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“Moore’s Law’s dead...It’s completely over.”
- NVIDIA CEO Jensen Huang -
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[Overview] F0{2] H 2|

Moore’s Law (502 tH2l)

o OQIElo| = ZI2 0| A HO| §|&F 1= F0{(Gordon Earle Moore, 19294 18 32 ~ 20234 38 242)7F 19654
U E 2 A 2|0 A2 =22 HIE O E THE0{ 21 THoy,

OHl

EH 2
3=
« "0 'HA"0|2t= o= 1= F0] 2Q10] oF EFRI0] ofsHA] THE0{21 8010 2010EL] SHHRE BI=H| ¢Al= F012
EEELEVP S
012 H “ The complexity for minimum component costs has increased at a

rate of roughly a factor of two per year ... Certainly over the short
term this rate can be expected to continue, if not to increase. Over
the longer term, the rate of increase is a bit more uncertain,
although there is no reason to believe it will not remain nearly
constant for at least 10 years. That means by 1975, the number of
components per integrated circuit for minimum cost will be 65,000.
| believe that such a large circuit can be built on a single wafer.”
“BE M2 HIEO| 2|47} El= =22 sHotCt CHEF 26f2| Bl Z22 S7teH 2
Ct S7[H 0 2= 0] 7H20| S217HA| P50tk dlefS RAlot= A2 &6t
Ct. 20 %O 2 10 St 79| Yot H|ES RAIE = GiLt ES0lR
= ULt BEL F7 M 2= S7HE2 25 2451 0 T2 1975874
= 22 H[E2 2 A3 £ U= HAJ 29| BE 4= 65,000710f| O|F Z0|

Gordon Earle Moore Ct L= O Z0| 2 3|2 & 1712] 2|2 7| 20| 258 = UAS et
(19294 19 32 ~ 202314 38 24) T=Ck

- 1965 48 19, YA EZHA (FA]) 9 =&
"Cramming more components onto integrated circuits” -

L& : Electronics magazine. AIGZH 2| x| MIE| A2|
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A0l A= Q1= CPUS| H4A S MAISH= MO R At2| W, Q:;,_Vn%mmmmmmw
20163 3& EA|St Skylake (14nm) O|= Tick (34 O|AIgH 0| LFetE 74 e . :

5 ZAIE HZEE0 ZHS 14nm(+), 14nm(++), 14nm (+++) 2 2| "
XIS E|4 T 215t Tick (2 04I3H 0| =J7| 23t
AA|Ol|A] QO] 7| £ FOI AR|T} B2 A7 |2 B | =
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New logo New sloga Z i =
14nmollA| 8717} 5191 oleto| Tick-Tock M2t (o) G
):‘Y'% ; 2)
{1 & {

Manufacturing process Microarchitecture

vy Bridge Broadwell
22 nm 14 nm

Nehalem Sandy Bridge
45 nm 32 nm
- OEdl

I, LSSH MR HIE] Atz YAZER, LSS H EIMZIAHE
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[21E 9] foundry roadmap] Intel72 2lf “Intel 7nm”7} OFEN}?
Intel Direct Connect 20240{|A ‘&St Q1E19| Foundry 2EH

« OIE2 O|HEE AAISHIIREE| EEMOIA “Intel 10nm”0|F SHLE “Intel770|2+ 012 AESHS.
- Q22024 23 SA UHSH IR EE| EEWHME 25 EEME “intel7”, “inteld” S22 Al
« O O]&f H2AQ ERMR|AE|Q| 4% D|M|et= QiCH= of0|2 =&,
- TH 24A10{ QI™ CEO= %3 BSPDN, RibbonFET 502 2 “G83})"S 512t L ES!

el EHAIAE “nm” 2 2|0 Intel Foundry roadmap

(Channel lengthE &gt

Intel Process Technology Innovations

S - source

4
W Metal

n+ L -

p-type substrate Channel Iength (nm)
I_I_l

accelerated

A& : ntchip, MEZH 2|AZ|HIE] AFE : QIE A= B A Z|MIE]
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[ESHAAE HYE] Foundry 88 node2| €4 2j0|= &

‘nm’E E2|= 3|2 MEo| i

« “nm " 2tz HelE A2l EARAE 3|2 MEZ of0|HoLt XF2 0" A0l 80{7t

o AHNZ EHR|AE{Z}OINISHEIRACHH Foundry 34 node & 2 &= 10| A-85t= BHE £0{=0{0f 5Lt 5t 212
HOj|A 20l 7}55HR0| A 2= OEA| 3.

|AF Q02| node 20| E= 2[0[7t ULt Bl 2|AP)|2[2] H| W= 021 2.

HOGHE A= 2IAHICE 207t U S S|AL SH e HMu 242 520 = O[3

)
Tt REXR O 20| 2H| nm7t #2316
LN

e
[I|0 F

Foundry 3|AFS2| 24 node @ EHA|AE HHE (F),
M2} $0| 20 2 QIS Q1% 14nm ZH T TSMC 7nm 23 (AMD CPU) () 2] 40|

2021 Peak Quoted Transistor Densities (MTr/mmz2)

AnandTech Samsung
Process Name

Intel 14nm (+++)

22nm 16.50
16nm/14nm 28.88 44.67 33.32

10nm 52.51 100.76 51.82

7nm 91.20 100.76 95.08

5/4nm 171.30 ~200* 126.89

3nm 292.21* AMD (TSMC) /nm
2nm 1 20A 333.33

Data from Wikichip, Different Fabs may have different counting methodologies
* Estimated Logic Density

L& : Wikichip, de8auer, 21Q3H 22| 4HIE
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[DRAM & ] DRAM 54 O|A|2t= & 21 SL7}?
DRAM 34 O|N|2t(Scaling) 2| HA|

+ 20028 GYA| FUAL 7|2 S E AROIUEH Eald= R0{2f 2 at= S| | 22| BH|o| ZM =Tt 1HE0| & B4
S7felt="2ol Eal” T &,

+ 2000AC 28 0|= slow down E[Z1 3FAA| T DRAM2 20103 2SH7EA| O 102] Al 4=7t HHY = 4= 0| M| S}
= A&l

» 2010CH 22H0|= 10nm FLZHOf| A2t 61 0| e 2 A 72|03t scaling downO| ZIAE|A] 211 US.
(D1x=) D1y =) D1z=) D1a=) D1b =) D1¢)

« DRAM scaling down2| 02122 E2H2|AE] O|M|SHECH= Cell Capacitor?| A/R (aspect ratio) S7H0{|IM
Yot U= A2 Y E.

DRAM Cell Size Trends

Ver. MD-2106-02

(x10° nm2) DRAM Cell Size Trends Jeongdong Choe

Techinsights

-
o

-O-Samsung

~0-SK Hynix

\8\ -@-Micron

e

— N w S w o ~ -] ©o

D3x D2x D2y D2z D1x D1y D1z

Zt& : TechInsights, S 2| M 2| MIE|
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Cl o] ¢ HA=E 22]7] 0122 U | (SoCeo| 1550 2 2] HA S7}2} Reticle size2| 2tA))
Method of stepper .
" == Pioces=orDie Slzes Light source — i, Reticle for EUV
i —— e ~800mm?
NVIDUA Xavier on Photomask ﬂsystem

>

Ve l- l . .. . . Eajecticn 'Q"S‘r I Reticle for High-NA EUV
7 T } I |“u le IH\l||lIl|l|||I|l||]l|N\H\\]lll[’nllﬂh 'IHM “MIIH |||Hd| Move ik :A'f\w\ 400mm
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StAlof| 251 H| 8 £ 85} 7|29 4 0|M|3t= 2 S7I12 0|0 FH oL} Hie A A= 342
(ex. EUV &H]| 714 2F 2000~3000 9) S SO0 w2} £20] H P12 ZA5t= 24
Gate cost trend good: 10 good: 132 gogdi’sgg
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tor:Id: 21: tou: 136 totaI: 658
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90nm 65nm 45/50nm 28nm 20nm 16/14nm 10nm 7nm

yield: 35.7 %
die size: 40 mm x 40 mm

yield: 75.7 %
die size: 20 mm x 20 mm

yield: 94.2 %
die size: 10 mm x 10 mm

Yield:35.7%| |Yield:75.7% | |Yield:94.2%

At& : Marvell 2020 Investor Day - Slide 42, MES# 2|AM x| HE

Atz . neogaf.com, MFSH E[A x| MHIE
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- HIA7| S M0l 23t 7|7|= LR 22 S22 AREE 30 0l EAsts 327
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« 20084 Qantas flight72#0]| 1527t 400featE At |55t 2 AFRHS0| £ i
2AENS 2SI HI7| 20| S ZRES 300 5 2017H SAI0 2245 501 LS o2 HHA,
- SRR 2 Al HIY7) 20l maty S E0| FRIAIE |210| E7|E B (Mant 3 glo| LSH= Hard Error)

—

2008 Qantas flight722] In-Flight Upset2 2 215t pitch down At (), AH42| 210|AH cosmic ray ()

ATMOSPHERE Air molecule

Four Stages of
Fear and Confusion

. . e
R u—— “--’fﬁec

o ‘»‘f?q X """'»A Dropped
A 400 feet
; Pitch: -8.4° .

54 i Electrons

ki
— STAGE 3 Seconds after

Pitch: 50°

37,000
feet

Protom Neutrons Pions Kaons Muons Noutrlnos
STAGE 1 The automated

sepiuey ;(ea JIWs0D) ;(Jepu;JJaS

system wrongly measures the aircraft dives 650 feet, e’ 0 pe e’ Kt
the plane’s pitch to be at a the captain regains control /
50° angle to the ground. STAGE 2 As the computer and brings it back up to STAGE 4 Less than three ‘E 2
The actual pitch: 2°. forces the plane to “correct” cruising altitude. minutes later, without e'y ¥ «] yoe'y Yoo
GO0 its position, it jerks the craft warning, the plane drops q { 3
fear downward to a -8.4° pitch. 400 feet. It takes 15 seconds ?
Anyone on board who isn’t for the computer system to
buckled into a seat is react to the captain’s
propelled into the cabin’s commands. )
ceiling and then into a free fall.
-
-

Earth’s Surface

A& : Let’s Talk Science, YAHAIR, MEZSH 2| Z|HIE]
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[etAl0l F=el 72| H2l] 702 H2le| &t O E £ ES (2)

HEE | ME|xo| 24| & (ex. Row Hammer)

MLC NAND, SRAM S2| M| 22| = S DIMe7t =[HA 2% EUE0| S7I.

H|O|E{HIE{2| Z2 High-end O|AIgt 2t E AHESHE HIE0| =7| WE0] 2 =0f 2t 22E 20|17 &t
DRAMS| Z2 S OIM|Sto]| ti2t H|O|E1E MA3t= capacitorZt QI-SHAIH M 29| 7HY S BIO| 2.

22| oS Ol 82t UAl2| i (Row Hammer) tPEj =i=0| Carnegie Melon tist w0 ERERT 2= SO

Ot SW Ao = 5{Zgt. (54 Row (H|22[Q] ALE )0l AL M2 B %%i‘é Al @15t Rowe| H[O[E{7}
HAZ| =340 2 EY Rowd| d2 3l ASHS —'.:—E Al 5= AHESI Sl 2.) Ol= 222l sl 20| OFd.
=4 nodel]| 2 B3| 2.5 MCU (multi cell upset) ratio DRAM E3 F40] ut=E 212 5HH Q1M H|O|E{ 7} Hi =
34 0|Ng 245 of2{20| 22t Row Hammer issue
07 r [ — - DRAM Module .
#~45nm ~&— 65nm ¥ .
0.6 . == 90nm

)
7

MCU Ratio

loop:
03
mov ( ) ’ %eax 001110111
02 mov ('), %ebx X—>1111[{1111
0.1 clflush () ALoALALILAL T o}l
110001011
clflush (V)
0 mfence ¥Y—>1111[1111
0 200 400 600 800 jmp loop 011011110

Neutron Energy (MeV)

Zt& : Eishi Ibe et al “Scaling Effects on Neutron-Induced Soft Error in SRAMs Down k2 : Y.Kim et al “Flipping Bits in Memory Without Accessing Them: An Experimental
to 22 nm Process” IEEE Trans. Electron Devices, July 2010, AES# 2| Ax|ME Study of DRAM Disturbance Errors” ISCA, July 2014, MEZ3 2| M| HIE]
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[Mz}2ste]| SHA| 1] Power wallof| E.E!S] Hi #|

=1
22}25H2 base2 S2Fsh= HIE A= Power Wall0j| ELE)S

| B

TXO

- HH ARE SolH Ul 452 ST 2T, M= coste| A2 HH L1 SIH0]| et A7t =.
o THU EAMAAE|OIAE M S S5 His oHA|17F EMSIEZ T ESHA|AH A Q| EHA| dS5 2Fe0] o242l

A
T2 NM2] 2 22 Core = 375 Soll =AIE SHZHS.

Power Wall0|2t 2 0j] 8531 processor performance

_ i 1 Transistors (1000s)
g ® oo

6 1

|

[T
r«?
£

Single-Thread Performance
(SpecINTxle3)

o o T

)
e

e%% Frequency (MHz)

E> # Logical cores <]
: starts increasing :

(@0 @ (W@ - (O IESTL®-¢ &

2000

replotted from source data: K. Rupp after M. Horowitz

A& :imec, 4l

S 2IM2IHE

SHINYOUNG RESEARCH 15



<

[2Al52te| otA| 2] O 0| & £ 2Fef0] Qtk|= BE 4| (Speed limit)
Power Wall2t g7{| 20}-2 Ht=4| speed limit

CPUS]| £HYl 30f AL 7|20 2 19955 ~20001 55 S0t 108 HE2| speed A4, 20001 ~2005 51 S0
3t Ao speed &50| LO{HA|2F 2005 ~2024H, CHEF 2 203 7H CPUL| HY T 0 speed 452 1S A
(HE A8 speed 7|F)

2= Z2MM core & St W22 T2MAMO| 5= 22| UAUA[T core /2] S7t= & Z2M|A HA 9
Z7t2 0|0{R| 11 0] = &= reticle size limit, productivity limit2.2 0| Z|A| E.

MZ2 LMo £RM4S 2= 510l 9= OlF(ex. 0I5 & 28

1o

clock frequency (MHz)

20154 0]H2] processor speed (2}) 2 A2 &ZHY 7|F Benchmark 2|11 45 processor2| A speed (%)
Processor Frequency Scaling Over Time Mult-Core

3200MHz

10000
Processor Score

. Intel Core i9-13900KS
@ 3.2 GHz (24 cores) 3110

3162

. Intel Core i9-14900KF
@ 3.2 GHz (24 cores) 18

=

e ntel Core i9-14900K

@ 3.2 GHz (24 cores) 3098

; Intel Core i7-14700KF
ket 3.4 GHz (20 cores) 2984
———

316 f

,D Imel Core |9 139OUK
100

u Intel int aHz (24 2981
* AMD
A IBM
+ DEC

Sun

+ other

C

m Imel ?0(? i9- 13900KF 2969

C;

32

TD Imel ﬁjor? i9- 14900F 2969

ﬁ Imel Core |9 ]TQOO 2949

5

At& : Andrew Danowitz et al. “CPU DB: Recording Microprocessor History”. In: Commun. ACM 55.4 (Apr. 2012), pp. 55 - 63, browser.geekbench.com AYZS# 2| A 2|4l

SHINYOUNG RESEARCH 16



<

[2Z}38t9| 5| 3] DRAM &3 (interface) 0llA12] speed limit 24|

DDR3~ DDR577}1| Interface speed&
=2|7| 2ol CfFe
 DDR =) Double data ratex AF& (SDR Ci{H| 28l £&)
« DDR1~DDR3 =) Push-Pull 24! AtE
« DDR4 =) Pseudo Open Drain
« DDRS5 =) Pseudo Open Drain + 4tab DFE**

(*DDR =) SDRO| 5tLto| 23 #0| 20| Tt 7H2| H|O[E & F 0 2Rf
22 MOIZ0f| = 71| Ei|o[Ef

(#*DFE =) 0|%2| dataE

= X TH
£

ot Al 7|1e=

OF SDR CHH|

S AE(9)

LEE SR
£ 27510} 312} data®| Y20| st 5|2 47

7|&, 4tab DFE= 2| 4bitE 112{StCt. Tab 7t S22+

ThsE AA S22

[

PR,

1|3t 7|

I—d=

Z2OFS B

dote At H|et 2AtE L)

27

= O

1oL BiLt)

=2 71s.)

5t 20|

1

DRAM AMICH% Interface speed
DDR3 (push puII)

1

0

X

1

ArL HI'AI
oo oT

DDR4 (POD)

X

1

1010:0:0:0:1:0:0:0:0}1!

DRAM AICHE A+ 22 (V) 2t max target speed (Mbps) T
Speed (Mb Voltage (V
o peed (Mbps) oltage (V) 5 DFE O‘lAI
| 3.3 6400 NS Y N ETATAT AT PRI EE Y
6000 | 3 1 (1,':(],‘:(1/::'1:. 0. l‘!u:ﬂ_;:‘\] KO}:(OI.IOI.'\O),IO,‘:‘] :Ql:{gu:lOl:'\Q:1 :0: 1 ! 0:
5000 | 25 i i E E i E i i i i i E i i i i i E E
4000 | 2 E i : R i i i i i E i i i i i E E
it s=mu kRN AR RN R AR
2000 | 1 E E E E i E i I o —— : b E
1000 | 0.5 A N bl Lo
0 [ : : : : : : | : : oo : : : [ : : : :
0 0 T R T S A A
SDR DDR DDR2 DDR3 DDR3L DDR4  DDRS5 T T T R R T T S T O S S S S S T B T T
AtE : AEZ A 2| M2 MIE Atz AMFSH 2| M2IHIE
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[ZZ58to| HA|] Power wallit speed limit2 s Z317] It S52 (1)
2|4 Graphic & DRAM, 2|41 Mobile g DRAMOIM ALEEl= 7|&

Graphic 2 DRAM 2|119| H=2 A2 3 AQHCH= 145 20| US. oFA|TH 7|2 O|0|E] & WA oz £
SFefof| stA|7}F U1 O|Z Sl A5t | IsHAM PAM-32t= 7|55 AFESIH THe| AZHE HIO|B] MEES 1.5H) S7HAIZ.
GDDR6x0|A| MicronO| PAM-4 7|=2 0| 85t0{ The| A|ZHE Cl|O|E] &S 2 S7HA|I7[2H= Al =& SHRA| T
Signal Integrity, & AR SO[ 4|7t A0{A| SPECE &5t= 7|22l JEDECS| &2 20| GDDR72 PAM-3E At&
oh7|2 2. (MY AR+ AR HYQ| Al=0l| HIHISH S715H1 PAM-X0|IM X 242 S217| floiM= 1 M0 2 Q)
* Mobile & DRAM (24Al= Mobile A|Z 0|2t A0|2| 211 MH{, PC SHME A= 2 2 AL8E[= & AFE A7t &HEl=
)2 2(19| HF2 A=, 5HR|T 2|2 50| LPDDR AM|Z2| AHE&2{ 7t CHASHEO|| 2t 1125 S2HE A ASHHA A 2=
= 121517 | 2l DVFS (Ar85t= £0] H|2|5H0] M-S 2A5H= WA) S Ar8staL US.

1p-

7|& DRAM interface0il AFE-E NRZ ‘U4 (9]) 2t 2|4 Z|4l Low Power & DRAMQ! LPDDR60JIA At E|=
Graphic & DRAM?! GDDR75E] At&%&l= PAM3 4| (0t2f)  DVFS(Dynamic Voltage Frequency Scaling) 44
7 NRZ) I _ PAY, tes, 1 bit /Ul
| == : 1 2.4Ghz
(1| I
\ s 2.16Ghz
=
PAM-3 % 1.8 Ghz
a.
‘ 1.5 Ghz
1.2Ghz
Core Voltage (V) ]
At : CADENCE, S 2IMAIHE AR AANE, NBFH 2IMAME
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[MAt5ete| et7|] Power wallat speed limitS si{Z517| flst S5E (2)

AAd AICH2 7FHA Thermal issue= C2 DDR5 DIMMO|| =2}l Temperature sensor
S5t ZA|7t &

TEMP SENSOR
 For DDRS Server Applications

SPD HUB A . .

- U] 2o MYS SE0H MR/ SEU HRILAYS s | o
* Mobile Devices ¢ Embedded Platforms

A|LI7FHA 2QF 2517} erAlEE 70| [[fgr SIS oL 2|7 & * Enbesid Ptorms b

ZHIEE,
+ 2E7}E00 BIEH|o| 4150 ORI £l 0| S3HA
S22 S0t AP, 28 D2 HHEH S20| LLF,

« DDR52| 42 DIMM (dual in-line memory module)0j|

= = |
ﬂE—ngl Temperatu re SGﬂSOI’% ZHE—|H6|-O:| % -EI-E‘l nil AO'I% REGISTERED CLOCK DRIVER DATA BUFFER

* DORS server Applications * DDRS server Applications

i| Z-I =+m| r * RDIMM, LRDIMM, NVDIMM * RDIMM, LRDIMM, NVDIMM
T|F5L A =,

* Embedded Platforms

L2 : RENESAS, AEZ3 2| M| HIE]

PCB 7= 2I0iM 2t Package?| 521 21 |[[|-E|-='E|-Z|E=é’°é mamel  DDRS DIMM 32t A| 2 o 2ol

PKG1 to PKG5 Temperature (degC)
e i SOP Advance
l;l' L] Pin=2 W ‘ 88.2
w.;( ngiéi PKG15 Back Side .
G6  PKG7 G8 PKGY PKG10 B s
E § i w Pin=1 W(6 to 10) p ; -~ Tl
4 1N ] Pin=1.5W (11 to 15) T R 74.6
2 s ‘ : PCB j a o =) o a
s H "‘. ' ; 0 - -
| 3 |: ‘ ., PKG1 1 Layer 1 (with 100% : s T s
Sl 1 : % as copper trace coverage == :
PKG11 I A % ‘ PKG15 Copper trace - PMIC ) E § | g 61
H : . thickness: 70 pm Lot [ |
s e ‘! """" . »e Substrate: FRA ¢t ————————— e Air Flow Di i <+
= = | = s T‘ 47.4
C[EERERER
o 3 s s 338
E= (RN ENE '\g
= o o o o a
TS2 Front Side TS1
20.2

22 : PRODIGY TECHNOVATION, AES3 2| M| ME]
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23

HBM2| =i}t 2 ZX|E 5l|&517] ¢
0|Z &l dele| AL 2 Z24E S25l|R
Power, Thermal issue

St 2| 19| Power Integrity, Thermal issue
oh A EEE Y S AMHE T2

2= =2 T M
HIZ O] M52 B2 4 QIS (Z O 28HX0I 8

Thermal throttlingS &% 4= 2.) HH0{ 0|0f7|5}H

= =22 T M
22 Z30| LS wEs
S B 57| QUBHME BHEA 2 LR MR Mg =2
A 20| Hiz|5F0HOF 5HH Ol= chip size2| 7I, LH1E 3|2
O| HjZ| S&Ho= FAE.

Zd
=

rir

I_ —
= 4t

o o
HH2 55

=
=3
=

L
oF0{ A
HE=

== A o = 711
=Y + UZ. SR HH S5

5t 2

[ ===}

1471z (1)

TSV based 3D IC Vertical Thermal distribution

Heat Sink —>»

Package

At&: Satya Vendra et al “Fast Thermal Goodness Evaluation of a 3D-IC Floorplan”
ISQED, Apr 2021, MEZ# 2|A2|ME

oo L=

- 0|3 & 2, 55| 3D=E = 4= 3D stack0| S25H2| 2
Ol & AlS Mg o231 @ 1 S ZOgHAI .
e e JHM U &5, =5 .':JEI7f Ci= 3262 _ SKHynix HBM32| Power 228 TSV
80| @12 3D stacked HtEA|E S A AS = &E 00 0 HBV3
= TSVE SollMT M AS S-S, PCB &2 Interposer '
2 BE HYUS A SSU= 2|51T S| A |t = At

O C+E.

< power hungry i3, & 43 350| 8t& 2!
M E0IE = US. SHI7H A5 U=

2 2aj242 £Q10] OF5t 21} 22 0|32

H A Ol
=2 T MO

3D stacked &l (ex. HBM) 2| &| 202 S2I7IHA 32
= 22471H
OILENIM & &2

Cell Array |

24

Peripheral Region H
— e N

1900000000000000000000000000000000000000000)

Bank Power TSV i
Ccll‘/.Array i

A&: J. Lee et al “A 48GB 16-High 1280GB/s HBM3E DRAM with All-Around
Power TSV and a 6-Phase RDQS Scheme for TSV Area Optimization” ISSCC, Feb
2024 4GS H 2| M| 4IE]
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HBM2| 2=t 2= FA4|E oliZs}7|

HBMO{|A|2] power, thermal issue
- HBMQ| A< RE 20| =21Z0|2}= Z40| IE 5L}
O| ZH|A. (CH2 3D stacked HH=H| = 22 AEt0|2t
12 4918 20| AlLi2|os g0t 20
E%J Z[0f|A powerE 7I=25HA A1 = ER St
ofl 7|0 U= S2l sl =] Aol Y2 Al power
2202 olofA| HILHR SHIA| RE 4 UL,
015 0142 620 92 3ict CollSe] data®
V=5 HESI L US AI 532| 2% o}t cell?]
data HES Y 4R 277} '-*7F‘“0I =02ICtaL
0;"_0 OIQ

T M.

o MAOA 7} 2 U= BH=A| HA ehe]Ql ISSCC
20240{|M SK3Ho|=IAZF All-Around Power TSVE
== O YHol 0|7 & 5tLt. HBML| 23 &4,

B A7 220 7|2 = S ZAILA EE, M=

Se= MUE o As SAH Y-E AAL

. i =20|AM= Power hungry St Bank FEHE0|

7+53t 2|CiSt 42 Power 322 TSVE HIZ|5H0]
8 EM 2l 2 EMZ JiME Bank Power TSV
N+E 475% S7tAZI2H 0|2 QI5H Z|CH 75%2]
Vpp power 74 21, 2= EQ 71 2318 &.
(POC &HA))

o3t 24N 7| (2)

ISSCC 20240{|A SK Hynix7} ‘&gt HBM3E All-Around
Power TSV (%} : HBM3, $£: HBM3E(POC))

Bank Power TSV 475% &7}

.................................... HBM3 LsstSsoIAsisesssrsEssusELy say TN DNDE
[sse0c0csacagecnscncescascosacscsecacasaase! The NUMBEr Of Sessssssssssssssssssssssnsassssasssnssnssnls
\ 1 Bank Power T E 4
Bank Power TSV ! Increase Ratg 3 o : :
Cell Arrayj 1 +475% s e : : Cell Arriy
~ e e e e A
Peripheral Region = : : Peripheral Region 3
St H Perlpheval E— :' sssss ° '*-':~-<~~:<"‘>; VVV ;4‘77;".':“:
i Height oo
| Decrease Rate o ¢
e reweorsssapursssarossesssomummeovesevranel | I | Bucisisiisveunsneen oxmiunenavA LRy BRYeaGE
\ BankPower TSV | | | Slesecvcssccccscosccccsscvcsscsscsscsscsscos
Cell Array Cell Arr&/
: Vdd 16% 7H , Vss 4% 7H Vpp 75% 714
ower Type
HBM3
HBM3E

& : J.Lee et al “A 48GB 16-High 1280GB/s HBM3E DRAM with All-Around Power TSV
and a 6-Phase RDQS Scheme for TSV Area Optimization” ISSCC, Feb 2024 , AIZ3H 2|A

Z|MIE]
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[Overview] olf 50{2| 84 2l2] A5 (More Moore) 0] 0{2{27}?

1965 2olo| W02 Hopt SYE 022 thes e
B QUTH EhA5| EUAAE(S| OINSITIOR e 2 AT, &2

— 1 L
bEEE

02| &2 ofHoll M 7|otarXe= 44
g5, €2 7142 01& &+ AWV | =20
S| A2 SA S HORHC SFA|T2 2| 101 E S O|Mlst7|&2 & A2 “ZAL| kA"
off =L O °|°H EMZAAE D|Mlet7|&2 012 ST L ERR|ARE TEE SYO ZHH2
1 LA S AT O S-dS ol Botv| fIeh HIE2 T 0l¢f F0{2] E2I0] THA|R! Al
A| 2ot Ut EMA|AE|Q[ ME2 X O 2 S0{FA| ot U= A= Helrt.

N ﬂ“

F0{9| Hal2 2 Ao|L. (G=22=2..)

19654 F012| H2|0| HHE O|= Bt=H| 7| WAL 2 YAl= 7[stas2{Ql 7|& 22 E O| R0 JALCE
BARE 2B|ZH= AS7HA] 2012 7[skaAel 7= ?*_E% ?1 OEE —'T—EII’_ 2401 oiCh 202 WS H
0{'d 1A} 5= More than Moore, SysMoore7} ZH2S Hh= 0| QL},

More than MooreE 32 StEY|0{&Ql sHZ (ex.Heterogeneous Integration &), SysMooreE
ZE O |HIXHE HEZ|= A|[ARIA QI 5| Z (ex.PIM, CXLS) 2.2 0| A= 0| M= HHSI AL ST,
O2HE & = QA2 =2 100 2o B 7= 20| tiet REW2 0L = HA|E|0] U= ZSIC

== =R 2015k 0| 2t 28t 29| AImSS S5

= HEM= O 2ERM 7tsd A= TEES 7
|’el 2= ofLtotLtol| Tt 20| U= LHEat 110f| [ 4-5i| 5 202241 StCt.

AHA
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[More Moore?2] stA|] MOSFET : 90nmEE| 3nm7}A|

F0i2] 2] rp2f 2ot

1}7{ CMOS transistor O] A2} 2tH oM =i E 7SS

EZHZ|AE] O|M|2t2] FAL

90nm : Strained Silicon transistor

=) Source, Drain2| 3etd 23 tHZAG}H0
27} 0|S5t= Z=20|| YHE 71510 &
2 =St=7s MBS E=EE9 Y
AR E U™ S Solf HESI] HAHH
2 A S 24| 5t= 24

- O 1.

45nm : High-K dielectric transistor

=) ERHA|AE|Q| 2L A0 E4=
FASHHAM BEA|9| FHE S7HAZ 7|
2|5t04 High-K AME 2| 2 ALEE.
(REAQ &M S7t2 ol MR EL S
EZHR| AR 4S0| HHE.)

22nm : FinFET (Trigate FET)

=) Gate2t 2H{'EO0[ M| HOJ|A] HSHA|

St HME A0 EM & = M2 EML 4.
(20| 40 | =2{0|} H|=5}CHa 5O
“FIN"FETO 2 HH=! )

3nm : GAAFET (Gate All Around FET)
=) GateZ| 25| A'd2 =M 51
FinFET BICHC HAEl M2 Hof E4 U
MR EYN (SH 0|27 =2,

gonm
2003

()

=% % siGe

65nm
2005

45 nm
2007

32nm
2009

22nm
201

m
A
4P

el |
‘5;" r;

| Strained silicon

hwn

A& : M.Bohr et al “CMOS Scaling Trends and Beyond” MICRO, Nov 2023, 4I1¥

SH EM2|AE]

EUNAE P20l HZ

The gate controls the flow of current
through the channel region
o—— Drain

Source Dielectric

Planar FET

Up until about 2011, planar
transistors were the best
devices available.

Charge can leak through the channel
1eglon and waste power

FinFET

Surrounding the channel region on
three sides with the gate gives better
control and prevents current leakage.

Stacked nanosheet FET

The gate completely surrounds the
channel regions to give even better
control than the FinFET.

43} GAAFET A= 2t

._]Slllton

Siticon
germanium

/

A superlattice of silicon and silicon
germanium are grown atop the
silicon substrate.

Gate
dielectric

<

Atomic layer deposition builds a
thin layer of dielectric on the silicon
luding onthe

J Sliicon

. Achemical that etches away silicon

germanium reveals the silicon

. channel regions.

— Metal gate

so’

Atomic layer deposition builds the
metal gate sothat it completely
the channel regions.

A& : M.Bohr et al “CMOS Scaling Trends and Beyond” MICRO, Nov 2023,

NEZH 3|2 MIE]

oo =
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[More Moore?2| 8t7|] GAAFET (Gate All Around FET) 2| Oj2H{ : CFET

GAAFETS]| g12{|0|= Ml CFET GAA 0|5 EUAAE| 22 ZEW =) CFET
Btz =2|2|25 HE7| flsiA= NMOS, PMOS
ZtEQet Rl e =2|3| 20| NMOSet
PMOSZ} 27| 20|t 0|Z CMOS2LL 5. GAA
2 OHE NMOSQ GAAZ BHE PMOSE 4202 E . =
WOt UM S S2|= WAl CFETO[2t &,

Nanosheet-based FETs in imec’s logic device roadmap

2028 2029 2030 2031 2032

¢ 23 TW ANQLHH|O| WHOR QAStH Ao  PAEEETEI
2 45 QA(BHBY LHO| =7} 01 0} T |Zhof - ‘
AgstE7l oYt 22, -

\ : g Y
i : — :
o & \ ;
. £ 3 “oey e i ’
g Jl g A ttom chififlel
- . 5 e 4 (D
- 2 S " =

[T
Nanosheet FETs Forksheet FETs CFET

“umec

A possible transistor’s evolution path to help support the
logic scaling roadmap

Triple-gate finFETs Gate-all-around Forksheet (FS)
(GAA) vertically FET device  devices stacked
stacked lateral configuration on top of each

nanosheet (NS) FETs

CFET '

‘unec

AR timec, MBS EIMI|AIE
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[More Moore2]| st#|] 3D DRAM : DRAMZ MISA}

V-NANDZ2| =2} H|==5t DRAM
=) 3D DRAM
Aazl0z A

« 7IZDRAM Z= FR 2 w3l T 2|0
Sot= LAz 7|ZA4Q 2= V-NAND
o 7At. 3D DRAMO| 759l A1 V-NAND
Ot OfAI7FA|Z D|AM|etECt= S2, A4 52

i B |
S0 2313
« 5IA|2t Cell capacitore| 2%F R2|, DRAMZ]

+Z =284 82| 0|2 V-NANDELC 34
T10| 02 029 S22 &2tV |=

Staircase bit-line

o —|

2D DRAM2| £ (2}), 3D DRAM2| ()

., Size of storage capacitor

)/

/.
NN NN
N NN NN XN
/

'/ /! v‘ /
i
o0

S
S

7~

SRRK

"N

/

(SYSYSHSYSYSHSY
oSS

SISO
<
>

INS'S

o2 7|=0(2tl 5. A2 A A2, MBEH 2| M MES

3D DRAM 53 (£ & & 53])

~ 110 p—

g e

3D DRAM PATENT FAMILIES

e - Livea
et

»
e

3D DRAM Patent Families US Filed

= e (US FILED) ' i e
hed *
. ..{ﬁll. 2 N = _— —aey Micron
e ' Ay —— St d M aber o
”» e g 'l 3 i}f »n
- oA i i = e ey
. e QS S oo
] J i > s A
- or . Oy iy (> =
“a 1] g:'t"{ ::!': . ';:" Q‘&

%
Fu g

w02 M e s s iy e LIS "ee mn mn 028 911 212 IBRR 4 IEah s

1"aus

;a2 Wx a8 3 xn o2
g

2t&: Techinsights, AES 3 2| A2|MIE
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[More than Moore] BSPDN (Back Side Power Distribution Network) (1)

EzHZ|AE{ 0] M2 &=6F= Power Distribution Network.

EMA AR = HYO| FES| STE|00F Yo SAS & & UAS. O] 7kA| MYUS SSotAIT 3A| 14 (Vdd) 2t
AU (Vss)0| saE. O|E 50 DDR42| A2 Vdd= 1.2V, Vssi= 0V. 22| e 0f|M A4t 77|15 ZHE
ot 22 0[2|. 2HEE £ 71| 1YS SsliM HYS SE6h= Olf= 220V MY = MAL7| 7|7t S2fetrtd

mL 7

Hi—- A

e Bt 22 220VE 225N CH2 22 0VE 20t B 45 S

(W 3= CHE A2|0[R|THH[=ot ZAM02t L & 4= US)

O] HU0| 2= EMAIAEOf| AL 2 SS&[7| fIsiM= FHE2 A4S SE0H Hids F00F e FH7 &2 8R
HZsto| e S7H Y EFMR| AR Q| H| Y &40l F2t, Electromigrationd]| 2|5 21} Hj440] FZ20{A|= 20|
HEAHSE A 017 [ 20l

=2o=2 T M .

4

e

Tech EHT = 5.00 KV
Insights Width = 2.858 um

2t& : Techinsights, 2AIALR, LS SH 2| M| ME]
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[More than Moore] BSPDN (Back Side Power Distribution Network) (2)

Ea_“xlﬁ&l% ulk"il. |.1| O"_l_E EaﬂxlAE_.I ZIZ-IEE QE.I A OI'— I:II-I:I-I : BSPDN

- BSPDN2 QIE0| 2 =20 2 Jjet5tn Qi 7| %, TSMC, AAXAIE BSPDNS 2HES,
0§ 712 Power Bi{/4S 90| SIHO|| HiX|et & TSVE Z0A HHS S5l —7‘—11!'1}— 7H'E. S 0| SEEl=
Hi OF2H0]| ERMA| AE] HYX|7} O]FHCH= UM MY SE8 HiHE 25 4|2 RHO = LE HR EMR|AEEH
HHZ|S 4= UA| E|H 0| & Sot A = oS 0|8 o= US. 1T OtL|2} M-S O SA| HjdE —1‘— °'Ef" HolIA
ERHA|AE] S| ULt oot 52 7~10PE ofds = U2,

o A Q2 LA Z2 O A2 QIEI4 SO 2 BSPDN= 112 3& 1 MUZSHE 30% i, EM2 6% WA E[ACH
o LHSE 0F2] Y 0| =7t =0t o838} THA|l= 7HA| ZSHUA[TH A ."él% A2kl & 0|H0| U= UE 483} 7t
0| ECtil =,

QU0 A] H[AISt BSPDN : 212 Hj4S HI0]m Of2H 2 LH2{A EZHA|AE] BiZ] S22 S = U

Frontside Power Delivery vs Backside Power Delivery

Frontside SFS“:ower delivery B B
network (PDN) & signal FSMIJ""““ oW
it Frontside Power Delivery Backside Power Delivery
Signal wires and p Signal wires a
forthe are dec
same resources at every
metal layer.

Value Proposition
* Higher Performance
* Lower Cost

Front side
Interconnects

Requires aggressive
scaling of metal layer
pitches: Risks:

* High cost * Yield

* Higher voltage droop : - ; * Reliability

» Higher RC delay ,i * Thermal Dissipation
! * Debug Capability

$103UU0DIU|
opIS U0

Backside
@
Interconnects g
@

BSMI «

Backside (BS) PDN ) | S | Transistors

A2 fimec, Q1E, MISH 2| M 2| MIE]
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[More than Moore] 0|3 & &gt (Heterogeneous Integration) (1)

HSA9l Package 7|=0A 2|4 Package 7|=2 (TSV, RDL, Interposer)

 ZHCASHA| ZRE7 (710 A] BHE{2| & | 2lSt CHE-E2| FH 2 Packaged. BH=A|E Packaging 5t= O|R= 3 A Ul 7HA| 2
Lis 4= US. gt 210 2|Eeto| A& (Interconnection), 20| Bt 210 20| X2 B (External power
supply), 212 SHO 2 EE{9| HS (Protection), E2| &&2Q! Hi= (Thermal Dissipation)

- F0lo Hzloz Qlsl Bi=A| o] s S7t, interconnection(PAD, Bump &)2| 37t 0]l Bt=2| 21} PCB 7| T
O| 7|=AQl A7 HO{R|A| £|4 11 O| & 5| Z5t7| {I5HA] Package= ZX3H &. 2Lt b4k BHEX| 2lo| 2Zof| H|3H
M Package 7|=2| 2ot M £ = HUS.

« TSVEFE 2010% St 245 HE[QD, RDL2 F2 2015H S4t0f| 2%45| A7t £[HA| PackagelilA CFF
ot A|=5 S E 1At 5f= A7 0|1 5| HOl|M He F0{2] H2Ie| otA|I7} LA TSV, RDL, interposer 7|&

5= 0|82 0| & Al Alh7} 24 &

TSV(Through Silicon Via, £+2| & A3) HME RDL (Redistribution layer, A1) 44

Solder balls Under bump metals

Chip
Stack

Epoxy molding compound

Ats 2R, LSSH 2IMZIAHE AR YAZR, LSS H EIMZ|AE
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[More than Moore] CIE{Z X7} £235t 0|S

0|F & Zete| 4 24 F 5HLQl QIE|Z A (interposer)

Processor2t HBMZ 0|& & Zgfe il 2t2h3 2 7|3 StA| 42 HEfol[AM HEZ ZEet Ol= =24 72|
interconnection (1702 HBMEILH & HZS/| fIsiA Ti7|2S 5FA| 941 B2 St 7| T2l interposerE 0| &4l
AHZ5H= 0| & Zelo| Relsh| WE.

Sl 22 A L[ U= PCB 7| He| CTE(EEJ A=) 7t BHEA| Silicon2| CTER}E A10[7} 27| | Z0]| M=0]

O|M[et B PCBOj| Ht=X| 212 HE2 ZA517| 0{21=. (bump?t OJM| pitch2 Z4+5) E interface 7H+2| 72 215}
ZHAO 2 0N pitch2 MES FL3IE 410l 8l=0| 7|= PCBO|IA= Ot2 O[A| T{E 30| 0212,

A= S| HES 5t interposers AFE 4=4810f| @11 S2H= Silicon interposer?t CHA| 2 AR E| 1 LS.

Ol= 7|& wafer & A3 AH|E I 2 AFEE = 7| =20 & Ho|Ho| 7+ 37| 2. 5HA| Tt silicon
interposer?| 7}, warpage 52| 0|+ 2 CHYSHCHOHO| LI Q= Argh 713 CHEA QI 427} Silicon bridges

£-85t= Al 2 interface?| pitch7t O|AISH GHEt Silicong AHE3H= WAlS S3ll cost, warpage 52 £ 4+ US.

CH¥stA| +3i0] 7ksSt QIE{ZA (2.5D, 2.3D, 2.1D, Silicon bridge, glass, RDL)

. * Mcro-bumps

TSV Interposer
- A WS W » C4 bumps

2.1D Organic Interposer

e Diel Die 2 i Fanout
Embedded Silicon Module

Bridge Package

Wafer/Panel Fanout

At& : S. Ravichandran, Microwave Magazine, 2021, AE3# 2| M2| K
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[More than Moore] O]2i2| QIE{Z A : Glass2t RDL

Silicon Interposer®]

+ Silicon interposer= &
ORZ 7}40| H|M D warpage issue (2] 34) 52

L 5=x

=iy

St= wafer 7|

AEO =
===
=2
o —

- Ol A& EM O =2 1 CliQt0l Glass Interposer2t RDL InterposerZt A|Qtz| 1

745t 2} LE2 Glass Interposer, RDL Interposer
UCt= Hoj|lM 2] 210 UR|2t wafer2 FLoi5H=

(o] k=]
M-

RDL Interposer+ Si

interposerE A|7{5t1 RDLEDF chip2t PCBL| 7t= (Pitch, A=) S SHASI LA 5= B4l

* Glass2& 2| Interposer OtL{2} PCB7HA| LHA[5HAL= A|210| LR 41 UZ. Glasse] Silicon LifH]

Ao
o O

Silicon ELC}

TYH A+ EG0| £1, S4H 0= TS0 WHE0| warpage issueZt S0{E Ch= F3. ESH 4T LOA]

Signal 2& &80| S2RITt= 3

TGV (Through Glass Via) AFE A| 7|&0] 4R | =

o = 1=

0] US. o2l EOIM &2l 7+s35H=0| Energy-per-bitO] Silicon interposer A2
Al 1.025pJ/bit, Glass Interposer A& A| 0.36 pJ/bit2 &2 2f 3Hff 7§ M =S 2tolet 4~ U2,
* SIA[2F FLHLO| 7t 2 &

—

s

=47t

H|. GlassQ| 4 waferQ| ZH|E L2 AIRS

Ol O|EHIS
MO - =2 -

of THE Ed =0

2030E7HA| & 82t THE.

[7] OfZiCt. St CHEHSt

Glass Interposer2t CH2 Interposer?| 45 H|i (2|34 22 £ Interposer® OFL|2t PCB 7| T7kA| Ch[5t2{ 0 A & F)

3D Integration

TSV-based Non-TSV

Silicon Organic Glass 3DIC /w TSV Hybrid Bonding
- Intaf " [2Zhang et . '16] [Chon, ot o, “15] Embedding
TSV Interposer Si Bridge (EMIB) Silicon IF Organic Interposer Chip-last Fanout PoOes [Rvichandren, ot o, ‘19]
(Martwick, ot ai, 2016) (Mahajan, et al, 2019) | (Jangam, et al, 2018) (Turner, et ai, 18) (Wang, et al 2019) (M”*"""f;‘:)”" otal
e (| T | e o o Y W ——
= et FLLLIT axa
Status Commercial Commercial Research
Status C C Research C D Constant 39 39 253
Dielectric constant 39 39* 39 3.0 32 25-30 10 pitch 40 ym 10 pm 20pm
10 pitch 50 ym 45 pym 10 pm 55 ym 40 55 ym longth 75 ym® 50 pm* 35-50 ym
Interconnect length 5mm 5 mm 0.5 mm 6 mm 1mm 25mm density
2oimm?) 625 10000 2500
Interconnect density 10 250 10 900 na 10 25 10 500 250
Y L orv 1V 1v
Viuig 12V 1v v 015V v 1V
| Ry/Cy,/Cy, (UFIF) 39/0.4p/0.4p 5010.5p/0.5p 30/501/50¢ na 5010 4pF/0.4pF 3000.3pF10.3pF || Re/Cr/Cn(FIF) K b i
Data rate/lO 2 Gbps 5 Gbps 4.21 Gbps 20 Gbps 9.5 Gbps 9.2 Gops Dets a0 100 Gops e 156 Obps.
Bandwidth density 500 Gbps/mm 1500 Gbps/mm 1300 Gbps/mm 500 Gbps/mm* 4750 2300 density 1.76 Tops/mm™ nfa 4.65 Tops/mm?
Energy-per-bit 1.025 pJibit* 1.2* pJibit 0.4 pJibit 0.58 pJ/bit 0.78 pJ/oit* 0.36 pJ/bit Energy-per-bit 762 tioit 7 ot 112 Lot
* Derived metric Derived metric

At& : S. Ravichandran and M. Swaminathan, Chip Scale Review (2022), 41

SSH 2|AR|HIE]
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[More than Moore]

0|

TSV, RDL, Interposer2 Jaigt 4=

« TSV, RDL, Interposers 7|22 2835H 01

=L}

M=

Ciost 40| 0fF

X ZAeh(Heterogeneous Integration) (2)

Fot Heterogeneous Integration &4
& Zeol 7ts.

Amkor0f|A] A&

Zol Ct¥st 4 o] Heterogeneous Integration

Multi-Chip Package

Sidie

Systemboard

More functlonallty/ performance
- Large Si area

+ DRAM in package

Much higher bandwidth,
Lower power etc.

\

Large die + adv. Node
Cost, yield, time to market

/

Chiplets
w/2.5D
+ 3D stack
Chiplets
w/ 3D

ASIC + HBM 2.5D

‘,,

=

+ 3D stack

b

C———— -
Y U O U O U @

[

Chiplets logic + DRAM

3D Chiplets logic + DRAM

L SR -

—_—

3D +2.5D Chiplets logic +HBM

B A B B ]

Plus... Optical engine (3D) in package
= Co-Packaged Optics (CPO)

— . B

AtZ : AMKOR, A3 2| M Z|AMIE]
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[More than Moore] 0|3 & &gt (Heterogeneous Integration) (3)
More than Moore A|CH2| L &2}, 0 3gto| AlCh= O|A|OF AJ2}

B =
+ Heterogeneous Integratlon(OI—c',—?él Eg ) 7|3 7|2 HER HRE BEES A 202 EBSH= AR
WLP, SiP, TSV, interposer, RDL §2| 7|2 A8

« A HHohHIQF Z0| ££0{2] H2I0| 5HA|0f| CICtEHA EMA|AER S| A = SE7HA| =0 d5S 2217] fIsiA
HHE | 210 A &= ERNZ|AE] 147 &7F O 2 QI5) B | 2Io| HA-2 FHZ|A| £ T Reticle size limit issue,
=& A5t issuel]| 2|5t SHA|0| 22l

+ AR UIEH|O| MSS HAI5E| YISHA Off Q22 (o] ZE|H|7|2) 1} 20| HHERIS 715 HE 0] HZEHA
Selete ol & Hetol At} MO R O B,

=2 L— "1

* AMD= A MAIOf|M HRE 72 F0re| 71 HP| U= ats|Q1 ISCAE Sl 32core?| monolithic chip CHl| 4712
Lt50121 8core 12 0|F & ARSI HAR 9.7% S7I5IR A2 0.5982] 7tAL 2 X R 7t 7HSSICH D 'WH

|_%i
o

AMDZ}ISCA 2021 of| A '2rs st LY

0¥0

(), Intelo] HA| F+ais ZHIH7|2 & ()

KO WO IO 11O

Four “Zen" Four “Zen”
Cores+L3 Cores+L3
Four "Zen" Four “Zen”
Cores+L3 Cores+L3

Four “Zen" Four “Zen” Four “Zen” Four “Zen”
Cores+L.3 Cores+L3 Cores+L3 Cores+L3

Four “Zen" Four “Zen”
Cores+L.3 Cores+L3 €1+S8100 E£1+S8100
Four “Zen" Four “Zen" JU9Z, In04 U937, IN04
Cores+L3 Cores+L3 m

£7+S2100 £1488100
Juaz, ino4 uaz, inoH

HOO0H00§H30 800
DORDOR § DOR DOR G

=
H

KD WO WO O

Monolithic 32-core Chip 4 x 8-core Chziplet,l213mm2 peor chiplet
777mm? total area 852mm Oto5t9a aC; eat(+9-7 %)
1.0x Cost I

At& : Samuel Naffziger et al. ” Pioneering Chiplet Technology and Design for the AMD EPYC™ and Ryzen™ Processor Families” ISCA, 2021, TechPowerup,
MESH 2| M2 ME]
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[More than Moore] 0|3 & &gt (Heterogeneous Integration) (4)

More than Moore CHESFA}, 0| & Zgto| A|CH= O] A|0F A&+

- O|F ¥ Z¥o/ M2 st S,
1. Reticle size limit0i| A S0{Lt 2757 TH=a)| O 37| 7|19EM d5
2. 2 Chip die @2 T S2H0]| U= 2HOZ MASE A QIS (714, MM A4 TMs

(o]

o

Q2| A
22T

= T MO

UZ.) 8IE &0 High speed Interface= 212|= &2 14nm &= #1, High performance low powerZ}
chip2 3nmE & & ULt 0|2 28l 7} cost eff|C|ent SHHA performance efficient StA| Ht=H| IS A2 E

0jo

(DRAMO| L= AFMZA} 7|& /70| 1 AlZ|A, High Speed?} ZL3t GDDR72 d1z prime 242 AM

2 A=A 7L L3 LPDDR6S 22 d1cBHS ARSI A0 2 S40| et 332

3. 9ol YA o2 EH 2 (ex. Interface chip)2 CHS MICHOIA 2 AAE 2L 210] reuse

4. Memory chip2t Processor chipO| 7H7F4 A HAl Memory Wall (40 page®ilA CIHE.)

245 S5 3UE sl
=ostco
(=13 OI2
= =K
CHEA M)
B4 og
g 3256 £20| &,

V-cache& A83}0] Memory wall2| Z4|& 7H415t AMD CPU(2}), 5712 SH 2= 4774
1000 2471l O] &+2| ERHZ| AR E AHESH QI EH|H|7| 2 (R)

Ponte
Vecchio

SOC

>100 Billion Transistors
47 Active Tiles
5 Process Nodes

Architecture Day

2|
&

k=1
=

2y

b

Compute Tile

Rambo Tile

Xe Link Tile

\‘/ ——— HBMTile

Multi Tile Package

EMIBTile

intel 174

At : AMD, Q18 MHZH 2| A 2| MIE]
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[More than Moore] TSMC2| IPD, £+ 2Zt2| ISC : Power 7H4-2 {{5HA..
IPD, ISC : MLCC, Inductor S C}¥st —¢-%_+_1|§—§ Package 2H0j| Li&6t= 7=

* MLCC, Inductor & 7|& PCB 7|2t 2{0f| A E|H +FAA=0] BHeA| 20| 717t 2 += Power Integrity
(Y FZ2Y)0| 7 El= 227 /US.

H T2

Amkor0flA Al SQI CEeFet 4] 9] Passive device Integration

Sidie v
Passive component 5 Passivesintegrated in package
[} e_w&.m ) [
B vt minin Bepl 1§
System board ) -
=

Si IPD (DTC)/

Embedded/ stacked
, 1) mm

1) Front Surface 1) Front Surface
2) Embedded in substrate 2) Embedded in substrate
3) Bottom surface ( land side) 3) Bottom surface ( land side)
Plus Plus
4) Embedded in bridge module interposer 4) Embedded in bridge module interposer
5) Bottom surface of interposer (=RDL surface) 5) Bottom surface of interposer (=RDL surface)

Plus

6) Embedded in interposer
7) 3D stacked with logic

At : AMKOR, AEZ 3 2| M| HIE]
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[More than Moore] TSMC2Q| IPD, 4’ Z 29| ISC : Power 7/

fjo

LSl Ad..

TSMCCOWOS_Le|IPD (Integrated Passive Device) AL 1SCe| PDN Impedance 74 &1}

, 44A}H-CubeE2] ISC (Integrated Silicon Capaditor) -

» TSMC COWOS_L9| IPD(Integrated Passive Device), 434t g o
I-CubeE2] ISC(Integrated Silicon Capacitor) 2t Z0| Interposer ~ § (Pacge cop
LHE0f| capacitor@t 22 $+SAAE LAot= FAl. gl -

- 22 PCB 7[% 2{0]] A& £|H MLCC(multi layer ceramic capacitor) 5| ¢ ¥
59| passive device=0| interposer0f| LHZHE|0] HH=3| 7t
H2|A O 2 7R A E|™H PDN (Power Destribution Network) 2| ™ 10M 100M 16 Frequency(Hz)
Impedance &8 34 71 M5t= 227t 4. A : AR NBEH 2MAAE]

TSMC CoWoS_L : Silicon Bridge (LSI) 2} IPD (Integrated Passive Device) & &1 At&at

SoC
TIV
i .
St TR —— Molding
e ™ = [ |

Substrate

OO0 OOOOOOOOO

At& : S. Ravichandran, Microwave Magazine, 2021, AE3H 2| AM2[IE]
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[More than Moore] s{0|E2|E 222 0|= &l At

0|Z &l Z&to| "4 247} E Hybrid bonding

« 0|F & Zg ACHOflM 71 2 0|52 B3 Z2 Z0|2| interconnection®. (3DE, 2DE A FA0| E[UE)

o oAl To| A= 2 EA(TC-NCF, MR-MUF)2 &% Otz | 131t 20| SZH| Solder?t 5017t ballE =0
chip to chip interfaceE L315}t= HfAl

« 32322 LEZ of2liet Z2 Hybrid bonding #410] 0|Z & Zgre| Al AH[QlA7t & A.

« L2t Hybrid bonding2 particleO| ¢ =% bonding 3&0| ZIME[0{0f StH 2= bonding copper?| o
22 @FAUSHCMP 7|&, micro alignment 7|& 2 warpage control 52| 7|& | £ off Zol{Of &

Kst0|< A 2| HBM Bonding 4] 0j LSt Roadmap

o| 284 (1)

|]:0|I

st dishing,

HBM4

P Hybrid Bonding

HBM3 (12Hi) / HBM3E

e e
) (‘ MR-MUF )& Advanced MR-MUF

Stacking Tech <

?ll??ll? ’Il"ll'
it e o
o e L foa &
*na*?-sﬁ

L = x4
prappasng

Thermo-compression
w/High Stress

A

Remark

—
v World 1st TSV

chip stack

Achievable

Stack Height 4Hi / 8Hi

Thermal R
(Relative)

Low Stress
-

1‘"1‘1‘"’1‘

v Low bond force & Robust jo
portion (thermal dissipation 1)

4Hi / 8Hi

Low Force & thermal

v More Enhanced thermal dissipation
Lower gap height & thermal resistance §

8Hi / 12Hi

(0.5

Hybrid Bonding
12Hi / 16Hi

(0.4~05)

Ap2 1 SKSH0|H 4, MBSH EIMR|AE
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[More than Moore] 5t0|H2|E =2 0|F & Zete| 284 (2)

7|Z 3D Bonding 'S42| EAE (ex.HBM) 7|2 Bonding 412| 34| (ex.HBM)

» Hybrid bonding %4{2| 0|F & Z&0| &=l O|Rf= 2ol HBML| 1

--Number of Chip Stack
« C}2 0|Z 3 A%} ORRI71R| 2 HBME A DESI5t AL 5H= L |27 QUA]

ot packaging CTHIAMS =0|2 ASHsH 1A 5t LIZ T Q17| 0] Z¢ chip PP al
O| £ £0|1, BLT (Bond Line Thickness) = 0|+ 84| 0 2 stacking

NEHSL0)| HE B 2 M| =0| S7HE ¥ojsl =. SHA|Tt Chip ,83 8 8
Thickness A[sh2 oHA|7F U1, 7|2 2 BHAlo] 22291 0|RFE BLT=0 -
O 2 + g2. 163 0[&+2| HBMO||A| Hybrid bonding0| Z4=7} &l 0|3.
+ & HBMO| ZEtstE|A Tf %2 Signalzt Powert TSVE SaiA| Qlof2i2 --Chip Thick. (um)
HZL|0{0F St=0| 7|22| 2 H4AI2 bonding pitchE &0|=HI = SHA|7} 50 50
U= 047[0f| 3l A 7|2 bonding HAGIA ZA5t= A2t dEC = Qlst 45
UM 4| = 3D stacking 7|=2| =2 10 US
_ 35
« Hybrid 222 22| 2= A EHEY &+ U= 722N &S 20 Q3.
7|2 Bonding gF2l2| 54| (ex.HBM) {25
--Bump Pitch (um) .
» o-Bonmg Accuracy (um) --C2C BLT (um)
37.5 20 20
30
5 3 3 15 15
S <10
<15
AL : BB A |, AGZH 2| A Z|MIE] A= ME|AR], MG SH 2|AMZIHIE
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[More than Moore] sjo|HE|E 2El2 0| 3 &4

Hybrid bonding2| process flow

ol

ol 244 (3)

71 high end?2| Hybrid bonding ZH|E @ =islA 2tS11 9= AMAT Besi2l Hybrid Bonding process flow

ILD Dep Damascene Barrier/ Cu Pad Fill
cvD ETCH Seed PVD ECD

QI AREHER 2 QL

Thru Ox Via Barrier/ TOV Fill
ETCH Seed PVD ECD

11 ORI R TR T, STR LT

ALE : AMAT, Besi, 21 S# 2| A2 HIE]
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[SysMoore] &£ L0|TF HFE ft2o| ot : H|=2| &
Al A|CH2] Memory wall

= L0|2te| HFE| FLR0{IA| processort memory
HE=3|l= B0 2 JHREI0 = Al 2012
processor?| &&= 62t Hi A = LAsH AT
main memory (ex.DRAM) 2| bandwidth=
100tH, Interconnetion (ex.PCle) 2| bandwidthe
308} H = S7tet 2= M2, QIE{FH M|
d50| processor?| s S7t& W2t7HA| xg.
0| 2}0|& Memory wallO|2t11 5+H 0| 2 QlsH
processor ¥ AFEE S&5| &85 Zo= 4
M- Al AICHO[AM E2i 24 Al transformer?]
size= o 224108} 37t BHH Al & processor
O| Hl22| bandwidth= 28l A & Ht0j| S7}51A]
22t Al AICHO[ Memory wall2 H< =021 A.
Memory wallZS ==35tA| XZoIH 2dzf{et Z2
M AIS| Z210] 0212l O| 2 Il HAIM|AM=
H 22| bandwidthe| 3717+ A4St A&t

HBMO| ZLE HPCS 9|5t HZ0 2 JHetE (x|
'12'=' B ddd AIE flot 22| 2 HEE[R]=
OIUS. SFA| T MHY Al2| SE 22 Memory wall

& Sizsleti 716l 50| SRASRD 1%
oI5l 2414 5t sfj= HBMC| 5t sfjatn & g2 1 ZQ
0| 22,

SHAI2H HBMEt0| U3t S1ZR2 Of,

=
o .

Normalized Scaling

Memory wall (&),

Al application0i|A &l #0{Zl Memory wall (5})

Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth

H100
[
1000000] HW FLOPS:  60000x / 20 yrs (3.0x/2yrs) hies “.°°1 =2
DRAM BW: 100x / 20 yrs (1.6x/2yrs) o0 g5 TPUV4
Interconnect BW: 30x /20 yrs (1.4x/2yrs) KNL @™ y
® K:O P '
10000-] o GTXx5808 g
®_ o ° L]
e o o
° o °
o o
. e e © HBM2E
P e HBM2 { ]
100 Itanium 2 > HBM Py o0
= [} [}
O ° ° =2
" GDDRS L ==
_ GoDRa g 0e® NVLink 4.0
> GDDR3 LJ PCI
R10000%* ° - NVLink 1.0 e
14 L [ = 1
) a5 PCle 3.0
Pentium Il Xeon PCle 1.0a
0.01 T U T T U T T 5 | T | 24 T T T T T = { T T 4 B! T T T T T
1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
EAR
Al and Memory Wall
10TB Baidu RecSys
10000 L]
Transformer Size: 410x /2 yrs Switeh Teasiforian
Al HW Memory: 2x /2 yrs
1000 b LA Gshard Megatron-Turing
- [ J
_E GPT-3
= L]
2 100
£
3 Microsoft T-NLG
o A100-80 (80GB) H100 (80GB)
o Megatron LM @ ° °
s 10 V100 (32GB) TPUV3 (32GB)
‘ﬂll' ° o AlDO.AOGB
£ P100 (12GB) ) GPT-2 v )
[ ° TPUV2 (16GB) @
© 1+
= BERT
1
Inception V4 ResNext101 TransformerG"
0.1 ° ° ®
ResNet50 DenseNet ®
X J
0.01 T T = . T T T
2016 2017 2018 2019 2020 2021 2022
YEAR
. . . « » B o=
Zt& : Amir Gholami et al “Aland Memory wall”, Micro, 2024, 1183 2| A 2| HIE]
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[SysMoore] A& Al AlCio] o222

M3 Al'SHE0 712 20| 20]= GEMV operation (&), Parameter size0]| (-2 GEMV operation H|Z ()
!‘E,‘;{!:g,‘?' Tokwd1) Tokengt 7
= — 1 s GEMV S

[ | ]‘
=== =
——_— \ J ; ] || |f ]
' ] { i i t |

== ] ] %3, 7‘, r—‘ L: — par;:“im

¥ :‘, Layer which includes GEMV in Generation stage w]:::;»gzzw' Others

AR 1 ISSCC 2024 A4 HAL L H Ab=, MHSH 2IM2|ME

Generative Al et50{lA2] GEMV bottleneck

« Generative Al St5I1Y S 212 2| 21 20| ZHFSHA[ZE 4= 3.
0] & Generation H0||A| Feed Forward, Multi-head Attentlon SRS

o2t WY S HHES=0| g HAE0l= GEMVEL L 5t lE & § M 8 GEMY o s 8
HAS Zetst= 20| S0,

« GEMV 40l A= MemoryOilA 2 82| vectorg $10{27{L+(Read)
CEA] 2A=(Write) 2t40| 25| 0] 2H40|A memory bandwidth7t
O S S0, 55| 2B% JHo| 129t Z0| generative Al 222
parameter size7t & +Z GEMV operation0| 24| Al 85 2H40)| A
212[6t= HIS2 AR, (GPT47|= 1.827H parameterZ &)

- 2EZE2 Generative Al St 1H40{| M 2| Hardware 285 AlZF
Z0 2 §loI5H ZOIG| GEMV operation 3 A| Hardware 2 =7}
A BORAS =R 7t =, GPU,TPUSS| 4SS OFFE| Mo = A= - duicioh &z, tlesa 2l
memory wall0il 2|54 bottleneckO| .

GEMV bottleneck

=]
%
©
S
=
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[SysMoore] SiA 7} Z+&tt= i@ 2] 7|4 : HBM

Memory wall 7§42 2l 71 CiEA Q1 22| : HBM (High Bandwidth Memory)

« HBMZ €l2f Generative AIE I5HA L= H| 2 2|= OtL| A} 1 HPCOl|A| High Bandwidth& A|- 5t Memory wall
= 3B A2 NEE W 22| HIFE. 2|22 0|F 70| Z&tE DRAM AIE0[2t= 20|17t U=,

« 2023 FH5E MdYH Al A|Z0| ZHH O = HATIAUZ. Ol= parameter=2| S7t0f| H|Z|5tH] Al 455 7Isle+Al =
2012 = UM 7HS3H. AHBEl= parameter 2| S7t= &= 11 parametere| HeS2 HEX O = X2
U= GPUL E2H, GPU 2A| AFE-E o E22]2] high bandwidtho]| CHet H 2 & (£3| GEMV operationdi|A]) 2| =4
ot S7t2 0|03

- 0[0f 2t 2HA2 HBMC| of sfietl & 4~ S M2 HBM2t 1.5 75t | #[et 7|=0| Z4dS 23, $2 =2 HBM2

i iy S .

bump—’.‘— 7f(ex x2048 10 width @ HBM4), Stacked DRAMS| 1.&35}, u- bump T ADE %7%;5”"22
HIAI=|0] A1 O|2f 2SI Sl 71 2ZE Y U= 7|=2 F2 pitche| TSV 714 Wafer thinning2t warpage
control, chip stack/underfill, O|A| pitche| u-bump formation, Power TSVt “’éﬁl -"'cl’i*.if”i RQ.%H =T A=
HBM =1t Processor ¥Z 24| & (SoC + 4712| HBM) HBMzt Processor HZ 2AI: (interposer Zgl)
Cell Cell
Cell Cell
& (@"”
P A A EE R RS vecd
- o am Bump
A2 ANE, NG 2MRIAE] A2 - AMD, MBS 2INAME]
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[SysMoore] HBM2| 2 C|H[O|A H{A : LLW
On device AIE £/t HBM : LLW (Low-Latency Wide-I0)

* LLW= DRAMZ| Energy efficiency& =T7HA| L2|HA BandwidthE &2 2At= FA|2] memory AIE.

« HBMO| HPCE I8t near memory solutionO|ACHH LLW= Mobile H|Z&2 28t near memory solutionO]|
2 A

- IZNIM SIAHS0| 713 |5t A2 cache memoryE 2|3t 20| 210 A2 20| R| 2 capacity #4| 2 DRAMS
ArE5te &, 2HIY, £3] On device AIE /gt BHIY H[Z0A LLWZ L HIEA| QoA Aoz &,

Memory Hierarchy®llA] HBM2} LLW2| ${|

Cache

AR 1 ISSCC 2024 A4 HA LHALR, UGS HE 2IMZ|HIE]
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[SysMoore] HBM2| 2 C|H[O|A H{A : LLW

LLW= CfFet ol S2] 7|00 2482 A
(edge device, mobile device, sensor device S)

AFE22 AAMT} CHfst L RHIY HIE 4 2[A87t 0|2 2517 | 0| HBMEL CHYot SF2| LLW £310]
7 o2 2 E. (G 01X 0iE Vision pro0]| 22 2l DRAM2| A2 1Gb, 512ea2| I/0 AtE.)

- DZNMQt 22| ZH| A& Channel?| Z0|& &0 loadingS Z|ASIOZ & 4+-Z AR E|= 20| ZHAE 0|2 Q5
LLWS| 32 Z 2N 2|2 TSVE &35t 3D Integration & 7+sd0| 2. (HBM2| 32 6mm A E=2| channel
lengthOl|A{ AFZSEA|2F LLWZ} SoC&t 3D Integration &< channel length= under TmmZ} &.)

LLW AP E ) LLWS} S A& SoCZte] interconnection2 & A 5H= Al S 251 (2 / LLW AFA O|A] ()

Channel A Channel B Channel C Channel D

NOW NEXT
Technology AR/VR MR/XR
Smartphone / Glass type,
Host system standalone VR Glass / HMD fusion
3 4.4Mpixel (QHD) 33Mpixel (8K)
Drsplay 60~120HZ 90~144Hnz
: Many camera
Camer Multi Camera ToF (LiDAR sensor)
soc CPU/GPU/NPU | +New Accelerator IP |
Memory LPDDR + Near + Far memory |
System Unified Memory +  (LLW+LPDDR)
S/W ARcore/ARKkit Tensorflow 3D

AtE 1 ISSCC 2024 At MA LuALR, NGSH 2| M2 HE
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[SysMoore] &£ 0|2t X E &= PIM (Processing-In-Memory)
PIM, OfA]| 288 AlH

« E 0|2t HFE| LZ0|A Processor?t Memory Bt = HIH 2 JH2 &[0 2. Processor= datas 7+&5H=t|
SAHH LA S Sl H Memory= AAsEHE 22|=0| S 6tA LHsl =.

« of2fef 21Z& HOjlM = 4= AUX0| DRAML| H|O|E{E processori transfer 5t=0| i & 0| A[E ALE
AMD2| ZtZ0|M & 5 UZO0| MH SA0|A] 1/0 (data Input/output) 0| 2 A A E 51A| &

+ DRAMZ} processor Z+2| data transfer0i| E= 2 0f|HA| 22 & F0(7| 2|5 M= data transfer Sl A& S0{0}
St=0| H22|2t processore| H&0| 2HH5| L+0{A U= M2l 2 0T L X0M= 224 s AZ H|AISH |

ol

NIEEE

0f2d=.
Processor2| Zt operation0f| [t Of|L{ 2] A HZF Typical server power breakdown
] _— Relative Energy Cost
8b Add !
16b Add 5
32bAdd ; — :
16b FP Add 0.4 Computation
32b FP Add 0.9 33%
8b Mult 02 |EES
32b Mult 3.1
16b FP Mult 1.1
32b FP Mult 3.7
32b SRAM Read (8KB) 5 CPU Caches
32b DRAM Read 640 . l 22%
1 10 100 1000 10000
At& : Computing’s Energy Problem (and what we can do about it), ISSCC 2014 A& : Lisa T.su et al, “Multi-chip technologies to unleash computing
, M= 8| M x| MIE] performance gains over the next decade “, IEDM, 2017, 21G&3 2| M X|HIE]
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[SysMoore] &£ 0|2t X E &= PIM (Processing-In-Memory)

E 0|2 LZE §{EH Memory wall= 512 £+ US
 OZ22|o] et T2 AM|A | 0| BESHA LM U= & c0|TH 25 25 B0t H=22| QHof|lM S 2=
T 2NAQ| H&rE +3l5H= PIM (Processing-In-Memory) 2 Q2 HE] A|A|Z|0 2 74,

A AIQl $290| 22t7HHA data transfer 37} 7[slE+4 2 2 Z7t5HA| =L PIMO| LS 20| TRA| 20]
Lt UAZ. A2 247t £l 2 A= Memory walls FEHO 2 A SiEE = U= 2[AQ| £2/40|7| HE.

PIM2 7141l0|7| 20| HBM, DDR, LPDDR, GDDR & O{t £52| DRAMO| = AFEE 4~ /LS.

3128t PIM2 2 7|2 DRAME ZH[E Z9 7|2 DRAMIH £22 latency 2 dataS 1% .
I 2 IME0| 15 PIME T2f5HA] 41 HHLE|%7| (20| PIMO.Z W30 w2 A2l0| ¢S HO 2 22,

0| & sl Z5t LAt eH A A HAISILL A= Z440| Drop-in-replacement4]. (C= & 23)
7

Al & O|O|E{ MIE{ 5 OIL|2} processor?t memory2| 7t240| H11 2H'20| EAT} 2 DHIY SHANA = 22T}t
=2 202 0| A=, (LPDDR-PIM)

>

T
o
1
£Q
ujo
1
|.|'|

o
ojo

HBM-PIMe| ZA ¥ =

Bank Arrary

PIM

Bank Arrary

-

) 5 b b D e—

"8 TSVs & Periphery -1

" "

A2 AE ML ANGSH 2 MR MIE L2 44 ML, ISCA 2024, AGSH 2IMR|AHIE
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[SysMoore] Drop-In-Replacement 2412 A5 AL 2} PIM

7| DRAM o] 22kdS 9t
Drop-In-Replacement 24

« 27} A 2tSt Drop-In-Replacement 2412
QE2 diagramat 20| PIM_Mode7Zt A U
gt PIMO 2 S2+5t 1 PIM_ModeZt THA Q= Abgt
Oil A= Ut DRAMS 2 F25H= A,

- DRAM 2|8, processor7tE°*° ij PIM2| A
AlZtO| HO|A| FE=E AA5t= A S A E—’T‘—%
El. 1210k PIM EEO1|A-|E 7|2 DRAM &2}
protocolS [HE 4= U0 Z1-st o|0| 2
“replacement”7} 7 f—;P | L. Of2l= &A| PIM
mode & Al 7 E d52 EHE. 52 24l
0|4}, A 2Ed2 3 e S/tE =+ US

o2 =2 T A3

AMZZL| M HAISH Drop-In-Replacement &f419| PIM

Mode Change w/ ACT/PRE CMD at specific addresses

Mode Change Period PIM Mode ; Mode Change Period
(Normal - PIM) i ' (PIM — Normal)

| Bankd
KW

|
| (RA13=1)

A2 1 ISSCC 2024 Y MR HHALR, UGS HE 2|MZ|ME

HBM-PIM & A| Al 8% 43 A|ZH T2
Average system power of DS2 over time

——HBM ~———PIM-HBM

Reduced execution time

HBM-PIM 2 & A| 451t 42 JHH F=

Energy efficiency Performance gain

M

32 MI100 GPUs 64 MI100 GPUs 32 MI100 GPUs 64 MI100 GPUs

L2 1 ISSCC 2024 a2 e aAtE, MISH 2| MZ|4IE
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[SysMoore] 4-d& Al 8 Yt=Xj|2| L+ 3tA|= Network

Power wall, Memory wall 22 Network wall

A AIZFEHSHHA AlQ| parameter sizeZt AL UZ. 1= Q15K HIO|E{HIE|O|A] =21~k THO| serverE

—

SA|0f| 0|83t ot5-2 st UZ. SHLte| workloadE #{2[SH=H| 7| 22| % 4 I H =0 A7 HYIUCHH

[= N =PVN
A3 Al IOIEIMIELS Al 852 QI3 42 7 O 4ko| A7} 71245| SIHOF 3. OF212 1 O =0l = =02
Al EO| Al BHS B 4 1T TR 210] B (LLM) 2 3 o) LO|EIS 0| 83f 43 ©f Jio| B9 Ifzin|ElS
SHEB0F 517 | 20l Thd] 44~ 48 JHo] Mb{ 2 37| 2. 0|21 42 7 04| A7} HIOEIS A2
Z 2 Hlol= 042 @3t Hl0|E| BEH2|7H RS, 01| HOIEMIES HH7H SHLto| Aot 20| S2sHoF &,
WA Al SHES 9I3H 4 U|ES SAE0| RS 0|, Y2 of2fo] T2} 20| Al B B2 4 Ue| MOl

QL35 kAl high bandwidth H|O|E{ E2fTS HOZ=0H| O|= 7|2 M| A HIO|E] EBZIS X2|51H BiAloz
= ol 20| 0|2 =. 22 mi2t0|E{7} HES+E Al ef53t 22 AH 7te| 08| ECfES Aot &2 H2|StL7L SR

ol

A
=
i

on 0
Ol

1= =2
StA| 2 Zd0|11 o|mi DPU(Data Processing Unit) 2t SmartNIC (Network Interface Card)0| £235t H&2 & A.
Al Rl 22 F2iS EofT] B S LIEH. 7|2 M (2h) CHH] Al cloudoi| 2/2{5HEl networking model ()
Port Bandwidth BlueField-3 SuperNIC2 GPU-to-GPU 2|H AE0| 7ks5H| sl&.

Optimized Networking for Al Clouds HGX H100 Systems
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|
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150 e |
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25 ,
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[SysMoore] ¢IH|C|O}= O|A| THa= GPU E|AL7} OF= (DPU, SmartNIC)
Network wall A|CH2| =|Z ez &, YIH|C|Of Infiniband SuperNIC, Bluefield-3 DPU

“There are three major pillars of computing going forward.
The CPU for general purpose computing, The GPU for accelerated computing,
and the ‘DPU’, which moves data around the data center and does data
processing.”

ARE2 M 712 22 7|S2 2 O|R0{ZICt. HE &4

dmd= #let GPU, ae2|al H|o]E| MIE| =EHo| Cf|0|E{ S 0| So}al

-Jensen Huang @ GTC 2020 Keynote-

CONNECTX-800G INFINIBAND SUPERNIC BLUEFIELD-3 DPU

CONNECTX-800G INFINIBAND SUPERNIC

BLUEFIELD-3 DPU

Zt& :NVIDIA GTC 2024, 2133 2| MR|IE]

Zt& :NVIDIA GTC 2024, A1 ESH 2| MR|IE]
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o} SK5I0|H A= HBM3EOIA Power TSVE 475% Z7IA| 2271727

Power TSV 7|+& 475% sscc 20240014 SK Hy?ixﬂ)%*ﬂ..%l HBM3E All-Around Power TSV
= — Zt : HBM3, $: HBM3E(POC
ST == Bank Power TSV 475% &7}
o MAIAM 7t AL U= BHE=R| 2 A s3]0l T i e
ISSCC 20240_"*_' SK3|'O|E!ﬁ7|'A||—AI’OUﬂd g q g.i.....i....i ..... i..;..g ..... i....i ..... i.g
Power TSV -'_ll_l‘alj 'LE_E'O'"A-l HEI-EQ- LH_g_o." IIl'EE : ........... K ........................... ;Tktt;::frr Lg..;.:.'...:.; ..... _
DRAM Core die Bank| power S5& TSVE | BRI syl [ 58§ F i i L.if
7| tH] 475% S7tA|74A Power 4, Peripheral Region T il peripheaifegon
Thermal S42 25 HM#S. e HEE R
. S 1A 22320| A2, VI | Aeesmammaa el
1) 2 12 O (HBM3)S M2 power TSVE | e — Ladebd i ndondecl]
Y2512 77H? ? i) T N i
2) power TSVE H{2I517| IBHM= 718 OF2l et VA 16% ZHM, Vss 4% 7HA, Vpp 75% 7HM
logic dief2E{ ¢|2 stack &|= core dieS7t B TITEE | |

A sl 9= =HE3H0F 5HH Of+= chip size
S7t(chipe| H7eS) 2 0|0, = Power | "
TSV 7i4=2} die cost= trade-off 2HA|. | e o
227 Power TSVZHRCtT 22 2ic0pd, | B ) - EEEREEE, N— o
ZA| 250%H S2HH A OfL|US7H? ? | |
2CHE 500% S7FoHH HY S& W =7t
2 O SORR|1Z U217 ?

HPM 71AS S5t HE 2.

- =8 2[A9 M7t AUS A,

= = A2 :J).Lee et al “A 48GB 16-High 1280GB/s HBM3E DRAM with All-Around Power TSV and a
24 oHtd b 9
34 oA 2otof &t ? 6-Phase RDQS Scheme for TSV Area Optimization” ISSCC, Feb 2024 , A= 2| M| HIE{

HBM3E
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T —N” o
100-1=0> _____ Pt AL e—
echniques

Deep leaming{217]
T 1 22,

N

2]
LR.RF[223] i Commercial tools

« HFEZX| EDA tool:2 Synopsys, Cadence,
Siemens 37 A7} 2t QU3

- _ " ol : & Design Specifications Logisli(c};:gr[v.;sos;c;n[lm]

+ 100-1=99, 3}A|2t HE= 3| JHeko MO_w ! 1 e MG
100-1=00[2H= 20| QIS BLIS| QAPF R g | e bememe MRS SRS
6"% _E_leljl- L:I_?_ E-EI-E _o—l D | . 7I-ZOI- H ig h teCh ! i g i':xix:l:niwdulc Bcha\'iom;cvcl.l)aign g:i{‘:’%ll:g?ll:g 7
HEQIHtE Mol JHeto| IR BAMOR ZIME| |
= 0|7. 229 A 2xt= Aot 3 2 AL )| g wa:'rmm)

M7t OtEl= BAIZS O[5t AlSHR| o4 AL : - e

e o2 22 /7 S7I2 0|03, HIEH = l AN Sl

ENMMAHE 7|2l 7L M| ntAHo| ELt l ¢ oo il it

— — — A 4 MG Ol SoC

2 2| ME0| LI=4| 37HE o|&0] Z2|7| : ) Roving o

20| Z2U=2 E 0 A E -4 4R time : q.,gn._jm,

£ ming
to ma rket—o‘l _E_Z-"’ _T'o_;él-gl —_,le- ZOI-H |_o_| ‘ Tayout ¢'ﬁ TE Alliance
_ = & 2 Magift
A2t 23| SO 2 AlZISH A1 E U2, . S s‘l"’“ -
- - = _ _ _ — DESIGH / : ithogra MLP[183,186.225]
. 0|21 2H|Z Z|CH3H s H5t7| ot Bres| M= i o
_ = = - Logistic fc.grcssion[ 190,191]
7|2RE A2 M AYS flot Y3 B2 | . m% Ty o
. . . oo . o CGAN[195.216] pyglass :
simulation, sign-off, verification, : Y - BT A
1 i E 5 S ; lifie naivcm ves[212'

validation € EDA* tool=0| Zaj&t. : O] = | e
I et ST ———
|
|
|

™ Post silicon Validation

(EDA : Electronic Design Automation)

At : Deepthi Amuru et al, Al/ML Algorithms and Applications in VLS| Design and Technology,
Feb 2022, MESH 2| M| HIE]
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+ RIZIRR| ARG M UHE (10) AAI9 18 BESHs Package A7, 152 AR0| 20| PCBO| F0| 22t utz
UHBHT U, 15 55 IC 47 7159 S 271 715134 H0|AOM 1 AHIS E91%E EDA 89| 7| HHE 7/513
£H0|%4S. JHQIZQ! 20| 2P IC 444 U HZ 0|5 Packaging T A2 2ol 2H7} A47|2 Tuj7} =lofxof
Package A=} PCB A =32 S10I5tD SIS TS,

+ HBM &% 2tH0{|A = interposer HZ S0{IA] 0| 7|22 ICSF EDA E2| ALE LAI0| 2AH7t EI7| AlRfet Aoz 2

o O T 1 - .

7|1E2| Ut
IC

Small number : Single-die, mechanical 2-4 layer, through hole
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ring/pad frame TS e oo O o —Hap¥ o
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£E| PCB level7tA| O]2] 11245} OF)

T
0
T
|
J|'0|l

MZ22 = 70 2438 (

=
DEHIZ 3| 72 ofo 2 0|F & A Jefsfof e 2
. _T’_Jééi HES AL Z 0|F A Zete| 242 A &g A. AZ7HA| 5tte] monolithic & THA|0A EDA &5 &
85t AZE2|0|4M, verification 2 A 2 A L H|=2E St & CAD % = O|R to{ A A=l Package, PCBOj| 21 &35]
ZE'OF‘ HFA0|UCHH 92 2= |C, Package, PCBE 25 112{SIA| 1L AAE & Alof| oJ2] 7HA] Tl1|7f“e**o“°£7*°'
O HEZQIOZ 1) QB ZHSS HAA| 2122 E0{7H= power?| IR drop, 12|11 3D 2! ¢19] power9f o2l S

power2| 210[, 2) QB LA LHE A|1'E 2tl7[2|2] ZHESid, 3) TR, fI0t EH=A[2f power F A|1'E ZHd

4) AEZNE Soll d2El= H=2| &4, 5) RF S4! 20| /UE B2 EMI(MA7| ZHd) O+

MZ2 B3| Ml (ex. 0IF & Ze) ol 1243H{0F & AftS

2 Crosstalk Noise
Aggressors 3 Power Noise Coupling

IR drop ]
=> Power degradation w/o power noise

Allowable Victims \
= L3 w/ power noise

voltage drop
\\_ 4 Signal Degradation

Signal loss
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27K HSH 7|S 2 AT RARE ASS IS 4 U2
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1) 227t otz 2 HEE uf Qe 115 0|50 MAp7| o2 Heks 77[2|A 2. o YH2 2= 0|5 HEls|

DE2 SHA A|S2|0|M SHR| 28 (Crosstalk 242 0|2| AESH| 02ie.)

2) Zt core die0]| 2} chipO| M| Z = wafer2| 2}0| S22 Qlslf WliSH= process variationO| &
d2 QI3 £ core died|M LIR= M= 2T £ core died|M LIRE= HS= L2 U

« Ol= LR A0 22fet. 2= EY, MY EH S Hay= 5[0 LIS EAHIE Lo 7|1 Al 0|F & At Al oA
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=T =
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===
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MEZ= B HE 31 (3) (Thermal 24)

Thermal dummy bump&

ECTC 20230f|M SK5I0|H AT} & &S Thermal dummy bump

3t S7HAIZI 2= FALN?

QEZRO SK5I0|= AT} HBM H|Z A|
thermal dummy bumpZ Hi 2|50 A
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; ‘ ]
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{ ] i 1l
D N

AU Q= simulation toolO| S Akgst T
CEA0 UR| %= WO0|E = thermal dummy 120 # of thermal bumps : 1x
bump?| i 2|2t 7H4=2| Z|XSH= 2HHF| 21 - TC-NCF

L2 R3S Ao R 22 E

0|21 CHFot casel]| CHSH simulation EDA
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LA E Hlo|E{et AR, HWSHA| 242 tool2
JHLO| O| RO HO B 225,

S| Al E A= 40|l Thermaloi| CHgt
HZ{SH A E0|MO| L S| 1 US.
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MR-MUF
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i o ole HiQ| AAAIS
Ionltggratlona 2ISt EDA tool 70| H At . Time (sec)
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A& : S Lee et al, A Study on the Advanced Chip to Wafer Stack for Better Thermal Dissipation of
High Bandwidth Memory, may 2023, ECTC , A G 2| M| MIE]
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M=Z2 e 702 214 (4) (PADKE| S2& S71)
Package2| 4= =2 PADK (Package Assembly Design Kits) / Package PDK7} EHLgt

* 7|& monolithic dieE 2AIE i siE S&2| 5 E45 Tl U= PDK(Process Design Kits) T}0| HL35H=0|
0|Z & Aol AlthoiM= PADKE= Package?| & 582 H1 U= f°'° 7FA| 2L Al =2[0]43 l{OF &,
(RAI27HA] OSAT YHIE L package designer £ SH| 285t |0|E{S Z | §40IS.)
* O|& ?I5liAM= EDA A[+&H|0|7{+OSAT 2| & i0] $25HH 1 Sl A2l &= EDA 7|US0| sliof & AL E Hel
A OSAT A S0 M= AmkorZt =240 = PADK(E= Packge PDK) MEfAHE THE 11 Q= Ao = TforEl,
« PADKO{l= PCB, Package £+e| #HOIZ, RLD, TSV, 2IE{ZZ A, IPD (Integrated Passive Device) 0| CHSH 27| A}
M zEotA0l £40| Zetk[0{0f & O|F O|BaliA 1t 0SS 7|ttet & A| 27t Ob A|Z2[0] 8-S 7|t EEIZ*.P-I
YHO =2 HAHZE S+ U El0OF & F2 S time-to-marketLZ S 7tsE + U= A.

\l

2.5D/3D heterogeneous integration0i| Package& PDK7} BIEA| 227t

« Build Design Reference Flow for 3D Logic and Memory to reduce the design effort

Explore

[ |
Reference Design Flow with 3DCODE + PKG PDK

System-Level Planning
3DIC PDK

3DIC DFT/ Implement PKG + Die Thermal Analysis
On-chip Sign-off 3DLVS/DRC

System Exploration PKG Design System Level Sing-off
Syste R q
Exilor'a“ﬂ 2.5D/3DIC Reference Flow (OnChip + PKG)

PKG
Design

- With standard express for 3DIC structure & PKG PDK
- Tape Out 3DIC test vehicles

* 3D Memory customized design flow
- Build customized design platform for 3D Memory

CHIP
Design
Collaburatlon - Preparing the 3D Memory aware STCO platform for customers
+ Ongoing 3DIC Collaboration Areas
provwit Verification - 3D Code & PKG PDK Enablement
- Die to FOPKG Design & Analysis
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to| % (ex.3D NAND, 4D NAND, HBM, 3D SoC)

A A oIy

| &2 2028 F7IA| CAGR40% d&ES EY A= 01|“5'.

- HBM, 3D(Z2 4D) NAND, 3D SoC 5 0| 2 Zto| ZEt A
St HE0{ 0|F & ZT0|M A2t E £0|7| £/t Software &

« 0|3 & Age| & (ex. Hybrid bonding)
R&DH|E 3717} 24 Y.

o

1Ms 07| R] A3 HZHE estimation (P|&8E &, 2022~2028 CAGR +40%)

2022 - 2028 HIGH-END PERFORMANCE PACKAGING MARKET SIZE
Split by technology

® UHDFO @ 3DNAND @ 3D SoC

® HBM @® Co-EMIB @ Mold Interposer $24M P bt — = 2028
CAGR,,,5 18% .~ $16.7B
3DS @® SiBridge &
$72M N
@® Foveros ® Si Interposer CAGR,5. 55 39 ¥
P $6.78B ¥
$193 M CAGR;;. 55 45% \
CAGR;.25 13% %
\
) 2022 $324M ,’ \
- $2 21B CAGR ;.24 31% |
: |
$9M , ' 5743 2 :
; !
SIoM/@ & @ )
] | /]
I ]
I 7/
$17M ' - i X
CAGR g ¢
— . 20222028 P

s

$52M ~-- —gg[,’M :

7 ™ e o - -

22 : Yole, NFZH 2| M 2| MIE]
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B | 72 OlA Software, Verification, Prototype H|S &7}

Software, Verification, Prototype2| H|0| 7|5l84+2 0= 718 ZIo = o4t

- 0|F & 2t =0l 25 B0 A AAE 5t= WA 2 HE 2 cost £6li2F time to market?| &6li7+ 244igt. 2= 0]2|
S|mulat|onE 5l EtoI5H S HH | 2! A ChA L Package Interposer, PCB &4 =tA|0f| 0170} 5t=0|| 7|&
monolithic dieE2LC} 0| 2! ZA% simulation0] AR E|= ZEEI ML H|EL 1 B MO oI5 3AH E71 A.

« Z20|FE simulation 0]F A= M THA0)| A 2I1&l5}= verification, prototyped]| = 2 H| 20| £QE ZI0 2 0f A&,
- 0|21 0|F | Z&t0|| CHSH software L verification tool 72 7|2 EDA YAIE 20| 7HsE Ao 2 Of| AHE.

S O|HI2tofl o2 HHed i HIE (015 & 222 JHHM O S 72 A2 = o 4E)
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$542.2M
Vahdation
Prototype
$435M 1
g Software
<
4 $297.8M
& s290M -
2
o
g .——-— Physical
$174.4m
$145M _—
$106.3M Venfication
$70.3M ‘
$51.3M =
$28.5M $37.7TM E ﬁ rchiteclure
= IP Qualifcation
sou | E = B
65nm 16nm 10nm 7nm Snm
Atz : T.Li et al, Chiplet Heterogeneous Integration Technology—Status and Challenges, Apr 2020, Electronics, 2833 2| A 2| MIE
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- O|2A o= 24X 0|F & AL Alth7t ECHH 0|22 Agtkl= 22| 7i==0]| H|2[3HA EDA tool2| =27t S7t& A.
- O 20| HIA 7|EES IFE S| /S AA| WESH= 7| 0] HOtR = ERIEEH= A.

H=
Ofzl =40l Zk4| &S 2AI5H7| Al2fet 7| ¥=S &01H EDA tool2| +2= ZELHO 2 ST WO = of o=,

|]:0|I

2 A|L}2| 271 TOFRI4-2 EDA tool0| f o] =gt

Trillions x Billion+ x Many

Of transistors 3D connections Scenarios, corners, operation mode

= An increasing validation challenge

L2 : SYNOPSYS, HAHALZ, MHZH 2| M| HIE]
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PCB, PCK, ICO|A| 20|= 2= EDA tool=2| £80| 22
IC £t ZIOIM AFRE|S A|E2[0]M 7|2E0| 25 PCB level 2 22}2}of &

o 212 T2t 20| ZH A (IC, PKG, PCB)OJ|A k2 simulationdtE EDA £52| 21Z4|2! Cockpit tool0] 28R,
7|20 ZF THA E = CieFot EDA toolS HE0tE SIAPE M 22 AlCHe| BHA| I HhAlof| I Aelst 2 NMS A5 +
Al

= |
- =
UCHL & 4= A0 M MAM T HEE 7t 2+ U= 7I-¥ 2= CADENCES G,

=1y
=

0] AlcHe| SRl 7HE WA (2h) 2F 22 AlCH 2] Hhea] )R A ()

Integrity 3D-IC Platform
1 3D-IC
sr:::gfftcyo‘:kph v

Conventional Design Flow

Simple

Less Human Errors
Easy to Reuse

Complex
Error-Prone
Hard to Reuse

At& : CADENCE, 2 EZH 2| M 2| HIE] 63
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MZ2 S| Aoie 24 HAY of =

HEA| 71212 E 0| O|27|7HA|2f 1ty 2 i HARS 7HA| 1L QUL 0|5 &7 flot Bh=A|| 24|, 258 =130l
EDA (Electronic Design Automation) &2 1 1tdut 87| &40 2 LHs Ct. E5| EDA B 3 7|2l AI-‘=A|*
(Synopsys), #|0|HA (Cadence), A|HIA (7 Mentor Graphics, 8 A|HA EDA) = 30 O| 42| HAE E{5t1 QUL
0|= 37l 7| &2 12l EDA LH0IM 71Tt 7= A S S5t SHARE =5t QUCt. O] S AR= BH=A| 4HJ0] ZASH= o
TWA|7| {FELC}.

1 2 A Ol 7= Hre | o] 520 Al =atyof| AT EDA E=2 Al R&D, 7|25 E HERFYIIA| BH 4| LHHo| CHet
H2F20| 11 14|22l Ooliet A& AR & U= £2EELQ0 7|&S 25F ERol0F 7ts5H7| WiZ0[CE. 6l E S0 “fEZﬂ L
£ 71s 2B 2] & b4 2+ (Place and Rout ), 2| &g 2y, AOtE, FsHOPC), MAR7 |8t CHet 22 A 58
EMZAE 22t0| S2 4 (PDK) A2 S= Ololiot= 2L ER|01 S HEE 4 U0{OF BICE,

T R Ol 7= B e B4l £ o01| UCH S 7HE 2 O B2ty o= ZIMEICE 1 2| = 2H40| 0
=g&or 7I(°t 3~HE) EGLR 7|29 YA S HEE = 2|23 S A5 oL MZ22 2| EDAS AHESH
= LIZ7} gl= O ROICH.

Ml = EDA YHS2| 23 st FAO]| ATt EDA i 3 Y= AHAQ| EDA toolE EZE &= U= UiHARI 7|sS
712l 2lAE S 214-5HH A4 EDA Z2O%0]| Helots YA S = JISHRATE 301 71710] +~5i2 EDA 23 slAkE= 2l
SHA EDA B] 37|l Z2 03 JE Lt 50| A Hot= 7|&2 Ui SToi XAt

EDA 7|24 OFL{Z|ZH ZUH B AE A% 7|2J0) B =BYE R&D HIAE AH0| U0(A ot |25 s24E 72311 IC
3 R YHE 3| Package, PCBE|AE Al BR3HR&DS HIAE A ZCH3H WHEH| X/ UsH Z 4 QUL O] T H2ks
Bf B AE A AZI| £2 H|Het HA 70| ZIUsH BIO0| 2 £l0f 9T 22 7|7t HIAE AUNS NLUSHA X
=597t 17| TH20|C}. S5] T 20| L TAL| LIZ0| A 7H B2 S-S o33 ULk (74T0|2]0f A4%)

£ B 2 SHE3) R&DO| 4Ol S40] ICk 27 R&D HIAE AMOE 2|1 ZY0| AUS 32 ALSSHH 7|50
O NICHet CHE BIAE A0 2 DHEA LAISH: 2|ATE 2EE 01R7} SiCt.

= 0O0o=2
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[~5il5= 2IAtO] E] CADENCEZ2]| 7| Q1= historyS S3ll = 71=2] sli4}
EDA 7| =2 3fi2t 7= 11

+ 30 EDA 7|YSS A HHLE M2 7|5 F3517| & 51/ £ 2op0f| 7|4 E315/0] Y= 7|PSS RS0z
OIABIBA SIAI7H 250 8. $AH EDA YHS & 0]0] ALRSHE JHLUAIS0| B2 CHE EDA T2 120 ZpAL 0]
HQIE|= A| O RS JHLAFS0| AFRE 4 Q= HH0] £17| ThE0| CHE 7| of| Q14-El= UISke 5 CADENCES
SYNOPSYSECEDA A} 012:0] & Cf A|Z51HA 7.

CADENCE®| 7| Q1= History (1989'45LE{ EDA/Chip design 71 4974, IP 71 77H)

(7H)
60

0 -]

EDA/ Chip Design = Silicon IP

40 1 T

30 — Total M&A: 56

20 /
o al

0 - ,
1990 2000 2005 2010 2015 2020 2024

Atz HESH EAMAIHIE
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[5ll5= 2IAIO] E] SYNOPSYS2| 7|® 2l historyE &5l = 7|=4 oli At

EDA 7|
« SYNOPSYSQ| 42 EDA otL|2} IP(ES| 0|52 &

Ha2l ozt 1= 1y

r[°l'

FAICHO|| G2 235l & Interface IP)OIA MIA 19 7|2 L.

(ARMO]| 0|01 4 M[A| IP 2¢| 7| 0|7 | = &)
+ &3] Logic Synthesis, Analog simulation 5 2% 200X 7t FO{-F EDA £2 H-/5t1 7| = 57| mfZ0i| 2=
AlA

Sto|A7F ZE[0 US. ESH2024H 13 16 (A

12+ 7|5), 350 {0 22| SW 7|&f (8 & EDAO| E3t) 2

ANSYSE QI45t0 2 A|LHZ|S 7|CH3H 2 4= US.

SYNOPSYS2| 7|¢] 2l4= History (1994 5E{ EDA/Chip design 7|& 6471, IP 71&4 1971)

h)

90
80
70
60
50
40
30
20

EDA/ Chip Design m Silicon IP
-— Total M&A: 83
[ ] .
- N | I

1994 2000 2005 2010 2015 2020 2025

FSH AR
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fotal = CADENCE
E_O'Z|UI'A-|E

[=5ll= 2IAMO|E] CADENCEZS| EDA = 2ol
0ff Z EDA tool2 HR
U0{A Heterogeneous Integration A|CH2| EDA
o| E= Y50 A l5t= Y
Y ':01|A1 22Hd Ol S22 2FJH 25t LL 0f112]2

=
| t00| = E—l—_l_ ETrOI'_I_,

Hoto
EJ% S
o2 %

SEA 7R A2 2

a3 JH A

CADENCE=

simulation [ 20| E} EDA 7| CHH] *°J%a
O| EDA £2 AE2517| &M &
s AILHO| EDA S| A2 LIS 7HAZ £

CHE 719
S+ 7| =Y.
x|
[=]

A 20| &7t
2|t #2 0|52 CADENCEZ} O]
System-Level

Analysis/sign-off

O

System-Level Planning
Thermal Analysis
Celsius Thermal Solver
System LVS
Pegasus

CADENCE EDA & 22!

3D Partitioning / Floor planning

Implementation
Package
Allegro X APD Integrity 3D-IC
Digital Top Die (Technology 1) PDN / Bump / TSV Planning
Innovus Integrity 3D-IC
Inter-Die RC Extraction
Early Thermal Analysis Early Pl Analysis Quantus
Celsius Voltus
System-Level PI/SI Analysis
Sigrity (Clarity / XcitePl / TopWB)
Inter-Die STA
Tempus

Digital Bottom Die (Technology 2)
Spec.
Satisfied?
Onchip Pi
Voltus

Innovus

Pushing Down into Implementation Tools:
Integrity 3D-IC

Interposer
Integrity 3D-IC / Virtuoso

Analog / Full Custom Die
Virtuoso
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[4=5]|3% QA0 E] CADENCES| JedAl S E

= A3
Multi chiplet, Advanced packaging 251 EDA & 5 ¥ QY| EDA E E &
» CADENCEL ZfALO] IC~PKG 22 EDA £9| H|0|EIS jointsiA AFRSH= JedAl ZEHES

- JedAI SAZO| HHOZ 0|F F 2 Aol S= AlZ2]|0|0] 7tsota A0[2t =.

ol

[=]

I

CADENCE JedAl platform &gt £2M

oHd 2T -
Cadence is the Only EDA Company with Tools/Flows that Support All Multi-Die, Multi-Chiplet Adv. Packaging
IC Design Simulation SIP/MCM & PCB

Innovus™, Virtuoso®,
Microwave Office®

Systems Analysis

Spectre®, Legato™, Allegro® X, OrCAD® Clarity™, Celsius™, EMX®
Xcelium™ Pspice, InspectAR, Pulse Fidelity™, Voltus™, Sigrity™
Advanced node/ML automation

Digital logic verification High-speed PCB 2.5 & 3D electromagnetics

Digital, analog, RF and photonics Reliability

Advanced IC Packaging Electrothermal

MMIC RF & AMS simulation Augmented reality & ML/AI Computational Fluid Dynamics

-y -
—— 2 T
Ry e e & ry Nl 2 :
T » B .
- P

Y '-".‘

Cadence Joint Enterprise Data and Al (JedAl) Platform
Generative Al Applications

Digital Analog/ Custom Debug & Printed Circuit
Design Design Verification Board Design

-

Multiphysics
Optimization

Ecosystem Collaboration and Partnerships

EDA Optimized Customer and Cadenced Managed Cloud-Based Solutions

At : CADENCE, M 3S2 2IM2|AIE
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[==5f|5= QIAIO| E] SYNOPSYS2| EDA = 22l

HE 3 7HE CH 2o F ol 22l EDA toolE E-7gt SYNOPSYS
- SYNOPSYS= SERDES, PHY IP || 12{0]7|% 510 0|21 Interface IP= 0| 2| Z8F AlHofl 742 50| 42! 2

o dH=2d O Lo

Of|AF=!. 0|2 2| Z45H A|CHO|| CADENCEZ} EDA AN O 2912 712 22 YR|TFSYNOPSYS7HE5| ZH4ol EDA

(@ == Ry

=& (ex. Logic Synthesis, Analog simulation &)= CADENCE toolZ 2t CHA|7} 01212 2H A2 A2 of 4
=Y
SYNOPSYS EDA = 22l

Industry-Leading EDA Products

System Architecture TCAD, OPC, Smart Mfg.

Design Capture TeSERSLM
Verification Implementation

Signoff H
PIatform .
Architect TestMAX™

DFT/ATPG

Design
SDIC Compiler®

Compiler . v PrimeTime® TSO.ai™
Fusion

Compiler™ VSO ai™ e StarRC™ PVT

iler™ Sensors
Compiler -
CUStf’mm VC SpyGlass™ PrimePower
Compiler oo . y —
Verdi® IC Validator P
Design.da™ ASO.ai™

PrimeSim™ Silicon.da™
Design.da™

3DSO0.ai

Custom
SYNoPsys Compiler™

A= : SYNOPSYS, HESH 2| M| MIE]

SHINYOUNG RESEARCH 69



<

[4=3]|Z CIAJO| E] SIEMENSZ| EDA £ 2}oI¢

EDA 7| &2] sljaf 7= utd

* Mentor graphics&= 3L EDA 7|2 & SHIA|ZH 20173 SIEMENSOf|A| QI~E|UCE S| SIEMENS= MIA| TR (=
ELI19] 7|Y0|H C|R|E EQI AFRO| SHAME L12517| QI8 LEHO 2 Mentor graphicsS Q43S 2O 2 X EICL,
2|5 2t (DRC)

22l SIEMENS EDAO| A£E|0] o E5| Ut OfA T A& M| HHE SQI(LVS), SH
St=0| E3t2l Calibre2h= physical verification T2 12 3121 BH=3f| QAH0|A] 712 5| AF2 &= EDA T2

2 3 siLtolct.
27|47} ZB5H0] O 2 AILIAIS & 4 US HO2 7|TfE 4 L
SIEMENS EDA = 221

« SIEMENS2|C|Z|E E Z2¢
Digital Design & Sign-off Physical Verification Circuit Design / Simulation
Questa Calibre Analog FastSPICE (AFS)
Verification solution for complex SoCs & FPGAs IC verification and DFM optimization platform circuit verification platform fpr.analpg, .RF' mixed-signal,
and custom digital circuits.

Aprisa

Tessent
Place-and-route technology for complex SoC designs

Silicon Lifecycle Management solutions

PADS

Solido
PCB design platform

IP validation and library characterization solutions

Symphony Xpedition
mixed-signal simulation solution PCB design flow solution

& : SIEMENS, A YSH 2| M 2| MIE]
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AO|E] H|AE 17| 2] 2EI=2 9| T} 2}

[s5il== 2
HE SRR a2 QlsiM 17| 2] 2= 0f Lt A
+ EDA 50| A|Z20140| =S S2ji= 22 7Tk 1 U7I0lE 31 OIS 4 23 A%l 40| LIS S,

(CAGR 40% 0f| &)
- 55| UM HEQ SF7FCHYoi A 1L Ol = B AEolOf 5= 17| 2| 2] 2EI2 7t Cfi S 20|,

IMs 17| R] AR AZHE estimation (end-market 2, 2022~2028 CAGR +40%)
2022 - 2028 HIGH-END PERFORMANCE PACKAGING MARKET SIZE

.
- e
- -~
- -~
- ~.
-~ S~
~

Split by end-market

® Consumer
2028

® Telecom, datacom
® Automotive, mobility $16.7B /

® Defense, aerospace

| L
—

$9.1B $7.3B
CAGR 50% CAGR 32%

[/
J
1
1
I
1
1
1
I
|
1
1
1
1
1
\
\
1
1
\

Q) YOLE

$M ‘
CAGR17% J

a 2023

CAGRy335: +40% =
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----------
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[4:5]|Z CIAIO|E] R&D test 20| Zo 7} 2atd 7

¢ —N” = L

100-1=0"¢! 24| I, 2= 855l RAT..

- 0| & 2| ACH7t 2HA O R&DL| AlCH7F B2 A 2. 0| S CthS5t7| f/5H EDA &2 EDA & t 2 &Holiof &. 5t
A2 P22 EDA 0| 0|F & 2| Al=di0|d E=F ICTIAI & AlZ2]|0|Md +=E7HA| 22|= Hl= A7 US
A. Ale & EDA £0| 7FA| 1 = H|O[E] H|0] A7} ££5141 Heo| EDA 7| ZTH ZoliAl &= 20| OfL|7| = 2.
EDA S|Are| = 5t0]| IC 2 ZA7[¢, A= 7|, OSAT 7| 0| H=6HHM H2A o= 0|1F 3 Z&0| H=EDAE
7H2r0| O] O{A{OF 2.

o SIA|2H7|HE0| 0|F 2| ZEIO|| LSt £29F R&D LR = A& St M (CAGR 40% 0|4 £3| Consumer A Z0]|
MO ERIEVH SIHE Ao 2 25,

27t ST 0|11 EDA O 2 2{A57f Otk = S ef 22 &0l A 213 A2t 0|20 H|AESl | Hef= R&D =2

oo=2
2202 0|0& A,

AR =Mt E24510 §l0F S| A~F-40ICt. 07| M A4 o] 52t
0|2 &= TO| 5HH g5 A 110] EICt. 0] A| A 2+0] &[H 0]A

rir 4
(O
1Sk
pol
k=)
[
il

¢ LS ASEH0| U HY. SIAIT LS SICRLE 7|YS L 0] 4452 SaiA 01F 2 Ztol s =518 Mo T
& 2. 48 SH BYOIM RADG HIAE A310| RZE CUSH oI M22 228 5
Z80[2Hs M2 AlCHoI M2l PGS} PCB R&D teste] & 240[2Hs £ 71| 0| g=

0[01Z HO 2 Ofl4HE.
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[4:5]|Z CIAIO|E] R&D test 20| Zo 7} 2atd 7

R&D EIAE 2Z7|Y F el=s®e| U= ()

+ Rl-BR0| 7Y 2 AU TASO| T W YRS5UW Oz} TRE) AT, AM YRR HH0| 2| 57| LY
Ofl 247|185t £|0f QUCHs . 12| 1 1 HH| 20| UUSH BYS S5l U S EIAE AHS H A 2T |Zi0f
TA5HA QICH= Q.

+ 9|o] AMHS Time to Market0] Z23H#HEH| 2 R&D IHOIA T12 S Q3 AZ0|H Q2 Q242 HIEfO R TZHAL
o ME|E7} 1§ &S, £5| R&D HIAE A0| S R&D AHQ| EA44 OPMO| £OH 2| ZUS T OF 40% 42
O| OPMZ EMdst UL,

© A 8 |2 GHSA HAE £%S SSSt UCH HHE F2 DM S
(B 0= HIS 0%z FHE.

- N OO|IRAZETF I LUSH A2 2 ARM 7|8te| Snapdragon X elite, Snapdragon X plus 7|t M| E &2
HtS0| £2 Al 5]l 014 7.

|.|__|-O|

=

ol

2| ea3 HAE A3

rio

LS 2 ARM 7|4t Snapdragon X Elite, X Plus

-4

LRTTITTTRN
o)

AR 2leEY, MISH EIMI|E Atz 2, HESH 2MAIHIE

SHINYOUNG RESEARCH 73



<

[4=5]l5= QIMO|E] R&D test £30| S &7t 22t& A
R&D HIAE 271 7| S 2l=s5®2 E=H(2)
+ 2i-20| R&D E|AE A3 A7 2|1 7|2491 094 Chosat

CHES £ =7} = Z4ak0| 22 o,

o IZH Io| DOFS W2 & 2 CIAUSHH| LS 4
QIOMH O|=C|USHE|AE AlStS 5S4 QICt= ARM 2}OJMIA DjZ vs 2| .22 OPM (5F 7] 7| 534)
o|0]. (Low Signal Integrity, Warpage 4% 5)

= zEO o = o o-ARM E'"O‘ A UH%
. |:.|- |E-||AE A;'-IIE['-E.“l-O_I_;:L_aHZAO N
AO U =72 ’ o-2|=3Y OPM( 17| 33”)

(35 _l |' .I Ol I' |') [el=| ( 0 S

o

_ . = HOLCH
« I ZtAICH High speed interface 7|& & SHLEZ A|AISH (:g%%a) 6(;@/)0
PAM- 3 PAM-42| 4< & 0|0] GPU Eil*E 2FZ 400
=5l 3&¢t0|=0| UZ. 350 50%
o 2O EE=2 RADHIAENAM 25 2 AH0| £ 300 40%
AOIA MAISE AFHSE O|F 2] A8t AICHS| R&D 431 E 250 30%
HhS 4 S, (2 C|HIO|A Al S) ?28 2o
- Q20| UHS E5f 2| - Z 0| &2 OPMO| R&DE 100 i
AAOM LH2LH= SFE oS £+ US. ARM license =0 10%
0jE2| S7t= 2 ME2 Ut A HEQ| 72 A|ASICH= 0 0%
O|0|2 & 4 UL (ARML| O Q1A A 1124 A|) 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q
HE 157| A S0 BHe R Al 2] AR M =l 22 22 22 22 23 23 23 23 24
« ARM Z}O|MIA OjZ OIAl E| 5t E7| S31510 2| 20|
R&D E|AE AZO| OjZ 2 QIAIZICtT HYLS I AE HEHD, HABH 2N

922 723t 20| ARM2}O|MIA ThZ} 1 3 27 5lo|
21291 OPMO| B[22 £3} 2|1-2912] 152 OPMO|
R&DE EHIAE AN I2YUS MO S0l 7hs.
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[+o]= QIAO|E] R&DE EDA, HIAE 22 OijE2 Bt=A| Z7

A7tE% 50009 2 0] & 2=, O|=, CHTt, A20 ZAF 24 &

20074 (H22] $22 S7 LE AlH) 00| A5 7|2

71E (& 15771 71€)

index name country s

1 6857-JP Advantest Japan -0.118153429
2 TTMI-US  TTM Technologies United States -0.091785017
3 6728-JP Ulvac Japan -0.059998716
4 ANSS-US  ANSYS United States  -0.056574597
5 A074600 #9anc South Korea -0.054750985
6 CEVA-US  Ceva United States -0.049696555
7 8155-JP Mimasu Semiconductor Industry Japan -0.04142094
8 6590-JP Shibaura Mechatronics Japan -0.035371537
9 7735-)P Screen Holdings Japan -0.022702098
10 MCHP-US  Microchip Technology United States -0.014627089
11 MRVL-US  Marvell Technology United States -0.01158681
12 A084370 /g3 South Korea -001103121
13 6920-JP Lasertec Japan -0.00961947
14 3030-TW  Test Research Taiwan -0.008314943
15 8035-JP Tokyo Electron Japan 0.010340202
16 KLIC-US Kulicke and Soffa Industries United States 0016009707
17 2329-TW  Orient Semiconductor Electronics Taiwan 0026525299
18 CDNS-US  Cadence Design Systems United States 0.030865272
19 6707-JP Sanken Electric Japan 0033331113
20 COHU-US  Cohu United States 0.037077081
21 3016-TW  Episil-Precision Inc Taiwan 0.039639068
22 3413-TW  Foxsemicon Integrated Technology Taiwan 0041545606
23 2363-TW  Silicon Integrated System Taiwan 0.05840938
24 A036930 FYARYoZ South Korea 0.071100464
25 A058470 2|39 South Korea 007125411
26 4062-JP Ibiden Japan 0073445671
27 KLAC-US KLA United States 0074594145
28 2455-TW  Visual Photonics Epitaxy Taiwan 0074921128
29 ON-US ON Semiconductor United States 0.08017559
30 3436-JP SUMCO Japan 0.081705515
31 ACLS-US  Axcelis Technologies United States 0.081888067
32 2760-JP Tokyo Electron Device Japan 0085929576
33 6967-JP Shinko Electric Industries Japan 008756872
34 TER-US Teradyne United States 0.087610579
35

36 QRVO-US Qorvo United States 0.088043305
37 AMAT-US  Applied Material United States 0.09098364

#5283 70el WA 4L U1 *FMI*E 02 sorting & E{0l
|

O|°
T M3

E A3 SIAHASIH0| &3

iililHH!Hi'i
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[Moore 2| 2IMO|E] 1= 70| QUL 0]F & Eh0f| tiet 0SS

H =
20{o| Y2 ZUC} F0{E ZUCh 5|2 Roj Sa)z| QIQiCt

b

Ct.

Day of Reckoning

“It may prove to be more economical to build large systems out of
smaller functions, which are separately packaged and interconnected.”

“(Oj2ol=s) w2 o7 | Y Elu s HZEC A2 7|5S
Z MABS Adot= Al HHE = JASLICE”

- Gordon Moore @ white paper (1965) -

HBM2 2 13l9| 5iLte] 22t &o|Ct. (One of the Beyond Moore)

Aoz W2 7|87t AS Aot

1217| 2lsHA 222 Crgst 0|F & AehS Sl 7= /20| S251& Ao|Ct.

0|F & Ao AjH2E OPHE 5= U= EDA Y] 3 7| (CADENCE, SYNOPSYS, SIEMENS) S}
0|3 & 22t HIAE 2SI A USE + U= 2l 52 5] 7Fsd S A|AISH 0] 7O|C.
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VI. Appendix

1) EDA? |



Synopsys (SNPS US)

Key Data NEEITETIR
AJ7H2% (bill USD) 85.9 ZM7I(108 2021A  2022A  2023A  2024F  2025F
D& (bill USD) 4.2 5.1 5.8 6.1 6.9
Shares (22+) 153.0
Fo|2l (bill USD) 0.7 1.2 1.3 2.3 2.7
523 2|1 [ 2|4 (USD) 629.3/416.8
£0|2l (bill USD) 0.8 1.0 1.2 1.4 1.8
H 59.2
PER(HH) EPS(USD) 5.0 6.4 8.1 9.3 10.6
HHCHAOIZ (9
H=+-24E (%) N/A ROE (%) 14.9 18.2 21.1 26.2 23.7
n]
=7t = PER(tH) 64.0 45.4 56.3 432 377
AR A NASDAQGS PBR (HH) 9.6 8.1 1.6 10.6 9.1
) 71&2:2024.06.03, PER= 63 32 7|Z LTM PER Z) GAAP 7, FY 7|2, AMMA $:3|= S2H 1 43| AR
& : Bloomberg, 2ESH 2|A2|MIE] 2t& : Bloomberg, ABS# 2|A2|ME
ZI} ALE Synopsys =718 &4 x0| 2 1Y
(Usb (HEHUSD) T o— ¢oi0[olE (%)
7m7 30007 | H%ﬂ od |—|E *60%
600 - 2500 - 50%
500 -
2000 - - 40%
400 -
1500 - - 30%
300 -
. L 0,
200 - 1000 20%
100 - 500 - - 10%
0 ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ - 0%
21.05 22.05 23.05 24.05 1023 2Q23 3Q23 4Q23 1Q24P 2Q24P 3Q24F 4Q24F
2 :Refinitiv, AYSH 2| A x| AlE SEHI 2| A

) FY 7|2, AHMA 2R
22 : Bloomberg, M¥SH

2| Af 2| MIE]
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Synopsys (SNPS US)

Synopsys At 228 0= HIS (FY 23)

other
Software 1.7%
Integrity
9.0%

Synopsys &4&E 0= H|S (FY 23)
Maintenance
and Services

17.6%

22 : Bloomberg, AESH 2|A 2| HIE

22 : Bloomberg, AESH 2| 2| ME

Synopsys A8 0= H|S(FY 23)

Others
10.2%
Europe
10.9%

Btz EDA AlZ H /2

Others
10.0%
Ansys
4.5%

22 : Bloomberg, AESH 2|2 ME

A& : Bloomberg Intelligence (24.04), MBS# 2| A x| Mg
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<

Synopsys (SNPS US)

Bz 1P Al HRE

Cadence
5%

A& : Bloomberg Intelligence (24.04), MBS# 2| A x| Mg
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Synopsys (SNPS US)

CHo:EintUSD 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24P 3Q24F 4Q 24F 2022A 2023A 2024F
= 1,361.0 1,263.0 2,708.0 1,599.0 1,649.0 1,455.0 1,519.0 1,610.0 5,082.0 5,843.0 6,143.0
ol 256.0 292.0 1,516.0 431.0 360.0 332.0 594.0 586.0 1,162.0 1,269.0 2,344.0
S0IAE (%) 19.0 23.0 56.0 27.0 22.0 23.0 39.0 36.0 23.0 22.0 38.0
NiMo|e 279.0 297.0 321.0 410.0 465.0 342.0 598.0 598.0 1,116.0 1,302.0 2,383.0
g7lz01Y 272.0 273.0 1,557.0 349.0 449.0 292.0 358.0 380.0 985.0 1,230.0 1,449.0
YoY (%)

i E- 7.2 -1.3 117.0 24.5 211 15.2 -43.9 0.7 20.9 15.0 5.1
Fole -26.3 -19.6 548.2 98.1 40.5 13.6 -60.9 36.0 58.1 9.2 84.6
ANjZo|] -14.7 -12.7 35.9 93.1 66.6 15.2 86.0 45.9 38.5 16.7 83.0
7101 -13.4 -7.4 599.4 127.5 65.4 7.0 -77.0 8.7 30.0 24.9 17.8
ROA(%) 10.2 9.7 23.4 24.8 26.1 25.5 18.3 17.4 10.8 12.5 15.8
ROE (%) 171 16.2 39.0 42.0 42.7 40.8 27.6 25.8 18.2 211 26.2
PER 54.4 58.6 62.8 55.3 58.1 56.1 41.3 40.0 45.4 56.3 43.2
PBR 9.6 9.7 11.5 11.6 12.2 11.4 1.7 1.1 8.1 11.6 10.6

Z) GAAP 7|, FY 7|
2t& : Bloomberg,

=
s
o

5]

(BM7]1108), ML 2= SEHI 2 A
SH MR HIE]
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Cadence Design Systems (CDNS US)

Key Data A4 1 w00
Al7HZH (bill USD) 77.9 2| (128) 2021A  2022A  2023A  2024F  2025F
0f &4 (bill USD) 3.0 3.6 4.1 4.6 5.2
Shares (27t) 272.0
0| (bill USD) 0.8 1.1 1.3 2.0 2.3
523 2|11 [ 2|4 (USD) 327.3/217.7
0|2 (bill USD) 0.7 0.8 1.0 1.1 1.4
PER(HH) 83.1
EPS(USD) 2.5 3.1 3.9 4.1 5.2
HHTHAO1Z (% N/A
e ROE(%) 26.6 31.0 33.9 37.8 37.3
o
=7t = PER(HH) 73.1 49.2 71.9 49.2 41.9
HY7HeA NASDAQGS PBR(H) 19.2 16.0 217 19.0 15.5
ZF) 7|2%:2024.06.03, PER2 62 32 7|& LTM PER Z) GAAP 7|Z, FY7|Z, AAMMA £A3]= 2207 £3] Al
A& : Bloomberg, 1G3H 2|A 2| HIE At2 : Bloomberg, 2 2| Mz MIE]
ZI} AE Cadence 27| & 0| 2! MU
(USD) (HHEHUSD) TERY, o—Jo|als (%)
350 1600 60%
300 1400 50%
250 1200 s
1000 °
200
800 30%
150
600 20%
100 400
50 200 10%
0 0 0%
21.05 22.05 23.05 24.05 1Q23 2Q23 3Q23 4Q23 1Q24P 2Q24F 3Q24F 4Q24F

AR : Refinitiv, A IS 3 2| M| AMIE]

F) FY7I&, ZAMA 2]
2t& : Bloomberg,

=2
=25

1 2] AFE
2 2|MZ|AIE
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Cadence Design Systems (CDNS US)

Cadence A/ O£ H|S (FY 23) Cadence At} 2 0 HIZF (FY 23)
Japan Services
Europe, 5.6% 7.3%
Middle East &
Africa
16.0%
2t& : Bloomberg, AES# 2|A2|ME 2t : Bloomberg, 2GS 2| M| ME]

Cadence &=¢E 0= HIF (FY 23)

m DigitalIC Design & Signoff
= Functional Verification
Custom IC Design

System Interconnect

m P

22 : Bloomberg, AESH 2|AM2|HE
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Cadence Design Systems (CDNS US)

=714 oA
Cr2|:u{BkUSD 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24F 3Q 24F 4Q 24F 2022A 2023A 2024F
il 1,021.7 976.6 1,023.1 1,068.6 1,009.1 1,040.0 1,193.8 1,342.1 3,561.7 4,090.0 4,587.4
Folef 322.5 299.3 292.9 336.5 250.0 407.5 527.7 643.7 1,073.7 1,251.2 1,961.7
FRI0[AUE (%) 31.6 30.7 28.6 31.5 24.8 39.2 44.2 48.0 30.2 30.6 42.8
Mlzol 321.5 298.4 300.0 362.1 310.0 401.2 514.1 622.8 1,045.4 1,281.9 1,949.2
27[z=0( 241.8 221.1 254.3 323.9 247.6 214.8 305.9 373.5 849.0 1,041.1 1,135.3
YoY (%)
Oj&4 13.3 13.9 13.4 18.8 -1.2 6.6 16.7 25.6 19.2 14.8 12.2
geolel 1.1 58 12.3 59.4 -22.5 36.1 80.2 91.3 37.8 16.5 56.8
NiMo|e 3.7 9.5 18.9 72.0 -3.6 34.4 71.4 72.0 36.0 22.6 52.1
27|z=0[ 2.7 18.3 36.5 34.7 2.4 -5.3 20.3 15.3 22.0 22.6 9.0
ROA (%) 17.9 18.7 18.4 19.3 19.2 22.8 27.8 33.7 17.8 19.3 22.4
ROE (%) 30.0 32.2 32.9 33.9 32.2 38.2 42.6 47.7 31.0 33.9 37.8
PER 61.7 67.9 65.7 72.3 90.4 45.3 42.7 41.7 49.2 71.9 48.3
PBR 19.5 21.9 20.5 21.7 23.7 21.5 20.7 19.5 16.0 21.7 18.7

F) GAAP 7|F, FY 7|2 (27| 128), ML 22 SEHI 2 A

At& : Bloomberg,

MEZ B M| AHIE

oo
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Siemens (SIE DE)

Key Data

A7 EE (bill EUR) 141.0

Shares (4HTt=E) 800.0
= 2|1 [ 2|4 (EUR) 188.8/119.4
PER(HH) 19.1
HHE2UE(%) 2.6
=7t =g

SA7A Xetra

ZF) 2024.06.03 7|, PER2 6& 3Y 7| LTM PER
A2 : Bloomberg, ’.*_l%"é H 2| M| HIE

ZISE
(EUR)

200 -
180 -
160 -
140
120 -
100 -
80 -
60 -
40 -
20 -

0
21.05

22.05 23.05 24.05

A2 :Refinitiv, AEZH 2| A 2| MHIE]

A7) (9%) 2021A  2022A  2023A  2024F  2025F
0§22 (bill EUR) 62.3 72.0 77.8 79.5 83.6
%2101} (bill EUR) 6.5 9.3 9.6 10.9 12.5
2019 (bill EUR) 6.2 3.7 7.9 8.1 8.7
EPS (EUR) 7.7 4.7 10.0 10.3 1.2
ROE(%) 15.3 8.0 16.4 16.9 17.2
PER () 22.4 21.3 13.5 16.7 155
PBR(HH) 2.6 1.6 2.2 2.7 25
F) FY7|&, HAMA 2= E8H 2| AR
2t& : Bloomberg, AGS# 2| M| HIE]
Siemens £7|H 4 0| 2! M
(#BHJSD) —_— sio10[0l2 (%)
e O 2 —o— 3ol
25000 ceETTE 18%
16%
20000 14%
12%
15000 -
- 10%
- 8%
10000 - 0
6%
5000 - 4%
2%
0 - 0%

1Q23 2Q23 3Q23 4Q23 1Q24P 2Q24P 3Q24F 4Q24F

F) FY 71&, ZHMA 212 EEHT 2| AFE
2t& : Bloomberg, A G&# 2| 2| HIE]
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Siemens (SIE DE)

Siemens A|91E Oj2 H|= (FY 23) Siemens Atg] £ 24 0f = H|S (FY 23)
Portfoli others
ortfo |.o 0.4%
Companies

6.0%

A2 : Bloomberg, MY 2|A2|4IE] A& : Bloomberg, 1S 2|MA[JIH

Siemens Industrial Business Ml 0f& H|= (FY 23)

Mobility
14.4%

Smart
Infrastructure
27.4%

22 : Bloomberg, AESH 2|AM2|HE
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Siemens (SIE DE)

=

CHR|:HHBIEUR 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24P 3Q 24F 4Q 24F 2022A 2023A 2024F
ofj & 18,070.0 19,416.0 18,889.0 21,394.0 18,412.0 19,162.0 19,533.1 22,106.8 71,977.0 77,769.0 76,465.3
0|2l 2,225.0 2,222.0 2,291.0 2,909.0 2,327.0 2,084.0 2,794.7 3,495.7 9,283.0 9,649.0 10,931.6
FUOIAE (%) 12.3 11.4 12.1 13.6 12.6 10.9 14.3 15.8 12.9 12.4 13.8
NIzo|! 2,223.0 4,140.0 1,985.0 2,852.0 3,260.0 2,294.0 2,650.4 3,242.1 7,154.0 11,201.0 11,402.7
ct7|4&0]2l 1,477.0 3,475.0 1,278.0 1,718.0 2,389.0 2,033.0 1,746.8 2,038.1 3,723.0 7,940.0 8,140.0
YoY (%)

O &4 9.5 13.9 57 4.0 1.9 -1.3 3.4 3.3 15.6 8.0 2.2

gelofel 13.2 75.2 -5.8 -19.6 4.6 -6.2 22.0 20.2 43.0 3.9 13.3

Hi™o|« -9.2 136.6 - -26.3 46.6 -44.6 33.5 13.7 -4.6 56.6 1.8

27[z=0[ -10.1 236.1 - -36.4 61.7 -41.5 36.7 18.6 -39.6 113.5 2.4
ROA (%) 25 4.2 6.2 5.4 6.1 5.2 1.8 - 2.6 54 4.8
ROE (%) 7.7 13.2 19.6 16.4 19.3 16.2 25.8 26.9 8.0 16.4 16.9
PER 28.8 19.6 13.6 13.4 15.1 19.2 15.8 15.1 21.3 13.5 16.9
PBR 2.4 2.6 2.7 2.2 3.0 3.1 - - 1.6 2.2 2.7

Z) FY7I2(ZM7] 9%), ZMMA 231 S2H 1 43| AR
AEZ 2 B|AAAIE]

t& : Bloomberg,

oo
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Ansys (ANSS US)

Key Data 24 R0l
A7t (bill USD) 27.7 AM71(128) 2021A  2022A  2023A  2024F  2025F
0iZ% (bill USD) 1.9 2.1 2.3 2.4 2.7
Shares (H2t=E) 87.3
Fol2 (bill USD) 0.5 0.6 0.6 1.0 1.1
52 2|1 [ 2|A (USD) 364.3/258.0
20]2] (bill USD) 0.5 0.5 0.5 0.5 0.6
PER(EH) 61.2
EPS(USD) 5.2 6.0 5.8 5.9 7.3
HHTHAOIZ (% N/A
RS ROE (%) 10.6 1.2 9.8 1.4 12.6
7 1]
=7t = PER(tH) 74.3 39.5 62.4 34.0 30.5
7L NADSDAQGS  pgru) 7.8 43 5.9 4.4 -
) 2024.06.03 7|&, PER2 63 32 7|& LTM PER =) GAAP 7| &, FY 7|&, ZMMA 2= S8H £ ALE
2t& : Bloomberg, AES# 2|A2|ME A& : Bloomberg, S 2|AMX|HIE]
FItAE Ansys 228 0= H|F (FY 23)
(USD)
450 Energy
5.4%
400
350 Industrial
300 Equipment
250 7.0%
Automotive
200 14.0%
150
100 Aerospace &
Defense
50 17.1%
0
21.05 22.05 23.05 24.05

A& Refinitiv, 2ES# 2| M2|HIE

A& : Bloomberg, 2GS 2|AMX|HIE]
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Ansys (ANSS US)

=7\ H44

CHQ|:EHatyUSD 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24F 3Q 24F 4Q 24F 2022A 2023A 2024F
Of&H 509.4 496.6 458.8 805.1 466.6 549.8 518.2 892.0 2065.6 2269.9 2434.8
ol 127.7 95.6 69.8 333.0 43.3 207.2 187.3 480.7 592.7 626.1 1027.7
FeloelE 25.1 19.3 15.2 41.4 9.3 37.7 36.2 53.9 28.7 27.6 42.2
NiMo|« 120.8 84.0 62.5 324.8 41.0 203.9 183.9 468.7 575.3 592.1 1004.9
27|z=0[ 100.6 69.5 55.5 274.8 34.8 99.1 84.9 304.7 523.7 500.4 530.7
YoY (%)

O &4 19.8 4.8 -2.9 16.0 -8.4 10.7 12.9 10.8 8.3 9.9 7.3

ol 57.3 -25.3 -43.4 28.0 -66.1 117.5 170.9 44.9 15.5 5.6 64.1

Mi™o| 54.9 -31.7 -47.0 26.7 -66.1 142.8 194.0 443 11.6 2.9 69.7

271&0(9] 41.7 -29.6 -42.2 6.5 -65.4 45.4 58.6 11.5 15.2 -4.4 6.1
ROA(%) 8.8 8.2 7.5 7.1 6.4 - - - 8.1 7.1 6.8
ROE(%) 12.1 11.2 10.1 9.8 8.5 10.6 10.0 18.1 11.2 9.8 11.4
PER 51.8 54.4 53.1 62.4 66.9 33.3 32.6 32.1 39.5 62.4 33.7
PBR 6.0 5.8 5.2 5.9 5.6 5.0 4.9 4.4 4.3 5.9 4.3

F) GAAP 7|F, FY 7|2 (27| 128), AHMA 2 SEHI 2 A
IS 2IMR|AE

2t& : Bloomberg,
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NVIDIA (NVDA US)

Key Data A L =0jo|M
Al7kZ%4 (bill USD) 2,718.3 2W1018) 2022A  2023A  2024A  2025F  2026F
0f =24 (bill USD)
S— 2.460.0 26.9 27.0 60.9  120.1 158.6
21210/} (bill USD)
10.0 4.2 33.0 789  103.1
522 2|71 / Z|%{(USD) 1,158.2/373.5 _
=01 (bill USD) 9.8 4.4 20.8 64.7 84.5
PER (&) 63.8 EPS(USD
VA (UsD) 3.9 18 12.1 26.1 346
U418 (%)
I ROE(%) 448 17.9 915 89.7 69.4
=27} Ol=
PER(H) 57.4 78.7 50.7 40,5 31.0
CEMEs NASDAQGS  ppRra) 215 27 35.0 30.8 17.5
%) 2024.06.03 7|%, PERS 6€ 32 7|Z LTM PER Z) GAAP 7I&, FY 7|2, ZMAMA 231 2241 43| AR
2t2 : Bloomberg, M GZ 2| A 2| MIE| At& : Bloomberg, MG 33 2| A 2| HIE]
FIt AlE NVIDIA &34 0j& H|Z (FY 24)
(USD)
1400 Automotive
Professional 1.8% OEM &OOther
1200 Visualization 0.5%
2.6%
1000
800
600
400
200
0
21.05 22.05 23.05 24.05
Zt& ‘Refinitiv, MESH 2| A Z|AIE] A& : Bloomberg, AE3# 2| M| 4IE
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NVIDIA (NVDA US)

=719 4

CHQ|:EHatyUSD 1Q24 2Q24 3Q24 4Q 24-| 1Q 25P 2Q 25F 3Q 25F 4Q 25F 2023A 2024A 2025F
oj ot 7,192.0 13,507.0 18,120.0 22,103.0 26,044.0 28,504.8 31,211.3 34,394.9 26,974.0 60,922.0 120,056.3
Foio|el 2,140.0 6,800.0 10,417.0 13,615.0 16,909.0 18,488.3 20,313.8 22,498.7 4,224.0 32,972.0 78,911.0
FeloelE 29.8 50.3 57.5 61.6 64.9 64.9 65.1 65.4 15.7 54.1 65.7
N1zo|d 2,209.0 6,981.0 10,522.0 14,106.0 17,279.0 18,828.1 20,625.5 23,198.5 4,181.0 33,818.0 80,664.7
7|0l 2,043.0 6,188.0 9,243.0 12,285.0 14,881.0 14,865.9 16,148.4 17,744.4 4,368.0 29,760.0 64,705.7
YoY (%)

O &4 -13.2 101.5 205.5 265.3 262.1 111.0 72.2 55.6 0.2 125.9 97.1

FHeio0|2l 14.6 1,262.7 1,633.3 983.1 690.1 171.9 95.0 65.2 -57.9 680.6 139.3

MZo|el 22.4 1,369.7 1,616.5 994.3 682.2 169.7 96.0 64.5 -57.9 708.8 138.5

Ch7|40|2 26.3 843.3 1,259.3 768.8 628.4 140.2 74.7 44.4 -55.2 581.3 117.4
ROA(%) 10.7 22.2 39.9 55.7 70.1 18.9 36.9 36.3 10.2 55.7 71.2
ROE(%) 18.9 40.2 69.2 91.5 115.7 110.5 107.0 86.4 17.9 91.5 89.7
PER 127.6 106.5 51.6 50.6 51.1 38.0 35.4 33.5 78.7 50.7 40.5
PBR 28.0 42.0 30.0 35.0 44.2 47.9 411 35.6 22.7 35.0 30.8

=) GAAP 7|Z, FY 7|&(Z47|
2t& : Bloomberg, 41

SHINYOUNG RESEARCH 92



Amkor technology (AMKR US)

Key Data A 2 EaoolM
AlZ7EE4 (bill USD) 8.0 AMT((128) 2021A  2022A  2023A  2024F  2025F
O§&<4 (bill USD) 6.1 7.1 6.5 6.5 7.3
Shares (H2+%) 246.2
F0]2| (bill USD) 0.8 0.9 0.5 0.5 0.8
523 2|11 [ 2[4 (USD) 37.0/17.6
2012 (bill USD) 0.6 0.8 0.4 0.4 0.6
PER(tH) 214
EPS(USD) 2.6 3.1 1.5 1.7 2.4
HHEFAQLZ (9 0.9
IEei2 () ROE(%) 24.4 23.2 9.4 10.3 13.4
7 o
=7t = PER(tH) 9.8 7.7 22.8 19.1 13.7
CERE e NASDAQGS PBR(HH) 2.1 1.6 2.1 1.9 1.7
) 2024.06.03 7|&, PER2 62 32! 7|& LTM PER Z) GAAP 7|Z, FY 7|Z, HMMA $2|= 2281 42| Al
L& : Bloomberg, ABS# 2|A2|ME A& : Bloomberg, S 2|AMX|HIE]
FILAE Amkor &34 Dj£ H|F (FY 23)
(USD) Automotive
40 - Industrial &
Other
351 13.0%
30 -
25 - Co
20 - tion
15 -
10
5 4
0 : : :
21.05 22.05 23.05 24.05
A& Refinitiv, 2SS 2| MZ|IE] A& : Bloomberg, 1B&# 2| M| HIE]
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Amkor technology (AMKR US)

ERE

=27

CHQ:H{TrUSD 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24F 3Q 24F 4Q 24F 2022A 2023A 2024F
Ot & 1,471.5 1,457.9 1,821.8 1,751.8 1,365.5 1,449.5 1,866.7 1,834.8 7,091.6 6,503.1 6,536.4
ol 68.7 76.3 166.6 158.7 73.1 72.5 193.0 179.2 897.2 470.3 536.9
FHoIUE 4.7 5.2 9.1 9.1 5.4 5.0 10.3 9.8 12.7 7.2 8.2
MNidol« 56.1 73.9 162.4 151.5 72.0 66.5 186.6 172.8 856.9 443.8 522.9
g7|&0[« 45.4 64.3 132.6 117.6 58.9 54.3 152.8 141.3 765.8 359.8 404.3
YoY (%)

ot -7.8 -3.1 -12.6 -8.1 -7.2 -0.6 2.5 4.7 15.5 -8.3 0.5

ol -67.3 -46.6 -47.8 -29.5 6.4 -5.1 15.8 12.9 17.5 -47.6 14.2

Aol =721 -45.8 -47.6 -27.7 28.3 -9.9 15.0 14.0 19.8 -48.2 17.8

g71&0]9 -73.4 -48.5 -56.7 -28.4 29.9 -15.6 15.2 20.1 19.1 -53.0 12.4
ROA(%) 10.0 8.9 6.1 5.3 5.6 3.2 6.2 6.3 11.9 5.3 4.8
ROE(%) 18.9 16.7 1.1 9.4 9.7 55 13.9 12.7 23.2 9.4 10.3
PER 10.0 12.7 13.7 22.8 21.2 17.4 15.5 14.4 7.7 22.8 19.1
PBR 1.7 2.0 1.4 2.1 2.0 2.0 2.0 1.9 1.6 2.1 1.9

F) GAAP 7|F, FY 7|2 (27| 128), AHMA 2 SEHI 2 A

2t& : Bloomberg,

AUSSH EIM2IAE
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VI. Appendix

2) Ut X R&D test 72|



HIE 4| R&D test 2t 5| peer 1& H|u

HIAE A3l PEER table

CHel: wigk USD 2|3 Yamaichi Micronics JP
Al7HE 3008.7 4222.7 481.5 315.6 1502.9
o= 2022 250.3 747.9 347.5 576.7 273.1
2023 195.7 663.1 252.3 532.6 337.6
2024F 213.4 745.8 278.6 522.0 425.2
Fgol« 2022 106.1 54.9 67.6 35.1 37.9
2023 87.6 82.8 20.3 1.2 78.4
2024F 90.2 97.7 39.1 24.5 110.5
OPM 2022 42.4 7.3 19.4 6.1 13.9
(%) 2023 44.8 12.5 8.1 2.1 23.2
2024F 42.3 13.1 14.0 4.7 26.0
=0/« 2022 88.8 50.7 53.3 23.3 29.4
2023 84.9 82.4 14.3 10.5 55.1
2024F 84.3 65.7 26.6 14.9 78.0
PER 2022 20.6 26.3 5.7 15.5 34.3
(HH) 2023 27.7 767.2 24.8 24.4 25.5
2024F 36.3 47.7 171 14.0 18.0
ROE 2022 25.1 6.2 21.0 6.9 10.3
(%) 2023 211 9.6 5.5 3.1 19.4
2024F 19.4 8.5 11.8 8.1 26.1
PBR 2022 4.8 2.1 1.1 1.0 3.4
(EH) 2023 5.5 3.6 1.3 0.7 4.4
2024F 6.7 - 1.7 0.9 3.7

Z)8H8 2024.06.03 7|, Y& AMAHE 39 ZAUS MR510] FY 2023/2024/2025F A% urg, 244

22 : Bloomberg, AESH 2|AM2|ME

MA 2= 2BHI $2 AL

SHINYOUNG RESEARCH 96



2|58 (A058470)

Key Data A4 gl w=oo|M
A|7FE0H (Aloi2)) 4,138.0 ZAI](128) 2021A  2022A  2023A  2024F  2025F
D&% (A2t ) 280.2 3224 2556 292.3 339.4
Shares (442+F) 15.2 =
F0[2l (A8l 117.1 136.6 114.4 1235 151.7
523 2|1 [ Z[H (]) 309,000.0/129,500.0
202 (Aofg) 103.8 114.4 110.9 115.4 133.2
PER(HH) 35.5
EPS (&) 6839.0  7534.0  7308.0  7502.5  8687.0
HHEHAOIZ (9 1.1
IR=eiE %) ROE(%) 27.5 25.1 21.1 19.4 19.7
CHsHal
=7t Hebel= PER(HH) 29.0 20.6 27.7 35.8 31.2
AR KOSDAQ PBR (&) 7.2 4.8 5.5 6.6 5.8
) 2024.06.03 7|2, PER2 6¥ 3% 7|Z LTM PER Z) ZAMMA A3 2217 23 AFR
22 : Bloomberg, A1E3SH 2| M| MIE 22 : Bloomberg, 2GS 2| M| AIE
FILAE gle3 2714 H4A 0| U MY
(&) (M) ool oiolal= (9 (%)
350,000 100 - e O 224 —0—JHOIAE (%) s
300,000 - 90 - 16
80 - I
250,000 70 "
S12
200, 1 i
00,000 60 10
150,000 50 1 g
40 -
100,000 - 30 r 6
50,000 20 - -4
] 2
0 ‘ ‘ ‘ 10
21.5 225 23.5 24.5 0 - : : : : : ‘ ‘ 0

1Q23 2Q23 3Q23 4Q23 1Q24P 2Q24F 3Q24F 4Q24F

A& :Quantiwise, MESH 2| M Z|HIE]

F) HHMA 22 = SEHI £3| AR
22 : Bloomberg, MESH 2|A 2| MIE
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2|58 (A058470)

2|3 HSE = HIS Bl 2O LA /AZ H|R
7|Et
1.1%

A2 : Bloomberg, 1G53 2| A2|4E 212 : Bloomberg, AIFZ3 2| M| HIE
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2|58 (A058470)

2718 43
Che: A 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24F 3Q24F 4Q 24F 2022A 2023A 2024F
= 49.1 75.1 73.4 58.0 54.9 79.3 86.9 70.4 322.4 255.6 292.3
aoiolol 17.3 33.6 333 30.2 23.3 35.3 41.0 29.8 136.6 114.4 123.5
SHOIAUE (% 35.2 44.7 45.4 52.2 42.5 44.5 47.2 42.3 42.4 44.8 42.3
Nole) 20.3 50.0 37.8 34.1 26.9 42.2 43.6 34.9 154.1 142.2 148.4
Y701 15.7 38.6 29.2 37.4 20.6 32.5 35.0 25.3 114.4 110.9 115.4
YoY (%)
i E- -45.0 -17.8 -18.6 12.2 1.7 5.6 18.4 21.4 15.1 -20.7 14.4
Fole -54.0 -18.7 -20.7 91.8 35.0 5.2 22.9 -1.5 16.7 -16.3 8.0
ANjZo|] -50.5 4.4 -25.7 139.0 32.8 -15.7 15.5 2.5 10.9 -7.7 4.3
7101 -49.6 5.9 -24.5 240.7 31.0 -15.9 19.9 -7.7 10.2 -3.0 2.7
ROA(%) 18.8 19.0 15.9 19.9 20.2 4.6 5.3 4.0 20.6 27.7 35.8
ROE (%) 22.6 21.3 18.0 211 23.3 5.0 5.8 4.4 25.1 211 19.4
PER 22.0 221 25.5 27.7 33.5 33.7 32.2 30.8 20.6 27.7 35.8
PBR 4.7 4.4 4.4 5.5 7.3 7.2 6.9 6.6 4.8 5.5 6.6
F) HAMA 2= EEHT 3| AFE

t& : Bloomberg,

ESTEINR P

oo
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Formfactor (FORM US)

Key Data 4 2 dRoolM
Al7EEH (bill USD) 4.2 AMI|(128) 2021A 2022A 2023A 2024F 2025F
O & (mill USD) 769.7 747.9 663.1 745.8 816.1
Shares (42t=) 77.2
H40[2l (mill USD) 98.0 54.9 82.8 97.7 146.9
522 2|1 / 2|4 (USD) 60.8/29.5
£0|2! (mill USD) 83.9 50.7 82.4 65.7 112.8
PER(tH) 244.0
EPS(USD) 1.1 0.7 1.1 1.0 1.3
HIErA OIS (% NA
e ROE(%) 10.8 6.3 9.6 8.5 13.3
7 of=
=7t PER(tH) 39.4 26.3 767.3 47.7 32.8
S NASDAQGS  pppup) 43 2.1 36 - -
) 2024.06.03 7|&, PER2 62 32 7|2 LTM PER Z) GAAP 7|Z, FY 7|Z, HMMA $2|= 2281 42| Al
2t& : Bloomberg, AES# 2|A2|MIE & : Bloomberg, AES# 2|AZ|MIE
FILZE Formfactor £2% 0= H|= (FY 23)
(USD)
70 -
60 -
50 -
40
30 -
20 -
10 -
0 ‘ ‘ ‘
21.05 22.05 23.05 24.05

A& Refinitiv, 2ES3 2| M2|HIE

22 : Bloomberg, AE8S# 2|2 ME
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Formfactor (FORM US)

=

CHo|:EitUSD 1Q23 2Q23 3Q23 4Q23 1Q 24P 2Q 24F 3Q24F 4Q 24F 2022A 2023A 2024F
= 167.4 155.9 171.6 168.2 168.7 195.0 188.7 194.4 747.9 663.1 745.8
ol 0.1 -1.3 2.7 81.3 21.3 27.7 271 30.1 54.9 82.8 97.7
FHo|AE 0.1 -0.8 1.6 48.3 12.6 14.2 14.4 15.5 7.3 12.5 13.1
Mole] 1.4 0.6 5.2 82.1 25.0 26.5 25.4 29.1 57.9 89.3 95.1
Y701 1.3 0.8 4.4 75.8 21.8 15.6 16.2 21.7 50.7 82.4 65.7
YoY (%)

i E- -15.1 -23.5 -5.1 1.3 0.8 25.1 10.0 15.6 -2.8 -11.3 12.5

Fole -99.7 - -32.8 - 23309.9 - 902.0 -63.0 -44.0 50.7 18.1

ANjZo|] -96.0 -98.1 -8.3 - 1697.1 4178.9 393.0 -64.6 -41.2 54.3 6.6

7101 -95.5 -97.3 0.5 - 1523.0 1779.2 270.6 -71.4 -39.5 62.4 -20.3
ROA(%) 2.1 -0.7 -0.7 7.8 9.6 8.6 7.4 9.8 11.9 5.3 4.8
ROE(%) 2.7 -0.9 -0.9 9.6 11.8 10.2 9.2 1.1 23.2 9.4 10.3
PER 71.0 427.3 898.5 212.5 203.5 41.6 39.1 36.0: 7.7 22.8 19.1
PBR 3.0 3.2 3.2 3.6 3.8 4.5 4.5 4.4 1.6 2.1 1.9

F) GAAP 7|, FY 7|2 (BM7] 128), MM A 2=

t& : Bloomberg,

SEETEIR P

oo

=EHIA #2 AE
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Yamaichi Electronics (6941 JP)

Key Data NETETETEL TN
A7H22% (bill JPY) 754 HA7|(3]) 2022A  2023A  2024A  2025F  2026F
O§ZH (bill JPY) 39.6 47.0 36.4 43.5 45.8
Shares (Hit) 21.8
g0 (bill JPY) 8.4 9.1 2.9 6.1 6.9
= 2|1/ 2K (JPY) 3,865.0/ 1,668.0
£0|2! (bill JPY) 6.8 7.2 2.1 4.1 4.7
PER(tH) 34.4
EPS(JPY) 319.2 346.1 100.4 202.8 228.5
HHEFA QI (9 2.1%
S+ (%) ° ROE (%) 23.6 21.0 5.5 1.8 -
7 OIE
=7t = PER(HH) 5.9 5.7 24.8 16.8 14.9
YA Tokyo PBR(tH) 13 11 13 16 15
%) 2024.06.03 7|2, PER2 6% 3 7|& LTM PER Z) FY 7|&, AMMA 421 E2H 0 42| AL
Ztﬂ:BIoomberg,’.‘J%"Z‘ H 2[MZ| I At : Bloomberg, AMESH 2| M| HIE]
FItAE Yamaichi £-2% 0§ H|= (FY 24)
(PY)
4,000 Optical-
Related
3.500 1 3.8%
3,000 -
2,500 -
2,000 -
1,500 -
1,000 -
500 -
0 ‘ ‘ ‘
21.05 22.05 23.05 24.05

A2 :Refinitiv, AEZH 2| A 2| MIE]

A& : Bloomberg, ME3#

2| M| Mg
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Yamaichi Electronics (6941 JP)

=74
Cro|:uHat) 1Q24 2Q24 3Q24 4Q24 1Q 25F 2Q 25F 3Q 25F 4Q 25F 2023A 2024A 2025F
oj&4 8,817.1 9,789.7 8,408.6 9,408.5 13,000.0 12,000.0 10,000.0 11,000.0 46,985.4 36,423.8 43,500.0
ol 598.0 972.1 357.4 1,006.1 3,000.0 2,000.0 1,000.0 1,500.0 9,134.4 2,933.5 6,100.0
A0|2YE 6.8 9.9 43 10.7 23.1 16.7 10.0 13.6 19.4 8.1 14.0
Nzo|! 649.3 1,181.0 251.7 1,002.2 - - - - 9,451.0 3,084.2 -
£7]40[2) 347.1 851.5 189.6 672.0 - - - 4 72125 20602 41450
YoY (%)
] -33.1 -30.0 -15.0 -5.2 47.4 22.6 18.9 16.9 18.7 -22.5 19.4
gelofel -81.5 -71.7 -69.9 -21.4 401.7 105.7 179.8 49.1 9.1 -67.9 107.9
M0l -82.3 -67.5 -74.8 -14.0 - - - - 7.8 -67.4 -
27|z=0| -86.6 -67.9 -69.9 -49.8 - - - - 6.5 -71.4 101.2
ROA (%) 10.3 6.2 5.6 4.1 - - - - 15.1 4.1 -
ROE (%) 14.2 8.6 7.6 55 - - - - 21.0 55 -
PER 9.9 11.2 14.6 24.8 - - - - 5.7 24.8 16.7
PBR 1.3 0.9 1.1 1.3 - - - - 1.1 1.3 1.6

2) FY 7|2 (ZA7] 38), AHMA £31 SEHT 43 A

A& : Bloomberg,

REE

2 2| M 2| HIE]
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Yokowo (6800 JP)

Key Data NETETETEL TN
AlZFZH (bill JPY) 50.1 27| (38) 2022A  2023A  2024A  2025F  2026F
0f&2H (bill JPY) 66.8 78.0 76.9 81.9 85.8
Shares (42t=) 23.8
0|2 (bill JPY) 4.7 4.7 1.6 3.9 6.7
523 211 [ 2|4 (JPY) 2138.0/1206.0
#=0[2 (bill JPY) 4.7 3.1 1.5 2.3 35
PER(tH) 324
EPS (JPY) 202.3 135.0 64.9 148.8 194.3
HHEFA QI (9 2.3
S+ (%) ROE (%) 11.6 6.9 3.1 8.1 1.4
ol
=7t == PER(HH) 12.8 15.5 24.4 14.1 10.8
A Tokyo PBR(tH) 1.4 1.0 0.7 0.9 0.8
) 2024.06.03 7|&, PER2 6& 3% 7| LTM PER Z) FY 7|&, ZMMA $3]= 2280 43| AL
Zt& : Bloomberg, AES# 2|A2|MIE & : Bloomberg, ABS# 2|A 2| ME
27} AE Yokowo £2' O} & H|F (FY 24)
UPY) Incubation
3,500 - FC:MD Center
10.9% 0.4%
3,000 -
Circuit
2,500 - Testing
2 000 Connector
’ | 16.4%
1,500 -
1,000 -
500 -
0 ‘ ‘ :
21.05 22.05 23.05 24.05

A& Refinitiv, 2B S# 2| M2|MHIE]

22 : Bloomberg, AE8S# 2|2 ME
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Yokowo (6800 JP)

=714 A
Cro|:uHaEpY 1Q24 2Q24 3Q24 4Q24 1Q 25F 2Q 25F 3Q 25F 4Q 25F 2023A 2024A 2025F
ofj o 18,181.0 18,613.0 20,310.0 19,791.0 19,500.0 21,000.0 21,000.0 20,500.0 77,962.0 76,895.0 81,900.0
SIS -258.0 138.0 867.0 870.0 8000  1,2000 14000  1,600.00 47390 16170 38500
Jgo|dUE -1.4 0.7 4.3 4.4 4.1 5.7 6.7 7.8 6.1 2.1 4.7
MlZ0] 1,139.0 292.0 -21.0 1,901.0 - - - | 4,433.0 3,311.0 7,740.0
2710l 828.0 130.0 5.0 548.0 - - - - 3,147.0 1,511.0 23450
YoY (%)
] -39 -12.5 1.2 11.9 7.3 12.8 3.4 3.6 16.6 -1.4 6.5
gelofel - -94.3 -45.6 - - 769.6 61.5 83.9 1.2 -65.9 138.1
Mi™o|« - - - - - - - - -31.4 -25.3 133.8
27[z=0( -59.2 -93.9 -97.9 - - - - | -32.5 -52.0 55.2
ROA (%) 2.7 -0.1 -0.4 2.1 - - - - 4.6 2.1 -
ROE (%) 4.1 -0.2 -0.7 3.1 - - - - 6.9 3.1 8.1
PER 22.2 - - 24.4 - - - - 15.5 24.4 14.1
PBR 0.9 0.7 0.7 0.7 - - - | 1.0 0.7 0.9

Z) FY 712 (27| 38), AHMA £/ 22T 43 A]
NEEETEINEE

t& : Bloomberg,

oo
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MICRONICS JAPAN (6871 JP)

Key Data A L =0jo|M
AJ7HZH (bill JPY) 235.3 AMY|(128) 2021A  2022A  2023A  2024F  2025F
o224 (bill JPY) 40.0 44.3 38.3 53.0 66.8
Shares (HHDt) 40.0
102} (bill JPY) 8.2 9.2 5.3 12.3 17.4
522 2|7 / ZIH(PY) 8940.0 / 1700.0
20[2} (bill JPY) 8.2 75 4.1 8.7 12.3
PER(HH) 52.9
EPSUPY) 215.1 195.7 107.0 2309  327.4
HIErA OIS (% NA
IEei2 () ROE (%) 28.7 21.0 10.3 19.4 26.1
7 OIE
=7t = PER(tH) 8.6 6.7 34.3 25.1 17.7
Y7t Tokyo PBR(t) 2.2 13 34 43 3.6
%) 2024.06.03 7|=, PERS 62 32 7| LTM PER Z) FY 7|2, AHMA £3|= 2281 43| AL
L& : Bloomberg, AES# 2|A2|ME & : Bloomberg, ABS# 2|A 2| ME
FIt AE Micronics JP 2.2 0} H|= (FY 23)
UPY)
10,000 4T7E0/
9,000 - 7%
8,000
7,000
6,000 -
5,000 -
4,000 |
3,000 -
2,000 -
1,000
0 ‘ ‘ ‘
21.05 22.05 23.05 24,05
A& :Refinitiv, MESH 2IAZ|AlE Zt& : Bloomberg, MESH 2|A{Z|AIE]
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MICRONICS JAPAN (6871 JP)

=
CHo|:uiatpy 1Q23 2Q23 3Q24 4Q23 1Q24 2Q 24F 3Q24F 4Q 24F 2022A 2023A 2024F
o= 9,769.0 7,216.0 8,537.0 12,770.0 11,794.0 14,206.0 14,000.0 14,000.0 44,321.0 38,292.0 53,000.0
ol 1,974.0 -224.0 913.0 2,649.0 2,508.0 3,492.0 3,200.0 3,400.0 9,225.0 5,312.0 12,300.0
LN 20.2 -3.1 10.7 20.7 21.3 24.6 22.9 24.3 20.8 13.9 23.2
Nole] 1,885.0 -261.0 1,156.0 2,721.0 2,405.0 - - - 10,361.0 5,501.0 12,300.0
g7lz01Y 1,107.0 36.0 593.0 2,391.0 1,271.0 2,629.0 2,300.0 2,400.0 7,530.0 4,127.0 8,650.0
YoY (%)
O &N -0.3 -26.1 -19.2 -10.0 20.7 96.9 64.0 9.6 10.8 -13.6 38.4
Fole -8.7 - -58.5 -9.4 27.1 - 250.5 28.4 11.9 -42.4 131.6
ANjZo|] -14.9 - -56.6 -16.4 27.6 - - - -7.9 -46.9 123.6
7101 -12.0 -97.8 -62.3 -22.4 14.8 7,202.8 287.9 0.4 -8.6 -45.2 109.6
ROA(%) 15.0 11.5 9.2 7.5 7.8 - - - 14.5 7.5 -
ROE (%) 21.2 16.0 13.0 10.3 10.8 - - - 21.0 10.3 19.4
PER 7.0 13.3 16.9 34.3 80.2 - - - 6.7 34.3 25.1
PBR 1.4 2.0 2.1 3.4 8.2 - - - 1.3 34 4.3

F) FY 712 (Ba7]128:), AL 2212 SBHI 23| AL

A& : Bloomberg,

AEZ2 B|AAAIE]

oo
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VI. Appendix

3) EDA 7| M&A S|AEZ|



EDA 7| M&A S|AEL]

Synopsys M&A 2|AE

Ol etz Al Ol L& 71 =5 e

2025-06-30 ANSYS Inc EDA/ Chip Design AIZ|L|ofF SW / MTHol7 | 23 EDA 7|
2024-03-20 Intrinsic ID BV Silicon IP UHC|E A AR Security IP 7| (PUF7|& ER])
2023-12-12 Imperas Software Ltd EDA/ Chip Design RISC-V& Al&2|0|M & Verification tool 7| &
2023-10-10 Efabless Corp EDA/ Chip Design EDA 7|

2023-08-23 PikeTec GmbH EDA/ Chip Design ASASWEHIAE H AS E2H 7|
2023-05-04 Silicon Frontline Technology LLC EDA/ Chip Design ICZ{|0]0FR AF, ESD AlE2{|0]4 SW 7| ¢
2022-06-30 OpenLight Photonics Inc EDA/ Chip Design et ERMI|Y /A2 ZEYA ASHAR 7|5 He
2022-06-23 WhiteHat Security Inc EDA/ Chip Design 0fZ2|A|0|d 2t SaaS 7|

2021-11-01 Concertio Inc EDA/ Chip Design Al 7|€t Performance optimization 2ZE¢0] 7|2
2021-09-02 BISTel Inc EDA/ Chip Design Semiconductor & flat panel display solutions £& ¢l
2021-06-08 Code Dx Inc EDA/ Chip Design OfZZ|#|0]M Hot 2™ 2| £FM 7Y
2021-05-04 |Morethan IP Gesellschaft Fuer Systementwicklung mbH Silicon IP Ethernet Digital Controller IP 7|
2020-11-19 LightTec EDA/ Chip Design st =4 2| 7Y

2020-11-11 Moortec Semiconductor Ltd EDA/ Chip Design In-chip monitoring £&4 7|
2020-06-10 Qualtera SAS EDA/ Chip Design HH=X| B AE 2 A2 24 BIH|o|E 24 7|
2020-02-13 Invecas Inc Silicon IP 22| 2lo|E2{2|, YH|C|E 22|, OFdZ T, QIE{H|O|A [P BZ 2l
2020-01-13 eSilicon Corp Silicon IP Ol 22| QIE{m|O| A [P ARt Q14
2020-01-09 Tinfoil Security Inc EDA/ Chip Design OHZ2|AH[0|M HOLE|AE 7|
2019-11-15 Dini Group LA Jolla Inc/The EDA/ Chip Design FPGA ZZEIO|Y £2M 7|
2019-10-02 QTronic GmbH EDA/ Chip Design A2} AT EQ0] Y A5 AIEH|0|M, HIAE tool 7|

22 : Bloomberg, 4t2tE, MSH 2| M2|ME
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EDA 7| M&A S|AEL]

Synopsys M&A 2|AE

ol4 22 Al

ol Ty 719

=
g3

LH&

2018-08-13 Source Il Inc EDA/ Chip Design Hte= 3| Digital Simulation & test tool 7|
2018-03-21 Silicon & Beyond Pvt Ltd Silicon IP 14 SerDes IP 70 7| ¢
2018-02-08 Phoenix BV EDA/ Chip Design ZEY A CARIE2M T
2018-01-10 Kilopass Technology Inc Silicon IP OTPNVMIP 7|
2017-12-11 Black Duck Software Inc EDA/ Chip Design Hot AmEQ0] 7[¢
2017-10-17 Sidense Corp Silicon IP OTPNVMIP 7|
2017-09-18 QuantamWise A/S EDA/ Chip Design HIC | A2 2RZ A[S2|0|M tool 7|
2016-12-01 Codiscope LLC EDA/ Chip Design Hot AZEQ0] 7|
2016-11-30 Cigital Inc EDA/ Chip Design Hot AZEQ0] 7|
2016-05-23 Gold Standard Simulations Ltd EDA/ Chip Design TCAD & EDA AIE|0|M £2M 7|¢
2016-05-17 Simpleware Ltd EDA/ Chip Design 3D AZEQN 7|
2016-03-02 WinterLogic Inc EDA/ Chip Design Falut Simulation 224 7|
2015-12-18 Goanna Software Pty Ltd EDA/ Chip Design Hot AmEQ0] 7[¢
2015-11-06 Protecode Inc EDA/ Chip Design HOt ATEQN 7|
2015-08-03 Atrenta Inc EDA/ Chip Design Static Verification & implementation €24 7|¢
2015-07-20 Quotium EDA/ Chip Design Software Security & Quality
2015-07-16 Silicon Vision AG EDA/ Chip Design Bluetooth Smart IP technology £& QI
2015-06-29 Codenomicon Oy EDA/ Chip Design Software Security & Quality
2015-06-29 Elliptic Technologies Inc Silicon IP security IP & HOt &2M
2014-05-15 Kalistick SAS EDA/ Chip Design Hot AmEQ0] 7[¢

2t2 : Bloomberg, M &atz, HESH 2| A2|4IE
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EDA 7| M&A S|AEL]

Synopsys M&A 2|AE

ol4 22 Al

ol Ty 719

=
g3

LH&

2014-03-25 Coverity Inc EDA/ Chip Design Hot AmEQ0] 7[¢

2014-02-28 Bradenburg GmbH EDA/ Chip Design 242 2H MHE CAD AZELQ0 7Y
2014-02-07 Target Compiler Technologies Silicon IP ASIPs 87 & Z2 YU ATEL0] 7|
2012-11-30 SpringSoft Inc EDA/ Chip Design IC Design AZES]|0{ 7|
2012-07-30 Ciranova Inc EDA/ Chip Design Custom IC Design EDA 7|
2012-05-08 RSoft Design Group Inc EDA/ Chip Design EEYA M & ABH0|M ATEQ 0] 7|
2012-02-23 Magma Design Automation Inc EDA/ Chip Design Chip Design EDA

2012-02-15 Luminescent Technologies Ltd EDA/ Chip Design Lithography & Mask Synthesis Afg £ Q1=
2012-02-06 Inventure Inc Silicon IP PCle IPE HIZSH IP E3t 7|
2012-01-23 ExpertlO Inc Silicon IP Verification IP (VIP) 7|
2011-10-07 Extreme DA Corp EDA/ Chip Design Chip Timing Analysis tool& H| &%t d4A EDA 7|
2011-09-02 nSys Design Systems Pvt Ltd Silicon IP Verification IP (VIP) 7|
2010-10-07 Optical Research Associates LLC EDA/ Chip Design &3t (optical) 4A AZEQ0] & &st AR|L{0{™H 7S
2010-09-03 Virage Logic LLC Silicon IP Interface & Analog IP

2010-03-23 CoWare Inc EDA/ Chip Design AlARIZHHEDA & IP 7Y

2010-02-01 VaST Systems Technology Corp EDA/ Chip Design QUH|C|E A|AR EDA 7|

2009-05-08 Analog business group (MIPS Analog) Silicon IP Analog IP 7|

2008-12-18 ProDesign EDA/ Chip Design ASIC & SoC Verification0ll £l CHIPit AF 5 Q14
2008-05-16 Synplicity Inc EDA/ Chip Design FPGA & ICH7H / S EFH 7Y
2007-10-02 Sandwork Design Inc EDA/ Chip Design AMS (Analog and mixed-siganal) Verification £&4 7|

2t2 : Bloomberg, M &atz, HESH 2| A2|4IE
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EDA 7| M&A S|AEL]

Synopsys M&A 2|AE

ol 243 Al Ol L& 71 =5 e

2007-07-30 Conversant Intellectual Property Management Inc Silicon IP Semiconductor [P £F QI
2007-06-18 ArchPro Design Automation Inc EDA/ Chip Design Power Management Verification £2M 7|
2006-08-16 SIGMA-C EDA/ Chip Design optical lithography, e-beam lithography A|E2{|0]d AZE2|0] 7|
2006-05-16 Virtio Corp EDA/ Chip Design UHCIE AT EL)0] JHLE Virtual Z2HE 7|
2005-12-08 HPL Technologies Inc EDA/ Chip Design T8 M2 ATEQ0 A HAE Y EZMTIIY
2005-05-12 Nassda Corp EDA/ Chip Design verification 2ZE|0] 7|
2004-11-30 Integrated Systems Engineering AG (I.S.E) EDA/ Chip Design TCAD 2ZEQ|0f 7|
2004-11-02 LEDA Design Silicon IP IP Design assets 214
2004-10-18 Cascade Semiconductor Solutions Inc Silicon IP PCle digital IP £2M
2004-02-26 Analog Design Automation Inc EDA/ Chip Design 3|2 2[A43H(Optimization) EDA£24 7|¢)
2004-02-23 Accelerant Networks Inc Silicon IP SerDes £ H|ZSt interface IP 7|1
2003-06-25 InnoLogic Systems Inc EDA/ Chip Design Symbolic simulation for equivalence checking
2003-03-03 Numerical Technologies Inc EDA/ Chip Design lithography tool

2002-09-20 Insilicon Corp Silicon IP AMS Interface IP 7| ¢
2002-09-06 Co-Design Automation EDA/ Chip Design SUPERLOG (HDLS| &Z ) 71 7|
2002-06-06 Avant! Corp/US EDA/ Chip Design Bake-end A7 EDA 7|
2001-11-12 C Level Design Inc EDA/ Chip Design HDL Al&2{|0] tool 7|
2000-08-04 Innoveda EDA/ Chip Design Virsim™ HDL Verification tool ¢l
1998-12-10 Everest Design Automation Inc EDA/ Chip Design Circuit Routing 2AZEQ0| £2M 7|
1998-07-21 Systems Science Inc EDA/ Chip Design Verification & test tool 7|

2t : Bloomberg, 4tAtE, HBESH 2| M| ME]
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EDA 7| M&A S|AEL]

Synopsys M&A Z|AE

ol4 o2 A ol o4 7|9 L] e

1997-12-05 Viewlogic Systems Inc EDA/ Chip Design IC Design EDA 7|
1997-03-03 Epic Design Technology Inc EDA/ Chip Design AlET0|d L EM EDA Y|
1994-02-17 Logic Modeling Corp EDA/ Chip Design Verification & 2AZE2||0] A|E2{|0]4 EDA 7|¢]

)

2t& : Bloomberg, M¥ALE, MG SH 2| HIE
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EDA 7| M&A S|AEL]

Cadence M&A E|AE

ol 243 AlY ol CHA 71 =5 e

2024-06-30 BETA CAE Systems International AG EDA/ Chip Design AHE3}, 825 145 AIE0[M SW 7|
2024-01-08 Invecas Inc EDA/ Chip Design FHARHIEH|, T 7|2 £2 8 EDA/IP 7|
2023-10-03 Intrinsix Corp Silicon IP S 2F SO U= IP 7|8, Chiplet QIE{LO|A 7|& B
2023-09-07 Rambus Inc Silicon IP SerDes, Memory PHY IP £& 2l

2023-05-22 Pulsic Ltd Silicon IP o217, Custom Place & Route 225t EDA/IP 71
2022-09-01 Openeye Scientific Software Inc EDA/ Chip Design oA R AEL01M 7Y

2022-07-15 Future Facilities Inc EDA/ Chip Design 3D CIA|E EQI 285t H|O|EMIE] L2t/ of|LfR] ME 2[Ast £2M 7|¢
2021-04-15 Pointwise Inc EDA/ Chip Design UMFA Gt &2 M 7 (Y

2021-02-24 | Numerical Mechanics Applications International SA | EDA/ Chip Design UM FAHS E2H 7|

2020-08-12 Inspectar Augmented Interfaces Inc EDA/ Chip Design PCB C|A[2! AR tool 7|

2020-02-13 Integrand Software Inc EDA/ Chip Design EM sign-off tool EDA 7|

2020-01-15 AWR Corp EDA/ Chip Design RF(2MZ0bs), 0f3 20, IS0t o271 3|2 EDA 7|
2019-02-19 Green Hills Software LLC EDA/ Chip Design QUH|C|E A|ARI JH £2M 7|, RTOS 20f HR2 12/ INTEGRITY E&
2017-11-01 nusemi Inc Silicon IP 214 SerDes IP 7|¢)

2016-05-03 Rocketick Technologies Ltd EDA/ Chip Design HE| 0] HH Logic Simulation 7|&

2016-01-22 Sibridge Technologies Pvt Ltd EDA/ Chip Design A A7 Y Verification 22 IP & YHIC|E A AR HA| AZEQ0] 7|
2014-06-16 Jasper Design Automation Inc EDA/ Chip Design & AA 2 Verification EDA 7|

2014-02-18 CynApps Inc EDA/ Chip Design HDLE C++ class 20| 22{2| 7HH 7|

2014-02-12 Transwitch Corp Silicon IP High speed interface IP #& 2l

2013-06-13 Evatronix SA Silicon IP IP AR Q14

A& : Bloomberg

, MEztE, HMISH

2| A 2| MIE]
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EDA 7| M&A S|AEL]

Cadence M&A E|AE

ol 243 AlY ol CHA 71 =5 e

2013-03-12 Tensilica Inc Silicon IP ASIC, SoC 7| DPU IP 7|
2012-07-02 Sigrity Inc EDA/ Chip Design PCB & IC package 47| EDA
2011-07-11 Azuro Inc EDA/ Chip Design Hre | AA| Al PPA 2[A3HE 2/5t ccopt(BE &A1 2148 7|2 2/ 7Y
2011-05-10 Altos Design Automation Inc EDA/ Chip Design Timing & Signal integrity EDA 7|
2010-06-17 Denali Software Inc EDA/ Chip Design SoC Design & Verification EDA % IP 7|
2010-03-23 Taray Inc EDA/ Chip Design FPGA 2|&3s}tool 7|
2008-03-07 Chip Estimate Corp EDA/ Chip Design IP reuse management £3M 7|
2007-08-15 Clear Shape Technologies Inc EDA/ Chip Design DFM (Design For Manufacturing) £2ZE2||0{ 7|
2007-07-10 Invarium Inc EDA/ Chip Design ZEOAT A 2 3H 2[A3 7|
2007-05-14 CommandCad Inc EDA/ Chip Design IC layout 2[5} tool 7|
2005-04-07 Verisity Ltd EDA/ Chip Design Verification At&8t £2M 7|¢
2004-04-06 Neolinear Inc EDA/ Chip Design Layout tool 7|
2004-01-05 Q Design Automation Inc EDA/ Chip Design Layout 2|23t AZEQ|0] 7|
2003-07-14 Verplex Systems Inc EDA/ Chip Design Verification tool 7| &
2003-05-07 K2 Technologies Inc EDA/ Chip Design HEE0tA S H|O|E] preparation 7|
2003-04-10 Get2Chip.com Inc EDA/ Chip Design RTL complier tool 7| (=2|&4d)
2003-01-15 Celestry Design Technologies Inc EDA/ Chip Design 3| & simulation tool 7| &
2002-11-22 Antrim Design Systems Inc EDA/ Chip Design Analog Prototyping AZE]|0{ 7|
2002-06-28 Simplex Solutions Inc EDA/ Chip Design IC A & Verification AZEQ|0{ 7|
2002-04-24 Plato Design Systems EDA/ Chip Design SoC Routing & Design 2|25} 7|

2t2 : Bloomberg, M &atz, HESH 2| A2|4IE
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EDA 7| M&A S|AEL]

Cadence M&A E|AE

ol 243 AlY ol CHA 71 =5 e

2001-12-20 Silicon Perspective Corp EDA/ Chip Design Prototyping tool 7%
2001-04-12 Mitsui & Co Ltd EDA/ Chip Design Emulation ££A
2001-03-02 CadMOS Design Technology Inc EDA/ Chip Design Ht=| 47 Noise-Analysis £2M tool 7|1
2000-03-21 Westport Technologies Inc EDA/ Chip Design EA7|& ESH ORI MHIA 7|
1999-11-22 Diablo Research Corp EDA/ Chip Design BM7|& ESF ORI AHIA 7|
1999-07-30 Orcad Inc EDA/ Chip Design PCB &A EDA 7|
1999-05-26 Quickturn Design Systems Inc EDA/ Chip Design Verification & Emulation 7|
1999-02-05 Design Acceleration Inc EDA/ Chip Design Verification tool 7| &
1998-10-01 Bell Labs Design Automation EDA/ Chip Design Verification & Simulation EDA
1998-09-30 Ambit Design Systems Inc EDA/ Chip Design =23 tool 7|
1998-03-02 SYMBIONICS EDA/ Chip Design BN EAM D 7 HE TS MEH|A 7|
1997-05-07 Cooper & Chyan Technology EDA/ Chip Design Routing tool 7|
1996-12-19 High Level Design Systems EDA/ Chip Design ICHA 7|

1993-07-06 COMDISCO SYSTEMS INC EDA/ Chip Design DSP Z12|E dA Y AlE20]H4 AZEQ|0 7|
1991-12-31 Valid Logic Systems Inc EDA/ Chip Design Z7|EDAZ|Y

1989-10-05 Gateway Design Automation Corp EDA/ Chip Design Verilog 7 7€

2t2 : Bloomberg, M &atz, HESH 2| A2|4IE
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VI. Appendix



Oz
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o &2kt

A H|d

HEEA| MY el At &
=2l index
1 6857-JP
2 TTMI-US
3 6728-JP
4 ANSS-US
5 A074600
6 CEVA-US
7 8155-JP
8 6590-JP
9 7735-JP
10 MCHP-US
11 MRVL-US
12 A084370
13 6920-JP
14 3030-TW
15 8035-JP
16 KLIC-US
17 2329-TW
18 CDNS-US
19 6707-JP
20 COHU-US

name
Advantest
TTM Technologies
Ulvac
ANSYS
#2lanC
Ceva
Mimasu Semiconductor Industry
Shibaura Mechatronics
Screen Holdings
Microchip Technology
Marvell Technology
+2H2
Lasertec
Test Research
Tokyo Electron
Kulicke and Soffa Industries
Orient Semiconductor Electronics
Cadence Design Systems
Sanken Electric
Cohu

country
Japan
United States
Japan
United States
South Korea
United States
Japan
Japan
Japan
United States
United States
South Korea
Japan
Taiwan
Japan
United States
Taiwan
United States
Japan
United States

A%
-0.118153429
-0.091785017
-0.059998716
-0.056574597
-0.054750985
-0.049696555

-0.04142094
-0.035371537
-0.022702098
-0.014627089

-0.01158681

-0.01103121

-0.00961947
-0.008314943

0.010340202

0.016009707

0.026525299

0.030865272

0.033331113

0.037077081

) 2007.1Q~2023.4Q 687 27| H|O|E] 7|Z / AlE 54 Ol / 2007 (H 22| 2 SH &

AR : Refinitiv, AFS 3 2| A Z|AIE]

BAIH) O A%/ 312, 0|2, T, L= A%
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S|ArS2| =2 S22A H]w

24 A036930
25 A058470
26 4062-JP
27 KLAC-US
28 2455-TW
29 ON-US
30 3436-JP
31 ACLS-US
32 2760-JP
33 6967-JP
34 TER-US

name
Episil-Precision Inc
Foxsemicon Integrated Technology
Silicon Integrated System
F AR
2S¢
Ibiden
KLA
Visual Photonics Epitaxy
ON Semiconductor
SUMCO
Axcelis Technologies
Tokyo Electron Device
Shinko Electric Industries
Teradyne

country
Taiwan
Taiwan
Taiwan
South Korea
South Korea
Japan
United States
Taiwan
United States
Japan
United States
Japan
Japan
United States

ApAIS
0.039639068
0.041545606

0.05840938
0.071100464
0.07125411
0.073445671
0.074594145
0.074921128
0.08017559
0.081705515
0.081888067
0.085929576
0.08756872
0.087610579

nooSeSUs  smess UnedSmtes 008771504

36 QRVO-US
37 AMAT-US
38 7433-JP
39 PLAB-US
40 3532-TW

Qorvo
Applied Material
Hakuto
Photronics
Formosa Sumco Technology

United States
United States
Japan
United States
Taiwan

0.088043305
0.09098364
0.095189738
0.101912169
0.105117666

) 2007.1Q~2023.4Q 687 27| H|O|E] 7|F / A|E 54 Ol / 2007 (H 22| 2 SH &

AR : Refinitiv, AFS 3 2| A Z|AIE]

EAIM) O] A% /3=, 0|, TR, L= A
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A H|d

AL O =40} BI 2| SIAFS 2| DS o2k

HE A A1 e HEAIs B4 (vs 24 HALOISH)

=< index name

41 A064760 EIM|A|O]

42 ONTO-US Onto Innovation

43 LSCC-US Lattice Semiconductor
44 A042700 shofgte |

45 6963-JP Rohm

46 A036810 Of| 0| AE

47 A005290 SXUHo[A

48 6961-JP Enplas

49 6315-JP Towa

50 CAMT-US Camtek

51 ROG-US Rogers

52 ENTG-US Entegris

53 A080220 H| A

54 7729-)P Tokyo Seimitsu

55 A003160 Cloto|

56 VSH-US Vishay Intertechnology
57 NVMI-US Nova

58 UCTT-US Ultra Clean Holdings
59 6965-JP Hamamatsu Photonics
60 8131-TW Formosa Advanced Technologies

country
South Korea
United States
United States
South Korea
Japan
South Korea
South Korea
Japan
Japan
United States
United States
United States
South Korea
Japan
South Korea
United States
United States
United States
Japan
Taiwan

AEAS
0.10792797
0.10846226

0.108957303
0.113335689
0.114686004
0.117837703
0.119914195
0.120316482
0.120658994
0.122650216
0.123081122
0.124217269
0.126689086
0.127778672
0.132360306
0.134032304
0.134272926
0.134791815
0.136340509
0.137343575

) 2007.1Q~2023.4Q 687 27| HIO|E] 7|& / Al& 529 0] %

AR : Refinitiv, AFS 3 2| A Z|AIE]

& /20072 (H22| ~2U SH 2

BAIH) O A%/ 312, 0|2, T, L= A%
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S DSt =) SAS2| O =2 22| H] W

e index name country AR 4
61 6196-TW Marketech International Taiwan 0.138988046
62 PDFS-US PDF Solutions United States 0.139726977
63 2338-TW Taiwan Mask Taiwan 0.140016323
64 2408-TW Nanya Technology Taiwan 0.140286097
65 A000990 DB5}O|El South Korea 0.142157021
66 6966-JP Mitsui High Tec Japan 0.142325328
67 5434-TW Topco Scientific Taiwan 0.142593691
68 SWKS-US Skyworks Solutions United States 0.14399872
69 3044-TW Tripod Technology Taiwan 0.146579746
70 A079370 LA South Korea 0.146588391
71 FORM-US FormFactor United States 0.151633468
72 3189-TW Kinsus Interconnect Technology Taiwan 0.151941812
73 6146-JP Disco Japan 0.157686905
74 6723-JP Renesas Electronics Japan 0.159694785
75 SLAB-US Silicon Laboratories United States 0.16180574
76 3014-TW Integrated Technology Express Taiwan 0.168147162
77 2355-TW Chin-Poon Industrial Taiwan 0.169351777
78 INTC-US Intel Corporation United States 0.169548868
79 6941-JP Yamaichi Electronics Japan 0.172801101
80 ADI-US Analog Devices United States 0.175077125

) 2007.1Q~2023.4Q 687 27| HIO|E] 7|& / A|& 5219 0[4 / 2007A (H 22| 2 EH| LEA|Y) 0|M A&/ &t=, O0]=, CH2H U= MJ
& : Refinitiv, MESH 2| A2 AIE SHINYOUNG RESEARCH 121



o AFZFZHA| H|

e B

HEE= MY Y2

)l
H

index

81 AMKR-US
82 RMBS-US
83 3010-TW

29|
T

84 6323-JP
85 6875-JP
86 A031980
87 6871-JP

88 2458-TW
89 VECO-US
90 TSEM-US

91 A036540
92 2451-TW
93 AMD-US
94 2401-TW
95 TXN-US

96 2351-TW
97 A039440
98 3006-TW
99 A039030
100  8081-TW

2 A B4 (vs A 0= )

name
Amkor Technology
Rambus
Wah Lee Industrial
Rorze
MegaChips
ojojjA70|23 A
Micronics Japan
Elan Microelectronics
Veeco Instruments
Tower Semiconductor
SFAgEZ|
Transcend Information
Advanced Micro Devices
Sunplus Technology
Texas Instrument
Sdi
Ol AE[O}O]
Elite Semiconductor Microelectronics Technology
O|HIFLEA
Global Mixed-Mode Technology

country
United States
United States
Taiwan
Japan
Japan
South Korea
Japan
Taiwan
United States
United States
South Korea
Taiwan
United States
Taiwan
United States
Taiwan
South Korea
Taiwan
South Korea
Taiwan

A%
0.182072657
0.183715463

0.1844258
0.191907261
0.195311269
0.196525485
0.199661332
0.202673944
0.202867797
0.203966987
0.206682259
0.208294111
0.208744277
0.212206154
0.216108475
0.217248095
0.219120026
0.220954994
0.225741677
0.234256824

) 2007.1Q~2023.4Q 687 27| HIO|E] 7|& / Al& 529 0] %

AR : Refinitiv, AFS 3 2| A Z|AIE]

& /20079 (H2E| =2 SH &

BAIH) O A%/ 312, 0|2, T, L= A%
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o &2kt

A H|d

Al 2 ad
=& index
101 2303-TW
102 3443-TW
103 NVDA-US
104 2441-TW
105 LRCX-US
106 6278-TW
107 2368-TW
108 2449-TW
109 5469-TW
110 6153-TW
111 2388-TW
112 2486-TW
113 OLED-US
114 MPWR-US
115 DIOD-US
116 6257-TW
117 2379-TW
118 3034-TW
119 6239-TW
120 6213-TW

name
United Micro Electronics
Global Unichip
NVIDIA
Greatek Electronics
Lam Research
Taiwan Surface Mounting Technology
Gold Circuit Electronics
King Yuan Electronics
Hannstar Board
Career Technology (Mfg)
VIA Technologies
|-Chiun Precision Industry
Universal Display
Monolithic Power Systems
Diodes
Sigurd Microelectronics
Realtek Semiconductor
Novatek Microelectronics
Powertech Technology
lteq

country
Taiwan
Taiwan
United States
Taiwan
United States
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
United States
United States
United States
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan

A%
0.236176923
0.23978697
0.245591287
0.246372634
0.247536691
0.251094262
0.251966623
0.253291624
0.258535677
0.258586246
0.260817491
0.262899365
0.272700697
0.275231968
0.279256626
0.279502506
0.281546443
0.28198748
0.286998007
0.288340573

) 2007.1Q~2023.4Q 687 27| HIO|E] 7|& / Al& 529 0] %

AR : Refinitiv, AFS 3 2| A Z|AIE]

& /20072 (H22| ~2U SH 2

BAIH) O A%/ 312, 0|2, T, L= A%
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=& index
121 2467-TW
122 SYNA-US
123 A046890
124 2340-TW
125 A000660
126 6202-TW
127 6189-TW
128 6269-TW
129 2383-TW
130 SMTC-US
131 CRUS-US
132 2330-TW
133  QCOM-US
134 2344-TW
135 MU-US
136 6271-TW
137 A067310
138 8112-TW
139 2393-TW
140 2337-TW

name
C Sun MFG
Synaptics
MR
Opto Tech
SKSto|HA
Holtek Semiconductor
Promate Electronic
Flexium Interconnect
Elite Material
Semtech
Cirrus Logic
Taiwan Semiconductor Manufacturing
QUALCOMM
Winbond Electronics
Micron Technology
Tong Hsing Electronic Industries
SHLtOto|ZE
Supreme Electronics
Everlight Electronics
Macronix International

country
Taiwan
United States
South Korea
Taiwan
South Korea
Taiwan
Taiwan
Taiwan
Taiwan
United States
United States
Taiwan
United States
Taiwan
United States
Taiwan
South Korea
Taiwan
Taiwan
Taiwan

A%
0.291574534
0.295016086
0.297000916
0.299701736
0.300472984
0.302806331

0.30511703
0.30755884
0.307857961
0.311245129
0.316465474
0.317615
0.319825168
0.323275309
0.323586158
0.324874836
0.327053275
0.331500969
0.333024057
0.334138528

) 2007.1Q~2023.4Q 687 27| H|O|E] 7|Z / AlE 54 Ol / 2007 (H 22| 2 SH &

AR : Refinitiv, AFS 3 2| A Z|AIE]

BAIH) O A%/ 312, 0|2, T, L= A%
SHINYOUNG RESEARCH 124



o &2kt

A H|d

il Al 2 ad
=& index
141 6191-TW
142 8016-TW
143 ARW-US
144 POWI-US
145 2367-TW
146 8046-TW
147 8070-TW
148 3036-TW
149 2313-TW
150 2481-TW
151 2454-TW
152 3033-TW
153 3711-TW
154 3035-TW
155 3037-TW
156 3702-TW
157 A005930

name
Global Brands Manufacture
Sitronix Technology
Arrow Electronics
Power Integrations
Unitech Printed Circuit Board
Nan Ya Printed Circuit Board
Chang Wah Electromaterials
Wt Microelectronics
Compeq Manufacturing
Pan Jit International
Mediatek
Weikeng Industrial
ASE Technology Holding
Faraday Technology
Unimicron Technology
Wpg Holdings
2SR

country
Taiwan
Taiwan
United States
United States
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
South Korea

MBS
0.337615223
0.342219499
0.348308362
0.348492885
0.349773696
0.357843334
0.369304244
0.382277891
0.396980679
0.400758387
0.404574923
0.409108466
0.414186806
0.424244806
0.428714463
0.466515038

1

) 2007.1Q~2023.4Q 687 27| HIO|E] 7|& / Al& 529 0] %

AR : Refinitiv, AFS 3 2| A Z|AIE]

& /20072 (H22| ~2U SH 2

BAIH) O A%/ 312, 0|2, T, L= A%
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