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Optical Design of Fourier Transform Lens for Measurement of
Illumination Pupil of Lithography Tools
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Abstract Numerical aperture (NA) of the projection objectives of the immersion microlithographic projection
exposure machines has reached 1.35 and the measurements of the illumination pupil should meet very
stringent requirements. A Fourier transform lens is designed and used for the measurement of the illumination
pupil of the immersion microlithographic projection exposure machines. It is analyzed that the distortion of the
Fourier transform lens should be negative, and the threshold of the deviation from the sine condition (DSC) of
the Fourier transform lens is also analyzed on condition of the actual requirement of the illumination pupil
measurement. The design method is that the different negative distortions are set on the different field of view
(FOV) positions. We has worked out a Fourier transform lens with five elements and one kind of optical
material and it meets the requirements of the DSC, wave front error, modulcotion transfer function (MTF) and
distortion for the illumination pupil measurements of the immersion microlithographic projection exposure
machines. It is also analyzed when the Fourier transform lens is used at inverse direction. It is confirmed that
the design method that the different negative distortions are set on the different FOV positions of the Fourier
transform lens is valid.

Key words optical design; imaging systems; Fourier transform lens; sine condition; distortion

OCIS codes 220.3620; 110.3960; 220.3740; 080.3620

1 5 7

H Y 21 S T IE G 201, SR AL TR 2 T 30O R OE 2 H AR R BRI R, il & 2 iR OG
AZEZ P BRI R AR, © AL 2X~1X nm FLART B9 77 o Hod, S28F 2X nm R 8 09 B8 3% £
faf 22 ASML A &) 6 2 HL TWINSCAN NXT:1960Bi 1 H 4 Nikon 23 7] B G ZIHL NSR-S622D 5 32 £5 1X nm &

ks B HE: 2014-11-11; Y2 f& e Fs B H#A: 2014-11-28
E£WE: HEEKREHA/ES H(2011DFR10010)
fEEE N LR (1971—), 5 A B TR, BN R B A R 1 5 . E-mail: calyanmin@163.com

0416001-1



mOE B ok

A Y LR £ R ASML 2N B G ZI AL TWINSCAN NXT:1970Ci Al Nikon 2 &) #4562 HL NSR-S630D , Ho
NSR-S630D J& 345 10 nm 15 25 & 7= G ZIHL . 3% 4 Fp 85 19 6 Z0 B 2 2R FEUE FL A2 (NA)H 1.35 R A
FR-1/ARE R A", B AT IR VT 1) BV &R e 80 BUE ALAR S 0.3375(K R 2 7 1T il B AR =
BLREB S AH T F Ee KAE K 1)

JEZIHL BRI 2R e G I RE MR U T O 20 DB 1 B0 T i, BTG 0 R AR A8 CRE i A e AR A A
A1 45 2 B0 52 B4 B OR [R) IR 048G ff W % 28 O T B2, WA IR O e 1 0 5 o L R A A AR 1 RO B
T o FECZIHL P 2 SR — AN B FL A ML K I 5t B8 B 2R S8 9 O e R, G b 5 40 A T BB AR P ' e A 10 B
N M AR P ) AR i ) B A i A5 43 A1 A AR A R A S

o L AR S Wy 5 25 K AR 22, SR 25 49 AT 2 01, — Rl B gl X, i IE 2 il B ALk, B el ek 2=
FIE 3% 2575 SR & (4 IE , (HR Rl AME 22 AN RE A OE , I UL BE S 0 I3 AL AR BRAR /N . 5 — Rl i 2 41 B
75 55 21 B, B R RN R 2 4 (8 i B ), T A IE S ittt FLAAR 25 o v LA AS BIAR 7 1 B OE o (HZ X FP ) B
I 375 % 1R] B e 15 1E S i, R L 5 RO 508 il R B AR

B 58 A F —F o T 532 nm K B8 B AR OG 2 R G0 A TF 4 A SEe 5], I e SR — S 4 SR
7HGE S 3RO T 5 B S R T 6 B B 2 R ORM AL T A = STt R H 6 Bl g 3 Rk BRI
5 DU St A5 SR S HE R 2 FbE BRI T, 8 58 AT —Fh N A T 532 nm P K 098 B AR O 2R R 4
O TE A SR AR, L S — RN St R ] 3 g e 2 A A RERE T 5 55 RS O S it 461 R P 4 Heads e L3 b
ORI . IF 5% 22 42 R R /NP3 AR B T8 6 R 00 AN o R (B 22 i R i 0 B e A e B ) E 9% A5 A
S A5 TE AR T A% v BE RN A A BE Y DE 5% M R IE b o 33X A & B RN Sk I 5% 28 5/ el A 2 T L g
7S 4 ) B T T 5% 25 TR VE T T e R A A Il I T T BX AR U RO R SRR K 25 A s LR 4y
HH R 7 A TE 5% A I R B 5 TE 5% 4% O S 1) I B M

KARZET TN T = AN FF 632.8 nm P4, SR T 5 BB BT 4 Fho 2% ARG (8 B i AR 40 B L aX 3
] — H 3 H Y & B R R 20 0 T o B o o 5 S T b 3 7 A A R S I K A R S R . e
SCHER[7IR9 2 23058 T35 6.7 8 1 5 IE 5% 25 1114 25 7 43 1 2 80,147 .208.6 pwm; SCHER[8]I K 21155 T #3756,
7.8 0 5 1E 3% £ S 4 B R 50.02.74.12.,90.45 wm; SCHR[91M0 3 23158 T ¥ 3% 6.7 .8 1Y “ 5 1F 5% 4
27535 144.04 .245.2 .346.96 pm. X RUIZ 3R AW LR B 6.7 .8 19 5 1E 5% 45 1w 2540 22 K, HAR
A T DR 2 R 78 A T 1 () A

B X8 B2 AL 20 B BET O i R 8 Y R OK, IR D T s IR B R 2 R R R, AR SR — Ao T
193.368 nm ¥ 1 , >R I 5 Heafs 55 L 1 Bh 24 bRk 0 8 5Lt AR 0 ) B 10 O 2R T, T R IE 5% 4% R O 5 1 1
SR, AR BT it 422 AT SR AR B, g A i ol AR B et A S ) B ) 396 1) 5 B AT 3 B RN

2 IR

BEFLAHBL— M T A A5 BT FLAE A R A L S S W B8 AR A% A A AR, L 1 T AT LA B IR A T8
ZAIL ) AT 57 B, 2 o B R AR S W 0 W T R L A S AT 5 o xR [ IR B AL 3 Ao
TTRAEM 5 o ARG %% — BT T L ot 72 6 0 5 00 00 33 1 7 8, — R T b 42 B A o F AR (CMOS) A
BLE L i 5 G % 1 (CCD) R MLAE A AR 1% 2 i o A B ot /2 46 0 5 1% ) B 4 3 i L i) RO o ) 8 0 A
e ]y AE AR T b A 18] 3 A, RIPE A L A 4 ) 5 00 A3 TR A BR BH DG SR DG 20 A1, T AR OR

h=fsin@, (1)

T h FOR A I E 02 R R L AR ) B AR R 03RO I B L (FOV) £ B (Xt 2 W for
TICT5 L B IE 5% A5 ) o TEATIE 1T b AR A5 B O 20 A A R R B, AR T 4 L v 8 48 ) B X T O 5K AR A
6 R R B, AT DL L e e A A R FR ] O e ) 5 ) OC B L O BB P T BRI O M D RS B

30 ) B o ARl B ARG S R G B B AT B W B AR e B S 2 AN A R AR A A A B R AT X
Th ol L AR ) B N AT SO0 AR B R AR TR T RS S 2 DA I B EOR M 1) P AT TORE S B 0
L L TE 5X A5 A 5 2) X X AR I B A B AR AR 2 5 — X R S B B R W TE JC 9T I, O R TE T AR I,
QAT 5 FETH 5 5% AR I B0 07 B W6 2 W TR T AR T, ' BRI FE JS AR T AR AE TS 95 AL 5 3) VA R R AR 25, 4 AT

0416001-2




S I S

illumination beam of
lithography tools

pinhole reticle

Fourier transform lens

image sensor

1S FLABLR R
Fig.1 Scheme of pinhole camera
e R, 15 /2 Marechal FI 40 225K [ 45 22 24 )7 #R(RMS)/N T 71 mA .

FEADGZ0 LG BB 2 48 09 &8 40 A0 T B 4 R R oK e BE RN T 0,002, B A PEAN 1 £0.003( 30 fH), R
PER L £0.005( 30 fH), 3 41, 58 340 T B 1 vl 98 5 Bl de /N 890 0150 — ke U0 2t 3R 6 1 RS 32 1y i/ 1
0 Xt G2 AR AR AR 173, 34 B 0 40 A PR ORS B T /N T 0.002/3 0 TR A3 A B SCR

NA,
o= 2)
X VA, FoR Y B S  BUE FLAR , VA, 2R IR R S8 i3 5 B L%

A e e L A e ) K T O AR G YO I AR E CCD A ML, G A R E ol 5 0 A F I AR
FEA O, I B e T 5L ik AR 4 ) 455 0V 0 R OE BX A5 (R BT AR AR B . il T T CCD AR AR T = R
4.096 mm , 7] LA R FoF 09 1E 5% 55 A0 25 (DS C) B R

Vs =4.096 mm % 0.002 X 0.15/3 =~ 0.4 pm . 3)

TV L A 5 ) B P R ) A FL AR BIL 0 1 56 2 WL IR R 5 T DG R 1 45 A R AR AL AR Ol 1.35 Uik
KATEH A -0.25 SR R T AL G (ACF)HE 4> T30, 3K 0 193.368 nm, [H I T AT 1 B8 430 R FH #0388 B R s A
ko A L AR5 B 0 ) Ak R R BN (R 10% 11 A i) :

6 = arcsin(1.35/4 % 1.1)=21.8° . (4)

L P A 48 ) B 1 A TR SE R S - CCD AL IR R R ST 16 pmx 16 pm, 1% F E0H 512 pixelx
512 pixel , {27 R F 4 8.192 mmx8.192 mm , 45 21 155 B2 4 4.096 mm o XA 22 K {8 L 748 46 1) 5 ) A R

h _ 4.09 _
sinf sin21.8° 11.0295 mm . ©®)

I3 A FLARAL R B ST LA R R 4T L B AR 0.3 mm , BAEFFL I IR I BE 25 /8 T 25 mm 48 05 TAE
PR T 4 mmo 45 HLIM 22 ) 85 1 BT R Nk 1R
1 TR0 00 T A B o s e ) B 1 oK

Table 1 Requirements of Fourier transform lens for illumination pupil measurement

Items Specifications
Working wavelength 193.368 nm
Half angle FOV at the object side 21.8°
Radius at the image plane 4.096 mm
Pinhole diameter 0.3 mm
Focal length 11.0295 mm
Deviation from the sine condition <0.4 pm
Wave front error (RMS) <13.7 nm (71 m\)
Imaging pixels of CCD 16 pmx16 pm
Working distance at image side >4 mm
Distance from pinhole to image plane <25 mm

0416001-3



S I S

3 fEE AR YO it
HR A & W4 BEE 5 ) 5 Y PR RO R ANT
y=ftan6 , (6)
Ay Fon e R T A B AR R LSRR W B B fR R 0RO A LT A
730 A7) B 1 T2 0 SR R T 5T AC s Y S B e BE OO A T ARG e, 2 ) ) B T AR BARR
AR (6) XA o S AR T S SR o Tk L A g 0y A 0 (1) =X, I8 4 AN R [ I g R (6) 2K, PR A A —
Yy 85 WL 3 A T BN (/0 T 90°) sin @ < tan @, AR, BT B A2 46 ) B I — s o AR B SRR AR L 2 L
35 ) 55 1 TF 5% 5500 25 DSC Sy O s, A4l (1) 20 (6) =X, 7 HEL v 248 46 49 B 11 W A8 40
8Y=h—-y=f(sinf—tan0). (7)
HR A (7)2X T LABH 7 (il 5L 728 6 ) 5 107 32 0 AL 1) R 72 (R, 910 A, i B A% 1 rh 37 R AR BRI L T LA
T B I S e ) A 1 R A N L 2 TR o
K FAXEAS [R] 40 375 £ T B8 AS ) 0 8y 728 {8 A8 7 3 AR i (7) 2 10 5 31 5 4% W 3 ) T 25K (4 AN [m) 47 ey 8 6, O
P RO E TR 1B R Bt T A AR e B AR R W PR 25 B E W B ) B A5 A L O 2 %
JUFp A B AR 4 4 0 AR S 38 ) Code VAR 22 BE T ER 09 AN ) 70 g A8 (B 2R AT DL Ak B i, () s oxh Bk 2 2%
A Tl AR 25 AT A, OF HAE A 500 S 500 2 LR TR R (R ). Ak, B S 15 2 A 4 5Lt
S ) B R D' B A0 1] 3 T s, b A — HUE B A BRSO S E U R 2 s .

22
20
18
- 16
L 14
12
%" 10+
8
6,
4
2,

s 4 0 4 s

Distortion /% New lens from CVMACRO:cvnewlens.seq Scale: 10.00 cym 05-Nov-14
(&1 2 e HL i) 5 i A (&1 3 e B i A 4o 4 5 ¥t 14
Fig.2 Distortion of Fourier transform lens Fig.3 Layout of Fourier transform Lens

AR 3 2 B9 B L R Code VAR HEAT 52 Br Ot 238 308 15 2 A W] 0L 37 # 19 SE B A% s, OF 5 1l /2 IE 9% 2%
PEE B BEAT LU, IR 3 B, Al LU Y, 2% W9 (07 B S92 PR v 5 R S% A5 PR i B AR /N T 0.1 e
2 - PE BB HR

Table 2 Design parameters of every lens

Surface Radius /mm Thickness /mm Glass Semi aperture /mm Related objects
Object 1.00x10" 1.00x10" Object plane
Stop 1.00x10" 3.176317 0.150000 Stop plane
2 -2.011618 1.000000 Corning7980 1.247147 Lens 1

3 -2.778126 0.500000 1.697792
4 42.939553 1.011073 Corning7980 2.160007 Lone 2
5 -5.210862 0.500000 2.260736
6 6.459583 1.560038 Corning7980 2.401202 Lens 3
7 5.571694 2.770663 2.269657
8 -3.416234 4.400359 Corning7980 2.425769 Lene 4
9 -5.828091 0.500000 3.969779
10 10.804657 2.516950 Corning7980 4.436036 Lens 5
11 42.647032 5.002396 4.317894
Image 1.00x10" 0.000000 4.411485 Image plane
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Table 3 Actual image height compared with image height satisfied the sine condition

Height satisfied sine Actual image Absolute
Half FOV /(°) Relative deviation
condition /mm height /mm deviation /pm

0.00 0.000000 0.000000 - 0.000
2.18 0.419551 0.419550 -0.0003% -0.001
4.36 0.838495 0.838500 0.0006% 0.005
6.54 1.256225 1.256230 0.0004% 0.005
8.72 1.672137 1.672140 0.0002% 0.003
10.90 2.085628 2.085630 0.0001% 0.002
13.08 2.496101 2.496090 -0.0004% -0.011
15.26 2.902960 2.902930 -0.0010% -0.030
17.44 3.305617 3.305570 -0.0014% -0.047
19.62 3.703490 3.703420 -0.0019% -0.070
21.80 4.096002 4.095920 -0.0020% -0.082
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Table 4 Actual image height compared with image height satisfied the sine condition

Height satisfied sine Actual image Absolute

Half FOV /(°) Relative deviation

condition /mm height /mm deviation /pm
0.000 0.000000 0.000000 - 0.000
0.545 0.104912 0.104910 -0.001% -0.002
1.090 0.209814 0.209820 0.003% 0.006
1.635 0.314697 0.314720 0.007% 0.023
2.180 0.419551 0.419600 0.012% 0.049
2.725 0.524368 0.524480 0.021% 0.112
3.270 0.629137 0.629340 0.032% 0.203
3.815 0.733849 0.734210 0.049% 0.361
4.360 0.838495 0.839110 0.073% 0.615
4.905 0.943065 0.944060 0.106% 0.995
5.450 1.047550 1.049140 0.152% 1.590
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Table 5 Design results of Fourier transform lens

[tems Specifications Design results
Working wavelength 193.368 nm 193.368 nm
Half angle FOV at the object side 21.8° 21.8°
Radius at the image plane 4.096 mm 4.096 mm
Pinhole diameter 0.3 mm 0.3 mm
Focal length 11.0295 mm 11.0295 mm
Deviation from the sine condition <0.4 pm -0.082pm
Wave front error (RMS) <13.7 nm (71 m\) 0.03 nm
Imaging pixels of CCD 16 pmXx16 pm 16 pmXx16 pm
Working distance at image side >4 mm 4.7832 mm
Distance from pinhole to image plane <25 mm 22.938 mm
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