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Progress and Prospect of Semiconductor Silicon
Wafers in China
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(National Engineering Research Center for Key Materials of Integrated Circuits, Beijing 100088, China)

Abstract: Silicon wafers are fundamental materials for semiconductors. China’s semiconductor silicon wafers are highly dependent on
foreign trade. Enhancing the independent guarantee capability of silicon wafers is significant for improving the overall level of China’s
semiconductor industry. This study focuses on the market-dominant 8-inch and 12-inch silicon wafers, analyzes the development
status of the global semiconductor silicon wafer technologies and industry, and prospects the development trend of the industry. The
study specifically focuses on the development status of China’s semiconductor silicon wafer industry, and points out that the industry
in China is currently facing critical developing opportunities considering the market demand, macro policies, supporting capacities,
R&D investment, and other favorable factors; meanwhile, it still faces challenges. Furthermore, the following measures and
suggestions are proposed: (1) further strengthening top-level design and macro planning, (2) strengthening policy implementation and
sustainability, (3) supporting the coordinated development of the industrial chain, and (4) developing semiconductor silicon wafers for
advanced processing of integrated circuits, hoping to provide a reference for the higher-quality development of China’s semiconductor
silicon wafer industry.

Keywords: semiconductor silicon wafer; 8 inches; 12 inches; industry synergy; advanced processing

RS H ST : 2022-12-08; f&MIH Y : 2023-01-06

TIRVER . TR R, SRRSO RL E R TR T E s R AR, BT e SRR R E-mail: zhangguohu@gritek.com
GEWWiH : P E TR I E PR E S e m AR RIS BT (2022-XZ-20)

AFUMIHE: www.engineering.org.cn/ch/journal/sscae

068



PETIEMEF 2023 F F25% F1H)

T E'IJ_%_

PR TEESME O, EERE
G R A 2 AR 3 5 THD PR S RV, XK A
Frik s EP24. ZOoswd it & e EED,
R TEE M. EFRERE. EERSA. DR
Rl AT R, SR AN TR R, KEdE. A3
B LG, SCHEHERITAETTARTR R,
T ed P52 15 977 48 55 HE K A 2 I i S 0) J7 TH R HE T
R, B AR S S N H &) iz
RN, 2020 FFFF 46 - A4 AR B8 5K 5 T 5 bty 2
5 B IE RS R B A il , 4 56 A0 5 3 AR [ 1) o 4k
M%[S]O

F AR AR R . T A
OFSLARPE AR KA A, R AR R ER AR 2 A
oo b A, B 80%. 2021 4 4 BRAE B HAL IR Y
RN 4608.14 103570, LRSI BTN 187.912
EIt, H TR ERN432.2910K 7T, raLds
BRI 301 1236 70, B A L B o LG IA B 83%.
FRPE o PR 5 Geit 40 (WSTS) i di
2022 A BRAE A HL I 5 L IA 84.22%, G HLF AR
v P SEERE . AR AN 7.41%. 5.10%
H13.26%.

5N S e IR SR Nl T k501
FHL P A B LR SR AR RE, b T R A H R L B T
Uiy, AR BB GO B il AR BRI 30% B,
90% LA b (1) £ B H 6 508 P 2 B TR )RR,
EE Bk S b 2 5 RE, %K
MBI AMKAE B B Y IE AR, KET 2R
Jill, [ BREUE S TSR, RO LR RS
SRR TR, B AL et DR B e ST R = A,
PN AERS R AR, (ORT MRS S5 R A = i A
FOR W O H LR 2 ) B8 12 infE 7 HR
BN, BRI O R B R RBERE T, $2
TR e T 2 M B e At o B R A

ARICAHT TAETAEERCE SRR A R RIR S
RIEES, RELESEERTZRER. AR
Wy P IUIR KK R, SR IR E N SRR A
Ml A Sk — B[] T I 6 A e MLIE NP, FF4h R
JEHW . 8in J& 12 infid v () H B AR 7 4 34k
FEFTH93% A, PRIMAR SCEE 5506 8 in J2 12 in ke
(B GLEAT 73BT

= ERFSHERNARIIREELRTESS

(—) £KFESEEARNERIK

1. 4Bk SRR A 0T 37 A

EE R LR O G M R 2 AR B E B, 4%
Sy EEAFREE . G, ez Kl ERA.
TR T2 IRATEM . PeM LS, &
PRI e o iR 2t (LB D o AR [l Braf
RIS (SEMD ##E, 2021 5588 fEEE R
PR P A ) R SR 800 7 LI B 33% A,
Sl FEIBEIREM R, 100 2423270l SRR
S T 5000 2403 T SR PR .

AR, B 2B AT AR K RRE K,
AR SRR IR IR PR (LB 2). 20124F
AR S RAE R TN 8.8x10%1n%, 2021 AR
il 1.4x10" in*e ABRP-FARRE 484 B AT 2012 -1
87 42,35 JUIE K ) 2021 £E 1 126 /4.3 76, M 2018 4
FFURIES: 4 £ 110123570 AR HE SEMI St it
2022 FE AR FAARRE fr HBR AR R K 4.8%, 1k
F]1.4694x10" in*e FHTHE]20254F, RBRYESRME
TR £ 1.649x10" in7,

450F 304

e b 330 328 349

300} 248

N 550[ 240

2001

£ 150}

100}
S0l

0 2015 2016 2017 2018 2019 2020 2021
A IH)/4F-

w— T A = LRI 5 FeZI B ERF ] 5

e LA e AN iy e RS 5 e CMPHIEAT R 5

— H AR — A

1 2021 FEFREMB S AHEMR LS

gl R HRE

BRE%

0 201220132014 201520162017 2018 2019 2020 2021
o i /4

El2 2012—2021 2Tk AR RIGKE

069



BREHFSHERZRIVRERE

2. - SfknE B 7R oR 450

I 104EK, 6 in S LR RTE fr / sR IR A R+
g, ARG TR FEEPER in Ml
12 infEH, JOHZ 12 infE sl m (E 3.
12 in fE F4F H B8 2012 4F 1 5.302x10° in* B K &8
2021 4F(119.598%10° in?, F K BRIHIAN (5 4 T A4 RE
BB 70%; 8 infik F HH SR AR AR D IG K, I
2012 4F [12.378%10° in’ 4K %2 2021 4F [1] 3.443%10° in%,
2021 4, 12 in A1 8 in fif Jy th B T AR 43 S0l 7] b 3 K
12.85% F116.87%.

12 in BE 7 EZ R T 90 nm A& LR 2 Sk 7
JEFE, TR . A7 A A5 AU
F, ZHEREEE. KA EEUE 2 0m B
R, kR BRETFHL. 1FENL. N TR e
1o 8 infd A 3 EER A T 90 nm LA L il 2 i ] A A0

10 000 |
9000 |
8000 |
7000 |
6000 |
5000 !
4000 - —12in
3000 /,/’\—/
2000
1000 -

S B %10° in?

T S—

0 ; R P
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
i [ /4

E3 2012—2021 FEAFBR TR HEER

B RS R BANE R A Sk (CMOS)
UG AL R . bl as . SHAaTom & . N7
fEa S, NS AR RS, I,
RERT . Dlkghl. B (R D,

8 in fif Jy 7R 08 Fr 7 i AR A PR B AL 3
THEMILE RS B LAY SR S8 &)
N AR A B . AR, LN R
RS 2R BTE8 inn i BB, T/EZ 1A 12 in
SRR, T AR 8 infid Fr A 12 infil F i AE & H
e SR FEAE AT, K3

3. B e A R R v I S T S A AR

e FAREE R A TR, S &Lk
O ) AL i Ll AR F 8 5 R R,
7E 20 tH: 20 60 FARFR1T 80% I T A Al . B 5
WRHEN I AR R, HEIES 5, Sl EA
FJ7E 1989 4F4 L #8 FL AR A T 45 T 18 E b
A, FHET 2016 -4 E G V5 AR G 15 I A
BRAFE . 20 2l 50 K, HABISH RS
Bk, TFEAR R SR, R KRR AE B FE
FAtRIFHES N, HACE Ak e, Hf
FEf AR 7E 20 40 80 A I S [, 7k v ) Rt 7
ARG S R B, A AT 2 RS I
A R 2 Tl R 2 2 AN R AR S
[ prf SAREE Bk, 2001 4R45 b 22 Tl ka4
FEAEAERRE R 12 in LB . HAL S
fE el 20 2 90 AL K H f5, B=A5VIE

Fz1 8 in. 12 inFEEREARHEMRAIER

Y] il 2

JSEF 7 i

12 in CJeiEIFD)

<10 nm

FR A AR T A RS . FMERE T

16/14 nm BEEFHCFLE . PO Bk AR, RS A asss
S PR BT I ELRS . B il el
Wi-FilEF & S80S 8. FPGAT . ASIC: G 4

DSP AbF A%, fLJHE, B A, Wi-Fis W7 . GPS. NFC&8: K, dE5 et dfr

PIHRRIMCU & F1 . BHGE L DUZEER iR A0 1 46

PR MCU 5 Fr . PREMCU R JHAI0E Fr . BE5h3@ (5 3% DSP. IR 1F. £%

20~22 nm
12 in CEEEAGITS) 28~32 nm
45~65 nm
filg o0 &5
65~90 nm
8 in 90 nm~0.13 pm
M e
0.13~0.15 um
RS Y e
0.18~0.25 pm

BOGHBI . BAAE RS . BEMCU. HEEHN . R4, LEDIKS)IC.

MOSFET. IGBT &R, MANXIEG RV 2%

VE: Wi-Fi N G2 %; FPGA N v dm @ # 1BE5; ASIC % FAE R % DSP A5 543 GPS AAHEN RSt NFCHNTZilifs; MCU NI
HlPATC; LED WA G MR 1C MBI H 7340k MOSFET A& @AM SR N @A IGBT I MU 20 & 1A

070



PETIEMEF 2023 F F25% F1H)

SERG ST, 20 T 28 90 AR FAK P L
H AR [ s (B R R [ 5 S X R, i [ R R [ 59
HXRE A AR DL, HEPE AR G E —F 2
o MAT, HAGEALZE TRt BEmRH:
R oth, FEEEARBEBRMERAR, fEE
T T AR R A BR A ], i SK 4 H145 7K
] A ER90% A A TR A, UHRTE 12 in
W TRE TEZ SR M TR Dz LY AN N B =i o A e SV 12
ok EEERLE 12 inkE, 20154, &RHAAH
A AL 2 Tl R S = B R R A1
12 inkEFr H P Rt 13106/, FE 2021 E4EE, |
SRS 12 infiE A HreRe A BN, HhHA
fElRAL S Tl bk th H = Re kI 3.1x10° fr, P
BHE RS H P2 R84 8 1.9x10° /7, E & iE38
BREGE A H P2 BE 200 1.3x 10, #8611 H 77 g
Z199.9x10° ', #hIE SK AERTI H = HE2IN9x10° F o

4. TR EEE SRR

e GARMRIE T T LU NRER IS — 0 Sk
ML, DU AR 28 AR SR R R DL
e 5 FACE A RER I = AR MRS, A
P HoAh 2 SR R, BERRE S T ) & R
. AR G R T R A N B B L i B A G 5 S
B, A R T TR T 25 00 2 11 2 R A B ol
HERA B R, A% RN SRS 75K
&, B, 90% LA b s F 02 2k TRk ) )3 1
B, X T T REMRLAS ] B AR AT A . (R,
M BB AAE— 2 R, TR e EIhR. S
RS RS 2R, AR ROERE, &Rk
SAEMRL S A SRR IX £ 77 1 B A% Ry
sk MBS AR B RES AR S
B —MERE, DIEEM BN, A RIERE
PARE b A0 SE A= K ] ol 5 it DA A S A0S v R T 26
AR, . IR R, iR EAL
B XIUCEREMEHFARTBREBERLR, ER
KA LK N EATIE K IEAE, FEAEA R R
FUSRFES EHIIER . (3% BT .

(Z) 2KFESBERNARTSE

L AR SRR P AR, R o 3
B )32 [X 3

AR SRR IR TR E, 1958 4F, fE
IR BT B — A T4 a0, Z 201k

T0FAR, AP AEEETERE AR, FFER
FEM R P AR YR T3, 220 #4080 FFAR, 4
BRATE 2 FAARE AL Aol A7) A2 95 [ 1) 1 L AT A
BIATE . BEE PR — IR R H A, HE
AR SR 2 E, HARBARA. #HE=
EEWSEMARIPE KR, XN, HA.
B E (A R IR ET R,  H ARSI 2 Tk ik
Aot MmRHE RS MAHR TR AR DL
J i B SK AR AW K. H AT ZTE 1996 4E T
G R CREREE” TERI, AR AR SRR RL AT
WA . BEN 21 tHal, HARME B2 Tk
RSP 12 in ik kb, RO A ERER
— K ARTEM BMIE IR, BE S M SR AR st
FUNA T A T G, BORE R SR
BHIERN . BRTAIE, HA M A RN 58
G AEREBIS . B G PR ER A R I A PR A F
PR, o E SKEER MY 5k, LA E ) B
MR 43 A PR 2 518 12 in Bk 722l 55050 A5 JR) 78 5
e, ABRIE 90% B = A A fE ORI .
3T 4 Sk 0 KA R =l ) A R R R, #2025 4
12 infE i FURIS P2 R I 4100 o/ H AR HE X BR
RAERP GAAREE F i i Y B X

2. AERA SRR TR S K

AR, BERFETRE, KE RN
Hhn, SR SRS H s R, AR
BARFF ALK . SEMIFE 2022 4E 10 H forif s b
i, 20254, REMINRY SN &R =6
DA 58% MM FEIG K, HERMMLE Rt A LA
L, A E 7 B 2 AN 21% 20%
14%. RIS TPl R 802 S0 i
REd 9k 2h 8 in i Jy Fa SR I, 2025 43K 8 in
fik v /SR PRk 2 7<10° F/ H U7

SEMI £ 2022 4F 10 H 435 1 fiiit, %2025 4,
12 in @i B ) $ B SRR AR A KR
IR AT H K77 BB KN 39%, AL AR 37%
RIN14% el N 7%, 106N 5%. 20254,
S ERP G ARG R 12 in B G TP BE K DAL
10% PR SRR, 512 infEF 7RG IE
B H 9.2x10° Ao

3. WM AR

SRR FAREE RN COE S LA TR 9K R T
NN TER, Y, AEREEREAT RS

071



BREHFSHERZRIVRERE

FErERE. B A TR AR A PR A B AE 2022 4
B LLACKROG, TEFTME R 12 inkE T, fE
FERELIN3X10° i/ H s wh B SK & & A A K 3N
BB 1.05 J3 1286 oy @ 12 in L SR ), 5
FERELIN 2.5%10° i/ H s BB ER G B A PR A
A 2022 43 A RATHE R, tHRIFE R KRR 12 in
WERT, [RIHELRE B 504298 0 35 E AN B 12 in
FEFT . fem e 1.2x10° /s BA M &R
PR Sk B A o e 8 228712 H i e, 7
12 infi Jr, (GE R 5><10° v/ H .

TTH 32025 FE AR Hr G 12 infE 7 RE R
I 2x10° 7/ H o BEGEPEREREI, 12 inkE L FR R
T 5 K15 B AR

4. PSR EAR R R

JE IR B EHESN T 2 S8R4T Mk 50 42 4F 1 PR %
K, SRR SRR R R R, &
Bt 4 (EUV) JeZ et BAR, 1EFEN 3 nm
BN S, (RN T 2R R
WREIE T IR, SaifEgi/ Nk T8 ok
TR A, 2 SPARITIE DN T 5 BRI

Jei JEE 7R I AR B FE B 08 B AR R 2 A
FENF A RGeS R E A, DA R FE A
FERRANA AR, BOR b 2 e FE, $Emde
BREFITHRE,  [FI SHe v R X T RE . R et
FELFE, BAREEINRN A B
SIS RSS2 iR, SIla R Th e
ol I N EA L A

Ji BE IR B ARG 2 AR 3R R B
R, — R BEE LR e R R R R Wk R
XAk A SR AR RS, 28 nm K LR Sk R A
RPE SR bR AT T, BTSSR . R
AR SIS BRI S AT PR SN TR 2%
SR R R IR ISR T & B ik B SR Al R . 48
Pt a8 ik v il & BOR A Sk BRI, K1
Wb SRR . R IR SR T T IE 23
8in A 12 in JIEHERE, 12 infdE A O T IhE LS4k
i, FEHFEK R inEBRBEKEAR. Tl
PR AT VT 5 R A S Pt B Al e R . T
BN T A R RE 0 R FR A, 5 At )
HRONEBERE, g aEE T2 R4k
ERE (SOD . @i B A 51 N S IR Ag A 1 il (1 AR
k. REEEMBEEMOLHN, KRESBELM .

072

AR TR MR I EE A T RE R 5 B R IR A
AR B R T 1)

5. 12 infE FOoNHI R, EORRSERE A DAL
&

AR I A ST, BT —AURE AR T
B, SRR L40% oA 0 G RE IR, B
REER ¥ BB . (H12 infER 2 )5,
XA SR . 2011 4E0T, SRR A . — B
FEL R v [ £ 7 R A e G 1) T 1 A BR A ) AR R
FERRAHE BN FOAE 28 DAHERE N — A & BRI RE 7 PR
Ak, EE. WL CLES] 55T G450C
EEMI450. Metro450, {HEE N ZERA. BAMEE
Wy PR SR Z R ER, 18 in A AR
R HE, AR 18 inFR. 24
AU 12 inFE A © 5 4 430k A S AR e il 70%,
AR A CLIER 3 nm, DA fESE

18 infE =\ HHE, — 5~ 12 in ik 7
SRIAFF LG 7 FE 1 2% ) R 457 PR 7= i o]
Wi 5w N E 12 in R ER B R R R
BET R NS . ARYE H AT SRR R L
o BATAA, 12 in ik B 25 2SR AH 2 K
B, AR 18 infik U I o] BEPEI ) o

= REFSFERFNARIIRE LRSS

(=) BEXESHEEANARIK

1. R 3k R i

20154F4220204F, FREHESRTTIZIE 82414
EK £ 163810%K 0, FHEGHKEAN
14.74%. 2021 45, FKE P 50k 117 37 85 & 5k 2
19251236 G .

MIKIREERSRE, IE D% 5 2 4 o 4Bk
K SR 2, 2021 Eh [E T3 & ELiE E)
34.6%, FEE. WM. H AR AL E 13 0 8
AN 21.9%. 8.6% 7.9% F127.0%.

2021 FEH E S ALER AT B ATA 1 10 45812
NI, BEIEIER19%, BEAEERE—. PEERN
BRI K )2 FARTH 2T 3700 [ P 4R R FL R b K
e FAREE e A B AL T T S B A R )
FE AR,

AR, 15955 T B N SR b A% Rl 5 PR 1)
Froeoas, W SAREE AT 7 R BEE TS



PETIEMEF 2023 F F25% F1H)

FT I AT RS 0, 2018 SEFRIE 2 SR EE /Tl
YR h 172.1 1258, 2021 FFi5 5] 25051276 (I,
Bl U, ARAEM, 2021 4 F AN - S48 A i
A 13042 ukmE 1, B REME R Kok
% B P AR R SR A AR S I R A e
MBI 08K, T3 2025 3R FH Y 44
il T S ORI 400128 ARG

2. TR . BLERE 1B IRTt

P FARTE I IR AT Ui R SRAR G| K i
B ML =R R SO 3 . AR A P EE ik
JEidE, Wit —ilid - B S R E . 7R
bR 5 i IR R 50 R, N R R R
X AR AA LA I R I T BE R 5, (] A4 B BK B
Jilys RIGE PR R BRI T, [ P SR EE
FEEN R IA R 228 . [FRE, P ECE T,
[ N RE AR S A s RO R R, B DI
Bl BFEEHL. T BENLSE SR & 30 N SRR 4
s Z8hEE. AP, AEMEL . bIHl
TS S R A AR N AE PR R AR B N, AN
WWECERE WG, HAl8 infE 4B 7= AT e 25 &
FURA R LA S A 1 B =4, 12 in il v AR 7=
W REENL. B, A IETEBENL. BEEHL. B
Pl REMAL. B EBENLE CE TR E =N H
% R A AL N A P R0, i A ) 3 2 A
HMR R E A, B SRR Bl B R R
A G SR BRI T, SRR 1B D
5

3. H )3k G B AR HAS E K

AR, FRE A SRR A AT ML E IR = R 2 &
RIS, 12 in i B SR R RIS 7K 2k,
EE R E RGN FFE SR T, Rl A K

300 f
250
'R 200}
N
R L
150
by
i 100}
50t
0 1 1 1
2018 2019 2020 2021

I [/ 47
El4 2018—2021 Frh[E KB+ FiFEH AR

A R 2 =) SEBL T T [R) S 3k ) AR 2T O H )
12 infE e AER, BB & H 19 nm B A BENLAF
B4 8% (DRAMD F 12 in ke, BUAS SRl 1 i3k
J& . TCL " 38387 Ge Vi BHE I A PR A\l 7E 12 in i
FOORBERI AR L 7 1 e o B R T T T A B R R
fild, CE/ALNE N FEZES . A0 B
o PH 228 B R RS B A0 A PR A =1 B ik
B S HE I FE A A 12 in ik Ay N T8 4500
A BIASBENAZ S R BB ARIERES . BoR
IXZh S S A SRR R A 2 W] ST
12 infiE bR G, 8BS T RS AEKEARIS
TR, FER I THEARTRE, W2 et fIiE T2 5
MFE, MRitEFEATY. £ ERET L
BN, HAvE ARSI DR SaeE AR
A ASCEE B AR 7, R N, e RIRRRE
AR EAE NI T

(Z) REFESHERNARSE

1. R E SRR A T3 RS (R R K

R4 SEMI Gt it, 2021 FEF[H 8 in & [ 7= g 5
SEERILLBIA 18%, 2022 FEIE ) 21%, it 2025 4F
T 8 in i [ 7= e 3G KOG IA 66%, G ATER, FERE
Bk B 1.8x10° /M, 2021 AEFREH 12 in S [H Y
IR RED BN 19%, THTE 2] 2025 441 42 23%,
LR 2.3x10° K/ .

BT RE: SAETHISET R, DUICYHTR S
PR i A e SRR pa V) R,
RIE SR BE I PO BN IR E . #EE 2022 FE4F
J&, TR GEATHI12 indd B e Re I 1.7>x10° 7/ H
(2, @B F=Re R AR K.

T8 iny 12 in gnlE) FEREMIY B 0 E B
APV ST E, Rl B = SAARE 7 R ) P
WK,

2. FRE PV B SR B R R

R, FEREEERT, T AMEREK
. Bl ARSI IS & R A T 2SR
W B B 5= RIIECE, 2 S0 A
PRV AN N B AR P S R . 2020 SR ATUA
€% TR PR i H B8 7 b AR 30 A 7 M v o i R R A
WA BBORI A ) FlE: EXREMINERH
7 R - S I & SN = =S 1 5 W o S G L
A, BEIRFFEEER, B—F2E ZF Rt ig

073



BREHFSHERZRIVRERE

=2 HE112 nRETEIELR

VNCIELY i T.J 4%k i E HE=RE (<10° )
FpCs ] B A R I A PR A D S2A ki 1
o5 P L i 1) i AT R A Bl Jbm 5
RS ] e ok L 1 AT PR ] B2 Jbm 4
BRI L G B A PR A ) FAB16 Mat 2
ORI I (BT AIRAF FABI2X i 5
KILAA RN A PR 5TAT A A — HX 12
DT O A B R 13 A PR ] — H 3
AT 72 )2 SR A PR A FAB7 T4 4
ST T AT IR A A Fabs L 33
I TAIRAF] Fab6 i 4
A B A L 4 A PR A ) e 10
B R BRI HIRAF FABG68 KiE 6
SK iS4k OhED HRAF T 15
SKiF 284k OhED HRAF p ] 18
A HEAK S5 AR AR AT PR ST A e 12
A MBA 25 4R A AT IR ST A ] Jbxt 10
HhE = 2R i3 12
i = B4 (iR 13
A B BR A HK
AR T PR A #IN 4
JE T2 AR T A R A ] B 10
T B2 SRR ARAT BR A I 3
HER T EE RS RH A R A A HK 2
2R BR A ] i 3
B AR AT R BR A 7] Jent 4
U & 2 PR TRA A B 5
WHLIE SR SRR R A 7 5

Tl B = AF 258 TLAF 4R 25% 30 Bl 2 g AR
AV PR 2020 SEAAR ) (W B0 i % 38 Bt
55 0 R R T SRR AR A L B 7 ML AR A e g
BB AE A PAE . R #
BERR . 8 in J DA B Fy 2R Al 2 EVE A REA:
77 B BE AN BE T A2 W7 SR A = L N SUARL, BT
BERGME s (OFEE D RS MEM RS %
FeAE, SAERE Rl FORBURR B E ARG A
WA BS 5E PR

3R AL B I EEAS R P RERE BN PR

URCED ENETE S0 WA DN T I8 5 P o N
WIHER BRI, W7 A2 BARRS S, El
FLER T i B TR 0, AR Al B X ]
RIS B R . bR L AR A I A BR A 7

074

WAL SR T R AR AR AW SR k)
et ARV SRR ATy, FHERSREE A
FMb. P28 WA B RHR R A BR A | B
JR o [ 2 A4 B A A BR A =] 55 1S 4 2 BE AR SRR,
[ B AR AR S BURHBAR b7l o 7E R A3 ) SCHF T
N SRRl TR 3] TR R, TERT
FH G GF = R A, X P 2 AR P M 1) S HE R B
CEVARTE -2 L

HEE AR F A PR A R 12 infif i £ 20
e AL, MRITEIE R H 3x10° /7= Ge Al b
3x10° Fr P2 feg,  [RIB RRAE BT 3.12x10° 7 8 in - F: 44
W Fr = RE. TCL PR HT RE VR R 43 A BR A 7]
fE 12 in i v 1.7x10° /H « 8 infit v 7.5%10° v/ H
FEREFER B, HRI B 2023 A R 2 K 12 in BE



PETIEMEF 2023 F F25% F1H)

6x10° Fr/H « 8 inkEF 1x10° F/H [r7F2 6y, 75 2228
Wi MR B B A PR A B E 12 inkE Fr 5%10° Fr/H
FEREFERE b, BRI 2022—2026 4EHE 5x10° K/ H 77
feo WITLAL BB T I A PR A =] AR 8 in 100
F2.7x10° 7/ H s 12 inkER 1.5x10° K/ H 17~ 6E, 7E
P 1.8x10° /12 inkE v 77 1.2x10° 5 8 infi
FITE Y B R B AR A B A R
B 4x10° Fr/H 8 in ik P RE, AR AR 1.2x10° 7 8
in. 77 24x10° F 12 inAMERTH . IS
FEAPRMI A 2 71 56 % T B2 R FRL % R v 7 Ml i b g
W, 8inkEHtEAL:, H3x10°//H 12 intE#I
Bk = 28 IEAE B

H AT A 8 in By £ A 2 nT DL 2 N 7R KR,
BT PRI B, B2 AW e s 12 infd
R OeMERHIATY, BRAKEEDERE, mliiE
GIVARTE S T

M. ZEFSEERNEZRIESHE

AR, TEBURFIGEA M) )1 R FHRE &
A 8 in fl 12 inkE oMb sk e, BE 17—y
Tk, R T R OERE,  ERERRE ) B
A, BERRGRKESS. 23 Z2FEHRRE, 4
A, P ARRE AT DG B J L8 H RN = B (1) 5
W, RSEIlERER . AT SR 1 S
W, WL A7

(=) BREHSHERHNLRIE

(D MR BB AnE. a4
R R BRI AT, WA E i Rk
W=ty 2 —, el br ERIRUINGE AR SEE
AR BG) FHLAS KEE . Fraeliii 55
WA E K 22—, IR 5 N AR sl A
TR (6G). TAHEH LR BaER. T
TR R SEWRIBE) . S
THOLT A D AR SR IR HE RS 3,
T AR R R IR B R I8 . St
I, EEP AR INE, KPR 5
PR Fr ™ ELARAUEE 1, 2N, SRR i
A RRAL, ETT I RS P B AAE R BT
[ 7 e A R I AT

(2) FEABORFFELSCRF . BhBTRIESTIE. L%

K, B KFEESCRRE SRR R, R Y
L7 BRI B R R AR AR R KT
et et AR AE TN . HERBE T (B
IS S0 1 £ BSGFEL I 7 MR 7 L v o B R R R A
THOE) sl AR e, SR g Al e
P BLR  Invh 0Bk S5 7 T SRR IR S HF . 20T
P IEAE NP Bl ig b om Ak
A& SRR, 2B BRI RN,
T FE SRR S R SR A L

BEXT A AR TER ml R A K R
IR 5 AT B R L 7 L B i A Uy S <, HE A
QR LT G, HEBEARNRSE, REEHEA
N5EE, T 7R RN SRR LR ARIE,
i o 1 Al e e T A ]

(3) PAMLEERCERE S RRIG 3R . 7E B SR WL
o EARLIUN SR, AR E N SRR ol
MIBCS, Ty R B i A i R 0 IR R B g
PARTE &) PPV IRe: Nyt AR S THES TN NG
B, PEEABTEE ST, B A R AR R
REST R T, XS HEBD IR LA il A (T B
S A SE PR TR BB AR A o Xk o Y
fEFy VB E bR, BB RGeS SR
B PR

@) WERBNINK, $oRGESRERT. BEE
R IRAE AN T . BEARSE TG, AR SGA L B
RALNKKRIGIN, T4l B e ar Kk wF & o
O, MHRHEARNERM . RS HESS infE
Fis 12 in R A HRIKF 5 B PR S, Z2HEG
Fi~ AP0 Fr 8885 2R SR TR R AURE A BORAKCTE
228 nm - FARBIFEZR, SKIAE AL, Sedtiil
FEHIRE A3 BB UE AN R o 2 S i) AH DG 1L
ARUESLRL 5 ERIZUIE] 87 i e ss &0 il i
TP IR R %, B BERIE T 4 R

(2D BERR A REIREIBEAR

(D PSR A E R KET AR
FUEHIFTRRG St &, Joilt o SRR AR Z 2
PERE R, AR AR, REAARR. KHE
JEE B LA B A I S Bl VR AR BT R N S AR (L h
[l 70 SEHURDD BN K i [ R 5 - A B
PR

Pist b S ARRE i — B AR /oK A

075



BREHFSHERZRIVRERE

e HARRAT, MEER #ERE, (N REYT
PBE P BT T B A I e 2% BT EAE . G
JE AR RHIE R AT e AZ R m, R N A 5] 0t HE
K, AR = ot gk N 55 [ S5 A A R TR 52 B8R
PR, B PR A il A8 [ B 58 4 52 B e

(2) BN HARKE . BRI e
J15 510 5 E R WA AF AR K ZE R . A=Ak
WA, B FEZAA 12 in kA P RELE 13100 5/
AU b, Horp HARGEAS TR S 17 R
F3Ax10° /1, W HESZFERe TR, HARK
PR DL B AT NIRRT AL PR R SR A
e AME R IBKEE, WTRAH R ATA S
i, SRABRIRKIARREE40% L, BAFR
SE RIFIIBFIRE f1. A 2022 4R, EA L H
AT — 72 AN 3x10° B/ H St il RE = s AT LA
R A E, HARKEE E MK WA BRE
PR, iR, FEREME RS, P EA
F 12 in BE A M AN = B S A BRET 10 (2 SR
FrfligE AT . SHFEE, 12 infE AT KZ4T
TERE, MARERIEFMER, BRI,

(3) 12 infiE F#EE R FEMEIE A K, 7~
RENCH NS, M S IR KE . %R ET
BT, ¥ 3x10° 12 in B A= 2\
601276 A B84, RIS P= M A0IE . P2 REICH: 75 21
TERFIA], Al 7 AR A7 45, A 2 e
BN ATIER] 20 214270, HrIHEM G, ERKT
Ao SUEFEIEE, SR ISR, T
SWFATREMN, SWEERIER, FEKET
AR o 5 Ak 8 B 208 e 1 RN HRUR: AE 1A )
R

(@) P EERE A A R AR, JCHE 12 in By i)
T BRI B % . RO BEER &5
ARV R0 S S A MR SRR e 1, [ A Aol 22 BE
K, M “RIET” W, Pl s 2 27 —E
DU, 3% L R 2t S 3012 in il 7ol e R 4%
TR BATHAR. CEFES. R
BUEREIE 2206, A 12 infE PR A O d 2
FILIE P 12 inkE P2 ISE 4 0

B RREWY
LA, RE SRR RS K2,

076

BRI KIESRTE, P2 lAT R AT, SEBLT 8 in
Fe 12 infk Fr (Atb R, 4 75 A etk or
MIZERE, BEACSCHE 1 A SR A R B R
2RI, SR BSR4 SO B i g [ A s 22
ST B AR oI PREE AT I, T3 T
BLATIE, WA W SCRAR o 17 % J (R B8 <
i, [ AR e IR R LB .
IR S, )R e [ = S Ak P 32 1) T N RS
I, M AN LR N E

(=) H—LMBIE R FE AL

A LA I SO R AN 2% B 2 ] Tk AN 2 AL
FRIEIE w7 iy 2O [ SR R L
1T RERAT SR 2, E R SCREA R R 1 DX I
bR g 2 T AT e, e A E R B R T Rk
B, R TARR I ROR . AT VOX — B4k S
JEEE,  [AIINE R CUA N S il r 7 M AT SR PR B R
AP ISR AN A AR, BERAT S 5 A Al 4% R
IR, B SCRE S AR N B R SRR s A, 3
B AV BRI H B, P SESCRFBUR, LBl kAL
EEAS

(Z) BUBRESIMBURFFEEE

EMEEZRM G T Chr gk s B b
AR Ak B R A R TEORD &%, Ref ik
PREE Py Al NG L Ak — I 32 RF . H AT B E
PR A AL T BN B, P RENEE
B, PESEFREIARM, BN AT LA I
SRIRE R, A5 [ A Alk T8 T AR T I 1 22 PRI 9,
VO SCHRT T3 — D W S BOR, AR BRI B R
HORZ A, A E BB Bk S5
Fi, PR E RGBS SR Alk.

(=) thif$rr s E AR

M GRRE R R SR, kR P i) K T
i 22 B AN JEUH A R R R JiE o - P ARRE 5
B AR o ] A e SRR R0 4% R A Rk Al 56 4
AT DL A L P o AR A R R SRR R . X T
X R EAT B AT E 5, R4l
BERIECERE ) OB EAA Y], [E 5O SR T TR
P VAVNERTEEEE S5 AEN TR AN S R LR E Y | A EE I
BB, HIRATIE AR ESR, SOk B TRl



PETIEMEF 2023 F F25% F1H)

MEANTEREAR, ST AR R R S, eIt
PR SE 4 RE

(M) HE A% SEKEREHTIFERFSEER

Xf e A SRR LT E S 2
PN RS HEL R RS R X e P (7 oK, IR R T AR
b N RO, AN mREg iR m Al A S
EREA, FRJEIEA . HRIN AN AZE B
HLER LB ARIEAR, — R — AR, BUHA
fEb Al = ML AR 30 9 AR R [ B R 42 A Ml A 35
RBES E O RS e 4 T BOR T /™ dh, B AR
AL T EAR AT R IRBN . FFEERT A .
FERIUH R RIGR RS 12 in 2 4408 19
SO, IR RAE S ARGENLE], DU E SO 0T A
FCR BB AL AT\ AL FIN 228, FPRE, R
VesE g, HESNAT L BRI .

A7, FEEFEER TR REH R, K
BERRIE R, PoALRE 1B PR T, kA
WY A, B [ B R 5 ) ANl R PR AT AR AT
JE ST AR 25 AR S Al A Rty SR BT R Bk ik, (HL Y
PR IR S CAE, MBI
BSCRET, BRI E IR, AL 2xTi
HEERE, ARRER LRI, H
R F7 7k SE 4 RE T 5E A i

38 ST AR

RSO A L W b 2 (AN TR AE AT AT 2 o 5% sl 55

Received date: December 8, 2022; Revised date: January 6, 2023

Corresponding author: Zhang Guohu is a professor-level senior
engineer from the National Engineering Research Center for Key
Materials of Integrated Circuits. His major research field is
semiconductor silicon materials. E-mail: zhangguohu@gritek.com

Funding project: Chinese Academy of Engineering project “Research
on the Development Strategy of Advanced Nonferrous Metal Materials

in China” (2022-XY-20)

SEH

[1]  Semiconductor Industry Association. Building American innova-
tion technology [R]. Washington, DC: Semiconductor Industry
Association, 2021.

2] EH R SEFETE, FI5S KR A - (], 800w R
££, 2021 (5): 7-8.
Wang W. Chip and digital economy, balance of short-term and
long-term interests [J]. Times of Fortune, 2021 (5): 7-8.

[3] Semiconductor Industry Association. State of the US industry re-
port [R]. Washington, DC: Semiconductor Industry Association, 2021.

(4]

[3]

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Boston Consulting Group & Semiconductor Industry Association.
Strengthening the global semiconductor supply chain [R]. Boston:
Boston Consulting Group & Semiconductor Industry Association, 2021.
kA, R, E R R ER R R T R S ).
TR ORI E 244], 2011, 31(2): 9-11.

Zhang W, Xu W M. The characteristics, problems, trends and sug-
gestions of the domestic integrated circuit industry [J]. Journal of
Chengde Teachers’ College for Nationalities, 2011, 31(2): 9-11.
FEMN, FIEAF. 2021 4R 5 BT IR RSO JE 4538 (1], T IE R
FRIFHE TR, 2022, 17(4): 351-353.

Jiao C, Wang L Q. An review of the development of military elec-
tronics in 2021 [J]. Journal of CAEIT, 2022, 17(4): 351-353.
PR, I, AR RHRET R R IUIR [7]. 2 S EOR,
2002 (2): 3-6.

Jiang R H, Xiao S Z. Development and trend of semiconductor Si
material [J]. Semiconductor Technology, 2002 (2): 3—6.

Fe . A BRE SRR RT3 43 BT 0], SR R R R, 2019,
36(1): 1-4.

Wang L X. Analysis of global semiconductor materials market [J].
Applications of IC, 2019, 36(1): 1-4.

&, R, AL, 55 S AR ] BOR Kk
R[], NI 5 RS L TR, 2020, 40(4): 5-11.

Yan Z R, Ku L M, Bai D J, et al. Industry status of semiconductor
silicon wafers [J]. Diamond & Abrasives Engineering, 2020, 40(4):
5-11.

RO AN E ST RE Y A2 T 1.5 R
LRI, 2021, 7(7): 640-645.

Yuan J Q. Reserch on industrial chain security of semi-conductor
on the background of digital economy [J]. Journal of Information
Security Research, 2021, 7(7): 640—-645.

Wi . CECARAN N A8 I o B B e L i bR i il
Sy AT B Nk SR [J]. BET S AL EE, 2020 (2): 8-18.

Yang D Z. “Bottlennecked” Chinese integrated circuit industry un-
der blockade of the wassenaar arrangement: Problem analusis and
strategies [J]. Management of Innovation and Entrepreneurship,
2020 (2): 8-18.

SEMI. Materials market data subscription [R]. Washington, DC:
SEMI, 2021.

SEML. Silicon wafer market monitor [R]. Washington, DC: SEMI,
2022.

Fletcher A S A, Nirmal D. A survey of gallium nitride HEMT for
RF and high power applications [J]. Superlattices and Microstruc-
tures, 2017, 109: 519-537.

Kumar M, Singh V P, Dubey S, et al. GaN nanophosphors for
white-light applications [J]. Optical Materials, 2018, 75: 61-67.
TR, BT 5 A = A AR ] s — VP
P b L4 (0] mARH S Pk Ak, 2017 (1): 26-33.

Huang X Y, Lyu X Q. Seize the strategic commanding height of
the third generation semiconductor—Interview with Tu Hailing
academician of the CAE Member [J]. High-tech And Industrializa-
tion, 2017 (1): 26-33.

SEMI. Prospect of 8 inch wafer factory in 2025 [R]. Washington,
DC: SEMI, 2021.

A BB ADRE P b AR B I . v [ 2 G A SR R AR L

077



BREHFSHERZRIVRERE

[19]

[20]

(21]

[22]

[23]

078

e [R].ALEE: R ST 22 SRS 53 22, 2022.
Technology Innovation Alliance of Integrated Circuit Materials
Industry. Report on the development of China’s semiconductor
support industry [R]. Beijing: Semiconductor Support Industry
Branch of China Semiconductor Industry Association, 2022.
SN, A AREE, FHAR R, 45 BB R R A AP S AR T
Tt [I]. RO TR 25440, 2022, 30(3): 67-72.

Wu X S, Zhu Y F, Tang M Y, et al. Study on superconducting
magnet for czochralski single crystal silicon growth [J]. Journal of
Anhui Jianzhu University, 2022, 30(3): 67-72.

MRS, XU AE, E4ETT. SRR R IE BE i s it kg [1]. %
ALEEAL, 2012 (4): 25-28.

Lin X J, Liu L J, Wang W S. The advances in the equipments of
the silicon wafer cleaning [J]. Microprocessors, 2012 (4): 25-28.
AT, BAZRL, 3 BN, 55 5 R RS S B I EOR S i
#% [3]. P EHUE TR, 2010, 21(18): 2156-2164.

Zhu X L, Kang R K, Dong Z G, et al. Ultra-precision grinding
technology and grinder of silicon wafer [J]. China Mechanical
Engineering, 2010, 21(18): 2156-2164.

TP, B W, NS S BT R SRR BOR T (0180
MRS HEAR, 2022, 48(4): 75-78.

Zhang H B, Yan T, Li P F, et al. Analysis of electronic grade poly-
silicon production technology [J]. New Material and New Tech-
nology, 2022, 48(4): 75-78.

VAR B A BR A | 2021 R4 EEIRE [R]. B I
HETE VAR AT A BR 23 ), 2021.

[24]

[25]

[26]

[27]

(28]

Shanghai Silicon Industry Group Co., Ltd. 2021 annual report [R].
Shanghai: Shanghai Silicon Industry Group Co., Ltd., 2021.

TCL w3 37 e R B3 A7 PR 2 7). 2021 4R 4F BE 4l 5 [R]. K
HE: TCL T AR IR R BB A BR A 7, 2021.

TCL Zhonghuan Renewable Energy Technology Co., Ltd. 2021
annual report [R]. Tianjin: TCL Zhonghuan Renewable Energy
Technology Co., Ltd., 2021.

B Sz B TR T I B IR A ). 2021 SRAE FE RS [R]. BUM: bt
PHAL ERRCE T B A IR 2 7, 2021,

Hangzhou Lyon Microelectronics Co., Ltd. 2021 annual report [R].
Hangzhou: Hangzhou Lyon Microelectronics Co., Ltd., 2021.
TOEE, JEN, PR, 45, 2P SRR B U TRIR SL SR B
F¢ [J]. #645 42J&, 2019, 43(10): 1062-1067

Ning Y D, Zhou Q G, Zhong G H, et al. Experimental study
on shape of semiconductor wafers after acid etching [J]. Chinese
Journal of Rare Metals, 2019, 43(10): 1062-1067.

TR, B, QIR0 A R R 7 B AR RS 1 e AU BT I
FRIESCEE [J]. 2SR, 2006 (10): 758-761

Zhang W, Zhou J W, Liu Y L, et al. The improvement of wafer
surface condition and polishing slurry in the process of wafer pol-
ishing [J]. Semiconductor Technology, 2006 (10): 758-761.
BB, TOKEE, TR, AF. AL 2 AR RE B i S R R
SEREE S [J]. MY 428, 2018, 42(11): 1186-1192.

Zhong G H, Ning Y D, Wang X, et al. Site flatness of as-polished
wafers with etching process [J]. Chinese Journal of Rare Metals,
2018, 42(11): 1186—-1192.



