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Calibration Method for Alignment Error Caused by Asymmetric Deformation of
Mark and Its Application in Overlay Measurement
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differences in alignment positions of the asymmetrically deformed wafer alignment marks under illuminations with
different wavelengths and polarizations to calibrate the alignment error, and the proposed method exhibits good
error, improving the process adaptability of overlay measurement.
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The asymmetric deformation of silicon wafer alignment mark after lithography process causes an
process adaptability. Additionally, the proposed calibration method is extended to calibrate the overlay measurement
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alignment error. Currently, such errors are typically calibrated via process verification; however, this method is
challenged by its lack of process adaptability. Herein, we present a new calibration method which uses the
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Table 1 Refractive indexes with alignment mark materials under different wavelengths

Refractive index

Material
532 nm 632.8 nm 775 nm 850 nm
Si 4.1520+0.05179i 3.8823+0.01959i 3.7139+0.00799i 3.6730+0.00500i
SiO, 1.4607 1.4570 1.4541 1.4525
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Fig. 4 Asymmetric alignment marks with different shapes. (a) Round shape; (b) wedge shape
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Fig. 5 Alignment measurement errors as [unctions of deformations of different asymmetric alignment marks under

illuminations with different wavelengths and polarizations. (a) Round shape; (b) wedge shape

R ARAT v B R N e 1R 25 R B IE R, AT
DA 32 HOGS I 0 5k 5% 22 22 S5 5 O 1A 7 100 e S AR A T
X IR ZE MBI . T 04 ff 632.8 nm M
W TE fi 9k 25 I 15 A 3R X FRAZ T 51 A8 4 o
M AR 22 R R R, 4% 850 nm BB K (TM f Hk
I T AR AR X FR S FE 51 X o I 1R 25 R OR Oy

5
@
4
£ 3
€2
1
841
0
-1
9L, . . . . . i . X
0 2 4 6 8 10 12 14 16
R, /nm
56 f5rsh

Ry, R.5 R\ ZHEFHEKESR . R.—R,5 R, K
R 6Ca) s, [AIAE K 532 nm BB K TE
s H5e 245 s 42 g X B AR T 51 A B X o 0 12 22
KW, 850 nm B K TM i 41 25 B 42 £ %o
FRAETE 51 AR e iR 22 %o W, W, 5 W
BMRES W, —W, 5 W, ERME 6 xR,

10fb)
8 L

6t

W -W, /nm
W

0 10 20 30 40
W, /mm

. (@ R, —R, 5 R, MKFR;(b) W, —W, 5 W, [HEHR

Fig. 6 Simulation results. (a) R,—R, as a function of Ry, ; (b) W,—W, as a function of W,

HRAE P 6 F iy G AT AR G A 3 T8 R o A5

5 DN 1 22 S oRAB OE i 0 AR IC AR X FRAZTE 5

B X TN % 22 DTG B o 0 T R T A T2
PE. I RITE SR OG 2 T2, X HE AR I 1 R TR

0704004-4



th i

i ot

b s e R A — R B AL RN D T B R %A 1E 7
T 2558 I AR X HE R IO AR SE PR O %) T2
MRS IF 3h 45 5 R £ 2 nm Fl+4 nm, 1 5877 30 4

g 0.050
o 0.025
2 &
EE o0
bt
EE _0.025
R
< £-0.050 ) ) .
2 —e— width drift 40 nm \
& _0.075] — = - width drift 80 nm N
g height drift 2 nm x\
—0.100} —* — height drift 4 nm w
0 10 20 30 40 50
R /mm

A +40 nm A1 £80 nm, EMIEHR T, X FAFE
B X R I AE X AR AR T & L 1% 07 18 1R R R T
IR EFEGRME 7 R,

0.10F
g
&
B 5 0.05¢
£5
2 O
20 &
<2
< 2 -0.05¢ o N
a —e—width drift 40 nm "% /
o — = —width drift 80 nm W
g 010 height drift 2 nm Y ~
: —a - height drift 4 nm ™
0 5 10 15 20 25 30
C /mm

7 R TRI TR AR AR X B o6f v b 0 T 18 1E 5 B0 v R 22 . () IR A TR AR 5 (o) B A T AR
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(a) Round shape; (b) wedge shape
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Table 2 Refractive indexes of overlay mark materials under different wavelengths

Refractive index

Material
400 nm 500 nm 600 nm 700 nm
Si 5.5674+0.3860i 4,2992+0.07041 3.9485+0.0274i1 3.6730+0.0122i
Copolymer resist 1.4961 1.4864 1.4827 1.4809
SiO, 1.4701 1.4623 1.4580 1.4553
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Fig. 11 Overlay measurement error as a function of deformation of different asymmetric overlay marks under illuminations

with different wavelengths and polarizations. (a) Round shape; (b) wedge shape
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different shapes after calibration. (a) Round shape; (b) wedge shape
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