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Interfacial-gel Y.Koike 1891
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. . . 22-24
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) C.W.Park
Coextrusion method . . 35
Univ. of Florida
Centrifugal field C.Bastiaansen 16
method Eindl}oven
L Y Koike
Out diffusing method . ) 37
Keio Univ.
Swellen-gel H.TLiu 38
polymerization National Cheng Kung Univ.
Centrifugal diffusing Fu-Ren Tsai 39
polymerization National Cheng Kung Univ.

448 BEE

S TR o] P 4N T2A 2

WA BRAS FREET BE VAL o] §3h o] A% A}
WEART 2 EAE ASed 18

+He 248 A

A A A &0 AE

3= &8

7] st} 2o} MY

22 23§ ZUAY T FOAES & Witk ol

Yol B4 2k FAH

HoZ AW 4
g Ad 4 F

g Ash=t 7 Wol ¢zl W
Z?}‘J(interfacxal gel polymerization)o]2}y &
< TS IAHLE 44 GIF

1..4

=}

Ea ral I

HARE AR T e AHol Aoy ¥A S A Bk

0$Y 20 ofel9)

A

ME Ashzd o2l itk

)% 2L wHE I

Eo2Y P44

3p7] Spste) Be
EgH02 AZT 4 Y A2E PUE

Fe2g B4 TA) il olAR
2 7] YEH, 20mm olgel Y Fekay BiH 2

ATAE0] Gl

2R3 gon, % /b OE A% 4] REANT: ¥

4] GIF Eekrg BH%e BAE AR WRSL

33T

GI¥ &2y 34

2

FE A W e BAE A

Zste o] ] A FH S AXEE, olgA o #
& AT WS Az ZHE Fole ot ok Ax A
HIE w37 HEM 9 35 4 Bk GIF ZelE
FARE AFsie PHE QT o] e L rked 24
E EAE Ageld 4 Al SRR FHFUEA £3H
of Sl SHE A Y S 93 FHE EXE 2Hsh=
Poltk. o] o 2HE ZHAT FAfre] A TEEn



2 A vigREEG T 28 2PAY vt =
oFAA At GIE S22 F4FS L U AF BHeR
= Y S AHESke ol FF old e, 94 #4ad
o} Y JWY Fol ATHAL 3ATh(36, 39] AU
F2 A A S fAki AR A F3e g
Y3 5& TEolof 3= TS HF Feojth. A
AYE dibg oz dRAET SR 22t 22 4L 9
43l S8 TR UYL E ds 14 s FR
o Hiog HojA k= otk

o ez SR, AFTY, 23] FUW, W& A FF
¥ 9 5349 P Ee] Yol FrHIL JUrh[37-40]

5. BajAE R BaY

FAFrolA FEAY FOG 94U K 59 7o) 1 &4
(intrinsic loss)Z} 9213 £2l(extrinsic loss)E Wyo] 7zg
T Atk If AL FE AL AFFE AzpAold) 9
& &< ¥ 3 Rayleigh Atehe] oJ3led gt 187 9]
A4 SHL FE ECEOY A71E BEEY 92 5
7t B A, T2 AAYAL EYHAAY viAl T
WA S, EHRAY FARY FolHAY E7Y 57 4
T 4o AT £ 9lrfes

R1d &4 A d85EF A 29 g1, Az 24
o ASE F43t ¥ F Yo 2F EHY A4 24 A
A8 I AHolBE &Y 4 Yok

B LHEAL B WA F59 Rayleigh Ak
os] AR Az Aol 7 Fo4E FE HYM GG
A dojun, A7 AFFTE A el BRY BA 94
el AN FGoA B gt SElAY FHFY F A2
AHEEHE Qe PMMAY] 739 119 49] a)9} 22 22E 7}
AL Jem tiFEe Ha Hol= 500nm IR} GGl A

ES. Z3ay 3449 &4 99

A
5 are
QA7 AE T4 Rayleigh A2k
Ao F
97 &4
T A

AR 9} wl A F
3o} 379 s}
Al o3 g2
Fojot EYY AN E9A

~+—CF, CFs-
o ~oF —CF”
e
= CF/
0 N’

*H, L oo
(a) (b)
a8 4. PMMAS} Cytop9] #2} 1%

C=0 Z%< n - x* Holol osf TAYS} 1dB/km Hrof &
AS VERIT WSS TSR polystyrened]| Ao A} A
olell &% F& phenyl 159 HHA SR Al Ho] F&
o &3] 500nm 37 G HA 100dB/km, 600nm w3 &
diXe 7dBkm FE9 FFE UEhith. PMMAZA SelAH
FAFAA RS S42 CH A% Foa 49 94
7H AFETY 235 F5o A 2 C-H 2¢Y
Z237F I CH 27| AgFd o8 wdasie)
BAENA O Ze vehdth 97 g 2% 4+ 4
TE ol Y dAEY AF Afe A4 o8 449
. I8EE FAEG FAE T5AU A4S 25 F9)
Gl T STE ARHCE 29 § Aok ¥ NIT
T T4t A8 FTAE X ¥H d-PMMAE o] &3l F
SHEY0] APELR olFde NS IS I
650nmo) A 20dB/km&] £4E 7IXE FAGE AR o
AR £3 YE9 Asahi Glassel e 18 49] bys} 22

ZE 7 AEHe] CytopQl $HA3 B44 IRAE o]
&3t 7HA1F G 2H M FGGoA oF 50dB/kme] £4
2 7HE BAHE AxsA @Y

I SAE YA 1o T4 gk ofi] 2] Rayleigh Abgho]
Qe B ATE Rayleigh 22 A} Ale BEY B
e FE} 22 EFF R BgyAdd s @i A
A G ARE ol FHEo] EFYT 499 £ A7t
39 B39 1280 & w5t SR, Rayleigh Abehe 3
g 1/10 T2 o|RTh 2& T BAE F S do
7l 990] "ok g wigAe] ¢ FIEAE HE Y
Fo] IR AREY B AT Al U Wi 93 F
HE9 wA EFYARE 3] AAZE AL Eibsdd
Rayleigh 2+ehs 9% & gith

943 29l A% & &AL ZeprY FHRE Axeh
FRAM FUEE BBl FHF AZAY T B2
FAfre Bl sl wAsich dojg&ol §718
g FHFY LHL FIHAQ F T4 A S48 4oy
o 212 AU v 35 3L Fo] A BFY T2 7o

N

a3} 71&  July 2000 29



B Spectra Attenuation
Transmission Loss spcctrum of Datacom Grade ESKA

20

=ull

08

Transmission Loss (dB/m)
5

7\
N J \l/
N~ y YV

0.0
400 450 500 550 600 650 700 73¢ 800

Wavelenglh (num)
1% 5. PMMAS 3 &4

ne] B3d SE Akg £49) 99] Ak EF BHRY
AR Zois S AR 2Foht F2 BAle] o
SIME 2712 Aekedlo] Yojuith ols 2 ey &4
2458 92249 AR B A% A 3=
o RS BAG AZ 349 AT NEL B3] H2)

$UROE P ol AT SIE BT s A
°l PMMAE 650nm 3o A o2& &4 A A7}
106dB/km= ¢F 100m o|W 9] Htol= Tz ok 13
5& PMMAS] 44 28 EQS et PMMACA A
S % &49 F 9918 CH A%l 94 23 25 §40)
osl WAGTE PMMAS) A4 AARD | Ae A%

F5al 37 919 BE 2780 Sof o, £4e) e
% CH 2% 23 15 F48 Zol7) Adtel 48
FaU BAE AV Foe) A2 TEAF) o) T4
ATk TR Yol FauT FAS A4 A A% F4
AUAE ol F FF &4& W54 Ik

PMMA 9] BE F4E 548 A8 d-PMMAY AL
Lo} GF B4 X3E ofAUA FFAE ol ST~
g FAR A gl Al HALH Hdle Y29 Asahi
Glassol| A &} 7§23k Cytopolghe AEH E44 X724
£ ARS-3te] |l 3000kme] BAFEE O 2 Lucina®2 Y HH
Gl 39 ZPAY JAHKE AArste] Mistubishi Rayon,
Network System3} 2502 o 3}7] A2}k

a9 60 A BAx8E 78A<1 Cytopd} E&He C-H
Aol EAISH: PMMA 183 23479 241 A7t

30  #sts 71 7 July 2000

104' PMMA
’g 3
= 10F
=
=
L .2
S 10 PFGI- POF
2
2
= 10}
1k Silica
‘o‘l I 1 1 ] 1 1

800 50O 700 900 1100 1800 1500
Wavelenght (nm)
13 6. A7k PMMA, Cytop2] &4 ¥l

o 3&42 vTAT 91 BaskE 184 Cytope C-
H 23] 48 §108) ol24¢ % £82 1300nm el
31 dBAmZA 1 km] 5] 7K 202 RIHT Yok

6. B2AE BYRS S oY

1

1990 dt) 297tAE Se2E FAR AR 7Hed go]
A9} 722 Fholy 4 2] digk A7t (7] |l
& AL £ 8 7HAE ZEAY FA Rl B 7 10
) @rslA] E3ch 23 19949 Keio th8he] Koike W~
83 NEC7F 2502 2.5Gbpse] 74 A% 58L& 714 Gl
gelo} Zekry FHFE BASHARE 2% Holg §4l
£ Zeiag Bl tigh #ilo] AX7] AR EE A
&= B4 2B NEE OF PMMA A% SE2H
FARe] AEIAY FEL I FAL FetiE FAHRY
el A71E viEsiFAck HZolE= Lucent Technologyol
A 1.3pm 3goA 100mE 11 Gbpse] £52 A4 & 4 9l

= 247 TEAR BB Ea} g 2442 BTIYT

FAFoIN B A5 B F Q9 BESY F2A] o
s A7)E BE BaE 229 %Eg | bl weh 2]
o 2] el A B4 oa) wARIT

Zolad FARANAE Toje) o] AT 2 )F4E
A7) B £3 5 REe] 471 Bol BE Bk 93
% Bato] Al Holtt BEIHE BHGON BE B Fof
upe AE £¥o 2EL Ead Has ¥ 4
28,29] BE A% o127 A2l HolE A To} BEo



248 REE GHHOE A5 YHOE Tk 3,

ryY :
n(r)=n, [l - ZA(E) :|

047]*1 n, 3 n, = 727} 3o SAFH FH AN FHEIH

& Fojo) whA, 42 ZAHE EX9 Aol HAE 7L
ZAE B¥E T4 T4 & F ARl AT aghel] wet
AR, o] AF FFZHEH Maxwell YHXOEHE FE
2 EHEE E 5 Qlck A 22 vERe] 2HEY 3
A &AL Bd3k= Sellmier 4] o] &3 Al4to] 7153)
A, A BARe Ty 23} 7] X 7hsaich

)
e c \Nd2Z

o714 8% 33909 root mean square spectral line width ©]3
Xe A B9 shgoln, ok AFOIAY B4 TelT dEndk
224 B4, T LS B4 Lol ulgch

449 AEEEY 22 BEIY WAL HE A%
8 2 BF Teishs WKBHE olgste] thest 7o) &
e

T=L_k{li'rn(r) (1+D1) d][d’}

cf ||~ R " R

71N e IEAY, ce AgolXY 29 &5 L F4H
o} o] a8 ¥ fe FAFY Ag Aoltt

L2,

n(r)

=00

2 -

n,

T |

0

38 7. et FHE EE A

k=2
A
p o frdn , 2ds
n dA  2AdA
_niada
: 2A dA

ol v TR} 7+-& eigenvalued] & T8l LT WM o|t}

f{n(r)zkz -p ——:—::Iidr=(ﬂ+%)7r

4 : radial mode number

1997 ]3¢ Garito 57} AW 2 F§HHo] &) uhEo]
A GIY 232 FARA 2HE T30t ol FHY B2E
7HAA] GOl BRI o] EART & AF YYZS T}
A& #9lsta o] mode coupling @4 wiFo] LA ST
WSt The 3 SRR 1999 Koike XTE-E GIE S84
g F4H7t ol EXET £ AF G EE /e olfE
Tof mat £4o] tEy] Yol FEHTEBY ofF o
&gl s e S|A 2 FUA ARAT, SHE B AN
He] 0|23 02 AL GIF Ze2Y FARY AF 93
B} A Aol s SHE AF hgZo] & Y2 F
28 ZHR7F AT 1E ARFAY ol&EH=d HEE
T Ak

7. Wy

HEAYE A EA Y EAE FARE We AHREAME
7tz el AE T el A fBAFS FHANEY S 2
ek Fejold, Al AR 42 2RI R B 9
I A7) AN 2R ARFEA X3 TP dHE AA
g Hejolr}. 3 ARV 41 7Mool ARE] wEel g
z}, 4 A58}, ZFE interconnection, 18] A HEAIT)
access network S ARAGUAEAN L5 7 glon HA}
2 1 3E 37 HolA L Jom, AA EFA A 90%
AEE ARG AR GFHE JF ARRA MEY e
A F5 EY Yok

Fsta} 715 July 2000 31



g ol & ARAY, Hl‘;lE} dojahe-2ol g A

iz
8 5 HEF vlolH AF FoAol w2 AL FAY

Apdoltt. o] W] LAN il FHfe +28 34
At Jlow, dEY SepiE BAH FHH 71HEY oS
w2 200230 AlAA 1500240 Aro] Alo] s
EURi1=

FUHAME R A 710l FFAE FehaE B A
o B2HE 718k §lovt oju] FekiE FAHFE GEo] A
< FEII QUck o9} e 4 FEI] HsiMe 2
g 22 N9Z0E AL & A= FH2E FHFE A
3k 8713013 5349 7les /Wit A A S
< 71E9 71eE Fold A AAY S ZFojopgt & A
ojt}.

2 Moo 1R

HuEs

—

. Mahayoshi Kamiya, Yuji Hamamatsu, Hiroaki Ikeda, Shigenobu
Shinohara, and Hirofumi Yoshida “Temperature Data Transmission
via Plastic Optical Fiber in Environmental Test Setup”, Proceedings
of ISIE’97, IEEE, pp. 972-977, 1997
2. Masayoshi Kamiya and Hiroaki Ikeda “Simultaneous Transmission
of Vibration Sensor Position Control Data and Measured Vibration
Data in Opposite Directions Through Single Plastic Optical Fiber”,
IEEE, pp 82-86, 1996
.Jim Cirillo “Automotive Applications Overview Fiber Optics”,
Compilation of POF Presentations made at OFC-97, 1997
4. James Cirillo “High Speed Plastic Networks(HSPN): A New
Technology for Today’s Applications”, IEEE AES Systems
Magazine, pp. 10-13, October, 1996

5. Proceedings of POF World 2000, 2000.

6. Christopher Emslie “Review, Polymer optical fibres”, Chapman and
Hall Ltd., pp. 2281-2293, 1988

7. ol g “E2AY FEF 71E FF 2 &80 A 38 1RAle A
A, pp. 169-188, 1999

8. Yasuhiro Koike “High-bandwidth garaded-index polymer optical
fibre”, Polymer, Vol. 32, No. 10, pp. 1737-1745, 1991

9. US Patent No. US05080508

10. Akihiro Tagaya, Yasuhiro Koike, Eisuke Nihei, Shigehiro

Teramoto, Kazuhito Fujii, Tsuyoshi Yamamoto, and Keisuke Sasaki

78

“Basic performance of an organic dye-doped polymer optical fiber
amplifier”, Applied Optics, Vol. 34, No. 6, pp 988-992, 1995

11. Akihiro Yagaya, Shigehiro Teramoto, Tsuyoshi Yamamoto,
Kazuhito Fujii, Eisuke Nihei, Yasuhiro Koike, and Keisuke Sasaki
“Theoretical and Experimental Investigation of Rhodamine B-
Doped Polymer Optical Fiber Amplifiers”, IEEE Journal of
Quantum Electronics, Vol. 31, No. 12, pp. 2215-2220, 1995

12. Gang Ding Peng, Pak L. Chu, Zhengjun Xiong, Trevor W.
Whitbread, and Rod P. Chaplin “Dye-Doped Step-Index Polymer
Optical Fiber for Broadband Optical Amplification”, Journal of

2 FE 71E  July 2000

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27

Lightwave Technology, Vol. 14, No. 10, pp 2215-2223, 1996

C. Koeppen, S. Yamada, G. Jiang, and A. F. Garito “Rare-earth
organic complexes, for amplication in polymer optical fibers and
waveguides”, J. Opt. Soc. Am. B, Vol. 14, No. 1, pp 155-162

D.W. Garvey, K. Zimmerman, P. Young, J. Tostenrude, J. S.
Townsend, Z. Zhou, M. Lobel, M. Dayton, R. Wittorf, and M. G.
Kuzyl, “Single-mode nonlinear-optical polymer fibers”, J. Opt. Soc.
Am. B, Vol. 13, No. 9, pp. 2017-2023, 1996

Yao Li and Ting Wang “Distribution of Light Power and Optical
Signals Using Embedded Mirrors Inside Polymer Optical Fibers”,
IEEE Photonics Technology Letters, Vol. 8, No. 10, pp. 1352-1354,
1996

Yao Li, Ting Wang, and K. Fasanella “4X16 Polymer Optical
Array Couplers”, IEEE Photonics Technoogy Letters, Vol. 8, No.
12, pp. 1650-1652, 1996

Yao Li, Ting Wang and Kenneth Fasanella “Cost-Effective Side-
Coupling Polymer Fiber Optics for Optical Interconnections”,
Journal of Lightwave Technology, Vol. 16, No. 5, pp. 892-901,
1998

Yasuji Ohtsuka and Yasuhiro Koike “Studies on the light-focusing
plastic rod. 16: Mechanism of gradient-index formation in
photocopolymerization of muliple monomer systems”, Applied
Optics, Vol. 23, No. 11, pp. 1774-1778, 1984

Yasuhiro Koike, Hideyuki Hatanaka, and yasuji Ohtsuka “Studies
on the light-focusing plastic rod. 17: Plastic GRIN rod lens
prepared by photopolymerization of a ternary monomer system”,
Applied Optics, Vol. 23, No. 11, pp. 1779-1783, 1984

Yasuji Ohtsuka and Yasuhiro Koike “Studies on the light-focusing
plastic rod. 18: Control of refractive-index distribution of plastic
radial gradient-index rod by photocopolymerization”, Applied
Optics, Vol. 24, No. 24, pp. 4316-4320, 1985

Yasuhiro Koike, Eisuke Nihei, Norihisa Tanio, and Yasuji Ohtsuka
fiber
methacrylate and vinyl phenylacetate copolymers”, Applied Optics,
Vol. 29, No. 18, pp. 2686-2691, 1990

Yasuhiro Koike, Yoshitaka Takezawa, and Yasuji Ohtsuka “New
interfacial-gel copolymerizatoin technique for steric GRIN polymer

“Graded-index plastic optical composed of methyl

optical wavegides and lens arrays”, Applied Optics, Vol. 27, No. 3,
pp. 486-491, 1988

Takaaki Ishigure, Akihiro Horibe, Eisuke Nihei, and yasuhiro
Koike “High-bandwidth, High-Numerical Aperture Graded-Index
Polymer Optical Fiber”, Journal of Lightwave Technology, Vol. 13,
No. 8, pp. 1686-1691, 1995

Yasuhiro Koike, Takaaki Ishigure, and Eisuke Nihei “High-
Bandwidth Graded-Index Polymer Optical Fiber” Journal of
Lightwave Technology, Vol. 13, No. 7, pp. 1475-1489, 1995
Toshikuni Kaino “Plastic Optical Fiber”, 1996

H. Murofushi “Low loss perfluorinated POF” Papers presented at
POF °96, the Fifth International Conference on Plastic Optical
Fibers & Applications, Paris, pp. 17-23, 1996

. W. Li, G. D. Khoe, HP.A. v.d. Boom, G. Yabre, H. de Waardt, Y.

Koike, M. Naritomi and N. Yoshihara “Record 2.5 Gbit/s 550m



28.

29.

30.

31

32

GI-POF Transmission Experiments at 840 and 1310 nm
Wavelength”, Papers presented at POF ’99, the 8th International
POF Conference, pp. 60-63, 1999

Takaaki Ishigure, Eisuke Nihei, Yasuhiro Koike, Charles E. Forbes,
leslie LaNieve, Rich Straff, and hellmuth A. Dechkers “Large-Core,
High-Bandwidth Polymer Optical Fiber for Near Infrared Use”,
IEEE Photonics Technology Letters, Vol. 7, No. 4, pp. 403-405,
1995

Takaaki Ishigure, Eisuke Nihei, and Yasuhiro Koike “Optimum
refractive-index profile of the graded-index polymer optical fiber,
toward gigabit data links”, Applied Optics, Vol. 35, No. 12, pp.
2048-2053, 1996

Ajoy Ghatak and K. Thyagarajan “Introduction to Fiber Optics”,
Cambridge University Press, 1998.

R. F. Shi, C. Koeppen, G. Jiang, J. Wang, and A. F. Garito “Origin
of high bandwidth performance of graded-index plastic optical
fibers”, Appl. Phys. Lett., Vol. 71. No.25, pp. 3625-3627, 1997

G. Jiang, R. F. Shi, and A. F. Garito “Mode Coupling and
Equilibrium Mode Distribution Condition in Plastic Optical Fibers”,
IEEE Photonics Technology letters, Vol. 9, No. 8, pp. 1128-1130,
1997

33.

34,

35.
36.

37.
38.

39.

40.

A. F. Garito, J. Wang, R. Gao “Effects of Random Perturbations in
Plastic Optical Fibers”, SCIENCE, Vol. 281, pp. 962-967, 1998
Takaaki Ishigure, Mariko Kano, and Yasuhiro Koike “Propagating
Mode Attenuation and Coupling Characteristics of Graded-Index
POF”, Papers presented at POF '99, the 8th International POF
Conference, pp. 106-109, 1999

U.S. Patent Application Series No. 89 929 161, 1997

Frank van Duijnhoven and Cees Bastiaansen, “Gradient Refractive
Index Polymers Produced in a Centrifugal Field” Adv. Mater. Vol.
11, No. 7, pp. 567-570, 1999

U.S. Patent 5 783 636

Jui-Hsiang Liu, Hung-Tsai Liu, “Preparation of gradient refractive
index rods using methyl methacrylate and benzyl salicylate”,
Macromol. Chem. Phys. Vol. 198, pp. 3285-3292, 1997

Jui-Hisang Liv, Jiunn-Lang Chen, Hung-Yu Wang, Fu-Ren Tsai
“Fabrication of a gradient refractive index(GRIN) plastic rod using
the novel process of centrifugal diffusing polymerization”,
Macromol. Chem. Phys. Vol. 201, No. 1, pp. 126-131, 2000
Bo-Tau Liu, Wen-Chang Chen, Jyh-Ping Hsu, “Mathematical
modeling of a co-extrusion process for preparing gradient-index
polymer optical fibers”, Polymer, Vol. 40, pp. 1451-1457, 1999

283 71 July 2000 3



