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Worldwide Semiconductor 3Q16 Revenue Forecast:
2016 Improves, as Does the Rest of the Forecast

Billions of Dollars and Revenue Growth

Semiconductor Revenue $372.6 2%

Milestones
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375 $100b 1994 4.3%
$200b 2000 $350.1
$300b 2010 $342.6 $334.8 5.5%
350 8.6% 1 30/- $331 8
=4 0 9%
$315.4
325 $307.8 5. %%
$3015 2 pp $299.9
31.86 -2.6%
300

$325 $340 $359 $369 $378
-3.0% 4.7% 5.7% 2.6% 2.6%

2Q16 Forecasf
275

250
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2016 Forecast ®3Q16 Forecast

Source: Gartner 10/16
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3Q16 DRAM Market Metrics I The Cycles Continue
2017 & 2018 Boom, 2019 & 2020 Bust

Megabytes Bn 3,837 4716 6,156 7,403 9,334 11,717 15,559 19,630 24,214 CAC;E 1o-
Bit Growth 31.9% 22.9% 30.5% 20.3% 26.1% 25.5% 32.8% 26.2% 23.4% 26.7%
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3Q16 NAND Market Metrics i Cycles Persist Due
to Investments

Megabytes Bn 30,466 43,359 61,065 87,222 123250 172,355 247,127 337,110 451,019 CAC;S S
Bit Growth 62.1%  42.3%  40.8%  42.8% 413%  39.8%  434%  36.4%  33.8%  38.9%
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Source: Gartner 10/16
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3Q16 Foundry Revenue Forecast

Billions of Dollars and Revenue Growth
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3Q16 Capital Spending by Device Type

Billions of Dollars

50 Logic

45 A Investment targeted at 16/14nm FinFet
capacity and 10nm volume production in

40 2017

35 A nitial 7nm capacity in 2018-19; volume

production in late 20191 20

30 ASIowing Moore's Law and uncertain end
25 market demand restrains logic growth
20 Memory
15 A Market weakness causes flat 2016
A Transition to 3D NAND drives longer

10 term memory growth

5 A china fabs push growth in 2017-2019

0 A Accounts for ~40% of total capex, 2016-

2020

2014 2015 2016 2017 2018 2019 2020

m | ogic/Mixed Signal = Memory uOther

Source: Gartner 10/16
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Why Ultratech Wins

A Superior on-wafer results and strong
global support structure

A Customer-configurable design that
supports flexible manufacturing
requirements as well as tool
extendibility for multiple device
generations

A 90%+ stepper installed base market
- share

AP200/300 Series Steppers A Purchased IBM enabling bump patents

A AP300 has exclusive and preferred
agreements with 60% of the Flip Chip
market
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Why Ultratech Wins

Laser Processing

,A/

A 245 laser process patents and
applications

4

ey

e =5

A 71 melt annealing patents and
applications

A Proprietary design reduces
reflectivity variations from 20%
typically to <2%

A Lowest wafer breakage

T>o

Lowest consumable cost

A Lowest cost per wafer

LSA 101




.l Ultratech e Y

November 15, 2016

Why Ultratech Wins

— A A leader in 3D patterned-wafer
\ shape measurement

Ultratech

A Highest throughput, lowest cost
and smallest footprint

A Comprehensive wafer mapping

A Measures 3 million data points per
300mm wafer

A Throughput of 150 wafers per hour

Superfast 4G+
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Why Ultratech Wins

A Sapphire lithography stepper
platform offers smallest footprint
with the highest economic value
for HBLED MEMS production

A ALD

A More than 400 systems
shipped

A Strategic global technology
partners

A Largest referenced technical
papers >1,100
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Low Cost Stepper Designed for HBLED
Lithography

Stepper Technoloqgy for High Yield HBLED
Processes

ASapphire platform offers the smallest footprint
with the highest economic value for HBLED
production

Asmallest footprint stepper

ANon-contact lithography i zero masking
defects

ASuperior overlay and CD control on warped
substrates

AFine resolution capability enables brightness
enhancement
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Ultratech CNT/ALD Overview

AThe world leader in atomic layer
deposition for the research community

AoOver 400 Savannah thermal ALD tools
In 6 continents == -

AoOver 80 Fiji plasma enhanced ALD < e ; 5
tools in use today '

AMore papers published on research

with Cambridge NanoTech tools than d
any other: in excess of 1,100 papers

ADedicated process support from an '*\ ;
experienced team of ALD experts
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The ALD Market Today il Ultratech CNT
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KEY STRATEGIC ISSUES IN SEMICONDUCTOR INDUSTRY
IBS

A Semiconductor market will grow 0.2% in 2016 and 4.6% in 2017

Growth is due to increase in gigabyte prices for DRAM and NAND Flash and
impact of increase in bill of materials of Chinese smartphone vendors

A 16/14nm FinFETs have achieved high volume

Also have superior performance and power consumption to 28nm, but with
gate cost penalties

A TSMC is planning to be in high-volume production of 10nm in H1/2017 and
/nm in H1/2018

7nm will be high-revenue and long lifetime technology node

A Adoption of EUV could be postponed, which will slow down ramp-u p o f
7nm and TSMCOs 5nm

Samsung Electronics is promoting 7nm with EUV in H2/2018, but this target
will be difficult to achieve

© 2016 INTERNATIONAL BUSINESS STRATEGIES ,INC. ALL RIGHTS RESERVED . RRPRS11.1516 SLIDE0



KEY STRATEGIC ISSUES IN SEMICONDUCTOR INDUSTRY
(CONTINUED)

IBS

A 3D NAND market is in high growth mode and will have high CAPEX in 2016
and 2017

Samsung is in initial volume production with 48 layers

Intel, Micron Technology, SK Hynix, and Toshiba (Western Digital) are
adding wafer capacity

A There is wide variation in endurance levels of 3D NAND, which requires use
of better inspection technologies

3D NAND should have 100X higher endurance than 14nm planar TLC NAND

A Waferfanout technology is widely used,
mainstream

Advanced Semiconductor Engineering (ASE) is providing wafer fan-out
technology, but most activities will be done by foundry vendors

Fan-out is area of high growth

SEMICONDUCTOR MARKET HAS GROWTH IN NEAR TERM AND GOOD
POTENTIAL IN LONGER TERM

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED RRPRS11.1516 SLIDR1



SEMICONDUCTOR MARKET BY PRODUCT

$600B
MPU
L~ MCU
L— DSP
~ Standard Cell
ASIC
FPGA
$400B
E E ™\ Special-Purpose
= Logic
: — |
= General-Purpose
5 - [~ Sen
é - \ Logic
5 = ! \ Display Driver
(8]
€ . . Analog
[}
n
H B . MOS Memory
| Other
j . . Semiconductor
$OB h T T T T T T T

2015 2016

2017

2018

2019 2020

2021

2022

2023 2024 2025

POSITIVE GROWTH IN 2016 AND 2017
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FOUNDRY MARKET BY FEATURE DIMENSION

IBS

— O00. 2501
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Foundry Market

/nm WILL BE LONG LIFETIME TECHNOLOGY NODE
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WAFER VOLUME TRENDS

IBS

28nm 16/14nm 10/7nm
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28nm WILL BE HIGHEST WAFER VOLUME FOLLOWED BY 10/7nm

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED. RRPRS11.1516 SLIDR4



T S MC &5/ENUES BY FEATURE DIMENSION (FY)

STRONG DEMAND

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED.

FOR IPHONE 7, AND HIGH GROWTH IN 2016

RRPRS11.1516

IBS
2015
(Dec 31, 2015) 2016

($M) QL | % | @2 | % | @3 | % | 4 | % [TotTAL| Q1 | % | @ | % | Q3 | % [ TOTAL
20/16nm 1,078 | 16| 1,247 | 20| 1,355 | 21| 1,483 | 24| 5.163| 1,493 | 23| 1,627 | 23| 2574 | 31| 5,694
28nm 2,022 | 30| 1684 | 27| 1,742 27| 1544 | 25| 6,991] 1,947 | 30| 1,981 | 28| 1,993 | 24| 5,920
45/40nm 1,011 | 15| 873| 14| 903 | 14| 865| 14| 3652| o909| 14| 1061| 15| 1,080| 13| 3,049
65nm 809 | 12| 686 | 11| 710| 11| 680| 11| 2.884| 649| 10| 849 12| 913| 11| 2411
90nm 472 | 7| 437| 7| s516| 8| 432| 7| 1857| 389| 6| 354| 5| 415| 5| 1,158
0.13/0.11pm| 135| 2| 187| 3| 129| 2| 185| 3 636| 130| 2| 141| 2| 249 3 520
0.18/0.15um | 876 | 13| 811 | 13| 774| 12| e80| 11| 3140| 714| 11| 778| 11| 747| 9| 2,239
00.250m337| 5| 312| 5| 323 5| 309| 5| 1280| 260| 4| 283| 4| 332| 4 875
TOTAL 6,740 | 100 | 6,236 | 100 | 6,450 | 100 | 6,178 | 100 || 25,603 | 6,489 | 100 | 7,073 | 100 | 8,304 | 100 || 21,867
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NAND FLASH MARKET
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[ ——— 2D
$62.7B
$57.9B
- $53.0B
©
E $50B $48.5B __| |
< $44.0B
©
i $40.3B
a) $36.9B
g $33.8B 3D
$30.8B
3 $29.0B
ke
S
A $25B +— —
~
S Q Q L S S X S X
1l 1=l tgl (8] (8] & 8] |&] (8] (5
S| = (2] |8 |el |[=| |g| |8 |8 [£] |8
—
$OB I 1 1 1 1 1 1 1 1 1 1

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

HIGH GROWTH POTENTIAL THROUGH 2025
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NAND FLASH MARKET SHARE

IBS
Samsung| 8,045 | 29.19| 9,397 | 30.85| 11,039 | 34.60 | 14,520 | 41.87 | Access to large financial resources
Dominating 3D NAND market to date
Toshiba 6,191 | 22.46| 6,621 | 21.74| 6,478 | 20.30| 6,413 | 18.49 | Ramping 3D NAND wolume
Will need access to large financial resources
Western | 6,170 | 22.39| 6,628 | 21.76 | 5,565 | 17.44| 4,986 | 14.38 | Ramping 3D NAND with 48 layers
Digital* Will need to match Toshiba's CAPEX
Micron** 3,844 | 13.95| 4,713 | 15.47| 5,240 | 16.42| 4,872 | 14.05 | Must prioritize funding between DRAM and NAND
Intel will have own 3D NAND capacity
SK Hynix | 3,211 | 11.65| 3,040 | 9.98| 3,528 | 11.06 | 3,881 | 11.19 | DRAM emphasis, and large CAPEX for DRAM
Initial production of 3D NAND
Subtotal | 27,461 | 99.63 | 30,398 | 99.80 | 31,850 | 99.82 | 34,672 | 99.97 | Five companies and Intel dominate market
There could be some consolidation in future
Other 101 0.37 61 0.20 56 0.18 10 0.03 | Some activities in Taiwan, but lagging in technology
TOTAL | 27,562 | 100.00 | 30,459 | 100.00 | 31,906 |100.00 | 34,682 | 100.00
Note:

* Revenues include discrete NAND products and multichip modules.
** Shows revenues reported from December to November, including Intel's NAND but not Intel's SSD.

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED.
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CAPEX OF SELECTED COMPANIES

IBS

Samsung 11.34 | 28.47| 11.24| 21.62 | 13.01 | 26.51 | 11.93 | 25.29 | 13.10 | 24.59 | 12.52 | 25.09 | 10.10 | 19.20
TSMC 594 | 14.90 7.29 | 14.02 8.32 | 16.95 9.64 | 20.43 9.13 | 17.12 8.12 | 16.27 9.50 | 18.06
Intel 5.21| 13.07| 10.76 | 20.70 | 11.03 | 22.46 | 10.71 | 22.71| 10.11| 18.96 7.33 | 14.68 9.50 | 18.06
Micront 0.95 2.39 3.05 5.87 1.66 3.39 1.59 3.37 3.14 5.89 3.60 7.21 5.55 | 10.55

A Inotera 189 4.75 0.38 0.74 0.15 0.30 0.22 0.46 0.70 1.31 1.69 3.39 - -

SK Hynix 2.50 6.28 3.00 5.76 3.06 6.23 2.49 5.28 4.20 7.88 4.68 9.37 5.10 9.70
SMIC 0.73 1.83 0.77 1.47 0.50 1.02 0.77 1.63 1.01 1.90 1.40 2.81 2.50 4.75
Globalfoundries 2.75 6.90 5.40 | 10.39 3.80 7.74 4.50 9.54 5.00 9.38 2.50 5.01 2.25 4.28
UmMC 2.10 5.28 1.76 3.39 1.80 3.66 1.10 2.34 1.37 2.57 1.85 3.70 2.20 4.18
Toshiba? 0.87 2.18 2.28 4.39 1.78 3.63 1.00 2.12 1.94 3.64 1.83 3.67 1.08 2.05

Western Dilg0b| a264 1.37 2.63 0.98 1.99 0.86 1.82 1.15 2.16 1.46 2.93 0.50 0.95

Infineon3 044 | 111 1.18| 2.27 114| 232| 051| 108| 084| 158| 08| 1.76| 095| 1.80
Nanya 0.79 198| 036| 069| 007| 014| 019| 040| 018 034| 0.12| 0.23| 0.78| 1.48
STMicroelectronics 1.03| 2.60 1.26| 242| 048] 097| 053| 1.13| 050| 093| 047| 094| o064| 121
T 1.20| 3.01| 0.82 157| 050| 101| 041| 087| 039| 072| 055| 1.10| 0.56| 1.07
ROHM? 0.32| 081| 048| 093| 062 126| 046| 097| 031| 058| 041| 082| 050| 0.96
Renesas 0.72 1.80| 0.59 1.14| 0.20| 042| 027| 057| 023| 043| 051| 1.02|( 090| 170
TOTAL 39.83 | 100.00 | 51.99 (100.00 | 49.10 [100.00 | 47.17 |100.00 | 53.29 |100.00 | 49.91 |100.00 | 52.61 |100.00
A Growth|rd&Aeg (%) 3054 - | (6.57) - (3.92) - | 12.97 - | (6.36) -| 541 -
Notes:

12010 data represents FY ending in August. From 2011 forward, data represents FYs ending in November. From 2012 forward, data includes Elpida.
Micron is acquiring Intera.
2 Data represents FYs ending in March.
3 Data represents FYs ending in September.
Western Digital acquired SanDisk on May 12, 2016. Estimated CAPEX

CAPEX CONTINUES TO BE HIGH IN 2016

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED. RRPRS11.1516 SLIDE28



KEY FACTORS IMPACTING SEMICONDUCTOR MARKET

IBS

A Semiconductor market will be $582B in 2025 compared to $337B in
2015

Foundry market will be $73B in 2025 compared to $47B in 2015

Revenues and wafer volume of foundry vendors will continue to
Increase through 2025

A Advanced process technologies for logic products are concentrated in
Intel, TSMC, Samsung, and Globalfoundries

Memory supply chain is concentrated in Samsung, Micron, Intel,
Toshiba (Western Digital), and SK Hynix

Intel is also starting to participate in 3D NAND with 30nm technology

A 1t is becoming increasingly difficult to achieve high parametric and
systemic yields as feature dimensions are reduced

Stress reduction and stress measurement technologies are
becoming increasingly important

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS



KEY FACTORS IMPACTING SEMICONDUCTOR MARKET
(CONTINUED)

IBS

A Deep learning and artificial intelligence (Al) will have very high growth
and will create new industries in 2020 to 2025

TensorFlow from Google is key capability

A 1oT will have high growth after connectivity into cloud becomes efficient
Time frame is 2019 to 2020
Will require ultra-low power consumption at 16/14nm, 10nm, and 7nm

A China is building large wafer processing ecosystem but needs support
In generating high yield

China is becoming large user of semiconductors and shifting from using
low-complexity products to high-complexity products

LSA AND SUPERFAST ARE WELL POSITIONED TO ADDRESS
MARKET GROWTH OPPORTUNITIES

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS



KEY ISSUES OF ELECTRONICS INDUSTRY IN CHINA

IBS

A Chinese companies will supply approximately 60% global smartphone volume in 2020
Features will be competitive with global leaders in smartphones
A Huawei Technologies is global leader in 5G infrastructure
China could have 1B 5G users in 2025 to 2028
A Big data will be large business in China
Deep learning and Al will gain momentum rapidly
Alibaba Group, Tencent, and Baidu are becoming world-class companies
A Fastest two supercomputers in world as of June 2016 are from China and include:
1. Sunway TaihuLight: Uses Sunway SW26010 processor at 1.45GHz
2. Tianhe-2 (MilkyWay-2): Uses Intel Xeon E5-2692v2 at 2.2GHz
Indicates increased competitiveness of China in high-performance systems
A VR devices have high growth potential, but AR will be much bigger
A Drones are growth market, and China is leader
A Electric bikes are electric cars with autonomous driving will be large markets in China

EVOLVING TO BECOME HIGH TECHNOLOGY, AND SEMICONDUCTOR INDUSTRY WILL
NEED TO TRACK GROWTH

© 2016 INTERNATIONAL BUSINESS STRATEGIES, INC. ALL RIGHTS RESERVED. RRPRS11.1516 SLIDB1



ACTIVITIES IN CHINA
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WAFER FAB ACTIVITIES IN CHINA

IBS

Expenditures ($B)

2016 Location Product | Technology Comments

Yangtze 24.0 0.5 Wuhan 3D NAND 30nm Initial output of 100K WPM in H2/2018 or H2/2019
Memory Plan to have 300K WPM in 2020 and 1M WPM (could be in multiple locations) by 2030
Technology

Could also establish DRAM capacity in Hefei
Tsinghua Unigroup has become lead investor

Will need strategic partners

SMIC 15.0 25 Beijing, Logic 40nm, 28nm | Acquiring LFoundry to get extra 200mm capacity

Shanghai Also upgrading Shenzhen 200mm facility, and key product is image sensor
Main emphasis on Beijing and Shanghai 300mm facilities

Will continue to get strong demand from Chinese fabless companies and foreign
companies that want Chinese supply chain

UMC and 6.2 0.1 Xiamen Logic 55nm, United Semiconductor joint venture with Xiamen municipal government and Fujian
partners 40nm, 28nm | Electronics & Information Group. UMC will invest total of $1.35B in Chinese facility and
provide process and management expertise

Capacity of 50K WPM, and output in H2/2018

Emphasis will likely be on 28nm

5.3 0.1 Fujian DRAM 32nm Capacity of 60K WPM, and output in H2/2018
UMC does not have expertise in DRAM and is hiring DRAM experts

Total investment in Fujian province is $11.5B

Samsung 7.5 0.4 Xi'an 3D NAND 30nm Wafer capacity at end of 2015 was 100K WPM. Has production volume in 32 and 48
layers. Developing 64 layers

Likely to increase w7 andenphbasize 64-layér BDONANDX i
Has also spent $1B on packaging and testing in Xi'an

Emphasis in 2016 is on upgrading 2D NAND wafer fab facilities in South Korea to 3D
NAND
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WAFER FAB ACTIVITIES IN CHINA (CONTINUED)

IBS

Expenditures ($B)

2016 Location Product | Technology Comments

Intel 55 0.5 Dalian 3D NAND 30nm Initial CAPEX is $1.5B, and output in H2/2016

Could change from floating gate to charge trap

Could also manufacture 3D XPoint in China
High probability that China will become one of key wafer fab locations in longer term

Large packaging and testing facility in Chengdu

SK Hynix 55 0.1 Wuxi DRAM 20nm Emphasis in Wuxi is on DRAM to date

Could support foundry market from Wuxi in future

TSMC 3.0 0.5 Nanjing Logic 16nm Capacity of 20K WPM, and output in H2/2018
Large amount of land allows for wafer capacity expansion in future

Will build design enablement team of 500 and support wide range of technologies from
Nanjing location

Globalfoundries | 2.0t0 3.0 | 0.01 | Chongging Logic 130/180nm | Initial capacity of 15K WPM in 2017

and partners t040nm | Targeting power management, battery management, audio amplifiers, MCUs, etc
Extension of capabilities in Singapore
Can allow Globalfoundries to establish strong presence in China
Powerchipand | 2.0to 3.0 1.0 Hefei LCD 90nm, Joint venture with Hefei Construction Investment and Holding, which is providing initial
partners driver IC 110nm, investment of 13.53B CNY ($2.0B). Powerchip will put some capital in 2016, but
150nm financial position of company is weak
Initial capacity of 40K WPM in 2017
Could also manufacture DRAM in future
HLMC 5.7 0.0 Shanghai Logic 28nm, 14nm | Line 2 for HLMC

Needs partner for process technology

Advantageous to get key customer
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SEMICONDUCTOR CONSUMPTION PATTERN IN CHINA
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CHINESE COMPANIES CONSUMED 15.8% OF TOTAL SEMICONDUCTORS IN

CHINA IN 2010 BUT WILL BE 53.8% IN 2025
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CONCLUSION

IBS

A Semiconductor and foundry markets are in relatively positive positions
In Q4/2016, with growth potential for 2017

A Wafer capacity for 10nm and 7nm is being established, with high-
volume production in 2017 and 2018, respectively

There are some risks associated with adoption of EUV, which can slow
mi gration to TSMCOs 5nm (I ntel 0s

A Volume of NAND Flash consumption will have CAGR of 26.1% from
2015 through 2025

73.3% of product supply will be based on 3D NAND technology in 2020

There are concerns with wide range in endurance of 3D NAND due to
difficulties with inspection inside holes
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CONCLUSION (CONTINUED)

IBS

A Specialty packaging will become increasingly important

Sams ung o6 sNVRIMISD has 16 48-layer 3D NAND, LPDDR4,
and controller with 512GB capacity in BGA form factor

A DRAM market has positive growth, with key trend toward multichip
modules

HBM2 is used for high-performance applications
A LSA is best technology for annealing, which can reduce leakage
Melt LSA will be increasingly adopted at 7nm

A Overlay problems will have major impact on yield at 7nm (90 mask
steps)
Superfast is best candidate to address overlay problems

POSITIVE REGARDING LONGER-TERM AND NEAR-TERM GROWTH
OF SEMICONDUCTOR MARKET AND NEED FOR BETTER
TECHNOLOGIES
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LSA Highlights in 2016

AMarket leader with over 85 LSA systems shipped
AStrong 28nm capacity addition in multiple regions
ANeW devices adopting 14nm in 2H16

Alnitial 10nm production underway

AMuItipIe customers using LSA for 7nm development

AAnnuaI wafer volume forecast to exceed 4.5M passes

ALSA business positioned to grow ~3X over last year
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LSA Production Volume Increasing

A Annual wafer volume on LSA L SA Wafer Passes
experienced strong growth in 6
2016 Millions of wafers

Alncreased FINFET production at
14nm and second wave of
foundries expanding 40/28nm
capacity

w

AExpect wafer volume to
continue to increase in 2017

2012 2013 2014 2015 2016

Bl Estimated passes in Q416

Source: Company Estimates, Nov 2016
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LSA Extendible for Multiple
Technology Generations

A LSA used for FEOL and MOL Technology | LSA Systems
applications and is extendible Node in Production
to multiple technology nodes A5/40nm 35
A Key productivity and
el 32/28nm
performance upgrades extend ) 42
' (PolySIiON
the life of the LSA101 platform
for advanced nodes 3@/ éfﬂn(g 42
A Below 10nm integration of
nanosecond melt process 22/20nm 4
S rted 16/14nm 28
10nm 7

*Exceeds shipment number due to allocation to multiple nodes co
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Consumer Driving Logic Market

A Mobile phone shipments
exceeded 1.4B units in 2015
and are expected to reach
2 billion units in 2020

A PC and tablets volume
remain flat but will continue to
utilize high end devices

A consumer devices driving
demand for both FInFET and
planer logic

3,000 -

2,500

2,000 -

1,500 A

1,000 A

500 -

0

Consumer Device Forecast

Units in Thousands

i

2015

200 Ema v B 12018 Be2019 2020

B Mobile Phones mPC mTablet

Source: Gartner, Oct 2016
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Leading Edge FINFET Growth

A Foundries continue to show Advanced Logic Device Forecast

commitment to investing in 3,000 17 300mm wafers (MSI)
advanced nodes

_ 2,500 -
A In2017 expect continued ramp

of 16nm/14nm, introduction of 2,000 A
10nm production and significant A |
development for 7nm

A Capex spending among the top 118
Foundries expected to remain il
strong in 2017

2016 2017 2018 2019 2020

16/ 14nm 10nm 7nm E5nm

Source: Gartner, Oct 2016
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Who Can Afford the Most
Advanced Devices

A The cost of developing new Cost per Gate Trends
generations of process i
technology is increasing rapidly

A The 28nm node still offers the Al
lowest cost per transistor and
designs can be transitioned
relatively easily from 40nm

Lowest cost per transistor

$2
A Foundries must choose strategy

to best navigate technology
node choices

$1

$ per 100M gates

$0

Source: IBS, May 2016
S
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Continued Strength in 28nm Node

A The wafer volume for 28nm 28nm Wafer Production
planer devices is expected to 3,500 1~ 300mm wafers (KU)
remain high through 2025

3,000 -
A Drivers include chipsets for
smartphones / tablets, i
automotive, RF, nonvolatile 2,000 -
memory and other consumer 1
driven applications ’
A The Internet of Things (10T) is 211
expected to represent $75B in 500 -
semiconductor value by 2025 . | | | | | |

2015 2016 2017 2018 2019 2020

Source: IBS, Aug 2016
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China Increasing Planer Capacity

A Government stimulus packages

will result in an increase of 300mm Capacity (WPM)
Capex spending by $1.5 billion
a year by Chinese foundries 32700BAER

from 2018 through 2020 i >

A Capacity addition expected at
SMIC, SMNC, USC and HLMC

A Companies strengthening
infrastructure across China to

support growth 2016 2020

LSA is the tool of record at ALL major foundries for 28nm production

Source: Gartner, Oct 2016
S
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Millisecond Applications from Planar

to FINFET

A Junction Anneal

A Used for S/D and S/D-ext for dopant activation
to improve performance and reduce leakage

A smT

A Strain engineering improves channel mobility
and device performance in advanced planer
applications

A HKMG

A Being investigated at 7nm node to improve
EOT scaling, reliability and leakage
A silicide
A Used for silicide formation at
S/D contact for leakage reduction

A moL

A Post silicide step for contact resistance
improvement and reactivation widely adopted
for FINFETSs

Oxide

Silicon
substrate

FinFET
m Drain

Gate / /
4

v

Source

Silicon
substrats
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LSA Delivers Technology Leadership

A Long wavelength CO2 laser,
p-polarized and incident on wafer
at Brewsteros angl e

A Minimizes pattern loading effect for
best in class within-die uniformity

A Pattern effects can cause degraded
electrical performance and yield loss

A Thermal emission temperature
feedback control - die-to-die
repeatability

A Localized stress field, flexible
dwell time - low stress
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Lowest Thermal Budget Solution

High thermal budget can lead

tO process Issues Bl T ~ 1101250C
A Gate stack impact Red: Flash

A The extra thermal budget can allow
oxygen to diffuse from inside the
transistor to the high k film, which T| Slowramp
slows the transistor "P \

T~ 7061000C

Slow ramp

A Dopant de-activation /down

A Dopants can de-activate during the
long ramp down of Flash, also
resulting in a slower transistor

A Lsa provides lowest millisecond

thermal anneal budget for optimal ~ 10 sec
MSA performance
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Millisecond Anneal Tool Landscape

LSA101/201

Turbo FLASH A

FLASH B Laser Diode

Initial Tool Price ~ $5.5M ~ $4.0M ~ $5.0M ~ $4.0M

Consumable Cos $40K $150K $1,200K $350K

Pattern Effects 5-16C () 100-15%C () | 100-15%C (k) | 100-20%C (B)

Low stress, High stress, High stress, Silicide - low

WAICESHESS low breakage | high breakage| high breakage| stress process

Throughput 45wph 40wph 55wph 44wph

Wafer Cost
(US9)

$3.22 $3.62 $7.63 $4.10

LSA offers best technical performance and lowest cost per
wafer with extendibility to future nodes
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Thermal Annealing Evolution

Reduced Diffusion

1400 _ Junction Profile Comparison
~ 1.E+22
O
S 1300 Super_ — Melt
5 activation | nonmelt
= a 0wl — Spike RTA
@ 1200 | S N
o i i% g
& v g = = 1.E+20 -
% T || MSA: laser e §
— or flash < O
X o c 1.E+19 -
S i S
L 1000 | M |" f § S
— ingle Wafer
© . % 1.E+18 -
0 | ota RTP Spike o ¥
g 9000 | P s —
< Batch
= L 1.E+17 ; : .
800 : , , , , 0 20 40 60 80
Hours  Minutes Seconds Milli Micro Nano Depth (nm)

Seconds Seconds Seconds

Melt annealing results in ultra-shallow, abrupt junction, with above
solid solubility activation - better Rs-Xj than MSA
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Melt Annealing Opportunities

A Advanced logic manufacturers
investigating melt annealing for
various applications at 7nm and

below FEOL 1100-1400
AAdopting a melt annealing High K + 1200-1350
process should enable MOL Silicide

increased performance and

. . Contact Anneal 800-1100
improved battery life

A Pattern effects is a major BEOL 800-1100
concern in inserting nsec
annealing due to the extremely
short thermal diffusion length

New Materials 600-900
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Junction Process Window: LM7 Melt

vsS Conventional Melt

25

Conventional Melt

N
o
!

a — — LM7
£
= 1558
o ¥
O /
% 10 /_ =
= /

5 /

/
/
0 H | ‘
0.6 0.8 1 1.2

Normalized Fluence

ALM7 uses MSA as preheat
which minimizes thermal
pattern effects associated with
nsec anneal

AThe process window should be
larger with the LM7 design

A Engaged with customer looking
at LM7 for 7nm production

A Signed JDA with strategic
partner for LM7 evaluation
targeted at 5nm development
for multiple applications

Initial results in Ultratech Advanced LM7 Research has achieved
aworld record in the reduction of contact resistance
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Laser Annealing Market Summary

A LSA has maintained the market and technology leadership
position for advanced annealing

A LsA provides lowest thermal budget for millisecond annealing

A LM7 melt reduces the temperature jump from the nsec laser
expanding the melt process window

A Engaged with key strategic partners to integrate LM7 melt into
production starting at 7nm
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LMY

Laser Melt Annealing For
The 7nm Node and Beyond

Andrew M. Hawryluk, Ph.D.
Senior Vice President and CTO
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LSA vs. Melt Technologies
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Overview of Flying Spot Melt (LM7)

A Pre-heat is accomplished by ared laser
APre-heat by red-beam is adjustable

AThe pre-heat beam scans across the wafer HERLll
Laser beam
AfFI ying S msobtnocroms e s
wavelength laser
AFocused to an elliptical spot at wafer Red
ASpot is scanned across red laser beam beam
A can very melt exposure time
A Dwell time of scanned beam is adjustable Wafer
A Provides process flexibility 1 mouEmeE

A Maintains Unity platform
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LM7 Architecture Builds on the
Standard Unity Platform

Scanning

Laser beam
Red Laser OFl ying Spot o

nseclLaser

S
. . Wafer beam

Standard chuck

Wafer
movement

The nFlying Spoto I s movi
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Hardware Implementation:
St e p i hid EESICHN 8 i {FHRE

Submicron Laser —

Red laser beam

N—

oOoStep and Scandé Flying Sp
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Hardware Implementation:
Sit| e pl faly OEEEErCEEN e HER

Advantages:

1) Less temperature variations
from beam profile

2) More stable laser intensity

3) Fewer pattern effects

4) Real-time temperature
corrections are possible

nStep and Scano FI

LM7 offers better uniformity and repeatability.
LM7 offers greater process flexibility.
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Advantages of Melt Annealing

A Melt annealing can reduce device leakage and
extend battery life

A Both of these are desirable in mobile devices
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Preferred Annealing Processes

Process Comparison

Sub-melt Melt

Device Node 40A 7 nm 7TnmA ?
Peak Temperature < 1300C > 1412C (for Si)
Anneal Time 0.1 ~ 10 msec 10 nsec ~ hsec
Heated depth ~100mm ~1mm
'IMr?igErr:eLsasyer none 1~100 nm
Activation mid 1e20 cm?® > 1e21 cn?

Uniform dopant distribution
Dopant Diffusion Near diffusionless in molten Si; near atomic

abrupt
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Melt Annealing Improves the Junction
ProfileA Key to Device Performance

Junction Profiles
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nsec melt results in super-activated, shallow,
abrupt junction A lower resistance, high device performance






