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350 | FHE (%) 2.5% 7.4% 5.2% 3.8% 4.0% 2.8% 4.64%
%mig Lt ($B) 708 697 794 800 808 823 836

800 T FHE (%) -1.5% 13.9% 0.8% 1.0% 1.8% 1.6% 3.70%
250 ¢ B4 24 ($B) 485 529 599 669 750 836 928

200 + SHEK (%) 9.1% 13.2% 11.7% 12.2% 11.3% 11.1% 11.90%
150 - ITH4 %% ($B) 1053 1071 1177 1277 1387 1501 1624
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gl o L s g . .
WA RIR: CDCC, AE29E AT AT TR R . Gartner, 2L KA R



Eﬂ L5 2Y &
HUAAN SECURITIES
I '313-.75737 E:J % R 'U = ﬁ\?}_\_"L }ﬂ hﬁ;}}% :F o 71: % ZREAFHATORBET LR, HEBFCAREBQRT S L EBTT0%

N AR ABEEEREFPSTHE AR, L5 kB R EHIK
‘Z#] JE '%E“ }\APC é‘ ﬁj’ 7#] A Hﬁ F] é’] = i‘]’ ;‘5{’: —ﬁ- élj AloT 3 {{.\ﬁ'ﬁ /;,ﬁb Tgf’fﬁ /ﬁ_ Z‘éf éj’; i%fj ‘l/( 5 Datlz Sse;tef Wlthlnga;a/DCemer e Within Data Center (71.5%)
ﬂﬁ;}%ﬁﬁ}‘i\ é’g{#}%;’éﬁﬁﬁﬂj]zéé*@’f&\ ;é’:j] %}j&ﬁ% 7/{/{%0 1 O Storage, production and

( > development data,
authentication

Data Center

ABHEAT ELARBIES%, HKIEP ARG T EAEE B LB LR, %%m
RHPEF S EH . . R, . RAZRHA ARG, T o
BB b L 2 KAAE R MG L= H . AT %6 RRBARE Ko

o Data Center to Data Center (13.6%)
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intercloud links
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Enterprise Spending on Cloud and Data Centers
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1.6422 gu’v gumg;atteming DRAM 3DNAND Superconducting
: elective Depo HBM Multiple Stacks,
World's energy production CD Scaling Nano-Wire/Sheet Zlgheé'K. High AR Functional films m”,’g ::WM"Q
eg. CtW, WiW Stackii interconnect
. ! gREGliebet Array under/over CMOS o Q"bm Mag. Shielding
5 'Market dynamics !irjlted' scenario .Dng{;S"’r'g(g) CFET 3D DRAM, eDRAM  Multi-Level Cell % ww j, superconducting
< 1E420 | L aslmGeeewew - Chip/CeII * Metallization : m
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€ - Scalin 4 =
> 9 FSAV, M3D mMultlxafer Emerging Memory
oo d/De-B
& SAGC, “_'FE’:/L «  Backside Reveal Selector
& W~ 1 . BPR, e °,f°g,c WAW stacking: Fusion/Hybrid  X-Point/3DXP Memory
[ \ ®» = 1a)/bit SDB ) Bond, Thinning FeRAM
1 0.012IPS ' 2 Interposer/ RDL Scaling and mold ;
8 e o v el st STTRAM/MRAM
E 10a)/bit P ) Steep SS Devices ntercon FTJ
o 13 - \\(\% - TFET, NCFET, Mott FET, Chiplet/ TSV/TMV/TDV, bump/pllhr
- e Power/Perf. ©  Luc "o En : WTW Stack  Small chip Dicing & handling RFOFRAEL |
100a)/bi 3V Scaling . Re
= Ap"\ LowL;; ;A"M’etalsm Heterogeneous Integration - PcM
o High Bandwidth Interconnect in=Memory:compiitation
S Air Gap - Optical interconnect including lll-V (Laser), Ge(Detector). AI/DNN
1.E+16 ¥ J = Wafer/Chip Stack and vertical interconnect including TSV
2010 2020 2030 2040 2050 R. Clark / TTCATFPT / October 8, 2019 Source: TEL TEL.
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Growth of Hyperscale Data Centers BEIRUUE BTN BEOMER2 RIS EPUUESN (e
500 t,,m

Number of Data Centers (Worldwide)

Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2 Q4 Q2
12 13 13 14 14 15 15 16 16 17 17 18 18 19 19 20
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Germany

) et

United
States

India

38% .
Singapore
Others
Country Share Q2 2020

Source: Synergy Research Group
FH# &R Synergy Research, %29 A% BT

HehsieH

EEE EEER

EEE =

W/ POERAS PORDBRGN 2
e e e e e e T e e e e e e e e e e e s

Tk AR BB CHHMEREMEHERKRRZGR B ,

2 G IE F TR



L5 2Y &

HUAAN SECURITIES

5
Iﬁ%*ﬁ

Bm ﬁ@ﬁ%ﬂ

REZNFHEAE AR FHF AT R

SR

S —: FEEHABERE

 BRREEEKKLET, AHNERISEEHIRETA. AINESINE
okt 12 R WAL RO I NFRRE T SEALE S ?ﬂi
(ZRIRH5B) 5

ATE A ERARTHFEF54160%HK

TR

P

ATERELTEREANZ
Riff, FEBHEX

TAER: FERIAITESI

AlETT: fERLE. 28, T

2. F #HHA2—, more mooreo SR N o i "Hi’ﬁj]@ AN /Rf? ARSI

RE S, TSMCH 220234 5 % 3nm i B, Intel 1 45 72 B8 4 K b2

£ 7 10nm.
i 7 4% 42 =, mote than moore, F Fi@it b HH LT L LN, 4o AT

AT SR EERAR
1
v PERTHEDRRREIE
- b, EABWSESE
RO RRIEE
v RS, B SRR
BT
- EEEEA
- {EEEHE >
v Bl B ATEEEST
FEAESEEOREEK
- L3~ SRBEA WS E
HRET
- FlsEEES

2

MCME I, % diese % P32 . WLCSPEL L5 N A4492.5D3 £ &,

BRI IDC, TENE

AR

AIABE AR RIZRH R EBFRTHAER AR L LSRR TR LA

B GzEEH, K

et a9 ko>,

BEEATERAER, HEHMH

~390x —l

16,206
1,709

)

134

41

2018 2020 2025E 2030E
W FAEHKEFLOPS]
- 2030%F, ATESENED
BRIBLT 6001280
EEEE5oME A TEEE
SRED

A 2GR AT ROPT

St R By A & 6B KT A A R

| - v 1970s 1980s 1990s 2000 2010s =
107| o)
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| £ g 3 7H|gher Mo_bnhty Multi-Chip Package
106‘ £ g (Small Size) WL-CSP
™ 1 T IC Packaging 1/0 Density oy
g 1 '(' e y N T
£ 105‘ \ < 8 0.18pm n F-CSP
- 5 MCM SiP
6™ | Dennard Scaling *™" Q | — _ _SP
.0 . { Single-Chip Package % m
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E i | ° 40nm @ DIP PGA QFP BGA m PGA J LGA Highar Parformatice
p ! 3 q 28nm - AP - > : (Computing)
g { 13 ﬁﬁ*“l' 20nm
2 | Q Capacitor Technology
5 10 ! (&) 16/12nm \, 3
| 10nm !
{ MLCC LIC, IDC, X2Y, LIGA Array Capacitor Thin-Film Capacitor
10 | Bm 0.43um ey %ﬁ EB% B = m Substrate Technology B@ E =
5 o 450m 4onm aom - 2N 1 7 | [
100' / of b o o o oD o o P b ) P S o - 1O o0 o [‘r' e i ’@”—?
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FARFFAS5F %A, 2022F K s ADDRS R A UF, AN FEE T b4k kFTH, b, RA2.5DMHE & 6GHBM A4 A
EoW it AR R . AI—FEHZAFNER, XFEFHFEHE S F 5 gt XA R E o
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10000
Typ
10000 DDRS 64 8 512] 2048 4.8 307.2) ®
= LPDDRS 32 1| 384 9%, 6.4 3072 1000 o =
© GDDR6 32 1| 384 2 16, 768 b
A | DDRS | HBVI2E 1024 A 209 54 3.6 1843.2] R 1l » 3
oo 1000 -
15)
—
o
9
>
=
S HBM2E
S
©
O
500 1000 1500 2000

Bandwidth (GBps)

LPDDR4x LPDDRS DDR4 GDDR6 HBM2E

Bandwidth (Gbps) Low-Medium Medium Medium (200) High (512) Highest (3686)

FTER W By

Data Rate (Gbps) 4.266 6.4 372 16 3.6 - ~ - - - - -
i = HIFAERS =TT ERS I TS IE
Interface width (bits) 32 32 64 32 1024 - ~ ~ < o —o
Board Area / System Large / Medium  Medium/ Large / Easy Medium / Small / Complex ' (== =) ¥ o
Design Medium Medium ' -« o o
. _ ssx oo - _ 33O OO 330 noo

Efficiency (mW/Gbps) High (3) High (3) Moderate (10) Moderate (10) Highest (2)

Cost (S) Medium Medium Medium High

Reliability/Yield Good Good Good Good Moderate 7= HEFASE(10GbE, 25GbE)
Applications Mobile, Al Mobile, Al Compute, Al, Graphics, Auto  Al, HPC, Network

(136) (204)

Network
SR b . 75k A AL T KRR
FH AR Rambusi 3t & 58352021, 16238 £5F 50 BT FA KR SRC2021, SmartXABgk4, 4 H AT 7 AT
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4 ES: WIHHEEEEELE RBP = BW GR/Perf. GR (Ratio of BW and Perf. grojth rate) .
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- i r Cori 22 100GE 64 100GE F4400GE 64xB00GE
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5 8 a
2 £ 2
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\ AL s o Pt ; _, £ o0 £
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" ©

2015 2016 2018 2020 2023

$2,000 I ———i0G ==m100G ==m200G ==md00C ==m800G EHAS |, ABAEAY . ETEREERNSTEL (1HES ) ERNeHS
$1,800 -
_ 51600 -
., cPU
XL Consortium O 20 introduces $1.400 | TETESuNTING e —
momentumcontinuestogrow newfeatures & usage nodels g ey | S = _
§ Too | =R = ;
A e = = “ | 2
*» 130+ members and groning * Saitching podling fabric manager AR, $600 | z
» Celebrating first anniversary of persistent memory, security, hat-plug $400 | F
incorporation — second generation » Ruly backward corpatible with O41.1 $200 |
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