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> CPUSHEEZIE “H#EE" : FEEE/RERNAENENR, CPUBITIRERIEIREF, CPUESH=IA56GHz, TDRAMAEMEEEVRTHE
FERER IR E LA DRAME CPUZ [B]RY#% OTH 3L, FhEMEERFAE B TCPU, DRAMNETH A AHIA T B e & RIVEZ I
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Transformer%*ﬁﬁ!?ﬂﬁﬂ REKNEHERERH1E, AIEFLEHNAFEXKNMUNRUASFER2EINRREEK;

> AFERENMERAFESEXNNEX, LEEAFENERTTR; AESENERNRERARE R TEENITTERE
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. . . g ]
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3 = E BERT
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E: DRAMF RSt HE B: DRANFRELSHE  puM E]: DDR3 T4kt
________ - —— cache line

: | ' column Gold Wire
| [ ] ] Y

Memory  channel | DH_D_D_D

Controller | vy | ] , ] ] ]
VEIE E) O] 3 | boet
: L -l / Polyimide Tape
' Ol O O |O " DRAM

Memory | channel D_D_D_D

Controller I D D D D ___ rank
| Ol O O O
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Die Pad .- = 000000
Die #2 /Pad e 0000000
Die #1 4 Hh (] 47 Ji /
/// 0000000600
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e AR EHUE.
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B HBMEE PRI E 40T

HBM  HBM2 HBM2/HBM2E HBM3 HBM3 =£ HBMS3 gen2 %3¢ HBM3E i§ ht

El: HBMEIE. ST IMEREELR
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e
o0 HBME H B & i i
7
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6.4 P — _ _ =
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200 2 ot T
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b
L
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.
L

it HBM2
WiEH, /03| 8CH*128 1/0 (1024 1/0)
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#EH BF 8] 20184
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B R & AEE/Gbit 16

HEEH
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> HTBIS 20225t XESE S HEIAMN3A090 EiTiEiriRE, RFEEF FBREERSHRBREREAFNXN PEFEMHN, [FRT,
SEFSEA AP ERIBITEINFARSEEMEIINEE, AEFANEEXMAERBSEHITE SR 2023FEMMIER T
3meH&m%%m%&ﬁﬁﬁ AR TEHMNEEAOENIFMIEEREEESRENMNIEBTEE, HiEmTE#itERSL

7~ E j:io
E: BISE K EHIaN E: FZEHEHTRREESHS (TPP=E1*(I%, PD=TPP/THEHR
FiEs — . b o
GPU = Fhi#® 3 TeralLOPs Bitlength TPP E HEEZE  Rule Rule
3A090.a 3A090.b @ o ore
GB  Tbps Bitlength TPP/EFR 3A090.a 3A090.b

o BAMEMEE 4800 o« BAMBMEE H100 SXM 80 3.4 1979 8 15832 814 1945 &R TiE
H20 SXM 96 4 296 8 2368 814 2.91 TER TER
j?,l/,(J:, j?, 332_'0 -4800, E-'l‘%\ L40S 48 0.9 733 8 5864 608 9.64 & TER

3 AT L40 48 0.9 362 8 2896 608 476 TER &R
* ’Ukiﬁ'l‘i 7'71600 r_jj1 6 (@ L20 48 0.9 239 8 1912 608 3.14 ~ER TER
sl b, BMHREE= 2&’;‘2&) E5922LL 24 03 242 8 1936 295 656  ER  TER
(R @ /"\ZLT%Z) ) L2 24 0.3 193 8 1544 295 5.23 TER TER
};7"75-92:21’/{—t = ? A100 SXM 40 1.6 312 16 4992 826 6.04 &F TER

4 fTRPATRS

* "—"miﬂli 7'71999 V100 SXM 16 0.9 125 16 2000 815 2.45 ~ER TER
_JZIJJ: E.I RTX 4090 24 1 661 8 5288 609 8.68 & FB TiEH
RTX 4080 16 0.7 320 8 2560 379 6.75 % F TER

};jg3.2 (@'/:'\ZI:%U AMD MI210 64 1.6 181 16 2896 770 3.76 ;‘%m ‘%;I;

. . N e =3
/_’\zlgiﬂ) Miosox 128 32 383 16 6128 1540 3.98 &F TER
AMD 192 56 2400 8 19200 2381 8.06 & TER
KT MI300X

intel gaudi2 96 25 700 8 5600 826 6.78 =M ~1EH

TPP (Total processing performance)

PD _( Performance Density ) . .
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AT 1% ZIHBME & 58 “4iBh”

: FAHIL/AMD FR4TAI R 55 2% (€ FIHBMAF L

Ta BiHIX AMD
A100 H100(SXM5) MI250X MI300(CPU+GPU)

i)z 2020.05 2022.03 2021.11 2023.01
AIBBRTHE 6912 cudatZi(s 16896 cuda cores 14080 stream AL FE2E NA
FRET R 7nm 4nm 6nm 5nm
HBMiE % 1.5TB/s 3TBI/s 3.2TB/s NA
HBMZE 40G 80G 128G 128G
HBMEL & HBM2e*6 HBM3*5 HBM2e*8 HBM3*8
O Pcle 4.0 SXM5 Pcle 4.0 Pcle 5.0
HEER CoWoS CoWoS EFB CoWoS
: PE{HIXHBM{E FHRA4A

A100 40GB A100 80GB A100 40GB A100 80GB H100 H100 H100 H100S

Pcle Pcle SXM SXM Pcle SXM NVL SXM
== (GB) 40 80 40 80 80 80 192 120/144
HBMAR 7~ 2 2E 2 2E 2E 3 3 3
HBM5i 21 5 5 5 5 5 5 12 5/6
HBM/Z/$i 4/8+1 8+1 4/8+1 8+1 8+1 8+1 8+1 12+1
os (GB/s) 1555 1935 1555 2039 2039 3350 7800 3854/4301
B : &35 /AMD/AWS HBM{sE A R 4H

google google google google AMD AMD AMD AWS

TPUv4i TPUv4 TPUvVS5I TPUv5 MI250x mi300A MI300X Trainium/Inferentia 2
wE (GB) 8 32 16 64 128 128 192 32
HBMAR 7 2 2 2E 3 2E 3 3 2E
HBME5 24 2 4 2 4/6 8 8 8 2
HBM/Z/Ei 4+1 8+1 4+1 8+1 8+1 8+1 12+1 4+1
os (GBI/s) 585 1200 819 2662/3993 3277 5325 5734 819
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6%
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SIRAIRRSS AR H SR B KR
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10.00% I I
2023E 2024F 2025F 2026F 2027F

El: FHAAIBRSREERIRER

El: &APREBDRAM/SSD/HBMEF B E

BR 5588 AlBR %525 FRAIPR S L
fR&EDRAMABE  500~600GB 1.2~1.7TB 2.2~2.7TB
IR%EESSDA = 417TB 417TB 8TB
HBM{EH - 320~640GB 512~1024GB

E: HBVARERIESE TCPUEFHREERFA, SEHRSE

GPU

GPUR %
T RE

F{FIANVSwitch
RBINFE

CPU

RGN

DGX A100#3iE3R DGX H100#3E&
841N {EiLxA100 80GB 843 {Ei1LH100 Tensor
Tensor core GPU Core GPU

640GB 640GB

5 petaFLOPS Al 32 petaFLOPS FP8
10 petaOPS INT8

6 4X

w®AK6.5FF e 10.2kW
WEEAMD Rome 7742, it

1284 4z

2.25GHz (EESRZR) | W EEx86

3.4GHz (HRAMERINE)

2TB 2TB

A100 80GB H100 80GB
SXM SXM
Tensor Float 32 (TF32) TF?_102PS terang?_%PS
GPUR 80GB HBM2 80GB HBM3
GPURGFHE 1935GB/s 3.35TB/s
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v TEHSE, HBise SEREHLABEBSN alpha, EkH RLELAS e 20 298
1 HAth 22% 11% 15%

beta;

v wBhtE5= F ;

v ;‘ﬁzozfiifoiﬁirz;?%w%‘/12%‘ 2024%4FHBMTH 2 e £ 2o =
AR202357 NERAANSR /2R, SKiEH+ 50% 46~49% 47~49%
%*ﬂ*ﬁﬁl+j‘]1201z:¥mo _ﬂz 40% 46~49% 47~49%
Update on DRAM Suppliers’ Roadmaps for HBM Solutions ST 100% 100% 100%

R = s L B o B: HBMTIAAE (fZ3£7T)
s | 38| tviess e T 20234 00244
| HBMEk=Fit ({2GB) 3.2 10
fRixHBME{fy (£T/GB) 15 12
=== T HBMATZAENE (2T 48 120
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3 0 D2W cost vz . :i |' o waw costwz . ' : StaCKlﬂg H\,'hrid BOI‘IdiI’IE Cost Cumparisnn
e 14 1 @ paw costw [ W || @ waw costwn i Tt Process 2x
1.3 1 @ SIC process costwa | | 13 tmsic process costwz | . DWW e Y
1.2 || @ SIC process costwi E 1.2 imsmpro:esscustwﬂ CU nall
1.1 | O Die yield loss cost 1.1 4 O Die yield loss cost PFOCESS 2}(
E 104 @ Die costw3a n 14 E 2 | O Die cost W3
0 Dio costW2 | - | O Die cost W2
0.8 ¢ —— [} ® pog | i 3
3 o @ Dio costw | g e !E-l'D‘”“Sl‘“" Cost of lost
- 07 Good Si-die =
& o6 | | Wa2w| ®
It | =
i“ M s i £
0.4 2
03 Costof 2D |
o Good Si die 8
. o 3x
A 8 B8R B E R 8 88 8 8 3E B

Chip Area Chip Area

Assuming: Yield 1cm? die = 80%, Die yield Y = Ypua.A , Fault coverage KGD test = 90%, i
W2W and D2W have a 95% processing yield, Production volume 10? wafer stacks. ' 25 50 90,25 150

3D-SIC Cost p.u.a. = Stacked Wafer cost/(number of good 3D stacks x die area) LAY
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v BEETCRERE (U8B A, #EIEy—BﬁﬁJ?.ZIS%HE)

~ Die-to-Wafer

Good |Good Packages Total Cost Per

Cost Per Bond| Package Per Bonded Process Good
Wafer Cost Package
5 25 $16,000 2,694 | 0.052 99% 2,659 $ S| 8% 84% 2,260 $452950 $ 20.04
7 50 $16,000 1,319 | 0.052 97% 1,286 $ 5| 85% 83% 1,093 $38,430.0 $ 35.16
9.5 90.25 $16,000 713 | 0.052 | 95% | 681 | $ 5 85% 81% 578 $35,405.0 $ 61.25
12.25 150 $16,000 417 | 0.052 | 93% 386 $ 5 85% 79% 328 $33,930.0 $103.45
15 225 $16,000 270  0.052 89% 240 $ 5| 85% 76% — 204 $33,200.0 $162.75
18 324 $16,000 181 0.052 85% 163 | $ 5 | 85% 72% 130 $32,765.0 $252.04
21.5 |462.25| $16,000 122 | 0.052 | 79% 96 % S | 8b% 67% 82 $32,480.0 $396.10
25 625 $16.000 86  0.052 73% 63 $ 5 | 85% 62% 54 $32.315.0 $598.43

Cost Per

Height / Good Total

Width Packages Per | Process Good
(mm) Step Bonded Wafer Cost Package
5 25 $16,000 2694 0052 99% $ 50 95% 93% R 2,494 $32,0500 $ 12.85
% | 50 $16,000 1,319 | 0.052 | 97% | $ 50 95% 90% J__ J 1,190 | $32,050.0 | $ 26.93
9.5 90.25 | $16,000 713 | 0.052 |95% | % 50 95% 87% Wil / 617 | $32,050.0 | $ 51.94
12.25 150 $16,000 417 | 0.052 |93% | $ 50 95% 81% A 339 $32,050.0 $ 94.54
15 225 $16,000 270 0.052 89% $ 50 95% 75% ; 203 | $32,050.0 | $157.88
18 324 $16,000 181 0.052 85% $ 50 95% 68% 123 $32,050.0 $260.57
215 [(462.25| $16,000 122 | 0052 |79% | $ 50 95% 59% 72 | $32,050.0 | $445.14
25 625 $16,000 86 0052 73% § 50 95% 50% 44 $32,050.0 $728.41

HIEF)E: semianalysis,
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prartratis hagdarys = =
R,y | CMOS

r

Backside Memory Logic
llluminated
Image

3D NAND HBM DDR6+ Next Gen. SoC Partitioning Scaling

Sensor Flash Stacks Memory
Photo Diode NAND Block 12+ layer Peri under Peri on SolC SRAM + Backside
Device + DRAM + + Periphery stacking DRAM MRAM, Logic PDN (5nm
Stack Logic FeRAM, node)
PCM
W2w W2w W2W andior | W2W Waw W2W an/or W2w Wwaw
Bonding D2W D2W
Process hybrid hybrid hybrid fusion fusion & hybrid hybrid fusion
hybrid
Pitch 2pm = 1pm 24m =2 1um S5um = 3um 2um = <tpm | 2um = <1ym | 9um = 2um 2pm By scanner )7/
Maturity HVM HVM R&D R&D R&D Ramp Up Ramp Up Ramp Up ‘
Example
| . r i - -l
Sony (System+) YMTC (System+) Xpenr (ECTC2020) IMEC (PTW21) IMEC (PTW21)

Bonding
interface

v HBMEUR &8 & TR E AW2WE & D2W;
v/ 3D NANDfEFAW2wW, BLEURfFRKZEFERIXstacking, CMOSE+TF
ERAVWESRHE/AR

Wordline
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Si

=

Top wafer:
Small protruding Cu pad array

‘ Planarized

exxs ¥ oxide
::?:fr:-nmt: E:H?m;ienu | . SICN
v RARARHESAEERBEFARNNEEE, TieRIMWER - _____ - m:j::ed
W2W, EIBEOL S R AR B EMEL R A R A ROD; 8ok

FRIHER. FAETE. BARNFIEL GFEREMEMEHE) ;
v BAYREBNEMALESR: —SHESio2. EAESICN. FEK
RESION, Hrh, SiCNHTFHFAIRY BRI sE T A A EE %R,

AMATHILam. KLAEPECVDEZ IR ; ERRFIFRLEPECVDES ¥ FREESRENER: 1) RERANFLEMNERE; 2) RE
segll s BISEL; 3) IBANAIBRRISKM; 4) FAFBEHMERMOELE. 5l

v RARARIEAEE A RPECWD, FHECD GHEEZERE) | AEEFHRLCESBREKENREEAR, SERENEET
CMP. EBTFHHIE. 4. RS ik

Bottom wafer:
larger, recessed Cu pad array
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2000
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1800 Application High case
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1600 :
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Hybrid bonding

1200 Hybrid adopted for SRR Dione 300 FENATRER=HEHSHFETN, X~ N
L i T d BEN RE A, TSI REMSENRARATIERMES

800 production - Low case

ol | o e TENAT EERSEEMEAIENE, EERT5LL
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200 \/
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H#E) MEETIZR&E (HERMWA) mAE, REHER

ZhiAMIEL) 588%,
. Heh, MESTREE. AREE. WMEEESA _ﬁﬁﬁ"”"ﬁ E?ﬁzcm mﬂféﬁzﬁﬂﬁ
B &, MGG & AR 522%. e
v IRIEAFIRHE2023FEFFIR, 202262 ETD N SPITanng
A9 578, A PEKRESHHIER&HE N
15 TR S0 5 B S B L J 26N B ﬁ%‘é"
20224 [E KB RR FHIAMELN B60ZET, & -
Ciml
v HETREETEIEND (LESHERH) FPVD (M8 - JPECVD 312

SHTFA) ; CVDEIEPECVD, kPEFCVD, EFIKIFECVD
(ALD) . 1&&11‘:cvn°

® MOCVD ® Epi ® SOD = CVD ® Sputtering ® ECD ® MBE  f#i: &350

PECVDE£28.4%, ECD&EE4.37%
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[zsizomkemiz | raodkam | [ midoskini | A 204 — . o O
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IMD 5 r
DE Gl 122 ] £ Wi )22 PECVD TEOS, FSG, Lok |, Lok II; UV Cure
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= Vial
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M & & R P — o 0 Ar R ECE IR 9 BE: ALD TN, TaN, TiAl, TiSiN, HfO,, LaOy, FFW
54k
H i (W T - b o [1tHE AR {Z: ALD Si0,, SiN, TIO,, AlO,
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&7 Hi1 14 : HDPCVD, SACVD, Flowable CVD SiO,

]: DRAMZZfi&iS F IR A Blw [El: 3D NAND7Efi IL.\H":FE'JF'FHIT

fli{k. ) PECVD Si0,, TEOS, SiN; HDPCVD Si0, —] Fli{k I:: PECVD SiN; HDPCVD SiO,

e [iFfiEfii: PECVD ACHM, SiO,, SiN; ALD SiO,, SiN

frHlU#4 ¥ 2L PECVD TEOS, Lok I, Lok Ii; UV Cure K o RV A SACVD SiO,
{1 [ PR 52 : PECVD SiN, ADC I, ACHM, DARC, a-Si, SiB e JriiFt ¥l PECVD TEOS, FSG, LoK I, Lok II; UV Cure
| e {1 ifPH 442 PECVD SiN, ADC I
= L o 55l 4t Y5 wafer to Wafer Hybrid Bonding

e B iR 2 PECVD SION, SiOC, ACHM, TEOS, a-5Si, SiN
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o [ AEWE R {%: ALD Si0,

o {134 Ak OUT A {2 ALD SiO,, TiN; PECVD ACHM, SiON
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