(1 K S

LASER TECHNOLOGY

HT ISR A B I T AR SR B Tk
AR, 300, RS, S, AR, S

Measurement method for surface topography based on quadriwave lateral shearing interferometry

FIHASL:

T BB B SCARA U S T R 3. T DU 1) B D) T I8 AR D B D5 34T, BOEEOR, 2024, 48(6): 906-912.
DONG Zhengqiong, HUANG Xianwen, XU Ren, et al. Measurement method for surface topography based on quadriwave lateral
shearing interferometry|J]. Chinese Journal of Liquid Crystals and Displays, 2024, 48(6): 906-912.

] REBIGER ) HoAh SC

1. JCEFSPRAZ IR AR S H506 41 5 420 i R B 11 5 1

SUTASC: BRi e, T HAL, #h0CIE, 5. JGEFSPRAZIEAR S 00T S 380 5 R U3 A2 [)]. OGEOR, 2023, 47(3): 329-334.
2. BT KA CLF M G LR AL

FURASC: v, $87 0, 2508, 4. TG UM CLRRAAAZ BRI WOGHR, 2023, 47(1): 41-45.

3. A EEAEXTRER Gt T BIEAR A 8 i 2R AR A 5

FUHASC: AR, TR, 5K, 25, BREARXFRR G & BHAE AL R s Rr R BFIEL . BOGHOR, 2023, 47(5): 587-591.
4. BT R A S5 K e 34 8 5 T

SUHASC: kB2, RRBH, XEIREE, 4. JE T8 RSB A ZE O34 A% 07 200 BOEHIAR, 2023, 47(4): 492-499.

5. ST DPMZMI O 6T R oL 78 ik 0 5 i

SUHASC: BAES, BREak, B, 55, LT DPMZMI SO G T RSO 5 05 B M) BOGHEIA, 2023, 47(6): 729-735.


http://www.jgjs.net.cn/
http://www.jgjs.net.cn/
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.03.007
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.01.006
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.05.002
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.04.008
https://doi.org/10.7510/jgjs.issn.1001-3806.2023.06.001

Ea8 % e b Bin E5a A Vol. 48 ,No. 6
2024 4F 11 H LASER TECHNOLOGY November,2024

NEHS: 1001-3806(2024)06-0906-07

E TR ER YT HRREHENETTE

FER ERX & CLREE ERELE B
(LWL Tk HUBR TR e BB T R TR T 560, 2RI 430068 , 5 2. LRI Tl ko=l
FFEBE, 2R 441100, HE)

FEE: BT AU R 5 D0 R ) 85 U) T35 I i R G0 PR S e AR AR B TR e i 3 P L A2 PR A6 ) 8, )
FA 22 TR GO CIPREE A2 4 SRS ) B YIAE T 7ok, 388 358 SR 3 P8 98 G ) 5 35 St 8 skl - 0 A S o
LIS N7 R G, TR 0 T 00t P 0 Ak oy o S S LR o AT S SR g S A B R 25 40 A0 L R AT S S 6i% R~
BBl PN 1 2 T TS50 06 0 £ 5 485 A L P AR By R 98 17 A AN [R]85 1 X0 S 2 T NS B2 s M R , 300 R 2 1) S 8 71
AT 1 £ TR G IR A TE GRS DU RS ) B U] T R G, S5 AR R K R G A AR MR A 2 il R
BE (I 45 554 209. 39 nm + 1. 72 nm, 5EAFFRE 210. 83 nm +2. 39 nm Fl 4 YT 30 AE 212. 92 nm + 1. 35 nm 34
PRAF—2, B iE 1 TR R A & 5 1 A R o SIS AT A WO iR A [ B BT 95 e AR FE 3R T TR A0 DN i S A 4 R

Mt 2%,
SRR W e SRR A & 5 DU ) 5Y V)T ZS DGR S g bR 2
HESHES: 0436.1 THRARARRD: A doi: 10. 7510/jgjs. issn. 1001-3806. 2024. 06. 017

Measurement method for surface topography based on
quadriwave lateral shearing interferometry

DONG Zhengqiong' , HUANG Xianwen', XU Ren', ZHU Renlong' , ZHOU Xiangdong' , NIE Lei'**

(1. Key Laboratory of Modern Manufacture Quality Engineering, School of Mechanical Engineering, Hubei University of Technol-
ogy, Wuhan 430068, China; 2. Xiangyang Industrial Institute of Hubei University of Technonogy, Xiangyang 441100, China)

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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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
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method type o error/ % time/'s
nominal values 200 — —
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