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Effects and Improvements of Coating Induced Polarization Aberration
on Lithography Lens Design
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Abstract In order to achieve high imaging requirement of projection lithography lens, the impact of
polarization effects induced by coatings need to be considered and analyzed during the design process.
Polarization aberration theory based on the Jones matrix is first described, then the polarization aberration of a
numerical aperture (NA) of 0.75 projection lithography lens with corresponding coating is analyzed as an
example. The large power and spherical aberrations induced by the coating are compensated with space and
focus optimization. The scalar aberration and point spread function distortion are improved from 68.92 nm and
3.76 nm to 1.08 nm and 0.38 nm, respectively. The contrast of 90 nm dense line also increases from 0.082 to
0.876. Based on this, a method to reduce polarization aberration introduced by coating is represented, such as
retardation and diattenuation. Combined films are used to control the magnitude and phase separation of the P
and S component simultaneously. With this method, the contrast of the 90nm dense line is improved by 1.1%.
Key words optical fabrication; lithography lens; coating; polarization aberration; contrast

OCIS codes 220.3740; 310.1210; 260.5430

1 51 5

5 204 1 B 2 T TSR B B AL AR (NA ) Bk, T S T b
BEEAR 2 | T T 2R S B O 4R 19 22 HE AT 40 T R T S 28 560 A6 O O 4% 25 10 B0 A 2 5 A M R 1 2% 1) —
ATIFA . Chipman SRR 125 B8 50T ot i TR, 3 I 28 1A D 418 12 22 8 7 2o L e 1 40

%5 B #1: 2014-05-26; U 2 i& 2 F5 B #: 2014-07-16
E£WB: EZFHE E KL T(20092X02205)
EE A MLk (1986—) , 5 Wi, By BAF ST 61, 22 N Al R A e 28 R G il Jr i i E ot o

E-mail: silverbirchs@gmail.com

0122003-1



DI S R ¢

I3AT R NA LEEOR B R B 2 U R Z IR/ RGEA 5 2 PR R 5T A IR 45 22 152 g™, [a]
Rl 2 15— Al o 5 BRI A R 2R O B TR i 41 15 22 WO B 19 5 5. D Doering 55 M 547 B oK KA
R 4 R LG A5 A R AN TR I AR B O BRI A R R R 22 54T T X e Ao [EIN Yanghui Li 55140 00 5 204
BErp R T IR i IR AR 22 EAT TS o TR IRAR 22 AME DT T IR I 52 ST R T TR A I SE

D620 b i AR AR 22 1S3 B N VEAN T 12, 32 B B G I Y A D RN AR O R = b 5 X, Gregory R.
Melntyre S5 "% 3¢ = Fh GRS T 1HER A XS EL o3 B o H BT 06 2090 55 19 32 22 61l 38 7 Nikon!' Fl Zeiss/A F] %
Je T I D' R A B b R AT 1 — 20 A RE M O3 LASE G AR ' 2 ) B ) D R A5 22 O E AT AR L R O 20 3 B
G E . AR SCE e T 56T Bt i i) I = 12 25 336 SR 5 L — IR S (DUV) \NA R 0.75 #5206 %)
Yrgi ), MRSl B CODE VR A 474 5 M RE R, 0 A 17 IR X 80 06 20 W B vt 2w, O 4 1 17—
ol e JH 205 152 2% AR A A 41 150 22 1) 7 15 o

2 ImIR1G IS
S8 B0 45 25 T AP TR A T O 4 2 e 6 AR L 38 3 1T BT 2 ek e s

, _ E. exp(lA‘) _ eXp(iAx)

R E B, A FA 5Bk 07 Ry 07 1R IE SRR IR AR AR, T=A - A, 5 =E/E, }y#iA-3% 37 1
B 22 LR B L

b T EUAT Q A 2 2 1 1 Y62 FR 0 , e 4 7 1 T 4 4 548 70308 L 00 438 308 52 B0 , 8 7 0
S 0 B 9 25 O 2 W T 0 3 Oy B 6 e 2t

2min,, . \1 0
| >

o L S A A 4T S R 2 A B g

T 55 17 Ak B9 A58 23 X6 F 37 1 53 i ] D 3R
,]q=fexp(1A ) X

_;0) (;8) AN ) eos [ o Ol
T, EXPK )+ T, expklzj + |:Tp expk 12) T. exp(lz)}cos 2¢ |_T' exp( 12) T, exp(lz)fln 2¢ ?3)

[T” exp(—ig) T exp(%jsin 20 T, exp(—ig) AT exp(ig) - [T,_ exp(—igj -7, exp(igﬂcos 20|
Hrh o (O<e<2m ) EWAT NOTTAMA, T, T, XA PHHMSHHEL R, A=A +A)2,6=(4,-4) %
53k PGS S (1 - Y AH 57 R A7 25
WIEQ) I3, E(r,y) &ad 624 R G55 18 W AL 1Y i 37 4 B ] DL &R At

exp(id,)
JJ, .- ) 4
wn= T frean=e {000 @
é\
J JP)
Jp= H ]q‘]qq 1 [J J } (5)
=Q-1 Pyxd pyy

Eﬂl@ﬁﬁﬂ@iﬁ,ﬁﬁﬁ‘tﬁi,%#ﬁ\zxw@%%,/l\ﬁiﬁigﬁnﬁﬁﬁﬂﬁ/l\ﬁ% S X 8 AN G i R KL, A 2 W
ARG, BRI G R RE A5 52 o 4 38 D' 2 2 8 B0 I IR A5 22 195 D0, (EL R HE X o7 ) 4 B R SO B0, R T
A b B A7 53 BT O 41 2807 3T 43R S 0 W BB I, Bernd Geh 25 R B A B R AT T B AR A0 L 7E 2 T O
20y P AR /IS B9 1B U SR, S ' i T LT R R S R B SR
I, = texp(id)/,,(d.0)],,()],.(@.B). (6)
A (5)2X L BT e T LA pl 5 A B A B A B SO Y i R G A T A B Y DD B b i R
TEW ERE JER AR IS RS T ¢, b L T (d0) T, () B (e.B)  H d A Gjﬂgu\ﬁﬂﬁﬁﬁﬂlmﬁﬂlﬁﬁ

0122003-2



DI S R

S8, o NEREHTT I B, @ F1 B N FE IR H) R (EL A5 1) 28

3 S A

R T U IR B 1A e 4% 15 25 %t G2 S TR, T — A NA R 0.75 4% 52 06 20 W ik 17
T oA, ot P K R 193,368 nm,{%ﬁm%ﬁ 26 mmx10.5 mm, 5% K 0.25, W& 1 iR, 764 2% & Bk
254 IO B JEL 30 4% 2 R0 28 (PSF) 43 3187 0.55 nm F10.32 nm , R G048 2575 5] T AR 47 09 555 1F .

K BSEOL M B R 5T
Fig.1 Projection lithography lens system
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Fig.2 Pupil map and 90 nm dense line with ideal coatings. (a) Apodization map; (b) scalar wavefront map; (c) retardation map; (d)

diattenmuation map; (e) rotation map;( d) 90 nm dense line
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Table 1 System specifications with ideal coating

Specification Value

Wavefront error /(RMS, nm ) 0.55

PSF distortion /nm 0.32
Apodization uniformity 1
Retardation /(RMS, nm) 0
Diattenuation (RMS) 0
Rotation /(RMS, °) 0
Transmission 1

90 nm dense line contrast 0.890
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Fig.4 Reflectivity and phase property of coating one
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Fig.5 Pupil map and 90 nm dense line with coating one before optimization. (a) Apodization map; (b) scalar wavefront map; (c)
retardation map; (d) diattenmuation map; (e) rotation map; (d) 90 nm dense line
PRI ' 200 0 5 A T I T 2 I AR ) R e, T DG Al ) o R e A AR T B 2R IR BRI R S R SR
D' R PR BRI 2 25 00 LU BE IR 6 T 7, I e A AR T 0O T 770 nmo PR HT IS BUTHIR SRS TR 2, AR 2

_08|® 0.788 _g|® 10 _ogl©
0.5
0.784
~0.4 ! o -0.4
0.780
" 0 _0.5
0.776 _1.0
0.4
0.4 0.772, 0.4 -1.5
0.8 0.768 0.8 -2.0 08
1.0 -05 0 05 10 1.0 -05 0 05 10 -0 -05 0 05 10
90nm Dense Line
— 0.7742
0.890
08 ~0.8
0.886
04 -
0 0 0.882 0.3871
04 0.4 0.878
0.8 0.874
08 0.0001

-1.0 -05 0 0.5 1.0 -1.0 -056 0.5 1.0

Pl 6 A 5% 28 — X R B4 ' it R ORI 90 nm 28 2 X8 FUFEE o (a) DTE 2375 (b ft BEAR 2 00 A (o) HEIR A (d) R (e)
JREHE 53 A5 () 90 nm F AL A
Fig.6 Pupil map and 90 nm dense line with coating one after optimization. (a) Apodization map; (b) scalar wavefront map; (c)
retardation map; (d) diattenmuation map; (e) rotation map; (d) 90 nm dense line
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Table 2 System specifications with coating one

Specification Before optimization After optimizaztion
Wavefront error /(RMS, nm) 68.92 1.08
PSF distortion /nm 3.76 0.38
Apodization uniformity 0.980 0.982
Retardation /(RMS, nm) 1.55 1.55
Diattenuation (RMS) 0.0034 0.0034
Rotation /(RMS, °) 0.181 0.182
Transmission 0.786 0.786
90 nm dense line contrast 0.082 0.876
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Table 3 Average polarization seperation of each coating

0°~50° delta phase /(°) 0°~30° delta phase /(°) 0°~50° delta reflectivity /% 0°~30° delta reflectivity /%

Coating one 0.366 0.028 0.096 0.056
Coating two 0.278 0.023 0.102 0.058
Coating three NA 0.038 NA 0.017
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Fig.9 Pupil map and 90 nm dense line with combined coatings after optimization. (a) Apodization map; (b) scalar wavefront map; (c)
retardation map; (d) diattenmuation map; (e) rotation map; (d) 90 nm dense line
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Table 4 System specifications with different coatings

Specification Ideal coating Coating one Coating two Combined coating

Wavefront error /(RMS, nm) 0.55 1.08 1.08 1.06
PSF distortion /nm 0.32 0.38 0.38 0.38

Apodization uniformity 1 0.982 0.983 0.984
Retardation /(RMS, nm) 0 1.55 1.08 1.2

Diattenuation (RMS) 0 0.0034 0.0039 0.0035

Rotation /(RMS, °) 0 0.182 0.199 0.172
Transmission 1 0.786 0.781 0.803

90 nm dense line contrast 0.890 0.876 0.877 0.886
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