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Measurement method for surface topography based on
quadriwave lateral shearing interferometry
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Abstract: In order to solve the problems of high processing difficulty and limited spectral application range of specific
spectra device in traditional quadriwave lateral shearing interferometry system, dividing incident light beam into four beams of
lateral shearing coherent wavelets was proposed by using a spatial light modulator instead of a spectro grating. The diffraction
efficiency of wavelets was adjusted flexibly by adjusting the refractive index of grating to adapt to the illumination light source,
and the optical path difference distribution reflecting the height information and refractive index of the sample was reconstructed
according to the interference effect between two wavelets, so as to realize accurate measurement of surface topography in a wide
spectral and large dimensions range. In this study, the effect of incident light wavelength on the reconstruction accuracy of optical
path difference was investigated by combining the Fourier transform method, and a wide spectrum quadriwave lateral shearing
interferometry system from the visible to near infrared was built using a spatial light modulator. The results show that the system
measured the etching depth of a standard quartz sample at 209.39 nm + 1. 72 nm, which is basically consistent with its nominal
value of 210. 83 nm +2.39 nm and the measurement value of 212.92 nm + 1. 35 nm by white light interferometer, which verifies
the effectiveness of the surface topography measurement method proposed. This study can provide a theoretical reference for the
extended application of quadriwave lateral shearing interferometry in the field of surface topography measurement.

Key words: measurement and metrology; surface topography measurement; quadriwave lateral shearing interferometry;

spatial light modulator; optical path difference reconstruction
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Fig. 1 Schematic diagram of a surface topography measurement system
based on quadriwave lateral shearing interferometry
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Fig.2  Normalised intensity distributions for the first-order spectrum and interference spectrum
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Fig.8 Surface topography reconstruction results of quartz sample



$48 % A6

HEEEE T DU 1 5 B T 25 T S0 )y i o1l

209.39 nm + 1. 72 nm, [H [}, A< 2K 38 2 QLSI &
GE R R AR E

A S EAS AR T 7 VR I A 9 1 2 ok R BE 1Y
HERE , R F DG T8 (ER230, ATOMETRICS ) X 7]
— o o ) 221 e R R A0 A A A7 A i ) e R
BE R 212.92 nm +1.35 nm, @13 1 FioR, %A JERE 5
HIBRPRZ A O 210. 83 nm £2. 39 nm, KA S
S A 7 % I Ay e A g 220 1 TR R A R R R 22 R
0.68% , 6T W kA A A X R 22 4 0. 99% , W A
IR 2 R SRR A PR PR L) 45, WA SO 4
H A7 5 RE BT HL R I 29 K A i ) R TR S, HL R
AR MR . Hk, B T8 )2 94 0 s B 06 T
WAL — D I 5 EEAR I 1 T3 18, Y B BE
400 5, HE 0 B [ (5 J8CAR I 18] P 4R 52 BRI
]) 2 23.53 s, 1M QLST HLF5 2 i 141 B 5¢ ik
TET TR 5000, I Sk k1) % F0 A5 0 PR 2 B ) )
VAN I WIS 1 N R = B e 2 @19/ R 1 P S R 1 B
1 F A A it 3 i 2 b R B R A R E o
F 1 AR5 G T8 A1 Sk B9 20 il R EE AR 1222
Table 1  Etching depth and relative error of quartz sample measured by the

method of this paper and white light interferometry

mehod type o rlaive - measuring
nominal values 210.83 +2.39 — —
white light interferometry 212.92 +1.35 0.99 23.53
proposed method 209.39 +1.72 0.68 <1
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Fig.9 Surface topography reconstruction results of silicon wafer sample
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Table 2 Height and relative error of silicon wafer sample measured by the

method of this paper and white light interferometry

relative measuring
hod h/
method type o error/ % time/'s
nominal values 200 — —
white light interferometry 201.63 +1.05 0.82 21.63
proposed method 201.95+1.19 0.98 <1
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