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Development of Optical Filters for 3D Image Sensor Application
by Employing the Six Sigma Methodology
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Abstract

Six Sigma methodologies can be used not only for quality control and solving the management problem
of production lines, but also for research and development of novel products. In this paper, we describe the
design and fabrication of optical filters, which are essential for the realization of three-dimensional(3D)
CMOS image sensor using Six Sigma methodology. The DMAIC process was applied as a Six Sigma
roadmap. Optical filters for the 3D CMOS image sensor consist of an infrared(IR) cut filter and an IR
pass filter, and various filter combinations can be optically designed according to the required
light-receiving wavelength band. Macleod program was used for optical design of the IR filters. In addition,
an IR cut filter was fabricated using a standard CMOS-compatible processes such as RF magnetron
sputtering by multilayer stacking of thin films composed of SiO, and TiO, inorganic materials.

Keyword : Six sigma, Information convergence, 3D image, CMOS image sensor, Optical filters, IR filters

1 Division of Mechanical and Metallic Mold Engineering, Gwangju University, Gwangju, Korea [Professor]
e-mail: mblee3@gwangju.ac.kr

2 Department of Real Estate and Finance, Gwangju University, Gwangju, Korea [Professor]
e-mail: ybpyun@gwangju.ac.kr (Corresponding author)

* O A= 20199 FFOiotn CHet Ai7H|Q| K|S 2OF +AE|ASLIC
Received(August 19, 2019), Review Result(lst: September 01, 2019), Accepted(September 09, 2019), Published(September 30, 2019)

ISSN: 2384-101X JNCIST
(© 2019 NCISS 375



1. M&

Development of Optical Filters for 3D Image Sensor Application by Employing the Six Sigma Methodology

K-

od

o
—
=}

Ol 4H|-€0[ 102+, &

o

—

!

(quality cost)

2
[}

IHI

tCH5]. Coh2t

M, 24 2o 27t FALL F2oH o2ict 2FM HF2l M HAZRH

2

i

Cto &

=

EO0|CH3]. O/=2| Motorola AO Al 19870 AlA A[Z1O}

==

f= IAEZ 7|3[H|

o2, = B2 222 7|0 of

of 27|18 ol0[stH, A~ AIAOHE SAXCZ 100 B 7[3] T 34 {0 SHFSl=

AtE
=
&t
=

o

b

| A
2y

O] Al

ol
7H|E2 10, 2I{H[E2 1000 O]

A
R

1

A
o

J

=
[<)

J|

C

X8

UEE 7HE EHAOIN AL ADDRE

.I

10l

S|
]

c

A A0t

Moz At2Ln

<r

ok

o
Tl

!

Aagol 7

I

<0
8o

2
Ao}

124 EXQl HO|(define), 57 (measure), =4

.
(¢}

f

X

oH

J
o3

KK
I+

<l

ZAM

(analyze), 7§41 (improve), £2[(control)2| CHI EHA,

i

(0:(0]
el
om

AL
©

2N Zy

ol

(=13
=

el Xt

zr
4

|

x

of

(© 2019 NCISS

376



Journal of Next-generation Convergence Information Services Technology
Vol.8, No.3, September (2019)

2.1 MA AJDf A HHE

AL A0 Z2HAE O ZHX7F A=, 2 =20Me ZEHCZ AMEElE DMAIC Z2

NAE HEBIRL). DMAIC Z2M2A= o2 7[»0M HE2 F2 /IHE ?I6t0 §882=2

2 B A2l A HHE ZOIME 28 7ttt ZRAMAO0ICHT)8]. &4 HHA R Fgotilxt of
]

SE A8 =7 3 HYSS (E 110 LIEIHACE

[ 1] 2 Z2NE0M HEEH Z2HA 2N U X8 £7
[Table 1] Sequence of Process and Tools Employed in This Project

Stage Goal Tools

- VOC
- CTQ

Define * Identify CTQ and plan the Six Sigma projects

Measure = Check the rpeasurement method and identify the - MSA
current quality level

= Identify the causal relationship between CTQ and = Fishbone diagram

Anal
oz factors affecting them * C&E matrix
Improve * Find ways and conditions to increase CTQ * DOE
P satisfaction * FMEA
L . . = Check list
Control Manage to maintain the improved quality state « Control chart
22 Y Y

3D @& MAME 130 nm CMOS Bt=X| 3782 0|83t H|Z
a AH2lz) HAdol =Y HH o HIX|Z[O AT EDH TM G 2
um I/X[9] RGBG Z2| 1920(H) x 1080(V) 2M T4l O{g0|E 7350 HASIFCH & 1.55M &
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[Fig. 1] Conceptual Diagram of the 3D Image Sensor Proposed in This Project
Ol&0A, = 3D B A FZHO| &S DIXl= CcTQE 7IEL BHE 7ES = Held Xt
G EEQL MM £1F HEO| YY) M2 B £3 SHOHD ¥ 4 ULk HRLA, 2 42 A1
O M| ZH= SHE St= &Y AHEHZ 2= Hod HHE DSt Py A #oig
= e do 27 gE, Me M8 2 Mz 3 S MEsts Aol

100 IR cut filter
= O
= I:' \ : i
E :: B IEI G I::I R I"
72} | H 0 H
E E i o \
= A
400 700 830 900
WAVELENGTH (nm)

(13 2) Mol TE U e Belo| SF AWENS Lehhs DA

[Fig. 2] Schematic Diagram of Targeted Optical Transmittance Spectra of the IR and Color Filters
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3.2 Measure THA|
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[Fig. 3] Cause and Effect Diagram for the Fabrication of 3D Image Sensor
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