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Abstract Excimer lasers are widely used in lithography, industrial manufacturing, and medical and scientific
fields. Particularly, their indexes such as wavelength, linewidth, energy and dose have great advantages in the field
of lithography, therefore can help the lithography machine to obtain smaller image resolution and smoother light
exposure. Now excimer lasers have already been used in 7 nm node in semiconductor manufacturing, and are still
improving to drive for the lower cost-of-ownership and higher productivity and yield, which promote the
development of the whole semiconductor manufacturing industry. Firstly, this paper briefly introduces the principle
of excimer lasers, reviews the development history of excimer lasers, investigates the application status of excimer
laser in lithography and the mainstream models of foreign excimer lithography light sources, and then focuses on
some key technologies of excimer lasers used in lithography. The future trend of applications of excimer lasers in
lithography and other links of integrated circuit manufacturing is prospected, which provides a useful reference for the
independent and controllable development of excimer lasers in China.

Key words optical design and fabrication; excimer laser; lithography; energy and dose; center wavelength and

linewidth

Wi B ER: 2022-02-10; f&EIHH: 2022-03-10; RAHH: 2022-04-10

BEMEH: jangrui@ime. ac. cn

0922020-1


https://dx.doi.org/10.3788/LOP202259.0922020
mailto:E-mail:jiangrui@ime.ac.cn

$£59% F9H/2022 F5 A/HAERBFEHE

1 5 "

TH 5 22 % e i 5 A B H B R AT, B R
22U R AR X8 A R B ol R R ) B e D 2
7l A S B A A S AR AT f e AT
5 PE 6 20 B 4 75 A G IR E ARAR O S A E S T
WOCRAE S TR CZIHLIE IR, 78 R ER 1 e
Z\ i) 38 B4 O TE BEAME T, B LAAT A R
T HOCHEAR AT EWRA MR R AT K . AN
I GHE S T HOC BT 8h X HE 2> T HOG & 9 & R
Py s AE D620 v B4 05 D AR A BUR #E AT T 20 A, A
207 BEANME FOLZDE IR B ALY, i — P A
I A T 3 IO A OG220 T i 23 O AR I G
AR I BT o 1O E 6 2 L B AR ) i
FCABERY IS B8 R ok H, i 98 3 ROl 20 v o
TG IRAE S J Y [7] s BT i s 114 AL 35 A 39k

2 HESr T RO B K R D AR

2.1 EHFHFEERR

HE > T excimer & excited dimer 4R S |, ¥ &
T8 TE W R IR T O R AR R | Hh S AH TR] 5 2 B
43 F , Je o )9 i 3060 455 i AS ] J5E 1 2 A ) 0 &
BT ARSCHETHSHES T HOCR b s AR
JC % Fl K JC R L HE 43 F (rare-gas-halide
excimer) , % FERUME 73 J& AN 7] J - 2 B i) —
o A REF RN EE T, AR
PRI T e o T OG5 2 5 1 B R AN IR
SO BOOL RS M E R R R R G S IR A
SARTE LTG0 RD 14 v H RO P AR R S R AT
M- EIC R T, W ArF, KeF', XeF', XeCl'4F,
X SRR Z R TR O X e A RS
T BEAETE T S AS AR R R I R HEJF 2 (repulsive
state) , [A T 23 OB R 85 o L ArE W2 T30 ),
25 ARSI e PO Dk b s 23 & AR AR 1
AR IUAS BRI A SN < 1 5638 2o L B PR R A
FE LR Ar" FUE i i 88 1 A S R TR 42 b <
RS B IR ACE HESr T ST A SR ] —
M AE R P, AR5 BRAE B S AR JE A L
it A T AR R T R A F R B R L R
AR AN BER 6T o F IR At i b & 2218
A AT F T BRI

1) BTRfE

F,+e —>F +F, (1)

18

15—
Art+F-
12
Ar'+F

©

(=2}

ArF,

Energy /eV

llaser transition
Ar+F

| | |

-3
Radius /10 m

Bl ArF 2 THOEH e
Schematic diagram of potential energy for ArF
]

Fig. 1

excimer laser’!

2) WAL
a)Ar+e —Ar +e , (2)
b)Ar'+e —>Ar"+2¢ . (3)

3) ST AMIE A

a)Ar'+F +Ne—>ArF +Ne(/575%),  (4)

b)Ar'+F,+Ne—>ArF +F-+Ne(25%). (5)

4) H K RS2 e

aA)ArF' = Ar+F+w( B 255, (6)

b)ArF +hv>Ar+F+2w(Z s ) . (7)

5 EAA G (18I R)

F+F+Ne—>F,+Ne, (8)

], A 2o B A 25 P B A IR R N, o IR
7 S2 AN T 52 38 Gt Ak AR A DR I R LR B
OIAE REA™ 3o P2 v A BI0KG A 45 1 5 P B2 AR 2 S B0t
I3 FWOR ST WA 7843 T R R OG0 (E 2 i 5 19
F e BE — A 25 DR R WL 2 o A1 R 630 %

WL 2 B 4l R
F,+ h—>2F, (9)
F+h—>F+e . (10)

2.2 BENFHAXEERE

R 7 e b O W R X o8 > DI R AW S X2
1Y %% T ARG B T 20 E KR R . 1970 4F
Basov %" 78 5 i Bl 4 B A% B 3 28 52 56 55 — A5 2]
TS T30 AT 800 ke V Ay HL B A4 Xe
BT A Xe R FA MR AESF .o 197448 1R
Z WL T i X 1 b 2 28 S E AT g X H
SRRDR R e il /NN S B2 Y T vl N o | S S S|
Avco Everett lF 98 L 50 % . 1975 4%, 55 [ LA 5L 5
% LT [/ — B B ER A 92 45 3 1 il S ) e 1R A

0922020-2



E59%5 £ 9H/2022 5 B/HAEREFRHRE

F 9 43 F OB Bk, 43 50 2 1 42 52 50 & Northrop
SLISFE AR L L Aveo Everett W97 525 28 11 Sandia 52
5 =, A AT X S v A T O AR Y R R ARG T AR K
B TRk . HH Ralph Burnham A Nick Djeu 5t J2& 76
R AT ENR G T N R R T T 0 O
KUt K exciplex laser ), 5k & BUAE (9 1 4 T 0O
Djeu 7 Ralph #9 5 B & 22120 1 bk b A 1] i B, 36 2ok
98: 1.5: 0.5 1Y Ik #l iR & He. Xe, NF,, JIE J&
39996. 6 Pa, I A 443 7 HK b BEE 7 mJ BYBOEH

By, SI2 06 H R ER R IR R 40000 A ik b R T RS TE] R
20 ns. Pf J5 , Sandia 5Z 5% = Y Hoffman . Hays #
Tisone 1 28 ik 525 il D) 153 8] 1 5 2 3 193 nm i K
B9 ArF HEAr T30 . B 1975 550, B & 4> F 306
HARM CHEE R, FERKPERZNE T A%
AT B HE 53 1 IO A R B S 0 BT 9T, 45 E 4
F OB X R PR a2 1 TR WA T IO R R
JE T AN 2 R .

1 RIS T Mo I B B K

Table 1 Wavelengths of different excimer lasers

Halogen Excimer laser gas mixture
Excimer F, ArF KrCl KrF XeBr XeCL XeF (B-X)
Wavelength /nm 157 193 222 248 262 308 351
2 ST ROCER B R R T 8
Table 2 Development history of excimer lasers
Year Research institution Landmark of progression
1970 Lebedev Physical Institute in Moscow The first excimer lasing was invented

University of Cambridge, Cambridge, UK; Kansas State University, Kansas,

1974

USA; Avco Everett Research Laboratory, Everett, Massachusetts, USA

The fluorescence spectra of rare-gas

halides were investigated

Naval Research Laboratory, Washington, USA; Northrop Research and

1975 Technology Center, Hawthorne, USA; Avco Everett Research Laboratory,

The first laser of exciplexes was

demonstrated

Everett, Massachusetts, USA; Sandia L.aboratories, Albuquerque, USA

The first commercial excimer laser

1979 Lambda Physik
system was developed

Jain proposed the concept of excimer

1980 IBM .
laser on lithography

The lithographic exposure experiment

1980 IBM by excimer lasers in contact mode was
carried out

With the modified Micralign system,

1982 IBM the projection lithography by excimer

laser was experimentally demonstrated
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Fig. 2 Position of lithography system in integrated circuit

technology and schematic diagram of lithography system.
(a) Position; (b) schematic diagram
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Table 3 Some models of lithography systems for ASML, Nikon and Canon, and laser sources of these systems

Company Model Exposure type

Resolution /nm

Output rate
Laser source

(Wafer /h)
NXT1980D1 Double immersion step-and- 18 r 275
NXT19501 scan exposure 193 nm ArF . 175
XT1450H 65 162
0.93
XT1000K 80 180
Double dry step-and-scan 248 nm KrF
XT860K 110 0. 80 210
exposure )
ASML 365 nm high pressure
XT400K 350 0.65 220
mercury lamp
PAS5500/1150C  Single step-and-scan exposure 90 193 nm ArF 0.75 135
PAS5500/850D NA 110 248 nm KrF 0. 80 145
365 nm high pressure
PAS5500/450F NA 220 0.65 150
mercury lamp
NSR-S631E immersion step-and-scan 270
38 193 nm ArF 1.35
) NSR-S621D exposure 200
Nikon
NSR-S322F 65 0.92 230
step-and-scan exposure 248 nm KrF
NSR-S210D 110 0. 86 176
Canon  FPA-6300ES6a step-and-scan exposure 90 248 nm KrF 0. 86 200
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Fig. 3 Trend of exposure wavelength reduction and theoretical

resolution limit for laser source of lithography system"
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Table 4

Influence of laser source parameters on critical dimension of lithography system

Critical dimension

Lithography Lens aberrations Focus

Dose control

Optical proximity effect Tllumination

Linewidth Wavelength stability
Lasers

Spectral shape

Energy stability
Beam stability

Bandwidth stability Beam stability

Beam stability Degree of polarization

pulsed power module

controller

I

line narrowing
module

linewidth|
----- laser tube = OWPUE |- | analysis - -
_____ ~|coupler |~ 7| module [ "~

S BRSO A A

Fig. 5 Schematic of single-chamber excimer laser system
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Fig. 7 Schematic of dual-chamber excimer laser system
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Table 5 Relationship of process node with linewidth and center wavelength stability

Process Type Linewidth Center wavelength stability
node /nm (FWHM) /pm /pm
180-110 KrF single-chamber <0.35-0.60 <0. 050
90-65 ArF dual-chamber,dry <0.25 <0.030
45-28 ArF dual-chamber, immersion <0.25 <<0.030
14 ArF dual-chamber, immersion, multiple exposure <0.25 <0.018
7 ArF dual-chamber,immersion, multiple exposure <0.25 <0.012
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Table 6 Comparison of gas reduction and recycling between Cymer and Gigaphoton in recent years

Year Cymer

Gigaphoton

2015 With GLX system and Neon reduction
2016 system, 75% of Neon usage is saved for
2017 XLR700ix

Helium is replaced by Nitrogen for GT64A, and it saves 80 kL. Nitrogen
per year; For GT63A, with help of eTGM Neon reduction system,
usage of Neon is reduced from 200 kL. per year to 100 kL. per year

On basis of Neon reduction system, 90%

2018 On basis of eTGM, 92% Neon is recycled by hTGM Neon recycling

Neon is saved by XLGR Neon recycling
2019 system for XILR800ix

system for GT65A
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Table 7 Comparison of laser lifetime between Cymer and Gigaphoton in recent years

Year Cymer Gigaphoton
2015
Maximum lifetime of XILR700ix is 90 billion . o ) ) o
2016 | Maximum chamber lifetime of GT64A is 40 billion pulses
ulses
2017 P
2018 Maximum chamber lifetime of XI1.R800ix is 120 . o . .
. Maximum chamber lifetime of GT64A 1s 60 billion pulses
2019 billion pulses
Expected maximum chamber lifetime of . o . .
2020 o o Maximum chamber lifetime of GT66A-1 is 100 billion pulses
XLR900ix 1s 180 billion pulses
Maximum chamber lifetime of GT66A-1 is 120 billion pulses
Future NA

and maximum line narrowing module lifetime is 180 billion pulses
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