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Grating Lateral Shearing Interferometry for Suppressing Zero-Order Crosstalk
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Abstract In order to reduce the difficulties in manufacture and assembly of the spatial filter with two square
windows in image plane, we propose a grating lateral shearing interferometry based on a nine step phase shifting
method, which is used to calibrate the zero-order phase error. The zero-order crosstalk could be eliminated only by
a variable space filter. The parameters are designed and the principle verification system is completed for a projection
lithography lens with numerical aperture of 0. 125. Then the wavefront aberration measurement of this lens is
achieved by the restoration of shearing phase and the reconstruction of wavefront. The results show that the
wavefront aberration is less than 20.32 nm. The repeatability precision of the grating lateral shearing interferometer
is measured. The root-mean-square value of the repeatability precision is 0.1303 nm, which shows the performance
of this system is well.
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Fig. 1 Structure of the grating lateral shearing interferometer
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Fig. 2 Schematic diagram of optical structure of the
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grating lateral shearing interferometer
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Table 1 Main parameters of the system
Distance Distance Distance
Size of Grating Number of between between between image
Wavelength ~ Numerical
Parameter detector constant interference image plane convergence  plane and
A /pm aperture NA } ) )
X /mm T /pm fringes N and grating points detector
2 /mm d /pm 2, /mm
Value 0.6328 0.125 12 100 10 2 25.31 48
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Fig. 3 Structure of spatial filter with two square holes
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Fig. 4 Variable spatial filter

¢, = jdnax/T, €D)



I, = Q+Vicos(f +¢,) +
VZCOS(az +¢]/2) +V3COS((93 +¢,/2)a (10

:0; 30, 0
+1 iQ sV
Ve Vy
+1 i
’ ;s
L,
I, = V,cos(0, +;/2) +Vicos(l;, +¢;/2),
(1D
K, = V,sin @, +V;sin s,
(12>
K, = V,cos 0, +V;cos b;,
(1D
I, = K,cos($,/2) — K,sin($,/2).  (13)
KK )
9 .
/2, .
¢, = jn/2, (14)
=4, —3,,0,%,3,4, ,
K, =V,sin@, +V,sinf;, =
*%(II*LJ*{E(IS*I%),
K, = Vicos 0, +Vicos 0, =— (L + 1) —2I,.
(15)
K, .K, 1y
L.

s +1

I, =1,—1;, =Q+Vicos( +¢,)., (16)

[16] (

Hariharan ) o

4

4.1

5 .
9 32)
K, K.,
$3)
, Hariharan
4)
55) Rimmer
;6)
) 37D

)
Fig. 5 Flow diagram of the principle verification test
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Fig. 8 Phase of the wavefront
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Fig. 7 Shearing phase shift interferogram along s 10 o 10
the y direction . 2 .
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Table 2 Results of ten wavefront aberration tests
Group 1 2 3 4 5 6 7 8 9 10
Measurement result /(10 %2) 3.1595 3.1708 3.1659 3.1610 3.1842 3.1491 3.1862 3.2072 3.2099 3.1632
Measurement result /nm 19.993 20.064 20.033 20.002 20.149 19.927 20.162 20.295 20.312 20.016
4.3 o 3
s o 4.2 s
R , RMS  0.2984 nm, RMS
Hariharan , 10 0.1303 nm, )
s 10 10 R
3 10
Table 3 Results of ten wavefront aberration contrast tests
Group 1 2 3 4 5 6 7 8 9 10
Measurement result /(10 %A) 3.3267 3.3383 3.3209 3.2823 3.3523 3.3208 3.3624 3.3978 3.4085 3.2551
Measurement result /nm 21.051 21.124 21.014 20.770 20.770 21.213 21.014 21.277 21.568 20.598
o
s [1] Wang F. Wang X, Ma M, e al. Aberration
measurement of projection optics in lithographic tools
, 9 by use of an alternating phase-shifting mask [] ].
. 0.125 Applied Optics, 2006, 45(2). 281-287.
[2] Cai Y M, Wang X Z, Bu Y, et al. Optical design of
’ Fourier transform lens for measurement of
’ ’ illumination pupil of lithography tools [J ]. Chinese
20.32 nm, ’ Journal of Lasers, 2015, 42(4); 0416001,
RMS , s s
0.1303 nm, o il , 2015, 42

0504002-5

(4): 0416001.



(3]

[4]

(6]

(7]

[8]

Yao C C, Gong Y. Research on temperature
distribution of deep ultraviolet lithographic projection
objective[ ] ]. Chinese Journal of Lasers, 2016, 43
(5): 0516001.

[J . 2016, 43(5): 0516001.

Xu M F, Pang W B, Xu X R .ezal. Optical design of
lenses [J .
Optics and Precision Engineering, 2016, 24(4); 740~

746.

high-numerical aperture lithographic

’ s s

Jl . 2016, 24(4);

740-746.
Zhu B E, Wang X Z, Li S K, et al. High-order
aberration measurement method for hyper-NA

lithographic projection lens[]J ]. Acta Optica Sinica ,
2017, 37(4): 0412003.
s s . NA

[J ., 2017, 37
(4): 0412003.
Fang W, Tang F, Wang X Z , et al. Measurement of
wavefront  aberration of  extreme  ultraviolet
lithographic projection lens based on Ptychography
[J]. Acta Optica Sinica, 2016, 36(10): 1012002.
Ptychography

02 ,

’ ’ ’

2016, 36(10): 1012002.

Fang C, Xiang Y, Qi K Q ,eral. An 11-frame phase
shifting algorithm in lateral shearing interferometry
[J 1. Optics Express, 2013, 21(23). 28325-28333.
Dai F, Li J, Wang X, et al. Exact two-dimensional

[9]

[10]

[11]

(12]

[13]

[14]

[15]

(16]

0504002-6

zonal wavefront reconstruction with high spatial
resolution in lateral shearing interferometry [ J ].
Optics Communications, 2016, 367, 264-273.

Hasegawa M, Ouchi C, Hasegawa T , et al. Recent
progress of EUV wave-front metrology in EUVA
[C7. SPIE. 2004, 5533: 27-36.

Hegeman P, Christmann X, Visser M, et al.

Experimental study of a shearing interferometer
concept for at-wavelength characterization of extreme-
ultraviolet optics[ ] ]. Applied Optics, 2001, 40(25):
4526-4533.

Lano M,

interferometer  for

Futterer G, Lindelein N, et al. Lateral

shearing phase-shift  mask
measurement at 193 nm [C ]. SPIE , 2002, 4691 .
541-551.

Futterer G, Schwiderb J. Uncertainty analysis for
phase measurement on PSM with a 193 nm common-
path shearing interferometer[C ]. SPIE. 2005, 5858 .
321-333.
Miyakawa R,
interferometry to high-NA for EUV optical testing
[C]. SPIE, 2015, 9422, 94221].
Miyakawa R, Naulleau P. Lateral
interferometry for EUV
testing[ C ]. SPIE, 2011, 7969 796939.
Zhu Y, Sugisaki K, Ouchi C, et al. Lateral shearing
interferometer for EUVL.

experiment|[ C ]. SPIE, 2004, 5374. 824-832.

Naulleau P. Extending shearing

shearing

high-resolution optical

theoretical analysis and

Hariharan P. Digital phase-stepping interferometry:
effects of multiply reflected beams [J ]. Applied
Optics, 1987, 26(13): 2506-2507.



