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In this research, we have investigated the sensitivity of an extraordinary optical transmission sensor depending on the angle of incident light. Three
types of light, including a collimated beam and focused beams (4x and 10x), were designed for the sensor system. To compare the sensitivity of
the sensor, we measured transmittance spectra using deionized water (n=1.333) and refractive-index-matching oils (n=1.360 and 1.380). Those
spectra were analyzed in terms of redshifting of the peak, so that we could determine the sensitivity. The sensitivity tended to increase when the

collimated beam is used on the system, and we have concluded that the sensitivity could be affected by the incidence angle on an extraordinary optical
transmission sensor.
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oF &2 22 A719] E4Z AASH] HsliA= v =T
2 AME 7sls Zlo] P42,

Hlo] Q Al A= 1950WH] E=HClack)el QJeiA & =
AL ol e SFIFA AAE AFo2 AF7HA]
5] 7 =lo] gkt vio] QAIA Q] Y= WY, Hiol7lA, &
g3} o BAsta} s Bdo] ik, A9 22 A 4
‘ALt deH o= ¥h3ol= A0 R, o] oA A=
BESY 455 A7 E B0 SHoHA = S804 2
Al 3¢} A, A7|skete &4 o g v,

Bty &7 HAlE o] 83 HiolQ AlA = =2 ATt
UAEE 7M. 2 Aol Ao EF & So]
E I extraordinary optical transmission, EOT) @4&
o3t vlo] @ AA 7} QI dubz oz ofF o Lo
Al Yol BeHA] FRtthal ezl Aot thEA ofH|&
(Ebbesen) A Wo] ot 22 97|15 7HA &= A%
29l B 23 E(subwavelength hole)ol|A] Wo] £} oj
£ do] Bilst= Eo] JAS TSR ol A2
Wil F&o0] Joagslo] 34 Y AAAEe] ddd e
2 55to] grEoH 2 Zet2E(surface plasmon, SP)
of oJsliA YpepdtTt. ojuff, I Et=2EL2 A HI} HY
SHA| A55HA H 1L, o] Q18| a4 W flofl= Y &=
E-ZZ2]E(surface plasmon-polaritions, SPPs)°| 4
oo o)), 1 EZet2E-Zete]E ubgo] 34 B Y
o] Ui & ojf|o|9] 7|9} dX|HA =W Eo| 3F Fi} A4
o] dojuA Hep2bl,

5ol ¥ 5t @A H SRR YA G35 o83t A4

A T 582 2459 W tiy] R AHEY oo
AAEo|g]= Aro] wet AFHEr. WA= B8 359
FAET} & Ato]=, 7] 1181 By} 22 et E o 9
3 e w3t Eol 3 Bl AL AT of L
& offolof FgstA L HEA717] Ao HEARE AR
gtet. ofwf, Fo] JAtE= A ALrt AXHA ol
T Fadd a3t frasto] AlA Q) Mo FFE BlA
L oﬁoko] %E}[17,18].
2 =2oA= dAF B A E FAad)olo] Bo] F &
Ao B AHE-S &4, BASHH WA XF0l
nm, 5717} 550 nm?l W= & ojdo] sjelS 7HA|= 7|
AAstar, ofof YA ZA=E 2 ET ¢ Sl AIAH
AlZFstaict. BskE FU(collimated beam)dt &3t
F(focused beam)Z 0]-&5to] YA Of Zpo]& F3U
o|& &l Tt AHEHZ F75to] WL} XA
(full width at half maximum, FWHM)S 459 tt. o8
HI o 2 Fo] 7o) g AlAQ FIAEE H|w s &zt
gict.
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2.1. 50| & Fut o4 7|8 MA A[AR] HIZ}

5ol 3 B AHEHSE S| Al F AIAHE 11
g 13} Zo| AAsI}. & FeF A AR A= Fdo R
A3 HL-2000 (Ocean Optics Inc., FL, USA)& AR831%
1 3709] "=of o] Fo] YL o|F = A5
I %5 33U HZAE 56t TM (transverse magnetic)
o P E v A = o] FU2 & ofF|o] jE o RAMHT
UAE A o] I Aol & FH Al 7HA = FEstlom, 19
1(2)2} Zo] Waystd Fd7 18 1(b)2] A&3He Fd= Al
sl 19 1(@)9 35 dAE A= Fasksigion, 11
4 1(b)= HEA=(numerical aperture, NA: 0.10) 4812k
EAZ(NA: 0.28) 10H1E AHESHRTE oldf, 13 1(b)el
Al o] 4819l EARANAE YA E7E 0EFE X 6
o] Fo] JAtstar, Higo] 108]Ql thEHA =04 = 0k F
H 16%9] Fdo] YAlsHA Hot Ui & ojfjo] i8S X
S 22 204] v thEHMA(NA: 0.40)2F £37] USB2000+
(Ocean Optics Inc., FL, USA)E 53l 45t T3} A4
EYS SA5io

2.2, Lt = 0{3|0] IHEd W=}

Z]§°] 250 nm, 5717t 550 nm¢% Y= & ojfo] e
A&stz] s AAF ® 2al e 3L 2nE X 3
= ARE&Skelth WA BK7 7217132 Al&et &, Cr 10 nm
¢ Au 10 nmE =8 714 $2Hphysical vapor deposi-
tion) W4]Ql M} ¥l ZH(E-beam evaporation)d € &
9 (thermal evaporation)& &85t F2l5l3ich Cre
A5 024 BK7 |79 52 HE5H] 8 ARSHA
o} o] 7]k 9ol YA E HAH FHAAE AR-N 7520.17
new (Allresist, Brandenburg, Germany)E 4,000 rpm £
7102 FYSIYIL 85 TolA 18 &% EAE st 1
=, A Hadgy 3HS S6f Ui & ojlo] g
A YA FAS AP F A6k 12 oA
g FUHELE o83 Au 100 nmE F&5191, FTE-Q
I(lift-off) T8 XPsto] MEZ A&ttt Ax 9 g
A0 0 FHoAE 22O JoF AHeotA 250 nm2
e 7= & Ae|2E AHsHIAIRE AR H] A AH
of g o Al T FH vhgo) whet dapyor A
ofA= Uk & Afo]29] A7|= 119 2(8)2] SEM ofm| A2}
7ol A7} S 1T 4= Ul e, o|=gt @xpof| o5
A3} AlEF o] A Aol A Q] Aol & SIS = AT

2.3. FDTD A|E3[0] A

e g ofdlo] sfElolA o] Bo] 3 vt AHEY BA

&

S
o
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Fig. 1. Schematic of the sensor system based on extraordinary optical transmission. (a) Collimated beam and (b) focused beam having two dif-

ferent angles of incident wave.
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Fig. 2. Process of fabricating the subwavelength nano hole arrays. (1) The image of nanohole array patten; diameter 250 nm and pitch 550 nm, (2)
deposition of Cr 10 nm and Au 10 nm on BK7, (3) spin coating of negative E-beam resist, (4) processing of E-beam lithography, (5) processing
of development, (6) deposition of Au 100 nm, (7) processing of lift-off, and (8) the SEM image of nanohole arrays. The scale bar is 1 pm and the

hole diameter is calculated by using the SEM.

A3l A-AHEAI 7Y G H (finite-difference time-domain
method, FDTD)& o]&3}to] A|Edo]HdS Adstqct o
Atte] Zte #isto)] e Bi AHEY 9 YIFE Xjo|E &2
Ast7] Yol AA F 7] B2 Uro] AlEdoldS 8
sholeh WA 385 FEQl U & e X&F 250 nm

g’ ‘21‘7] 550 nm= };\g;ﬁ o]—?&_]_, "E)]-'EJ_% TMJ-L]'E /\‘l__g_b—]_(}aq_.

HYstE FULS YA 4=E 052 HYoHA Lo] JAEE
Aot T A&t YL 0= R EH Gu(REA= 4y,
NA: 0.10)9} 16=(HEFZ 104, NA: 0.28) & F 719 ¢
A S AAEHth O &, ZEEE ALkE AHERS 4
T3t B o] AR A W FUY] AHERHS 1At
Aot 2= Yol YAt SEt2nyY @A viofA

Lt oE,
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YFE FeH o] HZ sk Y & ofeo] id flof 2o ot =dEe
EY 1 dao] gtk FEs0]l HSE oSt 1IFgEE S5 A8 A= oE 2EES
ol & Url: Z olflo] HEl 919 FHES  7HX E4 DI water (n=1.333), 28E JZH(refractive
1 380202 WIS o] £ AHE  index matching oil, n=1.360, 1.380)<& ©]-&5}o] AlA<
oA RIZE=E ALtet AT UH=E S
I 32 3pgo] o T AHER| A7) 4 2ol
1. Zap 2 3= % 3(a)= 1081 &k 39, I8 (b= 49 5ok

So] % Fab AL 0|83k A4 Yrbute] o]
IS SN BEE B B

12 0 4, 1002 24
o|gsto] Rt AHEGS
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Fig. 3. Experimental results of transmission spectra of (a) focused beam (10x), (b) focused beam (4x), and (c) collimated beam when using DI
water; n=1.333 and the refractive index matching oil; n =1.360 and 1.380.
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Fig. 4. Experimental results. (a) Calibration plot of sensitivity. (b) Calculated FWHM (blue line, focused beam (10x); green line, focused beam
(4x); red line, collimated beam).
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HA &0k SFUoA Q] ZTE BHH, 11 3(a)ollA SHF
E AHESHE o B AYEY] Xl uF a2 776.28
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Fig. 5. Simulation results of transmission spectra of (a) focused beam (10x), (b) focused beam (4x), and (c) collimated beam when using DI wa-
ter; n=1.333 and the refractive index matching oil; n=1.360 and 1.380.
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Fig. 6. Simulation results. (a) Calibration plot of sensitivity. (b) Calculated FWHM (blue line, focused beam (10x); green line, focused beam (4x);

red line, collimated beam).

Fig. 7. Intensity of near field on a subwavelength hole. (a) Collimated beam. (b) Focused beam.
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