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< SUMMARY )

BMThe purpose of this research is the development of reverse electrowetting
energy harvesting module that utilize surplus energy at the railroad/train
and road traffic.

BMEspecially, the goal of performance is 50mW/cm? which is improved
performance compared to existing results about reverse electrowetting

Purpose & energy harvesting.
Contents  |MFor this improvement, researches about high quality thin film that has high
capacitance and breakdown strength is conducted.

MIn addition, study about energy harvesting module for the rotational energy
is conducted.

BBy these researches, development of combined energy harvesting module
that utilize both vibrational and rotational energy is conducted.

BMTest stations for evaluation of vibrational and rotational reverse
electrowetting energy harvesting was develpoed.

BALLO;, which is a typical dielectric material, was used for reverse
electrowetting energy harvesting module and the thin film properties were
analyzed.

BWAI,O; was fabricated by various deposition technique. Especially, a Al,Os thin
film with superior quality was deposited by atomic layer deposition, and it
helps a improvemetn of reverse electrowetting performance.

BWIn results, high performance of 11 mW/cm? under voltage conditoin of 24 V,

Results which is general condition compared to previous research, was achieved.

HWIn the case of rotational energy harvesting, the performance of 0.7 mW/cm?
under low voltage and rotation condition was achieved with the high quality
thin film.

BRotational energy harvesting by reverse electrowetting is strongly related to
the rotation frequency, and the test environment in this research is very
general compared to the previous research.

BMThus, our rotational energy harvesting module is fitted to the general
environment and it can be useful for practical applications.

BMIn addition, various dielectric material was researched for higher
performance of reverse electrwetting energy haversting.

BMReverse electrowetting energy harvesting utilize the surplus energy at the
surroundings, thus use of fossil fuel and loss of electrical energy during
power transmission can be minimized.

BMThe efficiency of reverse electrowetting is high compared to other energy
harvesting, so it can be used as not only auxiliary power but also main

Expected

Contribution

power system.
BMReverse electrowetting can utilize various energy including vertical vibration
and rotation, and generate energy through the slight vibration.
BMResearches about device and system of reverse electrowetting is necessary
for practical use, and technological superiority can be possessed through
this research project.




BMThe results of this research project shows high performance of reverese
electrowetting under general environmental condition, and it is helpful for
the practical application of revers electrowetting energy harvesting.

Reverse Regenerative Renewable , . .
Keywords , 9 Railroad/Train Road traffic
electrowetting energy energy
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BWREWOD unit celle] glol FA9e] 74 #H4AE &3 o 52 19 45 @ 4= F 9
S Ao 7 #A3 sputteringS o] &3t 50 nm =59 AlLO; FAUS A 2

WM A3, 50 nm FA9 ALO; fdue] HALH unit cell& 9 V AL SAA oF 2.6
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<29 13. 50 nm FA9] AlLO; FATOE o]Fo|Z REWOD unit cell®] A AF/AH>

Wuluto] F7A 7o 93k capacitance] Ao 2 REWOD v Ao o] elFlo
U, 2o HA I A Ao o8 =2 At JAVFE % FUHEQ AE dE sl
o &ol U+

WA 2o AA 33 AokS Eole Zo] AY B S7Hd =35 & F U+

Hte] A 339 A E-o 54, vt 74, 9% 59 TS I

W vhs A ARZUYATY AAR] AAHAE A&7 €gA ol F Ue TE

dHA Ao, kA oleld AR HA FF E=Z 9ty AA Iy At d¥FE =

2= o 10
T U=

HJ‘%‘QOJ sputtering®} -5 & 7Wke] F2 PO E wg-
Xﬂl}%} T Aou, =Y S e AR A
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‘o, R‘ oy "
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WAt S ol gl precursur, reactantE ©]-83te] Z]Ee] zk7] A|gE WE-g(self-limiting
reaction)ell &g FAS T3 ol AFEH= WA oW, AA @R FIFo| o] AF
(layer-by-layer growth)=]7] ofj&o] Ago] §le Hi FF WahE 4S5 F s

W 1 52 Aol o8 AA-A FAEHA S= Bl A(amorphous)e| HFeto] &4 5
o] A nx A 27t 298 E 5 glel

WMoz ALD &32 7AZ31 o & A%S AYE REWOD unit cel AZ-S 93] ALD
E o]&3ste 50, 100, 150 nme FAE AU ALO; FAYE AR S ™, sputter
ALO; FrAute 2 o] FojZl unit cellzte] vl E g

Sputter 50 nm HeeH Sputter 100 nm %_" Sputter 150 nm

ALD 100 hm ALD 150 nm

<29 15. Sputtering®} ALDZ A&7 Al,O; +29e] FE-SEM &9 o]u]z)>

BFE-SEM #2415 o] &3t o W9 AAHA B o

WSputtering®. 2 A2E ALO; F-A9we] A9 THe AZRd ZFAAV FsA IA
HodeS FUT & o, ol dd 3 Y #HAE ofr]std REWOD Td 45
g GEdFE = 5 A=

W, ALDZ AR ALO, fAvhel A4 wHd Fud AFWAS BIA] o
olol We} A W Aol Be ASE 4T £ UL
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<19 16. sputterings} ALDZE A|ZE AlLO; 7 =e] Leakage current &3 A3}

Bro BFHQA 4 s AzrE ALO; vl tis) +4 HF(leakage current) =3
< Wy
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o= o] &5,

WA o B9 ol dd 57t ##HA gugs 74 AFY #2325 53l 414
o2 dAd o A= s dAZsNE F Ao

EHALDE A&E ALO; f-A=e] A% sputtering® & AZE §-A97 vlwslgS w w9
v £Fo T ARFE RAFa o, Mr|Fe] e wE syt vuds &
T Ae

Deposition technigue

Thickness (nm)

Capacitance (nF/cm?2)

Dielectric constant

ALD 45 nm 24519 12.46

ALD 100 nm 106.62 12.06

ALD 140 nm 659.61 11.01

Sputter 85 nm 89.27 8.57

Sputter 145 nm 4239 65.94

<29 17. 53 W23 FA 4 ©E capacitance 3 2% F FA &5

WX 5o F23 IS v x= AR capacitanceo] o] 2 Wy o] &S HAE3FH7] 9
 Z2 U FA ) wel AZE 4he] capacitanceg 43N OoH, ol E HIHOZ F
AATE A=

WA ALOsel A% 6~10 AES FH4TE AU doeH, AzdE 2y {49
A5 o] A FeE EAst Y&

BALDE A" wteo] A$ w3 FAolA sputtering 2 A ZHE o] wHE] E
capacitance ¥ 4 & BT Jow, o] ALDE AZH 2ol 3 UE i
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<49 18. sputter®} ALD=Z #|Z@ REWOD unit cell®] 4% Hla>

WH =23 FAE2 AZE unit cell A% vin T2 =ZE B, ALDE AZF unit celle] 7
$- sputtering®. 2 A ZE Aol vlE] AVt = Jd= AR AV O 2L & F U
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WMALDS] REWOD oA 7]&dle] 2 &o] e} Z2hyo] n
ALDE AZd fFree] FA UE Hes
W4 capacitance =74 23}, 50 nme] {7 gt

< capacitance® Ao ofo wel FAI A} FAHAA I =& AT S RAF1
A=

W2iu, ALDE AlZHE whe] Aol JolA= =3 FA7E srobdel wheh A =) Ak
o a7t dojur] wiEel VHE ¢ e Aol o] AT EAT

W150 nm FAe Fx9e] 4% 50 nm FAS FZute] HlE)] capacitanceo| Al =4S HHAY
St O =8 HAGES Qe 4 Qo 24 V AL A oF 11 mW/em29] =& whA
UEE #FE F s ole A A7 23] 243 &7 65 V 2002 g4k A oF
80 mW/cm29] ds& HolEzra 2 = &

=
Mol AHE UAY BRYE Le3A 2% uni el ALY AT WL 1EE A
[e)

2. 3|14 33 REWOD o 7« A7

W3 A oUAZ o] &&= REWOD &A 71& /S 9a) 343 REWOD A& ~HoldE&
F=3}

W3 A8 2AF 2gHold A, I 5L TAAZ|7] 91 DC 2H, RE F5& T
power supply, HIZE AMEES X|A7]7] A A T2 FAHY A=
W3 3 oA JAS &oletA 7] A8 & wWojBd S o] &3 JA WAEs ABE

19 20, HAY HAE 2E oA

W3l A oA £0E REWOD B4 71&9 432 A8 ALO; #3192 ol g3t 4FL
B3

WUnit cell AZHe 2HEY PHL ol g3tgon, Zela nh2ag o galel Wud AL
A, 7 9lel ALO; FRTS S




' Pt electrode Al O, dielectric

S,

<1g 21 A" A= 234L 9

ok

A3 9 AZFE celd

W23 Ay, 2& FAoA AEE REWOD oA 7]&-8 unit celllAds A 337 Lo
YA ke At SAHANAE A 97 DAt EAE #EF
BUnit cell A&l AMS-¥ sputtering 71&2 1 EA 3o F

= 0’0 o “I%J.A(‘)]o“ _o/]gﬂ %i}ﬂ' 9}1&\:
TZE 79354 9= AE(step coverage)’t WA FAHEH, @Ayt IA dEHE A=
el FHees AT A ey 2Ag FEY FAVE LA Xk ofA F8E
Row, oo we} HAA 93 FHte] HHEAHoE vopxl Zow dAehH

Conformal layer

Non-conformal layer
(ex. ALD)

(ex. Evaporation, sputtering)

a9 22. TF 71 BE TF ¥ 2o

WALD 7159 4%, 7183 B4 Aole] A7) AR Wg D FFo| 33

2 EL e = WAYSS T
3 S2ko] JAPYHE SA-F A 32 T LT FAY He AL F due=

W 2kA ALDE o] &3t 3d3d REWOD A 7]< unit cellS A2 Al sputteringS o] &
skl AZE cellol A ddE A 99 ZAAS 2 F AS AR AoH

Wolol i3 A5 #8l, sputteringe ©] &3kl sjdd A=< 2k, 1 9o ALDE °]

g3l ALO; RS H3AZ
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<{1¥ 23. ALD=E #1Z4 100 nm¢] ALO; fd=e] #&Hd 3¥F REWOD T s BH7b

sleol 71&

T

HAr

A %

Sy

muE A%, 824wy @

53 REWOD oA 7]&d A& 7Msdd F&2

At A7 Mo, 8 Hzo 34, 18 V A @A NA oF 0.07 mW/cm2e] Aso] =
A4

WA =49 d8g A 28 A =74 oA 483 1%d REWOD w4 7)<l
Hlg| e FEow FAH

BMREWOD d 7]&9] A9 I #d Aol F 3 Fio 9 Ay Wil £Tox
FEFgFS WYy, oo wet e Fo4o oA AP A e HY UEE By
A A%

Mol & 32357 98 =2 Fu9 AL AV Afole s 71T AF Alo] g

A3 AN & e FRES A5 g I
2 Sassen, AE AYEA dul e Fage AAE DAY
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i 18 V voltage condition - _U--‘r 16 Hz rotation [
E 0.35 1 E 06
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& ' 204 [ |
£ 021 2
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<Y 24. 3)A &= E A Wslel 16 Hz S AA e A S840 & Hs W3
W2E A%, I4 S5k Fel wet Aol FkeE AT Hyon, 24 Vel Mk
16 Hz 3 37 3slelA oF 0.7 mW/icm29] A5g BAE. ol A3 AT Az A3
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Z742 70 V =0 F 32kA] oF 6 mW/cm29] A5l E o= & &
BMEsh A8 =82 vy o g Fulao] Y-S v EHA, A AT Ao Fu HEA
300 Hzoll Al 9F 160 mW/cm22] A %o] o= J&

3 e A Hxoln, mepq E
&o] 84 oYAGAE EFHo ojfx F3o] 7Fse REWOD 23

S FUsA 7] fsE, 9 52 AT E AYsE 2 54
A4S o83 Ae M AFE YA AME EZ O characterizationS 3

fe13
=

W10 AHgSE WEEAY ALOel sl WY =S Fd FFE AUE AoE U
HEA nHd 249 HE4 BEEIT0)E AASEen, 72 A7E s &4 7]
whe] 2W ZEP S ol g3tel MY APL WYY

MBarium, Titanium precursorg o] &3t AzZdE EFHS o] §sted 9 AZs st
, % AEE 55 AT gk FdIFS H4AS sr] el duFeE vde 2
600°Coll Al &2-& Z3)g

Survey (110)
3.00E+05T—533 o _|
) 5
@ 500E+08 MName Atomic % < 1 ||
£ o1 O1s 55.99 2 '
8 1.00E+05 g Ly
_ Ti2p 20 £ W
0_00E+00- i i 5 Balds 19.67 --I;I'»_ __,I ':33"
Binding Energy (V) -zr;\ ' n 5 _4.; N 55 ! 53
2 theta (degree)
<19y 25. 29 =H A2+ BaTiO; A 9te] XPS, XRD data>
WA 2 2ol thafj A XPS 48 X183 A, Ba, T, 09 HI&o] o4&l vl&el 1:1
3ol 7HaA BAEIIeH olF Faf BaTiOz vieto] A= JAHHS AT
BM=3 XRD(X-Ray Diffraction) #4-& &3l #4e] AAAZE A5k, BaTiOsy x4

o] 43S 1A= peako® 47 (110) peako] HFgBM
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ataw
Material BaTiO; S
Deposition technique Spin coating % 1]
Thickness 200 nm g
Capacitance 258.59 nF/cm? E -
Dielectric constant 5841 5 ylion " PR (e 175
0.5

Time [sec]

<219 26. A1ZA BaTiO; 419 capacitance @ A% &4 A3

B3 I’ oE AZE BaTiO; #3492 capacitances =74 gk 2
capacitance©] Wetyko ™ FE-SEMO® #ZH FAE o] &3ty 74 & AALlstH of
58.41¢] #ro & e

BM=3 BaTiO; Ao =2 A% unti celld] A% H7
mW/cm2e] A5 RAgFa Jom o= AlOs
d FAE G s ETsta vl =

WstA| R vXlE 32 Hel 23 S

[e)

i=]

WBaTiO; GA9te] Qo] H& A 7S B3 Ay A4S &) vwd uEA 9s
2+ek = Q)+ sputtering WHH S o] &3ta] BaTiO; 92 A 2Hg+

BSputteringS #13ll BaTiOs; ceramic target& ©]83}% © ™, RF magnetron sputtering 2] -&
o]-&g

S A3 unit cellol] B3] 2u) o]
Aok & F U

el gAC oa] =2 e ATtel o=l U

2

7.00E:0
6.00E+04
mSEEEC Name At %
o 400
£ o Ba3d 23.94
3 30E
T Ols 57.6
2 (0E+0 .
Ti2 18.47
0.00E40
1200 1100 1000 900 800 700 600 500 400 300 200 100
Bincing Erergy (V)
] 750°C annealed
6000 -
=8 =
S;_ 34000
21 =
= =
e 750°C annealed c =
N s ple oo 2
o) —"—j ) © 2000+ 8
= = Il =2 = 3
! I o) 25 Ej EEis
il gt o ol N oy
20 25 30 35 40 45 50 55 60 65 70 75 &0 20 25 30 35 40 45 50 55 60 65 70 75 80
2 theta (degree) 2 theta (degree)

<94 27. sputtering®. 2 A|Z}¥ BaTiO; FA9e] FdA2 34 ¥ XPS, XRD &4 A7
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240 E 230 ARHYLSS Fetg o}, XRD AFHE B3k o) wgAo) o] P4
Q(‘H.CL.Q. o) 2~ o)lol3l4
M= 2 T M|

WBaTiOz9] A9 = AAAdel 4 &
H capacitancedt® FAE A4HE /3
A = A

Buety 2AAZS &RsH7] $18] 500°C, 750°CAA SEA e FA4S FPg

W500°Ce] 2= dxed BaT103 FRute] 749 XRD “dollA peako]l HAEHA o,
750°C =04 Exgd fFx9e] 49 BaTiOse] #3 EAo #HH perovskite®] peak
o] A

Deposition Sample treatment Thickness (nm) Capaditance (nFicm?) Dielectric
technigue constant
Sputtering 250 nm 39.96 1042
Sputtering 750°C post annealing 288 nm 22616 73.57

<24 28. A|FH BaTiO; A=) capacitance &4 A3

BIAE 38 A FA%e] thall A capacitance 53 R 1 A5 A4dbs Agg A7
AP B AXNA &2 HERT FHE Fd Aes RAFL A&

W3 A v, A 23 ZEH I sputtering HOE AZE 9o EXAES 7E AL B B
AeE df$ & oy dutx o g BuEE BaTiOo FAAFHTE B 7h

Wol2gt Aol tigh 1S Uy oz e 47 250 o3 dhe AA Aol 4 wEd

WMoty o =2 250A4 44
capacitanceE Ay =&
unit celldl 74 8421 AFol EA7F 2 9)101 Aﬂi_&’- ;ﬂ

Wojol el 5 37294 AL & A= ITO 52 ceramic EZ = 01—?—01 | Z‘i%l-"’/] 7H‘i‘-i%
AgPsta, A= A== 4 5 F7F AT7E JIdT 94
W7 AF MEs B3] 1o o Aso] 34 unit cell A 7)€L SR £ 9dS& Ao

r&o LU

Z 7gEY, 12 A5 802 goFst
F AL Aoz 7idgd

WBaTiO; 49 /Ay tEo], duyr A8E AF AHEEE doped-ceria Alge] &40
)3t characterization®} ©} B4 % 33t o, olo mAH AF}E Es| SCIE Aol
2 Ao =& AR B A=

SojoA &8 7le$ unit cell 7
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_27_



HET SaEAZIE

t

42143

[=

SRR

=X

or

S RERIEE

245.19 nF/cm?
171.43 kV/mm

70 nF/em?
6 kV/mm

i ™0

oo =
ralE]

K3l
Rl

&

ol
%l
oF
Jo

El

110e

150°

-
Hr

Vi
LH LHO 7l

ol ik 5

11 mW/cm?
(24 V condition)

50 mW/cm?

245.19 nFfecm?
171.43 kV/mm
0.7 mW/cm?2

(24 V. 16 Hz condition)

30 nF/ecm?2
6 kKV/mm

0 ™0

oo =
palE]

KO gl
l

e

ol
%l
oF
Jjo

_‘|

20 mW/em?2
A 2>

=

=

<E FA9 F8 @4 %

W 20 mW/ecm? & 3
W50 mW/cm? § % %3 REWOD 23

JJo

jze]

B
)

tgom ol wal %Xl 70 nFlcm’ES 4

°

A 2

171.43 kV/mm<]

1

)

3}

°

&3]

245.19 nF/cm?<]

L

T—

3}

9

3]

el
°

Jjo

=
S

stoem, 24 V Ay 84

S

Y2 charge trapping &4 A7}
Al 2

¢

}9ow, charge trapping @4 o

°

o= A=

=

Wy ol 7)Ze]
bl

-
g

=
1o
=

ul
=

ol Zofu)7] 913

Wuzty E2FgA (fluoropolymer) Algel 48 E72<Q CYTOPY]
110° =<9

I vl B ks

=
[¢)

65 Vo et gAolA oF 10 mW/ecm?e] A

p—

0

A

T
g

T o=

B/

Rl

g

1

[e)
H

_]

%
fd

3tm, 24 Vo

S

o] ¥eEA

_28_

WCE Yoyt AA A8l




ogulE 7ML v &

)
N

ojp

R

JJo

0

™
BN

22

W20 mW/cm* § 34 %33 REWOD %A

op

—_
o

i 7idE 3 =31% REWOD &3

9]

=
=

W2 d7 A

34 ZAANA ¢ 0.7 mW/cm®Y

9] A ZAAA ¢k 10 mW/cm? F9

AF

op
oR

El
N

o
Jo

el

W3 A =5% REWOD &

70 VE 32ksld oF 6 mW/cm?e) Ao =

WE A7 AN AR

2 A o

gron!

=

ol
it
i+

300 Hz

Jo

o

160 mW/cm2¢] =& A%

7 o) A]

| —
T

AL AT ERF o UAE FHE & Atk

ok 7}

0

olHE 7hA AL

mhy

28 7]& gy

S

B3 A7kA REWOD 24 71=¢] A5 71E AHXA

=
[}

e
o

o

1

]

o

TEO
H EREES

3

A

=3
=

W A7 A HA=

%5 ¢33¥ REWOD ¥

B8 A7 A3 11 mWicm2g

sl LA H U= Mol F nlzt

A3} i) Ak olste] Mk &4

Aol A dA Hed 5

7ol et ofie} 9l

ﬁO
o

B

_ﬂ,ﬂ

Hol =8 7]

S

3 Asz A4 oA

=
T

O
il

A7 A A 9

£

’

gjshd

g

A

_29_



4% Ag ¥
O 3% 71% 71 Adel 1% @ Hao] WY RE BA0) 28] 5T,

O

mlm

0, A5 4 E2 &)
5 g oukg, AdEk dlz

Aol A tin] =

oo MM F AY AAEAY I8 = FhT 5 3

A83), AEs Pt

O REWODE ¥d &S FeHZ A|&ste] 834, 5 JeE, 48 4 502
T2t HH o Histe= FJeHE A %fo] 753

ny 4AH 7le 81

O REWOD+= vz 5 ARXFANME 7] A7 7d dAd HEH A 53], A &8
21t gufo] 28t Fof tigk AF7F g we g

O wgkx REWODE o] &3 & =g A4 2 HrteE 53l A= 978 Iy

) 9 7«9 gr7t 7hsdk

AL ZFE/AYEEL e oA, 5 AT

O A oy 7|9 REWOD 7|&2 712 7€ A7 <o H=d i, ofel F3e
Aol FAHAUA S

e
Wi
R

O

N

12
oo i

O Ff S4uA 71 gel FRE e 4T TW BT 4 2 BAS BA Rela
9.
O REWOD IH

AZ-E F3 REWOD 71& Al olghs A2 Al
NIl §]*§°1]L1X]°ﬂ 7

=9 g
ek Balo] Aot o] Fold 4 s Zlolgta A7,
REWODE 8 FHo E3HA B de Eak, uw, 22 9 AR oA HEAE
R A Fo EAstE X EF H& 7R d

UZ}EW HAHE JE D FA

7bsst, 1 2840l Wf =+

JE5° REWODE A&a 2 =2 st5fo] AAH 44X 2 =2 FH9 Bay, aFe
St A Hx), dEo A= F9, A UF, Adute AR 5 o] HA)ste] &
o] 7bsstH, o] flo= A wF Mubo] A&t Yo OﬂL‘]Z]E—rH A71ANHAE A
vt B g d4 ZAXEY oyt &30 WE F A AAEAY HL7HA
= Y F As AR JdE.

¢

_30_



w " | REWOD power generator
. from vibration of rotation

B Age AT 5+ US.

2 13,560 kWh ¢ AgAmr} dAsln o] »E
FEFS B YL o] 50 mW/ecm? ¢ REWOD 2od wE
o] Agd 18F 7IxH1F F oF 60 m*e] WHE 7|Fo 2 Astsrd 43 &F 7 30
kWhe| Ag Asto] 7|t Hol, FHHALRZFY <% 5% o FH= FE& 3 AF
A5

Ao A5, 20124 FFAEEA) P2 FEA Ade] LuHH] I T BT
& 2,080 kWh= 2438 8. 7129 2 488 b 2-3800 gAste] duix 4w
b A, A0 saAE 9% B g,

Asd YR BEF 293 44 Gdd 5 ge A¥e Baw ¥ A

T A AFE 7] o RxAAZA(APU)EA ] REWOD ¥ 2§ #go

O:

_31_



P

—-— Curert e Curem T

' — . e 4 -

@ e 3 f' \ @ -

l *%\ | W-REWOD Unit Cell 7§ |
S V-REWOD R-REWOD M

\summ- \nmphumv - rh\ - )
_— ' » ‘:"" = Slider-crank transformer A

» il'_,-, » ~""} V-REWOD Module -

Elastic Spacar Eloetrode and Cover Bmneh Tyow Covarand Spacer

V-REWOD unit cell @Z%-ﬁiﬁ Eﬁ-ﬂ'iﬂg Oﬂgﬂ'
45744 % 253t V& ik W& REWOD®] Cross-link &t

4 ‘r"
j V-REWOD Unit Cell 7} & } f—-f 1
i);,

R-REWOD?

W-REWOD unit cell
HdsHE 2 2535

<19 30. }F @739 =3=A ¥+= V-REWOD / R-REWOD 9| @4 2E>

mebd A 4w ga

it

93] W) A9 R F=rlck REWOD 2d RES X3 I3

o] AFAHAE o] &3 F7HAR Y Aato] 7Hedh
QEAS B2 A7 T3] ga 53] SHT AZtel= BakAzte] Zo] REWODE ]

% Yo} oA AN AT B

olsh HlEo] ARES TPl R F& AsHAY, B3 L A=o] REWOD B4 =E

SRR %Hfu 2%, AE5e AY9e] APUR o8 F 92,

Hen & A% S0 NAY A P TPl Y, ofztel EH 9B
aulgol gob 9% 2P 4% 3N wPH oA YEHa

ftlo

0\1
o jg

L
o
> 2
) r[r

=24 Ha) WEo] AsT, Be o] Eal7] wEe] REWOD %
& %23 233 ¢lo] REWOD %7 mE<S Hgatd 2% oy

o of
H ﬁ l'jl lo

2

2
X
re
o o

o
Mo
e

o

(¢

S Lo oo
i
ofo

A

g Zguet 9ol REWOD @ &L Foly IFdeFo EAs= A
e BT AL T F Joug &g JlsHo] e
AT L AFer, 5L Aoz AT 4 Je AANE X3 1 & ¥
S W8 F oy duR ARZAZAX S} dASE I 8 HYE oS HoR.

% 71= #3 REWODE #-&3sl7] 984, REWODE 43 E&EE AZsto &
HE, g FAE o2 TR st 77 HHd HIfste FEHE Ao

ot o B M b ORI 3O [N
l'm mlm [‘Qlf ){‘E

i

, AF 3
7V
=3 FAY 2 A AvE 2E Aih e s 2 &
71717} %oF REWOD ¥4 &S A&

T 48 AN B¢ ¥R AE T HxAY

oﬂL

2ES AA gexr} &5% 2
o2 o3t

T 2o & AMAREC] AR =R FUlE EEE AFAIHH MFol EA = *
o EHFEAU Aol EA st el Adel Fe AAT7IEd ExAom AHS &
gol= §52 AHE F

EL QAE ol&ste Tled SA & vl vAlY JF EJ ol & Thsste] E Eol
LA st= g4 olfjol = gt &0l 2 8ol 7hed Ao AH] & lLM Bl




Hed. A4 aEoM +Tst diel utstr|s EE

BMREWOD 7]<=3 #dste, 319 =29 7% 2011d Nature Communications =|of Al A=
“Reverse electrowetting as a new approach to high-power energy harvesting” 3 2015
A Scientific Reports Aol AlAj¥  “Bubbler: A Novel Ultra-High Power Density Energy
Harvesting Method Based on Reverse Electrowetting” ¢ % #Ho] 2z 5 ]&587

W37 7 He =&elA E3xdE REWOD 71+ 7|x o] ol thgh W& electrowetting
3 AEE HRE J|Wtoz B AT Ao AFE AP

W3 =& 4 REWOD 7|€2 Ad5 Aslel 93-S 71x= A4S 2 charge trapping &4+
o] AAEANLH, o= oxide E& o] GA TS + A+ dHe=E Ry

WMol S W37 Yeixs 5237 EAJo] Hesty, ¥z 22 fluoropolymer AEe =4
o] charge trapping @4 JAT 5 A= EHE 5y =FA 2158

BREWOD A% 4< AslAe e A9 33 @4l digh B4o] 83ty oen, B
go] AAYA Fx7F Ad 9y @ IFE 712 F Ate =wo] IEd v 9o
), olo] wet AAHA T o

M3 3 REWOD Td &9 45
x5 v 8

BREWOD A% s A 14d% a9 7o o], BaTiOy7F =2 #d §4e AYaL
AT oo vt

W=3F BaTiOse] 7

[

i

_33_



__0%0

on, old wzt & A A ATNEA

7= A

sl wel IRkl =

Hek

5_}_.

|

A

|

=
=]

of w

_34_



HI8%E. =7iulet7|sEetdEA|AHRD S5t AHA|A-EH|
o 3}
—_— O
Tl | odmAd/ | A4 | o T3el ad | PeM | slm | NTISE
sl dnmug | (maw) o 19 BEE ey (mamis) (MA ma) S5 ws

_35_



HoE. A/NEatA +do ME AL S 4™ =X 0

8 A

ATAES kd BB A9 FH ABolN AFFE P A LKL )
™ +

_36_



A10%. ARl HEY AT HX
T2 == AAL O 5| E7| AtEH
s =2/ ==Y/5854Y/ &% o1 3t AR,  deg= =2 AWMLY (= AAH (SCI
= 7|Et 718 T 53 5E x| /55 55¢ E= o{f/elg
7|eh =7} S5 AMAD| = B)
Shkoy
} REWOD st | g =
1 = R KH| AN R} cHet2l= - 2015.06.04 - -
24t
REWOD SH2FLH
L, eEER 2o stw gy
2 =5 MI|&S ghM | AbshE | A} PCT - 2015.07.30 - -
25 =y
Thermally—Indu
ced Dopant
Segregation
Effects on the Journal of
Space Charge shotry the
3| =2 Layer and '_ifﬂ XX} |Electroche 3.014 | 2016.06.15 | &= AfA} SCI
lonic mical
Conductivity of Society
Nanocrystalline
Gadolinia—Dop
ed Ceria
Enhanced
Oxygen
Reduction
Reation in Journal of
Nanocrystalline shokry the
4 | =2 Surface of '_3_;_”_ XMA}F | American | 2.787 | 2016.08.10 | &5 ApA} SCl
Samaria—Dope Ceramic
d Ceria via Society
Randomly
Distributed
Dopants
Shkoy
; 3Md ofl4x| | stw | 2y =
5 =5 s D Avsts | A} cfetol= - 2014.06.09 - -
2 ch

_37_



HI11%Et. Z|EF Apt

_38_



x12%. A1 23

1. S. -H. Kwon, J. Park, W. K. Kim, Y. Yang, E. Lee, C. J. Han, S. Y. Park, J. Lee, Y. S.
Kim, “An effective energy harvesting method from a natural water motion active
transducer” , Energy & Environmental Science, 2014

2. Y. Yang, J. Park, S. -H. Kwon, Y. S. Kim, “Fluidic active transducer for electricity
generation” , Scientific Reports, 2015

3. J. Park, Y. Yang, S. -H. Kwon, Y. S. Kim, “Influences of surface and ionic properites
on electricity generation of an active transducer driven by water motion” , 7he Journal
of Physical Chemistry Letters, 2015

4. J. K. Moon, J. Jeong, D. Lee, H. K. Pak, “Electrical power generation by mechanically
modulating electrical double layers” , Nature Communications, 2013

5. J. K. Moon, M. W. Song, H. K. Pak, “Investigation of surface charge density on
solid-liquid interfaces by modulating the electrical double layer” , Journal of Physics:
Condensed Matter, 2015

6. T. Krupenkin, J. A. Taylor, “Reverse electrowetting as a new approach to high-power
energy harvesting” , Nature Communications, 2011

7. T. -H. Hsu, S. Manakasettham, J. A. Taylor, T. Krupenkin, “Bubbler: A novel ultra-high
power density energy harvesting method based on reverse electrowetting” , Scientific
Reports, 2015

8. H. J. J. Verheijen, M. W. J. Prins, “Reversible electrowetting and trapping of charges:
Model and experiments” , Langmuir, 1999

9. M. K. Kilaru, J. Heikenfeld, “Strong charge trapping and bistable electrowetting on
nanocomposite fluoropolymer: BaTiO3 dielectrics” , Applied Physics Letters, 2007

10. P. Bhattacharya, K. -H. Park, Y. Nishioka, “Control of grain structure of
laser-deposited (Ba, Sr)TiO3 films to reduece leakage current” , Japanese Journal of
Applied Physics, 1994

11. M. D. Groner, F. H. Fabreguette, J. W. Elam, S. M. George, “Low-temperature Al203
atomic layer deposition” , Chemistry of Materials, 2004

12. M. G. H. M. Hendriks, B. A. Boukamp, J. E. ten Elshof, W. E. van Zyl, H. Verwelij,
“The electrical behaviour of platinum inpregnated porous YSZ” , Solid State lonics, 2002

13. A, lanculescu, B. Despax, V. Bley, T. Lebey, R. Gavrila, N. Dragan,
“Structure-properties correlations for barium titanate thin films obtained by
rf-sputtering” , Journal of the European Ceramic Society, 2007

14. C. -S. Hsi, F. -Y. Hsiao, N. -C. Wu, M. -C. Wang, “Dielectric properties of
nanocrystalline barium titanate thin films deposited by rf magnetron sputtering” ,
Japanese Journal of Applied Physics, 2003

15. F. Mugele, J. -C. Baret, “Electrowetting: from basics to applications” , Journal of
Phyiscs: Condensed Matter, 2005

16. F. Mugele, M. Duits, D. van den Ende, “Electrowetting: A versatile tool for drop
manipulation, generation, and characterization” , Advances in Colloid and Interface
Science, 2010

_39_



_40_

TAIE el AFE MLt

I




