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B 1. 4N BEEAXO| AR = 3 MEE9 £E4 H| W (T/O=thermo—optic, E/O=electro—optic)
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[Sslll:;::] 0.1 05 15 (&l’::';l} 107102 107 ]T"ST Yy
- o1 [ 10 | e [uaeitmmedl [ o [ e [ e T
omoommie | o1 | w0 | oo |t vt | w | pe | ow
Sol-Gels 0.1 05 12-15 ; g;‘;-::';” 10107 10° IT'jg? vy
Polymers 0.1 0.5 1.3-1.7 { cos;zi:;n 10°10% | -1—-ax10” ”??ﬁ;"&gg"}m YIY
L““Em:‘;‘:;’a'a 05 2.0 73 {gl;z'::{; i 10%10" 10° 4&%'}2 Yy
'“di”“‘[::;fl‘s"h L 3 10 31 (cgf:ﬁen 10° 0.8x10* 4(DE?C')"}Z vy
Galliu[ré\aa:r:lenide 05 20 24 0-14% [1?;’%;\%5 clad] 107 2 510 2(05?(::2 Yy

SRR o A Qi) 7] EAR= AFHSIOy), REEA|, ©E
g F71AIRC] B3] 108 oy =2 GgAleIEdE AY=E 7pH
G 717, 9IRS 7PAAle] Faate] MYaRE uiE et
4= Qlek aERRE ERlske| Sjsle] B4 Ades A Aol
a5 9lar Ak AR F7go] west S ARESlo] Aol o] o
ABZ A7} giEpgate] 7kssick JAst ofel MEMS 4]
Hlsle] 9478t 71 dS 7 NEe R AP} 7sste] ohild HdadA
2} AFo] olst R e 717 A Ul e Frdk 4 gkt
7] BEAE 7ML R SR FARNEL] g8k 2000 ddel &
oA AlRtEIg o, At 5 TR Alsel] vlsle] e oR X4y
e P2l To] FBEA 2 oMYA EA | AN sl 95t
AL AFE] AAIAR Aol &4 aElo] APl X1E3S)
i Aol g8 = e A AEe A

2. IHMBARIE DER AMO| 27N

IEA A= T5aAt Y Fean) 5 vkt Fea] A
Ago] 7hssitt. 2000t 2HEFE A2 of2] FAAP e
ZElon|s, oladdolE, E7HHM0|E, ¥ AlY 52 1At
A&E 737217 (variable optical attenuator: VOA), FA$A],
g 7, g7 PAgEelA T A A el A8ska vk
(B 2). ZEloM|E, EFePHURlE & T AIE ARSSE X
WE'd 2 RIE (reactive ion etching) ¥4°% Axl2 A|zHelc}
ShH, ZEAS AUES Al 1324 A1) Aeelli= 84 Y &
A& IEAA 4= 9lo] T2 A O R o) Alto] 7REsI) o]
FEA FEaAlel] A8sh7] $18h AL AQBelE ol TtRisE &
Aol etk 1) FEA ZRgddelx €] 0.1 dB/em olake] vk 3
&4, 2) 107" o]8ke] v B4 5 (arrayed waveguide grat—
ing(AWG)elt= 107° 0187k 279, 3) 7PiAlolE 919t =2 A%
SREA, 4) UFAE SI8h 38 EPA W 71AIA /P4, B) 71t

il
i

S

[e]
ksl
r

J

IS YN N

B

o 7l Al 21 A1 3 20104 2€

ofle] H2M, 6) &7 Fell FRtsl= ofg] fullel] Avle= Wiglsd &
o] AR o7 QFE= F Q% EAdEoltk

2.1 ZEIg&Al(Optical Propagation Loss)

HAFAG A} 2A7F Aok & 7P Fask S0 RA B
B4 godoxe] =2 FEEA S U JHEENS & 5 Qi
840, 1310, 1550 nm Igo] FFrlN AREEH, 53] nj]-¢-
L7} 52 Y P8 At o] T v
1530—1565 nm(C—t9) o|t}. HIZoll= A} gl ABY E
PFS FgalauAt L-the (1565—1610 nm) S BlEsled S—thd]
(1460—1530 nm) 027k FHFUS stede A7 1138
3 TR 2). o]2st FAlof| Yo TR ARl A8E= 1
A A 71 C—uj9ie ope L—ullY, 183 &% S—ulgS
FSlelE el e 33AE A= A7) e Wi L Sl

<=2 (optical loss)> AR A= (B 9 =839 ZA=(Bw
o] H]e] kel —10S wote] AXksitk (A 1),

Optical Loss (dB) =—10 log (Fpu/ P oY)

A} FaAfels] FAle] Mhlsks Aflew FET AR e
{: )
)

=
WL AT 5 5 5 glon, wi AR Sl 7K F
H

ShH A 5.2 43844 (content of hydrogen, Cn) & T4
b (N, BE(9), FAREM,) 0 25E] 2] (2) £F 2o ARate] 7l
H AR g2kl 3 s dEsked E8sw sk o
HEE 0 2 $4sleix|qr) whe AR UsE F5Eao] wolzitia
A A Sl

Ny x9x1,000

Cu M,

@

17



H 2. Key Properties of Optical Polymers Developed Globally

Manufacturer Polymer Type Patterning ::Zpdzg‘::;::g:ﬁz, 22%::' Other Properties
[Trade Name] Techniques [wavelength, nm] [wavelength, nm]
Amoco Fluorinated polyimide Photoexposure / 0.4 [1300] Birefringence: 0.025
[UltradelT% wet etch 1.0 [1550] Crosslinked, Thermally stable
Photoexposure / 0.02 [840] Birefringence: 0.0002 [1550]
Acrylate wet efch, RIE, 0.3 [1300] Crosslinked, Ty: 25°C
Corning laser ablation 0.8 [1550] Environmentally stable
(formerly AlliedSignal) Photoexposure / =0.01 [840] Birefringence: <0.000001 [1550]
Halogenated acrylate wet etch, RIE, 0.06 [1300] Crosslinked, T4 -50°C
laser ablation 0.2 [1550] Environmentally stable
Benzocyclobutene 0.8 [1300] . s
bow Chemical [Cyclotene™] RIE 1.5 [1550] Tg?>350°C
Perflucrocyclobutene Photoexposure / 0.25 [1300] T.: 400°C
[XU 35121] wet etch 0.25 [1550] &
" Photoexposure / Birefringence: 0.0002 [1550]
Gemfire [Gemfire] wet etch 1.0 [1550] Crosslinked
General Electric Polyetherimide RIE, laser 0.24 [830] Thermally stable
[Ultem™ ablation '
Birefringence: 0.009 [1300]
Hitachi Fluorinated polyimide | MOS0 /| 10 5, Th: 0.6 [1300] PDL: 0.1 dB/cm [1300]
Ty: 310°C, Thermally stable
Hoechst Celanese Pmﬂiggg]ymer Photobleaching 1.0 [1300] NLO polymer
Poly(methylimethacrylate) with NLO polymer
Ipitek CLD-1 chromophore RIE 5.0 [1300] rza = 60 pm/V [1300]
[PMMA-CLD-1] Pigtail loss = 3.5 dB / facet
JDS Uniphase Polycarbonate
(formerly Akzo Nobel) [BeamBox' RIE 0.6 [1550] Thermally stable
Fluorinated poly(arylene PDL: 0.02 dB/cm [1550]
K-JIST ether sulfide) RIE TE: 042, TM: 0.4 [1550] Birefringence: 0.0003 [1550]
[FPAESI Crosslinked, Thermally stable
Polyurethane with NLO polymer
Lumera FTC chromophore RIE 2.0[1300] Mz = 25 pm/V [1310]
[PU-FTC] Pigtail loss = 5 dB [ facet
0.02 [830] _— .
Halogenated acrylate RIE 0.07 [1310] B're"'”genfe_'ﬂ'g?gme [1310]
1.7 [1550] g
NTT . 017 [1310] ]
Deuterated polysiloxane RIE 0.43 [1550] Environmentally stable
) L . . PDL: 0.4 dBfcm [1310]
Fluorinated polyimide RIE TE: 0.3, TM: 0.7 [1310] Environmentally stable
Optical Crosslinks 0.18 [800] )
Acrylate I Laminated sheets
(formerly Dupont and T Diffusion 0.2 [1300] - .
Polymer Photonics) [Polyguide I"'] 0.6 [1550] Excimer laser machinable
Polycarbonate with NLO polymer
PacificWave CLD-1 chromophore RIE 1.8 [1550] rzz = 70 pm/V [1310]
[PC-CLD-1] Pigtail loss = 1.5 dB / facet
Redfern '”O'Qan'ﬁgg'}ﬂ]“er glass RIE Environmentally stable
Photoexposure / <0.01 [840]
Telephotonics [oAsIC™) wet efch, RIE, 0.03 [1300] Environmentally stable
laser ablation 0.1 [1550]
we o s wp g
Band Band Band Band Band Band
————— e T B
[ | | | | |
i
1400 1500 1600
[nm]
T8 2. ZE DiEd
8 32 a8 FAT7E 10790 FAHCeHis) ¥ gl 2.2 5=2FE(Birefringence)
7F 091 FHAsFH(CoFa) 9] 354 NIR 35712 5743t AFel AR F2] TE B9 TM Bol Yehdi= 2482 2h
AgEselt, TN & 9ol FARFATH O B BE B BEABolh sl ok Yavie] A APk v T
1

o] A9 0of] 7l Yol S & 4 itk ol=fsh A E/dolt}. 53], 40414 olde] oy 3dES thasHmultiplexing)
T FggEe] W AR AYES AP A= f-85F 3kl Yt (demultiplexing) =t A 0= 2o|= A PaxR]
Al &3k 5 gk AWG (arrayed waveguide grating) o¥] BZF4EE v} =03+ 4
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—— Hexane (C_=107)

——— Perfluorohexane (C,,=0)

Optical Loss (dB/cm)

1000 1200 1400 1600 1800
Wavelength(nm)

8! 3. Optical loss of hexane and perfluorohexane measured by NIR
spectroscopy.
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8! 4. Schematic diagram showing the relationship between thermal
expansion coefficient and second transition temperature in polymeric
materials.
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& 6. (a) Computer simulation of polymer—based VOA developed by
Du Pont, where heat is used to induce a = phase difference between the
interferometer arms for high attenuation, and (b) experimental attenuation
curve.
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The miracles of science-

DuPont Photonics Technologies

WEPT-0103-0B0U3-104
SR AT 9 SRR RAL T RGRD ) O RS S

(e)
18! 7. An 8X8i0XC at three production stages: (a) chip, (b) unsealed
package, and (c) sealed package on control PCB.

R F

R F R F
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O R o o]

D, D L D,
D Q b Q
O CD, O  Re

8! 8. Structures of deuterated and fluorinated acrylate monomers
develpoed by NTT.
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12! 12. Optical loss of SF4Ac and PF4Ac measured by NIR spec—

troscopy.

H 4. Optical properties of fluorinated polymers measured by prism
coupler at 1550 nm(C,=content of hydrogen, RI=refractive index, TO=
thermo—optic)

Materials | Cy RI |Birefringence| TO Coeff. |Loss(dB/cm)
SF4Ac | 46 |1.3804 0.0002 -159x10™" 0.121
PF4Ac | 25 |1.3589 0.0007 -0.73x10™" 0.074
CF4St | 21 |1.4083 0.0007 -1.60x10™" 0.069
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