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Design and Synthesis of Partially and Perflurinated Monomers and Polymers for Plastic
Optical Fiber Materials
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POFs may have very large optical cores while maintaining acceptable minimum bend radii
because plastic elastic moduli are typically many times lower than those of silica.
Consequently, the installed cost of a POF system has been expected to be low, due to ease of
installation and to relaxed tolerances of mechanical and optical couplings at end points. As
POF materials, PMMA has excellent transparency, is weatherproof, admits mass production,
and is a low cost resin. However, the carbon-hydrogen bonds in PMMA produce strong
optical absorption at visible and near infrared wavelengths and thus, PMMA fiber has the
best transparent windows at around 570 and 520 nm. Using a light source with this short
wavelength makes the transmission length twice as long as at 650 nm. When the hydrogen
atoms in PMMA are replaced with heavier atoms such as deuterium and fluorine, the optical
absorption is decreased. The wavelengths of the low loss windows could be increased and the
attenuation reduced. We have been investigating alternative materials which have possible

application for POF materials. We focus on developing polymers having;:

1) High Tg (> 130°C)
2) Thermally and mechanically stable

3) Lower manufacturing cost



(1) Perfluoro 2-methylene-1, 3-dioxolane system

SRR DR

We have synthesized more than a dozen partially and perfluorinated monomers and their
polymers. We have developed efficient and economical method for the preparation of
perfluoro-2-methylene-1, 3-dioxolanes. The chemical structures of the related monomers and
their reactivities, and the properties such as degradation temperature (Td), glass transition
temperature (Tg), and refractive index of their polymers are shown in Figure 1. These
polymer rods were clear and transparent form UV to near IR region, chemically and thermally

stable and have low refractive index as well as low material dispersion. (Fig. 1, Fig. 2, Fig. 3)
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(2) Partially fluorinated divinyl system
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POF require polymers to have high enough glass transition temperature for high-temperature
working conditions. It is well known that bulky rings along the polymer backbone would
greatly increase the glass transition temperature of the polymer. Cyclopolymerization of diene
monomers is one of the most effective methods for the preparation of polymers having cyclic
structures in their main chain. The non-conjugated divinyl monomers are known to be
cyclopolymerizable monomers. Thus, we have prepared bis(2,2-difluorovinyl difluoroformal
and the deuterium substituted formal. They have outstanding optical clarity ranging from
visible to near IR region. The material dispersion of polymer G estimated is shown in Figure
6 along with perfluoro-polymer Cytop and perdeuterated PMMA. Though G contains two
hydrogen atoms in every monomer unit, the material dispersion was found to be comparable
to the perfluorinated polymer CYTOP and much lower than per-deutero-PMMA. (Fig. 4,
Fig. 5, Fig. 6)
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(3) Copolymer system
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We have found that perfluoro(2-methyl-1,3-dioxole) I and the monomer A were readily
copolymerized in bulk or in solution by a free radical initiator and their monomer reactivity
ratios rl and rA were found to be 0.73 and 1.52 respectively. These data indicated that this
copolymerization pair has a good copolymerization tendency and yields nearly ideal random
copolymers.

We have also found that the reactively ratios for bulk copolymerization of monomers D and E
were rp = 0.97 and rg = 0.84. These data also showed that monomers D and E formed
random copolymers. The Tg of copolymers can be adjusted from 100 to 168 ° C using
different feed compositions. For all these copolymers, no melting points were observed under
350° Cin their DSC trace. This indicates that copolymers with all compositions are
amorphous and the refractive indexes of these monomers are similar. Thus, these copolymers

are worth to be considered as plastic optical fiber materials. (Fig. 7, Fig. 8, Fig. 9, Fig. 10)
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BETH 2 & ) HARRFE I 2. AR MR Hik L T MR cHh 2 2 & 2 K E
TR E LCTwd, Zhid, —ERICHE L TREBITES MR S LT, flios
mHPERFCHEHINTH, LR cE s 2RLTC05, AIE, 2O PF R
Y ~—% GI POF OMBIAHIRME% FiEd 2 ~ < EBRIC X 3 JBITEN iR o oL KB %
A, ZofBR, BN H T 2% PFAR Y ~—% GIPOF O#fFICiZ Lo THIIL, 10
GHz %## z 2 {nikHi (100m) %ZEH L7, Hic, PF KXY ~—% GIPOF ® 100m J ~
IR FERICHEL, $hbb. EREDO Y X T LB ARHITEVIREEIC 35T 10Gbps Dinik %
A, DR D RIS b Y L 72 (Fig. 8, Fig. 9, Fig. 10)

13%
10
iz
31352 208
f éw
gmn o4 | :
5 E 3
[ s02 ¢ 3
134 z ; 3 J L
0 F 3
:--.- TRTHTEET g |
lw 300 ps’ div _l “ .3 (_THZ
. Nm&idmdins 1 Input pulse: 0.65 wm Output pulses after 100 m POF transmission
Fig. 8 Refractive index profile of newly Fig. 9 Comparison of bandwidth performances between
prepared PF GI POF (Fiber 5) the conventional and newly prepared PF GI POF.

O: best fitted curve to power-law

form with g = 2.05

EaREFR EE. BHE

1) T.Ishigure, Y. Koike, and J. W. Fleming, IEEE
J. Lightwave Technol., 18 (2), 178 (2000)

2) AR, NS, L — =T 55 32 & 9
5, 51 (2004)

Wige4, « /Nt BElE. 2 hna BAIE Fig. 10 Eye diagram after 10 Gb/s, 100-m data
transmission through the PF polymer based

GI POF. Signal wavelength; 0.85 um
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(3)GIPOF ick 3¥H ey r RV V2LV TARA LA Ia=r—vay
IR DR

GIPOF ic X 2 ¥ 7y MlFEEXDFILL ff¢, 20 GIPOFIC X 2E#N) v 27 @
HREE HorcRET 2, [RRMBIERICL 2V TAEL LRI a=Fr—va vy R
7Ll OREZRToTE 7z, MEEABIGCLYR, FH NV RZy vy Tay s b & odkfHE
e 2y . Ett&icksF 5 GI-POF Y v 7 o5, U T2 4 L ORGEE &
KOFRRET 2 HRy & L, FICHEAEFERR L W S BT 21T - 72, PR 15 FEICIE, [FEL
HUHEERRE (IPA) o FE fRsiFmAR R [ RIEREREE - ERSUE T A T L EB D72
HOLMEERE (FYAVETAME) VTIAVEALala=s—vavyy 7 vaT
DORFE] KB, 2OV 7 by 2T OEIOY L % b EEEEA Vv 7 T ORHOEF ¥ H 5
7zo CORFEICTHIEIN-ZY AT LM, ERMEIEGR, BOTHME. V72 4 28R
ORI NG5, EEER L O MOEREE O aJRetE 2 MRET L 76558, Ko X7 403, HIRkE
B, ERAE ORBEN A RIEY X 282D TH L L 2FEiTBICE -7, FIT 2003 4E
FEX Y. GI-POF % RIENICE AT 2 Fil R H e L CGED T2 () BILTYaE
flED [Fh A v 22y v Tuyzs ] LofRFRMEICENTH, REx—B Ky —%H
WIRBEN A Y 7 =2 RO vy a vNEEA Y b =2 BIREL, WL, Shid,
200~30 0mAEMPPTHFA Ly P EOEEEER BHICARTE 2 GI % POF
&> THDTHREL B HTLWER A Yy V-2 Th B, Stk WEEM,. 74 271
A B EICTERE L, B L 725 & 0223 R R EE 70 72 O =i UG o #5232 23 Al RE IC 75
D, BELBEZFRVERT 200 PRINED, BT vy =7 MICTHET R EDTE
GI POF I X 2 j@mndhd {5 5efiti 08 - o ik e s iig 01252 % 3L 2 2 IRBE o —21c 7«
2b0&Bbhz (Fig 11, Fig. 12, Fig. 13, Fig. 14) .

DV Camera

Evoadband IP
Heétvork

Fig. 11 A schematic representation of the multi-point interactive real-time

communication system by a high resolution motion picture (Digital Video quality).
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Fig.12 A schematic network diagram of the telemedicine and distance learning

GI-POF Network

demonstration by using DV streaming data transmission system.

Fig. 13 Distance medical consultation by a

dermatologist.
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Fig.14 Proposal of centralized GI POF network
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