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Abstract To meet the illumination system requirements of 45 nm and below node lithography technology, the
micromirror array (MMA) used in the beam shaping unit of deep ultraviolet lithography illumination system is used
as the key device to produce the freeform source required by the source-mask optimization(SMO) technology. Based
on the structural parameters of MMA as well as the manufacture and adjustment characteristics, the angle error
types of MMA are analyzed. On this basis, the Monte-Carlo tolerance analysis method is used to simulate the actual
manufacture and adjustment processes. After the influence of the micromirror angle error on the exposure results is
investigated, the angle tolerance that meets the exposure requirements is established. The results show that when
the angle adjustment tolerance and the process angle tolerance of MMA in the orthogonal direction are within the
scope of (£0.04°, +0.06°) and (£0.04°, +0.04"), respectively, the critical dimension error (CDE) obtained by

exposure is less than 0.33 nm at a confidence probability of 98.1%.
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Fig. 1 Layout of beam shaping unit
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Table 1 Main design specifications of MMA

Parameter Number Size

Gap Radius

Value 71X71

0.500 mm X 0.707 mm

0.0500 mm X 0.0707 mm oo
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Fig. 2 Schematic of rotation angle characteristic
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Table 2 Main design specification of other elements

Focus of Focus of relay  Diameter of

Parameter  microlens / condenser / pupil plane /
mm mm mm
Value 164.7 1000 150
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Table 3 Simulation results of angle of micromirror

Rotation angle (a, ) /(%) 0, 0)

(2.12, 0)

(—=2.12, 0 0, 3) 0, —3)

Center coordinate (x, y) /mm 0, 0)

(0, —74.23)

(0, 74.23) (—74.23, 2.25) (74.23, 2.25)
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Fig. 3 Flow chart of tolerance analysis of MMA
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Fig. 4 Intensity distributions of illumination modes. (a) QI; (b) DI; (c¢) Zernike
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Fig. 5 Exposure results of angle adjustment error for three kinds of illumination modes. (a) QI; (b) DI; (c¢) Zernike
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Fig. 6 Exposure results of process angle error for three kinds of illumination modes. (a) QI; (b) DI; (c) Zernike
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Fig. 7 Exposure results for different Ae and AB. (a) Angle adjustment error; (b) process angle error
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Table 5 Exposure results of error illumination mode

simulated by Matlab

Illumination mode CDE /% Ad ¢p/nm
QI 1.20 0.336
DI 1.21 0.339
Zernike 0.28 0.078
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Table 6 Exposure results of error illumination mode

simulated by LightTools

Illumination mode CDE /% Ad ¢p/nm
QI 1.35 0.378
DI 1.23 0.344
Zernike 0.28 0.078

LN 2 T IR G Ad op 19 BT 543 15 40

B 8 Fian, £ MBI Adop TE 98.1 W Y B AS
HESR R /NF 0.33 nm, BEAE PR IEFE 14 nm 9 &5 &4
TIIEETE K,

100
90 ---DI S
80 N
70 [

60
50 [
40 P
30 /
20 P
10

Cumulative probability /%

00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Ad, /nm

8 AZEAERTI Adcp R
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