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ABSTRACT

Nondestructive Analysis of Corroded Copper Oxidation

Using Optical Coherence Tomography

Young-Min Ko
Advisor : Prof. Tae-Jung Ahn, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

In this study, nondestructive analysis of the corroded copper oxidation
using optical coherence tomography (OCT) as a high-precision depth profiling
method for bio-medical applications is suggested. The corrosion copper
specimen was subjected to vacuum heat treatment using a Chemical Vepor
Deposition(CVD) equipment. Generally, light does not transmit into metals,
but enables to transmit in metal oxidized layer induced by metal corrosions.
It turns out that the thickness of the copper oxide layer can be measured
with OCT technique. The longer wavelength of the light, the higher
transmittance of the metal oxides, We used a swept source-0CT based on 1700
nm band tunable laser source. An optical coherence microscopy (OCM)
measuring the depth profile of the samples more precisely thanOCT system was
designed and developed. Interpolation and phase calibration were conducted
to make the data of OCT and OCM better. To determine the thickness of the
metal oxide from OCT depth images, a peak finding algorithm using MATLAB is
developed. The measured thickness profiles of the copper oxide were
agreement with the thickness measured from SEM images of the corroded

metals.
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Coating layer

Scattering layer 1

mm

2.73

0 0.5 1 15 2.0 2.5 3.0 35

mm
Figure 3. OCT B-Scan of corroded metal (sample 8): red line is the top of the coating layer, green line
determines the end of the coating and the beginning of the corrosion, yellow line determines the end
of the scattering-induced layer. Axes are given as optical path length n x d.

Coating Layer 3D Average: 96.9921 ;:m

Coating Layer in um

Figure 5. 3D heat map of the calculated layer thickness for the OCT measurement of sample 5.
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a) b)

Fig. 8. Sample with anti-corrosion coating; a) sample image, b) OCT cross-sectional image.
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600
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b)
Fig. 9. Sample with anti-corrosion coating under the influence of aggressive environment; a) sample image,
b) OCT cross-sectional image.

Lateral [um]

Depth [um]

a) b)
Fig. 10. Corrosive sample destruction; a) sample image, b) OCT cross-sectional image.
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8 3.1 22l AIE Aol AFE8H &bHI, HAOHKI, Suspension
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8 3.3 72l AlE €Xc2l &bl

Model CiE1tst DVF 1600
WATTS 10kW Max
TEMP 1600 °C Max
VAC 760~1 Torr

H 3.1 Fcl Al EXcl &8l AL
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Element Wit% Atomic %
(o) 9.53 29.50
Cu 90.47 70.50

H 3.2 BEDS Point =& &4 Data

0 Kal
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“Collection @ chosun

_32_




0
(_)'ﬂ

1

g

SEM OIOIXIZH EHotME &ttt EHE SEE =gl

2ol S =dolJl ?AoHA 2000X 2 HiE=2 E2=2 0lSotHA SEMS Ol & &
=S NHSHRUCH. 2 AEHE=2 o 25F Jted= OI0INE €& 5 Photoshop Z2
J8s 01850 It=ctot OI0IXIZ 0101 20l HYsS AHstACH. [O2F 3.11]
2 MZet SEM It-ctOt OI0IXIS ==& &et=2F 0I0IKNE 2HEC. AsES
OI0IXI= Photoshopll XtA 2Jt0l E= MEGHH =&Y =oAL, O0l=
F=E& MeISES png MEZ2 MEGIALD, MATLABRZ =2ciet &st=E2 S =
S SIAEIYES =AG6HC. [O8 3.12]2 [O" 3.13]2 22t SEM 010]
AOA =& 4ot FH Z2MEW 0 Z2MEZRY €2 olAEDHEES 2
HECH olAETISES =0 2N &stel &) 2XE &#0g = UL UE

_38_

Collection @ chosun



4
MW
il
z
tol
MHo
Ol
=}
[=
>

J8 3.11 SEM It =ct0t OIDIXI2F

Depth (pm)

18 3.12 SEM OIDIXKIOIA ==&t &tstE SN 220t

0 5 10 15 20
Thickness (um)

% 3.13 SEM OIOIXIOIA ==t &tstE FH olAEE

_34_

{“ICollection @ chosun




H2& OCT, OCME 0188 24 &3

1. OCT2t OCM & & 4

2 HI0A P2l BA AIEZ2 =Fol)| <ol 24K J18F 1700 nm SS-0CT 2t
ocME [0 3.14]2F 20l AHGHACE. 0 Agol ArEs Z2[0E 3.15]2
SantecAt2l 1700 nm CHE Sl Swept Sourceldt AIESE/Y D, HIHE I}
nm ~ 1790 nm Ol) Sweeping rate= 90kHzOICt. [1& 3.16]2 oY ZRA2 A2t
O HE Output power 2t SpectrumE EWECH el AIES
Output powerJb ZoHAl HEHOAM BHARZOl 2fst & & [H

I oA Z&E2 & NJIIE HEol ZZoliH0F e, &S MIIE XZot)]

Pioff LerMol Z2 M D[ (Attenuator)ES AFE5BIIILE ND filterS AlSols 28O0l
ULH. 2 HAFR0= 22 O3S0l <fIXI&t SoA(semiconductor optical amplifier)2
SSNFE ZEOH 2B EHF MIIE ZZE}C (28 3.17]. [OE 3.18]2
oHE SOASl 23 M= [HE &2 S84 EWHEL. oY AlAHEz2 2% 24
S Jlgte s MEZJA=M 0 BES A MECDY JIEHS WSO 0CT2H OCM
£ HEXNoz MEE == JUSE HAHGIACH. [2E 3.15]0 A2k 201 0CT2+ OCM
o] JE=¢ts 22t MIZSMCH. Swept Sourcedt IHAO| JIHE = S0t 2 A (Phase)Ol
BSCle 2XME &6 oA 24 BE3E BXAEHE FIt2 &H6H 2
2 5HACH

30 OIOIKI EHAIN Galvo mirrorl 2loll 2= AHG<0| &HZ0 ZAFSHCH. Ol
A HR= Galvo mirror0fl Jioiz== = J0 2ol =&EE o~ A=0 0CTL
OCM2l Galvo mirror & Mt 2 A BHAS [E 3.3]0AM Sl 2= QC}.

]
= AF0AME 0CTE 2,3 VE AFE0t] M2 5 VE AtEoHRULE.

_35_

Collection @ chosun



o
Phase2 ™M
L SOA LES{5Sh] "l
Swept
Booster
Source

SOA  : Semiconductor Optical Amplifier
BPD : Balanced Photodetector -
&> : Fiber Coupler H

1
@ : Fiber Circulator ool ZHA| t

2 3.14 1700 nm Swept-Source 0CTSl &=

_36_

)Collection @ chosun




8 3.15 AFSE 1700 nm Swept-Source

60 L] L] L] L] L] L]

Intensity
e wavelength(nm) 1760

N
o

Intensity [mW]
N
o

Time [ps]

18 3.16 1700 nm Swept-Sourcell AlZ2t0l & Output power 2t Spectrum

_37_

Collection @ chosun



=
=
=5
@
9
8
=
2

8 3.17 AFEE 1700 nm Semiconductor Optical Amplifier

Injection current vs. Average optical output power
< Input ave. optical power : 13.5 mW >

TEC:25°C
40

35
30
25

20

15

Avg. Optical Qutput [mW]

10 )L
without Booster (13.6 mW)

100 200 300 400 500 600 700

Injection current [mA]

8 3.18 AHEE 1700 nm SOASl & M=gt0 HE &2 S4

_38_

Collection @ chosun



OCT Ref

= T.-oo

@ e B s & 0

* s fle = & = =

.ll....'
" s e ® e+ 8

o« o fle » »

s s fle »

s s fle =

a sfle & @

s sfle o o

OCM Ref |

& 3.19 0CT2H OCM2 JI=EHel OI0I X

Galvo mirror OCT scan OCM scan
input voltage range range

1v 2 mm 1T mm
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4v 9 mm 3 mm
S5v 11 mm 4 mm

I 3.3 0CT2F OCM2| Scan range
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3. Peak finding algorithm

3& M2& 2. 0CTe?t OCM OIOIXl DataliAd AHSH=O0l Fel &st%el FHE
A-line CIOIEOIA Al ZHOASL! EtAtE B &tst= 0 22l AFOl S AHE O
A BEAE EHE o Fg & AT [0 3.29]= &3] SHE e Y

g
() = —
£ 4&ddle=

JE0ICH. XM= A& OCM B-scan O|0lXl= Phase calibrationdt
Interpolations &l&ot0{ OI0IKl SES S&AIZID 0lelE =¢! OI0IXIOICH. off
& OI0IXIOAM A-line CIOIEIS olLl 221210 S JHS ZO0| Xt H
oh=Ch, X&EE HAMML OtE S BNz e I3XNNES
OtA ALOI 2t 2 A-line0il CHollA 2f2f Jt&E gi2 113
B &2 I3 NEsS = HPS MAGHH B-scan OIOIXIOAS SN

0

uz

ro

=

|

>

o

[
0
i
>
0

Pl
Ja
[
o -n o

8t
20td = UCH. ol Y= =ZE 30 0I0IX &MU HEAIHA SHE H LM
Ct.
oHE ZEE2 O0CM OIOIXI&0A HEH D|0F oA MIl= & SHEOILE A3}
S FHIt 20l Y& =20 &2 B2 S0l 2oid 22Xt 42 = AT 1
gJ =20l 30 um Ol&f2 gt== 2=z 4ot olAENHUANE HAl oAl
o ACH

HAE SH HIOIHE [ 3.30]2F 20l SIAE ) En-face mapping Ol 0| Xl
2 UEHHACH. SIAED-MO Y52 H73H(Normalization)S &5t LIEFRHCE.
En-face OI0IXl= FIIEQl HHE ASSIH HHE =0 ZAISHCH. Ol= SIOIA
O KHAIGHA THR &= SHRUC.

_53_

Collection @ chosun



Cu 8h-2
OCM 22 40mA

Phase_compensation
5v scan @400t aline
Log scale

Collection @ chosun

a8

3.29 Peak finding algorithm

_54_

]



0.12

01F

0.08

0.06

0.04

0.02Ff

0 5 10 15 20 25 30
Thickness (pm)

30

o
Thickness (um)

8 3.30 HetEl SHE 0l

]

SIAE 1M En-face mapping OIOIXI

_55_

¢“ICollection @ chosun



ol
H

M4Z 24 &

=

=
=
o

A XRD2F SEM-EDS
a2 Point

0l

o
F

eI5H|
ot SEM-EDS2|

M
A

x A

8IH2 Al

t

—

[S)

PN
e

XRD2} SEM-EDS point XA =24 A}
AJZUA H
O MIE

1.

H1Z 22l(Cu) 24 AlE

=
[—

ol
S

i0J

Ki0

R0

9]
xr
I

ol
e

Ju
]
Rl
o}

Ju
AK

-

CIlOIE1OICk.

0l

ol
£ 2530 um 20X =HO0|

H 29 8 Al 25 Cu02 1t Cul

elo

wor

i
H

o
RO
KIr

o
4T

0l
s

1

20

PWSE=!

=

L

(=)
=

20l &

&0 Cudt

SEM-EDS Point&

ool

BaA822 A2t &4l

—

—

. [O" 4.2]

O
B3
IS
xr
IH

ol
Ul

£ LIEtSCH.

| 2o

o
[y

7TH3

OF
=2

(Atomic Percent)Ol

=
=

Xt

o
—

2|

7=

o

=
=

Ol IR 2 Cu02 OIFHA US

_56_

Collection @ chosun



(s81bep) BlOYL 2

(s81B8p) BlOYL Z

08 0. 09 05 Or 0¢ 02 09 05 Oy 0¢
E Jo
T Y
A R
o5 o ol £ 10002 of @ ol ¢
s €% ° o 2 2% °
3 {000t _
24 5
T
10009 3
@,
40008 <
e
100004 5
000z} : 4
(sa1B0p) BJOYL 2
0z 09 05 OF
o - - d
10002 « _ _
(o] (] [e]
< g £
1000 _ o
=
b {0009 &
_— [z}
2 {0008 <
i o
100004
13
000z} o
-~

000c¢

000y

0009

Ayisuaju|

0008

0000}

0oozk

000¢

000¥

0009

Ajisuaju|

o
o
=]
o

0000}

ooozh

(sa1bep) BlOUL T
09 09 OF

(sa1b8p) BYOYL T
09 05 OF

no

000¢

000%

0009

Aysuayu

0008

0000}

000¢h

OND =g
N e
ONY)

OO =

o e}
o 28
&
(e}
[e]
=
O
(sa1b2p) Sm:w
09 05 Of
Y T
o oeg
zO [e}

no

000¢

000¥

0009

Ayisuau|

0008

0000}

000ch

000¢

0oov

0009

Aysuapu

0008

0000}

000ck

0002

000¥

0009

Ayisusyu)

0008

0000}

000ch

GOl E

pas|
~

9 XRD =4 F

57

Collection @ chosun



8¢0L 8€°06
clee 296

gz abew| uoida|3

e 9sie [N
€092 5 o |

1z umm&_ uoiP3|3

w9 SL6s
652€E ssor S

esze  zee  [HEEIN
Lr'le gos N

61 @bew| uo1a|g

8€'0L 2706
c9'6e 856

p1 abew| uoia|3

e see RN
€€'L2 sos  IEEE

| abew| uoid3|3

£1'89 8768
€8'le csoL

osor  cvoe  [IEENN
0562 S O |

€1 abew| uo13|3

GlolE

_58_

ICollection @ chosun



H2& SEM It=ctOt Ol0IXI2t S olAEDE
1. SEM It:=ctOt OIOIXI2t &M olAE1E

212 2l R4 AIEEZ SEM OI0IXIE 2000X 2 HiE2 256% EdotAltt. & E
SH0 JtEA 2E= ddotltt 2L 2 0I0INEZ S™dXe F22 SRt €t
PS

MMl 2GE mH=ctor 0I0IXIS Z0IJt ZetXIA SIUCH. [O8 4.3] 20[ SEM

ot=ctor OI0IXlE 1 mm ~ 1.3 mm2 HRE EHotH TRUCH. 4h-181 AIBE=2 =&
Ot28 S ddols U8 S0l AStEX @2 Fclet &atE F221S Ao dI&0]

QUCH [D2 4.3]00A =58 M52 010INE BHES sH =
2MYS DD 01AS 0B SIAEIMS JRUCH SIAEIMS MWLM &
UCH. NS OIBHA MBI SHE =Hots

orst ol At MES2 [OE 4.3]2
[ HE G X 22 2201 0l MEHCH., [O8 4.4]19 SIAE

= 4h-281 =1 8h-1
IZCH. 2 AIZIHE=Z 1JHe] == JtAILL dHlwot)| fIohA 2h-2

B MEST HAA
B B2 MAARUCE

_59_

Collection @ chosun



—
100 pm

ooty — iRy

oy Sy - ¢ 'NM-»«‘ [ R

——— gy B T (D G e T > Mg . o p

A

par S

-~ BN

———

- RS,

v ~

€“/Collection @ chosun



(wrl) ssauxoiy (wrl) ssauoiyL (wrl) ssauxoy (wrl) ssauxoy
0z Sl oL S 0 Sl (3 S 0 0z Gl oL S 0 o0z 13 ol

(wrl) ssauxoiy |
(4 Sl oL

=}

S0

4

LAl

€0

S€0

S0

44

gzo

€0

Ge0

2 §N slAE0HY

bookgt

=]
[l

4.4 SEM DI

w0

a

- 61

(“)Collection @ chosun



KMI3& 0CT 2t OCM OI|DIXI
1. OCT 2t OCM OIOIXIOIA 2 &Et=ES

AUA HAES 4JLXI2] ME0 CHSH 0CT2H OCM OIDIXKIE [OE 4.6]0A Eol&
2 QUCH. 222 0I0IXIE2 Phase calibration@ &G LO0IXE 2AAZ &
EHOICH. OCTSl DOFJF OCMECH Cf SO0 O Z0IMFXl Ol0IXIDJF &=, [OE
4.6]0M2 20| ECHoHA 29 ocMUl A Sl oI O EHolH 2E0l= HE &
olgr &= QUCH. 0l MHZ20l OCMS EE0tH dtst= SH =¥ = &&oted stCh. 0CM
o Axial ResoultionOl 8.3 ume &tst32|(1)9 Z2EE

A-lineOlA 1 pixel2 3.07 umZ HAECH O SHAgtES HEHA &S FHE

238 + Al

[0 4.7]0d= 0CME Y&t 24 AIBENM A2 T8 & =& 2AXI(Position
1, 2)8 2WECt. Position 12 &H SEM 292 o EHsSt HOl ZEEHAH U
1, Position 2= 229 S FE= ZIoRULH. AIEHES HEE [ 26t &tst
S MZAGtHALD OIMADIE JAMI| 20 AIE A2 CHE XEUHAM Atstet S
N I Hl=xg 2= JI¥otD 0CM SH SIAEDHS HES HIWHLH. [1

2 4.8]2 B89 4J1X AIEER Position 11t Position 221 OCM SM SIAED
=S BEHE0. 2 AIHEZ Position 114+ Position 22 SIAETESl HE0| Hl
ZotH UEtU=E 212 &EoIoQUCH. [O™ 4.9]= A BlW§t Position & OCM &
M oIAEISHI SEM SH SIAEN# = Hlwole AEO0ICH. AIHEZ Hi=st &
SOZ B0ILt €2 AHO| SlAEDYS HIRE2LE Z
gt 4= QUCH. 0] &2 0cM2l OIOIE{ Dt SEMOI BIdH M

oz MAESCH [ 4.10]0M 2 = UX SEMS ZICH 1.3mmel A0 CHE
otLtel etel HE0F JHXILD JUXICH OCM2 dmm x 4mm 2] HE W CHSH A3t &

=
AEJEe 0| Hi=xgt X2z 20t oMz

Hy
Y
RS
J
_>'-|_I
S
9
O
il
»
o
o

<}

_62_

Collection @ chosun



Th-1

OCM
0 1 e e Mt At sy s st s probty s e Ao iAo o1
[ —

S£AHE 80mA galvo 5v scan

s AR ) AR A A

ocCT
HAE 80mA galvo 3v scan

Al® 0|0l Xl

8 4.5 0CTet OCM2 2

R ey Yo

- v

S AP I AN T 1 VA Al on, A Eoa

- ageve
DRSSy 0 b g,

oCT
HAE g0mA

3v scan
OCM
EAEH 80mA
5v scan
8 4.6 0CTZ2 =&E Cu R4 AM#E 0OI0IX

_63_

Collection @ chosun



& 4.7 OCM =& Position 1 1t Position 2

025 042
01
02
0.08
0.15
0.06
0.1
0.04
0.05
o
0 5 1 15 20 25 30 ) 5 0 15 20 25 30 ) 5 0 15 20 25 30 ) 5 0 15 20 25 30
“Thickness (um) Thickness (um) Thickness (um) Thickness (um)
0: n o h
02
0.15
01
0.05
o
0 5 0 15 20 25 30 ) 5 10 15 20 25 30 ) 5 0 15 20 25 30 ) 5 0 15 20 25 30

Thickness (um)

(“)Collection @ chosun

Thickness (um)

8 4.8 0CM D18t AtstE SH SIAETE

_64_

Thickness (um)

Thickness (um)




(wrl) ssauoy |
0z S oL

(wrl) ssauoiy |

oz Sl oL

(wrl) ssauony |

14 (4 Sl oL

S0°0

sL0

(wrl) ssauxoiyy

0z St oL

(wrl) ssauoyy

oz S oL

S00

S10

zo

(wr) ssawyoL

0z S oL

(wrl) ssauxoiyL

0z S oL

(wr) ssauxoiy L

sz 0z S oL

o

() ssawyoyL

o

0¢ sz 0z St U3 B 0
(wrl) ssausoryy

0¢ sz 0z St 3 S
(wrl) sseuxoyL

0g [-74 0z sL ol S 0

)

§1°0

0

500

S

S0

IN3S

Z uonisod
W20

| uonisod
D0

|IAET]E i

= M o

t

el

8 4.9 0CM, SEM J|gt

65 -

(“)Collection @ chosun



SEM OCM

4 mm

: 4 mm

J8 4.10 SEMI+ OCMel 2 HA HlW

_66_

ZICollection @ chosun



MI4Z En-face mapping data
1. En—face mapping dataE O|ES&t 2854 &0l

ZSE2Z 0CM

MM

10
I
0
ro
rx
=
12
1o
n
=
M
HT
]
m
1
>
Q
(D,—

s mappingl & 20
Ct. En—-face = ZEANOAN IHME E200/12 EH OI0IKNE <attt. EF8 0C
3D OIOIKIE JlEteg =8 Az HHWAM dtet=2 <& O0|0IXIE En-face O[0IXl
ch StCH. [0 4.11]2 ZXEY dmm x 4mm 2 HE U A2 SIH En-face mapping
4.8]2 SIAENEME £H 30 um NEXICH QX L
H 30 um Ol&2l GIOIEJt =M&tCt. O0IE HIZ En-face
EOlleioF OIOIXION LEELEAI =T
HHAE =0l= HYs NA:SHUCH. 30 um Ol&2 OIOIH
x2t 5 X 5 px OOIHS 422 UXote HgS TEOH
ot [O8 4.11]2t 201 & 0l0IXIAS 30 pm O
= 840 EHEN O H&E SN FEE 22 = USS oMU, [
2 0ledE HMHSH 28 AIES| En—face mapping OIOIXIOICH. dHE OIDIXI=
FA MHE & ZE0WECH. En-face mapping OI0IXIE XHMISHH SOHCEH At
of FMIt He Xe2lS0l ESMEie AtAlS &2 = UL

ro

=

HT
=3
M4
[w)
= o
—Hr‘i >
e
o
e

ol

o

=]
Q
©
©
S
«
|0
Hu
I =
o
e
ol

l
r

> 0N

o
>0
ol

w
ie]

i

44

0
o
A0
ol

@

[w
%
0
=2
0x
Mo <
Pl
gg
[
e
ooz
|0

o

2 4 & H
=
tol

_67_

Collection @ chosun



30

e
r

30

QI 3px W o= OfA|

30

25
20
15
10
5

8 4.11 En-face mapping2 Oled 02|

_68_

(“)Collection @ chosun



(wrl) ssausoly (wrl) ssausoly)
o wn o o w0 o

[ -

30

(wirl) ssauyoiyy
wn

(wrl) ssausoly)
wn

Q o
15

o~
c
o
=

Posi

8 4.12 OCM JIEt Atgt= SIH En—face mapping Ol 0| Xl

_69_

(“)Collection @ chosun



H5&E 28

ul

=ls

22l Atst22l Sl

0l

i

ot0 MI&SUCEH.

15 EXcl

o &

1700 nm SS-0CT

FO4 M=

ESgiip=gell

=5 =00l et

2+
=2

O=F

|.

PN
o

P

I

I.

X
o

0l
OCTELCH O Jt2 &

OI0I Xl

=
=

P

£l

t=2el 2
At
0CT2+ OoCM<

110y
<J

I

ot A LCH.

¢}

ocmE & A
Interpolationt Phase calibration

=

=0
=

ot ALCt.

=
=)

i

ol

SYNPIPINE S

SEA
S

=29

& GIoIe ol A

=
Bl

OCM

ek 0CT

e

i0J

=3

2ed &l SEM-EDSZ

Xt
=

JIE0

&0l It

=
—/

ot OCTZ Atstetol S

SHE Bl

Ce OI0IXIE €2 M 402012 A2t

otLtel

1.3 mm B9

SEA

SEMe =

O{&CH. SFXI2F OCM

=
=

B

0lJ
~

al
[[e)
Al
%0

el AIZEDEA &

NRE
Ol=ZotHE dmm x 4mm2

AR EUCH

0l

10=0t0l AReCh i

Ol 0l Xl

HAOl 3D OI0IKIE €= O

=2
=

i
o

<l
jilg
jilg

0l

KIr

o

ol
ol

<

i0J
Jo

00
Rr

ol

_

<J

i0J

o0

=
1o

ok

ol
0
i)
O

<
I+

4dr
o

JU

&)
il

9]

ELl

=d

ol

oJ
T

Ol

A

ol
od
ELl

SEUA
0CT/0CM OID0IXIZ2 = H

o,

B
oll
JI
0%

S

on
BN
EN]

bk = Al

e}
wor
%0
O
O
iy

Uk

al
10}
<]

N EoF JACH

Chs

4
o

ol
30
i
e

0

I

ok

n

Ol
%

Ju

&)
il

10
u
oW
)
R
P2
i)
oF
o

00
Rr

o

el
e
I

00
0l0

OH

Ju
9]

It

A
=

U

ME0

gl

t

N

oz 4
ez JIt

ol
=

o =s248 22t =L,

off AFHEXO AN IO

A

0l
ur
i

ol
<

<0
ol

=
o

StCt.

Jlsol 2

=
[a—

t

¢}

==
=)

11

&)

10y
00

_70_

Collection @ chosun



ozt
IJ
M0
rar

[1] SHEIDISAIALR A, “2=9| SA(EFeh) Dt 2HA(BAER).” pp.1-108 (2006).
[2] EESAII=E2014, “Corrosion 24!, =&.7

http://www.ktword.co.kr/test/view/view.php?m_temp1=5451

[3] SEEZ. “BAlI9 201t =F.” Korea Mechanical Construction Contractors
Association 85, pp51-60 (1997).
[4] HIQIEADE STEZAL, “HAUO AN BHAL Y

http://www.paintncoatings.com/html/busik/busik-04.htm

(5] Sarew, Al
https://terms.naver.com/entry.naver?doc|d=1103943&c i d=40942&category | d=32251
[6] 82, HEAH, 073, “BADLIEHZ Jlx=.” Korea Institute of Materials

Science 12, pp75-87 (2000).
[7] J.G. Speight, Corrosion Monitoring and Control: 0il and Gas Corrosion
Prevention, Chapter 6, pp109-149 (2014).

[8] Garey L. Cooper, “Sensing probes and instruments for electrochemical and

electrical resistance corrosion monitoring.” ASTM International, 1986.

[9] &=AMI|ERVA,  “NrTAAHO SA=EF U FOYY HEF o
=7 (1999).

[10] &MoIMBRI0H “=8I SN =32 JIE"
http://mkckorea.com/basic/uttg/uttg2.htm

[11] SHSAILEAS], “SAMEH ZAF L B - 3.1 249 HItY

http://paints.or.kr/menu05_4/view.php?no=11

[12] A. Mohammed and A. Abdullah, "Scanning electron microscopy (SEM): A review"
Proceedings of the 2018 International Conference on Hydraulics and
Pneumat ics—HERVEX, B&ile Govora, Romania. pp.7-9 (2018).

[13] Zhou, Weilie, et al. "Fundamentals of scanning electron microscopy (SEM)."
Scanning microscopy for nanotechnology. pp.1-40 (2006).

[14] C.C. Chang,"Auger electron spectroscopy." Surface Science 25(1) pp.53-79
(1971).

[15] J.C. Riviere, "Auger electron spectroscopy." Contemporary Physics 14.6

_71_

Collection @ chosun



pp.513-539 (1973).
[16] L. Lobo, B. Fernandez, and R. Pereiro, 'Depth profile analysis with glow

discharge spectrometry," Journal of Analytical Atomic Spectrometry 32(5),
pp.920-930 (2017).

[17] A. Bengtson, "Quantitative depth profile analysis by glow discharge,"
Spectrochimica Acta Part B: Atomic Spectroscopy 49(4) pp.411-429 (1994).

[18] Karlsson, Bjorn, et al., "Optical properties of some metal oxides in solar
absorbers," Physica Scripta 25(6) (1982).

[19] Japan Atomic Energy Agency, “Controlling surface reactions by mixing
different metals.” Press Releases (2021).
https://www. jaea.go.jp/english/news/press/2021/021903/

[20] H.B. 0OzcanRoron, “Doped Cuprous Oxide Thin Films: Morphological and
Optical Properties,” Turkish Physical Society International Physics
CongressAt (2022).

[21] K. Shen, "High Resolution Wide Field-of-View Optical Coherence Tomography
for 30 Imaging," (2018).

[22] D. Huang, E.A. Swanson, C.P. Lin, J.S. Schuman, W.G. Stinson, W. Chang,
M.R. Hee, T. Flotte, K. Gregory, C.A. Puliafito, J.G. Fujimoto, “Optical
coherence tomography,” Science 254, pp.1178-1181 (1991).

[23] Wikipedia. “Michelson interferometer.”
https://en.wikipedia.org/wiki/Michelson_inter ferometer

[24] Wikipedia. “Confocal Microscopy.”
https://en.wikipedia.org/wiki/Confocal_microscopy

[25] Brezinski, Mark E., et al., "Assessing atherosclerotic plague morphology:
compar ison of optical coherence tomography and high freguency intravascular
ultrasound," Heart 77(5), pp.397-403 (1997).

[26] Wang, Yimin, et al., "Retinal blood flow measurement by circumpapillary
Fourier domain Doppler optical coherence tomography," Journal of biomedical
optics 13(6) (2008).

[27] Poneros, John M., et al., "Diagnosis of specialized intestinal metaplasia

by optical coherence tomography," Gastroenterology 120(1) pp.7-12 (2001).

_72_

Collection @ chosun



[28] Pierce, Mark C., et al.,

optics 9(2) pp.287-291 (2004).
[29] Colston, Bill W
(1998).

polarization—-sensitive optical coherence tomography,
[30] EAI=

"Birefringence measurements in human skin using
" Journal of biomedical
et al. "Dental OCT," Optics Express 3(6), pp.230-238
et al. "XI2& ZO0t0 CHSt &2tE SHESIAD|D]
tomography) 2 =g Jis4d 1" UeXUHL2EEF X
(2017).
Imaging." (2019).
[32] Yasin Alibhai, A., Chris Or,
(2018).

(optical coherence
55(1),

and Andre J.
the

pp.100-110
Witkin.

[31] Fu-Jen, Gerd Keiser, and Ankur Gogoi, "Advanced Optical Methods for Brain
non—-contact

[34] Lawman, Samuel, et al.,

OCT." Optical Coherence Tomography p.527 (2015).
assessment

"Swept source optical
coherence tomography: a review," Current Ophthalmology Reports 6(1), pp.7-16

"Applications of optical
of
[35] Lenz, Marcel, et al.,

automotive paints."

[33] Duelk, Marcus, and Kevin Hsu, "SLEDs and swept source laser technology for
protective

Systems for Industrial Inspection X pp.116-124 (2017).
"Spectral
Sciences 7(4), pp.364 (2017).

[36] Antoniuk, Paulina, et al.,

coherence tomography in
Optical Measurement
domain optical coherence tomography for
non-destructive testing of protection coatings on metal substrates," Applied
"Non-destructive inspection of anti-corrosion
coatings using optical coherent tomography,"
Measurement Systems 2 (2012).
[37] VYamanaka, Masahito, et al., "Optical coherence microscopy
spectral band for high-resolution Ilabel-free
Scientific Reports 6(1), pp.1-8 (2016).
[38]  Yamanaka, Masahito,  Naoki
optical

Metrology and
in 1700 nm
deep-tissue imaging,"
Hayakawa, and Nor ihiko Nishizawa.
"Signal-to-background ratio and lateral resolution in deep tissue imaging by
coherence microscopy in the 1700 nm spectral
Reports 9(1), pp.1-8 (2019).
Collection @ chosun

band, "
_73_

Scientific



[39]  Yamanaka, Masahito, Naoki Hayakawa, and Norihiko  Nishizawa,
"High-spatial-resolution deep tissue imaging with spectral-domain optical
coherence microscopy in the 1700-nm spectral band," Journal of Biomedical
Optics 24(7) (2019).

[40] Srinivasan, Vivek J., et al., "Optical coherence microscopy for deep tissue
imaging of the cerebral cortex with intrinsic contrast," Optics express
20(3), pp.2220-2239 (2012).

[41] Park, Kwan Seob, et al. "Phase stable swept-source optical coherence
tomography with active mode-locking laser for contrast enhancements of
retinal angiography," Scientific Reports 11(1), pp.1-10 (2021).

[42] MathWorks. “=22t.7
https://kr.mathworks.com/help/matlab/interpolation.html

[43] Wikipedia. “Spline.”
https://ko.wikipedia.org/wiki/%EC%BA%RAI%ED%I4%SCHEBBIDUBCHEC%ID%NBE_%EA%LBI%A1
%EC%BA%A0
https://en.wikipedia.org/wiki/Spline_(mathematics)

[44] Leitgeb, RA "En face optical coherence tomography: Jl& 2 E&E," Biomedical
Optics Express 10(5), pp.2177-2201 (2019).

_74_

Collection @ chosun



- JMWe s RIS XASH
S @ T . o005t s 0 W
w Mo __Moo I U
SR coa Dy o R
wma#m& %%@é
= = M i Ko o~ ~ % I
O a1 @ .%Mwm%_ao -
T X0k T 5 W05 5
g DT H R g Mm g g
Wy P oo S oW E
ﬁ@_m%ﬁ.m_ma%:l__em,%
o:Mmmoﬂo_m_M_.a_WL. . RJ W0
o T g WT T w®D
= o g o__AT#u,MO
< 2 KF A0 oy 2 = ol W pm -
Sy 3 & W %S RKE = 5 W
LI A N BT =T
w0 B S WOROM _ gy 8O
%m_._.____#m_ﬂ?_lmum .
ARy =0 55 8 =
= 5 D 2mc ™
ﬂ&@ﬂ&ﬂ.ﬁ-gmm.@wo
R A S S <+
Mo____wogﬂ@%am_mm@,gﬂ
! g _ 0w = g o < %k
Io:_.._”__ mﬂ_.m_vo n0 Rl o_._x 3r © o
A S O R )
L TR D I
WWH_LH UATLH:._%
.r_w_mo,:_:_%m_%af S & o
TErT s % g W
p_;._old__o_. Mm_/.m_.Mul._AzoW
B2 W K 2 I o Kk FJ
K2 mm - o 90 g = 8 3
O no S <+ o3 ol =
B R O R MR WA

20224 12

S 920 Ol XelNXl BsUIC.

s

| —
=
A
s

B2
_75_

SHLUIOH ZA=E2I LD

LICt.

S|

PO I,
4=

S
=2

otNI 2.
FD Al

s X
e}

OF bk,
ZAE

&0t

Collection @ chosun



	제1장 서   론
	1. 금속 부식

	제2장 연구 배경
	1. 기존 금속 부식 두께 측정법
	2. 구리 산화막의 광학적 특성
	3. OCT와 OCM

	제3장 구성 및 실험
	제1절 구리(Cu) 부식 시편 제작 및 측정
	1. 부식 측정 실험 구성
	2. 부식 시편 제작 과정
	3. SEM-EDS 기반 산화막 두께 분석

	제2절 OCT, OCM을 이용한 부식 측정
	1. OCT와 OCM 실험 구성
	2. OCT와 OCM 이미지 Data

	제3절 이미지 품질 향상 및 산화막 두께 측정
	1. Phase calibration
	2. Interpolation
	3. Peak finding algorithm


	제4장 결과 및 논의
	제1절 구리(Cu) 부식 시편 조성분석
	1. XRD와 SEM-EDS point 조성분석 결과

	제2절 SEM 파노라마 이미지와 두께 히스토그램
	1. SEM 파노라마 이미지와 두께 히스토그램

	제3절 OCM 이미지에서 추출한 산화물 두께 히스토그램
	1. OCT 와 OCM 이미지에서의 산화물층
	2. OCM 에서 추출한 두께 히스토그램

	제4절 En-face mapping data
	1. En-face mapping data를 이용한 국부부식 확인


	제5장 결론
	참고문헌  
	감사의 글 


<startpage>12
제1장 서   론 1
 1. 금속 부식 1
제2장 연구 배경 7
 1. 기존 금속 부식 두께 측정법 7
 2. 구리 산화막의 광학적 특성 10
 3. OCT와 OCM 13
제3장 구성 및 실험 23
 제1절 구리(Cu) 부식 시편 제작 및 측정 23
  1. 부식 측정 실험 구성 23
  2. 부식 시편 제작 과정 23
  3. SEM-EDS 기반 산화막 두께 분석 28
 제2절 OCT, OCM을 이용한 부식 측정 35
  1. OCT와 OCM 실험 구성 35
  2. OCT와 OCM 이미지 Data 46
 제3절 이미지 품질 향상 및 산화막 두께 측정 48
  1. Phase calibration 48
  2. Interpolation 51
  3. Peak finding algorithm 53
제4장 결과 및 논의 56
 제1절 구리(Cu) 부식 시편 조성분석 56
  1. XRD와 SEM-EDS point 조성분석 결과 56
 제2절 SEM 파노라마 이미지와 두께 히스토그램 59
  1. SEM 파노라마 이미지와 두께 히스토그램 59
 제3절 OCM 이미지에서 추출한 산화물 두께 히스토그램 62
  1. OCT 와 OCM 이미지에서의 산화물층 62
  2. OCM 에서 추출한 두께 히스토그램 62
 제4절 En-face mapping data 67
  1. En-face mapping data를 이용한 국부부식 확인 67
제5장 결론 70
참고문헌   71
감사의 글  75
</body>

