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Application of aspheric technique in immersion lithography
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Abstract: NA1.35 immersion lithography lighting system is the core of the very large scale integrated
circuit device. In order to satisfy the high resolution requirement of lithography exposure optical system,
aspheric lens could be added to decrease the lenses number and increase the energy usage ratio. To solve
disadvantages of processing difficulty and low control accuracy of aspheric lenses, the optimization control
and testing method of aspheric surface were proposed. By optimizing the aspheric shape to guarantee
steradian as well as aspheric inflection point, processing and texting control range could be also satisfied.
The illumination system had the largest number of module coupling lenses. By optimization of aspheric
lenses, number of lenses decreased from 12 to 9, and energy utilization increased about 25%. In addition,

prosperities of NA consistency, image telecentic rate, dispersion spot diameter and distortion were
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improved, which satisfied the exposure energy requirements on the mask surface of the optical system. So,

the aspheric control technology had good processability and detectability.
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Fig.2 Design result of the spherical coupling lens

Bi Sk WAL RO B BB IUSCR K LAY SR, Bk
W A2 R T B2 D62k 50100 R DG B2k 22 ) I 52
P T, i B AT ORI s, RS Sk &
BRI AN IE] 3 7 | e R AE o 0.07%

OBJ HT
ri0

-1.0% -0.5% 0 0.5% 1.0%
Distortion

[ 3 A B A IR T W A 25
Fig.3 Distortion of the spherical coupling lens
HUBOHEORMBTHE R R 1 s,
®1BERIEKMZTITERMER
Tab.1 Design requirements and results of spherical

coupling lenses

Parameters Requirements Results
Wavelength/mm 193.368 193.368
Magnification 1 1
Object space NA 0.3375 0.3375
Object height/mm 108 108
NA uniformity <0.3% 0.15%
Telecentricity in image space/mrad <0.2 0.05
Dispersion spot diameter/wm <100 60
Distortion <0.1% 0.06%
Working distance ahead/mm >20 41.9
Working distance behind/mm >100 107.3
Conjugate distance/mm 1 600 1 600
Most optical aperture/mm =300 280
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Fig.4 Design result of the aspherical coupling lens
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(b) Design result of the third aspheric surface
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(c) Design result of the eighth aspheric surface
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(d) Design result of the ninth aspheric surface
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Fig.5 Design results of the aspheric surfaces
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Fig.6 Distortion of the aspherical coupling lenses
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Fig.7 Image telecentricity degree of the aspherical coupling lenses
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Tab.2 Design requirements and result of the

aspherical coupling lenses

Parameters Requirements Results
Wavelength/mm 193.368 193.368
Magnification 1 1
Object space NA 0.3375 0.3375
Object height/mm 108 108
NA uniformity <0.3% 0.13%
Telecentricity in image space/mrad <0.2 0.013
Dispersion spot diameter/pm <100 30
Distortion <0.1% 0.01%
Working distance ahead/mm >20 43
Working distance behind/mm >100 105
Conjugate distance/mm 1 600 1 600
Most optical aperture/mm <300 260
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Fig.8 Relative intensity distribution of the light energy on the mask
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