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Design and analysis of iris diaphragm structure
in lithographic projection objective
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Abstract; The diaphragm structure in a lithographic projection objective is designed depending on the charac-
ter demand for large adjustable ranges, small installing spaces and high adjustable precision, and the iris dia-
phragm has an aperture of 236 mm and adjustable precision of NA +0. 003. The parameters of the iris piece
are calculated in detail and the size of part is acquired. Then, the part of gear is used to reduce the mass and
motion friction of the motion structure and the strength of parts such as the rivet and gears is checked to ensure
the adjustable precision and material stress of the diaphragm. It is shown that the stress of all of key parts of
the diaphragm meets the requirement of the system and the nature frequency of the diaphragm is no dense fre-
quency phenomenon. These results prove the rationality of the proposed structure.
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Tab.1 Thickness of parts (mm)
[#] 7 B4 CEIBAN gy e A
5 3 5 0.2
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Fig. 1 Model of diaphragm structure
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(a) Moon-like iris piece
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(b) Single circle iris piece
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Tab.2 Structure parameters of iris piece

7;,./ Mm T,/ Mm r/mm a/mm

w/(°) N

t/mm B/ (%) r,/mm r,/mm d/mm
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Tab.3 Material properties

R sl I p/(grem ™) FPER £/ GPa THRALE 1 BihiiE o,/ MPa
Ay AT 8.86 113 0.32 370
[i5] 5 B 454 7.8 206 0.28 600
CFZIEN 45# 7.8 206 0.28 600

BT 1Cr18Ni9 7.8 206 0.28 600

Yk 40Cr 7.8 206 0.3 750
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Fig.3 Distortion and stress diagram of fixed ring
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Fig.4 Distortion and stress diagram of motion ring

RS2 T A Al e S SO M= R A ik sh” B
G5 EOG R O ) 45 e 1 45 3 i e 1 8
f5% 1 A R AL AR B DI TR ™ A I 5 538 ) 2
b, DL R G PEREFR By Tk

-y, N 9
4 2 2 %
¢ & ¢
Fig.5 Vibration model diagram of the first 3 order nat-
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Tab.4 The first 10 order natural frequencies

Bk 1 2 3 4

6 7 8 9 10
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Fig. 6  Finite element model of gear
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Fig.7 Contact stress diagram of gear surface

FROCHIARL, /] 7 J2 U0 e ALY =B, e
SR AN T A B, 2 B /N 1 5 1 B D R
UK, HAE Ml T3 o4 350 MPa,

E 7 HRTLLE Y R oK i g R
42.3 MPa,ze/NFIF AN I ME, i B45 R %
A L R0 8 110 D 005 /I 0 8 e Mk b 17 7 ALK
X R e 1A T A 7 16 R Ak 2L
3.4 REARBESH

S 58 12 B ALY 118 TR0 B2 52 M o' B R RS 2 1)
FEAE Hop 2R A o R i
(U B SR w22 A AT S EET AL EC A TR, o
SRR 7 PO, LRI R I 14 B SR 2
S 32 pm F190 pm &3l LR 7,39, #5580
ETFLRFIRIBRAL A, I B R 20 wm ¥ iR JLA
R SRR KV A W F G h f 20

32x10° 180 1 90 x107 _ 180

23 X7z 7307 110 7

20 x 107 180 .
T = 0.049° . (12)

HITOLR e M 5 LA AR LR R & h
(7)) T4, Y555 0. 049/t FLAR K AR .

0.049
4

M TG FLEE N 236 mm B %FRE VA 4 0. 75,
BRI/ NA B I 3% IR G R, 15
FI G BR B4 I L OKG E 24 A NA = 0..000 2, i /&2 NA
+0. 003 (1A BERG BEZLKR

Ar = 2rsin

= 0.06 mm . (13)

4 % #®

ARSI RN B B AT AR T T3
SRR AR B OB A R TRAA S itk T
T shalithy R U 4 FE 081N 13z S HLI Y 5
FIEESE N SCHEEE R (1817 26 TG ShFR A EIAT)



406

Hh[EDE2E §5%

AT T 21008, RO R B A SR AR ARSI AR B BRI ORI AL 2K
TETHE fph i B8 HEATT 1 43T, 235 SR R W5 AN TR A 1 i

SE Ik

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

EAA 2R RAADSCRE H SR RGERRETE T[] b F 455 £42,1999,7(1) :100-104.

DONG L L,JIN H. The stabilization analysis of automatically adjustable optical-intensity system using iris diaphragm[ J].
Opt. Precision Eng. ,1999,7(1) :100-104. (in Chinese)

FAFRERE TR AR RYAE [ M. bt JU TR R, 1993,

LI W,LI D X,CHEN N G. Photography Apparatus[ M]. Beijing: Beijing University of Technology,1993. (in Chinese)
ESUAR. FRIR AR TR R GE A BIF R B HSC BRI SE [ D). MR« I R Tlk K%, 2007

WANG Y L. Development of the special caliber dimming system and its experimental study[ D]. Harbin;Graduate Harbin
Institute of Technology,2007. (in Chinese)

A IR SCZIE RGN IR G R E[T]. o+ BRSPS 2 RS ,2008,1(1) :25-35.

GONG Y,ZHANG W. Present status and progress in 193 nm exposure system in lithography[ J]. Chinese J. Opt. Appl.
Opt. ,2008,1(1) :25-35. (iin Chinese)

MRS AR ER S]] RS S B A RS ,2010,3(5) :452-461.

WANG L P. Optical system of extreme ultraviolet lithography[ J]. Chinese J. Opt. Appl. Opt. ,2010,3(5) :452-461. (in
Chinese)

(R FAE AT M) Zo 440, b F AR F H[ M. e st E B Tl ik, 1972,

Editor group of { Optics Apparatus Design Manual). Optics Apparatus Design Manual[ M ]. Beijing ; National Defence In-
dustry Press,1972. (in Chinese)

Wi, BT A AL S S A IR AT AL SR RE LU A S TH BRI [ )] o F Tk & 34,2007, (144) :74-76.

CHANG Y,ZHEN W C. Gear and worm-wheel steering gear’s performances comparison and backlash eliminated structure
[J]. Equipment Electronic Products Manufacturing ,2007 , (144 ) ;74-76. (in Chinese)

A A . ELAR WG 0T G A IROCOT L S RO [ T]. 8% Tk K 52 524R,2010,30(3) :239-242.
CHENG W D,CAO Y. Simulation study of meshing fatigue strength of involute cylinder gear[ J]. J. Xi'an Technological
University ,2010,30(3) :239-242. (in Chinese)

EEB NI PE(1987—) 3 MR W+ B oE s> B, EENFOEHLEE BT 5B K% T2 05 i 5% .

E-mail : sunzhen176@ 163. com
JL A (1968—) B ARt O T AR , 1E A SO, RN SR B S DL — R R 5
FIHRYAESY . E-mail ; gongy@ sklao. ac. cn



