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Abstract: The impacts of pupil filling unbalance on image CD placement error, H-V bias (the size difference
between the vertical lines and the horizontal lines) and I-D bias (the size difference between the isolated lines and the
dense lines) are calculated using software PROLITH under annular and quardupole illumination settings. Calculations
show that the main effect of pupil filling unbalance on imaging performance of lithography is the image CD placement
error. The image CD placement error caused by pupil filling unbalance is proportional to the pupil filling unbalance.

The tolerance of the pupil filling unbalance of 5% is achieved according to the budget of the overlay accuracy.
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lens pupil plane under annular illumination (a) and 5.26%.2.56%,U, BXK/PMRE,
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6 3 LA

HECB O B A o R X 6 2 A AR R B B R 887

B 2 ARG AR R A A EE . (IR B, (b) R R B

Fig. 2 Light intensity distribution in the lens pupil plane with pupil filling unbalance under annular illumination (a)

and quadrupole illumination (b) conditions
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BHEABM NA/c B, HH Setting 1 5
Setting 3 241 % 100 nm #5428 5 % £ IR (DOF)H
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#1 PROLITH ffEZ#
Table 1 PROLITH simulation parameters with

LPM model
CD size 100 nm
Wavelength 193 nm
Reticle type Binary
Resist contrast 17
Aerial image diffusion length 20 nm
Effective resist absorption coefficient 0.2

*2 HERITHESH NA/cRE
Table 2 NA/s settings under annular and quadrupole

illumination conditions

NA Annular Quadrupole

Oi Oo i Oo

Setting 1 0.82 0.51 0.81 — —
Setting 2 0.75 0.51 0.81 — —
Setting 3 0.76 — — 0.15 0.9
Setting 4 0.7 — — 0.15 0.9
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Table 3 Slope of the image placement error versus pupil

filling unbalance under settings 1~4

Defocus  Setting 1  Setting 2  Setting 3  Setting 4
/pm /nm /nm /nm /nm
0 0 0 0 0
0.05 1.78 2.53 0.71 1.04
0.10 3.53 5.08 1.45 2.08
0.15 5.20 7.72 2.24 3.12
0. 20 6.78 10. 47 3.11 4.17
0.25 8.11 13. 37 4.13 5.21
0. 30 9.05 16. 49 5.29 6. 25
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Fig. 3 Image placement error versus pupil filling unbalance at different defocus at setting 1 (a), setting 2 (b),

setting 3 (c¢) and setting 4 (d)
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