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3.1. ¥-&s8t Za|H(Thermo-optic polymer: TOP)

TOPE 4419 34 $HAR AT BU2A, 2 =8
oA AzteE LelolA] ot 7hH EAS rHH s S4AEQ
HES gich H2o ol /MEET Y= TOPE F54l =
oA F3HA EAo] a9 A1, FH FAof igh ok
Ao} o] B E(birefringence)o] A1, AJZto] mE B
B4 AAE Bo| FakElo] (T Ayt Zejole} e
o % =i 9 Yok Favtuo] BRE ATolA Wo) Al
$53 ok B3, TOP 2HE) 24 A%How &
A & 4= 9lo] Mach-Zehnder 7Hd#| FL&Z Lt Y-branch ¥
Tx WRY 2Y7 729 nEg B A9A9L VoA
(variable optical attenuator), WDM(wavelength division multi-
plexing)?} TE 27459] Aztol We| 2o|n ek

E Ao 2 A% TOPE ZPUI12-470(Fluorinated acr-
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o]l QHEl= 20| 1Tt Bale] 2 A] B go]
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B oA ~104 AEold, QAT At B ER e
E7F10 K 9HF F71%) wet 2882 0.0017 9Hg A%
Hoz zhastA Aok 2 Hejue) Lo gek yiaol 30
0C 7= fAHEZ, 0.02 F= HY FHEC] Wz
AT F 120 KY @ FF HlHE dgFoz A5
Aoz dubEch 1Y 4k 344 F9 TOPS) 28T
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uetd JzeA, Zduio] ZEEo]l 14794 1452
0.002 7+A o2 H3lsttial 7}33ke] AJALSE LR-SPP 2L &= 9]
FaZEEC] TAE Stk A=l FHEE 7 FYol
Hol a@dEo| 29 Bl fANRe) Hal U
23] HEdoz Weee HAY 4 Aok Senjol o
1 BE4og ZHEO] 147904 1452 WA € o 7|
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1Y 4. ZEn ZAE0] 145~1478 0,002 7HEo W3 U
A4FE LR-SPPE) H8ZWE W)

ot 4= Qe I P G992 oF 22 nmZ SjAtEh

A= 71F ol TOPE AW FYslgon Zan
E AW 7|BoB = &2 A7 & A7o] X2y} golgt
AelEZ 713e AR ZEE TOPE 24 FAoA
UV Feog wygste] Hslsloledyl Fatdel 542 B}
7 317] K5t} Aa 749 170C 7 ghol| A 308 o)A}
EA S st miEegPct 34 Yo B FHE S 2
= A& 7|ool 23t LR-SPP 29| HupdAle aby] 9
sto] TOPE o449 FAZA 823 £744 sich v
a4 Ru2ot A& Jlgat ghge ofglE §HA o] T
7t olstZ grolA|Al HWH E8dto @ o= BE9o] F7)9]
MFD(Mode field diameter)2} Z34o] B og 1ho
A Bkl 9z Zegon #¢] TOPE: 4 =ut2 o}
% TOPR} st E4E& 5Y3st 2Ao= X3¢t

32. 3£ Lol A=

A &7)E TOP7F S5 =9tz o] S99 I3 3ivhy,
ZuRo] Fo| ARS Sl S3W TSl B4 wure 42
stm Ak Axels Ae B4 e FR5HT LR-
SPPo| 5444 whef 94 =ute o olEAe] gAU F
Aol AAEsHA S g =tz o] Maddo] U6t
51, 9 7[R Aol & 9FE nAA "ok 2 =
Fo| &4 =uzE upAF9 UV 3-8 o]23) PR lift-off
oz AAEHAL, 35 EERE HAE AMEGC
™, 1550 nmofjA] 9] FHAAPLE £ =—118+411.580]T}.
=2 ¢ Z2Z}7|(thermal Evaporator)Z ©]-23to] TOP 9o
0.02 nm/s®] F2+&E 20 nm FAE S

2% s 5me] Wolek 20 nme) TS e B4 wnpz
2] (a)AFM(Atomic Force Microscope) ©n|x|9} S|4 40
2 %A 2iolH H)FA Bxolth 18 Tb)e] FA &
25 B2 44 2RO 5l HHHOE ~ 20 nmE 4
AX ek dR)skaL glom, AlZtgo R wAH RO BH 7
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A7) oF97A 0 AR au} G4 2up2 o] Ao
oF Y] FEE 71H Aoz oAgHe
33. ¢l g4 RN & s EY

AZE LR-SPP] Yabe S4L FEA 5 G~ 1500
nm)of| A &4t FUOEE 1550 nme] FARFE 7t
2|2 AEo] 60 nm¢] ASE(Amplification of spontancous
emission) EYat Ao} | pmol 1520~1640 nm % Fof|A]
o7} 7hdo] 7hsgt I o)A tho] 2 =(tunable laser
diode; 81640A, Agilant)S AMR-3tc) AZHEl LR-SPP 24
cubzel Tlns S 7k F4E &Y dHad
(butt-coupling)¥'8-& A+&-3t%ith. LR-SPP BE7} TM-H%
olmg ASE Z¥uho]  #H3dAHpolarizer)?} HG=ZA7|
(polarization controller) & ARE-81% 0™, uht71HEH LD A=
HFxA7|T Rapste] ARt FAReE 94 =R
dEE Y3l 5-% "o 7hsd ™ XYZ-stage@t 6008 2]
S-S 7HL Be Wulgol ALET, B4 FREe B
iRz Zo4 CCD 7HetE o3l EdolA s}

R |
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(b)
3% 6. (a) TM-BHOE o7]8 LR-SPP 2= (b) TE-HYo=
o7]¥ LR-SPP BL.

Aoul, 34 =R T B AuEd 9 Fo A7)
= OSA(optical spectrum analyzer; MS9710B, Anritsu)2}
GaAs PD(photodiode; 81624A, Agilant)E ©|-83lo] =43}
il

3% 62 HolE 7 54 EuEo|A ASE FUo =R
B QAtsle Wol ()TM-BBT} HTE-BYY ne] moE
Zoltk. 17 6@)elA TM-HRE Fe F4& Supzo] 2 &
upEo] WS B 4 glovk, I 6(b)9) TE-HHE FL
o4 wupzof Ao &utE|x] Fehal =¥ AR HA 3
9 BIlF 4 9o}, ojel 7o) LR-SPP7} TE-#H o
s 4ur Byt BEER] oy W TOP -4 whate.
2 B olft, 34 EuEol FHA I BAY B
Bojl £ 4 9l TEGES] LR-SPP R=o] tiat 7]o]
=7h w9 7] we)ok”

a9 78 24 EvRo] Zo| w2 F EUE4(ransmi-
ttance)& Z=uf2 Zolof thsl F3t Aot A3 &
Engo EAE 20 nm, B2 AEL2 Z-7F 2 um, 4 um, 5
um, 7 umolm, HZHE A|2E 5 mm ~ 30 mm Zo|& et
sho] 4 Etr dolo] W EWAPIE SSHA Y
S ASEE AMEElFow, ERA7]E 1520 nm ~ 1580 nm
spglele 28 ASE o] A4 A7t 0SAR &4E
Aotk 1 7014 AAES E4E Zztel AuE AR
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Transmittance (dB)

0 5 10 15 20 25 30

Strip length (mm)

1y 7. 3% =uge] AZa ol 2 Evr £z (§%
Zutg 27 20 nm, TOP 23E: 147)

B 1 3% 929 yolol M AL L JHGe Age
A F4A9) Bk 20 nmolx, FH 3R FUEL

1.470|t}.
Width( ) Propagation loss( )| Coupling loss ( )
2 9.43 1.63
4 10.04 0.85
5 12.36 0.57
7 17.07 0.69

4T fiting® THEZ 71271= WA (propagation
loss)2, y-AH-L 3g-7-9ke] ZAgrE4(coupling loss)y2 2]u]
gt} 34 a9 o7t AopAsE FEibA|7)7F S7tst
o, AZo| Folyol ue £ZA7IY 72771 2otk
EA719] 7]1€717F Fopitks AL 34 Ea2d 43y
£alo] 2zt AL Yujditt. ® 12 19 79 fitting A3}
2HE 713 4 TuR o] Zof whE AP FHGet
o] AL Uedl 0, §4 =29 ot Fokdl
of mat MgPEAol AL & 4 Utk T A8, 55 =
np2 o] o] Sm v WPEAL 1236 dBjem, AT
2057 dB HEZ 2=k P8 AR B A
273} SU FrolN FDME A4tE Aol 478
dBlemel] ¥3) TS 2 gkl ZAEEH, ol Ao
SO Be o] AL AT BHFeH 35 =t
2 7be) Aghedlo] Bk HEo] smd ©f 71 HE ol
= HIRE Bfe BEA|SL /g 2] ol
28 82 Zo] 5ymd < =vhEo] £uhE LR-SPPE| RE
2ERH, 72 R0l RE R AR gae B BE
HT e WA BEEBE B 4 otk AeA BhE
fittingdlo] 9 e F7j= 729} A2 Wgke g2 2+ 9.7
m, 6.7/mo)™, 742 ¥k} BE F7]= PR 2= 27
~10.5mo} §AFEE 2 < glck

Normalized intensity

Lateral distance (pm)
(b)

1.0F

F o

o =
2 08} il
2 S
2 - ¥
£ 06+ - -
S s ]
£
O
z ‘\"—d-v

1 1 A i % 1

15 20 25 30

Vertical distance (um)
©
% 8. (a) LR-SPP EE AR, (b) ¥ W&o BE A7), (o)
£33 gge Be 37 (3% EHE FA: 20 nm, =

34. APt U= F& =LEe| EY

o HoA BAF dd 3% =zl EAE 7Hte=
Bragg 3| AAA7 24 Tuta xHo| FAF LR EA
< gotEdth FDMOE ALt g4 Zmts Hupida
Bragg Zz}e] F7|E AASE, ¥ Ai(photoresist: PR)E
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1 Reflectance
S - -
= 50
60k | J
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15%0 15%5
Wavelength (nm)
7Y 9. LR-SPP 249 Exp Wl wiab AMEY &4 Ak (3%
Tut29| &: 20 nm, E: , 3AZAX} F7]: 530nm, 3
AZA2 £7): 100nm)

4.
1555

Bragg 22 A|Zsle] PRY 270 w2 HE|Q EAL %
Astel PR ARe] AHg THs & dHoR ZAAch

PR Zx}e] 7S AL Thew} Pk

2 TWFS| 313 e 549 713 7|2l dge s
0| Bragg ZAfo|c}. Bragg A7 24 Eatzolx WA
£ SPPo] U WhATRE w7l olgEEu), WAl
9] 4] 3PS Bragg 22k} F7]9] LiINbO3 Aeer=2Anerr 2
AE 7HIty A7A, hees TAERR] 4 3H neps
LR-SPP G a=AE, A= Bragg A3} F£7|o|t}. TOPS &3
£0] 1.47¢] 7 LR-SPP BEQ] Sa=ZdEL 14707(L¥
9oz, whatate] 4] sho] 1560 nmel 7-99] Zia} 77|
= 530 nmo|th

se g 24 Sulzol 34A% ALTRe oet 2
o 24 Eums o) 3280 AW shek go| Age
71 ol 15um o]4}e] FAR TOPE =23t F, F717} 20
nm, AZo| mo] HES Au B4 Eot2E FAsA 3
HE B4 =5tz glo) Ags] B4E P4 WA (positive
PR)E &7 #Y3}o|, PRE H Bragg FX}] BAE 2FFH
o2 AT £ Y=F 3ok B AfdAe
AZ6612K (Hoechst) PR AZ1500 3|4A|o] BMAA EE
2730 S8 2Asth PR:JAA] 18-S 30%, 10%,
7%= si3lom, S14% PR Bl 34 SEo tiste] 2t
7z} ~300 nm, ~150 nm, ~100 nm ALZ=FHch L} He-Cd
laser(442 nm)E o]-83%t TEIY M Wer AXE A
4% Foll= HA|AQl PRE] FAI7} Hrt groprER XF
AZE AxLe] A= 99 FAROE B& 22 FAE 7t
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Tunable Wavelength Filters Based on Long-Range Surface-Plasmon-Polariton waveguides
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We design and fabricate a novel tunable wavelength filter, which utilizes long-range surface plasmon-polaritons excited along
nm-thick-metal strips. A gold metal strip, with ~ cm length, 20 nm thickness, and ~ 5imwidth, is embedded in thick thermo-optic
polymer films supported by a silicon wafer. A dielectric Bragg grating structure is placed on the metal strip, so that transmission
signals at telecom wavelength are selected bythermal effect of the thermo-optic polymer. High extinction ratio of 25 dB and total
insertion loss of ~25 dB/cm can be measured by single-mode coupling of optical fibers. We also verify that wavelength tuning
of the long-range surface plasmon-polariton filters can be achieved by electric current directly applied to the metal-strip

waveguides.
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