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Advanced Packaging for Heterogeneous
Integration: Applications, Significance, and
the TSRI CoCoB Technology Platform
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Po-Chang Wu
FEREERF@TER > FERAEEORREBATFHY - RE—R K WEBREL

AGREESY S HAH 0 REREIRB s - REIEHMERA TR A2 B

DR RAL Y db i (chiplets) /5 AL — B3RP IEF 45 - RIS TAHRAEF
MRAIIEIR o RXIRAWF G B F L8 ut % F 8 (TSRI) 472464 CoCoB (Chip on Chip on
PCB) £ #4&-F & » dofT A AL B A &1 0 k&2 ML 37 8] B PR o915 R 1%
J& ° M %% % T18 Backside TSV #42 + 22331 8] » EDA B3 iAZ - AR LT & dofT ik sk
WHE FHFIERAE 0 Avik AloT ATHE Gh B AL 4109 96 & LR -

The rapid expansion of AI/HPC and edge computing is driving semiconductor development
beyond traditional monolithic SoC scaling. Advanced packaging and heterogeneous integration
(HI) have emerged as key enablers for improving system-level performance, bandwidth, and energy
efficiency through chiplet-based system-in-package (SiP) architectures. This report introduces the
TSRI CoCoB (Chip-on-Chip-on-PCB) platform, a research-oriented 2.5D/3D integration solution
that adopts die-level fine-pitch interconnects and a TSV-based silicon interposer to support scalable
chip stacking and board-level integration. The CoCoB platform provides standardized design
rules and an EDA-supported verification flow, enabling reproducible prototyping and electrical
evaluation of heterogeneous systems. By lowering the barrier to advanced packaging, CoCoB plays
an important role in accelerating academic research and bridging IC innovation to system-level
validation.
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FUBHUOERAE - RSP - RERGRIAEEEE - EH R AR - RERGH
KoLREIH o R ESEIS (A Logic » Memory » RF » MEMS %) g}*ﬁé’ﬂm#%ﬂﬁ% R
IetmalaE] » DAt &S A E 2 (system in package, SiP) @ B IREBE —& FrUIhEE » &
REEA[AITE (power, performance, and area, PPA) (& f# - ;5N IR EMEERTHI A - B2 R4
AT AR A - N EGESK BB - R B 2 T R R B R T -

1.2 ThinEREN /) B iEsh

Al Bl EEEE (high-performance computing, HPC) [E AR AT A A Y53 & it i 7L
h[F R FIEE S e BHEERT TR K o Gartner TE(HU (& 1) f5H » 23k AL 5885 Hﬂ(ﬁ%ﬁé 2023
Y 537 (37T - BATFE 2028 1Y 1,975 (BETT » FEEREREE 29.7% < i T EH
R MR —BEERAIEE - 1FE Rk ()lﬂt SR EER TR A e RE T REEIE | B T
SRR, o THRFEI T 2025 4F - RS EBUE R E LTS RE - IER R TR » &
NVIDIA ] H100 GPU * AMD Yy MI300 -#%5- .25 A Chiplet 2252 CoWoS FFEHEER T »
HHE®E HBM iUlEfREUERR DR R S (B 2) - AKEARKE] > BHEEA HEEE
M2 RE PR HY T8 -

Worldwide Al semiconductor forecast

mm Revenue (billion USD) ~#— Growth Rate (%)

0,
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)] —_
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% S
g 100 -60% 2
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o) 53.7
i 50 . -90%
0 ~120%
2023 2024 (e 2025 (f) 2027 (f 2028 (f)
Year 2023 2024 (e) 2025 (f) 2026 (f) 2027 (f) 2028 (f)
Revenue (billion USD) 53.7 84.3 114.0 144.2 173.9 197.5
Growth rate (%) 27.1% 56.9% 35.2% 26.5% 20.6% 13.5%
YoY Increase (billion USD) 1.5 30.6 297 30.2 297 236
5t : e = FEt{E (Estimated) ; f = F&)AI{E (Forecast) BRIFER : Gartner (2024/07)
B 1. 23K AT F E58 2 MRBLFAE B (Source: Gartner, 2024, July, Worldwide AI semiconductor

forecast) °

1.3 2.5D/3D $FEEZEHEREAT

TESeEET HE TR - TR ) R ESEAIERS RS - IR AEAIZR - TR
@@&%W@%ﬁ’ﬁm@W%ﬂQMw@mvamTﬁ@%ﬁﬁﬁ@%’ﬁﬁAiﬁ%
J& (redistribution layer, RDL) £ 7 % EEMEMIEIE © 2.5D BEEEEDIF TP E 2
Ll%%?}# RDL 2 TSV ERBEHAR - iﬁmﬁﬁﬁﬁé’%ﬁﬁ%&é s T 3D EFEER R HE
& 0 FEiE TSV 5 Cu-Cu GBS A iR RS R B S B 54 - #5937 Wire Bonding /28 75HY
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High 1
Advanced packaging
vV O U W OV
TSMC-SolC™ + CoWoS®

5

® ' W, o

o OO O SESLY ,JAA‘EM,

E VOVUVVVVY COWOS
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5

1 InFO W soc m—

]

5 s L., O0UUT 3D Chip stacking (SolC)
. Iﬂl! InFO_oS + Advanced packaging

v vvevbu
1T, sec 10 InFO_B
vovuwu
InFO PoP

Low >

Packaging complexity / 3D integration level High

CoWoS®  Chip on wafer on substrate  InNFO_B  InFO with bridge SolC  System on chip
InFO Integrated fan-out InFO_oS InFO on substrate SolC™ Ststem on integrated chips

Pop Package on package TSMC Taiwan semiconductor manufacturing company

2. b i34 47 iE i B (Source: Taiwan Semiconductor Manufacturing Company, Advanced
packaging and 3D chip stacking technologies) °

F A& - B TSV #LEH Ry 3D &S - R EER AL » W g Eas il i
THITHIZVEZ AR AR B (coefficient of thermal expansion, CTE) * &R E N RIRIE ERZLEH
RENE « ENFUBRER A - R R E R SRR ER S -

— + TSRI CoCoB #%ffjs£ iz

AR B U S B A REGE S — P R RAE IO E L AUPTIRERT— Ik
IS F L E ~ LS SRR - R SE R E R - TSRI BIEFTE T CoCoB (Chip
on Chip on PCB) V&5 » BERER | —BE @ #iuERENHHEHREER - MR
EEN T - B EEERE TSMC 0.18 um CMOS $1f2.2 I » SR FEE A/ (active
interposer) B AV ZEFL (backside TSV) £iii7 » HZ2 i A& H T E—(HGEEE - nEEMHE - th
REZRI YRR S50 -

2.1 CoCoB ZE1E#aE
CoCoB SFE IR T _E53F =& : PCB ~ Interposer i Top Chip ([& 3) °
1. Top chip : £ & (flip chip) /750 ZEiE<EEK (gold stud) B /g Hi 7
2. Interposer : £RF T18 backside TSV £ifilf » EEEI&EFTEET] (active interposer) * AIEESHH
bt~ BT EE R EHIEAERE
3.PCB : H1/7&:%i# C4 Bump B PCB ##% - ME{TAHIRE ! (fan-out) BLRMEES
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Heterogeneous integration with interposer

Al

B B B B B B B B
High-densit

int%rconnec)t/ / High-bandwidth
(RDL wiring l l l ey l / l l l ?;g &?gg%s'ty e
on inerpesen) @ 9 9 9 /9 9 3

PCB

Zoom-in and details

Top-side

Bottom-side Interposer 1/0 Interposer cross-section

- (micro bump) (TSV + RDL + BGA)
Package on PCB
Application specific RDL (redistribution layer) " Q  Gold stud (micro bump) Interposer: enabl.es high-density routing an.d
Integrated circuit short interconnects between chips
TSV (through-silicon via) I:I Interposer (silicon / glass) = RDL: fine-pitch wiring on interposer
Image / Gas sensor for signal redistribution
o BGA (ball grid array) - IC package TSV: vertical electrical connection
Artificial intelligence inside the interposer
processor BN FCB (printed circuit board) | ‘:] Sensor die BGA: provides electrical connection

between package and PCB

3. CoCoB ZZH4a % -

2.2 T18 Backside TSV Hf2#;l
TSRI FrBA3HY backside TSV - & —EHMIAIMASEH TEHRAE - fE585 0.18 um CMOS

BIfEte - FEE— PR YRR - R BRI EEBOR R A ([ 4) ¢

1. 825 (temporary bond) : KF5ERL CMOS B2 i [E] 1 B I FEH 2. (glass carrier) ETIF
#E o DIFRE S EnL -

2. EHE T (grinding & CMP) : ¢ i (Bl IES T IS B B2 B JH AL (chemical-mechanical
polishing, CMP) + K-y E:ARH L 24T 50 um -

3. TSV EiZl (TSV Si etching) : FIFEEiEZ BRI F T - (€SS EFRH TSV AL E ALK
W EEAR - T RERAL -

4. #@7%E1TE (oxide deposition) * VJIFEAES I DA RBERY BLAR B IR AEIE A\ 1Y% -

5. 2 /BEFT (Cu plating) : JIFE Ti/Cu &% - #E{TEIEHT (Cu plating) DUERE TSV FLiF -
RS RE

6. EITEHi<B /B2 © TSV HFEZEMW M » Landing E1E[AHY BEOL metal layer M1) I &
B ETEENEE -

7. 5 EEMIEEE (RDL & bumping) © 1EanT BFE S B3 T~ &8 (under bump
metallurgy, UBM) * & FH 55K (Sn bump/C4 bump) °

2.3 BT EMHE (design rules)

BAEZ G 5L Fr 2 RN R e - B <7 — Sl ARG TR AT - s AT E RS
2 ERIPRA] - FEORMEOR KR RE B E A TAZSFH -
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T18 Back sides TSV short flow (1) T18 Back sides TSV short flow (2)

(Self-align etching Al & SiO,) (TSV filling & bumping process)
o Starting wafer 9 Interposer bond 9 Grinding/CMP o Si0, wafer 9 TSV Cu plating 9 Cu CMP
Oxde, Oxide
Oxide Metal Oxide OX|de Oxide
i i Metal
SiN S . ‘a Metal Metal
Si E> Si [:> S'N SIN
Si
Interposer bond @
@ 20% HF(vD)si0, @ TsV sietching O AgSiO, hard mask
%Xi?a? Oxide Oxide
e Metal Metal
N SIN
m <:3 m <:] e Bumping process e Oxide etching 9 Bumping isolation
@ Oxide Oxide Oxide
Metal Metal Metal

@ sio, etching © Aletching SiN & N e SIN
Oxide Oxide Si Si Si
Metal E> Met‘al

[ | oxide(sio,) | Metal(aicu) Ml sn Bl si B cu M solderbump

Oxide (Si0,) Metal (A/Cu) [l SN Il si [ Hard mask [] SiO, (removed) D e
iO, (to be etche

4. T18 Backside TSV % £2 3 #i7 o

2.3.1 TSV %5181
TSV YR EE [ E s 2 3 i B R Ak

« /N TSV EE (width) : 40 um °

« ;/)N TSV [HHE (space) : 197 um °

« TSV Pitch : MAEKRFER 237 um -

« BEE (enclosure) : M1 ¥ TSV BIHETFZEA 20 um ; HEIHIREZLY) (resist protection
oxide, RPO) ¥f TSV BB INTFZED 20 um © 5 F 25 T #t B A= S HUE AL B EL
W

o ffifmEH « TSV WIRERE 64 ZIVLIESEEY » A FAFETT (corner stress) © TSV [EH
Z] M EE 22 E & S I dummy bump » DUHECR S B PCB #8252 11395 - i on sl th B

% o

2.3.2 Top Chip #&& &0
S EE SR B R AE - TSRI BRA & AR IE B ER (die-level gold stud) iy » Ff

B & SR NE SR TR K

« Pad K ~F : #%/)> Bond Pad R ~f 5 30 um X 30 um °

« Pad [HJFE : &%/)\ Pad to Pad fEFE Ry 20 um » /N L FERE S A7 L ¥ (7 5% 22 (mis-alignment)
HHER TR -

« Pitch : /> Bond Pad Pitch 55 50 um ° i5 /2 HE % LR AHEES) - SBERERITHR -

o BHIZEEC (alignment mark) : fiEE R mEEE E 3 » F54E top chip £ interposer HYVU{[E A7
MEEHMER (TFELIP) - HMETE A RHEE (mirror) 3251 ©

2.3.3 PCB [ &8
Interposer Hx A% mafei i3 2= PCB_E » K|t PCB HYERET I Z R ¢
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* TSV Pitch > 237 um W¥ : PCB $#& ##iH#H% /)N Ey 4 mils (~102 um) ° PCB Pad R~T7E#E
135 um X135 um °

« TSV Pitch = 237 um (fHR8FE) : PCB #RE$RIETEME/NE 3 mils (76.2 um) * FLRFTFELR
WEY)EE - HERDTIERRE (solder mask) BEH XABHE Pad » HECRFERS o

o BASEPRA : TSV TEEE BE&EHE PCB HU#EFL - DUBFRFSTENGSS -

2.4 CoCoB BEAHE
CoCoB WyE%Gt » T2 —REIPRIEPAZERS - 2 — e mERE e P F&EF » NEAEHE
T TEEEE ¢
1. Flip Chip on Interposer : FJF 50 um Pitch FYFAIHEE (micro-bump) #§ ASIC &A1&
_]: o
2. Wire Bond Integration : ¥ffAEHIES (sensor) SEE & 78 gy TCl: » AIGFEZEHERA /g Tt
TR (wire bond) & o Fh &% 2 Interposer Pad HIFEBERE AR 650 um DAAARFTHR
i o
3. G ﬁ%jﬁﬁ EHe 2 FEE A RVEES - A REEERERIR 300 pm e
B (EEEFE A Lt E SE AR Bl AR B AT RV I S - SR R BRI B R | Pf
=, EEESHERS -

= - EDA %t dEssE

FERERGT - SRERE AR - (B35 ARYERTTHY EDA Bt - FrarvieE
B A HE A A BER Ry 22 TR RS © CoCoB “Pa N ARIRMEIICENT - HAM T — &5 BAVE
et HEMLIAE - Gt AR R GT — I E R MR - HIER B SR EFrE
—F  ENHERE AR - 22 AR - B HERRIPEEL - CoCoB FTAEEHY
EDA jit#2 ([l 5) » IL@ %y T EAHE RV B E ML L -

. D+D D +A A+A
0

Custom compiler or virtuoso

Interposer routing Y =

Siemens calibre
DRC/LVS . .
. . . Siemens calibre 3DSTACK
Interposer . . ’
RLC pbump DC DC/S-parameter SERG IR,
extraction Siemens xACT 3D (accurate)
TSV + C4 . .
bump
. Synopsys VCS or cadence AMS
Postsim
. . (for digital)
@ Supported / Applicable Limited / Conditional --- Not applicable
. D: digital
Analog chip Digital chip B Top metal pads of chips A: analog
‘ ubumps (chip-to-interposer connection) | RLC: resistance, inductance, capacitance
DRC: design rule check
Si Interposer Si interposer (routing & interconnect) LVS: layout vs. schematic

0000000 opmmm. . |
(interposer-to-board connection) C4: controlled collapse chip connection

[B 5. CoCoB EDA BRI 35 £ 4% ©
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3.1 BREHRAEHRER

AT TIRIE K HY Schematic #%ATEL Layout 38 » HE[M#ETT Physical Verification » RC
Extraction Eil Post-layout Simulation » “N[E]fAEHAf 35T * CoCoB FEE R EEHIER " 17§
Et ) —— MESPHEEREE - BN I EDE R R AR A IR - E IR A
FEE—BEHIERATR ) VBRI - RRTE B R S EBEEE n e 2R (B R AYEN B -

3.2 #f B & (Stack Planning)
RETETH R Siemens XSI B1XPD % 2.5D/3D CAD T B - Ry (F HE B LR = ZE A RERY
et ELE R A -
1.GDS 4 : B 5L A Pad B/ gAY Bump B¢ GDS R E #EHEFE (package
netlist) °
2. TREALRRE] - FTE L E ST Stack Plan @ EFeqn TAUMHEAE - el A - IETHEEL
HIFRAR (flyline) MM A - WERIFHIREEE EHE -
3. Sketch Routing : FIJF T E ST HBHIRSIE M E -
BB RER - MEEEAE T, —(E=/MA4EE -

3.3 3D DRC/LVS E&:5
Bk R R Bk R th iR BEEAIBA#E T BR - EiftHY DRC Bl LVS fa#& ¥

B MTE CoCoB ¥ k- WMEETHIE "B, W57 - 4 Calibre

3DSTACK T. BT 2R HIAS S B FR LU -

« B LVS  ERFETE Top Chip #5588 Interposer ] PCB HY5E#HEIREAR (connectivity) © FXET
HTFEET Source Netlist * E #7258 iG Fr Bl R g HYE S -

o AR DRC : KL A BRI - G40 Die-to-Die HYMIEE + Pad B TSV HYE B AT
B EHE - B > A Controller Pad H TSV HYREEEE &/ NAFREE (A1 80 um) » H53E
A& A4 “Spacing violation™ e

* Assembly fi#itt @ FEBRE X EIEERE - F57E GDS B - [@HIERN (layer info) LUK HEEIE
¥ (stack sequence) °

e - IREEM—(E Pad RJDLEH] - KURFTE SR E & WL REfa ER -

3.4 F4E S EZEH (RC Extraction)
By T B E R RR IR SE R (ST) B IR SEEE M (P [OEF B LT - AT ETRHENT
W B TSV BYF AR - &l E AT SER S TR R — A -
« TE : {#F Siemens XACT ([}#) 2t xACT 3D (FFEHERE field solver) °
« MIPT 1 : EREE2H WNEFE - SBEE - TSV £ AR) - Fla0 - £ TSV S
FERy 50 um ~ 1BEEERE - HERE
o [EAI : TSV Eil C4 Bump E#ZEHUBEEEIH (R) » BA (C) IR & BN S5 pE
B (R
B HHFESEIEREFEN - MRS R e E TR LA T -
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M - S2iifE AR ER M

41 BHIERATHAGHEERY

FEEET BT I 2 BT S - i BN RO - e T Besg i 5 ) RO - §F
ZEIE ~ MR T RE R SRR, - Al P s i - HEDIE I AR E (R - HERR
= TR ERE - BIRRGR - R EB LB B MR LR - [l CoCoB HYHIHR » IE
EAtE (AR - 5 T — SRR E -
« ERIEREE AT © B A SERETR - HRef TS BRI 2.5D/3D A -
< EIEEEEEE ¢ RILEEREET - HERE R RME B 2R -
 EEEBIEAT  HEFENHER IC LA - K2 EDA -~ [EEEE - RS

THEFEHE -

- CEEESBR | AR HRERROME - BEEEL RS LR RN -

Rl BAE S E R A ETRI S K——1& 2 7 nm BV TE2KMAE 0.18 um
T2 86 fiF— 2l S HEDURIE = 8T CoWoS £14E  CoCoB 5 HHEAEIFESTHE Active
Interposer * R AEA ~ Bl ~ Bads =5 SRR ST -

4.2 BEFFERZEG

by T BRI B SR R L 1 SRR T (T M BB R 1 - TSRI DA CoCoB SEra ks khfit » ik
TR & B T I RS BLER I R (R B B8 2 SRR [ B2 © RIRITHEE « RIEERSREA L S -
RIS SR B A (B 6) - 38 /5TE 5 e BHEARBIAI AR R - IR ARt - RO
Y~ ESESEER - Al FEFHFTRE L0 i A S R DL R SR KA ) - BT
MR A « RIS BB R A SR AR

1. EIREF BT FR BB IR
18 —THERII#ERY SAR ADC » EEIREE TR E R FLER SRR R B AL AR - ERY
EEEIIAER - ZEHEEE - REGHEFAGUIEE - VIR RS iy U b -
2. mERRCHIZ RIEEEVE
38— THUE SR R IR TR s O PR B G IS, » AR 1R 2% S B R I S L RE AR URK. » P DARR 22
FRE AR FRELFE AR RS - A RERE T R HMEREE - AR EE R E R - TRZ 2 (EH]
%

3. 4X400 FEMMBEE REEEE

i —THE B SE R EER T it R A K E BT 8 SRR - SRR a] DA
FE i i P T 2 7 i L e - BT AE E B L F ~ AL L B R S A IR &
[=:=}

2z °

4. BRI LIRS EUALL / BAISIRSS

BT RFSIRATER DAC B ADC » (Tt EITORIERBEIRGE ) < SERBLITER
ATREFER TS © BRI BRI SRR - SRR RS
REYIEE -
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5. BB SRMAREE R
& —HEMREAMGERE SIS - EREEE SRR SR (R AR E
Re oK o SEXEEIT AR AT ERIAE 6G EAN ~ A - DU S R A SERGE R -

ujh

6. SRS R

REHEREICER - EEE A E SR - R E AR IR R R -
EAEmEE R R UG ER T L A EEEISE A RANERES -

REBEACE - SBEERR I DAy =TT ¢ BB (RThFEE E s R AR - B8 R R
AMEEE - BB RN T E R R - Bt BRI e U B —IT B - e
AR SRR ~ Ul F N S R AL R S R

SEEEMEREY] T CoCoB A AERMskHE - B it T KRR ERFE | 195
Hby > R RACHIS, Fr s an TR (kRSB T -

il

.

RLLEEIRES
T ——

RERUAISRIFBEURE

ST R ESRS E o s en o
ERSELL B RS FENRBASRIERUES

R —
6. CoCoB # & duf] -
4.3 RRRE
H AT > CoCoB ~Pia Tk AFAZE RGN REREE: - THRTE 2026 55 —F IEAE 2 575
e SEAMERBNETRS AT - R RS EENTEREA 3D IC MEAERSGWEARRE

%o iR (LR AR AIEE H B (L EDA FifERYSE 2SR - 9T AN BIRFREIC B e RO Ay B
R - BIEHEAEZE AR B P | - R SEER N AR AT BEE S FEHAR
MRS HETEEE - AL B~ 10T EBEH—F—IHITERER - SGETFEEE CoCoB
WA TR - NG E-FERERNS - E AR E PO - 25N
RE o & N ARBIEFE R ERIE - CoCoB wi/2HMEAERSEHIATHLTT -
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