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ABSTRACT

Multi-channel optical proximity sensor based on

spectrally-resolved interferometry

By Byeong Kwon Kim
Advisor : Prof. Ki-Nam Joo, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

According to the demands of precision industry, distance or gap
measurements have been important because of the assembly and alignment of
several components. Moreover, precise moving stage needs to be calibrated by
measuring some motion errors. Electrical sensors have been widely used to
measure very small gaps between the probe and the target precisely.
However, they have some practical limitations caused by their fundamental
operation, which the electricity should be appared in the gap. The material of
the target is limited as conductive and the working distance is in the range
of a few hundreds of micrometers. In order to overcome these limitations,
several optical sensors have been developed by using the optical triangulation
technique and time of flight method but their resolution cannot reach the
expected region. On the other hand, optical interferometry is very attractive
tool to measure distances precisely. Especially, spectrally-resolved
interferometry (SRI) is suitable for the optical gap sensor to replace the

electrical sensors because it can measure distances without any mechanical

_VI_

Collection @ chosun



and electrical scanning parts and it is free for well-known ambiguity
problem. Moreover, the measurement channel can be extended by using a
spectral band-pass filter because a broadband light source is used in SRI.
The main advantage of this sensor is that it can measure several distances
at once with a single light source and a single spectrometer because the
spectrometer can detect the whole spectral interferogram. Opposed to other
interferometric sensors, which needs detectors and electronics as much as the
number of measurement channels, the proposed sensor is convenient to
extend the measurement channels. Moreover, the measurement probe can be
miniaturized by using small fiber optic components.

In this thesis, the whole system was constructed with commercial optic
components for feasibility test. A SLD which has 1550 nm center wavelength
and 90 nm bandwidth was used as an optical source. CWDM has 4 channels
which have 1530, 1550, 1570, 1590 nm center wavelength with 20 nmm
bandwidth to deliver the light to measurement probes. Each prototype
measurement probe consists of a GRIN lens collimator and a beam splitter
and a kinematic mount as used to align the beam splitter and collimator lens.
The spectral interference signal was detected by a NIR spectrometer and
analyzed by Matlab software.

In order to confirm the measuring range of the system, the stage was
moved in the range of 2.5 mm with 5 um step size and the distances were
measured by 4 probes. As the measurement results of 4 probes, it was
confirmed that each probe can measure the distance from 200 pm to 1.4 mm
successfully. In addition, the linearity were checked with the open-loop stage
positions and they were within 0.6%. For the measurement stability, the
target was put on the fixed position and the distances were continuously
measured. For the short term test, the standard deviation of 20 consecutive
measurement results and the repeatability was less than 20 nm. These

instability are attributed to the narrow spectral bandwidth of each probe,
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which can limit the number of the available data and it can lower the
measurement stability. Moreover, the computation errors during the curve
fitting and windowing procedure in the algorithm may be involved in the
measurement results as known the poor stabilities of channel 1 and 4. For
the relatively long term, one of the probes was further explored to measure

the fixed distances for 15 minutes and the stability was less than 30 nm.

Key words : Fiber optic sensor, Multi-channel sensor, Proximity sensor,
Spectrally-resolved interferometry, Coarse wavelength division

multiplexer(CWDM)
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Coupler, OS; Optical Splitter, CL; Collimator Lens, FL; Focus
Lens, G; Grating, N Ch. P; N Channel Probe), (b) &% Xz H2]
3 A (SMF; Single Mode Fiber, BS; Beam Splitter
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Fig. 3-1. 71= 23S 93 & Ad F3 A2 27 A9 AA

WAE B Ale EReR AHI, FaE e 54 WA=
w

TFIN SAHFE A G AFdeolHE i, i
M= 7leEdH S4%S T3 AEHE A ATt %@Qﬁﬂr iy
Fig. 3-49} 2% Ocean Optics AF¢] NIR Quest RE@& AR&391 o™ NIR
Quest 1520 nm - 1680 i olA 0.3 me] EdsS 7Hdu FAE 3
W EB7E FE A A Y 01%1—1‘1 4 d9e Ao, 1 4

I FHAFAH P92 212 m, A 54 9 2.0 m T

Table 1 &9 A 4¥E A% F3h 74 FFe A

NS AFgE o Ay =A

7HA = RE F%  ~Ho]A (Suruga Seiki
o

ZZHA WAL 7]

Component

Specification

SLD %<

Wavelength : 1550 nm, FWHM : 50 nm,

ASE Power : 22 mW

NIR 37|

Wavelength : 1520~1680 nm, Resolution :

0.3 nm

3 A Ed ol E

Wavelength : 1525~1610 nm, SMF

Ba xan

R:T=250:50
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SLD1005S: Optical Spectrum
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A2d o Ad AHSH 43

“dd g BaAAe] dEE dYgFom HAE3 o]F B oAM=
AetstE o AQ A AL 2FH A AAE Fig. 3-73 2o] 743U

4 3 A
G AE EARAAS 71240 FE A Bt CWDMe o] &35k
A FYe 29EHS 1530 nm, 1550 nm,
& Wk olwf CWDMel A= 2+
S MRS A, AAE AT

Fig. 3-7. © Ad #% A2 < 74

WA <
(SLD;Super Luminescence Diode, OC; Optical Circulator, CWDM,;

SECRES

Coarse Wavelength Division Multiflexing)

Table 2 o Ad A9 913 B3t 74 L E] A

Specification
Wavelength : 1550 nm, FWHM : 90 nm,

ASE Power @ 2.0 mW

Component

SLD %<

NIR #337]

Wavelength : 1520~1680 nm, Resolution : 0.3 nm

3 A ol

Wavelength : 1525~1610 nm, SMF

Bs an

R:T=250:50

oE g

1530, 1550, 1570, 1590 nm (4Ch.)
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