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Abstract

Since the first demonstration of the integrated circuit (IC) in the
1950s, IC mass production technology, following the well-known
Moore’s law, has advanced into 3 nm node and 3D integration, the
chip integration level continues to increase, and the chip performance
continues to improve. Relied on the highly developed transistor
technology, the information technology (IT) industry evolves into the
electronic era, which further accelerates the application of smart systems
like the internet of things (IoT), Big Data/Clouds, etc. into almost every
aspect of the world, promoting the IC-based IT applications to become
the world’s largest industry. Currently, as the IC transistor scaling is
approaching its physical limits, the semiconductor industry has entered
the “post-Moore” era which splits off its partial efforts to the exploration
of new structures, new mechanisms, and new materials. On the one hand,
silicon-based ICs will continue to scale down according to Moore’s law.
On the other hand, novel technologies such as in-memory computing
chips, artificial intelligence (AI) brain-like chips, and disruptive
quantum chips become the future IC research directions, and the cutting-
edge innovations from devices to architectures support the continuous
development of microelectronics technology. Meanwhile, optoelectronic
chips have been widely used in the information industry after a

long period of technological accumulation. In particular, the optical
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communication chip has become a very important and irreplaceable
product in the communication industry. In the future, optoelectronic
chips will face more challenging requirements in terms of larger capacity,
lower power consumption, more complicated integration and more
intelligent. Breakthroughs are necessary to realize key technologies such
as multifunctional heterogeneous integration, optoelectronic integration,
and multi-dimensional, multi-parameter, multi-functional, high-efficiency
modulation, and reconfiguration.

The IC and optoelectronic chip technology are the cornerstones
and powerful driving force of the information industry, and also play
a strategic role in comprehensive national power and national security.
In the current stage and the near future, China is in a critical period to
develop its logic and optoelectronic IC technology, especially when
the global environment is not welcoming international collaborations.
Consequently, China has to gradually and strategically develop its IC
industry chain including the intellectual properties of IC technologies,
equipment, supply chains, packaging and testing supports, etc. To solve
the key technological issues in the current IC and optoelectronic chip
industry, this strategy book studies the development rules and trends in
the fields including device manufacturing technology, storage technology,
design and automation, heterogeneous integration, advanced packaging
and testing, accompanied by the in-depth discussion on the direction
and methods to achieve innovative breakthroughs in these fields. In
addition, in the fields of novel devices and new architectures which
outperform the existing storage and computing capabilities, this book
will analyze their development trend and feasibility for the Big Data
and loT-related areas like the artificial intelligence chip technology,
carbon-based chip technology, (ultra) wideband gap materials and chip

technology, and quantum computing devices and chip technology, etc.

Xiv



Abstract

In the field of optoelectronic fusion technology, which is closely related
to IC technology, the book will analyze the cutting-edge development
trends in the new IT application scenarios from the aspects of flexible
optoelectronics, hybrid optoelectronics, silicon-based optoelectronics,
microwave photonics, as well as chip integration of smart photonic chips
and fusion for optoelectronic chips.

With regard to the diversification and specialization of chip
applications in the post-Moore era, the traditional IC technology will
gradually migrate from the von Neumann architecture to the more
advanced architectures with higher computational power and density,
lower cost and power consumption, multi-functions with design
optimization and device innovations. In addition, due to the strong
regulatory capacity and integration potential of optoelectronic chips
in the optical area, optoelectronic chips that can realize high-speed
data transmission and processing will be an important development
direction in future applications. The book will carry out investigations
and discussions on the above-mentioned topics related to ICs and
optoelectronic chips, and meanwhile, provide a strategic reference and
guidance for our nation to achieve a leading technological position in the

international IC industry.
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F—T BEENMKEENE

H 1958 58— Rp RS A DIK, DL SRR Ry ZE Ak it 58 ni it
O EOREUS T 58 W A R . SR LS 20 F 2 B R O AR
P, DA N B (5 B L B O A — R, SRR
PETCAF AR T RN AT OB NG BAZ fER S 7Rk SR . ARBUTHE T —
RANIAE BRI T o ARIEAF RN 75, AT PG R e Ak
HAERL AN R &, A0 TPt S A (s S A [ AR 48 2 By AR B AR A A
Tear A p,  TRAEMLAY A5 438 1 HL Al & #4 ( charge-coupled device,
CCD) s H Abe Jm A2 Sk ( complementary metal oxide semiconductor,
CMOS ) KIS IEET . T RIS [F N A1 SR ke i 21 Rl i
SRS RIL T EM R RIS T ANENETE R, FELE., &)t
MVEIE . RIT IR A 20 22 ST = A8 B B R AN~ i 7
o HTHREEGR A, AL TARE S, WM ICZ Ba @y
WTEAZZ AT 2, BRI i 7 B — SR S =, 2k
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AR RGBT — KB4 RYTHRS & MUBAIE s IS = o T
DAL, SR HLBR AR A A SR AR S 1 T Sl At I = M g ok T4
D S IV ER S S BN 2 o e QT N N v NI == ¥ e eSS
A OO0, Bde. B&R. F6 W00, FELAHMERE (R8s, =it
B ONTARE) MG INAE S8, JTeI T R mEdaE R
A

N SEBEE R B gEFEEEAR. MRS A IeE, i AMJLHAE
H, PR —EEE R RE RS OX —BOR B FR (Intel, 2022). 24
T, B RRUBSRHE RO 8 T2 EAR fE, —J7T8, A& LA
AR, (B 5 ARERIDCR R HA, SR RIS LAHE—414%
HpImaate, FINEE =2 (3D ) SRASEHIARRELIETH LR it 7 575
5 —J7MH, B RAE I A AN TR RERHRRIEIR, AMTEITAA TR R sEAE
RS BARRERET R ATET SR T2 AR il e K&
AT - TER SIS . AR BRI AR AR SR INE  A R Se 4 1 LE
R Y T SO SRR O S LS A AT T T [RIIN, e
I K BEAR AL ELTHAEE ST, CHEEE
HEIE RN i o H B 2 HANAT BB A SRS i RO D BOR &
FI AR EFRAALRE ST, RIS SAPT AT DLl e 712 F
T, WATPLEE T KT A AT AR, DARERSEHUE A
I - Vg S Rt R Rt Bt R o ARER A R A (s EALEE Ot
AN BoR T T BAT R AL B R T b . B SR RE RS B I A
RERZLOOCRUN T, LA moERsl . BEH . ORI A e 4, i ks
] SRR E U S B EOR, PR T R Sy, ARG
BRI EADEY . ZAPG A AR SRR e e 1 s
77, SOGEHERCE ATTAETR B9 RO AU, H I e e m . T
WREBEOR AR, RIFE., SRR SE BT IR RV K, 23
REMT MRS R . JCrR G IR Z 4T | 228 ) ZI6E / R
K ATEAR A E RS 7 A SR I TR T 7] o

Sepl L SO RS T RO R B LRI, T E R R & SR
P ] 2 2 e BAT RO B R MG T S o 25 JE BRI o R I S 477 73
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HARE BT EFRASET, SCBIRE LR RIS S  F L F5R, 1R
SRR AR T T B A SRS R AR R, SEERAE R LS P R AT
RS E MR E KRS TRk AR R SR B B G R G s
2021 FF4BkE PR 5560 123570, RIHHGIKELE 26.2%, BFT
TR A, REPA SBRERRE SO ME#E T, HRSRED
BUEZE 6 fEH 1L 2000 143E7T, 2021 4FEE Kl HLEE3E 4I5S 87 4000 (23E7T, [
FLE K 23.6% (WSTS, 2021), 2014 4, TARERRAT T (HE LA HEE =
R JRABERENEL ), TR i e o LS R R H BRI IR, AT SUAE,
T G ol FLE P L R SRR P R R . SRR FEAR B PR B ST T ST, 2021 4R,
AT, FRESR A P I EIBLAE] 9666 /27T, SRR H ITTJ7TH
T2k aB Gk, N EFRERS TR 4™, 2021 AFERRE G R
HUEERE 1500123570, (R, MHR Rk, REMmIGITE AL IR IR
TR A SORER: . ek i SV F Bk O EAAR A, BRI
T SEHRTFEERS AR OE AR R EA L. 75 B AR S 0= bR
AT, FREAEGE R FEE FRe Hts B AR 5 TS A3 e B2 M 21 R
SrEl a4, 2015 4F 3 F SEE BT S HBIFhf o T ER IR 1 H 4576, 2018
M8 HIEE “2018 WP EAEZE" A 1138 EBURATUR AR G R 4 F 3R =
FELER, 2019 4F 5 H L S5 R TR ERB A AFIFIN ] SR B
28 1SS E A 1Ak 28 A T B OCH AR ™= i 2 AR A LB R it
WG . BNV SIS E RS R U EECE E T S BRIk R
AT S EE. SRS 56 HLES 70 S A 75 B R P M 1R A 2R AR
A, MR R AR ORI O . AR SR A R R B s
PUERRE AT, A FEARERRE 5 R R4 — R8O B,
TSR T2 S 7= S B AR AL PR RE T, A BRI 3 1] e ity B R
SR 22T AR T
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BT FURERESES

NEESE NI R, 257 NTIA PRI, st
AT RIS Sepl R BV & S I & 48 P IR BRI EC RSN 7,
RS R BORE R . BT ERIER L TRIRAE, B
XHE B B ok Bk, R, —MEZEER R AR, B
e T HE P e E bR B AN, U SR T etk g T2
HIROOEOR, A AR F ISR RERRIAE T2 AN #, PRI, Sepic e
YR e, RRENER BRI, HE T RSMBER R
oA 723 o8

ST EN T ZER AR, A LUT AR SN A — 2
[ 52 fl s s FE AN T A ML A, e — N I SR M T B R BUR S e v B R 5
TR GARN LR EA RN =& EAA —E iR s 1
A M AR S HEROR AN I S e A A SRR FLER S 1 T BRI B
Bt PUREM SR, RS TEPT KPR EAL, BEE CMOS i L R,
OB RS TT, BRI RO W s T, SRpk FLEg A N FH AR 31 R0
ke, B RN R R B AR 2R, AR RIS TR
MEIEE . oT. NTERE. RERSFS I JRA T KAl A4
B AR B R — N A B R R Tr 1l b, SRk
LS 7V R A P B TR 2 LR BE AR BRI AR M EA BB SE R, FEidid T
R GBI M EE RS, FT—FhbR . —Fhiss . — BRI EOR
FRTRE ORI L e T B, A H AR B . mACEL. JeZIE, fr=2
ASML AT IR AMEYEHL. T 10 nm DL RS0 T AHR S, ik, 4
JIHLER AR PR AR TORUEA TR IS MR O PR

S [H ANt i AT 2% 2 2R HEORTY fB L, RTRLT R
BRI EARN H, WA EEFIL. B LA SIS (5th generation mobile
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networks, 5G) AR AT ARESGEHN A T EER A A2 20 nm LT HEORTS
Mo B, EANS Tt T2 AP RIAER % i AR AT B BRI
A 29 P FE X LU X S BORGU A S o X T FRE] 24 7T Bk = Al R A
IR | MR S RIHUIR, AU AR A A E AR R S,
DGR, FTIELE A S EARFN AR EE A, N7 XU AT 2 i ek AR B PR
kg,

SRR S R R ML 3 A — MR R BRI S N B R H AR 2
FREERN . A RKER AT SMEARBLN, A GEIRFFR AR B VAR
AGEAIPER IR LA, FAERIE i i O SR BOR SUBSE B [BIR . 7
WEBATTH, NTEHE., P ITEXAENART) E, RIS T
HOR AT LA R, W Oes /R = EiX R EE 5 4iE (integrated
design and manufacture, IDM ) #=Cal, BT _BIRpARDIAN, HEREEIE
T T A & (B %E, 2020 ),

FEE SR FLES T 2N, SRl FRER A 7 R P P BT IR AR
Me 2012 4F, FF—4% 300 mm fEH. 32 nm FEART AL H 77 35000 F 4 H
A2, HIT AT &N 30 {23570, HAREMEREEE N 4.6
23650, 22 5w’ | AN 0.4 12355¢, & 35123550, 2017 4F, #r
HE—2% 7 nm T2 A 22 HIAEI T 5423670, 2022 4F, #iE—4% 3~5 nm
T2 5E FHIRE] 200 12~250 13E7C ., FEA S T IE B In e kit
b, AT ERTTG SRS NGRSO KRS R I A S I T
BB AR L A P A AR LB T2 B, R EE T 2R3N
99%, IRALLILVEBETZ)E, i RFEHRES TEEAE 50%, AREW LA
WREFIHFR vitl, EE TR AR AR, BERE8RET
2B, X ERNRE NS T, e 2R AR 2R 57
N SERANV R A, SOARRRFEEE R R RS IR AN, AL
Y, SRR MR R ORI ST SRS AR TAL

AN, BEE Sk B SO U R BB AT, AR TR, ik
BT CMOS HIN I IR T AT AT, Sk g St i pgicit . filids
BRI . R E R AR QB AR T T A B P e
ek, HNRTEESAT 2, FRBu SR R L g a7 R g Tl SR

5



S R L e L 2035 KR

PSRN SRS T EESI S #FaeliaE . ERET . BFemEE
B RARGTE, AR 2020 AELICRISHTEE RG], REHHBES . (RIS
PRI N H Se 55 T AR B ORI R e . TEPR D SR Ak FLs ™ AN T 37 1 55
WHR, HR RN ATai i+ . R RE SR 5 gt
HAWEIE AT, RSB TTIZ P KR — R AR, &
BN 10 SRR 2B —/ M TG Bt aushEas . B MEs
PR, —@ZMAFTRIEE, a0 X kel e Bkt A e &5 = iR ;
TR AR B ARG T AL TR MO SR B AR RS, TR 20 4
A N4 7= SME ( gross domestic product, GDP ) #5-K 5 H 75 Efili&E g K
IR EEFIAR AR A ], T L 0 ol Pt 7™ M 5 0 P G R L T 4 ol FLIES T
S sKIE R, X IR E SRR FEE L R R T I 9 R DI O, [ AR
B FLES ) ETZR G A

B=T KREINRSHK

SR I HL B A 1 08 TR B/ e AR W, AP KL R R, — ity
PIAESERL—IR CMOS #{ TR 5 04E . BEG 281 R AWK Lz
MEERWAK G, HARFIE G IBATSE N X B R S
BT R R LS BRI R R R R TR T DB AR AT
ST SASEMER], T “BSE—EF" BEIRIER 5,

SERINAE 130 nm BRI LA AE 26 52, 28 nm BT ks>
#7710, 16/14 nm FARTTLMEAACE 7 5. 10 nm 8T SEET, H
H=E . JR/RM AR =R DU B R T A% ik &
o 2020 4F, ZERMEE/RE A HIE T 7om 5 nm BT 5057 0,
3 nm FEARTT S AR EE AR . A 2020 4F 1 HEA T EAREET IR
ANEZNHIREFN B R G5 Y 3 nm B 7= T2 o FA s A Ve Sl FL IS
SHMEZERS, B8k T 28k SERTEaL =02 —mE. LA
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Flash AR E SR A A L A ih R . AP R 2 . MR
fi5 %5 (phase change random access memory, PCM ), FHAZZAFff4s (resistive
random access memory, RRAM ) N AGHT Y B K A dn AR S i ]
i, 2019 4FE =5 | JER/R. R KD 7 FEDY R A FLEg s L A ss
T HFERTF A&, ARK3~5 Faeg e, Mgk g A5
il

TR G2k RS L A B AIAE 2000 4 LU SEIAEEOE NS . Hd
P SRR B G A AR, 2019 SRR 2 SIRTTIA RIS 1446 (2.56
IC, HERTTI 35%, 2019 FFREHIA 12 in® 47742 28 4% (4:Ek 121 5% ),
8 in AE774 35 2%

T T, W ER B R R e T R M, (H T T
W2 RS e, R ERE v A P EAE B T R & E
A (10% 7245 ). 2020 4F, ENT7 E, RENZ AR ROMESCY EME
TR 40%, it RESFRERZ A E A B AR, [HE00m 0
R ATIR R ARF A J E

R T2 SRR B BT 5, SE R A E R R RS AL
FIHJCE S TR (. TR A oRrpDe O BAIEET
FE R A I E RV RE. HRT, oML R S # g i, St
Fa A B4R E] 70% F 60%. 100 Gbit/s YEMLHEE T, JerFa%
R E AT 80%, AIFEMEIRFOELEE T KEICHUR
e, BIRATIBIAE S S ERER A RIERT . fEIE %8 POk, 2017 425F
SRNTEIHERT Y iPhone X #54 DATE ELIBERTH A GO EHES (vertical-cavity surface-
emitting laser, VCSEL) Jy G TIFRS IR AR, 7 T2 7 IR
o 2020 4, RAHGHIEEEFEEEER, MRS .. vl il gk
. BRI /5G ImE S RGNS E TR b B e i i 78
R TEEEM, IE 7RSSR, A, RS R
ATDAN TR NN TR RN A R TRACE F&Eredits, R ToeHm
R G E R KB T

@ 1in=2.54 cm.
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R M E 1122 5] Yole Développement FNZCHE, 2015 fFE4BREEYGON Ay
T E 4000 T 3E7T, FFHMAEME MBI AE AR, AR, &
Pl SRS AEREAEAS W %% . BRARRNIE P A RGN, I o 3 A T
B, R T RS L S HIORES A AR R O B B PSR
TUE] 2025 4, IR TR IR 2 15 (23650, eIk
O IR IR R 40123550, (FDGIEE RGO a5 S,
HRBRRBF—AREEERME R, A 2016 fFLKE, 2RI RS
R 60%, (BGCHLF A A9 SEAE G ER A 10%., defii sE g
MEAUCRCAR 06, FEaARE. K, #panE R EmIFE. 5K
AR, RTRIAATR IR FERRAR, X ST AR i - BOR T In 2Pk, DRy
MARE RS, TEMRRTR . mEER R EZ . 2068
NI SR Hstt . 350, FaelfE. TTABRE . BRI TS
MBI Fae i gmte . Eis . mTEAR S THK, WEK
RO EHE A

JCHU R AR . BT AR KA N AU F - R G S5 % U 3
HE RN B, HHb, BT ESEOCHE IS SRR w71,
AU PO B IE, ARG E AT DU Y620 2 BRI T 4,
MATREEMBEE, BAESMYRIT RS RIcE, FETI AL,
A AL NSRS b . 5 %112 5] Yole Développement 11l
THE SO EEHE ISR 26% 1B K.

Rz, BAFREMNE SRR HESA miEs T, (EERENRA
AR, JCHARE BT i i R g AR SO
JiTH, BAEAEN SRR T SCHRTEEIS RO R Z . BN
] 4 5 FLES 5 5 FOES 7 Ml R R BE 22 BRI L 2852 M 1 TR AH S %[5 B
RPN R, N RE e 2 N E R 2 aiE a7 . i, HA %R
ARG AR S RN R U — RO EOR, USSR ™
B E ERE R AR RE ST, A REAR I 2 AR A A R e sh R
MARA ELREFRE 24 (5 R eEZE L4,



BT KEEBSTBLHE

SRR FLES TV ACP AL E — M E R LG E bR, WK E R
Griiilm . BRTTREEA R SRS R ARL, ke T 2E
A L1 0T H 304K (electronic design automation, EDA ) T E AT Ik £ 7]
B, AR HEEREAT . hakE, BRERLS, YEPIREERHR
HR R, BENJFEEIRINA, EARGEE B E SRR SRR R B2
Bl4E /N E A R B 2R 1, (EETEIE RGN, SRR S 15K
FRERARTE, IREBHES BRI R R . SRR FLEE AR K A SR AR R 2
RS OIEOR, FFATRE AT 28 iMERR, St m o =
SR RMTT IR, VSHENRSE . mEER . ([RIFE . SRl insae
WEEEARKE R, RS HRS A EAR R B T R E 2 kg,
Heok g e BN TR

(1) MHTER S HEOR CdE NG BRI, A Sk g it . 37
IR RIS B A R AT 0 7 BB H FR B A PR T, SRR R
IR — D FEE G AiE. 248 MEEAK G RS AR
A,

(2) BB IENERH BT A% HEEAA, (RE G A5 R
B IOCC RN BT EAE, i & il 2 % N 7 R ok
(WNER FYFER RS TT ERUTH R, FTEMTHE . BETE .. SR
%), LB SHRIETRT

(3) EDA IFTA] I 25 22 BEATL a8, 4 ol Pl % AR E AN 98 oK R<T (VT
5nm) NP EEFRNY, BMNMMTFERET Y (NREZE. Bl
(i H A ) TR E . EDA B ek VT ERH C 2 i = T & 17
5230 0= SO i RIN e 2 e o U e 40y == (257 T SV
EALE AN S R, I A A T A B A [E] S B — S S AR,
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LR N TATHER] EDA B85 6, KT RER IR N T2 5T F B4 p.

(4) BN JUNE BB 5 R ERHIEAAZ L, ISRk re s
THEARSIN 5 B, e EA &G SAE et s 14
IERLEMIIN RN ZE B g, B SR h 22 0 2% 2 A RAZ SR TR AL B
HIHEE FERSE, LRI SN, B AuE A T RER — S ]
ITIREE, EBERERE ., R BRI AL,

(5) BEYERE S B A AR B BRSO 7. RIS, 3D 77
i . Z2EAMAGERSR . SRS MG &S E T RS
AESERE, AR TLIE A% AL BOR AT A R HIEDAEE . SRt
SEPHI R R

(6) HEFMEIIFE. /NS 10T/5G/6G TR, KESCH T S5HirRlE
JORARMBAR; SRR ROt FL T FOPTEL S 1 BHR B A S 5 A e HL ARk
3D SRR, KEDCHET S TFHEORS AR, #HIe i rtE
AE, HIOCHLT - Sl A TR BRGNS S AL H e

(7) KIFERBCTESOEEOR, RSB s . el 5 e
FOAHEEOR, SRR B SR MRS L EE A
PARUHEZ LN S5 N

(8) KJREHIEFEANRRER, WEEZl S AEEH K, R
Ep ) €AV YR ED N 324 0bEr

(9) KEFMCHFER, e HEERE / e g 2h b,
W e 2 RN TR, Rt EoRs . SEaRISL / EAUEISE (augmented
reality/virtual reality, AR/VR ) S5J6/RM1%5,

T B =00 A, FRENEE E R s BRI AR TR ()
PR 863 11K ), [FEZE LA FE A TR (faAK 973 T ). IS E ST A
TR ERFEARLEL I, FR ARSI B AR R 5t
FHRARMGETTEZ T IR T RN —m it 5o roe Wmst, —#iaaE
PR R s B R AN A BORAL T [ Prade b fin; —
FefliE T 2RISR, IAUSE bR, RITAF6E ., S5 2SR
HlE A BAS TESRATE RN TR bt e /1 =2l £k, JEm
@, e, o NAERRIE ROt AR A AT LR — e R
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