(China)

From sand to core: the life of a chip — June 18, 2023

MBDEE: EHE—4&

OHEEREFSHISERNERIHNI, RESRIIEEREHIE, FeERIESIFERRE Rt
FINTS, MXBERAFRIRNIE WA S,

20237063200 098 MEARS: R&EERHY 1R | /FE& ZHh | fRiE iR

T AREE ASSHIOR, MAPESRSHIRIHEE, EECH IS LR, SRSk
FERER?

WESR, SHERR— SRR EHETENL, SHRER S, TR N
ERFISSEDR RIS MNERIZ)., AHRSRS, SHHES ASEMTHE, METE (CHMD) REET
2 EEUR) SAKS, BEEBEFIARENTHE. SESSUSHENAS, METSAHS
S SRR TEERE, FASHCAEERSAN. [3

AR RIS RN BB RSB HUENE, SEESHHIETE. EAXP, (RETH
5 HSUGIELTRIRAET, ESHHE RS RIS, FOHHESEPER
SNURRIER,

01, BENE: LEREEET

EIKE—IOH, EERERDMEENSEN (SEWK) , BHTESINT, SRR

Fit, BENTIEERFSArE Ly, &REMAUTI, XOMERIRISEN. BRENTIERREE
HE=1Frk.


javascript:void(0)

B AEERNEE: NaRPRGH

@ &EA |
SERFRRIIAETIIRE: WEEBEISH4)

RESEAH TR E Bwafer, XFIFITE, FINEIGHRIR, EF-REMEGEBRHT, BEHITHF
. BEREEFDKRS, SIRHAERE, REDREMNGFE, B8k REFGHERE, IR,
FREHEXS R T 2SRRI TS SRR,

TR AELiARI25.8%, HEFEEZ TN, EUEHEFSHESE . NARS RIS
o [BFEFREEEREMCH, ThHETZHRECEAZIRE, (HIBMAIRREBSEEHIERT/F
. B A S FRTRE R AL EIA ] 99.9999999%~99.999999999% (9~1119) RIFAZEEE,
ARCHBEAREEE, SEREFAROKWSRFT, RIEFRER RREDASTHSEE,

2 &S (50mm) . 3&ES (75mm) | 4 FST
— RIERT — (100mm) ., 5Z~F (125mm) . 6 Z&~F (150mm) .
8 I~ (200mm) 5 12z~ (300mm) &

B BERR, —RATHRSH

| REEREE 5 —RATERSE, BAEEES
LSRR
L mmTE SH . BN, SMER . EBEH . SOIRE

IR (Prime Wafer) : BFEE4mR095)E
—  RIENEZHR [ BH (DummyWafer) : BEREH. HESEH, MfErT
RENIERSHAE—TIZHNESERR

HH
2l

u\

HFSHR

i

B3 2E[5]



RIETZ, RERERS AR, INER. SOIR=KE. TieHMtAFNRE, HR-EEMH
, BANHECRERRSREMCAEM ERINTRYS ), teaifEfnye 2 B TR KRR E X
R, TJRRIFEERNS .

an B 258 IZHR N R STt

6 TZ oI RN LREZRE R A
B, SN+SARERETIEN, H BEEISHEHFETR. X

il HE—ERMERBREERELHE /45, holERINER.
SRHETZNREFRENREMR SOI R B9+t A4 Hd
RIEERIER R

SMERART US> REPERRZER

PR, AEEENRAEEN o oo o P, 1]

CPU. GPU%,; thalMMAF

SMER A8, BEEERERNSELS . :
e K— B BERNIMNER, TR —ﬁ§~m;%E“%m$%
BRIAN TS BE i

EEBE. BHHIRURE

MBFIER, BEBEEEIMEN

SOIR FRE, XERORENSEEER mﬂﬁg?“gﬁgiiﬁ
BEMER, BT ISR, N N =

HSH
52 | LEEEVERS @ —

BERTERRGR, H7K | Ra@Er

BEER | EistErJliarle)]

FRRERE R EFERAESR:
WXREFATEEARE. RE. I8, FE. Rz, ). FFLZ,

ENTEREMIZEE, SREENSETIZRFELIST, IMEEREBRRBEAXLFE20 ~ 10055T, FLASH
IET ZRENBEHIETRERNTZIRZ (7], INEREZEAERAAERM EHTINEEK;
SOl EERBREHBE FEANFSIHIE. [6]



R 1 Lk — Mk — AN — BEERLE — HLANRERE

sE il /H

GEREL L — ARFNRIN —> " e —> RERERFAES
4

JRAIA N Pl h mif:?*l @M —  phZl
=]

AiE — LG — w20k —  HDbh

K — SMER

e : '
”L_FI’EEJI'{ — ik — B — ¥ — iR
FSAER. INER T ZRZE[6]
Jeh — ¥k — iy — SOIE G e —> AR K
|
o5 b
SOLALMIE —»  h%hsl —  EEYEHEE —— i — SOIft\:t Bk
J
J
w&HE  — Ko — R e {u %% — 1%

SOIF AT Zi7AE6]

REER, BENSA2ET (50mm) | 3% (75mm) | 455 (100mm) | 53 (125mm) | 63
< (150mm) | 8% (200mm) 5 125 (300mm) ZFERIHE.

EERIHWR, SHREETFESHEEMEZ, BAISHAAMEE. ME—KT, JhK, Hesld
SRS RIEAR/NNR,

o, ERELEESR, —WhSKETERR, 85—, EELYS, SRR HENS
. TICAPfREYE, SHRIMEHCEE, ARERT#X, SEDSREAESH), KRISR
B —E RS R AN,



Ba, BRARFHRRLSEXAZKETENRE, MATEE ES? AIRERAAEIRERIXN

[, TRZHITRARS, MJohSEEEER—E,

B, BEERKIEEERER, IRINBREARE, HX, BEPNREEEEETIEE, LURE

B SERERGE, B, BEFMET RS RATRE, &5, BMESWERETS, —EaG(ARTF]
A, HEERR\, EFOSLSHIREERD, (8]

ERAFART LA HRERGHE (%)

100%
90%
80
70%
60%
50%
40%
30
20%
10%

0%

S h‘)‘o S O O
000000 ()Q'\,'\.'&'\,'\'\,'\. ’\'\"L"L
LTI EL T TS

=R

=R

HM75mm m100mm m125mm m150mm m200mm ™ 300mm

FEBRJE: SEMI

EHARIR T REHSERAEE]

L8R 5125 T i e/ f], ERFIZEE T, 12T RERERAERETsRTREMMEL L, &
ERAxR (HERMBEFEDHENER) B8RTHER2EEEA. (6]

SR, BERTEA, SIS, MEFRA. RS, #E T2EXeliz. Bickii, KBRS
LEREHTEE. NFEHMTEE. HKH. 238 SELE_MSHSF MiHHENREMHE
. SHE. BEXR XASREREFSHSTEESEK.



i) 8 F~TREVE 12 E~FREFE
AR S : <70nm

DG REHCFEEE: <100nm

Gl ;’l.)';,:?. ‘:: s 5 B 4 A Gl — =P 2
fa il FHE R . 90nm~250nm R S%: 40~0nm/mm>

))‘;l- SE=YIN: T 5 e ~ s
2 b1l (1) e NRL R SF ;- 90nm~250nm KBS (2mm*2mm) <=9nm

ARBARE | %maRiig: <E0ARTRy |WPPE (Gnoimm) <=24m

BX P R (90nm): <5 4~
%4 &: 8-17.5ppma kR <} (26nm): <50 4

KL BiETs: <SE8 AMNE 1/ F 75 X

A& HE: 5-8ppma

HARBRIE B HIEOR . S A R 4%
AR A K BIZ B B ER . Sk | BR. A RIS 5 42 H1 B R |
OHAR HERBI RBEIEREOR . AL | LSRR RIER . A3
PR AR HOR S VRt UE o NN & Y TR A S el AIE 5
AR TR SR T RURZ HIl BOR
AR, BTHL. REENL. LUIEIPL.
Bl HEEHIPL. BOCZIFHL. KBS

AR BUTHL. REBPL. LUTEPL.
FIAHL. BRI Rl 8K

ERERE | e o HIBL. B, RN, Lg it
Akt by 44 N7 N7
Eﬁ&‘ﬁﬁ%im‘*mmmm‘ BL. CMP SIDEHL. S53ENL. TR
SRR NS JUITS 3R 5

P AR 3.851270/10 J1 K/ H %16 12.75/10 71 K/ H

SETHIYE A 51285 TS A Xl [6]

FREEFEMAEE, B, ¥SEMEEEREEENR. “RESHEMELIS ) . Ge (88) HAAE
. BRHSAREILAGaAs (BMEER) . InP (BEEIR) AR, B=FESHAMRILIGaN (BHER) .
SiC (BivhE) AR, FHUAFESEMELIEMNKE (AN) | &HE&R (Ga203) . £RIa (C) HIHE.
i, Baina0%nl Bt R EEREESMEREATER.

YMeEKEER™7, TEHER BOiE, TaEFES, 2021F2KEATHCRA%4%, HErA™
AR NBAGEE NS (Shin-Etsu) . BHAME (SUMCO) . FEEEHEKEE (Global Wafers) | &
EtHel (Siltronic) . FHEEFRIYHFE (SK Siltron) . [9]

RMERGE, FAES, WHEHEN, EFPERK, FREUSERIRIUATAE, BRFSAEREWF
EEIEFPES. FIRRG. LB/, PRERE. B EhRE, BT o EREANEIZ10%
. BUBERIRLUTRYERAE. 128TRESERFEFEFWESR: thil, B5ESHRESTTIRIEG
FOgiHAEEEF12T S AEhERl, THRISIEHE3701Z27T[10]; B, EERRBINTI2h /12
I ERMERSEREEFEIE, HRET0(ZIT. [11]

NEUE ERE, EF-fERmiaMiE2019F~2021 %45 8131012355, 20214FX16.5612355T, REEMIEK
24.04%, FRit20225E01K19.22123=7T. [12]



2021 SELIRER T HKR B

6%

13% 27%

13%
17% ' 24%

o Sk w RS e MEREE e iG] e EETRRREE = HoAR

2021 F £k R THiAE/B(9]
MERBZNHFIK (GaAs, InP) FERMBE=CFFIKX (GaN. SiC) WKERFKE, ERNCHEAER
KW, (BEAFREAESEMFEER.



SIRMIAER

GaAsiiYt/: BRMEREBTI. EET
XN EMME., AXT=ZRATGIE
£95% K17
GaAsHMEER : HEEIQE., FEAEEH
Y& (VPEC) . BAFRMAZE. £E
BEEREEANKAS B

e

bl

i)

GaAsHi &

#B80%InPxiEMiaH B AERB I

InPHIE £EAXTRRAT S5

GaNfAE &M E: (FREI. HIB%E
. AN EEN =2 eIt SiEe
T 85%HI k1%
GaNyMER : mREFEZERE, FF
. BT, IR, EEIQE, BAZE,
NTT-AT. Dowa, BXillAzzurro, STZ

EE. M. BER=ZRRZ, dikia
S BIEEER . Bandgap. Dow
Dcorning, II-VI, Instrinsic, BZ&
Rohm., NSC. Nippon. Sixon.

Bridegestone, BBFIEBI. Denso, BR
MOkmetic, Sicrystal, FEKi&

GaN#f &

SiCH &

2 | SIMITEKRIBHRE

ERERER

SEIMEEE, TRRWEEKKES

. PRIEE. ZRER. BHER. X

HRE. MMM, HMPE. PRI
&, OBEES. BRAMS

FEREMAER/N, KRS INPEF#EN AR
B, FEAVEFERECR. tRIELD
&%, mE#El. TERXRERATHE
. TERESEEHMH. FZE. B8
REERIE

RARERE, GaNFREHRELE
BEAMmLE, KRPE, BlIIPEE
B, GaNSMER BEDMIEE. &Sk
B, BEER, IHEDN. KESE.
JI7Aete. MEER., BIFSHT. MR
B, BREDN. tREESKE

Sttt REHKFEHTHMA, BHESE
FrhgsE, TERIVEREXEEIX,
WHRXE. bR, JtRBLEEH.
RN, FAMEHEF. Norstel
(Z&¥H8) . MEXXN. FxXEE

F_RESK, F=HSHRECRESIRNZIRERARERL, Ik | Rmri

SEEE | SIMITELREFFZRE[13]
02. HIETE: BHBHEHRTS

"XEFEHRERPIRE. ... INIEESAWSA. "XR—UERNTHSEHIET 85F M. [14]
B, BREAEKHE, ERE F8FxH, BENTIRSERTTHE, SEE/970%~80%., [15]



B 3
70~80%

| — Wit 2%~7%
| B R 30%~40%
20%~30%
— WEEEST: 50%~70% —E

e KR&VIEM B R 2%
— ERRVTR B 20%

PLHE RS 25%~35%
ERERG: 25%~35%

HZEH: 20%
Zhy/ LR 20%
BRAT BAEANR R 5%
TZEHRIRE: 11%
HUE/CMP % . 8%

— HAt N T %: 8%

RS 40%~45%
CP&FTlli 1% %% : 55~60%

4% kR : Gartner
£ Rl B BRI AT B R R A TR ST K[ 15]

OREFEES, BT EAEIZREERNIZT, IR, EREE, IIXEREEIHRFIEEXR

=208

OHEEIZ28EA. Tzl Eimzl. WFSER. YMIERSERR. FEFRk. Bk, FE.
FEIEAME. (WERERMEIWMERELNIES, AP TI22E58FA, FEER.
BRI T ZENNEBNIRSE, SEZ. RRERAL. iR, BIRTRIRE. BFEIARE. &
iR (BHIRKIRE) . WENRFER (CMP) 1RE. BERIRE. TEAURES.

e F A R AR LR R

Ri M ik

a5k #it

- F===

LRSS IE L
CMPie &+ #

i
1
1
1
1
Wil # Gilkit) |
|
1
I
1

-
CHRHE TR et .| wm et amam | ik |

: I oo iomi o] enze P sr |

AR 0

BORLRYE: CHRACBIAT AR TE), P SUESRIT 5

FEUHIERF ST WA T REE9)]



BIEAINT P, RBFERSHIET 2R, b2 ERRREN28nm, 14nm, 10nm, 7nm, 4nm,
3nm...... HEEH)N, BREHERE, MHIEEKRDES. B, 28nmEToKEE, tb2snmBSHIIEL

HHEIE, RZNZMAHIE.

HIFEREEE/RERIAN, RE A LRAEHESR18-241AEIN—F, MEtBEA—E.
EEFRMREMRSIREE (IRDS) F, £EMRMN 7 FHETRIERARIRA, BHIER, RTK/FE

W EFIEREREIHAREHERRTE, MIRDSHEHMEHIEF KT IAMTERMRA.

YEAR OF PRODUCTION 2021 2022 2025 2028 2031 2034
G51M30 G48M24 G45M20 G42M16 G40M16/T2 G38M16/T4

Logic industry "Node Range" Labeling (nm) " "3" "2.1" "1.5" "1.0 eq” "0.7 eq"
IDM-Foundry node labeling i7-f5 i5-f3 i3-f2.1 i2.1-f1.5 i1.5e-f1.0e i1.0e-f0.7e
Logic device structure options FinFET e LGAA LGAA LGAA-3D LGAA-3D
Platform device for logic finFET finFET LGAA LGAA LGAA-3D LGAA-3D
Frequency scaling - node-to-node - 0.02 0.16 0.09 -0.08 -0.01
CPU freguency at constant power density (GHz) 3.13 2.83 3.53 2.50 1.48 0.86
Power at iso frequency - node-to-node - -0.16 -0.27 -0.05 -0.06 -0.08
Power density - relative 1.00 1.12 1.04 1.59 2.51 4.27
Patterning technelogy inflection for Mx interconnect 193i, EUVDP | 193i, EUVDP | 193i,EUVDP 1 93!,:[:3!1«1\ 193":&%““ 193I,Eﬂl:g1-uA

. 2D Device, 2D Device, 2D Device,
Beyond-CMOS as complimentary to platform CMOS FeFET FeFET FeFET
Channel material technology inflection SiGe25% SiGe50% SiGes0% Ge, 2D Mat Ge, 2D Mat Ge, 2D Mat

Conformal
Process technology inflection Doping, | Channel, RMG |“**"AP™ME ] Non.cy mx 3pvLsI 3pVLSI
Contact
3D-stacking, | 3D-stacking,
3D-stacking: 3D-stacking: Fine-pitch 3DVLSIL: 3D-stacking,
Stacking generation inflection 20 waw, D2w W2w, D2w  |stacking, P-over; Mem-on-Logic 3DVLsI:
Mem-on-Logic | Mem-on-Logic N, Mem-on- with Logic-on-Logic
Logic Interconnect
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Node

Gate

Gate layer

Metal

Metal layer

Via

Via layer

nm  pitch /nm litho process pitch /nm litho process pitch /nm litho process
250 500 248 nm 640 248 nm 640 248 nm
180 430 248 nm 460 248 nm 460 248 nm
130 310 248 nm 340 248 nm 340 248 nm
90 240 193 nm Dry 240 193 nm Dry 240 193 nm Dry
65 210 193 nm Dry 180 193 nm Dry 200 193 nm Dry
45 180 193 nm Water immersion 160 193 nm Water immersion 180 193 nm Water immersion
40 162 193 nm Water immersion 100 193 nm Water immersion 130 193 nm Water immersion
32 130 193 nm Water immersion 90 193 nm Water immersion 110 193 nm Water immersion
28 118 193 nm Water immersion 90 193 nm Water immersion 100 193 nm Water immersion
22 90 193 nm Water immersion 80 193 nm Water immersion 100 193 nm Water immersion
) . ) . 193 nm Water immersion . 193 nm Water immersion
20 90 193 nm Water immersion 64 . 64 X
LELE LLE4
. . ) . L . 193 nm Water immersion . 193 nm Water immersion
16/14 87 193 nm Water immersion SADP 64 - 64 .
LELE LE4
9e . ) . o 193 nm Water immersion - 193 nm Water immersion
10 66 193 nm Water immersion SADP i . . 66 i
SALELE LE4
o _ 3 : e 193 nm Water immersion o~ 193 nm Water immersion
7 54 193 nm Water immersion SADP 40 y " Y .
SALELE LE4
5 50 193 nm Water immersion SADP 30 0.33 NA EUV SALELE 48 ). 33 NA EUV
3 42 193 nm Water immersion SADP 22 0.33 NA EUV SALELE 36 0.33 NA EUV LE2
2.1 32 193 nm Water immersion SAQP 16 0.55 NA EUV SALELE 25 0.55 NA EUV LE3
1.5 32 193 nm Water immersion SAQP 14 0.55NA EUV SALELE 20 0.55 NA EUV LE4
1 32 193 nm Water immersion SAQP 14 0.55 NA EUV SALELE 20 0.55 NA EUV LE4
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XA ASML Nikon Canon

A2 5 3% EUV 40
% 3 ArFi 81
ArF dry 28
b 5% A% KrF 151 7 51
i-line 45 15 125
&t 345 30 176
2022 R BRFESASAINL TOP3 A S RI31]
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e, IERERD) FRALIE. REQ. RUML. BROE. EHt. BREMEE, HTRAIEEREERKR. B2
R&.

AREFRBENER, TIEES, TR X IREEMNZIIEECRYIER, BEAYHBTER
Bk, BINRERLl, BEH T IIRERRANEENSRA. HENINEET. HH1TEMG, WELET
Cs. ﬁﬁl‘j’fTLTﬁtiE*CSR TZHBEAFEPSR, RIREAITTCOT, BFEITTDEV, HMISEIOVENETT,
XIREATTCA, INEBIRYCEITTWEES:, IWhHh, EEENMiza). RIEER NGRS, RERERES. (€
FRNEUFREESSERON, [21]
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I

VER :a. SESRAGIHTE b, ZRHE;

SERL R A AR 85120 C AbHE .

L

Pt
VEH: W AR B T F2 2 B4 SR AR 5
LTV FEa R L B

L

J& Bt
YEH : a. 9D BRI A
b. FERIRE 5% T BRI
SEPL 5 v PR AR 5 110~130 C AL B,

L

bin8 -7
TEH: £ GO BIGIRIE, IR E B

|

% 5
YER :a. i — DI/ D IR N
b. HE— PR TR A
SEI T vk PR A S5 100~130 °C AbH




KA T ZmAEE21]

RREANEFESREENEREP GEEL5%, NEEKE, BATEL (RREEF) . EESUSS (fREr
WMRAR) . BEHFIEVCRERIHCEEATHIEHALE, NITELEARLTFZERTHEAIL,
MEHELERE, 2019FTEL HIELINARK ER/IRFIL87%HIAHNEL, DNS (BET) fIHEEW N HESR
13%THiBHNER; 2019F TELHIEENIAR EHIRZITI1%HIANEL, DNSNE5%, Er=tiRar=m G
4%, [35]

B 22: 2019 F2HRREHTUHIASEE B 23: 2019 FPEXFFRBREHITUHIHSEE
«FEEF - DNSREfh «HEEF DNS - R
13% 5% 4%

87% 91%

2019F £ B EARMLRR BT HIAER[35]

MEFKGR, RREMREFHEERET NFEFR LZWIE, ATFRREFRESHANSER,
WIRERREALN NEREESEFBERT, R, BER. RIIREREFEFRFLS, Wik
TESFRETIK, X BAAEE. [36]

ZURH

ZENSHZNEIHFER, —EWMREECHRMAIERE, bk, BEFRESmS R, 2R
I ERERASnm T Z8E/,

SRR R RO BIRIR IR A EHRIRE L, 2NN SN S HIREHE SR E_ERREER
EERARSL. FIDEETS, SRR TEEAR EXIZ, ZURAINRIRAMR EXIZH TR,
AmIES, BESHEEEINES, —LRmAISsohE, NMELFREERSDER. &5h1E, 49K
RERSHERSTEEEZ LEEENAMN, EX—ITET, NIRIEEHTE BN O H &2
R, BRERRISIETRAZ B R RREESESEP e . [27]

RS INTBEZBFFEZEFFR, BEZIRERUEHRERRE, FRRIMETSREERE FER
. BBOFERAMGE, IBEZIREREFINE, SETEEREKUTER. 8255 AIRER
T, BINBEESHSR. FINSFNTELRSE, EESERTEIR T2, BalA
FhZIRH R B IR AIFERFR. [37]

FERZRY D AEFEFAZE. RNBFZIMR. BFRAE=FM5E, KIEEFRSE, NAELIZSER
o, Hep, BEMSFEAAZIRMBRMSE AHAZIRRTNR &S 7 TE2ZRNA.
ZIBHVHIERANERR K, HESFEFHLIBKRH, EFRAZBREEFEFNER, NRIEFEFHAR
B, FTESHNETE.



#2. = A Tk A th A kb

4 F BT R E & T 54 HTF R4
it IR R 77 ik HAESHTFRERERE HASETFhPAEERLE TRy, A H FhiEE
BHIiE 17100 10071000 10071000
E AR R BF, BRTHE, REHT BTH, REHTF R & F
ENE A A R4 A
HLIZ F /g2 HoE ek 418
AR & 1) B 12/ & 1) Fr 1k il &) it & ik
fat=Tid 10:175:1 30:175:1 1:1
A% 69 A8 B4k W4T *F %
T E A A E o A7 Rk T RE

AT Bl E H AT AT

=R RIS AER(37]

2RSS S M ESED HEEEA25%, BRI IEEESE. Transparency Market Research#iE
PR, 2022F £IRFSUARIRETIHLIN1LZZETT, FTN2023FFI2031F5LA7. 6%HIE G FIBIRE
18K, E20315FARI217{2555T, EREERMOET R EEE A IERERIEE kR, [38]
ZUEH S EIRESLFTZERT, GartnerfiiER/R, 2021F2BAIMIREITIAI=%9Lam Research (M

S{K) . Tokyo Electron ((REFEF) . Applied Materials (BZF#El) , =FRIEGHIEI0% LA ETHIHHER
. ERLAMTA SBEEX46%, T, [17]

H
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BRSNS EONERRE, MEMIEIETEEN—RTEZa/IEAART, ZALAGTEXE
pogtiatess, RRNRESFIURI, BlIMETHarBaTst, WIEmRMN. ik, NEHAE
BERRETEH, EMFSHESREEERGH, HEIRRIRSIIERGIR. [39]

HEZ ka4 2k
1967 FLEKFEINMA T . FE=mA CentrisZl iR R 5;
1 N FEHARAE) EMarianaZli@ RZ5:% ., ZASIRERAIRE—NES

RRERT] EPRNAT £, RERBAMAT,

s a2 oi /A\aa I‘,\ - NS i /A\Ejo 52
2 | ZAESH(amResearch) | el Eavm st m e T O mARIAR] S o
7 AL, (DR R R I

20134E9F 24, KRB FHN EMEIATEH. KR

3 fEET b TR F i T S S > T B Telus
ARG,
= (076 NS s, BT ARSI
4 PHF(KLA-Tencor) MG &R, AR LR E T E D,
1950 AR TS EEs2, BAOMIER F A
5 AR 3, AP ATLE. Lok EORk. BEE
EEEH AR,
) —— TR, RATRHA BTN
7 Hs( Hitach ) (RS . T B S HEUASO0E I b

ESMZIRIERT AER39]

PR, AN, EFARTsE M. ZIBXIINTRREERRS, thalik, 16nmEE AR
MIRERBAKANATOZ—, MENIITEENESENERERLILRLNARSZ—. X
FFERIRZIBHSURAYERR, TRSEREENTIIRFRERKBEXIKB. Brl, ERPHFESHK. b5
HMEEF. ERMIRREATEERHINERFEREFLHE, FNeEENEL,



HEA =4 ik

EEMLT B, PRE—ARZNMRERTHTERZA
1 PRFSE 3002 K. 65-45HKMBE o PRREH—R /=M
B0 AKI2240 K A 7RI T,

JEA TR F AT R F20014E, RIERERERAT
2 LT EH—RERER S, FEARM“VHELEDE
330 ICPZI 41

R ERE e R G R
/2 t ~ It N [ IL, N N ~

3 SRR RIS (PECVD) . RISRSIS (Sputtering ) . 2k
WL BRI Rt G

ERZIENEE EER[39)]

EIRITIRE

IR (Thinfilm Deposition) Z#&1um (HK) KBNS FIRFHEEEEBERIREFREARA, X
—EEETLILRAIESBNREERSHE M.

FINEEARR, SUSRIRYESEENGE, SREFSATHRER, NSHSMET, REEKR—ES
MBERAER, BEEEMRIRB AR FIEXIKE L. [40]

BRI LA /W ESAEIRR (Physical Vapor Deposition, PVD) FM{{ZSHEIFR (Chemical Vapor
Deposition, CVD) Fff,

PVDREIMIES ZNETH K. MIHERSELREAER, TERTIRESERERUETER, B
ZRIATEMBRMUENT. TN, AESETS, StiiMigiiran-out, Ti/Cu-Copper Pillar,
TiW/Au-Gold Bump, INZFESRAHAISIE. SICEIGBTHIGCTERS Y, FNBRFAMHAITI. Ni. Niv
. Ag. Al, Cr, TiW, SiO2, ITOEEERTZ.

CVDREIRENESHRERE, NTIRAWERERERENTIZS, FERTRRNEESEER, 28Iz
FBF#IESiO2, Si3N4, SICN. SiON. BEbEIRIE. WRFEIS. TIBHERIEENBERMEL, Sii PolySi,
Ge. SiGe, GaAs. InP, GaN. SICEHXS{NEHERIMHEILARW, Al Cu, Ti. TiN, EEEMNESEENE
Rt [41]

EIRTRBIERARELEMRZ, PVDEERAR (ZE) . M. BFRIZIRE, CVDUEEMMEESAEN
1 (APCVD, LPCVD, MOCVD) . €S8 (MCVD) . FEEFARSHENIR (PECVD) | RFE
TR (ALD) %, tRIBEIEATRMEIAR, £FALZREEAR, KECRR:

PVD: 150mmiERATHIZ AR R BEEFRRNAE, MEKINREZTNLTESEERS, BICKARRE
. ESEASIANBHIEHESTIRET, §HAPVDIREHIEFHPVDIRESHELEILE,;

CVD: fKEH, SRABENFSHEINIRIRE (Atmospheric Pressure CVD, APCVD) , IFEKIRAE
mRBNREECFESENRRSE (Low Pressure CVD, LPCVD) , 90nmLAEEFEEFHAERICFESEN
f8EE (Plasma Enhanced CVD, PECVD) IDEFERE, 65nmLABRERFEINFR (Atomic Layer
Deposition, ALD) FHEREARWHEH. [41]



PVD ES Y £ 2 L35 28

EhERETdOAS BT R BB, AR, T EA TR S M4 A,
HEH
A M AARA, RERESYMRAD gk E AR RS R ARRHE R
P bt HEEHMAALE, EFhdEREHETRERA, BHARKASD FEESBEE, TREOKEEAMLE, S 2000 A d Ak &G
£ K SN B ey R ot ARG IR AR ST, SRS E
LR S
FEMEAE TR BT RE A, RS KGR A7 3694 S FedB AR
cvD EES £ ) =317 L 2
EAURE TR T, AR S T, SEHS
LPCVD
Stk th P o (O R IR AR AR R A RBBAEME, AR EE S M EH
MOCVD ARETRERLEHER, ARFRF XEeMR EAREEL D4 M S, WREA, R, eSS ARG
FLEETHM AN MLE,
PECVD A, EAK, P, ERESA. HRE. B2H) BEH

EHTHAELB A, ERHH LLRESHE

AR T EGAE, PR AT

FEEENSA42)

BRI IEREPNEILERS, HPCVDLN17% (ALDALA%) , PVDLIA5%, SittFERT, EiE

TR B TR AR BT E RS,

SEiAEE, CVDIREENAME (AMAT) | iZMH¥SK (Lam Research) | FRREEF (TEL) =
BitEMEE70% AN E, HPoHFIEMUENALDIREHERBET (TEL) | LEFESE (ASM

) RRNEDEREIRIA50% AN, PVDMEFEMEERNBMR (AMAT) | HrtEvatec. BAZELR

®l (Ulvac) FrZEit, EARiFtRGEiEss%, [42]

B: CVDLERHiHES B. PVDLBRHIFIRE B. ALDLBRTIFNRE

29%

EAMAT =lam mTEL wEft u AMAT = Etfh =TEL mASM mEft
CVD. PVD, ALDZIKmi7I&E[41]
EREERERMENESANEENELARR, EVNELFREE, RABEH! , MERUEEEH
DUEHITERMUES, WHEHRE., PHEEFRACVYD, JbtAEEIFE=REPVD, HMESPHKEEF
REALD, BSSHESRFE~REBRE"MR. [41]
POMEIR R
SREIEEETR, BIFZIPR700°C~1200°CHIERMMIELSER, XETZEEERRFPHT, SiFaX
UL BXEFETZ. [43]
SHRHEIEEEREA TSGR, BREREENMNEREZ— HRESETASH, EHYRSS5S
SHERENE, REGEETASHRXENETF . B, SANERREEREREI K —ERIPE
. RIPREAZUEREN, BRREREHNBRE. TIEFENIRERNYT &, BLRREZIEEE
A, [44]



SHIZEENEMN (Thermal Oxidation) . SEFNERFESHEINTFNE (Plasma Enhanced Chemical
Vapor Deposition, PECVD) FIEB{LEERENE, HPREUWERRERNSGL. RIESURMNERSAK
, MEWIEN S TSR (Dry Oxidation) FIES&EM (Wet Oxidation) , [45]

ﬂﬂﬂﬂﬁik@i‘?&i

’ L&Y
Aak

EJZE’HL{U:'&F*WR

sTs | sETamEes
[ Bz }’ SHnRE

- BUFHEREN @ R R

ST ZoEREY, HIE | REmiiy

SEETR | =E[45]

T IZETEFRRAERSRRN TWREER, MEXEEFET20HLE70FHRINERTZ, ?)S‘ZH]‘:*J\J—*.
BFAFER I KZA10umEESR, MIETTHINGHRE=F, RTHEBRERMERT sus#T
EBXTZNE2EERTEEMNE—ERAEE, fERmENEMHIIGEERETX, bL%'—iFﬁ%I)\\ %
BN, SREWIIERELIZES.

BF&. y8l BXFMATZHERKEEENUR. IZZUFFIREER (RTP) =,

PO RAEFSINSBENMERET GEEAI3%, SERWMRISETIRNWELZEN, EENAME (Applied
Materials) . ZRIREEF (Tokyo Electrion) . HARMEFRES (Kokusai Electric) =xR&1HHiA{0EHE
1280%, MEIRIFRCERICRIREICEFSATHE5%, JL5HEAIHEZR0.2%, [46]




3% 2% 0.2% m Applied Materials

4%

Tokyo Electron
Kokusai Electric

= Mattson Technology
ASM International

= Veeco

® Eugene Technology
Screen Semiconductor

Solutions
NMC

2018F AT ZIRBERFIRRE[47]

BAEIANRE

IASHEIERAFSER, MOATEOERINMNENR. BFEYR, EZAZRPNE (PN junction, —
MESRE) | BLULEIRRNE, TRSMFESAEE. B, ANRERIATRANTER SR
(Doping) .

BRIZTHEE, REERZE, BEFTSEESHEMRE, FeERZNHFESR. MU, BiRBRE
THSIREEIE I INREE ItRE, BTN SARBESE, HmFREMNRE. EHERFHEFIER
. MR LIS BB HIE SR,

FECANR, [EERRBATNTRER, SAILUSEINEESK, BU=MTRl, maLUsaIPE
SHF.

CHHIES, oIERTERRRERKNBISARER, WECVDEEKSEFENGFERTHZETR, FEE
BRRFERATINITTE.

T EEHIEHRRE, WEBRERMRY L (Diffusion) FIEFEN (Implant) FRITZHTER, &
AP EEPD CIRE, A I ZEEMLASSIIEEMET 8, FLUBRSET 2, EXEFEAN
FTERAX.

BFINNREBEIFERRZE, MEFASRERRNEREEF, BEESTEHFSARE, REFAE
FREE. BFEIANREHGHETF—H, ESMTREEISHSEERRFREE, MXBEREFIANR
BHBAMER, BIEANRIGHRUNEERIRIR MEEEHBRBMERAE (RFHE) .
RIEEFREEEEFRAAN, BFINKEREMEE. Pae. S KA. MR, PRR. SRR
253, NIRRT, 60%LL EIEREREEARRE FEANRE, ARGIGEEESH. DRAM, 3D



NANDFICISIHRSE; 18%fFAEEEFENRE, ATHIEINZEEE. IGBT. 5GHMA. CIST; 20%f#
AR RAEFENIRS. [48]

i fEaE i <180keV
BEFEINEE AT &EinsiE
| FREE | ~
EEE N 180keV~200keV
EEEEE
| =k i >200keV
BFINSE AFHEERIE |
| Ikt
BFENEE
‘ BFIEINEE }
INRTR

[ mEEANRE } IR

B <10mA
37 A) | I:F@E;ﬁf, BEREE, HEETR
BFINGE

——— ANEFFERS
@ RE ERE 1 = ;’f )\;}'ﬁiﬁﬁﬁ — B> 10?1;\
’ BIHREE, SEEs

BEFEINEEDERIRE, HIE | REERE

SEZE | 3L39[49]

EFRINSRESERFZPNELLEHRAKR, DH3%, 20212 KEFINIGETIFHNH2412~26(237T,
KHAfAIT 20305 ARl Ik E42{23ETT. [50]

SHREFIANEEBNEIR (BR%SK. K. BR)  EARZFSERSNSEENEEAR (
AMAT) FEEFEZRE (Axcelis) FrZEl, MRATEITEERMIDSBEREIL88%, [49]



TEIZRHY
(Axcelis)
18%

WA=k g STNST
(AMAT)
70%

LEEFINRETHER, HE | BFEERHY

SEBTR | PERIUES(50]

ERmZAE, XEIHBNFRERRITESTEFIAN, W, SENAMEAE (AMAT) | EET
SIURHY (Axcelis) . EEAIBT, HAER (Sumitomo) EHUNEEM T EAASEHREERE AN
. B REMREE B EE{R1%~3%, [50]

CMPIRE

BEEFIREANYE), HERAENRESSRMN, FURENFEEERBTEHRNS, XMERT,
MEBE(FHITELE (Chemical Mechanical Polishing, CMP) T%,, sSLIIREZREFEX,

MERY, CMPHEMREZEIHFMAEN—FIE, SERASTMSENEARR, CMPEEEERUE
RANMAIIERERGIENZRONCEREEE. REFEEM MM ESRA5L], XMTZeERH
BERZRESER, SEAIE]. BERESTHEER,

BILAG, SRS aatdizN, FSRCMPIREGHZZ, WIM180nmE14nm, CMP I ZHBEUEMI0KIEINZE 200K
PE, M7nmIZHCMPEBEEZERITI0R, [52]

CMPIEED AEEIAEEERMIE, IFSBINETEEFESERANFEN (IMD CMP) | EENEREFEW
(ILD CMP) fIi%AtEfRE A, (STICMP) &, &I ATECIER. 8. 8%,

CMPIREHHE. 1Ek. EX=KESER, HFEEWSRES, LB RES N EERErafE s cE
L, EECRIE. FRIEER, WNERERETISBFEN, EI R tRET ZEIREFRA
¥4, [53]

CMPIIARZMO0.35umBIET A FHAAHEN B TS, B&, BHRE— N EEFHIA/NGG,



20tH4CO0FAATHR, BT AT HEERIBERALER!, CMPRIEMAFWAT/E (BEOL) £B&E
LEENRATFE, WRXISAFRES ERTWAIKE, 20HLC0FAFHE, 0.35pmEIRRTZRH, %
BIREiYE (STICMP) BYLTLOCOS, $Biityt (W CMP) MUBRAUT RZIR (etch back) . 21tHLEH],
RIS (Cu CMP) BYHHIR, f£150.13um/GiniEHEIER AL, M/ECu CMP—EHGES{ERAE!
90/65/45/32/28/22nm, A, FEEFIETRAEE)N, MTFCMPEKERS, FAICMPNAELAS. [54]

GRICIREF HETR  EESIACMPEAR SIARE
19904 0.8um ILD CMP ZEESEES
19955 0.35um S\L' g:": BNNREEESRE, BAOHE
20014 0.13um Cu CMP JB/\RCEEIR
20074  45nm/32nm RMG CMP SkEE
2010%FF <32nm 7777 EINZRE, i, W&
SERE | (ARBIRBETIETZ) @ R R

CMPEIARKERSE, SE55H | (PARRIRERFIETZ) [54], REERRES

Hal, *#EAIS/BnmEIRBBATERACMPIAR, RS 12T RERNDEHFIEFTRRIR ItE, Bt
CMPIRERFBIKIBRANFERAE R, (BIREFZOEREANER RAS AR, [55]
CMPIRBEF SRR ENMEMRP HEE793%, MEENAMHMBE A ERSIT8RERCMPIREEI0%
TANE, BMRATCMPIREHERZSMEFRTZKE, RELEXHSHNEIHRCMPIRE I BEER M
FIFIEAERIZM. [55]



=R, 27%

N E AT
(AMAT) |, 64%

CMPIREEIRHIZER, B | Recmrkx

SETH | ESIE5(56]

EmsE, BRiEEAPER=m, 128THBHRCMPIRELE~RIIEMNE, Hb, LEERCMPRER
IETCHNERFBERAET 2, BSEFSIRCMPIRETERAT/RREIEAI65 ~ 45nmilEEX T2, HPEERI45
FTCMPIRAE R B SIATFUN AR A THEIEEANBRF—F. [51]

BCIRE
FSARTRIBEARARISERMN. Jezl. INE. T BFEISRASFSUEIETFRI, RAYIEECES
%, BRSEIME SR YIRNTE.

OREETENGRE, XEEDGOSHRAIGRIES AT REFR, thlEiA80%57], BREERESIE
NG REISHIREEEEER, BURBREERE, ENSH—RBRTENIRERE.

BB R 7O A HIERI S lGE, SHE30%LA LRIFSAEIETFLE, SEMERER, &
80nm~60nmHFEFIEFFR L ZHBLIL00MEE, 2T 20nm~10nm HIFEFEFR L ZIEIMNEI200M ST E
[58], tERESXRBESHITF, SFE=K1F:

EERHEIRE: BEYERER, REREFEENMTE, ReREIZHNRME,

EREHEIRE: ezl 2. R BFIN. ERSFXRBIFAIEBT, m/NRIEEER,
ESHEEIRE: RIEHETIZHTTSViER. UBMRDLEE. BEBEEE.

RIEESANRIAR, FSIREEDEEFNTEESR BERBEBFKIONESR, HWAEER
. DNk BEEEYRESE, NMREFREHTESR FEEMEBUESETIRERRA. Hb, 0%iERS

BERNEHEREEANA, FI—E&ER—F, FEKEFEER.



ERBEESRENENEP S R6%, NERMIERNELRREIREE, DAYNESE. 2KES
KERRETAENSEETTE. GartnerfiiEE7~, DNS (#EZL) . TEL (ZRREEF) . SEMES
5LAM (ZMESK) 55l 52020 F £ EESIE IR ETHIAINERI45.1%, 25.3%. 14.8%F112.5%,
[59]

ERHRHESHERRRNRIAEE), TEOEESSESR. th%8). SRHMEEGRE IR T
. BRIOxREFEIYEES130nm~28nmEFRFFEBEXIREHIA, EFERELSRCER7/5nmiEIER
BREA,

ELLEHTREESNG SR, BRARSEr-ISEEE, Er-tEM2015FA915%2FE] T 202058:4920%[60]
. EREREEFETAHBEASRZE, DNS (BRL) . TEL (REBF) . LAM (ZMESK) 5
SEMESPTURATIFEH T RS RIRET GZAI90%,

UFIENIRE

ERBEREFFTIZES, (FIEHEMEENEELR, EX5IARE, SEIFNHIEESMERTEER
MHEAZIBSEZSHE, FIUARBHRIESEIFEAFIEE, F e RIERELRmIIERE.

WmaiER, £8E—S, MEREEREFBR. BEETTFNCT. BB, SO EEanien
BIRRRRNRE—H, XA THRFIET S e N T ERE2EUENIRE.

JUPEKINIRE. RIEW. FNEEGER, BESMCHLTEAEETIE, BERELZBETIZRERR
580.1%, HRERREHMSIEEEI36.8%[61], NFAENRFIEARBNRARE, EBEEXIEHIHIEERE

(==

. RS,

WNRE: AT ONREREREG (BEFERE. SIBMME. BRERESE) | H AR FERER
RBENIREE. TTEFREONIRE. RREEIIRES,

BgE: ATFNESEH/AEREEERE. RN, BRRE. XERY. XAEEEEFER, SR
BRI, URET. [RFNDEREE. CD-SEM. OCD-SEM, EIRENF., [62]
FSMEUFIENRERAMEES, RAK, EMZTERNF RFEABEREE MR, BIiER
T, A, BEFIEREFNELEL912%, HBEXI B,

HIERR, 2ESHENREEMN2021F/73HZETTRFZE2031F/9133(235TT, FEAIEKER6.2%,
ERHX—gEREFTERS, REFESAK (KLA) | NAMH (Applied Materials) . HIZ (Hitachi) =
Kebkminhtks 51950.8%, 11.5%, 8.9%, [63]

REHFESMMONSENRBESMERR, 2020FREFSHCNFIIRNREE~HERLH2%, REES
K. MR B =RQE5 5 SEREGUFAENIRETI7R54.8%, 9.0%, 7.1%, MIHXEEATT
HEBK172927.4%, RIEHES, 2023FREMNFIENIREHZIIREEEIAZI326{127T. [64](65]



2020 FERY FER A EN &1 5 RIE L
WAL f3RTT

HEter I < 080, 38.9
rrFEtrE I 11.5%.8.8
B s o%.6.8
EFxE Hls.6%. 4.3
Ui S.c%. 4.3
ptiE I S.2%, 4.0
ENENE W20
BsRl l2.0%, 15
it 7 .s%.5.9

0 5 10 15 20 25 30

2020F £ BFSMMENFIENIS B HiAER[62]

03. RIELZ: MEIEFEAR

MEREFCHRINERA, NGES, BENARRSMEETIER, SPORELMERNMEIEFRENER

&, tNEEsAT. PEESATA. BHssa. Bkesad{l. &=SAU{L[66], MRS T, REFFRISSIRAILTF
#HEEEX. [67]

ST TERIEMRETE R T, PREMEGRERNFERENIFER, MXErtbsERERINT

EXEER,

F SRS A REFIEEIFIEEERR, RIHIIN DB T EZQIEEMR. B4, CMPHIYSH
K ERIRR. R FUFEE. BFRRSA, SEIEE. (9]

SEMIBUEER, £EFSAMESBAMT IZMIEN 201522021 F25CFEFHHIESE, 2021F 28k

SR B TR E SRS RIERT11.56%[9], 2022F 2Bk SRR HIZHEINA727{2ETT,

1EEL 2021596681235 TTiE1K<8.9%, HAPREFIEMAFIE SRR &SRS B 447{23EtH1280{235T,

DB G MR THIAEEEAY61.5%7F038.5%, Ithoh, 20228hE KM EHEERIN129.7(23E5T, Sk
Hi%2917.8%, [68]
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2021 FEFRP FEM R LB S E

¥ SR HID fn R BhEAE
12.9%
('!!lllllll)ﬂ“ﬁm#z
= BEHMH = YiEiE = Y Z
CKZBREREWR ~BFSEF « TZFER
REREMHE - SR « G188 H = CMPHIF HE = HEHE

2021 F £SR3 SR S EL[9]

Ep ey

SR TUAGEERIERERIRA. RITER, 20155F~2021 FERF SR HIZEM 101 6(ZTTHE
250.5(Z7T, EEEKEL16.2%, BRI, ERFSHENEFRWRAKEHLHEE, Bt rER™E
“HEFREALL. [9]

2015-2021 £ HEEM R TS BRARE (A 1278

300.0
250.5
250.0
200.9
200.0 172.1 181.0
150.0 130.5
101.6 106.4
100.0
0.0
2015 2016 2017 2018 2019 2020 2021

TR SEMI



20155 ~2021 S ERE R T AR E 9]
M RN SRR TV ESEEY, SEMIEUESR, FERUNEM20165E0.673E T/ S 1
KZE202154/1180.983 0/ F AT . [9]

SRR AR P B ER RIS EATSH

1.20

1.09

1.10

1.00

0.90
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0.70

0.60
0.50

0.40
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

HHEKYH: SEMI
SEFSARE R FIYEMER9]
iRk
HERNATZHEEME, RATEEMEREERY. ERSYIRESEAIERER. FRERERR, B
IR IIRFNERR, B8 LENEREFRRE L, REE, BERSAEBE. PEsE. TES
1=, BIEsRE,
MSEAEETERTF, SERMBRNE L, NEERRSESIER", Lrt, BREEAR Sk
BRERIR", AROZEREE IR, RENEERY R 2 BARAR", TIEMR AR, [26]
BIRRES, BERBRYAIZMEK, BE5SHRAR, BERASELSHRABEZ, FUBER(FERDUV
. EUVHZIBBEESEN RAEZIRAR, MERANFER AL, BB RESRTIBFRER K4t
ITHEREIREE. [26]
BRI G 12% 2 BRESRITE, BEE, 202152 RERRMIZAIIEA77.161235T, HEH24% A8
TERFEEERR, 65%N5ERERIEREIER. [69]
YHRE/~AE, Photronics (fafE5eH) . SKE. HOYA (Fif) . LG-IT, iBEiaytB. KU RIS
2020F £ EKTIADENRT24%. 22%., 21%. 21%. 7%. 5%; SERABIEAHE, £IK65%HMHHRBRFSAK
I BBEITEF (WRR. =2%) , =7 FPhotronics (f&fE5H) . Toppan ((MhREDRI) . DNP
(RBAEIR) 23851820202 EkiiAHEHI11%, 10%, 8%, [70]



2020 F £ IR PR RBHEIR iR T 1740 8 2020 £ BRI B BRIE AR AR T H A 30

= Photronics = SKE HOYA LG-IT w EEHE = REHS n S BHET  w Photronics Toppan DNP = HE

8%

10%

|

21%

21%

20202 EKIEIER T, HIFR | RGERH

SEZE | KSIES(70]

FERUER

FAER, NFREEHUF, BAAMGHEENR, TRBENNERBIEHARFFEIAEH. RRER
HEBHNWANFEEE, NMICHERNESIEIREREIFINTER £, BB ZNATFEEE Y
MER I THIWE, 2RI TRARNKEIR,

—Sliz, HARENATIEREERFEM, EMEERE T INIARIVEEREENRAE.
MAEERR, 37 (EEAR_EREEERE, BFRPMA) ZEEEMME, SERSAIA90%, BIEMK
AEFASEE, BAREXBIER,; (EAMNERRBAZOED, H5IAFINBENELN1%~6%; RIENE
AEHZBFRFNBEEXIRAR. [71]

MNHEAE, EFESHNZIRAE, SAHNTZE, WMIERAGHLES: LAKF (FHE) StZIBA5,
BRA GECEIALI75%, BOEHRIL9A23%, BFILN2%. [72]

RIS ORIKAE, FESMZIRAIH—TH AEBEE LR, 94 (436nm) | iZk (365nm) . KrF (
248nm) . ArF (193nm) . LAR*HERY EUV(<13.5nm)FEZIRR.,

Hrp, ARSI RTFENSRAEMLIE (KIEFELIIZIRZ BNNRESSIERKAKR) | ArF
HARBEIIMD A FENRERARE., EUVHZIRNEFEEERSNFR, BE7nmR LT HFES 0
TidfEhagz s EL.

2019 £ B AIRRTIIAHETTIT£99112355T, H20105FE 2019FFE GIBKERLN5.4%, HEEH20215F5
EABRZEG,;, BHFERTHZIRTHZIIELESZARMEA[73]. MEF, SEMESHZIRTS
W#EL9 /917 5(Z3ETT. [74]

MprThimamE, AFZIER (BIRISAFKZIR) FIKFLZIRTAnEr, 197E30%LAE, ERZa/izl
B, MAHELI17%, EUVREECRBEEESHZREITTHNEI%EG. BNERERE, EARFESL
HERFBIR A B BIIEUVHZIBIRSEREM, EUVHZIBSHE SR FIREEHZESnmEATREEIER, A
MR Y, [75]

BRSHE, 2¥XzIRTIEESEY, BEBEEREASOTHDE. BANISR, RERM. Sk
HERELTRETUREW HETEBK70% L ERIMAHER, BURZERmbiAE., [75]



SEFEZI R T IHMER (RSB D)

"SR (BASHBRELE])
= REA

n D] HER

R A

s ETEA

m Hih

%

EBOCRIRTIAIDER75]

LEESIZIRTZT, BACWREZENbA. 202050, BAGUESEKESEHNZIKHZF SIEN
REREDE60%LA L, HAPREMNCLL25. 6% iR ERaiE Rk, EEMFRSIE =, TininEs
17.6%, HHTHIZF, 20205, BAREMMAEY/iL. KrFMEUVIEZIRMIZRDEZ ISR, JISRULA
24.9%RITIAN BB AR AR ™A, [74]



2020F 2RF SR KA BT & (3RAE])

31% L
®m JRERE

EEFD
JSR
FRLE

17%

10%

16%

2020 F 2 ERFE SN TS FR[74]

ERE, BHERIIPCBXZIBINALERMN A, MEmmiRA IR SFESAZIRNAEEZ
D(76], BEFRBIESIR, BRNERT6RTIERMgE. IEXARNBLBRAN10%, BERTSHETIERH
KIFXZIBRBAEANES%, MERTL2IERIVAFLZIREARKSHO, BRHNEUVUER L& T
A RHAROMNER[77], FoREE, ENTIWAITR, o 2D BN, KIF DA Blst
Bt 2RI,

TSR

HIBFF=RESATETFSAK, CREENEMUFEME, WA TUSIER MRS IRE". BFSE
RS R ASAI5%~6%[78], BT MmXE FSANFEREERIMIREE, SEXINMEINEURER
%, NifFEEREFSIMEB RSB A5

BFSARD NBRTRHHS MS*EIEE?X—J—HW?WC*[N] TEXNHEEIRAEE., BFARSHRSIFHSA
MRz, SREMBEGIE. XAFE. EnEREESMR, FAREWSEMESAEE—ERE. H
, =&MHE (NF3) | R (SiH4) FIES (NH3) SEMEBIEHIE. JREE. ERmiREIEMRIEAY
=KRFESIK,

B mEBEREE, FrREE/LTEZELEMBETSIR. LSERBEAG, SREBFSAL10027
DT ERZ940~50F[80], BABMSAREHSEHRKR, EMEES, BRAEMETKT. Nekkiis
GEERE, ERLA22%, =EHEN13%, BEFENTHL0%, EEN6%, ~ENLBI%, £S5
4%, &I A3%, BHEEA3WNUARAEHEESAR. [81]



Tk = FESH
KRSIE @mE. “H MK 25, S5, 855, 85

SRR HIE HERS. BE. ZRE. ASZRE. —SSE. =S5
BRSA R SnlE. 5. SkE. S, —SKE. B
SEE. AR, BRASY. B/ES

KREE a5, 85. 8§5. a5. 85
FeRFE
FEERS {K £5. iR/ 2R/ BRESY. NaLik. 85. &a5.
) —Sh 8. B, NS4

KRS mS. “H 4K 25, S5. 85, 858
ERERGIE
5. maEtik. BrsS. =ftE. SHIR. BR/SS
EEY. . ANELR

2% | pHEH @ A= RS

BHNETRFTESABER, HIFF | REERE

Bal, EE=SHI. EEWEER. ZERETS. BAKHBERNUZBIINESL SR T 2RSS
[82]. BEFEBFSALINEAE, BRERSS I EEREF B FSIEES, AREEHNSER
FRERIR[83], SEAKEBERFTFINIEE FAFSERENEEEF2920%mF[84], EF-HEARE15%[85]. SitERY
. BNERBFIES/IFEEKEHO. [86]

&5 AL, BERBETFSARS =2

RBUTWSEAEEWS, FRB=doRfBFal, RRQEEEFSR. SRS,
FRETTIFHBEAFSNNE, ARATERRES. RERR. 5675,
FE=REBEFMETFREAT, BRBTFSMAN, ISEERETCEFME, RFRLADEHERRR. B
B, [87]

BEBTFRRSMAR2020FminE1632(Z7T, FERK10.49%, Fhit2023FHE5M20001Z7T, 1XE]
2172.2{275, BFHEDTWEERZS, BRIEFWERRIKES]; 2021FHERFMSATHIZIIETRITIA342{27T
, HEEFRSTIHA216/Z27T, BSOS AEIL6R. (82

NLERINEEER, Ein mRNEFIANGEIE @, FRaMEsEe , HEEXEEEE,
A EHRHUTOMESE. BRUREFiRSEEA, BIXDESSRNEHETOMER. WRARBEXR
& EARECHESMEARA, FRUERA. SATERATIGURA LAZIERBITIREB], 8%
HIKFARESERFEELE,

RRPSIE



TZHEm

TZWZ (Process Chemicals) 2EFRI—MHFR, EEE. RUNITPESSHXXIFRAEER,
MEERNE B FRAFEEeEtFiF SERENREILR. AXFEFREBFHFmXFTI
1B FRRFRITE,

BRI FRIRAEE, SEM (EfESRERESHANS) BRSBTS A—EHTHRIT, BEmE
SRR, BIEERETEM00], o, M28nmEIsnma T EEEIGH400)RIEINZE 12000 E,
HpER T2 HRTE25-30%, #—SmaimimeB It FRERE, [91]

RN, BEFHERERTZ. 2. BFEAN. CMP, BERSHIETZHHZIRIKR, TS s
BAREEF U FRIEEER T F R,

BREEFUFRENELZHPHAEEENRANER, —RARMD. BIREZER, NSEER. 7
. S8, SEESE;

MEEER T FREREHERFFH L ZERNEEEXNER, NEMKR. SR Mak. BRR &t
B, [92]

K% S BT
IjAE;:\H, e e 4 = wE sEMegE k ||y p & rEare
TR | mmsesn | Smw MR SR A BRES
'
ES AR, TR BERL WL 2R, 2O M
—— CES AL, AR, L
L2z " "

LRSI ES Wl CBE, WE, T, 2ROl WESF

oAb JUER AR

BRI F R RS R m92]
SBFSAEL, BEFHFRTEXRSHE. Brl, SXSRITSEMIERTE, RIESERE. =Hk
2. T, ICEEDR, FRSRERNARE.

SEMI G1 G2 G3 G4 G5
&)@ 44 J5i/ppb <1000 <10 <1.0 <0.1 <0.01
B4R/ um <1.0 <0.5 <0.5 <0.2 i AUH
ik, (ANml) <25 <25 <5 R P i AU i

IC £ % /um >1.2 0.8~1.2 0.2~0.6 0.09~0.2 <0.09
APBURRER | BB
N S LA R (IC). i (IC). i
R A BH i H it WA || op oLED f5 | LCD. OLED & i
[HIAR THI B

TR FUF R SEMIERMMESFH[92]



Bl EfRKHEEBFHFREFEWEIFREEERX (Basf) . EEWH= (Ashland) . EEArchit
Z. EEERH/R (Honeywell) . EEMallinckradt Baker, HAXEKNZF., BA=EWE. BEREML
T. BAFRHAE. BAYEEzsT (Wako) . H7stella-chemifa, EEZRHEZ., REFERWNE
EEZRESRL (IR TIEEE, DR, IHEE. BMNEEK. TH=F. 'ETEE%. [93]



X AR
%EE%*(&#)
EETH=%E (Ashland)
ERHRAT (Honeywell)

(V€S
EEATMIATF)
ZEAirProducts
BER®S (Henkel)
KXEMZFAT (Kanto)
=%%¥ (Mitsubishi)
[=F: S ERZF (Sumitomo)
FEF (UBE)

StellaChemifa/A &)

RRMET
Tt
PE BRI
hEABRAB TS
SR
BRMERE
SRS
SR TACRB I
STIEmE T
MR
FINER
SEMEBLT
ER=FRANT
FTHRBELT

SREFHEEERR
FHBEFMH (BR)

SEEH | BIABRS

EBRFHFERBLER
WEEEFRRRAE, RABFTUEIRERY

EBHESUPC (REEHAT)) BEBANFRETEEREEW

JALRESETUMHNRETE100ppt A TS EEREFHER,
MEmER. SRAR. SRCENERE"R

EEHRNSFSEAREMABRETHNE
AXSHPERANERR. BHRE—ENTHHT
LCDE®RR. ABRRERESKREEREPRE—EMREIER
FREFFSEARERBATHFEN, FHRERSHFE
FEREFRARMER, NRR. HR. ZR. TR NEK. &K
BEFSAUFHATE—ENHHE, FRIRARTZEFE
FRETHEHE. ETERFERFHER, RPRS
HREANSESRREL

B EBREFRTERMBERFHER, EREET—EMMEHIHHER

FEETEEMAE, TFLLCORYBR. BYRE™ A
BEAERFHERETEE, AREXSANEE—EMHHEM
S5EAXKUZRAREE, EFERTERNHHLERREE
AxeY, AAKRasaNTER, ETBEMTRRERIEZ) RS LEBER
EREHMRRGSRBFRIRREY, FREBEIERBIAL
FEEFERSEERN . HWREEANZE, TERAERER. ABR
FEREFBERARR, TEFREERR. Wik BARE
FREFSRR. IEAE (N&EK) . &K HR. HEKR. HERE |
FEFRAHEME. BOERZRKR. MALEF
BFEFREZATMAHERR
HNEEREN, TBFRATMAHER RS
FEUSERBFRIMAHER K. TWRTMAHELTISHEBULFER
BEFRHEPEFAD, TBFrREETERAERR,. ABR. 2K

@ R= WRE



LB FUERIECWRER, FIFK | RSErEg

SEZE | IBMIAERRB[92]

HUEER, 2022F2TREBKAIBFRTIZNEN56.90{Z3E7T, 2025FNaI#EKE63.8112%E T, H
AR E SR TR 20258 K 210.27{2355T. [91]
BEAREEBFHFREEAMHRER MR ELMEER, EEFESAFIFIRE R 5N E23%
FA35%, Itkoh, 2019FFEXFEEWERSFHANZRTHHA LN SFEHHN%, BESELFIFTS
BEREL, TEHE LEHMLIBEBT TSR, [94]

2%

9%

10%

16% '

XX s HAEA «FHE - FESE «FEKME = Hf

2019F HEEFEANF mIAHNIERB94]

phENE )

TS R ITANERNEM R, TkST (Sputtering) TZNEFYESAER (PVD) HARK—F,
TETHEM IR, BIREFRROHIRL, HHIBMERLERD, REEBFRARLRIBFIH.

28%



Fg T RbrE 7= R

1| &R K K. T, B

SR (di4BEE. K. H. 1% . S48 (BEsEe4.
BEAES) | WELEDEM B, ik, e, i
EED

2| AR R

F PSR P ER AR A KB RE LI | (5 B A7k

W FH Ak 4 28
3| BRNSEIR | gy T pspmbt, b meEH . Sk

TEETEEA 95 25[95]

TRETEEM RIS 2, BIEESAGR. FIRER. AFHBERTEE. HYARMS, BNESBEMERE TR
EIMEREEK,

—RKIR, FSATRWRIEERRS, ENSEMAAE. REHMMEEESERE T FatngE,
EIEIREE, (AEE. B, $HEE. iBEAEEE, MEER—MRIESN (99.999%) LALE.

BBk ESSEERIFERR ZHESHC g SRRz —;
EEARTEEAEEEEREMAZ—, KB RIM SEEAEBMEERNAF130nm~5nmITZ;
EEAEERNEEEME, B RIMER AT 0nm~3nmER KN L2,

BaRAEkEE. s EERERR ZNERESHRSBEEEMRz—, EREGSEAS
BB R & A F90nm~3nmiz AT RAYSCime A . [96]

KL s, SR TERR PEREEER
ey | BEUER B . | W ARRH | BATR A, WA G i
| mg MLRIEREL | ERSE, Rt
g | PR RV, | EELE | HABR . BAEHF . HNH
T BEALE (TO) | RAREE | K. SRR
K | oo @ B BRARRR | opm e mmEEX
R | BOE SEASS | KWL KA | PRI, PR
= /A Jarey
TRup | CeREREES ) LRBRARR L emven. gRsmEK
5 i
wrmp | RO BEA G | WAL | TR T BT, BT
% % BELELE 5
ks At ke ﬁ'\ . I‘i 1 x;){,.\\, 4.,1.’ 7 S0k Ay 4‘ -.,H‘AE
SO | AR, ok, B | o S SO | BORBR AL, ERATTRAG.
PG i

TRETEEH XS & R R AN RE R K[ 95]

WESHEM T W SRS 5 EWHERARESFERSH, "NANSAMSICIEERS, (NBTER. &
BHER. FE. EXREHFDHULNEZHEIEEBEF95], RATGITEIE0%L L2z, [97]




s, MEHEEHMEEAREAR., EATWABRTENRIHE ™ ILGE, FE. FINKNERICRIE
FHEEUEERTFK, RENESRN, TEREIFETF. S, WAl BErkRmREw, B
RIS R LI SR ARSI .

11 2019 S SAH T HHE B 122017 ELIKBEA ST HIHHER
30, 3% el T
= HE &R Chie s
mERFIR = R F R
- fl ST
m TN wRY
u 3L AR
Sept
HHAE: SEMI, PO ~LFEE, # eIk HHRHE: CMC, #E/if ¥
SRR SRR S TR R [07]

CMPHB 74
CMPHINRZECMPISIZEER N, YHCMPEARIS0%, FEHER., EBFK. PHEREDR. SHF
ROBHIERMAIER, EFHCRERRRELFER, SR, Si02, CeO2, HKKAIZOFHIE,
[90]
2022 2R EFIERMYGRMATRITE20{Z357T, 20265 aiAR26{25550. ENAHE, IEREREESTE
K, 2025FERYGRTIHE R G ERHITNI25%, K40IZTART, 2021F~2025FE A IEIKRA
15%, [91]

Bal, £EXELEIRUENHI KRN, SiECabot, Versum, Hitachi, FujimiflDowRZR3E
HI &, BRI 88t GiE2018F2ERCMPHIYERIL/ \Biiiainel, MmERNEERNGEEk2.44%M
HinER[98]. EMWmiACabotts SR T AEBH ™A, MEBRERAA15~20nm,

B 18: 2018 % CMP R AR LK TH T4 H B 19: 2018 F CMPRART BT HEEEAH

A

Ffe,
33.00%

Ht,
l 14.00%

AL,
2.00%
Versum,
9.00% ~— Fujimi,
10.00%
TR R WU WA, B BHESHT AT KA kR R T, EBEABFRLA
20185 CMPHI RS TR PETF 54 E5(98]




RMEAN, CMPHIYSREFELN5%, FEPIERLREMBT. DEieMBEF. tRERARR. H
i, REMEBFERO T RATIHNERIETFIL2ET S R4, EiEMTNBEFERN _SIIEILKE
FHERE, PREMRIINATesRTfIl12T RENYE, BHMETMNNEEEN R EEUSHE. [13]

04, BETZ: T REAGHE

HRHIINT R, BOAHMRE—S, WHNINNRE LTI TRISERERSH (die) , BEH—$
®, FeEFRZACH, RESEMAATE KA se 2IFI1FE.

T, SRR SHRIN—TE, BPEH (Semiconductor assembly and test manufacturing,
ATV) , TZmEeEA. Bh. #E. B, X wb, B 5. IEFRE. /NIEE. il
. BEHEE. [99]

BRI, MEE—HECH MNZIFERRNEE LRIk, W—BSMai, BEUlE, B&E
Hip—, HEECH, ZEBUK—ES AL,

RERERBER, THEEREAF, RiIHHEE=02—, CREEBEAE=s2—, MEENSEE48=
PDZ—, BOAHIEREE—IN100], MHEHP, FEATINESESATNLLHIZI80%~85%, MiHIR
+ 515%~20%, [101]

SN ERERREERENEIERT, E5AL, BelAERESEMBE P ENRRATRT. B
520105, KEMSERENAATELIM632{ZTIHEER, HE—E SIERESEMBIE LS F~ERN
70%LAE, [99]

SRETZEE, SEMUKEEEREIME. BIESIADE, BEE T2 TECENRRENUNIREH
X, FMUEEZRTEMEL. [60]

HESE

SRXNGE, WMEAREINERF, REZESTUPIRA. BRMBATRETHMT —EFRPS, HME
YFERFELRS B, HEREREREER. [(102]

HENARSTHEZHE, ERNRSFAFELRAIR, t, HAREIIEEEMBIREESTE N, B
BIEE/N, MBEASMEF, FTLAMTU AR RE A HERAR. BakiH, MREXESMSHRE
e, WeREERE.

M EHEE70FMERIE, HETAREHELN, EMHBEFTHIESE,

NEFRBEE, HELSNEREENTHEE. ERTEEERVNEREIIEDIP, JVMNEEESOP, B
BRPERQFP, B IEI3REWB BGAS; JoiHfytBtiiEmits, MEXEES. MEEF. RAEK
. ERLVNEMY, BB, FiEiE. SEmAER, SIEFEEFLIP-CHIP, RBEKIIRWLCSP, BHEE
ZEINFOLAR 2.5D/3D%;, [103]



B G 8] B HAA SR BAR K

o 20 28 70 4 | JEFLIERA | @AE I (TO) | BEEXF Hifid % (CDIP)
AR ELHT ESE WRL A B AfiE 3 (PDIP) . #5046 a3

R 51 & i A E 2 (PLCC) « R
5B 20 42 80 4F | RENGIREA | 514 RT3 (PQFP) | /NMEX I3 (SOP) .
= LG SR T 5| VUil R EE 5 (PQFND  /NIME Sk
B (SOT) WAk FIL5| HE % (DFN)

SR 51 SRR ERFE S35 (PBGA) P& IR BREE 51|t
3 (CBGA). HASEERFEFE 2 (EBGA) .

g | 201290 6 % (BGA) | e j RIS B3 (FC-BGA)
= REUE | S5 (WLP)
g | DI RHELRR CSP H3E . Tl AR CSP H3k,
(CSP) WIPESG AR CSP 3435, [3 /2% CSP $f3%
Z B H | ZEREREKR (MCM-C) . £ 2 5
S B 20 4K HF | HFE (MCM) | (MCM-D) . ZEEIHIHR (MCM-L)
dais i ARG EE (SiP) « =4S AEE 3D) . A EHIENA

(Bumping )

wmg | 2! 28y -+ %Dﬁlﬁ%éﬁﬁ%-@i@ﬁ (TSV) ﬁ‘lJ%i%ﬁ%(FC) fﬁﬂ’ﬂ
IR RS (Fan-Out)  JHARERN K I3 (Fan-in) 5%
SR SRERRAR RN ER[101]

HBEESETR, STHIRARA BRARARNER, R FiEE EiRE TIFEE " ThacE X Tl E&iE"
RXE, BE2012FHANARNS, KAA2.5DFM3DIERARNIEMERIEM20126£96000 5 Fik EE!
2016 #85(1ZF. [100]

Iteoh, SeEsEEthChiplet (INVER, XFRGH) BEMEX. ChipletfSHI2EREMA LRRRSH (SoC)
ASEIIRED B — MY R, BFAEERABRESERE, WHZSITIRRMRRRIR (SP) , #&
BRRA—H, AILIEREEERITRER, EBRRE, RE[ED, EFTmRE, [104]

| R KERE: ZHAL > By e
S " R ©coP Ciein D @i P > JeiEEI
<32 nm - >
31 ol Ol ?§I4nm . §5HL
g [ 010 . B
3| s 7 nm
« Yk — g Q 5 o« EIIEE
% 2 nm
i 4‘% 3nm - JytigHi A
oo
\ lm? ¥ R
B (AL - - RS

e R



SERKFB IR FRIREE[105]

Bal, ThHiPkFESTnx, SEBaTRMHIER (IDM) | BERI (Foundry) LIRESNMSUN
I (OSAT) .

SR HEREEN BE/RERIRE, 3D, BZE% (FOWLP/PLP) | HIBREIREALIR R

i3k (SIP) PRIRESREE/RERATANEI, H T EMMEFREITNECHETNTE, SHEERAT
1A LRI S ECABTIR T

Yole${ERR, 2021 F2BRCHIFRDIZHNEN374Z3ETT, Tit20275m]iA650123TT, FERIGKEIA
9.6%, ItHh, SEHIFEMBERKEEANEE, RASKINHZERIEE. [106]

2021-2027 4563 5 B Mg Y

(=

aa% SRNE
53%

20214F 20274F
(8442, %70 (1,22144.5% 0

56%

HiEKE - Yole

20215 ~202 7SR S HET R S [ 106]

MIDMFFoundryBERE, ELIRGAHERRARRSIME, FEHeHRACH. SREEREHERLE
ERE_EAYE A (Chip on Wafer on Substrate, CoWoS) #3#E. Z#&BEHE! (Integrated Fan-Out, InFO)
I RHEEESTH (System on Integrated Chips, SolC) £5; ZE/REHEMIB (2.5D) . Foveros (
3D) FCo-EMIBEiHE A, =ERFEHBHE IR EI%EE (Fan-Out Panel Level Package,
FOPLP) #HAK,

MNEEKEINTN (AEEIDMEEIIMBEER TABEHRMEN) AERE, ©EEMAREE (Chip Insights
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