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When the Bill Comes Due

HNA's finance costs put it inthe ranks of the world's biggest corporate debtors
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Table 4-2
RATEENL{TO RING DEVELOPMENTS CGE simulation: Welfare sensitivity analysis of the safeguard measures
IN THE DOMESTIC INDUSTRY.
(InvesTication No. TA-204-9) MJ'HJ'UH dﬂ”afs
Import-Supply Elasticity:
§ 65.6
10 (central assumption) 416
s o - 2 1100
TEEL-CONSUMING INDUSTRIES: ; "
CompEeTITIVE CONDITIONS Source: USITC calculations
WitH Respect To STEEL
SAFEGUARD MEASURES |
(InvesTiation No. 332-452) | O\.emll employmem nt f.teel comummg industries gtntrall_!,f fv:ll or :

while productivity and wages increased over the three year permd [n
Spentar 203 many cases, employment fell by a greater amount (and percentage) in the

year before the safeguard measures were implemented than in the first
vear after they were implemented.

Table 4-3

CGE simulation: Summary income changes from safequard measures using central elasticity assumptions

Million dollars
Income Changes:
T e ENUE . e 6499
LabOr INEOmME e -386.0
Capllalmcome......
IrnnandSleellnduslrf 2395
Omermdustneswherecapulalmccmemcreases 674
Industries (including steel-consuming) where caputal income decreases R -6i01.2
-204 3
:-GDP -304

l____________________________________________________I

A}t2: Bloomberg, USITC “Steel: Monitoring Developments In the Domestic Industry” 24|, SK & 13
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Free exchange: faction and friction

In America, a political coalition in favour
of protectionism may be emerging

China’s size and behaviour are prompting a rethink on trade

R R R : 3 = JER

Political support for an old-fashioned, Trump-style trade war is thin on the
ground. Yet a coalition in favour of a showdown with China, made up of
both Republicans and Democrats and with the backing of business
interests, is all too easy to imagine. The result—a world increasingly

divided into rival economic blocs—might well have emerged even without

Mr Trump. It will certainly outlast him, too.

XI&: Economist(2018.3.15) https.//www.economist.com/news/finance-and-economics/21738887-chinas-size-and- 15
behaviour-are-prompting-rethink-trade-america-political, SK &
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! Reagan negotiated and concluded the 1988 Canada-United States Free Trade

i Agreement — the basis for the North American Free Trade Agreement

i (NAFTA). Signed by President George H.W. Bush a few years later, NAFTA was
! the realization of Reagan’s 1979 “dream that at some future date a map of the
| world might show the North American continent as one in which the people’s

i commerce of its three strong countries flow more freely across their present

! borders than they do today.” Reagan administration negotiators also helped

! launch the Uruguay Round under the General Agreement on Tariffs and Trade
i (GATT), which would in 1994 strike the single biggest blow for free trade in

E the last 70 years by establishing the World Trade Organization (WTO), the

' foundation of our current global trading system. /
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Chart 4: Industries with direct US China competition

m % share of US imports from China % of US manufacturing employment
0% 2% 4% 6% 8% 10% 12% 14% 16%

Why America would el . .
AL LKA S l Metals &groductg,]
lose a trade war : i -
- . ood products
with China == ; Machinery & equipment
By IMD Professor Motor vehicles & parts
Chemical

Winter Nie

Rubber & plastics products
Non-metal mineral products
Wood & products

Paper & products

Textiles

Source: BofA Merrill Lynch Global Research, US Bureau of Labor Statistics, OECD

N2 ST 37, BOA KA



S BAIPHE 1321 571E Al=le] #2 H2

i
A
il

o 13X} XY 57| ABlo| o M
> AT X|EELE 187((2012~2017 AHEZ|)QF 197](2017 8HHE7|~2022H)0 2 A

> 2|HAE THA|SHT| QIBH AFRQZE (V1NHE) AFS| 42 2020 77HX| OFR 2|8 A =l
NEMHMS AHEMH, TA|ISIQF AT ESE U ASAY 40| Cfst | Ci4= =8
W& 7|2 H|S0| 0| H5| %2 THF AH|QF MH[AQO CHot €2 =X
Zlesd W AR Y S0 TS M e apE st £ X oF %
Fa M g
1) GDP 9 6.5% O|At S SICH= 7| &
=& ZHYBE /X 2) ROIHAAEL 20100 & HY MAH 25
1) 20204 7K| M| =¢Qlo| &3l 28
ﬂ-g _T'_E§|' 2) JltjEtI-i )\l'c‘s)kl-o-l |:||3 =18 [H
3) M= —»A1HIA°*°§°| A 24 0lF

1) 2020E7}X| R&D EX} H|E Bty
2) DfskAtdof cit ottet s
3) IT 3 MH|AAHOf Ciot atZtot EX}

252 229, K5



= A 2| 19| ‘3E AlEik= Display > RS0} LCD/OLED A EHA| 7=

IR
® Capacity 7|& 220193 =28 12|0 S2MA E A

> =2=2ZLCD IH% | CHt 2 M Aol 315 O[E A0 A 2tZot XI LEE A 872 XNALE SH8H §Xt 7ts

> oUW+ 57F A Set UM FAH F0f & 0f BOE, CSOT, HKC, CEC, CHOT 5 Ui &M =5

> 10.5G X£C{Y C|AF2 0| ST LR UE2 S22 ShUNE Y= > 8KTVE 5= W20| SHEhA o =2st= A7|17 2 A

® OLED Aol = 530 7|25 Hee Uz N3 22 HIFoR 7| a(IP) L 913 gu
> MHIHG S ZRAR AXILOSE 71Z0 vt ABO2 ThFR B 43, SHI2 20200 L} 105G Fab 7+ A|%}
> 2HY 2TV EEES /8 OLED £X X/92 B0l 20174 Bty 0|3 B30 BF, 3HH £1 A%
> 71E YMSC ZYHHO| OfRE W, SIWY L VUS| A A9 E U TAN £x W2 W U

TFT Display capacity forecast by region AMOLED capacity forecast by region
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g 2016 2017 2018 2019 2020
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Source: IHS Markit © 2018 IHS Markit Source: IHS Markit © 2018 HS Markit
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in India
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'Ff""‘“y?hptbh(i - Focom e Bongoort 1) 02 M=Y 2g2 98 0)F S£0| £x}
won't have to migrate = Xiaomi, Nokia plant fnay 2) TIﬁE f_|-’|=-0'|| 10-5G ch Fab E'II' %?_I
" | e (49! H|g =om, #7olA £, olmal i 2X)
Syl 3) 10.5G LCD Fab EX}2 8K TV MA 7 X3}

Shenzhen

4) % 6G OLED Fab X} 7I5A £ 7|

470,000 employees ] -
5) Apple, Nokia, Google S AOIEE E}Zl

in Shenzhen

s . Thai Nguyen Province Bac Ninh P
\‘ 25 factories in 12 countries ‘ o =

Canon
Foxconn

} Target: 1.3 million employees worldwide by the end of 2011 ‘ Vi Phuc P
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J‘ 20,000 employees in Mexico, 5,000 employees in Russia
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Hanoi - Haiphong
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Without 5G, Without Smart City
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Huawei P11 Leaks

40MP Triple

Triple Lens Camera
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Data Centre » Cloud

US Congress quietly slips cloud-
spying powers into page 2,201 of
spending mega-bill

House OKs email slurp rules, Senate stalled

By lain Thomson in San Francisco 23 Mar 2018 at 01:42 22[) SHARE ¥

Updated For months now, US Congress has mulled new laws to
strengthen Feds' powers to access American citizens’ private messages
and files stored on computers overseas.

Mow, rather than actually debate and refine such legislation, lawmakers
have decided to tack it onto the massive 2018 Omnibus Spending Bill
[PDF] and seek to pass it by the backdoor.

The 2,232-page document covers $1.3tr in government spending from
now until September and, if passed, we’'ll avoid a federal shutdown this
weekend. Despite the fact the bill was only unveiled on Wednesday
evening, the House of Representatives passed it on Thursday afternoon
by 256-167 votes. Now, it's over to the Senate to approve before it gets
the OK from President Trump.

Buried on page 2,201 of the hill is the Clarifying Lawful Overseas Use of
Data Act (CLOUD Act), which was introduced to the Senate in February
and hasn't really gone anywhere. The bill would allow American law
enforcement to obtain their citizens' private data from servers anywhere
in the world, provided they get a US judge to approve a subpoena.

X}& : google, SKEH

To

N O AW

A BILL

amend title 18, United States Code, to improve law
enforcement access to data stored across borders, and
for other purposes.

Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as the “Clarifying Lawful
Overseas Use of Data Act” or the “CLOUD Aet”.

SEC. 2. CONGRESSIONAL FINDINGS.

Congress finds the following:
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Cloud Infrastructure Services - Market Share Maries Snare

(laaS, Paa$S, Hosted Private Cloud) 2::;::?: CLOUD IaaSQI *O-| Iol'%
Amazon A::ZZ’Z" ] :
Moo Amazon, Microsoft, IBM, Google, Alibaba & 2|F2
= ICTOS
Microsoft 39,
- g > Global HES|A7t ZR3IH, Local YHE UX|= ZA X%
Yo%
Google
Google %
) : |
£y Applcation development andtesting - | et
Next 10 jitsu, NTT, Oracle, Rackspace| Next 10 | ' l
1% Mobile apps store and data
Rest of Rest of Market | l
Market -4% Commercially licensed CRM {customer relationship I
0% 10% 20% 30% management, but not Salesforce.com)

| | | |

Worldwide Market Share - Q4 2017
Custom/industry-specific applications —_
' l

ERP (SAP, Oracle, Microsoft Dynamics, etc.)

Marketing, social media sites
Commerdally licensed database (Oracle, IBM DB2, Microsoft

SOL Server, etc.)
CLOUD laaS29| Web server, online presence (website, storefront, e-
commerce, etc.)
o
ﬂ 'FI" OI E = Collaboration (web/video conferencing, document sharing, and
M)

2015~2018% CHH|

Storage backup/disaster recovery platform

=7 Y o

Commerdcial off-the-shelf business productivity tools (Office,

word processing, and spreadsheets)
Email and messaging h_{
| ]

0.00% 10.00% 20.00% 30.00% 40.00%

2019 m2018

)
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Microsoft
Amazon
Apple
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Tencent
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Baidu, eBay, NTT
PayPal, Yahoo
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AWS

64 |
57%

Azure

45% I
34% I

Google Cloud
18%
15% I

IBM Cloud AWS leads, but Azure grows faster

10% I
o I 0
i to reach 70 /O of AWS adoption
VMware Cloud on AWS

8% I 2018 N

| Not asked in 2017 2017 N

Oracle Cloud
6% I
3% Il

Alibaba Cloud
2% H
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> &35 ADIEE Hi|= 8K ofj 4= + Super slow-motiong X| 2 5l= X E2 Premium A|ZO|AM B ZHA| 7| = F 20| HEZHEIEF A
e =< 3H TE Pixel = ZoXFIZt
720p HD 30fps SN 0.92M 40MB
1080p FHD 30fps SN 2.07M 60MB
1080p FHD 60fps EQN 2.07M 90MB
1080p FHD 120fps 20N 2.07M 170MB
1080p FHD 240fps 220M 2.07M 480MB
2160p UHD 24fps e NS 8.85M 135MB
2160p UHD 30fps SN 8.85M 170MB
2160p UHD 60fps SEA 8.85M 400MB
4320p 8K 24fps =N 33.2M 400MB
4320p 8K 30fps S YAt 33.2M 0.5GB
4320p 8K 60fps EgA 33.2M 1.2GB
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20194 2 AH3}=! 8K A|CHS FH|5k= eUFS 7|¥t2]| 512GB Nand Solution

® High-end ADIEE K|S0 1T £l &t > 8K TV AL =2jA| Contents M At Bl X{&to] ZAML2 AQIEZEQ} 2212

> Applee| 7|2 Xl =od =il T : 7t 2t kst & 7| &S St L& Nand X & X| = HOf =i
> 8K 4Kof| H|3{Af PixelO] 48| 2 S7t > Camera 2= A0 Memory BH=X| =20 0|2 =842 +2 = E 7142 HE

> HuaweiQ| %|= x{& =, XiaomiQ} Apple2| Al7|Z 0| AEHE Hoz Mgt

64%H 3XH V-NAND & #12&

512Gb2 256GbECH A H{o] 26 T HO{RR0|E B8t
A4 WED|S'IHATH 7|$'2 A5 9K, 2H1H 57} 248

8 A% AI|HE A% MIBE Yo AI|LKE Yo MI|BE
512GB eUFS 2.1
(2017.11%)) 860MB/s 255MB/s 42,000 IOPS 40,000 IOPS Call Array
=xt8
At szjglg.gg)z'l 850MB/s 150MB/s 45,000 TOPS 32,000 IOPS ot poray ot poray
256GB UFSo Card 53OMB/S 170MB/S 40’000 I0OPS 35’000 I0PS 256Gb V-NAND 512Gb V-NAND
(2016.7 )
512GB eUFS I{2|X| E+H
25?2(2)%[6&2);5) 2.0 850MB/s 260MB/s 45,000 IOPS 40,000 IOPS 512Gb 3D V-NAND 8&t HZ0 2 512GB eUFS Ij3|X| 713
11.5mm
128GB eUFS 2.0 645+ 512Gb 30 V-NAND
(2015.12)) 350MB/s 150MB/s 19,000 IOPS 14,000 IOPS o
eMMC 5.1 250MB/s 125MB/s 11,000 IOPS 13,000 IOPS g —
eMMC 5.0 250MB/s 90MB/s 7,000 IOPS 13,000 IOPS g T
eMMC 4.5 140MB/s 50MB/s 7,000 IOPS 2,000 IOPS ;
A2 AMFERL SKEH

Word Line Decoder

Word Line Decoder
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® 20181 Agty| M MHXt QIF2 X1 F7tetLt, 8tgt7| Tightst 32
> HETRE YPALD b Y StE| SE A E XY S22 40% b/g% ZsL7|= oj2g Aoz Het
» TOSHIBAQ} Micron NAND b/g Mt X| 2 ZtZ} 36%2} 45% 4=F O 2 5}t
> NAND 70| &}2t8}A| &3 A Compute 2= Z44%, Clouds A|Zo| 230 E78tn BHI|& 42 012 AEHx
> Stit7| Cloud 2+ 1|9 AxE Ao 2 MU N, 3 YMTCE 23 4 HE S o5 25Y

-

YoY

1Q17 2Q17 3Q17 4Q17 1Q18 2Q18 3Q18 4Q18 2017 2018 5016 3017 5018
NAND demand
Removable & Consumer 5,821 5,850 6,729 8,165 7,392 7,808 8,954 9,932 r 26,565 r 34,086 33.7% 19.1% 283%
Mobile 15,972 17,491 20,229 25,528 22,557 22,840 25,216 28,864 r 79,220 r 99,477 51.4% 415% 25.6%
Compute 8,439 8,246 8,073 8,603 10,347 12,480 15,760 18,322 r 33,361 r 56,908 70.7% 15.8% 70.6%
Cloud/Enterprise 6,820 8,133 8,710 9,247 9,356 10,906 13,132 14,652 r 32,909 r 48,046 84.4% 79.0% 46.0%
Others 1,339 1,445 1,594 1,753 2,110 2,186 2,260 2,306 i 6,131 F 8,862 91.9% 43 6% 44 5%
Total demand 38,391 41,165 45,334 53,297 51,762 56,220 65,321 74,076 178,187 247,380 56.8% 37.3% 38.8%
QoQ growth -5.1% 7.2% 10.1% 17.6% -2.9% 8.6% 16.2% 13.4% 37.3% 38.8% 56.8% -19.5% 1.5%
NAND supply
Toshiba 14,513 15,399 17,666 19,691 20,536 21,912 23,526 25,537 r 67,269 o9 512 46.5% 42 2% 36.0%
Samsung 13,356 14,024 16,135 18,361 19,703 20,900 22,120 23,914 F 67 876 r 86,637 63.1% 28.9% 40.0%
Micron 5,390 5,693 5,933 6,533 6,952 7,958 9,040 10,200 r 23,548 r 34,150 17.4% 46 8% 45 0%
SK hynix 4 595 4,439 4,868 5,684 5,981 6,545 7,220 7,812 r 19,585 r 27,558 44 3% 15.7% 40.7%
Intel 358 725 1,065 1,298 1,511 1,665 2,342 2,847 : 3,447 : 8,365 | AIFRIYUI 19484%! 142.7%
YMTC = = = = = = = 3 - 3 AR
Total supply 38,212 40,279 45,667 51,567 54,683 58,980 64,248 70,313 175,725 248,224 47 4% 36.8% 41.3%
QoQ/YoY growth 1.3% 5.4% 13.4% 12.9% 6.0% 7.9% 8.9% 9.4% 36.8% 41.3% " 10.6%! 45%
Total shipments 37,947 40,117 45,372 51,567 54,303 ¥ 58,743 ¥ 63,833 r 70,313 175,002 F 247,192 47.7% 36.1% 41.3%
QoQ/YoY growth -1.1% 5.7% 13.1% 13.7% 5.3% 8.2% 8.7% 10.2% 36.1% 41.3% 11.6% 5.2%
Quarterly supply and demand
Supply (Production) 38,212 40,279 45,667 51,567 54,683 58,980 64,248 70,313 175,725 248,224
Demand (Consumption) 38,391 41,165 45,334 53,297 51,762 56,220 65,321 74,076 178,187 247,380
Supply/demand ratio 1.00 0.98 1.01 0.97 1.06 1.05 0.98 0.95 0.99 1.00
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® Mobile K| £2| eMMC %F [} = X|= 0| Ak|H, Cloud A% =H{ 2 Q15 Enterprise SSD A% 7135}
> High-end Mobile M| Z=2| Nand X2 %f =L > AppleQ| Set 7} M5O 2 AH|XIE2| 7H4 XME 23}
» Technology Platform ™% © 2 Global Top tier52| 1/ d&, 182F2| Nand =8 ZHC|
= 2016-20204 Cloud/enterprise =2 2| HZEtM|7} 7% 7tatE Ao 2 7|C} (Server DRAM1} S Alst Atz
100%
90% ® Others
800,000 80% -
% B Cloud/enterprise
700,000 70%
60%
600,000 50% = Compute
40%
500,000 20% B Mobile
400,000 20%
10% B Removable &
300,000 consumer
0%
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200,000
140%
100,000 120%
100%
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B Removable & consumer BMMobile ®Compute MCloud/enterprise M Others 60% 1

40%

20%

0% T T T T T T T T
2013 2015 2017 2019 2021

Mobile === Compute === C|loud/enterprise ===== Nand Industry
Xt& :IHS, SKE3 75
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stHt7| Apple2 27§ B E0j| Flexible OLED X§E4 > 20181 12 iPhone (OLED & )2 64/256/512GBE SA|E JHsA &2

LC M4 £ Q5L

> Microni}o| ZX}E Ha|7| Qs At X X2} Toshiba= 92/96%t
> Technology Platform Z74 = QI Global Cloud 7| & =2| Data Center =9 = Oj AXT Ho= MM
> Z3LY Cloud A|ZH0j| A Alibaba?| =& 77| 2/¢t Tencent, Huawei S°| M2k

oiet7| =0 3¥H
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40,000

35,000

30,000

25,000

20,000 —_

15,000

10,000

5000

1Q13 3Q13 1Q14 3Q14 1Q15

Supply ( 16Gb M. Equiv.)

At : IHS, SK& &

3Q15 1Q16

mmmms Demand ( 16Gb M. Equiv.)

I

3Q16 1Q17 3QL7E

Sufficiency ratio (RS)

1Q18F

—

3Q18F

15.0%

- 10.0%

- 5.0%

- 0.0%

- -5.0%

- -10.0%
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DRAM 3527} A|Lt2|22] Z4! : Server DRAM 22| 21|

22
1]
HI
il

® DRAMZ2 IT Super Cycle?| %|C} 5| £ = > Server A% % SHA 2 Server DRAM 2 & X1} Q8 =%t
> Server DRAMO| dZ&E O|F0 27| M Z0f|, Server A|&2| =27} LOFA|A &|H DRAM 7tH -2 5t2f5tCt= =2

DOUBLE-DIGIT GROWTH" ASSUMES ENTERPRISE SERVER DECLINE

m 3 enterprise server CPU scenarios

HIGH
MID

Data Center

DIG” Data Center

Gro'-'l[h M“Bl[ g
DIGIT Data Center
Growth

Growth

2021

@ are ubject 10 change without notice.

2014 2015 2016 2017F 2018F 2019F 2020F 2014 2015 2016 2017F 2018F 2019F 2020F

PC | 187%  3.9% -7.9%  53%__-1.0% _ 1.0% -1.0% PC = 187% 3.9% -7.9%  53%l__-1.00% _100% _-10%
Server | 31.4% 47.8% 38.5% 27.99%| 33.9%| 30.2%| 31.3%|| | Server 31.4% 47.8% 38.5% 27.9*; 24.6%| 20.4%| 15.0%
Mobile = 52.7% 30.9% 37.7% 23.8%[ 17.2%| 160%| 2ZU%| | Mobile = 52.7% 30.9% 37.7% 23.8%[ 17.2%[ 16.0% 2Z0%
Graphic | 50.7%  82% 17.1% 15.5%| 15.0%| 15.0%| 17.1%| | Graphic | 50.7%  8.2% 17.1% 15.5%| 15.0%| 15.0%| 17.1%
Consumer:  22.9%  16.9%  25.2%  18.9%| 18.0%| 19.1%| 18.1%| |Consumer: 22.9% 16.9% 25.2% 18.9%| 18.0%| 19.1%| 18.1%
WW  © 34.1% 22.8% 23.6% 20.3%| 18.4%| 18.2%| 21.6% WW 34.1% 22.8% 23.6% 20.3%| 16.0%| 15.2%| 16.4%
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Enterprise Server? | Of-! “Data Center 77} Server DRAM =2 79I

Virtualization2] £7}2 Server DRAM 2ZF: =2 W2 S2p7tA| € Hez Y

Improved resource utilization
[Available memory after virtualization]

S

4G

W

128GB

Non-Virtual Virtual Non-Virtual Virtual
128G 128GB -14%
M 1276 I
N j
B E— —
64GB -28% I .
T B I
I O
I B s
4 I O]
D T D
I I I
B . R
0S ] [ ] O
Actual Available Actual Available Actual Available Actual Available
DRAM DRAM DRAM DRAM DRAM DRAM DRAM DRAM

>
>
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0
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2017'A CHH|

Server

47% H%

\ 4

CAGR 10.12%

AO = =LO =

Server DRAM £=2 : Server workload2} Server A2 =7} AshS E5F ARSH LM A&
Server Workload 3=0| & Xat » Cloud & E E3t Virtual Workload =7}
20
80 20174 CHH| 20174 CHH]|
70 Server Server
60 57.5% A% 50% A%
50
40
30 A 4 \ 4
2 CAGR 12.03% CAGR 10.67%
10
O i

2004 2006 2008 2010 2012 2014

2016 2018 2020

mmm Physical == Virtual -—Workloads per server

INTELS| MUX|E X2t Simple forecast

(CPUR| GPUE= 11E{E|X]|

[e] X=)
s =

HIA)

Atz : INTEL, SKSH

2018 2019 2020 2021
Min 32.9% 29.2% 30.4% 34.1%
Normal 33.5% 29.9% 31.0% 34.8%
Max 35.2% 31.5% 32.6% 36.4%
Average 33.9% 30.2% 31.3% 35.1%
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1) AFS ZE L% 7| (Quadruple Patterning Technology)
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A=

ATA XM XAS 5|2 MH 7|2
— § .
A EWX|AEP|H £ T4 ATH 3|2 42 7| 7
En& 3|2 4 AHH 3|2 4
14[ch 10LHe DY Y| S5 A& 10% 014 844 14cH 10LH=F DO 2 3200Mbps TEIA| Cht|
AH|HAZY 15% &
FXHYV) b
o PowerTrend ___ - i -15%
126V \qyLpe IxLhe S
1.14V~1.26V
114V =
4266 3600 3200 2800 2400 Ixthe Ixthe Wyt
2400Mbps 2666Mbps 3200Mbps

X {5(Mbps)

ZOHE A HO[E MY AAH S 7=

2T TLALO| ZX| A| A L2 A HIO|E] $17| S 28 0| &

‘HIE2}QI H|mI|' UAE 26} O] & M| £| = AR GAI A HE

30| D|MsHE 5§ HIJAE] SY(HYAI0) 2L

— O YUt WXHOffset) X0 LR

\»

aviEuol) Bit Line

#l@a|

V offset
20Ut Ixthe Wi
Reference
WX} Y A A YUEF =0 -
B HIE2IQI(Bit line) ]| : Fig} Xto| 22|
H|E2}0l H@?e| 212 b 0|4} 34 =
e B WA A AIAG : HIERL! H| @O D HUSH SHISH=S
1 8] m7|2| HMAHOffset)S HIOfSHS AlARY
7
Voffset (B
=
0
It Tyt

@8 FHmjAIE](Capacitor) : THA2|20f M 6K XFsh= HA|

HEHAL, SKEH

2M|cH 0|0 F(Air Gap) 58 ?1E

STOBH HOHOAY HIAIEIA) 248K} ofof 4 BFo=
ADYT/ETFH A h 25 7

2M|ch ojjo 3 3 71’8 HIHAIHA -20% 22

TyLtie
24cH Air Gap

279 0|M[sjol ikt 44 2+240] Fotx|ny
7|48 H{IiA|EiAo| G3HE BO| W

I 7|1E HASTLCHEA TP} Foft 3718 MHA
7|8 HujAH AL FE 2|40}

Hogd 32|(Air gap)

-20%
I \

IxLie
Non-Air Gap

7|8 HIYA|EA(Bit line Parasitic Capacitance) :
H|E2[QI0f| S JREA| FRH0| 40| = EHRS Moo,
21 HIA AT X E08 N2AT S OHEY +US

IxLte
Non-Air Gap

ythe
2McH Air Gap

LP(landing pad) : 912 X|x|c{
BL(bit-line)

Q3 Cloud 2 TS

High Performance & Low Power SA| 319
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® 20184 AppleQ| M7|= MEF Ol 71A AlLtE| 2
> AppleQ| iPhone X M2k2 XN 7IFEFO| SHA E OlAlISH= A|LIE|2 - LCD A2 & mHof =HC
= 20174 iPhone 8 ($699~), iPhone 8 plus ($799~), iPhone X ($999~)
»= 2018t iPhone 6.06” LCD ($699~)= &
= 20184 iPhone 5.85" OLED 64GB (799~999), iPhone 6.46” OLED 64GB ($899~1099)2| A%t 7}Zi0| =8

> LCD Alqt REO| 30| ZHE 42 DRAM b/g d=0= 38H
= LCD A} 2 2ol DRAM X{EHZE 50% Z 7} 0| A (2GB > 3GB)
= OLED A2 20| DRAM X{EH2F 33.3% Z 7} 0| At (3GB > 4GB)

- Xiaomit THH A Qo XK SIE SHAFAE EA|, 8GB DRAM A 5 18H7| LSOl 2 of At

—_

C|HO| A 7~8,SE | 7~8 plus :6.06" New X 5.85" New :6.45" New .| DRAM
M AbCH == b/g
DRAM (GB) 2 3 3 3 4 4 =9
2017 12,500 5,000 5,000 22,500 55,000 6.06"

AlLtz|2 1 6,000 1,500 5,000 2,000 5,600 2400 | 22500 | 69,500 | 264%
AlLbE|Q 2 5,400 1,600 6,000 2,500 3,500 3500 | 22500 | 69100 | 256%| [
AlLFE|Q 3 6,600 1,400 7,000 2,500 2,500 2,500 | 22,500 | 65,900 19.8% 3GB

AlL}E| 2 4 6,000 1,500 5,000 2,500 3,500 4000 | 22500 | 69,000 | 255%
AlLtE| @ 5 6,000 1,500 5,000 2,500 3,500 4000 | 22500 | 69,000| 255%
AlLt2|2 6 5,000 1,500 6,000 2,000 4,000 4,000 | 22,500 | 70,500 28.2% LTPS LCD

Face ID

Single Cam

At= : IHS, Apple insider, SKZ#
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6.0%

2.0%

2.0% PC
T R e A N . N e B R N N N T T S s v N Y A N PP Server

-2.0%

e Mobile

-4.0%

= = = = Graphic

-6.0%

8.0% iPhone9| DRAM £ Z7}
2017 : 8(2GB), 8+(3GB), X(3GB)
2018 : LCD(3GB, 17 2 ), OLED(4GB, 27 2 &)

1.5%

1.0%

0.5%

0.0% -

-0.5%

-1.0%

mwWww

-1.5%

-2.0%

-2.5%

-3.0%

-3.5%

At A E AL SK Hynix, SKEH
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iPhone 7 iPhone 7 Plus

7
about 55M
plc]:
Single Cam
LTPS LCD

7 Plus
about 45M
3GB
Dual Cam
LTPS LCD

8 8 Plus
about 24M about 22M about 32M
pic]:] 3GB 3GB

Single Cam Dual Cam Dual Cam
LTPS LCD LTPS LCD

Fingerprint Fingerprint Fingerprint

Fingerprint

Xt2Z : GSMARENA, SA, SKZ#H
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8
about 24M

Single Cam
LTPS LCD

8 Plus 6.06" 5.85" 6.45"
about 22M about 50M about 56M about 24M
__3GB |

Single Cam Dual Cam
LTPS LCD OLED

Dual Cam
LTPS LCD

Fingerprint Fingerprint

XtE : GSMARENA, SA, SKZ-#
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° —
2018 AFMZIZ|Q} SK Hynix2| 1912 Fab 27} £H2 U Capex H|E 2 A
oo — =T oL=E2o = S 4= e
— e |
DRAM
Fab in: K wafer start /month
ompa ab Name 0 Q116 Q Q Q4 Q Q Q Q4 Q118 Q Q Q4
Fab11 Korea  |Hwasung-kun 12 50 50 50 50 45 45 30 30 20 20 10 5
Fab13 Korea  |Hwasung-kun 12 105 100 100 100 130 130 130 130 130 130 130 130
Fab15 Korea  |Hwasung-kun 12 175 175 175 175 180 180 180 180 180 180 180 180
Samsung Fab16 Korea  [Hwasung-kun 12 20 30 40 45 50 fe—
Line 17(S3) Korea |Hwaseong-kug 12 40 40 50 50 60 70 80 80 80 80 80 80
P 2nd(west) Korea Pyeongtaek 12 20 20 20 20
P 2nd(east) Korea Pyeongtaek 12 20 40 60
Bull 370 365 375 375 415 425 420 440 460 490 505 525
SK Hynix M10 Korea Icheon 12 115 105 95 90 90 85 85 80 80 80 80 80
M14 Korea Icheon 12 15 35 50 60 60 65 70 80 85 95 95 95
Wuxi Korea Wuxi 12 115 115 110 110 130 130 130 130 130 130 130 130
12" equiv. 245 255 255 260 280 280 285 290 295 305 305 305
NAND
Fab in: K wafer start /month
Company Factory 1Q16 2Q16 3Q16 4Q16 1Q17 2Q17 3Q17 4Q17E 1Q18F 2Q18F 3Q18F 4Q18F
Samsung Fab12 120 120 120 120 120 120 120 120 120 120 120 120
Nand—Dram Fab16 190 190 190 190 190 185 185 180 160 155 150 140 |«
XiAn 105 105 105 105 105 105 105 105 115 115 115 115
Fab 17 30 40 40 40 40
P 1st Floor - - 25 60 60 80 90 105 |e
P 2nd Floor 20 20 20 20
Bull 415 415 415 415 415 410 435 495 515 530 535 540
Al Fab =Ao] QM
SK Hynix M11- (1) 130 130 130 130 130 130 130 130 130 130 130 130 Lo AO e o e
o k=13 ShA
M11- (2/M12) 75 75 80 100 100 % 85 80 100 100 100 100 1 R2 +EE b/g &E =24
Icheon M14 - (2) - - - - - - 20 40 45 50 60 70 AL o = A=l T =
2. =8 53SA| M&0t 37 = E
205 205 210 220 230 220 235 250 275 280 290 300
(DRAM, NAND, LSI 2 5% 3l|Eh
A = =3 A Gl
3. =82 Q| BXt £ =H
— ~ — e ~
> St gEE A Ao BY

Xt2 : A KL SK Hynix, SKEA
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Construction
in USS Billion

20

15

10

Record Fab Spending!

I Construction —Equipment

Construction $ Record of US$10B in 2018!
——

Equipment
in USS Billion

Equipment $ Record of US$54B in 2018
———

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: World Fab Forecast Report, May 2017, SEMI

Fab Equipment Spending by Region
Region 2017 2018 Yo¥Y 2017 | YoY 2018
Americas $ 5,205 |5 5,479 19% 5%
China $ 6,857 | S 11,525 0% B8%
Europe & Mideast | 5 3,819 | & 4,603 T1% 21%
Japan $ 5091|5% 5,331 14% 5%
Korea $ 14,617 | § 15,120 75% 3%
SE Asia § 1,945 | 5 2,134 -27% 10%
Taiwan $ 12,109 | § 10,137 5% -16%
SUM $ 49,642 | § 54,329 23% 9%
Source: World Fab Forecast Report, May 2017, SEMI

60
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40

30

20

10

Fab Equipment Spending

uss Billion % Change
70 150%
60 B Fab Equipment total
50 =%, change 100%
40 50%
30 0%
20
-50%
10
0 -100%
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Source: World Fab Forecast report, August 2017, SEMI
Share of Fab Equipment Spending Top 5
35%
30%
25% Samsung
20% = = TSMC
15% Pad V== I — === |ntel
- e -..p\‘ --:-—- H .
1% - -"""-ni" ------ :'o'\":.'r-".‘drﬂ.-l-"-ﬁ’” ....... “ISK ynix
§%  Tttess,, .oeveattt - Micron
0%
2011 2012 2013 2014 2015 2016 2017 2018

Source: World Fab Forecast reports, August 2017, SEMI
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o Ao fH= R DRAM Maker HAUTH ZEF B A0l HH| EX(Capex) £ of &

> SEEX 34X EXFA XA Y e N, HEN Y FX[SHH KM HE2[E FEHY Ae=Z MY

»  SK Hynix2| &= Wuxi DRAMZ}QIl 7} 52 2 X|LIX|AH =2 b/g AEst QoL ote|Hel +=Foc2 ZH-E MY

> 20194 b/g 17.7%= AppleC| DRAM x§ 20| 22}7}X| &1, ADFEE A|At T} CLOUDY} B EXI3H O|Q HAKOl 29 71X

> 8K, IoT, AI, CLOUD, X}8X8k}7} 2= DRAM £ Q E Z0I3}X| & Z 2, 19.2H Et2{ X0l Capex X|313 Z O 2 Tt

> ST o| AEH 7|CHX| = %|2to] Al 71" AMAl 2 Hid, Super Cycle0|A{2] Down-cycle2 1H0|L 2 =™ 7}
YoY
. 2015 2016 2017 2018 2019
Global Demand (1Gb Equiv. Millions) 2016 2017 E 2018 2019
PC 18,384 19,486’ 21,309 22,626 23,780 6.0% 9.4% 6.2% 5.1%
r r r

Server 10,235 14,687 20,540 28,154  37,164| 435%  399%  37.1%  32.0%
Mobile 18,5747 25,7457 33,756"7 42,454  47,548| 386%  311%  258%  12.0%
Graphics 32767 3,2657 14,0797 4,376 4,648 -03%  25.0% 7.3% 6.2%
Consumer 27717 3,8847 53787 7,371 9,950 402%  385%  37.0%  350%
Other 45507 55347 67227 8360 10,300 21.6%  215% 244%  23.2%
Total Demand 57,791 72,601 91,785 113,342 133,391 256%  264%  235%  17.7%
Global Supply (1Gb Equiv. Millions) 2015 2016 2017 2018 2019
SK Hynix 16,934 21,065 26,356 31,627 38459 24.4%  251%  20.0%  21.6%
Micron 9,190" 16,2077 21,1787 26,290 31917  763%  30.7%  24.1% = 21.4%
Nanya 16947 19977 22957 3234 4113 17.9% 15.0%  409%  27.2%
Powerchip 479" 508" 566" 618" 693 6.1% 11.3% 9.3% 12.1%
Samsung 25,9327 34,6927 40,3307 48,672 59380 33.8% 16.2%  20.7%  22.0%
Winbond 354" 460" 474" 561 670  29.9% 3.1% 18.3% 19.4%
Others 241" 251" 261" 271 283 4.1% 4.1% 4.1% 4.2%
Total Supply 54,824 75179 91,460 111,273 135513] 371% 21.7% 217%  21.8%
Shipment/Demand 0.95 1.04 1.00 0.98 1.02
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2017 2018 2019 LA Supply / Demand
2016 2017 2018 2019
NAND demand 1.03
Removable & Consumer F 26565 " 34,086 42266 || 33.7% 19.1%i 283%| 24.0%
Mobile 792207 99477 134494 514% 415%] 256%, 352% 102
Compute " 333617 56,908 77566 | 707% 158%! 706%| 363% |
Cloud/Enterprise " 32909 " 48,046 67,169 | 84.4% 79.0%! 46.0%! 39.8%
Others " 61317 8862 12770 919%  436%| 445%| 44.1% 101
Total demand 178,187 247,380 334,265 56.8% 373%; 38.8%| 35.1%
QoQ growth 37.3% 38.8% 351%| 56.8%: -19.5% 1.5%! -3.7% 1.00
NAND supply /
Toshiba ¥ 672697 91512 127,750 465% 422%}{ 360%! 39.6% 099
Samsung " 61876 7 86,637 116,094 63.1% 28.9%i 400%! 34.0% 7/
Micron " 23548 7 34,150 48,220 17.4% 468%| 450% 412% 098
SK hynix " 19585 " 27558 37,479 | 443% 157% 407%! 36.0% .
Intel ¥ 34477 8365 11,460 | AR 1948.4%) 1427%! 37.0% 0.97
YMTC r - 3 38 ARRIAI1166.7% -
Total supply 175,725 248224 341,040 47.4% 36.8% 413%| 37.4%
QoQ/YoY growth 36.8% 41.3% 37.4% " 10.6%] 45% -3.9% 0.96 | | |
Total shipments " 1750027 246,489" 338312| 477% 36.1% 40.8% 37.3% 5017 2018 2019
QoQ/YoY growth 36.1% 40.8% 37.3% 11.6% 48%| -3.6%
Quarterly supply and demand
Supply (Production) 175,725 248,224 341,040
Demand (Consumption) 178,187 247,380 334,265
Supply/demand ratio 0.99 1.00 1.02
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|h ol Ad d
=021 4= Emerging Memon2| €5 7ts8 B
® Xpoint= NVMe, DIMM g|F2 A% of| A
>  Price sensitive application2 Nand, Performance sensitive application2 DRAM 22| §X|= 22{& A
>  Server 0 A{2| NVMe, PCOj|A{2| DIMM & MLHA &8 7IX|7} =& Application ZEf5tAH & Ao = MM
» Mobiled| M T X{EH S 2|1 QY OL}, 0| &= Form factor?| H3SIE N2{StX| 2ol Y= Ao = T
- Detachable, Convertible?| =2 7} S| | Tablet A|&77}X| MAS M2tSE = QlOL},
Foldable phone ME[A|0f| A Intel =Xzt CHEtS| O|O|$H =02 UX| 7| S A= £ QS
> 202047IX| 60K =& MAtOo 2 Demand £ 715, 2022 A7K| 28 HEA| 120K =F0 2 =M o™
Emerging Memory
3D Xpoint
Adoption 2016 2017 2018 2019 2020 2021 2022
Server (% of total) - 0.3% 3.9% 8.8% 10.8% 12.4% 14.0%
PCs (% of total) - 0.1% 2.8% 8.9% 12.4% 14.6% 16.4%
Total (millions of units) - 04 8.4 279 384 46.2 53.3
Shipments (millions GB) 2016 2017 2018 2019 2020 2021 2022
Server - 14 267 967 1,961 3,727 7,848
PCs - 8 258 1,030 1948 3,469 6,332
Total - 22 525 1997 3,909 7,196 14,180
Revenue ($ billions) 2016 2017 2018 2019 2020 2021 2022
Server - $0.1b $0.9b $2.1b $3.2b $4.6b $7.2b
PCs - $0.0b $0.5b $1.4b $2.0b $2.8b $3.7b
Total - $0.1b $1.4b $3.6b $5.2b $7.4b $10.9b
ASP ($/GB) NA $3.60 $2.62 $1.79 $1.33 $1.02 $0.77
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- MicronQ| M2F2 2019 3D Xpoint =8 9| 10~20% &5, 202077t X| 20~30% H = 2 =LY
> SlIf 2™2 20 nm £=F, 20203 13~14nm7}X| O] M|g} ZI38510 High Performance, Low Power 7| 45l= 2 EH
- Micron Technology plans to spend $2 billion over the next two to three years at a Japanese plant to churn out next-generation
memory chips vital to such applications as smartphones, data centers and self-driving cars.”
Hiroshima fab2| &1 X} Capa= CH2F 120K, “two years for a new process technology to fully ramp”
MMHXH= MRAMS 2 X| 31 L7 20| 7|2 2ko|Lt, 7HdH| &2 ACH& % DRAM + NAND Z$E 15183 9!
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ANEW CLASS OF STORA S— % e i ks
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Memory Semantics will be pervasive in Volatile AND Non- New and
Volatile Storage as these technologies continue to converge.

Insel® Scalabie:
SYSEEm Framework

Bridging the Memory-Storage Gap
Intel® Optane™ Technology

S N

1000X 1000X 10X

FASTER ENDURANCE DENSER

Than NAND' Of NAND? Than DRAM?

Non-volatile memory (NVM) Massive memory pool
Flash-back Phase-Change Memory

DRAM ’
i Latency
2 ] Il —>
ns _| I us |
*» v @
Spin-Transfer Torque Resistive RAM 2D and 3D
MRAM (e.g., Memristor)  Flash

MAND SSD

@ Price-Competitiveness of Memories

Further
Fundamental structure of MRAM fry o Further integration and cost competitiveness through deepening 3D integration and TOSHIBA
* MTIJ (Magnetic Tunneling Junction) tEChn°|°9ies cost reductions
- Thin insulator between magnetics for tunneling barrier overthelong term
* Status change: Resistance difference Deepening 3D Technology =
» Super-stacking technology (technology needed *RaRAM: Resistive Random Access Memary
for mare than 100 layers)
«Vertical shrinkage technalogy 3D Manufacturing Innovation
+ Die shrinkage technology (effective layout of 48 layers 64 layers - ) o
- et peripheralcirus and memory arays) | ] Jsech + Die shrink and cost reduction through Nano-ImPrint Lithagraphy (NIL)
. EMGGb I « High productivity production technology (deposition and etching
L Low Resistance (R;) High Resistance (R,,) Undermass shipment processing) 9 5
i producion - High efficiency production (multi-clean room production)
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Nanowire device structure
enables further reduction of
gate lengths
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Scaling of devices is enabled
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