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Abstract: Extreme ultraviolet ( EUV) lithography is the most important part of the “neck” technology for chips. EUV
lithography technology has been widely used in the manufacturing of integrated circuit chips with the most advanced process
nodes. Its research and development cross integrates the knowledge of optics, machinery, electronics, control, software,
materials, mathematics, physics and other disciplines. The development of EUV lithography reflects the evolution of joint
research and development worldwide, and openness and cooperation are the main themes in the development process. The
development history of EUV lithography and the major projects and institutions involved were reviewed. The flexible international
cooperation route of ASML, the world’ s only EUV lithography manufacturer, was discussed. The research and development
trends of representative research and development institutions in the world since 1997 and the relationship with the development of
EUV lithography were analyzed. The influence of worldwide cooperation among participating institutions on the development of
EUV lithography was described in detail. This research provides some enlightenment and reference for the research and
development of advanced lithography machines and other similar high-end equipment.
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mE I & 1 21 22 16 GB-DRAM fir
T I B B A

FEERTE] . 1996 4F ~2001 4F

EUVA ( Extreme Ultraviolet
Lithography System Deve-
lopment Association)

5 K%/ H] . Ushio, Canon, Nikon, Komatsu, Gigaphoton;

4 F G AR B8 ) R Toshiba, NEC, Fujitsu, I Renesas Technolo-

30
gy[ ]

X EUV SGIRADGZ] T BT 2 BFSE
FRLEmFA] . 2001 4E ~2011 4E

L THAE AP AR B &, LS
HIFF % 45 nm 132 nm T 5 052l vE T

SELETE VIARZ  AAHAS SRS 3l 4 KA R AL S
AR 7] . 2006 4F
MARZ A, i 11 (8] H AR AL[R] 3 357, EIDEC £ 4 H1 ASML 46K
) A GARK T A SR = 8, A B R B L T 2011 4E M
EIDEC ( Evolvingnano-

process Infrastructure De-
velopment Center)

AGBR TS A4, B A E N BE R BOE R R AR A EI-
DECm, HH1 JSR {2 Tl AR5t REAE Tolk 3 ORI AE KT 43t
A3 A R k7 R, R AR BV Rt R 4 A A T A T
R R A E) 5 A2

HH TR IR LM H AR
SFEEITE] . 2011 4F ~2019 4F

YPMEEA EUV Sz & L LIE B — i
TGN ECA B A A S XA & R A iF
K H R R B 5 A Wi AE  BF5E B ARAS LA ]
T WL ASML B0 1Y B B S A BIF & B AR
ASML £E R A1 3€ [ B & LR F— 5, 78 ETS 8L 3
AEJE A BEUV IRAEHL, 5 R SE H R AL 247 IR
BEAAE B DA = HLRL S A, H AT
B2 7 AT T K IR A0 5%, 3X B AR Al
H ATE X W5 7 T L 34 2

FE T EUV SCZIH AR (AT R I, 0 IR U
Tl K2 ERRF B B GRS LS P FRA 5T
JrF 20 e 90 4FACEE, PR T EUV SR G AR
WF7E 3T 2002 4EWFH T E N 1 & EUV SEZR
PR P 2008 4R [ SR MR R R Ha S ) 1 2
#MRET L7 B E KLU EUV 2 H AR5 R
“32 nm ~ 22 nm 3% & AR T IE AT I O IOCAT
550 ERR B K B OGRS S LS B B 5T T
VA Sk B 7R H R T R A6 21 e BB R B9

T H AR Al 5% A4 H 2 B e F BRI ST |
Hh o B IR R AU ST BT b R 2 B ik
LTI AL ATER TR W R Tolk R Al
PoRA4F, UL, JCIe E AL, EUV SEZIK R AR BE
& RHIF AT A= ALR B B A A

3 FHSE1E

TE EUV JEZI A R A rf BT AT EA A=l ALK 114
WA RA L AELANE, XN EUV OLZIHL
SRR R — G EE T A EBA LU RHIE
(1) E— G5 E 2 R B8R T — 5 iR % X
s () Mlge N1 R G T EZ 18], plas 574 B
ETIPRZBEARIMEE LR, BIERE T &
48 W DR T ZME RS SEREFIRIZR G451
XHGE T EUV CZIBOR BT A BAT LUT A 3 4
Ay (1) AEAT B B DI AL T SR M 2 2 4 78 2R i
PR IG5 MR BEAT B A A (2) JEZIBL) Rl 70
R F AN R 2 A BEA TR BE A5 B A, RS
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SN R ML R A% OGS A A B P13 PR TIE B ML Y
AAERE,

XN FEIR R B SR PE U E T EUV SR ZIR 1Y
FHEFE IS A1E, WE 3 figk 1 ol W—5f, & 3
A 1 NFRIZRI T3 B 51 B ARG R BT
PRI AR S TR B AT HLRL G 8 2 ) B A HLA DF
B, NIRRT 2R SCR IR B IR G VE LR W B
2% — R SCH AN AL A [ 4R 25 4 (] 58 1, R
2T LA 208 SO B iR B AE S SEVEE T iE AT T IR
FEVRE £ AT Re AL U AR — IR 2R SRR
., FHEEESTT 1997 45 ~2019 FFigSCR RGN,
UREE AT £ LR ] 1) & R LGRS

3.1 RFIEXHRFREN

#2943t T 7E Advanced Lithography 231X b &
TR A LN, B 45 S ZI LT & B ASML  Ni-
kon ,ASML f-& VERHIFHLI IMEC | 3 [F BB I8 = 5
592, LS = RS R HilE R Intel, =& A HH, AL
LM X LEHLAYFE Advanced Lithography [ %8 3C
RFREO ARSI, 5 % 5B S Rl
HIFERE
3.2 REMENMMHEES

7 AR DI AR IS SRR WAL 7 fis, BR T Ad-
vanced Lithography 25, b A K18 LA RTFEHE
IR, [R] A LE U B A R A ORI

2 5 ASML L[ 7E Advanced Lithography 231 | & 38 SCHIHLFA
Table 2 Institutions that co-publish papers at the Advanced Lithography conference with ASML

Hx  F5 LIRS A3,
1 Global Foundries T
2 IBM R
3 AMD R
4 Micron Technology O T
5 Intel S R il v
6 Inpria Sz i
7 Cymer EUV SCZIPLE IR f
8 Rohm & Haas ez
9 LBNL FEBEFEB - RERLREZ— P16 12 2450 0REEH , EUV LLC
IR
10 SNL FFBEIHH = R E R LI EZ — WK LPP OLIK, EUV LLC J& A
11 LLNL L HERRER = KE R IR E 22—, R EUV EZIHLE , EUV LLC A5

12 University at Albany, State University of New York ASML ) ADT %245 b

13 SEMATECH R IEBR Lo 1B R I S ] S M B AR BT 1 3 T SR A R AL fL
14 Shipley Company LLC 2
RE s Mentor TR B L TR A e T R
16  National Institute of Standards and Technology HEbRAE D
17 Lam Research PR
18 Rigaku Innovative Technologies S g
19 Zygo Corporation S &
20 Synopsys ez B A
21 AGC Electronics America JGAFEM R R

University of California, University of Wisconsin Sys-
tem, MIT, University of Arizona, New Jersey City U-

22 niversity, University of Texas System, Rochester Insti- RRPERFIT
tute of Technology, Stanford University, Cornell Uni-
versity
23 Integris Inc e B TR
24 Nanometrics Inc Y Kol
25 HermesMicrovision Y kol
26 KLA-Tencor Y Kol
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1 Carl Zeiss AG MERG
2 Advanced Mask Technology Center i
3 Fraunhofer-Gesellschaft DGt
BE 4 Physikalisch-Technische Bundesanstalt P 5L
: 5 GermanyoptiX Fab EUV 7 5018148 7 ,2012 461857 | B S TOF (g
6 XTREME Technologies GmbH JEIR
7 Forschungzentrum Dresden JEIR
8 BLV Licht-und Vakuumtechnik GmbH JEIR
1 TOSHIBA (DGER T
2 Tokyo Electron Limited IR A
3 Osaka University K
4 JSR Corporation 2
A 5 JSR MICRO Bl
6 Toppan R
7 Hoya Corporation R
8 EUVL Infrastructure Development Center LT EUV RZIR SRR 418, R 2 4
, The Netherlands Organization for Applied Scientific SR IEHLA
Research
2 Philips ASML /A 7]
3 The Dutch Institute for Fundamental Energy Research [R]85 % S U5
fir == 4 University of Twente K
5 Leiden University K
6 Technische Universiteit Delft KE#
7 Eindhoven University of Technology KA
8 ASML EUV SEZIHLAE R 75
1 Paul Scherrer Institute JEIR
. 2 Swiss Federal Institute of Technology in Zurich K
ik 3 EULITHA AG JCZN A BTN
4 STMicroelectronics T
1 IMEC FE AR FIFSE IF , ASML B3I 2285 37
Al 2 Catholic University of Leuven Fek
3 ASM International L
1 Sagemcom FLF 7
215 ) PR
2 FranceXenocs VAR RN
A 1 SKhynix Yol
i 2 Samsung Yl
1 Shanghai IC R&D Center Bt LA
LR o
2 ChangXin Memory Technologies, Inc. T
1 Chartered Semiconductor fRTT
Bromyk _ .
2 National University of Singapore KA
B 1 University of Agriculture, Faisalabad KE#
B The University of Sindh K
W= 1 Military University of Technology in Warsaw S

RE W 1 Institute of Laser Physics(ILP) HeIR




a1 H1W Mg PSSR R B £ BKEE N I E AR G 9
HE 75 GIREAS A
e 1 Oxford Instruments 20 48 90 4E1t 5 ASML A &l &4E EUV J6Z15i H
P 1 Czech Technical University in Prague JEIR
BIRE University College Dublin S

article number

7 ASML,IMEC,DOE,Nikon, Intel ,Samsung &% TSMC % 3 ia#!7]
Fig.7 ASML, IMEC, DOE, Nikon, Intel, Samsung, TSMC articles

trends'”’
KRG IFATE 4 (HARER H—E R,

HE 7 7T 0L, ASML & SCBAERR AP T, 2006 45,
Bti# ASML i ADT “Z%47E IMEC, IMEC 38 SCEUNE
Tl BT, kB ADT 192226 (XS 3 I BL 240 5
PIEH) T HE#EEH . Nikon 78 2007 4F K AT 5 ASML
SCEER HAEY  HEEAE 2002 4FLLRT IS AL TG B 7E
2007 LA , Nikon & SCEURE 5 ASML 22FE3% 0 K,
2002 4E 1 2007 43X P 4~ B A #5435 & EUV LLC /Y
ETS HI5E AT ] K2 ASML [ ADT % 2| 5 Z B HLH
PRI ) , 3% M2 AT DL B , ASML AR A5 35 [ 19 EUV LLC
W I Nikon, J-7E 5 4FH (] K Nikon JUFE B A .
2012 4F,3 % 1IC B L% ASML BEAHF A IS, Nikon C
BRI, 2] Nikon © 403 T 3% 7 M BF & .
PER B b B % 26 EUV G20 5T iR 1 B 5% BA 47
Z—,DOE B3¢ E K WAL T 55 1 7, (B7E 2014 ~
2016 4F , H 5 ASML #l IMEC (907 & & A= T 7484k, it
1EJ& NXE3300B F1 3350B ‘42 2% Ay i fa], i d B 24
ASML ) EUV S6ZINLE #5231 % Pk Al J5 , DOE #y A
FEXLEE A T ¥R, DOE [ = K E RS0 % KL
KB TR RHARZE U LBNL #iA 12 2406 R
AR PG PP SR R AT G X Le S 00 % — H LR
) TAEE

H 7 T, 3 O R il s A Fl P Intel B SCEEK
i, AR R, SR L = TE 2013 4R )5 & 3C
B, R Intel , EAS XN = F R 9F ASML F B[],
X VR = X BEUV YGZIRF 5T XM e 308 I &k
TR, FEMMIRAESVEE T ASML & [, A iR

SIHTRTAL, A AU 2 3 (0 SC BB T LA I ) s R 2R T
BRAR X BERTA] S S EUV Y62 & R AY E 2 HLRE )
4:2002 4, EUV LLC (24§ ASML) 5¢ i ETS R %i;
2006 4F-, ASML ¥ ADT iz 3% Z W R BN T T4
IOUE; 2012 4F ) Intel 48 = Kotk i B Sk # % ASML;
2014~2016 4F, ASML [ 5 FLH 2 35 56 3 (LRSS 4 1R
SCZIHLEL ;2016 4EJ5 , ASML #l IMEC 4220640 &,
et EUV SEZIBLESE AL
3.3 REMVMHESEXR

Kl 8 G AEIR b, A i ny 3 Ty U
AHIVEE S 50 CER/ A Z PR EE B B
B, GtNS % B AE T WRAAE SRR S, Ul
XSEHLF ] AR UEAT T AR A TR B 2 i S Al A, S PR
HIACTLS A RS AR B I 2, 67X
ML H , ASML, IMEC , DOE , Intel 1= & i & /E C & [
4 B fie /0 ok 309% LA L, HL BB R ] 3% A7 HLAE AR 4k,
XULEHAESEAT EUV SR ZIBE 5T rh R[] [ ) O R AR
IR TAEBEAE— TR R RS th e 1T K
HAEMAL I, Nikon B RNAEX TR D, iTGE 5 E
FEAZI A TCZINE R A G, SRR R R SCH
A HERHUE 3 SO RE UL B 5 AL A &
1, MTATRESE & M X4 ATE T AR A O IR R,
WA HERAY 2, A B Nikon . = J2 1 4 K 7 #b X 19 HL
1 AT A AR &7 LU BB 1~ 56 3 4, HA LA 3
SRR E A, X ] AR S Sk A G

1001

o ®
= =

‘o

percentage of
cooperative articles/%

40 \ /
| IMEC

‘

20, “

|

0 —
- — o0 i - Q — N n»n >~ &
DN O O OO = =
N N O S O O O O O O
Asnli = B & NN o\ BN o IEN o\ BN o HEN o\ N o\ HEN o N o\ BN QN

F 8 ASML,IMEC,DOE,Nikon, Intel , = B Al & AHUHL i & 1 2 S L £
Fig.8 Percentage of cooperative articles of ASML, IMEC, DOE, Nikon,
Intel, Samsung and TSMc!7)
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NI — o5, XX I K SCRE AT T o dr e it , angk 3
No 1997~2019 47, ASML 3% 3% 120 7 3C#E, S 1E A
100 55, IS SCREB 83% , A EEZA 11 4,3
57 ZHLKI, IMEC $£ % % 108 7 03, 5 1E & % 89
T, IR SCRE 82% , SR E A 9 4,3k 57 L
¥, WA A O B A A L, R 25 52 TR B A 3
ASML il IMEC [y 30, 24 24 5 A0 7 3518 S0 84K
(1 20% 247 o 3K UGBS AE I 35 Sk w5V A A, (RDRL
T EIAEEAR K A th 25 18], 5 A & V#3517 T 7853
s B SR ARG, e —EE M w5
ASML GAEfRZ T 3 A~ o0 25 F 18 A LR
S350 36 % .36 G A 24 G e fEE RN LA B Y
EESCEE 4 K FER I Zeiss A1 IMEC 5Tk, 4351 0 31
T A1 24 i 92 R B 22 SR, Hedp A1 S
TR Z N G B 5 s, 4 12 5, HA4R Sk IBM O AMD | 32
JERHE LM . Zeiss 9 ASML 2 HE 4% 0 B 6 85 3k
IMEC 4% % J7 £ 00 2 06 20 HL i 4T T 205k, PR At

MEES L BA 53, 5 IMEC 51ERZ1
B 3 ANER A EE B AR 22, 350 0 42 5 .29 5
126 ., Horp, g 22 A H AR Y A4 S0 s K40
ASML FZR 5T HLF BTk, 4300k 24 F A 17 7, T 56 [
R R 23 AU GY , b SR SCR e 2 1246 B 7
i R 12 B HA N Intel (IBM FEOGRHESHI , &
s T RERELSNGRR/ BRSNS
IMEC % U)& 18, (e Bt 20 T 24 i@, L, J6ig
ASML F1 IMEC, 7E 58— E K S AE T iz 7w, 6 E
/AR LN e P R A 4T DU YA N <2 L N )
Jesrie FEeRHE | 36 E E R bR S HARN Y B S
XWFEIT T GAERET, o ig % J7 (8 & VE 3 i
AFT ¥z, MFR 1 iR a4k 3] 5 ASML 7% Advanced
Lithography I & VE & R SCRINLIE , AT 7E YC 20 e |
Oy HERIEIR AR QA A R0%, DGl pE e ) SR 5
Yl DGR BE I WA BFSE . T A RAE M B4R T
(CDU frgxtife) 62105 BADE 2L 5 HEBAL AL 55

# 3 ASML % IMEC 83Xk #5811 (1997 ~2019 4) 7]
Table 3 ASML and IMEC publication statistics (1997~2019) "]

RFEXTE  BIEBRX AIEBEX G G [l G 4G ASML Bl
h5¥ 4 h5¥ 4 i /% = %A BUAL %L HIMEC 1 3CE (5 He BEER
ASML 120 100 83 1 57 24/120 SR HA
IMEC 108 89 82 9 57 24/108 HeAI Ji L e
T AT KRG 1k ZVWt & Z W1 E [ Br 5 AE B2, 5 EUV LLC | Zeiss |

4 ZERIE

M 1986 4 &5 1 4y EUV YEZIBFSE R LK,
EUV SZI LR T 36 4F, 401 T I RER Rk
A B/ I i B AR A A 2 Ak 4 ASBYBE, EUV
JEZI A6 B BORAE 4 3K [ N JF R IE 5, HLASE N
HEAWSRNIRRYE, 15 2 R TR 41 Intel | Bell
S5 % NTT \DOE E LM% | Zeiss S ML T8
BTk, EUV R B ARMEE Z & EWEEZ), 8
76 TG R A ST ML) T i A e D 3 1L R ok A R B A T
K3 H SR IR A IR, L 44 1A EUV LLC  SE-
MATECH .EUCLIDES ASET % X FhRHF 141 BA R Pl
U B354 1R 2 th BUV 6204535 43 22 18] (1) 79 16 Bk
FRIGEM , EUV SGZIHLRAE B i B 2 i — 5 g
JETHERAUTRE: (1) B — G HEIEZRmE
BEART—H AR (2) Pl N T R G0 F
ZI WA S HE T2 R 8 A SR 2 &
KR, SCZERE RN T R G A FEZ T
ZAHERS FEFRERER G453 . ASML A EUV St

IMEC , & B S5 A 35 2 HLH 5% A1, L EAT 6 1K
I Ao A B ME—RBEZ A EUV SRZIML )
%Ko HAME A 477 b4 55 2 L3, 1 3= 2 ik 47
ARG K, I B i 0 2 = PR A 1E, B AR LE
FE TR R 52 G2 AT R A 75 T AR AT A I ] )
FELLHETT , PR H AR S 85 1 (5 A IR

BHEZ IS SO BUR AR, SRR SCIRBE T &
EE Z BIRZ R E AR W S G, A SCHEHR L
EUV Y60 iy EHLF ASML  DOE | IMEC | Nikon
Intel \ = B AIEBHL XG0T T8 S0k 1
o,

BHEZ IS SCHY SCEHOE [ 7] LIE i EUV G2k R
1y 2 EFASER . 2002 4EHIT, Nikon Y SCE L ASML
Z B Nikon FYHEARSE I LT ASML;2003 4, EUV
LLC(f14%5 ASML) 52Ji ETS &4t , ASML fUH A fE J1 IF
A5 Nikon $L , SCEEHIT U5 Nikon 5, X Fft s 34
— AR HEF] 2007 4F ;2006 4, ASML ¥ ADT iZ % &
IMEC Fil Albany Nanotehc #£47 T. 2 % iE, /5 Nikon
B SC B HRB AR I 2D, ASML 1) SC B BB 4E T X
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Nikon 1Y) EUV JGZI/KF- 46 55 T ASML;2012 4, Intel
A= OB B SR ASML, Nikon JLF L3 EUV %
ZIBL, SCEEEBI

2013 4FHij, DOE CEHKIAMG TH 1 f4, X5 ¢
MEFAE EUV G2 1 A9 55 5K H (52 W) A5 18] 2013 ~
2016 47, ASML 1] & FUHLiZ 26 56 3 AR S 4 fROL ML
Kl DOE B 3CE T ih 5 ASML A9 SC 3 50k 24, £
DL 2 AR 2= 0 58 B 0 AH 2452016 4FJ5 , EUV JE %)
MLIZ 752 20T, ASML 9 SCEEEOT iR B DOE , DOE
() SRR HRA TR | M P i W R FH AL, B2 o
Wi {8 2 W0 0055 , Bt DOE (4 FF 5% % R 1 7 W7 s 7%
2016 4EJ5 , ASML Fll IMEC 4k £ 84 #F &, #EE EUV
JEZIHLISEF AL, BEET P R AU 9 SCEE A 4F T,
FUA IEAHSCE , 22 B UL RS P & O LRI AL | B8
b EUV SCZIBFFE ) BB

1997 ~ 2019 4, ASML 7E Advanced Lithography 2%
W IR R EUV ORZIT e SC 120 &, A 1EiE X £
K100 5, Ak 83% , 5 11 MR 3 53 FH A%
HEER S, 5 ASML SERZ RT3 A EFK N %
FE] i R B A B R RS AR ST 4
KIITH Zeiss A1 IMEC BTk, 1M 38 W] J& H 22 AL
R4y, 3340 26 35 [ 7E EUV D620 AH 58 J7 18 Y 5% 1A 52
71, IMEC DOE #l Intel 1582, XF T 3 A9
FAH X B &ML, = A 1EI S0 £, Nikon 2
L ABH LR R R SCE BRI 3 R TE
ZaW ERRNSCES R EE R, X S5iES
AR S X 2 TR A TT R R 58 3 (o 1 A A G
W | 48 ASML Fl IMEC h S % S 1E Rk FE
{HP I ARAE P8, I [F] SCRAY b 45 H SCR Y 20%
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5 B AT TT AR 5% B RO 93 A RS X 5% Sk
HEI T AR BB 0 MR SCAS U X8 SC IR i €2
TAE,

2 % x #

[1] BARDEEN J, BRATTAIN W H. The transistor, a semi-conductor tri-
ode[ J]. Proceedings of the IEEE, 1998, 86(1) : 29-30.

[2] TIETZ T. Jack kilby-inventor of the integrated circuit [ EB/OL].
(2012-06-20) [2021-06-15].
integrated-circuit.

[3] DRAPER D. TSMC’ s 5 nm ( FinFET) process technology [ EB/
OL]. (2020-02-05) [ 2021-06-15]. https://www. tsmc. com/eng-
lish/dedicatedFoundry/technology/logic/1_Snm.

[4] HUTCHESON G D. Moore’s law, lithography, and how optics drive
the semiconductor industry [ J]. Proceedings of the SPIE, 2018,
10583 1058303.

http : //scihi. org/jack-kilby-inventor-

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

YAO Ch Ch, GONG Y. Research on temperature distribution of deep
ultraviolet lithographic projection objective [ J ]. Chinese Journal of
Lasers, 2016, 43(5) : 0516001 (in Chinese).
e, A, WEIMLZIBOE Y BIR RN [ T]. P EET
), 2016,43(5) :0516001.
HE L W, LUO L, MENG G, et al. Recent progress of novel photoli-
thography technologies[ J ]. Laser Technology, 2019,43 (1) :30-37
(in Chinese).
A SE3C, WK i, A BT B2 BORBE SRR [T]. BOBHEOR,
2019,43(1) :30-37.
SPIE. SPIE advanced lithography conference proceedings browse pro-
ceedings (1997-2019) [ EB/OL]. [2021-12-10]. https://www.
spiedigitallibrary. org/ conference-proceedings-of-spie/ browse/ SPIE-
Advanced-Lithography.
ASML. The TWINSCAN NXE:3600D is ASML’ s latest-generation li-
thography system, supporting EUV volume production at the 5 and 3
nm Logic nodes and leading-edge DRAM nodes[ EB/OL]. [2022-03-
19]. htips://www. asml. com/en/products/euv-lithography-systems/
twinscan-nxe-3600d.
KINOSHITA H, KANEKO T, TAKEI H, et al. Study on X-ray reduc-
tion projection lithography[ C]//47th Autumn Meeting Japan Society
of Applied Physics. New York, USA: IEEE, 1986. 28-ZF15.
BASOV N G, VERGUNOVA G A, VOLOSEVICH P P, et al. Con-
version of laser radiation into thermal self-radiation of a plasma[ J].
Soviet Journal of Quantum Electronics, 1987, 17(9) . 1203.
SILFVAST W T, WOOD II O R. Tenth micron lithography with a
10 Hz 37. 2 nm sodium laser [ J]. Microelectronic Engineering,
1988, 8(1/2): 3-11.
YEN A. EUV Lithography: From the very beginning to the eve of
manufacturing[ J]. Proceedings of the SPIE, 2016, 9776. 977632.
AT X BT 20 R EK X S06% R o B 3
W EUV ) Y 757 4 [J]. =05, 1999, 27(1)
20-24(in Japanese) .
BAKSHI V. EUV lithography [ M ].
Press, 2009. 63-65.
NAULLEAU P P, GOLDBERG K A, ANDERSON E H, et al. Stat-
ic EUV micro-exposures using the ETS Set-2 optics[ C]//Emerging

Washington DC, USA. SPIE

Lithographic Technologies VI. Santa Clara, California, USA: Inter-
national Society for Optics and Photonics, 2003 36-46.
BENSCHOP J P H, KAISER W M, OCKWELL D C. Euclides: Eu-
ropean EUVL program[ J]. Journal of Vacuum Science & Technolo-
gy, 1999, B17(6) : 2978-2981.

MEILING H, MEIJER H, BANINE V, et al. First performance re-
sults of the ASML alpha demo tool[ J]. Proceedings of the SPIE,
2006, 6151:615108.

WAGNER C, BACELAR J, HARNED N, et al. EUV lithography at
chipmakers has started: performance validation of ASML’ s NXE.
3100[ J]. Proceedings of the SPIE, 2011, 7969 79691F.
EDITORIAL BOARD OF CHINA INTEGRATED CIRCUIT. ASML
received 1. 1 billion euros from TSMC[ J]. China Integrated Circuit,
2012(9) : 11(in Chinese).

o [ A U G S ASMIL 3175 5 FR L 4%
= AL, 2012(9) 1 11.

RUDY P, SJOERD L, JOERG M, et al. EUV lithography: NXE
platform performance overview[ J]. Proceedings of the SPIE, 2014,
9048 : 90481].

SN

11 42BRoE[ )],



12

woooot o R

2023 41 H

[21]

[22]

[25]

[26]

[27]

[29]

[30]

PIRATI A, PEETERS R, SMITH D, et al. EUV lithography per-
formance for manufacturing; Status and outlook[ J]. Proceedings of
the SPIE, 2016, 9776 97760A.

SCHOOT J V, SETTEN E V, TROOST K, et al. High-NA EUV li-
thography exposure tool: Program progress[ J]. Proceedings of the
SPIE, 2020, 11323 1132307.

SUNY POLYTECHNIC INSTITUTE. Sematech [ EB/OL]. [2021-
12-12]. http : //www. sematech. org.

HU D Y. Study on the government behavior in industrial technology
innovation consortia; A case study of SEMATECH[ J].
Technology Management Research, 2010, 30( 18): 21-24 (in Chi-
nese) .

1%z, PRl BB I W BB AT o B ST ——L S [ SE-
MATECH %[ J]. BHEEBAFZ, 2010, 30(18) :21-24.
BENSCHOP J P H, KAISER W M, OCKWELL D C. EUCLIDES:
The European EUVL program[ J].
gies Il , 1999, 3676:246-252.
MEDEA CO. MEDEA+ [ EB/OL]. [2021-12-22].

Science and

Emerging Lithographic Technolo-

EMERALD GROUP PUBLISHING LIMITED. *“More Moore” shows
European EUV innovation at EUV 2006 in Barcelona [ EB/OL].
[2021-12-22]. https:// www. emerald. com/ insight/ content/
doi/ 10. 1108/ mi. 2007. 21824aab. 006/full/html.

CATRENE. Cluster for application and technology research in europe
on nanoelectronics [ EB/OL]. [ 2021-12-22 ]. http;//www. ca-
trene. org.

OKAZAKI S. EUV lithography research program at ASET[ C]//E-
merging Lithographic Technologies lll. New York, USA : International
Society for Optics and Photonics, 1999 238-245.

GIGAPHOTON. Status of world research in EUV lithography [ EB/

[31]

[32]

[33]

[34]

OL]. [2021-12-22]. https://www. gigaphoton. com/en/technology/
euv-topics/ status-of-world-research-in-euv-lithography.

CHINA FERROALLOY NETWORK. Introduction and analysis of
Japanese semiconductor industry [ EB/OL]. [ 2021-12-22]. http://
www. ferro-alloys. cn/News/ Details/132499.

DIGITIMES. TSMC joins EIDEC [ EB/OL]. [2021-12-22]. ht-
tp://www. eepw. com. Cn /article /120435. html.

CHANGCHUN INSTITUTE OF OPTICS FINE MECHANICS AND
PHYSICS, CHINESE ACADEMY OF SCIENCES. The national sci-
ence and technology project “key technology research of extreme ul-
traviolet lithography” undertaken by CIOMP successfully passed the
acceptance [ EB/OL]. (2017-06-21) [2017-07-04 ]. http://www.
ciomp. ac. cn/xwdt/yw/201707/120170704_4822124. html (in Chi-
nese) .

TR B K F R LR S W AT R . KESEHLITRE
AT R SRR K T < 4 58 A0 20 S B AR B 5 IR S
JFuU. [ EB/OL]. (2017-06-21) [ 2017-07-04 1. http://www. ci-
omp. ac. cn/xwdt/yw/201707/120170704_4822124. html.

JIN Ch Sh. Investigation on extreme ultraviolet lithography [ D J.
Changchun ; University of Chinese Academy of Sciences ( Changchun
Institute of Optics, Fine Mechanicsand Physics, Chinese Academy of
Sciences) , 2003:75-95(in Chinese) .

BEK. BEIMGEIR S TR EORIE[D]. K&
FREBERF T A B (R ARG B LS W BB 52 BT ) , 2003 : 75-
94.

ZONG N, HU W M, WANG Zh M, et al. Research progress on la-
ser-produced plasma light source for 13. 5 nm extreme ultraviolet li-
thography[ J]. Chinese Optics, 2020, 13(1) ; 28-42(in Chinese) .
oA, ARG, EREM, . WOES R TR 13,5 nm EESMEZ]
JCIRBERELT]. DG, 2020, 13(1) @ 28-42.



