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EEA) % HBM RIS Al S sROKE), LR i RRs msigc, £
ik 540 {1, 2022-2024 4E4ERE T1FLL EifiiizfT, HBM1 2 HBM3E fyhiiAF
P LR IR A A . ARTFEE R S e AR, =R Wik, ZEIRE
T2 B AR B T

DI ARG, R A ERE . 5 EM 43k HBM LA A RiIX
A B i EEC R ERZ, 2709 7, ST, b, AacEH 1436
. B LR 1008 1, FARBEE SR ESUE; hERRMEH 1611 1+,
i H23%, Hih, BRCEHR 522 1, #HiER 913 RS EEZEREVN, HARK
JRIE S s whEL A 750 24, N 11%, HohAgsib Rl 238 ¢4, &g A
437 1, =HEAARCH LR Rt b s U

XI5 7 xH HH [ KBt HE
LR (fF) 2709 1611 750
LHRIEE (%) 39% 23% 11%
ARER () 1436 522 238
LR (fF) 1008 913 437

MR GES MR, S REM N B, SBREW “whESH,. HNE
A" kR, R LL 1449 LRI RS, SEMaLL 776 RS .
Rl 698 HEMHG, =R ATH IR EEZ O L), FARRE 21
2010 4T, MEBWE; FAREERFIATER G 2K, BhemkEekl
Skl FEPAFIAPIR, KITAEGELL 114 PRI G FIRLRSE L. K170 L
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81 M fEeh T —. BRI (2017 4EETHAT)R ) , (HEOR R EER R,
REBAHBARITEREE L 98% , WM E NEARZRMAZ.O i . EZRIA AR AR+
TEhESRE R, =R FARZEE Jefinl ARSI OEANESE,
PN AT R O A R

BUAIA ZERETF RSB AP KRIIFE R&EfF
LA
144 77 114 1
) 9 6 698 8
4 H— 5 = FIL At
A B
KUNDU, PAREKH
Bl KHIN | KB L LOPAMUDRAPE | o / /
RELYGIN,
KYRYLO

MA P EARIAART , D&V B OEART I, HEEH] 2758 1F,
i 36%, 7€ X HBM 5540 R 3 {5 AL A2 far i, & HBM 3 FEAN[H]
DR HIFERN; M LA 1395 MR EZEM S LA 1363 1, /51t 18%,
AR SRR, | R AT R IE S 3D MR Al SEtA e
M 1226 1, At 16%, EEffPedE 85 N f il ) RS AL A
957 F, itk 12%, b XA, (B AR i A7 A% 0 S
JIAT et i i SEBB O SRETT [0

MIERIAZ Lo FIRTR o ] T )55 5 1 A R4 L S R R [l il o 2 5
MR LHRE , SANEFEIERR . R T SOURH BRECERR, 35
RNF] . IRHESER A A E] L RIS A R A AR BRI A R A R o Horhoes
IRBENGEN, 3 R RIE L AR A O /R . BRIz, WAFEHE AL B AR Ty
[0 L AARXTAR S, A PUPFRESC LA HOR SR T )5 3D &L, B3
VAR RTSEMEDT T AT 85 e o MRt TR IG5 | e IR, 3 BB AR D SR EIRCRIN
AR IOERHE | WA AR S RHCA R A A EPRRE LA 7 LSRR
Horp ORI AE T - S AR SR PR A Rl R R0 | L AR 2 . sk
Py TS v T T3 S S N R A DY A B ) S i 11 D 5 N TR S
&), RGeS . HIEL KT Z, S =R,
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=8 BENSPEEBHR A

BOR LRI R, WREAR KRN TS i, REAR
BEAFIBIET R GUE i e tedR, Rmsa i) ER . @i 0 5 SRR B
FEHHT, ATV BT e A6 Ry, BRI SC S ml A RS | & A SRRk |
LTI 57 0] 55

ST R — T E NN ZARN L RAEE R HEA TR O 5ol EH ARk K
B RRE A = EEARCHIN, B el A miol . R s LA
HAE XA IR I MR R R E i s, UG HAE HBM R
U B R SRS MBA R SR BSAR o L8 LA HR R AT 3 5 A R I DL 1B
SRR FERANN—Z TR+ =R T 5 R L b R =5
PR N——RK A . RKILAEAE L) A R A T 00 #

31 @REBERFIA
3.1.1 ZEBHFES+ (SK hynix)

1. AR E
ZEIFE S+ (SK hynix ) E2ERUEH L SRS AR - (IDM) |

HET &N 1983 o I BAHL 7 Tolk R4t SR TSR] 2001 4,
AT MNIRERYR I L L5k, FHET SKERHRHEA, &
AT VRO Tl B0 55 RS e, F2 2™
an G S BEYLAE B4 (DRAM) | 3E5) 2k NAND [AFE, [RISFE i o
17 (HBM) 4l R 4% Se——H HBM2E IHCIE R et ry MR-MUF T2 427
P AR SR E N, JEakigifE HBM3, HBM3E (2024 4E5281 8 )2 M 12 )2

i), 2025 4 3 At RSO % ST 12 2 HBMA4 #E i,
27 i EERD AT AL SR 2TB Kol , s A —18 HBM3E 271 60%L1 1=, it
$IF 2025 4EFAPAESE RS BhAh, ZEIFE S+ 2021 4Lk 90 4235 Tl
JeFF/K NAND K[ £E (SSD ) k55, mir+-2w) Solidigm (EERA: T3

“Ff

~

29



HBM AHSCEAR L M I T i

M ZEAZE ), — P 5E AR 5 RMEAE = A . TR 1E, 2021 4F20
Al B L) 370123670, (AR UICE SRR ; 78 HBM 38H, H HBM3
w7 DIORFFEE SR eH S, FEfE 5YEIA . RIS, B Al Kt
RETHALAUICL R % P (9 G SRAEAR BLN B, FLORmAR T K, 20 dT HBM ™
ST, 2 DU AR R A T S i 4

2. L0 mig g

20 19 19
18
16
14
12

10

(F) EIEEsE-E2

o N £ o (-]

2] (]
- —

=]
~ ~

2011
2012
2013
2014
2015
2016
2017
2020
2021
2022
2023
2024
2025

A 3-1 ZBIFEh LM HFEEL

Hi Il 3-1 AT WL BT & R a4 mT 43 DU A BB -

1.EARWHESD (2011-2017)

B G RAER RIS R 5 1F, BRem IEERE 10 £, RIURED S
B NHAEARE RAERE, 2011-2012 4E HBM i 4b T30 56 % Wk b B

(EHHBM it 2013 4EAHEH ), PRk, LR HIZE“ 3D HiZ " TSV

L DS 3 T SR R A Ry 2013-2017 4F HBM itk A/NEIBL R =, 1
T REE PR it i R A /NG, PRI LRI LR ZBAR A 32, TZ2 Bl
KA E)

2. WY K (2018-2025)

2018 4FZJEITHE S+ HBM ML M BT 2 i {H 19 MH5 25 %
EE AR IR N ZE 19 10 AT/ AR S BERE , 2018 4EXHN HBM2E
w7 (2017 45 SK g Sy H4EH HBM2E ) |, Al iR&#75RP188 (2018 4F Al
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AR HBM RIS K 30% ) , LRISEE RO . WISIRTSEE 7R, &
FHig BRI 2019-2021 4 mlH, B(Kh 2019 42 HBM2E HoARIAL
kg, 2021 4F4bT HBM3 BF & R it = A 0, Bl $edqittne i, LA
AWrBEVENAE ; 2024 AEFE s, A HBM3E RALBALSS . B i ChatGPT 4
I Al B A (2024 4F HBM 5 SK 1 +-351k 35% ) , & F% M4 HBM3E
AITIAEEE ] . 28 BRI SE S AR . 2025 4F, PROB LRI AT e 1
FAOCH F i 5 1 B T AN BRI PR 2 b

3. LM R AR T

_PIEGE, s,
: 3.8%

o [5 KK, 28,
21.2%

~_— ufi[®, 50,37.9%

%:[H, 49,37.1%

A 3-2 ZRITEN LM X506
Kl 3-2 8R4 HBM HHSCE A X AR O . MBI m O, i ]
NS AR G A R A% D X, LA J&y o EE X4t 37%, ek 50
F, G 49 1. hEKREMEEZE, ARG 21.2%, LT 28
PFo HEGEMXEA, LR RS 3.8%, U 5 f.

hE 5 .
PN
m
ESE|
o I
0 10 20 30 40 50 60

LR R (D

& 3-3 ZRBITEH LR KRR
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Kl 3-3 2 UTE )1 HBM AHSCL AR XBOE RS A i Ol . AR
FRE, EEIARCEHEIRRZ, A 30 F, Bk EA + 5L Ff6 R ;
HYCOHFHEA -, 23 £, PERE G E AR R ECY, 535008 13 A4H
41k, W EFRDER, SEAA RS, 20 #F, HikoyEE, 17 4, THE
KEFTHEGERH P ERBAL 10 . BAKE, ARERIEL 53%, #ih
L) i L 36% , B A AU R | LR HBM ARG AR i 16 BREE B
4. RN

Shh A —— 12
% e 8
a6

70 I

Hy I 5

Fr i I 5

ZEAH I 5

Hokie . 4

K I 4

FhiEf: I 4

gk I 1

0 2 4 6 8 10 12 14
FRIR SR ()

& 3-4 ZRFENLEERAAHS
HIPE 3-4 Al WL, WA (12 7F) Fikbiss (8 1F ) WL AlisA R Z,
NEELUIN, F2 & HBM pEHE . rTsErE (VD) | D&, Hi%.
5.8 AR

eSS, 14,
10%

ATEdE, 23,17% H ik, 50, 36%
B35, 24,17%
C Ensdbi, 27,

20%

K 3-5 ZRBITHEN L4 EARD AR
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%] 3-5 S AR I3 A 1 RE Xk 2 RETH 1t 0 L A SC L FIE T o 2R R A 2 &
Mo Aot e NI EARRE , 1% K% 1 &SRS L A G AR R,
HAEEMKELH G 36%, 41 50 fF; O&HBBHCELRH S ERZ—, A
27 1F, TSR G LA AN Y, 35 17%. RE#EAMHC LR,
Atttz —, U 14 1.
6. LRBT & Bl e 44

EEFEHTHeM SRR

&l 3-6 ZBITELBARP L
#l 3-6 & IR+ HBM BARWEE shm ks

I )1 HBM EOR LA R ITHiGT 2011 45, 2011-2013 4EHAH
KHARRATE HBM 2 DR, i St 0 pyecdt, wibm iy IR 4+
A A (US8938589B2 ) sl makidifs (CN102576338B) ; mludsd
BA A WIO2 F1 HBM FRAE Y NS AT S i A /it BE ER T, SRV E 2 A =X
T AT LAE A R B AESE RS, DT A R A AR

2014 4, ZRUFEJ-LIFHREIT Al fEdE (BEH) ML AR, e
2015-2019 4F & i fi J5y , T HE KA ¥ K& # A B ( CN105097729A |
CN107464804B. CN108206178A, KR102653837B1, CN118156150A
US20200328189A1 . KR102807602B1 . CN114582816B
KR1020240083894A ) . #ifrFHHTILAL ( CN105405459B ) | W] HEME
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( KR1020170060205A . US9685422B2 . KR1020170060205A .
US9685422B2 . CN110379722A. KR1020250139143A) , JEFEHIEE
ERARML R, 2016-2019 4FEHERAM K LF G THEP R RN, A&
W R L IR AN S e e . BRI (US9257434B2) ; HdifLisli b
B OREE R 24 US9336857B2 ) 42 = Bdli sc 4483 KR102624199B1 ).,
P B A B B2 ( CN110718242B ) /b4l s (ml st ] CN111009518B );
P (KR1020250125826A ) o b, g )+ 1 HEH AL BARY f—tk
M AL M ( US9773569B2 . CN110246526B . KR102728552B1
KR102757906B1) , FE &N T #&EilliXises.,

2018-2019 4EJg T &I S+ HBM ML R4 A Jay nl Stk A 5% 47
AREYIFEIEL, FH7E 2018 447 7y Al IEEFAHC LA (US20190057302A1 )
ZLRRATE T — P A 2 A PGS AR, PP s L B e O S
AEE , FeVPIRIN BT 28 R 2 A BN N AR L DA 30 3 g P b DX iRl
R A2 W 285 b B2 (NINP) DX s e ol P 7775 Tl i 1

2020 )5, KA BARMARE TS, 2021 F1 2024 540 = 14
IREHAMHXLH], FECFFRIIFE (US11830879B2 ) Filskkf il X #5 14
FfisR (CN119893990A) . WEDKE, W LIRGHEMLLHAZ,

BUCRE, ZEIFE S0 HBM B0tk LI EE . 0 &PM L R AT SE e
3.1.2 =EHF (Samsung Electronics)

1. AR E

— 2 HF (Samsung Electronics DITFR “=&" ) EEBRIFAH ARSI
W EZESNZ—, EEETEEARR R SR8, 76 DRAM. NAND A7 K&
HBM (i SENATF ) = KA OB AT I ASSe by, HAA 55 SR T4k
KR, AE2EkA RnIpE & bl 55t -2, M 7 AEORDT A& | 8 R il i
BN N 5E 8 = \b st . /E 4 DRAM GUgii £ = 54, — RSk 30 45
JE 43k DRAM Tii 37151, 2025 4F Q3 LA 34.8%[ T |5 & [1] DRAM 4Bk —,
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H. DDR5 WAHEME B A RIIFEILHET 2B T PC LIRSS 4% M2 Al 545 ; NAND
INFRa, — RS E 3DV-NAND £ A2k 0, HETCH#E# %= 400 JZLU
EHEZA VIONAND, [R5 IR B LAVl B, RATIR S HEG 4
ARG E e AR TSt #E—PIUE NAND tidgse4 )i, 78 HBM #§
B, =RERFBEREEEE, [BEEBOR RIMGEE S0 5%, H HBM 7~
fhE B e A& % . N HBM2e ( 3.6Gbps % . 16GB %) . HBM3

(6.4Gbps #% | 24GB %) #l5E/=1) HBM3E (12 Z#fi&, 9.2Gbps i#%
36GB 7, RS TF 12% ), 158 2025 K58 BT & I Mgk #E i HBM4,
JEH R 2048 i TEdE 1S 16 EHESit, PP ik 2.8TB/s. M %
11Gbps, #H&fE 64GB, EMILIFIHEZMN 5 BRI EOR, HEREHHT
fREETE 60%L) 1o i3RI, =2 HBM 1li fi3% 8 2025 4F Q3 4 17.2%,
{BRE HBM3E il id 2 hiAIAGE . HBM4 AR IBIERT By, HAE-F R X HBM4
PRRERREEY T, T 2026 T A AR 30%; M HETH HBM 7 CIREE X 2
Jeffik Rubin 2285 GPU, AMDInstinct RAIERLE T, SEME 4 9OKZHEE
5Jeik DRAM ISR T 244, 8O Al RS 4 -5 S ERe T ek i SC A7 fit it
R, FRELA AR S RERAEARA T R i 58 . S . AR TIRE Dy IR R R
2. %0 B iE
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Kl 3-7 =& HBM ML FIM RIS FEA 5 LT AP B

1. EORTBEEZH (2004-2013 4 )

O BUR T =R R B, BMEFEREAR, RIMRAR 20 4, 4
PR 5 M. NisaE AR E, HBM HiARYE 2010 450014 3E AL S IAIE

B Be( 2BRE R HBM 72 i 2013 454fE ), BB — B AU " 3D & 4514 “ TSV

WAL T 2SR HREAR ;. HBM woREDAL, 2kl kILFAZE, Hiks
FALFERIRR N E, RIERHEAA )R

2. B 4by 5K (2014-2025 4 )

2014-2024 FAHR LA EHIE K, LA E N 2014 4 3 (7201 2 2024
4 356 4, {1 2022 F/MEFEE 159 ¢4, FHHiFe 124 1F, BIEZH “F
BRI o TR Bh M kA, 2014-2017 45 HBM1/HBM2 B E ™, I
T rsE R (W NVIDIAPascal 444 ) , = BLFIRMAE B | W
I SRR, LR 3 (F4ZE 44 {F; 2018-2020 4 HBM2E/HBM3
e, Al RS as7 KPP, 48k HBM Mg s 20 {23670, =R EHlERE
i 100 {4 (2018 4F 101 f4) , 2020 4Fik 120 fF; 2021-2024 4 ChatGPT
wEl Al TR, HBM Bk AL R .01, =& HBM3E &/ (2023

), EBRIEM 172 012 356 14 (2024 4F ) —— BB =2 HBM 1l 5 R

FRETE 35%-40%, LA LD T “IRThFesER” “12 BMES T 27 %&b
HAR, P54 F1. 2025 48, B ERIATFRIIE M, HHOCE R HG B
T REIFAS RS PR SR
3. LM AR AR T
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tiH, 19,1.3% . HVE, 14, 1.0%
FA,3020% /B, 13, 0.9%
R, 65, =5

4.5%
BRM L FlJe, 78, 4
5.1%

e

_—— 1L, 6,0.4%

¥[H, 540, 37.3%

IR kB, 242, |
16.7% b

i [4, 446, 30.8%
3-8 =EEHKIBSM
Kl 3-8 =& HBM FEARMIKEFIXI RGN HIEA I, 36 E Sk EA
+ o = R E AR R IX, o 35 [ X L R R %, 540 1F, it 37.3%;
FHEA T 446 7, dilt 30.8%; HEIKEiH LRI R EARNECD, 242 18, &
e 16.7%. A, —BIBTER . hEEESE /A HIX AR T 15% AL F

i
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LRI EEE ()
A 3-9 ZELFXBIEARA
P 3-9 DL F 205 Jry XS IE HEIRAS . WAL HIRE, KRR RZ,
241 F, whEFIHERERA B, AR R0 118 4/ 59 1. M
HEFEE, HEA L LRERE, 313 1, HUCOhEE 281 #F, PhEKE
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174 1, (s =, BIUKE, HHhEH G Em, Mk 61%, ARCEH &t
35%, Zit ek 95%, nl W= 2YE HBM HoR G & AL T m i BRIR A
4. ZH N

A I &Y
i . 35
MALLADI, KRISHNA T. [ 31

a7 I 28
Mk I 28
skt I 14
e I 13
#rsood I 13
ik I 13

sy I 13
Zzk I 13

0 10 20 30 40 50 60 70 80

R (1)
K 3-10 =EFBERUAHE (THIFAREYT 13 4)

MK 3-10 PRI, TR BREA AR R E, ik 69 14,
FEW e HBM B4 H &PRER SR . Al . MALLADI, KRISHNA T. |
KT . IR IO R B NAHC L RIFF A AT 25 R B, hFEZRBIA,
5.8 ARG 5HT

R, 176,
11%

&by, 484,
31%
H4, 209, 13%

.I\.‘.
\".
1%, 320,21%

[ 4ift, 373, 24%
K 3-11 = B4R

&l 3-11 S AR B AR A B0k = B AR G R AT 23 K AR B0 & R A

0o WA RAKT , e &IVEARM R LA G el =, 484 14, %o
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% AISEMEAEL R 24%, A 373 1F; TAEHXELH 5 21%, A 320
1, BRI SE AR SR AR AR D, Hoh PR AH G LA 209 14, Sk 13%,
REHAMIEER 176 14, 5 11%.

6. BB & B4

ZEBE TR [ ——

K 3-12 =EHARBESIM

=E HBM HARMEFERIFGET 2004 4F, BHRA—0L R & HBM 7%
PERRTARBHBTHE R 28, BORBORYS BT Fgbk, BARYE K FEINE5 . 2005
AL A CN100541447C ¥ K EFEHAR , HATF T —Fh T a4
BB RGE . R, 0 VA H 3 et e % £ 28

2008 4, =RAHKXLH I EEMAIFENN T o BIEAHCEOR F 2R m i
Vi FIFEARIFE (US7940575B2) | #2miEHE (CN101355067B ) ; It
41 2008 4EMAHCH AR Fe 2005 B4 (US7868438B2, US8331121B2 ),
FE A ET R RALES KA

2010 425, =& HBM HoARMfARIF G 2R, Hh3 2019 422
A HAHOCEOR IR 32, B KBy 1k e 75 #5 (JP6053268B2 ) |
PR H T R B 58 (US9449653B2 ) | i TSV H.j% (US9245827B2 )
Bl IE H3%E (US9606916B2 ) FEKINFE. A =B 1Y B ZEAHICL R K R
HLER 155 S RS e . B IR ERE (KR102410992B1 ) | AR R M4
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(CN107591174B) ; fHAHERAE 2018 FFHFh, — B RS A o
AP R B BIAR EE . ROCRAE: IREEIEITREACR (CN108459974B) |
TREEE 5 (US10580719B2 ) | fid i iHARCR I K 2i#E6( CN109560078B ).
AR AR (CN118656318B) .

MI HBM EPARSC LRI Rk R, AR T 2008 45, 2016 F2
AR, BARE KRB ARRE N FE, WE B R
(CN110010174B) . #mEfF5 5% (CN106504782A) | FIHI TSV Fifi
YR E A R B B (US9984032B2 ) 5 il ik I A A 25 R R B e R Y
A HE K 45 ( CN107591387B ) . &f % 19 #4445 ¥ ( CN107507825B
KR102875868B1, CN113314482B. KR102854366B1 ) . L) K &%y
Ji¥El (KR102875868B1, US20240321842A1 ) %,

M HBM 2 O &P BT Rk B, IR T 2016 4F 4t , FE5 AL
e E S (CN106126447B) | HdifLhmmitr (CN111881071B
CN114443516A) . NFiR &% (JP6796430B2, US10147481B2) |
W %5 #% 2 [ (9 %k ¥ =2 #: ( CN113742257A . CN113742256A
US20250036590A1 ) | FEAIRAER I 58 (US20250147659A1 ) 5547 K

2017 714G, =RIFIRTE ALS R T m A R G LA, Al 22 &G
(US20170371544A1) . R HBM2 444#) Al S5} (CN109388595B ) |
Al fifig ety (CN111291859B) . Al f#fi#fiifk (CN113053429A) .

Ubsh, =AM HBM HRIE ¥ K CPU P74 FIFEA (US9836277B2) |
GPU 2ty (KR102689910B1) ., #4KkE, —A HBM HEORTEDU KA/ HR
—Hi% . B R DL O &M A R, Hrh B R SCR RN Z
3.1.3 3%#4E (Micron Technology)

1. AR E

R (Micron Technology ) &4 BRET S U AEAs bk 5 26484k Ry , 1978
AT T 36 E B AN AR T, SRRSO RIS A R, 7E
DRAM. NAND N7 K HBM (ali SE A7 ) AR m A s —Rh N, A7 fil
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b 5553 55 N TH 2 L 731 AL B OB 23 R T K o TERCODAFREOR U, S6F}
B A 51 9T 1% . DRAM J5 i HR A8 H B2 36T 1y il B2 09 28 75 AU i
LPDDR5X W47 LA 9.6Gbps i# % % # Al 575471, DDR5RDIMM 5
MRDIMM #8 o Eds b it m A 54 g ; NAND [NAFSUs R S e B R 4K
KA 232 )2 3DNAND, K CMOS F451F (CuA) 224 575 Fmiikit, o
AL AL E— 3R T 45%, 5T s 100%H 75%, [Ff 176
JZ NAND FEAEEHRIMRBA) 2 0 T#3)h  % F i S &l ot SSD. HBM 3§
EAEN O E A, CAEER MR 2024 FR0GE™ 12 ZHES
36GBHBM3E, 5| 9.2Gbps ., w7 TEik 1.2TB/s, A& 8 2 EikT+
50% HIIFEREME 20%, CHBEE RS HGXB300/B200 -5 2025 4F[4)
Bl Pk ke HBM4, (LR %Em; 11Gbps, Hi %l 2.8TB/s, KA 12 2
E5 MR-MUF £ T2, RRETE 75%LI L, 1H] 2026 4 Q2 &= 1%,
Ja%i HBMAE Rt dil et . midpaRBl I, 396 HBM i i\ 2023 4F1Y
10% Pk 7t 2 2025 4F Q3 1 22%, faHEEREE —; fE A& U 3DFabric
WREAZ AR, H HBM 7 il g ik . AMD 553k #R8% F JiE, 2025 4
HBM 4F{b &GS 80 123576, 714 2026 AR ATT LI THE B A 35%,
FEAEHARENEGE Y0, FrePLRBTE S frhf & Al INFEUsIsE 3

2. %0 B iE
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Kl 3-13 FO6RHE HBM AL R HIEEH . mIERT L, HL R HigiE
FELZ LT =

1. A& (2005-2016 4 )

2005-2016 4¢, SOLFHE HBM MR LA HEREMR, RitLH higa 7
f, FRIAR 6 1, 112009 FAIEAF] 20 F)E v, X —FrEcifenbid “4%
ARIEEER" , T/E=2 HBM Tidg i R, HBML 78 2014 44 St & ™,
LA T /0% GPU (40 AMDFiji ) , HisgaasRA IR SR A iR
ZEEPTEIES DRAM . NAND (NS5 EASEE , X HBM IIBFA 5% ALL TR F 1
it brBe, PRI R 22518 .

2. B KR (2017-2021 4F)

2017-2021 4¢, LA HIEEMN 28 fFZ4ETFE 93 . X —FrBii L HIig K
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1. A method of testing a plurality of stacked memory device dice
coupled to a logic circuit die and being configured for access according
to a plurality of vaults, the method comprising: receiving, at the logic
circuit die, a write command signal from a first unidirectional
interface, a first address signal from a second unidirectional interface,
and write data from a bidirectional interface; combining the write
command, the first address signal, and the write data into a write
packet; broadcasting the write packet to the plurality of the vaults;

A
2R

writing the write data to a location corresponding to the first address
signal in each of the plurality of the vaults; receiving at the logic circuit
die a read command signhal and a second address signal from the
respective separate interfaces; combining at least the read command
and the second address signal into a read packet; broadcasting the
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read packet to the plurality of the vaults; receiving read data
corresponding to the second address signal from each of the plurality
of the vaults; reformatting the read data in a manner expected by a
tester; and outputting the reformatted data to the bidirectional
interface including an indication of whether any of the vaults provided
read data differing from read data provided by any of the other
plurality of vaults.
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3D stacked compute and memory with copper-to-copper hybrid bond
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1. A processor system comprising: a substrate having a top surface;
and a stack of dies on the top surface of the substrate, wherein the
stack of dies includes: a first die comprising processing cores and a
first memory, wherein the first memory comprises a first memory
type; a second die vertically stacked with the first die, wherein the
second die comprises a second memory of a second memory type,
wherein the first die and the second die are directly connected via
copper-to-copper hybrid bond which are not solder bumps, wherein
S—AUF] | the first die has a first surface, and wherein the second die has a
ESIN second surface, wherein the first surface is to face the second surface

such that the first surface is to completely overlap the second surface
or the second surface is to completely overlap the first surface; a first
silicon structure adjacent to the second die but not vertically stacked
with the second die, wherein the first silicon structure comprises first
active and/or passive devices; and a second silicon structure adjacent
to the second die but not vertically stacked with the second die,
wherein the first silicon structure and the second silicon structure are
on either side of the second die, and wherein the second silicon
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| structure comprises second active and/or passive devices.
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e 1. A method for manufacturing a plurality of semiconductor structures,
3 the method comprising: forming a first hybrid bonding layer over a

first wafer having a plurality of first memory structures, wherein the

78




HBM AHSCEAR L M I T i

plurality of first memory structures are in contact with the first hybrid
bonding layer; forming a second hybrid bonding layer over a second
wafer having a plurality of control circuit structures, wherein the
plurality of control circuit structures are in contact with the second
hybrid bonding layer; bonding the first wafer and the second wafer
through a first hybrid bonding operation to connect the first hybrid
bonding layer and the second hybrid bonding layer, thereby obtaining
a first bonded wafer; and singulating at least the first wafer, the
second wafer, the first hybrid bonding layer, and the second hybrid

bonding layer to obtain the plurality of semiconductor structures.
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1. An apparatus comprising: a substrate; a first die on the substrate,
wherein the first die comprises a first compute logic; and a second die
H—AUH| | stacked on the first die, wherein the second die comprises a second
FoR compute logic, and wherein the second die comprises ferroelectric or
paraelectric logic including majority, minority, and/or threshold logic
gates.
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1. An integrated circuit (IC) chip package, comprising: a base
substrate; an interposer substrate including a plurality of wires
therein, the interposer substrate operatively coupled to the base
substrate; a processor operatively positioned on the interposer
substrate; a memory operatively positioned on the interposer
substrate and operatively coupled to the processor through the
interposer substrate, the memory including: a three dimensional,
dynamic random access memory (3D DRAM) stack, and a
thermoelectric heat pump coupled directly to an uppermost layer of
the 3D DRAM stack; a memory controller operatively coupled to the
3D DRAM stack to control operation of the 3D DRAM stack; a
temperature controller operatively coupled to the thermoelectric heat
pump for controlling a temperature of the 3D DRAM stack using the
thermoelectric heat pump; and a lid thermally coupled to an
uppermost surface of the processor and an uppermost surface of the
thermoelectric heat pump.
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4.4.1 EAMES

7E HBM (@ s A7 ) B, B0 JEds HBM S54bFE% (GPU/ALS A )
ZIR YRRy 2 AR SR A 5 PRSI S AR 0 B0 (L
FU . Ak, P2 ARl S hnifE—— LR He e T HBM R LfiBE
1, RS Rl AREIEIR” AFEAL

(1) HBM 8 O mISEEl B N Rl S 3% 87 o HBM iy b gk
E58 PIAFRIMR A (41 DDR (% DIMM A8 ) , i 32 P bt A )42 01 (4
T HBM H5ab#asiyh 2 B ), BobsibE “EEAsE . BHG HIEK” © HBM
#idhA )2 (Interposer) SRR EREG £%e, HOEPNZ ELMEBE SR
GRS, %4 HBM (1 1/O 5| BS540 BEE8 ) DY AE45 1 25 5 |

RO SR FE R SRR . o, HBM 422 11437 S 2 L e 5 0 G i —
—f£4; DDR WAFAL 584X 64 137, 1fif HBM 58 A HBM1 (% 1024 7, $#T+=
HBM3 (1) 2048 fii (555 HBM s R HERINAITE ) |, ELEUOE T 8T 1& e
R B ASARENEEE(E S5 % (HBM3 ik 6.4Gbps/511 ) . TAERE
(HBM3 [z 1.1V DIRERIIFE ) | [Fo Bl (it 2059 JHPttA
R Y YT .

(2) HBM P 4557 JEDEC FRifERY “fmtl vid@(F M) . HBM [
W H JEDEC ( HPFRESHAMS ) G—hlE (X JESD235 RFbRiME) , Al
HBREY HBM Xf REA RIS ERSCRAS, Bote M “and . Huhk . 2 nfehmn®
. PFRUERRASALSE . HBM1 Xf7 JESD235; HBM2 %i)if JESD235B; HBM3
Xt JESD235F (oA ) 5 BOWMUN B A A4 . Mok WO | B0 fit
¥ BRI, Hidr, A4 T HBM A EmA (W3NS . 125 . B
L, BIHTAE ), 51550 DRAM fr & B aRss, ML T &t 5 a2 It 17
Py Mk RS T A A S HBM N PRAEAR BT XS I DG &R, & AC 3D S
ZEMI 2 2R Tk BRI T ST A4 ik . BRIl (s

83



HBM AHSCEAR L M I T i

BHER | PR TR, BRE R AT AR ER T BRI A S HBM
(4 HBM2E/HBM3 ) 374 ECC (255t ) il s Ao AR LA I 44 1E
Bt Py LR s DR, SR T AT RENE

4.4.2 BEREN R

1. LMf#iE> US8127204B2
Iv) 1 % ) % 5
55 US12/192796 i 2008-08-15 202
Hig 5 / Hig H [~
AR A /| A | IR K
N i= US8127204B2
BIFS f |

Memory system and method using a memory device die stacked with
a logic die using data encoding, and system using the memory system
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1. A memory system, comprising: a plurality of stacked memory
device dice containing a plurality of memory cells; and a logic die
coupled to the memory device dice through a plurality of through
silicon vias, the logic die being operable to transfer data to and from
the memory device dice in a packet each of which includes a serial
$—AHH] | burst of a plurality of parallel data bits, the logic die further
R comprising:

an error checking system configured to generate a plurality of error
checking bits from the write data transferred from the logic die to the
memory device dice for storage in the memory device dice, the error
checking system being configured to transfer the generated error
checking bits from the logic die to the memory device dice in a serial
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burst of parallel error checking bits using respective through silicon
vias, the error checking system further being structured to receive the
read data transferred from the memory device dice to the logic die
and corresponding error checking bits transferred from the memory
device dice in a serial burst of parallel error checking bits using the
respective through silicon vias, the error checking system further
being configured to use the received error checking bits to determine
if the corresponding read data contains at least one erroneous read
data bit; and a data encoding system receiving the write data and
being configured to use an encoding algorithm to encode the write
data before the write data are transferred to the memory device dice
and to transfer to the memory device dice at least one data encoding
bit indicative of the encoding of the write data, the at least one data
encoding bit being transferred to the memory device dice using at
least one of the through silicon vias through which the error checking
bits are transferred.
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1. A method in a hardware processor for processing sparse matrix
data from a matrix having a skewed non-zero distribution comprising:
determining, by the hardware processor, that one or more
computational tasks involving the matrix are to be performed;
partitioning, by the hardware processor, the matrix into a first plurality
of blocks and a second plurality of blocks, wherein the first plurality of
blocks includes one or more sections of the matrix that are sparse, and
wherein the second plurality of blocks includes another one or more
sections of the matrix that are very- or hyper-sparse; and causing, by
¥—AUH| | the hardware processor, one or more sparse tiles of the hardware
TR processor to perform one or more matrix operations for the one or
more computational tasks using the first plurality of blocks and further
causing one or more very/hyper sparse tiles of the hardware processor
to perform the one or more matrix operations for the one or more
computational tasks using the second plurality of blocks, wherein the
one or more sparse tiles access ones of the first plurality of blocks over
a first interface that has a higher bandwidth than that of a second
interface, and wherein the one or more very/hyper sparse tiles access
ones of the second plurality of blocks over the second interface that
has a lower latency than that of the first interface.
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1. A device comprising: a first region comprising: a first conductive
interconnect within a first dielectric in a first level; a second level
above the first level, the second level comprising: an electrode
structure on the first conductive interconnect, the electrode structure
comprising: a first conductive hydrogen barrier layer; and a first
conductive fill material on the first conductive hydrogen barrier layer,
wherein the electrode structure comprises a first lateral thickness; an
etch stop layer comprising an insulator, the etch stop layer laterally
surrounding the electrode structure; a memory device comprising a
ferroelectric material or a paraelectric material on least a portion of
the electrode structure, the memory device further comprising a
second lateral thickness, wherein the second lateral thickness is less
than the first lateral thickness; an encapsulation layer comprising a
first amorphous, greater than 90% film density hydrogen barrier
material directly on a sidewall of the memory device;

a second dielectric spanning the first region, the second dielectric

— AU

ok comprising a second amorphous, greater than 90% film density

hydrogen barrier material adjacent the encapsulation layer; a via
electrode on at least a portion of the memory device, the via electrode
comprising: a second conductive hydrogen barrier layer comprising a
lateral portion in contact with the memory device; substantially
vertical portions directly adjacent to the second dielectric; and a
second conductive fill material adjacent to the second conductive
hydrogen barrier layer; a second region adjacent to the first region,
the second region comprising: a second conductive interconnect
within the first level, wherein the second level further comprising: a
third conductive interconnect; a via structure coupled between the
second conductive interconnect and the third conductive
interconnect; and a third dielectric on the etch stop layer, the third
dielectric directly adjacent to the second dielectric and the
encapsulation layer, wherein the third dielectric comprises a less than
90% film density material, and wherein the third dielectric laterally
surrounds a portion of the via structure.
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