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Research Status and Progress of Contamination Control

in Immersion Liquid System of Immersion Lithography Machine
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State Key Laboratory of Fluid Power & Mechatronic Systems, Zhejiang University,
Hangzhou 310058, Zhejiang, China

Abstract Immersion lithography is a crucial technology for the exposure process in the production of high-
performance very large-scale integrated circuits with line widths greater than 5 nm. Compared to the traditional dry
lithography, the immersion liquid fills the space between the last projective objective and the wafer of immersion
lithography. The immersion liquid could improve the numerical aperture and exposure resolution due to its high
refractive index; however, it poses a challenge to immersion lithography contamination control. To reduce the
exposure defects and increase the manufacturing yield, high-precision detection and the control of various
contaminants in the immersion system, 1. e., achieving the ultra-clean flow control, must be implemented. This
paper discusses the development of immersion lithographic equipment by introducing the principles of immersion
lithographic technology and comparing dry and immersion lithography. The focus is on the review of the
contaminants for the immersion system of immersion lithography, including their generation mechanism, detection
methods, and control techniques. It will serve as a theoretical basis for further improving the chip yield after
exposure.
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Fig. 3 Schematic diagram of immersion lithography scanning in the opposed flow configuration™
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Fig. 5 Aggregation mechanism of air impurities

6 2 5 W K P B B AT 9% D ik 38 H A R B AL
Bt 8 (EP) 1 AL 9 d R 3R (QCMD) 6 o EP &
0 B M G, 6 AT O 2 i AR Ak B e R A —
AR A RR T WS BT 2 5 ;s QCM 3k nT 4 gt 7Kk i
W sl g 24 O T LR AR B . QCM I 4 B 25 2R 3=
Y, 4l K 1 15 35 R ORI 3 T VR 2 Y R A Fh 4
P o U /b L A T B I P S B R o R AR
BT FR T T | A Y R B R AT T 2 A o
T, Q42 o 4 A% A O Ak T U 2 A Rk K 1
HEAT BRI vh Uk P AR PR L O R % A B
il
3.1.2 ®#

VBRI S v i g — 375 G 5 WUk — H
BiF 5 i B SR, 2 5 B0 A B R R 4 4k TR
B B BB R . X TORZINLIR R R S, —
5 TG LT AR AT R T Ak B DL R PR R AR
Pk B 25 (SEMI) 4 A B9 F 6.3 X6 12 18 3 1A 335 v 13 A
BLSR 5 o — 7 T, BEAE S AR v o A i I 2% T A
1 FIURL ) B8V R IR ks Y. B IR
F Gt 4% SR i BE R T A LR A L A
5 5% I 5 2L 12 s D B8 Y I 45 o ko R JRE 4

[42]

T 7= A A UKL TS % o TSRS 33k v 1 T 2 R RS
IR ) 5 25 F8 A2 7T R HC Ty B RN M RE K .

G 42 V2R 8 A B #5771 UK TS G A B R IR
W AR B 3% B 5 B R 2 v, T U )2 2 0 v SR K 40
ANERER W, K Je dE A (B R TR B BB Y S
B SR Z R R B A KR Y
Wallraff S 52 BT 25 i 37 15 2 10 SO JE i ol 7
8 AT AT A A I, ) 55 5 Y IO 1 8T 4 AT AT
B, 3 45 R R WY 3k B UKL T IZ S5 A TE ik S 4 i
FEAR BB R T, IR v AR 2 e B0R 2 R T B
&4 50~100 pm /N X3 . Tamura % W58 T
i (B 3200 2 TUAR] T PR 6 UKL B 3 P g 00 52 ), 445 SR %
B, U 2 )5k B A vl sORURL R R i ] SR S
FI V% o Kocesis 8 1 0 5% M B T B 1) 7= A2 BILH
P B AR 5 R L B ) B k), 7 2R Y
WAR B ZSAVEH 1, 3 BURE B 300 2% 19 516 20 15 a8 H Al B
BRI Y o ORI K BR IR E R R R
ZVE b 3 FURE % B8 2 b 2R TR 2 25 B AR bt
200 e 2 T 7= A 1 L R B R R A o o 2 TR R
ORI HL R ET LA 3 AR AR ORL 2 B %, HL D L
& 6 iR o

Method of decreasing electrical interaction

Particle Transfer mechanism

Development

Electrical Charged

| Electrical interactiﬂl:>

Trial 1: Control of topcoat film thickness

Si Substance

Trial 2: Control of resist surface voltage

"
No electrical interaction
I No Charged I

FI6 TIUMOUR 5 22 W U 2 TR 1 O 20 I 6 1 B L

Fig. 6 Transfer mechanism of particles on the topcoat to the resist after topcoat remova

1[2I]

0922014-5



$£59% F9H/2022 F5 A/HAERBFEHE

3.1.3 HHiFHE

BRGNS R RS S BOZ

KSR TR, T B a6 . Rk, B AR S

XFF U T I A R AN AR IR AR Sk
S5 A TC A I T A 2o T 2R T 2R Ak A A e
e w2 (R A RE G 2l R DU R 2 M (PTFE) L 20T %5
PR T3 £ (PFA) FE 26 316L A H . A i
5 T A A IR AR 22 P AT ™ A B 3 DR TR L DA 2
b 20K

PR WA S A PLTE G F 2ok AL 2R
K ILBE M RE . H T 20 0 A IR R R IR
T FIURG BEEAR S, 3L H G R A 3R AR KR 4 2 BT
PRV i, AT IO A A T % TR IR AR 2
Yrigi T R, A i ] Y 52 RRCKE 3 L R G B Sk R
55 7 RONE , ff FR SR 2 WO R N LB i AR s L R O
Ytk Be T B, DT 52 O 2 A BE R X g e
Y3 H R R 5 A, WNBR R B . b Ah , R IR 2
2R T2 B 1 RO 2 BT R 2 MR B 3T 5
RO IR B K 5 20 8 Ak 2 A BLVE FRNR:
WA [R] B A LIS ey E R R, — R
TR, G P HE SR 7 (TEW A ) 23 Bl AR, %o B e
Rer=A: g,

NATTRE G 200 ) R ) v O R & A=
(PAG) T ¥ BB M v (32 e R R R T R F 5
ST R — ORI EL (TPS-PFBS) 78 K £ $45¢

// A
\>=O/" >=6n\ >=d

Db ™=

Eﬁ*?ﬁﬁﬁf/ﬁPAGﬁmt FFE R B G TR /Y 7S W] 75

e AR TR IR AR B R A R 2 A Ak
5 oY N - 1 ol O N R TR 3
o1 s, AT AT R B 2R T i 100 pm (9 9 44 35 0T RE A
TURR 3 3% 18 =22 wir Bl vp o Jlﬁ?ﬂﬂﬁci Y K 1 %
G RAENE PEG ¥ BUK B2 2O IR 15 G fUMr 42 ik [
TE LR R R . e 20 e B A T0O 0 )2 1 I
BLUF L, PAG B9 B R B PR AL . — A2 T
23R 0 PR Dy — RO e B Y 2208 R
W PAG IR H 5 50 20 i RTIR 15 V1R ) 422 fi
F [R]AH O, B 25 422 fik ) 1) 1) 386, — 2888 S Pk 4 1
F B AR DG 221 g 2 T B T B G N 3 3 WO 2 A g
5 I N e o A I S e B S A s e i
Pl 7 A W 16T S 220 JBE RS B 4 3R B Ak L v

PAG ™ By BB X5 HOG IR 15 e Fe M A 252

W o A AL QPR AR T RS YR A Ak
FUFI PAG 1 B85 /0N BIDG 20 e b i B AR AR
SRR AL T AR RS A |, X H A R G W IR R
ZETEA R B K BB R 2 R R AL
{Hﬁﬁﬁﬁﬂ +HE R BE o, B IR R
KU AT X R S P O 22 i A R 1 T g s
WA KIS, BRI S5 45 R R W], ol i A ik
J2 3% TH FZ P9 4 5 K AT fig T O 20 1 S T A
(PEB) By it PR 47 SR, AT 3 o Bk 1 52 52 741) A 35 480

TR R B ERE ", an &l 8 TR .
/ / / \ ( /
o

g sts

Pl 7 BT e 0 IR i 1 YR e A
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