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Abstract: The X-ray interference lithography (XIL) beamline at Shanghai Synchrotron Radiation Fa-
cility was introduced. To achieve the beam deflection and optical pathway switch of the beamline, a
deflecting mirror system of XIL beamline was designed. The function of the deflecting mirror system
was analyzed and its adjusting mechanism, switching mechanism and cooling structure were designed
respectively. The key movement of adjusting mechanism was discussed, which is the translating
process of a linear motion outside the mirror chamber into a rotary motion in ultra high vacuum. Then,
the relationship between repeatability and carrying capacity of the switching mechanism was analyzed,
and the strength of precision screw was checked. A cooling structure was designed by integrating a
mirror support mode and a cooling mode, and the cooling effect was analyzed by numerical simulation
method. The simulated results show that the meridian direction slope error and the sagittal direction

slope error of the deflection mirror are about 6.5 rad and 7 rad respectively. The precisions of adjus-
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ting mechanism and switching mechanism were tested by a laser interferometer and a photoelectric au-

tocollimator, and testing results show that linear resolution capability of adjusting mechanism is up to

0.2 pm, and the repeatability of switching mechanism satisfies the technical demands.

Key words: Shanghai Synchrotron Radiation Facility; X-ray interference lithography; deflecting mir-

ror; structure design; precision testing
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Fig. 1 Optical principle of XIL beamline
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Tab.1 Requirement of mechanical precision and

shape error of deflecting mirror

W AW #HE [ii§jZ

FEnE] x Wi R

B AL +1° 0.5" N/A  N/A

x N/A N/A 10 pm N/A

y 10mm N/A 5 pm N/A

i1 z N/A  N/A  10pm N/A
WHE o~z N/A N/A 2" N/A
ry N/A N/A 5" N/A

rz N/A N/A 4" N/A
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Fig. 2 Scheme of adjusting mechanism of deflecting mirror
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Fig. 3 Adjusting mechanism of deflecting mirror
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Fig.4 Scheme of switching mechanism of deflecting mirror
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Fig.5 Switching mechanism of deflecting mirror
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Fig. 6 Cooling structure of deflecting mirror
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Tab. 2 Material parameters

. Young's Thermal Specific Thermal
Density Poisson’s ) o
) modulus expansion heat/ conductivity/
/(kg « mm *) ratio ] ) .
/MPa /(1/°C)H (JekgteT™ (Wemm '«C™H)
Si 2.33X10°" 0.28 110,000. 0 2.2X10°° 702.0 0.15
Cu 8.9X10 " 0. 33 130,000. 0 1.66Xx107° 385 0. 37

it SPECTRAS. 1 1HH 5, 2 A4 61k
WO 92.5 eV I B L BRI i D Rl 155 W,
B R T 2R % BE Ky 0. 241 W/mm?*, {018 7 fr
IR REFAR YRS RN 2 Bios . A HIK I X
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30 °C, it ANSYS #4443 00 X i 4
5 (10 4 B 68 4 TR AT BB 1/ 4 R % B DL 4 S
B8 B . B 8Ca) Ayl e B ) Ik JBE 3 43 A, e/
H 57. 41 °C, 1 BLAE 5 JC AU M 42 fk 1) — THT e
KA N 64. 726 C, 1 BUAE [] 25 4 5Ol IR X 38,
MAELGE ST LLF R A HK 3618 T 854 11
VAR IR R e KA 2T 7.3 °C L X B R

TR AR C 5 HIK Z ) 7 A T gk,
Bl 8 (b) Ny i % B2 1) 5 R0 ) 4 A, e KAE N
1. 143 2 MPa, i} 307 [6] 25 4@ 5 Ol BEURF X 88, 78
)25 6 1 BEAF T  B F #AR JE 2 R Rk e iy, LR
o VA E 5 v e A g R B Ak AR . X T
B A PR UEHORS B Y 6 B R DR IE L A7 O )
T 152 25 RS 7 1) T8I 1% 25 2 8% /N i 7 5%+
FRIVR IR 2ZEE R 9 pros, 2R 9a) i,
250 o5 i 2k R B 1 R E T T IR T S AR T
B S a5 2k R BE T T Y A0 T
BiR2zE ., T m AR KRR N 4.53 pm,

LIAE R4S 7 0 55 mm &b, B/NETE 2 R 4.
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Fig. 8 Thermal-structure analysis results of deflec-

ting mirror
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Fig. 9 Analysis results of slope error of deflecting mirror
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Fig. 10 Entire structure of deflecting mirror system
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