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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 pentafluorophenylmaleimide (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 6x 107 <1x 10™* These copolymers were crosslinked by
contact printing and then developed by wet etching to obtain high quality waveguide pattern.
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. Maleic anhydride (MA), 2,3,4,5,6—penta—
fluoroaniline (PFA), tert—butyl methacrylate (t—
BMA), butyl methacrylate (BMA), glycidyl metha—
crylate (GMA), 1,1,2,2—tetrachloroethane (TCE),
phosphorus pentoxide, triethylamine (TEA) Aldrich

. t—-BMA, BMA, TCE
, MA PFA,
phosphorus pentoxide, TEA
2,2'—Azobis(2,4—dimethylvaleronitrile)
(ADMVN)  Wako
. Chloroform  N,N—dimethylformamide(DMF)
Junsei EP
acid Baker EP

, sulfuric

1-(2,3,4,5,6-Pentafluorophenyl)-2,5-dihydro-1H-2,5-

pyrroledione (PFM) . MA 25 g (254.49 mmol)

PFA 25 g (136.55 mmol) 250 mL 2
DMF 50 mL
, 100 mL 7.45 g (52.49
mmol) phosphorus pentoxide 3.23 g (32.93
mmol)  sulfuric acid 10 mL DMF
2
110 1
30 24

pentafluorophenyl maleimide (PFM)

. Yield : 65%, m.p. : 107 (by

DSC); *H-NMR (DMSO—de): 7.4 ppm (CH=CH).

Poly(pentafiuorophenyl maleimide-co-butyl methacrylate

-co-glycidyl methacrylate) . PFM

3.5 g (13.3 mmol) BMA 0.95 g (6.65
mmol) GMA 0.32 g (2.22 mmol)

TCE . 0.1

mol% ADMVN (0.005 g)

vacuum-—thaw

freeze—

40
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Figure 1. Synthesis of pentafluorophenyl metha—
crylate(1-(2,3,4,5,6—pentafluorophenyl) —2,5—dihydro—
'H-2,5,—pyrroledione).
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Figure 2. Structures of copolymer series.

Table 1. The Polymerization Conditions *

feed ratio ( %) initiator rxntime  rxntemp.
PFM  MA derivatives GMA (hr) ()
0 0 10
20 70 10
40 50 10 ADMVN 20 40
60 30 10
0 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 initiator and tetrachloro—
ethane as a solvent.

Table 2. Physical Properties of the Polymers

feed ratio(%) T, 50

— M, PD ¢

PFM  MA derivatives GMA ()
90 0 10 317 58000 5.90
60 30 10 215 190000 1.73
t-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

“Tg 5 wt% decomposition temperature determined by TGA.
®*M, Number—average molecular weights determined by GPC.
‘PD Polydispersity.
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Figure 3. TGA curves of t—BMA series copolymers.
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Figure 4. A possible mechanism for 1ss degradation and 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 7. Refractive indices of the t—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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Figure 9. Y splitter pattern.
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