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Abstract: Optical polarizing thin filmisan optical filter enables
light waves of a specific polarization pass through while blocking
light waves of other polarizations. Optical polarizing thin films
control the brightness of back-light unit for LCD (liquid crystal
display) panel, which is essential to produce LCD modules. Defect
inspection of polarizing thin filmsis an important feature during
the manufacturing process that is helpful to improve the product
quality. In the current study, an automated defect inspection
algorithm is introduced and incorporated with a well-known
non-destructive and non-contact optical inspection method called
spectral domain optical coherence tomography (SD-OCT) to
pre-identify defective sub-surface as well as top-surface locations
of optical polarizing thin films Polarizing thin films employed in
this study consist of 6 layers. The tomographic information, layer
information, and defective locations were sufficiently identified
through the SD-OCT system owing high-axial resolution. The
acquired results indicate the possible application of the proposed
system in optical polarizing thin films for the quality assurance.
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I. INTRODUCTION

L iquid crystal displays (LCDs) are broadly used in
electronic products such as computers and smartphones. The
competitivenessin the electronics are affected by the display
quality and the components of the display must be verified. .
LCD consists of back-light unit, polarizing film, liquid

Revised Manuscript Received on February 05, 2020.

* Correspondence Author

Youngmin Han, Department of Nuclear Energy Convergence, Kyungil
University, Gyeongsan-si, Gyeongbuk, Korea, hanym116@gmail.com

Byeonggyu Jeon, School of Electronics Engineering, College of IT
Engineering, Kyungpook National University, 80 Daehak-ro, Buk-gu,
Daegu 41566, K orea, xel700@gmail.com

Ruchire Eranga Wijesinghe, Department of Biomedical Engineering,
College of Engineering, Kyungil University, Gyeongsan 38428, Korea,
eranga@kiu.kr

Mansik Jeon*, School of Electronics Engineering, College of IT
Engineering, Kyungpook National University, 80 Daehak-ro, Buk-gu,
Daegu 41566, K orea, mgeon@knu.ac.kr

Jeehyun Kim, School of Electronics Engineering, College of IT
Engineering, Kyungpook National University, 80 Daehak-ro, Buk-gu,
Daegu 41566, K orea, jeehk@knu.ac.kr

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: C5515029320/2020©0BEIESP
DOI: 10.35940/ijeat.C5515.029320
Journal Website: www.ijeat.org

1362 Blue Eyes Intelligence Engineering

crystal and a colour filter. The light emitted from the
back-light unit is uniformly vibrating in all directions.
However, the polarizing thin film transmits only the incident
light vibrating in the same direction as the polarization axis of
the thin film and absorbs or reflects other light beams, which
converts non-polarized light into polarized light in a
particular direction [1, 2] . When the polarized light passes
through the LCD panel, the brightness of the pixel is adjusted
by the array direction of each pixel in an electrical way.
However, various structural defects inevitably occur in the
polarizing thin films during the manufacturing process. Due
to aforementioned defective locations, fundamental
performance of the polarizing thin film cannot be obtained,
while functions mentioned above can’t be performed
normally. Numerous inspection techniques have gained an
enormous attention in assuring the quality of industria
products. Quality inspection of industrial products have been
mostly succeeded using non-destructive and non-contact
techniques incorporated with automated image processing
and analysis. Visual inspection methods, machinevision with
a charge-coupled device (CCD) camera-based inspection or
electronic inspection have been frequently employed for the
quality inspection in optica thin film industry [3, 4]. Since
these techniques provide information of top surface
information, highly penetrating X-ray and computed
tomographic techniques were considered for sub-surface, but
none of them provides depth resolution at the micro-meter
scale[5, 6]. Since optical polarizing thin films based products
are composed of several optical thin films, an optica
inspection method with high depth-resolved resolution can be
an ideal solution. Optical coherence tomography (OCT) isa
broadband laser based non-destructive inspection method,
which was primarily developed for medical imaging
applications [7, 8]. The exceptiona depth resolved and
spatial resolution of this medical imaging technique hasled it
path towards industrial material inspections [9, 10]. With the
development of novel OCT systems, the diversity of OCT
applications has been expanded from the biological domain
toindustrial investigations. OCT has played an important role
in the accurate identification of defects in various industrial
fields, such as touch-screen panel (TSP) inspection,
verification of pearls, defect tracking of optical lenses,
micro-meter range defect inspection of industrial resins, and
identification of counterfeit
notes [11-13].
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It is necessary to have a high resolution to inspect even
small defects in the polarizing films. Moreover, the
polarizing film consists of severa layers and tomographic
information must be obtained to identify the defects lay
within sub-surface layers.

Thus, OCT can be an ideal solution for the defect
inspection of optical polarizing thin films.

In this study, OCT image intensity based automated
defect tracking algorithm was developed to pre-identify
defects of the optical polarizing thin film specimens. The
developed imaging system is capable of detecting defective
locations with a magnitude of micro-meter rangein real-time
due to high-resolution and high image acquisition speed. In
LCD manufacturing process, fault detection is highly
essential at an early stage so that the quality assurance of the
final product can be maintained. The developed algorithm
incorporated OCT provides cross-sectional information with
high accuracy, and therefore, this study describes how OCT
can be beneficia to enhance fault detection in the
manufacturing process of LCD panels.

Il. MATERIALSAND METHODS

A. Preparation of the polarizing thin film samples

The sub-surface layer information of the fabricated
polarizing film isillustrated in Figure 1 schematic diagram.
From the top surface, polarizing film consists of multiple
layers, such as protective film, tri-acetyl cellulose (TAC)
film, polyvinyl acohol (PVA) layer, TAC film, pressure
sensitive adhesive (PSA) and release film. External damages
are prevented through the protective film, while TAC film is
used to protect the PVA layer due to its high light
transmittance, provide a high thermal stability, and high
uniformity characteristics. PVA layer is the key part of the
film that polarizes the light. PSA is a bonding materia that
attaches polarizing film to LCD. The release film is removed
during the LCD production process. Therefore, the actual
inspection areawas set in four layersfrom aprotective film to
TAC film. The total thickness of the polarizing film is
approximately 200 um.

*—— Protective film
TAC film
PVA
TAC film

«—* PSA

+——* Release film

Fig. 1.Thestructure of optical polarizing thin film. The
abbreviationsare TAC: tri-acetyl cellulose. PVA:
polyvinyl alcohol. PSA: pressure sensitive adhesive.

B. SD-OCT system configuration

Figure 2 depicts the schematic diagram of the
laboratory customized SD-OCT system for the inspection of
optical polarizing thin films. A super-luminescent diode
(SLD 371-HP3, Superlum, Ireland) was used as the
broadband laser source with a center wavelength of 835 nm
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and a full-width at half-maximum bandwidth of 50 nm. The
typical output power of the laser was 29.6 mW, and the
incident power on the sample after optical losses was 12.55
mW. The utilized scan range for the samples was 5 mm x 5
mm, which sufficiently scanned the entire region of interest.
The laser beam of the source was split into sample and
reference arms through a 50:50 fiber coupler. The reflected
light form reference and sample arm was interfered at fiber
coupler and detected by CCD line scan camera (spL-140km,
Badler, Germany) with 4096-pixels and 70,000 lines/s
effective line rate in the integrated optical spectrometer. The
axial and transverse resolutions (in air) were measured as 7
and 25 um, respectively. In real-time defect inspection
environment, the speed of signal and image processing, such
as fast Fourier transformation (FFT), logarithmic scaling and
enface imaging are important factors. Thus, parallée
computing platform using compute unified device
architecture (CUDA) was employed, which allows the large
amounts of operations simultaneoudly. Detail specifications
of the system is reported elsewhere [14].
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Fig. 2.Schematic diagram of SD-OCT. C: collimator. DG:
diffraction grating. GS: galvanometer scanner. L: lens.
LSC: line scan camera. M: mirror. SLD:
super-luminescent diode.

C. Defect inspection algorithm

The graphical illustration of the automated defect inspection
agorithm is shown in Figure 3 along with the cross-sectional
OCT images obtained using the laboratory customized
SD-OCT system. The dimension of each OCT image size
was 1000(transverse) x 500(depth), and 1000 cross-sectional
images per sample were acquired to obtain volume renders.
In the developed algorithm, preprocessing of the opening
filter and binarization were performed initially. This opening
filter operates dilation and erosion imaging processes, and
noise in the images can be removed, while maintaining the
shape of the polarizing film. Binarization is an imaging filter
that sets a specific threshold value. Hence, this filter shows
the polarizing film and noise with a clear visuaization. In the
next process, each layer of the films is separated. The
averaged A-line (axial lineillustrated as vertical red dashed
line) was obtained by profiling the B-scan image
horizontally. This averaged profile contains the information
about the interface of the polarizing film layer.
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Therefore, the ingpection areas are determined between the
interfaces, and it is corresponded to the region of interest
(ROQI) of sub-surfaces. In each ROI layer, the pixel intensities
are averaged in the vertical direction to create an enface
image. This averaging process is performed in every
cross-sectional image, and the enface images of every layers
are constructed. The presence of defects can be determined
from the enface images using the flood-fill algorithm.

Binarization

Pre-processing

I

Binarization

lMisiilly

A-line
profiling

A-line ROI setting

averaging

Layer classification

ROl adoption

Flood fill algorithm

Enface imaging

Fig. 3.Flowchart of automatic defect inspection
algorithm.

1. RESULTSAND DISCUSSION

A. OCT cross-sectional and volumetric image

assessments

(C)

Fig. 4. OCT images of polarizing film. (a) B-scan image.
(b) TAC enfaceimage. (¢) 3D OCT image.

Figure 4 illustrates the cross-sectional and volumetric
results of optical polarizing thin film sample acquired using
the developed SD-OCT system. Figure 4 (&) depicts the
cross-sectional image of the examined polarizing thin film
layer with adefect lay between layers. The defective location
is indicated with a red color dotted circle. The sub-surface
layer information described in Figure 1 is clearly revealed in
Fig. 4 (8), and the cross-sectional image emphasizes the
thickness of each layer and the distance between each layer.
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Although the sample has multiple layers, the region of
interest (defectivelocation) can beidentified asthe TAC film
layer. Thus, the focus is matched to TAC layer for a better
visualization. Figure 4(b) shows the enface image, while
figure 4 (c) is the volumetric representation of the region of
interest. Hence, figure 4(c) illustrates the three dimensional
magnitudes of the identified defect. One defect in the TAC
filmisvisiblein thisimage (under the protectivefilm). Figure
4 (b) shows the enface image of a TAC film with a defect.
Figure 4 (c) shows a three-dimensional OCT image of the
film. This image shows the overall structure and defects of
the polarizing film.

B. Depth profile based defect assessment

Intensity

b) (c)
— ]
— I —
o | —" _
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Fig. 5.Intensity profilealong vertical linefor layer
classification.

Figure 5 depicts the OCT image intensity based depth
dependent layer classification of the examined polarizing thin
film sample. A-lines were acquired from the entire latera
pixel range to obtain a representative depth profile for the
entire cross-section. Next, all the acquired A-lines were
summed up and averaged to enhance the precision. Figure
5(a) shows the OCT image with a representative A-line,
where figure 5(b) and (c) are the corresponding A-line depth
profiles. Since the intensity profile also contains defect or
noise signals, the binarization processis required.

Protective film

TAC1
Protective film

PVA

TAC2

Fig. 6. Each layer of polarizing film and enface images.

The region of interest is decided on this binarized I ntensity
profile. Figure 6(a) illustrates the sub-surface layers of the
polarizing thin film sample, such as protective film, TAC,
PVA, and TAC layer, respectively from top to bottom. The
release film is removed as it was removed during the
manufacturing process. This ROI decision process is applied
to every cross-sectional image, and each image has its own
regions of interest. Figure 6 (b~e) shows enface
representation exhibiting four regions of interest of each
sub-surface layer. Each enface image consists of 1000
cross-sectional images and its ROI layers, and the magnitude
was 1000 (transverse) x 1000 (frames).
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The enface visuaization simply determines the exact
location of the defective particle as shown in figure 6(c).
Hence, the generated enface images simply enable the
identification of the exact defective location along with the
exact layer information.

V. CONCLUSION

Development of a non-destructive inspection modality for
the pre-identification of defective particles in optica
polarizing thin film samples is introduced. High-resolution
SD-OCT system was employed as the optical inspection
modality to identify micro-meter range defective particles.
Owing to sufficient depth penetration and the resolution of
the system, sub-surface layer information and the defective
particleswere clearly identified. To enhance the applicability
of the proposed method in industrial sector and achieve a
high productivity, automated layer and defect detection
algorithm was customized and incorporated with inspection
modality. The layer detection algorithm performed
successfully based on the pixel intensities and image filters.
The enface images were generated based on the detected
layers and the defects were detected using flood-fill
algorithm. According to theresult, it isexpected to utilize this
setup to test optical polarizing thin filmsin the early stage of
the manufacturing process and this method can be
well-utilized to remove the defective componentsrapidly. As
a result, it is expected to create the quality assurance and
industrial value using OCT and machine vision systems. In
the future, it is needed to verify the detection.
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