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This class will discuss semiconductor industry faced Moore’s law challenge today, the
rising cost of silicon scaling, the system integration challenge and advanced memory need.
It will provide the insides of 3DIC and advanced stacked die packaging and integration
technologies. It will discuss a full suite of tiered advanced stacked die packaging
integration technology varieties ranging from density, cost, configuration and form factors.
It will include, e.g., 3D IC stacking techniques; 2.5D stacking solution using silicon
interposer with TSV; 2.5D stacking with silicon bridge without TSV; 2.5D- stacking using
organic interposer; 2.1D stacking using high or ultra-high density organic technology;
2.1D+ high density and cost effective stacking technology using wafer level fanout
technology; 2.1D- panel level fanout low cost multi-die small form factor packaging; F2F
(3D-) high density and low cost stacking solution; Glass interposer and its application
potential, etc. The latest industry ecosystem development status and key player’s
technology innovations will also be discussed. Advanced co-design and co-architecture
concept, SIPI considerations and EDA tool status will also be touched.

ARBH TR LA R RF LTG0 EREEARK, BEROEA LT, RS
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EMARE L, BFF 3D RREBEBHLA; RAETANZES TSV # 2.5D % & #F
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1. World semiconductor industry’s technology and business trend
TR B AR AT b B B AR Fu 7 b
a) Moore’s law challenge /& /R & £ By 3k bk
b) Development and ROI % J& F1 3% % E 4§ %
c) Packaging’s historical opportunities %t % ¢ 7 # #13&
d) The loT world 478 Bt 7
e) Industry4.0 T\ 4.0



2. Packaging technology fundamentals 3 2 A X 4l
a) Package options and configurations # 2% T 5 it &
b) Package technology selections #f 24 A i £
c) Wafer bumping & B 3%
3. Flip chip substrate technologies 8] & % F 4 K& A
a) Structures %14
b) Fab process flow —step by step # &/ LT ZitE ——3& 2 #
c) Key materials % % 4 £
4. Cu pillar flip chip packaging technologies $HAE# XX FHERK A
a) Cupillarvs. Cubump 484 vs. 483k
b) Configurations Bt &
c) Benefit of Cu pillar packaging 44 £ 3 #7224
d) Application A7 A
5. Packaging design considerations # ¥ % iHE XEH
a) Design for manufacturing T If] #|3% &9 % it
b) Design for reliability ¥ % M4 1% it
c) Design for test ¥l & 1% 1t
d) Design for cost T 4] i A B 1% it
e) Design for signal integrity & & % 4 1% it
f) Co-design and co-development 1 [E & it Fo 8k & 7F &
6. System integration challenge and need 2 %t & & kixFn TR
a) Bandwidth # 5.
b) Power I %
c) Form factor ik [H %%
d) Cost A& A&
e) Memory 7 fE
7. 3D stacked IC technologies 3D #®& IC KA
a) Through silicon via (TSV) % ZF 3L,
b) Silicon-silicon bonding & 4 &
c) Silicon-wafer bonding %&b 5 A
d) Wafer-Wafer bonding & A -8 7 4% A
8. 2.5D stacking technologies — Silicon interposer based
25D EEHARA——ETHER A
a) Silicon interposer  EEFEH A
b) Basic configurations # A&
c) Key benefit and challenges = Z 1t # fn 3k &

Bonus for day 1: Good practice 1 - Innovation process

% —X Bonus: HELE (—) AFILE



F_K
9. 2.5D integration: CoC-0S 2.5D £ jX: CoC-0S
a) CoC-oS Process flow CoC-0S T 7, /it2
b) Advantages and key challenges 1t %1 = E k&
10. 2.5D integration: Co-CoS  2.5D % f&: Co-CoS
a) Co-CoS Process flow Co-CoS L7,/ 12
b) Advantages and key challenges 1t #fn £ & 3k
11. 2.5D integration: COW-0S  2.5D % % : CoW-o0S
a) CoW-oS Process flow CoW-0S L%, /its
b) Advantages and key challenges 1 % fu £ B 3k 5%
12. 2.5D integration —summary 2.5D £ R —— XK &
a) Pros and cons of various configurations 7~ [5] it & ¢ | & #&
b) Technology roadmap A % £, [&
13. 3D memory stacking and integration technologies
3D FlE A EEME REA
a) SRAM, DRAM and others ## A B AL A7 fiF 25 . 21 A B AL 77 B 7 0 2 B
b) Needs of advanced memory & & 77 fif &5 9 % K
) HBM Ef T LF
d) HMC &6 i 71k
e) Other memory stacking E 184 7 i & 3 &
f)  Applications of advanced memories & & & ¥ 25 B9 oL ]
14. TSV-Free more than 2D integration technologies
TSV-Free more than 2D £ & A
a) Why TSV-Free 417 % TSV
b) EMIB# AR £ &R L &M%
c) 2.5D-
d) 2.1D
e) Face-face die stacking Face-face % f &
f)  Wafer level fanout integration (2.1D+) & [B %% & H & #%(2.1D+)
g) Panel level fanout integration (2.1D-) R % & 1 & A% (2.1D-)
15. 2.5D stacking technologies: Silicon bridge based (EMIB)
25D BEH A: £ FEH(EMIB)
a) Silicon bridge #E#f
b) Integration configuration and flow % p 2 & fuifl 22
c) Benefitof EMIB  EMIB A %
16. 2.5D- stacking technologies — Organic interposer
25D EEFA——HHIFAMNE
a) Organic interposer & #lL# /)~ 2
b) Integration configuration and flow & & it & i 12



c) Technology analysis A 247
17. 2.1D stacking technologies — Ultra high density organic interconnect
21D BB A ——HEFERINLE
a) Definition of 2.1D stacking  2.1D £ &) E X
b) Ultra high density organic substrate #8 & % E & #L4T &
c) 2.1D integration configurations  2.1D & & &
d) Integration flows % miite
e) Technology analysis # A 4T
18. 3D- low cost Face-to-Face stacking technologies
3D-fik & A& Face-to-Face & HK KX
a) F2F flip chip F2F 8] &
b) F2F Wire bonded BGA and lead-frame packages
F2F 5| & % 4 BGA 5| KAE
19. Wafer level fan-out technologies (2.1D+) & B % & H & A (2.1D+)
a) Definition & X
b) Configurations W&
i. Die first with RDL
ii. Die last with RDL
iii. Die last with Damascene
iv. Die first with Damascene

Bonus for day 2: Practice 2 - RACI process
% — K Bonus:3L% (=) RACI T ¥

F=K
20. Wafer level fan-out process and applications 5 B 2% & T % 05 A
a) Diefirst + RDL
b) Die last + RDL
c) Die last + Damascene
d) Die first + Damascene
e) Technology analysis % A& 4 #7
f)  Applications fz F
21. Panel level fan-out technologies (2.1D-) R & & H ¥ A (2.1D-)
a) Definition & X
b) Configurations B &
i Die first
ii. Die middle
iii. Die last
c) Process flows of various configurations & (& 8 T 7Rt
d) Technology analysis % A 4 #7
e) Applications Sz F



22.

23.

24.

25.

26.

27.

28.

29.

Hybrid SIP ¥ & SIP

a) Definition & X

b) Configurations Bt &

c) Technology analysis A 27

PoP and PIP with stacked die integrations F|Jf 3& &% 5 & ik B4 PoP 1 PIP

a) Configurations Bt &

b) Technology analysis # K& 247

Thermal management for SIP integration SIP £ sk By & 2

a) Packaging thermal management fundamentals
HENEEWEMEE

b) SIP’s unique characteristics SIP #J 4 P£

Vertical interconnect technology EEH Z# A

a) The definition of horizontal and vertical interconnect
KFEEAEH T E W E

b) The importance and impact of vertical interconnect
FHHEWNE R MR

c) Types of the vertical interconnect # B & # K &

i Bump and ball
ii. Wire and lead
iii. Via
iv. Pin
V. Pad

The advances of vertical interconnect # B & it (£ #

a) micro-bump %k

b) TSV

c) Via

d) Cu-Cubonding Cu-Cu &

Some the most advanced substrate technologies — % & & & A JEE A
a) Coreless substrate T4t &

b) Optical interface on substrate #f & £ X# 0

c) Embedded traces # A\ = %7

d) Embedded IC devices # A\ 3, IC &4

e) Pad-lessvia

f)  Drill-less via

Glass interposer technologies H 3 F/H-ER A

a) Glass as interposer ¥ 3% H 1€ £ /- 2

b) Glass as substrate core ¥ F| fE#f J& % B

c) Glass circuitry technology and applications 3% ¥& & % 35 A a1 5z
Ecosystem of the more than 2D arena  More than 2D & BRI A A R &t
a) The market and applications T 37 1 fz /7]

-10 -



b) The supply chains ft i 4%
c) Recent activities and status from the top players 1T\ 47 #, #& #7 3 4%
i. ICFoundries IC KT/
ii.  OSATs % 42 it
iii.  ODMs/Fabless companies % it Hli&E &/ T au B /A &
30. Stacked die packaging design considerations & H E R HERKER
a) Channel density and performance trade off i 38 %% FF o Pk GE AU f7
b) SIPI considerations SIPI JE & = I
c) Power reductions I & & /N
d) EDAtools EDA T E
31. From co-design to co-development to co-architecture M ¥ [@ & i+ 2| B & FF X 2|

FEE M
a) IC-PKG-PCB co-design  IC-PKG-PCB 1 [7] #% it
b) IC-PKG-PCB co-development IC-PKG-PCB Bk & 7 &

c) IC-PKG-System co-architecting  IC-PKG- % %t Bt &5 H

Bonus for day 3: Good practice 3 - Discipline of a cross functional project and
decision process

% =K Bonus: EXLEK (=) BT E kI BHAH

32. Summary about what we have learnt & %

a) Semiconductor 50 + 10 years ¥ F{K 50 4 HAE K KK T4

b) System solution challenges and technology roadmap
R GRS T B PR A A s

c) Advanced 2.XD stacked die integration and packaging technologies
BR 2.XD EEE F A EKEA

d) World ecosystem development status t 74 & 2 4t % B IR

e) Our opportunities F 189 #L 3%

-11-
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Dr. John Yuanlin Xie
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Director, Packaging Technology Research and Development

HEFAFRFREMHE

Altera Corp., now part of Intel
Altera 4\ 5], Z % Intel 79 —&54*
ﬁﬁﬁi B Altera /28] T/E 17 4, £ Altera # 24 A#H & B A9 7 A el

BRST R B R B A R R, T R A G 2T 7 b, L6 2.5D/3DIC & Ak B An R 1
Tr & bk BT 8% o bR e B P B e . WHE EEERT Altera A EHY 17 F 9, T 41T A&
Altera By & 8] % % BGA I Iefu /= @b X Ao M# LT Altera BV g M RETT 2 WY H K
BRIt TR, ZEARNEMBERET, kA —MHREOE . tE R &% IC-PKG
WERIT A AR AL, Z GHBELT Altera WE MNERKFiF2E R XM RAH
P, Altera 2B RIMLTIMEMTET, BN1984 FXATHR LEANTEREL
BAEM, Altera —HEATAHEFPRELVF AL EFREEMAETE, HEl Altera
HE20NMEXFAH3000 L4 AT, EAZFREEARYH AR EZHBITE, LF
1,45 #] FPGA, SoCs, CPLDs 1 B, JR & 2 7= & , Altera /A & H Bl 4 45 R4 5 9 —# 4.

AN Altera Z H, #t1# 44 Prolinx Labs. (LT #m | %) #HE T 5 FHHE AT
K P, Prolinx Labs 5147 & 28 R K 48 5 A A0 MfVia A B # & o Prolinx Labs & B 7
Micro-filled Via (MfVia)# A, Viper Ball Grid Array (ViperBGA) #1 &, #11€ F BGA #1 &
WAt B . Prolinx Labs £ FF % 7 Copper-Core Ball Grid Array (C2BGA) , =& —ff
fif #3& 72 & Plastic Ball Grid Array (PBGA), Hl T #li& £ & i BGA % % . #£ Prolinx Labs,
WELHAE T T H 8 MiVia B EME S HENRLEGER, T LZHT o % EHd R
MA. g 2HETZERANNATA, HFARALBANXTHEERI B
BAEES,

TFER, FELY2RAEST HESERERZE, #iELEFTLHEREZRMAM
L TR EEERBEA, BN TRES T EMR AT LA 3D f1 2.XD dn H &




AR AR T, USTTRER, & Hf K A A i ACBE 2 LU R R T iz B
MAREREK. Elb, NN L RS LB ENATFE.

WRLTEVTAOEAFWER, AREFIHRYER LT EF R L ¥, B
BEMMNAFERANGRANER T A ARAN LR ERFELEFM. AR
KBEEER NV RFIRETHNLA AT XAEGAELELFH I AN ET
El 2011 /&, #1# 42 MEPTEC i[5 & A 2 & it (www.meptec.org) ; CSTIC #f
FAE K E T2 B R IEEE 2 . CPMT 2 R, IMAPS 2 i, GSA &, %%, il
£ National Consul £ &, Chinese Institute of Engineers USA £ /& (www.cie-usa.org) LA
FKEBE—FrER 98 FhEmFEIEN 2%/, f1 CIE IH& L4 4 (www.cie-sf.org)
WERAMEEK.

HWHELEHAAE 0RO AKEAN, UK S0 REFAFEA LR,

o
4

Worldwide Industrial leadership influences and presence (since 2012)

SR S A Fek Fan g B (2012- )

2016
e Semicon China/CSTIC 2016, 3/13/2016-3/17/2016, Shanghai, China
¥ [F E¥, 2016.3.13-2016.3.17, 2016 Semicon China/CSTIC
o Session keynote: 3/13/2016, TSV-Free 2.5D Integration
T AUEH: 2016.3.13, LF TSV HY 2.5D & M.
e |CP Japan 2016, 1/13/2016, Tokyo, Japan
H A&, 2016.1.13,2016 H & ICP
o ICP1 Invited talk: Roadmap towards TSV-less 2.5D Integrations

ICP1 %% & : 7 TSV-less 2.5D & & & JB W B 4

2015
¢ Semicon China/CSTIC 2015, 3/15/2015-3/19/2015, Shanghai, China
# [& ¥, 2015.3.15-3.19, Semicon China/ CSTIC 2015
o Session keynote: 3/15/2015, Developing Cost Effective High Bandwidth
System Solutions Using Heterogeneous 2.5D integration of Stacked
Memory and FPGA
FAUEP: 2015.3.15, A A EE N FA FPGA By 744 2.5D K I & AR
TR GHEERRERTTF
o Session V-Il chair:  3/16/2015, Packaging and Assembly
V-Il chair 41:2015.3.16, # ¥ A4l &

-13-



¢ |[EEE CPMT seminar, 2/26/2015, Santa Clara, CA;

|EEE CPMT #fit 4, fw F w4, 2015.2.26
o Advanced Stacked Die Packaging Technology: More than 2D
& R o A YE & EH K K More than 2D

* SITRI Wearable Industry Alliance Silicon Valley event: 1/15/2015, Foster City, CA

SITRI 7] F & a4 7= B B vE 2. 2015.1.15, AmMABHTAF
o Event MC and panel session moderator
EAERAMT AN ERA

2014

* ATS 2014, Penang, Malaysia

Dk V9 AR, 2014ATS
o 11/17/2014: Panel Discussion: “The Dilemma of Monolithic versus

Heterogeneous Integration- the performance, design and cost"
2014.11.17: /NEWIRIT®: “BERERT RN ERAEERE. RITAR A
RS

0 11/18/2014: Tutorial: "FPGA 2.5D/3D Integration and Roadmap"
2014.11.18: R4 % 5: “FPGA 2.5D/3D % & fn % 4 [&]”

e [EMT 2014, Johor, Malaysia

Dok VI &M, 2014IEMT
011/11/2014: Half day short course lecture: “3D Advanced Packaging”
2014.11.11:  FRAERBIE: “3D mHH K"
0 11/12/2014: Panel Discussion: “loT: Role of packaging and industry trends”
2014.11.12: /NEWIRITE: “loT: 2By 1EF K=k # #
011/13/2014: Keynote Address: “Innovation in Low Cost Packaging”
2014.11.13: FAEWH: “RARAH Z 06

e Session Chair, advanced package design consideration, MEPTEC 2014, 10/23/2014,

Santa Clara

X J4rdr, 2014.10.23, 2014MEPTEC 44 /&, &R EiLiHR{E

e Expert lecturer: Huawei, 6/16-6/20/2014, Shenzhen, China

TR FEFEI, 2014.6.16-6.20, K

¢ Keynote: CSTIC 2014/Semicon China, 3/16/2014, Shanghai, China

FRAUEWH: FE Ly, 2014.3.16, CSTIC 2014/Semicon China

e Invited talk: ICP/NEPCON Japan 2014, 1/17/2014, Tokyo, Japan

B4 4. HARKE, 2014.1.17, 2014 H A& ICP/NEPCON

2013

e Technical lecturer: ATS 2013, 12/4/2013, Penang, Malaysia

AT Bk LM, 2013.12.4, ATS2013

¢ Keynote: High Density Organic Symposium, 11/17/2013, Georgia Tech, Atlanta, USA

FTHEW: BEEANMIT S, 2013.11.17, # [E T4 = A Georgia Tech
* Keynote: Semicon West, 7/10/2013, San Francisco, USA

-14 -



FMEW: =EIH4 L, 2013.7.10, Semicon West

e Expert lecturer: Huawei, 6/20-6/25/2013, Shenzhen, China
B4+ EEI, 2013.6.20-6.25, 4K

e Invited talk: Semicon Singarpore 2013, 5/8/2013, Singapore, Singapore
o AR Y, 2013.5.8, Semicon Singarpore 2013

e Invited talk: CSTIC/Semicon China 2013, 3/18/2013, Shanghai, China
¥4t 4. +[E L&, 2013.3.18, CSTIC /Semicon China 2013

e Invited talk: ICP/NEPCON Japan 2013, 1/18/2013, Tokyo, Japan
B4 4. HAKE, 2013.1.18, 2013 H A& ICP/NEPCON

2012

e Banquet keynote: EMAP 2012, 12/15/2012, Hong Kong, China
EoEW: FEFE, 2012.12.15,2012EMAP

e Technical lecturer: ATS 2012, 12/12/2012, Penang, Malaysia
BAVIF: k7R, 2012.12.12, 2012 ATS

e Invited talk: EDAPS 2012, 12/10/2012, Taipei, Taiwan

M E: 634640, 2012.12.10, 2012 EDAPS

e Invited talk: IMAPS 2012, 9/11/2012, San Diego, USA

Frik R &: =B XM T, 2012.9.11, 2012 IMAPS

¢ Invited talk, Semicon West, 7/15/2012, San Francisco, USA

Wit 4. *EIH4 L, 2012.7.15, Semicon West
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