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Abstract With the development of semiconductor manufacturing to 1x nm technological node, focus control
accuracy of lithography needs to meet dozens of nanometers. In the range of nanoscale, integrated circuit (IC)
process on silicon wafer has an important impact on the measurement accuracy of the focusing and leveling system.
A process dependent error model is established based on actual focusing and leveling optical system model,
trigonometry and Moire measurement principle. Research shows that process dependent error mainly results from
the multiple reflections inside the photoresist. Simulation is conducted with three different photoresists. The
simulation results indicate that process dependent error of different photoresists has the same trend as the
photoresist thickness and process dependent error decreases with the increase of incident angle (45°~85°). Seven
processed silicon wafers are measured on the experimental setup. The statistical mean of the difference between the
experimental measurement and the theoretical model calculation is less than 6 nm. The results show that, in order
to reduce the process dependent error, it is necessary to increase the angle of incidence of focusing and leveling
system in lithography and improve the uniformity of the photoresist coating.
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Fig. 1 Basic principle of focusing and leveling measurement technology
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Fig. 2 Schematic of focusing and leveling measurement system
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Fig. 3 Basic principle of leveling and focusing measurement accuracy affected by IC technological structure
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(a) Curves of different photoresist on substrate Si; (b) curves of PI6133 photoresist on substrate Si and Al
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Table 1 Parameters of processed silicon wafer

Wafer Substrate Resist type Photoresist thickness /nm
Calibration Si
Process No.1 Si S1805 48.2
Process No.2 Si S1805 108.3
Process No.3 Si S1805 293.0
Process No.4 Si S1805 371.1
Process No.5 Si S1805 615.2
Process No.6 Si Si0, 211.5
Process No.7 GaAs S1805 110.2
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FT T 3000 B 252 62 A2 B AU L PR B 2 O A R SR L 10 (h) A Co) B BB AF AR B, B, R
JHEE AR R 1 pm JE RN 2000 A SRAF A7 041 39 ER PRAS 52 56 Kodls S5 BB RO 22 5 . B S 10 KL B IR
SEUG B 0 B 10D FiaR . s R 5 A4S S1805 S ZI R Mk B RS BN EE A 10 IR EIE S
5Ca) B 07 AR XS EE AN 11 7R SCHe 45 R 5 BOE 0 BCAE R — 2. 8 ANRE AR i 10 YO f) - 24 e A
PREZE SR 2 Fros  BOSTHR(E 5 SC 8 B BB 22 5% /N T 6 nm,

= 30
f I [ ]
S 20
g L
i |
g 0rg
< L
g
o 0F
[
<] L
% ~10
§ | theory
= B experiment
& 20t it
1 1 1 1 1 1 1 1 1 1 1 1 1

0 100 200 300 400 500 600 700
Photoresist thickness /nm

F1T Sz B 5 07 BEC X LR

Fig. 11 Comparison between experimental data and simulative data
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Table 2 Theory-experiment difference under different processed silicon wafer samples

Experiment
Wafer Theory /nm - Theory-experiment difference (mean) /nm
Mean /nm Sigma /nm

No.1 4.4 8.4 3.2 4.0

No.2 8.4 13.9 3.2 5.4

No.3 20.5 23.6 5.2 3.1

No.4 1.6 2.9 4.1 1.3

No.5 —3.1 0.8 3.7 3.9

No.6 25.5 22.5 4.6 —3.0

No.7 8.2 11.4 2.5 3.2
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