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Process adaptability for digital grating-based focusing
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Abstract: In the digital grating displacement measurement technique, the CMOS pixel array of the camera is
regarded as a ‘digitized’ grating. The micron-scale grating images can realize nanoscale displacement meas-
urements by constructing the period difference between optical grating and digital grating. Combined with
the detection light path of oblique incidence, it can be applied to the lithography machine’s focusing and lev-
eling sensor to measure the wafer surface height accurately. In the actual measurement, the unexpected pat-
terns on the wafer surface interfere with the reflection imaging of the optical grating, then affect the image
processing results. In this paper, a process adaptability method for digital grating displacement measurement
is proposed, which reconstructs the light intensity and recovers the light intensity curve from the CMOS im-

age when interference patterns exist. The proposed method shows good stability when the large area pattern
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appears on the wafer substrate, and can adapt to multiple surface defects such as scratches, particles, stains

and grooves. The experimental results show that the mean square error of the light intensity curve is signific-

antly reduced and the method’s Z-direction error correction is within £33 nm (£30=+41.2 nm) after recon-

structing the light intensity. This method can enhance the process adaptability of the digital grating focusing

and leveling sensor. Therefore, it can serve as a technical reference for the focusing and leveling method.

Key words: focusing and leveling; digital grating; displacement measurement; process adaptability
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---- Digital grating light intensity distribution on an ideal wafer surface

—— The fitted light intensity curve

---- Digital grating light intensity distribution on a patterned wafer surface

—— The fitted light intensity curve

---- Digital grating light intensity distribution after correction (patterned)

—— The fitted light intensity curve

1.0
[<5}
2 08
3
> 06f L
2 g4l | Alignment
£ point before < ..
= 0.2 [ correction I
2 sligtent,
E -02 /,/;A/Iignment
T -04 77" point after
g 0.6 S correction
<= e L 1 1 1 1 1 1 1 1 1
L _ D (B0, 0 .05 O 0O b
£ 08 U G R U U R U el i

-1

.O 1 1 1 1 1 1 1 T
300 400 500 600 700 800 900 10001 100

Pixel coordinates of the light intensity curve
15 A IR AYGoR M2 Fxd v S R

Fig. 15 Light intensity curves, alignment points and their enlarged views before and after correction
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