Semiconductor Suppliers to the Chinese Market—2012-2014

Semiconductor suppliers to the Chinese market
Integrated circuits, 2012-2014

Intel A 60 —e 2012
2013
Samsung A 182 —e 2014
SK Hynix A 295
-
Qualcomm A 457
O—
Toshiba - v 34
*-—
Tl A 131
ST v 08
——
AMD A 82
*-—e
Freescale A 258
R
enesas e v 112

Source: CCID IC Market China 2013 & 2014 Conferences—Mar 2013 & Mar 2014
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Semiconductor Suppliers to the Chinese
Market — 2012-2014

Semiconductor suppliers to the Chinese market
Semi*, 2012-2014

Intel A 60 13.0 —e 2012
2013
Samsung A 118 7.5 —e 2014
SK Hynix A 295 4.6
Qualcomm A 457 3.3 “Semi equals
IC + Discrete
Toshiba « : A 21 30 (including LED)
— ’ ) market
Tl A 64 29
*-—
ST A 58 2.4
——
AMD A 82 22
*-—e
Freescale A 57 2.1
R
enesas v 386 1.4

Source: CCID IC Market China 2013 & 2014 Conferences—Mar 2013 & Mar 2014
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China’s Semiconductor Industry Revenue and Growth — 2000-2014

China’s semiconductor industry revenue and growth
2000-2014

Fixed extha
@ Annuzl US

@ Annual RME growth

1T GSIA revised industry statistics

Annual growth

50% 455

40%

30%
20%
10%
" 2w
0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 @ 2011 2012 2013 204
RMBbn 413 /41 1 4/ 9985 /131,53 ( 218 2576/ 33 14/ 4T4 B4
L For more information, please visit:
pwc www.pwc.com/chinasemicon
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China’s 0-8-D and IC industry revenue and growth
2000-2014

@ Annual 0-8-D growth
@ Annual IC

wih

=% GSIA revised industry statistics

Annual growth

40%
30%
0%
5%
0%
0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 @ 2011 012 2013 2014
.If_:::.i'_-n 22 23 32 42 =Xz} BE 128 16.5 1 "< 1 l'Z 213 Z" 9 ’ 3 40.8 :'I:]..1
l For more information, please visit:
pwc www.pwc.com/chinasemicon

PwC

China’s O-S-D and IC Industry Revenue and Growth — 2000-2014
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China’s O-S-D Industry Revenue and Growth — 2000-2013

A"'l';:! growth P () Fixed exchange rate @ Annual RMB growth
7%
34.5% . Annual US dollar growth = CSIA revised industry statistics
~ |
80% 26.7%
20% \
)
14.8%
10%
096 f------mmomngeeen 4 ) JR PRI WSS WU RION [N URSTRNN DRI [Sppp——" ........:..
0.1%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013
: Bvenue
ussbn 2.8 2.8 35 4.0 54 | 75 9.0 11.0 135 | 128 16.8 215 | 221 25.0
AMBbn  23.12 2314 20.32 33.8 4512 | 61.32 72.05 83.51 93.78 | 88.36 113.54 138.86 | 139.0 153.59

Source: CCID, CSIA
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China’s IC Industry Revenue and Growth

Annual growth (O Fixed exchange rate

00% 552% @ Annual US dollar growth

( @ Annual RMB growth
| = CSIA revised industry statistics
50% 47.3% |
42.5%
40%
30% )
30.9%

20%

10%

sl 45%

9.5%
-11.0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
ussbn 22 23 32 42 6.6 86 126 | 165 17.9 16.2 213 | 200 43 408
RMBbn 18.03 1884 | 2684 | 3514 | 5453 | 70.21 | 10068 | 12513 | 12468 | 11091 | 14402 19337 21585 | 25085
Source: CCID, CSIA
October 2015
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China’s Semiconductor Industry by Sector —
2003-2014

China’s semiconductor industry by sector

2003-2014
TT.3
CEIA revised $65.8 s
Industry statistics 4$56.3
Sector market share as a percent :;::3;“::, n
Yearly totals in US$bn B 519
5381

Integrated
circult
manufacturing

Integrated
circuit packaging
and testing

Optoelectronics,
sensors and
discrete devices

2003 2004 2005 2006 2007 2008 2009 200 20m 2mz 203 2014

_.. For more information, please visit:
pwc www.pwc.com/chinasemicon

Saurce; CCID, CSIA

2015 PwC, All rights resarved, PwG rafers to the PwC netwark and/or one or maons of its membser fims, sach of which isa
saparate legal entity, Please sea hti WE COMystructurg for further details, This contant is for ganeral infarmation
Purposes anly, and shauld nat bs u st for consultation with professional advisers, MW-15-2494
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Comparison of China’s Integrated Circuit Consumption and
Production — 1999-2017

Comparison of China’s integrated circuit
consumption and production 1999-2017

US$bn

200

= Consumption
== Production

1

22; 23 32 a2y BRLOY

4999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

l For more information, please visit:
pWC www.pwec.com/chinasemicon
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China’s IC Design Industry Revenue and Growth —
2000-2014

China’s IC design industry revenue and growth
2000-2014

Annual growth

120%

90%

60%

30%

$.13

00—

2000

i
pwe

Sowrce: COID, CSIA

$5.38

. $3.95
e 52,07 53.38
$2.34
$1.52 X o
ST | | |
$18 326 o N

2001 2002 2008 2004 2005 2006 2007 2008 2008 2010

Mate: Annual growth corrected for 2005-2007 to reflect
US$ growih rate instead of RMB growth rate and 2011

revised per CSIACCID Ootober 2012 revision,

§17.05

Revenue in US$bn

$13.15
$9.87 10
%-14 I I
)
a

2011 2012 2013 2014

, CElA revisad
¢ industry statistics

For more information, please visit:
www.pwc.com/chinasemicon

25 PwC. All rights reserved. Pwi refers 1o the PwE network andior cne or more of its member firms, each of which is a
separate legal entily. Please see hitp:/www.pwe_com/structure for further details. This content is for general infermatian

purpasas only, and should not be used s a substitute for consultation with professional advisors, MW-15-2494
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IC Design Enterprises in China — 1990-2014

Number of IC design enterprises in China

1990-2014
2014 664
2013 | 583
203z 518
2011 503
2010 485
2009 472
2008 483
2007 | 4ot
2006 488
2005 T 4T
2004 a7
2003 I 463
2002 389
2001 |— 200
2000 98
EEER
1998 62
1997 | 56
1995 E
1995 [ 32
1994 27
1993 M 23
1992 20
1901 17
1980 15
_.- For more information, please visit:
pwe www.pwc.com/chinasemicon

Source: CCID, CSIA

@2015 PwC. All rights resarved. PwC refars to the PwC network and/or ane or mone of its member firms, each of which is a
saparate legal enfity, Please see http/fwww pwe com/structure for further details. This content is for ganeral information October 2015
purpeses anly, and should not be used as a substitute for consultation with professional adviscrs. MW-15-2494
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China’s IC Design Enterprises by Employee Count

China’s IC Design Enterprises by Employee Count

2006-2014

2006
0.4% 9.8%
2 enterprises 47 enterprises
22.1%
324 enterprises 106 enterprises

Total enterprises = 479

2012
101 enterprises 6.6%
34 enterprises
40.5%
33.4%
173 enterprises 210 enterprises

Total enterprises = 518

PwC

2009
2.8% B
13 entemprises 12 enterprises
’ o Size of enterprise
by number of employses.
W Greater than 500
31.5% 100-500
50-100
198 enterprises 149 enterprises Less than 50

Total enterprises = 472

2014
114 enterprises 6.3%
' 42 enterprises
43.1%
33.4%
222 enterprises 286 enterprises

Total enterprises = 664

For more information, please visit:
www.pwc.com/chinasemicon

October 2015
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China’s IC Design Industry by Process Technology

China’s IC Design Industry by Process Technology
2006-2014

2006 2009

148 enterprises Qentorpetses 4 enterprises

871%
41 enterprisas
Process technology
desig line width (microns)
95.9%

31.6% B Less than or equal 10009
0-025
P 1% ’
Graater than 10
150 enterprises 172 enterprises 208 enterprises 149 enterprises
Total enterprises = 479 Total enterprises = 472
2012 2013 2014
65 enterprises 1.8% 77 enterprises 122% a2 enterprises 82 enterprises
I 6 entarprises 1 enterprises P‘
a28% 331% 7%
129% a15% 415%

222 enterprises Toenterprises 2enterprises 193 enterprises semerprises 224 enterprises
Total enterprises = 518 Total enterprises = 583 Total enterprises = 664
2060 52800 s260n s37bn 3260 s50bn

2% 28.4% 27.8% '
255% 23.5% 24%
s286n 2360 §3.7bn s31bn $47bn 410
Total revenue = US$9.9bn Total revenue = US$13.2bn Total revenue = US$17.0bn
_L For more information, please visit:
pwe www.pwc.com/chinasemicon

October 2015
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China’s Wafer Fabrication Capacity and Share of
Worldwide Capacity — 2002-2014
= Growth % China wafer fab capacity (K 8" WSpM) in thousands ===- Share of werldwide capacity %
2500 —
2000 — 120
3 £
C >
& 1500 — 02 Z
3 [
] a
g o
= 2
> 1000 — 64 2
= o
| 3
§ =
500 — 36
0__ \/ 8
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
118.6% 105.1% 20.3% 21.6% 21.0% 36.8% 164% 23% 21.7% 7.3% -3.2% 2.2% 1.5%
Source: World Fab Watch 2002-2015
Notes: Capacity is in thousands of 8-inch equivalent wafer starts per month/Fully ramped. This is the maximum number of wafers in
wafers per month that could be started each month if the fab were fully equipped as defined in the fab design specifications and if the
equipment were fully utilized.
October 2015
PwC 20
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and Worldwide, 2013

Capacity in millions of 8"-equivalent
wafer starts per month

24

PwC

Current and Committed Wafer Fab Capacity Comparison, China

Percentage share of capacity

o.s.o NN
Founcry/ |
Dedicated 1 _
Foundry/ .

iov [l

mems
o __
O

N/A & EPI

0% 10% 20% 30% 40% 50% 60%
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hina’ icond kagi ]
China’s Semiconductor Packaging & Testing
China’s Semiconductor Packaging & Testing Industry Revenue and Growth, 2000-2014
Annual growth
60%
48.0%
50%
30.7%
0% 37.7%
33.9%
26.7%
30% ° 22.9% 16.5%
18.9% 13.8%
20% 21.5% 14.4%
10% 132% | 12.8%
0% b VU SEVSRPRNS VISP NOUPVRVPVIN ST SRS |
@® O-S-D annual growth (%)
-10% @ Integrated circuit annual growth (%)
@ Total SP&T annual growth (%)
-18.1%
-20%
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Industry revenue ) ) ) ) ) ) ) )
0-S-D (US$B) 1.4 1.8 2.0 27 37 45 5.5 6.7 6.5 8.4 107 11.0 125 141
IC (US$B) 1.7 24 | 29 34 42 62 83 8.9 7.3 9.3 135 15.0 17.9 20.4
Total SPRT 3.1 42 | 50 6.1 8.0 10.7 13.7 15.7 13.8 17.7 24,2 26.1 30.4 34.5
October 2015
PwC 22

Burn-in & Test Strategies Workshop www.bitsworkshop.org October 21, 2015



BiTS Shanghai 2015 Proceedings

China vs. Worldwide Semiconductor Packaging
& Testing Capacity

China vs Worldwide Semiconductor Packaging & Testing Capacity
Number of facilities

600
553 546
78.3%
480
428
360 346
240 207 223
150
120
21.7%
0
2013
[l China Number of facilities B china DM B China SATS

. Rest of the world Number of facilities . Rest of the world IDM . Rest of the world SATS

October 2015
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China vs Worldwide Semiconductor Packaging & Testing Capacity
Manufacturing Sq Ft (1,000)

100,000
92,137
80,000 23178 77,228
60,000 57,425
47,319
41,933
40,000 LYN2F- B 65.3% 35,295
25,859 |Gl
20,000 84.5%
34.7%
33.8%
0 15.5%
2014 2013 2010
B china manufacturing [l china DM B china SATS

B Rest of the world manufacturing [l Rest of the world IDM [l Rest of the world SATS

PwC

China vs. Worldwide Semiconductor Packaging
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China vs. Worldwide Semiconductor Packaging
& Testing Capacity

China vs Worldwide Semiconductor Packaging & Testing Capacity
Employees

75.4% 78.1%

75.3%

2013

Total worldwide
employees
352,900

2014 2010

Total worldwide
employees
360,300

Total worldwide
employees
382,800

B chinaemployees [l Rest of the world employees

October 2015
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Provinces. with semiconductor manufacturing
@ Number of semiconductor water fabrication plants

Northwest @11 %58 O5 %144
Shaanxi @11%58 O3 %117
Gansu @0 %0

Sichuan @5 %27 | O7 %m.2

=z

. -
China Y
500 km h

o 00 Miss

e: SEMI, Gartner, PwC

PwC

China’s 2014 Semiconductor Manufacturing
Capacity by Province and Region

N
DA

© Number of semiconductor packaging, assemply and test plants / N N
9}, Capacity percentage /‘ ‘x\' ,//.\-
o~ ) |
~ \ North ®19%83 012 %dd Northeast @10 %72 O3 %02
o Y Beiing @7 %36 Os5 %21 Liaoning @4 %29 03 %02
— / Shandong @5 %05 O3 %12 Jiin @6 %43 Q0 %00
_ Tianjin @3 %26 O3 %03 |/ 7Y 7
P ~ r T, din
/ Hebi @4 %16 O1 %02 P
» Ny s
\»ﬁ_,,,_ _,./ v g,
y . -
R Vg

s
4 W

East

Q72 %59.8

Oz %27 | pf 1 Shanghai O21 %145
p N ) g ~r Zhejiang @8 %54 O5 %37
4 Gansu ks r\‘) Jiangsu Jiangsu @50 %34 O42 %354
= ‘B Henan |
- = A Anhui @5 %2 |04 %62
[ ( %) Shanghal
N Sichuan L
\N\ U, Zholang
\ 2, D Central @11 %4 00 %0
S~ 1 -
V= — ) Jiangx] H %
Southwest @5 %27 O7 %112 Human 4 enan @1 %04 |O0 %0

Hubei @3 %23 | O0 %0
Hunan @4 %12 Oo %0
Jiangxi @3 %01 O0 %0

South @22 %68 020 %10
Guangdong @14 %43 19 %97
Fuian @8 %28 O0 %0

Guangxi @0 %00 O1 %03
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Thank you.

For more information and updates as they
become available, please visit

www:pwe.com/chinasemicon

This publication has been prepared for general guidance on matters of interest only, and does not constitute professional
advice. You should not act upon the information contained in this publication without obtaining specific professional advice. No
representation or warranty (express or implied) is given as to the accuracy or completeness of the information contained in this
publication, and, to the extent permitted by law, PricewaterhouseCoopers LLP, its members, employees and agents do not
accept or assume any liability, responsibility or duty of care for any consequences of you or anyone else acting, or refraining to
act, in reliance on the information contained in this publication or for any decision based on it.

© 2015 PricewaterhouseCoopers LLP. All rights reserved. In this document, “PwC” refers to PricewaterhouseCoopers LLP
which is a member firm of PricewaterhouseCoopers International Limited, each member firm of which is a separate legal
entity.
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