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Interpretation of the giants' advanced packaging technology — January 6, 2022
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kiR ASHESMTIWEZE (ID: icbank) fmiEBEsemianalysis, 5157,

L (eHBEREREZY P, BMONMHLOEHTEZTRKHIT T —YITE. BHSIEKE

BN HE, TILEE%E/R (EMIB, Foveros, Foveros Omni, Foveros Direct) . §FHE (
INFO-OS, InFO-LSI, InFO-SOW . INFO-SolS, CoWoS-S, CoWoS-R, CoWoS-L,
SolC) . =& (FOSiP., X-Cube, I-Cube, HBM, DDR/LPDDR DRAM., CIS) . ASE (
FoCoS. FOEB) . & ( CIS). ZE¥ (HBM). SKHynix (HBM) A2YMTC (XStacking),
MO ENSEAER, MEXEHERBEBHHNABRENRMN AMD, Nvidia EAEER.
BEARXH, BINNEBRERAEXERVNTEREAIE.
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Flux Cleaning Underfill Cure
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BARERESILRERENNFEFEANZ—., BERKENRI] . EaRitHIEBMIINERMN
MWK ATERSATRM. ERESHS, PCB. ERZB— I REBEEERKER. REK
SR ERIERERERES, FEAOREMIER, ZRECHHKEIIERER, NHRAGFREIRIE
ORUEREESE—E. BXRBR, KPERMIREREZE. XAR—1MEXNIZ
g, BABTESARRENRESH, SFEERRTfluxiess,



RDL-first method

Formation of RDL
on Si support wafer RDL

, . Die
Die-to-wafer (D2W) bonding

| I ) S—

Fm

Wafer molding
/ support wafer removal

— = =

Resin
Singulation Ewafﬁ"
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] — 3 —1]

Chip-first method

Dice mounted on

. Die
metal-carrier 1
' |
Wafer molding Resin
/ carrier removal r,WEIfEr
%
RDL formation iFtDL
BGA

External terminal formation i‘

Singulation |
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ERFRCHIFEERE, BREENT 100 HRNESRRAVARNEL. XTHROES 1 BoF
BMRSHEBENEN, REGRE. =Z£. %R, Amkor f1 ASE PRERRERTHRRAK

i

MAREZESLHIE. Hb 3 RLIHBEH

ERENER, MBIIMMRLTNEILAEN

(OSAT),

ENMRIMBREARLBEFES FHREBEFBBARNOMS . HIOGUSREBAG, RET
RABEMEASINHRBRLTESERBRHEBRRLD ZHTHER., aRBRAEHEENNE

REFSERME. RI. RDL

MEEEX.



Via C4 Bump Core Solder Resist

Dielectric Material Through Hole

Flip-Chip Package Substrate (DLL®) 7/

ERERRSR T, RERNEREEZEIEER, AREUE. NXBEFR, HEE%RZ
OFEMIEE, [TIEHKRSHR Ajinomoto build-up films (ABF), ZRZERSPEETIFSE,
XEEAREBIMHYRPENMPRESNIIR, XERBESHERERATFEEE (dry  film
lamination) #fEF co2 B RN B TR R ER.

™

TSMC 3DFabric™ +§§‘§ F abric

Chip Stacking (FE 3D) Advanced Packaging (BE 3D)

InFO-R RDL Interconnect
ik P InFO-L LS| + RDL Interconnect

TSMC-SolC™ Si Interposer
(Chip Last)
(oL LS B | S| + RDL Interposer

Chip on Wafer

SolC: System on Integrated Chips InFO: Intograted Fan-Out iy s b —
CoWosS: Chip on Wafer on Substrate N —LF-:I-‘[.T.'[‘_J‘ ”,//r,l}%__/
RDL: Redistribution Layer YN 2 r —— L7

LSI: Local Si interconnect
XHEERBNEVFIRFREZEEERBSE (InFO) Mt SFRBIEEFER ABF EENIR
HEniE, MEEASEHNEEEXNIZ. aRBERERFEEFRHI/EFR. ASML X%
TE. NAMRRARIELCZAATANENBSHE. EFSME (RTL) tEkXS# OSAT &
DEFREN, BEE, RUATLUENESRNME, IEMRABHRERLRIE (FOWLP),



ASE &K OSAT, ﬂﬂﬁ]f%{ﬁ FoCoS (ERLNBEHTH) , X& FOWLP BJ—fME,
R BT ERERA. AEMMNNBEERZSTE (FOSIP), TERTHEFH. S
. BEMSE.

{#F InFO-R (RDL), TSMC AILIHEEAS 10 BE. EXEBHEN/HSNICHEHNSHE. £H
INFO-R XENHIF&E Apple iPhone #1 Mac &/, EEEEMIZIFENBRHNER. BEFEE
. nEsE, EEMERZEN ASIC, =EiXEf Cisco Silicon One fEMERHN, ASIC BB
miAFIKE. InFO-R MNHELTESTRIEBEZNEM 10 MHNEAXHERIBX.

R L SETUMER

BEARMESHR AMD B AEBIBHEEMN Zen 4 BRI (WEEMRR) IRSEE CPU XRABH
%, SemiAnalysis JLAIAET Zen 4 WEEMRSH"REERABEHE. AR, ZBHE
BRI EEREBNERNTE, ZERNETEES LGA 5|, 8EXEFRHNAEMNE
[ HI AR RS EEBR.
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mEHRGEEZOER, 8NUE 2 3 5 EESME (RDL), BEESREMEL. 68
By InFO-SolS (EMERRESE) BX—MREAE—NHFRIKFE, BEHSIX 14 YEHOH
B (RDL), JECSHZEXNIFEERNTE. EREECHNERLEE—EESEENML

Training Tile

_ R L SETIME
PFLOPs BF16/CFP8 Massive 36 TB/s off-tile BW

TSMC &ERMHtInFO-sow (REELRSE) , ERFREHESHTNCRFNENMRENKRN. &K
MNBEETEXFERAXMEREBEFRRXN Tesla Dojo 1 INE. EMNEERHANEEN Al B
HXTMEANLEARRRIKE T IZXANERBR. FSHAGE HW 4.0 RERA=Z FOSIP,
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InNFO-L/LSI for Ultra-high Bandwidth Chiplet Integration

* Integrating SoC chips with high-density Local Si Interconnect (LSI)
and InFO technology, plan to complete qual in Q1’21

—— - —-—

Substrate

Chip 1 Chip 2

-

1/0 Pad pitch (um) 40pm 25pm
RDL L/S (pm) 2/2 (3RDL) 0.4/0.4 (4Mz)
C4 Bump Pitch (um) 130pm 90pm
InFO Size, Reticles 2X X S =)
~ . M@ AR

SMC |

Rla, EFEREBHNEMBHESS, X8 InFO-LSI (FABERE) . InFO-LSI 2 InFO-R,
BESPMCRTHE—RE, XMNBHEEERTFBENS N deZBNEREE, BRFKITLL
EXAER (RAEEMSH IP) . EREBEHE/NE 25 MK, BRIMNAAF—ARFASHRAX
MER. F—ARAXMPEENENTnBERERET.

VEERINEEREB AR RS /R EMIB (RAXSTHREER) , EXAAREENKEIR
. EEBE Intel B, ASE H® FOEB, iLEI@EE—T.

Intel Embedded Multi-die
Interconnect Bridge

X

HF

Foveros Omni

B e Vi oo = | i [ 1l B2,
@y v AR

Flexible Placement.

2.5D Packaging.
REFROBAXS TR BEEFRNEEERNBNERERS, ARRIWETK. BARAXA



VISR, B EMIB FREMBEBTUBEERNENERENETM. BT EMIB &
FENXKEZURTAEESREGIHEINGE, FAFTEEERLIFFERBRETH.

Post EMIB Laminate Wiring

EMIB Die

Adhesive Layer

T LS TR

BESEERINENBENEERT ABF A%, REERMATESENEERMAFERET
Z. BBRE, XEHNEEFRCN, REBFRTERMEHEK. B 2018 FLK, &
REY EMIB —HEFRP AL, 815 Kaby Lake G, & FPGA. Xe HP GPU fIEL=IRSE
88 CPU, B1F Sapphire Rapids. BREIFFE EMIB F=@m&MER 55 ik, EEZRR 45 7K
. B=RKE 40 Rk,



REFRALBEIXNCHEINREXE LEANERCR. IRFE, RESRETLURE IR
HERUERE EMIB IIRE/NSHIIBR TET. AR%SR FPGA N—ERMBAI, MREY
IRERN SKURAFEE, BRFREASHE EMIB IGRGH. XATFESRELMASHIHNY
FHERHET 2.

KE, RERETUBENEFTENMSERERRTEHEMES. X58TFHEA Cowos
PREFBANILL, RERBFETRMBMEERNREXTREFOIRE., HESFANE, BEHRE
B InFO-LSI  HMEFRA  EMIB  ZENSEAKXFETFTERZEGIE T Z0EE,



AMD INSTINCT MI200 SERIES

KFY INNOVATIONS

I
TWO
AMD CDNA™2 DIES

[

ULTRA HIGH BANDWIDTH
DIE INTERCONNECT

-l
]

COHERENT CPU-TO-GPU
INTERCONNECT

MI200 OAM SERIES

|
2ND GEN MATRIX
CORES FOR HPC & Al

|
EIGHT STACKS
OF HBM2E

2.5D ELEVATED
FANOUT BRIDGE (EFB)

\ J

R L SETUMER

AMDZ1

EERNE, EIE%‘&L%’%EEE’JZ 5DHERAK, SRE/RIEMIBHIAFREBAINFO-LSIEA

A<E. BE#BF AMD B MI200 GPU, % GPU BB

Frontier exascale %4, ASE i FOEB HERAE&
ERARFKEE RDL,
AR, XE—MEEENME, BEBXEE—

EH. TSMC ERRERNES

AN —
Ea=1=1

BEItEN, BIEXEREIRERAY

M InFO-LSI EE{l, EATCHE
— 1M EEXFIZE ASE FRFBERERT

LHfbFL, BB EREITIC.

Platform (Ref. Flip Chip MCM) FOEB EMIB
Supply Chain Simple Complex
Manufacturing Assembly Cycle time High — d:titilsitpr :tfﬁair:i’g;;in —
values —
Yield (%) AR (Include substrate embedded bridge)
Dije QTY 3~30 3v16
Interposer Organic/RDL Organic Substrate
1/O density Very high Std. Flip chip
u-Joint (pitch, tum) 2540 =
Chip Cu Line (L/S, um) 0.8(/&;;[,112)/10 >5/5
Chiplets integration Excellent Excellent
Design Scalable Good Good
Warpage Low Low
Size (mm?) >55*55 >55*55
Package Coplanarity Comparable Comparable
C4 Stress Low

e endipidip cize
A —r—7 F' '—f— ’L/U—LL/J"

ASE AERRBLIREE

ECRBMARRIZES, MERESH,

wEEE, ARWEEN RDL,



£ RDL 2 £, BiREE GPU diefll HBM dieff BMOREHTER ., RREAMNRELZEH
BhNENIETBE, AREERRERRCR I ZBEREIENER L ZRITMAT RN
5 —H.

ASE X FOEB 5 EMIB RHTIFZHEH, BELRTEEIRMN. ASE FEMHEMIIAIBRT
ZEALIEREN, BIiLR(VERES. EMIB WmRATE 80% F 90% RISBEA. EMIB B
mEEZIE 100%. F—C EMIB EORMELERLERMRT, BE-RIRE. FXLL, =
BREKMERLURRRERN~R, —MRASE A EMIB f992mm x 92mm BGA H&HS
Kifik, BIEBNHERPEABEMNAZENEN RDL, FOEB MLRBT HLEREMTHE
HERORRITENMNSE, BEXEERR.

SaRBEAL, ERNRIMFERMNKBERYHSE. Mo RERTEERN ASE BIRE
ZEESRE. ASE SALERNNMEBRMEBIRAREREER. aRBETRXD, €F
TEMNABNRA, ERBEEBERAERRINNMN, EXFENT, MIORFERE.
TSMC 3DFabric™ e Fabric

s+ 2

Chip Stacking (FE 3D) Advanced Packaging (BE 3D)

—m RDL Interconnect
Chip on Wafer (Chip First) InFO-L LSI + RDL Interconnect

TSMC-SolC™ Si Interposer
(Chip Last)
LS| + RDL Interposer

SolC: Systom on Integrated Chips InFO: Integrated Fan-Out s fhop s _ .
CoWoS: Chip on Wafer on Substrate G- == eyl | 1 =4
ROL: Redistribution Layer R - — .
LS!I: Local Si interconnect

NEDEEHBNEMERITEIER, BARMNEE—LEM. CowoS FHEXEHE CoWoS-R
1 CoWoS-L &, Bfil5 InNFO-RF InFO-L JLF 1tk 1 XM, XWEZENXEEZIMS
HEEX. InFO BRGHRIZ, BAMECH, REESKEMEE RDL, {£H CowoS, &L
RDL, AEMEGH. WFASHIIBETHESRITEMARIR, XHFABLAEE, FFUSK
BIBEMRBITISX/MNMER,
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Silicon interposer Optional multiple

Q0 O

.....
------------

Standard
Package Trace

Butiings Package Substrate
2 0 00O M 0000 000000000 WS O C

Circuit Board

Short Wires

HANSRRZE CoWos-S (EHFNE) . EPRRABMREFNTH, AXTREEHIIESTIR
BRLE, ZEEIEEEZHUNSE%., XFE CowWoS FWREIEIR, Chip on Wafer on
Substrate, MEKITRKE, BEMRHEAN 2.5D HEFE, NE 1 BOFIR, XEEAN P100
. V100 1 A100 % Nvidia ##EH/(» GPU {#MA CoWoS-S, B# Nvidia NHEERES, B
Broadcom, Google TPU., Amazon Trainium, NEC Aurora, Fujitsu A64FX., AMD
Vega. Xillinx FPGA. Intel Spring Crest #] Habana Labs Gaudi R&2 CowWoS {FERHRJL
NMEB/EEMNAF. XZHERA HBM IHENERTH, S8EXESHMIALTN Al IETH
#B{EA CoWosS,
AT iH—LUEE CoWoS NEREE, XEH—LXH Alchip BI5[1R, AlchipR—RKEEIRIT
MIPAR, TEFAESREBCoOWoSFEEMESAISHEXRIEDA, MEIRITA~EEIE,
BHEEZERESINS CowWos FEMHEXMMBERN, AAEHEEEKEETMHNE~MRE
R, MEEXEFEMEXLRITFEERZNIENE. B—HH, SHENEREFRERS (
HEX)  AEHRBEEESHEMATGIE. Alchip BREFEA, BIfE Tier 1 ZF (Nvidia
) FITT—1, Alchip MRKREB—LBE. DENOL, HBONERESEMIEERN 50%.
RNESEERFRAEMMG 4. EBE=FE, MM KBRENSEAE 6912%x, BEEE
M2, Nvidia FifF5K16.4123%70, HAERKEBMIKL7.9123%7T, RERXREATRMN, &
B 2 E Xt CoWoS,
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CoWoS®-S Enables Beyond Chip Level Integration

* Rapid progress of CoWoS™®-5 in past 5 years TED
* Interposer area doubled 200
« Total transistor count grows 20x
* Memaory capacity grows 8x
* Enhanced interposer features, e.g. eDTC
Bx

Mormalized Transistor Count: l 1 2021 ®
1x Gen
Interposer area 3x
. 8 HBMZe: 128 GB
Gen-> 2019 New TS5V
Thick Cu interconnect: Mi

eDTC Gen-1
MNew TIM (Lid package)

Gen 2023

gen-l a Interposer area 2x
2016 & HBMZ: 48GE

Interposer area 1.5x
4 HEMZ: 16GB
Cu C4 bumps

§ o=

sl = s |
ST ISR

5

2021 [EEE 71t Elactromic Companents and Technology Conference | Virtual | Juna 1 — July 4, 2021 TEMC Fraperty

EZHA L, Cowos-S ZEREHT—REZ. TEFREPNEEREREAR. AT
CoWoS FEFERERIERA, BHILEEFHRANERFNEN. A 193nm ArF XZTEA
AEDRIBY SR AR/ 33mm x 26mm (858mm 2 ), HEANENEEREBENLENR, B
ERMNTERENTCHFNOEEEENBL. REENTHRERIETRERS, BNFEEERIH

EHNESTRERT.

R LS ETUMER
FEBSE&—1 Nvidia V100, X2 NvidialUFgi#EHA GPU, BRETRE 815F¥ A=K, —
BE8& HBM, BB TERTLFTENNSERE, ERRBRAH TWNMEREN]. 8
Myt EHERINX—E, SFRBEELEBTMINEED, TURAEFNERM 3 FX




MNRIBIR IR, ETREHENBRME, R4%/R EMIB. TSMC LS| #] ASE FOEB I3/ EEBMR
o fEMNBEABRESKEERNE—FZSHNERA.

Large Area Interposer Lithography

* Since large area interposer may be larger than the
stepper field, the pattern can be constructed from
multiple sub-fields

N
Field 1 Fiedd 7
Test interposer For stepper Wafer layout with
design consists of patterning both top stitched interposer
a top half and and bottom sub-fields
bottom half can fit onto a single
1X reticle

+ Standard configuration with two stepper fields

can support up to 52 x 52 mm maximum square
' inb' B
f(meps

I R E

Robest Fsioh/Stide 16
BRTYIEMBERR T, MR T 7T 2B, FlulERuMERMER N AR S e/ Th=R
WE, iCap. #FHY TIMIEFHESE,

BE—1EF TIMEFEENBEE, ENvidia V1I00E, Nvidia BE—NELLRERN HGX
Fa, ZFETLllEERFLZRS5E ODM, ABEXBHIEF O . FTLANEF L0502 ET LA
MEMETEEDNAEIEEER, XERSZE ODM EXLELM{E 10,000 ETH GPU LT ER
T RMEFE R, Nvidia i A100 BB IESH LES FRISTE, ﬁ'ﬁT%EE“%ﬂUH =
Nvidia B9 A100 FIR3EH Hopper DC GPU IARAFEHAKENEN, XEHENETHS
HIl, ATEBRXNAE, GHRBMNRFEAEIE EHITTRSM.

=EWHHEEMLTF CowoS-S iy I-Cube AR, ZEFRAXMHENE—FEEZFREBETERN Al I
JE3== N



Continued leadership in advanced packaging

(] m]
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bump pitch 50-40 microns

o L SEFIIE

i el

BT ®RHAIE Foveros, XHMBIEFRIIDBHHEER AR, Foveros FRE—MRAES— TR
FHTREES), MEEARLREEENSL, Foveros BRANMESENTENERR. 7
XA, EHIRE— Foveros F 2020 £ 6 B1E Lakefield JE& CPU SOC i, &K
AREBHNANBTEHLSARAMNILENTF, EEREFRNOTFSE—NTH, BI1F 3D HEMt
NE—NEE CPU AREBAMEKZOMNEEZONENR, BRAT 55 MKRNORRIE

°

R ST

T— Foveros {2 Ponte Vecchio GPU, 2 ZRIEIR, ENZESFHLH. SBEAE
5 EMIB 1 Foveros —EI1ER 47 M ABENBIR/NER. Foveros BRETHAERRXA



36 MK RIBEE.
RE, RERNABL,EFmESHIGRAIDHEEXRA, BFRKSIMeteor  Lake, Arrow
Lake., Lunar LakefYZEFi%f*G. Meteor Lake B 2B X A Foveros Omni ] 36 KM
REEN~R. F—1NE8 3D HEXRANEHES LD CPU S8 Diamond Rapids, HEER
& Granite Rapids, F{IEGEARANFNICHF—E~REANTRURIEREEHRBHXE

Foveros Omni UL FRE Foveros Omni-Directional Interconnect (ODI), B3R%hT EMIB
Ml Foveros Z[EIRIEIR, FERTEEM T —LEINEE. Foveros Omni BILMEARANEMTHRZ
BRNBEREKESR, FAREMNTE— 1M CARTORNBERESCH, TR —NCRIREERE
SRy

Cu Rillars opj Type 1 (under) ODI Type 1 (under)

Bum DS cOmputeiFPm:MemoryfRF Dle
Standard

Package Tracm

Circuit Boarde *S#mLns

Foveros Omni MK{& EMIB BB AERAL, eEEABRTH=EMUTERZ L, #HS
XBLEYHEERSNTELNGRFNEESERARANB#A, ZERART —MEERA,

BT LU ESHBREREAEN z 8EHBIECH, XFECHRITARERIT 3D B
SHRRETUEEZMNER. Foveros Omni M 36 RKBMARBEFER, BET—REEREE
25 ™K.



EMNEEIENIE, DRAM RERTHEHM 3D 3., HBM ZHFERX—EHAE=E. SK BHLTH=E
KERLHEE, BHEFHERTHIERE U—LE“;:FJ}?EE/E&&E%E@] TSV, &if, ZEEEFRE
i DDR5 1 LPDDR5X tftk, BMIFARUNERRARESSE. SKHynix IEEH HBM 3
FEINREES. SKHynix B 12 MERERE—&E, 8MNCRHNEEAR 30 K, HE

BE#AE TSV,

Optimization of Complete Process for Highest Bonding Yield

Pad Formation: current Applied Materials product portfolio ' Bonding: in partnership

Producer® CVD Producer® Etch Endura® Mustang® Reflexion® LK

CWVP with tuned
dishing control

BEREER—MEA, EAEALR, MEKCRFEEZESEEIER. MRTNEBEERTH
Iz, Ixﬁﬂlﬂ&ﬁ;ﬁk BNIE . ,;|LY$E'FiE3EIu\HZIEUEUEi;E MEZBTHE. *BTJ;H*EHE
BEE¥, LEESPFR. EFRVINT—Hod, RIMIBERANARIEESREMBEEHE
B, ‘—SZEUTE@E’\JE@Emﬂ%E%*EI:lﬁ, ARG B LI EREREMN.

A

Structural silicon

64MB L3 cache die

Direct copper-to-copper bond

Through Silican Vias (TSVs) for
silicon-to-silicon communication

Up to 8-core “Zen 3" CCD

R LS ETUMER

REGNRERBATHUARERIEE®NN AMD f§ 3D HEBEEF, SETSEBREMELR®S. X
FEB7TEHBR SolC fFAR, ZEFRNBRERESMEFRA Foveros Direct, =ZERIMRAFRA X-
Cube, Global Foundries 2F THFERRERERAN Arm WX T H., FEERESHNREEEEF
SHhABARERE, SFEEHFEASEEHRE. HEERZHNEAESCRNAEXEMRL



BB CMOS BGERSBHINRRE., £XL L, RIRFRE—BamFEN, RPUOKREEE—1E
SRAKE CMOS BIBEREMNIESE. WFE 1 oA, ZBRCBAES /NE 6.3 K, ™
AMD =] V-cache (8] 88 /9 17 ™A,

E RST : resettransistor

E AMP : amptransistor

, SEL : selecttransistor

E VSL : vertical signalline

PD : photodiode
TRG : transfer gate

'
FD :floatingdiffusion |

. Single pixel
= 3
/ Pixels 7

=

Conventional stacked CMOS image sensor Stacked CMOS image sensor with I
newly developed 2-Layer Tra.(* "} o Sl
Pixel technology )

BRIRBIRM 2 stack 1 3 stack A, £ 2 RS, GRMUTRIRAITNE. £ 3 HKRAS
. BRESEEEINEAY DRAM M XEFHINN. BEREFERGRRAENERTSE
HEFEEEESIX 4 BERNESHABN, #LNE%E. ATH CMOS BGERSRIS,

CEREARACARNE _KRUREHES.

BEAEEANB—1BEXIENBRERXBKIIFMEEARAATN Xtacking, YMTC EFHREZ &
ERRERAKE CMOS SEHEZE NAND 1A, BRIMNEXBHFMANB T XMBANFL, B
BMEZ, BRIF YMTC HEE—EHEMN NAND EHHNBER TREESZH NAND Bjt, M
FREFEM NAND HIER, BFE=E. sSK  BHE. £, Kioxia FIFEEBEHIE.
XTEMEEPNFECH. AERSTMEAEEIERE, GRZSEER, ERNEEBXEEIT
—fs. EBEXS Besi Semiconductor, ASM Pacific, Kulicke ] Soffa, EV Group. Suss
Microtec, SET. Shinkawa. Shibaura 1 Applied Materials I FEHIAIRERIER, XEB
NEMABMNRLBEGEHTAENSHEUHIFEZ. BERRAFGEERBABE.
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