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(57) ABSTRACT 

Disclosed is a fluorine compound having perfluorostyrene 
introduced at a terminal thereof, as represented in the 
following Formula 1, and a coating Solution and an optical 
waveguide device using the same, characterized in that the 
introduction of perfluorostyrene results in a facile fabrica 
tion of thin films by a UV curing or a thermal curing, high 
thermal Stability and chemical resistance, and low optical 
propagation loSS and birefringence: 

Formula 1 

1O-, RF-Z-Ar-Z-RF- Or 
(F)4 y (F)4 

Wherein Z is O or S.; R is an aliphatic or aromatic group; 
y is a natural number of 1-10; y' is an integer of 0-1, X is an 
integer of 0-200; and 

7S. O-O-O. 
(F)4 Hal 

(F) 

Wherein B is a single bond or selected from the group 
consisting of -CO-, -SO-, -S-and-O-, and Hal 
is Selected from the group consisting of F, Cl, Br and I. 
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Fig. 2 

1448 
1444 
1442 

4.38 

1434 
1432-16 

20: 40 so 100. 80 Contert) of coating solution of ENo. 6 in the mixture of 
the coating solutions of Exp. No. 6 and 7 of Table 1. 

  



US 2004/O127632 A1 

PERFLUOROSTYRENE COMPOUND, AND 
COATING SOLUTION AND OPTICAL 

WAVEGUIDE DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates, in general, to per 
fluorostyrene compounds, and coating Solutions and optical 
waveguide devices using the Same. In particular, the present 
invention is directed to a fluorine compound having per 
fluorostyrene moiety, and a coating Solution and an optical 
waveguide device using the same. These fluorinated com 
pounds are applied for a core and a cladding material of 
various planar optical waveguide devices, Such as optical 
Switches, variable optical attenuators (VOA), tunable and 
fixed wavelength filters, arrayed waveguide grating (AWG) 
devices, etc. 
0003 2. Description of the Related Art 
0004 Generally, polymeric optical waveguide devices 
should be required the reliability based on Telcodia test for 
the optical communication network. In Such a case, the 
polymer material should have very high thermal stability 
and environmental Stability. Further, there are required accu 
rate control of a refractive indeX and low birefringence as 
well as low optical propagation loSS at a telecommunication 
wavelength region. Furthermore, in order to fabricate a 
desirable optical device, the polymer material should have 
excellent adhesion to any substrate. Of the above-mentioned 
requirements, the optical propagation loSS and the birefrin 
gence are regarded as very important characteristics. The 
optical propagation loSS on a polymer thin film is mainly 
caused by the light absorption by a harmonic overtone 
vibration mode of a C-H bond in the presence of polymer. 
Such light absorption at wavelengths of near far infrared can 
be decreased by Substituting deuterium (D) or halogen 
elements, such as fluorine (F), for hydrogen of C-H bond 
(or O-H, N-H), whereby an absorption wavelength band 
can be shifted to 5-25 lum. Therefore, the loss can be lowered 
at communication wavelengths. 
0005. On the other hand, the birefringence of the thin film 

is caused by a molecular Structure and a stress of a thin 
film-preparing process. 

0006 Accordingly, various polymer materials have been 
developed to meet all the requirements. In this regard, a 
fluorinated polyimide compound, which is known to have 
excellent heat resistance, even at about 400 C., has been 
continuously applied for optical waveguide devices (U.S. 
Pat. No. 5,598,501, Macromolecules, vol 27, pp 6665, 1994 
and Electronics Letters, 29(3) 269, 1993). However, poly 
imide Suffers from drawbacks, Such as relatively high optical 
loss of 0.7 dB/cm or more and a high birefringence of 0.008 
O OC. 

0007 As another polymer material, there is proposed 
UV-curable fluorinated acrylate including various composi 
tions, which is advantageous in terms of relatively low 
optical loss of 0.3 dB/cm at 1.55 um and a birefringence of 
0.0008. (U.S. Pat. No. 6,306,563 B1, and IEEE Journal of 
Selected topics in quantum electronics Vol. 6, pp 54, 2000). 
0008 AS still another polymer material, there is proposed 
fluorinated polyarylene ether having a low dielectric con 
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Stant, and excellent mechanical Strength and processability 
(U.S. Pat. No. 5,115,082), which shows the possibility as a 
potential optical polymer. In addition, the above polymer 
System is added with a thermally curable reactive group, to 
drastically increase chemical resistance, whereby Such a 
polymer is applied for the optical waveguide device (Korean 
Patent No. 226,442). Consequently, fluorinated polyarylene 
ether based polymerS have been further improved in optical 
loss (0.4 dB/cm) and birefringence (0.004), compared to 
polyamide-based polymers, but is disadvantageous of Still 
high birefringence and high processing temperatures (280 
C. or more). 

SUMMARY OF THE INVENTION 

0009. To avoid the problems encountered in the related 
art, perfluorostyrene is introduced at a terminal of a com 
pound for use in an optical device, whereby inherent light 
absorption caused by a higher order harmonic vibration 
mode of a C-H bond in the compound can be prevented in 
optical communication wavelength, thus realizing low opti 
cal loSS, low optical birefringence, precise control of a 
refractive index, and a fabrication of optical devices at low 
temperatures in a short process time. 
0010. Therefore, it is the object of the present invention 
to provide a fluorinated compound having perfluorostyrene 
introduced at a terminal thereof. 

0011) Another object of the present invention is to pro 
vide a coating Solution using the fluorinated compound. 
0012 Still another object of the present invention is to 
provide an optical waveguide device using the fluorinated 
compound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The above and other objects, features and other 
advantages of the present invention will be better understood 
from the following detailed description taken in conjunction 
with the accompanying drawings, in which: 
0014 FIG. 1 shows the refractive index according to 
blending ratio of fluorinated compounds of the present 
invention; and 
0.015 FIG. 2 shows the precise control of refractive 
indeX according to blending ratio of coating Solutions of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016 Based on the present invention, a fluorinated com 
pound having perfluorostyrene introduced at a terminal 
thereof is Synthesized through a reaction of polyol and 
pentafluorostyrene, which is represented by the following 
Formula 1: 

Formula 1 

Sn 

1O-, RF--Z-Ar-Z-RF- -On 
(F)4 y (F)4 
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0.017. Wherein Z is O or S.; R is an aliphatic or aromatic 
group; y is a natural number of 1-10; y' is an integer of 0-1; 
X is an integer of 0-200; and 

(F)4 (F)3 

7S. 
Nx 

(F)4 Hal 

0018 Wherein B is a single bond or selected from the 
group consisting of -CO-, -SO-, -S- and -O-, 
and Hal is Selected from the group consisting of F, Cl, Brand 
I. 

0.019 Preferably, the fluorinated polymer compound hav 
ing perfluorostyrene introduced at a terminal thereof is 
represented by the following Formula 2 in which y and y' are 
1: 

Jul. 1, 2004 

-O-I-O- 
CF 

0023 the perfluorostyrene-introduced fluorine com 
pound can be Synthesized. 

0024. In case where x and y' are 0 in Formula 1, the 
perfluorostyrene-introduced fluorine compound is repre 
sented by the following Formula 3: 

(F)4 

Formula 3 

y 

Formula 2 

1O--------O 
(F)4 (F)4 

0020. Wherein Z is O or S, preferably O, and preferred 
R, is -CH (CF),CH-, -CH.CFO(CF, 
CFO), CFCH-, or 

O)--O--O- 

0021 Wherein X is an integer of 0-200, and preferably 
2-50; D is Selected from the group consisting of 
C(CF)-, -C(CH)-, -CO-, -SO-, -O 

and -S-; R and R2 are independently Selected from the 
group consisting of H, or halogen elements, Such as F, Cl, Br 
and I; and m is a natural number of 1-3. 

0022 Represented by Formula 2 in which Z is O; x is an 
integer of 2-50; Ar is halogenated pentafluorobenzene, and 
R is -CH (CF), CH-, -CHCF 
(OCFCF), OCFCH- or 

0025. Wherein R is an aliphatic or aromatic compound, 
and y is a natural number of 1-10. Preferably, Z is O, and R. 
is a Substituted or unsubstituted alkyl group when y is 1, and 
R is the same as R of Formula 2 when y is 2. 
0026. In addition, the fluorine compound having perfluo 
rostyrene introduced at a terminal thereof can be Synthe 
sized, as represented by Formula 3 in which R is -CH 
(CF), CH-, -CHCF (OCFCF), OCFCH-, or 

CF 

0027) 
0028. Further, the fluorine compound having perfluo 
rostyrene introduced at a terminal thereof can be Synthe 
sized, as represented by Formula 3 in which when y is 3, R 
is an aromatic or aliphatic group, and more preferably, 

when y is 2. 
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-continued 

0029 Wherein M is selected from the group consisting of 
C-CH, C-CF, C-CC1, and C-CBr, or selected from 
the group consisting of N, P and P=O. 

0030) Furthermore, it is possible to synthesize the per 
fluorostyrene-introduced fluorine compound as represented 
by Formula 3 in which -Z-R is an aromatic or aliphatic 
polyol when y is 4 or more. 
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0031. The fluorine compound represented by Formula 2 
can be Synthesized by reaction of an aliphatic or aromatic 
diol and a fluorinated aromatic compound in the presence of 
a base such as NaOH or KCO in DMAc (dimetylaceta 
mide). The reaction mixture was stirred at room temperature 
for ambient hours. And then to this mixture, pentafluorosty 
rene was added and Stirred for more hours for complete 
reaction. 

0032 Below, Formula 4 shows representative the poly 
merS having perfluorostyrene introduced at a terminal 
thereof. In addition to the chemical Structures shown in 
Formula 4, derivatives Substituted at a para-position through 
the above reaction may be produced with any amounts. Such 
derivatives are used without additional Separation, to control 
the refractive index of an optical waveguide. In Formula 4, 
'a' as a repeat unit number is preferably 2-50. 

(A) 
o F F o 

F 

F OCH2(CF2)4CH2O OCH2(CF2)4CH2O F 

F F F F F F 

F 
3. 

(B) 
o F F o 

F 

F OCH2(CF2)4CH2O OCH2(CF2)4CH2O F 

F F F F F F 

Br 
3. 

(C) 
o F F o 

F 

F OCHCF(OCFCF)2OCFCH-O OCHCF(OCFCF)2OCFCHO F 

F F F F F 

F 
3. 

(D) 
o F F o 

F 

F OCHCF(OCFCF)2OCFCH-O OCHCF(OCFCF)2OCFCHO F 

F F F F 

Br 
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-continued 
(E 

o F F o 

CF F CF 

CF CF 

F F F F F F 

F 
3. 

( 
o F F F F F F o 

CF CF 

-O-O-O-H-O-O-O-O-O-O-Hi-O-O-O- 
CF CF 

F F F F F F F F 

0033. In addition, the compound represented by Formula 
3 can be prepared by the reaction of Selected from alcohol 
containing R, preferably diol or triol, and pentafluorosty 
rene in the presence of a base such as NaOH or KCO in 
DMAc (dimethylacetamide). 

0034. Thereby, the representative fluorinated compounds 
having perfluorostyrene introduced at a terminal thereof are 
obtained, as represented by the following Formulas 5 and 6. 
In addition to the chemical structures shown in Formulas 5 
and 6, derivatives Substituted at a para-position through the 
above reaction may be produced with any amounts. AS Such, 
the derivatives are used without additional Separation for the 
control of a refractive indeX and curing characteristics of an 
optical waveguide device. Below, the compounds repre 
sented by Formula 5 are ones in which y is 2 in Formula 3, 
and the compounds represented by Formula 6 are ones in 
which y is 3 in Formula 3: 

Formula 5 
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) 

F) 

-continued 

(Ac) 

2-go 
(Ad) 

F F 

o OCH2(CF2)6CHO o CH 
F 

\ O (O) 
F F F F 

F 
F F 

(Aa) F \, 
F CF F O 

O O 

CF 
F 

F F F F 

F F 

(Ab) (Ba) 

Formula 6 

F 
F 

F 

O \ 
F 

F 

F 

F 

21 
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-continued 
F 

F S 

/ 
F F 

F O O 

F F o F 
O F 

F F 

21 

0035. Meanwhile, a polymer material for application of 
optical waveguide device is used as a mixture comprising 
the fluorine compound having perfluorostyrene introduced 
at a terminal thereof, as represented by Formula 2 or 3, a 
photoinitiator and a reactive fluorinated acrylate compound 
represented by the following Formula 7, so as to control the 
refractive indeX and Viscosity. 

(Bb) 

0036). In such a case, the photoinitiator is not particularly 
limited So long as it can initiate a reaction of a styrene group, 
which is exemplified by Irgacure 184, Irgacure 651, etc., 
sold by CIBA GEIGY: 

Formula 7 

0037. Wherein A is a fluorinated aliphatic or aromatic 
group, and Y is H or CH. 

0.038. In particular, it is preferred that A is -CH 
(CF), CH-, -CHCF (OCFCF), OCFCH- or 

CF 

—alo-O--O-on 
CF 

0039. The compound represented by Formula 7 is 
obtained by the reaction of a fluorinated diol with acryloyl 
chloride in the presence of triethylamine. Synthesized acry 
late compounds are represented by the following Formula 8: 

Jul. 1, 2004 

Formula 8 
O O 

N-a- --- 
Ca 

O O 

NS-on- -- 
Cb 

O O 

NS-or- -- 
Co 

O O 
CF 

N-so cho-O- {-O- ocio 
CF 

Cd 

0040. Further, with the aim of achieving a desired curing 
density, a formation of multi-layered thin films and a high 
adhesion to a Substrate, a polymer material Suitable for 
application in the optical waveguide device can be used as 
a mixture of the fluorine compound represented by Formula 
1, the photoinitiator and the acrylate compound represented 
by Formula 7 or commercially available acrylate compound, 
Such as 1,6-hexanediol diacrylate, tris(2-hydroxy ethyl)iso 
cyanurate triacrylate, and pentaerythrol triacrylate. 

0041 More particularly, as for a coating solution for use 
in the formation of a core layer and a cladding layer in the 
optical waveguide device, at least one fluorine compound 
represented by Formula 1 is mixed with the photoinitiator 
and the compound of Formula 7 or the reactive compound 
and Solvents are added as necessary. To produce a coating 
Solution, perfluorostyrene introduced at a terminal thereof 
dissolved in propylene glycol methyl ether acetate 
(PGMEA) or cyclohexanone, the photoinitiator and the 
compound (Formula 7) or commercially available reactive 
acrylate were blended. And then the solution was filtered 
with a Teflon membrane filter to remove fine particles 
having a size of 0.2 um or more. Thereafter, the filtered 
Solution is spin-coated onto various types of Substrates, 
preferably, a Silicon wafer Substrate, and then Subjected to a 
UV curing by the use of a UV irradiating apparatus in a 
nitrogen atmosphere, thereby obtaining a desired thin film. 

0042 Preferably, the coating mixture comprises 30-70 wt 
% of the fluorine compound Selected from the group con 
sisting of fluorine compounds of Formula 1, 30-70 wt % of 
acrylate Selected from the group consisting of acrylate 
compounds of Formula 7 or 8, and 0.5-4 wt % of the 
photoinitiator. 

0043. The optical waveguide device using the fluorine 
compound includes a lower cladding layer, a core layer and 
an upper cladding layer, laminated Sequentially on a planar 
Substrate. In Such a case, the core layer and the upper and 
lower cladding layers are formed of the fluorine compound. 
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0044 AS for the fabrication of the optical waveguide 
device, examples of the Substrate for use in the polymer 
device include polymer plate, glass, Silica plate and So on. 
Preferably, a silicon wafer substrate is used. As a lower 
cladding, a Silica layer is formed or a polymer material 
having a refractive indeX lower than that of a polymer 
constituting a core layer is coated on Such a Substrate and 
cured. The formation of a thin film accords to the above 
manner. An optical waveguide core material is coated on the 
lower cladding layer and cured, after which a photolitho 
graphic process is performed to form optical waveguide 
patterns. Using a reactive ion etching (RIE) process or an 
inductive coupled plasma (ICP) etching process, the core 
layer are etched. Finally, a polymer material for an upper 
cladding layer is coated on the core layer and cured. Thusly 
fabricated optical device is diced and polished, thus forming 
an end face of the device for input and output of light waves. 

004.5 The fluorine compound having perfluorostyrene 
introduced at a terminal thereof has higher fluorine content, 
compared to acrylate compounds. Hence, inherent light 
absorption of the compound by vibrations of C-H bonds is 
prevented, thus lowering the optical loSS in optical commu 
nication wavelength. In addition, the optical birefringence is 
very low, and thus the fabrication of the optical device with 
low polarization dependence becomes facile (Table 1). Fur 
ther, Since the inventive fluorine compound has no polar 
functional groups, the moisture absorption is low. Referring 
to FIG. 1, it can be seen that the mixture of fluorine 
compounds of the present invention has an influence on the 
control of the refractive index. By a UV curing or a thermal 
curing, a thin film can be easily formed, thus fabricating the 
optical waveguide device having excellent thermal Stability 
and chemical resistance. 

0.046 Having generally described this invention, a further 
understanding can be obtained by reference to Specific 
examples which are provided herein for the purpose of 
illustration only and are not intended to be limiting unless 
otherwise Specified. 

EXAMPLE 1. 

Preparation of Compound Having Repeat Unit 
Represented by Formula A 

0047 3.0 g (16.12 mmol) of hexafluorobenzene and 5.17 
g (19.70 mmol) of 2,2,3,3,4,4,5,5-octafluoro-1,6-hexanediol 
were placed into a 100 mL three-neck flask, to which 46 mL 
of a DMAc solvent was added to completely dissolve the 
reactants in the flask. 2.05 g of NaOH was further added into 
the flask, after which the resulting mixture was stirred at 
room temperature for 24 hours in a nitrogen atmosphere. 
Then, the reaction mixture was added with 1.39 g (7.16 
mmol) of pentafluorostyrene and stirred for more 12 hours. 
Thusly obtained reaction mixture was extracted with deion 
ized water and ether. The extracted ether layer was dried 
with magnesium Sulfate, and ether was evaporated by a 
rotary evaporator. The produced liquid compound with very 
high Viscosity was dried at room temperature using a 
vacuum pump to remove the residual solvent. 1H-NMR 
(Acetone d): & 4.90 (m), 5.75 (d of d), 6.04 (d of d), 6.68 
(d of d). Mn=2,560 (NMR). 
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EXAMPLE 2 

Preparation of Compound Having Repeat Unit 
Represented by Formula B 

0048. The present example was performed in the same 
manner as in example 1, with the exception being that 4.87 
g (19.70 mmol) of bromopentafluorobenzene was used, 
instead of hexafluorobenzene. 1H-NMR (Acetone d). 8 
4.92 (m), 5.73 (d ofd), 6.04 (d ofd), 6.67 (dofd). Mn=2,900 
(NMR). 

EXAMPLE 3 

Preparation of Compound Having Repeat Unit 
Represented by Formula C 

0049 2.26 g (12.15 mmol) of hexafluorobenzene and 
6.09 g (14.85 mmol) of perfluorotetraethylene glycol were 
placed into a 100 mL three-neck flask, to which 47 mL of a 
DMAc solvent was added to completely dissolve the reac 
tants in the flask. 1.54 g of NaOH was further added into the 
flask, after which the resulting mixture was stirred at room 
temperature for 24 hours in a nitrogen atmosphere. Then, the 
reaction mixture was added with 1.05 g (5.40 mmol) of 
pentafluorostyrene and stirred for 12 hours. Thusly obtained 
reaction mixture was extracted with deionized water and 
ether. The extracted ether layer was dried with magnesium 
Sulfate, and ether was evaporated by a rotary evaporator. The 
produced liquid compound was dried at room temperature 
using a vacuum pump. 1H-NMR (CDCl3). & 4.48(m), 5.66 
(d of d), 6.03 (d of d), 6.59 (d of d). Mn=3,150 (NMR). 

EXAMPLE 4 

Preparation of Compound Having Repeat Unit 
Represented by Formula D 

0050. The present example was performed in the same 
manner as in example 3, with the exception being that 3.0 g 
(12.15 mmol) of bromopentafluorobenzene was used, 
instead of hexafluorobenzene. 1H-NMR (Acetone d): 8 
4.50 (m), 5.65 (d ofd), 6.03 (d ofd), 6.60 (dofd). Mn=3,470 
(NMR) 

EXAMPLE 5 

Preparation of Compound Having Repeat Unit 
Represented by Formula E 

0051 3.0 g (16.12 mmol) of hexafluorobenzene and 6.62 
g (19.70 mmol) of 2,2-bis(4-hydroxyphenyl)hexafluoropro 
pane were placed into a 100 mL three-neck flask, to which 
55 mL of a DMAc solvent was added to completely dissolve 
the reactants in the flask. 2.05 g of NaOH was further added 
into the flask, after which the resulting mixture was Stirred 
at room temperature for 24 hours in a nitrogen atmosphere. 
Then, 1.39 g (7.16 mmol) of pentafluorostyrene was added 
to the reaction mixture, which was then stirred for 12 hours. 
The reaction mixture was extracted with deionized water 
and ether. The extracted ether layer was dehydrated with 
magnesium Sulfate, and ether was evaporated by a rotary 
evaporator. The produced white Solid compound was dried 
at 30° C. in a vacuum oven. 1H-NMR (Acetone d): 85.80 
(d of d), 6.09 (d of d), 6.74 (d of d), 7.26(d), 7.43 (d). 
Mn=2,980 (NMR). 
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EXAMPLE 6 

Preparation of Compound Having Repeat Unit 
Represented by Formula F 

0052) In a 100 mL three-neck flask, 5.0 g (14.97 mmol) 
of decafluorobiphenyl and 6.15 g (18.29 mmol) of 2,2-bis(4- 
hydroxyphenyl)hexafluoropropane were completely dis 
solved in 63 mL of a DMAc solvent. Then, 1.90 g of NaOH 
was further added into the flask, after which the resulting 
mixture was stirred at room temperature for 24 hours in a 
nitrogen atmosphere. To this reaction 1.29 g (6.64 mmol) of 
pentafluorostyrene was added and stirred for ~12 hours. The 
reaction mixture was extracted with deionized water and 
ether. The extracted ether layer was dehydrated with mag 
nesium Sulfate, and ether was evaporated by a rotary evapo 
rator. The produced white solid compound was dried at 30 
C. in a vacuum oven. 1H-NMR (Acetone d): 8 5.82 (d of 
d), 6.11 (d of d), 6.75 (d of d), 7.30 (d), 7.43 (d). Mn=3,610 
(NMR). 

EXAMPLE 7 

Preparation of Compound Represented by Formula 
Aa 

0053) In a 100 mL three-neck flask, 5.0 g (13.81 mmol) 
of 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoro-1,8-octanediol and 
5.36 g (27.62 mmol) of pentafluorostyrene were completely 
dissolved in 59 mL of a DMAc solvent. 1.44 g of NaOH was 
further added into the flask. The resulting mixture was 
Stirred at room temperature for 10 hours in a nitrogen 
atmosphere. Thusly obtained reaction mixture was cooled 
and then extracted with deionized water and ether. The 
extracted ether layer was dehydrated with magnesium Sul 
fate, and ether was evaporated by a rotary evaporator. The 
produced white solid compound was dried at 30° C. in a 
vacuum oven. 1H-NMR (CDC1): 8 4.48 (t, 4H), 5.67 (d of 
d, 2H), 6.05 (d of d, 2H), 6.61 (d of d, 2H) 

EXAMPLE 8 

Preparation of Compound Having Repeat Unit 
Represented by Formula Ac 

0.054 The present example was performed in the same 
manner as in example 7, with the exception being that 5.66 
g (13.81 mmol) of perfluorotetraethylene glycol was used, 
instead of 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoro-1,8-oc 
tanediol. 1H-NMR (CDC1): 8 4.64 (t, 4H), 5.66 (d of d, 
2H), 6.05 (d of d, 2H), 6.60 (d of d, 2H). 

EXAMPLE 9 

Preparation of Compound Represented by Formula 
Ab 

0055 5.0 g (14.87 mmol) of 2,2-bis(4-hydroxyphenyl 
)hexafluoropropane and 5.77 g (27.74 mmol) of pentafluo 
rostyrene were placed into a 100 mL three-neck flask, to 
which 61 mL of a DMAc solvent was added to completely 
dissolve the reactants in the flask. 1.55 g of NaOH was 
further added into the flask, after which the resulting mixture 
was stirred at room temperature for 12 hours in a nitrogen 
atmosphere. Then, the reaction mixture was cooled and 
extracted with deionized water and ether. The extracted ether 
layer was dehydrated with magnesium Sulfate, and ether was 
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evaporated by a rotary evaporator. Finally, the produced 
white solid compound was dried at 30° C. in a vacuum oven. 
1H-NMR (Acetone d): 85.81 (d of d, 2H), 6.10 (d of d, 
2H), 6.74 (d of d, 2H), 7.25 (d, 4H) 7.44 (d, 4H). 

EXAMPLE 10 

Preparation of Compound Represented by Formula 
Ad 

0056 5.0 g (14.27 mmol) of 9.9-bis(4-hydroxyphenyl) 
fluorene and 5.54 g (28.54 mmol) of pentafluorostyrene 
were placed into a 100 mL three-neck flask, and then 
completely dissolved with 60 mL of a DMAc solvent. 1.48 
g of NaOH was further added into the flask. The resulting 
mixture was stirred at room temperature for 8 hours in a 
nitrogen atmosphere. Then, the reaction mixture was cooled 
and extracted with deionized water and ether. The extracted 
ether layer was dehydrated with magnesium Sulfate, and 
ether was evaporated by a rotary evaporator. Finally, the 
produced white solid compound was dried at 30° C. in a 
vacuum oven. 1H-NHR (Acetone d): 8 5.77 (d of d, 2H), 
6.07 (d of d, 2H), 6.70 (d of d, 2H), 7.00 (d, 4H), 7.20 (d, 
4H), 7.33 (t, 2H), 7.39 (t, 2H), 7.46(d, 2H), 7.88 (d. 2H). 

EXAMPLE 11 

Preparation of Compound Represented by Formula 
Ba 

0057 Into a 100 mL three-neck flask, 3.0 g (9.79 mmol) 
of 1,1,1-tris(4-hydroxyphenyl)ethane and 5.70 g (29.38 
mmol) of pentafluorostyrene were placed and then com 
pletely dissolved with 49 mL of a DMAc solvent. 1.57 g of 
NaOH was further added into the flask. The resulting 
mixture was stirred at room temperature for 8 hours in a 
nitrogen atmosphere, after which the reaction mixture was 
extracted with deionized water and ether. The extracted ether 
layer was dehydrated with magnesium Sulfate, and ether was 
evaporated by a rotary evaporator. The produced white Solid 
compound was dried at 30° C. in a vacuum oven. 1H-NMR 
(Acetone d): 8 2.16 (s, 3H), 5.78 (d of d, 3H), 6.08 (d of d, 
3H), 6.73 (d of d, 3H), 7.04 (d. 6H), 7.10 (d. 6H) 

EXAMPLE 12 

Preparation of Compound Having Repeat Unit 
Represented by Formula Bb 

0058. The present example was performed in the same 
manner as in example 11, with the exception being that 1.23 
g (9.79 mmol) of 1,2,4-benzenetriol was used, instead of 
1,1,1-tris(4-hydroxyphenyl)ethane. 1H-NMR (Acetone d): 
& 5.3 (d of d, 3H), 5.4 (d of d, 3H), 6.3 (s, 3H), 6.9 (d of d, 
3H). 

EXAMPLE 13 

Preparation of Compound Represented by Formula 
Cb 

0059. In a 100 mL three-neck flask, 5.0 g (13.81 mmol) 
of 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoro-1,8-octanediol was 
completely dissolved in 80 mL of a DMAc solvent. 3 g of 
triethylamine was further added into the flask. While a 
reactor was maintained at 0° C. or lower in a nitrogen 
atmosphere, acryloyl chloride was droplets slowly added to 
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the reaction in the reactor, after which the reaction mixture 
was stirred for 3 hours. The reaction mixture was filtered to 
remove a formed ammonium Salt, and extracted with deion 
ized water and ether. The extracted ether layer was dehy 
drated with magnesium Sulfate, and ether was evaporated by 
a rotary evaporator. The produced liquid compound was 
vacuum distilled to produce a pure compound. 1H-NMR 
(CDC1): d 4.66 (t, 4H), 5.99 (d. 2H), 6.22 (q, 2H), 6.54 (d. 
2H). 

EXAMPLE 1.4 

Preparation of Polymer Coating Solution Including 
Perfluorostyrene Compound Represented by 

Formula 1 or 2 

0060 Each fluorine compound having perfluorostyrene 
introduced at a terminal thereof, prepared in examples 1-12, 
was admixed with Irgacure 651 as a photoinitiator, and then 
dissolved in 10-100 wt % of PGMEA or cyclohexanone 
Solvent, depending on Viscosity. The Solution was further 
mixed with a compound represented by Formula 5 and 
10-60 wt % of reactive acrylate, to produce a coating 
solution, which was then filtered with a 0.2 um Teflon filter. 
Thereby, a coating Solution Suitable for use in the core and 
cladding layerS as thin films of an optical waveguide device 
was produced. The following Table 1 shows the refractive 
index and the optical loss of thin films formed after being 
cured, depending on the composition and the content of the 
composition. 

TABLE 1. 

Exp. Content Refractive Light Loss 
No. Composition (wt %) index (dB/cm) 

1. Compound (B) 70 .4540 O16 
Photoinitiator 
(Irgacure 651) 
Solvent (PGMEA) 29 

2 Compound (C) 70 3910 O.15 
Photoinitiator 
(Irgacure 651) 
Solvent (PGMEA) 29 

3 Compound (D) 70 .4110 0.17 
Photoinitiator 
(Irgacure 651) 
Solvent (PGMEA) 29 

4 Compound (F) 40 4930 O.21 
Photoinitiator 
(Irgacure 651) 
Solvent (PGMEA) 59 

5 Compound (B) 40 4790 O.3 
Compound (Ba) 5 
Photoinitiator 1. 
(Irgacure 651) 
Solvent 44 
(cyclohexanone) 

6 Compound (B) 40 1.4450 O34 
Compound (Cb) 3O 
Compound (Ce) O 
Pentaerythrol 9 
triacrylate 
Photoinitiator 1. 
(Irgacure 651) 

7 Compound (B) 40 1.4320 O31 
Compound (Cb) 25 
Compound (Ce) 25 
Pentaerythrol 9 
triacrylate 
Photoinitiator 1. 
(Irgacure 651) 
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0061. In Table 1, the refractive index was measured by a 
prism coupler, and the optical loSS was determined by the 
incorporation of a slab waveguide using an index matching 
oil. The refractive indeX and the optical loSS were measured 
at a wavelength of 1550 nm. 

EXAMPLE 1.5 

Precise Control of Refractive Index 

0062. In an optical waveguide device, precise control of 
refractive indeX is needed between the core and cladding 
layers in order to contain the Single mode condition. For this, 
the coating Solutions, having different refractive indexes as 
shown in example 14, were mixed together by a weight ratio. 
FIG. 2 shows the relationship between the refractive index 
and the coating Solution mixture obtained by mixing the 
coating Solutions shown in experimental numbers 6 and 7 of 
Table 1 in example 14. 

EXAMPLE 16 

Preparation of Polymer Thin Film Using Polymer 
Coating Solution Containing Perfluorostyrene 
Compound Represented by Formula 1 or 2 

0063. The polymer coating solution having perfluorosty 
rene, prepared in example 14, was filtered with a 0.2 um 
Teflon filter. Of various types of substrates, a silicon wafer 
Substrate was preferably used. Such a Substrate was spin 
coated with the filtered polymer coating solution at 500 
5000 rpm, and cured under a UV light intensity of 5-200 
mW/cm', preferably 10-50 mW/cmf, using a mercury lamp 
in a nitrogen atmosphere for 2-30 min, and then post baked 
on a hot plate at 100-200 C. for 0.5-1 hour, to prepare a 
desired polymer thin film. The obtained thin film is Superior 
in chemical resistance, thus realizing a facile fabrication of 
an optical device having multi-layered thin films. 

EXAMPLE 1.7 

Fabrication of Optical Device Using Polymer 

0064. As a substrate suitable for use in the fabrication of 
an optical device, a Silicon wafer was used. As a lower 
cladding of the optical device, a Silica layer was formed or 
the inventive polymer having a refractive indeX lower by 
about 0.3-1% than that of a core layer polymer was coated 
on the Silicon wafer Substrate, and then cured. The formation 
of the thin film was performed in the same manner as in 
example 16. A polymer core material was coated on the 
lower cladding layer and then cured, after which a photo 
mask was aligned and a photolithographic proceSS was 
performed, thereby forming optical waveguide patterns. 
Then, by the use of a reactive ion etching process or an 
inductive coupled plasma process, the core layer of the 
optical waveguide, were etched. Finally, the same polymer 
material as the coating Solution used for the lower cladding 
layer was coated on the core layer and then cured, to obtain 
an upper cladding layer. Thereby, a desired optical 
waveguide device was fabricated. AS necessary, a drive 
electrode forming process might be further performed for 
driving an optical device on the upper cladding layer. The 
fabricated optical device wafer was diced and polished by 
the use of a saw and a polisher, thereby forming an end face 
of the device for input and output of light waves. 
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0065. As described above, the present invention provides 
a fluorine compound having perfluorostyrene introduced at 
a terminal thereof, and a coating Solution and an optical 
waveguide device using Such a fluorine compound. The 
fluorine compound has high fluorine content on a molecular 
Structure thereof, whereby inherent light absorption due to 
molecular vibrations can be prevented in optical communi 
cation wavelength, thus decreasing optical loSS. 
0.066 Further, the optical birefringence of the thin film, 
which is attributed to a molecular structure of the film 
material, is remarkably reduced, and thus the optical device 
with low polarization dependence can be easily fabricated. 
Moreover, the fluorine compounds are mixed together, 
thereby achieving precise control of the refractive indeX. In 
addition, the fluorine compound has no polar functional 
groups, resulting in low moisture absorption. By a UV 
curing or a thermal curing, the thin film can be readily 
formed, thus obtaining an optical waveguide device having 
excellent thermal Stability and chemical resistance. 
0067. The present invention has been described in an 
illustrative manner, and it should be understood that the 
terminology used is intended to be in the nature of descrip 
tion rather than of limitations. Many modifications and 
variations of the present invention are possible in light of the 
above teachings. Therefore, it should be understood that 
within the Scope of the appended claims, the invention may 
be practiced otherwise than as Specifically described. 

What is claimed is: 
1. A fluorine compound having perfluorostyrene intro 

duced at a terminal thereof, as represented in the following 
Formula 1: 

Formula 1 

1 O, RF--Z-Ar-Z-RF- -Or 
(F)4 y (F)4 

Wherein Z is O or S.; R is an aliphatic or aromatic group; 
y is a natural number of 1-10; y' is an integer of 0-1, X 
is an integer of 0-200; and 

(F)4 (F) 

...O-O-O. 
(F)4 Hal 

Wherein B is a single bond or selected from the group 
consisting of -CO-, -SO-, -S- and -O-, 
and Hal is Selected from the group consisting of F, Cl, 
Br and I. 

2. The fluorine compound as defined in claim 1, wherein 
y and y are 1, and R is -CH2(CF), CH-, 
-CHCFO(CFCFO), CFCH-, or 
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Wherein n is a natural number of 1-12; D is selected from 
the group consisting of -C(CF)--, -C(CH-)--, 
CO-, -SO-, -O- and -S-; R and R are 

independently Selected from the group consisting of H, 
or halogen elements, including F, Cl, Br and I, and m 
is a natural number of 1-3. 

3. The fluorine compound as defined in claim 2, wherein 
Z is O, and X is an integer of 2-50. 

4. The fluorine compound as defined in claim 3, wherein 
Ar is halogenated pentafluorobenzene, and R is -CH 
(CF), CH-, -CHCF (OCFCF), OCFCH- or 

-O-I-O- 
CF 

5. The fluorine compound as defined in claim 1, wherein 
y is a natural number of 1-10, and X and y' are 0. 

6. The fluorine compound as defined in claim 5, wherein 
y is 1, and R is a Substituted or unsubstituted alkyl group. 

7. The fluorine compound as defined in claim 5, wherein 
y is 2, and Z is 0, and R is -CH2(CF), CH-, 
-CHCFO(CFCFO), CFCH-, or 

O-O-O 
-O (O- 
r 
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Wherein n is a natural number of 1-12; D is selected from 
the group consisting of -C(CF)-, -C(CH)-, 
CO-, -SO-, -O- and -S-; R and R are 

independently Selected from the group consisting of H, 
or halogen elements, including F, Cl, Br and I; and m 
is a natural number of 1-3. 

8. The fluorine compound as defined in claim 7, wherein 
RE is -CH(CF), CH, 
-CHCF (OCFCF), OCFCH-, or 

CF 

9. The fluorine compound as defined in claim 5, wherein 
y is 3, and R is 

Wherein M is selected from the group consisting of 
C-CH, C-CF, C-CC1, C-CBr, N., P and P=O. 

10. The fluorine compound as defined in claim 5, wherein 
y is a natural number of 4-10, and -Z-R is an aromatic or 
aliphatic polyol. 

11. A polymer coating Solution, comprising at least one 
fluorine compound Selected from the group consisting of 
fluorine compounds having perfluorostyrene introduced at a 
terminal thereof of claim 1, at least one acrylate compound 
Selected from the group consisting of acrylate compounds 
represented by the following Formula 7, and a photoinitia 
tOr: 
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Formula 7 

Wherein A is a fluorinated aliphatic or aromatic group, 
and Y is H or CH. 

12. The polymer coating Solution as defined in claim 11, 
wherein A is -CH (CF), CH, 
-CHCF (OCFCF), OCFCH - or 

f 
—co-O- O(CH2) . 

CF 

13. A polymer coating solution, comprising 30-70 wt % of 
at least one fluorine compound Selected from the group 
consisting of fluorine compounds having perfluorostyrene 
introduced at a terminal thereof of claim 1, 30-70 wt % of 
at least one acrylate compound Selected from the group 
consisting of acrylate compounds represented by the fol 
lowing Formula 7, and 0.5-4 wt % of a photoinitiator: 

Formula 7 

Wherein A is a fluorinated aliphatic or aromatic group, 
and Y is H or CH. 

14. An optical waveguide device, comprising a lower 
cladding layer formed on a planar Substrate, a core layer 
formed on the lower cladding layer, and an upper cladding 
layer formed on the core layer, wherein the core layer and 
the lower and upper cladding layers include the fluorine 
compound of any one of claims 1 to 10. 

15. An optical waveguide device, comprising a lower 
cladding layer formed on a planar Substrate, a core layer 
formed on the lower cladding layer, and an upper cladding 
layer formed on the core layer, wherein the core layer and 
the lower and upper cladding layers include the coating 
Solution of claim 11 or 12. 

k k k k k 


