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Calibration of Wavelength Scanning in Wavelength Scanning Interferometer

Chih-Che KUO, Kiyoshi TAKAMASU, Akihiro YAMAMOTO, Tomoyuki WADA,
Kei SUNOUCHI, Kiwamu KASE and Hideo TASHIRO

A highly accurate, non-destructive and high speeding surface profile measuring system based on wavelength scanning
interferometry has been developed. Main components of this system include a compact interferometer based on Michelson
interferometry, an electronically tuned Ti: Sapphire laser for wide range wavelength scanning, and a high speeding
multi-port CCD camera functioning as a detector. Prior researches have provided evidence that this system is able to
measure the surface of an object for a5x2.5 mm? area up to a measurement range of 1.5 mm within 4 seconds. In addition,
the data processing procedures are used to reduce noise and interpolate signal, which improves the depth resolution to the
degree of lessthen 3 um. The accuracy of the measurement of wavelength scanning interferometry is directly influenced by
the scanning accuracy of wavelength. This study investigates the accuracy of wavelength scanning by employing two
methods that are designed for calibrating systematic error. The experimental results are used to evaluate the performance of

the two calibrating methods.

K ey wor ds: wavelength scanning interferometer, tunable laser, wavelength calibration

inooooao

00000000000000000000000000
000000000000000000000000000
000000000 000000000000000000
0000000000000 000000000000 Yo
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000
00000000000000000000000000
000000000000000000000000000
00000000 Ti: Sepphire 00D 2200000000
000000000000 “00000000000000
D00000000000000000000000000
0D00000100mO00000000000000000
CCOODOON0ODNOONON0OONONONNONNONNONNOOno
00000000 3wmO00000000000000 90
000000000000000000000000000
000000000000000000000 90
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000 00000000000000000

* Q000000130 70 130
*» pOoOOO0OoO0O0ooooOoOoOoOoOoOooOoOOoOoOoooooo -
3-10
*»** 0 0 O00OO0O0O00000oo
t+ 00 O000OO0O0o0O0oooOoO0o0o0o0o 210

200000000

D210 00000007

0000000000000 1000000000000
0000000000D00000000000000000
000000000000000000

i(%,Y,K) Zig +io +24/igio cOS(2kH (x,Y)) (1)

0000idic00000000000000000000H
(xy) 000000000xyd0O0O0OO0O0O0OO0O0OOOKkK
0 2n/A 000000000000

00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000

AmMpRFFrgRF |[F==——=--+ 1T i
EAO_I_F:Tl.Sapphlre | Mirror
________ ' Laser
7 /7
Signal I //
Generator [CLK Nd:YAG Laser /
Unit CLK /
7y Tunable Laser % — —p| Fiber |
RF table Mirror

-- -y

Filter Aperture Interferometer I Object
==

Reference Mirror

Fig.1  Configuration of wavelength scanning interferometer
consisted with Ti: Sapphire wavelength tunable laser and
Michelson interferometer
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Fig.2  Laser power calibration, (a) Relationship between RF
amplification (AmpRF), RF frequency (FrgRF) and output laser
power (LaserPW), (b) Cdlibration method to decide RF
amplification and RF frequecy for each laser frequency
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Processes of wavelength scanning calibration with instantaneous frequency analysis, (a) correction ratio Ris calculated

from the ratio between target frequency and instantaneous frequency, (b) target frequency is decided from fringe intensity using

short- time Fourier transform (STFT)
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Fig.4  Calibration of resolution with step-gaugel] estimating

frequency difference AFrqg from power spectrum (@) of these two
points on each surface of step gauge, resolution is the height
difference AD divided by AFrq
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Fig.5 The spectral peaks of interference frequency by scanning
the wavelength tables before calibration and after calibration
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Fig. 6  Theinstantaneous frequecies of interference frequency
by scanning the wavelength tables before calibration and after
calibration
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Fig. 7  Comparison of calibration methods with spectral peak by
conventional method and new method
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Fig. 8  Comparison of calibration methods with instantaneous
frequency by conventional method and new method





