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Ê�:;S¹ºL�b BumpingtÓÔbø<^ÿ���RiZ+��®©g

±yÕ�ò±yÕSöëÏ�rx÷CSÓ}¢Z_q�ò1QÏÓÔN®`ÓÔN

ËÌÓÔt&'SÓÔL�ÍâÒÛ�þ�LZÎIÜ�Û�RiS"ë��¿�

L~cÓÔZ±Ò��ëÏ_��NÐÑ��Ax¨��t®`x¨ÓÔSL�'

�Q4�8ZâÒ ¡�Hr¢£]y¥kS��IÛ�Ri¥kµæ Ti/Cu cQ
x¨"UçïæÖHaZIÛ�RiÒ¢µøÓ&S¥ª£ZQ\Ò¥ª¤¥L�

½d"U»!½ÖT�ZÛ�9Øx¨UZ��Ô~x¨x'Nñò´Z?¥ª£u

Õ!½SÖRu×^ÿQBCµøÓ&SÏ�æcQ UBMÖ��Z��©ØÃÙ¥
ª£NUBMEtching%¯'L�èéx¨ÓÔ~ct 
âã 12 *ÇÄ+klµ=>æç 
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2.1.2 klW/kmW./bFan-In/Fan-Outc%nopq-!
rs./6\tuv 
ÚÛþ:;ËWafer-Level Packaging, WLPÉbµçg±IÚÛ¿Àd:;

SÇÈtÚÛþ:;+¹º:;S¦MI�Z¹º:;8îd�ÚÛ«¬dÂq�

�b:;ÖÚÛþ:;I���IÚÛ¿ñ�9!ÜÝ:;Z:;Àdb9!«¬

1�tÚÛþ:;öüJYý�41ÉdÞßà4ÚÛþ:;SdÞyß0àZ¾Q
�aCã£��"Bd�ÚÛD{µaC_R:;t2ÉÝkß>4ÚÛþ:;ÚÜ
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q��cQµqÜÝ9!:;Z$TZÚÛþ:;�±âÒ�ÐÁ�NÚÐÁS½

�Z9µ·¯>:;Ýkt 
âã 13 st�-. 

 
56789rsBt>?@/012A 
ÚÛþ:;ò1QÅ��?4×Ø?WLCSPËFan-In Wafer Level Chip Scale 

Package, Fan-In WLCSPÉA×Ù?WLCSPËFan-Out Wafer Level Chip Scale 
Package, Fan-Out WLCSPÉtI×Ø?WLCSP�Z:;ÕÖ+��ÞÛÕÖy
¶Z:;âzNÜºæAÝ`g±ã�ÚÛ­Rt×Ù? WLCSP I:;�SÕÖ
����ÞÛÕÖZb)8ßÚÛ9!«¬b:;Z«¬yS��ÞmI�Ý¿Z

��+��8òStßÒ­�nod´pÈ»Zá´dÚÛtT�ZÌ�ÚÛî?

�Ý�àÙZ9!ÚÛþã£ZQ²«¬d×Ù?WLCSPÂ<t 
âã 14 opZ-.¯oqZ-. 
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×Ø? WLCSP öüÜYý�41ÉÕÖ�>@4×Ø?:;èéwÕÖS�
>@Z�¸S��½iÕÖ+��ÕÖy¶Ö2ÉL�dÞà4�UéêArz´:
;qpZ¾QÝ`g±³øI��¿Ö3É^!&ôB4:;L�IÚÛ¿µaCÀ
dt-×Ø?WLCSP¿�Iµ��ûtÁ�âÒä��cQ:;TáZ×Ø?:
;S¢£A@¤âfCDyß0ãtI:;ÕÖ¿ZÜ~:;Ý`S5mÕÖ��

��ÕÖZî�M9!:;t$TZÜ~ÚÛ¿S��*80Ú�^!óô0àZO

×Ø? WLCSP S:;dÞ»B�¹º:;t×Ø?:;±Ò�à I/O *8Ëµä
>� 400ÉA0>i�ÕÖSL��t 
×Ù? WLCSP bß×Ø?:;S�9ZöüÜYý�41É�B I/O *84

×Ø?S:;Ý`Íã���RiZ]×Ù?S:;Ý`òJÂÃU��JTt2É
âfCDßå4×Ù?:;QÈ»S­�nod´peft 

âã 15 opZ-.¯oqZ-.µ),ï 
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ßàb"ÆÇ'ás��â0#$��5ã¿Znob"N

ßàÎÏË'#$äåÝ?æÌÍç�ÝI5è«z¬WLCSP'b"�¾éT012b
"N

«{¬

­®¯°±N

M

;N

wT I/Oäå´«z¬'b"ÆÇê¥0#$jk56«{¬'b"ÆÇcdJëì#$
d]N

ÚÛ�uSí´«{¬b"îïe'ðñòóô�ÅõÛN
 

56789yz{>?@/012A 
WLP L�'�S¹ºL�QáTâz(RDL)t�8Z¢¬�µæÄ0¢°æZ

J�å��Sç@æZ}C[Ë[èScÒtÄ0¢ç�ë¥éÄêëìËPIÉNí
Q­îïËBCBÉNÄíQðñËPBOÉtHaZáâzæËRDLÉZß��Sò/Ë®
¦ãÌáTâ�Z"T®¦»¼ß®p`�>ò7S»VZQ"T®¦_ólmÞ

ât¥ª£cQôõCx¨SdêJcö RDLSzy!½Z÷M«ª©Ø¥ª£A
 ¡ætT�Z¢¬��æÄ0¢°æZ"Û�Ri½ø@Qef RDLætI��
æÄ0¢°æ¥ªÙT®¦ãÌtÈ�ZÓ�YÏ�æËUBMÉZâÒA RDLµ·
SL�'�~ct��ZQù`·¸Z®úA®p`��ûæê9!üxøãZî®

p`ùÌ�UBM¿ZùØ¯'°�Z®pf¯'ì@+UBM½dóySý{¤0Z
FCóyS®±&~t 

http://ipoipo.cn/


[Table_CompanyRptType1] 
 

!"#$ 

 
 
 
 
 
 
 
 
 

 

!"#$%&'()*+,-.*                   15 / 37                                          /01234 

âã 16 WLP=>æç 

 
56789rsBt>?@/012A 

2.2 w_`./ 
2.2.1 2.5D/3D./%wx_`yz6AI{|} HBM~��
&6CoWoS��\������� 

2.5D:;A 3D:;S¦MI�bþëä�ræËSi InterposerÉtI 2.5D:
;�Z"ë��A²X<ÑÒÍIéê½i¿�ZUÚëR1��A²X<ÑÒÿ

;I�åæ¿Z�åæ�±cQµq�ÝZ!�="çxyûÒA±Yt] 3D:;
ÍÎ�åæZg±I��¿�íAâzZx]Õ±¿Yæ��t"ë��A²X<

ÑÒÑÒÍã�éê½i¿�Z��çèIµ}ZIéê½iS¿�ëì���S

ä�íËTSVÉZIéê½iSY�ëéêSâzA�ít 
âã 17 2.5D-.¯ 3D-.µ-. 

 
56789B|}>?@/012A 

2.5D/3D:;S¹ºL�bä�íÇÈËthrough silicon via, TSVÉtTSVb
µç#g5ÕÇÈZH$%Á&'·()Ñ� 1958 9�a�ÙZb)Õ±äÚÛÅ

http://ipoipo.cn/
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iQ+ä*ÖJ%H³�íÜºSx5Õ¤otTSVSÕÖ�±I 10μm×100μmA
30μm×200μm8òZuYôå� 0.1%~1%t+¹º½i5Õy/ZTSVD{}ð
5Õÿ&N̄ >>vÂ�Nðà+^xóAxæZèé��òàùëAB.�>Z¶

ñ~�*)Qèé:;S>?@tTSV ×¼&»[Ò���n�çèNäO±ê´
q¼täO±êb��AëUéêS�òæZ1Q�+Aë+Å�ZH��+O±

ê��,Ï�5ÕæZ]ë+O±êOòcdIxN�#<=�>´ùDt 
âã 18 TSV/x0�á1â 

 
56789GHIJKLMNOPQRST>?@/012A 
() TSV²~cSñò-�Zë 3ç�?S TSVL�t1Q8�íL�ËVia 

FirstÉN��íL�ËVia MiddleÉA��íL�ËVia LastÉZ1M) TSV~cIÚ
Û~cL��S¼N���st 

Via Firstb)IÑÒËÜMOSFETÑÒÉ¤o~�8¼Z89! TSV¤oS
�íª«Zí#¥kB�xå�Ëh�¥k�@¤]y¥kÉZT�È».�SÃÚ

ätÃÙSÃÚä�� CMP©Øt 
Via Middle±±)I½dÑÒ8�-I~�èæ8¼~�S�íL�tIë+

ÑÒ~�8�½dTSV¤oZT�#R¥kxå�t/k{0æ1Ï�AËçïæZ
T�x¨ËÈ»�íZ���@¤]y¥k2Ï�È»�ít 

Via Last��ÅçL�t0i��íL�bI Back End of LineËBEOLÉL�
ã£¤3�Z?ÚÛ0i½d�íSµç~�L�t?$%¿4ZIÚÛ¿~�S

��íL�+��íL�yXZ-bßL��&ë9µ·Sû~Ë56>� 400℃Ét
�i��íL�bI BEOLL�ã£¤3�Z?ÚÛ�i9!�í¤oSµç~�
L�t�8"Ò�07îÅqÑÒÚÛJißi���0Z±Y-Zî­RÚÛ¯

°Zî TSV¤oª«U­RÚÛAÖRÚÛ¿S®©Zí#¥kxå�Z��Zî
Ï�¥kC TSV¤o�Q9!RiÏ�æbâzt 
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âã 19 TSVú"=>æç 

 

56789G~�-JK[N������T>?@/012A 
HBM"Ò 2.5D/3D:;ÇÈ���#���~$ZdQ AI%BCDOPUV

YS&'�(tB)*#�(High Bandwidth Memory, HBM)��89��AÃæS
DRAMçè-èéB.*)¹3Z:�w)*þÿZdQ AI;<��S�ôt�µ
H HBMSCoÜY!"�ZÁ 4æ DRAMA89��çèIµ}Z§æ8ò��
TSVA3Ó�Õ±t§q HBMë 8q��Z§q��ë 128q I/OZ¾$§q HBM
ë 1024q I/OZÎ0O 1024q TSVã� HBMS�ò¦¼t��ÑAã£Ñ��
�+O±ê¿SbâzæËRDLÉî HBM 89��S=Y¢£æËPort Physical 
Layer, PHYÉ+ã£ÑS PHYyÕtHBMSCD0¹º GDDR5ßöý.ZGDDR5
S)*�BòF 32 GB/sZ]HBM1NHBM2AHBM2S)*1MFCw 128 GB/sN
307 GB/sA 819 GB/stH�ZHBM#RS DRAMçè�� 3D:;Z] HBM+
��H³R10:�ä�åæ¿�� 2.5D:;t 
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âã 20 HBMµ2� 

 

56789GHBM (High Bandwidth Memory) DRAM Technology and ArchitectureT>?@/01

2A 
HBMS)*��+�ç,�:;)-SBã*J% I/O.ôS��t1Éã*4

HBMSã*b GDDR5S 32÷t¦�)*b)¦���+¦�8òS*)¹3.
ôZ)*SOP>�Q4¦�)*(GB/s) = ¦�è?åô(MHz) × ¦�*)÷ô × 
¦�´&ã*(bit) / 8tGDDR5SåôòF 1750 MHzZâÒ 4÷.ôU~ZH´&
åôQ 7000 MHzZ- GDDR5#R I/Oã*� 32 bitÖy/8YZHBMSåôQ
500 MHzZâÒ 2÷.ôU~Z´&åôQ 1000 MHzZ- HBM#R I/Oã*BF
1024 bitZî)*��U 128 GB/stHBM8"JDèé 32÷� GDDR5S I/Oã
*Zb¾QrâÒwç,�©OZ�� TSVç,��î DRAMi�#gçèùÌZ
?]èéIy¶Öik¿âÌw*÷S DRAM õúZJFCßBS I/O *8t2É
I/O.ô4I*/¿Z¦�.ôA¦�åôby´SZ")*OP>�@@Q4¦�
)*(GB/s) = ¦�*).ô(Gbps) × ¦�´&ã*(bit) / 8tÌb¾Q¦�.ôR
�§A¹3S*)ã*ZÂãQ bps (bits per second)ZÎbit · s!"t¦�åôJMHz
QÂãZåôÂãBCSÞ��bs!"ZDEwÂãñò#Àd��C^@Sa*t
¾$ZI*/¿Z¦�.ôA¦�åôby´St() JEDEC³ïÇÈFö_âS
HBM3züZHBM3øGBF 6.4 Gb/sS*).ôZç,�S DRAM��*8Ëp
CAgqÉ%HöÝó8Ë§ç, 4 GBC 64 GBÉ|´ZOPBCH× HBM3ç
,ò�I§ç, 819 GB/sS¹3)*t 
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âã 21 HBMµ]345:64¯ I/O§�µÊ7 

 
56789���YZexpreviewZcsdnZeet-china>?@/012A 

HBM ç,æ*~�ß��òº0ÇÈ�ÙßBS»VZ¹º�9b"Ò/0
º01H2-S3Ó�º0t/0º0bµçèéå�æ+å�æNÏ�+Ï�L

i�Ißº0SÇÈZ��º0LiÁå�æË�±Q SiO2ÉAÏ�Ë�±Q CuÉ
ûdtSiO2å�æQcdÂ<�IUdJK+x]ô ZCu-Cuº0�I��òS
#gx]5Õtß� CuA SiO2/0º0¤oZ�8»ßº0Ri9!´ ï�1
.2ï3RiLMã£Z8�9!g±º0Z��9!NOã£tNOI~å SiO2-
SiO2º0å&S¶ñZ¿P9w CuÚúS^ÿAPgJèé Cu-Cuº0tpËQ
Oöî/0º0ÇÈ[Ò�YµH HBM4!�Z/0º0ÇÈòJ�R}>xNÕ
ÖZ?]èéßBS I/O4&Z¶ñòJ¦S}>��8òSòßZ̄ Ú!�Ó&t 

âã 22 8'�'=>æç 

 
56789G����-JK(3D-SiP)[N���LM12IPT>?@/012A 

/0º0î�7}>U 1-103ÞZ4&~�U𝟏𝟎𝟒~𝟏𝟎𝟔q/𝐦𝐦²ZD&ðàU
𝟎. 𝟎𝟓𝐩𝐉 · 𝐛!𝟏t/0º0S&»ý���41É}>56ò74ròJèél�ò7
S��5ÕZ/¹º3Ó�Õ±�Bw 10÷J¿tl�ò7SÕzî~�âzSë
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&"ÒikZ~���*8ZQèé*)ã£BQ!OTZ@@ I/O=YxyZ~�
*)¹3)*t2Éðà>vÂñ4ròJèé��8òS�Ó�5Õ�>ZàU3
Ó�Õ±Z9µ·ðà��S+^xæCA>vÂñt3É¯°��Ó&4/0º0
òJèél°��S~üZ����S¯°òJ�Rðà��SÓ&Aá8ZQ9

µ·��5Õ)*Ö4É�Bº0òwC4/0º0�òJ�Bº0SòwCZ��
1ïÕ&SË-Ë��ì0A��@ä-��@äS1ïVDºÕ±Z�R�BwLi
º0ËZ~åw��ß­WS½[Ct  

âã 23 9:�'STµîø\;`A�<=> 

 

56789GHIJKLMNOPQRST>?@/012A 
HBMSB4&Õ±Að56ò7Z»V¾kxS CoWoS:;ÇÈtCoWoS

b¾kx� 20129#_Sµç 2.5Dcd:;ÇÈZò1Q CoWA oSÅ·ZCoW
Ëchip on waferÉbîOPXYNI/O dieNHBM´��:;Iä�åæ¿ÖT�b
Ú CoW��ÜÝ:;IéêËSubstrateÉ¿ZÎ oSËon substrateÉ­�tCoWoS
òJ�ZtòZèé HBM"USB564&Að7 Õ±Ö�Dî|¶~�S��
:;Iµ}ZI»¼ AINGPU´�.\PSUVS¶ñÔ~dÞt×¼"ë89S
AIOP��¨"Ò HBMZ]@["ë HBM¨:;I CoWoS¿t 
âã 24 CoWoSò1Q CoW¯ oSé@ 

 
56789chipuller>?@/012A 
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()�åæqpS|¶ZCoWoSënç^Ý4CoWoS-SË�åæb Si*ÖÉN
CoWoS-RË�åæÁ RDLodÉA CoWoS-LË�åæÁ ChipletA RDLûdÉZ
H� CoWoS-S Q8!&»\ÌtCoWoS-S ÑÒä�cQ]^Z��564&�
BÖÙ�dÞS_`ZCoWoS-R âÒëUO±êZ-¿rÊ��564&0àÖ
CoWoS-Lî>ä]ÿ;IëUO±ê�Z�I��a±R1"Òä�Zèébø�
�¹ºSB4&Õ±Z^!dÞACDå� CoWoS-RA CoWoS-S8òt 

âã 25 CoWoSABCwµ-.0� 
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20249ZCoWoSWOQ¾kx)- 70:;<=>tAIUVWXYZCoWoS
I¾kx=>S/á�Y¿�t() Information NetworkcOZ2022/2023/20249
CoWoS>Ø+¾kx=>S/dî1MFC 7.00%/7.49%/8.21%tJ¾kx 2024
9_9=>)Ð 852.37:;<cPZAIî)-$ 69.94:;<S CoWoS=>Z0
20239¶/~ÿ 34.69%t 

âã 26 2024D CoWoSEpÅ� 

 

56789Information NetworkZ��]�4>?@/012A 
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CoWoSSÜ�Ã*UV-e AItKLFS H100NA100ÍÁ¾kxHLZQ
"Ò CoWoS89:;t() OmdiaZ2023Q3KLFfÙø 50Gq A100A H100 
GPUZMetaA3gb��hiZHabijNëklNmnoApqtB'�KL
MDABCDOPSUVZÞr9�ns&ZNvidia I*)�YtÒ¿uBw 145
:;<S>Øtv�SUV8rÊ CoWoS!DI|[VtØwKLFTZAMDS
�T AI GPU!�MI300¿rØ¾kxS CoWoSË2.5DÉA SoICË3DÉSÇÈt
$TZ�ëµ¶m ASIC��ZÜK÷mS Habana GaudiNijS TPU v5eNëk
lS InferentiaA Trainium��´t 

âã 27 Meta¯ÃFXGHI GPUµÎ�JK 
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()wsS³PZCoWoS:;SÂDQ 722.08;</õZ20239/20249é
� CoWoS S��ÙE8îFC 346 Gõ/693 GõZH�IJKLFS��1M
Q 130 Gõ/433 Gõt_ó 12 KÖÚÛik 70695 mm²A H100NA100NEpic 
GenoaNMI300 pç AI ��½Íik 980mm²Z³PBC§xÚÛ¿��*$ 72
õt() Information NetworkJÙS 20229 CoWoSZ!DQ 8500�J%¼o
³PS 20229¾kx CoWoS>ØZBCÂõ�� CoWoS:;D�$Q 722.08
;<t]() DigiTimesS'�Z20239 CoWoS9!D$ 12G�Z20249îè
¿ 24G�ZH�KLFîàB 14.4-15G�tÁ�Ì���ÃI 7nmA 5nm��
^!Zeyz©óôQ 40%twsJKLF 20239A 202491MàB 4.5G�A
15G�S!D-PZWOKLFÙE8$ 130GõA 433Gõt_Ý AI��ÙE
8$ 346GõA 693GõZß[ 20239/20249 CoWoSî!^ 25:;</50:
;<>Øt 
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âã 28 CoWoSµ ASPA AIcdqLÔÅ� 
ö÷( ¯ø­ø°Nù°± úûN

üý þ�ÎÏk÷ÿ!!²"N #$%&'N

¸ê(#$k÷ÿ!!²)N &*$N

¯+,-./01234N #ýN

¯ø­ø°5Íuÿ0-!"N *'$$N

65 ¯ø­ø° b"ÿ7"N %ü8ü#üN

¯ø­ø°9z:;<="ý$ýýN '8>ü8N

¯ø­ø°(?ÿ<="N #ýý>$*N

ö÷( ¯ø­ø°@(úûN
N ý$ý8N ý$ýAN

¯ø­ø°5Íuÿ0-!"N ü$$$$N ý$$$$N

þBCD@(N A'$$$N ü'$$$$N

þBC@(EFN 8#>'GN %ý>'GN

ç�N A$GN A$GN

6ÎÏHI#$äÿ7"N ý&N ý&N

þBC#${JåÿK7"N üý&>*'N A8ý>*8N

L^#${JåÿK7"N 8A%>ý%N %&ý>'ýN

ÜM ¯ø­ø°?Nåÿ;<="N ý'>$$N '$>$üN
 

56789Information NetworkZeet-chinaZDigiTimesZY��Z��YZutils>?@/012A 
IUðX[\îI 13qZ#BC[\Z{¾kI[aËnon TSMCÉëUö

Q't¾kx�� 20239��s&u×âà!XP!Z��îR1 InFO!D?|
}OKU~}ZJõI|}OP CoWoS!Dt20239 7Z 25:Z¾kx�âä
*� 900:T¾�Ë$ 206:<K��É��}�YË�}¤�¦T�89:;VZ
J�.P! CoWoS!DZWO 20269Ö�VÀdZ20279u×8!t$TZ¾
kx¶ñ¿îR1STUH³:³VZ6xNÿwN��´Í�I!DJEt§�

CoWoSP!S¹ºb©ü�Eñò0ÿt¾kx��ÿ���I 20239 9Z 6:
Ù��3���Ç�4öñÀZCoWoSW� 19��ò 100%»¼��UVt¾$
ß{¾kI[a-�ZI CoW=±ÂSÕY��|¼ 13qZZ�8P!ñò_`Z
":³V�ß�P!ï&+cd0Qeyt 

2.2.2 ��$./bSiPc%w��_`[\6��uZ 
¶ºþ:;ËSystem In Package, SipÉb)îÃqï��cdIµq:;�Z

?]èéµqéÞÀÜSùDS:;��t¹ºS�møÉ&»¹¡ã£ÑA��

ÑSÇÈ_`a.Z]Ì�ÑÒòD¸+)Üq¶º�ÑÒ*×S 10%tØ$8TZ
¶º����x+N�zN��ÑN¹æÑNWXxyNOTxyNu¹Nx{Ax

ó´tÜ~�!îÌ�ÇÈcdIÂµ���ZòDörÊCD|�t¾$Z"L0

IkNu_ SiPË¶ºþ:;É´:;ÇÈZJèéßySCDAcdt 
SiP :;ÇÈå� SoC ��A chiplet :;8òt¶ºþ�� SoCËSystem 

on a ChipÉî|¶ùD<ÑÒÜ0IÂq��Zu_ñòÿNóôàZ�"ùDd
ÔSÝÞ~�56y¶t¶ºþ:; SiPËSystem in a PackageÉîÃ��noc
dZu_ñò0ðNóô0BZR1òá�"ÒtÂ¾ IPcd Chipletîµ�»¼
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÷øùDS>�ú�� die-to-die#R56Z"ùDdÔSÝÞ~�òJ|¶t 
âã 29 SoC\SiP2 Chipletµ-.  

 
56789CEIA]^��>?@/012A 

SiP òJâÒ�½�Nçè��NØ�S:;��t?¤o¿¥ZSiP òJ1
Qn�Zµ�b 2D:;¤oZH�Ãq���½ÞmIéê¿ZÌç¤oS:;i
k0�Z:;&ô0àZ-bL�yß@ÂA�øt�µ�bçè:;ZH���#

gèùZÌç¤oòJèéB&S:;Z»1_2 SiPSÇÈý.Z3D SiPSèé
U»Ãç89S:;L�ZÜ��çè(CoC)Nä�í(TSV)´ZJxeÜq¶ºS
òwCACDt�ëµ�bNØ�:;ZU»"Ò�Ø�éÖ(Embedded Subtrate)
ÇÈt 
âã 30 SiPµ-.ùØCM 

 

56789GHIJKLM� T>?@/012A 

2.2.3 _�bChipletc%w�V_����/6�'��[\  
Chipletî��ö1Q>�úZöü�MCAùDCý.tChipletßU»èé

S��ùD9!1\ZT�u_ÙÃçöëÂµ÷øùDSi��ZÌ�-e|¶

ùDN|¶L���Si��òy59!dÔ@û;Z�¸½dµqÀÜS��t

Ìç�Mèéwn�cdZQ��©O)-wß�S�MCAòP`CZë&��

w!�SùDCt]¼ZChipletCo&»[Ò���Ñã£Ñ��NKLMD�.
��N�>��NKX+�iã£Ñ��AÚÛþã£Ñ��t 
I Chiplet Co�Z�ú8ò��5Õ±Yèéx]Õ±tY!`�wé�

Chiplet CoS��Z ���,nç|¶ùDS�útÌ��ú�� D2D 5Õ±
Y9!x]5ÕZ¶ñ��äO±êAéê9!¢£Õ±t�ú+äO±ê8ò�
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�micro bump5ÕZJJE�úòB.>vSB4&5ÕtäO±ê+ÖRéê8
òO�� C4 bumpèé5ÕZÒ�¹«x+ATR I/O´ùDt 
âã 31 /: Chiplet2�µcd0�â 

 
56789GChipletLMOP¡¢T>?@/012A 

Chiplet öüóôNdÞNnoOPý.Z½Ò���ùDSø~@UVtÁ
� ChipletÁÃõ�úûdZÂõ�úSik0>ZHóôBtg±©OµÜÔ SoC
Sik0�ZòDrÊ0àSóôZ?])-BñSdÞt$TZChipletÇÈJE
:;#RSnocdZòJ()dÔùDôõ��~�Z�ß÷øùDdÔ©O�

ÒSBCD��Zß�H³�Ò��úâÒdZ~�t 
âã 32 Chipletcd2 SoC>% 
¡×¢ Â� £¤¥¢ ¥¦§¨©ª«��¢

©OdÞ¢ BZ¬­®�� ¯:;<¢ /Â� £¤¥©OdÞà¢

©Oñò¢ ÿ°µä�� ±²qZ¢ 0ðZµä ±¯qZZ�F©Oß1¢

©O��¢ BZ³´ùDU»áT©O¢ 0àZáT©O#óòJ~¯dÔ��¢

CD¢
BZ�ß|Dcd@ùDSáT©

Oö�d�+à&"Ò¢
0BZò()dÔùDôõ��~�¢

ùë¢ à¢ ±øÂ� £¤¥ùë¢

¿añò¢ µ¢ 01¢

!�ÕÖ¢ >¢ 0>¢
 

56789G£¤¥¦§ ChipletLMN¨IQpqT>?@/012A 
Chiplet:;ÇÈ¿0ü< 3D:;Z56�7EF}>tChiplet:;u¬"

Ò"�89:;ÇÈZ�� 2D MCMN2.3D:;N2.5D-O±êN2.5D-FOPN2.7D-
ä]N3D:;-bumpedN3D:;-bumpless´t:;¤o�? 2D:;_`C 3D
:;Z56ò7? 12μm }ðU 0.5μm JYZbump �7?�©S 130μm }>U
3μmt5Õ)*�·~�Z5Õ�8�·��t 
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âã 33 Chiplet-.STNO 3D-. 
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3 !"#$9: 
3.1 ����%�}���~� |6,-./&¡Z1¢
�./ 

AI %BCDOPUV¶·Z89:;�]&B�ÜÝ:;!"t() JW 
InsightsA YoleZ_`89:;abcdëe? 20229 378:;<¿�U 20269
482:;<ZCAGR$Q 6.26%t?_`:;ab¤o-¥Z2022989:;Sa
bjkQ 47.2%tÁ�89:;ab~.l�¹º1;ab~.Z89:;Sab
jkîEF��ZWOU 20269îFC 50.2%t 

âã 34 ÆÇ78-.�� ¡fPQRg âã 35ÆÇ-.��0� 

  

567892022 ©[\ª«]fJ¬ab­®F>Yole>JW 

Insights>?@/012A 

567892022 ©[\ª«]fJ¬ab­®F>Yole>JW 

Insights>?@/012A 
×¼89:;%TJÊ�:;Q&Z3DçèA ED~.01t() JW Insights

A YoleZFlip-chip babcd��S89:;L�Z2022 9abcdFC 290.94
:;<Z+/ 76.7%ZH�Q 3DçèË38.33:;<ÉNFan-outË22.05:;<ÉN
WLCSPË26.98:;<ÉNEDË0.78:;<ÉtI"89:;L��ZdÿC0BS
b 3DçèA EDt3Dçè:; 20229abcdQ 38.33:;<ZWO 20269ò

¯°
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²¯°

²±°

³¯°

¯

²¯¯

³¯¯

´¯¯

µ¯¯

±¯¯

¶¯¯

³¯²· ³¯³¯ ³¯³² ³¯³³¸³¯³´¸³¯³µ¸³¯³±¸³¯³¶¸

¹ºHIJK»¼½¾¿ÀÁÂÃ ÄÅÄ

54.4% 55.0% 55.4% 52.8% 51.2% 50.8% 50.1% 49.8%

45.6% 45.0% 44.6% 47.2% 48.8% 49.2% 49.9% 50.2%
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JFC 73.67 :;<Z2022 9-2026 9 CAGR Q 18%Z&»bQBCD\PNAI
´q¼SU»¸XtNØ�éê:;ËEDÉbµç89S:;ÇÈZI 5GtÒA
CIS´b�ë0�S~8tòt20229 EDSabcdQ 0.78:;<ZWO 2026
9òJFC 1.89:;<Z20229-20269 CAGRQ 25%t 
âã 36 ÆÇSC�� ¡ATU 

 
567892022©[\ª«]fJ¬ab­®F>Yole>JW Insights>?@/012A 

3.2 £¤¥¦%§¨ IDM© Foundryª«,-./;¬MN 
IDMËcdxy~��ÉA FoundryËÚÛHLVÉuîB= 3D:;Z] OSAT

ËT�:³>¹É&º�à=Ê;NÚÛþ:;t() YoleZ2022 9cdxy8
9:;ab�ZOSATsSabjkQ 65.1%ZIDMSabjkQ 22.6%ZFoundry
SabjkQ 12.3%t89:;fRgãhiabjkl 70%Z�� 3"T�:³
>¹:Z¥Ë+/ 25.0%ÉNÿwË+/ 12.4%ÉNÿx}ÇË+/ 8.8%ÉZ1 "Ú
ÛHLV¾kxË+/ 12.3%ÉJ% 2"cdxy~��noË+/ 9.4%ÉNK÷
mË+/ 6.7%Ét 
âã 37 OSAT\IDM¯ FoundryVW¬78-. 

 
56789Yole>?@/012A 
89:;< 2.5D/3D9_ZÇÈyzÁpT FoundryA IDMV&rt¾kx
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Flip-chip 3D Stacked Fan-out WLCSP ED
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�dQ89:;ÇÈ»TSÐq78µZy¼wÙwéê¿ÚÛ¿S��ËChip on 
Wafer on Substrate, CoWoSÉ:;NÜ0×Ù?ËIntegrated Fan-Out, InFOÉ:;N
¶ºÜ0��ËSystem on Integrated Chips, SoICÉ´ÖK÷mwÙwNØ�Ã�
�5Õ]±ËEmbedded Multi-Die Interconnect BridgeZEMIBÉNn�89��:;
ËFoverosÉ´89:;ÇÈÖnowÙw I-CubeËInterposer-CubeÉNX-Cube
ËeXtended-CubeÉÇÈt 
âã 38 ­®XYSTW¬  

b"O¬N PQN ÍRN

ýSb"N

ö÷(N TUVWN

X5YN 3­®ZN

[\]^N 3°,VWN

_(]^N `¯±N

ý>'Sb"N

ö÷(N ¯ø­ø°N

þabN `cTZN

deN Tf¯gh3N

_(]^N iSVWTN

8Sb"N

ö÷(N °øT¯N

þabN Vøj34ø.N

deN if¯gh3N

_(]^N kl 3­®ZN

[\]^N 8SN3°,U¯N
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4 ;<=> 
4.1 ­®¯M%&°±�@A6²³ Chiplet´µ¶· 
{|}Çbs#q8S IC!�A IC\��(�I�t>¹d½� 20009Z

ed½J-µg�¡��z�> ICN¡å ICA¹æÑÒS1¾N[Ò©O%ÇÈ»
Tt×¼>¹&»S ICI[�ëB�N¿�qNAVX/ÀÁNÿÂ�rÝNÃ¨}ÇN
ÄÅ}Ç´ZÆë;ScÇNÈÉ}ÇN�Ê»T´��t>¹ö1nq�"R4�

µ�"R�ËLÔAÌÍxï��ZJ¡åNdäNx+N1½<ÑÒ1¾"�Q

&Ö���"RQ¨¤N¥¤ MEMS¹æÑ�"RZ&»��ÎUA TWSÏU�
�Ö�n�"RQ AIOT�"RZ�Ë�zÕ±��NMDã£Ñ��Ad*/0�
�"�S�(©ON��e#Aø~"�©Ot2022 9 12 ZZ�n�m+{|}
ÇÐÑSÎ0cÒCFÓZI��CocöN89©ON�=©O IPcdN'�L
���NÚÛHLV��´�iu`0cZ9µ·À�?��Co©ON�úû0

Cø~��8!�ÔS Chiplet!"^ït 
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âã 39 ¶·¸SZE0� 

 

56789Choice>?@/012A 
>¹"ÕEF~ÿZ��#_©ODË��t20229>¹èé=">Ø 21.02

:<Z¶/~ÿ 13.13%ZèéÖ×ØÑ{ 0.54:<Z¶/Yð 7.10%t&»bÁ
�>¹IÌÍxïNø~%e#��N¢6<�qq¼S"�~ÿ¦SZ��S#

_©ODËAEFÙÑDËBCw¦SS��t 
âã 40 ¶·¸SZ'EpA�§ âã 41 ¶·¸S[\]i¶A�§ 

  
56789Choice>?@/012A 56789Choice>?@/012A 

{|}ÇI IC !�S[Ò©OAab�+�iöë0åSý.Z+�n�m
I Chiplet \��(�iSý.½d5Ðt�n�mbµi�¡� Chiplet 56�
ú!�#_%¶ºþ\��(���I�Zd½� 2021 9HZbs#���¡�
2.5D % 3D IC Chiplet !�%��S>¹Zé�YµHOPÝ¶CoZ�I_`q
8S ChipletBCD�Ò�ú%\��(t��¸Ue#R1XY�úZ�ÒH³�
ÒÂ<9!©Oû0ZÎò1.½d"U��BCD��Zðà#_dÞA©O�

�t¶ñZ�� ChipletlB.5Õ½dl�cd¶ºþ��(M-SOC)ZEF���
�CDZ)��møÉRSt×¼Z�n�mS!��,BCD56ÖÚ Base dieN
B.56 IO DieNDie2DieIPNChiplet gÒ©O½¾´ZÛÜwBPË����"
USB.56±YN1â�ø�%B&x+<=´ùDt>¹XYÓ£ÇÝ-e_

`�rÝÞf>¹ZÇÝ�ßöël� 50:;Ï"�Ó£%ab=¾dùfàZ%
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l� 10+BCD Chiplet8!¡×fàt20239 11ZZ{|}Çä��Qá�n�
mSâã��äÀSR1r!jk]ò±Eë�n�m 2.88%Sâåå'Z��î
é�"eS��AÇÈý.ZEF��=C=ø~@S Chiplet ��©O��½¾Z
�I�, ASICNPM©ONChiplet Úú:³A���ÔZQQ���IÃ·@S
IPNùD�úôõAno©O��t 

âã 42 ¶·¸S�^84 
ÍRO¬N ÍRmnN

T�u8aopNZ1.3N

S,3N

8S qT� S,3ýS,3r±¯T3FSSsFtZc¦T�+ur¯+,-v3w$Ëxy z,0,N

V1h4,{r|�Mp*}~��râ�å 8S ��râ(�x(xyr�a0 8SN

¯+,-v3w ��r�� 8ST¯�nb"LN

T�p*#�NTWNS,3N

ý>�S/ý>'S qT� S,3ýS,3r±¯T3FSSs¦T�+ur¯+,-v3w$Ëxy z,0,N

V1h4,{r|�Mp*}~��r�a0 ý>�S/ý>'S¯+,-v3w ��r��

°gh.w41w3�NsS®/°,v,{øUNTUw34-ø.34¦�nb"LN

¯+,-v3wNS,3ýS,3+u

T±N

Lk�� �¯T3 ��r��²��X�u5T��FI��FIJDrLk�

� ý>�S/ý>'S/8S5�� °gh.w41w35sS®/°,v,{øUNTUw34-ø.3458ST¯ ¦r�

¯øUw4øvv345±t�5j34,2,{1w,øUNT±LN

¯+,-v3w ����¸öN

¯+,-v3w �a��¼�5�� Z1.3NS,35TWNS,3 | Ò�ÍR��r��

ùgwøfsøgUw,U¡�8Sf°w1{¢,U¡�NS,3N¯øU2,¡g41w,øU¦�ur¿£¤X¥� `Sù

¼�5¦�Ò� ¯+,-v3w §2��F¨©Fª«¦¼ÕLN

¬Ã­#$��N

ý$ýýD '55®¯°±�²@Ë³´µ¶#·(¸\¹®¯ÿ®¯�º

'üG"5»¼nz¬Ã­���ú½¾m5�¿;ÀÁÉ~@ tøv1{øU Â(�

aÃu#$FÄÅ qI�� Z®`#$5ÆÇÈÉÊÉ~#$ËÌ0Íå{JÎ

ÏL®¯|Ð��'ÑV1GÒ}~�ÓÔ#$ iÕ8%'$F(4d8Ö ®`S ×�

Ø #$ ic&*ý8êËÙgåÍÚÛ�ÜôÝÞLN
 

56789ñò¤¥�YZðóôL 2022©õ34>?@/012A 

4.2 ¸¹º»%.¼!"½¾¿À6ÁÂÃÄÅÆÇÈ
Chiplet./´µ¶· 
��3xbµis#q8NÂL89Scdxy:;³����I�t�¡�

Q_`���I?©OæçC:;³�Sµ��\��(t>¹S!�NÇÈN�

�¬ÜwKLMDNBCDOPN�*)��N¦�WXN5G ´<=�qN>?¸
=NUè¸=N¢6<NÌÍxïNL"Ô~´Ãqq¼t>¹b AMD��S:;
³�I[�Z+H@Â£*S 80%J¿Z>é AMDêë% AMDìí" 85%âåt
îï 7nmN5nmNFCBGANChiplet´89ÇÈý.ZJ%|Ïå@+ AMD´!"
q8Û"S%&0cZ>¹ð³AP�89!�a+ôZ20229I_`:³!"S
a+ôQ 6.51%Z¿�U_`�pt 
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âã 43 ÁÂÃÄZE0� 

 
56789Choice>?@/012A 

I_`¼A�:³Û"�Z>¹=>~.ÕF 3 9eE�µt2022 9>¹è
é=">Ø 214.29:<Z¶/~ÿ 35.52%ZèéÖ×ØÑ{ 5.02:<Z¶/Yð
47.53%t&»bÁ�ñºBCDã£ÑNùôÑÒN��%¦�WX´ý.abq
¼Zë&òós?As#��S&»UVt 

âã 44 ÁÂÃÄZ'EpA�§ âã 45 ÁÂÃÄ[\]i¶A�§ 

  
56789Choice>?@/012A 56789Choice>?@/012A 

>¹o�ws#�À�S Chiplet :;\��(Z7nm !���cd8!Z
5nm !��Àd#_Q�·8!t>¹��IÃ��ûÒNcd×Ù:;N2.5D/3D
´89:;ÇÈ�iS�¼â�Zo�ô�:;!�õlZQ��Q AMD�cd8
! Chiplet!�tFC!��iZ�Àd 5nm~�S FCÇÈ!�ö÷Z¶ñIÃ�
� MCM ÇÈ�i�xe 9 õ��S MCM :;ÇÈDËZQw9 13 õ��S
MCM #_ÖIl�ÕÖ FCBGA-MCM BghÇÈ�iZöüw Indium TIM ´!
"¼ÄqpS�ø8!DËZQdùÀdwT?gh�Su_Z¼FeE>¹I

FCBGA:;ÇÈ�iS!"q8Pãt>¹8�!øwÃ¡siþ¡×ZQàBw
ùúS»Td~4e� 2.5D/3D!z_z�zZ1+4!�% 4æ/8æçè!�#_
�·w9Öé� Chip Last L�S Fan-out ÇÈZèé 5 æ RDL l�ÕÖ:;
Ë65×65mmÉÖl�Ã�� FCBGA MCM ÇÈZèé�B 13 õ��cd%
100×100mmJ¿l�:;t>¹îEFu`Jl�ÕÖ FO% 2.5DÇÈQHRS
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89:;ÇÈA!�#_ZEFw9 5nmN4nmN3nmT�#_Z|Ïå@+��
S%&0cZ»¼�� AIPË´�iSUVt 

âã 46 ÁÂÃÄ�^84 
ÍRO¬N ÍRmnN

V¯ZÅùN°34,3.NßN

V¯¯°±N°34,3.N

!"#$p*5ËàáÉ�ÐâT�ub"ãäYå5dæÓÜ�\ST()

�uFT T/W�T§2c��'ÍR'Xçè_'ÀéL®¯ËÒ� 'U! ~�

' V¯^êÍRë©5»DÊy#$ c¯c ^êYkËáõ & 7#$' c¯cb"

^êuì5Úín ü8 7#$' c¯c ÐîrÊqâ�� V¯ZÅùfc¯cT��^ê

Yk5�ï@ TUð,g!NÄTc¦o�ÇñÄÅ'òÉåÍuì5Ú��Ò�@ó

¬��$'ôî5õöõ�®¯Ê V¯ZÅù b"^êYk'o�¾�÷¥LN

VWN°34,3.N

wx ¯+,-NV,4.w� ¯+,-N®1.w Éâ«{¬ãäYåLÜ0 ¯+,-NV,4.w ^ê5

øÐù7ã#$kúûüýÊ�\þXÿ'!D"­ËLø¶ù789ô�³

X×ÿ`c¯"#$#$jkLødù789�%ü&'þ(ÿ�!D"­r²

)5Ê#$�³X×jk<+~Õ sS®ÿ�:ÇLVW ^êa0 cT¯FsVF

¯±�FÅ±��xyLN

t*±N°34,3.N

t*± ÍR7+â�åÍRÿ+,¡+Njøvg!3N-4øðg{w"5¥é�� °WÄ §s� °W±

§sd, c,U,f-VÕ� ST±Lt*± b"àë�7²�.'o����12b"%

Ð5a0/\01(¸ÍR�23(¸ÍR5��¿4/sV�ô4�ïF(5

|ØF·}~ÒF67�ïF89¼ÍRÿß:;Fä<�=§2�>?¾(

@"F23(¸�AB¾mLN

®-V±N°34,3.N
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�C—^- 6-12qZS*�>'ô+abéü)*S^XR&y9-5%U 5%Ö 
¯E—^- 6-12qZS*�>'ô6�abéü)* 5%UÖ 
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