L~ FR* Y K

AL~

TSR & T AR

EhdhEHE Y B

ERBRHELTRAHP L ATRREDTREFLE

Effect of height of metal films on electromagnetic resonance
of electrowetting-on-dielectric cells with metamaterials



L~ FR* Y K

AL~

wm o~ AL
<tl N ) ¥ 5 b S Jl s . . s “
EHFAHE FRPHAF LA TREL PTR

SRR

(#%)  Effect of height of metal films-on electromagnetic
resonance of electrowetting-on-dielectric cells with

metamaterials

R R 2L
SRR (e O - E L

o4 i

PEAR-o0- #2784 Aap



RBREBLHFRA
WX I EFHREEZ

BRMESLZ Aty REZ  BARZEX

SR B EHEARAMBZNTRMEN Tt

% 5
PR yppe

Effect of height of metal films on the
(#%) electromagnetic resonance of electrowetting-on-
dielectric cells with metamaterials

B RAAEGREL  ERLEFSL -




FBRLRALIARLE
WX REBERLE

ERMESLL AL B3 BARZIHEX

SRBEHEARBAMMZINTRMEH T

(P2 g

Effect of height of metal films on the
(#x) electromagnetic resonance of electrowetting-on-
dielectric cells with metamaterials

Z, I \74
wxUREAE 2% A‘?(qf Lﬁ)
B

¥ R H 107 # 6 A 28 =8



E3 A

BEREHAALR2asiRX [EANH] ¥5#E

Application for delayed public release of thesis/dissertation

Y% B M-RE_\°) £ T A \C 8

Application Date: __ 2o 1¥ LS (YYYY/MM/DD) 107.04.105%
?ﬂ}‘*‘z r'jy € oy E 202 B %8 + Master Gratugi-:l%ate REA e # 1 A
Applicant L : €A Graduate Degree | [(J4% + Doctor (YYYY/MM) 5 it
BRELM - 7 R A&

University ‘? = Schools or Departments & B B mE
WXL rE =W E 3G . . e . el
: R 2 8 I B R EE A D 40 8 ik 3 2.4 iK% % &

Thesis/Dissertation Title FRHBRHER i Sk 2N, £ i) 5 W 3 e %
PYYLIASIAE R EE TR SN amay |RELO—% 7 A ¢ &
Reason for Filing for patent registration. Registration number: Delayed

delay - Until 2023 7 o/
B4 A L 336 X A% A5 F] Submission for publication (YYYY/MM/DD)

PHARS ‘ REARES: D ¢ g

Applicant Signature: A 5 en Advisor Signature: = S/L

HRAEES [t

Dean of Graduate School Sl : : L" /'J *{i

)

AR FREEEER: @ F

Schools or Department University Library Seal:

(] N ;

1. A kA A AR 3 4R T S e P BRI -

2. X HREXBRBE M 'iﬁ"*ili-‘?i“# AMRERLIHE L -

. WXERHRAFTHEM HHERERLTHE KL 2 rHRIMF 10001 £ F P LHBRNAEXA EHEETARELF

s3] AW e AM Y HE

4.4 THEH 10057 A1 BEG(=)FH 1000108377 kX |  EEAMATESEMM - HERERERRLELLIHA

W BPHAMAERESSFE 0 SARBS FRANBREAM AN AFEUEHE S FHE -

5. AMETFT LA XINEEHIEAMAFE  FOLRM TR0 P H -

[Notes]

1. Please fill in all blanks. The application form will not be accepted for processing until all information, signatures, and stamps are

included.

2. If the thesis or dissertation is not yet submitted to the NCL, please attach the signed application form to the thesis or dissertation.

3. If the thesis or dissertation has been submitted to the NCL, please send a REGISTERED letter with 2 copies of the signed
application form attached. The letter should be addressed to “Collection Development Division”, National Central Library with a
note in the envelope indicating “Application for delay of public release™ to the following address. No.20. Zhongshan S. Rd.,
Zhongzheng District. Taipei City 10001, Taiwan (R.O.C.)

. Following the instructions from the MOE, the delay should be a reasonable period of no more than 5 years. If the applicant fills in
a date that creates a period longer than 5 years, the delayed period for public viewing period will be fixed at 5 years.

. For queries concerning the delayed for public release of an electronic version of thesis, please refer to your guidelines for details.

o~

w

(ML TFHEBME For Internal Use)

R RAL AE A a3/ R IR
b BRI *ER:
@B fofRm A Otz Rream:




>t 2

Y
THR®mT AR A F AR RAOP BB RA o AN F
PRGNSR AP O FMG AR F LR JaEE o Y

A G AT RPN R AL E LG Pt F A EE o

-~
.

RFERHLA - FF RALT LS

I
T
H

/\\_
&
=
<
pd
&
cke
R
sh

XEF LA B2 AL BIEY 45 7 XML TR P E A fe
HEEER IS AR KR L LTAL A ATRE) L A
<~ B2 gl npFk P IR EEF o HARE S L0 R FhE o Bt
PR R X o A AL ST R ETISZ B T HRZ
FTRAEHR - BHD XA ER ARG hi Lo
R#E mm kfEE e FL R ooRRP B 4 Rk ME ] kRE S
HRERBREE RN GHm~ OFF 25k o

B M ERARIOP T B A RLBHIFTE
FTREEAEAFRDEFE EFRRF PN -FELE LD
A R ar EEANS AR RO R EY LR FLE S I
B FY L Sk ARNL CEBA L AR I ER RN
BHE SEm A » F 8 R 0 RO PR P an L A i F B R

T EEEN TR



R

ALTET ERFAHE T RAMEL IR IBEL DTRS IR
FF st AE T U2 B g RDERERE  BFBRETH
ERIERE L > ¥ MERANE G BIFE Y 4 A £ 3R Tk (high-aspect-
ratio split ring resonators, HAR-SRRs) o ¥ ¢k » H#-2 5 B %k it g it 4F)
4% (indium tin oxide, ITO) ¥ " A (PET) R Z + A T H 4L » * W@ @ F

e o Bt W E A AdEY L A4t g A A T IRIE (electrowetting-

o4

on-dielectric, EWOD) ~ i o Ji| %/ § JRE SRS £ ¢ R iF #H 5 > ¥
HAR-SRRs 2 % [ /i 7> i @ HAR-SRRs ¢ JR4F 5 ¥ 42 T R A 770

A EWOD ~ 27 - g bR iFR I BHihi e B 5 Z ARk o

FoAREEARFRIBENBFERSHI(LEL KSD) F o
MAEERFRIRIFRBFET DA H(TERL K0) 52

AERFAE - FREES - FRELFO<K<D) - TR
#P Aer KB 7 00 42pH 4R F = HAR-SRRs 2 % F ek iy o §
H b Rt 4 Y (K=1)>HAR-SRRs “7jg £ ed7of 5 £ B Fld
W % 2T R (K=0) > HAR-SRRs 7 % ehd7ifd £ B if

Tl o Tl 0 4 i HAR-SRRs # & b ek s 3 & JRAF 5 % 1 2 5

= g 43
AR B o



AF B E R RAE SV A s R B B2 T B e
% 033 THze iz fkimt BRI % 2 & Tl v Akt R it Bo F)pt >

+ T ;Lﬂ ul—,—]%?)@s b ﬁﬁ/ﬁt/@/ﬁ‘ %? 1] }'@?’ é:_b ﬁﬁ/ﬁs ™ f‘gxﬁ bﬁfl‘:/ﬁ»i j}';'

*ﬁ;gq_p o
TR B IEE A AL £ R

MAET TAFTHAL S T

FANRAE o



ERE S

Abstract

This work studies the effect of the height of metal films on the
electromagnetic resonance of electrowetting-on-dielectric (EWOD)
devices with metamaterials. Photoresist is patterned on a glass substrate,
and then the patterned photoresist is deposited with a sliver film. The high-
aspect-ratio split ring resonators (HAR-SRRs) are fabricated from the glass
substrate with the patterned sliver film. An ITO-coated plastic substrate is
patterned as an electrode plate. A patterned dielectric layer is deposited on
the electrodes. A glycerin droplet is sandwiched between the glass substrate
with the patterned sliver film and the plastic substrate with the patterned
electrodes. The EWOD device is fabricated after polymer gel seals the
glass and plastic substrates.

Three states will exist as a droplet is placed on a HAR structure. The
first case is the state in which the droplet is fully embedded into the HAR
structure (defined as K = 1). The second case is the state in which the
droplet is fully suspended on the HAR structure (defined as K = 0). The
third state is between the two states (0 <K <1).

The K parameter is introduced into the electromagnetic simulation
to inspect the state in which the droplet exists. As the glycerin droplet is
fully embedded into (suspended on) the HAR structure [i.e. K =1 (0)], the
HAR-SRRSSs experience ‘the maximum (minimum) change in the
refractive index of the medium that surrounds the HAR-SRRs. Therefore,
the state of glycerin droplet is the key parameter for the simulation in which
the shift of the resonance frequencies of the HAR-SRRs is performed.

This work fabricates a frequency tunable terahertz filter with the
maximum frequency tuning range of 0.33 THz. Such a filter has a lager
frequency tuning range than liquid-crystal-based terahertz filters. The
frequency tunable terahertz filter can be used in terahertz imaging and
terahertz biosensing.

Key word: Metamaterial, electrowetting-on-dielectric, high-aspect-ratio
structure, terahertz, tunable terahertz filter.
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Fote 4-1. 5 Bl 4-4 cnlicdE A TR X 2R 2 R S8 1 B (AF)
kILF R E i DL FoH P R Tk
(um) (THz) (THz) (Af)

8 0.878 0.751 0.127
13 0.745 0.605 0.14
18 0.799 0.557 0.242
19 0.787 0.502 0.285
21 0.830 0.508 0.322
24 0.836 0.502 0.334
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W R T end JRAEE o £ B Y MR HAR-SRRs &% § ¢ ¥ R
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oo g R R Y ARGLAR R A S0 AR A 4 b g A PR BB

énhn
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FRCE > B 430C) e FREFAL 19 um FFRIEF 0.285THz e

BHERLE > 4B 4-3(d) e FREFRS 2l um 2 24 uym BF > A B

EWOD ~#» B3 i TiaspF i€ > &£ % 5 0322 THz 2 0334
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F ¥ 42, W EWOD ~ i F i @2 7% ~eh K & o

RIEF A (um) SR (AD) K&
8 0.127 0.96
13 0.141 0.90
18 0.242 0.50
19 0.284 0.21
21 0.323 0
24 0.337 0
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