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2 ok & aFe= gy, APeed grgEd aRAASE AT 2 BEAS 2A Aotk
AN S Folm FEEAL Zo|7] Y3 pentafluorophenylmaleimided} EZ2EES W*&7) 9
e F7HA methacrylate =AY 7tuA) 92 3= glycidylmethacrylate® M9 3583k
F7}i27y 7453 poly (maleimide— co—methacrylate) & #4313 4 1REAES 2 d¢¢
A4E ez, @Al gaiA sturt 2L @rlaginl iz 2488 TEY vige] 9
M 2EF5E% L, 1.45~1.49 Wl nEATE SAHAT BFEL 6X1070~<1x107* ¥4
o] Whe ke JERATh o aEAbst FAAIAE AMEEted HE: s el Af =FH &4

s T8 ARS FEnE HuE €& & AU

ABSTRACT : The objective of this study is to obtain thermally stable and low optical loss
polymers for optical waveguiding materials. The crosslinkable poly (maleimide— co—methacrylate) s
were synthesized using a pentafluorophenyimaleimide (an optical loss reducer), two methacrylate
derivatives (refractive index controllers), and a glycidylmethacrylate (a crosslinker). These
copolymers exhibited good thermal stability and could be thermally crosslinked by heat
treatment. The refractive indexes of the copolymers could be precisely controlled by the
variation of comonomer feed ratio, which was in the range of 1.45~1.49. These copolymers
had very low birefringence of 6X107™*~<1x10™. These copolymers were crosslinked by
contact printing and then developed by wet etching to obtain high quality waveguide pattern.

Keywords : polymeric optical waveguide, maleimide, methylmethacrylate, fluorinated polymers, thermal stability.
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Al ek Maleic anhydride (MA), 2,3,4,5,6—penta—
fluoroaniline (PFA), tert—butyl methacrylate (¢~
BMA), butyl methacrylate (BMA), glycidyl metha—
crylate (GMA), 1,1,2,2—tetrachloroethane (TCE),
phosphorus pentoxide, triethylamine (TEA)+ Aldrich
Akl A -4f 8fo] A}%ﬁ}oﬂt} —~BMA, BMA, TCEE

E Sst] GABAL, MAS AdYsts 20 PRA,
phosphorus pentox1de, TEA—E AA glo] gz
AREBIATE,  2,2'— Azobis (2,4—dimethylvaleronitrile)
(ADMVN) & WakortellX 14lste] AdH & AL
slsdet. Chloroform¥ NAN-dimethylformamide (DMF)
= JunseirtellA EPF AlobE
acid¥® BakerAlo)|Ad EP3 Alekg
o] Abg-stalcth.

1-(2,3,4,5,6-Pentafluorophenyl)-2,5-dihydro-1H-2,5-
pyrroledione (PFM) &4, MA 25 g (254.49 mmol) 7
PFA 25 g (136.55 mmol) € 250 mL 27 Z&t23
of @3 DMF 50 mLE& Ho] 2o mrlsto] &
AT 233, 100 mL vjolA e 7.45 g (52.49
mmol) 2] phosphorus pentoxide®t 3.23 ¢ (32.93
mmol) 2] sulfuric acid® 10 mL<¢ DMF¢] &%
°] %"—H’% %EV\EM] B oA 2AIF = T
b & 110 TeollA 1Az 5 vk A T H3)
= ‘%‘l%%% Zop Fof 3A A4S du, T
o istol #lsta 30 T 2FEoM 2441 Tt
AzAZY Azxd 24 BEAES R AdH
&Fo] WA 2] pentafluoropheny! maleimide (PFM)
A74& 2ok Yield : 656%, m.p. : 107 T (by
DSC); 'H-NMR (DMSO~dg): 7.4 ppm (CH=CH).

Poly(pentafluoropheny! maleimide- co-butyl methacrylate
-co-glycidyl methacrylate)2| £&. £3 =) PFM
2 3.5 g (13.3 mmol) ¥X BMAZ 0.95 g (6.65
mmol) ¥ GMA 0.32 g (2.22 mmol) ¥2 *
TCEe &3iAzy =4 & 24 ghef gk 01
mol%% ADMVN (0.005 g)% ¥2& % freeze—
vacuum—thaw 2L o]gste] g % U
4 & AATIL 40 TollA T8

43R 1, sulfuric

T FA ¢
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Figure 1. Synthesis of pentafluoropheny! metha—
crylate (1-(2,3.4.5,6 —pentafluorophenyl) — 2,5—dihydro—
"H-2,5,~pyrroledione).

255



Ha - g - gag

1
|
1
T2
E
-0
-
|

R= H30+CH3 —CH,CH,CH,CHy
CH,

Figure 2. Structures of copolymer series.

Table 1. The Polymerization Cond:tions “

feed ratio ( %) initiator ~ rxntime  rxn temp.
PFM  MA derivatives GMA (hr) ()
0 90 10
20 70 10
40 50 10 ADMVN 20 40
60 30 10
90 0 10

? These copolymers were synthesized by radical poly—
merization using 0.1 mol% of 2,2'-azobis(2,4—dimethyl—
valeronitrile) (ADMVN) as an initiazor and tetrachloro—
ethane as a solvent.

Table 2. Physical Properties of the Polymers

feed ratio(%) 7 5w . .

PFM MA derivatives GMA  (T) M D

90 0 10 317 58000  5.90

60 30 10 215 190000 1.73
~BMA 40 50 10 218 210000 1.86
series 20 70 10 230 180000  1.76
0 90 10 225 140000  1.78

60 30 10 363 160000 3.49

BMA 40 50 10 354 220000 2.78
series 20 70 10 340 260000  2.69
0 90 10 247 340,000 242

7 73 5 wt% decomposition temperature determined by TGA .
® M, - Number—average molecular weights determined by GPC.
¢ PD : Polydispersity.

npAe) RARE 4% A% PEME 90% ¥
Bt = Z/dellA 140000~ 34000001
A7 SRt o9l
o PAFE Ptk AL

Aea 24 felshl 2
. PFM 90% 249 ¥4}

¢ Be FHTE Hol=dl o= methacrylate

256

R RISk

=AY whgAel viEte] PPM kA9 W vk A
uj 2ol Azt

9 BN Az A 43 434S Loln
71 913kl TGAE &7 3] Figure 37} 51 vehd)
Ut MA FEARS] nEAE 23227t 300 C
S 9A X3t PRMo] I9FAZ HrtetA =4
t—BMA seriesE A2$ EE seriesolld 22T
7} 300 T ooz F7/1ekith =5t PFMo] &%
o] FUVEE Bilete 23 FUBIAL olFd
AAERE ol Mg AR 28 ZHe PFMY
ESlo]l 3EAY d 3 S A FIANE g
g 4= 91t} Figure 3904 B (~BMA series®)
A 7 oY dEEv dojds BEE £ 9l
th 2 842 —BMAZ ZAtge] AEE —butyl?]
7F 250 C ¥2olA WA EaHo] isobutene”|7t
gojzl Yo za FHEart @ ez FEdch
Z Figure 3°)4 B utgl Zo] (~BMA2 o]
LS FHUAE FUeke FoE vEsth

a8l 27 5% 724 3 ¥4 € methacrylic acid
FTRAY F AR dRHA} dojdries e ¢
5 Atk A% ~BMAY gao] FUMRSE F

e F3347 gd AL Figure 4 JeEbA b}
9} Zo] dAE 25N} AZAI7} wESE 7}
wHhgo] o ol dojyty] e o Azbdrt. Figure
59 BMA seriest 4¥bEQl o FHTA A
<+ YERZtE DSCEA S B3llAE o] 18A 4
Ztazt dojuber] ER1sgith. Figure 694 H&

100t —e— tBMA30%
« tBMAS50%
s tBMA70%

—e— t+-BMA S0%

Weight residue (%)

R
100 200 300 400 500 600
Temperature (C)

Figure 3. TGA curves of t~BMA series copolymers.
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Figure 4. A possible mechanism for 1st degradation andl 2 nd crosslinking reaction of t~BMA copolymers.
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Figure 5. TGA curves of BMA series copolymers.
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Figure 6. DSC curves of the polymer with 50 mol%
of BMA.
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Figure 7. Refractive indices of the f—BMA series
copolymers depending on PFM content.
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Figure 8. Refractive indices of the BMA series
copolymers depending on PFM content.

Table 3. Birefringence of the Polymers

Birefringence

PFM contents (%)  t~BMA series BMA series
90 0.0005 0.0005
60 0.0005 0.0006
40 0.0002 0.0003
20 0.0002 0.0003
0 0.0001 0.0002
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