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Preparation and Characterization of Polyimide-SiO, and
Polyimide-TiO, Hybrid Thin Films and Their |
Applications on Optical Waveguides (2/2)
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Preparation and Characterization of Polyimide-SiO, and
Polyimide-TiO, Hybrid Thin Films and Their Applications on
Optical Waveguides (2/2)
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Abstract

Three series of the polyimide-silica
hybrid optical thin films were synthesized by
using an in-situ sol-gel reaction combined
with spin coating and multi-step baking
processes in this study. Highly transparent
and silica content hybrid thin films were
obtained and have homogeneous structures,
high planarity, and good thermal stability.
The refractive indices and birefringence of
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the prepared hybrid thin films decrease with
increasing the silica content while the Abbe
number shows the opposite trend. Optical
planar waveguides were prepared from the
prepared hybrid thin films using thermal
oxide as the cladding layer. The optical
losses of these hybrid planar waveguides at
1310 nm are 0.5 - 1.9 dB/cm and lower than
their parent polyimide planar waveguides and

thus have highly potentials in optical devices.

Keywords: sol-gel, polyimide-silica hybrid
materials, waveguides
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4.4-biphthalic anhydride, (BPDA, 97+%,
TCI), pyromellitic dianhydride (PMDA, 99%,
Acros), 4,4-hexafluoroisopropylidenediphthalic
anhydride (6FDA, 99%, Lancaster), oxydianiline,
(ODA, 99%, TCI) 3-aminopropyltrimethoxysilane
(APFTMOS, 98+%, TCI), tetramethoxysilane,
(TMOS, 98+%, TCI), N-methyl 2-pyrrolidinone
(NMP, 99.6%, Tedia), N,N-dimethylacetamide
(DMACc, 99.98%, Tedia)
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F— CRAREBE A RS (W%)
BPDA

PMDA| ODA |APTMS| TMOS CS;:;it

6FDA
SBO | 595 | 405]| 0 0 0
SB1 | 454 | 206 | 184 | 156 | 15.6
SB2 | 309 | 140 | 125 | 426 | 32.6
SB3 | 254 | 11.5 | 103 | 52.7 | 40.5
SB4 | 188 | 85 | 7.7 | 650 | 51.9
SPO [ 521 [ 479 | o 0 0
SP1 | 381 | 233|209 | 177|174
SP2 | 324 { 198 | 17.7 | 30.1 | 245
SP3 | 249 | 152 | 13.6 | 46.3 | 35.5
SP4 | 202 | 124 | 11.1 | 56.4 | 43.7
SP5 | 170 { 104 | 9.3 63.3 | 50.0
SP6 | 147 | 9.0 | 80 | 683 | 54.9
SFO | 689 [ 31.1| O 0 0
SF1| 493 | 148 | 133 | 225 | 165
SF2 | 340 | 102 | 9.2 | 46.6 | 32.2
SF3 | 259 | 7.8 | 7.0 | 593 | 42.9
SF4 | 200 | 6.0 54 | 68.6 | 52.3
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Rq Td n VDb o
(m) | O (dB/cm)
SBO | 596 | 598 | 1.75 | 13.2 1.3
SB1 | 0.30 | 571 1.71 | 15.1 1.1
SB2 | 070 | 579 | 1.65 | 16.8 | 0.6
SB3 | 043 | 574 | 162 | 17.8 | 0.5
SB4 | 051 | 558 | 1.59 | 19.6 | 0.5
SPO | 0.63 | 591 1.74 | 146 | 29
SP1 | 0.33 | 551 1.66 | 16.5 1.1
SP2 | 0.34 | 551 1.62 | 17.9 1.9
SP3 | 028 | 548 | 1.61 | 19.7 1.3
SP4 | 026 | 531 | 1.58 | 205 | 0.9
SPS | 0.28 | 548 | 1.56 | 21.1 1.3
SP6 | 028 | 542 | 1.53 | 22.0 | 0.9
SFO | 041 | 548 | 1.59 | 204 1.7
SF1 | 028 | 529 | 1.57 | 202 | 0.5
SF2 | 030 | 538 | 1.54 | 22.7 | 0.8
SF3 | 030 | 526 | 1.52 | 24.5 1.0
SF4 | 0.30 | 537 | 1.50 | 27.2 1.2
o;: iﬁ o OO
Dmnhydndc Dianilinc ({ODA)
NMP orDMAc I
' RT, N2 ome
CH -Si-ome APITMOS
P I HN=CHg iMe (Coupling agent
RT. N2

5

o o
MeO— .—c,us HN—(“,— —5-NH—©— NH—(L.—» —& - é»—OMe
c— —c—ou Ho—c—AL

Anunupmpyllnmclh xy-caped Pnly(.mm. acid)

?Me
MeO:?i—OMe TMOS
OMe

Sur 20min
RT, N2
——

Stir 16~28hr
RT, N2

H20 (40 wt % in DMAC)

Spin Coating
Hcating :  600C, 20min
1000C, 20min

1500C, 20min -H20

3000C, 60min CHa0H
4000C, 60min

(under vacuum)
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