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1. HPC2}0[0f, "H10] T2, AlH|C|Ok= 20231 3768 7H2| HOE{ MIE| GPUE &5t 210|C}"(2024'H 62 10Y), 2025 28 10 HE.
https://www.hpcwire.com/2024/06/10/nvidia-shipped-3-76-million-data-center-gpus-in-2023-according-to-study/.

2. HiRAA “MEX Z22E GPU YA, ‘AH|CloF £ 11 Al E 2024 0iZI'(2023H 8 99), 2025 28 102 &=, https://www.barrons.com/articles/nvidia-ai-chips-coreweave-cloud-6db44825.
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20251 22 10 &=, https://semianalysis.com/2023/07/05/ai-capacity-constraints-cowos-and/.

4. S2 SHEL0], “TSMC: 1 g S X|& 2 QliH|C|ote] Al GPU £5"(2023'H 8 8Y), 2025'd 22 10 EZ.
https://www.tomshardware.com/news/tsmc-shortage-of-nvidias-ai-gpus-to-persist-for-15-years.
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https://www.tomshardware.com/news/tsmc-accelerates-expansion-of-advanced-packaging-facilities-report.
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https://www.trendforce.com/news/2024/10/21/news-cowos-capacity-doubles-for-two-years-still-insufficient-positive-outlook-for-suppliers/.
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https://www.moomoo.com/news/post/41772359/nvidia-s-new-chip-delayed-don-t-panic-the-impact.
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14.  TSMC, “TSMC " 20254 28 102 &=. https://www.tsmc.com/english/aboutTSMC/TSMC_Fabs.

15.  O[O[EIRIA »OFO|3E, Am|Ct Q4= 2t2"(2013H 7€ 312), 20251 22 102 A=, https://www.eetimes.com/micron-closes-elpida-acquisition/.

16. T Y| "SKoto|HA, ER2EZHOZHE {2 HBM =F"(2024E 128 209), 2025 28 102 &X. https://www.thelec.net/news/articleView.htmI?idxno=5084.

17, MM, rekiol HAS el MZE 2, 20254 22 102 AZE. https://semiconductor.samsung.com/foundry/manufacturing/manufacturing-sites/.

18.  E SIEY0], "TSMC, 510X515mm ZlAFZtS Al2| 2 0|1 AFR2 2 7|Z 300mm X|E9| Al2|2 7|4 CiH| AL JHs HA 3| S0H"(2024H 6% 20Y), 29253 22 102 X, https://www.tomshardware.
com/tech-industry/tsmc-explores-using-510x515-mm-rectangular-silicon-wafers-tripling-the-usable-area-of-current-300mm-diameter-tech.

19.  WCCFTech, "2lIH|C|OF, 2024 E7kX| Al GPU =810t 7§ £3 53, S CH2te} .o24"(2023'H 8¥ 24%), 2025\ 2& 10 &=,
https://wccftech.com/nvidia-aims-at-shipping-millions-of-ai-gpus-by-2024-working-to-diversify-supply-chain/.

20. & SIESI0], "E0A: AliH|C|of, HEFet HO|AS SE20i 327| H100 Al GPU 508t Ttof. Ho|AS-2|= Bt £|Cf 253 HE"(20234 112 282), 2025'F 28 102 F=. https://www.tomshardware.com/
tech-industry/nvidia-ai-and-hpc-gpu-sales-reportedly-approached-half-a-million-units-in-g3-thanks-to-meta-facebook.

21, dH|Clof, "E XX} Za|HIE0|M"(2023), 2025 2@ 10¥ &=, https://s201.qg4cdn.com/141608511/files/doc_presentations/2023/Oct/01/ndr_presentation_oct_2023_final.pdf.

22.  WCCFTech, "AMD QIARITE Al 7t&7| 2teld, 482710 MI325X 2 12[0|=, 2025 3nm ‘'CDNA4’, 2026'E MI400 ‘CDNA HIAE! ZA| 0 "(20244 62 2Y), 20254 22 10 &=,
https://wccftech.com/amd-instinct-ai-accelerator-lineup-mi325x-refresh-q4-3nm-mi350-cdna-4-2025-cdna-mi400-cdna-next-2026/.

23.  QHAETC|Of "AMDS| ZIEEl Al O[HIEC]| oA 20toF & 21"(2024'H 9% 9¢), 2025\ 28 10 EZE.
https://www.investopedia.com/what-you-need-to-know-ahead-of-amd-advancing-ai-event-8723294.

24.  CNBC, "Al T A|Z Zotot Aid|Cjof, a2{Lt 1 ot HsiX|= 2" (2024F 68 2¥), 20254 22 10 &=,
https://www.cnbc.com/2024/06/02/nvidia-dominates-the-ai-chip-market-but-theres-rising-competition-.html.
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25. B2 St=2)0], "AMDS} QIH|C|OF GPUZF TSMC CoWoS2| it 520fl M 7Hat 2 HIF S AX|SH= 017"(2023 6 13Y), 2025 22 10 &E.
https://www.tomshardware.com/news/amd-and-nvidia-gpus-consume-lions-share-of-tsmc-cowos-capacity.

26. 3DinCites, “IFTLE 607: 9IH|C|0} 224210] TSMC CoWoS-L 7|&1 2tdst 2X|”(2024EH 10 2¢), 2025 22 10 &=
https://www.3dincites.com/2024/10/iftle-607-why-nvidias-blackwell-is-having-issues-with-tsmc-cowos-I-technology/

27.  CIXEIYA, "CoWoS IH7|Ze| 22 Mt 58("(2024'd 88 29¢), 2025'H 22 10¥ &=, https://www.digitimes.com/reports/item.asp?id=20240829RS400.

28. E2StEd0], "AH|C[oL, 427| S Al GPU 452171 Ak of &-F HMZ M EXH 0= 1002 22| 24”2024 98 25¢), 20254 28 10 &=
https://www.tomshardware.com/pc-components/gpus/nvidia-expected-to-produce-450000-blackwell-ai-gpus-in-q4-potential-dollar10b-in-revenue-for-the-chipmaker.

29. CIX|ERYZ, "CIXIEFYA 2|MK], 12025 & M7l CoWos S AHIHZ|IE 82 £ HE CHH] 113% &5 Y "(2024'F 98 25¢), 20254 28 10 H=E.
https://www.digitimes.com/news/a20241025VL210/cowos-demand-packaging-2025-capacity.html.

30. WCCFTech, "AMD, 2024 QIAEISE MIB00X Al k47| ‘508t 7" &3} 01" (2024'F 108 10¥), 20254 22 10 H=.
https://wccftech.com/amd-ship-half-a-million-instinct-mi300x-ai-accelerators-2024/.

31.  E™MEZA "TSMCQ| SolC =8 &7, et 82 =il AlA"(2024'F 18 182), 20254 28 102 A=,
https://www.trendforce.com/news/2024/01/18/news-tsmcs-soic-demand-heats-up-reports-suggest-significant-capacity-expansion/.
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HEF? 20231} 202412 DEE AHARE 2T K|
GPU AL Of &F A4 A2k

Nvidia A100 2023 650,964

Nvidia H100 2023 600,000

Nvidia H100 2024 1,750,000

Nvidia H200 2024 1,314,000

Nvidia B100/B200 2024 450,000

AMD MI300X 2024 500,000
11 AL £2M U J|EL 2 24
MM10M = 2220 AIH|C|0F, AMDRt HHE0{ TSMC2| CoWoS &3 CHA & stLtzt= AFAE CHRICE 0[2{3t LHE2 2lH|C|ott AMDS| the|
MAEE XHK|E Mot O] 0|21, E2EZ0| 20| HlSst= TPUO| 3L 71X|= Fghof| 2ot 2=7tx0l 242 0|ZX|X| ULt I 0|RE
ST TAIE EMSHE 20| 2EAOZ O 0{f7| IHEO|Ct #2322 th7|FE2 AH|C|otof| Chst | EE=E £0|7| sl XkH| Al 7+47| 5 JHe st
QUX|BE 2 UHFMO 2 0|21 7t 7| = TofR0| OFL|C o7 22| TPUE 22| SEHRE MH| A2 AFREICE WEkA 2t21M0] A1, eFEsHH,
Hotoh HE ALS A7t MTHHOZ OfFCE ACEL 0|23t A2 SIHEICT StEfats, et ChEof| M= 77| Arkof| Hish ATHE O =2 S|
SHE 2= QUCH [R2tA AL £2M2 oH B A 4] CHA|A QIR ZH2 JHEO| HA| A A|ARIOIM Al 7t57 |2 EH MEEl= Y Ma|
FX[(CPU), 0| ClI0JE] HEE HEH HM|A H|Z2|(DDR DRAM), HE(NAND) AE2|X|2t 22 THE 714 240 HEEICEL O|H 452 %M
CHZ Al 0Lt HBMELE YEHEQl 24 4 IO Z 0|5 XIS M ZsH= Hlof et Al 22| F3k2 22(d L 2448t7|7t & of#Ct.

32. HI2HE, "dH:ol0bE, Al Y 22 Lol ChEt ol X| L2 M DIY Al & 3747(2024E 1€ 27Y), 2025'E 28 102 &=,
https://www.verdict.co.uk/explainer-amazon-to-unveil-diy-ai-chips-as-big-tech-hedges-against-ai-chip-supply-squeeze/.
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HAYS FESHA| HUCE)

HER3 MOjojH2|A|A3334 WCCFTechss, EA SIEQ0]36E E6f| M=l AH H|o[E{ME] GPU AtY
.. - - Nvidia
GPU Nvidia A100 Nvidia H100 Nvidia H200 B100/B200 AMD MI300X
GPU LC}o]| 27| 826 mm?2 814 mm?2 814 mm? ~814 mm?2* 115 mm?2
GPU C}O|A 1 1 1 2 8 (4 10D)
H= 2™ 7nm (TSMC) 4nm (TSMC) 4nm (TSMC) 4nm (TSMC) 5/6nm (TSMC)
M 22| QIE{H o] A HBM2 HBM3 HBM3e HBM3e HBM3
mze] 37| 80 GB 80 GB 141 GB 192 GB 192 GB
22| A 5 5 6 8 8
ot mz22| Clo|]A 8+1 8+1 8+1 8+1 8+1
*0| g REIO| Mattt 37| SA| AI™TK| SIHE|X| EQAX|2E Crol2] 37|= o|F ghat EUV H|EIZ $HA|2! 858mm2 ALO|Y o2 FHEICt
E3] QllH|C|otet AMDE 25 GPU, 7147 £121(XCD), 10 CHO|A(IOD)E TSMCO!| 2|Z38tD QICh. Al 7147|8 DAY 25| HHEx| AIZ0)H TSMC
O RX X|2IE NsIH, TSMCO| AEtst £H0oj= of| g 4 QICH3” SKSto|H A OH0|3 2, AFYTAL § YN 7 S0{LFHA HBM X|ZE9Q| X[H2
CISHKICE. QlIH|C|OF= 2024 1277 HBME SK3F0|"'£01| H™o=Z =LY stx|gt, Or0|3 20| AllH|C|ote| H2000| HBMS 233}, %8
Z2 ME0| 2liH|C|ote] B2000 = AR E! Zio|2t HHEMCH AMDE AATAIZEE HBME 2348 2402 A FX[2t e 7|cHof| £ 0|X|& &8
2H| 2 Qo AT X= HBM AIROIA S| MK QICk40

33.  AMojo{dz|AlA, “Al 2 Hsh-CoWoS X HBM 322(2023EH 7€ 5Y), 2025 2& 10¥. https://semianalysis.com/2023/07/05/ai-capacity-constraints-cowos-and/.

34. AMojojdz|A|A, "AMD MI300-5t0| T ZS0|7|-Al 85, 28 ¥I, 12 H|g, 10, HE/Y, AT EL|0{"(2023H 6& 12Y), 2025'd 22 10 &=
https://semianalysis.com/2023/06/12/amd-mi300-taming-the-hype-ai-performance/.

35.  WCCFTech, “2lIH|C|0F H100 GPU2L Al €2, #ixli A2t 29(2023), 2025 22 10 &=, https://wecftech.com/nvidia-h100-gpus-a-rundown-of-current-situation/.

36. S22 St=R)0], "H|C|ote] XHMICH Al GPU= =THECH 44 2L} S242 B200 GPU= 2|t 20H|EHE E2| AFE I 7IEH 2 JHM AFetS MIS$HCH"(2024), 2025'd 22 102 EZ. https://www.

tomshardware.com/pc-components/gpus/nvidias-next-gen-ai-gpu-revealed-blackwell-b200-gpu-delivers-up-to-20-petaflops-of-compute-and-massive-improvements-over-
hopper-h100.

37 Mioielz], "TSMC7t ng H2|22| 90% Y4tst= 22 0tLE"(2024), 2025 22 10Y X,
https://semiwiki.com/semiconductor-manufacturers/tsmc/342934-no-tsmc-does-not-make-90-of-advanced-silicon/.

38. E#”EXA "O0|=3Z 2AH|C|0F H2008 HBM3e CHZH MAH AJZH(2024'F 28 27Y), 20254 28 10 &=,
https://www.trendforce.com/news/2024/02/27/news-micron-begins-mass-production-of-hbm3e-for-nvidias-h200/.

39. WCCFTech, “&4, AMD MI300X GPUO| SZ& Ch#2 HBM3 T 22| 4=3"(2024'd 83 23%), 2025'd 28 10 &=,
https://wccftechcom/samsung receives-huge-order-of-hbm3-memory-to-power-amd-mi300x-gpus/.

40. WCCFTech, "M, 29 BZInt AIE 7|9 i T2 HBM AAt 53 stek 28”2024 102 15Y), 2025 28 10 &=, https://wccftech.com/samsung-lowers-hbm-production-capacity/.



4
Jhu
[e¢]

219 AS 0|83l ZA| WAt 2t QI0|H 25 FHY 2= QICH 814mm? 37|9| £ GPU LI0|E 214 CHA 7H2] HBM3 AEH(1702] 40
Ctol 2£gh)ol ZetEl AH|CI0ke] H100S AHAIS| AT EH 0|S 2EY 4= UTH 300mm H0|I SHLIZ 577H2| CtO|S RHHD| YISt THESHH (
2E H4 #X), GPU I{7|X| 60Tt 7Hol = 12t633%2| 2% f0|H7t AQEICH 4| 32 0| g2 =&dt= Alo|Ct

3A3 PU*DPU
W-
DPW*DY
e DY = tfo] 4

DPU = #7]x] FHG o]~

H100 Cto|7t 814mm? 2 &38| 27| WiZ0f| H0|HE S 4= U= Y=ot CHo| A= 57710 X 2 O] A2 of &HEICt. AlIH|CIO0F7HH100 Aitof
cm2g 012 Z2gh U=E HO|= TSMC2| 5nm &S HT S 0|ZoTh= AHM S 12{5tH 4 CI0| =22 46.4%, PY= 99% 2 7H8Y = UACHES
H4 Fx)* Y 7| X|ofl= SHtel GPU CHo|2t HRstE 2, DPUE 17HE HFEICt. 22! 20| Hoi| TSt =2+ Ch2at 22 Alof a2t S7tetct.

600,000*1

w- > .22915

57*46.4%

HzZ2|e| @7 AR0] 2M £2 0|F= H|C|oF H1000i EXHE HBM3 AEHO| 8712] CHO| AEHO] 440l Z30|7| wfZ0|Ct. Stte] 300mm 0|mofl=
£|CH 4767H2| Cro| A7t Heot HHH(RSE 24 FX), H100 & JHoll= 40742 THo|A7F H Q3L O|2{e 0|72, 602 742 H100 7 IH7|X|:= 9ol
S0l m2k DPUZL 4071, DWPZt 476, DYZH100% Y E% %4 52192971 DRAM 20| E 2R = oiCt

2L, HBMO| 482 Cto|o] 284 OML|2t HZE DRAME CoWoSE H7|E/5t7| H DRAM C0|S XSsts 2HHo| 1715 82 HEE 38
HHSCH, 2pA CH 2 20| 3448 2HoOF BiLk.

24 PU*DPU
_ PY
DPW*DY*MPY
7% MPY = 22] gj7]g +&

41, ORtEE|3, "7uLH= RO SLEO A O LE2 8: N52| ZZ-&0f T TSMC E0]E"(2020'H 82 25¢), 20251 28 10 HE.
https://www.anandtech.com/show/16028/better-yield-on-5nm-than-7nm-tsmc-update-on-defect-rates-for-n5.

42, SRHISEX|, "Add|C|ote] MY H X|H? I IX| g2 £"(2024'H 8 5Y), 20251 22 17 HE.
https://www.moomoo.com/news/post/41772359/nvidia-s-new-chip-delayed-don-t-panic-the-impact.
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22 H=(PU, DPU, PY, DPW, DY)= S5A| RX|EIC 2024 1=27|7HX| AIH|C[Ot0| HBME HHS2 2 Z53h= SK3t0|H A7t HBM3e
Ho| S8 22 80%0]| ZHAUCI T HFBZ 42 O|H|FE| DYO| MPYE S8t 2{0] 80%2t11 7pEetCh 44 O Chgat 242 Z1p7t LH2Ct

600,000*40
99%
W= ———_—— =63,662
476*100%%*80%
HBMS| 2t AEH2 7|2 ZZ! Co| 2[0f 0|22, MAt ZH|M 7576712 2Z| Y0|T7t £7t2 T RoHCHY0|HY 3 7|2 4=20]| H|xst 2o =2
71d). o] ZAlof| M HAEE ST 22 HBM AEH StLtof| $F 7H4] ZEHEl DPUSEO|CE. th2kA H100 I§7|X|OfCt 57H2 AHEE|H, O Al2 Chgat
Zt,
600,000*5
W = g = 7,958
476*80% ’
AZXoZ 602t {2l AH|C|OF H100 IHF | XS AAKSET | fI8iAl= GPUL ¢l0|m 22t 2,915% 1} 781 1,620% 2| 2| 0|H7t Hest oz
Z™EICE AIE] AIEO| A AH[C|OF H1002| X[HHE! QIX|E DEdet o, 0] 242 £Xt= 20234 BHeA| xﬂx Ato| = Atk O| Xl CHEEO| Al =2
Her2 HHESHI T & 2 QICH I 0|S 2=X10]| 2.92E Z3HH 2024 H1002| OjAM E3|2k2 AHS 4 Q=0 O] £X[7} S8H HHEA| M|E Atio] =
MARZE|| DXl Al =Q Feko| Al BE.2 ojn|siCt, CHE EA|S0| Ylo|Y £2 Fekg mtetsty| 2lsl, T2 71 st 34142 X ESLCY.
HEgg 9llH|C|o} GPU, AMD XCD, 10D ¥ ¢{2{ R3°| HBMOI| AF2E|= 300mm 0| StLte| &8 =HX|
gllojm 8% Cto| 72 DPW DY gllojmg 4=E 4

Nvidia GPUs 25.59x32.16mm 57 46.4% 26.4

AMD XCD 10.5%11.5mm 477 88.7% 42311

AMD IOD 13%x29mm 140 69.4% 97.2

HBM3/3e 1x11mm 476 80.0% 380.8

HBM2 7.75%11.87mm 634 80.0% 507.2

43. ZO0|Ef, "AH|C|ot 3ZYH| SKSHO[<|A 2025 HBM & A2l CF Ha{"(2024'd 3% 2%), 20254 2& 10 &=,
https://www.reuters.com/technology/nvidia-supplier-sk-hynix-says-hbm-chips-almost-sold-out-2025-2024-05-02/.

44, E”-EXRA "SKSH0|HA HBM3e XT LHE : 80% 717H2 =8 ©4"(2024'F 58 24Y), 2025'F 28 10 &=,
https://www.trendforce.com/news/2024/05/24/news-sk-hynix-revealed-progress-for-hbm3e-achieving-nearly-80-yield/.



4
Jhu

XS o DPW B DY gtS ZE5t= Ol =20 == R 7HK| AlL A0 /ASS

<HE H 4>E=rtolo] 74, fo|me 2F ol A UE &
Z 300mm 0|1, cm2& 0.19] Zg L4 A32t0|= 5l SliX|

o =2 ZISO'I
HOFECLs O A0 M= <FE H 4>01 LIZE Cto| 74

I'lI

EE IX| &Alof| chst 7|12
7t S8 HIEIOZ (Sine?| CI0| 8 HlAt BAIS AFRICH AMD= MI300X I0D2] 728 2oz SUSHES J|ZOZ XCD X|4E2
10.5mm x 11.5mm=Z =Hg £ QICHEE a7l &=X).
E a2 AMD MI300X2| XCD GilAF k|4 (£+2]:mm)
2=11.53
]
‘ .

S+ 8

(IJ)
H|Z3t HFAIO 2 QIIH|C|OF H100 GPU LCH0|Q] 37|E 25.59mm x 32.16mmE Z=HH & 4= QIC}48 0|23t FAL 2|AJeHn| BH| 7} S 24 Q)
Z|cH 37l( x 33mm)0oi| 7421 40 24 chArol dllH|C|ote| BE GPUS| EHAE 2 BE|Z stAof 7P’H:H$% B3 Ex). L3 22| ||

1o r

2= GPUY| %%lai +2 FHK|E MEIUC}. HBM22t HBM3e CH0|2] 37|= JEDECS°2t OFO| 22O 22 E| UL}, SKEI0|HATH HBM3eO]|Af
%

80%2 22 FAFUCt D YHEIYT| 20,52 22|= AME =& Al O] X2 HBM 22| 1= MEJUCL

loflN HdESH S JPEE 0|2, R2l= 2F 2t st Y0|H 28 FHIUCEL O Hit= <BE E5>0] LIt Qs 243t 2Tk

HEHS5 MElE| Do Qo] 422 o AHX|

GPU o L 2Z| 9flojm 22| fjo]m] 22| Hjo]A

Nvidia A100 2023 24,862 51,856 6,482
Nvidia H100 2023 22,915 63,662 7,958
Nvidia H100 2024 66,836 185,680 23,210
Nvidia H200 2024 50,184 167,303 20,913
Nvidia B100/200 2024 37,810 84,034 10,504
AMD MI300X 2024 30,342 84,882 10,610

45. iSine, "Cto| =& At kA" 2025 28 10 &=, https://isine.com/resources/die-yield-calculator/.

46. OHtEH|3, "7LHe 2Ot SLECOA O L2 ~8: N52| Zetg0] et TSMC YH|0|E"(2020H 82 252), 20254 2& 102 &=,
https://www.anandtech.com/show/16028/better-yield-on-5nm-than-7nm-tsmc-update-on-defect-rates-for-n5.

47.  AMD, "AMD QIAEISE MI300X 7t&47|: §7| & 4 of7[ElX 35 £|XM3}"(2024), 2025\ 28 10 &ZE. https://visi24.mapyourshow.com/mys_shared/visi24/handouts/JFS2-4_Smith.pdf.

48.  BStESI0f, “80GB HBM3 EfMfiehls AH|C|OF H100 SIH GPU, AFEIC 2 &2 3|8 22 45"(2022H 48 69), 20254 22 10 &=,
https://hothardware.com/news/h100-hopper-gpu-gets-pictured.

49. ISDI, "CMOS AE|& 7|&: =X Btx|et £247(2024'H 102 30¥), 2025'd 28 10 &=.
https://www.isdicmos.com/news-events/2024/10/30/the-art-of-cmos-stitching-challenges-and-solutions.

50. OHtE=E|3, "JEDEC, ¢14J0] & CHEF MAts AJZIEofl w2t HBM2 AFY 2HE"(2016'F 18 20), 20254 28 10 &=
https://www.anandtech.com/show/9969/jedec-publishes-hbm2-specification.

51. 010|332, "Al BAlS 2ol MAITH o|22| A74"(2023), 2025 28 10 &=.
https://www.micron.com/content/dam/micron/global/public/documents/products/product-flyer/hbm3e-product-brief.pdf.

52. E#EZA "SKoto|=lA, HBM3e ZIT UH : 80% 7172 8 244"(2024'd 42 249), 2025 22 10 &=,
https://www.trendforce.com/news/2024/05/24/news-sk-hynix-revealed-progress-for-hbm3e-achieving-nearly-80-yield/.
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TREG 2% 71a NIZE| & F A
7|& £E (nm) é’-i;ial_! -a;:gosz::v (:,T:E:z)
28 0.943
20 1146
14 1134
10 1.465
8 (EUV) 1.639
7 (EUV) 2.098
6 2.767
° 2.871
3 3.273
53. ZIZAOHHIZE M. §, "XI&7tsdE ZEet DTCO: 23 7|&8 I3 M -d5-HA-H|8-22 F4(PPACE) 241", 2020 IEEE ZH| TXFEX| 2|2|(IEDM), 0= HE2EA|A T 2020 128 12~18Y.

https://doi.org/10.1109/IEDM13553.2020.9372004.
54. 7tEAOHHIZE M. §, "XI&7Hs 8 ZEs DTCO: 23 7|8 S I8 M-45-0%-H|8-2tZ HM4=(PPACE) 4", 2020 IEEE =X| TXEX| 22|(IEDM), 0|= MIZIAAT, 202014 128 12~18Y.

So=

https://doi.org/‘l0.1109/IEDM‘I3553.2020‘9372004.
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2 <FE 76>2| 22 0T MM0f L2 TSMC2| 7|& ST 21 MEY 4= ACH300mm #0|He| EHA0| 706.95 cm22t= H
QIHIC|OH= L& HF0l|l TSMCL| REH 5Lt SHE 0|&2tChse TSMC7} 3lig SHE 5Lt MEZol Z&sh/| WiZof, 2= 0 2245
Lie T3 Tt 7t MEEICtn 7RIt 22 HBMZt DRAM S8 2 10Ut SER 2 HghEl 10| LEH0|7| tiZof se olie SF=2 St &2 =
ZAE[X| @=L SKSH0|H A= HBM3eO 1-Bnm SES AFRUCES” 2L} Ol= OfT 3| 10Lteg S7YOICES® NANDE H|gh 2 ey ZH(of

Zoret ).

b5 k=3
= O
o
7047_
L=={e)
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==}
SEACE CHYot E |8 MZE 32 ME CIEX[CH H70] [MEH, AL 7|& = EE [t R%2| S H=E me] =& of|LX| =201 A
T20| XpX[SH= HIE2 SYUSLESe Mt CHet 30| Eof| CHolf 2/of LIZE St T3 YAEE M8 o~ UCE HBM 7|dt CHO|A EESH LITHK|
HBM Asto} S3t H2] Fote S Heurt

P01 444t THEo| 27 T2 AH[RHS OI3HE, OfF MMOA HBet Hnt 20| Al Q0] L2 0| tesol ¥istS HHEfO R WheK| HZUIA Al
2 oI5t 7 Ab[Ee| B71S olg 4 it

SH5 AEW, = AW,E,

= AW, = 5 ZI€ &% poll digk floj= kg Wl H3t
» = 71& & po] A 37§ 5ES fle flol= Yiko] A YorE [———
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kWh ]
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>
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55.  TSMC, "HPE 2I¢t ZIZEl 7|1£"(2024), 20254 2& 10 &=, https://www.tsmc.com/english/dedicatedFoundry/technology/platform_HPC_tech_advancedTech.

56. E=&ItYA "DRAMO| 10LHc0i|A HZE 0[R2020'H 42 13Y, 20251 28 10 A= https://blocksandfiles.com/2020/04/13/dram-is-stuck-in-a-10nm-process-trap/.

57.  WCCFTech, “SK5t0|<22| ktA|ci DDR5 RDIMM %! HBM3E DRAM £2M2 F53817| £[3t Tonm Z2M|A"(2023H 42 30%), 20251 28 10 A=,
https://wccftech.com/sk-hynixs-1Tbnm-process-to-power-next-gen-ddr5-rdimm-hbm3e-dram-solutions/.

58. I2tE K. JCHA., “HE ZejAlo] AF|QR EAMIE" 2018 IEEE 2| HXt ZH| £|2|(IDEM), 0= MIEZA|AT, 2018 12€ 1~52. https://doi.org/10.1109/IEDM.2018.8614694.

59. LPIEE7I2 P, CtA S, "EX 3|2 H|E SHe| ZHY U 78 ofufX| 24" (<X|&7Hst AFE: RS ol A|AR 35> 2022 68 11¥), 100771. https://doi.org/10.1016/j.suscom.2022.100771.
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22|= 2X| DRAM, NAND ¢|0|H A Atat 124

SiC

—

HEXHE DI2H2f = AH] AlLI2| 012t 8lE). 0|2t

13

Ltet QUL
HEH7 Al 2 gljo|m X Z=0 LSt oflAt M2 AH|
GPU HE 2% lojm (GWh) H| 22| go]H (GWh) H| 22| Hjo]A (GWh)

Nvidia A100 2023 36.9 53.7 6.7
Nvidia H100 2023 46.5 65.9 8.2
&t 2023 83.4 119.6 15.0
Nvidia H100 2024 135.7 192.3 24.0
Nvidia H200 2024 101.9 173.3 21.7
Nvidia B100/B200 2024 76.7 87.0 10.9
AMD MI300X 2024 61.6 87.9 11.0
&t 2024 375.8 540.5 67.6
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Al ZHEATHEIEH| R 20| T AH|ZFE ALY 2, R2|= 0| 20| S50t= 1 S5 742 2o M= SHoIM otM Azl dgs
ZHESHD 2T B HYE RS Sold 4 QICE 0] BAS fldh R2l= Al 2H BHEA| MIZRO| @IX| 7|8E 3L AIZF 7|4t B =2k H=0i| 20| QUCE 2%
7|2t BHEZF2 MZ7t ORIX|= Y| Bt MAEE & 4= QA ol =10, A1 7|8 i EZ2 SFot 70 T (Yol X| 07 A|f Zeh)of Br
HiEES et [makA HE AH|ZE olde molls S8 YAl OfLIZE XI2|% #IXIE 112ooF Stoh. I T MIA| Bl ®i= ST 5L it
A0 ofC|of] =Xl & 2 AR Wit AM 712 o= 2 20| Aleh 2t 241X = FESHR| ALt SEX|TH llH|C|oke] AT002 H100 Z&
27| GPUZF TSMCE| HEH M= SF(71& =& 7Ltk O[St <85 H3> EX)0f| 2| Z5t AUrtE A2 H LM UL

HZE 3E2 22 2 HE AL cie £FE 37| F2ICE TSMC= i 52 Ato|iA mH30f #{Xeh 182 5th: MAHE O 2 X[HRULCE
0[320i| AMHIT|OF H100 GPU MIZ=0f| A8 Rl REH ALt HZ= S70| AL I ot S5 AHO[A TE=0f ?|Xeh H15:= 2AH|C|0F ATOO GPU
Ol 2#EE|= 7L S il AlHo|Tte M AFUTO| SKEH0|HA = 2024H 1:=27(7HK] AIH|C|OF0| HBME 'E.*%ﬂ“ RU SSHHII|
Z0fl,°2 224 DRAM “d4 Al ol Tt X FY == QUCH SKSH0|H AL =2 HBM MAAIEE 21H0|| 2|X|et T M102H M160|0H,52 M102
x| 20 2R Y TS HBM ME2 2 T2RICtes 0i0| 32 5t AlH|C|oF H2000| HBM3eE s8¢ Z0[2t1 ZHYCE 00|23 E2| £ HBM
MAAEE2 L& S|ZA|0H0]| 2IX|8H QUCEes AH|C|0F B2000I = S22t HBM3eZt AF2E 0| -0|CLe AMD= - TXtet HB s MI300XS| HBM

= JHEUCLS Slie HBM2| Mz A|E2 ot=of HWET} o1 dof| ACLE8 <F5 H#8>2 A B 2 MIF 2telof chet 0| ol & +=2E H= HA|Ql

UK AA S HO{ZELC.

REEHS BA| HZ=Aret ®IZAIE 91X
GPU Nvidia A100 Nvidia H100 Nvidia H200 N"i"g;:(gool AMD MI300X
GPU/XCD/10D HIZ=A TSMC TSMC TSMC TSMC TSMC
HIZ=AIE %] cHet cHet cHet cHet CHet
HI=2| HZ=A ST ES SK 50| A ofo|32 opo|3E oY
HIZE] HZAIE 21X gt= st= e e st=

60. TSMC, "5Lt= 7|1&"(2024), 2025 22 102 &=, https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm.

61. TSMC, "N7+ 7|£"(2024), 2025 2& 10 &=. https://www.tsmc.com/english/campaign/N7plus.

62. EO|H, "QliH|C|ol ZZYM SK&to|H A, 2025 HBM & 79| 2tt"(2024'E 58 29), 20254 28 10 &=,
https://www.reuters.com/technology/nvidia-supplier-sk-hynix-says-hbm-chips-almost-sold-out-2025-2024-05-02/

63. ESQI3ELR, "RAM SK5I0[HA M16, M10 Hof| A & 82t &9| 90| Z DRAM AAH52(HBM, DRAM) &t =H|"(20241H 82 142), 20254 28 10 &=, https://www.tweaktown.com/news/99896/
sk-hynix-preparing-to-expand-dram-capacity-hbm-by-80k-wafers-per-month-at-m16-m10-fabs/index.html.

64. CIX|EFY2A, “SKBI0|HA, M10 Mat2tol AR M3tsto] HBM HIE M4t (2024 78 52), 2025'F 28 10 H=E.
https://www.digitimes.com/news/a20240705PD203/sk-hynix-production-hbm-plant-2024.html.

65. EUCSZA AN SKSIO|HA OFO|3E, LA MA S HYZ S 2702 YB{Z HBM A2 571720244 78 10Y), 2025 28 10 &=
https://www.trendforce.com/news/2024/07/10/news-samsung-sk-hynix-and-micron-ramp-up-hbm-production-reportedly-doubling-output-next-year/.

66. CiUAEZEE "OL0|3E, HBM THE[Of SX|H| SAXIT HF SX|= 4UACH (2024 128 19€), 20254 28 10 H=E.
https.//www.nextplatform4com/2024/12/19/m|cron—|s—fash|onabIy—Iate—to—the—hbm—party—but—not-too-late/.

67. WCCFTech, "&4, AMD MI300X GPUE 7 &5}7| 9|3t HBM3 H|22| ch2k =F"(2023'd 83 23Y), 2025'd 2& 10 &=.
https://wccftech.com/samsung-receives-huge-order-of-hbm3-memory-to-power-amd-mi300x-gpus/. August 23, 2023, accessed February 10, 2025

68. EMEXRA "AMd SKoHO|HA, OI0|2E, LHE MAZ S HIE 53 A0 2 LT HBM MAtZF £717(2024'E 78 10¥), 20259 28 10 &Z.
https://www.trendforce.com/news/2024/07/10/news-samsung-sk-hynix-and-micron-ramp-up-hbm-production-reportedly-doubling-output-next-year/.
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= 21X 718t HZHE 2IoiM ofzhiel <25 H10>0] H7|E 2 X[ MH S5@ 4S HERUCH

E10 B30, charo, Qo wH B 7Y

b s L chel HIZS
Et 184,927,212 2023 MWh 31.4%
s 1,486,504 2023 MWh 0.3%
AHTtA 157,749,022 2023 MWh 26.8%
Hio|R HZ 12,576,607 2023 MWh 2.1%
Xt 180,494,096 2023 MWh 30.7%
= 3,716,437 2023 MWh 0.6%
& 29,288,018 2023 MWh 5.0%
= 3,382,450 2023 MWh 0.6%
=g 437,567 2023 MWh 0.1%
7|E 13,988,591 2023 MWh 2.4%
Y s I chel HIES
Et 119,157,090 2023 MWh 42.2%
s 3,775,616 2023 MWh 1.3%
AHTtA 111,629,599 2023 MWh 39.5%
Hio|R HE 238,612 2023 MWh 0.1%
HIIE 3,499,451 2023 MWh 1.2%
X 17,801,952 2023 MWh 6.3%
= 7,014,148 2023 MWh 2.5%
pa [} 23,164 2023 MWh 0.0%
EqQE 12,908,690 2023 MWh 4.6%
38 6,238,287 2023 MWh 2.2%

AHEAAG "o K| I H2 A (2024), 2025 22 102 &=, https://epsis.kpx.or.kr/epsisnew/selectEkgeGepGesGrid.do.

AH i
"H2] £7"(2024), 20254 28 10 &=. https://www.esist.org.tw/database/search/electric-generation.

>

At welut of L X] £71"(2024), 20254 28 10 &=, https://www.enecho.meti.go.jp/statistics/total_energy/results.html.




Jhu

17

Bl

Japan

gy # i [ chel HIZ
AEL 280,400,000 2023 MWh 28.5%
Me 71,600,000 2023 MWh 7.3%
MAHTIA 324,100,000 2023 MWh 32.9%
Hio|2 H= 40,100,000 2023 MWh 4.1%
2 84,100,000 2023 MWh 8.5%
=4 74,800,000 2023 MWh 7.6%
X 3,400,000 2023 MWh 0.3%
Ef Q2 96,500,000 2023 MWh 9.8%
. 10,500,000 2023 MWh 11%

T2 AH|Qt 2T R|X] 7|8 EA HIEES THetshy| 2ol R2l= M elast 2 MM T7|S Wi o L= Bt Tof(gC02/kWh)E
IpofRIC. Ol= Of2He| <& H 11>0f LIeF QUCH O] Hef 2Hesl], 2 B ME ZHae YAlQ| 7H 2|4 Xtz7t 2023H9| AR EE 0] 7h2 2023
2

H3t 20244 BF0| MO

BEEEN st=172 [ffalrs QliE7ao| M MAL Al EbA Fot:
X4 Ac EtAZ|E (9CO./kWh)
CHot 2023 494
3t 2023 431
1) 2023 451

72, A, "X AR A-MA oKX SH AE(2024). T MAto| Eba FokE"(2024), 2025'A 28 10 &=, https://ourworldindata.org/grapher/carbon-intensity-electricity.
73.  CHORAR|E "2 Bt HiE 24(2024), 2025 28 102 &=, https://www.moeaea.gov.tw/ecw/populace/content/SubMenu.aspx?menu_id=114.

[Zeps|
74. 2 ZHAAY, et of|{X] E4|"(2024), 2025 28 102 &= https://www.enecho.meti.go.jp/statistics/total_energy/results.html.
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2|z 2Z=e M S TFAS 0|86l ol M AH|ZHo|| 2 9IX| 7|gt EtA HIEZES Y - URUCE T HES o2l <EE H12>0] Liet
Ut
HEH12 Al 2t H|ZQfe| X|HE £t HiEZ K| (O|AFSHERA SHAE THR: ki)
x| A M2 AH|Z (GWh) °'ﬂ§*(5é§|§;*lﬁ)““§%‘
chHgt 2023 83.4 41.2
st= 2023 134.6 58.0
= 2023 218.0 99.2
cHgt 2024 375.8 185.7
o= 2024 315.2 135.9
U 2024 292.8 132.1
&at 2024 983.9 453.6

RE|= Al 23 HHEA| ®Zo| AR 7|8t kA HiEZF0l| 2HA0] Q0| 2 MIEYA|C| 2t EIME TAKH M 3 Z/ 74 U HiE A5 TheRiCt
J2iLt ERAAIE MIZHAME0| 25 SUst R3O HEE HSsIXl= AUCEL TSMCLF AMTR= A 7|8t 8l 9(X| 7|8t AT T 2 HiERS
SIHZUX|DE SKSHO|SAE Q|| 7| AT 2 H{ERF O2|10 A[F 7Bt ATT 181 AT T 2 =2k 5|2 E09iCt 00|22 AR 7|8t AR T
2 Y= 2R 2 ORHCE 0|23t AR Qlsl ATt AJZF 7|t 20| S7+sFUCE ot 21X 7|8t Ztel MCHE H|we == ARACE HIO[E{ 7t ATt

SIC{EEE, Al 21 HZ S0l et BT MEXHo = HTHE  gl= 3271 HRATE 32| 21t 20231t 2024 Al 2t HZI0| FA| HH=A|
HMz=gel T3 AH|Z0l|M KX|SHE HISO| A2 ATh= ZS AIARICE Ol= 2} 7| o] 37t YEIL 0] 20kl LIS MHZ HO{FX| ¢4
AS 7+540| Act= A2 SOttt 2 ATolM= AlF 7|8E HiE2F 242 <UL
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2. ALE|2 24

OftH A0 M, R2= 20232 2024 HH=A| H|Z= 20F0f| AIZF OIX EHHX Sekzdi ofL|2f, 2030 AKX 2| Tl 2 S 7HEICE J2iLt
SHESO| 27t Tlatet 7b5-40| 27| W20, #xHe| Al SI=R =R E FTsh= AT 2 2030A7A| AI7H BH=A| M Z=0f O|& Feks mtorgt
£ UACE T2t e Al 2t H0|He| St 22| HYofl et R 71| ALIZ|RE AT{20f. W2IX|et 242 FF 74e 7

o -20o
SHHo = Yotet vt QLo 7 O gof LIE2 o2 <25 H13>0i| Lt ALt

1

= S
|Hol o] AlLIE|RE

22313 ZIx|2| 2030 Al 23 2% DRAM, NAND 90| 48 XX K|
2030 WSPY (tgh =k DRAM NAND
HaH 1.2 7.1 1.7
7| 2.4 13.6 4
T 3.6 21.0 7.9

M AT XIS M491.301|1 A Y CHZ 20T Mito] 277 M ot of Zeldl WZIX|Of M| 7HX| AlLt2| 0 WhE T 27 S ¢S + AL
£3|, R2|= AO0IH itat 2 T T = AZE0| XLt LY RXIEILID 7FIBCE ol7it, R2|= oMl 5Lt 32 T HAEE 2030
H HE 22 fllo|m Aol T Tt 2 bttt HE STl T A= AZI0| 25 JiME 750l EXIT Al 7HS7(7F 2 2ot TIEE ®E
SEE MEE 5 QUCE AH|C|otet AMDE 0[0] 5Lt SEEL T MFEI E2 TSMCO| 3Lt SHES 0|8 #|=I0|CHE S #6 HZE).7° ot
TSMCE= 0[0] MZ2 2Lt 72| Al dtol] &-34C0t77 w2t T S PO |AISHH, O|2{gt D2HS| FMZ{l JHY AtojojM ZHE &
7= UL

2= Al 2t BHeA| MZEo| T S5 F4u Bia FOEof tHai M= Hiet M2 PAIS XHETITE Ol oMl Al SI=S)|0f M Z2| iy SHo=
Faotn A= MEYHe XHo| 2ol AL O Hets A 2 AUS olojetet,

22 HF14 ZF AL2|2'E 2030 Al 2 & H| =0l 2 of & FE] AH|Z
20304 (EH$I: TWh) 23| DRAM NAND =3t
CERS 2.44 7.35 1.76 11.55
7|2 4.87 14.09 4.4 23.10
BB 7.31 21.75 8.18 37.24

75.  WZIXFHmU], “EHE Al BHEA| AHO] XEMIC] S-7{E277(2024F 38 299), 20251 28 10 HE.
https://www.mckinsey.com/industries/semiconductors/our-insights/generative-ai-the-next-s-curve-for-the-semiconductor-industry.

76.  WCCFTech, "TSMC 3Lt 373, QlH|C[0F 241 81 AMD QIARE MI355X 12|11 QI T2 40| S Al HHZZ2RE 3 (2024 102 14Y), 20259 28 10 &A=x
https://wccftech.com/tsmc-3nm-witness-massive-adoption-ai-tech-giants-nvidia-rubin-amd-mi355x-intel-falcon-shores/.

77.  EMYUE "AETTSMC, X|Feh 2Lt 273" (2024'A 128 169), 2025 2@ 10 &=, https://www.chosun.com/english/industry-en/2024/12/16/SMAOH7NISJAZXBL7LFX3BX2YVU/.
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2024 FFEXof| 2t 25 3 S HEH-0{MA HIZ2|(DRAM) MZEL| T2 S Tdut B4 HATE LTS RAIGHH, <FE # 15> 20|

= [== )
Ol T2 AH|ZT BB EIA HIBTS 7T 4 L,

HE[15 20304 A|LIE2|2'E Al & H|Z=of| 2 o4 CO, =
20304 (£l MtCO,) 2% DRAM NAND Total
HaH 1.20 3.24 0.78 5.22
7= 2.41 6.21 1.83 10.44
ETES 3.61 9.58 3.61 16.80

ool X[H{X 7| (SK3IO0|H A, Ot0|2E, a-ETA})0

gtoE MFCt7s DG o2 XIOtCt 7|3 i

25 #15= HE(NAND, = SeiAl HI22]) M2 Eta Fof 2 B FECL HBM H|Z&
Qo

NAND AlZte| TS Forsin ULk R Dol EHATOHES DRAM X2t S
= F

=
=
s

A
I

7HR| 20 QU3 2f T atof SrE H3E 4= UCE [MEtA ol2{eh MY Q| Fete = 2030 MY Ei4 Fof: O°II5% HEHOZM
JHEE HX|7F QI OBl SAXQI XtrE M2 CHE SEAESE ®MAISHE, 24249| 7|1F 7|2te Ch=27| W20, of H7HE 2lof Zest HO|EHS=2
O|&3tX| Rot7{Lt L2ty ZHZ QI O|H HIt M= ALER =7t |IACE £ ALIZ|R 24 Zaf, Al 213 BHeR| b= 2 .°_|3._+ HEH 9| HIHH

AME
B/t EF Xl HEtAs LS fEotet Q= A2 LIEFLLLE

- o

78. EUCS=IZA “NAND S2A| AR X|E #H5ILE?7(2024 3 14Y), 20255 28 102 A=, https://www.trendforce.com/news/2024/03/14/news-nand-flash-market-landscape-to-change/.
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