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oME

OHE0| TSMCQ| 3Lt (nm-10Y9 22| 1m) FInFET 3d0| X|X= MEEl 2|2 MEHQI Of0|=15 At¢| REHQI
T2 ME|Z7H1XF EA= AFEARS ALO[ofA 2t L7 EX0] 22| =2Ho] &1 ACt Ao h=H

OfO|EZ 15 2 A|2|X=9| H|F&E{Ql YH M} TAIECE ofgt L1y SS H|ESHD LiICE OfO0]Z 156 Z29| H|

A5EE EACt & ANEER2 1A AIYS FAIZE 715 Al 0] HohX|Z] Sk, 48 LA afet AQ
E gAl= B O MMTEXE 202139] A=A| S21 Al2|= & 2|, 20221H2| GOS o|+=2 Alz|=of| 2
H

UL}, O[AZO| BHEA| AXte| EHe D|M[tl| MHE ds U LA Ao SAFo)| w2t XX

[0 1]2 BxHo| BHEA| O|AISH Salo] 2t A7) 7]
& 9l XX THO| MH|Z-THHO|0| M2 ZXY =8 o
5 Xol2 2=ot| Sleo] I|E Aol ChAl IOl %
Chiplet 71 S8 0|Z8i0] Wir] it HIBS 2A2A = - ——
2 2 o] MZL CHOtOZ RIASHD Lt 7 “‘~-g 7:‘?:&%%
Mg Y
7% e '

[23 1] BH=A| A= A Th2qCHRIe] tHet

[E 1]0l|lA MEH B3| Wafer RevenueE EH 10 nm 38 $6,000 0|4 3 nm 53 $20,0002 275t U
0 Wafer 12 inch, Chip 5007l, =& 70% 7|&22 Chip Tt 4&0| 3ulj o|&4C2 F7tstn QUCE

Process Node 10 nm 7nm 5nm 3nm
Wafer Revenue $6,000 $10,000 $16,000 $20,000

[ 1] 2| H|= A1 DT ol Hat

[ZE:'! Z]E Ch|p S|Ze7|‘ 9‘IX|E %l:% —f—%O| 7EI|-—+—-6|-7-” b oo li thic Chiip b} =C Fip et Desagn
I-Chiplet Desian e - g et Desgn
&|=0|, Monolithic Chip2l 29 &M O Z4A Z0| A 90 1
. o N X N = .I'S _I"'.
X|7H| =|0{ Chiplet2 &% Chip 27t 741 $/sto] % i
Fabless 2HISO| NISHOR 7|4 WS @P8tD Ik as{ ™ e s
£ 30 . k4 R W
? 15 ... .
o -

10 50 100 150 200 250 300 350
Chip Arealmm’)
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[2Z! 3]2 Mobile APS| F2 T8 EH CPU,

GPU, SRAM/IO, Modem/DSI/CSI, Serdes/DDR & SO

2 34 0] el Monolithic2 Logic 3 nm & v > & . ;

Ho=Z0t One chipQZ BHELCE EL| Chip SizeZt I : >

AP Slof BEoHY 22 27| £80| W1, 4 Mo e s

20| Ramp-up &= AIZtE Delay & 2ot opLjat  [2@ 3] Chiplete| 7HE%
UE E3t 30| HOFX|A| =0 Chip 3& Delay %
Chip tH7t7t &&3h= 2010 &1 ULt

Ol 2 2FJ 28 oE &M, CPU, GPU, Modem/DSI/CSI= 3 nm 33, SRAM/IO= 5 nm 374,
Serdes/DDR= 7nm 3™ O E 2} Chipl = PHE 20| 7 |& SHAIA 2 Chip2 TSV, Interposer, Micro-
Bump, Cu to Cu Hybrid Bonding, Si Wafer Thinning 7|& S22 Logic, HBM S& One Chip2t Al7|=
Chiplet 7|& 7H2E 76t UL

2l 4104 Chiplete| 7| EM= Monoly Chip / // // //

-

2 HiX| M S WHMOMTH SH=0|, 3D I7|HE :
4502 47| Kh2oj| StLie| ChipollA BtEE 2 V.. ;/—77
oslef 8 2Rt R s oty A JAF )T/
Aol HAS E3t0] I/0E S7IAI7|2, latencyS " =
0|1, 2R3t PowerE & 4 O™ 30H] M=
PowersE S& 4= UCHL stCt, 2kA 3D Stacking
2 S mI|AY o2 Chipg 22[2 High

BandwidthE Tt=™ 50% H T PowerE %311, 3t 712F System Performance 2 & AIZ

C

—_

[C12! 4] SoCet TSVE 0|8¢ & ME SiPe| A= HE
B2 Z0[ |1

1
9
il

o|2{gt Mt o7 | %! (Advanced package) 7|&2 2.5D I{7|& % 3D 7|RoZ 7&2 & 4 QICt 2.5D I
7|8 & 7 o|Ake| B A| EE Silicon interposerd]| LIZtS| HiX|SH] OiL =2 die-to-die interconnect

densityE B4 7ts%HH, 3D If7|&= F 71 0|&ke
gtrA| B2 SOz ot S giLict 3D mj
7|&e o 7PZ7|0f| Power, Area, PerformanceZt
2.5D {7 |ZECH ZF™O|X|2, M= ZFO| Lo =Tt

HHe = =L,

[22] 5]9F Zo| 2|ZoZ+= 2.5D 17| 3! 3D mj7|
Zlo| E8HM One ChipQZ F#3istH= ghiloz gt
He|2l2t of|A=ICt ol2{st MEH mi7|Rle| =Qloz  [12!5]2.5D9 3DIHF|EC| £t
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Crefet HE StLte| Xtz S0| 7ts SN, T7|H 20} SR AXte| He7F SHO|UH HMSHel 1jf7|
C ADHOFL|2t IH7 |2 A|EHE 2026'A7HK| 9602 HE] (2F 1382 H) 2= A Ao = o
AE|11 2026H01 S22 HEF I{7|F0| 7|1E AMME IH7 | AE =

mjo
I
o
ot
N

O] IRIPIINIS THOHs e LY HAZHOR st Ut

0 2.5D, 3D HEHoj7|E 7|&

&4, TSMC, /2! 3|AF B2 Benchmarking t0] HEH IH7 | 2R 7|2 3! CHS MICHoll 7i2to| et oi7 | &

.|
[= N
7l o|F, AESIAL BlTt.

1. Samsung's Packaging technology

[23 6]2 MMAXS I-cubeE EZICIO|2}
HBM(high bandwidth memory) C}0|E TSV
(through silicon via)E AF83h= 2|2 QI IZX logie “
(si-interposer) ¢/0l| =HO= HIX|SI| of2{7H2| C}

0|7 StLte] Th7 [ X|Of|l A SHto| HE=X| K SESHA|
Sh= 0|5 ZIXs}(Heterogeneous Integration) IH
7|X| 7|=0|C}.

o
o
rot
-u
B
[
ofm

il | cube= 02 7kX| S-S 71 [D2 6] AMFX} -cube S
Ct X 2|12 AHEXNE AISYCZM 30 &
3t T2 YHOR 23 B 4 U HiMe)

= T

XOINSIZ HIERQ| M5 23} 3t £ QIC
= o
= =

AETXIOM = TSVE AFESHA| gt 2|2 ESIX|
o} RDL(re destribution layer) QIE{EXE A28
HE|RE HZst= 7 X0|CL 023 =5 MHTX
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O[21t | cube 7|&2 LR H|O[E] F&1 Nds ALH BI=ME R70k= HPC, Al/Z2EHRE AH|A, O
=

Off HIE| S0l & & + A2 A= HolLt.

[02] 8]2 AMEXI| H-cubeZ I-cubelt KAt
ot A2|2 QIE{ZZX 2|0l CPU, GPUSS| 2X1t
HBMS HiX|3t 2.5D IH7|& LA E A EIC.

XHO|Ho 2= DALY EM F310] 0|8 ol 7|
of2lf, HHX j&0| 7hset BHEI|IS AMgstH= 2Tt
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(22! 9]o| AMTXIS] X-cubels HBHE O o]

a
I JEfe| S+of S ?I= g7l HEdH otLte| Hix

olg{st X2 X-cube= & 7HX|2| =

CPU, GPU 59| 2|1} SHZ 502 M|, Mt
sto] ENMOZ MBS 3V|E F0|1 KM2| ot
MY 582 50 X(HAZIS (A9 & 4 UCE E
ngEo| H22| £FMS FASI0 nZie| M| Xte
EE =9 0t

[=]
=S 0|EH=AM 7|ZE HE J|at H|uFS

- T1o

o o< OfAeh T|X|E 7tX|22 2{[0|0F ZHFEof|A

X-cubels #THEE, 9IBA|S, 565 TS AlA
o EHIE 2ot 2ok AofRig 717| So| 28

2 Ao = Holrt,

BTM Logic

21 9] AdTX} X-cube (u-bump)

05



2. TSMC's Packaging technology

1) SolC
[32] 11]2 TSMC2| SolC (System on Integrated Typical 3DIC SolC
pbump Bond
Chip)E HIZ2Z CoWoS (Chip on Wafer on  formation|  soci | | 0C Ifurm:tiun
Substrate), InFO (Integrated Fan-Out) =82 %l ‘ ‘ solc
ST} SolCe Underfillo] AFRE[X] 9411 G Flip chip | 50C-1 | 001 seching
Aot SolC= Underfi 2 of u-to- stacking = T :
. . | socz | (Hybrid
Cu st0|HE|= 2T S 0|83t0] WoW (Wafer-on- } } Bandinel
Wafer), CoW (Chip-on-Wafer), CoC (Chip-on- Underfill Undetfill
Chip) Ao 4| Xzl 7|o[ck ;
C4 FC $0C-1 S0C-1 RDL
h m dFEEsEEFERa | ; |
[22] 12]0flAf SolC 2FE 7IZ FC (Flip-Chip) 2 o i R
A ol Z7IMOR 40| DFToA] Mgl 40| ‘ ¢

FCassembly  FC or Wafer-level
on substrate system integration

S0l o 2480] ZIEICY,

=

[32! 11] FC2t TSMC SolC process flow H| il

o SolC Hybrid Bonding 1 ms% Sucs
% ..-.-"'-.. £
@ P Chip g =~ m e £ \ solc FAREan
Q1 ing - E1E+04 1
5 >
= - A—— @
g .2 Flip Chip Bonding SoIC Hybrid Bonding & 1£+02 { 2:5DI3DIC
- setl | | se2 [wa a
=l £ Flip Chip
_3 o i AL 1 L S -
© 5 10 15 20 25 30 paaas - = o 7
Frequency (GHz) Bump/Bonding Pitch (um)
[32112] TSMC insertion loss [32113] SolC &&2| Bump Density, Pitch

[22! 13]2 SolC &1 FC 3T H|WSIAS U, SolC 3E2 &Y &4S %|A5HH, Cu-to-Cu 3t0[|E2]

E 29& 0|83t0d Bump2l 1HE, Pitche| X0|M2t7t 7hsetg 2held o~ QUCh
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2) CoWoS

[2Z] 14] CoWoS 33X Interposers AE3} mx,

o ZHOR CoWoS-S, L, R #AI22 Lisof 7 e | st | =
Ct. CoWoS-S&= Silicon interposerE AFSIE . ﬂ“ ﬂm ﬂ“

11, CoWoS-L2 RDL interposeret LSI (Local ‘ammmmannnn \m R
Silicon Interconnect)2 AtE, CoWoS-R2 RDL

[22!14] CoWoS-S, L, R2& H|
interposerE AH2SILY. Silicon interposer CHA

RDL interposerE ArEstH A7IE H4e 4 UX|TH

Ho| ot

R7| interposer= YT IHHIME #1310 O{-CH= E

1

3) InFO (Integrated Fan-0ut)
[32 15] FIWLPSt FOWLP2| H|m o Zio=
WLCSP (Wafer Level Chip Scale Package)= — —
RDL H{MO| & HEO=Z AWML= FI (Fan-In) 7|&
1t Xlo| HpZ AH7IX| EHEEl FO (Fan-out) 7|2
LIEICE 90 nm 3E0M T2 AFBE(UE FI 7|&=2

45 nm O[SHFE] 1/0 XS] nBESHZ 213l 7HE IC

off ROL= Bump S& g2t S7to] BZet 2x7t [ 15] FIWLPSE FOWLPS| Hla
s |.0=|_T|_ IC HA E77IX|e 278 E“él- st &0l
£ FO 7|20| JHE-MEE|UCt TSMCE= 16 InFO (Integrated Fan-Out)E AFE3t0] iPhoneE APE TH7 | &

—_— e~

ot 0| B2 =5 A ACL FOQ| 71 2 EF=2 1) Al 71207 2R, 2) RDLE 7+53H0F SHk= Zd0|Lt.

[22 16]E E3H CoWoSet INFO Packaging £t HEM > S—

= =elgh &~ QIrt [T_:JEIEL:’JWFLJE::I
[22! 17 18]2 FOWLP2Q| Process flowZ Chip- w?:::‘;:?c .~ PackageSubstrate
first and die face-down 2|3t Chip-first and PCB

die face-up 24! Chip-last(5== RDL-first) ghAl

O FPESHFRUCE Chip-first and die face-down DRAM

UA2 TFO| ZITHSID] MAHI0| ML W nFOPoP |

o, Chip-last AI2 713 Ersi atuigo) e, WhSelC M| oW
face-downOi|A{ face-up, Chip-last 2HAIQ = 2 PCB

£ process stepO| HOIX|H H|E0| =0} X|X|Zt Of
L [22 15] FIWLP2} FOWLPS] H|w
off w2t NUE, ndsS HFELY [13 16]02 2A

a7



Face Down \ (

Die First

( Face Down \

Die Last

Face Up
Die First

Face-down die attach Face-up attach Cu-stud die RDL on carrier

|

Molding

Face-down attach, reflow

Molding

Expose Cu studs Molding

Carrier removal

Carrier removal

RDL and ball attach RDL and ball attach

Carrierremoval
) \ J Ballattach )

[22!17] FOWLP 3H2| process flow?| 2 X}0|

e

3. Intel's Packaging technology

o

2 EMIB (Embadded multi-die interconnet
Bridge) 7|2 Z™A|AH 3D M7|& HE 7|=¢l
FoverosE ZHSIFCE [12! 19]

EMIB= &2|2 QIEZEX (Si interposer)?t BGA
(ball grid array)of| LHE=|H AH[H= HZtof| 2EE
Holrt HI AO|=E 1MICHEE 3MCH7EX| 55um
OilA 40pm 77HX| &2l HZS MEKACE 2l
Of7} 3D CO|XE 7|=

220 o
¢l FoverosE HHSILCE
[12 20]2 29 Logiczt LogicS XMZst= 7|£0|
Of, Ot0| 3= HIE= Cu {2t SnAg &0 =2
TIE[O{UCE H|Oo|A Hap 7|2 C4 HEZ HEL|
0f ACH 7|1t PCB= &0 =22 HZEE(0f ACL

I/0 22} pitch AIO|= ZA0] CHE3th= 7
oMz ZHLSIR D MELE EAIE A=lg 7HX| 1
UL}, Foveros Omni= Ot0|32 HIE 0|8%k= 7|
£0|H [22! 21]2 E™ TSVE MX| Qot: E|=
22 J2| 7|52 MLt TSVE
|= uisfo 2 HI

4

W8t TSV IHEE|ISE &0

08

Pelotof M=t

U 1 39S TSI [2

FAN-OUT PACKAGING FORMATIONS' COMPARISON

Chip-First Chip-First Chip-Last
(Face-Down), (Face-Up), (RDL-First), e.g.,
e.g.,eWLE e.g., In_FO SIWLP
Chip Size =5x5mm® | =12x12mm* = 20 x 20mm
Package Size £10x10mm?® | = 25 x 25mmFf < 45 x 45mm
RDL (Metal L/'S) = 10pm=F = Spm=# = 2pm or < 1pym?
RDL (Layers) a3 =5 =8
Wafer bumping No No Yes
Chip-to-substrate bonding No No Yes
Underfill or MUF No No Yes
Build-up package substrate No No Yes
Process steps Simple Slightly more More
Cost Low Middle High
Performance Low Middle High
Applications Baseband, Apple’s Very high-
MCU, Application performance and
RF/analog, Processor high-density
PMIC, etc. chipset Not in HVM

9Limited by die shift; PLimited by warpage; "With PECVD + Cu damascene + CMP

[32!18] 27| CH2 process flow FOWLP EMH|w

3D IC Integration

[ » The memory and graphics are
partitioned

» The large CPU is split into 5 smaller
CPUs (10nm process technology)

# All the tiles (or chiplets) are
attached on an active interposer

FOVEROS TECHNOLOGY

3D face-face chip stacking for heterogeneous integration

Compute Chip Memory, Modem, ...

~RRRREERRIRRREIE LEEY] Kethie
‘IL 'L i Interpose

Package Substrate

Ve YeYw P wlePelewbe Feesewwwewwwwe e

[32! 20] Foveros technology

Mo E ST Chojof] 2 H&HM He 22Y

3A

irect

o Mo

2l 22]2| Foveros
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4
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_O'_I-
%l
ful

[ 21] Foveros Omni

20 D Odsel HAZ|A o cHet 2e-go|
42 715t =ACt o2 3D HE & W |1E 7=

xy
2 HZohs WHo| 7% &2

>+
o
|0

- [2@ 23]0iM 1~67tX = Fab 3E3 Wafer
. Bumping 2X0lA ZIME|H, 7~12= Post-fab (If
71%) 3ol Tl EL|Ct.

- HE I 3WolM 24 7|&2 @ fllojmo] via
" hole &4 ® bumping 71& @ 7|54 ghatx &M
@ Hzd 22 M @ fojH A0t 7|& ®
71% (Align 7|& X8 © TSV Az siA
K5I},

()
M=
kS

oIn ot oI

HES HESHH Bumpingol 2[st TSV &9l &
ORF Cu pillar/Sn-Ag HI (00|32 HZ
, SITIXIof CHSE CHS A 2 W2

[of 27t HB WHOR MeHOIN E8HO

Hi- Hd-d

R A=Y
29l

—

of

1 5 g 2 g g g

1) 3D Package Process Flow (Microbump Bonding)
Tk} CHEE| A,

KX} o7 |

Zlof|lA 3D o7 |H

=
= Via (TSV)E &l 5= 3

A2 R 2ES
H=2 o
2fg gta Q.

7t AT M7|™ M0z Q1o

1. Silicon etch

4. BEOL metallization
(with aluminum
pad opening)

7. Temporary carrier
bonding

.. K

10. Back side bump
formation

e X

2. TSV Cufill

5. Front size bump
formation

ellizlls

8. TSV exposure &
Back side passivation

e X T K

11. Carrier wafer

-

% S50 Cigt

3. TSVCuCMP
6. Wafer solder reflow

9. Passivation CMP
& TSV Cu exposure

& Thin wafer

ing & PKG
by with 1d

on tape

L Lk

nﬁﬁn
1
I
I
I
e

[l 23] 3D Package Process Flow (Microbump
Bonding, Via First)
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2 M0|3 QICH TI24L} O[2{3t O|A| I|X| OfO|= 2 p———
|22 QACE J2{Lt of2{st O|M| T|X| OlO|3 2 1 EEm < !“‘.‘.‘%“;.‘
IS AS3 B WAL 7ES| B e|BEe bt i I——f ol Ll
i 1 -~ [
ClEg S3 1S Sotof 2Ll AoE Holc Y TN
Zp|A RE220| HID ALO|0]] ZHEIA] BHE 3{AF Ol B
S8i2 TRE0 aR Aol 2614 & S *T 32! 24] HBM XEE I3t Die to Wafer 22 JHEE
Al 2R|S op7|stA| EICt. of2{3t A2[Y 2HIE siZE
ot7| flst 2ch Foi| stLtZ AMTXH= NCF (Non- ~ e
conductive fllm), SK-é-l'OlhlﬁE MR-MUF % AI’% e » T » L o » [ orr e |
N B 7 ST T i | weTRS
Stof Oto|3= HIO 2 HwAlg ARZS5 QIO Trrrys
[ TSV 2 wafer ] [ NCF EE ] [TC3d) [ HBM CHEH HE )

HE
I§7|& 28 7|22 DRAM ARO[0f] NCFE 0]

FIMRE EYES JH6t= TC =€ (-
PN

O
re

Vin

mo my mo Kl

)
)

o
O

Low transparency NCF 18P-RDL (Cu)

F
=2
rr I
|0
rg
x
oE
|=!
o
M oE
I=!
i
re

High transparency NCF

[32! 26] Low/High Transparency NCF H&
[22! 26]2 NCFZt Flux 9&9| Resin ¥ Filler

7t Zt=|of U1 EFZE Low/High Transparency NCF 2 FEE|H £4 =t JH5sICh E3t High
Transparency HM&22 Bonding Al 22 Z#Z0| 0| it

SK3I0|S|A= O|=LH YHMER0| =ChD 224F MR-MUF (Mass Reflow Molded Underfill) 212 of|ZA|

2l An2E (EMC) M& Z0|ct.

AMMTX= i 71£0| DA 7t 2132 S0l= o 22HE0|H WAk ZHo|M My 22 £ 0|22 S MAY &
UCH F=FZ 16L X NEY NS0l HEs7| ot 2 MSHE JHe F0|H Tt NCF AXHE THLsH S4xH F
A 301 HBM3 HE0l = Mg SO|Ct.

MR-MUF I{7|X|= HBM & <& &0 2 Se2 0|X|12 /ULt SKEH0|H A= 125 HBM3E BHEHM MZE
ot 7K otof] = D 5 71E 87 (16 7|7HI0|E)0lIM 12712 523 82 50% 7t =RACt

0|12 E9

il SKStO[HA= HE AL 82F 24 7|7HHIO|ES FoICt Ol Eo| FHE |RAISIHM EFH(HE+F)
40% Si7| 2HS01 912 ot Ji¥ “&otot E|=C|, o] Z< gfotx! &Ho| &A| 2|0{Xl=
Xlo

Kol FHE RXISk= ol MR-MUF TH7|X[7} 7+s3iCt,

|
—_
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2) 3D Package Process Flow (Hybrid Bonding)
3D I{7|X| (Hybrid Bonding) MIZX CHAl= Of2{Qf  Bumeless Tsvs [ e

2Lt L il T —
® Bump formation ~ ® F2F Bonding s skl skl "=

[— —— ]
® Wafer Thinning ® Backside TSV ekl el At

® Metal Filling ® B2F direct Bonding
@ TSV revealing PRO deposition
Cu-TSV revealing ® Pad formation

Hybrid Bonding
Fine Pitch < 5pm
X2 3% (200°C 0|8}

3) Bump-less & X-cube

[22 28]2 2022\ & m02| XM LH
=l A4 Bump-less @ X-cube (20263 Open)
OlN AO 2 MINE Mt PackageE st 24 7|

&2 HelstH @ TSV @ Interposer ® Si Wafer

@ @ Bonding

[ Conenional | sump s | et} =1
. . . . Total Thickness 600 4m 60 im e ma
Thinning @ Bonding =72 ® W& (No molding) R STt =
® Si Wafer CMP sTmicro W : 0IF 3iztel 912 ¥4l A8

SR Wi T =+ U [22] 28] Bump-less & X-cube OilA}

TSVE 27 ol¢e| EE HEst7| 2ol & -5t
DiM[SE EHE 0 2E0h= Via Hole 22 H=2

gdok= 7|=0lct [23 29]

E3l Conventional

Memory Controller Memory Controller

packaging 2t0|0] =4 7|&2t 3D packaging

<otolol 28 7|&> ' <3D-TSV 7|2 >
=2 Sk A Ol = HC| A
TSV 7IES Blu = X 712 001 22 71E 102 9] 71z 2ivga walel otofof 2Ya Tsv
Ol A A mistAel I/O BRIt A= XA EXE i

= 3 M AMIZ == JA=s 7I=0Ick

7|Z0ll= SoC (System on Chip) &40 SiP (System in Package) WAL MY|X E40| O 245ICHD

MZEH=d|, TSV (Through-Silicon Via) & XZ 7|20| H2E|H SiPE SoCoH 2538t gle M7|X EMS %



Al EIRICE TSVE S8l M= 25 3A B A2
2 7| WZO0|CL TSVE= Crafet AX}o]| Ol &&=k
CHEMOZ HBM (High Bandwidth Memory)2
TSVE 0|E¢t SiP &AlS AL [12! 30]2 Sdl
TSVZI HBMOI| HEEl AR|E O|0[X|E S3f =el &

4 ek,

[23 31]2 TSV M= 3% Flow OICt. (a) TSV
Photo Patterning (b) TSV Etch (c) TSV Isolation
(Si02) (d) TSV Metallization (Ta/Cu seed/Cu ™
7|=2) (e) CuCMP 2 3| L= £~ QUL

[E 2]2 1/0 I[X|0j [I}Z Hole Size, Depth, Space
£ LIEt LHICE #Z= 1/O Pitche 2f 30~50 pm
2 XE|n QoL o= <5um E 2F E A
O|Ct. f2tM TSV Photo, Etch, Metallization 378

Of CHoHA MZ22 HZ &410] 2RI

HBM (high bandwidth memory)

......
- & a8 ea

------

HBMZ2 HBM2/HBM2E |  HBM3 |
(Original) (Current) (Upcoming)
Max Pin Transfer Rate 1Gbps 2Gbps 2.4Gbps T

Max Capacity 4GB 8GB 24GB 64GB
307GBps. 512GBps

------

HBM2E
(HBM2 Evolutionary)

Max Bandwidth 128GBps

[OZ 30] TSVE &8¢t HBM HHH T

LT

[2& 31] TSV Process Flow

256GBps

(B2l - pum)
I/O Pitch (0+®) 130 40 <5 <3
@ Hole to Hole Space 110 30 4 0.8
® Hole Size 20 10 1 0.2
® Hole depth 50~30 50~30 5? ?

[E 2] I/O T|X|of| k2 Hole to Hole, Hole Space, Hole Size, Depth 3 4~ 51 0f|AlZ}

[22 32]2 TSV Hole 27|= 15 um, Hole Z0|=
100 um 0flA2] TSV ofI%! Profile Gilo|Ct.

TSV of|& eHHO Z = DRIE (Deep Reactive lon
Etching), Bosch Z2MAE A5t O =%

Via 1ZE 2[5t "EBA" 22 "AIE2Y 5" ol

o
TIASHHAM Via ZH L £7MHQl ol ES oflEsts| 2

tod ZHo|| Passivation S &Ms6t= 0|4/

OF

12

[l 32] TSV Etching Profile Example

o
SA SIS 2ot ZO[of SEB Wb HH2sto] &SI



[22! 33] TSV ®8 Alzfo|m, /0 Pitch7t 37 30 [ Memory cube on 26HPM (@)
DRAM Cube /=
pmolA 3 um 2 ZA &£[H High aspect ratio — BT T
u - High-aspect-ratio TSV
TSV Pattering@} Of|&! 7|20| LR3I £ TSV -

Depth 0] 8 £ H0|= &50| ol &EICY.

[22! 33] DRAM + Logic 28HPM TSV M& Al|
[22] 34]0|lM Via Metal fillingS ¢/t Target 2

O|77tX| of| & =0ofl PR Stripe, SiO2, TaN, Ta, Cu [Before CMP |

seed, Cu ®7|=2, Annealing =22 TIHEICE,
WaferQ| BIHE HEHA 24 Cu 7 Viaof| H&st ey
conductor features

Filled copper vias

7] #IshM CMP E= Z2t=0t of| & 3FE AHE5t
11 O, CMP ST A8 Al Si BHE SHSIE [ [22! 34] Hole Size 40 um, Hole Depth 170 um 2!
11 Cu B2 HiRE2l 29 SHSIE WEZ Si/Cu TSV Metal filling 0f0|C}.
CMP 20i| Cu HE Zgo| LM Sl QUCH.
EESH 1/0 PitchZt &X 30 umoilA 3 um £ Z2 E|H TSV Isolation2 22t Si02 FH= YHESIEE TSV
Metallization A| Aspect ratio?} 714 Metal filling '-t0|=7t &&3HA| =0 High aspect ratio TSV Metal
filling W ==0| RSICt SXY Voidlessg 2/t Cu =2 2421 PPR (Periodic Pulse Reverse) 2f410]|A]

HRLUE, =5 AR RIOE Sot 2t 28 ®o 8 14 Metal T 2 38 =4 2|Hei7t ARSI,

2) QIEEX (Interposer)

QIHZEXME= ME CHE O|X| 37|, /IX|e| HEE 71l =4 e 0|3 Heo| Hast &
Ol AFBEl= I7|X| 7|22 EA2|Z (IC) &t oM Z27|T (PCB) AtO|0f FIIHoZ A
EXRO|7F S| ALt w20 QB ZEXN = O SFHES| HiIME

[22 35]2 QIEEXIt AFE|= 2.5D F#+Z0|C}.
HBM (XCHEE M22)= 1 XM= oi7 X7t o 2t
ZE ME0]| ORLICE AJAE! AX|0] HBMS ELHH Al
AH AX|7L QIE{EX] (Interposer)E SdiM 2X|E]
1 HBME 2¢! 2.5D mi7|X|E BH=LCE Ol= MZ Ct
E 7159 AXE2 SiLte| Ii7|X[2t She EAlRl SiP

=+ Micro Bump

s Bump
4 PKG Ball

(System in package)2tl & = U= Z0|Ct [32] 35] HBMS 0|23t 2.5D I§7|X|
RIHEX S| B2F= 3A )7(, REl, A2E27|HE O

8% QIHEXE Lks 4= UCH

A

AZ|E T|TE A8 ER 7HE 240 A0t S HAULE (interconnect density)E 22 = UKX|TH 7HE

13



HWM ZH H[82 JHEICH |)7] (organic) 7|2 A
2|2 7|8t Chd| MTHEo R &2 dsut U E JH7
Ct. SEX|ZH A2[2 7|TE AFESH= 20l HIsH AESt
=4 H[EZ 7ZICL [3% 36]= CiscoAte| TSVt
gl= R7| QAEIZXE ATt 2.5D pacakgeE O
Z1 Lk

g2| 7| A2 MES 7HAnt g2|Hel 452 7t
TICE six[gt A2|2 7|8 QIE{ K= o|0] & &L
of U=l gtsl F2| 78k AEZX = FH, THE Ao
= 3 gao| Hz[29fojmHof HlsH O S X H
£ 7tX|11 7| W20l A2|22t H| Wt TS 4L

0{24=Z0| ALt ot H|WH ETEHo| BOXE &

SIS = PN I e o

SoliM 222 7|HE AHEe AIHEX

o
= A8t QB EXE H|ug 4= Ut

QIE{EX 7|=2 Co|2t CIO[ZF 1000071 O &fe| &
ZE 7tSSHA oh= OIMl HEH £FME XS5t
CPU, GPU, ASIC 51} H|22|, £5:A17|5
IHZ X0l AFSE|1 UM QB =2

AI_I

M s0Ll ot 184S dRE U S

13

II

I:1
U
>
>
2
ru.*&*
mm
o
|0
HT
ro
o

0|Z2| CI0|E HEY mff AHEE|= Yol AEZE
X 0o]2|ol= MCM (multi chip module) IH7|X|2}
EMIB (embedded multidie interconnect bridge)
7|=0]| QICL [23 38]2 MCMIF A2|2 QIEEX
12|31 EMIB 7|&S H|wgh AFZIO|Ct. A MCM If
7|X| A2 JA717F M 7|£0] EKE0 AN =2
ME|EE JHX|11 KGD (known good die)E

7| 80| sith= S-S 71Tt 4H|F=0| =1 T}

L o=

7teqLy

of 7|2z, Cojet Lo Zte| Mo HAAR LI HOTIL=

[ELy L

222 AHEXNE O|E3t= B2 Lol QIE XL

14

HBM_Functional HBM_Mechanical  Organic Interposer

C4 Bumps

€2 Bumps

= Pm. il ‘mﬁ"

lllllllllljllllllljllllllll

1-2-1 Build-up Substrate p—

[12! 36] CiscoAle| 77| QIEZEXME AKZet 2.5D
I{7 | X|
42 f
U5y ofehE Anodic bonding
94 R
ujo} 73] 10-500um A00-500m
= 20-T00um 400-T00m
g ~118 ~46
g EdAG 23 §o| |
d A= 149WAmEQ LIWAmIO
Heln a7 6" 8" 12" 6", 87, 12, iy
vlo} 30 4 Cu W, Au Poly-Si W, Cu, Au
hggug  emawp V0OV ER
el 3 st i yag At

[2E 37] A2|2 QAU ZEXNet R QAEZEX H|w

Package

[12! 38] MCM If7|X|, Al2|2 QIE{ZX|, EMIBE
0|2t O Cto] S 4|

= CFEO| QUCY.

— O

Clo|et CHO| Zte| Ao A LT} Q4810 AH|HEH T Gt



I:I_I- -Iol OI|:|-

SHZE LIt %5t

Ch= ZES 71X SHX|2F TSVE AFESHH 33 /{717t &2 MO|H KGDe| HE0| €Sth=
OHX|2fO 2 EMIBE &2|2 QIE{ZEX 2t OFMIHX| 2 CHo|9t B2|X|Zt, To|eF Cto] Zto] &2

1 2 AHIHAES I

ULCE SEX[2E AR ZEN = 228 ZO|7F FMITte[o] /U
OM KGDe| A&st7| &&= HMIT0| EXHetot.
[12! 39]2 EMIBE 0|&%t 0|F & E3 Atzlo|ct,
EMIB 7|&2 CPU, GPU, 7|Et HAMlg ZIXt 7ot
F 7 [ X0l Befdts MoR ARESH= A

0| 7tsstH M2 CHE S8t YEelo| CHo|E &St
= 0| 7ts5h7| WiZo EEE 3! f0{21= ClH}o]

A SOM ZAMOZ ALY 2 Qg ZIOR HOlCt

FCBGA substrate Source: Intel

[22 39]QIElo| EMIBE 0I8%t 015 & S8t

3) Si Wafer Thinning
Back Grinding = Si Wafer FH= 34 50~30 umolAl 5 um O[stE @+ & Zi0|Ct. Si Wafer &7 30

X oH (=RNelke) HIEHOS 2 =] 1. Temporary carrier 2. TSV exposure & 3. Passivation CMP
pm I | s ED:' X‘I El o Hi [_’ 40] = EE bonding Back side passivation & TSV Cu exposure

Wafer Grinding, Chemical Mechanical Polishing e o o o 2

TrEyes
(CMP), Wet & Dry Etching®2 TStD 0t [eufum 1 (o (] S
o Sege | cument | Targe

Back Grinding = Si Wafer &= 50~30 ym <5 m
Si Wafer 54| : 775+/-20 um

[32! 40] Si Wafer Thinning Flow %! 373 Target

Mo

5 um 0|8t Si /0| Thinning 23 of| A4 ZIdH
HES ® Wafer Warpage &7, 4= Z4,
™ Damage ® Defect O|L} & ZIHOZ T}

Stress= Wafer Breakage ® MEXE, €8 MY

™

-

~

AR £ s MF ALY S MI|H EHo| £EE FYO= L 4 UCL
o2l EXM™E sliZst7| 2Isi= Thinning 28 ¥ Defecte] 2XLE XS £0(7| [t FHNZ| RSt
Defect2 Grit Size, Table Speed, Wheelz Spindle =7, Coolant S£ § 27X H40|| QM T Feks gt

ooz ZH M4 2[H3} Thickness 5 um +/- 0.5um O[St HM|0{5t7| 2[3t idea & 7|&0| Z 3|t

15



4) slo|82|E 29 (Hybrid bonding)
CuPillar+ | Cu p-Pillar+

I[Halg _g_ O"A-I gl‘OlO‘i %I(ere bondlng) Pb-freeCap | Pb-free Cap

2 MEXMOZ MU{QH oM, Q2H 7|7t A3} Q @ = &

O 4l HO[H 2 2 A28 S &2t Tt o] A

SnPb C4 Bump Pb-Free C4 Bump

EF-] 75 - 200 pm 75 - 150 pm 50 - 100 pm 10-30 pm

2| g2 HIEQZ oMo = 20| 2 SHO| AL
> olH 71 >> X MZIN E8EIE TIE >> KA|ch 7| & >
3 QUEt 2Lt 1 EAetet ZOHK|= & ALO|=0] 2f

il /O (input/output) EtXte| Z0| FOFX| 1 UE=T} [ 41] Solder bump 7=
=O0FX| 11 QUCH &0 M (Solder bump) 2HE 0]
£5t0{ 0|0 CHSSIALCE [O7 41, 42]0iM &0

Solder bumg p-bump Cu-Cu Hybrid-banding
I ZH2 &0 = (Solder ball)S 0|83t0d 7|ZEECt
1/10 O[ste| YU[HAE JHX|H 49| ZO| £t =

E0| M7\ EMO|  46ICt. &HEE Sn, Pb - -

InT} Cu, Ni, Fe, AUS CJ2{ 249 8128 0|®siCt. [32! 42] Pitcho| (2 S Ha}

100pm 20um 2um Pitch

slojlEz|E 2E 3¥2 Cult Cus &
| Metal SRGHERS Metal |
o

il
|0
HU
re
mo my

(=} (a) e
. 300~ 3SOE°I X2 2FFollM CuZt

Hat 2 T —Te—
Aol M2 TBlots WAIS AISSICEL Lz Az
| Metal SRS Metal |

(b)—

of BH HEJ|E =Hstn =41 etEol &

A+ 12{ste]| EAlsk= 20| SRt RLI0ICE

Q
08
02t

%%

["Metal [="O B Motal

—
4um-pitch
Metal Oxide Metal

R vetal PETTTR Metal

[O3 43]2 sto|=a|= 2l aAet pozo|ct 2 s == i Sgeed ;
M| &M TE ASE N2fsto] 2450} ASE .
0| £ ZHBI}, CMPE 0|23}0] AtE0] A “”H
R .coy SN
A17|(rms)E 0.5nm O|sI2 BHE0| =L}
=7l{ms)S = [0 43] 810|22|E 2 2 2419} HHHE
[2% 44]0|A2 20| Si EHES NH40H =2 Z2t .
=OILL MA2|E E8f klaHoZ K|ekstH slo|==2 o & .
Q:MH’?‘;.W:T,H-W-rau 'H\ b —uutmﬁu
Al7|(-OH) EE= o117 |7t FA=| T B2 A Het 1 S "G -
"‘q'H
(Van der Waals)2 2 SiOx2 &Afstct, 1 & &K — Temee TaT00T
2| IHHOR 2EAH= AL Si-0 2L Ale o

8 [0al 44] siox BEX2] = HE LIS
MBI},

o

16



[0 45]0f|Met Zo] EH X2| = 2f 200~400 °C
2 71t MEfolA 2~4 kN2 S Tl & 25
NESS A = YoM st 2o
Cu7t #H3IH Cu 74|E Atofofl CuxOy7t &%

st Xt gHAk 222 E3 DBI (Direct bonding

-IE

ra

—_—

interconnetion) 7t HAMEICE

[O2 46]2 Slo|EE|E 2LlA| 2HES AT EH =2
2 M LUQ ARFOZ CMP = SiOx= 1 nm O|2te| B
™ 7{&7|(Ra)E QX &

>

o
]
)
o
x
rr
N
o
5
@
5]
g
_\,'_
oy
J
o
=0
=2

Air Gap2 R A2 AUCL ESt Die to Wafer &
3 HHlE Pt 7| =52 #H 2HHE0| &2
(111) EH Xt 78% Cu Via Array?t @7E|H X
20| =2 2 EA2| Y42 Bt AXte| EolE
St A|7|7] 20| 200 °C 0[8t, 222 1.06 Mpa,
HIEE M2 1.2 X 10-9 Q-cm?7t E|0{0f SiTt,

[22 47]2 1/0 Pitch 3 umoilA Via Size7} 1.5
pm = 0.1 um 7t Gfl&E|0] Cu to Cu 2Y0|A Via

sizeZt ZAgo]| 2} Misalign X017} L3t IssueZE £

[0 48, 49]=
pads/mm? UEE JtX|= 7|&0|C}.

IntelAte] 3t0|E2|E EE 7]

FOVEROS (Micro Bumps) FOVEROS Direct

CHIP

Micro bumps CHIP Bumpless

YN JURANERENARRINI NN
fodtharhtttttndintenee

50pm pitch CHIP 10pm pitch
pbump bonding hybrid bonding
00 bumps/mm? 0.000 pads/mm

Top.Die

T T YT
- 5 = = »

TopDie &
Bottom Die

FOVEROS Direct

[22! 48] IntelAte| Foveros direct 7|&

&2 Foveros direct2t1

=11 Cu Cu Cu
[32! 45] Copper A HAHLIE
Cu dishing
- Depth and shape of the Cu influence

the electrical conductivity and
potentially the bonding strength

- Typically dishing is in the range of a
few nm

Cu height & annealing temperature
During annealing the CTE-mismatch
between Cu and Si0, causes the Cu to
expand more than the surmounding
diebectric

- Cu gets in direct contact (no dishing void)

- The (relative) Cu expansion directly
depends on the Cu height, CTE-mismaich
and annealing temperature

- Indirectly, the Cu deposition (purity grade,
grain size....) might also impact the
expansion and .closing mechanism™

1. Aftor Si-direct bonding

2. Aftar Isolator annealing (intermadiate step)

3. After annealing (fimal)

[J2! 46] 8l0|22|= 22l A| Dicing 2XIH

Post Bonding Cross Section Zoom-in at one of the
bonded pads
[12] 47] 810|EE|E 2 A| Misaligh 28I
22} =l Ziolck.

22ICt 10ume]| pitchE 7kX|H 10,000

[
-
Lmiupn o] [ore

[32 49] Air gap=t misalign

17



QT otolE2|E 2T 7|22 St EMTE2E 2AE|D Qo F=ols O TEE B g4l H20M=
30| 7ttt 24 Fel 71=0] 2R & Aol2t A2 #lLt

5) ¥ &

7 |Z0M SE2 2| & 22, 2= 2fE, = AL 2EZ Lis 5 QCE HA oMol &7 |s2

Xt
o 37| 9 vtex| 2Ao| ;| E|o{o} 317| R0l JHtol| F2ko| Yo, E M |Xl= MA| DXl ThE 2
patAl fe= AAFZRO 9
LIt 0 EL5HH Ag—Epoxy% AE3H= Zi0|| H|sH SR L7} 2240
Ag-sintering2 AFR3IH ®et QXSS TA| 24 AlZ 2 QUCH MA| 2EXQI oA W HY STl &
° x

Hol #E M7t = Hel 7|=0|ct.

HES KXot Iof 71X £242| R0l 7t ALt HoMo| 3E2 A, E

ok

rr HJ
g

off 3| ZEICE Y A%

XEO|
[oiA Clolok=EE& S &8t Eatt 7|& THEO|

IZ 3 7tk

m_lru
-|0

3 QUCE

[12 50]2 Cto|oF2 L 2f|0|ofo]| ofgt FALMS Lt
Etl 2= GaNZ 2lol| 27|43 (chemical
vapor deposition)E Sdll Z4El CIO[OI2E £2

Soff 50| 0| AMEICE, SER|TH 27| Hgro| &

ML= 3X| @A Elck= siiZF0| EXY oict.

Tl'uennral boundary resistance

N AIAE 2Hof| Mol A 7|2 & 2HM

4 7|20 Hls JTiHeZ BO| O|F0{X Lt

F2 17|%] WY 7 479} 0jo|22 ML 0]

8 4| W2t J2|T 244 2t W So| Uck. 1) —_—

X e Aol Wm0 Sk A sy ¢ ¥ 3 8 8§ 8 8
o MFE|E 222 & BUBYOT MAsts wyjo]  [1E SOIHIOIORES S0jofol Sfet E24

oict

Au—coated AN plate

(heat sink)oi| (embedded) st=

o
I I
=] O
HElo] IH7|X|E 0| &%ts YT ATt SHXA|ZH 1Y
OH
oH

| |_H7I-0| =z & gI-Q.



=3 )}

OFA|| H2t2 OIO|3E kDS St WHO| = MEE|1 QUCL EMOZE= Fo| 2F A%E= F2| 250 0t
o
(=3

E
o o
0|22 BiAld 7152 olsto] ojo2 28 MX[oHs WHO| Tk K| Y

2 o RES MRS Y d2to] 228 £ 4 U
WHOSLE SST A WiH0| 12 B 4 D THASH | W] HlsH 50% 014 B W M52 B A
2 4 otk

FX} TY7|X] WHS L o F9l0| HH0f W2t ZIAIE J|50| WRg 4 Utk (HEXORE S|ET0|T %

=]
A
812 AT} QICt SIEMO|Z 72 J|H £ PCBE S|EM0|Lo| YZO HEs Hel2 X8 & 4 3o

[12] 52]2 Z0/Fy| 2T aralof ot Qetso| & :
.I-I-I-I-I-I-I-I-I-I-I-‘ |
SMS E0f AlZ 4 QICH ChEt MZ 0| =3 =g i €57 BRAM G i i
2oig 7o) SIHOS o2 ARSI o= 7
OELE (o) el =
X2 X U2 SO WE & 4 QL. 0f2{st
mE INISPS 2C| HHH
2o 8hHe FTAH HE 20| Ab0| BIT [13 52] &&TAHBM 29 ¥
njaje] ®MAP7|7|SS O %e 7|51t of TESHE
HITH| 7|22 AFSSIDE & Pla| 7|40 WA 55%
ZoMe MA O HZE Zioz HoICt dido| st 7|
e
22 7} 3|A} H2 7|2 Know-HowZE 7HX| T o] Ll
JHFQI XFRE O} 2 4 QIQICE T2 A Ij7|
N HT
& oflA= Dfo| 32 2 HR /o] B8} Cu to Cu ax ns
20%

ofm
2 S
fot
_I-'.g

slo|Ez|E B2EHOE N & R TSVE <H A7 nFAYU>
Moz FWEO0| 7kssiths ™27t 2A0] QJUCE  [2F 53] HA|7|ef el
[12! 53]2 &M E=Z Qg A7t 55%Lt == A
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oNV.ZE

Mot I7|1E 24 7|z S2 AESH Z3, OSAT 7|o| MA| Mtt mi7|& 202 XIYst7[o= Class 1 &
o| Fab 74, 1179 CMP, Etcher, Bonder SO Z |4 X ttQ|o| X£7| MH| £X} H|20| EQ3|Ct, s
OSAT 7|of|A| ZIHSHR| 211 Q= MSE AKXt MEE 2I6h AFESH 7|&Q! CMP, TSV Etching, TSV Photo,
Particle M[0] S2| 7|& &HO| $HAZ Qlsf TS| of2{2 A 2Lt dxll= &4, SK 5to[< A0 M HEth oi7|
Z FMHIE FItistn QUX[2H At 17| ZI0] Market Share ZHTH 3! 7|&% A<0| O|R0{X|A| EICtH OSAT 7|¢
OflA MEHSHo| 20| 7tstt 20F= &THE 7Hs5HA| g Ao|Ck

CESH mH7|E A B AH| 2 B4, A 7(e RN E %= ojME= B 24 J|E0| st 7|E

2 92 =+ U= 71=0| 7 ElCHH mi7 & AH| 3 M= SOl CHot] 22 AE ZIRI0] 7ksst2(2t Alz EICE
b=

1. TSV Formation
-> TSV Patterning
-> TSV Etching (Low scalloping, low undercut)
-> TSV isolation/seed/barrier, conformal and continuous deposition
- TSV filling : Voidless &%, CMP uniformity
2. Interposer
3. Wafer thinning technology
- Grinding
-> CMP
-> Plasma
-> Wet Etching
-> TSV Revealing techniques
4. Bonding
-> C2W and W2W bonding
- Inter-die connections (00|32 HI SlO[HE| HI 5)
-> Bonding materials & Underfill (NCF, MR-MUF)
-> Misalign control
5. 2 technology
6. 3£7I2 Wafer handling

-> Temporary bonder/debonder
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-> Carrier wafer (glass / Silicon)
-> Temporary bonding materials
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